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Bonding Elastomers: A Review of Adhesives and Processes

1 Foreword

Thetopicsincluded in thisreview have been written by
expertsin rubber-to-metal bonding. These contributions
are based on years of service working closely with
end-use customers. It is meant as a practical approach
to bonding various kinds of elastomers to substrates
such as steel and plastics, as used in the manufacture
of diverse products. These products include rubber
covered rolls, urethane fork lift wheels, rubber lining
for chemical storage or solid rocket motors (Figure 1),
engine bushes and mounts, seals for transmissions,
electrical power connectors and military tank track
pads.

2 Introduction

There are over 20 kinds of elastomeric polymers
each having unique physical and chemical resistance
characteristics. For example, natural rubber (NR) has
good vibration dampening properties, acrylonitrile-
butadiene rubber (NBR) has good oil resistance,
fluoroelastomers (FKM) have good chemical and heat
resistance, and silicones have good low temperature
properties. Through compounding, agiven elastomer’s
performance can be enhanced but no single elastomer
can be compounded to meet all applications. In the
same manner, no single adhesive can provide the needed
levels of adhesion and environmental resistance to all
polymers. Even when bonding a particular elastomer,
the adhesive of choice can vary depending upon the

compounding of the rubber including the cure system,
the environmental application of the bonded assembly,
the substrate to which the rubber is going to be bonded
(e.g., metal, plastic, textile, other elastomers) the
moulding method (e.g., press, autoclave, extrusion)
and the geometry of the part. Other factors affecting
adhesive selection might include colour, conductivity,
and means of application.

Thus the selection of an adhesive might seem
overwhelming to the beginning technologist, however
selector guides (e.g., www.chemlok.com), technical
sales and service representatives, and this publication
can be used to help find a suitable adhesive.

2.1 The Process

Adhesives for bonding of rubber in the vulcanisation
process are of a paint-like consistency. They consist
of aone-, two-, or three-coat system. The mgjority of
adhesives used today employ aprimer on the substrate
to be bonded, followed by atopcoat adhesive. Theseare
generally applied by brush, spray or dipping processes
and are applied at a specified dry film thickness. The
coated substrate is placed in a mould and mated with
uncured rubber in a heated press. The rubber is then
vulcanised usually in arange of 150-200 °C. Thetime
will be dependent upon the mass of the article being
moulded and the cure rate of the specific elastomer.
The bonding between the rubber and the adhesive
coated substrate takes place during this vulcanisation
process.

Figurel

Adhesive use in aerospace application
Figure reproduced with permission from ATK Thiokol Propulsion
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2.2Primers

A primer is generaly of a different colour than the
topcoat so as to distinguish it from the adhesive.
Traditionally the primer is grey and the topcoat black
but there are other colour combinations. Primersconsist
of polymers and resins that promote adhesion not only
to the substrate but also to the topcoat adhesive. The
primer must cure (e.g., become athermoset) during the
vulcanisation processin order to provideresistancetoa
variety of environments such as water, hot oils, acids,
bases, drilling fluids, salt spray, heat and combinations
of these fluids. Primers may contain metal oxides,
carbon black and other fillers. These materials aid in
bonding and flow control.

Primers bond to metal surfaces via chemisorption,
forming true chemical bonds with the metal or a
treatment on the metal such as a phosphate treatment
on steel or achromate treatment on aluminium.

2.3 Adhesives

Topcoat adhesives are generally designed to bond a
certain type of elastomer or arange of elastomers. They
consist of apolymer that actsasacarrier and film former
for the specific bonding agent. This bonding agent
forms crosslinks with the adhesive polymer matrix and
also with the elastomer backbone. The adhesive must
bond to the primer aswell asto the elastomer. Like the
primer, it must cureor crosslink withinitself during the
vulcanisation cycle in order to provide environmental
resistance. These types of adhesives generally require
135 °C activation temperature. The adhesive/primer

ELASTOMER

combination cures and bonds rapidly so that when
the part is finished being moulded, a high strength is
obtained. Upon testing of amoulded part, the bond will
be stronger than the cohesive strength of the rubber.

Some adhesives are self-priming. These are called
one-coat adhesives and function in the same way as
atwo-coat system. Proper dry film thickness must be
obtained to ensure adequate adhesion to both the rubber
and the substrate.

Some adhesives do not contain fillers and added
bonding agents. They function in a different manner,
their polymer make-up being such that it can chemically
react with the backbone of the polymer being bonded
either by direct chemical substitution in the elastomer
backbone or via free radical addition reactions.
These types of adhesives are often based upon silane
chemistry. They are applied as dilute solutions and as
very thinfilms. Generaly thefilmthicknessissothinas
to not be able to be measured by electronic or magnetic
film thickness gauges.

Some adhesives do not contain aspecific bonding agent
and rely more on diffusion of the ingredients into the
rubber matrix with subsequent curing into the backbone
of the polymer. These adhesiveswill bond to rubber at
low temperatures such as 100 °C. Generally it takes
many hours or even days to cure the rubber.

Thus the process of bonding is quite complex and
involves various kinetic reactions, which have not
been totally defined but seemingly are a combination
of diffusion, chemisorption and inter/intra-crosslinking
(Figure 2).

PROGRESSIVELY HIGHER
MODULUS MATERIAL

T

INTERDIFFUSION—> TIT l 1|‘ 444  cromER
INTERNAL cnossmuosmé l l
CROSSLINKING — $ $ { ADHESIVE DHESIVE
ADSORPTION '+ CROSSBRIDGING? '
- |+
AND /OR T T pRIMER lll
INTERDIFFUSION / / / /P !
o PRIMER
ADSORPTION —  |______ | METAL |
Figure2

Interfacial dynamics of arubber-to-metal bond
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2.4 Environmental Concerns

Adhesives for rubber-to-metal bonding were first
developed using solvents such as alcohols, ketones,
halogenated solvents and aromatic solvents. These
solvents allow viscosities to be obtained in the range
suitable for brush applying and then can be readily
diluted for dipping or spraying applications.

To meet government volatile emission standards (i.e.,
volatile organic compound (VOC)), some companies
have installed incinerators to convert the solvents into
acceptable emissions. However, many adhesivescontain
chlorinated solventsfor controlling evaporation rate and
rheology. When chlorinated solvents are incinerated,
the potentia exists for converting them to acids such as
hydrochloricacid (HCI) which can damagetheincinerator.
Therefore the adhesive manufacturers have had to
remove the chlorinated solvents and replace them with
an aromatic such as xylene. For example, CHEMLOK
220X isaxylenebased version of CHEMLOK 220which
contains hal ogenated solvents.

Additionally, some solvent-based adhesives contain
lead compounds or other heavy metals. Because of
concerns regarding waste disposal of dried adhesive
such asfrom spray booth filters, new versionswith non-
heavy metal replacements have been developed. For
example, heavy metal containing CHEMLOK 220 can
be replaced with environmentally preferred CHEMLOK
adhesives (EPCA) CHEMLOK 6220.

Adhesives are now available that do not use solvent as
the carrier nor do they contain any heavy metals. These
aqueous based adhesives have proven themselvesin the
market place and provide the same robust adhesion as
the solvent systems: see the section on aqueous based
adhesives and environmentally preferred adhesives.

3 Adhesive Application

3.1 Surface Preparation

There have been many publications on bonding that
discuss the preparation of substrates. They all stress
the fact that a clean surface is paramount to achieving
a good bond. Laboratory experimentation shows that
good primary adhesion may be obtained to rusty metal,
however, when a part is subjected to an environment
such aswater or salt spray, the bond will fail in a short
time. There are 3 basic metal preparations used today.

The first is mechanical preparation. Here the metal
surfaceto be bonded is blasted with iron oxide grit that
isangular asopposed to round shot. Blasting consists of
impinging abrasive particles against the metal surface
with an air stream. The duration of the blast, the shape
and size of the blasting media, the particle velocity, and
the hardness, porosity and other properties of the metal,
determine the surface profile. Using grit is preferred
over using shot because grit produces a rough, open
surface, while shot peens the surface and sometimes
causes occlusion with loose particles. The grit size
most commonly used is G-40. The air used in blasting
should be free of oil and water. Once blasted, the parts
need to be degreased.

For many years, chlorinated solvents were used for
vapour degreasing. However today, alkaline (hot
detergent) baths are common. Some equipment ismuch
like a dishwasher in that the parts to be degreased are
washed with hot detergent followed by a hot rinse.
The oils are then skimmed off the water for proper
disposal.

Limited studies show that a high blast profile is not
necessarily better than a low profile. Sometimes high
profiles can leave ‘hackles' that will trap solvent or
break off and be the locus of a failure. Profiles of 15-
25 microns are adequate. Aluminium oxide is used for
aluminium substrates as well as stainless steel. Sand
blasting is rarely done due to silicosis concerns. It is
important that a clean fresh surfaceis available.

The second type of surface preparation for metals is
phosphatising. The use of metallic phosphatesfor metal
protection dates back to the Roman Empire. Rust-
free household items have been found in remarkable
condition in Germany from the 3'¢ Century. Someform
of phosphatising is used on many items being adhered
to rubber, particularly where the rubber will not coat
the entire part and rust inhibition is desired.

The process is cumbersome in that many chemical
holding tanks are needed for hot akaline cleaning,
rinsing and phosphatising. The more phosphate that is
deposited on the metal surface, the more environmental
protection can be expected. However, for dynamic
parts such as engine mounts and bushes, the phosphate
used as part of the bonding process can fail cohesively
while under load. For this reason, film weights of
2200-4200 mg/m? are suggested. Also, the use of a
calcium modified zinc phosphate is recommended as
it resultsin finer crystal size or so-caled ‘amorphous’
character. Seals for engine sealing (e.g., transmission
seals) generally use lower phosphate coating weights
not because of any dynamic considerations but because
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they will be immersed in oils and other fluids and do
not need the type of environmenta resistance (e.g.,
salt spray) that an exposed automotive underbody part
might need. In many instances, sealers are used in the
phosphate treatment to render the saltsinsoluble. It is
known that sometimes a sealer may make the surface
difficult to bond and a different adhesive system may
be required. Iron phosphate is also used and does not
present any problems in bonding as long as the film
weights are kept low as noted above.

Other chemical treatmentsfor corrosion are sometimes
employed. While electrogalvanised steel is easy to
bond, hot-dipped galvanised isextremely difficult. The
‘gpangled’ metal surface usually hasto be mechanically
removed or sometimes if aprimer is baked on prior to
adhesive coating, good adhesion can be achieved.

For duminium, variouschromatetrestmentsaregpplied or it
isanodised. Generdlly thesearebondablebut each treatment
should be tested on its own since there are SO many types.

A third and newer technology for metal preparation is
deposition coatings. ‘E-Coat’ is an electrodeposition
epoxy coating that is applied to engine mounts for
enhanced corrosion resistance. It is applied at a
25 micron thickness and works well with deeply
recessed areas. The electrolytic deposition isdone over
phosphated metals and baked between 100-200 °C
depending upon the system. Thisbakeisvery important
and if not done correctly, can result in a bond failure
that is cohesive within the coating. Adhesion to such
coating does not appear to be difficult.

A newer deposition coating has emerged that is based
upon phenolic chemistry. Thistreatment, M etal Jacket®
(Lord Corporation) is an autodeposition coating. It
deposits on metal immersed in the solution coating
and is self limiting in terms of the amount deposited.
Adhesives bond well to this coating and provide
outstanding salt spray corrosion resistance, eliminating
the need for post painting.

3.2 Adhesive Selection

Adhesive selection is primarily based upon the type of
rubber being bonded. Table 1 showsalimited adhesive
selector guide for Lord Corporation products based
on the type of rubber. However, sometimes the type
of substrate will also be a factor. For example, when
bonding an SBR type of elastomer, ametal primer might
be suitable whereasif the same SBR wereto be bonded
to apolyester textile, then aone-coat adhesive. If it were

Table 1 Adhesive selector guide based on the type
of elastomer to be bonded to metal

Elastomer Primer Adhesive
Natural rubber CHEMLOK |CHEMLOK 220
205 CHEMLOK 252X

CHEMLOK 6100

CHEMLOK |CHEMLOK 8560S
8007
CHEMLOK |CHEMLOK 252X
CHEMLOK 6100
CHEMLOK 5150
CHEMLOK 8116

Butyl & EPDM
types 205
Fluoroelastomers

Nitrile types CHEMLOK 252X
CHEMLOK 6100
CHEMLOK 8110

Silicones CHEMLOK 608

CHEMLOK 8116

Note: ‘X' denotes all xylene system, ‘6000 series
denotes EPCA types, ‘8000 series’ denotes aqueous

being bonded to anylon type plastic, then another type
might be suitable. Adhesive suppliers have selector
guides available.

3.3 Adhesive Preparation

Many adhesives contain fillers, pigments and bonding
agentsthat are solids dispersed into the solvent/polymer
solution (or in an emulsified polymer in the case of
aqueous adhesives). These materials settle to varying
degrees requiring the product to be well stirred prior
to application. If the ingredients are not well mixed,
bond failures can result since the bonding agent may
not be present in sufficient amount after the adhesiveis
applied. If diluted for dipping or spraying, the solidscan
settle even faster and for these cases, constant agitation
might berequired. Care must betakenin spray linesthat
the adhesive does not settlein the delivery hoses. Some
adhesivesare solutions (no dispersed materials) and do
not require mixing. Aqueous adhesiveslikewise contain
solidsthat can settle out. Slow agitation is suggested so
as not to cause foaming.

For small containers hand mixing is adequate, but for
larger size containersan air-powered mixer issuggested.
Figure 3 illustrates an air driven motor attached to
a shaft in a drum of adhesive. The shaft has blades
attached to it near the bottom. After breaking the solids
loose using ahand crank in aback and forth motion, the
air mixer isrun for about 8 hours at 40-60 rpm prior to
any of the adhesive being removed.
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Figure 3

Air mixer on adrum

For spraying or dipping the adhesive may have to be
diluted. In some special cases, the adhesives must be
diluted independent of the application procedure in
order to minimise any buildup of the adhesive. The
technical literature on each product should be consulted
to determinethe proper diluentsto use and to determine
what amount to add in order to achieve the necessary
viscosity for proper application.

3.4 Adhesive Application

The method selected for application of a primer and
adhesive usually depends upon the shape of the part and
how many partsareto be coated in agiven time period.
For example, in the seal industry, they coat hundreds
of small metal rings at one time, sometimes for three
shifts a day. However, for a large earthquake bearing
pad or the inside of a solid rocket booster motor for
the space shuttle program, only a few parts a week at
most might be coated. Table 2 lists the main methods
of adhesive application.

3.5 Film Thickness

The most important part of adhesive application is
applying the correct amount of adhesive. Insufficient
film thickness will cause bond failures and have poor
environmental resistance. Excess film thickness can
causerung/tearsinthefilm, whichinturn entraps solvent
resulting in abond failure.

Table 2 Common methods of adhesive
application

M ethod Examples

Brush Wheels for fork-lifts, blow-out
preventors, bridge bearing pads,
rubber rolls

Roller Tank lining, large flat plates

Dip

Tumble Automotive seals

Straight (hand, | Railroad car seals, engine

conveyor) mounts, railroad track fasteners,
bushings, engine gaskets

Screw-auger Automotive seals

Dip-spin Non-flat parts such as automotive
engine mounts

Spray

Hand spray Limited runs of medium/large
size parts

Automatic spray | Solid rocket motors

Chain-on-edge | Automotive bushings

Tumble spray Automotive seals

Coil coating Automotive weatherstrip

Flow coating Inside of pipes such asdrilling
stators

Primers are generally applied in the range of 5-
10 microns (0.2-0.4 mils) dry. The topcoat adhesive
is applied 15-25 microns (0.5-1.0 mils) dry. One-coat
adhesives are applied around 25 microns (1 mil) dry.
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When bonding speciality elastomers such as silicones
and fluoroelastomers, speciality adhesives are used.
Usually they are one-coat adhesives and are applied as
very thin films, less than 1 micron.

3.6 Drying

For agueous adhesives, theinsertsto be bonded usually
haveto be pre-heated to 50-65 °C prior to applying the
primer as well as the adhesive. Thisis required to dry
thefilm from ‘inside-out’ and to increase the ability for
the adhesive to wet the surface.

With the use of automatic equipment such as mobile
spray lines or moving dip lines, post heating is done to
speed the process of drying. The temperature and the
line speed must be co-ordinated. Most drying is done
in the range of 65-100 °C.

If the adhesive is exposed to temperatures greater than
120 °C prior to bonding, thereisarisk of pre-reacting
the adhesive. If this happens, a bond failure will most
likely occur between the rubber and the adhesive.

Most heating is done with gas-fired ovens. The use of
infrared heat lampsis not suggested due to the extreme
temperatures that the filament can reach and hence
radiate that heat to the black adhesive.

3.7 Storage

After coating, the partsmay be stored for atimedepending
upon the adhesive type. Mogt general purpose bonding
agents can be stored for up to 30 days while certain
speciality adhesivesmay belimited tolessthanthreedays.
The supplier’s product literature should be consulted and
confirmed by practica experience. In many instances, the
latter type of adhesivesare applied by custom coatersand
shipped to the company doing the bonding. The adhesive
coated partsaregeneraly protected by theuse of desiccants
in the container with the parts.

4 Moulding

4.1 Methods of Mould Bonding

Oncethetypeof rubber hasbeen sel ected and compounded
for a particular use, and the adhesive is selected and

coated on the substrate to be bonded, they are combined
in a mould with heat and pressure to manufacture the
desired part (see Figures 4-6). While most moulding is
done between 150 °C and 200 °C, there are applications
where the curing/bonding temperatures are much lower
such asat 100 °C for cast urethane bonding (see section
on Bonding Urethanes) and for rubber lining (see section
on Rubber Lining). These types of adhesives have a
different chemistry than those used for general purpose
rubber bonding which allow them to cure and bond at
the lower temperatures. Curing at lower temperatures
generally takesarelatively longer time (e.g., hours) than
mould bonding (minutes). Thus, the adhesives that cure
at lower temperatures normally do not work well at the
higher temperature/faster cycle times.

Table 3 shows the various methods of bonding.

PLATEN PRESS

oty ] Mol

Figure4

Compression mould bonding

PLATEN PRESS

PLATENPRESS

Figure5

Transfer mould bonding

Runner

Feed system

barrel
e | Cavity

Figure6

I njection mould bonding
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Table 3 Common methods of mould bonding

M ethod Examples
Compression (Figure 4) | Automotive seals, large
components

Transfer (Figure 5)

Bushings, engine mounts

Injection (Figure 6)

Engine mounts

Autoclave Rubber ralls, rubber lined
pipes

Extrusion Supported weatherstrip,
wire and cable

Pressureless steam Rubber lining of railroad

tank cars

Each method hasits advantages and disadvantages such
as initia cost, handling, compounding and physical
preparation of the rubber, waste (e.g., flash) and
retention of the physical dimension of the part.

When loading multi-cavity moulds, loading boards are
often used. The partsare all preloaded into afixtureand
when the mould is ready for the inserts, the fixture is
placed over the mould. A release mechanism allows all
the parts to fall into place for each cavity at one time.
These‘ speed loaders' prevent the adhesive coated parts
from pre-baking which might occur if the cavitieswere
loaded one at time and the first inserts reach activation
temperature (usually around 135 °C).

4.2 Sweeping (Flow)

Because of the mould design, some adhesives might be
prone to ‘sweeping’ which is sometimes referred to as
flowing or wiping. Astherubber flowsover the adhesive
coated part, it causes the adhesive to spread out or be
pushed in one direction. This can result in a poorly
bonded part. Changing adhesives or perhaps doing a
mild pre-bake of the primer and/or adhesive may help
‘set’ the adhesive and make it moreresistant. Changing
the mould design might be required (Figure 7).

4.3 Pre-bake Resistance

If acoated insert isleft sitting in ahot mould cavity too
long prior to coming into contact with the elastomer
to be bonded, the adhesive may pre-react. Different
adhesivesgive different amounts of pre-bakeresistance.
Thetype of stock being bonded also affects the degree
of pre-bakeresistance. Most adhesiveswill give at least
5 minutes of pre-bake resistance at 160 °C. Generally

thisis enough time to load al the inserts and to begin
moulding. Higher temperatures can reducethe pre-bake
resistance.

4.4 Mould Release

Mould releases are used on mouldsto allow the rubber
to release after moulding preventing the rubber from
getting surface blemishes or even tearing. Adhesive
coated parts that are either in the mould cavities or
sitting in a bin near the press, should not be alowed
to come into contact with the mould release. Part bins
should be covered in case air currents carry the mould
release onto the parts. Silicone mould releases should
not be used and if they are being used even in another
part of the plant, they can possibly get circulated
throughout due to air currents.

4.5 Demoulding

Care should betaken when removing bonded parts after
moulding. Some adhesives have poor hot tear resistance
and a bond failure can occur during demoulding.

In most instances, bonded parts will have excess
rubber (i.e., flash) on them after moulding. This flash
is sometimes removed via cryogenic deflashing (e.g.,
—32°C) or just by tumbling them in abarrel with some
ceramic media. If partsfail during cryogenic deflashing,
then the time of exposure needs to be reduced.

Undesirable Better

Figure?7
Mould design
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5 Environmentally Preferred
Adhesives

On September 18, 2000 the Directive 2000/53/EC
on End-of-Life Vehicles became effective. The main
aspect of this directive is to reduce waste that is
annually generated from vehiclesdisposed of within the
European Union. Upon disposal of a vehicle as much
as 25% of the vehicle's weight (shredding residue) is
hazardous waste such as polychlorinated biphenyls
(PCBs) heavy metals, and hazardous fluids. These
hazardous components are rel eased to the environment
through landfill dumping. They account for 10% of
the total amount of hazardous waste that is generated
annually in the European Union.

One of the main features of the European Directive
involves the elimination of heavy metals from all
vehicles put on the market after July 1, 2003. Any
suppliers of components and finished vehicles must
comply with this in order to continue to supply parts
or vehicles to the European Union.

In the United States, the Environmental Protection
Agency (EPA) announced a change (January of 2001)
in its Toxics Release Inventory (TRI) with specific
concerns for lead and lead compounds. The specifics
of the new rule will require more stringent reporting of
environmental releases of lead under the EPA's public
right-to-know program. TRI ispart of thisprogram. The
major changein thisrulefor lead and lead compounds
will deal with the reporting thresholds. Previous rules
required facilities that used lead compounds to report
lead and lead compound emissionsto theair, water and
land if they manufactured more than 25,000 pounds
annually or if they used more than 10,000 pounds
annually. The new rule smply states that the threshold
will be 100 pounds for any facility emitting lead or
lead compounds.

The European Directive, coupled with the EPA’s new
TRI guidelines, makes it imperative for automotive
suppliers to keep heavy metal content below the
reporting threshold or to remove them altogether where
possible. Additionally, the costs of proper disposal
of waste from products containing heavy metals will
continue to increase. Many end users of rubber-to-
metal adhesives would like to see products with lower
amounts of heavy metals. This presents a challenge to
the industry to find alternate adhesives with low lead
content and acceptable performance.

Low lead versions (lead content islimited to detectable
levelsastraceimpuritiesbut kept well below 1000 ppm)
of some of the industry’s most widely used solvent

borne adhesives have been developed. These new
adhesives have performance equivalent to the lead
containing versions.

5.1 Adhesive Description

Therecently developed low |ead adhesive systems can
be described as versatile general-purpose products for
bonding a wide variety of uncured elastomers. The
adhesive systems are applied as a two-coat system
over an environmentally preferred primer. Generally
these adhesiveswill bond natural rubber (NR), styrene-
butadiene (SBR), chloroprene (CR), nitrile (NBR),
butyl (11R) and ethylene-propylene-diene (EPDM)
to a wide variety of metal surfaces including grit
blasted cold rolled steel (GBS) and calcium modified
zinc phosphated steel (Znphos). These adhesives are
designed for maximum environmental resistance. Films
of the adhesives in non-bonded areas provide added
corrosion resistance along with an aesthetically pleasing
surface on the metal substrate.

5.2 Formulations

The replacement of lead can be problematic. Lead is
an effective acid scavenger that inhibits corrosion by
forming water-insoluble halide salts. Zinc compounds
can aso be used. However, zinc is reactive with the
polymerstypically found in Chemlok adhesives and it
has the potential to destroy the heat resistance of the
vulcanisate. The new replacement material for lead
does not show this tendency. Adhesives for rubber-
to-metal bonding generaly contain two key types of
active ingredients: crosslinking agent and one or more
halogenated polymers/film formers. Other typical
ingredients also found in these formulations are as
follows:

» Inorganic acid scavenger/acceptor
» Co-curatives

» Reinforcing agent/colorant

e Solvent system.

Thereplacement material may bedirectly substituted at
the sameweight percent asthelead containing material.
There is no need to change the manufacturing process
of the new adhesives. The same procedures can be
used to obtain the same general physical properties.
The formulated new adhesives exhibit dlightly lower
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viscosity at the same total solids content compared to
the leaded versions.

5.3 Application

The new general purpose adhesive systems can be
applied using spray, dip and brush techniques. When
completing the general purpose bond performance
studiesthe primer and adhesives were sprayed onto zinc
phosphatised steel metals. The metals were preheated
to 65 °C (150 °F) to accelerate adhesive drying. The
viscosity of the new adhesives will be dlightly lower;
therefore adjustments to the solids content may be
necessary for dipping and roll coating. Primers are
applied at 5-10 microns (0.20-0.40 mils). Typical
covercoat adhesive thickness is between 12.7 microns
(0.50 mils) and 17.8 microns (0.70 mils).

Anadded advantage of the new adhesivesistheincreased
versatility in dry film thickness (DFT) measurement.
Adhesives containing lead are typically measured for
DFT using magnetic induction or eddy current. These
materialsinterfere with the radioactive isotope used in
beta backscatter probes. Beta backscatter measurement
ismore versatile becauseit is able to measure a blasted
profile and awider variety of substrates.

5.4 Rubber Formulations

For testing the general purpose adhesivestwo different
natural rubber compounds were used: low durometer
(soft, Table 4) and high durometer (hard, Table 5).
Both of these compounds are cured with sulfur. The
Tables show the recipes and mechanical properties for
the rubber compounds used.

5.5 Testing

5.5.1 Bond Performance

Studies were completed with the environmentally
preferred adhesive systems (designated CHEMLOK
205HC/6110, 6125, 6100 and 6109), aswell asthelead
containing controls (designated CHEMLOK 205/220
and 252X). All testing of general-purpose adhesives
used ASTM D-429 Method B coupons as shown in
Figure 8. The tests included primary adhesion and
multipleaccel erated environmental tests (Figures9and
10). The value axisin al graphsis the percent rubber
retention in the bonded area of the part after the rubber

Table 4 Soft NR
Stock recipe
Ingredients Phr
SMR-5CV NR rubber stock 100.00
Zinc oxide 5.00
Stearic acid 2.00
Flexone 3C 1.00
Ageriteresin D 1.00
Antilux 111 1.00
N550 black 20.00
Sunpar 115 3.00
Sulfur 1.00
OBTS* 1.50
TMTM** 0.25
M echanical Properties
Properties Data
Tensile strength (psi) 3367.0
Elongation (%) 585.0
Tear strength (pli) 267.0
Shore A durometer 40.0
Compression set (%) 17.9
t-90 cure @ 160 °C (minutes) 6.5

* N-oxydiethyl enebenzothiazol e-2-sulfenamide

** Tetramethyl thiuram monosulfide

Table5Hard NR

Stock recipes

Ingredients Phr
SMR-CV60 NR rubber stock 100.00
Zinc oxide 5.00
Wax anticheck #55 2.00
Pinetar tarlac 30 2.00
Agerite hipar T powder 1.00
Flectol TMQ 1.00
N330 HAF black 40.00
Stearic acid 1.00
Sulfur 1.80
Reogen E liquid 1.00
MBTS* 1.70
ZDMC** 0.31
M echanical properties

Properties Data
Tensile strength (PSI) 3633.0
Elongation (%) 533.0
Tear strength (PL1) 362.0
Shore A durometer 52.0
Compression set (%) 23.6
t-90 cure @ 160 °C (minutes) 2.0

* MBTS. 2-mercaptobenzothiazole disulfide
** ZDMC: zinc dimethyl dithiocarbamate
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Figure8

Drawing of ASTM method B coupon

Primary Adhesion
(ASTM D-429 Method B at 45° peel, 508 mm/min)
Elastomer: Shore A 40 (Soft NR) cured @ 149 °C
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Figure9

Adhesion testing of lead and |ead-free adhesives for soft rubber-to-metal bonding, showing the percentage of
rubber retained on the metal after separation (with or without a pre-bake (PB) step)
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Primary Adhesion
(ASTM D-429 Method B at 45° peel, 508 mm/min)
Elastomer: Shore A 52 (Hard NR) cured @ 171 °C
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Figure 10

Adhesion testing of lead and lead-free adhesives for hard rubber-to-metal bonding, showing the percentage of
rubber retained on the metal after separation (with or without a pre-bake [PB] step)

has been separated from the metal. Pre-bake (PB) isused
to simulate the time (in minutes) an adhesive coated
part may be exposed to the bonding temperaturein the
mould prior to introduction of the rubber.

5.5.2 Primary Adhesion

The ASTM D-429 Method B peel test was done at
a modified 45°-peel angle and at a crosshead rate of
508 mm/min (20 in/min) at ambient conditions. All
parts were destructively tested using a three-station
tester made by United Testing Systems, Moddl: SFM-
20-3CAP. All environmentally preferred products
(designated CHEMLOK 205HC/6110, 6125, 6100 and
6109) performed aswell asthelead containing versions
(designated CHEML OK 205/220 and 252X). All products
gave 100% rubber retention (Figures 9 and 10).

5.5.3 Sweep

This is a test to insure that the adhesive system can
withstand the wiping action of the rubber as it fills
the mould and moves over the adhesive film during
injection moulding. All parts were destructively tested
using athree-station tester by United Testing Systems,
Model: SFM-20-3CAP. All of the adhesives used
for this study passed without any signs of sweeping
(Figure 11).

5.5.4 Hot Tear

The ASTM D-429 Method B peel test was done at
a modified 45°-peel angle and at a crosshead rate of
508 mm/min (20in/min) after ahot air soak of 15 minutes
at 149 °C (300 °F). All parts were destructively tested
using athree-station tester by United Testing Systems,
Model: SFM-20-3CAP. Figures 12 and 13 show that
the new environmentally preferred adhesives provide
robust performancein hot tear and work equally aswell
asthe lead containing products.

5.5.5 Salt Spray

The ASTM B-117-97 test is performed at 35°C in a
chamber with a fog density of 1-2 mi/hr/80 cm?. The
fog is made up of 5% sodium chloride and 95% water.
Theduration of thetest is168 hours. TheASTM D-429
Method B coupon is stressed at the bond line for the
duration of thetest. All parts were destructively tested
using athree-station tester by United Testing Systems,
Model: SFM-20-3CAP. Figures 14 and 15 show the
durability of these adhesive systems in corrosive
environmental conditions. The performance is similar
for both the environmentally preferred (designated
CHEMLOK 205HC/6110, 6125, 6100 and 6109)
adhesives and the lead containing adhesive systems
(designated CHEML OK 205/220 and 252X). Rubber
retention for these tests averaged 90-100%.
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Primary Adhesion - Sweep
(ASTM D-429 Method B at 45° peel, 508 mm/min)
Elastomer: Shore A 52 (Hard NR) cured @ 171 °C
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Figure11

Primary adhesion: sweep testing of hard rubber-to-metal bonding

149 °C Hot Tear
(ASTM D-429 Method B at 45° peel, 508 mm/min)
Elastomer: Shore A 40 (Soft NR) cured @ 149 °C
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Figure 12

Hot tear testing of soft NR-to-metal bonding

5.6 Results

For primary adhesion all adhesive systemsarevirtually
identical. Sweep results show that all adhesive systems
show excellent resistance to sweeping under transfer
injection conditions. Hot tear results show that both

the environmentally preferred and lead containing
adhesives have excellent hot tear resistance. Salt spray
results show the adhesives have long-term durability in
acorrosive environment. Generally, it can be said that
the new environmentally preferred adhesive systems
give the same high level of performance as the lead
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149 °C Hot Tear
(ASTM D-429 Method B at 45° peel, 508 mm/min)

Elastomer: Shore A 52 (Hard NR) cured @ 171 °C
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Figure 13

Hot tear testing of hard NR-to-metal bonding

160 hour Salt Spray
(ASTM B-117-97)

Elastomer: Shore A 40 (Soft NR) cured @ 149 °C
|
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Figure 14

Adhesion of soft NR-to-metal under salt spray conditions
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160 hour Salt Spray
(ASTM B-117-97)
Elastomer: Shore A 52 (Hard NR) @ 171 °C
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Figure 15

Adhesion of hard NR-to-metal under salt spray conditions

containing systems in ambient as well as accelerated
environmental conditions.

5.7 Summary

We have attempted to provide the reader with a brief
background of current industry guidelines for the
use of lead containing products. Recently developed
productswill help customerscomply with TRI reporting
guidelines and the European Directive for End-of-Life
Vehicleswhile providing the samelevel of performance
as standard adhesives.

6 Aqueous Adhesives

The passage of the 1990 Clean Air Act Amendments
(CAAA) significantly impacted adhesives used to
chemically bond uncured rubber to avariety of substrates
during the vulcanisation of the rubber. Up until this
time period adhesives being used to bond rubber were
typically 70-80% organic solvent. The solvent allowed
the polymer constituent to go into solution and was
an excellent medium for grinding the pigments, fillers,
and curatives during adhesive manufacture. Most
importantly the solvent is an excellent carrier for getting
the non-solvent portion of the adhesive to the substrate
in a controlled and uniform manner. In addition to

the Title | CAAA regulations, Title Il of the CAAA
considers many of the solvents being used in adhesives
as hazardous air pollutants (HAPs) and requires that
emissions of these substances be controlled through the
use of maximum achievable control technology (MACT).
Thisgenerally includes emission control equipment such
asincinerators or carbon absorbers but can aso include
the use of compliant adhesivesthat contain no hazardous
air pollutants. Now that the emission of these solventsis
regulated and continually being reduced under the CAAA,
aqueous adhesives have been developed and water has
taken the place of the solvent in this new generation of
rubber-to-metal adhesives. Not only were the organic
solvents replaced in the new agqueous formulations but
also the heavy metals such as lead were diminated.

6.1 Aqueous versus Solvent Based Adhesives

Bonded rubber components can be found in many
applications. For exampl e rubber-to-metal bonded parts
can be found on an automobile serving a variety of
functions: from sealing out noise and the environment
to isolating vibration during vehicle operation. Failure
to achievedurable bonds could seriously jeopardise both
vehicle performance and safety. So when developing
new agueous adhesives for replacing solvent-based
adhesives, performance was not to be sacrificed. Also
it was desirable not to depart from the current adhesive
processes and application methods being used.
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Solvent-based adhesives are well known around the
world for their ability to bond awide variety of rubber
types to metal and other substrates and retain this
excellent adhesion when subjected to avariety of harsh
environmental conditions. Aqueous adhesives have
been developed to replace the genera-purpose two-
coat adhesive system, CHEMLOK 205/CHEMLOK
220, and the one-coat adhesive, CHEMLOK 252X,
asfollows:

CHEMLOK 205
(solvent-based primer)

CHEMLOK 220
(solvent-based
covercoat)

CHEMLOK 252
(solvent-based one-coat)

CHEMLOK 8007
(agueous primer)

CHEMLOK 8210
(agueous covercoat)

CHEMLOK 8560S*
(agueous one-coat)

CHEMLOK
8560D* * (agueous one-
coat)

* Spray apply version
** Dip apply version

Thereareanumber of other aqueous Chemlok adhesives
that address specific compounds or market segments.

To get to the stage of commercialisation the aqueous
adhesives were tested along side the solvent-based
equivaentsin anumber of different teststhat included
primary adhesion and environmental tests. Test results
showed that the agueous products performed at least
as well and in some cases out performed the solvent-
based adhesives.

6.2 Experimental

All vul canisation rubber-to-metal bonded test assemblies
were moulded per ASTM D429-B, using three test
specimens per condition. The testing to be shown
was conducted on a SAE 1010 cold rolled steel. The
surface of the cold rolled steel was prepared in one of
two manners for the testing shown. The first method
of preparation involved a solvent vapour degrease
followed by steel grit blasting and then afinal vapour
degrease (GBS). The second method was calcium
modified microcrystalline zinc phosphate treatment
(ZPS).

The adhesives and primers were applied either by dip
or spray to the metal substrates. The primer dry film
thickness was maintained between 5.1-7/6 microns
(0.2-0.3 mils) and the covercoat adhesive dry film

thickness between 15.2-20.3 microns (0.6-0.8 mils).
One-coat adhesive dry film thicknesswas 25.4 microns
(2.0 mil).

Theadhesive coated metal parts are capabl e of bonding
many types of rubber compounds. natural, neoprene,
styrene-butadiene, nitrile, and butyl. Only data from
natural rubber will be shown. Primary adhesion testing
was completed at room temperature and the rubber
was peeled from the substrate at arate of 50.8 mm per
minute at a 45-degree peel angle. The maximum peel
force and percent rubber retention on the test part were
recorded.

Environmental testing was also conducted with ASTM
D429-B assemblies. Environmental tests included
heat ageing, hot tear, and salt spray testing. Heat age
testing required the bonded assemblies to be exposed
for 16 hours at 121 °C before testing at 508 mm per
minute at a 45-degree peel angle. The hot tear testing
was completed by peeling the rubber from the parts
immediately upon removal from the mould and percent
rubber retained on the part wasrecorded. The salt spray
parts had the rubber tail stressed and tied back withwire
to apply a stress to the bond line. After being stressed
and tied back the bonded assemblies were exposed to
72 hours of 5% salt fog at 35 °C.

In some primary adhesion and environmental tests, the
effect of adhesive pre-cure heat tolerance (commonly
called pre-bake) was evaluated. Pre-bake is the length
of time the coated part resides in a hot mould before
theintroduction of rubber and pressureisapplied. Bond
performance at pre-bake conditions of zero, three, and
Six minutes were compared.

6.3 Results and Discussion

Figures 16-18 show primary adhesion datafor both the
solvent-based and aqueous adhesives. Each chart shows
a different pre-bake condition. In all cases excellent
100% rubber tearing bonds were obtained when tested
according to ASTM standards.

Environmental Tests—Figures 19 through 22 show data
obtained from a variety of environmental tests. Again
the agueous products provide the same performance
as the solvent-based products. Only Figure 21 shows
some bond failure due to environmental reasons. The
adhesives were applied over grit-blasted steel and
when exposed to the salt spray conditions previously
described, under-bond corrosion startsto initiate bond
failure.
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Figure 22
Salt spray test/72 hours/35 °C/5% salt fog/GBS
Stressed and tied back/hand peeled with pliers
6.4 Summary cause of thefailure must be discovered so asto prevent

Aqueous adhesives can provide the same excellent
adhesion as the earlier developed solvent-based
adhesives when applied at the same dry film thickness.
Extensivelaboratory studies and successful production
trials have lead to the commercialisation of many
aqueous adhesives for rubber-to-metal bonding. Often
adhesives are developed to meet special needs and
applications. For example, CHEMLOK 8115 was
developed for nitrile bonding and the seal industry.
CHEMLOK 8116 and CHEMLOK 8117 were also
developed for the seal industry and bond amost all
peroxide cured compounds and are especially good
for fluoroelastomer bonding. It isalwaysbest to talk to
technical experts when attempting to select the proper
adhesive for a certain application.

7 Troubleshooting

There are innumerable items made for automotive,
aerospace and industrial applicationswhere elastomers
are adhered to metal using adhesives that bond the
rubber to the metal substrate during the vulcanisation
cycle. Included are engine mounts, dynamic seals,
automotive weatherstrip, various shock and vibration
dampeners for down hole drilling, rubber covered
rolls, pump impellers and solid rocket motors for
missiles and space applications. If manufacturing or
in-service adhesion failures occur, the reasons for the
failure need to be understood so that corrective actions
can be implemented. There can be different modes
of faillure. By properly investigating the nature of the
failure, causes can be identified. In addition, the root

further problems in the future. In some cases, various
surface analyses may be conducted using sophisticated
techniques to determine the nature of the failure and
the possible cause.

In the 1950s, two-coat adhesive systems consisting
of a primer and a reactive topcoat were developed to
bond avariety of elastomersto metals, textile and other
substrates during the moulding operation. Here the
adhesive coated substrate is placed in a mould cavity
and rubber then moulded toit. During thisvulcanisation
step, therubber cures, the adhesive cures, and adhesion
is developed. The thermoset bond that is formed is
expected to be stronger than the rubber and able to
resist the same environments to which the rubber will
be exposed. These environmentsinclude hot oils (such
as for engine seals), salt spray (for under-the-hood
components), drilling muds (for down hole drilling),
and hot and cold temperatures (for equatorial and arctic
conditions). Thewholeinsert moulding processis made
up of various steps and failure to properly follow these
steps can lead to bond failures.

Paramount to the process is the selection of the most
suitable adhesive system for a given application. If the
correct adhesive is not used to start with, then the part
will not be manufactured properly. Adhesive selection
is primarily based upon the type of rubber to be bonded.
For example, a certain adhesive suggested for bonding
natural rubber to sted would most likely not be suitable
for bonding the samemeta to asiliconee astomer. Factors
other than the type of rubber that may influencethe choice
of adhesive include the substrate, the cure package, the
durometer and the environment that the bonded component
must operate in. Another key element in the selection is
the application method which includes dipping, spraying
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and brushing. Thefind choice of adhesive is sometimes
determined by the results of standardised adhesion tests
inalaboratory (i.e., ASTM D-429).

Assuming that asuitableadhesveisfound andisbeing used
correctly, then abond failuremust be addressed asaprocess
problem. In order to understand what process factor may
beresponsible, thetypeof failuremust first be determined.
Then, possible causes for the failure can be explored.
Surface analysis testing may be useful. From there, the
possible root cauise and solution may be determined.

7.1 Types of Failures

7.1.1 Rubber Failure

Several modes of failure can occur in a bonded
assembly. Thefirst iscalled rubber failure (Figure 23).
Inthisinstance, when apart istested, thefailure occurs
within the rubber substrate. Thisisadesirable mode of
faillureasit tellsthe manufacturer that the bond isintact
and isin fact, stronger than the rubber. Assuming the
rubber has been compounded correctly, then the part
has been correctly engineered and manufactured. The
results are usualy expressed in terms of the percent
rubber coverage over the bonded area. In this case it
would be 100% rubber. It should be noted that there
can be various degrees of rubber thicknessinthefailure
such at thin rubber or thick rubber. Sometimesthe thin
rubber isn’t obvious and one may haveto look under a
microscope to determine that rubber is present.

Cohesive rubber
failure

7.1.2 Rubber-to-Cement (RC) Failure

Another type of failurethat can occur isfailure between
the rubber and the adhesive film (Figure 24). ASTM
test methods found in D-429 designate this as RC
failure, that is, thefailureis between the rubber and the
‘cement’. Here the adhesive remains on the substrate
side(e.g., themetal) and appearsto beahard black film.
If you wereto useaNo. 2 lead pencil and lightly write
on thefailure, the pencil would leave amark. If rubber
were present, most likely there would not be a mark.

7.1.3 Cement-to-Metal (CM) Failure

With CM failure, the adhesive, along with the primer
(assuming atwo-coat system) will come off of the metal
leaving the metal bareand relatively clean (Figure25).
If the primer is grey (asis usually the case), one can
see the grey primer on the rubber side of the bonded
area. This type of failure is more readily recognised
than RC because of the colour difference between the
layers. With RC failure, you often have ablack adhesive
against a black rubber compound.

7.14 Other Failures

In rare instances, failures can occur between the
adhesive and the primer. This is called ‘CP failure.
In some cases, there can be a mixture of the types of
failures mentioned above. For example, a part could
exhibit some RC failure aswell as CM failure.

Primer

~ Metal/Substrate

Figure 23

Cohesive rubber failure
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Cement-to-metal failure

7.2 Failure Analysis

7.2.1 Rubber-to-Cement (RC) Failure

There are many reasons why RC failure can occur and
the most frequent ones are as follows:

1

Failure to mix the adhesive before application.
This might leave some of the adhesive's active
ingredients settled on the bottom of the container
and therefore you would not get a bond. Many
adhesives consist of resins and curatives dispersed
into a polymer/solvent blend. The solids have

a tendency to settle to the bottom and must be
thoroughly mixed prior to application.

Improperly applied adhesive. Adhesive suppliers
have guidelines for the proper amount of adhesive
to be applied. For example, a genera purpose
bonding agent requirement might be 15-25 microns.
If only 10 microns were present, there may not be
sufficient amount of adhesive to achieve the bond

Wrong adhesive applied. Many moulders have
a variety of adhesives in their plant. Most of the
adhesives today are black and if the workers are
not sufficiently trained, the wrong adhesive could
be applied.
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4. Excessive pre-bake. Adhesives for bonding rubber
are heat activated. If the coated parts reside in the
mould for an excessive time period before the rubber
is introduced (such as in a shuttle mould) then the
adhesive could react and cure. There would no
longer be sufficient reactivity left for adhering to the
backbone of the rubber during moulding. If themould
hasmany cavitiesand ishand loaded, it' spossiblethat
thefirgt partsinserted might bake out and thelast ones
would befine. Improper use of infrared drying could
pre-activate the adhesive aso.

5. Lack of heat. Large adhesive coated inserts may
provide too much of a heat sink during moulding.
The adhesive would therefore not get up to
activation temperature and RC failurewould occur.
Sometimes the failure here may be a mixture of
cohesive rubber failure and RC (e.g., 40%R, 60%
RC) as the location of the heater rods and pinsin
the mould would allow differential heat transfer.

6. Other. Other reasonsinclude contamination of the
adhesive coated inserts prior to moulding. Adhesive
coated parts should be covered when sitting on
the plant floor to avoid contamination from mould
release. When handling the adhesive coated parts,
clean white cotton gloves should beworn to prevent
contamination of the adhesivefilm by hand lotions,
skin ails, etc. The shelf life of the adhesive should
be considered also.

The adhesive supplier or their literature should be
consulted to find out the shelf life of the product.
Sometimes it is good to run a different lot of adhesive
when afailureisencountered. Thiswill help decideif the
adhesive is defective or if the processis out of control.

7.2.2 Cement-to-Metal Failure

When afailure occurs where it appears that the primer
(in atwo-coat system, or adhesive in the case of aone-
coat system) is no longer on the substrate (e.g., metal)
and seems to be on the rubber side, the failure typeis
termed ' CM’ for cement-to-metal. (Note: ASTM D429
uses ‘M’ for this designation). Some of the reasons for
thistype of failure are as follows:

1. Failure to mix the primer before application. As
noted above under ‘ RC’, failure to thoroughly mix
all of the ingredients together prior to application,
may result in a bond failure. It should also be
noted however, that in many instances, good
primary adhesion might be achieved. However the
environmental resistancewill be compromised and

field failuresmay occur. Thisisespecially truewhen
aprimer isbeing used with atopcoat adhesive that
was designed to be aone-coat adhesive. The use of
a primer may not contribute to primary adhesion
but is being used to enhance the environmental
resistance.

Improperly applied primer. For some systems, if
insufficient film thicknessis gpplied, theadhesive may
still have agood initid bond but poor environmental
resistance may result. The primer supplier should be
contacted for film thickness guidelines.

Contamination. |mproperly cleaned substrates can
result in CM failure. When metals are processed
(holes drilled, punch died, etc) they have various
typesof oilson them, which must beremoved before
the chemistry of the primer can sufficiently interact
with the substrate. Plastics may have mould release
on them. Some metals, like aluminium, oxidise
rapidly and need to be primed immediately after
mechanically blasting the surface. Contamination
can also occur from oil being in the lines of a
spray system. Chemical baths that have depleted
their ability to clean obviously won't clean the
surface well enough for good adhesion to occur.
Contamination is probably the leading cause of
CM type failures. Sometimes the contamination
can creep into the system quite unknowingly. For
example, if another part of the plant begins to
implement a silicone release agent, it is possible
that the silicone can get carried through the plant
viaair circulation. There have been caseswherethe
contaminant has been carried outside via air ducts
only to haveit re-enter because thewindisin such
a direction as to blow the contaminant from the
exhaust to the intake air vents.

Poor metal pretreatment. Many bonded
assemblies made of rubber and steel use phosphate
treatments to enhance the corrosion resistance of
thepart, particularly in the non-bonded areas. Such
treatmentsinclude iron phosphate, zinc phosphate,
and modified zinc phosphate. Other treatments on
metals include auto-deposition coatings, electro-
deposition coatings and various chemical corrosion
resistant coatings. While good primary adhesion
may be achieved, when the final part is put into
service, or a bending or swaging operation, the
metal treatment may fail cohesively. This type of
failuremay appear asa‘' CM’ failure but upon closer
inspection with surface analysistechniques, it may
be determined that some of the treatment is on the
rubber side of the failure and thus had fractured
within itself.
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7.3 Surface Analysis Techniques

In many cases, visual observation and/or microscopic
analysis are sufficient to determine the type of the
failure. The actual cause of the failure however is not
readily apparent. The use of certain analytical toolscan
help determine the cause of the failure.

Some of the major methods used for surface analysis
are asfollows:

Scanning electron microscopy (SEM)

Energy dispersive X-ray spectrometry (EDS)
X-ray photoelectron spectrometry (XPS)

lon scattering spectrometry (1SS)

Secondary ion mass spectrometry (SIMS)
Auger electron spectrometry (AES)
Rutherford backscattering spectrometry (RBS)

Each method hasits pros and cons and often more than
one technique is required to generate sufficient data.
When looking at RC failure, the search is generally to
detect if there is something like mould release present
(for example the presence of silicone) when it is
known that there is no silicone in the rubber or in the
adhesive. Additionally, the relative film thickness may
be measured or it may be determined if the failure is
possibly cohesive within the adhesive as opposed to
‘plain’ RC failure.

On the metal end, contaminants may be detected by
the fact that they are chemically unlike anything that
would be found in the primer. Oils and mould release
are commonly found, as are fracturesin the phosphate.
In this case, the phosphate is found on the backside of
the primer, stuck to the rubber.

7.4 Root Cause

Oncethetype of failure hasbeenidentified, the question
remainsasto why it occurred and asolution found to fix
it. In one actual example, an RC failure was identified
and the cause of it shown to be low film thickness. But
there still remained the question of why was there low
film thickness? Investigation reveal ed that the adhesive
was diluted too much and the amount being deposited
was too low. However that still was not the root cause.

The reason that it was diluted too far needed to be
determined and was shown to be related to lack of
training of a new employee. The remedy then was to
provide the correct training.

An example of CM failure on brass was traced to the
metal not being thoroughly cleaned. Further, the root
cause wasthat the company began to get varying grades
of brass and their acid cleaning step was not adequate
for some grades. The solution to this problem was to
mechanically blast the metals. Another would have been
to establish a specification for a certain type of brass
and work just with that material to develop a suitable
cleaning method.

7.5 Summary

To successfully compl ete the process of bonding rubber-
to-metal inthe manufacture of quality rubber engineered
components, several steps are required:

1. Proper substrate preparation
2. Proper selection of adhesive
3. Proper adhesive preparation
4. Proper adhesive application
5. Proper moulding conditions

When a bond failure occurs, each of these steps must
be considered during failure analysis. The type of
failure must be identified as the first step. Sometimes
it is necessary to use sophisticated surface analysis
techniques. Once the type of failureisidentified (such
areRC, CM, or other) there are various possiblereasons
for aspecific type of failure. Some of the major reasons
are listed in this paper. Finaly, when the reason for
the failure is found (e.g., lack of sufficient adhesive
thickness) then the root cause must be identified
(adhesiveis overly diluted) and the problem corrected
(e.g., employee training) to prevent it from recurring.

8 Testing

Of great interest to manufacturers of rubber-to-metal
bonded assembliesisbond strength and bond durability.
Bond strength is the ability of the assembly to stick
together while durability refers to how long the bond
will last in a given environment. These environments
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canincludewater immersion, acid and alkali exposure,
salt spray, oil and fuel resistance, heat and cryogenic
resistance, dynamic cycling, as well as avast array of
other environments.

The best test is to make the part and test it under
actual conditions. Most engineering companies use
a simulating test that may accelerate the failure. The
accelerated test gives an indication as to the life
expectancy of the bonded part or at least be able to
discern between various adhesives.

The American Society for Testing and Materials
International (ASTM International) and the I nternational
Organization For Standardization (ISO) are two
organisationsthat havetest methodsfor measuring bond
strength. These standards describe a method to make
test pieces that can be peel tested, or tested in tensile
or shear (see Table 6).

The bonded test specimen can often be placed in various
environments (with or without stress) for testing beyond
primary bond strength. By using such tests, various
adhesives and rubber formulations can be screened
to determine the best adhesive to use in making trial
production parts.

9 Markets

The art and science of adhesive usage can differ from
the above processes according to what type of itemis
going to be manufactured. These sections address some
of those areas by market segments.

Table 6 ASTM International D-429 test methods
for rubber-to-metal bonding
ASTM Related |Type of test
I nternational SO
standard

A 814 Tensile

B 813 Peel

C 5600 Tensile/shear

D 814 Tensile (for cured
rubber)

E - Peel (rubber lining)

F - Tensile/shear

G - Doubl e shear
(durahility test)

H 1827 Quadruple shear
(durability test)

9.1 Bonding Rubber Rolls

For over 40 years, adhesive systems have been
successfully used to bond rubber rolls. The markets
includerollsused to transport varioustypes of materials
in consumer goods, agriculture and mining industries.
Other applications include graphic arts and printing,
where the rolls transfer inks and process pulp and
paper products. Additional applicationsinclude coating
and lamination rolls that transfer adhesives, coatings
and packaging labels to various goods. In al these
applications, the adhesive plays a very important role
in maintai ning astrong, durable bond between the core
and the rubber for the service life of the manufactured
roll. Theintent of thischapter isto provide an overview
of the manufacturing process, which provides details
on core preparation, adhesive selection and application,
vulcanisation and a troubleshooting guide.

9.1.1 Core Preparation

Themost common core constructionsused intheindustry
aresteel or duminium. Occasionally, magnesium, brass,
copper, titanium and nickel-plated thin wall cores are
used in special applications. Additionally, non-metallic
cores, such as glass-reinforced composites or other
engineering plastics, are employed for weight reduction
and chemical compatibility.

The majority of roll manufacturers reprocess their
serviced cores because of the expense of the cores.
This is accomplished by removing the used rubber
and adhesive with machining lathes, sanders, grinders,
and/or high temperature bake cycles. Once old material
is removed from a serviced core, the surface can then
be mechanically and/or chemically prepared.

Thefirst step in creating a successful bond between the
rubber and the core material is core preparation. Core
preparation throughout the industry is performed in a
variety of ways and all serve to provide a clean and
consistent anchor profile (contour of the core surface)
for the adhesive system to attach to. Core preparation
is considered the foundation for successful rubber
to core adhesion and is crucia to the success of the
subsequent process steps to achieve a consistent, high
quality, durable bond.

Core preparation can be subdivided into two basic
categories: chemical and mechanical preparation.
Either of these methods may be used independently
or together. Most importantly, in-process bond
adhesion tests, production testing, and field service
operating conditions assist in determining the best core
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preparation steps required to achieve and maintain good
adhesion.

The function of chemical preparation is to dissolve or
suspend then remove the organic contaminants (i.e.,
cutting oils, greases, dirt, etc.) that may be present on
the core surface from fabrication or service. Chemical
methods typically utilise organic solvents to remove
these contaminants because they often interferewith or
degradethe adhesive system’ s ahility to bond to the core
surface. Rinsing, washing, soaking, brushing, or wiping
is generally performed to remove these contaminants.
Collectively, thesemethods arereferred to asdegreasing.
These methods are generally accomplished with organic
solvents such as alcohol, methyl ethyl ketone (MEK),
toluene or xylene.

