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Measurement of Dry Rubber Content of Fresh 
Natural Rubber Latex by a Titration Method

ROSAMMA ALEX^'^, C.K. PREMALATHA’̂ . RAMESH B. NAIR"  ̂AND BABY KURIAKOSE^

A (jtiick method for measuring the dry rubber content (DRC) o f fresh nuturai rubber (NR) latex is 
presented. Addition o f potassium olcale soap was found to sensitise late.xfor quick coagulation. The 
volume of 0.05 N  .sulphuric acid rcqtiircd for coagulation of potassium oleate-trealed fresh 
NH lale.\ .showed u linear relation with its DliC. I'tvtu a calihraiion curve of volume of 0.05 N  
sulphuric acid required for coagulation and the corresponding D R C  of Unices o f known D R C  it is 
po.ssible fo determine the unknown D R C  by noting the volume o f the acid requitvd for quick 
coagulation. The accuracy of the D R C  values obtained was found to be much better than that 
obtained by the hydrometric method. The presence of metal ions and volatile fatty acids at normal 
concentrations in field latex was not found to affect the D R C  values determined by using the new 
method.

Key words: dry rubber content; determination; natural rubber latex; estimation; metrolac; 
titration; field latex; |#oia' îum oleate soap

Natural rubber latex that has a dry rubber 
content (D R C ) varying from roughly 
2 0 % - 4 0 %  is a colloidal dispersion o f rubber 
particlcs, in an aqueous serum. In addition it 
contains about 2%  - 4 %  non-rubber substances. 
The DRC o f  lalex is an important quality 
parameter as it is required to be determined 
accuratcly and rapidly for chemical additions 
during processing, quick payment to latex 
producers and quick evaluation o f  yield for 
academic purposes. The most accurate mctliod 
for determination o f  DRC is by standard 
laboratory method that has been subjected to 
several modifications to reduce the time o f  
estimation, the most prominent o f  which is the
Chcc method' -. Here n known volume o f  Uitcx

is withdrawn by a calibrated dipper, coagulated 
with a mixture o f te n  parts 10% formic acid 
iind ninety purls mcthyliitcd spirit (v/v) to 
accelerate the rate o f  drying and the coagulum 
is then weighed. Methods based on specific 
gravity' \ specific heal''’, microwave attenua­
tion’ and proton low resolution NMR** have 
been reported for quick estimations o f  DRC. 
But these methods arc either inaccurate, costly, 
time consuming or difficult. The hydromctric 
method that has gained wide acceptability due 
to its simplicity and low investment has limited 
accuracy (variation up to X*^) especially in the 
presence o f  adulterants and there is wide 
variation in readings among metrolacs. The 
specific heat method lhal involves measure-
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mcnt o f  the specific heal o f a mixture o f latex 
and cold or hot water requires the use o f a 
vacuum flask, very accuratc measurement o f
temperature, nrrniigcmcni for refrigeration cvc. 
The principle o f the microwave method is that 
the permittivity o f microwaves in water is much 
higher than in latex and so, as DRC decreases 
the transmission co-etTicient o f microwaves 
increases. This technique requires a microwave 
oscillator, sensor, microwavc detector, amplifier 
and power supply. The low-resolution pulsed 
NMR technique is based on the principle that 
pulsed NMR can distinguish between proton 
signals from the solid and liquid phases o f  the 
sample. This method requires the use o f a 
NMR spectrometen So it will be highly useful 
i f  a method for DRC estimation can be 
developed which is easier, more accufate and 
cheaper. In this work an attempt is made to 
standardise a rapid method for determination o f 
DRC o f  fresh field latex by a fatty acid soap 
sensitised titration method.

The Basic Principles Involved

In NR latex the rublicr particles have on 
their surface an adsorbed layer o f proteins and 
other ions that arc negatively charged. The 
quantity o f adsorbed anions in turn depends on
the size nnd luimbcr o f parliclcfi present in unit 
volume o f laiex and hence on the DRC o f the 
latex. Since coagulation is a process in which 
adsorbed anions formed from difVcrcnt sources 
in latex are neutralised by a coagulant, there 
can be a relation between adsorbed anions and 
amount o f coagulant utilised for coagulation. If 
latex can be coagulated immediately, then a 
correlation can be made ol' the dry rubber 
content and the amount o f coagulant required 
for coagulation. Normally fresh latex coagula­
tion is a slow process and hence it has to 
be sensitised for quick coagulation. It has 
been reported that latex containing fatty acid

