preduged by the free-radical
polymerization of \ has the following

basic structure:

PVC is msuluy};a in vinyl n&}onda monomer and the polymer

s S 0 YR . i e

seperation o l:rmr from n:gmar is also found for aer&rlmitrile

s o) AR DA e e

monofler affects both the polymerization kineties and particle
morphology of the poly(vinyl chloride) resin.



A.Initiation

The polymerization process begins with the generation of a

apable of interacting with the olefinic

high energy species which is
' The source of this high

energy species is S She initiator which ecan be

=1

The initiatodl ghyf ‘on s not\bel symmetrical. The only
requirements for an injtigtox the ghemical bond between I
and 1" must have a 1o bhend sndisy. he consequences of these

requirements have been to T ftiator types which are useful
commercially in the polymérization o ride to those based
on structures ‘.,‘y:___ oxidt sl

R1—D-D—R2 ."

Rrﬁ%ﬁl’il“flﬁlﬂiwmﬂ‘i
Qﬁﬂ%‘iﬂ%ﬁ% VH A0 B e e

peroxidel and with the release of Ny for azo compound. The bond
energy for these homolytic scissions are approximately 25 to 40
keal/mol at 25°C. The formation of the free-radical species by
thermally induced homolytic bond breaking can be represented below.

75 g

> I 4+ TI°- (2.1}




B.Propagation

The propagation step is a series of sequential additions of

monomer units in a fashion depicted below

Step 1: Formation of po
dMq/dt -~ L g [(M1-] [M] (2.2)

one unit{Hl} s

Step 2: Formation g
dMp/dt = -1 M (2.3)

Step i: Format
dM;/dt

[Mi-]1 M1 (2.4)

C. Other reacti

The termingiion sten=" = Zroe zadiesl pulmnzatim are

all the rmtims‘ I.
', ‘.|.I-i

Free radical reactia cananmrait!‘nrt gh the use of a chain

M) R L mtm b
) QTSNP I3E 0 00 113 1

In disproportionation two active ends interact as

R—C:I-[z—c!':l-l-CHE-([::Hf + -t:I?H—GI-Iz-fIJI-I—G-Iz-R
. l os SR o

RCHyCH-CHCH  + O-CHy-Ch-CH-§ (2.5)
i
1 o1 Cl




In combination reaction, the two active ends combine to form.

R-CH, —(Hz—r'l
1

r-l-c:{z-cﬂ—cnz-ﬂ

(2.8)

The free 168 L pOlymerizatiol "OFf PVC can be used in
different processe® ' a6 amiieien
*different conditions,

recipe, equipment, @8pc TE e pa: e'8izes of PVC resin.

polymerization pro

Z-i-z Phyvsics

EVC is a thermpl a5t} soften and melt at elevated
temperatures. Thus plic
be extruded or

at fand pressure, PVC may

Y
il
o lecular weight of the

I Inenineans
et A e ARSIy

mvelt:ms at low cost and in designed engineering applications.

Processing can be
formed from 150 to 'i!-l’ s, depending upon the

BVC 15 used in a wide range of applications because of its
combined physical properties of:

- Compounding versatility as rigids or flexibles



— High modulus(unplasticized)

— Ease of fabrieation

Low flammability

- Low cost
PVC is sensitive _tel Bafifghmental attack, and vigorous
programs to develop cost ‘ i i3 riolet stabilizers are an

Because of oo gund ing\versatility of PVC, consequently,
_ : ire insulation, tube,
film, sheet, footwear ose, 4 -;\ Mother applications.

2-2 =1 -

2.2.1 Productis -

mﬁﬁwﬁmrmﬁ Nitrile rubbers)

are emls % copolyme of butadiene with

=R A R S P I

are the monomers, butadiene and acrylonitrile. Both moncmers may be
synthesised from naphtha obtained from oil.

oil > naphtha -——---> butadiene (2.7)

I
|
|

W . 3
propylene + ammonia + air

> acryvlonitrile



At present, approximately 75% of the world production of
acrylonitrile utilises the Sohio process(Veatch et al., 18982;
Sehmidt, 1969), in which ammonia, propylene, steam, and air are
passed throogh a fluidised bed of finely divided catalyst at about
450 - 500°C. This and other similar processes are based on the

”y/

-ﬁl—m+3uzo (2.8)

The use of pzédbvle \L_-\_“ for the production of

reaction shown below.

CHp=CH-CHgz + NH

acrylonitrile has involving acetylene and

hydrogen cyanide, Or gxample. [V, Oh econemic grounds.

In theory, thefbolmen¥zatich -i\ 8n can be written

The values mf nand v dapand on the@reeise polymerization

e mﬁm m;m: et
oy, 1N

reaction vessel. As the ratio of butadiene to acrylonitrile in the
polymer largely controls its properties, as will be seen later, the
design of the polymerization recipe and the temperature at which
this is carried out are important Ffeatures of nitrile rubber
production. The properties of the product may be influenced by other
details of the recipe, such as the nature and samount of modifiers



and emilsifiers.

