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GRANDlFLORA, R. BR.-A WAR TIME SOURCE OF 

VEGE fABLE RUBBER. PART I 

Bv RAFA1' HosArN SmorQUI, S. A. \VARSI* AND V. V. K. SASTRI* 

Studies on the coagulation of the latex of Cryptostcgia grattdlfiora have been made with special reference 
to the hydrogen-ion concentration and the • resent pAper embodies. the results of auto-coagulation, auto-creaming, 
coagulation by heat, <::entdfuging, electric <·urrent, and water and those obtained by the action of chemi<:al 
re tgents on latex, c g. n1incral and organi-c acids, aik~lis, bases, salts, reagents for coagulating proteins. 
hydration, dehydration nnd miscellaneous reagents like f rmaldehyde, lemon juice, curd nnd molasses. The 
observations show that rubber could be separated from the latex by the methods which are chemical as well as 
physical in nature. 

The work was undertaken at the request from the Department of Supply with a view 
to evolving a m.?Lhod which would not require heavy expenditure of chemicals and will be 
workable by the same equipment used as in the case of 1-Ie'l!ea. 

With these objects in view the information has been collected with special reference to 
the hydrogen-ion concentration of the latex. The details of the methods are given in the 
experimental procedure. 

Coagulation by Chentical Reagents.-Under th'is head are described the results of 
mineral and organic acids, alkalis, organic bases and salts and also special chemical reagents 
used ·for coagulating proteins aud those which bring about hydration and dehydration. It is 
found that acids can coagulate the latex in a range which would require very small quantity 
of the coagulant and with an increase in acidity the percentage of coagulum would decrease. 
In most cases it is found that if the acidity reaches the limit which would drop the P• of the 
latex from 4 '6 to 4 ·o, the latex will not coagulate. Thus with a decrease of o'6 in the value of 
p. the latex is stabilised. Mineral and org:mic acids appear to be equally good and the 
coagulum produced has a good tensile strength and elasticity and can be sheeted. Organic 
acids from formic to butyric acid with an increase in the number of carbon atoms had no special 
advantage. The minimum quantities of aci<!s, effective to coagulate a litre of latex, are given 
in Tables I and VIIl ("The Science of Rubber " Eng. Ed., 1934, by Prof. K. l\Iemmler, 
Translated by Dunbrook and Morris, New \'ork, p. 12r, 1934; P. Schidrowitz, "Rubber 
Recueil", 370**). 

Coagulant. 

Acetlc acid 
Formic add 
Hydruchlork add 
Hydrofluoric add 
Nitric acid 
Sulphuric add 
Calcium chloride 
Ammonium sulphate 
Tannic a<'id 
Oxalic acid 
Tartaric acid 
Citric Reid 

TABI.R I 

Coagulating effect of various substances 

Quantities per litre of 30% latex of Hevea with name of 
authors. 

Eaton. M':>r.'(an. Parkin. Beadle & Stevens. 
9'5 g. z·s-6·o g. 
45 

J'o g. 1·og· 
o·6 o·s 
0"7 0"7 1'0 0'4-D 5 
o·s o·s 
1·o l'O 3'0 
0'9 I'o r'o 0'5-10 

s·o s·o 
zo·o 10'0 
l'o l'O 
~·o 

2'5 
s·o 

Quantities per litre of 
2-7% of Cryptostegla 

latex by Siddkjui. 

0'25-4 c.c. 
Q 25-2 
0'25-1 
o·s-2 
o·z~'2 

o's-o'4 
o·os-o·zs g. 
o·os-o·•~ 
1"0 
0'5-1'2 

o·s-• 
o·s-2 

* R€'~ults embodied in Table III were done in collaboration with S. A. W. and V. V. K. S. 
** Referf:tlres in this inve.tigation are given of allitd work of coagulation of the latices of llla11illot., Ficus, 

Kkkxia, Castilla, Hancornia, l\Iascarenhasia, Lianas tVint'sl, Euphorbia, Jelutong but with special reference 
Jo the \\'ork of H eve a brasiUensis. 
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\\'ben coagulation is effected with alkalis a minimum quantity of the reagent is necessary 
wl1ich would raise the Pn to 7'7. If the concentration is less there will be a partial coagulation 
and if it is more, the latex would turn into a pasty mass. In coagulation with alkalis there 
is an advantage that the process can be completed in a very short time but in the case of acids 
it is necessary to keep the latex overnight. The alkali coagulation has demedts as well. The 
coagulum is ·very spongy having a 'poor tensile strength and elasticity as compared to the 
coagulum obtained by acid coagulation. Further, the coagulum develops tackiness* and this 
depends further upon washing and temperature. If the coagulum is washed till it is free of 
of its alkalinity and is dried at low tempemture (70-80°), the tackiness becomes less This faulty 
coagulation can be corrected to a great extent if the coagulum is dipped in au 1% solution of 
mineral and organic acids before washing. 

With bases (quinoline, aniline, toluidine and pyridine) it was found that o·2 to 1 c.c. of the 
base brought about effective coagulation of ro c.c. latex. Smaller quantities of quinoline, aniline 
and toluidine could not be used owing to the immiscibility of the bases with water. It was 
studied with pyridine only and it was noticed that r c. c. of o·s% solution of pyridine in tap 
water coagulated ro c.c. of latex. The coagula emit an odour uf the base which is not removed 
even on washing with water and alcohol. The Pn value of the serum obtained after coagulation 
with bases could not be determined but with o·s% soluti(ln of pyridine there was a gradual 
increase from 4 '6 to 5·4 on increasing the volume of coagulant from r c.c. to ro c.c. In the case 
of alkalis it was pointed out that with increased alkalinity the latex turned into a pasty mass but 
with bases this behaviour was not noticed. 

The action of acids and alkalis on latex shows that the latex has got a stability range 
from 4·2 to -7-5 or 7'7, At the extremes complete coagulation of the latex takes place but beiow 
4·o the latex passes into a second zone or phase. The findings that alkalis are to be avoided for 
coagulation find further support from a statement of Stevens and Stevens " As a rule 
caustic soda should be avoided for latex manipulation as under certain conditions the resulting 
rubber tends to soften and becomes tacky (sticky) due to some obscure type of chemical 
decomposition." 

The salts can be used for the coagulation of latex and very small quantities are required. 
Good results were obtained with c-alcium and sodium chlorides, aluminium and amonium 
sulphates and alum. 
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Special coagulants for proteins were also used and they also coagulated the latex but the 
concentrations used in the experiments were not very eliective and the coagula produced by 
picric and tannic acids were coloured. · Alcohol and acetone alone also brought coagulation and 
the same result was achieved by common dehydrating agents. 

Formaldehyde, lemon juice, curd, molasses and serum itself coagulated the latex and so 
shortages of chemicals is no consideration in the coagulation of latex. 

Water Coagulation.-Coagulatiou can be effected by adding latex to six volumes of hot water 
while five volumes brought about partial coagulation and four volumes produced flocculation. 
The dilution varies from season to season with percentage of rubber; it is less when the 
percentage of rubber is high and more when it is less especially during the defoliatiou period. 
p, value also. depends upon dilution. If co1d water is added dropwise till a dear straw coloured 
serum is obtained, the Pu rises to 7'5 but coagulati~n cau also be brought about at low Pn value 
when six or seven volumes of hot water are used. 

Auto-coagulation. and Auto-crea.ming.-When latex is allowed to stand quietly at room 
temperature (25-31 °) for a day or two the suspended particles fl. oat to the surface leaving 
below a clear reddish brown serum. This stage is characterised by the fact that particles do 
not coalesce together and 011 stirring or shaking disperse again in the serum. At this stll.ge it 
is possible to separate the flotculated mass from the serum which can be made richer in 
rubber content and the particles of which can be coalesced together by washing with water or 
by filtration. When the latex is allowed to staud for a week or so at room temperature, the 
particles of cream unite together and form a dot of rubber having a juuket-like appearance. 
Both of these methods can be used for the coag·ulation of latex on a large scale. The Pu value 
drops from 4"6 to 4·2. 