soaps and other surfactants gets coagulated 
immediately by addition o f acids'^

When fatty acid soaps arc added to latex, the 
fatty acid anions cause displacement o f protein 
molecules and get stiongly adsorbed on rubber 
particles. In this way the protein-stabilised 
latex gets transformed into a soap-stabilised 
system ". When acid is added to soap treated 
latex the adsorbed soap anions react with 
acid to form undissociatcd fatty acid, thus 
depriving the latex particles o f stabilisers. As a 
consequence, latex coagulates immediately'^ 
Assuming uniform size and spherical shape for 
rubber particles in latex, the number o f 
particles present in unit volume o f latex (AO and 
volume fraction o f the dispersed polymer (9 )
arc related by the equalit^n'':

N = 6<p/7C .Y

where .v is the diameter o f the particles, cp is 
related to DRC and N is proportional to the 
quantity o f soap adsorbed. The above two 
assumptions are not fully true for NR latex 
particles. Even though there is variation in 
particle size, it is reported'’' that latices o f 
difTerent clones and different age group have 
maximum number o f particles in the range I 
f.un size. Similarly the shape o f  rubber particles
may vary but the majority is o f spherical shape. 
Considering these factors. Equation  I can 
become valid for fresh NR latex. As DRC o f 
latex increases, the lotal adsorbed soap increases 
and the acid required to coagulate latex also 
increases. Thus, from the volume o f acid 
required for coagulation o f latex it is possible 
to calculate the DRC o f latex. For this, a 
calibration curve is to be drawn with the 
volume o f acid on X-axis and the actual DRC 
values on Y-axis, using latices o f known DRCs. 
The DRC o f the unknown latex can be directly 
read from the calibration curve knowing the 
volume o f  acid required for coagulating it.



Alternatively, an equation may "be ilcrived from 
the slope and Y intercept o f the standard graph. 
The DRC may be calculated by substituting the 
volume o f neid required for coagulation, in the 
equation derived above. An equation may also 
be vlerived by regression analysis. The volume 
o f  acid for coagulation may be substituted in 
this equation to get the DRC.

It is known that volatile fatty acids {VFA) 
formed in the latex, concentration o f added 
stabiliser and metal ions such as C a" and Mg' 
also afTect the quantity o f acid required for 
coagulation. Hence in the present fnelhod the 
effects o f these parameters were also studied, at 
concentration levels normally present in field 
latex. However, the effect o f  adulterants 
dclibcriitoly added was not studied in this 
experiment.

M A T E R IA L S  AN D M I-T IIO I)

Fresh NR latex o f dilTerent clones obtained 
from the Rubber Research Institute o f India 
estate was used for the study. Sulphijric acid 
and oleic acid used were o f laboratory reageni 
grade. 15% potassium oleate soap solution was 
prepared by the following procedure:

Ingredients;
Oleic acid:
Water:
Potassium hydroxide: 
Water:

Parts by weight 
100 J  ^

500
25 I  

100 J
n

Mixture o f oleic acid and water and solution 
o f potassium hydroxide were prepared 
separately. Mixture A was warmed to 75*’C and 
Solution li was added to it in sii^all quantities 
with cjTicient stirring. When the addition of/i 
was completed, the whole mixture was warmed 
to 75"C on a water bath and maintained at that 
lomperature till a clear solution was obtained.

It was then removed from water bath and 
allowed to cool to room temperature.

M ethod o f Kvaiuation o(' D R C  by 
Coiijjulation of Soap Truated Latex

For finding out the volume o f 0.05 N 
sulphuric acid required for coagulation o f soap 
sensitised field latex, the following procedure 
was adopted.

About 1 g ol’ the fresh i'ield latex was 
accurately weighed into a wet 250 niL beaker. 
To this, 0.133 mL o f 15% potassium oleate 
soap solution was added, followed by 30 mL 
distilled water. If it was observed that the DRC 
of liitex WHS above 4 0 %  then 50 n iL distilled 
water was added instead o f 30 mL, to the soap 
treated latex, in cases where the weight o f latex 
was otlier than i.O ±  0.01 g, the quantities o f 
15% potassium oleate soap solution and water 
for dilution were proportionately modified. The 
dosage rate was 0.02 g potassium oleate (0.133 
mL o f 15% potassium oleate solution) and 
30 niL/50 niL water for 1.0 g latex. To the 
diluted latex, two drops o f phenolphthalein 
were added and the contents titrated till the 
pink colour just disappeared. The burette 
reading was noted. The titration was continued 
at a rate o f 1 drop o f 0.05 N lUSOj persccond 
till the end point, which was a curdy 
appearance followed by separation o f latex into 
rubber and serum. The volume o f titre value 
required for coagulation o f latex was noted. 
The experiment was repealed using fresh 
field latex samples ol'dilTerent DRC values.

