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ELASTOMERS AND PLASTOMERS

Elastomers and plastomers are natural or artificial materials produced

by chemical or physical reactions,

They can be inorganic (mineral) or organic (carbon)
e.g. mica and glass are inorganic
rubber, PVC, etc. are organic

Plastomers are hard macromolecular materials., In given temperature
ranges - specific for each of them - they are becoming plastic, soft
and can be moulded, They can be fluidoplastics, thermoplastics or
duroplastics,

Elastomers are soft organic macromolecular materialr, having a softening
point in given temperature ranges and rubberlike properties (elasticity.

resilience, etc.)

There are many utilizations of plastomers and elastrmers in footwear

and leathergoods manufacture :

plastomers heels, shanks, last, suitcases, attache-cases, etr.

elastomers : soles, insoles, coated fabrics, adhesives, etc,

Compared to leather, the advantages of synthetic ma'lerials are :

- homogeneity of quality (good or bad)

- possibility to improve or modify the physico-chemical properties
- important availability of raw material ‘

- possibility of producing big quantities

- cheaper prices

- more rational utilization in manufacture of goods,
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1.

A, The natural elastomers and plastomers

Rubber

Natural rubber is the most used material, It comes from a tree,
Its origin is a south amercian tree, called by the Indian "Cahuchu",

where other species like the "Hevea" originated,
The tree produces a liquid which is tapped from a out in the bark
and is known as latex, ‘

Latex is a l@quid similar to milk, It is an emulsion of rubber in
water, This means that very small particles of rubber are dispersed

in the water serum of the plant,

Just like milk, the latex emulsion is only stable in given conditions

and has a very short life time,

"After cuagulation with an acid, the precipitate is pressed and dried

to give pale "crepe" or cured by smoking into smoked sheets. .
These t.o materials are the raw materials for natural rubber goods.
latural rubber is a complex chemical that can be defined as a

natural polymer of isoprene CSHS

CH = ( =-=CH = CH
2

2

The mol.cular chains in natural rubber are very long, this makes

it diff.cult to compound and mould directly:

Natural rubber must be treated by mastification, which depoly~-

merizes the chain molecules, reducing the molecular weight.



It is performed on a mixing mill having two rolls running at
slightly different speeds in opposite directions and with a
narrow gap between them, The heavy shear forces exerted on the
materials in these machines cause the long chain ﬁoleculea to

tear, There is also an increase in temperature due to the

kneading action,

After the material has been put through the mill two or three

times a rough sheet is obtained, It is only at this stage that
the full mastification effect can be obtained, The sheet is

passed Letween the rolls again and again, To prevent the sheet
from coutinuing to circulate, the front part must be taken off
the rol” with a knife, Thereafter, the material is returned to
the mill until the required degree of depolymerization has been
reached The material is then soft enough for incorporation of

fillers and other additives,

The additives are usually : Accelerators
Antioxidants
Antistatics
Blowing agents
pigments to give color
and reclaim rubber

&

The fillers are feinforcing agents (carbon Black) or mineral

agente to give weight,

To fast:n the mastification process and to make it easier,

mineral fats, such ag paraffins, are added,

The rubter paste is ready for vulcanization and is stored

with a protective layer of talc powder,

Today, uatural rubber is seldom used as such but mostly
blended with synthetic rubbers,
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COAL - SEA SALT VEGETABLE . PETROLEUM
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BENZENE HC1  ETHYL
‘ E ALCOHOL
ETHYLENE
: |
. ETHYLENE
CHLORINE CHLORIDE
ALUMINMIUM
CHLORIDE
ETHYL
BENZENE
CHLORO
ETHYL
BENZENE
STYRENE

RUBBER CONSUMPTION

Tires - 65%
Footwear

(soolings+boots) 10%
Technical rubber 6%
Belts 4%
Isolation 3%
Textile 2%

Others (gloves, toys, etc)  10%

WORLD PRODUCTION OF RUBBER

Natural 3,093,000 55% 3,557,500 33% 3,985, 000 33%
Synthetic 2,479,000 95% 7,307,500 67% 8,215,000 67%

5,572,000 10,865,000 12,200, 000
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gir. 494, Schamatic diagram {llustrating the production, from patroleum frsctions, of raw materials for plastics manulacture.
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A

Raturai rubber can be used without iulcanization as CREPE,
This i, a cheap material, light in weight, having self-adhesive
properties but very sensitive to temperature, oils and solvents

and having poor ageing resistance,

Cellulose is the natural material of wood, plants (cotton) or
vegetable fibres,

It is the raw material for celluloid;fcellulose acetates, ethyl
cellolose, (synthetic fibres)

Casein is the protein of milk and the raw material for synthetic

horn. ‘ L]