Degreasing can be performed prior to and after
mechanical preparation. In some cases, solvent vapour
degreasing may be employed, although recent solvent
emission regulations have limited their use in the
industry. Additionally, some of the newly developed
machining oils may not be soluble with the types of
solvents mentioned above, so alternatives such as
alkaline or citric acid cleaners must be used to assist
in their removal.

Lubrication and cooling solutions used with the
machining equipment should be identified and used
with caution. Coolant additives such as Teflon® and
silicone emulsifiers should be avoided asthey can cause
potential bond failure.

Frequent change and disposal of solvents ensures
adequate cleaning activity. If solvent replacement
is infrequent or ignored, the cleaning solvent may
becomeineffective, perhapsdetrimental. All equipment
associated with core cleaning, such asbrushes, ragsand
containers should be disposed of when contaminated.

Mechanical preparation is performed to remove any
inorganic contamination (i.e., weld scale and surface
oxidation) as well as any remaining adhesive and
rubber. The purpose of this step is to expose a fresh,
new bonding surface, which promotes adhesive wetting.
Mechanical preparation methods include blasting with
hand or automated blasting units, hand grinders, hand or
automated belt sanding units, wire brushes, steel wool,
or machining lathes. Prior to mechanical preparation,
degreasing should be employed to minimisethetransfer
of organic contamination (oils, greases, dirt, etc.) into
this process.

Due to the size of most rolls, surface grinding by hand
using arotary disc, or hand or automated belt sanding

is the most common method used to achieve a good
profile. The disc or belt materialsare typically silicaor
aluminium oxide with arange of 700-180 micron (25-
80 mesh) grit. The surface profile typicaly created is
25-50 micron (1-2 mil) in height, from peak to valley.
Theabrasion pattern created with the belt or disc should
be randomised to create maximum surface area. Caution
must be used during machine lathing, grinding or belt
sanding to avoid deep grooving as these processes
can lead to potential adhesive system puddling that
may result in adhesive failure. The disc or belt should
be changed frequently to ensure an aggressive and
consistent anchor profile is maintained. This also
minimises transfer of residual contamination from the
disc or belt back to the core surface.

Shot, sand or grit blasting is employed in some cases.
Each of these media can provide a consistent surface
profile on the core for the adhesive to attach to; 420
micron (40 mesh) grit is common; however, smaller or
larger grit sizes are acceptable, depending on the core
composition and equipment available. Grit media is
preferred to shot mediabecause its angular shape tends
to rip and tear the core surface. This promotes good
adhesive wetting because of the sharp ridgesand valleys
produced. Shot tends to produce less surface area than
grit becauseitsrounded shapetendsto peen the surface,
creating a‘ crater-like' profile. Shot also tendsto drive
surface contamination into the core surface, instead of
removing it.

Themediashould beinspected frequently and changed
or refreshed periodically to retain a consistent profile.
Blast unit filters should be inspected routinely and
cleaned or changed to minimisefinemediaintroduction
into the process. Blasting air sources should contain
air/water extractors. These extractors should be
inspected frequently and drained periodically to avoid
contamination of the media and the core surface.
An indicator for excessive oil and/or moisture in the
adhesive film is ‘fish-eyes’, which appear as small
pinholeswithin the adhesivefilm. Additionally, bearing
surfaces and bores on the core should always be
protected from mediaoverspray, aswell asminimising
contamination to the inside diameter of hollow cores.

After surface preparation is completed, a visual
inspection should be performed to ensure the core
profileisuniform and free of any debris. Areasthat may
have been lightly abraded or missed completely should
be identified and corrected. The level of cleanlinessis
subjective because it is difficult to measure; therefore
adhesion testing is a common way to verify the
effectiveness of the cleaning solvents and associated
preparation processes. In some cases, the core can
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be checked for cleanliness with a water break test
(reference ASTM International, F22-65). Thistestisa
good, quick method to determine if oil may be present
on the core surface, but since this test is considered
subjective, results may not always assure a successful
bond.

It is optional to degrease the core again after abrasion
is complete, but often this step can remove excess
media fines and residual core debris as well as other
contamination left on the core surface. An air blow-off
step with clean, dry air istypically sufficient to remove
excessmediafinesand residual coredebris, provided no
other forms of contamination are present. For stainless
steel cores, aluminium oxide belts, sand, or glass bead
mediamust be used to eliminate the chance of dissimilar
metalsfrom coming in contact and causing under-bond
corrosion.

Following visual inspection, the adhesive system
should be applied as soon as possible to minimise the
reoccurrence of surface oxidation and other forms of
contamination. The period of time between mechanical
preparation and adhesive application is referred to as
layover. Aslayover timeincreases, the risk of forming
aweak oxide layer increases. Weak oxide layers can
be pulled away from the core surface by the adhesive,
which may result in adhesivefailureto the core surface.
Layover time varies with each manufacturer and is
dependent on such factors as the core composition,
the method of preparation and the plant conditions. A
common practice is to complete adhesive application
within one hour after mechanical preparation.

In limited cases, the core may have a chemical
conversion treatment, such as zinc or iron phosphate,
nickel-plating, or other plating treatment. Thefunction of
thesetreatmentsisto deposit acorrosion resistant layer,
which also must have bonding compatibility with the
adhesive system. Often, these treatments do not require
any additional preparation steps prior to application of
the adhesive system. A clean, dry air blow-off, dry rag
wipe, or light solvent wipeis suggested to remove any
potential airborne contaminants like dust.

9.1.2 The Adhesive System Selection Process

Proper selection of the adhesive system for the
roll application is equally as important as adequate
preparation of the core. Before an adhesive system is
chosen for aparticular application, the rubber cover type
must be provided. Rubber selection isbased on avariety
of criteriathat satisfy the specific end-use requirements
for the roll and its corresponding service. To begin the

adhesive system selection process, basic information
such as the base polymer type and cure package is
needed. Additional information such as the curing unit
(autoclave or conventional press), cure conditions plus
service dynamics, temperature, and chemical resistance
also aids the selection process.

Additionally, the type and amount of cure system,
fillers, plasticisers, and other processing aids can
affect the ability of the adhesive to bond the rubber.
The most common industry challenge is bonding low
polarity type compounds, such as EPDM and butyl.
Additionally, these types of compoundslack attachment
sites for the adhesive to bond to. Softer compounds
below 40 durometer Shore D are also typically
more difficult to bond. In specia cases where lower
durometer compounds are required, higher durometer
(easier to bond) compounds can be used at the core
surface to bridge the outer layer of lower durometer
compounds.

Sincerolls are often subjected to very demanding field
service environments, most manufacturers choose a
two-coat (primer/adhesive combination) system for
best service durability. For example, CHEMLOK 205
provides the required core adhesion, followed by the
appropriate Chemlok adhesive (often referred to as
topcoat or covercoat) to bridge the interface between
the primer and rubber surfaces.

One-coat adhesive systems can offer labour and cost
savings. However, the addition of aprimer canimprove
their environmental performance. Exceptions are noted
when bonding speciality elastomers, such as silicones
and fluoroelastomers, where speciaised systemssuch as
CHEMLOK 607 and CHEMLOK 5150 must be used.

Once the adhesive candidates are identified, bond
testing is needed to determine the optimal system with
the specific materials and processes. For initial bond
evaluations, simply peeling the rubber away from the
core with hand tools or machining lathes can provide
a good determination of the adhesive’s bond quality.
Prior to rubber lay-up and vulcanisation, a strip of
tape or Mylar can be placed on the adhesive coated
core. The strip creates anon-bonded area(i.e., arubber
‘tab’) for ease of bond evaluation. With larger cores,
lathes, hoists or cranes may be required for evaluation
of the bond. Other methods include employing smaller
‘witness’ cores that offer ease of testing bond quality,
especially when new materials and processes are being
considered.

In addition to the compatibility between the adhesive
and rubber, the bond at the core surface is also tested.
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In specia cases, bond strength measurements may be
required to meet customer specification. A good bond
is established when the rubber fails within itself.

Given the multitude of manufacturing materials and
processes, the adhesive selection processis specific for
each manufacturer. For many manufacturers, multiple
adhesive systems are required because of the variety of
compounds utilised. The correct choices are generally
derived from trial-and-error, tradition, suggestionsfrom
the rubber supplier, as well as feedback from other
roll manufacturers within the industry. Regardless of
the source, Table 7 condenses the selection process,
based on Lord Corporation testing and customer
manufacturing histories. Not all adhesives are listed.

Table 7 Chemlok selector guide for rubber rolls
Rubber type Chemlok Chemlok
One-coat systems | Two-coat
systems
Butyl 250, 252X, 253X, | 205/234B,
6254 205/236A,
205/238,
207/259
Chloroprene 250, 252X, 6254 | 205/220,
205/234B,
207/259
EPDM and EPR 250, 252X, 253X, | 205/234B,
6254 205/236A,
205/238,
207/259
Epichlorohydrin 250, 607, Ty-Ply | 205/233
BN
Fluoroel astomer 5150, 5151, 607 | None
Nitrile 205, 250, 252X, | 205/220,
253X, 6254, Ty- | 205/233,
Ply BN 207/259
Carboxylated nitrile| 205, 252X, 253X, |205/217
6254
Hydrogenated 205, 6254 205/220,
nitrile 205/233,
205/234B,
207/259
Natural 250, 252X 205/220,
253X, 6254 205/234B
SBR 250, 252X 205/220,
253X, 6254 205/234B
Silicone (peroxide) | 607, 608, Y-1540 | None
Silicone (addition) | 606 None
Urethane (castable) | 213, 218 219/213,
219/218
Urethane (millable) | 218, 219, 250, Ty- | 205/233
Ply BN

9.1.3 Handling, Mixing, and Application
Processes

The second stepin creating asuccessful bond between the
rubber and thecoremateria isproper handling, mixing, and
application of the adhesive system after core preparation
is completed. The handling, mixing, and application
processes al rely on each other for reproducible bond
performance of the adhesive system.

For ease of discussion, theterm ‘ adhesive’ below refers
to aprimer or an adhesive.

Temperature variations encountered during shipping and
storage typically do not affect the performance of the
adhesive systems; however, storage temperatures and
shelf life periods should be adhered to in order to ensure
optimal adhesive performance. Exposure to excessive
temperatures has the most effect on the shelf life of
the adhesive system. Storage temperatures of 21-27 °C
(70-80 °F) are suggested for most products. The user
should refer to product literature for additional specifics
regarding the storage period and additional handling
instructions. Temperatures above 38 °C (100 °F) for
extended durations, such aswarehouse storage on upper
racks of non-air conditioned areas, should be avoided.
Outdoor winter storage or refrigeration below 10 °C
(50 °F) should be avoided. Storage of the adhesive
systemsin cool, well-ventilated and well-lighted storage
areasis suggested for optimal performance.

Many solvent-based products do not freeze, and
freezing temperatures simply increase viscosity and
some products may become ‘gel-like' upon cool or
cold storage. In these cases, the products should be
permitted to equilibrate to ambient plant temperatures,
then mixed thoroughly before using. If this procedure
is followed, adhesive performance is not typically
affected. Viscosity checks should then be performed.

Inventory rotation procedures should be monitored
to ensure that fresh product is used within its shelf
life. Fresh product is essential to maintain consistent
adhesion. If material issuspect concerning shelf life, it
should be replaced with new material while disposing of
theolder material. Refer to the specific product literature
for storage conditions and other information regarding
proper use and handling of the adhesive system.

Many of these products are flammable due to the type
of solvents that they contain. Solvents used in these
productsinclude aromatics, acetates, alcohols, ketones
and chlorinated solvents. Appropriate safety procedures
for flammableliquids should be practiced when handling
products containing any of these solvents.

30



Bonding Elastomers: A Review of Adhesives and Processes

It is essential to refer to the MSDS (Material Safety
Data Sheet) and label of the specific product to ensure
that it is stored, handled, and utilised safely and that
appropriate controlsand personal protective equipment
are used.

The most common container used throughout the
industry is the single gallon can, due to its ease of
dispensing and quantity required for the job. Single
gallon containers can be mixed with paint shakersor air
mixers, but hand mixing is the most common method.
Adeguate mixing is required for optimal performance
of the adhesive system. Hand stirring with a‘figure 8'
motion for 15 minutesis usually sufficient to disperse
the solids within the solvent system. The purpose of
dispersing the solids within the solvent system is to
equally distribute the solidswithin the bulk of theliquid
portion. Mixing should continue until al settled material
is removed from the bottom and the adhesive has a
uniform appearance. The material should befrequently
stirred during use, especialy if the product is unused
over break periods and production shift changes.

To minimise potential contamination and solvent |oss,
the container lid must be replaced when it isnot in use.
With frequent opening and closing, solvent lossincreases
solids content and viscosity. Lids and container edges
should be kept clean of excessive primer or adhesive
build-up to permit adequate container sealing. Labels
should be clearly legible to ensure that the proper
product is used for the particular job.

Prior to adhesive application, the core should be placed
inthework areaand itstemperature should be permitted
to reach ambient plant conditions. Inthe cooler months,
cores that are stored or processed in unheated areas
should be brought up to room temperature slowly and
permitted to equilibrate to the plant conditions for a
period of time. This step minimises the formation of
condensation, which could compromise adhesion to
the core. Additionally, it is important to ensure that
the core surface is permitted to cool down to ambient
temperature after friction heat is generated from belt
sanding or blasting. When the core is too hot to be
coated, typically above 60 °C (140 °F), the adhesive
solvent carriers can evaporate very quickly, which can
result in reduced wetting of the adhesive. Additionally,
excessive adhesive film thickness can result in failure
within the adhesive layer.

During layover periods, dust, release agent, oil, and
other debris can also contaminate the core before
adhesive application. During these periods, cores
should be protected with plastic, vapour barrier paper,
or other suitable material until the adhesiveis applied.

Care should betaken to avoid wrapping the material too
tightly to avoid trapping excess moisture. As previously
mentioned, cores are typically processed within 30-
60 minutes after mechanical preparation.

Cores should be supported or elevated abovethefloor to
reducetransfer of contamination during the application
process. The core is commonly rotated by hand in a
cradle or by use of alathe while the operator traverses
across the core surface with an adhesive loaded brush.
Cores should continue to rotate to reduce the amount
of tearsthat may form on the bottom leading edge. The
continued rotation also reduces the dry times for the
adhesives. Tearsaretypically caused by the adhesive's
low viscosity and gravity. In some cases, excessive
tearing can lead to failure to the core or failure within
the adhesive layer. Since application methods vary, the
product’sviscosity may require adjustment with solvent
diluents to optimise its application.

Adhesive systems are commonly applied by brushing.
Brushing is a simple, effective, and comparatively
inexpensive method to apply adhesive to the core.
Natural or camel hair brushes are suggested because
they offer improved wetting and leave behind fewer
brush marks than less expensive disposable synthetic
brushes. Adhesive systems are commonly hand brushed
‘as received’ from the container. When using this
method, clean gloves and aclean working environment
are essential . Brushes should be dedicated to the specific
adhesive and should be thoroughly cleaned with the
appropriate solvent after each use. Brushes should be
replaced when worn or damaged and should not be
stored inside the adhesive containers.

When solvent evaporation occurs, particularly with
frequent opening and closing of containers, small
amounts of dilution solvent should be added to the
adhesive systemtoreturnit toitsoriginal viscosity. Itis
important to ensure that the proper solvent and amount
isadded to the adhesive. If anincorrect solvent isadded,
the material’s stability, application, drying, and bonding
performance may be compromised. If an incorrect
amount is added, the applied adhesive thickness may
not be within specification. When adding the proper
solvent to the adhesive system, the mixture should be
stirred while small amounts of solvent are slowly added
to reduce the chance of ‘ shock’ . Shock can occur when
large amounts of solvent are added quickly with little
or nomixing, and canresultin‘ gel-like’ or hard-settled
product that is unusable.

Viscosity (a measure of the adhesive's consistency)
directly impacts product application characteristics
and the amount (or thickness) of adhesive applied. The
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Genera Electric Zahn viscosity cup is the common
tool for monitoring in-process viscosities, and serves
as a relatively quick check for adequate mixing and
potential solvent loss. The frequency of Zahn cup
checks is determined by production histories. It is
suggested that initial checks be performed prior to the
start of thejob and periodically throughout the use of the
product. The product literature containstypical viscosity
specifications and the cup type to be utilised.

When the adhesive system is applied by brush, a
smooth, uniform brush stroke technique is important
to produce a uniform thickness of the adhesive system.
One thin application coat is preferred over multiple
coats. Multiple coats can often lead to poor adhesive
performance due to shearing within the thick layer of
adhesive.

Sincedry film thicknessisoften impractical to measure
due to the aggressive profile on the core, brass shim
stock of approximately 50 microns (2 mils) and a
micrometer can be employed at arelatively low cost.
A dry film thickness measurement is done by placing
aclean shimin the application area and coating it with
the desired product. Once the product is thoroughly
dry on the shim, measure the total thickness of the
adhesive plus the shim, and then subtract the known
shim thickness from the total to yield an approximate
thickness of the adhesive film. Thismethod istypically
accuratewithin afew tenthsof amil and givesarelative
thickness that coversthe core. If the core has asuitable
surfacefor measurements, digital film thickness gauges
can be utilised, which are easy to use, quick and more
precise than the shim and micrometer method.

The typical recommended dry film thickness of
primersis 5-10 micron (0.2-0.4 mil) and of adhesives
is 15-20 microns (0.6-0.8 mil), with an average of
25 micron (1.0 mil) for the two-coat system. One-coat
adhesive systems normally require adry film thickness
of 18-30 micron (0.7-1.2 mil) to provide optimal
performance. There are some product exceptions; check
product literature for optimal dry film thickness. A
common technique in the industry is to rely on visua
inspection to avoid heavy or light application aress.
Most importantly, a relationship between adhesive
thickness and bond performance exists, and thin or thick
applicationsof primer or adhesive can create apotential
weak bond or failure.

Roll coating techniques with paint rollers and trays are
used when brushes are not feasible for larger cores.
The paint roller nap height is typically less than 6 mm
(0.25 inch). The paint roller core and nap construction
must withstand the solvent systems and should not

release the nap onto the core surface during application.
Similar to brush application, technique is important to
successful roller application. Spray application with
hand-held spray guns or pressure feed spray systemsis
occasionally used for bulk processing of smaller cores.
Detail son proper dilutions and equipment resourcesare
contained in product literature and associated product
guides.

Adhesive systemstypically dry within 30 to 60 minutes
after application at 24 °C (75 °F) and 50% relative
humidity. If insufficient drying occurs, adhesion can be
poor and typically resultsinlarge blistersor bubblesdue
to solvent entrapment. If morerapid drying isnecessary,
explosion-proof fans or ovens set at 66-93 °C (150-
200 °F) for 5-10 minute cyclesare satisfactory. If fansor
ovens are not feasible or available, the drying time can
be extended to several hours. Adequate ventilation in
theimmediate work areais necessary to avoid build-up
of solvent vapours to provide a safe, suitable working
environment. Once the adhesive films are thoroughly
dry, the rubber lay-up step can begin.

The rubber lay-up and vul canisation steps should begin
as soon as possible after the adhesive system is dried.
If longer time periods (layover) are required, adhesion
tests should be used to ensure that the layover period
does not impact adhesive performance. Typically,
layovers can be extended for several shifts, provided
the cores are protected from contamination. During
layover, adhesive coated cores should be protected with
plastic, vapour barrier paper, or other suitable material
to protect against UV light and airborne contamination,
particularly silicone release agents. Care should be
taken to avoid wrapping thematerial tootightly to avoid
trapping excess moisture.

Caution must be used to protect the coated core ends
from contaminated gloves, whilethe coreistransported
to the rubber lay-up area. Contaminating, damaging, or
removing the adhesive system by improper or rough
handling of the coated cores may lead to failure of the
adhesive system. Small areas should be thoroughly
cleaned and touched-up with the primer or adhesive
depending on the extent of damage. If larger areas
are contaminated or damaged, the cores should be
reprocessed.

Tack coats, tacky tie coats, or tie cements are used
to help fasten the rubber to the adhesive surface
during the rubber lay-up process. With particular core
configurations and/or non-tack rubber formulations,
such asEPDM, thetack coat isessential. Tack coatsare
usually brush applied to the dried adhesive surface just
prior to the rubber lay-up step. Thetack coat generally
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drieswithin 20-30 minutes; shorter periods may be used
depending on the type of tack coat adhesive used and
plant conditions. Caution should be used when applying
a solvent-borne tack coat to reduce the potential of
smearing or removing the adhesive system.

In most cases, the tack coat is custom manufactured by
dissolving asuitable rubber into an appropriate solvent
system. The solids, viscosity, thickness, and degree of
tack should be monitored. Sometack coatsareavailable
commercially. In some instances, alight solvent wipe
to the rubber surface can provide sufficient tack. This
is performed just prior to rubber lay-up and caution
must be used to reduce the chance of excess solvent
entrapment, which typically results in blisters before
or after the cure cycle.

9.1.4 Rubber Lay-Up and Curing

Whether hand lay-up of calendared sheet or automated
extrusion feed is employed, it is important that all
potential air pockets be removed to allow the rubber to
remain in contact with the adhesive surface prior to and
during the vul canisation cycle. Air entrapment is more
common with hand lay-up because of lower pressures
and temperatures. Operator technique of the lay-up
and subsequent shrink tape wrapping are key factors
in achieving good contact pressures and minimising
air entrapment. The rubber should always be freshly
mixed to minimise surface bloom. Process oils or other
ingredients that may bloom can degrade or interfere
with the adhesive system’s bond performance. Most
importantly during cure, lack of or inconsistent heat and
pressure can compromise adhesive performance. For
optimal bond results, each manufacturer must optimise
and monitor the cure time, ramping, and temperature
parameters for best adhesive performance.

9.1.5 Troubleshooting

Every roll manufacturer strives for a high quality roll,
but bond failuresdo occur. Failuresresult from avariety
of causes, and gathering all processing information,
along with the details on the location and type of
failure that occurred, as well asthe number of failures,
is important to aid in resolving the bond problem.
Manufacturing failures can be aresult of asingle step
or acombination of several or multiple interactions of
processes and materials.

Failures can become expensive with associated
labour, materials, and downtime required for customer

replacement. Occasionally, bond failures are not
detected on thefinished roll, so careful final inspections
should be conducted prior to shipment to minimisethis
possihility.

The cause of abond failure can become very difficult,
sometimes impossible, to determine after a roll has
been returned from service. Most often, key information
is lost because of oxidation and corrosion, plus the
abrasive and polishing effect of the rubber against the
adhesive and the core. Occasionally, thefailure may be
the result of an environment or condition that is rated
beyond the capabilities of the materials utilised. The
most common examples of failures are caused from
excessive temperature, chemical attack, excessive
load and speed conditions or deformation in the rubber
cover.

The American Society for Testing and Materials
provides a set of detailed symptom descriptions for
bond failures. These can be used to assess the problem
to determine appropriate corrective actions. (Theterms,
‘elastomer’ and ‘ adhesive’ can beinterpreted as' rubber’
and ‘cement,’ respectively). Rubber failure is always
the end goal and is considered the best bond obtainabl e.
Table 8 is atroubleshooting guide for rubber ralls.

9.2 Bonding Urethanes

There are four basic types of polyurethane materials
utilised in the rubber-to-metal bonding industry. The
types include Reaction Injection Moulding (RIM),
millable gum, thermoplastic urethanes (TPU) and
castable polyurethanes.

Castable polyurethanes are the most popular material
choice when bonding, and the conventional systems
are comprised of two components: an A or resin side
consisting of a polyester or polyether based polyol
coupled with a TDI (toluene diisocyanate) or MDI
(methyl diisocyanate), and aB or curative sidetypically
based on active hydrogen, either hydroxyl or amine
chemistry. Once the heated components are mixed,
degassed, then cast, the polyurethane moul ded assembly
is produced. The focus of this section is bonding
castable polyurethanes to substrates.

9.2.1 Bonding Applications

Themajority of bonding applicationsincludeindustrial
rollers, machinery wheels and casters, elevator track/
door wheels, and amusement ride wheels. Other
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Table 8 Rubber roll adhesive troubleshooting guide

Failure mode Possible cause

Corrective action

Cement-to-metal:
Look for partial or complete
removal of primer and/or

after core preparation

Contamination before, during, or | Remove fine media, core material, greases,

oils, dirt or other contaminants. Re-process
the core.

adhesive from core surface.
Look for partial or complete
transfer of primer and/or

prepared core

Excessive oxidation of the

Remove the weak oxide layer. Reduce the
layover time before primer or adhesive
application.

adhesive to the rubber surface.
core

Insufficient anchor profile on the | Install new belts or charge new blast media

to improve the profile.

application

Coreistoo cold or hot prior
to primer and/or adhesive

Allow the coreto equilibrate to room
temperature before primer and/or adhesive
application.

shelf life

Primer and/or adhesive is out of

Use fresh primer and/or adhesive and
dispose of expired material.

and/or adhesive

Insufficient mixing of primer

Remix primer and/or adhesive until solids
are completely dispersed.

adhesive

Solvent loss in primer and/or

Cautiously add proper solvent in small
amounts while mixing.

and/or adhesive

Improper thickness of primer

Re-apply primer and/or adhesive at the
proper thickness(es).

and/or adhesive

Insufficient drying of primer

Extend primer and/or adhesive dry times.
Use low heat if available.

Cement-to-primer:
Look for primer and adhesive
separating from each other.

Contaminated primer or
contaminated primer surface

Use fresh primer and dispose of
contaminated primer.
| dentify/remove contamination.

(Occurrences are rare.) Incorrect primer and adhesive Re-check combination; consult for proper
combination combinations.
Rubber-to-cement: Adhesiveis out of shelf life Use fresh adhesive and dispose of expired
Look for adhesive adhering to material.
the core surface, and not to the | |mproper thickness of adhesive | Re-apply the primer and/or adhesive at
rubber surface. proper thickness(es).
Contaminated adhesive or Use fresh adhesive and dispose of

contaminated adhesive surface

contaminated adhesive.
| dentify/remove contamination.

during the cure cycle

Lack of heat and/or pressure

Check cure parameters, ensuring that
sufficient time and temperature conditions
were used. If shrink-wrap is used, check for
sufficient pressure.

Adhesive/rubber incompatibility | Select another adhesive system.

examples include seals and mounts utilised in mining,
agricultural and oilfield industries. In these examples,
the adhesives must be engineered to withstand dynamic
loads under varying temperatures as well as water and
harsh chemical environments.

Substrate preparation is the foundation for successful
adhesion. Most often with the bonding applications,
the substrate is mild steel or aluminium. The parts are
typically degreased with the appropriate solvent, such
as MEK, abraded, such as grit blasting, followed by

a final degrease. It is common practice to grit blast
the substrates with 707-420 micron (25-40) mesh grit
media to provide an aggressive anchor profile. An
aggressive profile is important because it promotes
good wetting of the adhesive, especialy under the
high shear loads, which are due to the high tensile
strength of the polyurethane system. After preparation
iscompleted, adhesive application should be completed
as soon as possible (typically within 1 hour) to avoid
the reformation of weak oxide layers, which can
compromise adhesive bond performance.
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9.2.2 Adhesive System Selection

This is a range of adhesive systems for castable
polyurethanes. Thinnerscan beused toimprove brush and
dip application or when spray application is necessary.
Non-pigmented versions of adhesives can be used when
cosmetics are of concern. To determine which adhesive
system is best, bond testing with the specific substrates
and polyurethane systemsiis required.

9.2.3 Adhesive Application

The adhesive systems can be applied by a number of
different methods. Most adhesives are brush applied;
however dip or spray or other forms of application can
be employed, depending on the equipment available,
assembly configuration and volume requirements.
For optimal performance of the adhesive, apply it at
the recommended dry film thickness. Avoid thick or
thin applications as they can lead to poor adhesive
performance.

After adhesive application and sufficient drying
(typically 1 hour at room temperature), apre-bakecycle
of the adhesive coated substrate is recommended. The
purpose of the pre-bake cycle isto begin activation of
the adhesive to the substrate, bring the temperature
of the substrates close to the casting temperature, and
improve the environmental performance of the final
assembly. Pre-bake is accomplished by placing the
adhesive coated parts into a safety-approved oven for
a minimum cycle of 2 hours at 121 °C (250 °F). The
optimal time and temperatures depend on the mass,
configuration and materials being processed.

Prior to the casting process, the two components (the
resin and curative) are pre-heated, mixed together and
de-gassed to remove trapped air during the mixing
step. Next, the pre-baked adhesive coated substrate
is placed into a mould cavity, followed by the casting
of the polyurethane to fill the mould cavity. After
the casting is completed, a cure cycle (typicaly 1-2
hours) is performed, followed by demoulding with a
final post-bake oven cycle (typically 4-8 hours) of the
moulded assembly. The temperatures of the urethane
components, casting, moulds and post-bakes arein the
range of 82-121 °C (180-250 °F). The optimal times
and temperatures depend on the materia choices and
are optimised through testing.

Once the moulded assembly has cooled, the adhesive
strength can be evaluated. The end goal is to produce
apolyurethane-tearing bond, wherein the polyurethane
fails cohesively (i.e., failure within itself).

Table9isan exampleof abonded test samplewith some
environmental datausing CHEMLOK 213.

9.3 Thermoplastic Elastomer Bonding

The introduction of thermoplastic elastomers
(abbreviated TPE) into the marketplace in recent
years has permitted the end user to compete against
thermoset rubbers. TPEs can offer the physical
properties of thermoset rubber with the advantages
of thermoplastic processing. Essentialy, the TPE isa
formulation comprised of two main materials, small
rubber particles dispersed within a plastic matrix.
The three general types of TPEs include styrenic
thermoplastic elastomers, hard polymer/elastomer
alloys and multi-block polymers with hard crystalline
segments. Specific classificationsinclude SBCs(styrene
blocked copolymers), TPOs (thermoplastic olefins),
TPV s(thermoplastic vul canisates), TPU (thermoplastic
urethane), and COPEs (copolyester elastomers). The
array of material combinations for TPEs has permitted
performance advantages against thermoset rubbers
coupled with the ease of thermoplastic processing,
reduced cost, design flexibility, high production
throughput, and reduced waste with the ability to
recycle. These materials are processed through the use
of plasticstechnology through injection, extrusion and
blow-moulding techniques. The focus of this section
will be the discussion of injection moulding of TPES
to substrates utilising adhesives.

Table 9 Adhesion values (cast urethane to metal)

Adhesion results
(N/25 mm)

Specific test

Initial primary adhesion @ 0.5 | 689 N (155 PLI)

mils DFT

Initial primary adhesion @ 1.0 |1326 N (298 PLI)
mil DFT

2 h boiling water 1000 N (225 PL1)

Pulled @ -35 °C (-30°F) 2015 N (453 PLI)

Pulled @ 100 °C (212°F) 792N (178 PLI)

7 day salt spray ASTM B117 | 983 N (221 PLI)

14 days @ 38 °C (100°F)/100% | 916 N (206 PLI)
RH.

DFT = dry filmthickness, N = Newtons, PLI =
pounds per linear inch, castable polyurethane to
grit blasted SAE 1010 cold rolled steel per ASTM
D429B, modified to 45° angle of peel, pulled at

50 mmyminute, fluid soaks at room temperature
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9.3.1 Bonding Applications

Adhesive systems play a key role in adhesion where
the bond interface between the TPE and the adjoining
substrate is important. Some of the bonded examples
include various handles or grips for industrial tools,
medical instruments, sporting equipment, as well as
bumpers, rollers, and various automotive interior/
exterior components. Other examples include various
seals, impellers and electrical plug body terminations.
In these examples, the adhesives must be engineered to
withstand dynamic loads under varying temperatures
aswell as protection against water and harsh chemical
environments.

9.3.2 Bonding Methods

There are two general types of bonding TPEs with
adhesives. The first type involves bonding a substrate
to apre-moulded TPE by use of a structural adhesive,
such as a urethane, epoxy or cyanoacrylate. The
choice of adhesive type depends on the specifics of the
application. Thisprocessistypically carried out at room
temperature with little or no heat and pressure.

TPEsby nature present non-polar surfaces; thereforea
primer can be used in conjunction with the structural

adhesiveto promote bonding. A primer may a so be used
on the TPE surface when various protective coatings or
double-sided acrylic tapes are required.

The second type of bonding involvesthe use of injection
moulding machinery, where an adhesive coated insert is
placed into a mould cavity, followed by TPE injection
to form the moulded assembly. The insert is first
prepared by chemical and/or mechanical preparation,
followed by adhesive application. Most often, the
inserts are degreased with an appropriate solvent, such
as MEK, followed by mechanical preparation, such
as grit blasting, with a final degrease to complete the
preparation process. The prepared inserts should be
coated with the adhesive as soon as possible (typically
less than 1 hour) to minimise the chance of forming
weak oxidelayers. If weak oxidelayersare present, they
can interfere or decrease adhesive performance.

9.3.3 Adhesive Selection (for Usein Injection
Moulding)

With the variety of materials available, Table 10
summarises Chemlok adhesive selection for many of
them.

Table 10 Adhesive selection for TPE bonding

Type of thermoplastic material | Chemlok adhesive
Santoprene® 487A/B or
481/Curative 44
Kraton G® 487A/B or
481/Curative 44
Sarlink® 3000-9000 487A/B or
481/Curative 44
Alcryn® 480/Curative 44
Sunprene® 485/Curative 44
Telcar® 487A/B
Estane® 213, 219, 610
Hytrel® 218, 250, 402
Pellethane® 213, 219, 610
Texin® 213, 219, 610
TPSIV® AP-134, 213, 218

Corporation,

TPS VP registered trademark of Multibase

Santoprene® registered trademark of Advanced Elastomer Systems, Kraton® registered trademark of GLS

Sarlink® registered trademark of DSM Elastomers, Alcryn® registered trademark of Advanced Polymer Alloys,
Sunprene® registered trademark of A. Sclulman Inc., Telcar® registered trademark of Teknor Apex,

Estane® registered trademark of Noveon, Hytrel® registered trademark of E.I. DuPont de Nemours and Company,
Pellethane® registered trademark of Dow Chemical Co., Texin® registered trademark of Bayer Polymersand
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9.3.4 Application

Most adhesives are brush applied; however dip or spray
or other formsof application can beempl oyed, depending
on equipment available, assembly configuration and
volume requirements. For optimal performance of
the adhesive, apply it at the recommended dry film
thickness. Avoid thick or thin applications as they can
lead to poor adhesive performance.

9.3.5 Pre-Baking Adhesive Coated Parts Prior to
Moulding

After adhesive application and sufficient drying (typicaly
1 hour at room temperature), a pre-bake cycle of the
adhesive coated part is suggested to improve adhesive
performance. This is accomplished by placing the
adhesive coated parts onto ahot plate or safety approved
oven residing near the injection machine. A pre-bake
cycle of 10-15 minutes at 121 °C (250 °F) is typical,
but the optimal cycle depends on the part configuration,
materialsand equipment utilised. The next step involves
placing the adhesive coated part while still hot into
the mould cavity (immediately following pre-bake),
followed by TPE injection to fill the cavity.

9.3.6 Injection Moulding

Most TPE materialsare pelletised for ease of handling,
charging the hopper and facilitating melt flow. TPEscan
be processed directly from their packaging, however
adrying cycle may be required prior to processing to
drive off potential moisture absorption. Rear, centreand
front zones of the injection machine are typically held
in the 177-204 °C (350-400 °F) range. Pack pressures
are typically 28-83 bar (400-1200 psi), however
the specific settings must be established with set-up
trials. The temperatures and pressures depend on the
specific TPE material that is processed, the assembly
configuration and the injection equipment utilised.
Mould cycle dwell times are typically 15 seconds to
one minute, depending on the amount and type of TPE
processed. The moulds are typically water cooled to
maintain mould temperatures under 66 °C (150 °F) to
allow the TPE to cool and permit demoulding of the
bonded assembly.

9.3.7 Checking Bond Adhesion

Once the moulded assembly is demoulded, it is
suggested to allow it to sit for 24 hours before checking

adhesive bond strength as there may be further
crosslinks established during that period. The end goal
isto produce a bond wherein the TPE fails cohesively
(i.e., failure within itself). It has been noted that softer
durometer TPEs aretypically easier to bond than harder
durometer TPES, which is probably due to differences
in formulation.

9.3.8 Bond Performance

Table 11 showsan example of abonded test samplewith
some environmental data using CHEMLOK 487A/B:

Table 11 Adhesion of Santoprene® to metal
Specific test

Adhesion results
(N/25 mm)

Initial primary adhesion | 107 N (24 PL1) -100R
99% Sulfuric acid 102 N (23 PLI) -100R
50% Sodium hydroxide | 102 N (23 PLI) -100R
Transmission il 67 N (15 PLI) -100R

Brake fluid 107 N (24 PLI) -100R
ASTM Oil #1 107 N (24 PLI) -100R
ASTM Oil #3 80 N (18 PLI) -100R

N = Newtons, PLI = pounds per linear inch, R=
rubber failure, Santoprene® 101-45 (AES) bonded to
SAE 1010 cold rolled steel per ASTM D429B, modified
to 45 ped, pulled at 50 mmyminute (2'/minute),

fluid soaks for 7 days at room temperature

9.4 Rubber Lining

The practice of bonding rubber liners to various types
of storage tanks, mixing blades, pipes, and other
process equipment has been going on for much of the
20" century. A critical factor in the rubber lining of
storage tanks, mixing blades, pipes, and other process
equipment is the proper selection and application of
the adhesive system. Without suitable adhesives, the
rubber lining could not be applied to the object, the
lining would not be held in place, and the total system
would fail. Thus, adhesives play a vita role in the
lining industry.

9.4.1 Surface Preparation

For metals in rubber lining, surface preparation is
accomplished by blasting with a suitable media such
as aluminium oxide or iron oxide. The media size is
usually 30-40 grit. Grit media is preferred over shot,
sinceit produces arough open surface, while shot peens
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or merely dents the metal surface and can drive the
dirt into the metal causing occlusion of loose particles.
The blasted surface is brushed or vacuumed cleaned
to remove any loose particles and create a dust free
surfaceto whichthe adhesiveisapplied. Theblast media
removes scal e and oxidelayersexposing afresh metallic
surface. Once the meta is clean and rough it is more
chemically reactive and receptive to chemisorption by
the primer. It issuggested to primethe prepared surface
the same day it is blasted.

Satisfactory adhesion can be achieved to cast iron,
although its porosity can present problems due to
entrapped machine oil. Due to the porosity, two coats
of primer may be required to get sufficient coverage.

For stainless sted, it's important to prime the surface
immediately (within 1 hour) after blasting. While the
percentage of chromium has been noted not to affect
adhesion, the bond strength can decrease with an
increasein the nickel content. So in mining operations,
12% chromium containing stainless will be superior
to mild stedl in resistance to mine water and can be
bonded.

Concretedoesnot readily lend itself to rubber lining due
to itsinherent moisture, and laitance of freshly poured
concrete (the powdery skin). However, the CHEMLOK
289/290 adhesive system has been successfully used
in laboratory testing to bond natural rubber to concrete
with an open steam cure. Fresh concrete should curefor
30 days prior to bonding. The surface should be clean,
rough, and can be primed with alow viscosity two-part
polyamide curing epoxy primer.

9.4.2 Rubber Lining

The bond surface of calendered uncured rubber is
covered with plastic wrapping to protect it from
contaminates and prevent the rolled stock from
sticking to itself. After the plastic lining is removed, it
is common for the surface to be washed with solvent
(toluene, xylene, etc.), or a coat of tack cement is
applied. Solvent washing, or the application of thetack
cement allows the liner to stay in place when mated to
the substrate surface.

9.4.3 Rubber and the Cure System

Thereareavariety of adhesive systemsavail abletoday
for rubber lining. The two major parameters are, what
rubber isto be used and what is the method of cure.

For most rubber lining, natural rubber or natural rubber
backed butyl types, and chloroprene are most commonly
used. Table 12 isaguideline in the Chemlok adhesive
selection processfor rubber lining. For autoclave cures,
agreat variety of adhesives are available, with just a
few of the options listed here. Under these conditions,
thereis pressure and excellent heat transfer, sufficient
to thermally activate the adhesives.

In open steam curing (pressureless cures), adhesion was
achieved for CHEMLOK 220/TY-PLY RC systemif the
bond line temperatures were consistently maintained at
about 80 °C (175 °F). However with the CHEMLOK
289/290 system, adhesion can obtained at lower cure
temperatures.

Table 12 Adhesive selection for rubber lining

Rubber tpe Autoclave Steam cure Chemical cure
(primer/adhesive) (primer/adhesive) (primer/adhesive)

Natural CHEMLOK 289/ CHEMLOK 289/ CHEMLOK 289/
CHEMLOK 290 CHEMLOK 290 CHEMLOK 290

CHEMLOK 220/
CHEMLOK Ty-Ply RC

CHEMLOK 220/
CHEMLOK Ty-Ply RC

Chloroprene | CHEMLOK 205/
CHEMLOK 220

CHEMLOK 289!

CHEMLOK 289! -

Chlorobutyl CHEMLOK 289/
CHEMLOK290

CHEMLOK 289/ -
CHEMLOK 290

1Sngle coat adhesive system

Note: CHEMLOK 286 tack cement may be used for n
cures, or chemical cures. For butyl types and EPDM,
used for chloroprene.

atural rubber bonding using autoclave, exhaust steam
use CHEMLOK 287. A polychloroprene-based cement is
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In many practical applicationsthe seammay beat 93 °C
(200 °F) or more, but the bond line temperature will
never get that high due to the temperature surrounding
the outside of the tank. If a tank is being lined in
equatorial Africa or the mining country of northern
Australia, there probably won’t be a problem. In cold
regions, ashroud may be needed over thetank to allow
steam to circul ate around the outside of the tank.

There are aso chemical cure systems used in rubber
lining. Inthiscase, therubber iscompounded with several
parts of an amine activator such asdibenzylamine. The
rubber is then coated on the outside several timeswith
carbon disulfide (CS,), a highly flammable liquid.
Being low in molecular weight, the CS, can easily
diffuse into the rubber, where in combination with the
dibenzylamine, it generates a speciesthat can crosslink
or cure the rubber. Without heat, it may take 7-14 days
to get the rubber to the desired Shore A hardness. In
addition to carbon disulfide, other sulfur donor materials
can be used. They are safer to handle than the carbon
disulfide, but are reported to be slower reacting. For
these types of applications, it is desirable to have an
adhesive, which will react with the curative system of
the rubber, as opposed to being strictly heat activated.

Laboratory data has shown that CHEMLOK 289/290,
not only workswell in autoclave cures, but bonds well
in pressureless steam cures, and with chemical cures.
Table 13 shows that the bonds in chemically cured
specimens are very comparable to those obtained
in autoclave and steam cures. This unique ability to
function in avariety of curing conditions is primarily
afunction of the CHEMLOK 290 covercoat.

Table 13 Adhesion to various NR compounds
using different cure conditionst
Condition | Cure Durometer | Adhesion

(N/25mm)
Autoclave | 60! @ 132 °C 32 131 100R
Steam 24 hrs @ 88 °C 32 245 100R
23 hrs @ 88 °C 60 223 100R
46 hrs @ 82 °C 60 250 100R
Chemical |5days @ 57 250 100R
43°C
5days @ 53 289 100R
43°C
1 CHEMLOK 289 Primer
CHEMLOK 290 Adhesive
CHEMLOK 286 Tack Cement

9.4.4 Primers/Adhesives/Tack Coats

Once the type of rubber and the cure system isknown,
suppliers can then suggest an appropriate adhesive
system. Today, most adhesives for rubber lining, and
infact, most rubber bonding in general, consists of two
coats — the primer and the adhesive. Of course, tack
cement is then used on top of these to hold the liner in
place during curing.

The primer, as mentioned earlier, must be applied to
clean fresh metal surfaces. It should be reasonably
resistant to UV light sinceit may not be cover coated for
severa days. It must also have resistance to corrosive
attack by oxidation, and to condensation occurring due
to atemperature drop below the dew point.

The covercoat adhesive is usually applied just prior
to layup of the rubber. It's aso desirable to have the
covercoat adhesive be a different colour or at least a
different shade of the same colour asthe primer, to aid
the workers in knowing where they are at during the
application.

Selection of a tack coat, like adhesive selection, is
dependent upon the type of rubber being bonded. For
natura rubber, natural rubber cements are used, while
chloroprene will usually have a chloroprene cement,
and chlorobutyl, a butyl type cement. The cements
are usually more than just the rubber being bonded
dissolved in solvent. The cements contain their own
cure systems and tackifiers to enhance the tackiness of
the rubber cement for building purposes.

9.4.5 Adhesive Handling

Since adhesives and primers contain a variety of
ingredients, phasing and settling can occur within the
container. Therefore, in most cases, theadhesive must be
stirred well prior to use and during use. The appearance
of spots, thelack of normal colour, streakiness, and poor
hiding quality are often indications that the adhesive
needs to be agitated. Consult with the manufacturer to
determine proper handling of the adhesive.

If the adhesive is noted to be thickening with time, it
may be due to loss of solvent because the lid is not
sealed or is being left off during use. Applicators/
inspectors might consider using a Zahn cup type
viscometer to monitor the thickness of the adhesives
and compare their readings to the supplier’s values.
Theseviscometersare easy to use, and lend themselves
to field use. However, it isimportant that they be kept
clean when not in use.
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Adhesives should be stored in a similar fashion as the
rubber. They should be kept out of direct sunlight, rain,
and snow. Indoor storage is recommended.

The primers, adhesives, and tack cements are in
solvents, and are usualy flammable. A material safety
data sheet should be consulted for each product to
ensure safe use.

9.4.6 Application

Brushing, dabbing and roller coating are the most
common ways of applying adhesives in lining.
Generdly the products are supplied in a ready-to-use
manner. Again, each supplier’s product information
sheet needs to be consulted for guidelines on film
thickness. Depending on the degree of blasting and
the type of primer being applied, one or two coats may
be required. Adequate dry times should be permitted
between coats of primer and adhesive, and between
adhesive and tack cement.

Generally, exposure of the cements and adhesives to
adverse environments prior to the rubber lay-up can
be expected to have a negative effect. Such things as
chlorine gas, diesel exhaust fumes, and UV radiation
(i.e., sunlight) can be considered as possible adverse
environments. Table 14 for example, showsthe negative
effect of UV radiation on the adhesive CHEMLOK 290

Table 14 UV Resistance of CHEM L OK 289/290*

Layover Exposure | Adhesion? (N/25 mm)
exposed time Steam | Chemical
(min) curet cured

CHEMLOK 30 328 100R | 223

289 60 320 100R | 233
120 315 100R |210
240 315100R |193

CHEMLOK 30 320 100rR |201

290 60 289 100SR | 201
120 258 100SR | 60
240 79 100RC |22

1Seam Cure CHEMLOK 286 Tack Cement Natural
Rubber

2100R = 100% cohesive rubber failure

SR = spotty rubber failure

RC = rubber-to-cement failure

3Dibutyl xanthogen disulfide (available from Robac
Chemicals, www.robac.co.uk), 60 Shore A Natural
Rubber. Exposure to Johannesburg April Sunlight,
10 AM — 2 PM.

but not on the CHEMLOK 289 primer. This suggests
that the adhesive should be applied just prior to lay-up
where sunlight exposure occurs.

9.4.7 Quality Control

Aspart of aquality control program, it isrecommended
that the manufacturer use witness panels, made in
accordance with ASTM D429E, to check the quality of
thebond. A withess panel isaseparate bonded assembly
that goes through the same processing as the actual
finished part. When the bonding process is complete,
the manufacturer will have a bonded test piece (i.e.,
witness panel), to check the quality of the bond. The
use of awitness panel provides the manufacturer, and
their customer with bond data from each specific job.
Thequality of thebond isdetermined by the pounds pull
and the mode of failure of the test panel. The desired
mode of failure is 100% rubber retention.

9.4.8 Summary

Rubber lining of varioustypes of storage tanks, mixing
blades, pipes and other process equipment continues
to be an important process for many manufacturers.
The use of adhesives in this processis largely an art,
but the use of good manufacturing practices and sound
scientific principles make up the foundation for this
process. Manufacturers continue to use time-tested
procedures to make valued added components.

9.5 Adhesivesfor Seals and Gaskets

Sincetheindustrial revolution there has been aneed to
[ubricate moving partsand reducefriction. In most cases
a grease or fluid of some type is used as a lubricant.
Early automobiles used cork or leather to seal in fluids
for engine and transmission applications. Combustion
engines also required cooling and fluids are again used
to keep engines at the proper running temperature. To
hold the fluid in the desired locations rubber seals and
gaskets were developed. Synthetic rubber compounds
such as nitrile and silicone provided good sealing for
shaft sealsin enginesand transmissions. While synthetic
rubber is used to contain the fluid, organic adhesives
are used to bond the rubber in place. These applications
are some of the most demanding for both the rubber
compound and the adhesive. As the temperature
requirements have gone up new polymers have been
developed to provide longer service life. Increasing
temperatures haveled to the devel opment of new fluids.
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New fluids, new polymers, and higher temperatures
have also |ed to the devel opment of new adhesives.

Dynamic seals are defined as rubber-to-metal bonded
components used for sealing fluids in crankshafts,
transmissions, water pumps and brake applications. In
modern automobiles, the dynamic seals are comprised
of a compounded elastomer that is adhered to a metal
support using an adhesive. The adhesive is applied
using spray, dip, dip-spin, or brush techniques. The
adhesive looks like a paint or thin coating on the metal
substrate. Theadhesiveisair-dried or dried using aheat
source. The adhesive coated metal is then placed in a
mould and the rubber is introduced. The three rubber
moul ding processes commonly used are; compression,
injection and transfer. The rubber is then cured using
both heat and pressure. Whiletherubber iscuringinthe
mould the adhesiveisa so curing and forming chemical
bonds at the metal and rubber interfaces. The type of
elastomer selected is primarily based upon its ability
toresist thefluid it will be exposed to in service. Other
factors that influence the choice of elastomersinclude
cost, inherent dimensional stability and properties such
as compression set, tear resistance and hardness.

Other types of seals fall into the category of gaskets.
Theseinclude oil pan gaskets, head gaskets and exhaust
manifold gaskets. In gasket applications sometimes an
elastomer is bonded to the metal and is handled much
like the dynamic seals described above. In the case of
multilayer steel (MLS) gaskets and exhaust manifold
gasketsacoating is applied that formsthe seal between
metal interfaces. The coating is often applied using
reverse roll coating techniques. Once applied the
coating is then cured in an oven to achieve the desired
properties. Later the actual part can be stamped out
of the coil stock. Here the coatings can be either one
or two coats. Two coat systems are comprised of a
primer or first coat and then a second coat of adifferent
composition often called a covercoat. Adhesion only
takes place between the primer and the metal or
between the primer and covercoat. The covercoat or
one-coat formulationsinclude arubber component that
eliminates the need for a rubber bonding step.

9.5.1 Adhesive and Coating Selection

Adhesive selection for dynamic seals depends on the
elastomer to be bonded. Other factors might include cost
and preferencefor either water-based, environmentally
preferred adhesives and coatings (EPCA), or solvent-
based products. The adhesive chosen must withstand the
service environment of thesedl. Thisincludesresistance
to avariety of hot fluids and wide range of temperatures.

Table 15 is a Chemlok adhesive selector guide for the
different compounds typically used in dynamic seal
applications, most are either environmentally friendly
or aqueous formulations.

Motorguard® 1100 (Lord Corporation) is a solvent-
based coating devel oped for exhaust manifold gaskets.
Thislow friction coating was developed for bonding to
stainless steel. It is resistant to both high temperature
and hot fluid. This coating should help reducethe ping’
sound that occurs asthe metal coolsdown and contracts
after the engine is shut down.

9.5.2 Summary

The dynamic seal market usesawidevariety of synthetic
rubber compounds. No single adhesive can bond all
compoundsand withstand al environments. Thisisaso
an area where new rubber compounds are constantly
being devel oped to meet the needs and requirements of
the automobile manufacturers. Before anew compound
can be used there must be an adhesive system capable
of bonding that compound. The adhesive must then be
ableto maintain adhesion throughout thelife of the part
even when exposed to extreme temperatures and harsh

Table 15 Adhesive selection
Elastomer Solvent EPCA Aqueous
based solvent
Ethylene- CH250 CH6250 |CH610
acrylic CH250X CH8114
CH5150 CH130
CHB8115
Fluorocarbon |CH5150 CH5150 |CH610
CH5151 CH5151 |CH8114
CH130
CH8116*
Nitrile (NBR) | CH205 TY-PLY |CH8110
TY-PLY BN | BN CH8115
CH8116*
HNBR CH8116*
CH8117*
Polyacrylate |CH250 CH6250 |CH610
CH250X CH8110
CH130
CH8114
Silicone CH607 CH607 CH8116*
(peroxide) CH608 CH608 CH8117*
CHY-1540 |CH Y-
1540
* Requires peroxide cure systemin elastomer
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fluids. If no adhesive currently existsanew formulation
must be developed. Environmental regulations being
adopted limit the adhesive manufacturer on what can
be used in new formulations. For all of the above
reasons there are a number of adhesives to choose
from. Most of the new adhesive formulations are either
environmentally friendly solvent-based adhesivesor are
agueous products.

9.6 Adhesives for Automotive Weather stripping

The quiet ride of today’s automobiles, trucks and vans
can be attributed to many rubber-to-metal bonded
components. These components reduce or remove
noise, shock and vibration in the various areas of the
vehicle. Included in these ride improving components
are automotive weatherstrip. Weatherstrip is used to
seal window, door, hood, decklid and sun/moon roof
openings. An intricate extruded profile is assembled
consisting of an elastomeric material extruded over
and bonded to a supported carrier. These profiles are
designed to seal the passenger compartment from outside
noise, dirt and inclement weather. Additionally, the
weatherstrip retains heat in the winter/air conditioning
in the summer, maintains clean glass surfaces, and
sustainsice release properties between surfacesfor ease
of opening power windows and doors. Weatherstrip
around the trunk, the hood, and the door openings
also provide a buffer between the metal frame and the
closure panel, reducing metal on metal noise.

9.6.1 Metal Profile Carriers

The metal carrier provides structural integrity for the
profile. Some weatherstrip designs do not require a
solid metal carrier and instead employ a woven wire
mesh (lance) that can be formed as a support for the
elastomeric component. Most often an adhesive is not
required for the lance as the rubber will penetrate the
lance and provide amechanical lock to the carrier. The
typical metal types used for weatherstrip carriers are
aluminium, stainless steel and electrogal vanised steel.
Adhesion of an elastomeric component to these surfaces
requires the use of a primer and a topcoat. Prior to
application of the primer, typical pretreatment for the
aluminium is to clean the surface with detergent and
arinse, followed by a chrome-free pretreatment. For
stainless steel the surface is commonly abraded to an
R-19 scuff factor, cleaned, and treated with a chrome
free pretreatment. Electrogalvanised steel generally
has avery high zinc content. Thismetal isaso given a
chrome-free treatment. The metal is coated while it is
in the form of a coiled roll. Application of the primer

and adhesive requires a unique application technique
known as coil coating.

9.6.1.1 Coil Coating

Cail coating is the continuous application of a primer
and an adhesive to one or both sides of ametal coil. A
cleaned and treated metal coil is uncoiled, run through
aroll coat setup, followed by abake cycleto dry/set the
primer. The coating and baking steps are repeated for
thetopcoat adhesive application and the coil isrewound
for shipment to a dlitter or direct to the customer who
will be manufacturing the weatherstrip.