The early nitrile rubbers were all polymerised at about
25-50°C, and these hot polymers were characterised by their
toughness resulting from the presence of a degree of branching

of the polymer chains often refe

to as ‘gel’. By analogy with

the development in the emplsion BYWpFLdzation of SBR, since the
“u.:}"

early 1850°s an incredSimg- numbgr ile rubbers are being

produced by ‘cold’ @ ,» this results in

more linear polymer: o*gel and which are

easier to process
2.2.2 Physics

Hitrile rubbers farn specialty rather than

vulcanized forms are used:

general purpose elastome ;ﬁﬁl =0

Ca

primarily for tha B : Esistance.
Y )
Nitrile zuma grades availlable 11@ the marketplace have

e e B TS 0

to gas permaatim increase with increasi acrylmﬂrﬂé content, but
sith daam e blabdetd the pecpestide
and res:. ience improve. A second controlled wariable in the
manufacture of NBR is MHooney viscosity, a measure of average
molecular weight ranging in commercial polymers from 30 to 90
arbitary units. At the low end of this range processability is
superior but dynamic mechanical properties may be poorer.
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The fluid resistance of compounds containing MNBR, as
measured by volume swelling in laboratory immersion or by actual
performance tests, is proportional to acrylonitrile content, or the
polarity imparted by the -CN groups on the polymer chains, and also
is a function of the chemical nature of the oil or solvent. As a
ytﬂ hydroecarbons but is less

polar rubber, MNBR is most
resistant to polar fluid

Low temeratur :.'- as the acryvlonitrile

§\§ gance also declines with
_ t\ m appropriate NBR

cmtmtnfliﬂﬂlsrad A.
reduced acrylonitrile
type must often i

the given service

condition.

Two other proceBsedithat one resistance and have
assumed commercial im Snett- Az ing with poly(vinyl chloride)
(PVC) or with ‘§llylens propylene dlans =ias ater(EPDM). For the
former, several '- werciz 30% of dispersed PVC,

J
are available. In ...... nding, the stiffeni j: influence of PVC is

T ‘ﬂ"ﬁ ﬁ”ﬂf‘I”fEfﬂ'?‘ﬂ“E’l’] na
- TETATTRR T -
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Table 2.1 The effect of scrylonitrile content on properties of
nitrile rubbers.

High <« Acrylonitrile > Low
< 1s and oil improves
<
e mee. and hardness increase
€ last cs improves
>
>
2‘2_3 ol | |l_tlilll'

practised with orthy points. The

1) J
vulcanization -:p..-.; should be considered before compounding

mmumm e
sl ﬂm@;mmm_

The conventional vulcanization systems always have sulphur

systems

as vuleanizing agent, which can crosslink the rubber chains in order
to form the rubber network(vulecanized rubber or elastomeric material)
illustrated in Figure 2.1. However, wulcanization systems should

have activators and accelerators for reducing time of crosslinking.
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The onset of crosslinking so called scorch time or scorch resistance
can be measured by Mooney viscometer(Figure 2.2 (a)). It consists of
a rotating disk in a cavity which contains the test rubber. The
temperature is selected to be a typical, or average, processing
temperature. When the time reaches to scorch time, the. Mooney

viscosity increase rapidly(Figu®s 47 (b)). The extent and rate of

vulcanization are measuced b pia@tion of mechanical properties

Figure 2.1 Struftupslsfeai f " Wulecanizate network.

—metérs) illustrated in
L)

i.v ~ o
Figure 2.3 (a) have_bee S Are capable of measuring
. 1

the extent of o of a single sample at a given temperature on a

e g P T TS
AT R

vulcanizing agents are elemental sulfur and sulfur donors. Organic
peroxides are also used as cross-linking agents and they impart good
high temperature resistance. Other chemicals that may be required to
balance the vulcanization system are activators, such as zinec oxide
and stearic acid, and accelerators which reduce the time and

temperature requirements for sulfur cure. The latter include the
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Figure 2.2(b) The effect of scorch on Mooney viscosity.
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Figure 2.3(b) Torgque curve measured by curemeter




very numercus thiazoles, sulfenamides, thioureas, Buanidines,
dithiocarbamates, thiuram disulfides, aldehyde-amine reaction

products and combination of these.

The total compound of polymer, fillers, plasticizer and

cure system may be mixed in ydeiMehfienal rubber equipment, such as
: - sheeted-of f for molding,
calendering or extrusies uring these operations

are often required : \\\ { of ingredients and
A of. Sin ks.

' \

oW compression set: one

The choice
compounding for th
such system is TMTD
hundreds of rubber). &
by Hofman(1983,1964).

cularly important when

lphur 0.5 phr{parts per
e comprehensively covered

’E'; N i
Ester and ,i— ol ',]- widely used in NBR

|
because they influe - not only grnr:ass:.nz but also such properties

as m,@ywm mwm mnﬂ resistance.

= R e f e =

Nitrile polymers are amorphous, not cerystalline, and like
SBR, need reinforcement by fillers in order to obtain optimum
properties. These fillers may be carbon black or non-black mineral
types, the choice depending upon the end use and the requirement
of finished products properties. -
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All types of carbon black and non-black fillers may be used
with nitrile rubber. The most common practice is to use mainly the
reinforcing and/or semi-reinforcing varieties in order to obtain the
products with suitable physical properties allied to low raw

material costs. Nitrile black masterbatches in a crumb form are

commercially available to enabil maintain a clean
working environment,

(Yelland, 1887). Siligs

{¢# f shorter mixing cycles

mre non-black compounds
are required, but "CONpEeS3Ton, Sei performarice is not so good as a
black-reinforced compg . peated silicas are used.

