OBSERVATIONS ON THE COAGULATION OF
HEVEA LATEX.
BY

R. G. FuLLERTON.
InTRODUCTION.

A great deal of attention has heen given to a study of
coagulation phenomena in rubber latex, but, until recently, inves-
tigations have heen hampered by the absence of a satisfactory
method for the accurate definition of the wvarious stages in the
coagulation process in terms of the hydrogen ton concentration of the
medium.  Among the first to draw attention to the importance of
establishing satisfactory methods for the measurement of hydrogen
ion concentration was Belgrave (1) who made use of the hydrogen
¢lectrode and compared the results - of electrometric measurcments
with those obtained colorimetrically by means of indicators. He found
that results obtained electrometrically in this way were uncertain
owing to coagulation of the latex on the platinised hydrogen electrode,
and with indicators it is difficult to make colorimetric comparisons
when working with a cloudy liquid. More recently, however, van
Harpen (2} and van Dillen {3), have made use of the quinhydrone
electrode to make more accurate observations of the various stages
in the process. The present paper deseribes some observations which
have heen made with the aid of the quinhwdrone electrode applied
to the study of hydrogen jon concentration of Jatex under the in-
fuence of acids and certain preservatives.

TECHNIQUE.

The technique followed in the making of measurements and the
assembly of the apparatus followed very closely that recommended by
Biilmann and Tovborg-Jensen (4) for the determination of pH
values in soil-water mixtures. TIn hoth electrodes the metallic electrode
used was a piece of bright platinum foil, about 1 centimeire square,
welded to a platinum wire fused into a glass tube. The standard
electrode used was the quinhvdrone electrode, the electrolyte of
which was prepared by mixing goo c.es of — KCI. with 100 c.cs of
]‘l[;_ HCL.. The potential was measured by means of the portable
type of potentiometer suppliied by the Cambridge Instrument Co., Ltd.
Before making a series of determinations the apparatus was standard-
iscd by measuring the pH in a standard boffer selution of known
composition.  For this purpose an —‘;— solution of potassium hydrogen
phthalate was used, the pH of which is 3.97 between 20° and 30°C.
The quinhydrone was prepared according to the methods recom-
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mended by Biilmann and Lund, {4) o.1. g. of the solid being added per
25 c.c. of solution in either of the two electrode’ vessels.
For this system Biilmann has developed the equation :—

w

pH = =203 + o.0001g84 x T

where # is the ineasured potential in volls and T is the absolute
temperature.  He has shown that for a temperature fluctudtion in
the electrode of + 1°C the error introduced is not greater than o.o3
of a unit of pH. Since room temperature in the tropics is fairly
constant at 29° + 1°C, a thermostat was not used in the experi-
ments to be described. For each single measurement the temperature
of the solution, whose pH was to be delermined, was recorded and
it was found that the average fluctuation abnut the value 2¢°C was
0.5%.

For determinations of the pH of latex in a state of fioceulation
or coagulation the pH wvalues of the sera were obtained.

Before proceeding with the maln investigation it was necessary
to determine (a) whether there is an appreciable drift of potential
in making a measurement with latex and (b} the accuracy with
which results can be reproduced for the same latex within reasonable
fimits of time.

To determine the frst point fresh undiluted latex and the same
latex diluted to a low rubber content were examined. Two samples
—A and B—from diilerent groups of trees on the same estate were
collected shortly after tapping. Diluted latices, in the proportion
latex : water = 1 : g, were prepared from each of the two original
samples, and all four latices allowed to stand for about 15 minutes
with occasional gentle stirring. Measurements were then taken in
the order—sample A undiluted, sample A diluied, sample B undiluted,
sample B diluted. TFor each series of measurements the procedurc
was as follows :— ._

Quinhydrone was added to a portion of the sample in a test-tibe
—about o.1 g. per 25 c.c. latex-—and the mixture stirred together
for a few seconds with a glass rod. The test-tube with contents
was then placed in position in the apparatus, which had previously
been standardised and tested. A reading for E.M.F. was then taken
as soon as possible and the time for this referred to as zero, Read-
ings were then taken for the sample at definite intervals, usually 10
seconds, over a total period of about 1o minutes. The test-lube was
then removed and the platinum electrode was cleaned by rinsing with
distilled water and heating to redness. The apparatus was  then
standardised and made ready for the next series of measurements.
The pH of all four samples was then determined after a period of
four hours. Table I summarises the resuilts obtained. Tt will be
secn that the potential artains its maximum value almost immediately
and therc is, thereafter, a slight drift in the direction of decreasing
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TABLE 1.
Drirr oF PoTeEnTIAL WIiTH TIME.
LATEX BAMPLE A. LaTex SaMpLE B,
]
Uxpmutep | DiLurep 1: 9 UNDILUTED * DL TTED 1: &
| T l
Time in Time in ¢ Time in Time in
Secs. pH. Becs. pH. Recs, | P H. Seck. pH.
0 680 0 | 6.48 0 6.81 0 | 6.42
P10 " 10 . 10 " 10 ”
20 ' 20 ye 20 " 20 "
30 " 30 . 30 " 80 »
40 L1 40 1 4(} ' " 40 "
50 6,79 50 . 50 6.80 50 .
60 . 60 6.47 60 1 60 G.41
70 ’e 70 ” 70 ' 70 "
80 ) 50 T 84 . ] &0 »
40 . 90 ve 30 ye a0 "
| 100 " 100 - 106 100 -
1 180 ' 116 v 114 . 110 "
160 " 120 - 120 . | 120 '
190 - 120 130 . 130 .
220 | 6.78 | 140 " Y1 T SR B K v !
250 " 150 s 150 . | 150 .
280 . o180 6.46 o 160 v 160 6.40
310 6.77 170 " 170 " 170 .
340 - 2000 ' " 180 6.79 200 ’e
370 . B30 1 . 194 . 230 | 6.59
;o 400 6.76 200 ' 645 [ 200 v 290 ™
i 430 “ 350 &, 250 - 80 "
460 " 370 { . 260 o] 370 .
490 6.74 390 . 200, 8.77 | 290 6.37
320 . 410 i .43 310 v 400 ’e
550 w 3 430 0 . 340 ' ) 430 '
580 6.73 450 ' “ 370 1 | 450 6.8¢
. 610 " 470 C (.42 400 6.76 ' 470 "
After After After t After
]' 4 hours. | 6.50 : 4 hours | 6.24 || 4 honrs. |  6.53 L 4 hours | £.22
: |

pH. In what follows, therefore, the initial reading for the
was laken as the true value.