Coal, petroleum oil and natural gas are raw materials for a

wide variety of synthetic elastomers and plastomers,

B, Synthetic elastomers and plastomers

PRODUCTION METHODS

Tl

Polymcrisation

A polymer is a large molecule formed by the repeated combination

of small, simple chemical units, the monomers,

It is a chemical reation of combination of & number of similar
molecules to form a large moleculs,

The reaction is initiated by a catalysator and needs energy.
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No by-products are generated during the reaction and the building
up of the macromolecule can be in a chain or a ramification,

usually through the oarbon links,

The reaction is fast and can only be controlled in given limits,

Hw H
\ /
//C~= C\\’ - - CH2 - CH2 - CH2 - CH2 - - -
H “MH
ethylene polyethylene
H H
\\ 'é// CH CH‘ CH CH CH' CH
C = ‘ - - - - - CH - -CH - - -
H/ \CH 2 l 2 2 '
3 CH3 CH3 CH3
propylene A_>r pol&propylene

Polymers, such as polypropylene, made from only one type of
monomer are known as homppolymers or addition polymers,

Polycondensation

Condension polymers are formed from different polyfunctional
monomers usually with the elimination of & smaller molecule such

as water or methanol, -

The building up of the macromolecule is not only through carbon
but also through acid, nitrogen or sulfur groups,
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The reaction proceeds by a stepwise intermolecular condensation,
the intermediate steps can be kep for further condensation,
(step reaction polymerazation)

+

e.g. HOOC - Ry = COOH  + HO - R, - OH

acid alcohol

- 0C = R1 -C0 -0~ R2 -0-0C - R1 -C0~0=~-R

. 2':00000
"+ HOH

CBBVOOCCGH COOCH + HOCH, CH, OH

4 3 . 2 72
dimethyl ethylene
phtalate glycol
- OCH203200006H4COOCHé05200006H4Q00 = eesescree

1.3 Polyaddition

Polyaddition is the reaction of combining different macromolecules
through polyfunctional links,

Bee HO = R1 = OH + OCN = Hz - ONO + eses ¥ soes
alcohol , diisocyanate

R R1 =0 =00 - NH - 32 = NE « 00 = 0 = B
polyurethane

1 éveocoe
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FOR PRODUCTION OF SYNTHETIC RUBBERS

STARTING MONOMERS
CH, = CH - CH = CH,. BUTADIENE
CH. = C - CH = CH ISOPRENE
27 2
c,
CH, = ? - CH = CH, CHLOROPRENE
ct
CH, = CH, ETHYLENE
CH, = CH - CH, PROPYLENE
/// CH,
CH, = C ISOBUTYLENE
- ™ o S
3
CH, = CH - CgH, STYRENE
CH. = CH = CN ACRYLO NITRILE
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Types of synthetic rubbers

201.

Butadiene rubbers

Butadiene rubber is an isoprene without methyl
group

CH2 = CH - CH = CH2

it is generally used as a copolymer with styrene

- - - CH2 - CH —:CHz- CH = CH - CH2 - - - -

O

Styrene-butadiene rubber (SBR) was one of the
first man-made rubber. It is comparable with

natural rubber as an excellent general purpose

soling material.

Pure polystyrene is a hard glassy material while
pure polybutadiene is soft and rubbery. The co-
polymer is soft and rubbery when the polystvrene
content is low, becoming harder as the propertion
of polystyrene increases, Normal SBR contains

about 25% polystyrene.

SBR'is compounded and vulcanized in the same way
as natural rubber, and is available in several

quality gradés. These grades differ mainly in the
amounts and types of filler used. The high grades

with the best wear resistance contain more of the
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reinforcing fillers like carbon black or hydrated
silica, and less of the cheapening fillers like
soft clay and whitings. Wear resistance and flex~
cracking resistance become poorer as the proportion

of cheapening fillers increases.

Quite high proportions of extending oils can be
used without deterioration in properties. Rein-
forcing fillers like carbon black reacts with the
chains and become bound chemically with them,
strengthening the compound. The solid fillers
particles, on the other hand, are too big and

weaken the compound.

0il and solvent resistance of SBR rubber is not
very good but can be improved by blending with

0il resistant rubbers.

Density of SBR rubber is greater than that of

natural rubber,

Unlike natural rubber, SBR and most of the other
synthetic rubbers cannot be used in the Y“crepe'

form.

There is little to choose between natural rubber
and SBR as far as general wearing properties are
concerned, Whether one or the other or some blend

of the two is chosen depends on cost.

Different hardnesses are obtained by blending
"high styrene® resins with the normal SBR. The
harder blends are commonly refered to as ‘resin

rubbers’,

SBR in solid form is available as sheets or moulded
units for soling. It can also be obtained as pre-

mould blanks for direct vulcanizing process.
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Thermoplastic rubber (TR)

Thermoplastic rubber is a styrene-butadiene co-
polymer but it differs from normal, SBR in that the

monomers units are arragned in blocks.

