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Chapter 1

INTRODUCTION



Natural rubber latex a ”

persion of cis-1,4 polyisoprene of high
molecular mass in an aquous medium. Freshly-tapped
natural rubber latex of Hevea Brsiliensi. la a
whitish liquid bhaving a density in the range

0-975 - 0.980 Mgm*3, p,, 6.0 _ 7.0, and surface "~

energy 40 - 45 mOm®"2. Its viscosity is variable.

Composition of natural latexl"2

Being a natural product, the composition of
fresh latex varies between wide limits. The
composition given in Table is typical.
~Typical~compositionjfJresh natural rubber latex

__ Constituent Proportion/% mm on whole latex

Total solids

36
Dry rubber 3
Proteinaceous substances 1-1.5
Resinous substances 1-2.5
Ash Upto 1
Sugars X
Water ad 100

These substances are distributed between
three principal phases; the rubber phase, which
account for some 35% of the latex by weight; the

aquous phase, which is approximately 55% by weight



the whole, and the Ilutoid phase, which

account for most of the remaining 10%. There

3150 manY °ther Phases present in the
latex known as Frev—Wv"%ili -
ey wyssling particles.

Rubber phase3~4
Size, shape and physical structure

The first important microscope study of
natural rubber latex to be reported was that of
Hauser (1926). ,,e came to the conclusion ~
the rubber particles are predominantly
pear-shaped rather than spherical consist of a

tough, hard elastic shell which encloses a

viscous liquid.

The size of the particles varies between
wide limits, the range 200 to 20,000 n° being
not uncommon. Of special note is the fact that
the bulk of the dispersed rubber is in the form
of a minority of larger particles, chemical

constituion and structure.

A typical composition for the rubber

phase of Hevea latex is:



1.1.2.a

1.1.2.b

Constituent Proportion %

Rubber hydrocarbon

Water [dispersed in the rubber
hydrocarbon]

Proteinaceous substances
Lipid substances

The aquous phase

The aquous phase of fresh natural rubber
latex is a dilute aquous solution of density
1.02 g ml 1 which contains many chemical
species of which the following constitute a

partial list.

Carbohydrates

The principal of these is e-methyl
inositol which is known as quebrachitol. It
occurs to the extent of about 1% of the whole
latex. They have little influence upon the
properties of the latex. In the absence of
adequate preservation; the carbohydrates become
microbiologically oxidised to the so-called
“volatile fatty acids”.
Proteins and amino acids”™

The serum contains several proteins of

widely separated isoelectic points. The



1.1.2.C

principal ones are kno,n as -globulin and
hevein. Especial Interest noon

proteins of high isoelectric point, since these
will be calionic under the conditions of pH

which prevail in the serum of the fresh latex.

Other serum constituents

These include free nitrogenous bases,
organic acids, inorganic acids and metallic
ions. Fresh latex also contains some 0.25%
cyanide. A wide range of enzymes is also

present in natural rubber latex.

Lutoids and other particulate phases

Chemically lutoids appear to be mainly in

water. They contain, in addition, small

quantities of soluble protein, insoluble

protein and phospholipid.

The stability and destabilisation of latices

The subject of latex stability has two
quite distinct aspects. The first concerns the
tendency or otherwise for an individual
particle to undergo changes by interaction with

the aquous phase. If more than one particle is



.2.1

present in the system, the possibility now

arises R -
that two or more particles may Ffirst

cohere to R
give a loose agregate, and may

subsequently coalesce to give a single larger
particle. Thermodynamically coalescence Is
favoured; for when coalescence occurs. There
is a reduction in the specific surface area of
the system, and therefore in the interfacial

free energy per unit volume of the dispersed

polymer.

Factors which promote latex stability

In the sense that the coalesced or
flocculated state is one of lower free energy
than the dispersed or deflocculated state, it
may be said that all latices are

thermodynamically unstable.

At least these important and interrelated
factors are responsible for delaying the
attainment of the flocculated state. These are
respectively, reduction of the free energy
associated with the interface which separates
the polymer and the aquous phase; the presence
upon the particle surfaces of electric charges

of similar polarity causing mutual coulombic



repulsions between the particles; and the
presence around the particles of a layer of
tightly bound water molecules which act as a

mechanical barrier against the coalescence of

two polymer particles.

Of these three factors, the first can do
more than mitigate the tendency to
thermodynamic instability. Although
interfacial free energies may be reduced, they
always remain positive, and thus although the
free energy change which accompanies
coalescence may be reduced, it can never be
reversed in sign. Reduction in interfacial
free energy does not therefore make coalescence
energetically unfavourable; it merely make it
less favourable than would otherwise have been
the case. It seems that, on balance, there is
a net loss in free energy accompanying
deflocculation. The cause is probably not so
much a negative interfacial free energy as the
development of very strong coulombic forces of
repulsion, due to the special chemical nature
of the polymer, when placed in an alkaline

medium.



The second of these three factors, namely
the acquisition of electric charges,
constitutes a positive deterant to cohesion and
coalescence, because of the consequent
coulombic repulsions between the particles.
The magnitude of the effective electric charge
upon a colloid particle is conveniently
expressed in terms of the electro-kinetic
potential change across the “diffuse® part of
the electrical double layer which occurs at the

boundary between the two phases.

The third factor which promotes the
colloid stability of latex systems is the
presence around the particle of a sheath of
tightly bound water molecules. The extent to
which hydration occurs is unknown, but it is
believed to depend very much upon the nature of
the substances which are adsorbed at the
particle interface. Likewise the contribution
which the hydration layer makes to the colloid

stability of the system is far from clear.
Destabilisation and coacervation of latices

The term coacervation will be applied

quite generally to any process which



SeS a latex tO Such extent that the
e agglomerate and coalesce in lar9e

parti

It is found that the resultant
coacervate may assume one of the three distinct
forms: a gel, 1In which case fde n
described as gelation, coagulation, for which
the process is described as coagulation; or a
mass of floccs, in which event the process is

described as flocculation.