As regards agreement in repeat measurements,

E.M.F.

Table II gives

the results of a few determinations for two saimples of fresh latex—-
A and B—and latices prepared from each of these by dilution with

distilled water, as before in the proportion latex : water = 1

:g. The

procedure was to stir the bulked latex thoroughlv and then pour
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about 15 c.es into each of a scries of glass tubes of approximately
the same diamcter in order that uniform conditions might obtain,
Measurements were then carried out at definite intervals of 1ime for
cach member of this sceries of samples. It will be seen that the
values for latex, both diluted and undiluted, remain fairly constant
within a period of about half-an-hour, which peried is of course ample
in practice for the performance of several determinations of pH.

TABLE 1I.

AGREEMENT IN READINGS FOR A SERIES OF SAMPLES
TAKEN FROM TIE SAME LATEX.

i

LaTEx SawmrLn A LLATEX SaMPLE 13, i
e — o |
UFDILUTED. Dmoutep 1.9, UsnInLuren. Dinurep 9. |
X ; ‘ R
Time | Time *Time. Time | ;
Mins. pH. Mins. pH. Mins. pi. Mins. pil. |
; J | 3 —¢!_-—-ﬁ__H__,___ﬁ__4.____;
; | ! i
0 .80 o (N | 7.01 0 | 6.77
: |
5 68l | o1z | a2 5 1 700 o 10 | oeq7
10 ’ 6.79 |, 27 j 6.51 [’ 10 .01 | 21 6.75
| ' f
15 l‘ B.80 37 ! 6.52 | 15 7.00 80 8.76
1
1 20, 680 | 47 ’ 6.54 f 20, 7.01 85 6.77
'
25 a 680 | 66 0 6Dz | 2 | 702 | 45 | 697
0 | 68t 17 Gt | B0 } 700 | 65 G.76
] a5 } 679 | 85 \ (.53 35, 701 | 80 6.75
A ‘ i

In what follows, before each determination of pH, it was found
necessary to rinse the negative electrode with distilled water and to
heat the platinum to redness in a sulphur-free Hame.

EXPERIMENTAL,

A, Trasd LATEX.

If latex is cxamined within about 2 hours after its exudation
from the tree 11 is found to be very nearly neutral. The pH values
of a large number of samples collected at various periods of the vear
ranged from 7.02 to 6.8c. If the latex is allowed to stand se that
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its surface is cxposed to the atmosphere, for the first 5 or 6 hours
after tapping the pH remains very nearly constant.  Thereafter
clotting commences, accompanied by a more rapid increase in
hydrogen ion concentration, uatil fnally within a pericd of about 24
hours coagulation takes place. The coagulation is nof, however,
usually complete, that is to say, onc does not find only a colerent
coagulum floating in a clear serum. If the storage vessel s of
sufficient depth one finds on the surface a shallow layer of thick
alkaline slime of fairly high rubber content, then a deeper layer of
coberent coagulum, and beneath a watery serum with a distinctly
acid reaction, usually milky and still containing a few latex particles
in suspension. In Table 1 the figures for undiluted laicx show the
course of the changes in hydrogen ion concentration within the first
4 hours after tapping. Ii is not possible to measure with a great
degree of accuracy by the quinhydrone clecirode the pH of the
various layers which form ag the result of this spontaneous coagula-
tion since the changes are accompanied by a free evolution of
hydrogen sulphide gas which may bring about poisoning of the
electrodes. By means of indicators, however, it was ascertained that
the pH of the surface layer was in the cases examined distinctly on
the alkafine side of neutrality~from v.5 to 8.0—while the pH of
the serum resulting from the coagulation rapnged from 6.3 to 6.5.

If a series of latex samples is prepared and examined in order of
increasing hydrogen ion concentration it is found that there is first
a range of pH values defining a condition of the sol which may be
described as coinplete dispersion. By this is meant that no aggre-
gation of the latex particles sufficient to cause separation of the
whole or part of the disperse phase has taken place. This is followed
by u range or zone within which the latex is coagulated. For still
higher values of hydrogen jon concentration there is again a zone
of complete dispersion and finally at the end of the scale a further
range within which coagulation is again complete. As will De
shown, later, the degree of dispersion in the various zones Iis
influenced by several factors, principally by the rubber content of
-the latex, the transition from one zone or range to another is gradual,
and, depending on the dilution of the latex, another set of values
defining a condition intermediate between coagulation and dispersion
may be obtained. Such a discontinuity has been observed in the
flocculation of other colloidal sols by electrolytes—e.g. the floccula-
tion of a negatively charged sol of mastic hy AlCI,—and thesc
phenomena have been designated by the term ‘* irregular series.”