It is a tri-block system in which a long polybu-
tadiene chain has a shorter polystyrene chain

attached to each end, as shown below

=5=5=5=5=8=5S =B-B-B=B=B=B=B=B=BuBaBwBeB~B=B~BaB =S=S=S=3~S

It is an addition co-polymer made by a solution
polymerization technique with special catalysts.
The block are made separately then Joined together

afterwards,

TR behaves very differently to the random SBR co-
polymer in that it does not need to be vulcanized

to give the required strength and elasticity.

It is compounded with fillers and additives but
without cross-linking agent, it retains its
thermoplastic nature and can therefore be processed
by the much cheaper injection moulding technigue.

Unused or waste material can be recycled,

TR gets its strength from 'reversible! cross-links
which are a unique feature of many block copolymers.
These cross-links are destroyed when the material

is heated to its moulding temperature and reform

again on cooling.

The arise because, like oil and water, polystyrene
and polybutadiene are not very compatible with each
other, As the molten co-polymer is cooling, the
polystyrene sections collect together separately
from the polybutadiene sections.
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hard, glassy
polystyrene sections

soft, rubbery
polybutadiene sectic

Provided that the polybutadiene is in the greater
proportion (60 % or more) it will form the continuous
phase, with isolated polystyrene areas distributed

amongst 1it.

At room temperature the polystyrene is hard, but
the material as a whole is very rubbery. On
stretching, the polybutadiene sections uncoil but
are prevented from slipping because they are

tanchored!' in the polystyrene areas.

As a soling material, TR can be compared to SBR ani!

also to PVC,

The following are the most important properties :

1. VWear resistance

2. 8lip resistance

3. Flex-cracking resistance is exceptionally
good, especially at low temperatures. It

ramains flexible down to -5G°C.

4k, 0il and solvent resistance are very poor
but can be improved by blending with EVA
or polypropylene.
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5. There are problems with adhesion of TR.

In general, PU cements work well after

the TR has been halogenated.
6. Density of TR is less than PVC or SBR

7. TR is more expensive than SBR but cheaper

to process.

TR can be blended with small amounts of polystyrene,
EVA or recycled rubber, to increase hardness (compact
TR) or with special oils to increase softness. In
general the softer the TR the poorer is the wear
resistance but the better is its slip resistance.

Hard solid TR can be used for top -pieces provided
they are not too small and for heel blocks prov1ded
they are not too thin-walled. This is because TR

does not have very good "crepe" resistance properties,

Polyisoprene rubler

Polyisoprene rubber has the same chemical composition
as natural rubber but the chains are not as long and

does not have the same degree of regularity.

CH2 = C - CH = CH2

CH3

hysical properties are similar though somewhat
inferior, but the flow properties in moulding are
better. For this reason, it is often blended with

SBR or NR to improve moulding.
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2.5. Ethylene-Propylene Diene Modified Rubberr EPDM

EPDM is a random co-polymer containing ethylene

and propylene and a small proportion of butadiene.

H H H H H H H H
T R T I
- c-C-C-C-C-~C=C=-C =-=-

I T |
H H H H H

CH

3

ethylene butadiene
propylene

Ethylene-propylene co-polymer cannot be vulcanized
with sulfur, the presence of butadiene allows such

vulcanization.

EPDM is an alternative to SBR and NR as a general
purpose soling material. It is lighter in weight,
has good wear and flow properties. 0il and solvent
resistance are poor but ageing and hear resistance

are good.

2.6, Polychloroprene rubber

Polychloroprene are addition polymers which can be

compounded and vulcanized in the same way as SBR. -

H H H
l I

- mm = C=C=2C=Co= ==
| !
H Ccl H
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Polychloroprenes are rather expensive but have

outstanding qualities :

very hard wearing

- resistant to cut growth

- wvery resistant to oils

- wvery resistant to heat

- flame resistant

- exceptionally resistant to ageing

- s8lip resistant, even on oily surfaces

Their use as soling material is restricted to
industrial safety footwear. Their other main

use is as flexible adhesive.

2.7 Nitrile rubbers

Nitrile rubbers are addition co-polymers of

acrylonitrile and butadiene.
H

- - C -
l
H

acrylonitrilé “but;diene

The most important properties of nitrile rubbers are

- exceptional heat and oil resistance
= good wear resistance

- relatively high electrical conductivity,
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However, agéing, particularly to sunlight, is not
so good. In general, the higher the acrylonitrile
content the better is the oil and heat resistance
but the poorer are the physical properties, espe-
cially the low temperature flexing. Plasticising

0ils can be added to overcome this last problem.