Coagulation by Heat.-Latex can be coagulated by natural heat or by artificial heat 
(dry heat, moist heat and smoking). This process will have an important bearing if the whole 
rubber is to be obtained from the latex. 

Coagulalion by Centrifuging and Shaking.-This method can be used on a large scale. 
The coagulum gets separated and fl.oats to the surface. A part of the coagulum remains in 
the serum which can be recovered on dilutiou. The Pu value of the latex remains unchauged. 

Coagulation by Electric Curre1rt.-Wheu the current from a battery is passed through the 
latex, the rubber particles . move towards the anode and thus carry a negative charge aud 
produce a change in the hydrogen-ion concentration of the latex. Observed Pu was 3·8. 

By the above methods the coagulation of the latex of Gryptostegia grandifiora can be brought 
about. Broadly speaking the methods cau be divided into two classes : (i) Chemical method 
which involves the use of chemicals and \Vhich are added to the latex either from outside 
(coagulation by chemical reagents and \Vater, coagulation by smoking) or which are formed 
within the latex due to changes brought about by enzymes, micro-organisms. electric current or 
due to some unknown cause (auto·coagulation aud coagulation by electric current). It is noticed 
that the chemical process is always accompauied by a change in the hydrogen-ion concentration 
which ranges from 4·2 to 7'5, (ii) Physical method which dQes not involve the use of chemicals 
(coagulatiou by dry heat, by ceutrifuging and shaking) aud no change is brought about in 
the hydrogen-Jon concentration of the latex. 

Expldnations for the coagulation of latex will form part of a separate commuuication. 
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Coagulation by Chemica/ Reagents 

(a.) Cennal Methods of Coagu!atio11 <('ilh Acids and Sails.-The latex is taken in a beaker, 
and required quantity of the acid or the salt solution added ·and the mixture warmed at 90° for 
five minutes after keeping overnight at room temperature bs-27°). The coagulum is separated, 
sheett>d, washed well in running water, dried at 90-95° and weighed. This dry rubber is known 
as D. R. C. (dry rubber content). 

(b) General Method of Coagulation. with Alkalis I Cu-rrent Sci., 1943, p. 255) and Bases.­
Tbe latex is taken in a beaker. On adding the required quantity of au alkali or an organic base 
the latex turns yellow or pink. The mixture is warmed for five ntiuutes at 90°. On stirring 
with a glass rod a whit.e coagulum and a clear yellow or reddish brown serum are obtained. The 
coagulum is sheeted and after was1ting well with water till it is free of alkalinity it is dried at 
90·9S 0 in an air-oven. 

(c) Difference bet.wee11 the Coagula obtained by the above two Me~hods.-In the case of 
coagula obtained by method (a) the fibres of rubber unite together and from a tough and 
tenacious dose meshed network. The texture is hard to feel and takes some time to sheet it. 
Its tensile strength is great and has good elasticity. The r.:oaguium obtained by method (b) is 
of a different nature altogether. 'It is a highly spongy mass in which the mesh is open and 
the fibres or threads do not form one compact tough structure. The coagulum can be spread 
enormously but i!! extremely po<Jr in tensile strength. It breaks easily and has poor elasticJty. 

Cor-rection of the faulty Coagulation.-If the coagulum obtained by method (b) is washed 
and is given a dip in r % solutions of hydrochloric, sulphuric and acetic acids for 15 minutes, 
it acquires a white colour and resumes the tensile strength and el.Jsticity. Before drying it 
should be washed well with water. On drying tackiness still persits to a slight extent. 

Coagulation by Acids 

Preliminary observations showed that increased acidity, which would decrease the 
Pa value of the latex from 4 '6 to 4 · o, would also decrease its percentage of dry rubber content 
(D.R.C., rrr). This inference helped in fixing the concentration of the acid solution and 
the following was the procedure adopted. Prepare a dilute solution of the acid, add in portions 
of r c.c. to latex (ro c.c.) and note the Pu value after each addition till it reaches 4'o. If t c.c. 
of any solution decreases the Pu to 4 · o, the acidity was considered· very high and it was reduced 
to such an extent that 4 or 5 c. c. would at least be reqnired to lower the p" to 4 ·o. \Vith most of 
the acids I % solution was found effective for coagulating the latex but hydrochloric, sulphuric, 
nitric and boric acids gave good results wi\h o'zs, o·z, o·2 and o't% so!utions respectively. 
After fixing the concentration of the acid solution its coagulating pow& was further stpdied by 
adding r, z. 3, 4, 5 and 6 c.c. to 6 portions of latex (ro c.c) and determining the D.R.C. The 
concentration of the solution was then halved and likewise five wore determinations of D R.C. 
were made. The range of acidity of the two solutions helped iu deciding the minimum and maxi­
mum quantity of the coagulant that would bring about effective coagulation of the latex. In th£: 
following tables for each observation ro c.c. of the latex were used and white coagulum was 
obtained which could be sheeted and had good tensile strength and elasticity. The indicator 
used was bromocresol green unless otherwise mentioned. D.R.C. va:ues throughout this investi­
gation are compared with D.R.C. obtained by coagulating an equal volume of latex with water 
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because it coagulates the latex completely as mentioned elsewhere and will be shown in the 
tables as standard. The solutions of the acids were prepared in tap water. Results appear in 
Table II. 

Coagulating effect of inorganic acids 

HydrocMorlc acid 

Hydrochloric Acid (Whitby, A gr. Bull., Fed. Malay States, •918, 6, 374) -With a· s% solution two sets 
of experiments were done. In one the acid was mixed with latelt and warmed in boiling water for to minutes 
and after keeping overnight was agaiu warmed. Tn the second set the mixture was warmed only once after 
:<e.-ping overnight. It "as fonnd that warming after keeping overnight was better. It the first set of experi­
ments there was flocculation but the flocks did not coalesce together. Experimeu~ I and 2 gave coagula but 
in other cases increased acidity failed to produce any congnlnm. From thf' second set it is clear that 1 c c. 
of the acid solution ~ontaining o·oos c.c. h}drochloric acid brought about coagulation of 10 c.c. latex to the 
extent of 94% and o·o25 c.c acidltv decreased it to rs%. Therdore the concentration of the add solution '"as 
hah·ed and o"24% solution 12·5 c.c. concentrated acid in a litre of tap water) gave good results which showed 
that o 025 c.c. of hydrochloric acld can bring about coagulation of 1.00 c.c. latex. In the case of Hevea the 
required acidity is o'04"()"os%. 

(4) With o"s% solution. Mixture warmed (b) "With 0'5% solution. Mixture (c) With o·25% solation 
before and after keeping overnight: warmed only once after keeping 

(First set. I overnight: !Second set.l 

Vol. of Appearance (>n. %of D.R.C. Appe11rance f>n. %of D.R.C. Appearanc<C Pn. %of D.R.C. 
cc:'gulant of semm. on vol. basis. of serum. on vol. basis. of serum. on vel. basis. 

lfiC C. 

li:Iilky 4'4 099 Turbid black 4"6 4'•o8 Dark and 
slightly turbid 

4"4 4'76 

4"3 t'03 4"4 3"97 4"3 4"68 
4"2 0"53 :lfilky 4'3 O"JO 4"2 4'15 

4 4"! u"82 4'2 o·sx Milky 4"I o"88 

5 4'0 0"6$ 4"o o"66 4.0 

6 3"9 ~ 

Stan<lnr<l 4'46 4"9I 

Hydrobromic acid 

(Best results are obtained with RII acidity ranging from o·O<>s-o"OOJ c.c· per 20 c. c. latex.) 

(a) With t% solution. (b) With o"s% solntion. 