Z2.2.4 Bpp

Nitrile

chemicals, heat and

resistance to oil,

wide applications ranging
from oil resistant hesives and PVC blends. They
are used in suchd e sbber predics) as o0il resistant
hoses, packag

rolls, oil resi

absorbers, rubber

wheets and many other

g ﬂ‘lJEl’J“r’lEWliWEl']ﬂ‘i
ﬁﬁi iﬁﬁﬂ‘immﬁ’mﬁﬂﬁﬂ

2- 3.1 4]

shoe snl, rubber

Poly(vinyl chloride) dry blending has long been one of the
most important methods of mixing rigid PVC powder blends, and the
high-speed intensive mixer has also been a boom to the PVC powder
formulator who needs to disperse plasticizers, fillers, stabilizers,



pigments, and colorants.

— =
Figure 2. rodex-Henschel high-intenhSity mixer, opened with

AUy
e AT T e

is fluidized, two types of flow patterns are set up-circular around
the circumference of the bowl, and tidal, where the material is

subjected to an "under and over" and a "down towards the center" type

of movement.

The high horsepower input per unit volume(8 hp/cu.ft.)results
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in rapid heating of the PVC powder blends, permitting rapid addition
sequence of ingredients, including plasticizers, with cycles of B8-8
minutes of final compound temperatures from 180-280°F(B7-127°C).
Mixing cycles wvary from 3-8 minutes, depending on the type of
formulation and the required temperature of the mix.

Prodex supplies five | ; -model intensive mixers with
capacities ranging frdme and horsepower ranging

from 2.5 for the smallest P tor the largest model. The

e
working capacities ofe®™TaE, 1 ing' miers vange from 5 cu.ft. for
the smallest to 24 o

the laboratory size iffted=iv

A cooling mixer for

Dry blend
the PYC particles by &ti

[ the plasticizer into
to yield a dry powder
barely distinguishable in »;':._z_;z_-s #irance from the original resin.

A S :
For this, certain grades 6f fesine gh ﬂ-’u:- ee of porosity in

fabgorption power. The
method of palymriﬁi . eS an o bl a surface contaminants
will influence the gata of plastiqi;;er uptake. Dry blending takes

Sl rﬁﬁ&i‘ﬁl%‘i E%Wﬁiﬂﬂim the  glass

temperature(TgY of resin {abm} BO°C for g:nmpu t well below
o QAR T2 VIO e o
pressurefon the particles. Plasticizer diffusion into the amorphous
regions of the particles sabove or even below Tg is the rate
controlling step. Below Tg, years may be required for the diffusion

the resin partic =

of plasticizers of usual molecular volume.




Table 2.2 Ease of fusion of PVC with different plasticizers.

Iﬁelativa A& Minimum D Clear ©
fusion Fluxing point

temp. (°C) (°C)

Plasticizer

Ehthalates
Diethyl(DEP

Dibutyl(DBF) a7
Di-n-hexyl r:" 113
Diisococtyl(DIP) 196
Di-2-ethylhexy 127
(DOP)
&=7
S kA
& The temperaturegs o '_'—;-;;u'—-—-:—=._..' er torque rheometer
begins to incressHASNR £ uon.

AN Ehi:nUic e
e SHANNNIN HIAIANLIAY

The time required to obtain a dry blend is very dependent on
the temperature as well as on the plasticizers. Plasticizers having
a high molecular volume or being very viscous reguire a longer time
or a higher temperature, or both, for dry blending. Diethyl and
dibutyl phthalates are small enough to dry blends quite well below
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the Tg of the resin. For di-2-ethylhexyl phthalate, the fusion time
in Plasticorder is 186 seconds or about 3 minutes. It takes a longer

time in Henschel mixer(4B62 seconds or about 8 minutes).

Rubber powder such as NBR powder can be also mixed with

and followed by injection

molding or extrusion hy ', in processing are saved.

2.3.2 Hi

The C. . Bragfnged [Plastifopden, Unstrument(Figure 2.5 (a)
and Figure 2.5(b))"1s designed to permit the
study of all types € sterials under the same
conditions of shear f0rg@, s fedt =i cémperature as anticipated
in processing. Mixing, EEffusior alendering and molding
characteristics can be pré-deterjns pthis manner. Test samples

N LY

e
uJ
The heart of ‘S;l'ne instrument is one of the numerous variable

et o UB IR TNEAN T~ =

2 to 200 rpfifrounds per mmute} Thu reaction t:xrque forces,

RO £ AUAILE TR (DL e

the tordie dynamometer. he action-reaction principle is used
the torgue is converted to a read-out through a mechanical array of
lever arms. Torque, in terms of gram-meters, is indicated on a

scale, as well as being recorded continuously on a strip chart.

The Plasticorder has been used most frequently in the rubber
industry with the Cam Measuring Head(manufacturer’s name), a small



Figure 2.5(b) Assembly of Brabender Plasticorder.
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stainless steel internal mixer with a rotor of configuration similar
to that of a Banbury mixer. Compounding studies covering the range
of up to 200-HL Mooney units can be accomplished in the Cam Head at
a single instrument setting. Break down energies for various polymers

can be identified in terms of the area under the torgue-time curve.

