CHAPTER 11

THEORY AND LITERATURE REVIEW

2.1 Free Radical Chain Pol , merization

The most 1mpo chain . ~ is free radical chain

polymerization and ther ctermine the course of the

\\ h of these radicals by a

) nd the cease of the growing

reaction: the radical p
sequential addition of monony
chains (termination), either by _-,----'-F:f cula mination or chain transfer (24-27).
LK
These reactions will be discussed i detail in t owing sections.
e O -
v,

2.1.1 Initiation

Initiation of RO gnenzatlon 1s usually carried out using an initiator,

demea by 1. 2off LI RUNTIN YU ATt ot
homolytlc scission of a single bond and' single electrén transfer to of¥ffom an ion or a
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The homolytic scission usually occurs by absorption of heat or radiation

(usually ultra-violet) to produce two free radicals (R"),

ka
I OR (2-1)
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where k4 is the rate constant of initiator decomposition and this step is the rate
determining. Two examples of initiators used in the polymerizations are potassium
persulfate (in emulsion polymerization) and 2,2’-azobisisobutyronitrile (in bulk,

solution and emulsion polymerizations). The persulfate anion dissociates in the

he 2,2’-azobisisobutyronitrile
S(ka=2.16 x 1057 at 50°C

(29)). The structures of these i st 1 Figures 2-1 and 2-2, respectively.
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The primary radicals derived from the initiator can add to the first monomer

molecule to produce the chain initiating species M ,, with a rate constant ;.



k; .
R*+M —> M, (2-2)

where M represents a monomer molecule and £; is the rate constant for the initiation

step.

(2-3)
where f'is the initiator effici d [} nitiz \ oncentration. The initiator
efficiency is a fraction of initi dicals ini a polymerization. Normally the

initiator efficiency is in-the

radicals. s .-“U‘

combination of the primary
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2.1.2 Propﬁa Yl f-l gj
In proméam);ﬂgr’o;wt e polymer chain is acmeved by sequential
s QARG FUHTTI N B

propagation i

. k .
M, +M —> M, (2-4)



where &, is the propagation rate constant and M, signifies any free radical containing
n monomer units, whether the free-radical is initiator-derived one (an RM species),
or obtained as a result of chain transfer to monomer (M, ) or originates from chain

transfer to an added chain-transfer agent "). The rate of polymerization can then

W,

be written as:
(2-5)

where [M] is the mo 1§ the total free-radical

concentration in the syste al evidence exists that the

propagation rate constant lengtt enden 0-34). The chain length

dependence of &, is important only ; 7_, s.and becomes unimportant for over

e

a few monomeric units (35). The value of rate constant fo propagation of chain of

)

esgher that the long chain
AULINENINYINT
IR ARIANEAL, e

activity in free-radical polymerization and a formation of dead polymer chains. There

the first degree of polymea on

value of k.

are two pathways by which termination can occur, via combination and

disproportionation.
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Termination by combination is usually a simple head-to-head coupling of the
radicals involved, resulting in the formation of a dead polymer chain equal to sum of

the length of two combining radicals, and denoted as M,

(2-6)

In this equation . i \ by combination and this

process is considered to be diffiisig lermination by combination

is the predominant mode of & afic " ol ‘ Za tyrene (38).

In contrast to terminati tion by disproportionation

takes place by atom transfer (mos .{ drog

: . LT3 T .
polymeric radical to anothe us ~ resulting ormation of two polymer

il

¢ lengths the same as

om to the radical end) from one

molecules—one saturate V

s@)wn in eq. 2-7.
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where ki is the rate constant for termination by disproportionation. The predominant

those of their correspondin@ radicals before termmatlon as

mode of termination in a system depends on the propagating radical. Termination of
styrene polymerization predominantly occurs by combination, whereas termination of

polymerization with methyl methacrylate mainly involves disproportionation (39).
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The relative amounts of termination either by combination or disproportionation
affect the molecular weight distribution of a polymer but not the kinetics of the

reaction and therefore termination is often described using a single termination rate

constant, k:

(2-3)

where the particular mode o
(2-9)
The term dead polymer 1g‘ i' A‘ n of growth for the propagating

radical. The propagation.reactio ntil all the monomers in

A

a reaction system were ¢ - 1sé ong tendency toward

termination. Typical termmtion rate constants are in the rﬂge of 10°-10% dm® mol™

$' or orders of ﬁﬁ‘ﬁfﬁm‘ﬂ w{wﬁqﬁ psants. The much

greater valqe Qf ki ?!vhether ke or kia) gompqred to & does not preyent propagation
because thaqawa’llaig' ﬂ gem lum &lmlﬂt’i}lanﬂecause the

polymerization rate is dependent on only the one-half power of ;.