Very little is known regarding the
details of the mechanism by which coacervation
occurs. From general considerations it seems
clear that a twostage process is involved.
The first stage is the clustering of the
particles into coherent aggregates; this is
presumably a second order process with respect
to the concentration of unclustered particles.
The second stage is the coalescence of the
particles which constitute an aggregate to form

one large parti

s process should be
first order with respect to the concentration

of aggregates.

Likewise, very little is known regarding
the factors which determine the physical nature

of the end-product of a coacervation process.



Gelation seems to depend upon the gradual
development throughout the latex of ,
continuous network of aggregated, coalesced
particles. Lumps of coagulum seems to be
formed under conditions where the coacervating
agency is unevenly distributed. Small floccs
appear to develop as a result of coacervation
processes in which aggregation occurs freely

but inter-particle coalescence does not.

We can see that the aggregation of two
particles will occur whenever they possess
sufficient Kkinetic energy to overcome the
potential energy barrier which separates them.
It therefore appears that the process of
aggregation may be hastened in atleast two
ways: by reducing the height of the potential
energy barrier, or by increasing the average

kinetic energy of the particles.

Thermodynamics of particle aggregation

The measure of the driving force tending

to ultimate particle aggregation and
coalescence in a lyophobic sol is the
reduction in Gibbs free energy which
accompanies these processes. The Gibbs free

energy increase which accompanies the



development throughout th. n n n
continuous networ* of aggregated>
particles. Lumps of Coagulum seems = ~
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appear to develop as a resuit of coacervation
processes in whlch aggregation occurs freely

but inter-particle coalescence does not.

We can see that the aggregation of two
particles will occur whenever they possess
sufficient kinetic energy to overcome the
potential energy barrier which separates then.
It therefore appears that the process of
aggregation may be hastened in atleast two
ways: by reducing the height of the potential
energy barrier, or by increasing the average

kinetic energy of the particles.

Thermodynamics of particle aggregation

The measure of the driving force tending

to ultimate particle aggregation and
coalescence in a lyophobic sol is the
reduction in Gibbs free energy  which
accompanies these processes. The Gibbs free

energy increase which accompanies the



aggregation and coalescence of a single pair of

the h h1s /d\en"/t\ed “ a'_'l(:io AG™*> *ettx
lati AN o2 i
relative to the disperse stgt’e. aggregation

The relationship between ah*, OH* and
As* is:

AG* - AH* - TAS*
A h* quantifies the contribution to AG* from
forces which operate between the various parts
of the molecular system which confers stability
upon the sol. -T A S* quantifies the
contribution to AG* from any increase in the
order within the various parts of that

molecular system as the two particles approach

each other.

The requirement for a stable lyophobic
sol is that AG* should be positive. There are
three types of combination of a H* and AS*
which give rise to a G*>0. They are as
follows:

1. AH* and AS* are both positive and

AH*>T AS*
2. A H* and AS* are both negative and
/T AS*/>/AH*/ and

3. A H* is positive and AS* is negative.
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1-5.1.1

agencies which can reduce
stability of a latex (a -
" ° tYPeS" chemical

he roll“w

and physical..

Chenli« I coacervants

Possible modes of aotion

Chemical coacervants function ,,

reducing electrokinetic potential which is

associated with the electrical double layer

surrounding the latex particle.

m3y ~ br°Udht ab°Ut in - 1-st three distinct

ways :

Direct interaction may occur between
the added coacervant and one of the
adsorbed components of the double
layer, causing neutralisation of the
electrical charge which has
responsible for the existence of the
double layer. Loss of one associated
hydration layer may also occur. The
most usual form ,.hich such
interaction takes may be conveniently
described as the “insolubilisation™
of the adsorbed stabiliser which was
responsible for the electrical double
layer in the first place.

LIE. .

m: T<?5



<*i> Alternatively, direct interaction of
a more “physical” kind may occur
~tween the added coacervant and the
electrical double layer. such
indirect interaction usually takes
the form of a swamping or
"compression” of the double layer by
ions of opposite polarity to that of

the particle side of the double
layer.

(ill) A third possibility may be described
as an indirect interaction between
the added coacervant and the surface
phase which separates the polymer and
the aquous phases. Such indirect
interaction pay  occur when  the

coacervants occurs . a fine
precipitate of high specific surface
area to form in the aquous phase of
the latex. The precipitate may then
successfully compete with the polymer
particles for the colloid stabilisers
which are present in the system. In
such cases, agglomeration of the
particles occurs because they have
been robbed of the stabilisers which
formerly prevented them from coming
together.

In practice, it is often impossible to

dissociate each of these modes of action from



the other two and it i«
~ 3 al"ays difficult to
predict what tyBe of R
yPe of coacervate a given

coacervant win produce.
It . oL .
is convenient to subdivide chemical

coacervants into three groUps: direct

coacervants, heat sensitising coacervants and

delayed action coacervants.

1.5.1.2 Direct coacervants

which 9r°UP  InCludes those substances

d h.,rin9 ab°Ut a" imraediate and evident
s a 1 isation as soon as they are added to

the latex. a large number of substances
function as direct chemical coacervants for
carboxylate stabilised anionic latices. It is

convenient to classify them under five
sub-headings:

Strong acids

Metallic ions

Water-miscible organic solvents
Polymer-miscible organic solvents
Cationic surface-active substances

1.5.1.2.a Strong acids
Any substance which generates hydrogen
ions will bring about an immediate
destabilisation of most latices. . This effect
is due.principally to interaction between the

added hydrogen ions and the carboxylate ions



RCOO + u* -
> RCOOH

The result is the formation around the

nsoluble, unionised and unhydrated. The
electrokinetic potential falls to virtually
and the electric double layer surrounding
particle collapses. Any hydration sheath

becomes dispersed as the insoluble fatty acid.

The usual effect of strong acids upon the
latices of rubbery polymers is to cause the
rapid formation of lumps of coagulum. Small
quantities of acid may some times be
incorporated without any immediate apparent
change, although a slow gelation may

subsequently occur.