Cail coating lines can be either single or tandem in
setup. A single line means that the primer is coated
and baked onto the metal, and then the coil isrewound.
The coil is again fed through the single station coater
for application of the topcoat adhesive. With atandem
line, the primer is applied and baked and the topcoat
is applied and baked using two coating stationsin line
with one another. A typical tandem line is depicted in
Figure 26.

This unique application method has many advantages.
The transfer efficiency of the primer and the coating
is 100%. Line speeds vary within the industry, but at
atypical line speed of 150-250 feet per minute, this
method produces a large quantity of coated substrate
quickly. With the ability to coat both surfaces at one
time, thisalso saves application time. Coil coating also
allows the applicator control of the wet and dry film
thickness of the primer and coating within very tight
tolerances, aswell as control over the cure state of the
primer and adhesive. Energy savings can be achieved
asmany coil coatersrecover heat from burning solvents
being emitted.

Dueto the high capital investment needed to build acoil
coating line, there are dedicated businesses known as
custom coil coaters, which weatherstrip manufacturers
contract to coat coils for them. Not al coil coaters
are setup to coat rubber to metal bonding adhesives.
Reference the National Coil Coating Association online
for alist of coaters (www.coilcoating.org).

9.6.1.2 Selecting Primers and Adhesives

The weatherstrip manufacturer selects primers and
adhesives that are applied to coiled metal. Once the
metal has been coated it will bedlit into narrow widths,
sometimes referred to as ‘ pancakes'. These ‘ pancakes
are then roll formed into an intricate shape as per the
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OEM design print. Theroll forming operation can bend
the metal back upon itself referred to asan 0T-bend, or it
may form gentle bendsin the coated metal. M ost rubber
to metal adhesives do not have the flexibility to adhere
to metalsunder such severedistortion. Lord Corporation
has devel oped a primer specifically for the cail coating
industry called CHEMLOK 208A primer which was
formulated to provide the needed flexibility at aviscosity
suitablefor reverseroll coating application. The primer
should be applied to the metal, targeting a wet film
thickness of 10.2-25.4 microns, which will deposit a
dry film thickness of 2.5-5.1 microns. Following the
application of the primer, the metal should be baked
to a peak metal temperature between 220-230 °C to
thoroughly cure the primer and to attain the maximum
environmental performance. Physical properties for
CHEMLOK® 208 Primer are given in Table 18.

Specia adhesive systems have also been developed
to adhere to extruded EPDM, common weatherstrip
material. CHEMLOK® 237A Adhesive has been used
for bonding weatherstrip carrier for over 25 years.

With recent movement from heavy-metal containing
materials on automotive parts, Lord Corporation has
developed an environmentally preferred adhesive
for EPDM rubber, called Autosea® 3370 Adhesive
(Autoseal® is a trademark of Lord Techmark Inc.). A
comparison of the typical properties of both adhesives
isgivenin Table 19.

Unlike the primer coat, the adhesive layer requires a
much lower bake temperaturefollowing the application
step. Both CHEMLOK 237A adhesive and Autoseal
3370 adhesive require a peak metal temperature
between 138-149 °C. CHEMLOK 237A adhesive
should be applied at a wet film thickness of 33.9-50.8
micronsfor adry filmthicknessof 5.1-7.6 microns. Itis
imperativethat the peak metal temperature be achieved.
If the temperature is exceeded the adhesive could
become fully cured and have no activity available for
bonding to the elastomer during the extrusion process.
If the metal does not reach the peak metal temperature,
the adhesive could be undercured to the point where it

Table 19 Typical physical properties of
CHEMLOK 237A adhesive and Autoseal 3370
Table 18 Typical physical propertiesfor adhesive
CHEMLOK 208A Primer Physical CHEMLOK® | Autoseal® 3370

Physical properties | CHEMLOK® 208A Primer properties 237A Adhesive Adhesive
Viscosity: Viscosity:
- Brookfield 75-200 cPs - Brookfield 150-450 cPs 200-800cPs
- Zahn #4 13 seconds - Zahn #4 16-35 seconds | 18-59 seconds
% Solids: % Solids:
- Weight 33% - Weight 22% 25%
- Volume 23% - Volume 13% 15%
Appearance: Grey liquid Appearance: Black liquid Black liquid
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will bond, or block, toitself whenitisrecoiled following
coating application. Testing isavailable to determineif
adequate cure is achieved.

With the movement of weatherstrip elastomeric
materials going from EPDM rubber to thermoplastic
vulcanisates (TPVs), newer adhesive systemsare being
developed to be coil coated to metal. Adhesives are
presently available for offline application of adhesive.

9.6.2 Elastomeric Sealing Surfaces

Approximately 20 years ago, styrene-butadiene rubber
(SBR) was used for automotive weatherstrip. EPDM
became more popular for its advanced weathering
capabilities, extrusion properties and ability to be
extended. Presently the market is beginning to switch
to thermopl astic vul canisatesfor producing weatherstrip
profile. TPVs have become popular for their ability
to be colour matched to the vehicle interior, ease of
processibility, recyclability and reduced energy costs
due to lower temperature needs.

9.6.3 Extrusion Process

Asnoted earlier, the coated coil of metal isshipped to the
weatherstrip manufacturer for processing into profiles.
The coil isunwound and fed through a series of rollers
(Figure 27), which roll form the metal into the desired
shape of the carrier. Thiswill become the backbone of
the rubber-covered profile. Theformed metal isthen fed
through an extruder. For most weatherstrip applications,
EPDM rubber isthe elastomer, which is extruded over
the metal carrier. The extruder mixes and heats the
rubber using a screw feed mechanism. A dieontheend

Accumulator

of the extruder ismachined to yield arubber component
of the desired dimensions.

The heat of the rubber, now in intimate contact with
the adhesive coated metal, will cause the adhesive to
begin to bond to the elastomer. As the rubber cures,
so will the adhesive. Rubber vulcanisation occurs at
elevated temperatures (232-288 °C) with dwell times
of 2-3 minutes. Cure cycles exceeding 140 °C are
needed to activate the adhesives that bond the EPDM
to the metal.

The extrusion line can extrude one or two compounds
at the sametimeutilising varying durometer elastomers.
For instance, aweatherstrip belt lineis typically made
using a dual-durometer dense EPDM compound
extruded over metal. A door seal is generally a
coextrusion of a sponge rubber to create a sealing
surface and a dense rubber to encapsulate the metal
carrier, which will be fastened to the vehicle.

Auxiliary operations can also be performed on the
profilefollowing extrusion of therubber. The rubber can
have a slip coating applied to the surface of the rubber
to provideice release, abrasion resistance, weathering,
and chemical resistance. Yet other parts, typicaly for
glassrun channels, areflocked. This process entailsthe
deposition of anylon or polyester fibre viaelectrostatic
alignment in a wet adhesive. Both coatings and flock
adhesives are available in the marketplace for this
application. Figure 28 shows atypical line setup.

The final step of the process noted above is to cut
the profiles to desired lengths using a chopper. Some
profiles arefurther moul ded together in corner moulding
operations to assemble full door, trunk, or window
sedls.

O
©
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Roll former % — — — |
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Roll forming/extrusion line
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9.6.4 Performance Testing

There are a number of tests that are routinely run on
coil coated metal to measure adhesion and state of cure
of the primer/adhesive.

Solvent Double-Rubs—Thistest is used to make sure
that the primer and adhesive are not over- or under-
baked. The National Coil CoatersAssociation Technical
Bulletin Nos. I1-18 coversthis subject. Tolueneis used
for thetopcoat adhesive and MEK isused for the primer.
The adhesive should be resistant to between 5 and 15
doublerubs of asaturated cloth with toluene. The primer
should resist between 1-10 double rubs using MEK.

T-Bends—Thistest is used to determine the adhesion
of the primer and adhesive to the metal after the metal
has been crimped back onitself (such aswould be done
in a roll forming operation). This is conducted both
with and against the grain of abrasion of themetal. The
metal is bent back upon itself to what is called a OT-
bend. Scotch tapeisthen affixed along the folded edge.
Thetapeisremoved. Thetapeisinspected for flakes of
adhesive or primer. If thefirst fold resultsin removal of
adhesiveor primer, the crimped pieceisfolded onitself,
creating a gentler bend. The tape test is repeated. This
second bendiscalled 1T. The processis continued until
the tape shows no signs of primer or adhesive residue.
A passing test would be less than 3T. For test details
reference Nationa Coil Coaters Association Technical
Bulletin No. 11-19.

Dry Film Thickness — A tota film thickness can be
measured using an electronic film thickness gauge.

Toluene can be used to remove the black topcoat
adhesive until thegrey primer layer isevident. Measure
the primer layer. Subtract the primer thicknessfrom the
total thickness to determine the adhesive thickness.

Rubber adhesion — This test determines adhesion of
rubber to the coil adhesive. A typical test procedure may
include the following:

e Mill rubber to a3.2 millimetre shest.

e Cut adhesive coated metal into 50 x 76 millimetre
coupons.

e Cut pieces of rubber to 76 x 101 millimetre.
*  Pre-heat rubber for 3 minutes at 93 °C.

» Materubber right out of the oven to the coated metal
and sandwich between two pieces of thin aluminium
(508 micron).

* Place the sandwich in a press and compress to
6.8 megapascals; no heat.

* Remove the coated metal/rubber assembly from
between the two pieces of aluminium and oven cure
for 3 minutes at 232 °C.

«  Water quench to room temperature.

» Cut the rubber with arazor blade across the centre
of the sample.
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*  Bendthe sampleend-to-end along the razor cut and
check rubber adhesion along the folded edge and
in the adjacent area.

e If the adhesive does not separate along the razor
cut/folded edge, that is a passing resullt.

Figure 29 shows the difference between apassing and
failing condition.

Zero Pressure Bond Test — This test is also used to
determine adhesion of the rubber to the metal. The
following steps are used at Lord Corporation:

e Mill rubber to a 3.2 millimetre sheet.

e Cut primed/top coated metal into 50 x 76 millimetre
coupons. Mask off the edge, 50 millimetres width,
with masking tape.

*  Cut pieces of rubber to 76 x 101 millimetre.

*  Pre-heat rubber for 3 minutes at 93 °C.

* Mate rubber right out of the oven to both sides of
the coated metal and sandwich between two pieces

of thin aluminium (508 micron).

» Place the sandwich in a press and compress to
1000 psi; no heat.

* Remove the coated metal/rubber assembly from
between the two pieces of aluminium and oven cure
for 3 minutes at 232 °C.

«  Water quench to room temperature.

» Using needlenosepliers, peel the rubber away from
the coated metal .

M

» If therubber tears, leaving athin layer on the coated
metal, that is a passing resullt.

Blocking Test — The National Coil CoatersAssociation
Technical Bulletin No. I1-17 is the specification for
evaluation of pressure marking and blocking resistance
of organic coatings. Thistest isrun per the specification
and the affinity of the adhesive to ‘stick’ to another
coated layer of metal is judged. Ideally, a Grade
condition of 10 is desired.

9.6.5 Summary

There are many ways to bond rubber to metal. This
section discussed a less known method for bonding
rubber to metal that utilises pre-coated metal using a
coil coater to apply the adhesive. This method is used
primarily by the automotive weatherstrip industry, but
due to the excellent transfer efficiency of this process,
other companies are investigating the use of rubber
bonded to pre-coated sheet stedl to either punch out parts
or to create bent configurations. Use of adhesive-coated
coils may see more utility in the future.

10 Future Trendsin Rubber-to-M etal
Bonding

Over the last twenty years, there have been changes
in certain aspects of the rubber-to-metal bonding
process. Examples are the increased use of injection
moulding, higher performance demands (especially
those on automotive antivibration parts regarding heat
and corrosion resistance), and the implementation of
adhesives that are free of hazardous materials (such
as lead). The future promises to bring more changes
to those companies involved in manufacturing bonded

FAIL

Figure 29

Rubber adhesion failure analysis
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components. New elastomeric materialsand substrates
to be bonded, regulations affecting emission of volatile
products and ever-changing performance demands
will require new products and technologies from the
suppliersof rubber-to-metal adhesivesto meet the needs
of the industry.

For antivibration characteristics, natural rubber (NR)
is still the material of choice in bonded components.
However, with tougher requirementsfor heat resistance
and longer service life (especially in automotive
applications), NR is nearing its limit as a useful
material. This is especially true of NR cured with
sulfur or sulfur donors. Advances have been made in
the development of new cure systemsfor NR based on
either di-urethane technology (Tradename NOVOR,
sold by Elgem Technology) or peroxide plus co-curative
chemistry. Elastomers cured viathe non-sulfur approach
have better heat resistance than their sulfur cured
counterparts, but may be more difficult to bond with
conventional adhesives.

Automobile component manufacturers are working to
develop compounds based on other elastomer types
(HNBR, silicone, peroxide-cured EPDM) that have
better heat and ozoneresistance, while still maintaining
acceptable antivibration properties. New adhesive
chemistries may be needed to bond these compounds.

Thermoplastic elastomers are popular because unused
moulded material can be reused with virgin elastomer.
Adhesive systems are available which can bond
thermoplastic elastomers to metal and other substrates.
However, theenvironmental resistance of theseadhesives
is not equivalent to that obtained with conventional
thermosetting adhesivesfor NR bonding. If thermoplastic
elastomers find use in automotive antivibration
applications, new adhesives will be needed.

Over the years, materials have been devel oped that can
be added to rubber to provide direct adhesion to metal
substrates during vulcanisation; thus eliminating the
need for adhesives. The advantages of this approach
include cost reduction dueto elimination of theadhesive
application step and lessening of regulatory concerns
due to the elimination of the (typically) solvent-based
adhesive and its accompanying dilution solvents. This
approach has several pitfalls. Typically, when such
additives are put into rubber, they are cure system
specific (i.e., useful for peroxide cured elastomers but
not for sulfur-cured ones) and the physical properties of
the cured rubber are compromised in someway. Typical
properties affected are bin stability, scorch safety, tensile
and elongation. Care must be taken to make sure that
the rubber does not bond directly to the mould and

runner system (if injection moulding). Similarly, plastic
materials have been developed which bond to rubber
during vulcanisation without the need for adhesives.
Development in these areas continues today.

Thetypical metal substrate used for bonding to rubber
issteel which has been surface treated viagrit blasting,
zinc or iron phosphatising. In the future, engineered
plastics and aluminium may become the substrates of
choice dueto the desire for lighter weight automobiles
for improved fuel economy. The major concern for
adhesive suppliers regarding this possibility isin the
increased use of plastics. Theword ‘plastic’ refersto a
widevariety of different types of engineering materials
that range from nylon to high-density polyethylene
(HDPE). Plastics with low surface energies (compared
to that of steel) will be the substrates that will be most
difficult to bond to. Unfortunately, these are the same
substrates that are of most interest to component
manufacturers due to their low cost.

Rubber to metal adhesives have traditionally been
supplied in asolvent carrier (xylene, toluene, ketones,
alcohols). Over the last 10 years, new bonding agents
have been devel oped which are supplied asdispersions
in water (along with a small amount of co-solvent).
These water-based adhesives were developed to help
customers comply with government regulations dealing
with the release of solventsinto the atmosphere. More
restrictive regulations regarding solvent emissions
have been issued (for example, the Miscellaneous
Metal Parts and Products Standard in the US) and
more are being formulated. Water-based adhesives are
one technology that can addressthe new regulations. It
may be necessary in the future to have rubber-to-metal
adhesivesprovidedin other physical formsto overcome
any limitations with water-based adhesives. Some
possible examples are adhesives supplied in film form,
aspowder coatings, or asUV or EB-curableliquidsthat
have no volatile components.

Vibration isolation mounts typically employ rubber
and metal, and as such, adhesives are needed to
ensure that the mount maintainsits structural integrity
and functionality. Devices that use rubber to absorb
vibration and noiseare called ‘ passive’ control systems
because the device absorbs the vibration. *Active’
noise/vibration control systems act by the application
of signalsto cancel out theincoming vibration or noise.
Active control systems are gaining favour in design
because they are better at cancelling out vibrations
below 500 Hz and are more compact than passive
systems. Since active systemsact by the introduction of
cancelling signals, the need for rubber, and consequently,
rubber/metal adhesives, isreduced.
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Performance demandsfor rubber-to-metal adhesivesin
the future will also continue to change. Environmental
resistance (particularly to heat and automotive fluids)
requirements will continue to increase in severity as
automobile engine compartments continue to become
more compact and as warranties get longer. Adhesives
are now expected to work at temperature extremes
between 125 °C and —40 °C. New adhesive chemistries
may be needed to meet these needs.

Theneed for higher production rates hasforced rubber-
to-meta part manufacturerstoincrease curetemperatures
and reduce cure times to improve profitability. This
means that adhesives need to have similar curekinetics
to the rubber under these conditions. Current rubber-
to-metal bonding technology is still able to handle the
cure cycles in use today. However, future needs may
extend beyond the capabilities of current technology
and require even faster curing adhesives.

Providing an adhesivethat givesthedesired performance
at alower cost to the customer is another challenge for
the future. Generally, the applied cost of rubber to
metal adhesives is about 1% of the total cost of the
fabricated part. The performance of this small amount
of adhesiveiscritical to the performance and life of the
part. Even so, customers (especially automotive ones)
are continually asking for products that lower their
overall costs. Providing an adhesive with acceptable
performance at a lower cost is one way to solve this
problem. Adhesives that can improve a customer’s
manufacturing efficiency or reduce their labour and/or
processing costs will also accomplish this goal.

Inthefuture, adhesives used for automotive applications
will berestricted to contain only materialsconsidered to
be ‘environmentally friendly’. Thiswill be doneto:

1) Reduce worker exposure to hazardous materials
during the manufacture of automobiles and
components and

2) Improve the ease of recycling carsin the future.

Currently, this need translates to removing heavy
metals such as lead and removing solvents such as
methylene chloride and perchloroethylene from the
adhesive. In the future, pressure will continue on
adhesive manufacturersto remove other solvents (such
as ketones, toluene and xylene) and materialsthat may
be classified as being environmentally unfriendly.
Different delivery systems (hot melt, 100% solids, etc.)
may be needed to accomplish this.

In summary, there are a number of possible future
developments that could affect the bonding of rubber
to metal and the adhesive technology needed to
accomplish this task. How many of these possibilities
actually turn into realities will depend on political,
ecological, and technical factors. Whatever the future
holds, adhesive manufacturerswill striveto providethe
products and services necessary to ensure good, durable
bonds between rubber and metal.
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Abbreviations and Acronyms

AES auger electron spectrometry

ASTM American Standard Methods

CAAA Clean Air Act Amendments

CM cement-to-metal

CP cement-to-primer

CR chloroprene rubber

COPE copolyester elastomer

DFT dry film thickness

EB electron beam

EDS Energy dispersive X-ray spectrometry

EPA Environmental Protection Agency (US)

EPCA environmentally preferred Chemlok
adhesive

EPDM ethylene-propylene-diene

EPR ethylene-propylene rubber

FKM fluoroel astomer

GBS grit blasted steel

HAP hazardous air pollutant

HDPE high density polyethylene

ISO International Standards Organization

IR butyl rubber

ISS ion scattering spectrometry

MACT maximum achievable control
technology

MBTS 2-mercaptobenzothiazole disulfide

MEK methyl ethyl ketone

MLS multilayer steel

MDI 4,4 diphenylmethane diisocyanate

MSDS material safety data sheet

NBR acrylonitrile-butadienerubber, also known
at nitrile

NR natural rubber

OBTS n-oxydiethylene-benzothiazol e-2-
sulfenamide

OEM original equipment manufacturer

PCB polychlorinated biphenyl

PLI pounds per linear inch

rubber-to-concrete

reaction injection moulding
styrene block copolymer
styrene-butadiene rubber
scanning electron microscopy
secondary ion mass spectroscopy
toluene diisocyanate

tetramethyl thiuram monosulfide
thermopl astic elastomer
thermoplastic ol efin el astomer
thermoplastic urethane

Toxics Release Inventory
Rutherford backscattering spectroscopy
volatile organic compound

X-ray photoelectron spectrometry
zinc diethyl dithiocarbamate

zinc phosphated steel
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The study revealed that the chemical bond between zinc
diacrylate and metal formed during vulcanisation, giving
riseto significantly improved EPDM/metal adhesion. The
pedl strength was 10 kN.m/1 when 10 phr of zinc diacrylate
was employed and vulcanisate physical properties were
significantly improved. 5 refs.
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and different metal substrates. As a result, it offers new
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XingfaM; Aihua Z; Fenghua S; Fuxia X; Yihe Z;
Shenwei D; Naichun L

China,I nstitute 53 of Ordnance Industry; Linyi,Normal
College

The results obtained revealed that addition of 2 to 5 phr
of zinc acrylate instead of from 20 to 30 phr carbon black

markedly improved the tear resistance of the bonded
rubber, the adhesion of the rubber to metal and the peel
failure of rubber to metal bonding. Mechanical properties
of the metal to rubber bonding were also maintained. The
rubber employed was a blend of NR and solution-SBR.
9refs.
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STRUCTURE OF THE BRASS-COATING ON
STEEL CORD WIRESAND ITSINFLUENCE ON
THE RUBBER-METAL-ADHESION

Krone R; Floing D

Wolf G.,Seil- & Drahtwerke GmbH & Co.

(Deutsche Kautschuk Gesellschaft eV)

Highly-stressed technical rubber articlesare strengthened
by reinforcement materials such as wires or steel cords.
On the surface of thesereinforcing steel materials, metals
- well-disposed towards rubber, e.g. brass, - achieve a
permanent adhesion to the rubber. In order to optimise
the properties of this rubber-metal adhesion, brass-layers
of different structures are separated galvanically-cyanided
and by diffusion from the wires of a chosen steel cord
construction 6 x O 0.380 mm + 3 x O 0.200 mm. The
structures of these brass-layers - surface concentration
with copper and thrower distribution of the alloying
components - are anal ysed with the hel p of Auger-electron
spectroscopy (AES). Based ontheresultsof AES, asimple
laboratory method - the Dipp-Method - isdeveloped. When
dipping brass-plated wires into an optimised, aqueous
solution, copper and zinc are dissolved out, layer by layer.
Afterwards, the alloying components are determined
and the distribution of elements - the distribution of the
alloying component copper in function of the depth of
the brass-layer - is compared to AES. Good correlation
between the results found with AES and the laboratory
method isnoted. Using variabletest conditions, the rubber-
metal adhesion of the chosen cordsisanalysed. Optimum
adhesion depends on surface concentration with copper
and quantity of the brass coating (thickness of the brass-
layer). Adhesion maximums of the differently structured
brass-layers are presented. 9 refs.
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24, No.4, Aug.2004, p.347-54

ANALYSISOF WELD-BONDED DISSIMILAR
MATERIALS

Darwish SM

King Saud University

Finite element analysis of spot-welded dissimilar material
jointswas conducted. It wasfound that the stresspattern was
symmetrical and concentrated towards the far ends of the
spot welding nugget of similar material joints (steel-sted!).
Thestressconcentration was, however, towardsthe weakest
member of spot-welded dissimilar materia joints (steel-
brass, steel-a uminium, brass-aluminium). Theintroduction
of an adhesive layer resulted not only in strengthening but
alsoinbalancing of thestressesin dissimilar material joints.
It was, therefore, recommended that an adhesive layer
should be used with spot welding in order to strengthen and
eliminate the stress concentration problem associated with
dissimilar material joints. 30 refs.
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Shawhbury, Repra Technology Ltd., 2004, p.5-20, 30cm, O12
A REVIEW OF RECENT DEVELOPMENTS

IN BONDING OF STEEL PRODUCTSFOR
RUBBERSAND PLASTICS REINFORCEMENT
Mauer D

Bekaert SA

(Rapra Technology Ltd.)

Steel products with industrial applications in the
reinforcement of plastics and rubbers, such as steel cord
reinforcement of radial tyres, are described. Adhesion
technologies, including direct adhesion and adhesionviaa
tielayer, and methods of adhesion testing such asthe pull-
out test, are discussed. Industrial applications currently
under devel opment, eg steel reinforced TPV transmission
belts, are reviewed. O refs.
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STRENGTH VS. DURABILITY OF RUBBER-
METAL BONDS: FACTOR EFFECTS FROM
PROCESSING & CHEMISTRY

Del VecchioR J; Ferro E

Technical Consulting Services; Corry Rubber Corp.
(Rapra Technology Ltd.)

The effects of substrate preparation, use of primers,
different adhesivesand different natural rubber compounds,
on rubber-to-metal bonding were investigated using full
factorial design by studying bond strength, bond hot tear
strength and bond resistance to aggressive environmental
attack (hot salt spray). Theresultswere subject to statistical
analysisand arediscussed interms of thefactorsaffecting
bond strength and durability. 4 refs.
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Polymer Bonding 2004. Proceedings of a conference
held Munich, Germany, 27th-28th April 2004.
Shawbury, Rapra Technology Ltd., 2004, p.51-65, 30cm,
012

THE DEVELOPMENT AND EXPLOITATION
OF ACCELERATED DURABILITY TESTS
-THE NEW ASTM D429 METHOD G
IMMERSION TEST AND POTENTIAL FUTURE
DEVELOPMENTS

Hansen P; Thomson B

Materials Engineering Research Laboratory Ltd.
(Rapra Technology Ltd.)

A novel accelerated durability test, now adopted asASTM
D429 Method G, for adhesive bond strength in rubber-
to-metal bonding is described in detail. A selection of
data obtained for arange of elastomer/adhesive/substrate
combinations, including water-based systems, is presented.
Application of the new methodol ogy to study the effects of
rubber compounding, adhesive type, surface preparation
etc. on bond durability is discussed. O refs.
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Polymer Bonding 2004. Proceedings of a conference
held Munich, Germany, 27th-28th April 2004.
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ONE COMPONENT BONDING AGENTS

- TECHNOLOGY FOR ANTI VIBRATION
AUTOMOTIVE PARTS PRODUCTION
Benarous A

Chemical Innovations Ltd.

(Rapra Technology Ltd.)

The advantages and disadvantages of one component
water based and sol vent based bonding agentsfor metal to
elastomer (including natural and synthetic rubbers, silicone
elastomersand fluoropolymers) bonding werereviewedin
comparison with two-coat bonding systems comprising a
primer and a cover coat. Some industrial applications of
one component bonding agents are outlined. O refs.
EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE
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Item 10

Gummi Fasern Kunststoffe

56, No.12, Dec.2003, p.777-85

German

PROMOTERS FOR ENHANCED ADHESION OF
STEEL CORD TO RUBBER

Shemenski R M; SuY-Y

RMS Consulting Inc.; Amercord Inc.

A better understanding of vulcanisation kinetics and the
surface structure of brasslayersis put forward asakey in
the search for auniversally applicable adhesion promoter
for enhancing the adhesion of steel cord to rubber. 27
refs. (Wire Association International Inc., 71st Annual
Convention, May 2001, Atlanta, USA)

USA

Accession no.909884
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Constitutive Models for Rubber I11: Proceedings of a
conference held London, 1st-17th Sept.2003.

Lisse, A.A.Balkema Publishers, 2003, p.55-7, 25cm,
012

FATIGUE LIFE PREDICTION AND
VERIFICATION OF RUBBER TO METAL
BONDED SPRINGS

Luo RK; Cook PW; WuW X; Mortel W J
Trelleborg IAVS

(London,University)

A brief report is presented on the use of continuum
mechanics to predict the fatigue life of rubber-to-metal
bonded springs in terms of the cyclic stress range.
Fatigue failure is evaluated using an effective stress
parameter utilising the uniaxial fatigue test asabasisand
predictions of the theory are compared with experimental
measurements carried out on Metacone mountings. 3
refs.
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EUROPE

Accession n0.907618

Item 12

Machine Design

76, No.3, 5th Feb.2004, p.54/6
RUST TAKESA REST

Kren L

Improved protection against rust and corrosion is one
reason automakers have been able to offer longer vehicle
warranties. These efforts go beyond cosmetic body panels
to include hidden components such as metal-elastomer
isolation and motor mounts, strut mounts and brackets.
Metal Jacket coating system from L ord Corp * autodeposits’
barrier coatings without high voltage, rinses or the heavy
metals of the zinc-phosphate plating process. In the two-
part process, an autodepositing metal treatment called
Metal Jacket 1100 replaces the zinc-phosphating step and
prepares mild steel for part two, the coating, Metal Jacket

2100. For some rubber-to-metal applications, a one-part
metal treatment called Metal Jacket 1200 can be applied to
clean, unphosphatized steel. The approach replaces zinc
phosphating and rubber-to-metal primers.

LORD CORP.; HAHN AUTOMATION
USA
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ltem 13

Rubber Chemistry and Technology

76, No.4, Sept.-Oct.2003, p.1019-30

ADHESION OF RUBBER TO MAGNESIUM
ALLOYSIN THE PRESENCE OF NICKEL
BRANCHED ALKYL CARBOXYLATES

Mori K; Shi X; HiraharaH; Oishi Y

Iwate,University

The adhesion of blends of emulsion SBR and NR
containing nickel branched alkyl carboxylates, such as
nickel isooctylate or nickel isostearate, to surface treated
magnesium alloys during curing was investigated.
The magnesium alloys were subjected to various
surface treatments and the effects of additives, such as
curing accelerators, sulphur, zinc oxide and the nickel
carboxylates, on peel strength examined. It was found
that magnesium alloys treated with sodium hydroxide
aqueous solutions adhered well to the rubber and that the
nickel carboxylates accelerated the adhesion of the rubber
to the alloys treated with the aforementioned solutions.
16 refs.
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IRC 2003. Proceedings of a conference held Nuremberg,
30th June-3rd July 2003.

Frankfurt, Deutsche Kautschuk Gesellschaft eV, 2003,
p.37-9, 30cm. 012

AN ENVIRONMENT-FRIENDLY PROCESS FOR
RUBBER-TO-METAL BONDING

Boccaccio G; AlbertsH

Le Mans,Centre de Transfert de Technologie; Henkel
KGA

(Deutsche Kautschuk Gesellschaft eV)

Solvents are commonly used in the rubber industry
for mould cleaning, adhesion of new tread in the tyre
retreading process, rubber coating of fabrics, anti-friction
coating and of course rubber-to-metal bonding. Rubber-
to-metal bonding is used for manufacturing many types
of components including vibration damper elements,
gaskets, seals, rollers, etc. The solvents are used for
two main process steps. cleaning and degreasing the
metal, and coating of the metal by the bonding agents.
Control of VOC (Volatile Organic Compound) emission
is an increasingly important issue in industry and the
VOC legislation is becoming more and more severe.
The European Union Directive of the 11th March 1999
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gives emission limit values for each activity sectors; for
the ‘rubber conversion activity’, the limit value of waste
gas emission is 20 mg C/cub.m. For the past thirty years,
many attempts have been made to substitute solvent-based
bonding agents by aqueous systemsand increasingly some
bonding agent manufacturers have accepted the difficult
challengefor providing environment friendly alternatives
in agueous forms. 3 refs.
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Polimery

48, No.9, 2003, p.614-9

Polish

PROBLEMS OF RESORCIN ELIMINATION
FROM ADHESIVE SYSTEMSFOR STEEL
CORDS

Hehn Z; Sgjewicz J;, Rajkiewicz M
Kedzierzyn-Kozle Ingtitute; Instytut Przemyslu
Gumowego Stomil Piastow

Urethanes with varying alkyl chain lengths were
synthesised and used, together with acrylamide, for
melamine-formaldehyde resin modification. A melamine-
formaldehyde resin with a higher content of methylene
groupswas a so developed. Theresins, spread on calcium
silicate, were used as systems for improving the adhesion
of rubber to brass plated steel cords with the aim of
eliminating toxic resorcinol resins from such systems.
The results of rheometric measurements of rubber blends
containing the resins and the results of investigations
of strength properties of the vulcanisates obtained are
discussed. The effects of ageing conditions and the type
of melamine resin in the blend on the strength of rubber-
brass plated steel cord joint were characterised. The best
resultsin this study were obtained with resin modified with
butyl urethane or acrylamide. The melamine-formaldehyde
resins with higher content of methylene groups showed
better strength properties but needed much longer time of
vulcanisation. 17 refs.
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164th ACS Rubber Division Meeting - Fall 2003.
Proceedings of a conference held Cleveland, Oh., 14th-
17th Oct.2003.

Akron, Oh., ACS Rubber Division, 2003, Paper 65,
pp.10, 28cm, 012

ADHESIVES FOR BONDING
FLUOROELASTOMERS-TO-METAL IN
AUTOMOTIVE SEALING APPLICATIONS
Polaski E; Mowrey D

Lord Corp.

(ACS,Rubber Div.)

The results are reported of trials carried out to evaluate
the ability of solvent-based and water-based adhesives
to bond fluid resistant fluoroelastomers to metals for
automotive applications, such as seals and gaskets. Peel
strength testswere carried out on samples bonded together
by compression moulding and on samples immersed in
various fluids and then oven aged for 500 hours at 150C.
5refs.
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Item 17

164th ACS Rubber Division Meeting - Fall 2003.
Proceedings of a conference held Cleveland, Oh., 14th-
17th Oct.2003.

Akron, Oh., ACS Rubber Division, 2003, Paper 25,
pp.13, 28cm, 012

NOVEL ADHESION PROMOTER FOR VARIOUS
ELASTOMER/SUBSTRATE COMBINATIONS
O'Rourke S

Hall C.P,Co.

(ACS,Rubber Div.)

The results of experimental investigations carried out
on various rubber/substrate combinations employing
Hallbond APS (Adhesion Promoter System) in various
formsare presented and discussed. The rubbers employed
include EPDM, NR and chlorinated PE and data on
polyester cord adhesion, wire cord adhesion, rubber-
to-textile adhesion and rubber-to-metal adhesion are
tabul ated.

USA
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Item 18

164th ACS Rubber Division Meeting - Fall 2003.
Proceedings of a conference held Cleveland, Oh., 14th-
17th Oct.2003.

Akron, Oh., ACS Rubber Division, 2003, Paper 19,
pp.29, 28cm, 012

MECHANISM OF IMPROVED AGED
RUBBER-TO-BRASSADHESION USING ONE-
COMPONENT RESINS

Patil PY; van Ooij W J

Cincinnati,University

(ACS,Rubber Div.)

An investigation was carried out to determine the effect
of an adhesion-promaoting one-component resin system
on the mechanical properties of NR-based formulations.
Mechanical properties tested included stress at break,
stress at 300% strain, elongation at break, tear behaviour,
adhesion and aged adhesion. The surfaces of the rubbers
were analysed by ATR FTIR spectroscopy to confirm a
previously proposed theory regarding the migration of
resin from the rubber matrix to the surface. The corrosion
performance of sulphidised cordsembedded in acuredtyre
was a'so investigated and a theory, which attributes loss
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of rubber-to-brass adhesion to the ageing of brass cords,
proposed. 22 refs.
USA
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Item 19

IRC 2002. Proceedings of a Conference held Prague,
1st-4th July 2002.

Prague,Rubber Divisions of the Czech and Slovak
Societies of Industrial Chemistry, 2002, Paper 70, pp.8,
CD-ROM, 012

SURFACE TREATMENT OF STEEL
REINFORCEMENT MATERIALS

Suriova V; Janypka P; Hudec I; Simor M; Cernak M
Slovak Republic,Rubber Research Institute;
Bratislava,Slovak Technical University;
Comenius,University

(Rubber Divisions of the Czech and Slovak Societies of
Industrial Chemistry)

The composition of steel cord, and thetensile properties of
steel and polymers used for tyre reinforcement are briefly
detailed. The use of plating and additives to enhance
adhesion to rubber is discussed. Steel cord wastreated by
low temperature nitrogen or oxygen plasmaat atmospheric
pressure, and the adhesion to rubber determined using the
Henley test. Enhanced dynamic adhesion was achieved
compared with standard treatments. Optimum treatment
times were 2-3 s, with the adhesion decreasing with
extended treatment times. 5 refs.
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Item 20

IRC 2002. Proceedings of a Conference held Prague,
1st-4th July 2002.

Prague,Rubber Divisions of the Czech and Slovak
Societies of Industrial Chemistry, 2002, Paper 63, pp.7,
CD-ROM, 012

NEW BONDING SYSTEM BETWEEN RUBBER
AND STEEL

Nah C; Chung K-H; Chang Y-W; Park S-J
Chonbuk,National University; Suwon,University;
Hanyang,University; Korea,Research Institute of
Chemical Technology

(Rubber Divisions of the Czech and Slovak Societies of
Industrial Chemistry)

A bonding system for application to brass-plated steel
cord used in tyres, to prevent the loss of bonding with the
rubber in service due to dezincification, was investigated.
Cobalt plating was applied onto the brass plating, followed
by copper plating to improve the wire drawing. Samples
of cured natural rubber containing the steel cord were
aged in air at 100 C, or a 75 C in arelative humidity of
85%. Following ageing for 5-15 days, the force required
to pull out the cord, and the amount of rubber retained on
the cord surface, were measured. A cobalt layer of several

nanometre thickness significantly enhanced the adhesion
stability, and although the adhesion was reduced on ageing,
amargina superiority compared with cobal t-freewirewas
retained. 13 refs.

KOREA
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Item 21

Tire Technology | nternational

Annual Review 2003, p.140-5

ADHESION PROPERTIES OF STEEL
REINFORCEMENT MATERIALS

Janypka P; Micuch M; Gazo P; Suriova V; Duris S;
Hudec |; Szostak M

Matador AS; Continental Matador; Slovak, Technical
University; Poznan,University of Technology

The adhesion of composite steel cord reinforcement
material and tyre reinforcement coating compound,
including tyre wire and steel cord surface treated with a
plasma, was studied using three dynamic test methods,
i.e. the Henley test, ultrasound and a test devised by the
Technical University of Poznan. The action of plasmaon
the steel reinforcements and the morphology of rubber-
steel cord systemswere examined. Theresultsobtained are
presented and discussed. All three [aboratory procedures
werefound to be suitablefor the eval uation of rubber-metal
adhesion, but verification of the results with those of rea
tyres under dynamic testing is required. 4 refs.
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Item 22

IRC 2002. Proceedings of a Conference held Prague,
1st-4th July 2002.

Prague,Rubber Divisions of the Czech and Slovak
Societies of Industrial Chemistry, 2002, Paper 34, pp.19,
CD-ROM, 012

BONDING RUBBER TO REINFORCING
MATERIALSWITH ADHESION PROMOTING
COAGENTS

Costin R; AmaraY

Sartomer Co.; Cray Valley

(Rubber Divisions of the Czech and Slovak Societies of
Industrial Chemistry)

Two commercial additives to increase the degree of cure
and enhance the bonding of rubber to reinforcement
during peroxide curing, so eliminating the need to apply
external bonding agents to the reinforcement, were
evaluated. The rubbers investigated included: nitrile
rubber, ethylene-propylene-diene terpolymer (EPDM),
chlorosulphonated polyethylene, ethylene-vinyl acetate
copolymer, styrene-butadiene rubber, silicone rubber,
and natural rubber. Aramid and polyester fabrics were
used as reinforcement, and the reinforced rubbers were
characterised by measurements of tensile strength,
modulus and elongation, and Shore hardness. Curing
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characteristics were determined using an oscillating disc
rheometer. Rubber-to-metal adhesion was determined by
shear and peel testing. The additivesincreased the degree
of cure and enhanced the adhesive bonding between the
rubber and un-treated metals and textiles. 12 refs.
EUROPEAN COMMUNITY; EUROPEAN UNION; FRANCE;

USA; WESTERN EUROPE
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Item 23

Nippon Gomu Kyokaishi

76, No.5, May 2003, p.154-9

Japanese

DIRECT ADHESION BETWEEN POLYMER
PLATED METALSAND RUBBERS DURING
VULCANIZATION. IV. DIRECT ADHESION
BETWEEN POLYMER PLATED STEEL AND
PEROXIDE CROSSLINKED EPDM DURING
VULCANIZATION

Gong P; Mori K; Qishi Y; Hotaka T
Iwate,University; Yokohama Rubber Co.Ltd.

The adhesion between polymer plated steel and peroxide-
crosslinked EPDM during vulcanisation was studied
with particular reference to the effect of the polymer film
thickness and the contents of the compounding ingredients,
such as HAF carbon black, process oil and peroxide. A
three-variable central composite designed experiment
based on a Box-Wilson response surface methodol ogy was
used to eval uate the effect of the compounding ingredients.
Theresultsshowed that the thickness of the polymer plating
film should be controlled in an optimum range from about
20 nmto 200 nmin order to obtain adequate pedl strength
of adherend. The peel strength was, however, affected by
carbon black, process oil and peroxide contents, which was
explained as aresult of the balance of reactions between
peroxide/rubber and peroxide/polymer plating film
occurring at the adhesion interface during vul canisation.
The adherends under the optimum compounding showed
very good thermal stability, moisture resistance and water
resistance. 19 refs.
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Item 24

Rubber and Plastics News

33, No.5, 6th Oct.2003, p.8

CANYOU LEAD AHORSE TO WATER?
Meyer B

Upcoming Environmental Protection Agency rules are
driving growth of aqueous adhesives in underhood
automotive applications, as suppliers say the water-borne
materials will comply with the directives easier than
traditional solvent-based adhesives. Producers of rubber-
to-metal goods say that while the agueous adhesives
measure up on a performance basis with solvent-based
materials, cost will continue to play avital rolein which

materials get used. In August, the EPA signed off on the
long-anticipated new final rule for Maximum Achievable
Control Technology standards for a number of end-use
categoriesto regulate and control emissions of hazardous
air pollutants. With the new MACT directives, there are
anumber of ways a rubber-to-metal bonder can meet the
regulation, including: using all water-borne adhesives;
using a hybrid aqueous/solvent system; and continuing to
use sol vent-based adhesivesin conjunction with athermal
oxidiser to burn off hazardous air pollutants.
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USA
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European Rubber Journal

185, No0.9, Sept.2003, p.24-5

GROWTH IN AV PARTSLEADSTO HIGH
ADHESIVE USE

White L

Antivibration mountsare amajor application for rubber-to-
metal bonding agents and one that is growing faster than
the total automotive market, according to Rohm & Haas.
The trend for the car industry is to add more and more
antivibration parts to reduce noise even further, which
is driving this high growth. Use of antivibration partsis
growing at some4%/year, with bonding agent consumption
growing at 2%/year worldwide. Theglobal rubber-to-metal
bonding agents business is worth some 120m US dollars,
of which Rohm & Haas a share of roughly 30%. Rohm
& Haas and CIL both have introduced lead-free lines of
bonding agents. Water-based primers and adhesives for
rubber-to-metal bonding have been devel oped, but are used
inonly about 10% of the business. The automotiveindustry
has been seeking higher under-bonnet temperatures and
OEMshave been looking at different elastomersto extend
the performance of mounts and other parts. Processors
are evaluating silicone rubber as an alternative to NR for
antivibration uses.

ROHM & HAAS
WORLD

Accession no.894360

Item 26

Polymer Testing

22, No.6, 2003, p.671-6

STUDYING THE CURE KINETICS OF RUBBER-
TO-METAL BONDING AGENTSUSING DM TA
Persson S; Goude M; Olsson T

Metso Minerals (Skelleftea) AB; |FP Research AB

Results are reported of a preliminary evaluation of the
potential of dynamic mechanical thermal analysisfor use
in characterising the curing of rubber-to-metal bonding
agents. The materials studied were Megum 3270 primer,
Megum 100 adhesive and NR/polybutadiene blend. DM TA
was shown to be a promising technique for increasing
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current knowledge of bonding agents and should provide
information for optimisation of bonding agents devel oped
in the future. 10 refs.

EUROPEAN UNION; SCANDINAVIA; SWEDEN; WESTERN
EUROPE

Accession no.893135

Item 27

Journal of Elastomers and Plastics

35, No.3, July 2003, p.227-34

USE OF CARBOXY TERMINATED LIQUID
NATURAL RUBBER(CTNR) ASAN ADHESIVE IN
BONDING RUBBER TO RIGID AND NON-RIGID
SUBSTRATES

Avirah D U; Avirah SA; Joseph R

Mahatma Gandhi University; Cochin,University of
Science & Technology

CTNR was prepared by photochemical reaction using
maleic anhydride and masticated NR. The use of CTNR
as an adhesive in bonding rubber to rubber (NR to NR
and NBR to NBR) and rubber (NR and NBR) to metal
(mild steel) was studied. The peel strengths and lap shear
strengths of the adherends which were bonded using
CTNR weredetermined. The effect of using atriisocyanate
with CTNR in rubber to metal bonding wasalso studied. It
wasfound that CTNR could effectively be usedin bonding
rubber to rubber and rubber to mild steel. 8 refs.

INDIA

Accession no.891800

Item 28

International Journal of Adhesion and Adhesives
23, No.3, 2003, p.231-4

PHYSICO-CHEMICAL ANALYSISON
CHEMICAL BONDING AT ADHESION
INTERFACE BETWEEN RUBBER AND PD
ALLOY

IkedaY; Nawafune H; Mizumoto S; Sasaki M;
Nagatani A; Nishimori A; Yamaguchi K; UchidaE; OkadaT
Konan,University; Hyogo Prefecture,Industrial
Research Institute; Ishihara Chemical Co.Ltd.

Spectroscopic analyses were carried out on the adhesive
interface layers formed by cure-adhesion of NR to
electroless palladium or palladium-phosphorus alloys.
TEM provided some clear images of the adhesion layer
at the interface between rubber and electroless plating
films of Pd and/or Pd-P alloys. The content ratio of
Pd/S analysed by energy dispersive X-ray spectroscopy
changed gradually along the depth at the rubber-metal
interface layer for Pd alloy, but was kept almost constant
irrespective of depth for Pd-P alloy. The results obtained
indicated that the ready oxide formation in Pd-P alloy
retarded the sulphide formation, resulting in slower and
more homogeneous growth of adhesion layer. 9 refs.
JAPAN

Accession no.891384

Item 29

163rd ACS Rubber Division Meeting - Spring 2003.
Proceedings of a conference held San Francisco, Ca.,
28th-30th April 2003.

Akron, Oh., ACS Rubber Division, 2003, Paper 43,
pp.12, 28cm, O12

EFFECT OF COMPOUND INGREDIENTS ON
ADHESION BETWEEN RUBBER AND BRASS
PLATED STEEL CORD

HotakaT; IshikawaY; Mori K

Yokohama Rubber Co.Ltd.; Iwate,University
(ACS,Rubber Div.)

The effects of compound ingredients in rubber on the
adhesion characteristics with brass-plated steel cord was
investigated. It wasfound that hexamethoxymethylmelam
ine, asource of formaldehyde in resorcinol formaldehyde
resin formulations, traps residual amines arising from
the decomposition of sulphenamide-type accelerators in
vulcanisation, leading to improved adhesive strength as
well ascrosslink density and strain modulus. The effect of
carbon black on amine levelsis aso discussed. 22 refs.
JAPAN

Accession no.889994

Item 30

163rd ACS Rubber Division Meeting - Spring 2003.
Proceedings of a conference held San Francisco, Ca.,
28th-30th April 2003.

Akron, Oh., ACS Rubber Division, 2003, Paper 42,
pp.30, 28cm, O12

MECHANISTIC STUDY OF THE ROLE OF ONE-
COMPONENT RESINSIN RUBBER-TO-BRASS
BONDING IN TIRES

Patil PY; van Ooij W J

Cincinnati,University

(ACS,Rubber Div.)

The role of one-component alkylated melamine resins
in improving the adhesion performance between the
rubber compound and brass-plated steel cord in tyres
wasinvestigated, using squal ene-based formulations. The
vul canisation processwasfollowed by GPC to monitor the
formation of intermediates and the rate of accelerator and
sulphur disappearance. The steel cords were analysed by
Energy Dispersive X-ray Spectroscopy and TOF-SIMS,
and the morphology of the adhesion interface examined
by SEM. 23 refs.

USA

Accession n0.889993

Item 31

Congtitutive Models for Rubber |1. Proceedings of

a conference held Hanover, Germany, 10th-12th
Sept.2001.

Lisse, A.A.Balkema Publishers, 2001, p.277-82, 25 cm,
012

OPTIMIZATION OF ELASTOMER-METAL
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COMPONENTSWITH TOSCA AND ABAQUS
Meske R; Sauter J; Friedrich M

FE-Design GmbH; Freudenberg Forschungsdienste KG
(Hannover,Universitat)

To reducetime and costsin the devel opment of elastomer-
metal componentswhile maintaining ahigh product quality
it is essential to use efficient optimisation tools besides
already established non-linear FE analysis. FE-Design
offerswith the optimisation system TOSCA an integrated
solution for topol ogy and shape optimisationwithinterfaces
to magjor industry standard FE solvers. In combination with
ABAQUS it is now also possible to perform topology
and shape optimisation with moderate non-linearities.
To apply the optimisation algorithms of TOSCA
successfully for stronger non-linearities, an enhancement
of the algorithms is necessary. This task is approached
in the German research project ELANO (Entwicklung
und Konstruktion von innovativen Leichtbauprodukten
unter konsquenter Verwendung adaptierter Analyse- und
Optimierungsmethoden) in cooperation with Freudenberg
and several other companies. The lifetime and durability
of elastomeric bearing components is increased by the
systematic application of topology and shape optimisation
with TOSCA and ABAQUS under full consideration of
geometric material and boundary non-linearities. First
results are shown presentation and an outline of future
developmentsis given. 4 refs.

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE

Accession n0.889205

Item 32

Revista de Plasticos Modernos

83, No.551, May 2002, p.474-5

Spanish

NEW MATERIAL FOR NOISE INSULATION IN
THE AUTOMOTIVE INDUSTRY

Details are given of DuruLam, a rubber/metal laminate
developed by Trelleborg Rubore for sound damping in
automotive brake systems, and which is designed for
optimised adhesion to metal substrates.

TRELLEBORG RUBORE AB

EUROPEAN UNION; SCANDINAVIA; SWEDEN; WESTERN
EUROPE

Accession no.887771

Item 33

KGK:Kautschuk Gummi Kunststoffe

56, No.5, May 2003, p.237-41

ON THE ULTRASONIC INVESTIGATION OF
RUBBER TO METAL ADHESION

Kostia P

Trencin,University

An origina physical method of testing the adhesion of
rubber to brassis presented. The measurement of reflection
of ultrasonic waves on the brass-rubber interface was

utilised to test the adhesion between both materials.
The higher ultrasonic reflection, the better is the quality
of adhesion. The ultrasonic method was verified by
comparison with the standard mechanical test of adhesion
(thetwo plate method). The results of both methods show
close correlation. 10 refs.

SLOVAK REPUBLIC; SLOVAKIA

Accession no.887339

Item 34

Power at Work

Winter 2003, p.18-9

HITTING THE ROAD WITH HIGH-
PERFORMANCE ADHESIVES

Fluoroelastomers are exceptionally good as seal
componentsin automotive under-the-bonnet applications.
However, it can be difficult to bond fluoroelastomers to
metal with water-borne adhesives. When Rohm & Haas
acquired the Megum rubber-to-metal bonding business
from Chemetall in October 2001, it began offering the most
complete product line availablein rubber-to-metal bonding
technology across a broad geographic area. Water-borne
Megum W3295 is one star in a comprehensive portfolio
that includes both Megum and Thixon adhesives, and
it securely bonds challenging specialty elastomers like
fluoroelastomers, silicone, XNBR, HNBR and Vamac.
With operations al over the world, Chicago Rawhide
Industries, the seal division of theworld'sleading bearing
manufacturer SKF International, must receive identical
Rohm & Haas adhesive formulations no matter the
location.

ROHM & HAAS CO.
USA

Accession no.885959

Item 35

Journal of Adhesion Science and Technology

17, No.5, 2003, 725-36

DIRECT ADHESION OF NATURAL RUBBER TO
NICKEL/SULFUR PLATING DURING CURING
Hachisuka S; Nakayama J; Mori K; HiraharaH; Oishi Y
Tokyo Rope Mfg.Co.Ltd.; Iwate,University

Direct adhesion of natural rubber to nickel/sulphur
plating, obtained by the addition of sodium thiosulphate
tothenickel chloride plating bath, during curing has been
investigated. It was concluded that nickel/sulphur plating
isdeposited in an amorphousform with sulphur distributed
uniformly. The sulphur content depends on sodium
thiosulphate concentration, bath temperature and plating
current. A sulphur content of 30 percent gavethe optimum
adhesion, as determined by tensiletesting; thinner plating
ispreferable. Itisconcluded that during curing the nickel/
sulphur plating is transformed to a crystalline mixture of
alpha-nickel and nickel sulphide. 11 refs.

JAPAN

Accession no.884651
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Item 36

Materials and Processing - |deas to Reality. Vol. 34.
Proceedings of the 34th International SAMPE technical
conference held Baltimore, Md., 4th-7th Nov.2002.
Carina, Ca., SAMPE International Business Office,
2002, p.1054-62, 23 cm, 012

NOVEL TECHNIQUES FOR ADHERING
RUBBER COMPOUNDSTO METALS

Boerio F J; Rosales P1; Krusling E J; Trasi M;
Dillingham R G

Cincinnati,University

(SAMPE)

Although rubber-to-metal adhesion is essential in many
areas of technology, most rubber compoundsdo not adhere
well to metals. As aresult, the surface of the metal must
usually be modified in some way to ensure adhesion of
rubber. Many surface modification processes that are
applied to metals to ensure adhesion of rubber introduce
materials such as cyanides or volatile organic compounds
into the environment. It isshown that plasmapolymerised
acetylene films are excellent primers for rubber-to-metal
adhesion and that the process for forming these films is
environmentally compatible. Peel test specimens prepared
from steel substrates coated with plasma polymerised
acetylenefilms show excellent adhesion when thefilmsare
deposited in amicrowavereactor at relatively high powers
and low pressures; these specimensfail cohesively within
the rubber when tested. The mechanismsby which plasma
polymerised acetylene films adhere to steel substrates are
investigated using IR spectroscopy. Preliminary results
indicate that oxygen-containing functional groupssuch as
carboxylate and alkoxide groups play animportant rolein
adhesion of the filmsto the substrates. 4 refs.

USA

Accession no.882830

Item 37

I nternational Polymer Science and Technology

30, No.3, 2003, T/14-6

INFLUENCE OF THE METHOD OF
PRODUCTION OF AN INORGANIC ADHESION
ACTIVATOR ON ITSACTIVITY

Kostrykina G I; Kitaev | Y; Solov’ev M E; Golikov | V;
Nosoval V

Yaroslavl’,State Technical University

The use is investigated of spent catalysts of the
petrochemical industry as activators for improving the
adhesion of rubbers to brass-coated metal cord. Fine
comminution of the spent product wasrequired to facilitate
dispersibility in the polymer. Details are given of the two
technologiesinvestigated for processing the spent product,
which differed with respect to the type of equipment
for comminution and in the method for preliminary
preparation of the product before comminution, and the
resultant influence of processing on the activity of the spent
catalyst used as an adhesion promoter. The presence of
active centreswas shown to predetermine the participation

of the processing product in different reactions in the
formation of the structure and adhesion properties of the
rubber-metal composite. 3 refs. (Article translated from
Kauchuk i Rezina, No.4, 2002, pp.10-12).

RUSSIA

Accession no.881454

Item 38

Industria della Gomma

46, No.2, March 2002, p.19-26

Italian

DIGITAL SHEAROGRAPHY IN THE NON-
DESTRUCTIVE TESTING OF RUBBER-METAL
STRUCTURES

Steinchen W

Kassel,Universitat

Digital shearography is examined as a non-destructive
technique for the study of adhesion defects in rubber-to-
metal bonded products. Applicationsin the evaluation of
vibration dampers, shock absorbers and rubber covered
rollers are described.

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE

Accession no.873924

Item 39

Rubber and Plastics News

32, No.8, 18th Nov.2002, p.20/3

FAILURE ANALYSISKEY FOR RUBBER-TO-
METAL PARTS

Polaski G

Lord Corp.