Nitrile rubbers are used as an alternative to

polychloroprenes in industrial footwear,

When blended with phenolic resins, nitrile rubbers
become hard and give good top-piecing material.

Co-polymerised with styrene, nitrile rubbers give

Acrylonitrile~Butadiene-Styrene rubbers ABS,

Acrylonitrile gives greater oil resistance, styrene
gives stiffness, while butadiene is softening. The
combination of the three gives different kinds of

rubber,

Formulations which are high in acrylonitrile-styrene
are used for heels where greater resistance to
fatigue a;d.;ﬁljttiﬁé i;ﬂnéeded; Bufadiene will
improve -the impact resistance and make the material

more flexible,

There is the added advantage that the moulded
surfaces of ABS can be specially treated to take

metallic and pearlised finishes.

The main disadvantages are that ABS is very expensive
and difficult to mould.
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Silicone Rubbers

Because of their structure and properties, Silicone

rubbers are very different from the other synthetic
rubbers,

They are the only ones where the main chain of the
molecule has no Carbon atoms but is a succession

of Silicium and Oxygen atoms.

The production of silicone rubbers starts from a
chlorosilane from which the Chlorine atoms are

hydrolyzed in an alcohol.

The so obtained silicol can be polymerized by
polycondensation through the alcohol groups with

the elimination of water.

R C R OH
\\\Si/// \\\ Si'///
NN 7 N\,

chlorosilane silicol

H is generally a methyl grouﬁ CH3

CH3 CH3 ' CH3

I ! |

=== 8 - 0 -« Si- 0 - Si- 0 - - . _
I b ' | '
CH, CH, CHB
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Silicone rubbers can be Vvilcanized by hot or cold
vulcanization removing Hydrogen atoms to create free
links for reticulation, Silicone rubbers are very
elastic, they don't show deformation even after
prolonged extension or compression. VThey keep

their elastic properties in a very range of tempe-

ratures, from mimus SOOC to plus BOOOC.

Fillers and other additives can be incorporated
in Silicone rubboers provided they don't modify the
properties.,

Silicone rubbers are very resistant to oils, ozone
and U.V., they also have good electrical conducti-
vity. '

They are used to make seals, hoses, tubings. They
have many applications in automobile, aircraft and

satellite constructioﬂ.

Silicone rubbers are not adherent. This property
combined with their high elasticity and heat resis-
tance makes from them a good material for flow

moulding and printing.

Fluorine Rubbers

The most important fluorine rubber is a tetrafluo-
rethylene where the Hydrogen atoms of the polyethylene

are replaced by Fluorine atoms.

§
§
§

o — =
]
—
8
L
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i"Tuorine rubbers are very resistant to low (-ZOOOC)
as well as to hivh temperatures (+260°C). They are
~esistant to chemicals and have a very low dielec-

tric constant. They are not adherent and slippery.

In the footwear industry, fluorine rubbers are
used as parts of machines, (wipers of lasting

machines, preforming machines, beds of stitching

machines)

Cellular rubbers

Most of the rubbers, natural or synthetic, can be made
into cellular form to reduce the weight and give better

shock-absorbing qualities,

A blowing agent (organic amines N-NO) is included during
the compounding. At the vulcanization temperature, the
blowing agent generates nitrogen gas which makes small

bubbl:. s in the material.

The characteristié étructufe ﬁroducéd consists of fine,

regul. .., closed cells vhich are not inter-connecting.

The ¢ nansion of the rubber in the mould is carefully
contr..lled so that a solid layer of rubber for the tread

surfa. ¢ is allowed to form first.

The degree of expansion is monitored by the percentage
and the strength of the blowing agent in such a way that

small or big, many or few cells are produced, giving :

nicrocellular rubbers with small cells
- cellular or sponge rubbers with medium sized cells

- foam rubbers with big cells.
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Wear resistance decreases but flex and slip resistance

increases when the expansion increases.

If the blowing agent has not completel§ reacted during
vulcaaization, excessive shrinkage of the soles will
occur if they are exposed to heat (reactivation or even
in slop windows). For this reason, it is advisable to

re-hc +t cellular rubbers a few déysnafter vulcanization.

Foam .ubbers have too low abrasion resistance and are
too «(ompressible to be used as soling materials. Their

main uses are as interlinings and cushioning pads.

Translucent rubbers

Thesc are materials with high rubber content and lower
amow ¢ of fillers. The light color is that of the rubber
or ca.a be shaded with hydrated silica or kieselguhr.

Translucent rubbers. are lighter in weight and have good

wear, abrasion and flex resistance.
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ANNEX
Some examples of rubber compounding formulas for soles

Natural : abber Smoked sheets 100 parts
Zinc oxide 5

Sulfur 3

Vulcanizing agent 1

Stearic acid 1

Antioxidant 1.