Clear, deep dark 4'5 4'36 Ckar, deep dark 4.5 4"27 

4'S 4"4I 4"5 4"41 

3 4.4 4':ZO Turbid, deep dark 4.5 4'07 

4 Turbid, deep dark 4'4 4'04 4.5 3"84 

5 4"4 3.62 4'5 3"76 

6.. 4"4 1'99 

Rtalldard •f49 
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TABI.J> IIA (contd.) 

Hydriodfc acfd 

(Good recon~ts are obtained with o'oo,s-o'oJo c.c. add per 10 c.c. latex) 
l<J) With x% solution. (b) With o·s% solution. 

Vol of Appearance N: % D.R.C. Appearance Pn. % D.R.C. 
coagulant 

in c.c. 
of serum_ on vel. basis.. of serum- on vol. basis. 

I 
2 

3 
4 

St~ndard 

I 
2 

3 
4 
5 

Standard 

2 

3 
4 
5 

Standa.rd 

I 

2 

3 
4 
5 

Standard 

Dark brown, turbid Dnrk brown, turbid 

Hydrofluoric acid 

D. SatJdmann, Tropenflonzer, 1910, 14, 189. F. Frank,Gummi Ztg., 1908, 22, 1404· 
(o'ocs-o·o2 c.c. coaguluted to c.c. latex effectively.) 

(a) With 1% solution. (b) With 0'5% solution. 
Brownish red, turbid · 4'4 6'83 Slightly milky 4'5 

4·2 6'69 Brownish red 4'4 
Miiky 4·r 4-3 

40 ~2 
4·o Miiky 4'' 

Sulphuric acid 

J. L. Wiltshirf:, J. Research Inst. Malaya,, 1932, 4, 94· H. Tumelle, " les Plantes a Caoutchouc 
eta Gutta ", p. 335, (Paris, 1932). 

(Coagulant o·oos-oo4 c.c. per 10 c.c. latex while in the case of Hevea the acidity is o'os-r'o%.) 
(al With o·z% solution. (b) With o'1% solution. 

Turbid, dark 

!1.1ilky 
,, 

4'57 
4'54 
o'97 
0 I5 
0'15 

Nitric acid 

Turbid, dark 

(Coagulation was best effected with an acidity o'ooi-o'<J04 c.c. per ro c.c. latex.) 

3'94 
3'9<> 
-3'33 
3'17 
4'46 
4'9I 

(a) With o'2% solution_ !b) Witb o'I% solution . 

. Turbid dark 4'3 ,fi.S Dark turbid 4·~ 4'38 
" 3'76 3'54 
,. 2'35 3'42 .. ,, ~'72 2'95 

1'54 ,, 3'19 
4'89 

Syrupy phosphoric acid 

(The range of acidity necessary for coagulation was o·oos-o·or c.c. per 10 c.c. latex.) 
(a} With t% solution. • tb) Witb o·s% '>Olution. 

Turbid dark 4'1 Turbid dark 
Milky <4 

Milky' 
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TA&.a; IIA (contd.) 

Bode acia 

197 

(o·oos-o·o2 g. acid coaplated ro c.c. latex. This coagulant with further has the advantage of 
preserving tbe coagulum.) 

Vol. of 
c-oagulant 

in. c. c. 

4 

5 
::>tandnrd 

(a) With o·r% solution. 
Appennmce P• % oi l>.R.C. 

of serum on vol. basis. 

Tnrbid 4"6 5"49 
6"57 

)!ilk.\" to 3"27 .. 4"67 

4"4 2"47 

Carbo11ic acid 

(b) With o·s% solution. 
Appearance PK % of D.R.C. 

of serum. on vol. fasis, 

Brownish red and turbid 4'6 6'89 

6'78 

to 6"ii 

6 so 
4"4 5'75 

5"15 

[Air was blown bv mouth into latex (Io c.c.) when a white coagulum and a \'ery slightly turbid serum was 
obtained. The serum had Pn 4·2. The coagulum after usual working weighed o·266o g. (2'66%J while the 
standard weighed~ 2750 g. (2'75%). W. Pahl., 'The Rub bet· Indttstry,' Ed. by J. Torrey and A. S. Wanders, 
p. 234, 1911. 0. de Vries., 'Rstate Rubber,' p. 187]. 

TABI.E IIB 

Coagulating effect of orga.nic acids. 

Acetic acid 

[Ste\•ens, l>ldla Rubber] r955, 65, 521; Sc-hdrowits and Goldsborough, India Rttbber World, I9I9, M, 
II47; Parkin, India Rttbber ]., r9ro, ~0, 742; Crossbey, ibid., 1911, llt, 1203; Morgan," The Preparation of 
Plants Rubber," p. 58;" Plantation Rubber and Testing of Rubber,'' p. 44; Ultea., AHhief 1217, 1, 407]. 

(o·r-o·4 c.c. of acid coagulated 200 c.c. of latex. Hevea latex requires o·rs-o·6% acidity.) 

Vol. of Appearance 
coagn· of P" 

Appearance 
%of D.R.C. of 

%of D.R.C. Appearance 
on vol. of Pu 

%of DR.C. 
onvol. 
basis. !ant in serum. ou vol. serun1. basis. serum. 

c.c. basis. 

(ll) With r% solution. 

Browuish red 4"4 5'46 
and turbid 

4"3 s'o6 

3 4"3 5"37 

4 4"2 5"04 

5 4"1 3'88 
6 11-Iilky 4"0 0"37 

Standard 

(a) With 10% solution. 

2 

3 
4 

5 
Standard 

Dark 
Milky 

3-tsnsP-6 

4'1 1'74 

4'0 o'~4 

(b) With o·s% so!n. (c) With o'25% soln. 

Turbid 4"5 6"29 4'6 6'66 

4'4 4"45 4'5 6'64 

4"3 3-06 4'4 3.97 

4"2 4'13 4"4 4'.40 

4 "I f-46 4'3 4'So 

6"80 

Oxalic acill. 

(b) With o's%rolution. (c) With o·25% solution. 

Dark brown 4'3 2"14 Clear, dark 4'5 2'15 

4-2 2"15 4'4 1"55 
Milky 4.0 0"53 4"4 1"66 

4"1 1'00 

2'10 
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Results with acetic acid and oxalic acid solutions are presented in Table liB. For 
mixtures with alcohol the following procedure was adopted. To latex (20 c.c.)were addedt c.c. 
of x% solution of acetic acid and ro c. c. of alcohol drop by drop when there appeared' a white 
coagulum and a reddish brown, turbid serum with pH 4'6. The D.R.C. weighed x'xg86 g. 
ts·qgo/ol. Effect of alcohol was studied further. Observations are recorded in 'l'able !Is. 

Oxalic Acid, Acetic Acid and their MixtuTes with Alcohol 

In a previous communication (]. Scf. Ind. Res., 1943, 2 365), it was pointed out that 
acetic acid failed to coagulate the latex. That remark was due to the fact that coagulant 
was not added with special reference to the hydrogen-ion concentration and the quantity 
of acid added exceeded the minimum quantity required to coagulate the latex and hence 
the latex passed into a second phase in which it became stabilised. The coagulation of the 
latex of the second stabilised phase has not yet been studied. 

TABLE Ilc 

Acetic acid and alcohol mixture 

(a) With constant vo!. of alcohol. (b) With increased vol. of alcohol. 

Vol. of coagulant in c.c. Vol. of coagulant in c.c. 

r% Acetic Alcohol. Appearanc-e %of D.R.C. %Aretic acid Alcohol. Appearance Po. %of D.R.C. 
acid soln. of serum. on vol. basis. soln. of serum. on vol. 

basis. 

4 Turbid reddish 
brown 

5'I7 z 2 Turbid 4'5 

4 4'6~ 2 4 4"5 

3 4 4'38 3 6 4"4 

·4 4 3'IO 3 8 4'4 

5 4 IO 4'4 
6 standard Standard 

The latex mixed with the coagulants was left overnight; dilution with the alcohol. gave latter. results. 

TABL£11n 

C oagulalion with organic acids 

\'ol. of Coagulant 
in c.c. 