Thereareinnumerableitemsmade for automotive,aerospace
andindustrial applicationswhere elastomersare adhered to
metal using bonding agents that cure and bond the rubber
to the metal substrate during the vulcanisation cycle. If
manufacturing or in-service adhesion failures occur, the
reasons for the failure need to be understood so corrective
actionscan beimplemented. Thetypesof failureand reasons
why failure can occur are discussed. In many cases, visua
observation and/or microscopic analysis are sufficient to
determine the type of failure. The use of certain analytica
tools can help determine the cause of the failure.

USA

Accession no.871628

[tem 40

162nd ACS Rubber Division Meeting - Fall 2002.
Proceedings of a conference held Pittsburgh, Pa., 8th-
11th Oct. 2002.

Akron, Oh., ACS Rubber Division, 2002, Paper 95,
pp.26, 28cm, 012

STUDY OF THE ADHESION LAYER FORMED
ON BRASSBY SEM AND GRAZING INCIDENCE
X-RAY DIFFRACTION
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Kim JM; van Ooij W J
Hankook Tire; Cincinnati,University
(ACS,Rubber Div.)

The morphology and crystallography of acopper sulphide
layer formed on brass panels cured in squalene. which
acted asaliquid model system for NR, were investigated
using acombination of scanning electron microscopy and
grazing incidence X-ray diffraction. It was found that the
morphology of the copper sulphidechangedtoacrystalline
formwith increasing curetemperature and that heat ageing
of the adhesion layer induced the decomposition of zinc
oxide and formation of zinc sulphide. 43 refs.

KOREA; USA

Accession no.871394

Item 41

Elastomery

6, No.3, 2002, p.12-6

Polish

MELAMINE RESINSMODIFIED BY URETHANE
ASRESORCIN-FREE PROMOTERS OF RUBBER
ADHESION FOR STEEL CORD. PART II

Hehn Z; Rajkiewicz M; Sgjewicz J

Kedzierzyn-kozle Institute

The preparation of self-crosslinking melamine resins
modified with urethanes and acrylamide and their use as
adhesives for increasing the adhesion of rubber to steel/
brass cords. 9 refs.

EASTERN EUROPE; POLAND

Accession n0.871052

Item 42

Macplas

26, N0.233, Nov.2001, p.113-4

Italian

WATER-BASED SYSTEMS FOR RUBBER-TO-
METAL BONDING

Lindsay J

Mould Perfect Consultancy

Aspects of the rubber-to-metal bonding process using
water-based adhesives are examined, and comparisons
are made with the bonding process using solvent-based
systems.
EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE

Accession no.869452

Item 43

Patent Number: US 6419784 B1 20020716
PROCESS FOR IMPROVING THE ADHESION
OF POLYMERIC MATERIALSTO METAL
SURFACES

Ferrier D

The process involves pretreating the metal surface with
a pre-dip, which comprises an agueous solution with pH

of from 5to 12 and then further treating the metal surface
with an adhesion-promoting composition comprising an
acid, an oxidiser and a corrosion inhibitor.

USA

Accession no.862344

Item 44

RubberChem 2002, Proceedings of a conference held
Munich, Germany, 11th-12th June 2002.

Shawbury, Rapra Technology Ltd., 2002, paper 17,
p.131-46, 29 cm, 012

COMPOUNDING EFFECTSON PHYSICAL
PROPERTIESAND RUBBER-METAL BONDING
Del VecchioR J

Technical Consulting Services

(Rapra Technology Ltd.)

The effects are investigated of four categories of
compounding variables on processability and properties of
acarbon black reinforced NR compound, including rubber
to metal bonding ability. Variables in the formulation
included the use of plasticisers, antidegradants, curing
agentsand curetypes. Results are discussed with reference
to changes in physical properties, processing effects, and
bonding properties. 2 refs.

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; USA;
WESTERN EUROPE

Accession no.859585

[tem 45

161st ACS Rubber Division Meeting - Spring 2002.
Proceedings of a conference held Savannah, Georgia,
29th April-1st May 2002.

Akron, Oh., ACS Rubber Division, 2002, Paper 12,
pp.9, 28cm, 012

FAILURE ANALY SIS OF RUBBER-TO-METAL
BONDED ENGINEERED COMPONENTS
Polaski G

Lord Corp.

(ACS,Rubber Div.)

For successful bonding of rubber to metal in the
manufacture of quality rubber engineered components,
the stepsrequired are proper substrate preparation, proper
selection of adhesive, proper adhesive preparation, proper
adhesive application and selection of suitable moulding
conditions. When abond failure occurs, each of these steps
must be considered during failure analysis. The type of
failure must be identified as the first step and then causes
allocated to aspecific type of failure. Theroot cause of the
failure must then be identified and the problem corrected
to prevent it from reoccurring. In some cases, various
surface analyses may be conducted using sophisticated
techniques to determine the nature of the failure and the
possible cause.

USA

Accession no.856244
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Item 46

Rubber and Plastics News

31, No.22, 3rd.June 2002, p.14-6
SILANESIMPROVE RUBBER-TO-METAL
BONDING

MooreM J

Freudenberg-NOK Genera Partnership

Edited by: Herzlich H

Silanes, as one of the major classes of rubber-to-metal
bonding agentsarediscussed, and an overview is presented
of thereactionsinvolved in the synthesis of thisclass, with
particular reference to the chemistry of hydrolysis and
condensation of alkoxysilanes. A review isalso presented
of the patent literature which reflects that numerous
approaches have been taken to improve the performance
of solvent-borne silanes. Recent efforts focusing on the
development of agueous offsets are outlined. Some of the
technical issues encountered when using silane rubber-to-
meal adhesives are discussed, including bath life of the
silane, and the shelf life of the coated part. 7 refs.
EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE

Accession no0.855699

Item47

Kautchuk und Gummi Kunststoffe

55, No.5, 2002, p.227-31

ANALYSISAND COMPARISON OF JOINTS
BETWEEN RUBBER AND METAL AND
BETWEEN RUBBER AND RUBBER

Tusek J

Ljubljana,Institut za Varilstvo d.o.o

Aninvestigation wascarried out with theaim of optimising
the bonding of a rubber sleeve of a packer to a cap and
optimising the shape and dimensions of the joints. The
effect of the type of materia (rubber or aluminium) used
for the cap on the strength of the joint between the sleeve
and the cap was examined by peel and shear testing. It
was found that the packer caps should be made of rubber
rather than metal and that joint length was important for
the strength of the joint. 7 refs.

SLOVENIA
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Item 48

Patent Number: US 6335391 B1 20020101
COPOLYMER LATEX FOR ADHESIVE FOR
RUBBER/METAL ADHESION AND PROCESS
FOR PRODUCING SAME

Matsumoto S; HironakaT; Ozoe S; Sato T

Tosoh Corp.

Thisadhesive containsacopolymer consisting of (A) 90.0to
97.0% by weight of 2,3-dichloro-1,3-butadieneunits, (B) 1.5
t05.0% by weight of 1,2-dichloro-1,3-butadieneunitsand (C)
1.5t05.0% by weight of 1,3-dichloro-1,3-butadiene units. It
is prepared by polymerising a monomer mixture consisting

of the above monomers in the presence of a free-radica
initiator, preferably a redox catalyst system, by emulsion
polymerisation. It hasgood mechanical stability and exhibits
enhanced adhesion for rubber/metal adhesion.

JAPAN; USA

Accession no.852220

Item 49

Journal of Adhesion

76, No.3, 2001, p.223-44

INFLUENCE OF CURE CONDITIONSON THE
ADHESION OF RUBBER COMPOUND TO
BRASS-PLATED STEEL CORD. II. CURE TIME
Gyung Soo Jeon; Gon Seo

Chonnam,National University

Theéeffect of curetime on the adhesion between brass-plated
steel cord and rubber compounds was studied. The physical
properties of a rubber compound, as well as the adhesion
properties, were examined using specimens cured for a
predetermined timeat constant curetemp. Inorder to observe
the effect of the extent of cure on the adhesion interphase
by Auger € ectron spectroscopy, vulcanisation of the rubber
compound and thin brassfilm was carried out at variouscure
times. The extent of cure for the adhesion samples of rubber
near the adhesion interphase and in the bulk rubber were
a so measured using force modul ation mode of atomic force
microscopy in order to confirm the magnitude of the weak
boundary layer. 19 refs. (Pt.I, ibid, p.201-21)

SOUTH KOREA

Accession no.851480

Item 50

Journal of Adhesion

76, No.3, 2001, p.201-21

INFLUENCE OF CURE CONDITIONSON
THE ADHESION OF RUBBER COMPOUND
TO BRASS-PLATED STEEL CORD. |. CURE
TEMPERATURE

Gyung Soo Jeon; Gon Seo

Chonnam,National University

Theeffect of curetemp. on theadhes on between brass-plated
steel cord and rubber compounds was studied. The physical
properties of a rubber compound, as well as the adhesion
properties, were examined using specimens cured at a
predetermined curetimeand temp. derived from arheocurve.
In addition, vul canisation of the rubber compound in contact
with athin brass film was carried out at various temps. and
Auger € ectron spectroscopy was used to examinetheeffect of
curetemp. on the adhesioninterphase. The extentsof cure of
adhesion samplesof rubber near theadhesion interphaseand
inthebulk rubber were measured using theforcemodul ation
technique of atomic force microscopy. The reason why the
adhesion property decreased significantly at very hightemp.
isdiscussed. 19 refs.

SOUTH KOREA

Accession no.851479
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Item 51

Journal of Adhesion

75, No.3, 2001, p.299-324

OPTIMUM POLYMER-SOLID INTERFACE
DESIGN FOR ADHESION STRENGTH:
CARBOXYLATION OF POLYBUTADIENE AND
MIXED SILANES SURFACE MODIFICATION OF
ALUMINUM OXIDE

Ilsoon Lee; Wool R P

Delaware,University

Polybutadiene was chemically modified to add carboxyl
sticker groups and aluminium oxide surfaces were
treated with silanes to add amino receptor groups. Weak
polybutadiene-aluminium interfaces were thus changed
into strong carboxylated polybutadiene-AlS (where Swas
silane) interfaces. The fracture energy of these interfaces
showed an optimum behaviour as a function of sticker
and receptor concentrations. The design strategy for an
optimum polymer-solid interface was generalised, being
afunction of sticker concentration, receptor concentration
and sticker-receptor interaction strength. 31 refs. (Adhesion
Society Inc., 23rd Annua Meeting, Myrtle Beach, South
Caralina, USA, Feb.2000)

USA

Accession no.851465

Item 52

Gummi Fasern Kunststoffe

55, No.1, Jan.2002, p.42-7

German

RUBBER TO METAL BONDING WITH
METALLIC CO-AGENTS

Costin R; Nagel W

Commercial adhesion promoters containing zinc
methacrylate and dimethacrylate salts are described. The
products are used for the promotion of adhesion between
peroxide-cured elastomers and metals. It is reported that
the adhesion promoters can be used as internal additives
to the rubber compound, as externally applied pastes, or
as adhesive strips. These species are reported to form
ionic crosslinks between individual molecules within
the elastomer, as well as to form bonds between the
elastomer and the substrate. 2 refs. Articles from this
journal can be requested for translation by subscribersto
the Rapra produced International Polymer Science and
Technology.

Accession n0.849751

Item 53

Industria della Gomma

45, No.6, July/Aug.2001, p.16-9

Italian

PHOSPHATISATION TECHNOLOGIESFOR
RUBBER-TO-METAL BONDING

GranataA

Henkel

An examination is made of the different stages in the
phosphatisation process applied to metal surfaces to
promote adhesion in rubber-to-metal bonding, including
degreasing, pickling, phosphatisationitself and passivation.
Reference is made to some chemical products devel oped
by Henkel for usein this process.

HST

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE
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Item 54

I nternational Journal of Adhesion and Adhesives

21, No.6, 2001, p.481-5

METHOD FOR CONTINUOUS MONITORING OF
BOND FORMATION BETWEEN RUBBER AND
REINFORCED WIRE

YeaYang Su; Shemenski R M

Amercord Inc.; RMS Consulting

An in-situ, continuous monitoring system was designed to
detect the rate of adhesive bond formation between rubber
and steel reinforcement during the vul canisation process.
The system was suitable for studying steel-belted tyres,
which often have a bronze coating plated onto the tyre
bead wire. Parameters such as oxide chemical structure
and thickness were investigated to assess the rate of
bond formation during vulcanisation and their effect on
adhesion. Results proved that this monitoring technique
was an efficient, reproducible and reliable technique for
studying theinterfacial interactions occurring between steel
reinforcement and rubber during vul canisation. 27 refs.
USA
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Item 55

160th ACS Rubber Division Meeting - Fall 2001.
Cleveland, Oh., 16th-18th October 2001, Paper 120,
pp.7, 012

ANALTERNATIVE TO PHOSPHATE PRE-
TREATMENTSFOR USE IN RUBBER BONDING
Sievers B A; Bainter JC; Restifo C M; Jazenski P J
Circle-Prosco Inc.; Rohm & Haas Co.

(ACS,Rubber Div.)

A ferrous substrate pretreatment was devel oped for rubber
bonding applications. The coating was zirconium-based
and contains no constituents in the formulation such as
zinc or phosphates that could be covered by local, state
and/or federal regulations. Operating conditions for the
bath were similar to those for traditional phosphate baths,
using either a spray or immersion application after the
substrate had been cleaned and rinsed. Compared with
traditional phosphate baths, operating baths operated for
longer periodsof time before dumping wasrequired. Asthe
coating was resistant to flash rusting, no post-sealer rinse
was necessary. In tests designed to evaluate the adhesion
of rubber to pretreated steel samples for usein seals and
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anti-vibration mounts, the new coating performed aswell
as various phosphate coatings. This environmentally-
compliant coating could, therefore, easily be used to
replace existing phosphate treatments and provide alonger
bath life while requiring only minor processing changes
in the pretreatment line.

USA

Accession no.843041

Item 56

160th ACS Rubber Division Meeting - Fall 2001.
Cleveland, Oh., 16th-18th October 2001, Paper 119,
pp.36, 012

ADHESION FAILURE IN BONDED RUBBER
CYLINDERS. Il. FATIGUE LIFE PREDICTION
OF EXTERNAL RING-SHAPED CRACKSUSING
TEARING ENERGY APPROACH

Leicht D C; Rimnac C; Mullen R

Lord Corp.; Case Western Reserve University
(ACS,Rubber Div.)

The strain energy release rate (tearing energy) was
determined for bonded rubber discs having external ring
cracks at the rubber-to-metal bond and an attempt was
made to develop a method for predicting the fatigue life.
Finite element analysis was used to determine the tearing
energy as afunction of crack lengths for discs of various
dimensions (shape factors). The crack configurations
considered were an external-ring shaped crack located at
the outside circumference of either one or both rubber-
to-metal bonds. The fatigue crack propagation behaviour
was characterised for agenericfilled NR material . Bonded
rubber discsare often used as adhesion test specimens, e.g.
inASTM D 429 1999, Method A. 17 refs.
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Accession no.843040

Item 57

160th ACS Rubber Division Meeting - Fall 2001.
Cleveland, Oh., 16th-18th October 2001, Paper 105,
pp.11, 012

SILANESASRUBBER-TO-METAL BONDING
AGENTS

MooreM J

Freudenberg-NOK General Partnership
(ACS,Rubber Div.)

The use of silanes as rubber-to-metal bonding agents is
discussed. The chemistry of hydrolysis and condensation
of alkoxysilanes is reviewed and the patent literature
is surveyed. Methods of achieving stability of silanes
in agueous solution are outlined. Some of the technical
aspects of using silane rubber-to-metal adhesives are
discussed. 13 refs.

USA

Accession no.843029

Item 58

160th ACS Rubber Division Meeting - Fall 2001.
Cleveland, Oh., 16th-18th October 2001, Paper 104,
pp.23, 012

NEW METAL TREATMENT PROCESS GIVES
SUPERIOR FLEXIBILITY IN SWAGE TESTING
Cowles R; Kucera H; Rearick B; Sullivan J

Lord Corp.

(ACS,Rubber Div.)

The manufacture of rubber to metal bonded bushings
typically involves a swage operation, a process that
compressesthe bonded assembly including therubber. This
compression markedly improvesthe dynamic fatiguelife of
thepart. The current state-of -the-art in the manufacturing of
bushings alows for no more than 4% compression. A new
processisdescribed which allowsfor swaging beyond 10%
without compromising bond integrity, whileat the sametime
providing superior corrosion protection over conventional
processes. A new test method is outlined which clearly
reveals these improvement. 2 refs.

USA

Accession no.843028

Item 59

160th ACS Rubber Division Meeting - Fall 2001.
Cleveland, Oh., 16th-18th October 2001, Paper 101,
pp.19, 012

ENVIRONMENTALLY PREFERRED ADHESIVES
FOR RUBBER TO METAL BONDING

Carney B P, Green C C; DiBacco JA

Lord Corp.

(ACS,Rubber Div.)

The development by Lord Corp. of low lead and low
selenium versions of some of the industry’s most widely
used solventborne adhesives for rubber to metal bonding
is described. The performance of the selenium and low
selenium adhesives was shown to be equivalent under
al test conditions. In the primary adhesion testing, both
low lead adhesives outperformed the standard adhesives.
Hot tear testing was equivalent for both standard and low
lead adhesives. Salt spray results showed that thelow lead
formulation was superior to the standard adhesive. Boiling
water tests were also conducted.

USA
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Item 60

160th ACS Rubber Division Meeting - Fall 2001.
Cleveland, Oh., 16th-18th October 2001, Paper 3, pp.26,
012

EFFECTS OF PROCESSING PARAMETERSON
THE PERFORMANCE OF AUTODEPOSITABLE
COATINGSFOR RUBBER TO METAL BONDING
Rearick B A; CowlesR S; Williams JB

Lord Corp.

(ACS,Rubber Div.)
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The application of autodepositable organic coatings to
metals prior to rubber to metal bonding is discussed. The
metal sto be coated pass through various processing steps
whichincludeakaline cleaning, acid pickling, immersion
in the coatings, dehydration and curing. The effects of
these processing steps on the performance of the coatings
are considered and comparison is made with conventional
rubber to metal bonding techniques. 2 refs.

USA

Accession no.842944

Item 61

Industria della Gomma

45, No.4, May 2001, p.48-50

Italian

OPTICAL METHODSFOR QUALITY
ASSURANCE OF COMPOSITE RUBBER
PRODUCTS

Steinbichler H

Steinbichler Optotechnik GmbH

The principles of holographic, shearographic and
electronic speckle pattern interferometry are examined,
and the application of these techniques to the quality
control of tyres and other composite rubber products,
rubber/metal components and reinforced plastics aircraft
components is discussed.

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE
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Item 62

Industria della Gomma

45, No.4, May 2001, p.17-21

Italian

ADHESION OF VULCANISABLE
THERMOPLASTIC ELASTOMERSTO VARIOUS
SUBSTRATES

Tagliabue L; Delanaye JL

Advanced Elastomer Systems

Theadhesion of Advanced Elastomer Systems' Santoprene
thermoplastic elastomers, based on PP/EPDM blends, to
glass, metals, plastics, EPDM and fabrics is discussed.
Surface treatment techniques for adhesion promotion and
types of primers and adhesives used to bond Santoprene
to different substrates are examined.

EUROPEAN COMMUNITY; EUROPEAN UNION; ITALY; USA;
WESTERN EUROPE
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Item 63

European Rubber Journal

184, No.2, Feb.2002, p.18-21

BONDING PREPARATION SAVESTIME
Weih M; Rearick B

Lord Corp.

The first step in the process for using rubber-to-metal
adhesives is to prepare the metal substrate for bonding.
The traditional methods for preparing steel substrates
include either grit blasting or phosphatising. In response
to environmental concerns and improved performance
requirements, Lord has introduced a system called
Metal Jacket for rubber to metal bonding. Thisisbased on
an autodepositabl e organic coating system. The Metal Jacket
system combines the functions of pretreatment, priming
and corrosion protection. Optimised film thicknesses give
coatingsthat are corrosion resistant, tough and meet OEM
paint requirements. 2 refs.

USA
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Item 64

Newtown, Pa., 1999, pp.2. 27 cms. 30/11/01

PLV 2000, PLV 2100 HIGH PERFORMANCE
LIQUID VITON ADHESIVESAND COATINGS
WITH EXCELLENT CHEMICAL-AND HEAT-
RESISTANT PROPERTIES

Pelseal Technologies LLC

Property data are presented for PLV 2000 and PLV
2100 fluoroelastomer high performance adhesives and
coatings from Pelseal Technologies LLC. The two-
component products have been used in a variety of
industrial applications, including: door gasket adhesiveson
industrial ovens, coatings for fuel injection hosesin cars,
adhesives for splicing and bonding rubber belts, coatings
for equipment subjected to corrosive liquids, coatings
for metal and rubber rollers subject to high temperature,
coatings for electrical cable harnesses, adhesives for
bonding rubber gaskets to metals and for repairing jet
engines.

USA
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Item 65

Rubber Bonding 2001. Conference Proceedings.
Cologne, Germany, 20th-21st November 2001, Paper 16
REACTION KINETICSOF RUBBER-TO-METAL
BONDING AGENTSAND ITSIMPLICATIONS
ON BOND DURABILITY

Perrson S; Goude M; Olsson T

Metso Minerals; Lulea,University of Technology
(Rapra Technology Ltd.; European Rubber Journal)

The introduction of the dynamic mechanical thermal
analyser (DMTA) as a tool to characterise the curing
behaviour of rubber-to-metal bonding agentshasopened a
new avenuefor studying the different reaction schemes of
the primers, adhesives and rubberswhich form the rubber-
to-metal bond. It isbelieved that the onset of cure (scorch
time), the curerate and the curelevel of thelayersforming
the bond have to be matched in someway in order to obtain
strong and durable bondsin the shortest possible curetime.
The objectiveisto investigate the peel creep properties of
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somewel|-characterised rubber-to-metal bondsfromacure
state point of view. Experimental results are presented on
how the mechanical durability of rubber-to-metal bonds of
asulphur-cured NR/BR compound bonded to carbon steel
is affected by different cure levels of the rubber, ranging
from t2 to t135, in five steps. The peel test is carried out
in warm water at 35 deg.C under a peeling load of 120N.
Suggestions asto how to improve the long-term durability
of rubber-to-metal bonds are discussed. 4 refs.
EUROPEAN UNION; SCANDINAVIA; SWEDEN; WESTERN
EUROPE

Accession no.839866

Item 66

Rubber Bonding 2001. Conference Proceedings.
Cologne, Germany, 20th-21st November 2001, Paper 15
RUBBER BONDING BETWEEN EPDM SHEETS
(AND THERMOSET SHEETS) WITH VARIOUS
PERCENT PEROXIDE

Vergnaud J M

Saint Etienne,University

(Rapra Technology Ltd.; European Rubber Journal)

There is a great difference between sticking two media
along avery thin surface and curing them together. In the
first case, even when bonding takes place, the surface is
very thin, while in the second case some matter diffuses
through the two media creating a third medium whose
properties are intermediate between the first two media.
Thus two sheets of EPDM with different % curing agent
(2-10-20) are cured together. The best curing conditionsare
determined using a numerical model, taking into account
not only heat transfer but also the kinetics of cure of each
rubber defined by MDR and cal orimetry. Strong adhesion
is obtained between these sheets, proved by excellent
mechanical propertiesand by swelling experiment carried
out in toluene. In spite of more than 100% swelling, the
rate and extent of which depending largely on the % curing
agent, a change in the shape of the two-layer materialsis
shown, but the two layers do not separate. The hardness
of the by-layer systems also varies progressively through
their thickness, resulting from the diffusion of the curing
agent through the surface of these media. A similar study
is carried out in repairing an old broken thermoset piece
with anew fresh uncured resin and curing them together,
following aprevioustreatment provoking diffusion of the
resin into the old thermoset. 11 refs.
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Item 67

Rubber Bonding 2001. Conference Proceedings.
Cologne, Germany, 20th-21st November 2001, Paper 14
POST VULCANISATION BONDING, PV
BONDING

Worthington K

Compounding Ingredients Ltd.; Synair Corp.

(Rapra Technology Ltd.; European Rubber Journal)

Post-vul canisation bonding processes are defined and
the benefits and potential difficulties involved in such
processes are outlined. The potential technologies for
post-vulcanisation bonding processes, and the possible
available bonding systems, are reviewed, followed by
some examples of where post-vul canisation bonding can
be used effectively.

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; USA;
WESTERN EUROPE

Accession no.839864

Item 68

Rubber Bonding 2001. Conference Proceedings.
Cologne, Germany, 20th-21st November 2001, Paper 13
ADHESION OF RUBBER TO BRASS -
INFLUENCE OF COBALT ON INTERFACE
MORPHOLOGY

Fulton W S

Rhodia Industrial Specialties Ltd.

(Rapra Technology Ltd.; European Rubber Journal)

The strength of the bonding interface between brass-
coated steel cord and rubber compound is one of the most
important factors governing the performance and durability
of car and truck tyres. Interfacial strengthisclosely related
to the structure of the bonding layer and any changes
brought about during the lifetime of atyre. The structure
of atyre-cord interface is investigated by novel electron
microscopic methods, moretraditional X-ray photoel ectron
spectroscopy profiling and X-ray diffraction techniques, to
reveal the morphology before and after ageing. Fine ion-
beam etching of atyre cord previously embedded in abelt
compound creates specimens thin enough to visuaise the
bonding layer structure in the electron microscope. More
importantly, it is possibleto examine the effect that cobalt
adhesion promoters has upon theinterface morphol ogy as
the suppressed growth of crystalline dendrites normally
associated with the ageing process. XPS profiling of the
interface revealsthat different types of adhesion promoter
influence the amount and distribution of cobalt ions in
the bonding layer. Such techniques coupled with X-ray
diffraction also demonstrate the influence that cobalt
has on the structure of the interface and the subsequent
crystallinity. 27 refs.
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Item 69

Rubber Bonding 2001. Conference Proceedings.
Cologne, Germany, 20th-21st November 2001, Paper 11
AUTOMATION OF RUBBER INJECTION
PRESSES

Steinl P

LWB Steinl GmbH & Co.KG

(Rapra Technology Ltd.; European Rubber Journal)
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Especially for the production of rubber to metal bonded
parts, it ismore and more important to guarantee high and
stable quality as well as low costs for the manufactured
part. LWB Steinl has devel oped rubber injection pressesto
becomefully automatic machines, enabling the producer to
meet current requirements. During thelast fiveyears LWB
designed machines suitable for large and very complex
parts, together with one of theworld leading manufacturers
of rubber to metal bonded partsfor theautomotive industry.
However, the decision to choose automation has to be
taken after evaluation of alot of components and is not
the right one for all manufacturers. The background of
automation, advantages and disadvantages as well as the
‘ step-by-step’ automation of rubber injection machinesare
presented. Other aspects include automation: conditions
machine-wise; motives for automation; automation and
its costs, development of automation; comparison of
expenses; and customised solutions.

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE
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Item 70

Rubber Bonding 2001. Conference Proceedings.
Cologne, Germany, 20th-21st November 2001, Paper 9
KEY ELEMENTSIN THE INTERFACE OF
RUBBER TO METAL BONDS

Dehnicke S; Kisner D; Lang H

Rohm & Haas Deutschland GmbH; Chemetall GmbH
(Rapra Technology Ltd.; European Rubber Journal)

Due to stringent technical requirements on modern
rubber-to-metal composites, the majority of in-mould
bonded rubber components use a two-coat, primer plus
coversement bonding agent system. The most important
development in these bonding agent systems was the
recent change from lead-containing to lead-free bonding
agent formulations for automotive applications. This
change was accompanied by detailed examination into
the presence and function of heavy metalsin the different
bonding agent layers. Based on selected analytical results
from EDX and wavel ength dispersive X-ray measurements
on cross sections of rubber to metal bonded composites,
contributions are given to the understanding of bond
formation in general. A comparison of lead-containing
and remaining lead-free bonding agent formulations is
presented. Typical performance parametersfrom rubber to
metal bonding applications are also presented. 5 refs.
EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE
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Item 71

Rubber Bonding 2001. Conference Proceedings.
Cologne, Germany, 20th-21st November 2001, Paper 6
BONDING PROPERTIESOF SILICA FILLED
NATURAL RUBBER COMPOUNDSTO VARIOUS
SUBSTRATES

Ansarifar M A; Zhang J; Bell A; EllisR J
L oughborough,University
(Rapra Technology Ltd.; European Rubber Journal)

Bonding properties of a sulphur cure system-based NR
compound contai ning 60 pph rubber by weight precipitated
amorphous white silica to steel, aluminium and nylon
6,6 is studied by means of peel tests. The compound also
contains 7 pph bis(3-triethoxysilylpropyl-) tetrasulphane
bifunctional organosilane to prevent the silica from
interfering with the cure reaction in the rubber. When
rubber is peeled at an angle of 90 deg. either at aconstant
rate of grip separation or under constant load, peeling
energies up to 24 kJ/'sg.m are measured. Under constant
load, bond failure occurs in a time-dependent manner,
and is cohesive within the rubber somewhere between 17
and 700 mu m from the covercoat. Two modes of failure
are observed in these tests. Slow mode, where peel rate
is~6.5x 0-7 to 7 x 10-5 mm/s, and fast mode, where the
rate reaches approximately 240 mm/s. Notably, the bond
strength of the rubber to these substratesisamost similar.
15 refs.
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Item 72

Rubber Bonding 2001. Conference Proceedings.
Cologne, Germany, 20th-21st November 2001, Paper 4
INVESTIGATION OF THE KINETICS OF BOND
FORMATION, CORROSION RESISTANCE AND
ENVIRONMENTAL RESISTANCE OF A NEW
AQUEOUS, HEAVY METAL-FREE, METAL
TREATMENT SYSTEM FOR RUBBER-TO-
METAL BONDING WHICH COMBINESTHE
FUNCTIONS OF CHEMICAL PRETREATMENT,
RUBBER-TO-METAL PRIMING AND
CORROSION PROTECTION IN ONE PROCESS
Weih M A; Rearick B

Lord Corp.

(Rapra Technology Ltd.; European Rubber Journal)

In order to maximise the bond strength, corrosion
resistance and environmental durability of rubber-to-metal
bonded components used in automotive applications,
it is necessary to perform several separate and distinct
processes. These include: cleaning and chemically
pretreating metals by zinc phosphatisation or plating to
provide a consistent surface for bonding; priming with
a conventional solvent-based rubber-to-metal primer
to maximise adhesion to the metal substrate; and post-
treating parts after bonding with apaint or plating process
to obtain the necessary corrosion resistance mandated by
the automotive companies. A new metal treatment system
isdevel oped, combining the separate functions aboveinto
asingle dip application process. This system is agueous,
heavy metal-free, provides a uniform self-limiting film
thickness, and is applied before the bonding process, with
no post-bonding treatment required. Aninvestigation into
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the kinetics of the reactions, which lead to these desirable
properties, is presented. 2 refs.
USA
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Structural Adhesives in Engineering V1. Conference
Proceedings.

Bristol, 4th-6th July 2001, p.265-8, 012

AN ASSESSMENT OF COLD-CURING
ADHESIVESFOR USE INA MARINE
ENVIRONMENT

Bowditch M R; Hiscock D; Lane JM; MastersH J
DERA

(IOM Communications Ltd.)

Four cold-curing epoxide adhesive systems for bonding
a PU and a polychloroprene rubber to carbon steel were
evaluated in a search for materials suitable for use by the
Royal Navy. It was found that two of the four adhesive
systems examined were unaffected by exposure to
seawater at 33C for six months. The general effect of
cathodic protection was to exacerbate the effects of water
immersion, athough one adhesive system was surprisingly
resistant. Heat ageing at 80C over aperiod of 14 days had
no significant long-term detrimental effect on any of the
materials investigated. All the primer/adhesive systems
showed a marked and consistent loss of joint strength
when debonded at the higher temp. of 80C.

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE

Accession no.838240

Item 74

Journal of Adhesion Science and Technology

15, No.8, 2001, p.967-91

RUBBER-TO-METAL BONDING BY SILANES
Jayaseelan SK; Van Ooij W J

Cincinnati,University

The bonding of sulphur-vulcanised rubber compounds
to metals was studied. It was shown previously that
bis(triethoxysilyl)ethane and vinyltriethoxysilane
worked for bonding peroxide-cured rubber compounds
to metals. These silanes were found not to work with
sulphur-cured rubber compounds. For the latter case, a
mixture of bis(trimethoxysilylpropyl)amine and bis(tri
ethoxysilylpropyl)tetrasul phide was found to work and
results are presented of experimentsin which brass, steel
and electrogalvanised steel were bonded to atypical tyre
cord skim compound with and without a cobalt additive.
This silane treatment was found to be as effective as or
better than brass adhesion to cobalt-containing rubber
compounds. The superior corrosion protection offered by
the silaneswas al so demonstrated using DC corrosion and
polarisation resistance measurements. The silane process
reported behaved similarly with all metal substrates.
The structure of the silane film on a metal substrate was

studied and a model proposed for a possible mechanism
of the adhesion of rubber compounds with silane-coated
metals. 21 refs.
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Item 75

Industria della Gomma

45, No.2, March 2001, p.16-21

Italian

HIGHER PERFORMANCE REQUIRED OF
PRIMERS

Dehnicke S

Chemetall GmbH

An examination is made of the properties of Megum
phenoalic resin based primers (Chemetall) and their usein
rubber-to-metal bonding. Results are presented of studies
of adhesion and corrosion resistance and of the influence
of different metal surface treatment techniques.
EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE
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Item 76

Thirty-ninth Annual Conference on Adhesion and
Adhesives.

Oxford, 4th April 2001, Paper 9

ROLE OF PRIMER IN RUBBER TO NYLON 6,6
BONDING APPLICATIONS

Ansarifar M A; Zang J; Bell A; EllisR J
Loughborough,University

(Oxford,Brookes University,Joining Technology
Research Centre)

Primers are often used in rubber-to-metal bonding
applications to protect the bonded area against corrosion
in service. Their role in rubber to nylon 6,6 bonding
applicationsis studied by means of peel tests. Test pieces
in the form of bonded strips are prepared by vulcanising
aconventional accelerator/sulphur compound of NR with
asulphur to accelerator ratio of about 4:17, containing 60
parts per hundred rubber by weight (phr) High Abrasion
Furnace colloidal carbon black in contact with nylon 6,6
plates. Proprietary bonding systems - organic solvent-
based Megum, 3276 (primer) and Megum 101 (covercoat),
or water-based Megum W23501 (primer) and Megum
W23126 (covercoat) referred to, respectively, as System
A or System B, are used. The rubber is peeled under
constant load at an angle of 90 deg. inambient temperature.
Failure occursin atime-dependent manner al ong the bond
following a cavitation-like process in the rubber in the
highly stressed region of the peel front adjacent to the
bond plate, and is of mixed modesfor both systems. Some
failures are cohesive in the primer layer and interfacial
between nylon and primer, and some are cohesive in the
rubber. Visual examination of the peel front zone, where
large cavities are present over an extensive region, shows
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unbroken strands of rubber in-between these cavities.
EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE
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ltem 77

I nternational Polymer Science and Technology
28, No.8, 2001, p.T/24-33

ADHESION OF RUBBER TO METAL
IkedaY

The bonding of rubbers to metals during vulcanisation
is reviewed, with respect to individual technological
developments and the outputs of research, with particular
emphasison thedirect bonding of rubber to various metals
or aloys during vulcanisation. Experimental results
discussed indicate that the important adhesion factor in
direct vul canisation bonding isthe formation of asulphide
layer at the interface due to reaction of the metal with
sulphur in the rubber, and that some interaction occurs
between this sulphide layer and rubber. 50 refs. (Article
translated from Nippon Gomu Kyokaishi, No.4, 2000,
p.180).
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K2001: Product Information.

Messe Duesseldorf, 2001, p.36

LEAD-FREE, ONE-COAT RUBBER TO METAL
BONDING

CIL

CIL has introduced a new lead-free, one-coat bonding
system, Cilbond 24, for rubber and metal anti-vibration
components. Traditional rubber-to-metal bonding systems
consist of two products, a primer and a top-coat. The
company’s one-coat system reduces process and labour
time, as well as VOC emissions. Also, only one product
needs to be stocked, and the single spraying or dipping
operation minimises material losses. The system will
bond a wide range of elastomers including NR, SBR,
CR, BR and Vamac, while providing good resistance to
temperature, hot glycol and hot oil - soit can be effectively
deployed in highly demanding applications such asengine
mountings, suspension mountings, torsional vibration
dampers, hoses, gaskets and seals. The UK company
also manufactures one- and two-component, castable
polyurethane elastomer systems, polymeric puncture-
proofing systemsfor industrial tyres, mould release agents,
and in-mould coatings for polyurethanes. This abstract
includes all the information contained in the original
article.
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Item 79

Tire Technology | nternational

Sept. 2001, p.23/6

KEEPTHEM PEELED

Ansarifar M A; Zhang J; Bell A; EllisR J
L oughborough,University

Peel tests were carried out to determine the bond strength
of NR to steel, glass fibre-reinforced nylon 66 and
aluminium either at a constant rate of grip separation or
under constant load and the results of the tests compared.
The data obtained revealed that there were differencesin
the mechanisms of bond failure when the NR was peeled
at a constant rate or under constant load and that the
constant load peel test method served as a more accurate
and effective means of assessing rubber to metal bond
failure and measuring bond strength than the constant
rate peel test.
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Item 80

Tire Technology | nternational

Annual Review, 2001, p.58-61

MAXIMISE STEEL CORD ADHESIONWITH
RESORCINOL FORMALDEHYDE RESINS
Lawrence M A; deAlmeida J

INDSPEC Chemical Corp.

The performance capabilities of a styrenated resorcinol-
formaldehyderesin, called Penacolite B-20-S, in atypical
steel skim tyre NR formulation were investigated using a
design of experiments approach. The effects of sulphur,
resin and cobalt salt in various amounts on unaged, steam-
aged and humidity-aged stedl cord adhesionwere evaluated
and the results compared with those for a cobalt-only
system. Using the data obtained, an optimum formulation
for maximised adhesion was determined. 4 refs.

USA

Accession n0.833087

Item 81

Popular Plastics and Packaging

46, No.10, Oct. 2001, p.17

INNOVATIVE EXTRUSION PROCESS BONDS
THERMOPLASTIC ELASTOMERSTO METALS
WITHOUT ADHESIVES

Quanex Corp. is reported to be the first processor to
chemically bond Santoprene thermoplastic elastomer to
various coiled metals using its Roll Trusion technology
and enhanced-bonding TPEs from Advanced Elastomer
Systems LP.

ADVANCED ELASTOMER SYSTEMS LP; QUANEX

CORP.
USA
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Item 82

Journal of Adhesion Science and Technology

15, No.7, 2001, p.823-39

THERMOPLASTIC FILM ADHESIVES BASED
ON PHENOL-FUNCTIONAL ACRYLIC
COPOLYMERS: SYNTHESIS, MECHANICAL
AND ADHESION PROPERTIES

Gouri C; Nair C PR; Ramaswamy R

Vikram Sarabhai Space Centre

Acrylic polymers possessing varying amounts of pendant
phenol groups were synthesised by the free radical
copolymerisation of N-(4-hydroxyphenyl)maeimidewith
butyl acrylate and acrylonitrile and were characterised.
These thermoplastics were shown to form good film
adhesivesfor different adherends (metal to metal bonding
and rubber to metal bonding) and their mechanical and
adhesion properties were evaluated as a function of the
phenol content. The dependence of the mechanical,
thermal and adhesion properties on the composition
and the effect of the addition of selected fillers on these
properties were also investigated. 22 refs.

INDIA
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Journal of Applied Polymer Science

81, No.11, 12th Sept.2001, p.2597-608

REACTIVE BONDING OF NATURAL RUBBER
TO METAL BY ANITRILE-PHENOLIC
ADHESIVE

Achary P S; Gouri C; Ramaswamy R

Vikram Sarabhai Space Centre

Modification, by addition of up to 20 parts toluene
diisocyanate-nitrosophenol (TDI-NOP), of anitrile-phenolic
rubber bonding agent used in the vul cani sation bonding of a
natural rubber compound to asteel substrate was examined
primarily in terms of peel strength and micrography of the
torn surface. Pedl strength increased with increasing TDI-
NOP content to a plateau level at which failure changed
from interfacial failure of the bond to cohesive tearing of
the rubber. Explanation of the mechanism of bonding and
rupture, and the contribution of the TDI-NOPare suggested,
and preparation methods of bonding agent and TDI-NOP
additivearegiven. The TDI-NOPadditivewas characterised
using elemental anays's, infrared spectroscopy, calorimetry
and thermogravimetric analysis. 26 refs.
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Item 84

Macplas

25, No.223, Nov.2000, p.98-100

Italian

ADHESIVESFOR THE THIRD MILLENNIUM
Plasczynski T

Lord Corp.

A review ismade of developmentsin adhesivesfor usein
rubber-to-metal bonding, including solvent-based, water-
based and 100% solidsformulations. Considerationisalso
given to the sel ection of adhesivesto meet therequirements
of different rubbers and substrates, factors influencing
adhesion, and methods used in the surface preparation of
metals for bonding.

USA

Accession no.828687

Item 85

Industria della Gomma

44, No.10, Dec.2000, p.37-42

Italian

WHEN RUBBER HASA HEART OF METAL
De Tuoni E

A review ispresented of aspectsof rubber-to-metal bonding
discussed at a conference held in Milan by Assogomma
on 27th November 2000. These included developments
in primers and water-based adhesives, methods for the
surface preparation of metal substrates, techniques used
in testing, analysis and quality control, approaches to the
prevention of bond failure problems, and the bonding of
thermoplastic elastomers to metals and other substrates.
ASSOGOMMA

EUROPEAN COMMUNITY; EUROPEAN UNION; ITALY;
WESTERN EUROPE; WORLD
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Item 86

Industria della Gomma

44, No.10, Dec.2000, p.16-22

Italian

GUIDE TO THE SOLUTION OF RUBBER-TO-
METAL BONDING PROBLEMS

Peters D

Par Chemie

Consideration is given to the different stepsinvolved in
rubber-to-metal bonding, including surface preparation
of metal substrates, the application of primers and
adhesives, and moulding, vulcanisation, curing and post-
treatment processes. Factors which can lead to weak
adhesion and bond failure are discussed, and approaches
to the identification and correction of such problems are
outlined.

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE
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Item 87

Rubber to Metal Bonding. Proceedings of a one-day
seminar held Shawbury, 30th January 1997..
Shawbury, 1997, paper 7, pp. 7. 012

INSERT MOULDING - AUTOMATIC
MANUFACTURING OF RUBBER-TO-PLASTIC
MOULDED COMPONENTS
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Arning M
Engel Vertriebs GmbH
(Rapra Technology Ltd.)

The automation of the production of rubber to metal and
rubber to plastic moulded components is discussed, with
reference to reducing production costs and improving
productivity and quality. Basic features of Engel moulding
machines which can assist in these aims are described,
and include the use of FIFO-injection units, tiebarless
machines, microprocessor-based process control, and
the use of predictive software for predicting cure times,
demoulding moments, and automatic control of the cure
timefor rubber to metal bonded parts. The use of peripheral
equipment for an automated work cell for rubber to metal
bonded productsis examined, and examplesare described
of automated parts manufacturing. The Combimelt method
of producing rubber to plastic bonded componentsisalso
detailed.

AUSTRIA; EUROPEAN COMMUNITY; EUROPEAN UNION; UK;
WESTERN EUROPE

Accession no.827809

Item 88

Rubber to Metal Bonding. Proceedings of a one-day
seminar held Shawbury, 30th January 1997..
Shawbury, 1997, paper 6, pp. 3. 012

WATER BASED BONDING AGENTS- THE
FUTUREWITH THE ENVIRONMENTAL
PROTECTIONACT

Woodcock R

Dunlop Metalastik

(Rapra Technology Ltd.)

The growth of water-based bonding agents in response
to environmental regulations is examined. It is argued
that the only long term answer to emission control is
solvent elimination, and the experiencesto date of Dunlop
Metalstik with water-based bonding agents are described
with particular reference to the effect of a thinner film,
prebake resistance, the use of primers, the product range
currently available, and the disadvantages of aqueous
products in rubber to metal bonding applications.
EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE

Accession no.827808

Item 89

Rubber to Metal Bonding. Proceedings of a one-day
seminar held Shawbury, 30th January 1997..
Shawbury, 1997, paper 5, pp. 5. 012

PROBLEM SOLVING IN RUBBER TO METAL
BONDING

Worthington K

Compounding Ingredients Ltd.

(Rapra Technology Ltd.)

Typical applicationsare examined in which rubber to metal
bonding failures are possible, and possible solutions are

examined. Examples of problem solving include glycol
resistance in a hydromount test, and fuel resistance of a
turbo injection inlet manifold gasket. Retreading a tyre
with a PU precured tread is examined, with reference to
the selection of a suitable bonding agent. 3 refs.
EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE

Accession no.827807

Item 90

Rubber to Metal Bonding. Proceedings of a one-day
seminar held Shawbury, 30th January 1997..
Shawbury, 1997, paper 4, pp. 12. 012
ELASTOMER TO SUBSTRATE BONDING
Rooke M B

Henkel Industrial Adhesives

(Rapra Technology Ltd.)

Rubber to substrate bonding is discussed, with reference
to the use of controlled product design techniques in the
evaluation of product failure. Consideration is given to
the preparation of metallic and polymeric substrates by
mechanical and chemical methods, the preparation of
bonding agents and their selection criteria. Application
methods are described.

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE

Accession no.827806

Item 91

Rubber to Metal Bonding. Proceedings of a one-day
seminar held Shawbury, 30th January 1997..

Shawbury, 1997, paper 3, pp. 8. 012
AQUEOUSCHEMICAL PRETREATMENTSFOR
RUBBER TO METAL BONDING

Bel AT

Chemetall Ltd.

(Rapra Technology Ltd.)

Surface pretreatments prior to the bonding of rubbers to
metals are discussed, with reference to both chemical
and mechanical techniques. In particular, the various
aqueous chemical pretreatments, used for the preparation
of substrates prior to the application of the bonding
agent, are described. The influence of mechanical surface
pretreatments and of phosphate surface pretreatments on
adhesion to steel is compared in terms of tensile strength
and fracture, and factors to be considered in the selection
of an appropriate process are examined.

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE

Accession no.827805

Item 92

Rubber to Metal Bonding. Proceedings of a one-day
seminar held Shawbury, 30th January 1997..
Shawbury, 1997, paper 2, pp. 4. 012

WET BLAST PREPARATION AND THE

70

© Copyright 2005 Rapra Technology Limited



References and Abstracts

SUBSEQUENT PHOSPHATING PROCESSAND
RELATED EQUIPMENT

Denman C

Abrasive Developments Ltd.

(Rapra Technology Ltd.)

Advantages are described of a wet blast phosphating
process developed by Abrasive Developments Ltd. of
the UK in conjunction with their Japanese licensee,
Yamashita Rubber Company. The latter manufactures
anti-vibration rubber and bonds it to supporting metal
parts exclusively for Honda Motor Company. The Vaqua
process, which together with the equipment, is described,
is claimed to deliver high quality components from an
automatic machine that combines both the cleaning
and phosphating processes. The process is reported to
increase the strength of adhesive bonding between the
anti-vibration rubber and the metal parts, improve the
corrosion resistance of the metal parts, whilst providing
quality within acceptable costs. Comparisons are made
with conventional pretreatments.

YAMASHITA RUBBER CO.LTD.

EUROPEAN COMMUNITY; EUROPEAN UNION; JAPAN; UK;
WESTERN EUROPE

Accession no.827804

Item 93

Rubber to Metal Bonding. Proceedings of a one-day
seminar held Shawbury, 30th January 1997..
Shawbury, 1997, paper 1, pp. 4. 012

BONDING OF RUBBER, THE INDUSTRIAL
OVERVIEW

Lindsay J

BTR Peradin Ltd.

(Rapra Technology Ltd.)

An overview is presented of the rubber to metal bonding
process, which covershistory, rubber compounding, inserts
preparation, bonding agents, mould design and moulding.
Particular consideration is given to surface preparation
techniques and the choice of bonding systems. Thislatter
takes into consideration the polymer to be bonded, the
substrate, the modul us of the rubber, the shape factor, and
environmental concerns.

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE
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Item 94

Shawbury, Rapra Technology Ltd., 2001, pp.x, 386,
25cm, 9(12)4

HANDBOOK OF RUBBER BONDING

Edited by: Crowther B

Thisbook isthe first for many yearsto be solely devoted to
the subject of rubber bonding. The book presents a series of
paperswritten by avariety of authorswith practical expertise
within the field who have been engaged in improving the
bonded product to meet the ever increasing demands placed

on composites and components manufactured from rubbers
bonded to metals, fabrics, fibres and plastic substrates.
Chapter titles include: Substrate preparation methods;
Rubber to metal bonding; Rubber to metal and other substrate
bonding; Bonding rubber to metal swithwaterborneadhesve
systems; Rubber to rubber bonding; Rubber to Brassbonding;;
Review of tyrecord adhesion; Rubber to metal bonding using
metallic coagents; Rubber to fabric bonding; Bonding rubber
with cyanoacrylates, Bonding silicone rubber to various
substrates; failures in rubber bonding to substrates. Each
chapter iswell referenced.

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
INDIA; UK; USA; WESTERN EUROPE
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Item 95

International Journal of Adhesion and Adhesives

21, No.3, 2001, p.233-9

CURE-ADHESION OF RUBBER TO
ELECTROLESSPD-PALLOY DEPOSIT: EFFECT
OF PCONTENT INALLOY

IkedaY; Nawafune H; Mizumoto S; Sasaki M; Nagatani
A; Nishimori A; Yamaguchi K; Uchida E; Okada T
Konan,University; Hyogo Prefecture,Industrial
Research Ingtitute; 1shihara Chemical Co.Ltd.

The cure-adhesion of rubber (NR and polybutadiene) to
electroless plating film of palladium-phosphorus(Pd-P)
alloy and the adhesion mechanism were investigated.
The adherents in the cure-adhesion had high adhesion
force and adhesion failure was the cohesive failure of the
rubber. The peel strength decreased with an increasing P
content in plating film of Pd-P alloy. When the P content
increased in the all oy, the reaction between Pd and sul phur
in rubber was depressed because the oxide film was
formed readily. In the evaluation of adherence of rubber
and metal, the sol derability was superior to theanaysisby
ESCA. ESCA and Rutherford backscattering spectroscopy
analyses on the adhesion interface suggested that high
bond-durability was achieved when about 30 nm thickness
of sulphide layer was formed in the interface. Reflection
electron diffraction analysis of the sulphide layer proved
the formation of palladium sulphide. 13 refs.

JAPAN

Accession no.825021

Item 96

159th ACS RUBBER DIVISION MEETING - SPRING
2001. Held Rhode Island. 24th-27th April 2001..
Akron,Oh., 2001, Paper N0.18, pp.17. 012

CURE STUDIESOF PHENOLIC BONDING
AGENTSUSING TGA, FTIRAND CONTACT
ANGLE

MooreM J

Freudenberg-NOK

(ACS,Rubber Div.)

The cure of phenol-formaldehyde resin rubber-to-metal
adhesives was studied by TGA, IR spectroscopy and
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surface energy measurements. The possible benefits of
baking of coated metal inserts prior to moulding were
considered. IR spectra revealed the formation of quinone
methide groups that could play a role in the bonding
mechanism. Solventborne and aqueous adhesives were
compared and the effect of their differences on bonding
was examined. Surface energy measurements provided a
rapid method for assessing differences between solvent
and water-based novolac dispersions. 5 refs.

USA

Accession no.824936

Item 97

I nternational Polymer Science and Technology
28, No.7, 2001, p.T/11-9

INDIRECT BONDSBETWEEN RUBBER AND
OTHER MATERIALS

lizumi S

Thetechnology for bonding rubbersto other materials, and
in particular, to metalsisdiscussed. Bonding technologies
are classified as direct and indirect methods. The former
involves bonding during vulcanisation, whereas in
indirect bonding, the uncured rubber is presented to the
metal surface after the latter has been coated with a cure
adhesive. Both techniquesare described and discussed with
reference to trends affecting devel opmentsin technol ogy.
In particular, the development of cure adhesives and the
development of surface treatment technology for metals
are examined. 11 refs. (Article trandated from Nippon
Gomu Kyokaishi, No.4, 2000, p.172)

JAPAN
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Item 98

Journal of Adhesion Science and Technology

15, No.6, 2001, p.689-701

PROMOTION EFFECT OF A CHLOROTRIAZINE
DERIVATIVE ON THE ADHESION BETWEEN
RUBBER COMPOUNDSAND A BRASS-PLATED
STEEL CORD

Jeon G S; Seo G

Damyang,Provincial College; Chonnam,National
University

The effect of a chlorotriazine derivative, as an adhesion
promoter, on the adhesi on between rubber compoundsand
brass-plated steel tyre cord wasinvestigated. The physical
properties, cure characteristics and adhesion of the
chlorotriazine derivative-loaded rubber compounds were
determined and the adhesion interphases characterised.
Depth profiles of copper and sulphur and zinc and oxygen
for unaged and humidity-aged rubber compound/brassfilm
adhesion samplesasafunction of chlorotriazine derivative
areillustrated. 25 refs.

SOUTH KOREA

Accession no.823101

[tem 99

Journal of Adhesion Science and Technology

15, No.4, 2001, p.483-98

P-HYDROXY-BENZOIC ACID ASAN ADHESION
PROMOTER FOR RUBBER COMPOUNDSTO A
BRASS-PLATED STEEL CORD

Gyung Soo Jeon; Gon Seo

Damyang,Provincial College; Chonnam,National
University

The adhesion between p-hydroxybenzoic acid(POB)-
containing rubber compounds and a brass-plated steel
cord was investigated in order to understand the role
of POB as an adhesion promoter. The cure rate slowed
down when POB was added to the rubber compound, but
changesinthe physical propertieswere not significant. An
improvement in adhesion was seen with alow loading of
POB in the range of 0.5 to 1 phr, while an adverse effect
was observed only with ahigh loading at 4 phr and along
ageing time of 15 days. The adhesion interphase between
a rubber compound and a thin brass film studied using
atomic emission spectroscopy showed an acceleration
of the copper sulphide formation by POB incorporation,
resulting in an enhancement of the adhesion. A higher POB
loading, however, aswell asalonger ageingtimeledto a
large increase in the migration of copper into the rubber
and excessive growth of the zinc oxide layer, resulting in
a decreased adhesion property. 17 refs.

SOUTH KOREA
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Item 100

Journal of Adhesion Science and Technology

15, No.4, 2001, p.467-81

ENHANCED ADHESION OF STEEL FILAMENTS
TO RUBBER VIAPLASMA ETCHING AND
PLASMA-POLYMERIZED COATINGS

Kang H M; Chung K H; Kaang S; Yoon T H
Kwangju,Institute of Science & Technology;
Suwon,University; Chonnam,National University

Zinc-plated stedl filamentswere coated with radiof requency
plasma polymers of acetylene or butadiene in order
to enhance adhesion to rubber compounds. Plasma
polymerisation was carried out asafunction of the plasma
power, deposition time and gas pressure. In order to
maximise adhesion, argon plasma etching was performed
and carrier gases such asargon, nitrogen and oxygen were
used. Plasmapolymer coatingswere characterised by FTIR
spectroscopy, Alpha-Step thickness measurement and a
dynamic contact angle analyser. The adhesion of steel
filaments was evaluated using a tire cord adhesion test.
The best results were obtained from a combined process
involving argon etching and acetylene plasma polymer
coating with argon carrier gas. These samples exhibited a
pull-out force of 285N, which was comparable with that
for brass-plated steel filament. 23 refs.
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Item 101

Luntai Gongye

21, No.4, 2001, p.215-9

Chinese

EFFECT OF COBALT SALT ON ADHESION
STRENGTH BETWEEN CORD COMPOUND AND
BRASS-PLATED STEEL CORD IN RADIAL TIRE
Liang Li; Guo Yang

Anhui Kaiyuan Tire Co.Ltd.