Dead polymer chains are formed in the termination step. The rate of radical loss

in termination is given as:
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d[M*] .
= 2 ky [M*T? (2-10)

In this equation, the factor of two is used as recommended by IUPAC (40) and

the & is assumed to be independent o

degree of polymerization of the species

In free radica ol M ization, another mode of terminating a
growing polymer chain is b : - .i er can occur to monomer,
initiator, polymer (this would er chain, and the generation
of a new chain), solvent or added" ually, chain transfer occurs

via atom abstraction reacli ,‘ﬁl ay be represented by

Il
eq. 2-11. E iy

o

ﬂ‘iJEl’WlEW]iWEﬂﬂ‘i

(2-11)
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The rate of chain transfer to a species AX is given by:

dM, ] .
- Tt = ke[AX] M) @-12)
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where 4, is the rate constant for chain transfer to chain transfer agent (AX) and [AX]

is the concentration of chain transfer agent.

2.2  Emulsion Polymerization

Emulsion polymerizatio polymerization process that

involves the polymerization insoluble - monomers via free radical chain
polymerization, to pro

bmicron-sized polymer

particles, which is also erization has several

advantages over bulk : (1) higher molecular

weight of polymers is often \‘\ or solution polymerization,

which is due to the compartm: i - (i1) the heat generated during the
exothermic reaction is easier to controli e, phase; (iii) since water is used
as a Continuous phase i ”’vl-éIrl?ll‘lflrlrﬂl"allrIIil-lm' ntally frlendly

The initial model for émulsion polymerization was published by Harkins (53),

s E AT BT IEL L i et
o TP D T IR T o e

stage whereflparticle formation takes place (nucleation). In interval II, the particle
number remains constant and polymerization takes place in the presence of monomer
droplets, the monomer in the particles is replenished from the monomer droplets.
Interval III begins with the disappearance of swollen monomer droplets, after which

the monomer concentration within the particle begins to decrease.



14

These three intervals are represented schematically (25) in Figure 2-3.

|
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Figure 2-3 Schematic representation of the three intervals in emulsion polymerization.

Interval 1

Particle nucleation in emulsion polymerization is a very complex process. Two
main mechanisms have been proposed in the literature for particle nucleation
mechanism: (a) micellar nucleation (53), (b) homogeneous nucleation (or

homogeneous/coagulative nucleation) (55-60).
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propagation
and
coagulation

termination ‘\
e

surface-ag
free radicz

The first mecha i;,— far nucle ' *J in Figure 2-4. The

cal micelle cﬂentration (CMC) of the

system, and the "F'T“ﬂ ﬁ ﬁmﬁwﬁ’wmﬁ Ticals generated in

the aqueous phadg will propagate until they reach a sufﬁment degree of

o AL RV RHE PR P e oo

then enter a monomer swollen micelle and initiate polymerization or aggregates with

concentration of surfactarms above the

surfactant molecules whereupon it becomes a precursor particle (25). This micellar
nucleation will eventually stop when the emulsifier concentration drops below its
critical micelle concentration due to adsorption onto the newly formed polymer

particle surface.
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In the second mechanism, particle formation occurs in the absence of added
surfactant (surfactant concentration is below the CMC). This mechanism governing
particle formation is known as homogeneous nucleation (61). The radicals generated
in the aqueous phase add on to a monomer unit until the oligomeric radical reaches a

sufficiently high degree of polymeri ted as j-crit. The j-crit-mers then

become insoluble in the aqueo . The precipitated oligomeric

chains absorb more monome s, which are stabilized by
the charged group from tified by Fitch and co-

workers (56) and has en-Ugelstad-Fitch-Tsai)

theory (55).
_e
SO4(aq) * M
\ propagation
-~ / and

/ ’ y AN coagulation
termination ' L)
— "parics.

\ L

Figure 2-5 Mechanism for particle formation by homogeneous nucleation.

Two modifications later were incorporated in the original HUFT theory (55, 56,
58, 59): (i) propagation of radical chains to attain a sufficient degree of

polymerization, z (where z < j-crit) for entry to occur. (i) The precursor particles
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grow by propagation and also by coagulation with other precursor particles. This
version of the modified model is also known as “homogeneous-coagulative

nucleation” (25). The “homogeneous-coagulative” nucleation model is described in

Figure 2-5.