- Benzoic acid 4 2

Pigment (brown) b

Carbon black (4]

Kieselguhr ' 60

Rubber content 55.8 %
Vulcanization under 405Pa during 10 minutes
Shore hardness‘ 76
Sy:ntheti - rubber SBR . 90 parts
- reclaim - 10
zinc oxide 3
resin 8
mineral rubber 2
stearic acid 2
glveol 3

filler aluminum
silicate 65

anti-cxidant 0.8
vulcanizing agent 2.3
sulfur 2.5

Rubber content 54 9

Vulcanization at 15000 during 10 minutes
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latex crepe

zinc oxide

sulfur
vulcanizing agent
stearic acid
paraffine
paraffine oil
triethanolamine
ethylene glycol
anti-oxidant

kieselguhr

Rubbef content

Shore hardness

Elongation at break

hard

soff
100 100
0.8 0.8
1.8 — 2.5
0.6 2
1.5 -
0-5 -
105 -
0.6 0.6
- 40
93.1% 66.7%
40 68
845% 685%
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Other Elastomers

5.1

Polyvinyl Chloride PVC

Polyvinyl chloride is an addition polymer made from
vinyl chloride.

H H H H H H H H
| ] |
H-C=C - Ct --«T-c-c-c-c-c--

I
H ClZH ct- H - cd
cna-cm:
vinyl chloride o polyvinyl chloride

PVC is a cheap material and has many applications.
It can be produced in a hard material with good
corrosion and gachaniqalﬁpropgrt;es, or in a soft

material through mixing with plasticisers (*)

PVC can be mixed with plasticisers in all proportions

to increase its flexibility.

lfowever, as the proportion of plasticiser increases,
flexibility, softness and stretch increase but strength
and maximum working temperature decrease. The correct
choice of plasticiser, which will give enough flexi-
bility without too much reduction in strength or other

properties, is very important.

Being thermoplastic, PVC can be injected and melted
back but it requires a heat stabiliser to prevent
chemical decomposition during hot processes.
(Hydrochloric acid can be liberated)
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PVC is never cross-linked and only small amounts of gk
solid fillers can be added without excessive weakening.
Other standard ingredients include lubricants to aid

moulding and pigments for coloring.. Blowing agents car

be included for production of cellular structures.
The main uses of PVC in footwear are :

- injected footwear (boots, sandals, etc.)

- 1injected unit soles and direct injection on

uppers

- coated fabrics

'fhe advantages of PVC are :

- cheap material td buy and cheap to process

- great versatility,can be blended with plastiéia
synthetic rubbérs, pigments and dyestuffs

- good flame resistance, burning PVC is self-

extinguishing.

The disadvantages are numerous :

- low wear resistaﬁce of the soft grades. Howeve
this can be improved by blending with PU or
nitrile rubbers. If not blended, cellular PVC

cannot be used for soling.
- high specific weilight
- low slip resistance, especially on wetisurfaces

- very poor flex-cracking resistance in cold cone.
ditions as well as for injected footwear as for

soles or coated fabrics.

* A plasticiser is a high boiling point liquid which

acts as a lubricant for polymer chains, allowing the:

to slip over each other,
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while pure PVC is quite resistant to oils,
plasticised PVC is not. Oils and solvents
tends to leach out the plasticiser and cracking

becomes more likely,

polychloroprene cements does not bond well to
plasticised PVC, this is because plasticiser
tends to migrate to the surface of the PVC

and blends with the adhesive,- thus weakening
any adhesive bond. PU adhesives are more
resistant to plasticisers and can be used
satigfactorily provided surface plasticiser is
wiped away with solvent before the PU cement
is applied. This is true for both PVC solings
and PVC coated fabrics. Because of its ther-
moplasticity, PVC cannot be roughed.

PVC articles are glossy and when pigmented,
the colors are bright giving the typical

“"plastic" appearance.’

the inferior qualities of PVC articles are

1argely responsible for the consumer impression
that PVC goods are '"cheap and nasty". Recently
developed co-polymers and blends overcome most
of the problems and improve the quality of

BPVC,
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Polyviny14Acetute PVA

Polyvinyl acetate is an addition pqumegAmgggwfgqg_;_,w

vinyl acetate,

CH, - COOCH = CH vinyl acetate

3 2
H - H - H - H - H
I ! ! | |
--C - C - C = C = C===-
| | | | |
H ? H 0 H
|
[of C
CH
CH, 3

The chlorine group of PVC is replaced by acetate groups
CH_.C00. PVA is not used as such in footwear materials,

3
it can be blended with natural or synthetic rubbers.