The effect of type and concentration of cobalt salt on the
properties of NR compound and the adhesion strength
between the cord compound and the brass-plated
steel cord in radial tyres was investigated. The results
obtained showed that the cobalt type had little effect
on the compound properties. The adhesion strength
between the cobalt naphthenate-containing compound
or cobalt stearate-containing compound and the brass-
plated steel cord decreased significantly as the overcure
time increased. The compounds with different types of
cobalt salts had better heat resistance after hot air ageing
and the compounds with cobalt neodecanoate or cobalt
boroacylate had higher adhesion strength retention after
steam ageing. A higher original adhesion strength could
be obtained, but the hot air ageing properties and steam
ageing properties decreased significantly as the level of
cobalt neodecanoate increased and the optimum balanced
adhesion properties were obtained when 0.7 to 1.2 phr of
cobalt salt was used.

CHINA

Accession no.817785

Item 102

Rubber and Plastics News

30, No.17, 19th March 2001, p.14/21

SEM/EDX ANALY SIS OF STEEL CORD-RUBBER
INTERFACE

LeydenJJ

Akron Rubber Development Laboratory Inc.

In a controlled laboratory experiment the effects of
heat, humidity and salt solution ageings on steelcord
adhesion were measured using ASTM D 2229-99 test
methodology. Tested cords were analysed by SEM/EDX
for transition metal and sulphur content at both 20KV
and 10KV excitation voltages. SEM/EDX results were
compared to EDX spectra from a sampling of 11 brands
of new and worn steel radial tyres. The effects of the
various accel erated ageings on steel cord adhesion at 95%
confidencelevel were noted. The SEM/EDX spectrawere
comparableto results obtai ned on steel cord removed from
the 11 brands of industry tyres. 4 refs.

USA
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Item 103

Polymer Testing

20, No.3, 2001, p.339-50

STATIC ELASTOMER-TO-METAL TEST
(DEBONDING) FACILITY FOR USE INAN
INDUSTRIAL ENVIRONMENT
LawrenceC C; Lake G J

East London,University

A new machinethat is designed for the indirect testing of
failure in rubber-to-metal bonds is described in detail. It
incorporates all the necessary health and safety factorsto
makeit suitablefor usein anindustrial situation, including
when non-specialist staff are employed. The method was
designed to be transferable between laboratories and
industry. Observation of crack growth and failure using
a time-lapse video system showed that these were very
complex. The extremely complex mechanisms of the
debonding processes can be observed more accurately
using the machine. 3 refs.

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
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Accession no.813863

Item 104

Rubber and Plastics News

30, No.12, 8th Jan.2001, p.12-5

NEW METHOD IMPROVES RUBBER-TO-
METAL BONDING

CowlesR S; KuceraH W; Mowrey D H; Sullivan JE
Lord Corp.

Whiledeveloping novel agueous chemistriesfor advanced
rubber-to-metal primers, a breakthrough occurred in
the Lord laboratories which led to the development
of a successful system that extended the functionality
of its traditional products to include: an aternative to
phosphatising for preparing the metal surfaces; extended
corrosion protection beyond the bonded area; and improved
processing for preparing the metal and ameans of applying
the necessary coating chemistry uniformly on complex
partswith minimal waste. Thistechnology wasintroduced
to the market in October 1999 under the M etal Jacket trade
name. The data presented in this paper show how parts
treated with the aqueous M etal Jacket system demonstrate
excellent environmental resistance and flexibility. In the
swaging of bushings, the Metal Jacket technology, withits
fracture toughened metal treatment, passes 16% diameter
reduction in swaging with failure only in the rubber and
no visible fracture of the metal treatment. 1 ref.
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Item 105

I nternational Polymer Science and Technology

27, No.12, 2001, p.T/50-3

DEVELOPMENTSOF METHODS FOR
IMPROVING THE BOND STRENGTH BETWEEN
THE ELEMENTS OF PLIED-UP RUBBER-CORD
COMPOSITES

Vashchenko Y B; Sokolova G A; Shcherbakov A B;
Onishchenko Z V

Ukraine,State Chemico-Technological University

Methods are proposed for increasing the bond strength
between the elements of plied-up rubber-cord composites
by using highly effective additives. Procedures are
described using UV spectroscopy, which makeit possible
to select the most appropriate adhesion promoting
additives. The use of adhesion promoters, surface
treatment of themetal cord, and modification of therubbers
are considered with respect to improvements in rubber to
metal bonding. Compositions were developed based on
sul phur-containing emulsionsin oils, containing activating
additives. A dimensionless parameter is used as a model
criterion of interphase interaction, and the relationship
between this parameter and the adhesion of plied-up
elastomeric systems was established, which makes it
possible to predict the behaviour of adhesive substances
under real conditions. 12 refs. (Translated from Kauchuk
i Rezina, No.3, 2000, p.24).

UKRAINE
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Item 106

I nternational Polymer Science and Technology

27, No.12, 2001, p.T/47-9

COHESIVE AND ADHESIVE STRENGTH OF
RUBBER-METAL CORD SYSTEMSMODIFIED
WITH OLIGOMERIC ALKENYLATED
ALKYLRESORCINOLS

Talantov SV; Rossinskii A P

Vyatka,State Technical University

The replacement of scarce resorcinol with more
accessible, cheaper and lesstoxic alkenylated oligomeric
alkylresorcinols in tyre formulations is investigated.
Tests were carried out for the modification of resins of
the AP series in the coating rubber mix for the metal
cord breaker and in the tread rubber mix. The modifiers
investigated are products of the phosphoric acid
akenylation by 1,3-pentadiene of shale alkylresorcinols
with a5-methylresorcinol content of 50-90%, condensed
by urotropin or paraformaldehyde resin. Performance
improvements are reported, with particular reference to
the adhesive strength of the metal cord systems, and the
cohesive strength of the elastomer phase, especidly in
layers adjacent to the brass surface. 3 refs. (Translated
from Kauchuk i Rezina, No.3, 2000, p.21)

RUSSIA
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Item 107

Kautchuk und Gummi Kunststoffe

53, No.11, Nov.2000, p.651-5

RUBBER-METAL BONDING ASAN
ELECTROMECHANICAL PROCESS

Hummel K; Filimonov Ahobisch J; Rodriguez FJ S
Graz, Technische Universitat

Rubber-brass bonding during vulcanisation has already
been previously discussed as a result of ionic reaction
mechanisms. If electrically charged species (e.g. metal
and sulphide ions) are formed, the bonding process should
be influenced by an electric field. An experimental set-up
for the application of a voltage during vulcanisation and
the preparation of test specimens for bonding strength
measurementsis described. Electric conductivity isbrought
about by the carbon black component. Experiments with
SBR mixtures/brass show that an electric field influences
the bonding process and that under suitable conditions
an improvement of the bonding strength is observed.
Unexpectedly, rubber-metal bonding is also observed with
NR mixtures/aluminium when avoltageis applied. 9 refs.
AUSTRIA; EUROPEAN UNION; WESTERN EUROPE
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Item 108

Chemical and Engineering News
79, No.1, 1st Jan.2001, p.12-4
FIRESTONE'STIRE PROBLEM
ReischM S

We are told that US tyre manufacturing giant, Firestone,
has admitted that design and manufacturing problems
contributed to tyrefailuresresulting in 148 traffic accident
deaths in the USA. This article discusses in detail the
possible causes of failure of the three brands of tyres- the
Firestone ATX, ATXII, and WildernessAT. It isargued that
the failures were due to a combination of design faults,
poor rubber to metal bonding, and underinflation

FIRESTONE; CALIFORNIA,UNIVERSITY;
US,GOVERNMENT; US,NATIONAL HIGHWAY
TRAFFIC SAFETY ADMINISTRATION; FORD
MOTOR CO.; BRIDGESTONE/FIRESTONE;
BRIDGESTONE CORP.

JAPAN; SAUDI ARABIA; SOUTH AMERICA; USA
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Item 109

Revue Generale des Caoutchoucs et Plastiques
77, No.785, April 2000, p.58-60

French

RESEARCH AND THE ADHESION OF
ELASTOMERS

Vallat M F; Coupart A

CNRS; SNECMA

Factorsinfluencing the adhesion of rubbers are discussed,
and the situation of research into this subject in Franceis
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examined with reference to topics discussed at a round
table meeting held in association with a conference on
adhesion which took place at La Bourboule, France.

ICSI; LRCCP; MICHELIN & CIE.; BAYER FRANCE

SA
EUROPEAN COMMUNITY; EUROPEAN UNION; FRANCE;
WESTERN EUROPE
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Item 110

Patent Number: US 6107380 A1 20000822
FLUOROSILICONE PRIMER FREE OF
VOLATILE ORGANIC COMPOUNDS
EvansER

General Electric Co.

Disclosed is a primer composition for bonding silicone
elastomers to metals, which is free of volatile organic
compounds, and comprises an epoxy alkoxy silane,
a titanium ortho alcoholate or ortho ester, a silicon
ortho alcoholate or ortho ester and a volatile silicone
compound.

USA

Accession no.800036

ltem 111

Patent Number: US 6080268 A1 20000627
ADHESIVE FOR BONDING ELASTOMERSTO
METALS

Smith K C; Tripathy B S

Federal-Mogul World Wide Inc.

Elastomers are securely bonded to metal substrates using
an aqueous adhesive sol ution containing asilane adhesive
in combination with a phosphonium quaternary salt
additive. The additive concentration ispreferably between
15 and 40% of the silane concentration. The concentration
of the silane and additive in the water base is preferably
2.7%, on aweight basis.

USA
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Item 112

158th. ACS Rubber Division Meeting - Fall 2000.
Conference preprints.

Cincinnati, Oh., 17th.-19th. Oct. 2000, paper 100
TECHNIQUES FOR BONDING RUBBER TO
METAL USING METALLIC COAGENTS
Costin R; Nagel W

Sartomer Co.

(ACS,Rubber Div.)

Saret 633 and 634 are metallic coagents consisting of zinc
diacrylate and zinc dimethacrylate respectively. They are
used to create strong adhesive bonds between a variety
of rubbers and untreated metal substrates. As coagents,
they arereadily compounded into the rubber stock where
they crosslink into the rubber when cured with peroxides.

Thus, they are seen to function as adhesion promotersin
addition to crosslinkers to enhance both the adhesive and
mechanical properties of the cured rubber. They can also
be used in an adhesive strip to bond both sulphur and
peroxide stocksto metal during curing. A further technique
demonstrated, is to apply a dispersion of the metallic
coagent as a reactive adhesive between the rubber stock
and metal prior to curing.

USA
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Item 113

158th. ACS Rubber Division Meeting - Fall 2000.
Conference preprints.

Cincinnati, Oh., 17th.-19th. Oct. 2000, paper 68
ADHESION FAILURE IN BONDED RUBBER
CYLINDERS. PART 1: INTERNAL PENNY-
SHAPED CRACKS

Leicht D C; Yeoh O H; Gent A N; Padovan J; MullenR L
Lord Corp.; Akron,University; Case Western Reserve
University

(ACS,Rubber Div.)

Details are discussed of a study conducted of the strain
energy release rate (tearing energy) for bonded rubber
diskshavinginternal penny-shaped cracksat the rubber-to-
metal bond. Finite element analysiswas used to determine
thetearing energy asafunction of crack length for disksof
various dimensions. The crack configurations considered
were located at the centre of either one or both rubber-to-
metal bonds. The rubber wasassumed to belinearly elastic
and nearly incompressible. The normalised pesk tearing
energy isfound to be approximately related to the square
of the disk shape factor. 15 refs.

USA
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Item 114

158th. ACS Rubber Division Meeting - Fall 2000.
Conference preprints.

Cincinnati, Oh., 17th.-19th. Oct. 2000, paper 7
PLASMA POLYMERIZED PRIMERS FOR
RUBBER-TO-STEEL BONDING

Bertelsen C M; Boerio F J; KimD K
Cincinnati,University; Goodyear Tire & Rubber Co.
(ACS,Rubber Div.)

The use of plasma polymerised films as primers for
structural adhesive bonding and rubber-to-metal bonding
is investigated. Plasma polymerised acetylene films
were deposited onto steel and ferroplate substrates using
a microwave reactor. Results obtained from infrared
spectroscopy showed that the molecular structure of
the films depended strongly on the total pressure in the
reactor. High pressure conditions were found to favour
the formation of acetylenic and ol efinic functional groups
rather than methyl and methylene groups, and films
deposited under these conditions were more effective
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primers for rubber to metal bonding. In addition, films
having athickness of only afew tens of nanometerswere
found to be more effective as primers than thicker films.
Reactions between natural rubber and plasmapolymerised
acetylene films were simulated using a model rubber
compound in which squalene was substituted for NR.
Analysis of the model rubber compound as a function
of reaction time with plasma polymerised acetylene
films showed evidence for the formation of sequences of
conjugated double bonds in squalene due to crosslinking
and double bond migration. Evidence was obtained for
attachment of pendant groups at the al pha-methylenic and
methyl groups. 7 refs.

USA

Accession no.794119

Item 115

158th. ACS Rubber Division Meeting - Fall 2000.
Conference preprints.

Cincinnati, Oh., 17th.-19th. Oct. 2000, paper 5
NEW DEVELOPMENTSIN RUBBER-STEEL
BONDING PROCESSES

Van Ooij W J

Cincinnati,University

(ACS,Rubber Div.)

The bonding of sulphur vulcanised rubber compounds
to metals is investigated, with reference to the use
of a mixture of bistrimethoxysilylpropyl amine and
bi striethoxysilyl propy! tetrasul phidefor imparting adhesion
between various sulphur-cured rubber compounds and
different methods. Results are presented of experiments
in which brass, steel and electrogalvanised steel were
bonded to a typical tyre cord skim compound, with and
without cobalt additive. The new silane treatment was
found to be as effective or better than brass adhesion
to cobalt-containing rubber compounds. The superior
corrosion protection offered by the silanes was also
demonstrated using DC corrosion and polarisation
resi stance measurements. The structure of the silane film
onametal substrateisstudied, and amodel is proposed for
a possible mechanism of adhesion of rubber compounds
with silane-coated metals. 21 refs.

USA

Accession no.794117

Item 116

Journal of Adhesion

73, No.1, 2000, p.43-63

ADHESION BETWEEN RUBBER COMPOUNDS
AND COPPER-FILM-COATED STEEL PLATES
Pyong Lae Cho; Gon Seo; Gyung Soo Jeon;

Seung Kyun Ryu

Chonnam,National University; Damyang,Provincial
College; MicroTech

Three copper film-coated steel plates with different
thicknesses of copper film (30-90 nm) were prepared and

their adhesion properties to natural rubber compounds
wereexamined. The high adhesion of copper-coated plates
to the rubber compound containing resinous bonding
additiveswas obtained at normal and over-cure conditions.
The copper-coated plate containing an amount of copper
coating sufficient to plate the surface with a uniform
copper layer showed better adhesion that that having
a small amount of copper coating on its surface. The
stability against green humidity ageing and the cause of
the high adhesion of the copper-coated plate were studied
in comparison with those of the brass plate. 14 refs.
SOUTH KOREA

Accession no.793679

Item 117

Journal of Adhesion

72, Nos.3-4, 2000, p.293-315

BONDING OF NATURAL RUBBER TO STEEL:
SURFACE ROUGHNESSAND INTERLAYER
STRUCTURE

Cook JW; Edge S; Packham D E

Bath,University

Two aspects of adhesion produced by the vulcanisation
bonding of a simple NR compound to mild steel are
examined. Adhesion is measured using a 45 deg. ped test.
When the NR is bonded using a proprietary bonding agent
(Chemlok 205/220), to ‘smooth’ steel (acid etched) or
‘rough’ steel (phosphated) high values of pedl energy and
good environmental resistance to water are obtained, with
failure cohesivelargely within the rubber. Thehighest values
of ped energy are associated with a phosphated surface
which consistsof plate-like crystalswhich direct the stresses
away from the substrate in away which produces afailure
surfacewithin the rubber which shows extensivetearing and
cracking. The nature of the layer formed in the interfacial
region by interaction between bonding system and rubber
is investigated using a chlorinated rubber as a model
compound representing the adhesive and uncompounded
NR to represent the rubber. When a blend of the two is
heatedin air at 150 deg.C, evidenceisfound of asolid state
chemical reaction inwhich carbonyl groupsareincorporated
into the blend which become visually homogeneous. Further
evidence pointsto the relevance of this changeto adhesion
in rubber-to-metal bonding. 34 refs.
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Accession no.791454

Item 118

Rubber Bonding 2000. Conference proceedings.
Amsterdam, Netherlands, 15th-16th May 2000, paper 19
RUBBER TO METAL BOND TESTING USING
STRUCTURAL TESTING TECHNIQUES

Bradley S

Diagnostic Instruments Ltd.

(Rapra Technology Ltd.)

76

© Copyright 2005 Rapra Technology Limited



References and Abstracts

Testing rubber to metal bonded products presents diverse
technical difficulties. In most cases, a shear or tensile
load is applied to the product, and the effects of that
load are observed. This subjective assessment is open
to misinterpretation and errors. The observer can only
see surface effects, any internal faults are hidden from
view. This may mean that life-reducing faults can be sent
into service. In some high deflection spring designs, in
order adequately to stress the rubber section, avery high
tensile or shear load is required. This load is far greater
than can be expected in service, and can, under certain
circumstances, cause rupture and failure of the product
during the bond test. A non-destructive testing method
for bonded products has been used successfully for some
years. A typical example of thisisthetesting of brake pads.
The pad isexcited by avibration impulse, and the emitted
sound signatureisanalysed usinga Fast Fourier Transform
(FFT) analyser. The sound signatureis proportional to the
structural integrity of the brake pad. Thisappliesstructural
testing methods to the product. The technique is widely
used to describe dynamic characteristics of spring/damper
systems; the application of the same to rubber to metal
bonded product assembliesis proposed.

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE

Accession no.790045

Item 119

Rubber Bonding 2000. Conference proceedings.
Amsterdam, Netherlands, 15th-16th May 2000, paper 18
BONDLINE RUBBER TO METAL ADHESIVE
FAILURE WITH ROTARY PEEL TESTING AND
IMPLICATIONS FOR COMPONENT DESIGN
Campion R P; Thomson B

Materials Engineering Research Laboratory Ltd.

(Rapra Technology Ltd.)

In an attempt to minimise contributions from rubber tear
and bending during peel adhesion testing, a double-peel
arrangement is developed: a rubber strip is bonded to
each side of a metal plate, with tabs located at opposite
endsfor gripping. Thetest isrotary in nature; afull sweep
of angles from 35 to 155 deg. is possible. It is found
for a non-fabric-backed NR (bonded to mild steel with
Chemlok adhesives) that peel force is insensitive to peel
angle over therange 45-85 deg.; moreover, ‘ clean’ failure
surfaces are observed. Increased forces associated with
fabric-backed testpieces lead to considerable tearing of
the elastomer layer. However, unreinforced testpieces
in which one rubber layer is prevented from debonding,
thereby concentrating the rotation (up to 90 deg. only)
onto the other layer, leads to rubber-topcoat failure across
the entire bonded surface. The efficiency of thistestpiece
configuration has been advanced by replacing the static
bonded rubber layer with ametal hinge, giving riseto the
hinged rotary peel test. A peeling force of 200 N has been
mesasured reproducibly for the above NR/Chemlok system.
Surface thickness measurements indicate the presence of

athin layer (afew gm) of rubber attached to the adhesive
topcoat, a situation consistent with an interphasial (rather
than interfacial) failure locus. Nevertheless, the failure
is sufficiently near to the adhesive to facilitate durability
examinationsin variousfluidslikely to be met in service.
8 refs.
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Item 120

Rubber Bonding 2000. Conference proceedings.
Amsterdam, Netherlands, 15th-16th May 2000, paper 16
REPLACING STEEL WITH ALUMINIUM AND
NYLON 6,6 IN RUBBER TO METAL BONDING
APPLICATIONS

Ansarifar M A; Zhang J; Baker J; Bell A; EllisR J
Loughborough,University; Chemetall Ltd.; Avon
Vibration Management Systems Ltd.

(Rapra Technology Ltd.)

Traditionally, rubber has been bonded to steel for fixing
purposes or to ater stiffness. Preliminary studies have
shown that lightweight aluminium alloys and nylon 6,6
can replace steel in rubber to metal bonding applications
without compromising integrity and strength of the bond.
When a carbon black-filled NR compound is bonded to
aluminium and nylon 6,6 substrates, using commercia
bonding agents, and then peeled at an angle of 90% either
at aconstant rate of grip separation or under constant load,
the bond strength is almost identical to that measured
for some rubber to steel bonded test pieces, prepared by
the same procedure and tested under similar conditions.
Moreover, peeling energies up to 24 kJ/sq.m are recorded
for these bonds, and bond failure occurs in a time-
dependent manner within the rubber somewhere between
20 and 70 mu. m from the covercoat. Thebond fails either
dowly, where the peel propagates along or parallel to the
interface at rates down to approximately 10 -66 mm/s,
or rapidly, where the peel grows along the bond at rates
reaching about 240 mm/s. Interestingly, these two modes
of failure occur randomly and unexpectedly in a single
peel test. 4 refs.
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Item 121

Rubber Bonding 2000. Conference proceedings.
Amsterdam, Netherlands, 15th-16th May 2000, paper 15
CARBON-SILICA DUAL PHASE FILLERSFOR
RUBBER TO METAL ADHESION

Hardy D; Moneypenny H; Lanoye T; Mauer D

Cabot Corp.; Cabot Europe Ltd.; Bekaert NV SA

(Rapra Technology Ltd.)

A new generation rubber reinforcing agent, carbon-silica
dual phase filler (CSDP filler), has been developed to
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provide the ahility to enhance the physical properties of
elastomers, especially reduced hysteresis. Characterisation
of the CSDP filler determines that this filler consists of
two phases, a carbon phase with a finely divided silica
phase (domains) dispersed therein. In comparison with
conventional carbon blacks, CSDP filler is characterised
by high ash content, higher surface roughness and lower
tinting strength. From the compounding point of view,
dual phasefillersare characterised by higher filler-polymer
interaction in relation to a physical blend of carbon black
and silicaat the same silica content, and lower filler-filler
interaction in comparison with either conventional carbon
black or silica having comparable surface area. CSDP
fillers CRX 2000 and CRX 2002 are compared in an NR
wire skim formulation to a REGAL 300 carbon black
control for original and aged wire adhesion properties.
Theinfluence of the cobalt neodecanoate and boro-acrylate
salts on propertiesis also investigated. 8 refs.
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Item 122

Rubber Bonding 2000. Conference proceedings.
Amsterdam, Netherlands, 15th-16th May 2000, paper 12
NEW RESINSTO IMPROVE ADHESION OF
RUBBER TO BRASS COATED WIRE

Silberzan |; Lebraud S; Stuck B L

Elf Atochem SA; Sovereign Chemical Co.; CECA SA
(Rapra Technology Ltd.)

Over theyears, resorcinol or resorcinol-formaldehyderesins
have been widely used in combination with methylene
donors as a system for bonding rubber compounds to
brass coated steel wire. This is the common adhesion
means for adhesion in steel-belted radial passenger
and truck tyres and other brass coated wire reinforced
rubber compounds. However, resorcinol is a hazardous
chemical that may generate some health concerns. CECA
offers an aternative to impart good adhesion with new
resins that contain very low amounts of free hazardous
chemicals. The data presented show that these alternative
resins make it possible to obtain good original and aged
adhesion values aswell as good reinforcement properties
of rubber. 1 ref.
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Accession no.790038

Item 123

Rubber Bonding 2000. Conference proceedings.
Amsterdam, Netherlands, 15th-16th May 2000, paper 9
EFFECTS OF METAL DEFLECTION ON
RUBBER TO METAL ADHESION

There are various test methods used for evaluating the
adhesion of rubber to metal. While DIN, JISand ASTM
standardised test methods are widely used, they are
somewhat limited in simulating the multiple stresses
placed on the adhesive bondline of actual automotive parts.
For example, thereis alack of an available standardised
test method that can evaluate the adhesion of rubber in
filled cylindrical shaped parts, such asautomotive mounts
and bushings. Of particular concern is the adhesion of
rubber to metal in parts that are swaged or calibrated - a
post-bonding procedure that compresses the outer metal
tube. Studies have revealed that reducing the outside
diameter of the adhesive bonded cylindrical part (swage
or calibration) greatly enhances long term durability.
Therefore, it is becoming commonplace to treat adhesive
bonded cylindrical partsin this manner. This has created
aneed on the part of adhesive suppliersto deliver rubber
to metal adhesives capable of accommodating metal
deflection associated with the swaging process. Also
required is atest method capable of evaluating the ability
of adhesives and metal treatments to survive such metal
deflections. Chemists can usethistest to guidetheir efforts
in developing adhesives and metal treatments. Design
engineers can usethistest method to save time and money
by eval uating test specimens during the prototyping stages,
instead of costly fabricated metals. Lastly, since this test
allowsfor controlled variation of the degree of swaging, it
can betailored to simulate the amount of metal deflection
(degree of swage) to which both the adhesive and metal
treatments are exposed during part manufacture.

USA

Accession no.790035

Item 124

Rubber Bonding 2000. Conference proceedings.
Amsterdam, Netherlands, 15th-16th May 2000, paper 6
BONDING OF TPVSTO METAL

Van Nieuwenhove E

Advanced Elastomer Systems NV/SA

(Rapra Technology Ltd.)

Thermopl astic vul canisates combine thermoset properties
with the ease of thermoplastic processing. They supply
proven performance in many different markets where
flexible material sarerequired, often with significant costs
advantages. Applications include weatherstrips, window
profiles, roofing membranes, tubes and hoses, pipe seals
and amyriad of other applications. Existing TPV materials
aredescribed, together with new productsand devel opment
work in the adhesion onto reinforcement materials and
other substrates. Aspects covered include a definition
and classification of thermoplastic vulcanisates; the key
properties of TPVs, and products and developments in
adhesion onto reinforcement materials. 2 refs.
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Lord Corp WESTERN EUROPE
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Item 125

Rubber Bonding 2000. Conference proceedings.
Amsterdam, Netherlands, 15th-16th May 2000, paper 5
CURE KINETICS OF RUBBER-TO-METAL
BONDING ADHESIVES

Persson S; Olsson T

Svedala Skega AB; Lulea,University of Technology
(Rapra Technology Ltd.)

Since their invention in the 1950s, curemeters have
provided the rubber industry and others with valuable
information on how the curing reactions of heat-curable
rubber compounds are progressing during the vul canisation
stage. Since many rubber-to-metal bonds can loosely be
described as heat curable rubbers, dissolved in suitable
solvents, the same principle of cure metering should
therefore apply for rubber-to-metal bonding adhesives as
for ordinary rubber compounds. The dynamic mechanical
thermd analyser (DMTA) isintroduced asaninstrument for
characterisation of the curing of rubber-to-metal bonding
agents. The materials studied are Megum 3270 (primer),
Megum 100 (adhesive) and NR/BR (rubber). The method
is reliable and necessary, and has excellent potential for
optimisation of future bonding agents. 8 refs.
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Item 126

Rubber Bonding 2000. Conference proceedings.
Amsterdam, Netherlands, 15th-16th May 2000, paper 4
BONDING AGENT PRIMERS- THE ESSENTIAL
LINK IN BONDING RUBBERSTO METAL AND
PLASTICS

Dehnicke S; BellsA; Kistner D; Krtsch B

Chemetall GmbH; Chemetall Ltd.

(Rapra Technology Ltd.)

Rubber to metal bonded components are used extensively
in virtualy al modern transport systems. Rubber to metal
bonding technology is, therefore, one of today’s key
technologies and will remain so into the foreseeabl e future.
The technology involves bringing together unvul canised
rubbers, bonding agent coated metalsand other rigid substrates
during the vul canisation process of the rubber. A strong bond
isformed which is resistant to mechanical stress, variations
in temperature and to a variety of adverse environmental
conditions. Trangport design and ever increasing requirements
for high quality, bonded components which will last the
service life of the vehicle, leadsto ever greater demands on
the performance of the bonding agent. Currently bonding
agents are available which will successfully bond al types
of natural and synthetic rubbersto avariety of metallic and
non-metallic, rigid, semi rigid and/or flexible substrates.
Theuse of the primer to bond rubbers to both metals and
plagticsis described.
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Item 127

Rubber Bonding 2000. Conference proceedings.
Amsterdam, Netherlands, 15th-16th May 2000, paper 2
NEW ADHESION SYSTEM S FOR BONDING
ZINC COATED CORDSTO RUBBER

Mauer D; Lang P; Ngjari A; Garnier F

Bekaert NV SA; CNRS

(Rapra Technology Ltd.)

The development of an alternative approach for rubber
to metal bonding is described. This new approach calls
for the use of functionalised organosilanes as coupling
agents between the polymeric phase and the metallic
reinforcement. Organofunctional silanes are hybrid
organic-inorganic compoundsthat have found widespread
use as coupling agents in several industrial applications,
e.g. GRPcompositesandin‘silicatyre’ technology. Silane
coupling agents are bifunctional compounds that act as a
bridge between amineral surface and a polymer. Thefirst
reactive group (the alkoxysilane group) is ableto develop
strong bonds with the hydrated oxide layer of the metallic
surface. The second reactive group is specifically chosen
to react with specific reaction sitesin the polymeric phase.
In the absence of specific reaction sites to react with, the
organosilane may be selected to form an interpenetrating
network (IPN) with the polymeric phase. 3 refs.
BELGIUM; EUROPEAN COMMUNITY; EUROPEAN UNION;
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Item 128

Rubber Bonding 2000. Conference proceedings.
Amsterdam, Netherlands, 15th-16th May 2000, paper 1
RUBBER-TO-METAL BONDING BY SILANES
Jayasedlan SK; Van Ooij W J

Cincinnati,University

(Rapra Technology Ltd.)

The use of silanes for imparting adhesion of various
sulphur-cured rubber compounds to different metal's, and
preliminary investigati ons on the mechanism of adhesion,
are described. Recent results show the usage of a mixture
of two non-hydrolysed silanesin aparticular ratio. Usage
of non-hydrolysed silanesis a new approach and thereis
no literature available on such applications. The silanes
used are bis-(trimethoxysilylpropyl)amine and bis-(trieth
oxysilylpropytetrasul phide. 15 refs.

USsA
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Item 129

Progressin Rubber and Plastics Technology
16, No.2, 2000, p.87-115
RUBBER-METAL ADHESION

Van Der Aar CPO J; Van Der DoesL;
Noordermeer JW M; BantjesA; AlbersA
Twente,University; Vernay Europa BV

A definition of adhesionisgiven and the various adhesion
theories, especially the adsorption theory, are described.
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With these adhesion theories in mind, an overview is
presented of rubber-metal bonding. Several aspects
are discussed, such as how rubber-metal bonding can
be obtained, the influence of the rubber compound
formulation on bonding, the necessary preparation of the
metal prior to bonding and the optimum rubber compound
processing for rubber-metal bonding. 139 refs.
EUROPEAN COMMUNITY; EUROPEAN UNION;
NETHERLANDS; WESTERN EUROPE

Accession no.787004

Item 130

I nternational Journal of Adhesion and Adhesives
20, No.5, Oct. 2000, p.367-76

ADHESIVE BONDING OF AIRCRAFT
STRUCTURES

HigginsA

British Aerospace Regional Aircraft Ltd.

The history of and details on adhesives employed in the
construction of aircraft are presented. Aspects covered
include the main adhesives used, a comparison of the
properties of structural adhesives for metal to metal
bonding, surface preparation procedures, bonding
operations, bond quality assessment and methods for
assessing new structural adhesives for aircraft. 9 refs.
(Fifth Structural Adhesives in Engineering Conference,
Bristol Jury’s Hotel, 1-3 April, 1998)

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE
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Item 131

Wilmington, De., ¢.2000, pp.8. 28cms. 12/7/2000
BONDING SYSTEMSFOR VAMAC

Hagman JF

DuPont Co.,Elastomers Div.

DuPont EA-450.2

This bulletin describes the effectiveness of several one-
coat and two-coat adhesive systems that can be used in
fabricating bonded composites of Vamac ethylene/acrylic
elastomer and metal or Vamac. The preferred adhesive
systems provide rubber tearing bondsto properly prepared
substrates using conventional bonding techniques. The best
systems also provide good bond stability under dynamic
operating conditions, aswell asafter heat ageing and fluid
exposure. 2 refs.

USA

Accession no.783716

Item 132

Patent Number: US 6051097 A1 20000418
AQUEOUSADHESIVE COMPOSITION, AND
BONDING PROCESSAND BONDED ARTICLE
MAKING USE OF THE SAME

Higuchi K; Asai M

Shin-Etsu Chemical Co.Ltd.

An agueous adhesive composition is provided which
comprisesawater-sol uble condensation polymer obtained
by subjecting a specific copolymer having an alkoxyl group
and aspecific akoxysilaneto hydrolysis-condensation, and
an agueous medium containing the condensation polymer.
This composition can firmly bond non-sulphur-curable
elastomer materials to various adherends such as metals;
this has been hitherto difficult. A high-grade adhesion and
superior heat resistance and oil resistance can be attained.
No organic solvent is contained, promising environmental
safety.

JAPAN; USA

Accession no.783517

Item 133

Macplas

24, No.214, Dec.1999, p.107-8

Italian

RUBBER-METAL ADHESION IN INDUSTRIAL
APPLICATIONS

Lindsay J

BTR

Factors influencing the adhesion of metal and plastics
insertsto rubbersarediscussed. Methodsused inthe surface
preparation of metal insertsarereviewed, and the selection
of bonding agents and control of injection moulding
conditions for effective bonding are examined.
EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE
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Item 134

Macplas I nternational

No.5, May 2000, p.146
RUBBER-TO-METAL BONDING

Thisarticle providesinformation on water-based bonding
agents for rubber-to-metal applications. It discusses
the similarities and differences of water-based agents
to solvent-based ones, and also considers application
methods. The article also tells us that a new guide to the
use of these agents for rubber-to-metal bonding has been
issued by Chemetall.

CHEMETALL

EUROPEAN COMMUNITY; EUROPEAN UNION; ITALY;
WESTERN EUROPE
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Item 135

(Dusseldorf), ¢.2000, pp.8. 30cms. 13/6/2000
CHEMOSIL : ADHESIVES FOR BONDING
RUBBER TO METAL OR OTHER SUBSTRATES
Henkel KGaA

Information is presented on the use of Henkel’s Chemosil
range of adhesives for bonding rubber to metal or
other substrates. Chemosil bonds are characterised by

80
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good adhesion and resistance against corrosion, high
temperatures, oils and solvents. The products can be used
to bond many elastomers to almost all metals and their
alloys, aswell asto surface treated metals, many plastics,
wood, glass and textiles. Guidelines cover adhesive
storage, substrate preparation, selection of one- or two-coat
systems, adhesive application, drying, and vul canisation.
A reference table lists recommended applications for
each Chemosil grade, while a further table notes suitable
mechanical or chemical substrate preparation methodsfor
arange of metals and plastics.

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE
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Item 136

Adhesives Age

43, No.5, May 2000, p.28/35
VALUABLE PROPERTIES

Hoyt JK; Phillips P, Li C H; RiffleJS
Virginia, Tech

A new family of polar, nitrile containing polysiloxane
adhesives and sealants was prepared from poly(3-
cyanopropyl-methyl)siloxane (PCPMS) with the aim
of reducing the tendency for the materials to swell
in hydrocarbon fuels and improve adhesion to metal
adherends via hydrogen bonding. Polydimethylsiloxane
(PDMS) networks, and poly(methy!(3,3,3-trifluoropropyl)
siloxane) (PMTFPS) networks, which represent the current
areaof study for polar organosiloxane sealantsinindustry,
are compared to these novel PCPMS networks, and their
potential as adhesive/sealant materialsis eval uated based
on thermal, swelling, mechanical and adhesive properties.
8 refs.

USA

Accession no.776544

Item 137

Rubber and Plastics News

29, No.19, 17th April 2000, p.14-5

METALLIC COAGENTSBOOST RUBBER-TO-
METAL BONDING

Costin R; Nagel W

Sartomer Co.Inc.

The use is described of metallic coagents for increasing
the adhesion of rubber to metal substrates and synthetic
fibres. Themetallic coagents discussed are zinc diacrylate
and zinc dimethacrylate, which are commercially available
as Saret 633 and 634. The metallic coagents offer several
alternative ways of bonding rubber to metal which are
less intensive and time consuming than conventional
metal-reinforced rubber products. Details are given of
three techniques by which they may be used to improve
adhesion: as an internal adhesion promoter in an uncured
rubber compound; in a thin adhesive strip that functions
asatielayer upon curing; and in areactive dispersion that

can be applied as a viscous liquid or paste to either the
metal or rubber prior to curing. 2 refs.
USA

Accession no.773563

Item 138

I nternational Polymer Science and Technology

26, No.11, 1999, p.T/43-T/44. (Translation of Kauchuk i
Rezina, No.4, 1999, p.29)

BRASSPLATING OF STEEL PARTSBEFORE
RUBBER COATING

Kuznetsov EA; LoginovaE V; OrlovaSV

Gaz Open Joint Stock Co.

The favourable effect of a brass plating electrolyte with
1,4-butyne diol on the adhesion of the brass plating
to rubber is established. When the characteristics of a
pyrophosphate el ectrolyte with and without the addition
of 1,4-butyne diol were compared it was shown that the
range of permissible current densities was broadened, a
changein the appearance of the brassto yellow and smooth
was apparent, and the electrolyte produced coatings with
high adhesion to the steel base.

RUSSIA

Accession no.772338

Item 139

Kautchuk und Gummi Kunststoffe

53, No.4, April 2000, p.194-9

INFLUENCE OF MOULDING TEMPERATURE
ON THE STRENGTH OF NATURAL RUBBER TO
METAL BONDED JOINTS

Fernando M SD; Cudby PE F; Cook S

Malaysian Rubber Producers Research Assn.

Theinfluence of moulding temperature on the pedl strength
of abonded joint isinvestigated for a sulphur cured semi-
EV NR vulcanisate. A higher peel forceisrecorded at the
higher moulding temperature. The effect of vul canisation
temperature on peel strength is thought to arise from
a change in the physical properties of the rubber and
modifications of the rubber near the bonded interface as
aresult of active species migration during vulcanisation.
A series of parallel investigations are conducted to find
supporting evidence for these findings. From these
studiesit is concluded that it is a combination of changes
in the mechanical properties of the NR vulcanisate and
any changes induced by the migration mechanisms that
determines the final strength of the bonded assembly. 4
refs.
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Item 140

I nternational Polymer Science and Technology

26, No.5, 1999, p.27-31

NEW SYSTEMS FOR BONDING OF BREAKER
RUBBERSTO METAL CORD WITHOUT USING
RESORCINOL AND COBALT SALTS

Legocki P; Kavun SM

M oscow, Scientific Research Institute of the Tyre
Industry

The mechanical and adhesion properties of a series of
rubber mixes based on natural rubber were determined in
this research. Maleic anhydride amino derivatives were
used as coagents of hexachloro-p-xylene for ametal cord
breaker. 9 refs. Trandation from Kauchuk | Rezina, No.1,
1999, p.32.

RUSSIA
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Item 141

Adhesion *99. Conference Proceedings.

Cambridge, UK, 15th-17th Sept.1999, p.425-30
DETERMINING THE ADHESIVE FRACTURE
ENERGY OF BONDED JOINTS

Blackman B R K; HadaviniaH; Kinloch A J; Paraschi M
London,Imperial College of Science, Technology &
Medicine

(IOM Communications Ltd.)

A new protocol for measuring the fracture energy of
structural adhesive bonded jointsin mode | is described.
Good reproducibility of resultswasfound for round robin
tests on steel, auminium and CFRP joints. For double
cantilever beam (DCB) test specimens, simple beam theory
based on a shear corrected beam formula significantly
underestimated the fracture resistance values compared
to corrected beam theory and experimental compliance
methods. For tapered DCB specimens, the simple beam
theory and experimental compliance calculations were
within 10%. A strong dependence of fracture energy on
substrate material was observed. Results obtained from
mode |1 loading of adhesive joints using the end-loaded
split test geometry are also presented. 7 refs.

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE

Accession no.765336

Item 142

I nternational Polymer Science and Technology

26, N0.8, 1999, p.T/16-T/18. (Translation of Kauchuk i
Rezina, No.2, 1999, p.23)

ADHESIVES FOR RUBBER-METAL PRODUCTS
Ushmarin N F; Kol'tsov N |

Chuvash,State University

Tests were carried out on the performance of various
adhesivesin the bonding of rubber to metal. The adhesives
were a series of products from Henkel and also some
producedin Russ a, and the substrateswere multicomponent

rubber mixes based on general and specia purpose rubbers.
The rubber to steel bond strength using different adhesives
wasdetermined by thedirect pull method by tensionloading
of cylindrical specimensof rubber, the bases of which were
fastened by means of adhesive or brassto two metd discs.
Results are given for the various elastomers and bonding
agents, and it was concluded that the most universal and
most effective adhesive for vulcanisates based on the
rubbers studies was Chemosil 411. 2 refs.

RUSSIA

Accession no.764803

Item 143

Tire Technology I nternational
Dec.,1999, p.4

WIRE - LESSCOBALT

This article gives brief details of a new amino resin to be
used in the production of tyres. American company Cytec
claim that the use of Cyrez 138 and 132 for rubber to wire
adhesion can eliminate the use of cobalt without any loss
of tyre performance, thus eliminating the problems of
using cobalt such aswaste disposal, fuming, high costsand
limited supply. This abstract includes @l the information
contained in the original article.

CYTEC INDUSTRIES INC.
USA

Accession no.761802

Item 144

Adhesion *99. Conference Proceedings.
Cambridge, UK, 15th-17th Sept.1999, p.257-62
MEASUREMENT OF RUBBER-TO-METAL
BOND STRENGTH

Lawrence C C; Lake G J; ThomasA G

East London,University

(IOM Communications Ltd.)

Thebond strength of NR/steel and SBR/steel joints bonded
with atwo-part adhesive was studied by anew test method
involving combined pure and simple shear and which
could produce failure very close to the rubber/bonding
agent interface. Failure surfaces showed that rubber tended
to beleft on the outer edges of the bond, the central region
often being bare. This suggested that dilatational stresses
played a significant role in near-bond failure. 8 refs.
EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE

Accession no.761657

Item 145

Adhesion *99. Conference Proceedings.

Cambridge, UK, 15th-17th Sept.1999, p.251-6
FRACTURE MECHANICSAPPROACH TO
FAILURE OF RUBBER-RIGID SUBSTRATE
JOINTS

Fernando M SD; Lake G J; Lawrence C C; Ostman E;
Persson S; Southern E; ThomasA G
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Tun Abdul Razak Research Centre; East
London,University; Svedala-SkegaAB; SK Bearings
(IOM Communications Ltd.)

A fracture mechanics approach based on strain energy
release rate was applied to the study of failurein NR/steel
joints bonded with solvent-, water- and isocyanate-based
adhesives. Theeffectsof different bonding systems, metal
surface treatments, test geometries and environmental
conditions were examined. Constant force peel tests at
different ped anglesintherange of 10-90 degrees showed
peel rate-energy relationships that varied with angle, and
the rate showed a strong dependence on energy at all
angles. Constant deformation tests in ssmple shear gave
results lying mainly towards the lower end of the range,
while tests in pure shear showed the opposite trend.
Variations in failure locus and fracture surface roughness
withtest geometry broadly paralleled theenergy variations.
Immersion in water had some effect on failure rate at
room temperature and a much larger effect at elevated
temperature. 14 refs.

EUROPEAN COMMUNITY; EUROPEAN UNION;
SCANDINAVIA; SWEDEN; UK; WESTERN EUROPE

Accession no.761656

Item 146

Adhesion *99. Conference Proceedings.
Cambridge, UK, 15th-17th Sept.1999, p.243-9
PEEL TESTING OF ADHESIVELY BONDED
JOINTS

HadaviniaH; Blackman B R K; Kinloch A J,
Ring-Groth M; Williams JG

London,Imperial College of Science, Technology &
Medicine

(IOM Communications Ltd.)

Peel tests were carried out on joints consisting of an
aluminium peel arm bonded to an aluminium alloy
substrate with a toughened epoxy resin adhesive. Values
of adhesive fracture energy were calculated from the
measured peel data using both analytical and finite
element analysis (FEA) models. In the FEA approach, the
fracture energy was evaluated both by alocal analysis of
displacements and traction forces at the crack tip using
the crack closure integral method, and by aglobal energy
balance of the whole model. 8 refs.

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE

Accession no.761655

Item 147

Adhesion ‘99. Conference Proceedings.

Cambridge, UK, 15th-17th Sept.1999, p.217-22
SOME ENVIRONMENTAL FACTORSIN
DEBONDING AT ELASTOMER-RIGID
SUBSTRATE JOINTS

Aragon M L; Cain PA; Lake G J

Standard Products Ltd.; Cambridge,University; East
London,University

(IOM Communications Ltd.)

A study was made of the effects of ozone and acetone
exposure on NR/stedl joints produced using a two-coat
bonding system, and on steel plates coated with the
bonding agent prior to joint formation. Results of pedl tests
were analysed by afracture mechanics approach based on
strain energy releaserate. Inthe case of ozone, therequired
energy varied with peel angle and the rate showed about
afourth power dependence on energy. With acetone, the
energy levelsrequired to producefailure were much lower
and substantially independent of peel angle, therateagain
increasing asabout the fourth power of the energy. For both
types of exposure somewhat higher energieswererequired
for filled than for unfilled vulcanisates. Both ozone and
acetone exposure could cause near-bond failure in joints
and exposure of coatings prior to bonding weakened the
bonds subsequently formed. 5 refs.

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE

Accession no.761650

Item 148

Adhesion ‘99. Conference Proceedings.

Cambridge, UK, 15th-17th Sept.1999, p.55-60
TIME DEPENDENT MECHANICAL FAILURE
OF STRONG ELASTOMER-TO-METAL BONDS:
CHEMICAL OR PHYSICAL MECHANISM?
Albihn P; Chapman A V; Lake G J; LawrenceC C
Swedish Institute for Fibre & Polymer Research;
Malaysian Rubber Producers’ Research Assn.; East
London,University

(IOM Communications Ltd.)

Studies were made of chemical and physical factors
influencing time dependent near-bond failurein NR/steel
bonded joints. Chemical studies revealed no evidence to
indicate that chemical modifications were substantially
weakening the rubber adjacent to the bond. Video
observations suggested that a cavitation-like process,
probably arising from dilatational components in the
stresses near an interface, could lead to time dependent
mechanical failure near the bond. 10 refs.

TUN ABDUL RAZAK RESEARCH CENTRE

EUROPEAN COMMUNITY; EUROPEAN UNION,;
SCANDINAVIA; SWEDEN; UK; WESTERN EUROPE

Accession no.761623

Item 149

Adhesion ‘99. Conference Proceedings.

Cambridge, UK, 15th-17th Sept.1999, p.43-8
BONDING METALSTO RUBBER USING
FUNCTIONAL AND NON-FUNCTIONAL SILANES
van Ooij W J; Jayaseelan SK

Cincinnati,University

(IOM Communications Ltd.)

Mixtures of bistrimethoxysilylpropylamine and
bistriethoxysilylpropyl tetrasulphide were evaluated in

© Copyright 2005 Rapra Technology Limited
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the bonding of low carbon steel, electrogalvanised steel
and brass to NR compounds. Peel strength values were
determined, and reactions occurring at the silane/metal
interface were investigated. A specific ratio of the silanes
gave good adhesion to both high and low sulphur NR
compounds, and showed potential for replacing solvent-
based adhesives, brass coating and cobalt additives used
in rubber-to-metal bonding. 5 refs.

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; USA;
WESTERN EUROPE

Accession no.761621

Item 150

156th ACS Rubber Division Meeting - Fall 1999.
Conference preprints.

Orlando, Fl., 21st-23rd Sept.1999, paper 130
IMPROVING WIRE BELT ADHESION BY USE
OF MODIFIED MELAMINE RESINS, WHICH
REQUIRE NO ADDITIONAL COBALT OR
RESORCINOL COMPONENTS

Hoff CM

Cytec Industries Inc.

(ACS,Rubber Div.)

Present day technology for achieving proper rubber-to-
wire adhesion in wire coat skim stocks generally requires
the presence of a methylene donor/methylene acceptor
resin system. These systemstypically consist of HMMM
as the donor and a novolac resin as the acceptor. Cobalt
is often added to these resin systems or is used by itself
in conjunction with high levels of sulphur to obtain wire
adhesion. Novolac resins such asresorcinol or resorcinol-
formaldehyde resins, in many cases cause user-related
problems including fuming, and waste disposal issues.
Similarly, cobalt products have their own disadvantages
including uncertainty of supply, their relative expense, and
the heavy metd issue. Cytec hasbeenworking diligently to
addresstheseissues. Dataare presented showing laboratory
results comparing traditional resin adhesion systemswith
results obtai ned using one-component modified melamine
resins. Experimental formulations, requiring no resorcinol,
are tested with and without cobalt. The data show that,
in most cases, cobalt can be eliminated with no adverse
affectsto physical properties or wire adhesion and rubber
coverage. 8 refs.

USA

Accession no.759718

Item 151

156th ACS Rubber Division Meeting - Fall 1999.
Conference preprints.

Orlando, Fl., 21st-23rd Sept.1999, paper 128
SOLVING THE AGE OLD PROBLEM OF
BOND FAILURESIN SWAGED CYLINDRICAL
TUBEFORMSWITH THE USE OF A
WATERBORNE AUTODEPOSITED FLEXIBLE
METAL TREATMENT AND PRIMER/COATING
SYSTEM

Plasczynski T F
Lord Corp.
(ACS,Rubber Div.)

ASTM D429 test methods are useful, but limited in
replicating ‘real life' stresses placed on the adhesive bond
line. A test capable of evaluating adhesion to a rubber
filled cylindrical tube form after swaging its outside
diameter is discussed. Swaging is becoming a common
engineering practice in the automotive industry as it has
shown enhancement of cycledurability in adhesive bonded
tube forms. Use of this newly-developed test method
reveals some of the technical challenges associated with
swaging. Solutions required to address these challenges
are also discovered. This includes the need for new
metal treatment technology. Emphasis is placed on a
metal treatment and primer coating system that survives
swaging, coupled with the previously mentioned swage
test. Aninternally devel oped, autodeposited flexible metal
treatment and primer/coating system meets two very
important requirementsfor swaged car parts. Theseinclude
extended salt fog resistance and survival of swages up to
16% without coating damage during the swage operation.
This performance is achieved with a waterborne system
that promises to redefine the way the industry processes
metals prior to application of rubber to metal adhesives.
USA

Accession no.759717

Item 152

I nternational Polymer Science and Technology

26, No.7, 1999, p.T/24-6. (Trandation of Kauchuk i
Rezina, No.2, 1999, p.20)

INFLUENCE OF A POLYSULPHIDE COBALT
SALT SYSTEM ON THE ADHESION OF
RUBBERSTO BRASS COATED METAL CORD
Prokof’ev Y A; Potapov E E; Sakharavoa E V;
SalychG G

Lomonosov Institute of Fine Chemical Technology

Work was carried out to study the mechanism of the
action of a Thiokol-cobalt salt system on the adhesion
of rubbers to brass-coated metal cord. The kinetics of
formation and breakdown of the Thiokol-cobalt complex
was studied using the gravimetric method, and optical
microscopy was used to assess the macrostructure of the
complex compound formed by reaction of the two, and
of the products of its breakdown. Under conditions of
vulcanisation in the presence of sulphur, the compound
formed breaks down. Cobalt sulphides are formed,
collecting at the phase surface and being instrumental in
the formation of an adhesively bonded joint, whilst active
sulphur-containing fragments are formed which modify
the rubber mix matrix and promote the formation of the
phase interface in the rubber-brass system of an adhesive
sulphide layer with optimum characteristics. 10 refs.
RUSSIA

Accession no.759577
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Item 153

Rubber World

221, No.3, Dec.1999, p.18/69

EFFECT OF CURE SYSTEM ON NR BONDING
Halladay JR; Krakowski F J

Lord Corp.

Much literature has been published on bonding rubber
to metal and testing rubber to metal bonds. This article
continues the bond investigations by concentrating on
theinfluence of sulphur and accelerator choicesin natural
rubber. To determinethe effect of sulphur, two levelswere
chosen. Four different accelerators, and two solvent-based
and two aqueous adhesive systems were chosen. The two
test methods used for comparison were ASTM D 429
Method B and the proposed Method F buffer specimens.
13 refs.

USA

Accession no.758078

[tem 154

China Rubber Industry

46, No.12, 1999, p.717-9

Chinese

PROMOTING EFFECT OF COBALT
BORACYLATE ON ADHESION BETWEEN
RUBBER AND BRASS-PLATED STEEL CORD
JiaZ; Yuxiang W; Huating L; Qijun P
Beijing,Research & Design Institute of Rubber Industry

The promoting effect of cobalt boracylate on the
adhesion between rubber and brass-plated steel cord was
investigated. Theresults showed that the adhesion between
the rubber and brass-plated steel cord was significantly
improved by adding cobalt boracylate RC-B16 and RC-
B23, particularly after salt water ageing and thermal
humidity ageing. The adhesion promoting effect of RC-
B16 and RC-B23 was found to be comparable to that of
Manobond C-16 and Manobond 680C respectively.
CHINA

Accession no.757710

Item 155

Tyres and Accessories

No.12, Dec.1999, p.22

WATER-BASED ADHESIVE PERFORMSWELL
INTEST

In a move to provide the retreading industry with total
assurance that water-based adhesive is at least equal to,
or better than, solvent-based adhesive, Dunlop Adhesives
commissioned an independent test programme and
evaluation to compare the two types of adhesives. During
processing, there was no difference observed between
the building tack provided by water-based adhesive and
solvent-based adhesive. There is no evidence that the use
of water-based adhesive in any way adversely affected
the bond normally achieved between filler rubber and

exposed areas of steel crown ply or tread materia and
buffed surface.
DUNLOP ADHESIVES LTD.

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE

Accession no.756709

Item 156

Rubber World

221, No.2, Nov.1999, p.50
AMINO RESIN TECHNOLOGY

Cytec Industries’ amino resin technology achieves equal
or better wire adhesion and rubber coverage for tyre
applications without the addition of cobalt. Compared
to conventional resin adhesion systems, experimental
formulations are said to reveal that wire adhesion and
rubber coverage can be achieved using one-component
modified melamine resins, Cyrez 138 and Cyrez 132.
This abstract includes al the information contained in
the original article.

CYTEC INDUSTRIES INC.
USA

Accession no.754580

Item 157

I nternational Polymer Science and Technology

26, No.2, 1999, p.11-3

REFINED METHOD FOR PREDICTING THE
WORKING LIFE OFAMETAL CORD BREAKER
Sakharov M E; ParitskayaZ A; Vlasko A V; Shvachich
M V; Gamlitskii YUA; BassYu P

Moscow, Tyre Research Institute

Methods of predicting the service behaviour of rubber-cord
composite materials in tyres, based upon the results of
laboratory testing, are briefly reviewed. Tensiletestswere
made on avariety of compositesinwhich thetype of cord,
itsdiameter, and the angle between the cord and the applied
stress were varied. The nominal tensile strength and the
breaking elongation were determined, the results being
processed statistically. Fatigue tests were al so conducted.
The specimens with the highest rubber-to-cord adhesion
did not always have the highest fatigue strength, and it
was concluded that composites using metal cord should
be evaluated according to the results of fatigue rather than
static tensiletests. 16 refs. Trandation of Kauchuk i Rezina
No0.6, 1998, p.45

RUSSIA

Accession no.753439

Item 158

Eureka

19, No.9, Oct.1999, p.18

BOND BEATSTHE ALUMINIUM BLUES

Most metals must be surfacetreated beforethey arejoined
to other materials to remove surface contamination. The
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oxidelayer makesthejoining processfor aluminium more
prone to error. Permabond’s 6050 acrylic adhesive uses
a special additive that allows untreated surfaces to stick
to one another. An adhesion promoter etches through the
contamination and the oxide layer. The adhesive will
mainly be used as away of joining compositesto metals,
it isbriefly reported.