Interval 11

Interval II begins w : ficleé nucleatic ases. In interval II the

presence of monomer drop o replenish the monomer

consumption in the particlessduging e transport of monomer

from droplets to the particlegis the g.m i

polymerization is achieved. &qgf’;

therefore a constant rate of

Interval 111 ~A R L
T 4|

Interval III begins whe ted. Since there is no

U

constant replenishment o monomer as the polymerlzatlon proceeds, the monomer

concentration deoﬂ. u ﬁh’J Pﬁ HTW%WAE}&}ﬁ?)Iymemzatlon will

decrease inintervain[II. In some polysherization systems the 7rommsdorff-Norrish
“gel’ effeatlimbgralgumg‘jnmlulm‘lahmﬂaa a [Ell'merization

increases.
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2.3 Natural Rubber Latex

A latex, as defined by Blackley (62), is a stable dispersion of a polymeric
substance in an essentially aqueous medium. Based on this definition, he stated that a
latex is essentially a two phase system, consisting of a a disperse phase and a dispersion

medium.

Natural rubber (NR sting of a rubber phase

i / /5 \\>\\. ains a wide range of
constituents, as well as#ruh / afid wate % \\ uents are distributed

- -»,"' k
222\
2o

Freshly-tapped NR latex is a whit ” hav density between 0.975 x 10° and

dispersed in an aqueou

throughout the rubber phafe, e inter-phase boundaries.

d a surface free energy ranging
40 to 45 mN m™". The ty &_ mposition of fresh NR latex o # vary considerably as

shown in Table 2-1.

ﬂ‘UEI’J‘VIEJ'VI?W?J']ﬂ?
QW’WNﬂ‘ifMﬂMTAV]Eﬂ&B
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Table 2-1 Components in natural rubber latex

Components in NR latex Concentration, %
Total solid content 32
Dry rubber content 30

Proteinaceous substanc

These constituents are distributéd throughott t > f | r1nc1pal phase:

(1) The aqueous phase
The aqueol ;"""""""m""‘ ‘ o w/w of the latex. It

has a density of about 1.0ZE 10" kg many aemical species, such as,

lipid, carbohydrat EJI ﬁnts including free
choline and me

nitrogenous bases sqh as thylamine, orgamc acids (rather than amino

o R SR YR

potassium, mqagnesmm, iron, sodium and copper).

(ii)  The rubber phase
The rubber phase accounts for approximately 35% w/w of the latex. Its
presence as particles influences the rubber phase to exhibit a highly asymmetrically

distribution of particles sizes ranging from 200 to 20,000 A. The particles are
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sometimes pear-shaped rather than spherical. A typical composition for the rubber

phase of NR latex is presented in Table 2-2.

Table 2-2 Components in the rubber phase

Components Concentration, %

The presence of proteinageo pid substance in the rubber phase

plays an important role in storage stal eriod of time, as they can act as

protective layers. The ate ."-‘ redominantly cis-1,4-

i
|

polyisoprene, \) W]

ﬂuﬂawﬂwswﬂwnﬁ
amam@wm@wmaa

Figure 2-6 Structure of cis-1,4-polyisoprene.
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The polyisoprene has a carbon-carbon double bond in each repeat unit. The
double bond plays an important role in vulcanization and in the modification of NR

by graft copolymerization of a vinyl monomer in either NR latex or dry NR.

(i)  The lutoid phase
The fresh latex al regates, distinct in character
from rubber particles. The action when the latex is
centrifuged. These aggr bic id phase accounts for
approximately 10% w/w of t ! | ‘con mall quantities of soluble proteins

(ca. 3%), insoluble proteins

2.4 Modification of NR in

Hashim et al. ;(';—"'—7;*:_ incipal ways in which NR can be
chemically modified. Thﬂheml 2 of NR c% be divided in three main

categories:

(i) Rearranmment rea:%o?] ,ﬁrm Ew gJe;J IJ jumt These include
FRIIFT fti HRTINYTRY™ © ™

olve the addition of a new chemical material.

(i) Addition or substitution reactions to the isoprene unit. These include
hydrogenation. These reactions result in the introduction of new chemical
atoms or groups into the rubber molecule.

(iii) Graft copolymerization reactions in which other polymer materials become

chemically attached to the backbone of a rubber molecule.
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The following discussion will concern with the grafting reaction in NR latex
ouly as this grafting is the main reaction in the present investigation. Although the
grafting of monomers onto NR appears to be very simple, there are several inherent
problems, particularly if grafting is carried out on the polymer in a latex form. The

important factors which affect the e

7/ graft copolymerization reaction are
Z.

latex| The beiter the stability of latex against

as follows:
(1) Colloidal stability 6 (
coagulation, t ch \ }'f g out successful grafting

reactions in th '

(i) Nature of the | onomer plays ! portant role in grafting

reaction as it ¢ stability he rate of polymerization, the

efficiency of graftin ical and chemical properties of the

end-product.