The main utilizations of PVA are in the production of -

chewing gums, some adhesives and paints.

PVA and PVC can be co-polymerized between them or with
methyl acrylates giving polymers that can be moulded or

injected at lower temperatures.

Polyethylene Vinyl Acetate EVA

Ethvliene vinyl acetate is a co-polymer of ethvlene and

vinyl acetats

H H H H H H H H
I T I (R B
- - € - € - €C - C - € - € - €C - € ===
l | f | | | | f
H ? H H H 7 H H
o/(‘: 0//’(‘:
CH CH
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At low concentration of vinyl acetate, up to‘10 %,
these co-polymer behave like polyethylene but as the
vinyl acetate content is increased to 30-40 %, the
co-polymer becomes progressively more soft and rubbery.
‘The properties vary with the vinyl acetate content but,
in’genergl, the copolymers are extremely tough and

remain flexible even at low temperatures.

EVA can be cross-linked with peroxides (no sulfur),

blowed in microcellular strugigg: ;
EVA is a lightweight material which, in microcellular

form, has the lowest density of all the soling materials

0.25 to 0.4, can even go down to 0.1

EVA has good flex-cracking resistance even at low
temperatures. The mechanical resistance of EVA is
good but the cohesion is low and the compression set

not so good as cellular rubbers. Blending with TR

improves the cohesion.

EVA co-polymers exhibit good resistances to acids,
alkalis and many oils but are attacked by halogenated
solvents, trichlorethylene and hydrocarbons such as

toluene and petrol.

LVA has good ageing properties but is very sensitive
to sunlight. Wear resistance can be improved by
hlending with SBR and/or polyethylene with silica
filler.

Slip resistance can be poor on some surfaces.

EVA soles can be stuck satisfactorily with paléchlo-
roprene cement after scouring, or with special primers
and PU cement., Adhesion problems are frequent due to
the failure in cohesion, especially when the vinyl

acetate content is less than 15 %.
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EVA co-polymers are easy to color in a broad“range of
shades, giving attractive colors, not too glossy and

without "plastic!" appearance.

EVA is considerably4more expensive than PVC and some
rubbers but this is compensated by its low density.

Polyurethane PU

An ‘isocyanate R. N = C = 0 can react with an alcohol

L - OH to form an urethane R - NH - COO-R}

A polyurethane is an addition polymer made by reaction
of polyalcohols and polyisocyanates

. HO - R1 - OH + OCN - RZ - CNO

diol di-isocyanate
’ i .
-=-=-0-R, ~-0-C-N-R,_-N=C = = =
1 i 2 I
0 6]
polyurethane

There are many polyurethanes with properties ranging
from those of glasses to those of rubbers depending
partly on the nature 6f R1 and Rz which may be long
polyester or polyether chains. As long as the chains
are linear, the PU is thermoplastic. Both polyester
and pdlyether chains have an alcohol content in excess
giving free OH groups. For a high OH content, the
final polymer will be hard; fbr a8 low OH cbnteni it

will be soft.

alcohol + organic acid
ROH + RCOOH = RCOOR + H20

R-0-R CH3 - CH2 -0 - CH2 - CH3

(*) polyester

polyether
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PU can be reticulated by cross-linking giviﬁg

materials in a large range of softness and hard-

ness,

PU are used to make flexible foam pfoducts; rigf‘
foam products; hard compact materials or elastomers;f“

coating and paints; treads and soles; fibers, etc.

Polyurethanes have three main uses in the footwear
industry : soling materials, coatings for upper

tabrics and adhesives.

In the tanning industry polyurethanes are used in
the finishes, namely for patent leather. They are

also used for grain impregnation.

The majority of solings are made by a proceés called
reaction moulding in which the polymerization takes
place partially or wholly in the mould. Gases released

during the reaction create a cellular structure. The ‘

gas forming comes from the reaction between the
isocyanate and water giving 002 that becomes trapped
in the reaction mixture and foams the polymer

R~-N=C =0+ HOH RNH2 + CO2
There are two types of cell structure which can form,

a closed and a large cell structure.

Polvester based PU's tend to give the closed cell
structure similar to cellular rubber with a thin
vuter skin, while polyvether based PU's tend to give
the open structure which has larger cells and a
relatively thick outer skin. Some of these cells are
interconnecting and therefore water absorbent.
Silicone oils and pigments are added to the reaction

mixture but fillers are not used.
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Polyurethanes can also be injected on special adapted

machines.