Coacervation by acids is a feature of
several technological processes, not the least
important of which is the production of dry
natural rubber from natural rubber latex.
Formic acid and acetic acid are mainly used for
this purpose. Good use is made of the fact
that dilute acids may be added to fresh latex
without the immediate formation of coagulum.
Instead gelation gradually occurs over a period

of time.



1.5.1. 2 .bMetallic ions

atabiiising carboxylate ions

: ;;iOﬂ of *— -e¢ — Un-ionised
metallic soaps:

M"+"+ nRCO- 2 — s, (RCO.‘)nh

Alternatively, an inSolubiie heavy metal

hydroxide may be precipitated in the aquous

phase.

Both these reactions can cause
destahilisation of the latex, the first through
collapse of the electrical double layer which
surrounds the particle and also through loss of
any hydration layer, and the second through the
adsorption of latex stabilisers on to the
precipitated hydroxide. In this latter case
there may also some mechanical entanglement or
co-precipitation of the polymer particles with

the insoluble hydroxide.



1.5.1.2.c

1.5.1.2.d

The univalent etalUc ionSi NN

-odium and potassium, have a restively small
upon the stability of anionic lattices.

Some destabilisation does occur if they are
~ded in large quantity. But bivalent metallic
ions, such as Ca, Mg, strontium, barium, etc.
tend to cause rapid and intense coacervation.

Trivallent metallic ions, such as those of ,1

and of ferric ion, tend tQ cause "

to flocculate.

Water-roiscible organic liquids

Water-miscible organic liquids, such as
ethyl alcohol and acetone, tend to cause
immediate destabilisation of litices. Two
distinct mechanisms are operative. The first
involves the dehydration of the layer
surrounding the particles by the successful
completion of the added hydrophilic molecules
for the available water molecules. Secondly,
the reduction in the dielectric constant of the
aquous phase promotes the tendency to ion-pair
formation at the particle surfaces. It also
promotes a general compression of the double
layer. The electrokinetic potential is reduced
as a consequence, and so the stability is also
reduced.

Polymer miscible organic liquids
The addition to a latex of a liquid such

as benzene or carbon tetrachloride, which is



1.5.1.2.c

1.5.1.2d

The univalent etallic ions, such as those
of sodium and potassium, have a relatively small
effect upon the stability of anionic lattices.
Some destabilisation does occur if they are
added in large quantity. But bivalent metallic
ions, such as Ca, Mg, strontium, barium, etc.

tend to cause rapid and intense coacervation.

Tnvallent metallic ions, such as those of Al

and of ferric ion, tend to cause latex particles

to flocculate.

Water-miscible organic liquids

Water-miscible organic liquids, such as
ethyl alcohol and acetone, tend to cause
immediate destabilisation of litices. Two
distinct mechanisms are operative. The first
involves the dehydration of the layer
surrounding the particles by the successful
completion of the added hydrophilic molecules
for the available water molecules. Secondly,
the reduction in the dielectric constant of the
aquous phase promotes the tendency to ion-pair
formation at the particle surfaces. 1t also
promotes a general compression of the double
layer. The electrokinetic potential is reduced

as a consequence, and so the stability is also
reduced.

Polymer miscible organic liquids

The addition to a latex of a liquid such

as benzene or carbon tetrachloride, which is



1.5.1.2,e

1.5.1.3

immiscible with the aquous phase but miscible
with the polymer, causes a gradual thickening
with the formation of an apparently uniform
coacervate. The mechanism of these effects
undoubtedly involves the gradual inhibition of
the solvent by the polymer with consequent
swelling of the particles. Eventually the
particles touch one another and begin to calesce
with an invision of phase. The eventual
coacervate is probably a dispersion of latex

serum in a continuous matrix of swollen polymer.

Cationic surface active substances

The addition of cationic soaps such as
cetyl trimethylammonium bromide, to a negatively
charged latex causes a progressive thickening
which eventually results in coacervation.
Surface-active cations are readily adsorbed by
the negatively charged particles, but the

effective charge on the particles is thereby

reduced.
Heat sensitizing coacervants

The second group of chemical coacervants
include a number of substances which have

relatively little effect upon the stability of a



1.5.1.4

latex at room temperature. ,han a late,, whlch
contains one of these substanoces is heated
crvation occurs rapidly, once some threshold
mperature has been exceeded. In these

circumstances coacervation usually occurs as

gelation. These inciude; the zinc_aramine
Sj stem, polyvinyl methyl ethers and

polypropylene glycols.

Delayed action coacervants

The third group of chemical coacervants
include substances which have little effect when
initially added but bring about a gradual
coacervation, usually with the formation of a
gel, after the lapse of a certain tiem. The
ideal delayed action system would show no change
of viscosity until after the lapse of a certain
critical time, when instantaneous gelation would
suddenly occur. Actual systems are
characterised by a more or less gradual increase
in viscosity, with the ultimate formation of a
uniform gel. Delayed action coacervants may be
classified into (i) Salts of hydrofluoro silicic
acids, (ii) Salts of other fluoro acids and

(iii) Other delayed action coacervants.



1.6

Physical destabij_iﬂ'iwa' agents
Koughly speaklngi

° brin9 ab°Ut 3 stabitisation Of a late

if they increase e .ther A

*» vlolence of the colUsions

“  b-h. raising the temperature of a

latex brings about both ~ effect”
although the increase of violencei rather than

the increase of frequency, is the more important

factor here.

Lowering of temperature also enhances the

H 1 1 N
destabilisation of Igfg% R third physical
agency which tends to destabilise latices is
mechanical agitation. The particles are thereby

caused to collide more frequently and more

violently.
Scope of the present work

When acid is added to latex there is a
time delay before coagulation occurs. Also
coagulum must be kept for a further 2 hours
before it is sufficiently hard to allow for
handling. Latex has been coagulated by chemical
agents. If latex can be coagulated rapidly with

the formation of a coagulum of sufficient



[ ] the use of coagulation tanks in
the production of crumb rubber from latex can be
avoided. Another advantage of rapid coagulation
is that the volume of coagulant required for
coagulation can be known immediately. Then it
could be possible to relate the volume of acid
required for coagulation. with the rubber
content or total solids of the latex, as it is
the rubber and non-rubber solids which get
coagulated by the addition of acid. Metrolac
method is a quick method for determination of
DRC. But the accuracy is not good as there is a

variation of + 5%6.