Apearance 
of seram 

% D.R.C. on 
\'OI. basis 

Triclrloroacellc acid 

Appearance 
of serum 

f>H 

(o'orozz-o'o2o44 g. was effecth·e for coagulating ro c.c. of late!\:). 

2 

3 
4 

5 
- 6 

Staudaril 

(a) With r% solntiou. 

Dark with slimy turbidity 4'3 

4'2 
4'01 

Thick, milky 

5'37 

3'78 
r'62 

0'53 
0'55 
o'32 

In) With o·s% solutiolla 

Tnrbirl 

% D.R.C.on 
vol. basis 

3'6c;J 

3'79 
3"59 
4"20 

3'8.4 



CO.\GULYl'ION KTUDJES OF 1..\'tEX OJ? 1.:. Ol:,tNni1·'DOUA 199 

Tr\BI,J; liD (colltd.) 

Formic acid 

Coagulant. Serum. f>H· ~·~D. R. C. Senm1. Po. % D. R. C. 
[Sp~nce, ludia Rrtl1bcr ]., t9<18, 425, Riebl, A•·chlc/, 1927 H, 354]. (fncreaS<!d acidity decreased the percen· 

tage of rubber as observed in other cases. o'oJ% Solution did not give good rasults ) 

l c.c. 

3 
4 
5 

Standard 

(a) With x% solntinn. 
Turbid 4'5 

:\Iilky 

i'IO 

6'79 

4'65 
2'66 
2'84 
6'99 

nutyrlc acid 

lb) With o·s%> solution. 
Turbid 4'5 

Milky 

io·oox-o·o2 G. add was found effective to <:oagnlate to c c. latex. 
(a) With z% solution. 

Jncreased acidity stabilised the latex.) 
(b) With o's% solution. 

3 
4 

5 
Standard 

2 

:; 

4 

5 
Stannard 

2 

3 
4 

s 
6 

Standard 

3 

4 

5 
6 

Standard 

Dark and slimy tnrbidity 4'5 

4'5 
Dark and slimy turbidity 4.6 

4'6 
4'4 4'59 4'5 

Milky 4'3 2'87 4'.1 
4'3 2'27 Milky 4'4 

Tartaric acid 

ro.or·o·o3 .G. acid coagttlated roc. c. latex.) 

(a) With x% solution. (b) With 0'5% solution 
Dark brown 4'4 Z'I9 Turbid dark 4'5 

4'2 2'19 4'4. 
4·o r·gS 4'2 

Milky o·93 Milky 4'0 

Lactic acid 

(An acidity of o·oos-o·o:; brought about coogtilation of ro c.c. laie.-t.) 

(a) Witb r% solution. Ill) With o·s% solution. 

Dark, slimy turbidity 4'4 - 5'52 Dark, slimy turbidity 4"5 

4'2 5'23 4'4 

4'0 4"98 4'3 
4'0 4'6I 4'~ 

Thick, milky o·g6 4'1 

I'I6 

Citric acid 
(o·oos·o 03 G. of the acid coa.:rulated ro c.c. latex.) 

(a) With 1% solution. (Ill With o·s~~ solutio11. 

Turbid, (brk .['4 ~·q Turbid 4'5 

4'2 ~·" 4'4 

4'0 :!"oo 4'2 

,' 1'97 4'0 

" 
I'75 
I'rS 

2'44 

I'j3 

4'43 

4'2~ 

3'3~ 

3'44 

3"93 
4'4~ 

s·o6 

2"10 
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Stabilisation of Late.-.,; or its passing to the Second Phase (Whitby, Kolloid z., 1913 

12, 156; 0. de Vries and Beumee-Nieuwland, A,.cl!." Rubbe,. Cultuur, 1926, 10, SOJ).­
If acid is added to the latex which would drop the Pu value to 4'0 then the latex will 
remain milky and will not coagulate and will pass into the second phase or zone (c/. Hevea). 
Latex (Ioo c.c.) was mixed with o·s c.c. of hydrochloric, nitric and sulphuric acids in 
separate corked bottles. On keeping for three months no coagulation occurred. Cream 
particles floated to the surface of the serum but they redispersed on shakiug. 

Coagu.lation ~vitlt alkaiis and organic bases 

Alkalis.-lu every case test experiments were done with alkalis. The solution of the 
alkali was added dropwise to the latex with stirring and on slight warming till a white coagulum 
separated from a yellow or reddish brown serum. 

Organic Bases.-Base was added to 10 c.c. latex when coagula were obtained which 
emitted an odour of the base and bad brown streaks. The coagula were w_ashed with 
water and finally with alcohol but still the smell of the base persisted. Due to the 
immiscibility of the bases with water smaller quautities of the bases were not used excepting 
pyridine. 

Vol. of 
coag..Jlant. Appearance 

of serum. 

TABLE III 

Coagulating effect of alkali and organic bases 

p,.. %of D. R. C. 
on vol. basis 

Vol. 
coagnlant 

Lime ;vatcr 

Appearance 
of sernn1 

%of D. R.c. 
on vol. basis. 

(For Pu \·alues from 6'2 to 7'4 bromothymol blue and for s·9 universal indicator were used) 

Ia) With saturated lime water diluted in the (b) With saturated lime water diluted in the 
ratio 10 : 19 (lime water: tap water). ratio r: I (lime water: tap "·ater). 

10 c.c. 

20 

30 

Standard 

Milky 

s·o 

:rSs> 

10 c.c. 

20 

30 

Standard 

)lilky 

6"2 

(r) With saturated lime water at 31•, \N/zs·s 
npproximately). · 

(<I) Coagulant afler mixing and warming 
. gave a precipitate.tf 

10 Dirty TI z·so 10 Pinkish, dirty 

20 Clear red 7'2 3'70 ·2.0 Clear red 7'4 

30 30 S'4 . 
gtandard Standard 

t t The perc~ntagc of the coagulum was reduced owing to the decrease in alkalinity. 

\n) With N /20 solution. 

10 Dirty light pink 

8t:mdard 

l'otassium hydroxide 

!Bronwtbym<>l blue wa~ nsed blue as indkator.) 

(b) With N /2o solution. 

2U 

30 

Standard 

Clear red 

t"85 

3'26 

3"69 

3"8g 
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Coagulant. Serum 

(<1) With N;2o solution. 

10 c.c. Dirty pink 

lO 

Standard 

TABLE III (contd .) 

Sodium carbonate 

f>n. % D. R C. Coagulant. Serum. 
(Bromotb.vmol blue was used as an indicator) 

dig 

!"8o 

2'90 

(b) With N 10 solution. 

30 c.c. Clear red 

Standard 

Sodium hydroxide" 

p~. 

(\Veber, Ber., 1904 37, 3299. Bromothymol blue was used as an indicator}. 

10 of N/20 Dirty pink 7"2 t of N-soln. Clear red 7"7 
solation 

20 ,, 
" 

Clear red 7'1 3"40 ~·5 of N ,. No coagulation, no separation 

20 of N!Io 7"i 3'67 of coagulation and setum on 
so ln. adding 2'5 c.<:'. more. 

Slight variations in D. R. C. percentages are due to \'ariation sampling. 

Ammm1i!m1 hydroxide 

201 

%D. R. C. 

3'55 

This is used for the preservation of Hevea latex. When added to the latex ot Cryplostegia a big spongy 
. clot of rubber separated which either turned blaek or developed black streaks on its upper surface and this 
observation pointed out that ammonia could ~ well be used as a coagulant. 

(a) With o'I% solution (o'r c.c. of ammonia, 
in 100 c.c. water, d=o'88. 

I C c. 

2 

3 

4 

Turbid 4'98 

s·Br 

3'10 

5'36 

(b) With o os% solution 

3 

Staudard-

Turbid 

* 'J'he \'ariatious in the percentage of the coagula at~ probably due to the escape of ammonia from the 
mixture on warming and keeping. 