The actual DRC' valt^*s o f  the latex samples 
were determined as per /SO !26  - 19H2 (E) lest 
method. A graph was plotted with the volume 
o f 0.05 N 11.SO  ̂ required for coagulation on 
the X-axis and the actual DRC values o f the 
latex samples on the Y-axis, which yielded a



straight line. From this graph the DRC value o f 
the unknown latex sample was clireclly read out 
using the volume o f 0.05 N I NSO  ̂ required for 
coagulating it.

M ethod for Determ ination o f M etal Ions in 
Latex

The concentrations o f calcium and magne­
sium in the sample solution were determined 
using an atomic absorption speclrophotomeler. 
A stock solution required for this was prepared 
first. Five gram o f  total solids (TS) o f  latex 
was mixed with 1 mL o f concentrated UNO, 
and ashed at 550‘’C. The ashed sample was 
digested with 2 niL o f 1:1 HNO, [one part o f 
concentrated UNO, mixed with one part o f 
distilled water (v/v)] on a water bath and made 
up to 100 mL. The solution was filtered when 
necessary.

For estimating the M g” , 1 mL stock solution 
was pipetted out into a 100 mL standard flask. 
5 mL o f strontium chloride solution was added 
to it and made up the volume to 100 mL. SrC’l. 
solution was prepared by dissolving 91.16 g 
SrCl2. 6H2O in water and diluted it to 2 L. The 
absorbancc o f this solution was read out i\\\d 
the concentration in |ig/niL was obtained from 
the standard curve o f absorption »’.v. concentra­
tion plots. The percentage o f magnesium onT S 
was calculated as: % Mg = R/IV; where R is the 
concentration o f  M g" in |.ig/mL o f (he diluted 
solution and IV is the weight o f T S  content 
taken for ashing.

For cslimalhig the C n" by utomic absorption 
spectrophotometry, 25 mL stock solution 
diluted to 50 mL after the addition o f  2.5 mL 
SrCli solution was used. The absorbance o f 
this solution was read out and the concentration 
in ^g/niL was obtained from the standard 
curvc o f  absorption vs. concentration plots.

The percentage o f  calcium on T S  was 
calculalcd as: %  Ca = where H is the
concentration o f Ca' in pg/mL o f the diluted 
solution and IV is the weight o f TS content 
taken for ashing.

KI-SULl'S AND DISCUSSIONS

Effect o f Concentration o f Soap and VFA on 
Coa|;ulHtion of Fresh NK I^Htcx

Preliminary trials showed that addition o f 
potassium olealc soap resulted in immediate 
coagulation o f fresh field, latex by a fixed 
volume o f  sulphuric acid. Without addition o f 
potassium oleate soap there was no immediate 
coagulation o f  fresh field latex under the same 
condition. The cffect o f  concentration o f 
potassium oleate soap on coagulation o f 1 g o f 
fresh field latex was evaluated by taking field 
latex o f three ditTcrent dry rubber contents. 
The result obtained is shown in Figure  /. Soap 
at a concentration o f 0 .75%  to 2.4%  (w/w on 
latex) sensitised the latex for coagulation by 
sulphuric acid and above this optimum 
concentration, the volume o f  sulphuric acid 
required for coagulation increased with the 
amount o f  soap added to latex. From I
it was obvious (hat (he volume o f acid required 
for imniedia(e coagulation remained almost 
constant in the dosage range o f 1.6% to 2.4%  
o f soap. For the same DRC o f  latex, there was 
variation in the acid requirement outside this 
range. From the results o f a large number of 
tcsls conducted by us, it was concluded that 
soap at a concentration o f 2%, w/w on latex
could be used to scnfiiii.sc Uitcx toward.s 
immediate coagulation, (or the present 
purpose. Potassium oleate soap could exist in 
five different forms in latex'-'-''': ( 1 ) as 
individual molecules adsorbed at the particle 
surface; (2 ) as individual molecules adsorbed 
at the interphase between the aqueous phase
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and the air above; (3) as individual moIccules 
dissolved in aqueous phase; (4) as micellar 
aggregates which arc just beginning to form 
and (5) as micellar aggregates above a critical 
m icellar concentration.