No systematic work on rapid coagulation of
latex is carried out. Hence an attempt is made
to study the rapid coagulation of latex, the
factors affecting the rapid coagulation and to
get a correlation of the dry rubber content of
the latex with the volume of acid required for

coagulation.



iMiSib"a With the agUOUS «*»e but »iscible with the
polyner® causes a 9radual thi-— ing with the forfflation

of an apparently uniform concervate The -
me mechanism of

these effects undoubtedlv
Y InVolves the gradual inhib

of the solvent by the polymer uith consequent of

the particles. Eventually the particles touch one another

and bs”in to cosls? _ _ _
oa esrt):% with an invesion of base. The

eventual coacervate is nroha » i -
progagly a Jilspersmn of latex

serum in a continuous matrix of swollen polymer.
1.5.1.2.e Cationic surface active substances

The addition of cationic soaps such as cetyl
triiuethylamrnonium bromide, to a negatively charged latex
causes a progressive thickening which eventually results
in concervation. Surface-active cations are readily
adsorbed by the negatively charged particles, but the

effective charge on the particles is thereby reduced.

1.5.1.3 Heat sensitizing coacervants

The second group of chemical coacervants include a
number of substances which have relatively little effect
upon the stability of a latex at room temperature. When a

latex which contains one of these substances is heated

coacervation occurs rapidly, once some threshold
temperature has been exceeded. In these circumstances
coacervation usually occurs as gelation. These include

the zinc-ammine system, polyvinyl methyl ethers and

polypropylene glycols.



i.5.1.4 Delayed action coacervants

The third group of Cﬂ%nn]]ii‘r::%ll doacervants include
substances which have little effect when initially added
but bring about a gradual concervation, usually , ith the
formation of a gel, after the lapse of a certain time.
The ideal delayed action system would show no change of
viscosity until after the lapse of a certain critical
time, when instantaneous gelation would suddenly occur.
Actual systems are characterised by a more or less
gradual increase in viscosity, with the ultimate
formation of a ’uniform gel. Delayed action coacervants

may be classified into (i) salts of hydrofluoro si

ic
acids, (ii) salts of other fluoro acids and (iii) other

delayed action concervants.
1-5.2 Physical destabilizing agents

Roughly speaking, physical agencies are able to
bring about a destabilisation of a latex system if they

increase either the frequency or the violence of the

collisions between particles or both. Thus raising the
temperature of a Jlatex brings about both of these
effects, although the increase of violence, rather than

the increase of frequency, is the more important factor

here.

Lowering of temperature also enhances the
distabilisation of latex. A third physical agency which

tends to destabilise latices is mechanical agitation. The



particles are thereby caused to coin*
colUde more frequently
and more violently. J

1.6 Scope of the present work

When acid is added to latex there is a time delay

before coagulation occurs. Aiso coaguluin must ba

for a further 2 hours before it is sufficiently hard to
allow for handling. ~tex has been CQagulated fay
chemical agents, if latex can be coagulated rapidly—

with the formation of a coagulum of sufficient strength,
then the use of coagulation tanks in the production of
crum rubber from latex can be avoided. Another advantage
of rapid coagulation is that the volume of coagulant
required for coagulation can be known immediately. Then
it could be possible to relate the volume of acid
required .for coagulation. With the rubber content or
total solids of the latex, as it is the rubber and non-
rubber solids which get coagulated by the addition of
acid. Metrolac method is a quick method for determination
of DRC. But the accuracy is not good as there is a
variation of *5%.11 Microwave technique is also used for

the determination of DRC.12

No systematic work on rapid coagulation of latex Iis
carried out. Hence an attempt is made to study the rapid
coagulation of latex, the factors affecting the rapid
coagulation and to get a correlation of the dry rubber
content of the latex with the volume of acid required for

coagulation.



Chapter 2

MATERIALS AND METHODS



2.1 Materials

F=esh natural rubber Iateé of

of different clones
obtained from Rubber Research Institute of m dia
Kottayam was used for this study. Sulphuric J*~
(0.05N), fattyacid soaps (15%) and standard sodium

carbonate solution (0.1 N) were of laboratory reagent
grade. Phenolphthalein used was also of reagent grade.

Toluene used was of HPLC grade.

2.2. Methods

2.2.1 Determination of total solid contentl3

Procedure

Take 5 to 10 g.of well mixed sample in a stoppered
conical flask. Weigh to thenearest 0.1 g. Pour about 5
g- of sample into precisely weighed petridish of about 60
mm diameter and weigh to obtain the weight of latex added
by difference. Dry the test portion in a vented air oven
at a temperature of 70°C. Cool in a dessicator and weigh
as quickly as possible. Repeat the drying operation until
the loss in weight is less than 1 mg, during a period of

30 minutes for temperature between 70*C and 85°C.
CsilLculation

Total solid percentage by weight = Wj/MW-j) x 100
where Wx is the weight in gram of dry coagulum and

W2 is the weight in gram of sample latex.



2.2.2 Determination of dry rubber contentl*

Reagents

2% solution of acetic acid.

Procedure

Weigh about lou s of 01t:he well mixed sample

accurately to a 250 ml begker ;Fr”A -
er r stoppered conical

flask. Add water until total solids content of the latex
is 20%. Add about 2-4 »i of acetic acid/g of the sample
with gentle stirring. Keep the solution undisturbed for
about 10 minutes in a water bath. If the serumremains

milky add about 0.5 mlof rectified spirit/g of the

sample and gently stir. When the serum is clear, filter
the serum through Whatman No. 1 Tfilter paper. Collect
any small particles of coagulum. Thickness of the
coagulum is reduced to about 2 mm. Wash the coagulum with
running water. Dry the coagulum at a temperature of
approximately 70+2°C.Cool in a dessicator and weigh.

