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Preface

Long ago someone described a book’s preface as the author’s ex-
cuse for writing the book. So I'll start by giving mine. Currently,
there are few books that deal exclusively with rubber com-
pounding. There are many courses on rubber compounding avail-
able to those in the rubber industry. These courses consist mostly
of lectures on rubber-compounding materials by experts, usually
from supplier companies. Although the material presented is gen-
erally excellent and up to date, deficiencies or difficulties en-
countered with the ingredients may be understated, and there is
not an ongoing attempt to weave the information together to show
how compounds are built up. This book is an attempt to fill those
voids.
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iv PREFACE

The author has at one time or another worked with the com-
pounding of all the polymers described here. But obviously no
comprehensive book on compounding can be written from the
experience and remembrances of one person. Accordingly, the
voluminous technical literature has been freely consulted and
used. A constant problem has been judging what would be most
useful to include. Certainly carbon blacks and accelerators cannot
be excluded but what about fire retardants and mold release
agents? This book contains brief notes on fire retardants but mold
release agents have been omitted.

It is inevitable in a book of this kind that errors will creep in
and for these the author takes sole responsibility. Although rubber
technology is not changing as fast as some other technologies, it
is changing and this means the information will change in time. It
cannot be too strongly urged that compounders keep in close
touch with their suppliers, environment officials, customers, and
the technical literature to make sure they stay close to the “cut-
ting edge.”

Successful compounding!

Fred W. Barlow
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One
Introduction
to Compounding

I. SCOPE

This book was written to provide a guide to modern compound-
ing, to describe the materials involved as well as why and how they
are used to build up a compound. Many technologists would
agree that rubber compounding is still more of an art than a
science, so the emphasis is on simplicity, common usage, and
understanding. However, where scientific study is providing an-
swers, pertinent material is included or noted. The book is fash-
ioned to serve the needs of the beginning compounder as well as
providing a useful reference for those more advanced or who serve
the rubber goods industry as suppliers, for example.



2 RUBBER COMPOUNDING

The compounding, mixing, and testing of rubber stocks covers a
formidable array of materials and technics. To attempt to cover all
would mean a cumbersome and disjointed work. Accordingly this
text is only concerned with six general-purpose rubbers and two
specialty rubbers. The six general-purpose rubbers are natural,
styrene-butadiene, polybutadiene, butyl, ethylene-propylene, and
neoprene. These are called general-purpose rubbers because of
their usage in a wide variety of products. The two specialty rub-
bers are butadiene-acrylonitrile and polysulfide rubbers. These
rubbers are primarily chosen for their solvent resistance, especially
petroleum-derived solvents, and find use in such applications as
gasoline and paint spray hose tubes. A section on reclaimed rubber
is included. The above rubbers would include over 96% of the
world’s consumption.

Although they have different shades of meaning, the terms
polymers, elastomers, and rubbers will be used interchangeably in
this book to avoid repetition. No matter what term is used the
compounder does have a mountain of these to work with. In 1985
the International Rubber Study Group estimated that 13,325,000
metric tons of rubber was produced. Of this 32.6%, 4,340,000
tons was natural; the remaining 67.4% synthetic. Production of all
rubbers usually follows consumption closely and growth in the last
5 years has been slow. Production of all rubbers in 1985 was only
about 6% above that of 1980.

The variety of rubber compounds used is enormous. One com-
pany with which the writer was associated — a mechanical rubber
goods producer — had formulas for 800 compounds, although
normal inventories consisted of only a fraction of that number.
Considering the variety of rubber products and the number of
manufacturers, it would appear that thousands of compounds are
available if not in regular use. Whether such large numbers are
necessary is questionable. The smaller the number of compounds
a manufacturer can satisfy his customers with, the greater the
savings in cost accounting, longer mixing runs, warehousing, loss
from storage hardening, and quality control costs.
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Il. DEMANDS AND REWARDS

Good compounding means formulas are developed which are en-
vironmentally safe, factory-processable, provide a satisfactory
service life, and are cost-competitive to other compounds used in
the same application. These requirements put considerable de-
mands on the compounder. That person must have at least ex-
tensive knowledge of materials as diverse as carbon black and
paraffin wax, sulfur, and ester plasticizers. There must be suf-
ficient familiarity with rubber-processing equipment for reason-
able assurance the compounds can be processed without difficulty.
Costs are always a major concern and constantly increasing en-
vironmental safety regulations must not be overlooked. A heavy
endowment of unflappability and detective ability is required
when a hitherto smooth-running compound seems to be causing an
unacceptable percentage of rejects just when there is a rush order
from a valued customer. But the rewards are great, there are no
safety hazards to anyone, and the customer is satisfied with good-
quality product. With low scrap losses, reduced energy con-
sumption from less reworking of bad compound, and a cost-com-
petitive compound, factory profit possibilities are enhanced. All of
this gives a satisfying sense of accomplishment to the compounder.