Effects of reinforcing age oils, plasticizers, peptizers,

stabilizers and othe 5_‘_:‘ S gt pobserved as corresponding
_‘_ .—;

increases or decreasesmimetorque? Iqinﬂd by employing this

"mixing-in-miniature” _p*afinle| can bBeuused to estimate breakdown
times and energies & oroduction eguipment.

2.4 Theory of polyee

2.4.1 Thermoplas

From the introddskics gambyerinition of thermoplastic
elastomers(TPE) # sscrifed Dot ithe olasses of TPE are not
mentioned. I 2 ;J classified into six
different commercia flasses Thesn classes a depicted in Figure
2.8 in an : : ' The properties

of six classeqjof TPE are smmarizud in Tabla 2. 3[2]

PRNIUANINIIEH_

ABA block copolymer where A is a polystyrene chain and B is a diene
chain, such as polybutadiene or polyisoprene. The styrene/diene
molar ratio can range from 50/50 to 15/85. The useful tempersature
range is from -70°C to 100°C.

B) Polyolefin blends: These TPE are primarily blends of



pelyolefins (most commonly polypropylene and polyethylene) and
rubbers (most commonly EPDM). Some less common rubbers are natural

rubber, nitrile rubber, and EVA.

C) Elastomeric alloy(EA): These materials contain two or more

different polymer systems rgistically to obtain the nmore

L‘_f‘:x“

4-...Ir

types. The first of "FHESeeas a pasp0ASE synergistic alloy of a
rubber and a therpesThefif (shch ¢ \\ santo’s Santoprene and
Geolast). The : . ‘ - ble rubbers(HFR), are

beneficial properties ofh ivided into two different

single-phase alloys j iLyolefin-EVA-polyacrylate ester
with significant plas

D) Thermoplastigl poly rethne (TBUY: TPU are also block
copolymers, they result
medium to high mo

ion of a diisocyanate with a

ecular wexght,/po ger polyether or polyester)

and a low 5"""?"‘"‘ : \* ender, such as
1,4-butanediol. : : , : n& acidic and basic

solutions, which e?'a cause hydro ic cleavage of polymer chains.

ﬂ‘iJEl’J‘l’lEWlﬁWEl']ﬂ‘i

E) THekmoplastic ct:pslmtm(TPEs} These blnck copolymer
= ﬂﬁ‘?ﬁ‘ﬁ“ﬁl‘?ﬁmﬂﬁ‘?‘ﬂm&ﬁ“m“’
linkages§. have excellent physical properties but are somewhat
susceptible to attack by moisture, acids, and bases at higher
temperatures.

F) Thermoplastic polyamides: Introduced in 1982, these
materials contain amide(nylon) and ester linkages. This is the most

expensive and highest performance group of TPE. As expected, these




materials are also susceptible to hydrolytic degradation.

Commercially available TPE cover essentially the entire
rubber hardness range (30-90 Shore A). Many classes of TPE, such as
EAs (Figure 2.7) also extend into the range of soft plastics

(90 shore A to 75 Shore D). ’,ﬂ/

2-4 2 Processing Nl P ,,.—.n._.‘
TPE clear/ \\\\\ﬁ thermoset rubbers in
their capability ¢ ] \\ \{:. ly, efficiently, and

economically. Table Stimation for injection

molding of automotivg: S compression molding of
1 Even though the raw
material cost is substaptigi G EFDM,  the faster cycle time
and recyclability of TPE sErep)

in these parts. Ij4

these connectors fro

nearly a 50 ¥ cost reduction
28/ TPE scrap can be
|1'"

recycled as regriné =in material, 100 % of
- =
i |

clean regrind can+fe : gure 2.8 shows the

101w
mmmmmmmm

compression set, loss of elasticity compare to conventional thermoset
rubber. Consequently, there are needs for researchs and developments
so as to improve the properties of TPE.
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Figure 2.7 Hardness ranges of elastomeric alloys.




Table 2.3 Key properties of thermeoplastic elastomers

Elsscomaric
Paiy- :.I_E!L___._.__ Paiy= Copaly- Poly-
Propercy Styrenic  slelinic 2-Pheaa MPRs urothsns  sscar amide
Epecific 0.80-1.1 0.82-1.00 0.94-1.0 1.2-1.3 1.1=1.3 1.1=1.3 1.0-1.2

-65'C -40°C
125°C  170¢C
E FIG

. GIE GIE
PIG FIG

A3 TN IUTHEIAS wsr o o

connecibr mtmufiﬂ'e parts g
N

AR b/ /|

ermaplastic
rubber elastomeric
(EPDMI allay
Tool size, number of cavities 120. 16
Tooling cost, dollars 12.400 13.000
Manufacturing 7800 19.200

capacicy, parts/day
Piece prnce. dollars 0.085 0.045




Elongation, percent

435 500 505

53s

A Siigss, psi

600

yibuans apsuey

sNINpowW 900 |

Figure 2.9 Horphology of thermoplastic vulecanizate.




izates(EA-TPVs)

Charles P. Rader({at Monsanto Chemical Company) described that
EA-TPVs are a category of TPE made of a rubber/plastic polyvmer mixture
in which the rubber phase is highly vulcanized. They are demonstrably

different from polymer blends TEE hich have a rubber phase that is

polymer chains) or only

by these solvents _extent than a comparable

L AREANENINGINT,
e AT AR e

extensively explored and practiced by Coran and Patel and their
numerous coworkers at Monsanto Company.