e

initiator used atEcta 5 rea%m.
25 conmnEpWELATIENINYINT
ARIAINTUURIINYIAY

Free rdical polymerization is the assembly of vinyl monomer units, which

contain a carbon-carbon double bond, into larger compounds by the addition of free
radicals across the double bonds (Figure 2-7). It is a technique that is used in the
synthesis of the majority of polymers produced by industry today. The different
properties of a polymer are governed by (among other factors) monomer choice and

composition. Creating copolymers - polymers containing more than one type of
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monomer units - is one means of creating new materials with new physical properties,
while still using monomers that may be readily available and cheaper than a new type
of monomer. The physical properties of a copolymer can be varied by the varying the

relative proportion of each monomer.

Figure 2-7 Addition

1 ' in free radical

E polymerization.

AULINENINYINT

There are three basic means #of creating:n?lymers éﬁ’ free radical
Z 1 ‘

2

e than one

1

potmcsizath b ) S 915 b e

monomer present and generate an essentially random string of the different
monomeric units in each polymer chain. The second way involves keeping the
polymer chains from terminating after a complete conversion or polymerization of the
monomer, by creation of the more stable radical species on the chain ends, before the

polymerization of a second monomer onto these living chain ends; this technique is
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generally referred to as "living" free radical polymerization (63) and generates
polymer chains with a linear block structure. The third means of creating copolymers,
which is used in this work, is the chemical grafting of a monomer onto an existing

"dead" polymer at certain position along the polymer chain. This grafting technique
can produce polymers with novel properti yn/riad of potential applications.

To synthesize ar by free radieal polymerization, a radical

site needs to be crea isti ‘ poly ér. b ckbone to initiate the

polymerization of a seco - type eS¢ al 'sites can be obtained by

either addition or abstracti 1 L pathways, The addition reaction (eq 2-13)

requires a double bond along th :~ Jix hereas the abstraction reaction (eq

2-14) requires an abstractable p;ot 10 chain.(both processes are illustrated in

Figure 2-8). These two -ff- tions - __-_-___- ‘ ation of monomer (eq
| L)

2-15) onto the radical sites 3

)
ﬂUE}%ﬂﬂﬂiwmﬂ‘i o1
AW AT INY G Yo

P'+M—>PM (2-15)

where R * = initiator radical,
P* = polymeric radical, and

M = monomer.
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abstraction iy Ydmon

Figure 2-8 Abstraction and‘a reactic : h'c: \ ead to grafting to polydiene

xylradical.

2.5.2 Grafting .:.-

Emulsion p i c , -:,'-,. zation of a hydrophobic
| . ]
monomer in water. Monon}er initiator and su factant are the essential chemical

species in any eml%&lﬂ’}%aﬂ nﬁtm ;ﬂd/] nf‘ilelr reaction is a
colloidally stable latex consisting of arficles general aqﬁlze‘ Often,
as is the casequm r\]uﬁ ﬁen EQJ ;‘slzﬁj.z mymenza 1on 1s carried out
with a seed latex. This is commonly used for the control of latex properties such as

particle number. Further polymerization of the monomer can be performed within or

around the seed latex particles.
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Emulsion polymerization is an important means by which polymers can be
created that removes the need for toxic organic solvents, which they are usually
required in solution polymerizations of hydrophobic monomers. In addition the
technique provides an efficient means of removing the heat generated by the free

radical polymerization process throug ding water.

2.5.3 Topological Co
An important . ‘iﬂ,\ zation is that it enables
both hydrophilic and hydre Omers \ ners) to be used together. This

enables some novel syst phologies and chemical

properties that cannot be o

A "hairy layer" is a diffuse_ t' s

Ophilic polymer chains chemically

grafted onto the surface

loid (Figure 2-9). This
hydrophilic polymer can aéi asa Or-the particles, often giving

colloidal stability when thg system would us ally be unstable. An electrosteric

stabilizer is a sur(ﬂ u!&lt@ m g%ﬁ mgﬂlﬂ gtatlc stabilizer. An
electrostatic sﬁlzer rovides ¢ lo dﬁ t ﬁ’iﬁ&% rﬁns between
particles tha are eﬁbﬂ ile olecules ©On the particle surfaces.