In studying the different zones defining various conditions of
ithe dispersion, the procedure was o add increasing quantities of
an acid coagulant in fixed concentration to & series of latex samples
of equal volume and to examine the samples after a period of 23
hours, By choosing voagulation vessels of the same shape and
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dimensions for each member of the series, conditions under which
changes in the pH of the system might occur within the period
allowed for examination were kept as uniform as possible. Within
such a period sufficient time is allowed for changes that occur in
the dispersion to reach a stage at which they can be definitely
characterised by their appearance and other propertics. For
example, the initial stages in coagulation may occur four hours after
the addition of the coagulant without the vistble separation of the
latex into two layers, coagulum and serum. It is therefore diffienlt
to characterise the condition of the dispersion at this stage. After
a further period, however, the process may have reached a stage at
which separation into coagulum and serum is distinctly discernible,
and where from the appearance of the serum the ccagulation may
be described as partial or complete, as the case may be. By the
addition of the coagulant in the manuer staled the initial dry rubber
content of the latex is lowered, but the concentration of the coagulant
was 5o chosen that the dilution of the latex caused by its addition
was very slight, When a greater interpelation of pH values was
required for the trapsition from one boundary to another; a suitable
butfer salt solution was added to the latex before the addition of the
coagulant. :

In tabulating the results the following system is adopted for the
description of the condition of the dispersion after the period stated-

Complele Dispersion.—This describes a condition where the latex
is homogeneous and completely fiquid having the same appearance
microscopically as pure latex cxamined soon after tapping. The
particles are in vigorous Brownian motion and aggregation of the
particles has not occurred to such an extent that there is a separation
of rubber from the dispersion either in the form of a fiocculate or
a coherent clot of coagalum. o

Partial Flocculution,—There is a separation from the dispersion
of floccules which can be seen microscopically to consist of large
aggregates of smaller rubber particles. The separation to the surface
in the form of a flocculate is not complete, the underlylng serum
being mitky in appearance and still containing a high proportion of
rubber particles in suspension. The flocculate can be re-dispersed
by shaking the tube and separation does not thereafter recommence
for a considerable time.

Complete Flocculation.—The separation of rubber from the latex
in the form of a Hocculate is complete, the underlving serum being
water-clear and practically free from rubber globules in suspension.
As in the case of partial flocculation the Same remarks apply to the
reversibifity of the flocculate, -

Partial Coagulation.—There 15 a separation in the form of a
coherent coagulum or clot, but a large proportion of rubber remains
in suspension in the serum which is milky-white in appearance.
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Coagulation almost complete.—There is a separation in the
form of a coherent irreversible coagulum hut the separation is not
complete. The underving serum is slightly cloudy and still contains
a small proportion of rubber particles in suspension.

Complete Coagulation.—There is complete separation in the
form of a coherent coagulum and a clear serum.

In Diagram I an attempt hay been made to present the salient
features diTerentiating the various conditions described above. The
diagram bas been constructed from the data set forth for the third
sertes m Table 111 which will be discussed later.

LATEX ur 4 PER cENT. RUBBER CONTENT,

By working with latex of low rubber content it is possible to
demonstrate more clearly than with undiluted latex the gradual
changes which accompany the transition from one zonc to another.
Fresh latex was diluted to a dry rubber content of 4 per cent. and
buffered with a 10 per cent. solution of ammonium acetate before the
addition of the coagulant in the form of a 2.5 per cent. solution of
acetic acid, _

The buffer solution was added in three different proportions and
corresponding to each proportion a separate series of latex samples
was prepated. Table IIT summarises the results obtained. In the
first series complete coagulation occurs at a pH of 4.81, in the second
at pH of 4.84 and in the third at pH of 1.83. It will be seen that
the transition from a condition of complete dispersion, or from the
first liguid zone to the first coagulation zone is accompanied by
a progressive series of changes. With increasing hydrogen ion
concentration we pass through intermediate stages of partial coagu-
lation, before complete coagulation results. The third series gives the
clearest picture of what occurs since here the gradations in pH
are smaller. By reference to Table IIl and to Diagram I it will e
seen that the transitional stage is defined by the range pH s5.30 to
4.91L.

On repeating this experiment with latex collected from the same
group of trees on different days, different results were obtained, for
the pH wvalues defining the commencement of complete flocculation
and of complete coagulation. Table IV shows how these values
vary. The transition is irregular and somewhat ill-defined. Taking
the average of the values obtained one finds that complete flocoula-
tion commences at pH 35.03 and complete coagulation at pH 4.87.
Van Harpen, {2) working in Sumatra, finds for latex of approximately
the same rubber content the values pH 5.05 and pH 4.75 respectively.
It is probable that differences in latex coimposition are responsible.

In order to bring the latex into the second liquid zone or second
zone of complete dispersion a stronger acid is required as coagulant.
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This also applies for latex within the second zone of coagulation.
Table V shows the results obtained using hydrochloric acid. It will
be seen that the transition from one zone to another is not accom-
pamed by so many changes in the state of dispersion as is the case
-when passing from the first liquid zone to the first coagulation zoue,
and the ranges of pH defining the transitional stages are smaller.
The flocculated condition does not make its appearance although the
gradations in pH are small. Taking the series in order of increasing
hydrogen ion concentration, in the passage from the first coagulation
zone to the second liquid zone a condition of complete dispersion
first malkes its appearance at pH 3.32, and this condition persists
until 2 pH of 0.83 is reached, until complete coagulation results at a
pH value of o.82.

The foregoing resulis are conveniéntly summarised in Table VI.

TABLE 1IV.
FrEs LATEX.

Dry Rubber Content 4 per cent.

Date of tapping Complete I1}*‘?0.@0111.?1ybion. Complete %2égulation i
I
22-6-29 5.01 ‘ 4.74 |
23-6-28 | - 9.08 4.78 !
24-8-24 4.98 4.93 ’
25-6.29 5.11 4.96 |
1-7-29 5.00 ; 4.87 -
3-7-29 4.5 ’ 4.84
4-7-29 5.0 ! 4.74
2-7-29 5.02 4.85
15-7-29 4.96 4,88
18-7-29 5.02 4,87
19-7-20 5.14 ’ 5.04

Average [ 5.03 ) 4.87
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TABLE V.

Frisu LATEX.

Dey Rubber Content=4 per cent.

First Coagulation Zone to Second Liguid Zone.