PU is perhaps the best all-round soling material on

the market, its important properties include

-

excellent wear resistance. In its cellular

form it is as good as many compact rubbers.

very good resilience, good shock absorbing

properties

very low density

good slip resistance
very good oil resistance

good adhesion with PU cements. No adhesive is

needed when direct moulding to leather uppers

excellent cut-growth resistance, flex cracking

is usually satisfactory

ageing resistance is good but heat and flame

resistance are low

polyurethanes generally are liable to chemical
breakdown in wear by hydrolysis, but polyether
based types are the more resistant to this.
Hydrolysis is much more & problem with PU
coated fabrics than with socling. The usual
result is cracking of the PU film followed

by delamination from the fabric base.

some free components existing in the PU can
migrate and attack nitrocellulose finishes
causing discolorations. It is recommended to
avoid the use of nitrocellulose finishes on

leather or soles when the soling material is

PU.
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PU are sensitive to polar organic solvents.
~Ketones, esters or alcohols should not be

used for cleaning or polishing.

Processing of PU, especiall& polyester is
difficult, needs high accuracy, care and -
control. The life time of the components
is wvery short. ‘ N

PU are expensive.
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Plastomers

6.1

Polystvyrene

Styrene or styrolene is one of the oldest raw

materials for the plastic industry (1830-39).

styrene, CcH.CH = CH, can be polymerized with itself

to form an addition polymer polystyrene or with many

other materials to form copolymers:

The chains of polystyrene are not regular in shape

or flexible at room temperature so that the polymer

is brittle.

'f 5 to 10 % polybutadiene is added to the styrene
+onomer before polymerization, the product is still
hard but has much better impact resistance. This
modified polystyrene becomes 'high impact polystyrene'"
HIPS. The polybutadiene becomes dispersed in the
polystyrene as tiny rubbery particles which can be
deformed under impact and absorb shock. HIPS has
very good moulding properties and is extensively
used for heels, last, wedges and platforms. These
components need to keep their shape under prolonged

pressure and must resist being split by heel pins.

Polystyrene and HIPS are attacked by the solvents
used for many sprays and adhesives. Consequently
spray finishes and material coverings for heels

adhere well but excessive use of solvent should be

avoided.

Polystyrene is also used for impregnation of fabrics
for toe puffs and stiffeners of both the heat-activated
and solvent-activated types. Although hard, they lack

the resilience of other types and soften with use.
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Acrylonitrile-Butadiene-Styrene ABS

ABS is an addition co-polymef made by polymerization
of styrene and acrylonitrile monomers to which some

SBR or polybutadiene has been added.

Acrylonitrile gives greater oil resistance and

stiffness, styrene gives stiffness while the rubber
becomes dispersed in the same way as in HIPS to give
even better impact resistance.

Formulations which are high in acrylonitrile are

used for heels where greater resistance to fatigue

and splitting is needed.

There is the added advantage that the moulded surfaces
of ABS can be specially treated to take metallic and
pearlised finishes.

ABS is much more expensive than HIPS and more difficult

to mould. Formulation with mbré polybutadiene are

more flexible and have been used for certain types of %

filmic toe puffs.

Polyethylene PE

H H
P
- - - C =« C = = =
H H
H H

This is an addition polymer made from ethvlene
monomer (gas).

There are two polymerization methods used. One is
carried out at high pressure, and the other at low

pressure using a special catalyst system.
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Low Density Polyethylene LPDE, made by polymerization

at high pressure; has chains with many branches and
the degree of crystallinity is only 55 - 70 %. It
is used for stiffness and insoles and for foam insocks

when blended with SBR, It is a cheap material.

tligh Density Polyethylene HDPE, made by polymerization

at low pressure has chains with fewer branches and the
Jegree of crystallinity is higher at 75 - 90 %. Tt
is stronger, stiffer and harder. It also has a higher

maximum working temperature. Its main use is in lasts.

Polypropylene PP

Polypropylene is very similar to HDPE both in chemical
and physical properties. It is slightly stiffer and
harder but low temperature flexing properties are not
so good. Its maximum working temperature is higher

and the density lower than that of LDPE.

Main uses include : heels
composite insoles. Cellulose
board insole splitted from heel to
waist parallel to the top and
 bottom surfaces. Molten PP
is forced into the split and the
whole inscle is moulded to the
bottom of the last. The PP gives
a firm seat and éliminates the
need for a shank,.
ladies heel top pieces
soling for some sport shoes

% fibres (poromerics)
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Polyamides

Polyamides are alternating co-polymers made by
condensation polymerization. There are many polymides

1n which R and R1 vary. The best known is Nylon 6,6
" “ R,
in which R is (CH2)6 and R (cnz),*

‘There are other types of nylons.

The nylons are an important group of polyamides in
which the chains are very regular in shape with no
branches. The attractive forces between the chains
are very. strong so that a high degree of cristallinity
is possible. _The nylons are therefore strong, hard
and very tough materials. They have a good wear, oil
.nd solvent resistance. Finding a suitable adhesive

can be a problem and special primers are needed.