A steric stabilizer achieves colloidal stability by the interparticle repulsion arising
from the entropically unfavorable situation of polymer chains on different particles

trying to occupy the same space as the particles near each other.
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To synthesize the morphology of a hairy layer, two methods can be used. The
first is a technique widely used in industry, where a combination of two or more
monomers are polymerized with (at least) one monomer being hydrophilic and one

hydrophobic. The limited solubility of the hydrophobic monomer enables the

copolymer chains to begin growth in_ soli ‘ on before becoming surface active, at

which point the predominantly h s‘__‘“;: 1¢ secfiondf the polymer partitions into the
.__d
particle and the predominantly hydiophilic part out into the solution. For

example systems such as copelymefs.of styréne f‘-‘-~'t\""-’i' aetylic acid (64), or acrylic

acid and styrene (65) have'beenddo nted and t \

heix particle surface morphologies

are characterized.

& (=
&

P
il dd

Reto colod
3
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Figure 2-9 Graphical representation of a hairy layer of polymer colloid.

The second means of creating a hairy layer involves taking a seed latex and
generating new radical sites on this polymer to polymerize a second monomer. The

radical generation and polymerization is easily done with two hydrophobic
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components but will not generate a "hairy layer." This second stage polymerizaticn of
a hydrophobic monomer inside a polymer latex is an established technique to produce
materials with varying morphologies and physical/chemical properties. This form of
copolymerization is not dealt with here but has been documented in Subramaniam's

work (66). If the radicals are generats rface of the particles, (Figure 2-9)

and a hydrophilic monomer is u " can result.
2.6 Stability of Colloid/

The main interacti

‘ oidal particles is van der

Waals’ (London dispersion) fi ectrostatic or steric effects

(26).

The articles in “rlcél;i'l.‘llillriil’:i‘li- ! ra -i_-_nv-rTﬂ:a-ﬁ,: a result of Brownian
P v X

motion, to reduce in nu@er du : for% of attraction between

molecules are increased by Highusolid concentration, agitation, Brownian motion and

sedimentation qu Mﬂlﬂﬂﬂj w ‘ ;]tfalu?n or by elevated
temperaturwﬁm,ﬁ?mluMﬂFB afvﬁictlin particle

number is teftned “flocculation” if a loose or open network forms or “coagulation™ if

a compact cluster of particles is formed. Stability is the resistance to flocculation or
coagulation. For a colloidal dispersion to remain stable, the repulsive forces should

exceed the forces of attraction between the particles.
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Two types of repulsive interactions contribute to colloidal stability (67): (i)
electrostatic repulsion and (ii) steric repulsion. Electrostatic repulsion is based on the
charge of the particles, which may be acquired by the particle by several means. They

are: (a) preferential adsorption of ions; (b) dissociation of surface groups; (c)

biopolymers; (e) accumulation. of eleet; metal-solution interfaces.
.—d

Dissociation of surface gr:ty vith pe lymer lattices which have carboxyl,
sulphate or amino groups  whic \, “\ ate. Isomorphic substitution
\ 1 3 % .4

is quite commonly obse " ions are substituted

by lower valency ions Al® fice, thus conferring upon the

entire particle a negative ¢ cxcess of positive charge

—|-+IIII

22
i
|7
./
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Figure 2-10 Schematic presentation of a diffuse electrical double layer.

A colloidal dispersion of a solid in a liquid, considered as a whole, is

electrically neutral. Therefore, a charge that a given particle may possess must be
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counterbalanced by ions of opposite charge, i.e. “counter ions” in the solution phase.

This results in an electric double layer at the interface between the solid and liquid.

A solid in contact with a liquid tends to develop a difference in potential across

would give the particle a ne ance which positive ions are

ading to a difference of

electric potential between the s6lid uid. .\ e ayer is illustrated in Figure
2-10. From measure ! *_ " w1th1n an electric field
(elctrophoretic mobility), th el rop- between the stationary compensating

This is referred to as “zeta

4pd
potential” (£), which is definec L

here q is the charge on

>

=

the particle, d is the thi ..-?. S of the charge on the particle,

and D is the dielectric constallipt of the liquid. Measurements of zeta potential can serve

s e 0 0ol ABNNT WL Fiing n ncation

of the effectlveness of added electrol§tes in lowering the energy@barrier between

s 4 W 1ANTIIEW RNV 8

When a d.c. electric field is applied to a colloidal dispersion with charge
particles, the double layer is polarized as shown in Figure 2-10 and the particles move
with velocity which is proportional to the applied field strength, and the potential of

the mobile part of the double layer (zeta potential). This motion is called,
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“electrophoresis”. This phenomenon is used to study the sign and value of the charge
and the potential of the double layer in such colloidal systems. Protein analyses in
biochemistry and electro-deposition of paint onto metal e.g. car bodies are examples

of the applications of electrophoresis.