PERMABOND LTD.

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE

Accession no.751169

Item 159

155th ACS Rubber Division Meeting, Spring 1999.
Conference Preprints.

Chicago, Il., 13th-16th April 1999, Paper 60, pp.11
BONDING RUBBER TO METALSBY SILANES
van Ooij W J; Jayaseelan SK

Cincinnati,University

(ACS,Rubber Div.)

A number of sulphur vulcanised rubber compounds were
bonded to steel, aluminium and brass using aone- or two-
step treatment of the metals with organofunctional and
non-organofunctional silanes. Silane treatments which
had proved successful for bonding peroxide vul canised
rubbers were not suitable for use with sulphur vul canised
rubbers. However, a mixture of two organofunctional
silanes was effective for bonding both high and low
sulphur compounds to the metal substrates studied. The
degree of adhesion wasindependent of the cobalt level of
the compounds, and the silane process provided superior
adhesion after exposure of bonded specimens to boiling
water. 16 refs.

USA

Accession no.749873

Item 160

155th ACS Rubber Division Meeting, Spring 1999.
Conference Preprints.

Chicago, Il., 13th-16th April 1999, Paper 50, pp.41
ADHESION SYSTEMSFOR BELTSAND HOSE
Hewitt N L

PPG Industries Inc.

(ACS,Rubber Div.)

Studies were made of the influence of silicafillers, silane
coupling agents, curing systems, resorcinol and phenolic
resins and compounding and vul canisation conditions on
the adhesion of rubber belt and hose compoundsto fabrics
and cords. Results for the adhesion of polychloroprene,
EPDM, chlorobutyl rubber and nitrile rubber indicate that
increased silica content, resorcinol and phenolic resins,
zinc oxide and magnesium oxide are the major sources
of improved bonding. 3 refs.

USA

Accession no.749863

Item 161

155th ACS Rubber Division Meeting, Spring 1999.
Conference Preprints.

Chicago, Il., 13th-16th April 1999, Paper 24, pp.7
CHEMLOK ADHESIVESFOR THE RUBBER
ROLL INDUSTRY

MeansJD

Lord Corp.

(ACS,Rubber Div.)

An examination is made of processes involved in the
manufacture of rubber covered rollers, including metal
core preparation, the selection and use of the adhesive
bonding system, storage, handling and mixing of the
adhesive, drying, handling and storage of the adhesive
coated cores, and the roll building and vulcanisation
processes. Specific reference is made to Lord’s range
of Chemlok adhesives, but the guidelines presented are
applicable to solvent-based adhesivesin general.

USA

Accession no.749841

Item 162

Industria della Gomma

43, No.2, March 1999, p.45-50

Italian

DEVELOPMENTSIN RUBBER-TO-METAL
BONDING AGENTS

Technica developmentsin adhesives for rubber-to-metal
bonding aimed at the reduction or removal of solvent
emissions are reviewed. The performance characteristics
of solvent-based and water-based systems are examined
and compared.

CHEMETALL GMBH

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE

Accession no.742582

Item 163

Macplas

24, No.206, March 1999, p.98-100

Italian

ADHESIVESFOR RUBBER-TO-METAL
BONDING

Zdlner A

Chemetall GmbH

Developments in solvent- and water-based adhesives
for use in rubber-to-metal bonding are reviewed, and
analytical and testing techniques used to study their
performance are described. The environmental advantages
of water-based adhesives and modifications to solvent-
based systems aimed at reducing their environmental
impact are discussed.

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE

Accession no.740610
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Item 164

Kauchuk i Rezina (USSR)

No.1, 1999, p.32-5

Russian

NEW SYSTEM S FOR BONDING BELT RUBBERS
TO STEEL CORD WITHOUT RESORCINOL AND
COBALT SALTS

Legotsky P, Kavun SM

Duslo Ltd.; Moscow, Tire Industry Research I nstitute

Following a brief review of systemsin used for bonding
of belt rubbers to steel cord, a new system is suggested
for use with brass-plated cord and natural rubber or SKI-
3 polyisoprene-based rubbers. The new system contains
adducts of maleic acid and 4-aminodiphenylamine
with Hexol ZVI1. Optimum contents of this system for
NR-based rubbers are given. 9 refs. Articles from this
journal can be requested for trandation by subscribersto
the Rapra produced International Polymer Science and
Technol ogy.

RUSSIA

Accession no.738756

Item 165

Patent Number: US 5882799 A 19990316
POLYMERIC COUPLING AGENTSFOR
THE ADHESION OF MACROMOLECULAR
MATERIALSAND METAL SUBSTRATES
Roseboom F; van der Aar C P J; BantjesA; Feng M
Vernay Laboratories Inc.

These include covulcanisable groups, such as alkenyl,
epoxide, acrylateand/or acrylamide, and metal-complexing
groups, such as carboxylic, oxime, amine, hydroxamic
and/or iminodiacetic groups. They are particularly useful
as adhesives for adhering rubbers to metals.

USA

Accession no.735939

Item 166

Kautchuk und Gummi Kunststoffe

52, No.5, May 1999, p.322/8

STEEL CORD ADHESION. EFFECT OF 1,3-
BIS(CITRACONIMIDOMETHYL)BENZENE AND
HEXAMETHYLENE-1,6-BIS(THIOSULPHATE),
DISODIUM SALT, DIHYDRATE

DattaR N; Ingham FA A

Flexsys BV

Results of studies are examined regarding factors
affecting the adhesion of steel cord to rubber. The
adhesion is balanced with improved aged compound
characteristics and reduced compound heat build-up
through the use of 1,3-bis(citraconimidomethyl)benze
ne, and hexamethylene-1,6-bis(thiosul phate) disodium
salt dihydrate. This combination of chemicals not only
improvesthe propertiesof steel cord skim compounds, but
a so can be used effectively to replace the bonding system

based on resorcinol and hexamethoxymethylmelamine, it
isfound. 19 refs.

EUROPEAN COMMUNITY; EUROPEAN UNION;
NETHERLANDS; WESTERN EUROPE

Accession no.735014

Item 167

Rubber World

220, No.1, April 1999, p.61
WATER-BASED BONDING

Thisshort item highlights“Megum” water-based bonding
agents from Alcan Rubber & Chemical of the USA. The
agents are available for rubber-to-metal and rubber-to-
plastic mould bonding. Brief details are provided of their
properties.

ALCAN RUBBER & CHEMICAL INC.

USA

Accession no.733887

Item 168

Shawbury, Rapra Technology, 1996, pp.96. 12 ins.
20/2/96. Rapra Review Rept. No. 87, vol.8, no.3, 1996.
NALOAN

RUBBER TO METAL BONDING

Crowther B G

Rapra Technology Ltd.

Edited by: Dolbey R

(Rapra Technology Ltd.)

Rapra.Review Rept.No.87

Developmentsin the rubber to metal bonding industry are
reviewed and addressed from the standpoint of factory
practices. Bonding theory is explained, and methods
of bonding rubbers to metals are discussed. Bonding
agent systems are examined, with particular reference to
waterborne adhesive systems. The production of bonded
parts is described and metal pretreatments are included,
followed by the manufacture of rubber to metal bonded
components by compression moulding and injection
moulding. Post vulcanisation bonding is also discussed,
and a section is devoted to metal reinforced rubber
products and bonding mechanisms in tyre and non-tyre
applications. 377 refs. This document is available only
by purchase from Rapra Technol ogy.

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE

Accession no.733688

Item 169

New York, N.Y., Marcel Dekker, 1999, pp.ix,404.
145.00. 8(10)

ADHESION PROMOTION TECHNIQUES
Edited by: Mittal K L; Pizzi A

This book presents the state of the art in improving
bond strength between different materials for many
manufacturing processes - reviewing the suitable
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chemistry or morphology for enhanced adhesion to metal,
plastic and wood surfaces. It discusses mechanisms such
as viscoel astic energy dissipation, weak boundary layers
and interphase, mechanical interlocking, and those based
on electrostatic, thermodynamic, diffusion, and chemical
bonding theories. Also included are uses of energy saving,
ecologically clean anticorrosion micro-organisms in
treatment of polymer surfaces and acid-base interactions
in adhesion.

Accession no.733188

Item 170

Materiaux et Techniques

86, N0s.9/10, Sept./Oct.1998, p.59-61

TESTING AND ANALY SIS OF RUBBER-TO-
METAL BONDED PARTS

Jacks J

Acadia Polymers Inc.

The shortcomings of techniques such as Fourier transform
IR spectroscopy and energy dispersive X-ray analysisin
the study of failure in rubber-to-metal bonded parts are
discussed. Results are presented of astudy in which SEM
and X-ray photoelectron spectroscopy were used in the
failure analysis of a rubber-to-steel bonded component
which had failed after exposureto hydrocarbon oil at 150C.
Theresults suggested premature curing of the adhesive as
the most likely cause of failure.

USA

Accession no.732508

Item 171

Macplas

23, N0.202, Oct.1998, p.130-2

Italian

RUBBER-METAL SEALSFOR INDUSTRIAL AND
AUTOMOTIVE APPLICATIONS

Beghini L

RFT SpA

Performance requirements for rubber-metal sealsused in
a number of industrial and automotive applications are
examined, with particular reference to resistance to high
temperatures and lubricants. Aspects of the bonding of
rubbers to metal and plastics inserts in seal manufacture
are aso discussed.

EUROPEAN COMMUNITY; EUROPEAN UNION; ITALY;
WESTERN EUROPE

Accession no.732481

Item 172

Materials World

7, No.5, May 1999, p.266-8

SCIENCE AND ART OF RUBBER TO METAL
BONDING

Lindsay J

Developments in the technology of rubber to metal
bonding allows the production of a uniform, high quality

product that is free from failure. This comprehensive
article supplies a detailed assessment and explanation
of the rubber to metal bonding process, describing in
detail the three essential elements which form the core
of the bonding process - selection of the polymer base,
the bonding agents and the substrate, together with the
various processing routes depending on the selection of
materials.

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE

Accession no.730771

Item 173

Rubber Bonding Conference. Conference proceedings.
Frankfurt, 7th-8th Dec.1998, paper 20. 012
BONDING OF SURFACE PROTECTION
MATERIALSMADE FROM RUBBER ON
METALLIC SURFACES

Busse G

Tip Top Stahlgruber Otto Gruber GmbH

(Rapra Technology Ltd.; European Rubber Journal)

Rubber-metal composites for producing functional
surfaces are becoming increasingly important. This
applies in particular to protection against wear and
corrosion - types of stresses which may curtail the useful
life of unprotected technical products, plant components,
vessels and pipework in an often critical manner which
is also serious from the safety point of view. Linings and
coatings made from modern high-performance rubber
materials that are mechanically and chemically resistant
serve to reduce or prevent wear and corrosion. Apart
from by hot vulcanisation, rubber-metal composites
can aso be produced by bonding the two materials. In
hot vulcanisation, the two surfaces are as a rule joined
under pressure and temperature, with vulcanisation of
the elastomer structural component taking place at the
same time. Bonding is a technically and economically
advantageous securing method. 5 refs.

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE
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Item 174

Rubber Bonding Conference. Conference proceedings.
Frankfurt, 7th-8th Dec.1998, paper 19. 012
STUDIESIN RUBBER TO METAL ADHESION
Cook JW; Edge S; Packham D E

Bath,University

(Rapra Technology Ltd.; European Rubber Journal)

Two fundamental aspects of the adhesion produced by
the vulcanisation bonding of a simple NR compound to
mild stedl are examined. Adhesionismeasured using a45
deg. peel test. Whenthe NR isbonded, using aproprietary
bonding agent (Chemlok 205/220), to ‘smooth steel’
(acid etched) or to ‘rough’ steel (phosphated) similar
values of peel energy (around 5 kJm-2) are obtained,
with failure cohesive within the rubber, so it appears that
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for these, surface topography per se has little effect on
peel energy. These topographical differences appear to
have little effect on the bond durability, as little or no
deterioration of adhesion is observed after immersion of
coated steel in water for periods up to 60 days. The nature
of thelayer formed in the interfacial region by interaction
between bonding system and rubber isinvestigated using
achlorinated rubber asa‘model compound’ representing
the adhesive and uncompounded NR to represent the
rubber. When a blend of the two is heated in air at 150
deg.C, evidenceisfound of asolid state chemical reaction
in which carbonyl groups are incorporated into the blend
which became visually homogeneous. Further evidence
pointsto the relevance of thischangeto adhesionin rubber
to metal bonding. 18 refs.

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE

Accession no.725097

Item 175

Rubber Bonding Conference. Conference proceedings.
Frankfurt, 7th-8th Dec.1998, paper 18. 012

THE INFLUENCE OF MOULDING
TEMPERATURE ON THE STRENGTH OF
NATURAL RUBBER TO METAL BONDED
JOINTS

Fernando M S D; Cudby PE F; Cook S

Tun Abdul Razak Research Centre

(Rapra Technology Ltd.; European Rubber Journal)

Bond formationin arubber to metal assembly isacomplex
subject and is influenced by the nature of the metal and
how its surface has been prepared, the composition of the
adhesive, primer, elastomer, the filler type or level and
the cure system. Proprietary chemical bonding agents
are used in these bonding operations and these consist
of reactive ingredients suspended or dissolved in organic
solids. Commonly used bonding systems consist of a
primer and an adhesive and are cured during vul canisation
of the rubber. Post vulcanisation bonding is also used in
some instances. Bonded units are subjected to quality
control tests after production and in such tests, failure
often occursin the rubber closeto the bonded interface. It
has been suggested that during vul canisation a boundary
layer is created in the rubber near the interface with
properties that differ from those of the bulk rubber. The
formation of this modified rubber layer near the bond
line is a result of diffusion of certain species from the
bonding agent to the rubber during vulcanisation. The
influence of moulding temperature on the bond strength
isassessed for asulphur-cured NR vul canisate asameans
of addressing the proposed mechanisms that occur in the
interfacial regions of a bonded rubber to metal assembly.
Experimental data are presented which elucidate the role
of the different mechanismsinvolved in the formation of
a reliable bond and the resulting creation of a boundary
layer near the interface, which determines the locus of
failure, that is so often observed in quality control tests

and in some types of service failures. 4 refs.
EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE
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Item 176

Rubber Bonding Conference. Conference proceedings.
Frankfurt, 7th-8th Dec.1998, paper 14. 012
SUBSTRATE PREPARATION FOR BONDING
Holcroft R

Abrasive Developments Ltd.

(Rapra Technology Ltd.; European Rubber Journal)

Abrasive Developments has, in conjunction with its
Japanese licensee, developed a wet blast phosphating
plant that raises quality standardswithin theindustry. The
solution achieved delivers high quality components from
an automatic machine that combinesboth the cleaning and
phosphating processes. The cleaning section benefitsfrom
the unique degreasing and surface treatment properties of
the VAQUA process. Wet blast phosphating (WBP) was
first developed some 15 years ago in co-operation with
Yamashita Rubber. Yamashita has two main objectivesto
achievefrom the development of aWet Blast Phosphating
plant: the increase in the strength of adhesive bonding
between the anti-vibration rubber and the metal parts,
and the improvement of corrosion resistance of the
metal parts and hence useful life under any weather
conditions. In addition to these objectives, the demand
for this type of component from the automotive industry
as a whole has increased and the requirement was for
phosphating prior to bonding whilst still keeping cost at
an acceptable level. To achieve the improved quality and
reduced cost requirements, the WBP plant has to operate
continuously and automatically process the metal parts
for phosphating.

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE
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Item 177

Rubber Bonding Conference. Conference proceedings.
Frankfurt, 7th-8th Dec.1998, paper 10. 012
DEVELOPMENT OF RUBBER METAL BONDING
AGENTSDURING THE LAST 25 YEARS
OzeliRN

Par Oberflachenchemie GmbH

(Rapra Technology Ltd.; European Rubber Journal)

The development of rubber/metal parts in the last 20-25
years in Europe has been strongly dependent on the car
industry. 75% of all rubber/metal parts were produced
for the car industry. In the last 20 years the market has
shown showing thefollowing trends: high speed carswith
small engines; where the engine mount is required to act
in conditions where the temperature and the dynamically
resistance of parts are higher. Better stabilisation is
reguired so softer rubber compounds are used where
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previously the standard compound hardness was 50-60
ShoreA, and today is25 ShoreA. New engine mountswith
liquid ‘ Hydro-Lager’ developed in Germany use ‘ Glycol
+ mix’ (ethylene and propylene glycol). Consequently
thereare new problemsfor the production of rubber/metal
parts. There has also been a call for rubber companies
to make the production rational and increase the quality
and quantity, giving rise to a significant improvement in
rubber metal bonding, high temperature vulcanisation
and short time. The major developments over the last 20
yearsare summarised: vul canisation times are shorter and
temperatures higher, softer rubber compounds, higher
bonding quality and pollution problems.

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE
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Item 178

Rubber Bonding Conference. Conference proceedings.
Frankfurt, 7th-8th Dec.1998, paper 8. 012
FACTORSAFFECTING RUBBER TO METAL
BOND STRENGTH AND FAILURE MODE

Del Vecchio R J; Halladay JR

Technical Consulting Services; Lord Corp.

(Rapra Technology Ltd.; European Rubber Journal)

Designed experiments are used to evaluate multiple
combinations of compound type, compound quality,
bonding adhesives and ASTM bond test methods to
determinewhat effectsthese variableshave onthe strength
of the rubber to metal bond and also how it fails under
tension. Data on failure loads, type of failure and percent
retained elastomer on the surface are used to compare and
contrast how bonds can be characterised and evaluated.
Conclusions are drawn about the meaning of data from
different test methods and the validity of the common
assumption that failure modeisthe single most significant
criterion of bond quality. 8 refs.

USA

Accession no.725086

Item 179

Rubber Bonding Conference. Conference proceedings.
Frankfurt, 7th-8th Dec.1998, paper 7. 012
ADHESIVES FOR THE NEW MILLENNIUM
Polaski G

Lord Corp.

(Rapra Technology Ltd.; European Rubber Journal)

Many rubber moulded goods requireametal componentin
order to support the rubber article or enhance attachment
of the rubber to an engineering component. For example,
an automotive engine mount may consist of a block of
rubber for absorbing shock and vibration and by adhering
steel platestoit, allowsthe assembly to be connected to the
frame of the car. Other bonded itemsinclude bridge bearing
pads, military tank track pads, bushings, transmission
and brake fluid seals, pump impellers and flex bearings

in helicopters rotor assemblies and the nozzles of the
solid rocket motors used in the space shuttle programme.
At first glance, the procedure is relatively ssimple; apply
adhesive to the metal component, place the coated metal
in amould and combinewith the rubber. The bonding then
takes place with heat and pressure at the same time asthe
vulcanisation of the rubber. However, it is a statistical
process employing many variables all of which need to
be managed in order to produce alevel of adhesion that
allows the final part to function. In most cases, this level
of adhesion is such that the bond is stronger than the
rubber substrate resulting in failures that are cohesivein
the rubber substrate and not in the adhesive nor between
the adhesive and either substrate.

USA
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Item 180

Rubber Bonding Conference. Conference proceedings.
Frankfurt, 7th-8th Dec.1998, paper 6. 012

LIFE PREDICTION FOR RUBBER/METAL
BONDS: THE ROLE OF ELEVATED
TEMPERATURE INACCELERATED TESTING
Stevenson A; Thomson B

Materials Engineering Research Laboratory

(Rapra Technology Ltd.; European Rubber Journal)

There is increased interest in methods for quantitative
prediction of the life of rubber-to-metal bonds. Increased
warranty periods for automotive components mean that
premature failures have become more costly and high
profile for vehicle manufacturers. Increased demands on
the performance of components meansthat the likelihood
of premature failure may increase unless a rational
method of life prediction is applied at the development
stage. In addition thereisatrend motivated by impending
legislation in Europe and the USA to discontinue usage of
long established solvent based primersand bonding agents
and replace them with the water based systems whose
durability ismuch lesswell established. The problemsthat
occur with rubber-to-metal bondsin serviceare not usualy
of a short-term nature unless manufacturing mistakes are
made. They may typically become apparent only after 1-5
years' service when there has been extended exposure to
service environments, such assalt water. The problem then
arises of how to perform realistic tests without waiting
1-5yearsfor theresults. A joint industry research project
has been underway at MERL since 1995 to investigate
this problem and develop accelerated test methods that
can be verified against long term test data of up to 15
years duration. Some results of testing with wet exposure
at arange of temperatures up to 95 deg.C are presented.
The difficulties of developing a methodology for the life
prediction of rubber-to-metal bonds are outlined. 2 refs.
EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE
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Item 181

Rubber Bonding Conference. Conference proceedings.
Frankfurt, 7th-8th Dec.1998, paper 5. 012
PROGRESSIN RUBBER TO SUBSTRATE
BONDING

Rooke M B; Schurmann K

Henkel Ltd.; Henkel KgaA

(Rapra Technology Ltd.; European Rubber Journal)

Rubber to substrate bonding was invented in the middle
of the 19th century when NR was bonded to brass.
This process of bonding rubber to a substrate during
the vulcanisation of the rubber is till the basis of most
rubber bonding today. Applications for bonded items as
anti-vibration components quickly became established
in the growing automotive industry of the 20th century
particularly fromthelate 1930s, using brass plated steel as
the substrate. Polyisocyanates were also used for bonding
in the 1940s and bonding proceeded in this way until the
1950s. Brass plating asameans of bonding continuedinto
the early 1960s. The use of brass plated substrates had two
main disadvantages. Firstly, the high sulphur required for
bonding gave poor heat ageing of the rubber and secondly
the brass plating process required the use of solutions
that contained cyanide. Recent developments in rubber-
to-substrate bonding described include environment and
solvent use, methods of reduction in solvent emissions,
substrates and their preparation, and bonding agent
preparation, selection and application.

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE
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Item 182

Rubber Bonding Conference. Conference proceedings.
Frankfurt, 7th-8th Dec.1998, paper 4. 012

RECENT DEVELOPMENTSIN COBALT
ADHESION PROMOTERS

Fulton W S; Gibbs H W; Hawkins | M; Labarre D
Rhodia Ltd.; Rhodia Recherches

(Rapra Technology Ltd.; European Rubber Journal)

Currently accepted bonding mechanisms of rubber to
brass-coated steel cord are reviewed along with the effect
that ageing has upon the rubber-metal interface. The
influence of cobalt on bond strength and particularly onthe
retention of strength after ageing isalso discussed. Recent
studies on real and model systems are described, which
confirm the key role of cobalt in maintaining the adhesion
between NR and brass-coated stedl tyre cord. These studies
haveled to the development of anew range of compounds
which show improved adhesion relative to conventional
cobalt carboxylates. Results obtained from the new cobalt
compounds are presented for comparison. 16 refs.
EUROPEAN COMMUNITY; EUROPEAN UNION; FRANCE; UK;
WESTERN EUROPE
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Item 183

Rubber Bonding Conference. Conference proceedings.
Frankfurt, 7th-8th Dec.1998, paper 3. 012
TECHNIQUES FOR BONDING RUBBER TO
METAL USING METALLIC COAGENTS

Costin R; Nagel W

Sartomer Co.

(Rapra Technology Ltd.; European Rubber Journal)

The use of metallic coagents as crosslinkers for peroxide
cured elastomers has previously been reported. They are
effective crosdinkers for both saturated and unsaturated
elastomers, and can be used over awide concentrationrange
totailor mechanical propertiesfor avariety of applications.
It has been found that, in addition to improving the
mechanical properties of rubber, they also increase the
adhesion of rubber to metal substrates and synthetic fibres
during vul canisation. The metallic coagents discussed are
zinc diacrylate and zinc dimethacrylate, commercially
available as Saret 633 and Saret 634. Conventiona metal -
reinforced rubber products require both an adhesive to
bond the metal to the rubber and a separate curing system
to increase the mechanical properties of the rubber. This
entailsan intensive, time-consuming series of procedures.
Metallic coagents offer several alternative ways of
bonding rubber to metal that arefar lessintensiveandtime
consuming. Themetallic coagents may be usedin different
ways to form strong rubber-to-metal bonds without the
use of external adhesives or a separate curing step. Any
procedure that places the metallic coagents and peroxide
between themetal surface and rubber with applied pressure
may be used. There are three techniques for applying this
technology for rubber-to-metal adhesion. 2 refs.

USA
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Item 184

Rubber Bonding Conference. Conference proceedings.
Frankfurt, 7th-8th Dec.1998, paper 2. 012
PRACTICAL SOLUTIONSFOR THE FUTURE
Dehnicke S

Chemetall GmbH

(Rapra Technology Ltd.; European Rubber Journal)

The bonding of rubber to metals, plastics and other
substrates under vulcanisation conditions has become an
increasingly important industrial process. Rubber bonded
componentsare used in many diverse applicationsinwhich
the properties of ferrous and non-ferrous metals, plastics
and rubbers are combined to produce unique composite
components. Typical industrial applications of rubber
bonded components include vibration damping and noise
suppression; thermal and electrical insulation; chemical and
abrasion resistance; fluid and gas scaling. Aspects covered
include the development of bonding agents, lead-free type
| and I covercements and water-based bonding agents.
EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE
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Item 185

Journal of Materials Science

33, No0.21, 1st Nov.1998, p.5095-102
POLYPHENYLETHERSUL FONE(PES)
ADHESIVE FOR EPDM ELASTOMER-
TO-STAINLESS STEEL JOINTSINA
HYDROTHERMAL ENVIRONMENT
Sugama T

Brookhaven National Laboratory

A hot melt PES adhesive was used to bond EPDM, which
could be used for protection of geothermal drill pipes, toa
stainless steel substrate. Thesejointswere then exposed for
up to 70 daysin steam at 200C to evaluate the durability
of the bond. Although the preparation and modification
of the EPDM and stainless steel surfaces played an
important role in ensuring a strong bond in the EPDM-
to-stainless steel adhesive joint system, the susceptibility
of the PES adhesive to hydrothermal oxidation led to
conformational transformation of its sulphone group
into a fragmental sulphonic acid derivative during the
exposure. Furthermore, aprolonged exposuretime caused
the decomposition of polyphenylethersulphonic acid
derivative, forming two additional derivatives, aryl radical
and sulphuric acid. Hot sulphuric acid favourably reacted
with iron in the stainless steel to yield a water-soluble
ferric sulphate reaction product. This reaction product
generated at the interfaces between PES and stainless
steel, caused a decrease in peel strength. In fact, the loss
of adhesion occurred in the stainless steel adjacent to the
PES. 11 refs.

USA

Accession no.715540

Item 186

I nternational Polymer Science and Technology

25, No.6, 1998, p.17-20

INFLUENCE OF THE TYPE OF METAL INTHE
INORGANICACTIVATOR ON THE ADHESION
OF VULCANISATESBASED ON NRTO METAL
CORD

Kostrykina G I; Sudzilovakaya E N; Koshel G N;
SergeevaN L; GalybinG M

Russia,Yaroslavl’ ,State Technical University

Detailsaregiven for carbon black-filled NR used for coating
brass-plated metd cord. Theinfluence of adhesion activators
on physicomechanica propertiesof vul canisatesisdiscussed.
2 refs. Trandated from Kauch.i.Rezina, 1, 1998, p.14
RUSSIA

Accession no.714280

Item 187

Industria della Gomma

42, No.3, April 1998, p.23-7

Italian

RUBBER-TO-METAL BONDING AGENTSFOR
THE 21ST CENTURY

Z€ellner A
Chemetall GmbH

The characteristics of water-based adhesives used in
rubber-to-metal bonding are examined, and analytical
techniquesfor studying the composition and performance
of water- and sol vent-based bonding agents are described.
The environmental advantages of water-based systems,
methods for the pretreatment of metal substrates and
problems associated with mould fouling are discussed.
EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE
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Item 188

Industria della Gomma

42, No.3, April 1998, p.17-22

Italian

WATER-BASED PRODUCTS FOR RUBBER/
METAL ADHESION

AlbertsH W; Giannone C

Henkel KGaA

The use of water-based adhesives in rubber-to-metal
bonding in the manufacture of vibration dampers is
examined. Environmental aspects of these adhesives, their
film forming characteristics and spraying techniques used
intheir application are discussed. Results are presented of
studies of the performance of two water-based adhesives
and a solvent-based adhesive in bonding NR, EPDM and
nitrile rubber to steel.

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE
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Item 189

Slovak Rubber Conference *97. Conference
proceedings.

Puchov, 20th-21st May 1996, p.325-8. 4

A CONTRIBUTION TO THE MECHANISM OF
RUBBER-STEEL CORD ADHESION

Jona E; Pgjtasova M; Ondrusova D; Simon P, Duris S
Slovak Technical University; Matador AS

(Matador AS)

For the successful use of steel cordsinradial tyres, agood
rubber-to-metal bond is vital. Good adhesion generally
requiresthe use of two main groupsof adhesion promoters:
resin former (SRH-silica, melamine system, resorcinol)
and a metal salt. The bonding mechanism is found to be
dependent on the chemical composition and the surface
structure of the brass, the composition of the cure mixture
and the sulphidisation conditions. A DSC study of the
interactions between sulphur, N-dicyclohexylbenzothi
azole-2-sulphenamide (DCBS), zinc oxide, and copper
I dodecanoate and copper 11 hexadecanoate as adhesion
promotersis reported. 7 refs.

SLOVAK REPUBLIC; SLOVAKIA

Accession no.708409

92

© Copyright 2005 Rapra Technology Limited



References and Abstracts

Item 190

Kauchuk i Rezina (USSR)

No.1, 1996, p.48-50

Russian

INCREASING THE STABILITY OF RUBBER-
METAL CORD BOND STRENGTH BY ANTI-
CORROSION TREATMENT

Beilinoval A; LakizaO V; Danilenko V O; KizimN D

The authors investigated the corrosion protection effect
of coatings based on industrial oils containing dispersed
organic additives on the retention of rubber-to-metal cord
bond strength in natural rubber. 4 refs. Articles from this
journal can be requested for trandation by subscribersto
the Rapra produced International Polymer Science and
Technol ogy.

RUSSIA

Accession no.706876

Item 191

Industria della Gomma

42, No.1, Jan./Feb.1998, p.16-9

Italian

DEVELOPMENTSIN RUBBER/METAL
COMPONENTSFOR INDUSTRIAL
APPLICATIONS

Cerruti M

CF Gomma SpA

The structure, functions and mechanical performance of
rubber/metal componentsfor enginemountingsand vehicle
suspensions are examined. Turnover and employment
figures are presented for CF Gomma, a manufacturer of
such products.

EUROPEAN COMMUNITY; EUROPEAN UNION; ITALY;
WESTERN EUROPE
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Item 192

Patent Number: US 5776294 A 19980707
PEROXIDE-CURED ELASTOMERSWITH
IMPROVED METAL ADHESION

Nagel W R

Sartomer Co.

Curable elastomers crosslinked with the aid of metal salts
of apha,beta-ethylenically unsaturated carboxylic acids
and, optionally, an alkyl aminoalkyl phenol vulcanisation
inhibitor are disclosed. Cured rubber articles having
markedly improved adhesion to metals and synthetic
fibres are obtained.

USA

Accession no.704826

Item 193

Patent Number: US 5741393 A 19980421
SOLVENTLESS CARBOXYLATED BUTADIENE-
VINYLIDENE CHLORIDE ADHESIVESFOR

BONDING RUBBER TO METAL
Hargis| G; MirandaR A; Wilson JA
GenCorp Inc.

An adhesive composition using as the primary binder an
emulsion of butadiene-vinylidene chloride copolymer
is disclosed. The composition is particularly suited for
binding rubber to metal in a variety of uses such as
vibration damping devices. The adhesive composition has
resistance to hot water and or water glycol solutions.
USA

Accession no.703156

Item 194

Industria della Gomma

41, No.8, Oct.1997, p.28-9

Italian

RUBBER TO METAL BONDING: PROBLEMS
AND SOLUTIONS

Baffico R

Assogomma

An examination is made of metal surface preparation
techniques and solvent- and water-based adhesives
used in rubber to metal bonding, and details are given
of the programme of a seminar on this subject held by
Assogomma on 27th November 1997.

BTR PLC; CHEMETALL GMBH; HENKEL;

BONDER SPA; RFT SPA; CF GOMMA SPA
EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
ITALY; UK; WESTERN EUROPE
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Item 195

Tyretech * 98. Conference proceedings.

London, 15th-16th June 1998, paper 2. 6T1
INFLUENCE OF COBALT SALT ON ADHESION
BETWEEN STEEL CORD AND RUBBER
Labarre D; Duffour T; Hawkins |; Tessier L; Sartre A;
Bomal Y; Gibbs H W; Wilson JC

Rhodia Research; Rhodia Ltd.

(Rapra Technology Ltd.; European Rubber Journal)

For successful use of steel cords in radial tyres, the
attainment and maintenance of good rubber to metal bonds
isvital. Cobalt systems are used, alone or in combination
with resin systems, in the rubber compound for the
promotion and maintenance of good adhesion between
brassand rubber. Today they appear to be the most efficient
additivesand are considered essential in the manufacture of
steel radial tyres. In general, existing levelsof adhesion are
satisfactory, but improved performanceis till required in
some areas. Principal development targetsareto maintain
existing adhesion levels at lower cost and with enhanced
physical properties, and to offer better adhesion retention
insomeareas such ashigh humidity for tropical climatesor
multipleretreading for truck tyres. Recently, novel cobalt
adhesion promoters have been devel oped which perform
better at lower levels than existing promoters, especially
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after steam ageing. A background to the rubber-brass
adhesion mechanismis presented, and the effects of cobalt
salts, including different resultsfrom model system studies
carried out in the laboratory, are described. The adhesion
data obtained from Rhodia's hew adhesion promoters are
discussed. It isshown that the new promoters give the best
balance of initial/steam aged adhesion and that this best
balance is obtained for alower level of cobalt. 13 refs.
EUROPEAN COMMUNITY; EUROPEAN UNION; FRANCE; UK;
WESTERN EUROPE
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Item 196

Adhesive Technology

15, No.2, June 1998, p.30-2

TESTING RUBBER-TO-METAL BONDED PARTS
Jacks J

Acadia Polymers Inc.

The use of X-ray photoel ectron spectroscopy and scanning
electron microscopy to deducethat thefailure of arubber-
to-metal bonding application is caused by premature
crosslinking of the adhesive is described. By eliminating
other possible causes of debonding, such ascontamination,
amore robust manufacturing processis devel oped.

USA

Accession no.689831

Item 197

Rubber World

218, No.3, June 1998, p.18/34
AQUEOUSADHESIVESASANALTERNATIVE
TO CONVENTIONAL RUBBER-TO-METAL
ADHESIVES

Dehnicke S

Chemetall GmbH

Thisarticleprovidesashort, but up-to-dateintroductioninto
the current activitiesin modern rubber-to-metal adhesives.
The focus is on water-based bonding systems. Taking
examplesfrom three very different fields of applicationin
the automotive sector, agueous and solvent-based adhesive
systems are presented and described in detail, particularly
with regard to their method of application.

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE
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Item 198

Patent Number: US 5656687 A 19970812

USE OF MALEATED STYRENE-ETHYLENE-
BUTYLENE-STYRENE TRIBLOCK POLYMER
FOR IMPROVED ADHESION

Segatta T J

Goodyear Tire & Rubber Co.

There is disclosed a method for adhering rubber to
reinforcing materials which comprises embedding a

textilefibre or metal reinforcing material in avulcanisable
rubber composition comprising rubber, a vulcanising
agent, reinforcement, a methylene donor, a methylene
acceptor and a maleic anhydride functionalised triblock
copolymer having polystyrene endblocks and poly-
(ethylene/butylene) midblocks.

USA
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Item 199

Tire Technology | nternational

1998, p.63-6

RESORCINOL RESINSFOR WIRE BONDING
Peterson A

INDSPEC Chemical Corp.

Dry bonding systems for steel and synthetic fabric
reinforcements are formulated with resorcinol and
resorcinol novolak resins which have been formulated
with minimum levels of free resorcinol to help eliminate
fuming associated with resorcinol. Steel radial passenger
and truck tyre performance dependsin part on the strength
and durability of the cord to rubber bonds that comprise
these products. This comprehensive article supplies a
detailed anaysis of optimisation and adhesion mechanism
studieswith brass plated steel cord showing the beneficial
effects of precondensed resorcinol novolak resin bonding
systems mixed directly into the ply compoundswhich help
to ensure satisfactory adhesion performance. 10 refs.
USA

Accession no.685061

Item 200

153rd ACS Rubber Division Meeting - Spring 1998.
Conference preprints.

Indianapolis, In., 5th-8th May,1998. Paper 70. 012
ADHESION OF EPDM AND FLUOROCARBON
ELASTOMERSTO METALSBY USING WATER
SOLUBLE POLYMERS

Van der Aar C P J; Van der DoesL; BantjesA; Martin J,
Roseboom F

Twente,University; Vernay Laboratories Inc.; Vernay
Europa BV

(ACS,Rubber Div.)

New aqueous bonding systems are described for the
adhesion of EPDM and fluorocarbon elastomers to a
variety of metals. The water-soluble polymeric coupling
agents are obtained by chemical modification of
polyacrylic acid and polyvinylamine. These polymeric
coupling agents can form either physical, covalent or
ionic bonds across the polymer metal interface. During
moulding, co-vulcanisation with the rubber occurs and
a thermally stable and chemically resistant layer with
high cohesive strength is formed. In case of polyacrylic
acid, hydroxamic acid moieties are introduced to
increase the metal affinity and unsaturated moieties for
co-vulcanisation are obtained by reacting the carboxylic
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acid moieties with alyl glycidylether. The amine groups
of polyvinylamine are partially converted to iminodiacetic
groups for improved metal affinity and also reacted with
allylglycidylether to obtain the desired unsaturation. By
using these water-soluble polymeric coupling agents, the
formed bonds of EPDM and fluorocarbon elastomers to
a variety of metals can successfully withstand specific
autoclave tests and fuel ageing. 27 refs.

EUROPEAN COMMUNITY; EUROPEAN UNION;
NETHERLANDS; USA; WESTERN EUROPE
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Item 201

153rd ACS Rubber Division Meeting - Spring 1998.
Conference preprints.

Indianapoalis, In., 5th-8th May,1998. Paper 5. 012
TECHNIQUES FOR BONDING RUBBER TO
METAL USING METALLIC COAGENTS
Costin R; Nagel W

Sartomer Co.Inc.

(ACS,Rubber Div.)

Metallic coagents are effective crosslinkers for both
saturated and unsaturated elastomers and can be used
over a wide concentration range to tailor mechanical
properties for avariety of applications. It was found that,
in addition to improving the mechanical properties of
rubber, they also increase the adhesion of rubber to metal
substrates and synthetic fibres during vulcanisation. The
metallic coagents discussed are zinc diacrylate and zinc
dimethacrylate, which are commercially available under
the tradenames of Saret 633 and Saret 634, respectively.
2 refs.

USA

Accession no.683225

Item 202

Rubber Chemistry and Technology

70, No.4, Sept./Oct.1997, p.541-8

EFFECT OF VARIOUS BONDING AGENTSON
THE SULFIDATION OF BRASS-PLATED STEEL
CORDSIMMERSED IN SQUALENE MIXTURES
Hamed G R; Paul R

Akron,University

Brass-plated steel cordswereimmersed at elevated temps.
in various sgualene mixtures containing sulphur curing
agents and commercially-available bonding agents.
Squalene is a low molec.wt. analogue of NR. Copper
sulphide growth was characterised by SEM and energy-
dispersive X-ray analysis. The bonding agents caused
early sulphide growth, even prior to ‘ scorch’, but mitigated
sul phide overgrowth upon humid ageing. Both effectswere
expected to improve joint durability. 22 refs. (Fall ACS
Rubber Division Mesting, Louisville, Oct.1996)

USA

Accession no.679124

Item 203

Rubber and Plastics News

27, No.16, 9th March 1998, p.12-7
EVALUATION OF RUBBER-TO-METAL
BONDING

Del Vecchio R J; Halladay JR

Technical Consulting Services, Lord Corp.

Thisarticle describes designed experimentsthat were used
to evaluate combinations of compound type and quality
bonding adhesives, and ASTM bond test methods, to
determinewhat effectsthese variables have on the strength
of therubber-to-metal bond, and how it failsunder tension.
Dataon failureloads, type of failure, and percent-retained
elastomer on the surface, are used to compare and contrast
how bonds can be characterised and eval uated. Resultsare
presented and discussed, and conclusions drawn. 9 refs.
USA

Accession no.677360

Item 204

Professional Engineering

11, No.4, 25th Feb.1998, p.44
RUBBER-TO-METAL BONDING REVISITED

An accelerated test method should lead to improved
bond strengths between rubber and metal components.
Current methods for accelerating bond failure expose
the bond to wet conditions at high temperatures, because
failure had been assumed to be the result of a chemical
reaction accelerated by heat. Thisis now known to be an
oversimplification and the high temperature can, in some
cases, reduce the bond failure rate. Other acceleration
factors have been discovered to be more significant in
bond failure than temperature. These include mechanical
strain, salinity, oxygen content and pH. A MERL study
included arange of different adhesive systemsusing NR,
polychloroprene, nitrile rubber and hydrogenated nitrile
rubber. Results compare well with 14-year exposure tests
under non-accelerated conditions. The test method will
affect thedesign of antivibration mounts, bridge bearings,
seismic mountsfor buildings, offshore platformsand other
flexelements. The next phase of the project will look at
the effect of manufacturing variables on bond strength.
This abstract includes al the information contained in
the original article.

MATERIALS ENGINEERING RESEARCH

LABORATORY LTD.
EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE

Accession n0.676174

Item 205

Rubber World

217, No.2, Nov.1997, p.44
ADHESION RESIN SYSTEM

It is briefly reported that Cytec Industries has introduced
a one-component, lower-cost, environmentally-safe
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adhesion resin system for bonding brass-plated steel cords
to tyres. The company will produce liquid and powder
forms of the products, Cyrez CRA 138 and Cyrez CRA
132. The structure of the new resinin the melamine family
contains self-condensing sites which enable crosslinking
without the use of an acceptor.

CYTEC INDUSTRIES INC.
USA

Accession no.664895

Item 206

Kautchuk und Gummi Kunststoffe

50, No.11, Nov.1997, p.778/85

IMPROVED TYRE SAFETY AND LIFEBY A
NEW WIRE/RUBBER ADHESION SYSTEM
OrjelaG; Harris S J; Vincent M; Tommasini F

In the dual layer coating, NiZn which is difficult to draw,
tends to flow into the ZnCo inner layer coating or wear
off during the drawing process. Ni does not participate
in the wire/rubber adhesion bond contrary to the state-
of-the-art and therefore is not necessary for wire/rubber
adhesion. A single layer of ZnCo is sufficient in which
Co is concentrated at the Fe interface and imparts better
corrosion performance. Drawability of the ZnCo can be
obtained by reducing the thermal treatment of the wire
during drawing by using aplating morphology with mixed
crystal orientation, avoiding W-carbide dies in the last
drawing process (and elimination welding), and using
thermally stable lubricants. Prototype passenger tyreswith
the new adhesion system aretested in thelaboratory and in
field tests up to 110,000 km, showing superior corrosion
resistance. 9 refs.

EUROPEAN COMMUNITY; EUROPEAN UNION; FRANCE;
ITALY; UK; WESTERN EUROPE

Accession no.662341

Item 207

Luntai Gongye

17, No.11, 1997, p.662-4

Chinese

INFLUENTIAL FACTORSON ADHESION
BETWEEN RUBBER AND BRASS-PLATED
STEEL CORD

Lingjun C

Dongfeng Gold Lion Tire Corp.

The influence of sulphur, zinc oxide, accelerator, carbon
black and processing on the adhesion between rubber and
brass-plated steel cord is investigated by the orthogonal
design method and the comparative test. The results show
that the sulphur type has little influence on the adhesion;
the adhesion improvesasthelevel of zinc oxideincreases;
the adhesion with 1.0 phr of CZ is greater than that with
1.3 phr of DZ; the adhesion increases with high structure
carbon black; the mixing method and the curing time have
significant influence on the adhesion.

CHINA

Accession n0.661782

Item 208

Adhesives Age

40, No.11, Oct.1997, p.36-8

SEM AND XPSTESTING AND ANALYSISOF
RUBBER-TO-METAL BONDED PARTS
Jacks J

Acadia Polymers

This article examines the analysis of failure of bonding
rubber to metal, looking in particular at scanning electron
microscopy (SEM) testing, and X-ray photo-electron
spectroscopy (XPS) testing. A case study example is
discussed, and conclusions are drawn.

USA

Accession no.661039

Item 209

IRC ‘97. Conference proceedings.

Kuala Lumpur, 6th-9th Oct.1997, p.1037-40. 012
DIRECT ADHESION BETWEEN RUBBERS
NICKEL PLATINGSAND NICKEL PLATINGS
DURING CURING USING TRIAZINE THIOLS
SYSTEM

HiraharaH; Mori K; Oshi Y; Sasaki Y; Omura S
Iwate,University; Toa Denka Co.Ltd.

(Rubber Research Institute of Malaysia)

Direct adhesion between nickel platings and rubbers is
successful using 1,3,5-triazine-2,4,6-trithiol sodium salt
(TTN). Peel strength in the adherends is influenced by
amount of TTN. The decrease in pedl strength after post
cureisattributed to decrease of interfacial bonds between
nickel and rubbersin the adherends. From Kraus plotsin
the nickel powder-rubbers composites containing TTN,
first order bonds are confirmed to form in the interface
between the nickels and rubbers. The concentration of
sulphur of TTN at nickel plating-rubbers adherends
interface are observed to increase from XMA and XPS
analysis. The above results suggest that TTN works as a
binder which bonds between nickel platings and rubbers.
Nickel plating-rubbers adherends possess excellent ail,
water and heat resistance. 3 refs.

JAPAN

Accession no0.658849

Item 210

IRC ‘97. Conference proceedings.

Kuala Lumpur, 6th-9th Oct.1997, p.632-3. 012
ELECTRON SPIN ECHO STUDY OF THIOKOL
RUBBER TO COPPER ALLOY BONDING
Nefed'ev E S; MirakovaT Y; Kadirov M K; Petrov O V;
Orlinskii S B; Rakhmatullin R M; Aupov M |
Kazan,State Technological University; JSC

(Rubber Research Institute of Malaysia)

It haslong been established that brass-plated metal surfaces
have apromoted adhesionto NR. It isbelieved that the high
adhesion strength between rubber and brassis caused by
apresence of copper sulphide film formed during sul phur
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vulcanisation. In the case of polysulphide-based sealants,
the formation of copper sulphide is accompanied by that
of (CuS4)2+ paramagnetic complexes, the concentration
of which is found to correlate inversely with adhesion
strength. An attempt is made to determine a structure
of sulphur-contained ligands as well as dynamics of the
complex by the ESE method. 3 refs.

RUSSIA

Accession no.658345

Item 211

IRC ‘97. Conference proceedings.

Kuala Lumpur, 6th-9th Oct.1997, p.477-83. 012
DEVELOPMENT AND TESTING OF ENGINE
DIPSTICK FOR NATIONAL CAR INDUSTRY
Lye C B; Siew Chet P, TanE

Rubber Research Institute of Malaysia; Malaysia Auto
Products Sdn.Bhd.

(Rubber Research Institute of Malaysia)

A Malaysian entrepreneur, with the assistance of the
Rubber Research Ingtitute of Malaysia, has developed a
moulding technology using apolyacrylate rubber suitable
for the production of the car engine dipstick. To ensure
durability and adhesion of the rubber to metal, a novel
method of testing is developed. This method is able to
distinguish various failure modes of the metal-to-rubber
bonding. It can be used asa screening tool to differentiate
bond strength, bonding material or even rubber grades.
Over 800,000 unitsare produced with lessthan five defects
or rejects. 6 refs.

MALAYSIA

Accession no.658327

Item 212

152nd ACS Rubber Division Meeting, Fall 1997.
Conference Preprints.

Cleveland, Oh., 21st-24th Oct.1997, Paper 49, pp.19.
012

ADHESION OF NATURAL RUBBER TO
STEEL SUBSTRATES: THE USE OF PLASMA
POLYMERIZED PRIMERS

BoerioF J; Tsai Y M; KimD K
Cincinnati,University; Goodyear Tire & Rubber Co.
(ACS,Rubber Div.)

A study was made of the mechanisms responsible for
adhesion at the interface between NR and a plasma
polymerised polyacetylene primer deposited on a steel
substrate. Interactions between NR and the primer were
simulated using model systems containing squalene
or squalane, carbon black, sulphur, stearic acid, N,N-
dicyclohexyl benzothiazole sulphenamide, cobalt
naphthenate and diaryl-p-phenylenediamine. The
primer films were analysed before and after reaction
with the model systems using reflection-absorption and
transmission | R spectroscopy. There was little reaction of
the squalane based system with the primers, but extensive

reaction was observed for the squalene based systems. It
was concluded that an intermediate formed in thereaction
was responsible for crosslinking between squalene and
the primer in the model system, and for adhesion at the
NR/primer interface in an actual bond. 12 refs.

USA

Accession no.658303

Item 213

152nd ACS Rubber Division Meeting, Fall 1997.
Conference Preprints.

Cleveland, Oh., 21st-24th Oct.1997, Paper 25, pp.31.
012

RUBBER-METAL BONDING STUDIESUSING
DESIGNED EXPERIMENTS

Del Vecchio R J; Halladay JR

Technical Consulting Services; Lord Corp.
(ACS,Rubber Div.)

Designed experiments were used to eval uate the effects of
multiple combinations of compound type (NR or SBR),
compound quality, bonding adhesive (solvent-based or
aqueous) and ASTM bond test methods on the strength
of rubber-to-metal bonds and their failure under tension.
Data on failure loads, type of failure and percent retained
elastomer on the surface were used to compare and
contrast how bonds could be characterised and eval uated.
Conclusions were drawn concerning the meaning of data
from different test methods and the validity of the common
assumption that failure modeisthe single most significant
criterion of bond quality. 8 refs.

USA

Accession no.658279

Item 214

152nd ACS Rubber Division Meeting, Fall 1997.
Conference Preprints.

Cleveland, Oh., 21st-24th Oct.1997, Paper 24, pp.15.
012

DOUBLE-PEEL RUBBER/METAL ADHESION
TEST: ANOVEL MEANS OF MEASURING
RELIABLE PEEL ENERGY LEVELS
CampionR P

Materials Engineering Research Laboratory Ltd.
(ACS,Rubber Div.)

A double-peel arrangement was developed for peel
adhesion testing of rubber-to-metal bonded specimens.
Therotary test, which allowed afull sweep of anglesfrom
35 to 155 degrees in one test, was applied to NR/steel
specimens. It was found that peel force was insensitive
to peel angle between approximately 45 and 85 degrees.
With unreinforced test specimens the contributions from
unwanted modes were minimised in this range, and good
interfacial failure surfaces were observed. Increased
forces associated with fabric-backed specimens led to
considerable tearing, making such specimens unsuitable
for thistype of rotary peel testing. Unreinforced specimens

© Copyright 2005 Rapra Technology Limited

97



References and Abstracts

inwhich onerubber layer was prevented from debonding,
thereby concentrating the rotation (up to 90 degrees only)
onto the other layer, led to complete interfacial failure
across the entire metal length. 7 refs.

MERL LTD.

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; USA;
WESTERN EUROPE

Accession no.658278

Item 215

152nd ACS Rubber Division Meeting, Fall 1997.
Conference Preprints.

Cleveland, Oh., 21st-24th Oct.1997, Paper 23, pp.20.
012

APPLICATION CHARACTERISTICSOF
AQUEOUSADHESIVES

Rearick B A

Lord Corp.

(ACS,Rubber Div.)

A survey ismade of handling procedures and spraying and
dipping techniques applicable to agueous adhesives used
in rubber-to-metal bonding. Methods used in the surface
preparation of metals for bonding are also examined. 3
refs.
USA

Accession no.658277

Item 216

152nd ACS Rubber Division Mesting, Fall 1997.
Conference Preprints.

Cleveland, Oh., 21st-24th Oct.1997, Paper 22, pp.23.
012

ENGINEERING FOR ADHESION: KINETICSOF
THE DURABLE BOND

Hofmann N L

Morton International Inc.

(ACS,Rubber Div.)

A model of the processes leading to the achievement of
the durable bond at the rubber-metal interface during the
moulding of rubber-to-metal bonded articleswasdevel oped
on the basis of experiments with a low sulphur content
NR compound. The bonding process was correlated with
rubber cure at the interface. During immersion testing in
hot glycol at 130C, there existed a post curing process
which inmany caseswould eventually halt the debonding
process. Themodel could be extended to the more general
and moreredlistic non-isothermal caseto treat the general
moulding situation. By coupling analysis of the heating of
the bonding surfacewith kinetic knowledge of theadhesive
reactions, the moulding process could be designed to
obtain the desired level of adhesion. 4 refs.

USA

Accession no.658276

Item 217

152nd ACS Rubber Division Meeting, Fall 1997.
Conference Preprints.

Cleveland, Oh., 21st-24th Oct.1997, Paper 21, pp.33. 012
WIRE ADHESION: A REVIEW OF PRESENT DAY
TECHNOLOGY ANDALOOK TO THE FUTURE
Hoff CM

Cytec Industries Inc.

(ACS,Rubber Div.)

One-component melamine resins capable of forming
a network without the need for a co-reactant such as
resorcinol were evaluated as adhesion promoters in the
bonding of rubbers to steel cords, and their performance
was compared to that of some classical two-component
methylene donor-methylene acceptor systems. The one-
component systems gave good original and aged adhesion,
equivalent tensile and dynamic mechanical propertiesand
superior cut growth resistance. 8 refs.

USA

Accession no.658275

Item 218

Rubber Technology | nternational

1997, p.100-4

AQUEOUSCHEMICAL PRETREATMENTSFOR
RUBBER-TO-METAL BONDING

Zellner A

Chemetall GmbH

The purpose of substrate preparation is to provide and
maintain a clean, stable substrate bonding surface prior
to the application of the bonding agent systems and to
remove oil and grease that could prevent the bonding
agent from properly wetting the substrate surface. In
addition, contamination such as oxidative rust, which
may fracture and cause bond delamination during the
in-service application of the bonded component, has to
be removed and re-oxidation or recontamination of the
freshly prepared substrate bonding surface has to be
prevented. Steel isthe most commonly used substrate for
rubber-to-metal bonding. Substrate preparation methods
can either be mechanical, chemical or a combination of
both. The choice is influenced by considering a number
of factors including substrate composition, size, number
and shape of components and the in-service application
of the bonded component. The resistance of the bonded
component to adverse environments and to under-bond
corrosion can be affected by the substrate pretreatment
process used. Steel substrates that have been phosphated
before bonding agent application, using recommended
pretreatment methods, give bonded components which
areresistant to severein-service environmental conditions.
The various agueous chemical pretreatments used for the
preparation of substrates prior to the application of the
bonding agent are described.

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE

Accession no0.657649
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Item 219

Patent Number: EP 798344 A2 19971001
FLUOROSILICONE RUBBER COMPOSITION
AND METHOD OFADHERING ITTOA
SUBSTRATE

IrieM

Dow Corning Toray Silicone Co.Ltd.