Repeat drying, until the loss in weight is lessthan 1

mg .

Calculation

Dry rubber content percentage by weight = (Wx /7 W2) x 100
where Wx is the weight ingram of dry coagulum and

W3 is the weight in gram of sample latex.



z2.2.3 Determination of percentage of acet
acetone extractl”
Instrumental

» . ,koua ~ or
type with the condenser placed in,™
yp Blacea immediately above

R the cup
which holds the sample. The cup ,, st be

o in the
vapour of the boiling sglveRt for enough away ~ N

sides of the extraction flassk R
or c°ndenser jacket to

ensure that it will hp _ -
“HI be maintained at the temperature of

the boiling solvent.

Procedure

Place 2 lo 5 g sample in a paper extraction-thimble
which has previously been extracted with acetone. Insert
the wrapped sample in the extraction cup and pour
sufficient freshly distilled acetone into the extraction
flask. Subject the sample to continuous extraction for 20
hrs. After distilling off the acetone from the extract,
dry the flask and contents in a current of air for 1 hour
at 65-70 C, cool in air and weigh. Dry for a half hour

and reweigh. The dried residue is the “acetone extract-®.
Calculation

Acetone extract percentage = (WxAla) x 100
where X is the weight in gram of dry coagulum and

W-, is the weight in gram of sample latex.



224 Preparation of
Y acid soapsl

2.2.4.a Potassiua Oleatc soap (15%)
Reagents
_Parts by weighi-

100

400

19.85

Procedure

A i d to 75V aw? Q =
s warmed to e M 2 is added to a with

efficient stirring.

2.2.4.b Castor oil soap (20%)

Reagents
- - Parts bv wxigt-
castor oil 100
Water 400 A
Potassium hydroxide 25
B
Water 50
Procedure

A is warmed to 75*C and B is added to A with

efficient stirring.



2.a.s Determination of Bolecular waight,,

instrumental

Molecular weight determination is ,, .
" 13 carried out by a
waters 510 gel permeation chr,;,*.
chromatography instrument

attached with a 410 diffraction refract™ *
efractometer. hplc grade

toluene was used as the solvent with flow rate set to Xx

ml min->._ The GPC  coluBns uere n

polystyrene standards.

Procedure

0.1% solution of rubber in HPLC toluene is prepared
About 1 ml of the solution is injected into the GPC
columns. The flow vrate is kept at 1 mi/Bin. The
refractive index of the solution is compared with the
solvent (HPLC toluene) and monitored. The change in
refractive index with time gives a measure of the fhange
in concentration of the rubber in the solution with time.
The election time of the rubber solution is about 30
minutes. The high molecular weight fractions are eluted

first followed by the low molecular weight fractions.
2.2.6 Determintion of K, Na, Mg and Ca

Instrumental

The concentration of potassium and sodium in the dry
ashed extract is determined with a flame photometer. The
Principle of operation of a flame photometer is based

uPon the quantitative measuremnt of the characteristic



2.2.5 Determination of mo.'*%!aer we.‘ght 710

instrumental

Molecular weight determination is oarrled » -

waters 510 gel permeation chromatography
attached with a 410 diffraction refract- <

ractonieter. HPLC grade
toluene was used as the solvent ,,ith flow rate ~ ~ i

.1 -in-. The GPC columns were calibrated with
polystyrene standards.

Procedure

0.1% solution of rubber in HPLC toluene is prepared.
About 1 ml of the solution is injected into the GPC
columns. The flow vrate 1is kept at 1 mi/min. The
refractive index of the solution is compared with the
solvent (HPLC toluene) and monitored. The change in
refractive index with time gives a measure of the fhange
in concentration of the rubber in the solution with time.
The election time of the rubber solution is about 30
minutes. The high molecular weight fractions are eluted

first followed by the low molecular weight fractions.
2.2.6 Determintion of K, Na, Mg and Ca

Instrumental

The concentration of potassium and sodium in the dry
ashed extract is determined with a flame photometer. The
principle of operation of a flame photometer is based

upon the quantitative measuremnt of the character!



2.2.5 Determination of Bolecular

Instrumental

Molecular weight determination

waters 5X0 gel penneatlon

attached with a 410 diffractlon ILa<* »
trac}\ometg\r . hplt

toluene was used as the solvent »

ml - min A. The TE  —<olumns wet-p

calibrated with
polystyrene standards.

Procedure

0.1% solution of rubber in HB[E toluene is
prepared.
About 1 ml of the solution is injected into the GPC
columns. The flow rate is kept at 1 ml/oin. The
refractive index of the solution is compared with the
solvent (HPLC "toluene) and monitored. The change in
refractive index with time gives a measure of the fhange
in concentration of the rubber in the solution with time.
The election time of the rubber solution is about 30

minutes. The high molecular weight fractions are eluted

first followed by the low molecular weight fractions.
2.2.6 Determintion of K, Na, Mg and Ca

Instrumental

The concentration of potassium and sodium in the dry
ashed extract is determined with a flame photometer. The
principle of operation of a flame photometer is based

upon the quantitative measuremnt of the characteristic



light emitted when a n

determined is atomised a- * . 6 ele*e,® being
a mat into the oa

the gas flame the liquid sample _ B "<®«. In

optically radiating vapour. rens*°r*ed into the

>

The concentration of calei.™
ana fflgnesium in the
sample solution is determined with an * =
_ , an at°mc absorption
spectrophotometer.