The colloidal system § & on the whole and no net

Coloumbic force exists bet arged p --; cles. at large distances from each
other. However, a repulsi significant a 0 particles approach, and

the diffuse parts of the i uble ‘layers interpe "- e and start to influence

each other electrostatical

A colloidal di ersnon‘«ﬁ be destabiliz either re c the magnitude of
the energy barner q]e e 1 ﬂ il m nc’riﬁ\g the average kinetic
G L 1 b L
overcome. Ir‘creasmg the concentration and/or the charge number of the counter-ions
in the electrolyte compresses the double layer and eventually eliminates the energy

barrier, forcing the particles to agglomerate. The dependence of colloid stability on

ion charge (usually called the Schulze-Hardy rule) is very strong.
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“Steric repulsion” is particularly important for stabilization in non-aqueous, non
polar media. It occurs when the particle surface is covered by adsorption or chemical
reaction, by long chain molecules, giving the particles a hairy surface, which causes

repulsion between particles in two ways: an osmotic effect caused by the high

concentration of chain elements in overlap; and a volume restriction
effect due to the narrow spac 16 &aces (e.g. when the colloidal
-—d -

Steric repulsion is very

and reversible in contra; fems which display less

\}* can be prepared with
polymer melts as the dispérsig  diura. (¢ 8o/ dis ;\ of carbon black particles in
rubber).

2.7 Potential Energyof Interaction

The modern view of snter-particle forces dates from Ludwig Seeber’s

hypothesis (A.D. @’zuﬂ s’tlm ﬂﬁeﬁlﬂ)ﬂﬂﬂg between attractive
and repulg:t m awmmﬁﬁwmﬁ{ﬂal systems

may be portfayed by potential energy curves, in which the change in free energy (AV)

is plotted against the distance between the particles (interparticle separation). Figure

2-11 shows a set of such curves for electrostatic and steric stabilization.
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Figure 2-11 Potential energy of interaction between particles as a function of
interparticle separation (a) electrostatic repulsion, van der Waals’ attraction and

combination. and (b) steric stabilization.
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In the case of electrostatic stabilization, the height, AV of barrier contributes
to stability. If it is desired to coagulate colloidal particles, then they must be given
sufficient kinetic energy to overcome the energy barrier that exists, or else the energy

barrier must be lowered by some means. These two methods correspond roughly to

@ely.

temporary trap, such as ' dre: . ing hich the particles can be

destabilization by physical and chemi

The shallow minimum

separated by mechanical e medium. Once a pair

of particles have overco 3 : \u g I be very difficult.

In steric repulsion, a co al-p absorbed polymer encountering a
similarly clad particle will be o :’it ’,ﬁ. “Similar thermodynamic nature, the
barrier to polymer pe «vﬂ‘ﬁrmm":tm ﬁu guta ation of the particles.

i

5 whi@ is readily adsorbed onto

::e::ioti::::nc s, the Gﬂn ﬁmon of mﬂw ﬁg] ﬁw?t contact and the
qma\m‘sm URIINYAY

2.8 Collmaal Stability of NR Latex

Frequently, block copolyrﬂrs are used, ¢

Cookbain (68) has stated that, although NR latex is a very complex physical and
chemical system, its colloidal behavior is very similar to that of a large number of

other hydrophobic colloidal systems. Cookbain and Philpott (69) defined a stable
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latex as one in which no aggregation or coalescence of the rubber particles occurs

under the conditions studied.

Blackley (62) stated that, in general, the subject of latex stability has two quite

!!@ﬂubber to undergo changes by

, the hydrolysis of non-

distinct aspects:

(i) the tendency for an i
interaction with t
rubber constitu urface of the particle,

(i1) the interaction

Furthermore, Blackley ée important and interrelated

factors are responsible for the‘c o

(i) the reduction of _jgﬁ;n,f; iated wit the interfacial films

surrounding 'v"r’:_u_._- G118 —— \_‘

(1) the presence ofE‘nilar .

repulsions betweefl particles o
(ii1) the prea i‘ rf'lty imﬂ:lnnicules around the
a'tmm mmﬁwa Wﬂﬂrﬁeﬁnce of two

pa fticles.

ges on the ru@r particles giving rise to

Cookbain (68) states that stability of a latex depends ultimately upon electric
charges associated with the interfacial films surrounding the rubber particles, and also
the degree of hydration of the particle surfaces. The rubber particles in ammoniated

latex posses an inner core consisting of rubber hydrocarbon, surrounded by a layer of
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lipids. An outer film, which is adsorbed on to the lipid layer, contains proteins and
fatty-acid soaps. The arrangement of the interfacial region of a rubber particle is

shown schematically in Figure 2-12.