The amounts present as forms (3) and (4) 
which arc more reactive than that present 
in form (5), increase as the amount o f soap 
added to latex increases. As a consequence. 
Ihc volume o f acid required for coagulation 
increased as the amount o f soap Increased. 
Fresh field latex o f  VFA ranging from 0.005 
to 0.01 was found not to affect the volume o f
0.05 N sulphuric acid required for coagulation 
o f latex. Hence it was expected that VFA 
present in normal fresh field latex would not 
inierfcre with the results o f  the test.

E flcct o f D RC on Volume o f  0.05 N H2SO 4 
Required for Coagulation o f Fresh Field 
Latex

The volume o f  0.05 N H2SO4 required for 
coagulation o f definite quantities o f  fresh 
latices (1 gram) o f  varying DRC under 
standard conditions o f  concentration o f  
potassium olcate soap (0.02 g/g o f latex), level 
o f dilution (1 g in 30 mL water) and pH 
(pH S obtained by neutralisation o f alkali 
against phcnolphthalein as indicator), is 
shown in F igure 2. Volume o f acid required 
to coagulate latex and the DRC showed a 
linear relationship represented by the general 
equation:

D R C %  = /;/K+C ... 2
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Figure 2. Volume o f  a c id  ivquirccl for  coa^ulalioii versus D liC o f  fresh NR latex.

where m is the parameter that characterises 
the changc in volume o f acid with the dry 
rubber present in latex. V is the volume o f 
the 0.05 N sulphuric acid required for 
coagulation and C is a constant. The data given 
in F ig u re 2  could be generalised by the 
equation:

D R C %  = 23.59 K - 6.156 3

The value o f correlation coefficient (r) 
obtained by regression analysis was 0 .94 , 
which showed that the variation o f DRC with 
volume o f  acid was highly significant.

Linearity between volume o f acid required 
for coagulation and the DRC was observed 
when the DRC o f original undiluted latex was 
in the range o f  2 0 % -4 0 % . For latex containing



grvAter than 40%  D RC, \ gram o f latex 
must be diluted to 50 mL to get a linear 
relationship between DRC and the acid 
required for coagulation. The data generated 
lor lattices o f DRC varying from 3 8 % -4 4 %  is 
shown in Table I. The equation generated by 
regression analysis is:

D R C % =  10.34 y +  19.98 ... 4

In this case, ihe correlation coefficient 
obtained was 0.92. The calculated and the 
actual values o f DRC were very close. These 
data d early  showed that the volume o f 
acid required for coagulation was related to 
percentage DRC o f  latex. This observation 
could be explained by considering the fact 
that as the amount o f  rubber in latex
increased, a greater amount o f  soap was 
utilised in displacement o f adsorbed proteins. 
Consequently, a greater amount o f soap had 
to be removed in order to destabilise latex 
resulting in higher volume o f  acid needed for 
coagulation. It is expected that when latex is 
destabilised the main reaction involving the 
stabiliser takes place on the particle surface 
itself.

Deviation observed in the DRC value 
obtained by using the equations was in the 
range o f  0 -2 .5  which is better than that 
normally observed for quick methods such as 
metrolac and microwave techniques for DRC 
determination. The metrolac method has an 
error’ varying up to 8%  or even more especially 
in the presence o f adultcrants^ Another 
advantage o f the present method is that the 
quantity o f  latex required for the test is very 
low as compared to the metrolac method. A 
comparison o f the DRC values obtained by the 
metrolac method (Table 2) indicated that the 
present method yielded DRC values much 
closer to the actual DRC, than that obtained 
using the metrolac.

E ffcct o f M etal Ions on the Soap Sensitised 
Coagulation o f Fresh Field Latex

It htis been reported that soap stabilised latex 
is not stable in the presence o f calcium and 
magnesium ions since the soap is likely to react 
with these ions to form the insoluble soap'V We 
have determined the concentration o f Ca^  ̂ and 
M g" ions present in latex collected from four 
difTcrent clones. The concentration o f  Ca** 
ions varied from 0.001%  to 0.02%  and that 
o f M g" ions from 0.048%  to 0.18%  on TS 
{Tohfe .?). The DRC values o f the latex from 
these clones as determined by the present 
method and the standard method are in good 
agreement. These data indicated that the 
presence o f Câ "" and Mg^' ions in these 
concentration levels did not interfere with the 
sulphuric acid coagulation o f NR latex.