. S -
c. ¢ of 6 . i

} per 50 c. o. latex.

Condition after 24 hours.

-~
=

_wmwwwwu-—a
L N R

o

Incomplete flocenlation

"
Complete coagulation

tal

113
Coagnlation almost complete .

kLl

Cemplete dispersion

11

Second Liguid Zone fo Second Coagulation Zone.

;c. c of N. H CL per

!

50 o 0. latex. Condition after 24 hours. pH.
0.8 -Complete Dispersion 2.01
4.8 " 1.26
6.9 . 1,00
7.0 Partial Coagulation 0.88
8.0 . 0.87
9.0 ” 0.83

10.0 Complete Coagulation 0.82
11.0 ”" 0.76
12,0 " 0.74
13.0 " 0.71
14.0 . 0.67
15.0 N 0.66
16.0 0.62
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TABLE VI.
FresH LATEX.

Dry Rubber Content=4 per cent.

[
——— : pH Range.

¢
!
. T
! Complete Dispersion, . >5-30 E
i
| Partial Flocculation, 5.30 — 35.0I "
Complete Flocculation, 5.01 — 4.9I
Coagul'atién almost complete, . | 491 — 4.83
:‘ Complete Coagulation, 4.83 — 1.8a
Coagulation almost complete, : 380 — 3.32
Complete Dispersion, .\ 332 — rLoo !
Partial Coagulation, oo — o.82 i
| Complete Coagulation, o . <p.82

LaTEx oF 15 PER CENT. RUBBER CONTENT.

Dilution of the latex to a rubber content of 13 per cent., which
is the standard dilution usually adopted in Malayan plantation
practice, does not create very marked differences as compared with
latex of greater dilution in the ranges of pH wvalues defining the
various zones in the irregular serigs. As will be scen from Tables
VIT and VIIT and Table 1X which summarises the results, there
is a more extended range of values within which complete coagula-
tion takes place in the first zone, and the range for flocculation is
smaller. The first appearance of a flocculate occurs at pH  5.54.
whereas in the previous case the lower value of 3.30 Is required
to bring about the first evidence of coagulation.
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TABLE VII.
Frisu LaTex,
Dy Rubber Content=13 per cent.

First Liguid Zone to First Coagulation Zone.

P c.ocof 2.5 per | c.cof 10 per |
cent. a;-::lc acid ce:gé taa[ ?:};_Tum Condition after 24 hours. | pH.
50 c.c of latex. | 50 c.o of latex.
! 0 1.0 - Compiete Dispersion 6.46
0.2 - . 6.20
: (.0 . v h.82
i 1.0 . Partial Flocenlation 5.54
: 1.3 1 [T} -
‘ 1.4 . -
1.8 “ Coagulation almost complete ! 5.24
: 24 , ' —
! 2.2 » " —
: 2.4 . " : 5.04
: 2.6 | 4.94
: 3.0 " " D482
‘ 3.0 v | Complete Coagulation 4.78
3.3 + 1 l -
4.0 , ’r i 1 | -
|

‘ First Coagulation Zone to Second Liguid Zone.

l' P |

‘ ¢. ¢ of = H.CL Condition after 24 hours. b pl.

! per 50 c.c of Jatex. i

5 0.2 Complete Digpersion ' -

! 0.4 Coagulation alinogt complete —
0.6 Complete Coagulation —
0.8 3] -

‘ 1:0 - ' 3.70

1.2 pya’ 3.51

i 1.3 Coagnlation almost complete 5.24

| 14 N 3.01

E 1.5 Complete Digpersion 8.00

| 2.0 " -
3.0 ’e —
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TABLE VIII.
FrEsH LATEX.

Dry Rubber Content=15 per cent.

e C;f Cl‘[i ‘:f ]Iiﬂ(;l(‘per Condition after 24 hours.‘ pH.
0.2 Complete Dispersion L 1.62
0.4 . | —
0.6 Partial Cloagulation i 1.23
1.0 i . " {r 0.95
1.5 * Complete Coagulation : 0.74

TABLE IX.
Fresy Larex,

Dry Rubber Confent=15 per cent.

— | pH Range, i
. ' ]

Complete Dispersion t =>35.54

Par£ia1 Floceulation 5.50 — 35.24

; Coagulation almost complete 5.24 — 1.78

Complete coagulation . 178 — 3351

| Coagulation almost complete .51 — 3.01
Complete Dispersion e 3.01 — 1L.23

I
|
|
: Partial Coagulation I L.23 — O.73 }’

Complete Coagulation . .- <0.73
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LATEX OF 20 PER CENT. RUBBER (CONTENT.

For the sake of hrevity the detailed experimental results are not
reproduced for latex diluted o a rubber content of zo per cent. and
Table X gives a summary. From this it will be seen that there is
now a marked difference i the progress of the series. In the first
place coagulation makes its appearance at a higher value than in the
two preceding cases viz. at pH 3.80. But the mamn ditfference is
found in the range of values within which latices of greater dilution
are in the condition defined by the second liquid zone.. With latex
of zo per cent. dry rubber content, beiween pH j.oz and o.60, a small
clot of coherent coagulum is formed, although the rest of the latex re-
mains in a state of complete dispersion. The percentage of the total
rubber content separating as a clot was found to be roughly 2 per cent.
the rest remaining in stable dispersion in the serum. There is,
therefore, strictly speaking, no second liquid zone with latex of this
rubber content. It will he seen also that a slightly higher hydrogen
ion concentralion is required before complete coagulation appears in
the second coagulation zone—viz. pH o.6o-—and that a region of
flocculation does appear.

TABLE X.
Frisu Larex.

Dy Rubher Content=zu per cent.

—— pH Range.