Polyémidés are widely used for fibres in sewing threads

and fabrics (woven, non-woven or knitted)

They can be used for heels and for hard wear resistant
soles for some sport footwear, but adhesion problems

.ad poor slip resistance make them unsuitable as a

ceneral soling macerial.

i’olyamides are often used for certain bearings and
gear wheels in machinery with the advantage that no

lubrication is needed.

Polyamides are extensively used as hot-melt adhesives.
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6.6 rolyesters

l.ike the polyamides, there is a whole series of

polyesters of which one of the best known is

"Terylene " (I.C.I.) where R is a polyethylene
H H
| )
- - = ? - f - - - and R CGHQ
H H

irolyesters are also alterhating co-polymers made by
condensation polymerization. They also have regularly
shaped chains with no branches and strong attractive

forces. The properties and uses are very similar to

the polyamides, fibres and hot melt adhesive mainly.

There is also a polyester-polyether block polymer which
is thermoplastic and rubbery in properties and does

not need to be cross-linked (similar to TR). This
material is used for special application, especially

where low temperature flexibility is needed e.g. ski

boots.

6.7 Ionic Co-polymers (Ionomers)

This is a serie of polymers in which a monomer such
as ethylene is co-polymerized with a smaller quantity

of an acidic monomer such as methacrylic acid by an

addition type process.
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he acidic monomer is capable of forming a salt
+
structure when ions of metals such as zinc Z+ .

sodium Na+ or lithium Li+ are added7

CH
|,3
H H H C
|
----- €-C-C-C---
H H H C.Z-O-H
0

methacrylic acid unit

In the solid polymer, the polyethylene sections form

a partly cristalline and partly coiled chain structure
whilé the acidic units gather together in separate
regions. When the metal ions have been added, they
enter the acidic regions to form the hard salt

structure which then act as reversible corss-links.

then the co-polymer is heated, the salt structure

disperse and the material melts and can be moulded.

un cooling the structure reforms.

crystalline PE regions

_non-crystalline PE regi

ionic (salt) methacryli
acid regions acting as
hard reversible cross-l

These materials have the toughness of HDPE and strength
and low temperature flexing, properties, but have much
better resilience. They resist the softening effect
which repeated flexing has on many other types of
elastomeres. They can be made into very resilient
foams.

Main shoe trade include filmic toe puffs, foam insocks,

platforms top pieces and some sport shoe solings.
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Some recent developments in elastomers/plastomers

1. Materials -
2. Machiues -
3. Problems -

expanded PVC with density of 0.6

PVC nitrile rubber compounds
thermoplastic-PU

PVC/thermoplastic PU reticulated compounds
rubber/PU compounds

new types of thermoplastic rubbers

injection machines for bi and tridensity
compounds

tricolor injection machines

robots for roughing

robots for cleaning of moulds

temperature regulation on moulds and lasts
bonding difficulties mainly with fabrics
due to humidity or presence of starch

high cost of moulds
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CA
EC
EPE
MBS
MC
IVIP}i
PA
PNA

Pil.
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SOME ABREVIATIONS FOR POLYMERS

acrylonitrile butadiene styrene
cellulose acetate

ethyl cellulose

epoxy resin ester

methyl methacrylate butadiene styrene
methyl cellulose

melamine phenol formaldehyde

polyamide

polyacrylonitrile

polyethylene
polyisobutylene
polypropylene
polystyrene
polyurethane

polyvinylchloride

;:OME COMMERCIAL BRARDNAMESWQF\$¥NTEETICS

Nylon
Neoprene
Perlion
Rilsan
Baypren
Pertbunan
Dynel
Dacron
Trevira
Diolen
Terylene
Courlene
Cariflex
Hycer
Butaprenes
Vulkollan
Perbunan
Kapro
Silastic
Siloprene
Silicostes

polyamide
polychloroprene
polyamide
polyamide
polychloroprene
synth, rubbers
copol. PVC PAN
polyester
polyester
polyester
polyester
polyethylene
thermoplastic R
synth. rubbers
synth, rubbers
synth., rubbers
synth. rubbers
polyamides
silicone rubbers
.silicone rubbers
silicone rubbers

Du Pont de Nemours
Due Pont de Nemours
Bayer

Rhone Poulenc -
Bayer

Bayer

Union Carbide

Du Pont de Nemours
Hoechst

Glanzstoff

IcI

Courtaulds

Shell

Goodrich

Firestone

Bayer

Baver

Dow Corning

Bayer

ICI

UsSA
UsSA
West Germany

France - — —

West Germany
West Germany
USA

USA

West Germany
West Germany
England
England

Usa

UsSA

Usa

West Germany
West Germany
Russia

West Germany
England