Principle

in atomic absorption analysis the element being
determined must be reduced to the elemental state
vapourized and imposed on the beam of radiation fro. the
source. This process is most frequently accomplished by
drawing a solution of the sample as a fine mist into a
suitable flame. The flame thus serves a function
analogous to that of cell and solution in conventional
absorption spectroscopy. Atomic absorption spectrum of an
element in its gaseous, atomic form consists of a series
of well defined narrow lines arising from the electronic

transition of the outermost electrons.
Procedure

About 5 g. sample is mixed with 1 ml conc. HNO3 and
kept for ashing at 550*C. Ashed sample is digested with 2
nil i:i HNO3 on a waterbath and make upto 100 ml. Filter

the solution if necessary. This is the stock solution.



Stock solution as such is used for Na determination
K (Flame photometry)

10 .1. stock solution, diluted tO 100 mi is used

Mg (Atomic absorption spectrophotometry)

Pipette out 1 ml stock solution into loo ml standard
flask. Add 5 ,1. srci, solution and make up to the "~
strontium chloride solution is prepared by dlIssolving
91.16 g SrClI3.6Ha0 in water and diluting it to 2 litres.

Ca (Atomic absorption spectrophotometry)

25 ml stock solution, diluted to 50 ml after the

addition of 2.5 ml SrCla solution is used.

Calculation™*

Percentage ofK = R / (iox W)
Percentage ofNa= R 7/ (Wtx 100)
Percentage ofCa= R/ (10 x Wt)

Percentage ofMg=R / Wt

2.2.7 Deternination of volume of acid required for
coagulation

Reagents

0.05N H2S04, fatty acid soap 15%, phenolphthalein,
std. sodium carbonate solution.
Procedure

Take 100 ml fresh Tfield latex in a 100 ml conical
flask and mix with 13.33 ml of 15% fatty acid soap

solution. Pipette out exactly 5 ml of the Ilatex into



Stock solution as such is «

used f£or Na determination
K (Flame photometry) X10n-

10 .1. stock solution, diluted to loo ml is usefl

Mg (Atomic absorption spectrophotometry)

Pipette out 1 ml stock solution into loo ml standard
flask. Add 5 ml. srci, solution and make up to the volUme

strontium chloride solution is prepared by dissolving

91.16 g SrClI3.6Ha0 in ,,ater and diluting it to 2 litres.

Ca (Atomic absorption spectrophotometry)
25 ml stock solution, diluted to so ml after the
addition of 2.5 ml SrClI3 solution is used.

Calculation33

Percentage ofK = R / (10x wt)
Percentage ofNa= R / (Wex 100)
Percentage ofCa= R/ (10 x wWt)
Percentage ofMg=R 7/ wt

2.2.7 Deternination of volume of acid required for
coagulation

Reagents

0.05N H2S04, fatty acid soap 15%, phenolphthalein,
std. sodium carbonate solution.
Procedure

Take 100 ml fresh field latex in a 100 ml conical

flask and mix with 13.33 ml of 15% fatty acid soap

solution. Pipette out exactly 5 ml of the latex into a



500 ml beaker. Transfer the
contents ¢ the

completely by repeated washing. Make uo

p the solution
50 ml with distilled water. Add a dron nf

P of P~enolphthalein
and titrate the diluted latex with P

standard sulphuric
acid- Note the reading when the ninv i

P nk COlour disappears
and also when the diluted latex coagulates.

Ceilculation

Actual volume of acid required to coagulation = v

where is the volume of - -
acid required for

neutralisation and V3 is the total volume of acid

required for coagulation.

2.2.8 Determination of % . content in latex

Reagents

EDTA 0.005 M (1.86 g/litre of water)

Mgso* 0.308 g/250 ml

Buffer solution Ammonium chloride 67.5 g+ 570 ml
Ammonia in 1 litre of water

Eriochrome black 0.3 g with 100 ml NaCl or 0.06%

indicator in alcohol

Procedure

10 ml of the standard MgSO* solution is taken, 2 ml
buffer and a few drops of the indicator are added and

titrated with EDTA to a faint blue colour.



Estiaation-af-maqriesim on i AN

About 5 g. of latex
is “ curatelyweighe. -

volumetric flaskand made ™ F Into a
UP to 100 1,1_ 10

solutionis taken, 2 mibuffer 0J the
na afew drops of m,

indicator are added and titrated with

blue colour. t0 a ta“ t

Calculation

standardisation of Eima,

Strength of Mg solution = t. of MgS04x 24.32 x 1000

Volume of MgS04made up X 246.5
0.308 x 24.32 x 1000

10 x 246.5

= 3.04 mg of mg/ml.

Estimation of Ha.

Volume of EDTA x Strength of EDTA x 10x 100
% Mg on latex = =-meeemcmcccemceeceeeeceeees

Wit. of latex taken x 1000



Chapter 3

RESULTS AND DISCUSSION



3.1 Effect of the type of f
M owwmwow g« <—h

volume of acid require(1

L _ r fattv _
sensitised coagulation of fr u acid soap
estl field iat

different clones PB235 and RRiMsno Maiet
using three

shown in Table 1(a) and Table i() are

15% solution of castor D;i S°aPS US8d were

S°*P, 1s%
* s°lution Of
solution of rubber

soap. Addition of soap brings about immediate "

potassium oleate soap and 15%
seed oil

9U 3tlon
2 _. = - - - e |S round IID,- e
effective as it brings about immediate

of 2 clones studied. Cartor oil

case of rubber seed oil soap and castor oil soap a higher

is required for immediate coagulation with

the formation of a clear serum. The volume of acid
required for coagulation increases with concentration of
soap, above a critical value of soap concentration,
critical value of COS is 0.12% w/v, for PCS and RSo soap
0.24« w/v on latex. In the case of potassium oleate

soap minimum volume of acid required for coagulation is
at a concentrtion of 0.24 parts per 100 ml latex and in
the case of rubber seed oil soap it is at a concentration

of 0.5 parts per loo ml. latex.

Preserved field latex stored for 2 days has been
Wn to coagulate immediately in presence of agents such
ioctyl sodium sulphosuccinate or ammonium ricinoleate

by addition of acids.23%24%25

£°r tWo



jcid. When fatty acid soap is ad

T° latex
rPfissible that part of the proteins ,hich attached
latex particles is displaced bv tK * N the
Y thex»- These soa,,

carboxylates are characterised by
sensitivity to acid_

and dissolved heavy metal ions, both whir-h .
destroy their

surface activity. This loss of activitv i
Y is accompanied by

precipitation of either the free carboxylic
acid or the

corresponding heavy metal soap.