¢ Complete Dispersion . =350 i
; i

Coagulation almost complete e 580 —  a.81 ?
’ i

|

Complete Coagulation e 4.83 — 3.51 i
Coagulation almost complcte | A1 — 3.0z |
- * | i

| Partial Coaguiation ! 302 — o.00 .
Complete Coagulation e <<6.60 “

Latex oF RUBBER CONTENT =15 PER CENT,

Undiluted field latex was used for the tests and the differences
here are very marked. The detailed results of a typical experiment
are sct out in Table X and summarised in Table XII. Here coagu-
lation first appears at a still higher value than in previous cases—
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viz. pH 6.24—and flocculation does not occur.  There is no second
liquid zone. Within the range defined by pH 3.02 to 0.83, coagu-
lation 15 almost complete and the serum is slightly milky. There

are, therefore, onlv two zones in the series—a liguid zone and a
coagulation zone,

TABLE X1.

Fresy Larix.
Dry Rubber Content=35 per cent.

N ) ] e e,
~¢.cof 2.4 per

: . 2] e.c of Tg per cent. |
|Ci‘[f1: ?)%erzi‘;:;d ammonium acecate  Condition after 24 hours, i pH.
L latex, \per 50 c.c. of latex. |
] ‘ e B
i ) ’ 0.5 !Cmnplet,e Dispersion . 631
i 1.0 } - ! Partial Coagulation Loo6.20
; 2.0 " ‘; Y L —
L 8.0 ‘ . ; . R
j :1’.{) i " : " \E -
| 5.0 5 " Complete Coagulation  * 4.71
7.0 ! " | . —
i " |
| c.cof N.HCI = !
]
| per 30 c.e. of ‘ '
I latex. !
0.05 Nil " Complete Dispersion 6.28
0.2 5 . Partial Coagulation 6.24
0.3 ! 1) L1 -
0.4 . . " -
0.5 . f " | 5.3l
1.0 | " : Complete Coagulation  + 4,49
2.0 ; . " 3.37
| 2.2 " : Coagalation almost ¢'plete] .02
: 2.4 ., ; " 2,78
' 2.5 . ‘ ,, 2.65
b 84 .. y |
Y ! . : " 191
3.8 f . { " =
4.0 1] |:' e 1.53
4.5 . : " -
5.0 " | v 1.28
; 5.5 N ? N =
6.0 - " ‘ 1.16
T T
c.c of 10 N.HOY |
per 50 c.c of : )
latex, ; ;
1.0 5 Nil { Coagulation almost ¢'plete, -
! 1.5 | v - Complete Congulation l 0.43
2.0 " i " -
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TABLE XII.
Fresnm Larex.
Dry Rubber Content=35 Per cent,

- | pH Range.
- Complete Dispersion =h0.24 ‘
| Partial Coagulation b.2g — 491 |
| Complete Coagulation 471 — .02
| Coagulation almost complete 3.0z — o0.83
Complete Coagulation <<0.83 I

B. HEearteEp LATEX.

A study of the progress of changes for latex which has been
boiled or pasteurised shows certain deviations from the normal course
of the irregular series for pure field latex. Preparation was carried
out according to the method which de Vries and Beumée-Nicuwland
(5) adopt for Dboiled latex or *“B’" liquid. This was carrled out by
boiling nine voluimes of water and quickly pouring in one volume of
latex, boiling the mixture for a further period of three minutes and
then allowing to stand for five minutes before cooling in running water
1o the temperaturc of the room. Latex so prepared remains as a fairly
stable dispersion for several days. Expcrimental work with this
latex was carried out on the day of preparation and the definitions
adopted for the various states of dispersion are the same as those
described for fresh latex.

To a portion of this “B’" liquid, a solution of sodium oleate
was added so that the concentration of soap in the latex was o0.01
per cent. by volume.

A sample of pure field latex diluted to the same rubber content,
viz, 4 per cent, was treated similarly.

A comparison was then made between the three samples (1)
“B* liquid, (2) B’ liquid +0.01 per cent. of sodium oleate (3} Fresh
latex 4-0.01 per cent. of sodium oleate. The experimental results are
swmmarised in Table XIII.

The abservations of other workers, notably de Vries (6) and
Belgrave, (y) are confirmed te the effect that “B" liquid merely
floceulates for values of pH, for which fresh latex coagulates within
the first coagulation zone, Coagulation does not occur until a pH
of 0.80 is reached, a wvalue which is practically the same as that
observed for pure field latex. For “B” liquid the definitive values
of pH for the various zones agree closely with those obtained by
van Harpen (z).
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By the addition of a small guaniity of sodium oleate to *'B”
liquid, however, coagulation takes the same course as for pure
latex—between pH 4.68 and 3.30 complete coagulation is obtained.
In other words the addition of sodium olcate has brought about a
coalescence of the floccules.

As compared with pure field latex of the same dilution it will be
seen from Table XIIT Column {3) that the addition of sodium oleate
has caused the first appearance of separation from the dispersion to
commence at a slightly lower hydrogen ion concentration viz. pH
5.24. Also coagulation is first complete at pH 4.95 as compared
with the value 4.83 for pure latex.

During the course of this work it was noted that there is on
occasions a slight rise in pH on heating. Samples were prepared
from the same stock of fresh tatex in the same way as for “B’” liquid
except that the temperature of healing was varied from rooim tem-
perature {29°C) to 100°C. The measurements of pH were carried
out when all the samples of the sertes had cooled to room tempera-
ture. Other conditions during preparation were kept as uniform as
possible for each member of the series. Table XIV which gives the
results obiained for two series prepared from different stock latices,
A and B, shows that the pH tends to increase as the temperature of
heating increases. The two cases quoted are, however, extreme.
With some samples the rise in pH was very slight, although in alil
cases it was appreciable. A possible explanation is that ecarbon
dioxide is fost from the system on heating thereby decreasing the
acidity. Another factor which possibly acts in conjunction with the
loss of carbon dioxide is the rise of pH which may take place as a
result of denaturation of the proteins, since almost certainly some of
the proteins are denatured by heating the latex to a high tempera-
ture. A rise of pH taking place as the result of the heat denatura-
tion of egg albumin solutions has been ocbserved by Chick and

Martin (8).
TABLE XIII.