Protein
Phaespholipid
o
; X Y o radorid e .
Figure 2-12 Schematic arrangement of interf region surrounding a rubber

mist s

£TRIA T

Due to the nature of fat}yhacid soaps, protggls and lipids, the film layers have

o s ot b O BB RATms wve

so-called hydration. la er consistin of water moleculegsbound to the §o& s, proteins
e AR IANLAR AV AN, ...
hydration of the so-called protective layers, will determine the stability of a latex. For
example, the coagulation of latex by solvents such as acetone or alcohol is attributed

to the dehydration of the interfacial films.
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Flocculation, coagulation, thickening, gel formation, coalescence and creaming
are common indication of colloidal instability. Blackley (62) outlined two ways in

which a latex can be colloidally destabilized:

() By increasing the average kinetic energy of the particles by physical
(1)) By reducing the hei ' i 1 ergy barrier between pairs of
particles. This y bro the insolubilization of the
adsorbed stabili @ cC , b) compression of the

double layer

double layer, i ':, ion betv aai’ precipitated coacervant

The polymerization oﬂﬁrophobic moriorher in NR latex was first reported in

1928 (70). Howe@ualy eﬂ%‘n %Mﬂ :Mlgs in NR latex was
not reponagquw ﬁﬁW?fﬂ‘ﬁ%ﬁﬁfﬂﬂ‘qﬁ g]). Here, the

inventors uSed maleic anhydride which is a water-soluble monomer. The process
involved simultaneously treating the rubber with maleic anhydride and phenol. The
modified rubber was especially suitable for use in moulding compositions giving the
products with improved electrical characteristics. The authors did not report any

attempts to separate the inherent components of the products.
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In 1939, Bacon et al. published the paper which included references for the
polymerization of relatively hydrophilic monomers such as acrylonitrile in NR latex.
Burlant and Hoffman (72) stated that, although no difficulties arose when attempts
were made to polymerize hydrophobic monomers in NR latex, water-soluble

monomers were more difficult t ‘1r/)erize under similar conditions.

Notwithstanding this, many d to polymerize hydrophilic

. | —
monomers in NR latex. FOW h wat mixtures of relatively
‘ ers, suchz acrylonitrile/styrene in

hydrophilic monomers a ers
the ratio of 30/50 phr (7 ile/butadiene i the ratio of 60/60 phr (74),

have been successfully g

acrylonitrile, were pa .‘.‘___,_:_,-_,_::_-,._-_..‘:::_:________..__-v.;.-v _\; zoyl peroxide as an

anc WQ called a “vinyl resin
dispersion”. This d ersmnﬁ@added p merized at 100°C
e R W ﬂ ﬁ“ﬂﬁ ﬂi e Hﬁﬁ%l’md“‘“ .

well as goodiensﬂe strength, hardness and abrasion resistance.

initiator. The product v@

Haward et al. (76) have developed polymeric products which are said to be very
satisfactory for use in adhesive compositions. The products can be prepared by
polymerizing vinyl pyridine in conjunction with another monomer in NR latex. The

monomers used consisted of various pairs of methyl methacrylate, styrene, butyl
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acrylate and acrylonitrile. The product obtained was reported to be remarkable for its

adhesive power, and was used to produce improved rubber-to-metal bond.

Sekhar also investigated the polymerization of hydrophilic monomers, i.e.,

11Jn o

AI‘{}Jd" i
89% for methacty

Burfield and@uﬂ ’; ﬂ,@ ‘Zlacryw gi! :vaﬂe‘;soluble hydrophilic
mrerr A WIN @ﬂﬁf’ﬁ! R i s o

distinct adva%tage in self-stabilizing the latex, and that the grafting efficiency could
easily determined. Therefore, they did not add any stabilizer to the latex before
polymerization. Potassium persulphate (1.3 phr) was used to initiate the
polymerization of methacrylamide (13 phr). The DRC of the final latex was 19%. The
polymerization was carried out under nitrogen at 60°C for 24 hours under stirring.

They found that the rate of polymerization was first-order with respect to monomer
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concentration up to at least 70% conversion. They also found that the higher was the
monomer concentration was, the higher was the efficiency of grafting. Compared to
the ungrafted rubber, the methacrylamide-grafted rubber substantially increased the

modulus and hardness, at the expense of tensile strength and elongation at break. The

methacrylamide-grafted rubber is s es1stance to swelling in solvents
methacrylate—graﬁed rubber,
, and acrylamide grafted

anism of grafting of a

k -
-- --------------- -inNRatex s

Mazam et Efn e' a 'oho%other hydrophilic
monomers in NR i‘xj n ra 1at10n as an 1n1t1ator The hydrophilic
o RO FYT QA VTN oo