Q11inoline 

(I c.c. weighed r·o32 g The coagula had brown streaks.) 

o z c c. Slightly turbid 

0"4 

7'66* 

7'6o 

t'4 Slight!~· turbid 

r·6 

o'8 

o·2 c.-c. 

0'6 

I"2 

,, 7'6r 2'5 

7'6o Standard 

7'25 

6·stS 

• Variations ma,v be due to washing and increased amount of the base which had no ad~·antage. 

(Peli~ola, Gioru Dl Cltim. lPld. ed. Apt>l. 6, p.•ro.) 

(I C.c. weighed r·ozr g. 'rhe coagula were slightly coloured). 

Slightly turbid 6go 1'4 Slightly turbid 6'61 

7'05 ~·s 6'65 

,, 6'oo Standard 6'$t'l 
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Serum. 

TABU Ill (COil/d.) 

?~ n.R.c. 
i111ii/11C ilydrOC/Ii<ll"idc 

Coagulant. Serum. %D.R C. 

Tlle solution "~'AS prepared by dissolving o'5 g. in Ioo c.c. tap water. Small volume of o's% solution 
gave <.'oagulum, but in most eases the serum remained milky. As this salt did not yield good results, salts 
of other bases were not u!'Cd. ('fh. Marx., Trof>ell('fianzcr, t9t2, 16, 92). 

1 c.c. Turbid s·69 4 e.c. Milky 
.3 5'54 Standard 
" Ele\'en experiments were done with the increased quantity of the coagulant, buf 

coagulum alter Expt. 3. 

0"2 

0'4 

o"8 

1'.2 

Slightly turbid 
Toluidine 

Pyridine 

1'4 Slightly turbid 
t"6 
2"5 

Stan dan! 

Nil" 
6·56 

noue produced any 

6•88 

6'44 
6'67 
6·ss 

I C.c. weighed z·o:ro6 g. l'be coagulum obtained from the bases {quinoline, aniline, to1u;d;ne and pyridine} 
is very spongy and <'an be sheeted enormously, but the texture is weak and has very little tensile strength as 
compared to the coagula obtained from acid coagulation. The experiments were performed by adding free 
base to the latex as well as by adding its solution in water. The coagula emitted pyridine smell and were 
white. 

(a) With 1% solution. (b) With o·s% solution. 
o·a Brownish red, turbid 6'52 Turbid 4'6 s·ao 
o·6 " 6'60 } " 4'9 5'28 
I'o 6"46 5 s·o 4'95 
1'4 6'70 9 .>;'3 4'89 
2"0 6'86 10 5'4 5'24 

Standard 6'56 Standard 4"89 

Coagulation by Salts 
Very dilute solutions of salts were used firstly because latex gets coagulated with tap 

water which contains only small. qllantities of dissolved substances and secondly because 
large quantities, if used and found useful, will not be available on account of shortage of 
chemicals due to war. The hydrogen-ion concentratio11 values were helpful as a guide to the 
coagulation point when water, acids and alkalis were used as coagulants, but they led to no 
definite information with most of the solutions of the salts used for coagulating the latex in 
this investigation. Extremely weak solutions of sodium and calcium chlorides, aluminium 
and ammonium sulphate and alum gave good results. In all these experiments o~J; and o'os% 
solutions of the salts were used. 

Vol. of 
coagulant. 

Appearance 
of serum. 

TABLE IV 
Coagulating effects of 'Va-rious salts. 

% ·ot D. R.C. Appearance 
('u. ou vol. b:t~is of serum. 

,urmt 

/'n. %of D. R. C. on 
Vol. basis. 

Markley, lndia Rubber tvol'l;, t<}OB, sa·, 401. H. P. St.,v.:us, R. G. A. Bull. I9Zo, 2, I4J· 
ta) With o·os%solution. (b) With o·o.s % solution. 

Turbid 4'6 6'82 'l'nrbld 4'6 no 
2 7'13 6'75 

3 'Milky to 4·~ to· 6"85 
4 5~ ~~ 

5 
.Standard 

4'7 5'79 4"5 



Coagulant#. 

r e.c. 
2 

;; 
4 
5 

St:and!!Jd 

COAOULATION STUDIES 01'' LATEX OF C. GR.ANDlF'LORl 

Serum. 

(a) With o"r % solution. 

Turbid .. 
to .. 

TAm.lt IV (contd). 

% D.R.C. 

Alttmlni1m1 stllfilrate 

5"78 
4'Ill 

3'40 

3'90 
3'40 

Ca!cinm cltlcrlde 

Serum. Pn. 

(b~ With o•os %Solution. 

Turbid 4'6 
to 

" 

A. Zimmt'rmann, Pflanur rgrr, 7, 409; G. Varuet. Ccmpt. rend., rgn. 175, 716· 
Lindet, ibid., I932, 176, 7g8. ' 

2 

3 
4 
5 
6 

Sf.andaro 

{a) With o·r% solution. 

Turbid 4'6 

to 

7'6o 
6·os 
6'10 

s·og 
6'%8 

5'40 

(b) With o•os % solution. 

Turbid 4'6 

.. .. 
to 

4'5 

20~ 

%D.R.C. 

6'90 
7"30 
6'38 
6"25 

6'Jl 
j'oo 

S'og* 

7'!6 
6'86 

6'41 

• Variations due· to S!impling. Sometimes cream comes on the top and if not properly shaken, will 
eanse fluctuations 1n D. R. C. 

2 

3 
4 
5 

Standard 

2 

J 
4 

5 
Standard 

2 

3 
4 
$ 
6 

~tandard 

(a) With c.r% solution. 

Milky 4'5 
Tux bid 

(a) With o'I% solutiou, 

Turbid 4'5 

.. 

(a) With t>'l% solution. 
Turbid 4'4 

to 
Mllky 

SodfJ£m chloride 

3'79 
6'32 
6'03 

5'94 
6"10 

6'40 
6'24 
5'16 

5'99 
5'71 

6'oS 

4'74 
3'98 
4'04 
I'So 
a·7r 

(b) With o.os% solllfion. 

'l'nrbid 4 · s 

(b) With o·os% S<>lution. 

Turbid 

" 
" 

" 

·(b) With o'o5% solution. 
:VIilky 4' 'i 

Turbid 

7'15 

6"68 
5'97 
6':r8 
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Coagulant. 

1 (\('. 

~ 

3 

4 

5 
Standard 

2 

3 
4 

5 
Standard 

2 

3 
4 

5 
6 

Standard 

2 

3 
4 
5 
6 

Standard 

R. H. SIDDIQUI, S, :\, WARSI AND V, Y, K, SASTRI 

'l'Am.B IV (contd.) 

Serum. % n. R. c. Serum. 

Mercuric clrlorlde 

L«'olllPte, l>>d. Rt1bber ]., I9IJ, 48, 19. 

1a) With o·r~., solution. 

Turbid 
Thick, milky 

(a) With o·r% solution. 

Turbid 4'5 

Milky 

(a) With o'J% solution. 

Milky 4'5 

to 

4'4 

(a) With o'I% solution. 

Turbid 4'5 
lllilky 

to 

4'3 

Nickel sulphate 

5'94 
s·6s 
5'38 
4'20 

:;·oo 

Cobalt nitrate 

3'78 
J'Io 

3'84 
2'99 

3'83 
3'P3 

Lead acetate 

4'28 

3'50 
3'94 

3'96 
2'94 
3'52 

(b) With o·os'Yo solation. 

Thick, milky 4'5 

(b) With o·os% solution. 

Turbid 4'5 

Milky ,; 

(b) With o·os% solation 

Milky 4'5 

to 

4'4 

(b) With o·os% solution. 

Turbid 4'5 
Milky 

" " 

Copper sulphate 

(Coagulum .';j'e.s brownish.) 

(a) Witb fi'I% solution. (bJ With o·os% solation. 

Turbid 4'4 6'40 
6'41 

5·os 
4'59 
2'03 

3'59 

Turbid 4'4 
2 

" 
3 to 
4 

" 5 4'3 
6 .. 4'3 

Standard 

'}'oDR.C. 