Ranges of pH.

|
E (1) (2) (3)
Condition ? i “ B Ligquid ‘ Fresh Latex !
“BY Liguid 1§ :0.01 per cent. |+0.01 per cent. of]
’ Tof Sodinm oleate.j Sodinm oleate.
— - |
. T¥spersion - > b2 > 5.01 = 524
i Flocenlation - 5.02 - 3.62 5.01 - 4,068 524 -4.95
Coagulation - Does nok oceor 4,68 - 8.50 4,95 - 3.51
1}spersion - 3.62 - (.80 3.50 - 0.82 3.51 - 0.83
Coagulation - ‘ <Z (.80 <7 (1,82 < .83
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TABLE XIV.

LaTex A : LaTEX B

| Temperatwe | | Temperatare
of pH at 28°C. of pH at 28°C,
Heating °C. Heating °C. |
28 6.08 28 592
85 b g0 85 503
6 | 40 L ho4 |
| 45 e 13 5.99
51 L es2 50 61
55 } 6.91 5% il 6.52
60 L em 62 Gt
65 6.86 . 65 6.61
70 6.90 70 L 62 ‘
T 6.91 ! 75 L 662
80 6.99 30 £.02
30 6.99 | 90 6.62
100 7.19 100 6.64
i

C. PreserviEDp LATEX.

The normal course of the irregular series observed for fresh
field latex is markedly alered by thc addition of certain preservative
substances. The preservative most widely used in plantation practice
is ammonia, but other substances are ogscasionally employed chief
among which are sodium hydrozide and formalin. The various pre-
served latices were diluted to a rubber content of 4 per cent. since
at this ditution comparison of the effect of each preservative sub-
stance on coagulation is easily made, and, as with fresh field latex,
ihe transitional stages between the various zones are easily defined.
The acid coagulants used were the same for all samples éxamined.

(a) Ammonia.—The samples were prepared by the addition of
a solution of ammonia of o.Bg1 specific gravity to fresh field latex,
the concentrations of NH, in the various samples ranging from o.30
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to 0.80 per cent. by weight, at the time of preparation. The samples
were examined a few days after preparation and at intervals of about
one month during a period of storage of ten months. It was found
that diffcrences in the period of storage and the quantity of ammonia
added did not affect the ranges of hydrogen ion concentration defin-
ing the various states of dispersion in the coagulation series. For
the sake of brevity the detailed experimental results are not repro-
duced and the results are summarised in Table XV. Column (1)
gives results which are typical of those obtained with all the samples
of ammouniated latex. Tt will be seen that the results are almost
the same as those obtained for pure field latex of the same dilution.
This applics also to ammoniated Jatex of higher rubber content
although with undiluted latex there is a difference in behaviour after
the addition of the coagulant. With undiluted ammoniated latex
coagulation s oblained alinost immediately after the addition of the
acid. The first few drops of acid produces local clotting even when
the latex is thoroughly stirred during its addition, and with in-
creasing quantities thie clot increases in size until coagulation is
complete.  'With pure latex, however, no such  local clotting s
ohserved and several hours must elapse before coagulation is
obtained. It may be stated therefore that ammoniated Jatex is more
scnsitive than pure latex to acid coagulants,

(b) Sodium Hydroxide.—The sample examined was prepared
by adding a conceatrated solution of sodium hydroxide to field latex
10 give a latex containing 0.8 per cent. by weight of sodium hvdrox-
ide. The interesting feature is that the couwrse of coagulation is
affected by the length of the period of storage.” When examined
-within two or three days after the addition of the preservative it was
found that coagulation did not take place for any value of pH below
7.0 within a period of 23 hours after the addition of the coagulant.
In other words within this specified period the latex does not coagu-
late whatever its hydrogen ion concentration. As will be seen from
Table XV column (2) which gives the results obtained on examina-
tion of the sample 2z days after the addition of the preservative, the
latex merely flocculates for values of pH at which fresh field latex
.coagulates, both in the first and in the second eoagulation zenes.
There are two zones of flocculation in place of two zones of coagu-
Tation, separated by zones of complete dispersion. Latex within
these flocculation zomes remains in that state for several davs
without any evidence of coherent clot formation, but later the ﬂoccu]‘es
gradually cohere and epagulation ensues.  This  applies also to
sodium hydroxide latex of high rubber content. After the addition
wf the coagulant a coherent coagulum can be obtained only by
mechanical kneading of the flocculated mass.

When the same sample of latex treated with sodium hydroxide was
examined after a longer period of storage it was found that two zones



Ammonia,

TABLE XV.

PrESERVED LaTEX,

Dry Rubber Content=4 per cenl.

Soetinm hydroxide,
Fresh.

Complete Dispersion
> 4.30
Partial Flocceulation
5.30 - 5.01
Complete Flacenlation
5,01 -4.92
Coagulation almost complete
1.92 - 4.81
Complete Coagulation
4.81 - 38.79

‘Coagulation almost complete

3.79 - 8.51
Complete [Yspersion
3.51 - 1.02

. Partial Cloagulation

1.02 - 0.82

| Complete Coagnlation

<7 (.82

' Complete Dispersion

> 5.49
Partial Floeculation
5.69 - 4.78

i Complete Flocculation

4.78 - 3,39

- Partial Flogrulation

3.84% - 3.00

! Complete Dispersion

3.00 - 1.01

" Partial Flocenlation

1.01 - 0.63
Complete Floceulation
<< 0.63

Sodivm hydvexide
i - Tiong Stovage.