Static vulecanization wused commercially since the days of

' Charles Goodyear involves the heating of a rubber stock(fully



compounded) and mixed with a cure system (at a temperature 130-180°C
for a specified time) during which chemical crosslinks are formed
between the macromolecules of the elastomer(nutural rubber, nitrile
rubber, etc.). This process transforms the rubber into a tough,

glastiec, durable thermoset material.

Dynamie wlt:ﬂni‘?_'r ’A%' hand, embraces the curing

r mastication and one of
the ingredients u f \\\R\\

resin. It is impor

mst be a thermoplastic
cmtmuuus during the
masticating step, orgfa e ; 1t. The temperature
reached during the ent high to melt
thermoplastic resif® afdF af Fact —khe : \ stry of the crosslink
reaction. Good dispefsign iz 2o favored if the viscosities

of the rubber and plastic “'r

Commerciad=th e it asad on either block
copolymers or bles 1= o | elastomer. By far the
most important blmds are baaed on polyolefin (especially

o 48150 sy e i

or a diene rufiber l:merr:.c alloy "IZ'E"‘.‘r differ from s:l.lplu elastomer

SRR ey o
high degree of wvulcanization o prod a number of

improvements in material properties.

The introduction of Monsanto’s Santoprene thermoplastic
rubber(in 1981) is a TPV in which the plastic phase is polypropylene
and the rubber phase is EPDM rubber. It consists primarily of a fine
dispersion of highly wulcanized EPDM rubber in a matrix of
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polypropylene as the continuous phase. Figure 2.9 depicts the
morphology of this TPV. The particles of wvulcanized EPDH are
distributed uniformly throughout the polypropvlene matrix. The
importance of crosslink density to improved properties is illustrated

in Figure 2.10, which gives the variation of tensile strength and

tension set(plastic deformation Bndsr jtensile stress). A commercial

TPV has a crosslink density on the Bt side of these plots.

Of equal .‘ i properties of a TPV is
the size of the i Gl \k\\\ "l" i

size decreases,

As the particle
improve such as
Although dynamic
®reparing TPV, it is
inding a cured thermoset
spersing this powder in the

tensile strength
vuleanization is

possible to prepare -.
rubber to a fine partigle/gige
thermoplastic.

Thaﬂ’]]t'l' rene rubber are

adequately miscible ity parameters) to

B i dph Ty 1 (i e
RO S Ui (T

compatibilizer. The action of a compatibilizer, is analogous to
that of a surfactant. The compatibilizer may be a block copolymer

{nmly equlvalmt soluby

with the more polar block associating with the more polar polymer
of the rubber/plastic system and the less polar block associating
with the less polar polymer. Compatibilization is often assisted by
each of the blocks being chemically bonded to their respective



polymer phases.
2.4.5 PYC/nitrile rubber blends [6]
There are three principal ways of preparing blends with

toughness or high impact resisténge) The original method involved
blending by mechanical Sfechnianes] ' _first method). Blends of

poly(vinyl chloride) presently manufactured
by a variation of R i3 BEchnigh »k ’! E™second method is a

solution-graft copo®mee® 40/ #hic -,v---;; component is first
dissolved in the =y / 4,. E: \ latter is polymerized
with agitation. Thé ls /' .. lymerization such as

polymerization of ABE e-styrene) polymers.

@ A

PVC blends with is'the mechanical blends. PVC

homopolymer is a stiff,.— manbey, le plastic with a glass
L ®

temperature of |ablodt B0PC. So it is SEIT1Nis pgrtant to blend PVC
—— %
with elastomer \I" =3 W such as MBS

'I
(methacrylate-butaddene styrene) elastomers "J can impart impact

- i "ﬁﬁmﬁﬁ*ﬁwmm
maﬁﬁﬁxﬁ;ﬁﬁaﬁ T

as the plaatm component, and random copolymer of butadiene and
acrylonitrile as the elastomer component (Matsuo, 1968). On
incorporation of this elastomeric phase, PVC is ordinarily stiff
and brittle plastic which can be toughened greatly. A nonpolar

homopolymer rubber such as polybutadiene is incompatible with the
polar PVC. Indeed, electron microscopy shows well defined two phase



systems for simple blends of PVC with polybutadiene. However, the
introduction of a small amount of acrylonitrile as a comonomer in the
polybutadiene component results in the more pular,_ and more
compatible with PVC. As shown dramatically by Matsuo(1968), the
addition of 20¥ AN to polybutadiene (NBR-20) causes the phase

boundaries to become \,\ ’, ct and indicate more
compatibility. Additiormaf™ f 40%(NBR—40) destroys

the phase boundaries “&F the microheterogeneous

system ( illustrated ™ sd@nve 211 2.12, Figure 2.13

e

respectively).
2.4-5 Reint orcesnes
Reinforced I..- Jone of' the oldest and most

important classses of -'_---':Ti, *ials (Ruffell, 1952; Sellers
and Toonder, 1965; Sterms +85&) =T ie_automobile first became
popular, the ne) ‘-';.—T—m,*“-‘““ o "—;_‘ especially against

abrasion, became i ou th oxifde had already attained

widespread use as a _ mlnrant in 1805, Ditmar realized the

e s AR Y1411 P fpepems tor miver

Many industry %xperts can still r&na:her when tires had white treads.
w1 AN P17 E L F s
need for further improvements was necessary. In 1904, Mote had
already discovered the reinforecing value of very fine earbon blacks.
Carbon black proved mueh superior to zine oxide for rubber
reinforcement, and replace-;l the latter in tires between 1910 and
1915. At first, only small amounts of carbon black were used.
At the present time, this has increased to S50 % or more, and tire

treads lasting vp to 40,000 miles are now common.
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Figure 2.10 Effecf g 4 \ on tensile strength and

l 1]1 i
Figure 2.11 Electron micrograph of ultrathin section of a PVC/PB

blend(100/15), rubber particles(dark areas) dispersed
in the PVC matrix.