H
2RCOCr +H -—->RCOOH +RCOCT ___ >2RCOOH

y » R(CO0),M
RCOO™ + M ™———> (RCOOX.M xRCOOH

(RCCO),,M (OH)™

So the fatty acid anions of soaps of oleic acid,
castor oil and rubber seed oil which stabilise latex, get
precipitated on addition of acid thereby depriving the

latex stabilizers leading to coagulationof latex.

There are important differences in the solubility
behaviour of various straigth cham aliphatic
carboxylates. As far as the nature of R is concerned,
increasing the length of hydrocarbon chain decreases the
solubility, whereas the introduction of unsaturation and
substitutiton of hydroxyl groups increases the solubility

the common straight cham carboxylates containing 18
carbon atoms in all, the stearates are the least soluble

arid ricinoleates are the most soluble; the oleates are



intermediates. The sodium soaps are. !
rs least soluble
ammonium soaps are intermediate. the

Castor oil soap contains »ss
~ riccinoieic

rubber seed oil soap contains about c1s*

uhsaturated

acid and H noienlc

1Ke oleic acid, linoleic

fatty ac ids

acid.

3.2 Effect of molecular weight on %y

required for soap sensitised } of _acid
fieLd latex coa(Julation of fresh

Molecular weight of natural rubber R
varies from 3.75

x 10 to 10 (samples i and 3 in Table 3, Figure ~ ~

the most common variation is from 45 x 10“ to 6 9 x lo”

The number average molecular weight varies from 60,000 to

7 lakhs (Figure 2).Weight average molecular weight varies

from 1-25 lakhs (Figure 3).

There are basically two patterns for molecular
weight distribution curves. One in which there is a
single curve and the others in which a single peak and a
shoulder. When there is a single peak and a shoulder the
polydispersity is higher. But in some cases molecular
weight distribution curve of single peak shows higher

polydispersity (Figure 4).

Generally as molecular weight increases, the volume
°f acid required increases and then decreases after the
,molecular weight exceeds 2 lakhs. This is seen from Table
2 and from Figure 7. But there is no direct correlation

volume of acid required for coagulation with the

Molecular weight of latex. Molecular weight distribution



follows a similar pattern for diff

R clones fpio
and 6). The size of the rubber pa _

without significance in coaguiatlon n ~  entltelY
1 Process h

upon the addition of chemical reagents ePen<3ing

3.4 Effect of bivalent and monovalent metal ionf

As seen from the Table 3 volume of acid

B B Cld required

for coaguTation is not proportional to her *
~ ot the latex.

The magnesisum ions present in the 1st j
ex does not seem to

enhance fatty acid soap sensitised acid coagulation of
fresh field latex. A sample of low DRC and higher amount
of bivalent metal 1ions requires a high volume of acid for
coagulation compared to another sample of latex having a
higher DRC and a lower concentration of metal ions”
(samples 5 and 7). Latex samples of similar DRC but
containing varying amount of bivalent metal ions required
the same volume of acid for coagulation (sample 7 and
14). The quantity of metal ions do not vary much from
latex to latex and it is found to be comparatively very
low. From the observations which have noted it is clear
that bivalent metal 1ions do not have much influence on
the soap sensitised coagulation of fresh field latex.
The Na and K ions also does not affect the soap
sensitised coagulation of latex.

3.5 Ei feet of non-rubber solids

The non-rubber solids present in Jlatex do not
I>fluence the soap catalysed coagulation of fresh field

atex* This is seen from Table 4. Acetone extract



follows a similar pattern for different olones

and 6). The si2e of the rubber particles u *
without signi ficance in coagulation ~* £ * * *
upon the addition of chemical reagents.

3., Effect of bivalent and monovalent metal ions

As seen fro, the Table 3 volume of acid required
for coagulation is not proportiona! to DRC of the late*

The magnesisum ions present in the latex does not seen to

enhance fatty acid soap sensitise(J acid * n

fresh field latex. A sample of low DRC and higher amount
of bivalent metal ions requires a high volume of acid for
coagulation compared to another sample of latex having a

higher DRC and a Jlower concentration of metal ions*

iar DRC but

(samples 5 and 7). Latex samples of si
containing varying amount of bivalent metal ions required
the same volume of acid for coagulation (sample 7 and
14). The quantity of metal ions do not vary much from
latex to latex and it is found to be comparatively very
Tow. From the observations which have noted it is clear
thatbivalent metal ions do not have much influence on
the soap sensitised coagulationof fresh field latex.
The Na and K ions also does not affect the soap

sensitised coagulation of latex.
3.5 Eifeet of non-rubber solids

The non-rubber solids present in Jlatex do not
influence the soap catalysed coagulation of fresh field

iatex. This is seen from Table 4. Acetone extract



contains long chain fatty acids likp ,n .

oleic acid R
acid and stearic acid along with small - leic
sterol and sterol esters. Non rubfaer quantitl« Of

R UQS account
the total amount of proteins, sucar,
y rs anli ash. it
shown earlier that resins play no role in
- - _ _ the c®agulation
of latex by acetic acid, m fatty arin
soap catalysed
coagulation of fresh field latex, the infXuenae of dr
rubber content predominates the influence of non rubber
solids.

3.6 Effect of DRC

As a general trend, volume of acid required for
coagulation increases with the DRC, reaches a maximum and
then decreases with the further increase of DRC. At
extremely Jlow dilutions volume of acid vrequired for
coagulation varies directly with concentration of DRC
(for lattices containing less than 8%) (Table 6). At very
low concentrations, the volume increases with DRC because
as DRC increases more quantity of soap is adsorbed on the
surface and hence a larger quantity of acid is required
to neutralise these anions. As the concentration of dry
rubber content is increasing the number of rubber
particles are also increasing and it is probable that
there 1is a reduction in the brownian movement and
coagulation takes place with some types of mechanical
entrapment of the rubber particles. Coagulation of rubber
Particles in suspension is a matter in which
Physicochemical forces between the particles and the
Stabilising properties of the envelope coating the rubber

Particles are both of importance.