I1l. CLASSIFICATION OF MATERIALS

It is customary when discussing compounding to classify the ma-
terials used by the function they serve. Some materials, such as
zinc oxide, can behave in more than one way. In this book the fol-
lowing classifications will be used:

Elastomers

Vulcanizing or cross-linking agents
Accelerators

Activator/retarders

Process aids

Softeners and plasticizers

P oo b =



4 RUBBER COMPOUNDING

7. Reinforcers-black
8. Reinforcers/fillers — non black
9. Age resisters

10. Miscellaneous materials

A chapter (two in the case of elastomers) is devoted to each
class in turn and the remainder of the book is devoted to how this
information is used for commercial compounding.

IV. TRAINING FOR COMPOUNDING

Training for rubber compounding is usually on-the-job training in
the United States with entry level jobs often taken by science or
engineering graduates. Not infrequently the latter are from
chemistry or chemical engineering courses rather than physics.
This is somewhat strange for although chemical problems exist in
such areas as vulcanization and aging, it is the physical properties
of rubber that are most appreciated in its service applications.

In some countries rubber technology is taught as a college level
course. One of the best known is the London School of Polymer
Technology (formerly known as the National College of Rubber
Technology) in England. A licentiateship course is offered which is
roughly equivalent to a high-school leaving level; a more rigorous
course is the associateship level, equivalent to a bachelor of science
degree. Because of its high reputation the school attracts students
world wide. As a good illustration of what compounding is about
and the knowledge needed to be a successful compounder, two
recent examinations are reproduced below.

A typical compound for a first grade conveyor belt cover is
shown in Table 1.1. Compounds do not always require material
from each of the classes above. This compound indicates in a very
general way the amount of each class of these materials usually
used. With certain classes of materials, such as age resisters, there
are many nongeneric materials and trademarked materials are
specified. A common convention among compounders is to base
formulations on 100 parts of elastomers and to list the elastomer
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Table 1.1 Conveyor Belt Cover Compound

Material Parts Functional class
Natural rubber (SMRCV) 100.0 Elastomer
N 220 Carbon black 450 Black reinforcer
Zinc oxide 4.0 Activator
Stearic acid 2.0 Activator
Rubber process oil 4.0 Softener
Agerite Resin D3 25 Age resister
Paraffin wax 1.0 Age resister
cBsb 0.5 Accelerator
Sulfur 25 Vulcanizing agent
161.5

aVanderbilt Company trade name.
b Abbreviation for n-cyclohexylbenzothiazole-2-sulfenamide.

first. Less widely observed but useful is placing the accelerators
and vulcanizing agent at the end of the compound so that curative
systems can be quickly identified.

In rubber technology English, metric and SI units are commonly
encountered in the literature. Appendix III, Weights, Measures, and
Conversion Factors, gives the various relations and illustrates a
method for more fool-proof conversions from units of one type
to another.
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National College of Rubber Technology
Licentiateship Course in Polymers
1981
Paper 3R: Rubber Chemistry and Technology
(Rubber option candidates only)
Answer FIVE questions

1. Compare the raw material, processing and vulcanizate prop-
erties of natural rubber and emulsion polymerized SBR.

2. Suggest an appropriate rubber for each of the following ap-
plications:
(a) car windscreen seal;
(b) tyre inner tube;
(c) petrol tank seal;
(d) car engine mounting.
Give reasons for your choice in each case. For one of the
products suggest a mix formulation, paying particular at-
tention to the curing system. Briefly outline any special
features of mixing and moulding procedures for the formu-
lation selected.

3. Survey the developments over the last 70 years, in rubber
compounding ingredients.

4. Write notes on TWO of the following:
(a) the main effects of filler characteristics on vulcanizate

properties;
(b) the various types of aging of rubbers and means of
limiting such aging;

(¢) colouring materials for non-black rubber compounds.

5. You are given a hydrocarbon rubber compound. Describe
what steps you would take to separate and estimate the
components of the compound.
A rubber compound (2.032 g) was extracted with acetone
and 0.407 g of extract obtained. A portion of the extract-

This test and the one that follows are reproduced with the permission of the
London School of Polymer Technology, London, England.
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ed rubber (0.972 g) was heated in a porcelain boat at 550°C
in a nitrogen atmosphere and 0.595 g remained. This was
further heated in a furnace at 550°C and 0.105 g remained.
Determine in parts per hundred of rubber polymer:
(a) the acetone extract;
(b) the carbon black content;
(c) the mineral filler content.

6. Describe how ozone causes cracking in a rubber. Name one
antiozonant and describe its mode of action.

7. What do you understand by the term S-B-S triblock poly-
mers? Describe the physical nature of these materials at:

(a) -120°C;
(b)  20°C;
(c) 140°C.

Give reasons for the differences. What are the main ap-
plications of the polymers?

8. Compare the properties of vinylidene fluoride-hexafluoro-
prene copolymers, ethylene-methyl acrylate copolymers and
polydimethylsiloxanes as heat resisting rubbers. Include in
your answer references to mechanical and chemical pro-
perties.