59 1& content)

Figure 2.13 Electron micrograph of ultrathin section of a PVC/NBR

blends (40% acrylonitrile content)
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In the period between 1939-18949, several types of silica
were introduced as rubber reinforcing agents. Finely divided silicas
give degrees of reinforcement approaching those of the carbon blacks,
and have found widespread use in rubber shoe heels and soles, in food

packaging, and in many other applications where carbon blacks

are objectionable. "”‘/‘/’

The reinforei fect ! of —emeber'black on stress-strain
behavior of natural denicted inFigure 2.14. The reinforced
material has a higher #iSculys tiffer) &l is less extensible.

About theg ’
The discovery early 4 t . iz : @y organic vulecanization

accelerators are naof effectalis=! ¢ oxide led to contiued

usage of this material forlbus =, _ ir than reinforcement. By far

the major use of zinc o : bber industry today is for

SAuEAngningns, o
T A T e

forms are mainly cokes and chars.

All forms of industrial carbons other than diamond and
graphite, including carbon black, can be classified as amorphous
carbons characterized by degenerating or imperfect graphitie
structures. Table 2.5 lists some of the basic structural and



(c)

Figure 2.15 Crystallographic arrangement of carbon atoms in:
a) diamond b) graphite c) carbon black




crystalline properties of the carbons.

Table 2.5 Forms of carbon and characteristics.

€~ Layer
Form system | 4 diameter distance
B ‘

(nm) (rm)

diamond 0.155

graphite 0.142 0.335

carbon black .142 0.385
Carbon blacks[8]. e ¢ v incomplete combustion

M, there are several
processes for prod .A’ ..‘ oil furnace process,

thermal dacowoélt -‘ prucuss, chmnel black prncm, ete.

L mammmm
19 PR

affects the curing time of rubber carbon black compounds) with the
intention of replacing an earlier letter type nomenclature, The N

series comprises "normal-curing” furnace and thermal blacks. the S
series "slow-curing” channel blacks and deliberately oxidized furnace
blacks. A three-digit suffix identifies particle size as shown
in the accompanying tabulation. Different ASTM numbers inside each




category identify blacks by other characteristics, mainly "structure”.
For example, the designation N-220 immediately identifies a carbon
black as normal curing with particle size in the 20-25 nm size
range, but additional specifications are needed to distinguish if
from N-234 as shown in Table 2 8.

Table 2.8 Th§ ’%rbm black filler.
S—

Range of 0ld
ASTH numbers classification
900-999 MT
.|  Boo-8ss FT
700-799 SRF
800-899 GPF, HMF
500-599 | FEF
400-439 FF
300-388 gl HAF, EPC
w4 BTN NG
100-169 ¢ 11-18 SAF
A v
ﬂﬂﬂﬁﬁﬂﬁfﬁﬁﬁ‘ﬁﬂﬁ T

9

With respect to silica systems([6], the four major types are
based on the so-called pyrogenic(PP), thermal(TP), and wet(WP)
process as well as on the natural product(N). A second set of symbols
represents the degree of reinforcement: low reinforcing(LR), medium
reinforcing(MR), high reinforcing(HR), super reinforcing(SR), and
extremely reinforcing(ER).



For example, the commercial product “Aerosil” would be
classified as PP-5i0o-ER. A selective list of commercial reinforcing

silicas is given in Table 2.7, together with specific surface area

measurements.

There appears to b t general correlation between
surface area and reinfo ; i‘-_'prnvisdaci the area is above
5 mz,fg. ﬂ

-/ \\

80 + 20

AL

Ty ¥’
Cab-0-SiT| K- SO 7
HiSil 233 ‘a ’

642 311 N¥MNT
. ammnmumqwmaa

surface characteris ] = CE1NL Qrces

Filler size dimensions are usually given in terms of surface
area per gram becayse the first widely used modern technique for
measuring small particles was the BET nitrogen adsorption method.
Significant elastomer reinforcement begins when particles have
greater than 50 m%/g of surface area. Assuming simple spheres,




41

this corresponds to particles approximately 500°A in diameter, which
is the same order of magnitude as the distance between crosslink
sites in the matrix elastomer, as illustrates in Figure 2.1B.
Apparently, when the particles become larger than the average

end-to-end distance between crosslinks, reinforcement declines due

to rubber and particle esidnl ffailure when the attached chains
become highly extended duping ¢

A great dea gt i o .---r to reasctive sites on
L] ] L]

the filler and tyPes
think that good befidig# #S
ideas of thought
that primary chemicad
second idea holds

most investigators

Nforcement, two major
The first idea hold
einforcement, while the
forces are sufficient.
However, There are saffie jpekrs s prsén and Kwei, 1861; Rowland
et al.,1965) discovered Z 1"" strength physical forces to
attach chains to £¥ldler sur

F - - l”
Ly o/
Elm@\umal’nﬂﬁ;lnj example, as shown
R R I T R
alxg:ﬁ i )T capsular
structure of graphitized black shown in Figure 2.18. Surprisingly,
while the relatively disordered structure of Figure 2.17 yields a

highly reinforcing black, the structure illustrated in Figure 2.18 is

essentially nonreinforeing.