Table 1 Effect of the type of fatty acid soap on

the coagulation of fresh field latex volume of acid

required for

Type of Volume of  Concentration Volume of Volune of
soap soap (ml) ofsoap(g/100 latex (ml)* 0.068N
ml latex) e
H; S @D
Castor oil 0.04 0.12 2.4 cl d point
- lear end poin
soap 0.08 0.24 I d P f
15% 0.165 0.50 2-8 Clear en po!nt
033 100 345 Clear end point
. . 4.90 Clear end point
Potassium 0.04 0.12 35 Not clear serum
oleate 0.08 0.24 25 Clear serum
Soap 0.165 0.50 3.2 Clear serum
15% 0.33 1.0 Clear serum
Rubbe'r 0.04 0.12 5 35 Not clear serum
seed oil 0.08 0.24 5 3.2 Clear serum
soap 0.165 0.50 5 3.05 Clear serum
15% 0.33 1.0 5 39 Not clear

DRC% =21.98
TSC% = 25,81
Mg%w/v = 0.0255

Table 2. Effect of molecular weight on the volume of acid
9.1. Mn DRC % Volune ofcid ()
1 60,338 29.69 5.15
2 83,675 29.00 5.12
3 1,54,884 29.90 5.20

4 2,89,771 30.37 5.65



Table 3. Molecular weight variation in natural rubber latex

9 No Mn Mw Mp Poldisnersiiv DRC %
1 436810 1563192 1065259 3.578653 26 64
2 755426 2927329 2654686 3345829 26386
3 38862 110540 84620 2.844389 27 76
4 83075 413171 198067 4.973469 29 05
5 60338 137310 98109 2 275691 29.61
6 229847 695446 563333 3.025692 29.69
7 44584 102201 77149 2.292339 33.26
8 419787 2138990 2014462 5.095411 34.30
9 235301 1808869 1787592 7.687478 38.82
10 136692 489832 314440 2.954439 39.76
11 106858 360020 247265 3.369138 41.45

Effect of bivalent and monovalent metal ions on the volume of acid
required for fatty acid soap sensitised acid coagulation of latex

I f
sl. No. DRC % My % ca% K % Na % \:J(.Jous"elgl:
H-50.Im1)
1 287 026635  0.00601  1.9707  0.00995 554
2 289 032423 0.00400  1.99406  0.0196 6.04
3 319 0.19682  0.009711  1.9304  0.00796 4.86
4 325 015028  0.02803  1.92915  0.0096 53
5 332 0.24288 001437 175197  0.0139 5.64
6 33.8 019650 000687 1.70876 0.00813 564
.

353 017285 001821 152980  0.0099 5.47



Effect of non rubber solid percentage on the volume of acid
Table 5

SINo- TSC % DRC % NOQOEQZW efﬁglc?ni mvm.«c:faud
1 33.36 29.24 4.12 2.44319 56
) 32.189 29.92 2.269 2.30897 50
3 32.949 30.37 2.579 251749 56
4 36.130 31.964 4.166 1.58733 49
5 35.35 32.58 2.77 326161 52
6 35.67 32.96 27 1.87975 50
7 38.24 33.88 436 2.46592 56
8 39.723 34.01 2713 2.073 5.15

Table 6. Effect of DRC on the volume of acid required

1N°‘ 3.6/0 0.75
2 43 . 0.8

s 6.6 115
. 9.0 1.95
. 110 2.05
. 140 2.50
. 157 37
8 17.9 415
o 228 475
" 289 5.55
" 304 5.65
" 310 5.55
13 31.25 5.85
14 32.6 53
. 35 15 5.45

6 4105 5.15



dat/c (1 ogM

Figure 1.

Molecular weight of N. R. varies from 3.75 x 103to 107

4



Figure 2. No. average molecular weight varies from 60,000 to 7
lakhs



Figure 3.  Weight average molecular weight varies from 1-25
lakhs



A -26.86
B -29.05

Figure 4. Sample with a molecular weight distribution curve of
single peak but higher polydispersity



Figure 5. Molecular weight distribution curve of different clones



Figure 6. Molecular weight distribution curve of different clones
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Chapter 4
SUMMARY AND CONCLUSION



Fatty acid soap catalysed acid coagulation of fresh
field latex was studied. The rapid coagulation of fresh
field latex which is sensitised with fatty acid soap
avoids the use of coagulation tanks in the production of
crum rubber. In addition this provides a method to

determine the volume of acid required for coagulation.

Fatty acid soaps catalysed acid coagulation of fresh
field latex wused 15% solutions of castor oil soap,
potassium oleate soap and rubber seed oil soap. Castor
oil soap was found more effective as it brought about
immediate coagulation. Higher concentrations of RSO, soap
and PO soap were required for immediate coagulation. The
volume of acid required for coagulation increases with
concentration of soap above a critical value of soap

concentration.

Generally as molecular weight of the rubber
increased the volume of acid increased and then decreased
after the molecular weight exceeded 2 lakhs. When low
molecular weight fractions were more, the volume of acid

required was more.

The monovalent and bivalent metal ions have little
effect on the soap catalysed acid coagulation. In fatty
acid soap catalysed coagulation the influences of dry
rubber content predominates the influence of non rubber

solids. It was shown earlier that resins played no role



in the coagulation of latex by acetic acid. As a general
trend, the volume of acid required for coagulation
increased with DRC, reached a maximum and then decreased
with further increase of DRC. A linear correlation of
volume of acid with DRG was possible only at extremely
low concentrations. The natural rubber latices at a DRC
content varies from 3%-8% showed a direct relationship
for the volume of acid required for coagulation and the

dry rubber content.
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