3'96 
2'8o 

I'52 

I'92 

6'8<) 

4'65 

5'67 

3'33 
1'70 

6'89 

J'05 

3'90 

4'25 
4'88 

3'37 

6'89 

5'14 

3'55 
4'70 
2'26 

3'o6 

6"89 



Coagulant. 

l c.c. 
2 

3 
4 
5 
6 

Standard 

I 
2 

3 
4 
5 
6 

Standard 

3 
4 
5 

Standard 

l 
2 

3 
4 
5 

Standard 

2 

3 
4 
s 

Standard 

C'OAOULATION STUDIES OF LATEX OF 0. GRANDI/I'LORA 

TABLE IV (contd.j 

Z!t1c cllloridc 

(a) With o·t% solution. (b) With o·os% solution. 

Serum. ('n. %D.R.C. Serum. ('B. 

Milky 4"5 4"72 
3'63 

Milky 4'5 

2'32 
3"35 

'• 2'7I 
2'97 

Manga~cse sulphate 

(a) With o't% solution. (b) With o·o_s% solution. 

Turbid Turbid 

Potassium jerrocyanlde 

(a) With o·x% solution. 

Slightly turbid 

Milky 

Potassium fericyanide 

(a) With o'r% solution. 

Turbid 

Milky 

Sodium ""Milcofit<Oride 

(a) With o'r% solution. 

4'8o 
2'30 
x·so 
2'55 
r97 
I'92 

(b) With o·os% solution. 

Turbid 

.. 

(b) With o·os% solution. 

Turbid 

(b) With o'os% solution. 

Turbid 
Milky 

t It appears that still Jesser quantities of the coogulant will give better results. 

205 

%D.R.C. 

J"gi 
5'82 
2"52 
o:67 
3'70 

6"38 

s·s,t 
2'73 
J'2I 
:z'II 
3"61 
7'&} 

Coagulation and Hydration -Alcohol was used under this head and the details are given 
under reagents used for ce)agulating proteins. 

4-tsosP-6 
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Coagulation and Dehydrt~tiou.-Anhydrous potassium carbonate, anhydrous sodium sul­
phate, sodium and potassium hydroxides, phosphorus pentoxide and zinc chloride were used. 
Tn every case 1 g. of the reagent was added to to c.c. of latex. Good and white coagulum 
was obtained with anhydrous sodium sulphate and zinc chloride, while a coloured coagulum 
was obtained with potassium carbonate. With potassium and sodium hydroxides pasty masses 
were produced. Phosphorus pentoxide thickened the latex. 

Protei11 Coagulating Reagents. Alcohol (0. de Vries and Beumee-Nieuwland, Arch. 
Rubber Culture, l927, 11, srS).-~8% Alcohol was gradually added drop·wise to latex 
(2o c.c.) when on adding n c.c. a white coagulum and a turbid brownish red serum were 
obtained. The coagulum after sheeting weighE:d r"2430 g. or 6:22%. The turbidity of_the 
serum persisted even after adding a further volume of l3 c.c. of alcohol and appears to be 
due to the coagulated and sep:~rated proteins, etc. The p, of the serum remained unchanged 
{4"6). Thus the volume of alcohol required to coagulate the latex is half the volume 
of latex taken for coagulation. 

Acetone.-Acetone was added dropwise from a butette to latex (IO 

10 c.c. a white coagulum and a brownish red serum were obtained. 
unchanged (\Veber, Ber., 1903, 36, 3IIO; Schidro,Yitz and Kaye, India. 

377). 

c.c.) when on adding 
The PR value remained 
R11bber ] ., 1907, 3~, 

Besides alcohol and acetont:, picric, tannic, phosphotungstic acids were used for the 
coagulation of Iate:x. The quantities of coagulants required to coagulate ro c.c. latex were 
o·os-o·I; o·os-o·2; and o"o25 -o·os g. respectively. The coagulum from picric acid was 
yellow and from tannic acid violet, but it was white from phosphotungstic acid. 

Vol. of 
coagulant. 

2 

3 
4 
5 

Standard 

z 
3 
4 

s 
Sfandard 

TABLI! v 

Coagulating effect of protein precipitating and miscellaneous reagents 

Appearence 
of sernm. 

% ofD.R.C. 
on vol. basis. 

Appearance 
of serum 

f>n % of D.R.C. 
on \"ol. basis. 

(a With t% solution. 

Clear yellow 
Tnrbid yE-llow 4"2 
.Deep ~·ellow :Roccnlation 4 · 2 

4"0 

Picr,lc acid 

2"17 

1"70 

Tannic acid 

(b) With o·s% solution. 

Clear yellow 

Yellow flocculation 

Eaton, Dept. A gr. Federated~ Malay States, Sp. Bull, 1912~ No. 17, r7. 

(a) With 1% solution. (b~ With o·s% solution. 

Dark violet, turbid 4·5 2"~6 Dark violet, turbid 4'5 I"g6 

2'05 

to r'8g 
" 

to 
Flocculation 0"43 

4"3 c{)'68 4"4 

* T.,atex was received at different intervals of Hwe and hence the fll!ctuPtions in b. R, C. 

2"10 

1"82 

I"U 

r·os 
z·oo• 



Vol of 
coagnla.tit. 

1 c.r. 

3 

4 

Standard 

COAGULATION STUDIES oF LAtEX C. Gll..tNDJFLOlU 20? 

Appearance ('u 
of serun1. 

lal With 1% solution. 
Flocculation 4·6 

Turbid 

" 

4'5 

4'4 
4'3 
4.3 

TABLE V (contd.) 

l'hos(>lwtullgstic actd 

%of D.R.C. 
on vol. basis 

Val. of 
coagulant 

Appearance />a %of IJ.R.C. 
of serum on vol. basis. 
<b) With a·s% solution. 

Dark T1rrbid 4·6 

1'32 

1'89 
2'20 

4'49 

To latex (JO c.c.) was added with stirrin!1.40 per cent formalin in portion of o·1 c.c. A small pellet of rubber 
formed when o 5 c c. of the solution was added. Complete coagulation did not take place even after adding l c.c. 
but the latex thkkened. On diluting th.!mixture with so c.c. water, fiocculation occurred and the :Bocks formed 
the surface layer leaving below a cl~ar layer of serum. On stirring, tbe Bocks redistributed but did not 
coalesce together but stuc-k tog~ther after collect_ioa on a filter bed. The filtered mass. was washed and dried in 
an air oven at 90-95° and weighed 0'5300 g. (5"30%). There was no change in the hydrogen-ion concentration 
of the serum be! ore dilution. When this experiment failed, lesse:r concentrations were nsed and the 1 esults show 
that very dilute solutions of formaldehyde can bring about coagulation. 

2 

3 

4 
5 

Standard 

(a) With o't% solution. 
Brownish, turbid 

lllilky, turbid 

Formaldehyde 

Serum 

lb) With o·o5% solution. 
Brownish, turbid 

" . 

Serum "·as added to latex and the mixture was kept in boiling water for 15 minutes but no change occurred 
in the p, value. The results show that an increase in the \"olume of serum decreased the percentage of coagnln;, 
and according!~· lesser quantitieb of serum were used and gave better results. 

5 Milky 4'6 5"02 2'5 Turbid 6"&j 

IO 3'74 :ro 5'89 
20 o·xo 3'5-. 6·36 

o·5 Turbid 6·8g 4'0 5'78 
x·o 6•85 4'5 6'o6 

rs 7'21 s·o 6'6o 
2'0 7'27 s·s 5'43 

Standard 6"89 

Lemo11 juice.*-(Wildeman, ]. L'Agric. Tro:f;.,_1905 ,347) Latex (so c.c.) was mixed with 
lemon juice ( z c.c. ) which on keeping for 24 hours thickened but did not separate a coagulum, 
but on slight warming coagulated and the :Pn value decreased from s·o to 4'!;. The serum 
coagulated two further quantities of the latex. 