Up to this point the surface chemistry and size of the primary
filler particles have been examined. However, important evidence
exists that these particles are not randomly distributed throughout

idence shows that a complex

state of aggregation is‘dmportant ﬁnrcemmt in both carbon
black and silica | - M structure have been
identified in reinforg s | be - the primary particles
aggregates of prims 2 bonded together rather

se aggregates, which

Many types of carbtn eristic chainlike

structure, agg ;W—'u and Figure 2.20
(Kraus, 1971: Meda ' 7 4 1}. These structures
are carried over m}o the rubber (Sweitzer, 1961). Carbon

blacks mmlﬁﬁ m% ﬂ Wﬂ’m@mm produce high

degrees of shefif during m.xmg which !uds in proper dmrs:.m This
A TR I TN
resistan of aggregation depends on the chemical

nature of the elastomer, butyl compounds requiring less structure
than styrene-butadiene rubber(SER) (Ford et al., 1983)

Dispersed within +the rubber as a reinforcing filler, carbon
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Figure 2.18

Figure 2.17 High-resolution electron micrograph of a furnace

black
particle which received no heat treatment . (Rivin, 1971)




Figure 2.19 HAF carbon black exthibits a high degree of aggregation

as seen by electron microscopy.
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black retains much of the aggregation displayed by the pure phase. In
addition, a more complex state of agglomeration develops within the
rubber, as shown in Figure 2.21. These structures often appear like
elongated strings or chains of interconnected carben black particles.
In a review paper, Kraus pointed out that secondary aggregation

(agglomeration) is responsible § he large increase in the modulus

of the filler partiéfesf A6t me )\ \Buthal8e from the Ffiller
particle size whichgfusf e -, > 2 ori@paller than the chain
end-to-end i 5 - p | ement. The close

interlocking 24,
structures having

olymer network, both
allows for maximum

reinforcement.

The phenomendnenf bound ruI:M has played 3 crucial role in

th chensatey Bt Dol b bbbt | bl ey, 32 otcanizen

rubber is msterbatehﬂ:l with afreinforcing.filler, a deftain fraction
o the pR 5} Bk 3EMedidhial Vil Bl v 0 o1
This gel a swollen mass of rubber and dispersed carbon particles, is
called bound rubber. The percgntnge of bound rubber depends, of
course, on the guantity of filler emploved[8], and also on mixing
conditions and choice of solvent(typically benzene).

There are several reactions postulated as being important in



i
igure 2.20 Th; particle shown in Figure 19,

Sambrook( 1970)

- AuEvg
ﬂWﬂaﬂﬂii

Figure 2.21 Electron micrograph of ALS-HAF in butyl viulcasnizate.
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bound rubber besides physical adsorption. For example, mastiecation
under shear causes degradation of organic polymer molecules with the

formation of free radicals(Casale and Porter, 1971; Watson, 1855):

P{polymer) -——-———-- > 2 R+ (initiation by shear)

2R +F ——————=>H 'ﬁsslinkjng by filler F)

eases with increasing

————

silicas also appears ' ], ‘Galanti and Sperling reported

on the agglomeration chafacier: v ias yseveral silicas milled into

approaching those employed

silicone elastomers ,‘Erp:-'"
o ially. Figite 2.22 shows the state of dispersion of HiSil

in silicone -‘,V'f :

f ad

Jiov 12111
2 et i . 5 turn,

b

R AR AV AR

individual particles is 200°A, as seen in the electron microscope.

and appear

Thus this study strongly suggests that the three level structural
organization previously cbseved by Vold(1983) may be carried over
into elastomer dispersion. The three levels of dispersion are:
(1) individual primary particles of about 200°A diameter

(2) aggregates of 5Mm. in diameter, and
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icone rubber at (a) 2.4 voli

1

lled =i

fi

Figure 2.22 S5ilica

15.5 vol ¥X. Magnification 100 x

!
"4

5 vol ¥%; (c

(b) 7




{(3) agglomerates of ZU—EU)J‘LIJ. in diameter
Scorching

The cure system must permit the stock to be processed in

the scorch control is w«& portatif 4% _subber compounding. Carbon
black promotes scorch maSstsdus ,Edﬁmllv in Table 2.8[8].

The high struci \ acks are more scorchy

in the factory than acks because they
increase the viscosi e blacks of regular
lve improved dispersion,

pssing temperatures, and

structure. Thus, whi
they also give rise tg

thus to earlier scorching.

Table 2.8 Genera! S001 ne of suntfur—-ourecy stocks

HAF blacks
ISAF blacks -
SAF blacks




2.4.7 Fi ] i

2.4.7.1 Calcium Carbopnate:[9] The inert filler, calcium
carbonate plays an important role in the search for a balance between

a low price and the retention of physicomechanical values. High

quality carbonate fillers _sipe inguished by the following
properties:
- High chemieal that can catalyze the

aging process in pdly
- No tendency to fofi A\
- High degree of Mhifedf T e \the pro@essability of partial
substitution of expep®

Increase in stiffness
Reduced shrinkage, higheyc
- Improvement in the surfag

I

Lower plate-out .