Formalin,

Complete DMspersion

_ = 8.00 (Approx.)

i‘ Parital Coagulation
8.00 - 4.6

Complete Coagulation

g 1.76 - 8.01

! Partial Coagalation

) 3.01 - 1.08

[ .
¢ Coagnlation almost complete

1.03 - 0.63
| Complete Coagnlation
<Z (.83

Complete Dispersion
> 4,06
Partial Floceunlation
1.56 - 4,36
Complete Flocenlation
4.86 - 3.41
Partial Flocenlation
3.41 - 8.27
Complete Digpersion
3.27 - 1.07
Partial Floeeulation
1.07 - 0,66

. Cowplete Floceulation

<< (.66
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of complete coagulation were oblained as for fresh field latex. Column
(3) gives the results for a period of six months’ storage. These are
typical of those obtained when the latex was examined at intervals
of one month after preparation. It is only when freshly prepared
that such latex shows abnormal coagulation. Although normal
coagulation is restored after longer storage, the latex is very
sensitive to acid coagulants, for local clotting takes place im-
mediatelv after the addition of the acid even when the latex is dilute
and at low values of pH. It is thus still more sensitive than
ammoniated latex. As will be seen from the table, clotting or partial
coagulation commences at a pH well on the alkaline side of
neutrality, viz. 8.00, although this value is approximate and had to
be obtained colorimetrically by means of indicators, the guinhydrone
electrode being inapplicable to solutions with a pH greater than 8.0.

It will also be seen that there is no second liguid zone. Between
the range pH 3.01 and 1.03, which defines a state of complete dis-
persion in the case of pure latex, sodium hydroxide latex partially
coagulates, approximately so per cent. of the total rubber separating
from the dispersion in the form of a woherent clot,

{c) Formalin-—Latex preserved by the addition of fermalin be-
haves in much the same way as fresh latex trealed with sodium hvdr-
oxide. The sample under discussion was prepared by the addition of
a solution of formalin to give a concentration of formaldehyde in the
latex of o.4 per cent. by volume and the results given in column (4}
of Table XV refer to the examination of the sample after a period
of four months’ storage. As with freshly prepared latex sodium hydr-
oxide coagulation does not occur within a period of 24 hours when
the latex is diluted to a rubber content of 3 per cent. whatever the
period of storage. Comparing the ranges of pH in column (4)
with those in column (2) it will be seen that there are in both cases
two zones of flocculation separated by two zones of complete dis-
persion, although in the case of latex treated with formalin the first
appearance of the flocculation stage is associated with a higher hy-
drogen jon concentration—pH 4.36 for formalin and 3.69 for sodium
hydroxide. Otherwise the behaviour of these two preserved latices is
very similar.

{d) Centrifuged Latex.—When latex is subjected to centrifugal
action, for example in a centrifuge of the de Laval type, separation
into two latex fractions takes place. Owing to the difference in
the specific gravities of the rubber particles and the dispersion
merium, when the bow! of the centrifuge is rotated at a sulficiently
high speed the rubber particles being lighter pass to ihe central
axis of the bow]l while the scruinm Aows towards the outside walls.
The separation is, however, not complete.  The cream fraction has
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TABLE XVIL

CENTRIFUGED LLATEX.

Dry Rubber Content=4 per cent.

Cream lLatex,

Complete Dispersion
‘ =330

Partial Coagulation
5.30 4.62

i Complete Coagulation
4.62 3-31

i

' Coagulation almost complete

Complete Coagulation
<(0.73

3-31 — 2.5
Partial Coagulation
2.31 — 073

Skim Latex.

Cowmplete

Dispersion
>6.50

Yartial Flocculation

.

Coagulation almaost complete

3

Complete

5+

Complete

-
Iy

Complete

I,

Complete

83

50 — ;-

83 — 5.28
Coagulation
28 333

Dispersion

=

D3

1.00

Flocculation
0o

— 0.70

Coagulation
<070

a high rubber content and contains a small proportion

of

Scrum

substances, while the skim fraction is of relatively low rubber con-

tent and contains

used in the

cent. by volume of

gravity.

cent. and the skim fraction

most
experiment
Sharples super-centrifuge of field latex to which was added
of ammonia of o.8gr1

of the serum

were  obtained

a solution

0.3 per cent.

constituents,

The samples
i a

1 per
specific

by separation

The c¢ream fraction had a dry rubber content of 33.2 per

It mav be mentioned

that this type of centrifuge was not found to be suwitable for con-

tinuous work, although in the case under discussion separation was

quite successful.

With the object of comparing the course of coagulation for

these two fraclions cach was diluted to a rubber content of 4 per
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cent. and examined shortly after preparation. Table XVI which
summarises the results obtained shows that there is a considerablz
difference in behaviour. With cream latex there is no second liguid
zone or zone of complete dispersion. Between pH 2.31 and n.73
slight clotting takes place and about one half of the total rubber
present separates as a coherent clot. In behaviour it is very similar
1o undiluted ficld latex having a rubber content of 35 per cent
With the skim fraction, however, there are two zones of complete
coagulation separated by two zenes of complete dispersion, and the
first evidences of separation commence at pH 6.50 at which floccula-
fion sots in, whereas with cream latex coagulation commences at a
lower value—viz. pH 5.30. Skim Jatex is peculiar in that there is
a flocculation stage in the passage from the second liquid to the
second coagulation zone—the range pH r.oc—o.70 defines a condi-
tion of complete flocodation. It will be noted that in all the
preceding data cited for pure latex, the floccnlation stage is asso-
ciated only with the transition from complete dispersion to the firsi
coagulation zone, and does nol appear in the trapsitional stages
etween the other zones.