This composition, which has excellent curability and
adhesion to various substrates when combined with a
specific primer, comprises a specific polyorganosiloxane,
a silica filler, a polyorganohydrogensiloxane and an
organic peroxide. It isadhered to aprimed substrate, such
asmetal.

JAPAN

Accession no.656403

Item 220

Composite I nterfaces

5, No.1, 1997, p.31-40

EFFECT OF ADHESION PROMOTER LAYER
THICKNESS ON THE ADHESION STRENGTH
BETWEEN SILICONE RUBBER AND
ALUMINIUM

Banhegyi G; Ducso C; Lohner T

Furukawa Electric Institute of Technology;
Budapest,Research Institute for Materials Science

The effect of adhesion promoter layer thickness on the
peel strength was investigated on aluminium/adhesion
promoter/silicone rubber samples. The thickness of
the primer layer was determined by ellipsometry and
mechanical step-height measurement on reference silicon-
wafers. 14 refs.

EASTERN EUROPE; HUNGARY

Accession no0.655723

Item 221

Progressin Organic Coatings

30, No.4, April 1997, p.247-53

INTERFACIAL CHEMISTRY OF HUMIDITY-
INDUCED ADHESION LOSS OF CHLORINATED
RUBBER ON RUSTED STEEL SUBSTRATES
Feliu S; Fierro JL G; Maffiotte C

csic

The effect of the exposure to humidity of a chlorinated
rubber coating applied to pre-rusted mild steel was
investigated. Interfacial and adhesion properties are
discussed using X-ray photoelectron spectroscopy. 9
refs.

EUROPEAN COMMUNITY; EUROPEAN UNION; SPAIN;
WESTERN EUROPE

Accession no0.649512

Item 222

Patent Number: US 5589532 A 19961231
SOLVENTLESSBUTADIENE-VINYLIDENE
CHLORIDE ADHESIVES CONTAINING
MACROMONOMERSFOR THE BONDING OF
RUBBER TO METAL

Hargis| G; Kovalchin JP; Sharma S C; Weinert R J;
Wison JA

GenCorp Inc.

These water-based adhesives are made from a latex,
which includes at least one conjugated diene and a
macromonomer containing at least two ethylene oxide
repeat units. The bonded materials may be used as
vibration damping devices.

USA

Accession no.647509

Item 223

Journal of Adhesion

63, Nos 1-3, 1997, p.199-214

INVESTIGATION OF POLYIMIDESILOXANES
FOR USE ASADHESIVESBY ELECTRON
SPECTROSCOPY FOR CHEMICAL ANALYSIS
Zhuang H; GardellaJA; Incavo JA; Rojstaczer S;
Rosenfeld JC

New York,State University; Occidental Chemical Corp.

Angle-dependent ESCA was used to examinetheair facing
surface composition of polyimidesiloxaneswith different
processing variations and of varying PDM S content and
block length. The interaction mechanism and the failure
mechanisminvolved in bonding PDM S and metal substrate
were also determined based on ESCA results. 24 refs.
USA

Accession no0.647104

Item 224

Advanced Materials and Processes

152, No.1, July 1997, p.14

ADHESIVE SECURES SHOCK-ASSEMBLY
MOUNTING

A rubber-toughened ethyl cyanoacrylate structural adhesive
is used to attach a butyl-type rubber washer to a steel nut
in an automotive shock absorber mounting assembly. ND
Industries’ 342400 Instant Superglue has good peel and
shock resistance, and provides a more flexible bond than
that of therigid, glass-like bond of standard superglues. It
also accommodates the inconsistencies of varying rubber
cures, andisnot affected by the presence of mould release
agents characteristic of moulded butyl rubber parts. This
abstract includes all the information contained in the
original article.

ND INDUSTRIES INC.
USA

Accession no.645235
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Item 225

Advanced Materials and Processes
151, No.6, June 1997, p.47-8
TESTING BONDED PARTS
Jacks J

Acadia PolymersInc.

Therobust nature of rubber-to-metal bonded partsqualifies
them for applications in critical systems operating in
hostile environments. Although it is imperative to
determine the root cause of failure if a part becomes
disbandedin critical applications, the multiple constituents
of rubber compounds make analysisdifficult by traditional
methods. Furthermore, when parts fail at the adhesive
bond interface, analysis of the system often becomeseven
more complex. It is described how X-ray photoelectron
spectroscopy and scanning electron microscopy can be
used in such a situation to deduce that the most likely
cause of abond failure was premature crosslinking of the
adhesive.

USA

Accession no.642046

Item 226

China Synthetic Rubber I ndustry

20, No.3, 1997, p.181-5

Chinese

ONE-COAT ADHESIVES FOR BONDING
RUBBER-TO-METAL THROUGH
VULCANISATION

Ding Lipeng; Ma Xingfa; Wang Zhongping;
Wu Chongguang

Shandong,Non-Metallic Materials Institute

The composition, formulation, preparation and application
of one-coat adhesivesfor bonding rubber to metal through
vulcanisation are reviewed. The types and function of
components in the adhesives, including film-forming
agents, adhesion synergists, adhesion promoters, coupling
and curing agents, fillers and solvents, are discussed. 29
refs.

CHINA

Accession n0.636610

Item 227

Rubber World

215, No.6, March 1997, p.62
STRUCTURAL ADHESIVE

ND Industries was asked to solve a problem with a
special automotive shock absorber mounting assembly
that required the secure attachment of a butyl type rubber
washer to a steel nut assembly that had been plated. The
company selected its 2434000 | nstant Superglue, an ethyl
cyanoacrylate with higher peel and shock resistance than
other grades. The material is typically hand applied, but
the company is offering a high production application

system to apply and dispense the structural adhesive and
attach the components.

ND INDUSTRIES INC.
USA

Accession no.636328

Item 228

European Rubber Journal

179, No.4, April 1997, p.30-1

BONDING PROBLEMSBEING SOLVED
White L

Water-based rubber-to-metal bonding systems are
beginning to take over, but detail ed attention to procedures
isessential, wasthe message at arecent seminar on rubber-
to-metal bonding organised by Rapra Technology. The
advantages and disadvantages of water-based systems
were examined. Other topics discussed included solvent
emission regulations, metal surface preparation, changes
inenvironmental test specifications, accelerated durability
testing and degreasing.

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE

Accession no.631580

Item 229

Patent Number: US 5536774 A 19960716

USE OF MALEATED STYRENE-ETHYLENE-
BUTYLENE-STYRENE TRIBLOCK POLYMER
FOR IMPROVED ADHESION

Segatta T J

Goodyear Tire & Rubber Co.

Rubber isadhered to reinforcing materialsby embedding a
textilefibre or metal reinforcing material inavulcanisable
rubber composition comprising rubber, a vulcanising
agent, reinforcement, a methylene donor, a methylene
acceptor and a maleic anhydride functionalised triblock
copolymer having PS endblocks and poly-(ethylene/
butylene) midblocks.

USA

Accession no.630899

Item 230

I nternational Polymer Science and Technology
23, No.11, 1996, p.T/78-83

MELAMINE IN THE RUBBER INDUSTRY
Afanasev SV

A survey ismade of applications of melamine derivatives
in the rubber industry, with particular reference to their
uses as adhesion promoters, accelerators and scorch
retarders. 43 refs. (Trandation of Kauchuk i Rezina, No.4,
1996, p.45).
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Item 231

Journal of Adhesion

61, Nos.1-4, 1997, p.247-70

ADHESION OF NATURAL RUBBER
COMPOUNDSTO PLASMA-POLYMERISED
ACETYLENE FILMS

Tsal Y M; Boerio F J; KimD K
Cincinnati,University; Goodyear Tire & Rubber Co.

The properties of plasma-polymerised acetylene films as
primersfor rubber-to-metal bondingisdescribed. Miniature
lap joints were prepared using rubber as an ‘adhesive' to
bond together pairsof steel adherends primed with plasma
polymerised films. The initial strength of the lap joints
was determined as a function of the carrier gas used in
thefilm deposition and the substrate surface pretreatment.
The results were compared with those obtained from
similar joints prepared from brass substrates. Preliminary
durability test results are also reported. 16 refs.

USA

Accession no.629105

Item 232

Journal of Adhesion

60, Nos.1-4, 1997, p.71-93

INFLUENCE OF THE CATION IN
ORGANOMETALLIC BOROACYLATE
ADHESION PROMOTERSON THE ADHESION
BETWEEN STEEL CORD AND SKIM RUBBER
COMPOUND

ChandraA K; Mukhopadhyay R; Bhowmick A K
J.K.Industries Ltd.; Indian Institute of Technology

Theeffect of transition metal cations (Co, Ni and Znions)
associated with organometallic boroacylate adhesion
promoters on the adhesion between brass-coated steel
cord and rubber skim compound under the influence
of various environments, which simulated tyre service
conditions, was studied. Incorporation of adhesion
promotersindividually inthe steel cord-skim formulation
ledtoincreasesin crosslink density, Young's modulusand
cord pull-out force. The adhesion energy was enhanced
significantly with the addition of Co adhesion promoter.
The performance of the promoter was influenced by
the ease of dissociation of the transition metal ion from
the promoter, its participation in the rubber curing and
the modification of the interfacia film responsible for
adhesion. During aerobic ageing, Co followed by Ni was
found to be effective, whereas Co and, particularly, Zn
salts provided resistance to thermal ageing. Against salt
and steam ageing, cobalt boroacylate was very effective,
followed by Zn salts. 32 refs.

INDIA
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Item 233

Patent Number: US 5520768 A 19960528
METHOD OF SURFACE PREPARATION OF
ALUMINIUM SUBSTRATES

Crook R A; Poulter L W; SchulteK J; Sinclair JW
Thiokol Corp.

The process, which improves bond strength, fracture
toughness, durability and failure mode of adhesive bonds
and decreases the sensitivity of aluminium or aluminium
alloy substratesto processing variables, such as humidity,
temperature and hence processing timelines, involves
treating the aluminium surface with a solution of an
alkali metal metasilicate followed by a solution of an
organofunctional silane.

USA

Accession no.622883

Item 234

Leicester, 1989, p.5. 30cms. 14/6/96
CYANOACRYLATE ADHESIVES
Bostik Ltd.

Information Sheet No.B586/4

Details are given of Bostik’s range of cyanoacrylate
adhesives. These are single part, fast curing adhesives
which bond in secondswithout the need for heat or catalysts
and which are capabl e of joining metals, rubber, ceramics
and most plastics to themselves or each other, giving a
high tensile strength bond. Five viscosities are available,
each designed for a particular application requirement.
Grade 7431 isavery low viscosity formulation designed
to penetrate hair line cracks while grade 7432 is a low
viscosity, general purpose adhesive with good wettability.
Grade 7433 is of medium viscosity and is intended for
use on vertical surfaces requiring very small amounts of
adhesive. The higher viscosity grades, 7434 and 7435, are
for bead application.

EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE
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Item 235

Rubber India

48, No0.8, Aug.1996, p.45-53
RUBBER-TO-METAL BONDING AGENTS
Milczarek R; Zellner A

Oakite Products Inc.; Chemetall GmbH

Thisarticleformsthe second of atwo-part seriesdiscussing
rubber-to-metal bonding agents. Thisinstalment looks at:
solvent emissions, methods to reduce emissions, exhaust
air cleaning, water-based bonding agents, requirements of
water-based agents, primer, cover cements, and one-coat
bonding agents. A summary is also included.
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Item 236

Patent Number: US 5503698 A 19960402
BONDING METHOD EMPLOYING
ORGANOMETALLIC INTERCONNECTORS
Goldberg M J; Ito H; Kovac CA; Padlmer M J;
Pollak R A; Poore PA

International Business Machines Corp.

A chemical solder is described that includes an
organometallic complex or compound which thermally
degrades within a predetermined temperature range to a
metal and volatile compounds. The solder also includes
a polymeric matrix that decomposes within the same
temperature range to volatile fractions, thereby leaving
only the metal. A method for bonding first and second
bodies is disclosed wherein the above chemical solder
is disposed between these bodies and heat is applied to
elevate the solder to the predetermined temperature range
to thermally degrade the organometallic compound and to
decompose the polymeric matrix. The remaining metal
bonds the first and second bodies.

USA

Accession no.611917

Item 237

150th ACS Rubber Division Meeting. Fall 1996.
Conference Preprints.

Louisville, Ky., 8th-11th Oct.1996, Paper 87, pp.31. 012
EFFECT OF VARIOUS BONDING AGENTS
ON THE SULPHIDATION OF BRASSPLATED
STEEL CORDSIMMERSED IN SQUALENE
MIXTURES

Hamed G R; Paul R

Akron,University,I nstitute of Polym.Science
(ACS,Rubber Div.)

The effect of various commercially established bonding
agents on brass-sgualene sulphidation was investigated.
Brass plated steel cords were immersed in mixtures of
squalene, a low molecular weight analogue of NR, with
curing and bonding agents. Copper sulphide growth was
characterised by SEM, optical microscopy and energy
dispersive X-ray anaysis. Mixtures containing bonding
agents caused rapid initial formation of a high surface
area copper sulphide prior to scorch, giving enhanced
interaction between sulphide and rubber, and slow
continued sulphide growth on ageing. 21 refs.

USA
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Item 238

150th ACS Rubber Division Meeting. Fall 1996.
Conference Preprints.

Louisville, Ky., 8th-11th Oct.1996, Paper 86, pp.16. 012
ENGINEERING FOR ADHESION: STRENGTH
AND DURABILITY OF RUBBER-METAL BONDS
Hofmann N L

Morton International Inc.

(ACS,Rubber Div.)

NR/polybutadi ene compounds of low, medium and normal
sulphur content were bonded to steel using four adhesive
formulations, of unidentified composition, oneof whichwas
atraditional formulation while the others were devel oped
for improved heat and fluid resistance. The pedl strength
of the bonds was measured, and effects of hot water and
glycol immersion on bond durability were examined. The
durability of the rubber-metal bondswas highly dependent
on the adhesiveinterface temperature during the moulding
process. The data suggested the existence of morethan one
bonding reaction and mechanism.

USA

Accession no.611841

Item 239

150th ACS Rubber Division Meeting. Fall 1996.
Conference Preprints.

Louisville, Ky., 8th-11th Oct.1996, Paper 85, pp.16. 012
AQUEOUSADHESIVESASANALTERNATIVE
TO CONVENTIONAL RUBBER-TO-METAL
ADHESIVES

Dehnicke S

Chemetall GmbH

(ACS,Rubber Div.)

Applications of Megum aqueous adhesives and primers
(Chemetall) in rubber-to-metal bonding are described,
with particular referenceto the manufacture of automotive
components such asvibration dampers, gasketsand metal -
reinforced profiles.
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Item 240

150th ACS Rubber Division Meeting. Fall 1996.
Conference Preprints.

Louisville, Ky., 8th-11th Oct.1996, Paper 83, pp.45. 012
NEW AQUEOUS TOPCOAT FOR BONDING
RUBBER TO METAL

Plasczynski T; Warren P

Lord Corp.

(ACS,Rubber Div.)

Chemlok 8210 agueous adhesive (Lord Corp.) combined
with a number of Chemlok agueous primers was used
to bond NR, SBR, polychloroprene and nitrile rubber to
grit blasted and zinc phosphate treated steel. Adhesion
was measured after pre-baking and exposure to various
aggressive environments. The results demonstrated that
the aqueous adhesive system provided levels of adhesion
and environmental resistance equivalent to or better than
those obtained using solvent-borne adhesives. 2 refs.
USA
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Item 241

Rubber World

214, No.6, Sept.1996, p.53
ADHESION PROMOTERS

Proprietary metal organic adhesion promoters have both
primary and secondary amine functionality, it is briefly
reported. B-516.5 is recommended for use in EPDM,
urethanes, SBR and NR. Both B-516.5 and B-516.5W
from Chartwell International are said to have excellent
compatibility when added to most latex and other water-
borne polymers directly.

CHARTWELL INTERNATIONAL INC.
USA

Accession no.610572

Item 242

Patent Number: WO 9520061 A1 19950727

German

PROCESSFOR THE JOINT PRETREATMENT
OF STEEL, GALVANISED STEEL, MAGNESIUM
AND ALUMINIUM BEFORE THEIR BONDING
TO RUBBER

Beiersdorf W-D; Gruber W; Scheer H; Foll J; Gies B;
Kuhm P; Schuller F-J

Henkel KGAA

A process for producing a rubber-metal bond on steel,
galvanised steel, aluminium and/or magnesium is
disclosed, in which the metal components are pretreated
with agueous acid solution containing at least 4-20 g/
phosphateions, 0.1-1 ¢/l fluoride and 0.04-1 ¢/l nitrateions
and preferably asfurther components 0.05-5 g/l molybdate
ions and 0.5-2 g/l non-ionic tensides.

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE
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Item 243

Patent Number: US 5478654 A 19951226
SOLVENTLESS CARBOXYLATED BUTADIENE-
VINYLIDENE CHLORIDE ADHESIVESFOR
BONDING RUBBER TO METAL

Hargis| G; MirandaR A; Wilson JA

Gencorp Inc.

An adhesive composition using as the primary binder
an emulsion of butadiene-vinylene chloride copolymer
is disclosed. The composition is particularly suited for
binding rubber to metal in a variety of uses such as
vibration damping devices. The adhesive composition has
resistance to hot water and/or water glycol solutions.
USA
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Item 244
Journal of Adhesion Science and Technology
10, No.7, 1996, p.593-616

FRACTURE MECHANICSSTUDY OF NATURAL
RUBBER-TO-METAL BOND FAILURE

Muhr A H; ThomasA G; Varkey JK

Malaysian Rubber Producers' Research Assn.;
London,University,Queen Mary & Westfield College;
Rubber Research Ingtitute of India

Bond strength test methods that were amenable to a
fracture mechanics interpretation (peel, rod pull-out and
simple shear) wereinvestigated experimentally. Equations
for calculating fracture energies from these test pieces
were presented. For strong bonds, the calculated fracture
energies were not independent of the test geometry. This
was attributed to different morphologies of the failure
surfaces, the fracture energy decreasing with increasing
sharpness of the effective crack tip. Fracture surfaces
observed for peel at low angles and for simple shear were
taken to correspond to sharp crack tips, in contrast to the
rough fracture surfaces formed in the rubber for the other
test geometries. Application of fracture mechanicsto the
simple shear test piecewas complicated by theneed ideally
to use the retraction energy in the calculations and by the
observation that failure did not initiate from artificially
introduced cuts placed where initiation was expected to
occur. 11 refs.
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Item 245

Materials World

4, No.7, July 1996, p.382-4

RUBBER TO METAL BONDS:. DURABILITY AND
FAILURE

Lake G

Malaysian Rubber Producers’ Research Assn.

Vulcanised rubber isbonded to metal in many applications.
Thismay befor fixing purposesor to increase stiffness. An
increase in overall strength or fatigue resistance may aso
result. For most applications, though not all, the integrity
of the bond is essential for maintenance of adequate life.
Perhaps the earliest method developed for bonding was
through theintroduction of aninterlayer of ebonite (highly
crosslinked, hard rubber) between the bulk rubber and the
metal. Brass (asacoating on steel) hasal so been employed
for many years. Both methods are still in use today, for
example for tank or pipe linings in the former case and
steel tyre cord in the latter. Epoxy or other conventional
adhesives are also sometimes used. However, for many
engineering applications, bonding is now achieved by
means of specia bonding agents which can be painted or
sprayed on to the metal. Hitherto these have been mainly
solvent-based, although there is now pressure to change
to water-based materials.
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Item 246

Journal of Materials Science

31, No.10, 15th May 1996, p.2667-76

X-RAY PHOTOELECTRON SPECTROSCOPY
AND AUGER ELECTRON SPECTROSCOPY OF
THE INFLUENCE OF CATIONSAND ANIONS OF
ORGANOMETALLIC ADHESION PROMOTERS
ON THE INTERFACE BETWEEN STEEL CORD
AND RUBBER SKIM COMPOUNDS

ChandraA K; Mukhopadhyay R; Konar J; Ghosh T B;
Bhowmick A K

J.K.Industries Ltd.; Indian Institute of Technology

The influence of cations and anions of the adhesion
promoters ontheinterface between brass-coated steel cord
and NR skim compounds was studied by auger electron
spectroscopy and X-ray photoelectron spectroscopy
at three different etching times. Cobalt stearate, cobalt
boroacylate and nickel boroacylate were used as
organometallic adhesion promoters. A model, based on the
results, was proposed to show the differencein activity of
the cations and anions. 32 refs.

INDIA
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Item 247

Journal of Adhesion Science and Technology

10, No.5, 1996, p.473-90
CHARACTERISATION OF RUBBER-BRASS
BONDING LAYERSBY ANALYTICAL
ELECTRON MICROSCOPY (AEM)

Hofer F; Grubbauer G; Hummel K; Kretzschmar T
Graz, Technische Universitat

AEM was applied to characterisation of rubber-brass
bonding layers. Two specimen preparation techniques
were used, the extraction of the bonding layers parallel to
the substrate and the preparation by cryo-ultramicrotomy
of cross-sections perpendicular to the brass surface. The
bonding layers were characterised by means of TEM,
scanning TEM, electron diffraction, energy dispersive
X-ray analysis, electron energy loss spectrometry and
electron spectroscopic imaging. The application of these
techniquesto bonding layerswas demonstrated for typical
examples and is discussed critically. 27 refs.
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Item 248

Journal of Adhesion Science and Technology

10, No.5, 1996, p.461-71

RUBBER-BRASS BONDING: MORPHOLOGY
OF CROSS-SECTIONSTHROUGH THE
BONDING LAYERSASA POSSIBLE BASISFOR
CLASSIFICATION

Hummel K; Hofer F; Kretzschmar T

Graz, Technische Universitat

The morphology of cross-sections through the bonding

layers perpendicular to the brass surface in rubber-brass
bonding, observed by TEM, was used as a means of
bonding layer classification. Previous experimental
results with a simplified cure mixture (consisting of 1,4-
polybutadiene, elemental sulphur, N,N-dicyclohexyl-2-
benzothiazyl sulphenamide and, in some cases, zinc oxide)
and brass foils were considered. In almost all cases, a
‘central layer’ was found. It consisted of two sublayers
with different contents of copper sulphides. Varying
deposits of sulphides existed at the brass surface and also
abovethe central layer in the direction of the rubber bulk.
Thevarioustypes of bonding layer with adifferent type of
architecture were discussed in relation to previous results
obtained by analytical electron microscopy and bonding
strength measurements. 16 refs.
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Item 249

Rubber World

214, No.1, April 1996, p.41-6
RUBBER-TO-METAL BONDING AGENTS
Milczarek R; Zellner A

Oakite Products Inc.; Chemetall GmbH

This article, the second instalment of a two-part series,
discusses solvent emissions and methods of reducing
such emissions from standard bonding agents. Solvent
emission is reduced to zero when using water-based
bonding agents. These aternative systems, primer plus
cover cement, are evaluated by looking at selected
examples and test results are presented. NBR, as well as
acrylate, epichlorohydrin and fluorinated rubber (FKM)
compounds showed excellent results when combined with
aqueous systems. Thisisdemonstrated taking the example
of FKM with three crosslinking systemswhich aretypical
for this elastomer.

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
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Item 250

Rubber World

213, No.6, March 1996, p.59
RUBBER-TO-METAL ADHESIVES

It is briefly reported that Morton International has
introduced Thixon P-6-7S and Thixon OSN-7S lead-free
rubber-to-metal adhesives. Thixon P-6-7S can be used
as a vulcanising metal primer for all Thixon cover coat
adhesives. It bonds to various metals and also bonds
rubber tofibres such asrayon, polyester and nylon. Thixon
OSN-7Sisagenera purpose one-coat adhesive that bonds
various elastomers to metals and also bonds NR, BR, IR,
CSM, SBR, CR and ACM.

MORTON INTERNATIONAL INC.
USA
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Item 251

Rubber World

213, No.6, March 1996, p.26-31
RUBBER-TO-METAL BONDING AGENTS
Milczarek R

Oakite Corp.

By means of rubber-to-metal bonding agents, these two
materials can be combined to make durable composites
suitable for use as structural components without
additional fasteners. During vul canisation of the elastomer,
crosslinking also occursinthe adhesivefilm. Thischemical
reaction together with the corresponding intermediate
reactions generates suitable reaction partners for the
bonding process. The history of rubber-to-metal bonding
technology isoutlined. Normally, modern bonding systems
are used as two-coat systems. Methods to characterise
the activity or suitability of abonding agent for a specific
application are described. These include solubility
following thermal pretreatment, differential scanning
calorimetry and examination of the phase boundary using
X-ray methods.

USA
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Item 252

Rubber and Plastics News

25, No.17, 11th March 1996, p.14-7
COAGENTSFOR RUBBER-TO-METAL
ADHESION

Costin R; Nagel W R

Sartomer Co.

Metallic coagent-peroxide systemswere shown to provide
the best properties of peroxide and sulphur cures, yielding
high tensile and tear strength, good heat-aged properties
with the benefit of good adhesion. The use of Saret metallic
coagent systems, in particular, Saret 633, an anhydrous
zinc diacrylate containing a non-nitroso scorch retarder
and Saret 634, an anhydrous zinc dimethacrylate are
demonstrated to improve performance properties for
adhesive application. They eliminate the need for external
adhesives and a separate curing step, developing bonds
at the rubber-metal interface during the curing step, and
producing crosslinks in the rubber during curing.

USA
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[tem 253

China Synthetic Rubber I ndustry

19, No.2, 1996, p.115-6

Chinese

ADHESIVE R-4 FOR BONDING OF RUBBER
AND METAL

Liao Ming; Yang Zhongwen

Shanghai, I nstitute of Rubber Articles

The formulation and preparation of adhesive R-4 for
bonding of rubber to metal are described. It is shown that

R-4 provides good bonding of rubber compounds such as
butyl rubber and EPDM to many metalsand some plastics
and fabrics.

CHINA

Accession no.586448

Item 254

IRC ‘95 Kobe International Rubber Conference.
Conference proceedings.

Kobe, 23rd-27th Oct.1995, p.107-11. 012
RUBBER TO METAL BONDING

Van Ooij W J

Cincinnati,University

(Japan,Society of Rubber Industry)

The mechanism of bonding metal sto rubber, with emphasis
on brass-plated steel tyre cords, is reviewed. Some new
developmentsfor bonding NR to metalsare presented and
discussed. These are the use of a non-copper containing
Zn/Ni/Co aloy proposed and demonstrated to out perform
brass plated steel and thin films of plasma-polymerised
acetylene used for bonding steel to rubber. 12 refs.
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Item 255

148th ACS Rubber Division Meeting. Fall 1995.
Conference Preprints.

Cleveland, Oh., 17th-20th Oct.1995, Paper 119, pp.35.
012

NEW WATER-BORNE RUBBER-TO-METAL
BONDING ADHESIVES

Plasczynski T; Mowrey D H

Lord Corp.

(ACS,Rubber Div.)

Chemlok 8282, an aqueous adhesive developed by Lord
Corp., was used in combination with Chemlok agueous
primersfor bonding anumber of rubbersto metal surfaces.
The effects on adhesion of pre-bake exposure, immersion
in hot ethylene glycol and boiling water and salt fog
exposure were investigated. The results showed that the
performance of the aqueous adhesive rivalled that of
solvent-borne systems.

USA
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Item 256

148th ACS Rubber Division Meeting. Fall 1995.
Conference Preprints.

Cleveland, Oh., 17th-20th Oct.1995, Paper 112, pp.22.
012

DEVELOPMENT OF A NEW ONE-COAT
ENVIRONMENTALLY RESISTANT AQUEOUS
RUBBER-TO-METAL ADHESIVE

Dorrington P

Morton International

(ACS,Rubber Div.)
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Environmental factors which have led to the replacement
of solvent-based adhesives with water-based systems are
reviewed, and detail sare given of Thixon 2500, aone-coat
aqueous adhesive developed by Morton Internationa for
use in rubber-to-metal bonding. The adhesion, prebake
resistance and boiling water resistance of thisadhesive are
examined in comparison with two solvent-based adhesives,
Thixon 2000 and Thixon OSN-2, and results are presented
of studies of property changes on long-term ageing.

USA
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Item 257

Journal of Adhesion

55, Nos.1-2, 1995, p.151-63

INFRARED SPECTROSCOPY OF INTERPHASES
BETWEEN MODEL RUBBER COMPOUNDSAND
PLASMA POLYMERISED ACETYLENE FILMS
Tsai Y M; Boerio F J; KimD K

Cincinnati,University; Goodyear Tire & Rubber Co.

Resultsare presented of astudy by reflection-absorption IR
spectroscopy of the reactions occurring in the interphase
between a plasma-polymerised acetylene primer and a
model ‘natural rubber’ compound consisting of amixture
of squalene, zinc oxide, carbon black, sulphur, stearic
acid, cobalt naphthenate, N,N-dicyclohexylbenzothiazole
sulphenamide, and diaryl-p-diphenyleneamine. Theresults
obtained, which are of importance for rubber-to-metal
bonding, are shown to be consistent with the view that the
accelerator breaks down to form a zinc perthiomercaptide
which isthe species responsible for crosslinking. 19 refs.
(Adhesive & Seadlant Council, Fall Convention, St.Louis,
Missouri, USA, Oct.1993)

USA
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Item 258

148th ACS Rubber Division Mesting. Fall 1995.
Conference Preprints.

Cleveland, Oh., 17th-20th Oct.1995, Paper 66, pp.39. 012
OPTIMISATION OF AN ORGANOCOBALT
CONTAINING WIRE COAT COMPOUND USING
PRECIPITATED SILICA

EvansL R; Waddell W H

PPG Industries Inc.

(ACS,Rubber Div.)

Based on the proposed chemical mechanism of the
enhancement of adhesion between brass coated steel tyre
cordsand NR by precipitated silica, statistically designed
compounding experiments were undertaken to optimise
the composite performance of an NR/polyisoprene wire
coat compound containing silica and an organocobalt
adhesion promoter. Compound cure and cured compound
mechanical propertiesand adhesionwereexamined. Energy
of adhesion valuesfor original and heat, humidity and salt
aged specimenswere determined from tyre cord adhesion

tests. Improvementsin origina and aged adhesive energy
and rubber coverage valueswere obtained in the optimised
system. An NR wire coat compound containing silica,
organocobalt and a resorcinol-formaldehyde donor resin
system was also studied. The results were compared with
thosefor tyre manufacturers’ wire coat formulations using
specialised ingredients to improve adhesion. 37 refs.
USA
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Item 259

148th ACS Rubber Division Meeting. Fall 1995.
Conference Preprints.

Cleveland, Oh., 17th-20th Oct.1995, Paper 65, pp.26. 012
MECHANISM BY WHICH PRECIPITATED
SILICA IMPROVESBRASS COATED WIRE-TO-
NATURAL RUBBER ADHESION

Waddell W H; EvansL R; Goralski E G; SnodgrassL J
PPG Industries Inc.

(ACS,Rubber Div.)

The effects of precipitated silica on adhesion between
brass coated stedl tyre cords and an NR/polyisoprene wire
coat formulation were investigated by the quantitative
determination of elements in the interfacia growth layer
formed on cords treated in model systems consisting of
sgualene suspensions containing carbon black and curing
ingredients, with and without silica and organocobalt. The
surface characterisation techniques used included SEM with
energy dispersveX-ray andysis, Auger € ectron spectroscopy,
X-ray photoel ectron spectroscopy and proton induced X-ray
emission spectroscopy. The effects of using silicaand cobalt
neodecanoate in the suspensions were stetitically analysed.
The mechanism for adhesion improvement by silica was
shown not to be a simple effect of improving the rubber
physica properties. A chemical mechanism in which silica
moderates the thickness and relative elemental composition
of theinterfacia growth layer was proposed. 44 refs.
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Item 260

148th ACS Rubber Division Meeting. Fall 1995.
Conference Preprints.

Cleveland, Oh., 17th-20th Oct.1995, Paper 2, pp.24. 012
SELECTION AND TESTING OFANTITACKSTO
RETAIN COMPOUND PHYSICALSAND WIRE
CORD ADHESION

O’ Rourke SE

Hall C.P,Co.

(ACS,Rubber Div.)

Resultsare presented of astudy of theeffectsof four different
antitack agents on the viscosity, curing characteristics,
mechanica propertiesand wire cord adhesion of NR, EPDM
and nitrile rubber compounds. 3 refs.
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Item 261

China Synthetic Rubber I ndustry

19, No.1, 1996, p.45-6

PREPARATION OF CHLOROSULHONATED
POLYETHYLENE(CSM)-NR GRAFT
POLYMER FOR ADHESIVE FOR METAL-TO-
RUBBER BONDING IN VULCANISATION BY
MECHANOCHEMICAL METHOD

Ma Xingfa; You Yusheng; Chongguang Wu; Wang
Zhongping

Shandong,Non-Metallic Materials Institute

A graft copolymer of NR/CSM (mass ratio 10/90) for
an adhesive for metal to NR bonding in vulcanisation
was prepared by a mechanochemical method in an open
mill. The 180 degree peeling strength was 23.6 to 24.6
kN/m when rubber sampl e was subjected to 100% failure.
6 refs.

JAPAN
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Item 262

Rubber World

213, No.3, Dec.1995, p.56
ADHESION PROMOTER

Itisbriefly reported that Bonding Agent TZ from Uniroyal
Chemical is a patented triazine-based adhesion promoter
for use by the rubber industry. Bonding Agent TZ has
been shown to provide superior adhesion to brass-coated
steel wire used in tyres and excellent physical properties
when combined with resorcinol and methylene donors.
Additional applications being pursued include use with
nylon or polyester fabric cord, and for steel reinforced
conveyor belts and radiator hoses.

UNIROYAL CHEMICAL CO.INC.
USA
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Item 263

European Rubber Journal

178, No.2, Feb.1996, p.22-3
DEVELOPMENTSIN CORD ADHESION
White L

Recently various suppliers have highlighted new materials
for use in a niche area of rubber adhesion, promoting
adhesion between rubber and steel tyre cords. The two
major types of rubber adhesion promoter used with brass-
coated steel tyre cord are RFS (resorcinol-formal dehyde-
silica) systems or cobalt-based promoters. Cytek supplies
Cyrez, amethylene donor in RFS systems, and hasrecently
developed a new form of this material. Rhone Poulenc’s
materials, Manobond, range from simpl e di-soaps of cobalt
to more complex cobalt boro-acrylates. Environmental and
handling problems associated with resorcinol are behind
Hoechst’s introduction of a new form of resorcinol for
usein cord/rubber adhesion promotion systems. Uniroyal

Chemical recently announced commercialisation of anew,
patented triazine based material, Bonding Agent TZ.
WORLD
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Item 264

European Rubber Journal

178, No.2, Feb.1996, p.19-21

AQUEOUS SYSTEM S GROW STRONGER
White L

Water-based rubber-to-metal bonding systems are now
in significant commercial use. The switch to water-based
adhesives raises a number of issues. These include the
need for costly requalification programmes, difficulty
in persuading customers to change and new application
equipment requirements. Lord’s new all-purpose
aqueous covercoat, Chemlok 8282, is said to rival that of
commercially available solvent-borne products. Morton’s
latest offering is a general-purpose one-coat agueous
adhesive for rubber-to-metal bonding, Thixon 2500. At
Aegis, one aspect of the EU CRAFT project istoimprove
laboratory bond tests. Most tests give failure within the
rubber which provides no information about the bond.
WORLD
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Item 265

Polymer Testing

15, No.1, 1996, p.13-34

STUDIES OF DYNAMIC ADHESION BETWEEN
STEEL CORD AND RUBBER USING A NEW
TESTING METHOD

ChandraA K; Mukhopadhyay R; Bhowmick A K
J.K.Industries Ltd.; Indian Institute of Technology

A new dynamic test for steel cord/rubber adhesion
was developed. The Tyre Cord Adhesion Test (TCAT)
specimen selected as the test piece is subjected to cyclic
extension using a Monsanto Fatigue-to-Failure Tester.
Cord pull-out testswere conducted before and after cyclic
extension, or the number of cyclesrequired to pull-out the
cord from the TCAT specimen was utilised for evaluation
of dynamic adhesion. The effect of various parameters,
e.g. cord embedment length, number of extension cycles,
degree of extension, aerobic ageing, thermal ageing,
compound hardness, on adhesion was investigated using
this dynamic adhesion testing technique. 20 refs.
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Item 266

Rubber World

213, No.1, Oct.1995, p.75
FLUOROPOLYMER ADHESIVE

It isbriefly reported that Oakite Products has developed a
water-based adhesive for bonding fluorocarbons to metal
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substrates for automotive seals and similar applications.
Megum W3293 is a one-coat agueous adhesive that will
work with all different curing systems. Itissaid to provide
the bond with an outstanding resistance to fuels, oil and
other environmental influences.

OAKITE PRODUCTS
USA

Accession no.574501

Item 267

I nternational Polymer Science and Technology

22, No.6, 1995, p.T/42-5

EFFECT OF ADHESION PROMOTERSON THE
FORMATION OF BONDED JOINTSIN RUBBERS
Potapov E E; Sakharova E V; Agatoval G; Salych G G;
GrachevaN |

Moscow,Institute of Fine Chemical Technology

Rubber-cord systems, rubber-metal cord composites and
rubber-adhesive systems are examined in detail. 6 refs.
Trandation of Kauchuk i Rezina, No.2, 1995, p.13. Articles
from this journal can be requested for translation by
subscribers to the Rapra produced International Polymer
Science and Technol ogy.

RUSSIA
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Item 268

I nternational Polymer Science and Technology

22, No.6, 1995, p.T/5-12

CLEANING AND PRETREATMENT OF METAL
SURFACESAND RUBBER

KleinL; LauH

Freudenberg Carl

Rubber-metal bondings are used for a wide variety of
industrial applications. Thorough cleaning and pretreatment
of themetal surfacesand the rubber isimportant to produce
a strong rubber-to-metal bond. This article discusses
several methods in some detail. Translation of Gummi
Fasern Kunststoffe, No.5, 1995, p.298. Articles from this
journal can be requested for trandation by subscribersto
the Rapra produced International Polymer Science and
Technology.
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Item 269

Kautchuk und Gummi Kunststoffe

48, N0.10, Oct.1995, p.729-34

German

WATER BASED RUBBER TO METAL BONDING
AGENTS

Wefringhaus R; Gruber W

Henkel KGaA

A brief review isgiven of the use of awater-borne bonding

agent for rubber-to-metal bonding. The necessary changes
of parametersfor surface pre-treatment and processing are
described. 2 refs.

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE

Accession no.567968

Item 270

Rubber World

212, No.6, Sept.1995, p.18/24

METALLIC COAGENTSFOR RUBBER-TO-
METAL ADHESION

Costin R; Nagel W

Sartomer Co.

The manufacture of conventional metal-reinforced rubber
products requires both an adhesive to bond the meta to
the rubber and a separate curing system to increase the
mechanical properties of the rubber. Elastomers that are
peroxide-cured with metallic coagents yield stronger
rubber-to-metal bondswithout the use of external adhesives
or a separate curing step, and demonstrate improved
performance properties. During curing, metallic coagents
develop adhesive bonds at the metal-rubber interface,
while simultaneously producing strong crosslinks in
the rubber. This article provides excerpts from a study
conducted by Sartomer which demonstrate the superior
adhesion and performance properties achieved by metallic
coagents when used with avariety of rubbers. 2 refs.
USA

Accession no.567508

Item 271

Journal of Adhesion

53, No.3-4, 1995, p.183-99

MECHANICS OF RUBBER-TO-METAL BOND
FAILURE

Ansarifar M A; Lake G J

Malaysian Rubber Producers’ Research Assn.

In many applications rubber is bonded to metal for fixing
purposesor in order to ater the stiffness, and theintegrity
of the bond is often vital for maintenance of the required
stiffness characteristics and to ensure adequate life. The
mechanicsof bond failurewere studied for varioustypes of
deformation. Provided that the testswere carried out under
suitableloading conditions, time-dependent failurewith a
similar locuswas observed in peeling at 90 or 180 degrees,
pure shear and various combinations of simple shear and
compression. There were indications that an energetics
approach could enable results from different geometries
to be quantitatively interrelated. Cavitation-like processes
observed in the rubber in the bond region were thought to
result from the constraint imposed by the metal and could
be the cause of the time-dependent failure. 15 refs.
EUROPEAN COMMUNITY; EUROPEAN UNION; UK; WESTERN
EUROPE

Accession no.566630
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Iltem 272

Rubber World

212, No.4, July 1995, p.115
RUBBER-TO-METAL ADHESIVES

It is briefly reported that Oakite Products, a supplier of
rubber-to-metal adhesives, has introduced two lead-free
cover coats. Megum 121 is free of lead and chlorinated
solvents. It can be used asaone-coat adhesive with aprimer
which will add superior resistance under environmental
influences such as corrosion and humidity. It bonds NR,
SBR, NBR, CR, etc. under vulcanisation conditions to
metals or other substrates. Megum 530, said to a more
reactive cover-coat, can be used to bond low hardnessNR,
SBR, IR, BR, EPDM, IIR, NBR, CR, etc.

OAKITE PRODUCTS
USA

Accession no.560784

Item 273

China Rubber I ndustry

42,No.7, 1995, p.413-6

Chinese

EFFECT OF COBALT AND NICKEL P-HYDROXY
BENZOATES ON ADHESION BETWEEN NR AND
BRASS

Liu Jun; Jiang Wanlan; Chen Bingquan; Bai Naibin
South China,University of Technology

Results of studies of the above showed that the addition
of an appropriate amount of cobalt or nickel p-hydroxy
benzoate to the NR compound increased the adhesion
between NR and brass and doubled the static adhesion
strength. The nickel p-hydroxybenzoate was more
effectivein giving the compound higher static and dynamic
adhesion strength, as well as good moisture and thermal
ageing resistances. 1 ref.

CHINA

Accession n0.559094

Item 274

I nternational Polymer Science and Technology

22, No.3, 1995, p.T/44-5

METHOD FOR BREAKING DOWN THE
ADHESION BETWEEN RUBBER AND METAL
Matyukhin SA

An dectrochemical method was developed for removing
rubber from metal, based on breskdown of the interphase
layer through the growth of zinc hydroxides in the high-
sulphide zone of the main components of the brass. The
advantages of themethod are described. Thedectrochemical
method, with the necessary equipment, can be used, in
particular, to extract the bead rings from spent tyres. Bead
rings are currently cut out and dumped asindustrial waste,
since they make it difficult to process the tyres. 5 refs.
Trandation of Kauch.i Rezina, No.5, 1994, p.28

RUSSIA

Accession no.558224

Item 275

I nternational Polymer Science and Technology
22, No.2, 1995, p.T/15-22

BONDING OF RUBBER SURFACE-
PROTECTING MATERIALSTO METALS
Busse G; Meyer K P

Topicsdiscussed include criteriafor rubber-metal bonding,
selection of coupling agent and adhesive, composition of
the adhesive, nature and quality of the preparation of the
surfaces to be bonded, pretreatment of metal surfaces,
pretreatment of rubber surfaces, production of theadhesive
joint, strength behaviour, and design principles. 5 refs.
(VDI Plastics Technology Association, 12th Annual
Conference on Plastics Processing, Braunschweig,
Germany, Feb.1994) (Full translation of Gummi Fas.
Kunst., No.12, 1994, p.797)

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE

Accession no.557941

Item 276

Adhesives Age

38, No.7, June 1995, p.24/30

PRETREATMENT PROCESSES FOR RUBBER-
TO-METAL BONDING

Eby M A; Decker M C

Morton Automotive Adhesives; Nova Max Technologies
Inc.

A review is presented of techniques used to produce
higher bond valuein rubber-to-metal bonding applications,
by the pretreatment of metal surfaces. Techniques for
pretreatment include solvent washing, grit blasting and
chemical treatments.

USA

Accession n0.554378

Item 277

147th Meeting, Spring 1995, Conference Preprints.
Philadelphia, Pa., 2nd-5th May 1995, Paper 3, pp.22.
012

USE OF SILICONE RUBBER ON DISCARDING
SABOT PROJECTILES

Walker FJ

Alliant Techsystems Inc.

(ACS,Rubber Div.)

The application of liquid, high consistency and pumpable
siliconerubbersin gas seal sfor discarding sabot projectile
assemblies is discussed. An examination is made of the
properties required of such seals, processes used in their
manufacture, and methods for bonding silicone rubber
to steel, aluminium and plastics inserts used in this
application. 7 refs.

USA

Accession n0.552346
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Item 278

I nternational Journal of Polymeric Materials

29, Nos.1-2, 1995, p.97-118

POLY (1,1,2-TRICHLOROBUTADIENE-1,3) AND
ITSCOMPOSITIONS: II. ADHESIVESAND
ADHESIVE COMPOSITIONSFOR RUBBER TO
METAL BONDING

Vointseval I; Klimentova N V; Niazashvili G A
Russian Academy of Sciences

The adhesive characteristics of polymersand copolymers of
1,1,2-trichlorobutadiene-1,3 are reviewed in detail. 66 refs.
RUSSIA

Accession no.551582

Item 279

Rubber and Plastics News

24, No.20, 24th April 1995, p.30

REAL-LIFE TEST RESULTSIN BRIDGESTONE
CONTRACT

Whitford M

The real life testing of Bridgestone’s rubber-to-metal
seismic bearings on the Los Angeles County Emergency
Operations Center during a recent earthquake has led
to the company being awarded a 3.5 million US dollar
contract to supply the 27 floor LosAngeles City Hall with
564 isolation bearings. Brief details are given of the use
of the bearings.

BRIDGESTONE ENGINEERED PRODUCTS CO.
USA

Accession n0.551169

Item 280

Patent Number: US 5364921 A 19941115

SILICONE RUBBER WITH SELF-ADHESION TO
GLASSAND METAL

Gray T E; Kunselman M E; Palmer RA

Dow Corning Corp.

A composition curable to a silicone rubber exhibits
adhesion to metal and glass substrates under both dry
and wet conditions where the composition contains
an alkenyl-containing polydiorganosiloxane, an
organohydrogensiloxane, ahydrosilation catalyst containing
platinum, an (epoxy-functional organo)trialkoxysilane,
an alkoxy-silicon compound, and a titanium compound
having Ti-O-CH bonds. The molar amount of alkoxy-
silicon compound exceeds the molar amount of (epoxy-
functional organo)trialkoxysilane.

USA

Accession n0.551063

Item 281

Adhesives Age

38, No.4, April 1995, p.34/40

METALLIC COAGENTSINCREASE ADHESION
OF RUBBER TO METAL

Costin R; Nagel W
Sartomer Co.

Theadvantagesarediscussed of the use of metallic coagents
such as Saret 633 and Saret 634 in the manufacture of
metal-reinforced rubber products. It is demonstrated
that elastomers which are peroxide cured with metallic
coagents demonstrate improved performance properties
and yield stronger rubber-to-metal bonds without the
use of external adhesives or a separate curing step. The
metallic coagents function as adhesion promoters as well
as crosslinking agents.

USA

Accession no.549906

Item 282

Patent Number: US 5354805 A 19941011
ADHESIVE COMPOSITION FOR BONDING
NITRILE RUBBER TO METAL

Treat C J, Mowrey D H

Lord Corp.

An aqueous adhesive composition for bonding nitrile
rubber is disclosed, containing a chlorosul phonated
polyethylene latex, a polyhydroxy phenolic resin
copolymer, and ahigh molecular weight aldehyde polymer.
The adhesive composition exhibits an unusual affinity
for nitrile rubber and excellent adhesive performance as
a single-coat formulation, withstands high temperature
bonding conditions and minimises the use of volatile
organic solvents.

USA

Accession n0.549234

Item 283

I nternational Polymer Science and Technology

21, No.9, 1994, p.T/14-23

RUBBER/METAL COMPOSITESIN CONVEYOR
BELTS

Tegtmeier P

Contitech Transportbandsysteme GmbH

The use of conveyor belts in large scale installations
throughout the world is described, and the belts are
classified. Adhesion with steel cord conveyor belts, and
the connecting of conveyor belts, are examined in detail.
16 refs. Translation of Gummi Asbest Kunststoffe, No.5,
1994, p.309

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE
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Item 284

Patent Number: US 5321070 A 19940614
ADHESION PROMOTERS FOR RUBBER AND
SYNTHETIC MIXTURES

Meier K; Goerl U; Wolff S

DegussaAG
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Theinvention relatesto mixturesincluding resorcinol and
silicawhich are used as adhesion promotersfor improving
the adhesion between textile or metal strength carriersand
rubber or plastics. The mixtures exhibit a sharply limited
sublimation behaviour with regard to the resorcinol.
EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE

Accession n0.539534

Item 285

146th Meeting, Fall 1994, Conference Proceedings.
Pittsburgh, Pa., 11th-14th Oct.1994, Paper 92, pp.31.
012

NEW WATER-BORNE RUBBER-TO-METAL
BONDING ADHESIVES

Plasczynski T; Bond K M

Lord Corp.

(ACS,Rubber Div.)

An agueous adhesive, Chemlok 8200 (Lord Corp.), was
used in combination with various Chemlok primersfor the
bonding of NR, SBR, polychloroprene, nitrile rubber and
butyl rubber to metal substrates. Adhesion was assessed
after a5 minute pre-bakeat 137 or 171C and after exposure
to aggressive environments. 2 refs.

USA

Accession no.535566

Item 286

146th Meeting, Fall 1994, Conference Proceedings.
Pittsburgh, Pa., 11th-14th Oct.1994, Paper 62, pp.52.
012

NEW DEVELOPMENTSIN RUBBER-TO-METAL
ADHESION TESTING

Rearick B A

Lord Corp.

(ACS,Rubber Div.)

A new test method for rubber-to-metal adhesion is
described which uses abuffer-liketest specimen consisting
of a rubber section vulcanised between two metal parts
which have a convex shape to the surface where adhesive
has been applied. Adhesion testing showsthat thismethod
provides better discrimination between the performance
of different adhesives than standard ASTM D429 test
methods. Finite element analysis demonstrates that the
buffer method induces a shear force near the outer edge
of the part which causes the failure of the specimen. The
interaction of the adhesive and the elastomer isseeninthe
presence of this shear force. Results are presented of tests
on NR specimensbonded to metal swith solvent-based and
aqueous adhesives. 6 refs.

USA

Accession no.535536

Item 287

146th Meeting, Fall 1994, Conference Proceedings.
Pittsburgh, Pa., 11th-14th Oct.1994, Paper 16, pp.23.
012

METALLIC COAGENTSFOR RUBBER-TO-
METAL ADHESION

Costin R; Nagel W

Sartomer Co.

(ACS,Rubber Div.)

The influence of Sartomer’s Saret 633 zinc diacrylate
and Saret 634 zinc dimethacrylate co-curing agents on
rubber-to-metal adhesion was investigated for a number
of peroxide vulcanised elastomers. These additives were
shown to function as both co-curing agents and adhesion
promoters, enhancing both the adhesive and mechanical
properties of the vulcanisates. 2 refs.

USA
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Item 288

I nternational Polymer Science and Technology

21, No.8, 1994, p.T/42-9

ADHESION OF NATURAL RUBBER TO METAL
INA CORROSIVE ENVIRONMENT

Yokoi H; Okumoto T; Takeuchi K; Imai H

An investigation was made of the adhesive delamination
of NR-steel bonded laminatesin acorrosive environment.
Thetest specimens comprised steel-NR-steel laminatesin
which the interlayer was given a 10% extension to impart
strain at the bonding surface prior to corrosion testing.
The tests investigated delamination due to corrosion of
the bonding surface between the rubber and the steel in
hot water immersion, salt water immersion and salt water
spray conditions, and the effect on corrosive delamination
of differences in surface treatment (grit blasting and
phosphating) of the steel substrate. The mechanism of
delamination due to corrosion from the bond end-facein
NR-steel laminates was investigated. 15 refs. Trandation
of Nippon Gomu Kyokaishi, No.3, 1994, p.198.

JAPAN
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Item 289

Rubber and Plastics News

24, No.7, 24th Oct.1994, p.17-8

WETTING IN RUBBER-TO-METAL BONDING
AGENTS

MooreM J

Morton International Inc.

Manufacturers of rubber-to-metal bonded goods are
currently faced with the need to reduce or eliminate their
use of adhesives containing volatile organic compounds.
In addition, they arerequired to discontinue the traditional
practice of vapour degreasing with ozone depleting
chlorinated solvents. With the development of agueous
adhesives, the role of wetting is seen as critical, with
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the performance of rubber-to-metal bonded components
using such adhesives, dependent on the design of the
adhesive, and the end-user’'s metal preparation and
adhesive preparation. A review of the thermodynamics
of wetting and measurement methods is presented, and
amethod is described which has been adapted from the
printing industry, to determine the wetting of waterborne
adhesives on metals.

USA

Accession no.534664

Item 290

Rubber World

210, No.6, Sept.1994, p.19-22
MECHANISM OF BRASSADHESION
Hewitt N L

PPG Industries Inc.

Thisarticle describes acompounding approach to explore
the mechanism by which precipitated silica enhances
the adhesion of natural rubber to brass. Brass adhesion
evaluation was generally conducted in the dynamic
mode by the disc fatigue procedure. Replicate assemblies
of rubber and wire coated with 63% copper brass were
flexed in the cord compression fatigue test apparatus for
six hours at 16% strain, compressed and extended. It was
concluded that bond fatigue life of brass coated wire to
rubber adhesion assembliesisgreatly improved at reduced
concentrations of zinc oxide. Further improvement occurs
when carbon black is partially replaced by precipitated,
fine particle silica The mechanism of brass adhesion
enhancement by silicainvolves areduction of interfacial
zinc oxide when soluble zinc is removed from the system
by attachment to silica surface silanols. 5 refs.

USA
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Item 291

Journal of Adhesion

47, No.1-3, 1994, p.51-64

INTERFACIAL CHEMISTRY OF AN
ALUMINIUM-TO-EPDM BONDING SYSTEM
Hemminger C S

Aerospace Corp.

During recent examinations of ageing in auminium-to-
rubber bonds on stored solid rocket motors, corrosion
and minor insulator debonds were observed. A test was
conducted to study the progressive effect of exposure to
high humidity of the bondline, elevated temp. being used
to accelerate the ageing. In a paralel test, samples were
held at elevated temp. in adry atmosphere. Thetest results
were compared with the analyses of corroded and non-
corroded hardware samples. The predominant corrosion
product detected at the bondlines was aluminium oxide/
hydroxide. In genera, there was a very good correlation
between the CI:Al atomic percent ratio calculated from
X-ray photoel ectron spectroscopy analysisof theruptured

bondline surfaces and the visual characterisation of the
extent of corrosion. The Cl:Al ratio, which represented
the ratio of primer to corrosion product at the locus of
failure, varied from 0.4 to 47. Theimplications for metal-
to-rubber bond fabrication and storage are discussed.
3 refs. (Adhesion Society Inc., 16th Annual Meeting,
Williamsburg, Virginia, USA, Feb.1993)

USA
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Item 292

Journal of Adhesion

46, Nos.1-4, 1994, p.15-38

MOLECULAR BONDING AND ADHESION AT
POLYMER-METAL INTERPHASES
Lieng-Huang Lee

Xerox Corp.

This review demonstrates that there are well established
molecular bonding and stronginteracti onsbetween monomers
or polymers and metals. Both theoretical and experimental
work related to adsorption and adhesion a polymer-meta
interphases are discussed. The fractd nature of polymer-
metal interphases and the effect of chemisorption on fractal
dimension aredescribed. Severa theoretical studiesrdatedto
themodel sand the conformation of polymer segmentsto metdl
surfaces are mentioned. Experimental work iscited on XPS,
surface-enhanced Raman scattering spectroscopy, M ossbauer
emission spectroscopy, on chemisorption, molecular bonding,
redox interaction, restructuring of polar groups, and contact
oxidation of polymerson metal surfaces. Among them, SERS
and X PSare capabl e of describing chemical compositionand
conformation right at the interfaces. 67 refs.