Curd.*-Sour curd was strained through muslin and 1 c.c. of tbisc was added to latex (so c.c.) 
The mixture thickened on keeping overnight and on stirring and gentle warming on the water-

* Note the Ps of latex and that of serum. The latex for these experiments wa~ obtained last winter 
(January 1943). 
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bath separated into a coagulum and serum. The p. dropped from 5'o to 4'7. The serum 
coagulated two fresh quantities of latex mote. 

Molasses.-Thick molasses (2 c.c.) was added to latex (so c.c. ). On keeping overnight no 
change occurred in the consistency of the mixture but after stirring and warming on the water­
bath for 15 minutes, the coagulum separated and the Pa value dropped from s·o to 4·5. 

Coagulation by Addition of Water 

Water was gradually added dropwise to latex (so c.c.) and on addition of 20 volumes 
of water ( r ,ooo c.c. ) flocculation took place and the particles coalesced together to form a 
jelly-like spongy mass leaving behind a clear straw·coloured serum. The gelatinous mass on 
squeezing, pressing and washing formed a membrane which turned transparent on dehydration 
at I00°. The Pa values for distilled water, latex and seru~ were 7'o, 5'0 and 6'2 respectively. 
Latex of C. grandiflora can be c0agulated with distilled water. (Dubose and Luttringer, 
"Rubber: Its Production, Chemistry and Synthesjs " Eng. Ed. by E. W. Lewis, rgr8, 
p. 127 ; Siddiqui et al., loc. cit.). 

The same behaviour is noticed by using tap water ; rz 'to r6 volumes are necessary for 
complete coagulation and Pu values for tap water, latex and serum were 7'5, s·o and 7's 
respectively. But when the latex was diluted with water and warmed to So-goo, .the dilution 
was reduced to 8-Io volumes. If latex is added to boiling water, then the volume is further 
reduced to 6 and D.R.C. percentages of 3'8 and 3'5 were obtained when latex ( xo c.c.) 
was coagulated with tap water ( 200 c.c. and 6o c.c. respectively), . s volumes brought about 

partial coagulation while 4 volumes of water produced flocculation and the flocks did not 
agglomerate together even on keeping in boiling water but stuck together when collected on 
a :filter and washed. 

Fresh and saline waters from the Estate ( Imperial Agricultural Research Institute Area ) 
and river and canal >vaters were used and similar results w¢re obtained. It may be pointed 
out that salinity decreased the extent of dilution while cold and ice-cold water had no advantage. 

In the light of results of laboratory experience, the water coagulation method was developed 
and submitted to semi-large scale trials. A quantity of latex ( 6'5 lbs. was diluted with hot 
water ten times). The latex set to a spongy mass which formed a sheet 6i x 4l x 7i inches 

weighing sl oz. 

Formation of a Black Substance on Coagulation with Water.-When latex is coagulated 
with water and the coagulum and serum are allowed to stand overnight a black substance is 
formed over the coagulum as well as the serum. The liquid obtained from the pressings of the 
coagulum is also rich in it. (0. de Vries, "Estate Rubber" p. 30.) The black substance imce 
developed on the coagulum is not removed on washing with water or acidulated water. Investiga­
tions on the cause of this revealed that alkalinity helps the formation of this black substance 
and acidity retards it (Zimmermann, Pflanzer, 1910, 6, I17 ; D. Spence, Gumni Ztg. 
I9lO, 22, I375 ). The coagulum after sheeting and washing if dipped for 15 minutes 
in o'o5% solution (acid o'os c'c. in tap water roo c.c. ) of hydrochloric. sulphuric and 
nitric acids remains white aud can be kept under water exposed to the air vdthout change in 
colour. The best results were obtained with nitric acid. The \Vater is to be changed from 
day to day, otherwise it will develop a foul smell and bacteria. A sheet of rubber was kept 
immersed in water for two months after this treatment it remained white. 
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If the sheet is partially immersed in water, the portion exposed to the air becomes violet, 
brown and :finally deepens in colour. 

Auto-coagulation 

When latex is allowed to stand for a few days at room temperature {48-3o 0
) auto-coagulation 

results with the separation of a white spongy clot of 
rubber and a clear reddish brown serum having Pn 
value 4.2. In a previous communication (]. Sci. 
Ind. Res., 1943, 2, 357) the PH was recorded as 4'6. 
The difference in acidity due to seasonal varia:ions 
may be.responsible for thisl. The coagulum when 
pressed into goo I sheets (Fig·. r) has good ten:.ile 
strength and elasticity and does not show any 
properties of deterioration or decompG_sition. The 
auto-coagulation appeaFs to b~ due to the chan~s 

of decomposition brougi1t about by enzymes, 
etc. present in the latex. An increase in the 
acidity and a shift of Pn value from 4'6 to 4'2 
further confinns this observation. In some cases 
when the latex is allowed to stand quietly in 
uncorked bottles, the surface of late:x turns violet­
brown and finally black and on it develop 

FIG. 1 

moulds with a yellowish colour. The same moulds developed in the serum when it was exposed to 
air and were identified as (a) Aspergillus fl.avus ovyzae and (bJ AsPergillus niger van Teiglum. 
A sheet of undried rubber when kept in water without changing it and exposed to the air 
developed a foul smell and the e~amination showed bacteria (Vernet, Bull. Marseille, rgrg, :1, 
n8) and spores of saprop~tic fungus like Cladosperring Sp. etc. Thus the change in 
auto-coagulation can be attributed to tl1e action of enzymes, micro-organisms and also to some 
other unknown causes. (Gorter and Swart, Meded. Rubber Projsta, Ja-va No.6; D. spence, 
Lectures on India Rubber, rgog, rg8). 

Auto-crea.ming.-\Vhen the latex is allowed to stand for a day or two its cream or suspended 
particles float to the surface leaving below a clear serum which can be syphoned off by a rubber 
tubing. The cream on separation forms a big clot of a spongy mass on dilution or washing with 
water. 'fhe cream also sticks by the agglomeration of particles when collected Oil a filter. This 
method is of practical importance and can be recommended for the coagulation of rubber and 
has the advantage that it requires less dilution for the coalescence of the rubber particles 
and also eliminates big coagulating equipment. (Flint, "The Chemistry and Technology of 
Rubber Latex" 1938, p. r67l. The only necessary thing is to find a preservative so that it may 
not develop any bad smell due to decomposition on keeping, or when transported from place 
to place. This work will form part of a separate communication. 

Coagulat.ion by Heat 

Natural Heat.-When a twig is cut the latex at the cut end dries up and forms a seal 
which can 'be pulled and the latex that fiows down coagulates on the ground. Similarly when 
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the whip is scratched by a knife or a needle th~ small drops of latex ooze out and dry on it in 
small globules. These are examples of coagulation dLte to natural heat. 

(b) ATlificial Heal. Dry Heat.-When latex lro c.c.) is warmed on a sand or water-bath, 
it begins to fonn a thin film or membrane on the upper surface of the latex at about 50 o, then 
thic~ns and gTadual and complete coagulation takes place at about So 84" leaving a little brown 
serum (Duboc, and I,uttringer, Joe. cit., p. I22). The Pu value of the latex remained unchanged 
!4 "6). This process is important when whole rubber is required. 

Smoking.-When latex is exposed to the action of smoke then it gets concentrated 

FIG. z 
Stuoking ch:imney 

Wire hangers 

Rubber sheet 

Perforated disc 

Fire place 

and impregnated with smoke acids 
and cresote oil etc. The impregna­
tion of the latex causes its coagu­
lation. (Dominikos, Gum;;:;! Ztg. 
1908, 22, 926 ; G Waldrom, India 
Rubber World, 1906, 36, r88) .. 
A smoking chamber designed 
in this Taboratory is shown in 
Fig. 2. It consists of a :fire.place and 
an upper chamber provided with a 
chimney and the arrangement for 
hanging rubber sheets. At the bot· 
tom the chamber is connected with 
the fire place with a perforated disc 
through which the smoke enters from 
the fire place to the upper chamber. 
The paddy husk was used in the fire 
place for producing smoke. Rubber 
sheets were also dried in this smoking 
chamber and suffered a loss of .31 

and 17% on drying in three hours' 
time. The less moisture content in 
the second sheet may be due to good 
pressing. The sheet after drying 
appears to have properties of cured 
rubber and a strip cut from the sheet 

can be pulled four to five times its size and has a very good tensile strength and elasticity. 