To summarise the experimental work described above an
attemnpt has been made to illustrate graphically in Diagrams I, 11,
III and IV following a system which accords sufficiently well
with the observed facts to bring out differences jn the behaviour of
the various latices. DFor this purpose the results have been arranged
under three headings (a) Fresh Latex (b} Preserved Latex and {c)
Centrifuged Latex. To illustrate the course of the irregular coagu-
lation series for a particular Jatex the scheme adopted is to divide
the abscissa into a scale of pH values and to divide the ordinate
into an arbitrarily chosen scale representing the depree of dispersion
i the various stages. The number 1oo is chosen to represent a
state of complete dispersion while zera represents a conditionn of
complet? coagulation, The scheme does not permit of numerical
representation of conditions of the dispersion intermediate between
these two extremes, but it does allow of comparison of the ranges
of pH values defining the various zones and roughly of the compara-
_tive degree of dispersion within these zones.

The effect of dry rubber content on the continuity of the course
of coagulation for fresh latex is also summarised in Table XV
compiled from the experimental resules recorded under Section A.
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TABLE XVII.

Fresn LaTex.

Range of pH. i

DRA. =4 DR = 15 D.R.C. = 20 DLR.C. = 35|
per cent. per cent, | per cent. | per cent. |

State of Dispersion

Complete Iispersion. - | ~ 5,80 > 554 | > 580 ~ .24

t Partial Flocculation - 530 . 5.01!5.54 - 5,24 — i —

Complete Flocculation~ 5,01 - 4.91. — —

. Partial Cloagulation - _ . 6.2 - 4.71
|
{
|
i

Complete Coagulation - | 4,83 - 3.80 l 4.78 - 8.51 | 4.84 - 8.5T1  4.71 - 8.02 |
| , .

| Coagulation almost : !
complete <1491~ 483 5.24 - 4.78 | 5.80 - 4.84 —

' Coagulation almost ‘ g i:
| complete -18.80-8.52 8.01-5.01351-3.02!8.02-083]|
| .

| Complete Dispersion - | 3,52 - 1,00} 5.01 - 1.2
|

i
I

Partial Coagalation - | 1.00 - 0.82/1.25 - 0.73 3,02 - 0.60 |  — 9

| Complete Coagrlation - | <« 0,82 << 073 < 0.60 <Z (.83

CONCLUSIONS.

1. The continuity of the course of coagulation of {a) {resh field
latex (b) preserved latex and (c) centrifuged latex by the® addition
of acids has been studied, and the pH values defining the various
zones in the irregular serics determined by means of the guinhydrone
electrode.

2. In the case of fresh latex diluted to a rubber content of
less than 1o per cent. the transition from the first liquid zone to
the first coagulation zone is accompanied by a progressive series of
changes in the state of the dispersion and is also rather irregular,
variations in the pH valucs defining the transitional stages being
found for latex harvested on different davs. In most cases on
examining the series in the direction of decreasing pH, there is a
gradual progression from a state of complete dispt*rsidn to comgplete
coagulation, through regions of partial flocculation, complete floccu
lation and incomplete coagulation, in  that order. Generally
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the range covered by this transitional stage is from pH 3.30,
at which point a separation of the rubber component from the
dispersion is first visible at pH 4.87 which marks the beginning of
complete coagulation. These values agree fairly closely with those
abtained by van Harpen (2).

3. The dry rubber content of fresh field latex exerts a marked
influence on the course of the irregular serics. With latices varying
in rubber content from 4 to 33 per cent., the range of pH values
defining the transitional stage between the first liguid and the first
coagulation zones increases as the dry rubber content increases. On
the other hand, with increasing rubber content the range of values
defining a condition of flocculation decreases until with latices of a
rubber content higher than approximately 15 per cent. this stage
disappears altogether. It was also found that with latices of
bhetween zo and 35 per cent. concentration there is no second zone
of complete dispersion. Whereas the dispersion of ‘latices of greater
dilution is complete in the range covered by the second liquid zone
—approxiinately pH_ 3.5 to 1.o-—and will remain stable for several
days provided the hydrogen lon concentration is kept constant, with
latices of greater concentration than 2o per cent. coagulation takes
place for approximalely the same range of values, the extent of the
coagulation depending on the rubber content.

4. Independent of the degree of dilution of fresh field latex
the appearance of a fHocculation stage is associated only with the
transition from the first liquid zone to the first coagulation zone.

5- The trregular series for botled latex or “'B" liquid was
studied and confirmation was obtained of observations made by
other workers to the effect that such latex does not coagulate until
a pH value of 0.80 is reached, and, moreover, that the addition of
soaps such as sodium oleate restores normal coagulation in the first
zone. This was compared with the effect of the addition of sodium
oleate to fresh field latex diluted to the same rubber content as the
*“B ' Hguid. Measureinent was made of the alteration in pH which

ccurs in fresh latex heated to various temperatures and allowed to
cool to the initial temperature.

6. As regards the course of the irregular series it was found
that latex preserved with ammonia behaves in much the same way
as fresh field latex. In latex preserved with formalin, however, it
was found that if the latex is diluted to a rubber content of less
than 1o per cent. coagulation by acid does not occur for any value of
pH below 7.0, For approximately the same ranges of values within
which fresh latex of the same dilution shows two well marked coagu-
lation zones, there correspond two zones of complete flocculation in
the case of formalin preserved latex. Even when the latex is un-
diluted coagulation by acid takes place only after mechanical kneading
of the flocculated mass. The same behaviour was noted for freshly
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prepared latex treated with sodium hydroxide. On the other haoH,
when latex preserved with sodium hydroxide is stored for a month or
more, normal coagulation is restored within these two zones although
the course of the serics is almost continuous, there being no second
liquid zone. In such latex alse, clot formation by the addition of
acids can commence at a pH on the alkaline side of neutrality.

7. A study was also made of latex separated into ‘cream’ and
skim' by centrifugal action. [t was found that cream latex behaves
in a similar manner to latex preserved with sodium hydroxide which
has been stored for a month or more, in so far as there is practeally
no break in the continuity of the series.  With the skim fraction on
the other hand the irregularity of the series is just as well marked
as in the case of fresh field latex. These reinarks apply to latices
diluted o a rubber content of 4 per cent. '
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