USA
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Item 293

Rubber Products Manufacturing Technol ogy.

New York, Marcel Dekker, 1994, p.449-72. 8
RUBBER-TO-METAL BONDING

Sexsmith F H

Lord Corp.

Edited by: Bhowmick A K; Hall M M; Benarey H A
(Indian Institute of Technology; Industrial Engineering
Corp.)

The motor vehicle industry is by far the biggest user of
bonded elastomer components. Typical applications such
as engine mounts, suspension bushings, transmission
and axle seals, couplings and body mounts are largely
engineered to each vehicle's requirements. Manufacture
usually involves moulding of the elastomer to shape,
vulcanisation and bonding, all in asingle stage operation.
Aspects covered include rubber-to-metal assemblies,
materials, manufacturing methods, adhesives and testing.
38 refs.
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Item 294

Natural Rubber: Current Developmentsin Product
Manufacture and Applications. Conference Proceedings.
Kuala Lumpur, 14th-16th June 1993, p.347-57. 41C1
MECHANICAL AND SPECTROSCOPIC
CHARACTERISATION OF RUBBER-METAL
ASSEMBLIES

Prakash N S; Roche A; Charbonnier M; Romand M
Lyon,Universite Claude Bernard; Vibrachoc/GEC Alstrom
Edited by: Kadir AA SA

(Rubber Research Institute of Malaysia)

The practical adhesion of rubber-stainlesssteel assembliesis
studied by the three-point flexuretest and the opposing metal
and polymer faces of the systems which are delaminated
during this test are examined by X-ray photoelectron
spectroscopy (XPS) and ion scattering spectrometry. It is
shown that both these surface spectroscopies are idealy
suited to characterising the failure zonein such assemblies.
Differences in initial substrate surface treatment are
shown to influence assembly performance and anodising
is confirmed to be an effective means of improving on the
latter. Poor assembly adhesion appears to be linked to the
enrichment of carbonyl and carboxyl bonds as well as of
silicone, inthefractureregion. It isalso found that fracture
always occurs in a modified interphasial zone between
substrate and polymer, and leaves a very thin residual
polymer layer on the metal face of the assembly. Finaly, it
is determined that ageing of the assembly shifts the focus
of failure towards the polymer. 14 refs.

EUROPEAN COMMUNITY; EUROPEAN UNION; FRANCE;
WESTERN EUROPE

Accession no.524780

Item 295

Euradh 92. Conference Proceedings.

Karlsruhe, 21st-24th Sept.1992, p.602-5. 6A1
EFFECT OF MOLECULAR WEIGHT OF SOME
ELASTOMERSON THE RUBBER-TO-METAL
ADHESIVE JOINTSSELECTION

Pritykin L M; Emelyanov Y V; VakulaV L

(Dechema Institut; Adhecom; Deutsche Verband fur
Schweisstechnik)

The effect of the molec.wt. of chlorinated NR and
polychloroprene on the rubber-to-metal adhesive joint
strengths was investigated. The role of surface energies
in these dependences was examined. This parameter was
calculated by arefractometric method proposed earlier. All
the relationships showed alinear character (in the case of
small values of shelf time) and could be described in the
analytical formwith acorrelation coefficient of 0.90-0.96.
The corresponding coefficients for the proposed relation
were calculated. This approach provided some guidance
for prediction and control of the adhesion properties
of Cl-substituted elastomers and plastics when used as
adhesives. 6 refs.

CIS, COMMONWEALTH OF INDEPENDENT STATES; RUSSIA

Accession n0.522525

Item 296

Euradh *92. Conference Proceedings.

Karlsruhe, Germany, 21th-24th Sept.1992, p.322-8. 6A1
AQUEOUSADHESIVES FOR RUBBER AND
METAL ASAN ALTERNATIVE TO SOLVENT-
CONTAINING SYSTEMS

Wefringhaus R; Beiersdorf W D; Scheer H

Henkel KGAA

(Dechema Institut; Adhecom; Deutsche Verband fur
Schweisstechnik)

The development by Henkel of waterborne rubber-to-
metal bonding agentsfor manufacture of sealsand gaskets
based on polychloroprene, nitrile rubber, EPDM and NR
isdescribed. Results of technical tests on the productsare
discussed and their processing is considered.

EUROPEAN COMMUNITY; EUROPEAN UNION; GERMANY;
WESTERN EUROPE
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Item 297

Rubber World

210, No.3, June 1994, p.58
BONDING SYSTEM

ProTech International has introduced Ultra-Bond RF
cold bonding system cement which is said to be ideal for
bonding rubber to rubber and rubber to metal. Itisclaimed
to particularly suitable for applying rubber liningsto steel
and other substrates, and for splicing rubber to rubber or
rubber to fabric, such asfabric ply belting. The product is
also applicable for repairing rubber-lined vessels, rubber
components and items made of PVC and urethane. It is
designed to achieve an optimum curein 30 daysand gains
sufficient bond strength to subject most applications to
service within a short time, according to the company.
This abstract includes all the information contained in
the original article.

PROTECH INTERNATIONAL
USA

Accession n0.522180

Item 298

Patent Number: WO 9407968 A1 19940414
ONE-COAT RUBBER-TO-METAL BONDING
ADHESIVE

Mowrey D H

Lord Corp.

The adhesive composition, which exhibits strong rubber-
to-metal bonds with excellent environmental resistance
without the need for priming the metal surface, comprises
a halogen-containing polyolefin, an aromatic nitroso
compound, a polymaleimide and a metal oxide, such as
zinc oxide or magnesium oxide. It may also contain a
vul canising agent, such as sulphur or selenium, aphenolic
epoxy resin or carbon black.

USA

Accession n0.519660
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Item 299

I nternational Polymer Science and Technology

21, No.2, 1994, p.T/42

NEW PROMOTER OF ADHESION TO METAL
CORD, BASED ON POLYMERISED RESIN
ZakharovaT V; Radbil’ B A; FrolikovaV G; SoinovaE P

A new promoter of adhesion to metal cord and a process
for making it have been developed; the promoter isacobalt
salt of of polymerised rosin.The effect of the degree of
rosin polymerisation and of the mass fraction of metal
on the adhesion promoter’s properties were studied.
The properties of the rubber mixes, rubber and rubber
cord vulcanisates, obtained with the proposed adhesion
promoter, are tabulated. Trandation of Kauch.i Rezina,
No.6, 1993, p.37

RUSSIA

Accession no.517142

Item 300

Nippon Gomu Kyokaishi

67, No.3, 1994, p.198-206

Japanese

ADHESION OF NATURAL RUBBER TO METAL
INA CORROSIVE ENVIRONMENT

Yokoi H; Okumoto T; Takeuchi K; Imai H

Toyoda Gosei Co.Ltd.

A rubber vibration insulator is composed of rubber and
steel fittings, which are prepared by rubber to metal
bonding during vul canisation. To evaluatethe performance
of theadherendsin acorrosive environment, the adherends
were stretched by inserting a spacer in the gap between
the steel plates before corrosion testing. The corrosion
tests, such asahot water dip test, salt solution dip test and
salt spray test, were carried out and bonding degradation
factors in the corrosive environment were studied in
order to find differences in degradation between these
tests. 15 refs. Articles from this journal can be requested
for translation by subscribers to the Rapra produced
International Polymer Science and Technology.

JAPAN
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Item 301

145th Meeting, Spring 1994. Conference Proceedings.
Chicago, Il., 19th-22nd April 1994, Paper 50, pp.19. 012
SURFACE ENERGY MEASUREMENTSAND
THEIR APPLICATION TO RUBBER-TO-METAL
BONDING

MooreM J

Morton International Inc.

(ACS,Rubber Div.)

The thermodynamics of wetting and surface tension are
reviewed, and detailsare given of amethod for determining
thelevel of metal cleanliness applicableto rubber-to-metal
bonding operations with water-borne adhesives. This

technique usesaseriesof solutionsof formamide, ethylene
glycol, monomethyl ether and a blue dye of gradually
increasing surface tension, which are applied to the metal
until a solution is found which no longer wets the metal.
The surface tension of thelast solution to wet the metal is
recorded as the surface energy of the sample. 7 refs.

DIVERSIFIED ENTERPRISES
USA

Accession no.511456

Item 302

145th Meeting, Spring 1994. Conference Proceedings.
Chicago, Il., 19th-22nd April 1994, Paper 43, pp.14. 012
AQUEOUSADHESIVESFOR THE DYNAMIC
SEAL INDUSTRY

Moore M J

Morton International Inc.

(ACS,Rubber Div.)

Morton International’s Thixon 7000 range of water-borne
adhesivesisevaluated for the bonding of nitrile rubber and
acrylic elastomersto phosphated steel in the manufacture
of dynamic seals. Curing characteristics, hot oil, hot
water and corrosion resistance, ease of application and
appearance are examined in comparison with Thixon 753
adhesive. 1 ref.

USA

Accession no.511449

Item 303

145th Meeting, Spring 1994. Conference Proceedings.
Chicago, Il., 19th-22nd April 1994, Paper 38, pp.30. 012
MECHANISM OF BRASSADHESION

Hewitt N L

PPG Industries Inc.

(ACS,Rubber Div.)

A compounding approach was used to investigate the
mechanism by which precipitated silica enhances the
adhesion of NR to brass coated wires in radial tyre belt
compounds. The adhesion evaluations were generally
conducted in adynamic mode by means of thedisc fatigue
procedure, thus producing bare wire separations during
flexing, the number of which was an indicator of tyre belt
performance. Screening experiments of therelative effects
of silica, accelerator and soluble zinc oxide revealed that
low concentrations of zinc oxide produced the most fatigue
resistant bonds. It thus appeared that the positive effect of
silicaon bond fatigueliferelated to itswell known ability
to react with soluble zinc and thus restrain the formation
of bond degrading zinc sulphide at the brass-rubber
interface. 5 refs.

USA
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[tem 304

I nternational Polymer Science and Technology
20, No.12, 1993, p.T/98-102

ADHESIVE PROPERTIES OF STEEL AND
ARAMID CORD IN VULCANISATE
Kovacevic M; Raffaelli D; Cop D

Bonding of NR and synthetic polyisoprene vulcanisates
to steel cord and aramid cords (Kevlar and Twaron)
was examined. The steel cord was brass plated and the
aramid fibres were treated with both an epoxy resin and a
resorcinol-formal dehydelatex. The strengths of adhesion,
T-tests, were examined at room temp. and at 80, 120 and
160C. Ageing time was 6h. Bond strength reduced as
ageing temperature increased. However, resting for 24 h
restored the bond strength. 12 refs. (Trangl. from Polimeri,
No.1, 1992, p.13).

EASTERN EUROPE; Y UGOSLAVIA

Accession no.510367

Item 305

IRC ‘93/144th Meeting, Fall 1993. Conference
Proceedings.

Orlando, Fl., 26th-29th Oct.1993, Paper 157, pp.47. 012
NITROALCOHOL BASED ADHESION
PROMOTER FOR BONDING STEEL AND
FABRIC REINFORCEMENTS

Brutto PE; Wong W K; Mou Y H; Zhang JY

Angus Chemical Co.; Polymer Technologies Inc.
(ACS,Rubber Div.)

The performance of 2-nitro-2-methyl-1-propanol (NMP)
as an adhesion promoter was evaluated and compared
with that of hexamethoxymethylmelamine (HMMM)
and hexamethylene tetramine (HMT) in steel-reinforced
tyre breaker belt and nylon-reinforced tyre carcass
compounds. The vulcanised laminates were tested fresh
and after variousageing treatments. Rubber-reinforcement
adhesion was tested by measuring pull-out force, peel
force and percent coverage. Cure response and static and
dynamic mechanical properties were also determined.
NMP was found to give improved adhesion of steel to
rubber relative to HMMM and HMT, in the presence or
absence of cobalt naphthenate. It also provided improved
nylon-rubber adhesion when the fabric itself was aged to
simulate unfavourable storage conditions. 3 refs.

USA

Accession no.505721

Item 306

IRC 93/144th Mesting, Fall 1993. Conference Proceedings.
Orlando, Fl., 26th-29th Oct.1993, Paper 122, pp.19. 012
CURE STUDIES OF RUBBER-TO-METAL
BONDING AGENTS

MooreM J

Morton International Inc.

(ACS,Rubber Div.)

A moving-dierheometer was used to study the contribution

of adhesive and primer cure to bond formation in rubber-
to-metal bonding. Theresultsprovided information onthe
impact of crosslinking, interdiffusion and crossbridging in
bond formation. 4 refs.

MONSANTO INSTRUMENTS
USA

Accession no.505693

Item 307

IRC *93/144th Meeting, Fall 1993. Conference
Proceedings.

Orlando, Fl., 26th-29th Oct.1993, Paper 52, pp.55. 012
REVIEW OF BONDING AGENTSASADHESION
PROMOTERSIN RUBBER TO METAL AND
RUBBER TO TEXTILE APPLICATIONS

Seibert RF

Uniroyal Chemical Co.Inc.

(ACS,Rubber Div.)

Therole of bonding agentsin promoting adhesion between
rubber and metal and textile reinforcementsisdiscussed. For
rubber-to-metal adhes on, cobalt sdlt, tetrachl orobenzoquinone
and resin systemsarereviewed, together with themechanisms
involved in the resulting enhanced adhesion. The effects of
compounding ingredients on adhesion are also examined.
For rubber-to-textile adhesion, the various fabrics used and
the treatments necessary to obtain adhesion are reviewed,
with particular reference to rayon, polyamide and polyester
adhesion. 30 refs.

USA

Accession no.505643

Item 308

Rubber Chemistry and Technology

66, No.5, Nov/Dec.1993, p.837-48

INFLUENCE OF DIFFERENT BRASS
PRETREATMENTS ON RUBBER-METAL
BONDING: INVESTIGATED BY ANALYTICAL
ELECTRON MICROSCOPY

Kretzschmar T; Hummel K; Hofer F

Graz, Technische Universitat

Brass samples (thin foils or plates) were pretreated
either by etching with aqueous hydrochloric acid or
by rubbing with emery cloth. A mixture of cis-1,4-
polybutadiene with sulphur and N,N-dicyclohexyl-2-
benzothiazyl sul phenami de was vul canised in contact with
the brass surfaces. The bonding layers were investigated
by analytical electron microscopy(AEM). Two preparation
techniques for AEM were used, i.e. cryo-ultramicrotomy
to obtain cross-sections (applied to foils) or separation
of ultrathin surface layers with an aqueous hydrochloric
acid/ferric chloride solution (applied to plates). Across
the bonding layers, various crystallographic structures
and chemical compositionswere found, depending on the
pretreatment of the brass. 16 refs.
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Item 309

Adhesion ‘93. Conference Proceedings.

York, 6th-8th Sept.1993, p.153-8. 9(12)4
FAILURE OF RUBBER TO METAL BONDED
UNITS

Ansarifar M A; Lake G J

Malaysian Rubber Producers’ Research Assn.
(Institute of Materials)

In many applications rubber is bonded to metal for
fixing or other purposes. Integrity of the bond may be
vital to maintain the required stiffness characteristics
and ensure adequate life. The mechanics of bond failure
was studied and it appears that similar behaviour may
occur in compression, shear or peeling. Cavitation-like
failure observed in the rubber in the bond region may be
associ ated with the constraint imposed by the metal onthe
deformation of the rubber. 8 refs.

EUROPEAN COMMUNITY; UK; WESTERN EUROPE

Accession n0.499041

Item 310

I nternational Polymer Science and Technology

20, No.9, 1993, p.T/13-21
FACTORSAFFECTING BOND STRENGTH OF
RUBBER TO METAL PARTS

Setiawan L; Schonherr D; Weihe J

Some of the factors that influence the manufacture of
rubber to metal parts, as seen from a rubber processor’s
point of view, are discussed. 15 refs. Trandation from
Gummi Fasern Kunst., No.7, 1993, p.357. Articles from
thisjournal can be regquested for translation by subscribers
to the Rapra produced International Polymer Science and
Technol ogy.

EUROPEAN COMMUNITY; GERMANY; WESTERN EUROPE

Accession no.498654

Item 311

Kautchuk und Gummi Kunststoffe

46, No.9, Sept.1993, p.710-7

RUBBER-METAL BONDING: INVESTIGATION
OF RUPTURE BEHAVIOUR OF THE BONDING
LAYER BY MEANS OF TRANSMISSION
ELECTRON MICROSCOPY AND BONDING
STRENGTH MEASUREMENTS

Kretzschmar T; Hofer F; Hummel K; Sommer F
Graz,Universitat; Semperit Technische Produkte GmbH

Rupture behaviour of the rubber-brass bonding layer was
investigated by TEM and bond strength measurements
by shearing. Rubber-brass composites were prepared by
either embedding thin brassfailsin, or by connecting two
brass plates with different cure systems (sandwich). The
foil samples were cut by cryo-ultramicrotomy for TEM
investigations and the sandwich samples were inserted in
the stress equi pment of aZwick universal testing machine
and sheared. The strength values measured and the rubber

coverage of the brass plate surface observed after shearing
were compared with the appearance of the bonding layer
in the foil samples made visible in TEM. Correlations
between the results of both investigation methods are
discussed. 39 refs.

AUSTRIA; WESTERN EUROPE

Accession no.494058

Item 312

Automotive Engineering

101, No.8, Aug.1993, p.45-7
WATERBORNE RUBBER-TO-METAL
ADHESIVES

Bond K M; Mowrey D H

Lord Corp.

Following the passage of the US Clean Air Act
Amendments, requiring that emissions of volatile organic
compounds be reduced, choices have been limited for
rubber-to-metal adhesive users in the vehicle industry,
and also for formulators. This article reports in detail on
the performance of a new aqueous one-coat adhesive and
primer, which is proving superior to that of solvent-based
adhesive products. Experiments are described for testing
levels of adhesion and environmental resistance, and
results are given.

USA

Accession n0.491840

Item 313

Kautchuk und Gummi Kunststoffe

45, No.12, Dec.1992, p.1038-43
RUBBER-METAL-BONDING. DIRECT
OBSERVATION OF THE INTERFACE LAYERS
BY MEANSOFANALYTICAL ELECTRON
MICROSCOPY (AEM)

Kretzschmar T; Hofer F;, Hummel K

Graz, Technische Universitat

The bonding layers of rubber-brass systems were observed
directly by transmission el ectron microscopy coupled with
energy dispersive X-ray spectroscopy. Thetechniquesused
are described. In each case, a rubber-metal bonding layer,
dividedinto oneor more sublayersand showing good fusion
withthe rubber, was observed. Thethickness of thebonding
layer system correlated well with the sulphur content in
the cure system. With increasing sulphur content, athicker
layer with more sublayers was obtained. It became more
brittle with increasing thickness. Thus, vul canisation led to
atear off of rubber directly from the brass surface at some
spots, after which the molten rubber filled the devel oping
cavities. Thesublayersconsisted mainly of copper sulphide
which had grown into the rubber compound. A very thin
zinc oxide layer adjacent to the brass surface was found.
Copper sulphideswere responsiblefor the formation of the
rubber-metal bonding. 49 refs.
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Item 314

143rd Meeting, Spring 1993. Conference Proceedings.
Denver, Co., 18th-21st May 1993, Paper 62, pp.24. 012
NEW AQUEOUSADHESIVES FOR BONDING
ACRYLONITRILE-BUTADIENE RUBBER TO
METAL

Treat CJ

Lord Corp.

(ACS,Rubber Div.)

Applications of two water-based adhesives developed by
Lord Corp., Chemlok 8102 and 8110, inthebonding of nitrile
rubber to steel are described. Results are presented which
show that the performance of these adhesivesis comparable
and sometimes better in primary adhesion, boiling water
and hot ail testing when compared to their solvent-based
counterparts, TyPly BN and Chemlok 205. They can be
sprayed or dipped to give coatings 0.3-0.5 mil in thickness, or
dilutedto very low solidsfor an extremely thinand practically
invisible coating lessthan 0.05 mil in thickness. 1 ref.

USA

Accession no.480209

Item 315

143rd Meeting, Spring 1993. Conference Proceedings.
Denver, Co., 18th-21st May 1993, Paper 23, pp.21. 012
NOVEL ADHESION PROMOTERSBASED ON
VINYL TERMINATED CARBAMYLMETHYLATED
MELAMINES

Singh B; Sedlak JA

American Cyanamid Co.

(ACS,Rubber Div.)

Details are given of a new resorcinol-free experimental
adhesion promoter, RAP-393, for the bonding of
vulcanised rubber to brass plated steel cordsin tyres. The
material is part of a broader series of vinyl terminated
carbamylmethylated melamine resins which are capable
of crosslinking through vinyl polymerisation, mercapto
addition and conventional condensation mechanisms.
RAP-393 may be used in conjunction with Cyrez 963
hexamethoxymethylmelamine (HMMM) adhesion
promoter. Oscillating disc rheometer, stress-strain and
21-day adhesion results on NR compounds are presented
to show equivaenceto the commercial HMMM/resorcinol
adhesion promoter system. 6 refs.

USA

Accession n0.480178

Item 316

Kautchuk und Gummi Kunststoffe

46, No.3, March 1993, p.233-5

German

STRUCTURE OF BRASSPLATED STEEL CORD
WIRESAND ITSINFLUENCE ON RUBBER-
METAL ADHESION

KroneR

Wolf G.,Seil- & Drahtwerke GmbH & Co.

Brasslayersof different structurewere galvanised onto the
wires of steel cordsto optimise rubber to metal adhesion.
The structures of the brass layers were analysed and the
propertiesof steel cord-rubber compositeswere examined
under different test conditions. 7 refs.

EUROPEAN COMMUNITY; GERMANY; WESTERN EUROPE

Accession no.477960

Item 317

Kautchuk und Gummi Kunststoffe

46, No.2, Feb.1993, p.139-45

German

BONDING SYSTEMSFOR TEXTILE AND STEEL
WIRE BONDING, TODAY AND TOMORROW
Magg H

Bayer AG

Bonding systemsand mechanismsfor the bonding of rubber
to textiles and steel cords are discussed. Textile bonding
systems examined include resorcinol-formal dehyde (RF)
latices, RF/silica systems and isocyanates. The proposed
mechanism for RF systems involves a reaction product
of resorcinol and formaldehyde acting as alink between
rubber and textilefibresto form covalent bonds by means
of addition and condensation processes. The bonding
mechanism of bonding agents for brass or zinc plated
stedl cords (sulphur, RF/silica systems and lead or cobalt
adhesion promoters) isexplained by the formation of non-
stoi chiometric phases characterised by an excess amount
of sulphur. 12 refs.

EUROPEAN COMMUNITY; GERMANY; WESTERN EUROPE

Accession no.477948

Item 318

Kautchuk und Gummi Kunststoffe

46, No.2, Feb.1993, p.112-5

INFLUENCE OF BORIC ACID ESTER ON THE
STRUCTURE AND COMPOSITION OF THE
RUBBER/BRASS INTERFACE OF COBALT-
CONTAINING BONDING COMPOUNDS
Pieroth M; Holtkamp D; Elschner A

Bayer AG

A study was made of the role of KA 9128 boric acid ester
inimproving the post-agei ng adhesion of cobalt-containing
bonding compoundsto brass plated stedl cords. Transmission
electron microscopy and secondary ion mass spectrometry
wereused toinvestigatetheinfluence of steam ageing onthe
structureand composition of the brass/rubber interface using
high sulphur NR bonding compounds without additives,
with cobalt naphthenate (CN) and with CN plus boric acid
ester. The effect before ageing was not pronounced, but
a considerable difference between the compounds was
observed after steam ageing. The boric ester acted with
cobalt salts as a corrosion inhibitor, preventing the growth
of athick intermediate layer. 5 refs.
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Item 319

China Rubber I ndustry

40, No.3, 1993, p.141/63

Chinese

STUDY ON FORMULATION OF BONDING
MATERIAL FOR RETREADING STEEL RADIAL
TYRES

Huang P

Beijing,Research & Design Institute of Rubber Industry

Detailsare given of arubber formulation for bonding steel
cords in radia tyres. The composition consists of NR,
BR, cobalt salt, silica, auxiliary bonding agent, thiazole
accelerator and insoluble sulphur. 4 refs,

CHINA

Accession no.476485

Item 320

Kautchuk und Gummi Kunststoffe

44,No.7,duly 1991,p.674-8

German

WATERBORNE RUBBER-METAL BONDING
AGENTSASALTERNATIVE TO SOLVENT-
BASED SYSTEMS

Beiersdorf D; Scheer H

Henkel KGaA

Waterborne rubber-metal bonding agents which have
equivalent processing, adhesion and corrosion and
chemical resistance properties to solvent-based bonding
agents are studied. Tests for the performance of these
water-based rubber-metal bonding agents are described
and the results are discussed. 4 refs.

EUROPEAN COMMUNITY; GERMANY; WESTERN EUROPE

Accession no.472452

Item 321

I nternational Polymer Science and Technology
19,N0.11,1993,p.T/89-97

DIRECT ADHESION BETWEEN RUBBER AND
METAL PLATING

IshikawaY

Adhesion between steel cord and rubber is an important
factor determining product performanceintyres, conveyor
belts, hoses and other rubber products using steel cord
as arubber reinforcement. In particular steel radial tyres
have focussed attention on adhesion between rubber and
brass plating on the steel cord surface as a fundamental
technology guaranteeing tyre endurance. This article
examines the trends in research and its significance,
referring mainly to the adhesion of rubber to brass plating
on steel cord. Adhesion between rubber and zinc plating is
also touched upon. 44 refs.Translation of Nippon Gomu
Kyokaishi,No0.2,1992,p.86

JAPAN

Accession no0.472398

Item 322

Rubbercon 92 - A Vision for Europe.Conference
Proceedings.

Brighton,15th-19th June 1992,p.419-26. 012
TRENDSIN ADHESIVES FOR BONDING
RUBBER-TO-METAL

Polaski E L

Lord Corp.

(PRI)

Speciality elastomers have been developed to meet the
ever-increasing stringent environmental resistance of
today’s rubber-to-metal bonded components. These new
polymers have prompted the adhesive manufacturers to
develop complementary adhesives that must not only
provide primary adhesion, but also must survivethe same
environments as the rubber. Today’s modern adhesives
can do this but proper selection and application of the
correct adhesive remains dependent upon such things as
the polymer type, the cure system, the moulding process,
and the vulcanisation process, as well as the operating
environment. Emerging technologies include adhesives
for thermoplastic elastomers and more environmentally
friendly products.

USA

Accession no.471658

Item 323

Adhasion Kleben und Dichten
N0.10,1992,p.22/7

German

ADHESIVE SUBSTANCESAND THEIR
APPLICATION

Endlich W

Ing.& Beratungsbuero fuer Kleb- & Dichttechnik

A comprehensive review of the subject covers surface
treatment, types of application, tackiness, solvent and
aqueous adhesives, contact adhesives, gelling adhesives,
hot melt adhesives, moisture-curing adhesives, anaerobic
adhesives, radiation-curing adhesives, heat-hardening
adhesives and two-component adhesives.

EUROPEAN COMMUNITY; GERMANY; WESTERN EUROPE

Accession no.466392

Item 324

Chemical Engineering
99,N0.9,Sept.1992,p.167/70
SELECT THE RIGHT GASKET
Kulesus G; Samdani G

Tranter Inc.

Thisarticleexaminesin somedetail thesdection of dastomeric
gaskets for plate heat exchangers. Information is presented
on the performance of several elastomers used for this
gpplication under varying temperature limits and in severa
fluid environments. Materias studied include NBR, EPDM,
butyl rubber, Viton fluoroel astomers, Neoprene, and Hypalon
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chlorosulphonated PE. Selection of gasketing techniques -
glued, gludess or spot-glued - isalso discussed. 3 refs.
USA

Accession no.465924

Item 325

Rubber World

207,No.2,Nov.1992,p.18
CHLOROPYRIMIDINESAND
CHLOROTRIAZINESASRUBBER-TO-METAL
ADHESION PROMOTERS

Seibert R F; Whedler EL; Barrows F H; TrueW R
Uniroyal Chemical Co.

US patent 5,126,385 has been assigned to Uniroyal
Chemical Co. concerning a reinforced elastomeric
composition produced by curing a blend comprising
vulcanisable rubber, brass coated metal reinforcement,
sulphur or sulphur donor and a compound containing
chloropyrimidines and chlorotriazines as rubber-to-metal
adhesion promoters.

USA

Accession no.465249

Item 326

Rubber and Plastics News

21,No.27,6th July 1991,p.15-8

ADHESION IMPORTANCE IN REINFORCED
PRODUCTS

Gozdiff M

Goodyear Tire & Rubber Co.

The basics of direct rubber bonding to brass plated and
zinc coated steel reinforcement are examined, and selected
reactionsand conditionsthat contribute towards destroying
those bonds, once formed, are discussed. Discussion is
restricted to moisture, acidic gases and water soluble salts
that occur as vulcanisation byproducts are brought in by
compounding ingredients. 11 refs.

USA

Accession no.463858

Item 327

London, 1992, pp.ii,5. 12ins. 19/6/92. 95171T

BS 903:PART A14:1992. PHYSICAL TESTING

OF RUBBER. PART A14. METHOD FOR
DETERMINATION OF MODULUSIN SHEAR OR
ADHESION TO RIGID PLATES- QUADRUPLE
SHEAR METHOD

British Standards I nst.

BS 903:Part A14:1992

This part of BS 903 describes methods to determine the
modulus in shear or the strength of bonds of rubber to
metal or other rigid plates, using rubber bonded between
four parallel plates. This edition supersedes BS 903:
Part A14:1970 which has been withdrawn. It makes
provision for the testing of thermoplastic rubbers and for

mechanical conditioning, when required and includestwo
test methods. Photocopies and |oans of this document are
not available from Rapra. It may be purchased from BSI.
Contact Rapra for further details.

EUROPEAN COMMUNITY; UK; WESTERN EUROPE

Accession no.463026

Item 328

Kautchuk und Gummi Kunststoffe

44 No.6,June 1991,p.560-5

German

EFFECT OF VARIOUS SURFACE TREATMENTS
ON THE BONDING PROPERTIES OF EPDM
VULCANISATES

Dorn L;Wahono W

BERLIN,TECHNICAL UNIVERSITY

A study wasmade of the effectivenessof varioustreatments,
i.e. etching, low pressure plasma, thermocorona as well
as use of methylcyanoacrylate adhesion promoters, for
improving the adhesion of EPDM to steel surfaces using
epoxies, PU and methylcyanoacrylates as bonding agents.
Results obtained with the different pretreatments and
bonding agents are discussed and evaluated. 21 refs.
GERMANY

Accession no.457617

Item 329

141st Meeting,Spring 1992,Conference Proceedings.
LouisvilleKy.,19th-22nd May 1992,Paper 67,pp.24. 012
NEW DEVELOPMENTSIN WATERBORNE
ADHESIVE TECHNOLOGY

Bond K M;Mowrey D H

LORD CORP,ELASTOMER PRODUCTSDIV.
(ACS,Rubber Div.)

The use of Chemlok 855, a water-borne one-coat adhesive
developed by Lord Corp., in rubber-to-metal vul canisation
bonding isexamined. Test resultsare presented which show
that thisadhesiveis equal in performance to commercially
available solvent-based one-coat systems, giving excellent
primary adhesion to awide variety of elastomers. 3 refs.
USA

Accession no0.453340

Item 330

Adhasion

36,No.4,April 1992,p.28-34

German

CURRENT ASPECTSOFADHESION
TECHNOLOGY: ADHESIVESIN
MANUFACTURING PROCESSES
Hennemann O-D;Gross A
FRAUNHOFER-INSTITUT FUER ANG.
MATERIALFORSCHUNG

The paper is divided into five sections: adhesion of sheet
stedl, bonding of machine components, adhesion to glass
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in precision manufacture, adhesion to stainless steel, and
aflexible integrated system for the adhesion of structural
parts. Improvementsdesirablein adhesivetechnology are:
the ability to calculate the strength of ajoint, estimation
of the stability of an adhesive, and further efforts at
intergrating it into the manufacturing process. 1 ref.
GERMANY

Accession no.451487

Item 331

Adhesives Age

35,N0.6,31st May 1992,p.17
POLYCHLOROPRENE-BASED SYSTEM
Mowrey D H;PontareN M

LORD CORP.

US patent 5,093,203 has been assigned to Lord Corp.
concerning an adhesively bonded rubber-metal assembly
prepared by applying aprimer component and an overcoat
component between ametal surface and arubber substrate.
The primer component comprises a polychloroprene
compound, a phenolic resin and a metal oxide.

USA

Accession no.451486

Item 332

Journal of Adhesion

37,N0.1-3,1992,p.63-72

SURFACE PREPARATION OF TANTALUM FOR
ENCAPSULATION AND ADHESIVE BONDING
Allen K W;Tiow Lin Tan

CITY UNIVERSITY,LONDON

A number of methods of surface preparation of tantalum
for encapsulation in silicone rubber and for structural
adhesive bonding were explored. The only ones which
could be generally useful were boiling for 24hin distilled
water (28% improvement) or boiling for 4h in sodium
hydroxide solution followed by boiling for 2h in dilute
hydrochloric acid (34% improvement). An aternative,
which could sometimes be used, was heating in air for at
least 2h at 100C.

EUROPEAN COMMUNITY; UK; WESTERN EUROPE

Accession no.447488

Item 333

Polymer Plastics Technology and Engineering
31,Nos.1-2,Jan/Feb.1992,p.135-56
INVESTIGATION OF RUBBER-TO-METAL
BONDING ON SOLID RUBBER TYRES
Ercin M;Berber R

ANKARA,UNIVERSITY

Theresultsarereported of astudy carried out to determine
thefactors contributing to the ability to produce strong and
permanent rubber-to-metal bondsin solid tyresmade from
ablend of NR and cis-polybutadiene. The effect of surface
cleaning on adhesion was examined and the optimum

cure time determined using a Monsanto Rheometer.
Percent elongation, bond strength and tensile strength
measurements were carried out on samples cured at 140,
150, 160 and 170C. The use of a cushion gum (NR/SBR
blend) to achieve a good rubber-to-metal bond was also
evaluated as was the influence of compression on rubber-
to-metal bonding during curing. 19 refs.

TURKEY

Accession no.442346

Item 334

139th Meeting,Spring 1991.Conference Proceedings.
Toronto,Ont.,21st-24th May 1991,Paper 91. 012
OPTIMISATION OF A NATURAL RUBBER
BREAKER COMPOUND CONTAINING
SPECIFIC CHLOROTRIAZINESASWIRETO
RUBBER ADHESION PROMOTERS

Seibert RF

UNIROYAL CHEMICAL CO.INC.

(ACS,Rubber Div.)

Two experimental adhesion promoters are discussed, i.e.
2-chloro-4, 6-bis(N-phenyl-p-phenylenediamino)-1,3,5-
triazineand 2, 4-dichloro-6-(N-phenyl-p-phenylenediamino)-
1,3,5-triazine. Further work on optimisation of compounds
containing these additives is presented on the adhesion of
brass coated steel to NR breaker compounds in the aged
and unaged state. Physical and dynamic properties are
shown. An optimised compound for zinc coated gal vanised
steel cableto NR and NR/BR compoundsisformulated for
conveyor belt applications. 2 refs.

USA

Accession no.441950

Item 335

Rubber World

205,N0.3,Dec.1991,p.30-3

DYNAMIC ASPECTS OF BRASSADHESION
Hewsitt N L

PPG INDUSTRIESINC.

Using disc fatigue for the dynamic evaluation of brass
adhesionisreported to provide an opportunity to measure
the fatigue life of rubber-to-metal bonds unencumbered
by cohesivefailure. Asaresult of disc fatigue studiestwo
brass skim compounds are recommended. 5 refs.

USA

Accession no.441604

Item 336

Journal of Adhesion Science and Technology
5,N0.10,1991,p.927-44

CONTROLLING FACTORSIN CHEMICAL
COUPLING OF POLYMERSTO METALS

Bell JP;Schmidt R G;Malofsky A;Mancini D
CONNECTICUT,UNIVERSITY; DOW CORNING
CORP.
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An overview is presented on the effects of variables on
the mechanical behaviour and durability of the polymer-
metal interfacial region when apolymeric coupling agent
is used to enhance bonding. Variables include locus of
failure, effect of coupling agent thickness, effect of surface
wetting, surface preparation, coupling agent functionality,
durability in water, and corrosion versus adhesion failure
mechanisms. 19 refs.

USA

Accession no.437474

Item 337

Kautchuk und Gummi Kunststoffe

44, No.1,Jan.1991,p.69-73

German

BONDING AGENT PRODUCER ASA PARTNER
OF THE RUBBER INDUSTRY

Heine E

CHEMETALL GMBH

Developments in materials for bonding of rubbers to
metalsarediscussed with special referencetothe activities
of Chemetall GmbH in thisfield. Information is given on
bonding agent formulation, analysis of bonding defects
and activities in reducing solvent emission. Particular
attention is paid to the use of rubber/metal bonding agents
in car manufacture.

GERMANY

Accession no.437473

Item 338

138th Meeting Fall 1990.Preprints.
Washington,DC,9th-12th Oct.1990,Paper 30. 012
COMBINING COBALT AND RESORCINOLIC
BONDING AGENTSIN BRASS-RUBBER
ADHESION

Hamed G R;Huang J

AKRON,UNIVERSITY

(ACS,Rubber Div.)

The bonding of NR compositions to brass plated steel
cord in steel belted radial tyresisinvestigated. The merits
of both cobalt naphthenate and HR additives to promote
bonding and to enhance durability are studied. Secant
modulus, tear resistance, squalene model experiments,
atomic absorption, energy-dispersive X-ray analysis, and
FTIR-ATR, was conducted. Ageing experiments were
also carried out.

USA
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Item 339

138th Meeting Fall 1990.Preprints.
Washington,DC,9th-12th Oct.1990,Paper 31. 012
ADHESIVES FOR BONDING CATHODICALLY
PROTECTED RUBBER TO METAL DEVICES
Warren PA;Mowrey D H;Gervase N J

LORD CORP.
(ACS,Rubber Div.)

The resistance of various Chemlok adhesivesto cathodic
disbonding was evaluated. Salt spray testswere conducted
to determine if a relationship existed between the failure
mechanismsinvolved. Several adhesiveswhich previously
werefound to possesslittle cathodic disbonding resistance
were also tested. 9 refs. (Appears in German in Kaut.
u.Gummi Kunst.,44,No.5,May 1991,p.456-8.)

USA

Accession no.436380

Item 340

Plaste und Kautschuk

38,No.3,March 1991,p.91-5

German

ALGORITHM FOR THE DETERMINATION OF
ADHESIVE JOINT STRENGTH OF POLYMER/
NON-POLYMER SYSTEMS

Pritykin L M;Zilberman A B;Zilberman | |;VakulaV L
DNEPROPETROVSK CHEMICOTECHNOLOGICAL
INSTITUTE

A concept for calculating the adhesive joint strength
of polymer/non-polymer systems, especially metals, is
described in detail. 29 refs.

EASTERN EUROPE; USSR

Accession n0.434977

Item 341

Stuttgart, ¢.1991, pp.4. 8x6ins. 24/9/91. 42D14-6A1
FAMOUSADHESIVES

CHEMISCHE FABRIK ASPERG KG

Descriptions are given of three well-known adhesives
from Asperg. They are Adhesive SK700, Adhesive R9
and Adhesive AK60. Thefirst isaneoprene-based contact
adhesive for bonding leather to leather, rubber foam,
cork, felt and fabrics. The second is also neoprene-based,
but is used for bonding plastic laminates, and veneering.
Adhesive AK60, also neoprene-based, is designed for
bonding metal to rubber, foam, felt, leather, wood, glass,
cork and stone, and has been developed for bodywork
applicationsin the automotiveindustry. Brief performance
properties are described for each.

GERMANY

Accession no0.434709

Item 342

Rubber World
204,No.5,Aug.1991,p.74
COMPOSITE BONDING

K & K Technologies has recently introduced an advanced
process for rubber/plastic composite bonded parts.
The process uses a thermoplastic material, Vestoran,
engineered to obtain one step rubber to plastic bonding
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without the use of adhesives, clamps, adhesion promoters
and secondary connectors. Structural integrity issaid to be
maintained and a durable lasting bond ensured. Vestoran
can takethe place of metal in conventional rubber to metal
bonded parts.

K & K TECHNOLOGIES INC.
USA

Accession no.433769

Item 343

137th Meeting Spring 1990.Conference Preprints.
Las Vegas,Nv.,29th May-1st June 1990,Paper 77. 012
SELECTED CHLOROPYRIMIDINESAND
CHLOROTRIAZINESASWIRE ADHESION
PROMOTERS

Seibert RF

UNIROYAL CHEMICAL CO.INC.

(ACS,Rubber Div.)

The adhesion characteristics of several adhesion
promoters are demonstrated and compared to existing
systems. The adhesion promoters are chloropyrimidines
and chlorotriazines. Their effectiveness is shown in
both unaged conditions and several different ageing
environments. Formulations are based on 80:20 NR and
polybutadiene and 100% NR. 3 refs.

USA

Accession no.430739

[tem 344

Adhesion.Principles and Practice for Coatings and
Polymer Scientists.Conference Proceedings.
Kent,Oh.,20th-24th May 1991,Paper 10. 9(12)4
COUPLING AGENTSASADHESION
PROMOTERSIN ADHESIVE BONDING
Boerio F J;Dillingham R G;Ondrus D J
CINCINNATI,UNIVERSITY

Edited by: KraussC J

(Kent State University)

The characteristics of silane primer films applied to
metals and the use of silane primers to enhance the
hydrothermal stability of adhesive bonds to metal are
presented. Emphasis is given to iron/epoxy adhesive
joints, titanium/epoxy adhesive joints, auminium/epoxy
adhesive bonds, rubber to metal bonding, adhesion of PE
to sapphire. 38 refs.

USA

Accession no.430273

Item 345

Nippon Gomu Kyokaishi

64,N0.6,1991,p.372-7

Japanese

ADHESION OF RUBBER TO METAL ANDITS
ALLOY.Il. CURE-ADHESION OF RUBBERSTO
ELECTROLESSPD-PALLOY DEPOSIT. EFFECT

OF SULPHUR AND WATER RESISTANCE

Ikeda Y;Nawafune H;Mizumoto S;Yamaguchi K;Kadota
K;Haga M

ISHIHARA CHEMICAL CO.LTD,;
KONAN,UNIVERSITY

The effect of sulphur dosage on peel strengths before
and after ageing in hot water was investigated for SBR
and NR adhesion-cured onto an electroless Pd-P alloy
deposit. 6 refs.

JAPAN

Accession no.429870

Item 346

Rubber World

204,No.4,duly 1991,p.13

RUBBER-TO-METAL BINDERS FROM
CHLORINATED RUBBER AND BROMINATED
POLYDICHLOROBUTADIENE

Scheer H

HENKEL AG

US patent 4,994,519 has been assigned to Henkel
concerning aheat-stable binder for usein the vul canisation
of natura or synthetic rubber mixtures onto metallic or
other substrates, comprising a mixture of chlorinated
rubber, after-brominated polydichlorobutadiene, quinone
dioxine, carbon black and ground sulphur.

GERMANY

Accession no0.429689

Item 347

Rubber India

63,No.4,April 1991,p.19/42
MOULDING IN RUBBER INDUSTRY
DigheK D

SWASTIK RUBBER PRODUCTSLTD.

Thiscomprehensive article examinesthe various moulding
methods for rubber including compression, transfer and
injection moulding. The advantages and disadvantages,
mould design, equipment, curing and problem prevention
are described in some detail. In addition the bonding of
rubber to metal isdiscussed, including surface preparation,
choice of method and bond failures. 8 refs.

INDIA

Accession no0.428703

Item 348

Hule Mexicano y Plasticos
45,N0.522,Jan.1990,p.12/20

Spanish

DEVELOPMENTSIN RUBBER-METAL
FABRICATIONS

German TorresA

Following a short synopsis of the history of rubber-to-
metal bonding, the article devotesitself to the technology
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involved. The aspects briefly covered include adhesion
theory, surface preparation, adhesive applications, process
control and moulding equipment. Dynamic properties of
rubber metal components and the factorsinfluencing them
are dealt with at greater length.

EUROPEAN COMMUNITY; SPAIN; WESTERN EUROPE

Accession no.426891

Item 349

Adhasion

35,No.3,March 1991,p.36-40

German

SURFACE TREATMENT OF EPDM
COMPOUNDS BEFORE BONDING
Dorn L;Wahono W
BERLIN,TECHNICAL UNIVERSITY

Seven low pressure plasma treatments and three corona
treatments were compared in the adhesion of EPDM to
steel. Gases used in the plasma treatments were oxygen,
air, argon, nitrogen and 70:30 and 30:70 mixtures of
oxygen and tetrafluoromethane. Two epoxy resins and
two polyurethane adhesiveswere used in the investigation.
18 refs.

GERMANY

Accession no.421611

Item 350

Adhasion

35,No.3,March 1991,p.10/6

German

PRESENT STATE OF BONDING TECHNOLOGY
INTHE MASSPRODUCTION OF CARS
Altmann O

BMW AG

The use of adhesives in automobile manufacture is
reviewed and an attempt is made to rationalise the use of
adhesivesin bonding the many different types of polymers
encountered, with particular reference to BMW cars. 12
refs.

GERMANY

Accession no.421462

Item 351

Fourteenth Annual Meeting of the Adhesion Society.
Meeting Proceedings.

Clearwater,Fl.,17th-20th Feb.1991,p.27-9. 9(12)4
MIXED MODE FRACTURE UNDER CATHODIC
DELAMINATION

Liechti K M;Adamjee W

TEXASUNIVERSITY

Edited by: Clearfield H M

(Adhesion Society Inc.)

A characterisation of themutli axial stressstrain behaviour
of Neoprene 5109S was carried out. A fracture analysis
of the scarf specimens of rubber to metal bonds was

then conducted to determine the energy rel ease rates and
crack opening angles associated with various loads and
scarf angles. Cathodic delamination experiments were
conducted and crack growth rates were correlated with
energy release rates and crack opening levels. 11 refs.
USA

Accession no.420640

Item 352

Fourteenth Annual Mesting of the Adhesion Society.
Meeting Proceedings.

Clearwater,Fl.,17th-20th Feb.1991,p.30-2. 9(12)4
DURABILITY CHARACTERISATION AND
LIFE PREDICTIONSOF CATHODICALLY
PROTECTED ELASTOMER TO METAL
ADHESIVE BONDSIN MARINE
ENVIRONMENTS

Hamade R F;Dillard D A
VIRGINIA,POLYTECHNIC INSTITUTE & STATE
UNIVERSITY

Edited by: ClearfieldH M

(Adhesion Saociety Inc.)

An interdisciplinary study involving the durability of
adhesively bonded elastomer to meta joints in marine
environmentsis reported. A methodology was devel oped
to identify and model adhesion loss in service. Surface
analysis techniques were utilised to determine the locus
and mechanism of disbonding. Easily used test specimens
were developed and the design and impl ementation of test
matriceswere created. Two schemesfor model degradation
were also produced.

USA

Accession no.420138

Item 353

Adhesive Bonding.

New York,Plenum Press,1991,p.175-202. 9(12)4
SURFACE CHARACTERISATION IN POLYMER/
METAL ADHESION

Filbey JA;Wightman J P

HOECHST CELANESE CORP;
VIRGINIA,POLYTECHNIC INSTITUTE & STATE
UNIVERSITY

Edited by: LeeL H

(Xerox Webster Research Center)

Techniques for surface characterisation in polymer/metal
adhesion are reviewed, including SEM, scanning TEM,
surface reflectance IR spectroscopy, inelastic electron
tunnelling spectroscopy, auger electron spectroscopy, ion
scattering spectroscopy, secondary ion mass spectroscopy
and X-ray photoelectron spectroscopy. Examples are given
of surface characterisation of pretreated adherends, adhesive/
adherend interaction, failure surface analysisand correlation
of these results with bond performance. 39 refs.

USA

Accession no.419597
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Item 354

I nternational Polymer Science and Technology
17,N0.4,1990,p.T/82-3

IMPROVING THE TECHNOLOGY FOR
MAKING SPECIMENS FOR TESTING BOND
STRENGTH OF RUBBER TO METAL BY
DIRECT PULL

Salitan E M;Kulakova G V;Mashinal A
USSR,SCIENTIFIC RES.INST.OF THE RUBBER
INDUSTRY

Full trand ation of Prom.Sint.Kauch. Shini Rez-tekhn.lz.,
No.11, 1989, p.38.
EASTERN EUROPE; USSR

Accession no.419592

Item 355

Fundamentals of Adhesion.

New York,Plenum Press,1991,p.383-406. 9(12)4
CHEMISTRY, MICROSTRUCTURE

AND ADHESION OF METAL-POLYMER
INTERFACES

Ho P S;Haight R;White R C;Silverman B D;Faupel F
IBM T.JWATSON RESEARCH CENTER

Edited by: LeeL-H

(Xerox Webster Research Center)

A detailed review is given of the results of recent studies
on the chemistry, microstructure, and adhesion of the
metal-polyimide interface. A stretch deformation method
was developed for quantitative study of adhesion and
deformation of metal/polymer layered structures. This
method provides a direct measurement of interfacial
adhesion energy without resorting to complex stress
analysis to extract the energy, asin other tests.

USA

Accession n0.418510

Item 356

Fundamentals of Adhesion.

New York,Plenum Press,1991,p.325-48. 9(12)4
ADHESION AT METAL INTERFACES
BanerjeaA;Ferrante J;.Smith JR

GENERAL MOTORS CORP,,RESEARCH LABS,;
US,NASA,LEWIS RESEARCH CENTER

Edited by: Lee L-H

(Xerox Webster Research Center)

A review is given, by way of background, of what has
been accomplished in understanding the theory of those
properties which influence metallic adhesion. 39 refs.
USA

Accession no.418506

Item 357

Fundamentals of Adhesion.

New York,Plenum Press,1991,p.349-62. 9(12)4
HARD-SOFT ACID-BASE (HSAB) PRINCIPLE

FOR SOLID ADHESION AND SURFACE
INTERACTIONS

LeeL-H

XEROX WEBSTER RESEARCH CENTER
Edited by: LeeL-H

(Xerox Webster Research Center)

An attempt is made to apply the hard-soft acid-base
(HSAB) principle to solid interactions with the aid of the
frontier orbital method. The HSAB principleis described
as it has been evolved in recent years, then the band
structures of solids are described. After the compatibility
between the HSAB principle and the band structures in
the solid state are described, several examplesof adhesion
and surface interactions between metals and polymersare
described in an attempt to further understand the dynamics
and energetics of surface interactions at molecular level.
46 refs.

USA

Accession no.418505

[tem 358

Adhesives Age

34,No.4,April 1991,p.38/43

EVALUATING SURFACE TREATMENTSFOR
BONDING REINFORCED METALS

Bergquist P R;Petrie S P;Wentworth SE

USARMY MATERIALS TECHNOLOGY
LABORATORY

The results are reported of a study of the effectiveness
of state-of-the-art surface treatments for the adhesive
bonding of aluminium alloys reinforced with particulate
silicon carbide. Surface treatment methods evaluated
included grit blasting, polishing, degreasing, Forest
Products Laboratory etching, chromic acid anodisation
and phosphoric acid anodisation. The adhesive employed
wasacommercial rubber-toughened epoxy film adhesive,
Scotch-Weld AF163-2U. Test results for bonded thick
lap shear specimens at 25C and 60% R.H. are tabulated.
(22nd International SAMPE Technical Conference, 6-8
Nov.1990,Boston). 11 refs.

USA

Accession n0.418130

Item 359

Kautchuk und Gummi Kunststoffe
43,No.5,May 1990,p.385-7

ESTERS OF BORIC ACID OFFERING A
GREATER FLEXIBILITY FOR COBALT
BONDING SYSTEMS

Pieroth M;Schubart R

BAYERAG

A study was made of the influence of boron compounds,
especially estersof boric acid, on cobalt compound-based
bonding agents used for bonding of NR to brass plated
steel cord. Adhesion results obtained with different boron
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compounds are discussed, special mention being made of
findings for KA 9128. 1 ref.

EUROPEAN COMMUNITY; WEST GERMANY; WESTERN
EUROPE

Accession no.417146

Item 360

Revue Generale des Caoutchoucs et Plastiques
67,N0.696,May 1990,p.221-2

EFFECT OF SURFACE ROUGHNESSAND
MECHANICAL INTERLOCKING ON ADHESION
GentAN;LinCW

AKRON,UNIVERSITY

Two model s of adhesion have been considered: one when
the substrate was arigid plate containing a regular array
of cylindrical holes and one when the substrate was a
woven cloth of stainless steel wire. In the second case the
adhesive could not be removed from the holes without
breaking the strands. Experimental measurements were
compared with the theoretical predictions, using NR and
SBR; reasonable agreement was obtained. It was found
that in either case the apparent work of detachment could
exceed the work of rupture of the adhesive layer without
the material actually breaking.

USA

Accession no.410357

Item 361

Automotive Engineering

98,No.7,Jduly 1990,p.35-7

RUBBER TO METAL ADHESIVES IMPROVE
QUALITY OF HYDRAULIC MOUNTS
Mowrey D

LORD CORP.

The development of anew rubber-to-meta bonding system
for hydraulic mounts, that meets the most demanding
specifications of automakersfor resistance to high temps,
boiling water, salt spray and awide variety of aggressive
automotive fluids, is highlighted. The new system, called
Chemlok EP5665-28A and EP5772-52, was extensively
fieldtested for bonding awidevariety of NR compoundsto
grit blasted and zinc-phosphatised steel and aluminium.
USA

Accession no.410356

Item 362

Swiss Bonding 90-Bonding in Metalwork and
Construction.Conference proceedings.
Rapperswil,28th-30th May 1990,p.353-72. 6A1
German

PRETREATMENT OF SUBSTRATESBASED ON
EPDM RUBBER COMPOUNDS

Dorn L;Wahono W

BERLIN,TECHNICAL UNIVERSITY

Edited by: Schindel-Bidinelli E

A study was made of variousel ectrical surface pretrestment
methods for EPDM and their effectiveness in improving
the adhesion propertiesof thisrubber. Particular enphasis
is placed on a thermocorona technique which was
developed at Berlin University. Results obtained with these
techniquesfor EPDM/metal bonds, using epoxy and PU as
adhesives, are discussed and evaluated. 18 refs.
EUROPEAN COMMUNITY; WEST GERMANY; WESTERN
EUROPE

Accession no.408999

Item 363

Swiss Bonding 90-Bonding in Metalwork and
Construction.Conference proceedings.
Rapperswil,28th-30th May 1990,p.233-58. 6A1
German

INFLUENCES OF MANUFACTURING
CONDITIONSON QUALITY OFADHESIVE
METAL JOINTSWITH VERY DIFFERENT
MATERIAL PARAMETERS
Marwinsky-Moniatis B

SCHINDLING AG

Edited by: Schindel-Bidinelli E

Using the bonding of a chrome-nickel-steel to a hard
ferrite asan example, theinfluence of metal pretreatment,
application of adhesive curing behaviour and type of
adhesive on quality of bonded joint was investigated.
Adhesivesemployed weretwo anaerobic systems, asilicon
rubber and a modified epoxy resin. Results obtained are
reported and evaluated. 5 refs.

SWITZERLAND; WESTERN EUROPE

Accession no.408997

Item 364

European Rubber Journal
172,N0.9,0ct.1990,p.38-40

LOOKING FOR A BINDING SOLUTION
White L

The pressure is on in the rubber-to-metal bonding
industry as solvent-based adhesives are under increasing
environmental pressure. Many industry experts are
sceptical that water-based systemswill be ableto provide
an acceptable alternative. The major bonding agents are
examined including Chemlok, the agreed market leader.
Bonded parts used in the automotive industry and quality
control measures are discussed.

WORLD

Accession no.408020
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