It is expected that higher concentrations o f 
Ca'* and M g" ions can interfere with the 
estimation o f DRC proposed in this method, 
since these metal ions could consume a portion 
o f  the soap added for sensitising the latex 
towards coagulation. Similarly the observation 
that a higher concentration o f soap increased 
the acid requirement for coagulation indicated 
that deliberate addition o f excess soap in the 
latex could affcct the estimated DRC values. 
Thus deviations in the estimated values o f DRC 
can occur due to deliberately added materials 
o f these types.

CONCLUSION

This study revealed that potassium oleate soap 
at a concentration o f 1.6 to 2.4 parts in 100 
parts o f latex was useful to achieve quick 
coagulation o f  fresh latex when acid was 
added. The volume o f acid required for quick 
coagulation increased with quantity o f soap 
added and also with the DRC o f latex. Under



T A B L E  I. D R C  C A L C U L A T E D  B Y  T IT R A T IO N  M E T H O D  FO R 
T R E SH  N R  L A T E X  O V E R  A P E R IO D  O F  S IX  M O N TH S

Latex sample Actual D R C  (% ) Calculated D R C  (% ) T S  (% ) D R C  Error

1 4 0 .2 8 4 1 ,0 7 4 3 .0 4 + 0 .79

2 4 0 .4 7 4 1 .3 8 4 3 .4 4 + 0 .9 1

3 4 0 .0 0 3 9 .9 3 4 3 .3 4 0 .0 7

4 4 0 .0 2 4 0 .6 5 4 2 .7 9 + 0.63

5 40.41 4 0 .0 4 4 4 .2 8 0 .3 7

6 4 3 ,‘X) 43.«fl 4 7 .0 0 ■0,04

7 3 9 .S 6 4 0 .0 0 4 1 .8 0 10.14

8 4 2 .9 0 4 1 .0 4 4 5 .0 5 - 1 .8 4

9 4 2 .5 0 4 2 .0 0 4 4 .8 7 - 0 .5 0

10 4 2 .1 0 4 4 .1 0 4 6 .3 9 + 2 .00

I I 4 4 .2 0 4 3 .8 0 45.41 -0 .4 0

T A B L E  2. C O M PA R ISO N  O F D R C  O B T A IN E D  B Y  
M E T R O L A C  AND TIT R A T IO N  M E T ! lO D

Latex sam ple
1 2

Turation method (% ) Standard laboratory method (”/o)

1 4 5 .0 39 .0 37 .4 0 3 8 .3 9

2 3 6 .0 3 0 .0 30 .15 3 0 .1 8

3 3 3 .0 39 .0 35 .74 36 .6 9

4 3 0 .0 27 .0 29 .65 29 .4 9

5 2 7 .0 27 .0 24 .9 8 2 2 .8 4

6 4 5 .0 34 .5 38 .1 9 3 7 .8 4

7 4 2 .0 3 6 .0 34 .42 34.11

T A B L E  3. E F F E C T  O F  M E T A L  IO N S ON C O A G U LA TIO N  O F F R E SH  F IE L D  L A T E X

Actual Calculated M g on M g on C a on C a + M g on
L lone

D R C  (% ) D R C  (% ) latex (% ) T S  (% ) T S  (% ) T S  (% )

R R Il 105 4 1 .4 5 4 2 . 0 0 0 .0 7 5 0 .1 7 0 0 .0 1 0 0 .1 8 0

K R S  28 3 9 .7 7 4 0 . 30 0 .0 5 8 0 .1 4 0 0 .0 0 6 0 .1 4 6

P B  28 0 3 5 .9 5 36 . 31 0 .0 8 0 0 .2 1 0 0 .0 3 8 0 .2 4 8

P B  26 0 2 9 .6 0 27 . 15 0 .0 3 0 0 .0 9 5 0 .0 1 8 0 .1 1 3



standard conditions o f pH, concentration of 
potassium oleate soap added to latex and 
a definite level o f dilution, the volume of
0.05 N sulphuric acid required for coagulation 
o f fresh field latex was found to be related to 
the DRC o f latex and it followed the general 
equation: DRC %  = m V  + C; where, m is the 
parameter that characterizes the change in 
volume o f acid with the dry rubber present in 
latex, y  is the volume o f standard acid required 
for conciliation and C Is a consttint.
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