5 Hm—tﬂxiﬂ ]

““‘“”Ifmaqnituumfmmaﬂ

24?2m_bhnk[9]ﬂnfiller for centuries has been
used as a black pigment. Its use as a reinforcing filler did not
commence until the start of this century. Carbon black is the most
important reinforcing filler employed by the rubber industry. As
regards their use in plastics, carbon blacks are classified according
to their particle size and color intensity. Carbon blacks with
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small particle size are usually more difficult to disperse than
coarser types. Carbon black is frequently utilized as a protection

against UV radiation and as a black pigment in thermoplastics.

2.4.7.3 8ilica:[9] In =all the manufacturing processes,

synthetic silica is wvery Ffi generally spherical primary

particles, which as form saggregates and

agglomerates. Dependi - or 'u; Lépmass, the surface

may be very large s 2artfalie of sl FTHmB00 nzfg. Silicas are

, which as fillers
,» synthetic silicas
can already be emplafed inipabahtitids to achieve specifie
effects. In thermoplastigh, siiicas pesormlthe following functions:

- Reinforcement. ‘V:

I
Prevention of fi ln-ek:mi

2 ﬁiﬁﬁﬁﬁﬁiﬂm
el AT 3 IR AN AN TN

- Ruduetim of die swell during extrusion.
- Thickening, rheological and thixotropic effects.

i

i



2.5 Literature review

Blends of nitrile rubber and PVC were first evaluated by
Konrad in 1937 and the properties of blends containing up to
50 ¥ PVC were discussed in detail by Abrams[10] in 1962. Since

then these blends have at y:_ch commercial and acadamic
attention. ‘/‘/’
N

—

Hatsuo, scribed NBRE-PVC blends as
"semi-compatible” whe Rty syl vt 2 fylmitrila content and
"almost homogeneous LU faordan \ il “mowOrkers found that the

softening tempera : . decraased ' spproached that of the
rubber with increasiglf MNE@ content i8h ‘sugkested compatibility.
: g for both components
in the blend, indicati
by the hypothesis that _Zol Lm

is paradox was resolved
maller volume element than
mechanical spectrQsESoSy

Y]
: : T
Woods, Morsék and Whittington[12] point out that tensile

et 121 Y1) (1L |
AR DIMB I NEDAL o e e

NBR-PYC blends. He deseribed that 70/30 MNBR/PVC blend is required
for good ozone resistance and such blends are used for fuel hose.

The polar nature of PVC enhances the fuel and oil resistance of NER
but addition of PVYC has a detrimental effect on low temperature
flexibility.
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Takashi Inoue and others[14] studied the structures of
PVC/nitrile rubber blends cast from tetrahydrofuran solutions by
A-ray diffraction, radiothermoluminescence, light scattering and DSC.
No evidence was found for molecular miscibility in the blends. The
two phase nature of the blends was maintained at the higher

K. E. George, 1iATégaph \and D ~-~~1 Francis[15] studied
the optimum tempe 1 Siis "f._ \bhe 1 W ion of a particular
: fide, and stearic acid
was found to be usef CAvitrile . mubbe®\ blends. In addition,

they investigated t styrene-butadiene
rubber to replace hbber in a 70/30 Nitrile
rubber/PVC blend[16]. 3 0 15 % of the total weight

of the blend impre ,__J__._.__._._..._.J_L.J_zli__..ﬂﬁ.:._.:‘ shile decreasing the
e LY 1

cost of the blend | ot ) _;.'-- ld replace nitrile
rubber up to 30 % of the total weight the blend without

dﬂtsrimtimﬁqﬁm‘ V il Q. ’]nﬂi

mtaﬁmeyarﬂlarge compression set and thus are poor in the
restorability when the compression force has been removed. In order

Lo reduce the compression set for improvement, it has been attempted
to use such a plasticized PVC in combination with a partially
cross-linked NBR as a component to reduce the compression set of
plasticized PVC. However, there will be a drawback that other
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important properties such as tensile strength, elongation, and tear
strength tend to deteriorate, although the compression set may be
reduced to a level of about 40 %X. The present inventors have
conducted various studies to obtain a PVC thermoplastic elastomer

composition having a low compression set and high strength while

maintaining the desired properhik&/s& ;the thermoplastic elastomer.
obtain a thermoplastic
elastomer having the SoEEESSSionds @reakmg stress improved
while maintaining the stiedly by adding a usual curi t
for rubber to a syg#h prising. EV “*a._;;z’ a nitrile rubber,
a plasticizer and f e under kneading.
P. Ramesh ang
and carboxylated nitg ed during moulding at

elevated temperatures ii crosslinking agent. Such

miscible as is evidbdt from dynamic mechanic ;‘ Such blends
TEN——— W )
were found to h& RiEl “abrasion resistance,

high modulus with erats tensile and tear Sfreng

ﬂ'lJEl’J'VIEWIﬁWEI']ﬂ‘ﬁ
Qﬁﬁﬁﬂﬂ‘iﬁuuﬁﬂﬂmﬁﬂ
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