methacrylate (HEMA), and diethylaminomethyl methacrylate (DEAMMA). Up to 15

reactions using hydrop

phr of the monomer was added to the latex, which had a DRC of 35%. The
polymerization was carried out by exposing the mixture to a “°Co source of nominal
field intensity 0.5 Mrad per hour or more. The conversion obtained was 75 to 95 for
lower than 3 Mrad, and 100% for higher than 3 Mrad irradiation dosage. The film-

forming properties of both the DEAMMA-NR latex and the GMA-NR latex were
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good. However, Mazam et al. (80) reported that the HEMA-NR dry films produced
distinct patterns because the monomer HEMA was water soluble, and for this would
thus favor polymerization in the aqueous phase and at the surface of the latex
particles. As a result, the polymerized monomers were not uniformly distributed

throughout the latex particle. General%ﬁ f e strength of NR was enhanced after

polymerization with these mo NR, however, there was an

9
b w gave the highest tensile
dug y the monomer concentration

optimum DEAMMA mono

strength. The decrease of:

soluble in rubber part1cle$ but it'w

Ve as an. celeratmg agent for the

vulcanization because of thé smaller rate of Wr&zj ﬁn the other hand, the
colloidal stability @Iy g’! a\t 1 1 aus 1t was localized on
e 0TI TEH VTR YRS Bl i

of NPGDA Was improved by adding NPGDA with solvents. The maximum tensile

strength of the irradiated latex film was 350 kg cm™ at 3 Mrad.

The graft copolymerization of methyl methacrylate (MMA) onto NR using
various initiator systems, thermal, redox, and radiation was studied by several

researchers (5, 82-94). Sundarri and Kadariah (82) investigated the method of
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radiation grafting of MMA onto NR latex. Since 1985 several redox systems have
been studied by Lenka et al. (83-89) They presented the kinetics of graft
copolymerization of complex Mn (III) (85). They also studied the graft

copolymerization of MMA onto NR using vanadium ions as the initiators (83). The

initiates grafting. The det

Initiation:

(2-16)

]

Propagation: o/

ﬂuﬁﬁmmwmm

UNR-M® + ‘H”

Termination:

ki
NR-M," + NR-M;;" ——> NR-M.m-NR (2-18)
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Graft copolymerization of the MMA monomer onto crepe NR using potassium
peroxydisulfate initiator and catalyzed by silver ions was carried out for various
concentrations of the monomer and initiator (87). They found that the grafting

reaction was temperature dependent. Enyiegbulam and Aloka (90) reported the graft

characteristics and solution properties ' ‘ -MMA copolymer in MEK/toluene
using benzoyl peroxide as the initiato | ) h,oﬁmas (91) prepared the graft
copolymer by polymerizats . latex using the cumene
hydroperoxide (CHP)-te ‘ EPA) redox system. Likewise, fert-
butyl hydroperoxide (t-BHP‘ R _' studie grafting styrene (92) and
MMA (5) onto highly depr bed 1 al j [ ’NR) latex. The number of
grafting sites for graft copolymer f dm-f B was large than that determined
for graft copolymer from untre yatutal rul i; laiex Thiraphattaraphun et al. (93)

studied the graft copolymerlzatloa-df MMA ontoNR usi potassium persulfate as an

2
=

< conversiormnd grafting efficiency of

the MMA monorrﬁ oﬂg % ﬁfgjmﬁ’wgqcﬁp EPA and /-BHP-

TEPA used for inifiating the graft copglymerlzatlon of MMA onto NR latex were

it bR AT A T 15 5 B e

backbone was promoted by adding vinyl neo-decanoate (VneoD). The initiator of

monomer concentration, a,g reaction time

CHP was observed to be more efficient than -BHP for grafting of secondary
polymers in modified natural rubber, grafting was enhanced considerably in the

presence of VneoD.
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Lamb et al. (95) studied the graft copolymerization of DMAEMA monomer

onto artificial and natural polymer latexes, polybutadiene, polystyrene, and natural
rubber latexes using the CHP-TEPA redox initiator system. Vivaygananthan et al.

(96) carried out the graft copolymerization of DMAEMA onto rubber particles in

natural rubber latex using CHP-TEP r system. Factors influencing the

course of reaction were monit
control (Mettler-Toledo R
was varied from 3-16%. The ue? . S s\ continuous process carried out at
15°C. From the heat evolutig / ofile " i n proce d very quickly by adding
TEPA to the latex containing the m : 7: » : Ihe radicals generated were
also involved in some crosslinki , e -1t X part; ‘ 5. Unlike the original rubber

latex, the modified latex was stab gatdow. p properties of the modified latex

were evaluated. Besides the funet e redox couple, TEPA can

also act as a chain terminatodue fo secondary dl formation.
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