Moist Heat or Sicam.-Steam was passed in a beaker containing latex (zo c.c.} for 
three mh:lutes till the volume increased to 30 c.c. when a white coagulum and a turbid serum 
were obtained. The experiment wa!< repeated thrice. The coagula after washing and drying 
at 90·95° gave 6·6r, 5"9o, 6'o%. 

Coagulation by Centrifuging and Meclzanical Slzaking 

ShakinA;.-Latex fro c.c.) was shaken in a corked test tube till it. separated into a 
coagulum and a clear straw coloured serum. The Pe \'alue of the latex remained'unchaDgetl. 
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The D.R.C. amounted to 2'47% which was .comparable to the percentage obtained by 
coagulating an equal vo]UJ1le of latex with water. 

Cenfrifuging.-Latex (ro c.c.) was centrifuged in a rapidly rotating centrifuge when 
coagulum separated as a hard disc or button and came to the top withiu teu minutes. (D.R C. 
% of 4 observations were 5'5, 6'2, 6'3, 6'«'). The serum was turbid and on dilution with ,. .. ater 
yielded a further quantity of coagulum. (D.R.C.% of 4 observations were 1'o1 o'6, o's and 
o'2). The P~~ of the latex remained unchanged. This process can be used for the coagulation 
of latex on a large scale. fBiffen, Ke'Z!I: Bull. Misc. Information, rSgo, 179). 

Sepa•ation of Coagulum /?·om the Latex by Alpha-Alpha Separator.-A litre of latex 
was churned when a clear serum was obtained on feediug the latex a number of times. 
The coagulum stuck to the internal spherical balis and clogged the machine. The 
whole operation of the separation of coagulum was completed in ten minutes. This is 
also suggestive of the fact that a centrifuge used for sugar could be used for the separation 
of rubber from the latex on a large scale. 

Coagulation by Electric Current 

Current was passed through latex diluted with water by using copper electrodes when floccula­
tion occurred but a clea·r serum was not obtained. The whole mass became dirty yellow and 
finally on keeping turned black. With carbon electrodes the serum as well as the coagulum 
did not turn black on passing the current. Finally the current was passed in a U- tube with 
platinum electrodes when the ·dispersed particles began to move towards the anode and 
bubbles began to come out copiously at the cathode at which there was also deposition of a 
substance which first turned yellow and finally from brown to black. · The deposited matter 
at the anode even after keeping for a week remained white and came to the top 
in the limb of the ·U-tube leaving the clear serum below. The experiment indicates the 
charge carried by the dispersed particles of the latex to be negative. The PB value of the serum 
was 3'8 and so the change is a chemical one brought about by the changes of decomposition 
which resulted in increased acidity of the serum. I India Rubber W OTld, 1926, 15, 127; Trans. 
Inst. Rubber Ind., 1928, 4!, 343). 

Stages of Coa.gulation. (Beadle and Stevelf'S, Kolloid, z., 1913, 13, 217). 
I· Formation and SepMation of Cream.-The latex is allowed to stand quietly at room 

temperature (25-31°) or when it is diluted with water (4 volumes) the fine suspended partic!IIS 
of latex slowly separate out and begin to fioat to the surface. If the liquid is stirred 
the particles again mix with the serum and redistribute uniformly to make it latex. 

2. Separation of Latex into Cream and clear Serum.-The fine white particles of cream 
in (r) further agglomerate together and form bigger particles of cream and collect Qn the 
surface forming an upper surface of cream and lower layer of clear serum. The cream "can be 
redistributed and separated by filtrafion. 

3· Coagulation.-The upper white cream on touching with a glass rod forms a 
voluminous spongy and jelly-like mass due to the formation of a net·work of rubber threads 
and fibres by their crossings and recrol>Sings and the whole clot can be lifted bodily from the 
serum. At this stage when the fine fibres or threads of rubber unite together they 
are no more particles of cream which can be redistributed in the strum on shaking or stirring. 
The cause has not been examined but it is probable that the chan~re is brought about by ti1c 
disruption ofelectrical and molecular cohesive forces. 
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Co11jirmaiion of !he Results of CoagulCllio>l o-n a Semi·large Scale 

Tbe following coagulants were used to coagulate 1 pound of latex of C. grandi/lora in order 
to confirm the results obtained by coagulating ro c.c. of the latex. The following observations 
confirm the previous findings. 

TABLa VI 

Percentages of D.R.C. front r lb. latex 

No. Name of tbe 1\ mount of the ·Vol. of water in Wt. of D.R.C. % of D.R.C. on 

2 

4 

5 

6 

7 

coagulant. 

Hydrochloric add 

Nitric acid 

A.cetk acid 

Sulpb11ric acid 

Sodium hydroxide 

Ammonia (cone.) 

Pyridine 

coagulant. 

0'1075 c.c. 

o'o43 

0'4;) 

0'172 

0'43 g. 

o'86 c.c. 

0',516 

which the co. wL basis. 
agulant wss 

dissolved. 

43 c.~. 24'69 g. 5'74 

43 23'76 .5'.54 

• 43 ~6'93 6'~6 

43 ,z8'59 6·6s 

45 28'38 6'6o 

:1:3'05 5'36 

50 28'r9 6·56 

Cost of Coagulation.-Table VII shows the quantity of latex in lbs. which can be 
coagulated by one pound of the coagulant and its cost at present and pre-war rates and also the 
cost of coagulation of g~ tons of latex at present and pre war rates. 

TABLE VII 

Cost of coagulation 

Qttantity of latex J1i.i<-e of fuagulant. Cost of congulation of 

!'arne of coagulant. ('oagulated by 9-! tons of latex. 
r lb nf coagu-

!ant. Pre-war rates. Present rates. Pre-war rates. Present rntes. 

Rs. AS. 1'. Rs . .\S. P. Rs . .\S. P. Rs. AS. P. 

Hydrochloric acid 3Soo lbs. 0 0 6 0 14 0 0 3 0 5 2 6 
Sulphuric acid 1500 0 I l ~ 4 0 0 l!i 6 3ll 4 0 

Nitric acid 9250 0 0 4 3 4 0 0 I 0 Il 6 0 

Sodium h,·droxide 21\q 0 4 0 l 0 0 20 0 0 So 0 0 

!~ric add 21500 n 5 6 3 s 0 0 5 6 3 8 0 

Oxalic add .2150 0 s 0 ~ 12 0 6 0 0 27 s 0 

Citric add 2150 2 0 12 8 0 ll 4 0 125 0 a 
Caldum chloride 21500 1 7 0 2U '() I 7 0 2 12 0 

Sodium chloride 2150Q 0 10 0 I 2 0 o to 0 t 3 0 . 
Ammonium sulphate 215.10 0 8 0 I 4 0 0 8 0 I 4 0 

Aluminium $Uiph:tte 21500 I 6 0 3 8 0 r 6 0 s 8 0 

Alum 2150'..; ! 4 0 5 14 0 l 4 0 s 14 0 

t\cetic acid 200 0 10 0 3 l$ ... 67 3 0 416 0 " 
Formic add 300 1 to 0 u6 7 0 
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TABI.K VIII 

Coagulating effect of 'Various substa.ntes +t 
Quantities of coagulants in g. or c.c. and water of dilution per litre of 2-7 % 

Latex of Cryptostegia gra.ndifiora.. 

Coagulant in g. or c.c. /litre 

Name of coagulant. 

Vol. of water* in which the coegdant 
was dillflOlved 

r. Hydrochloric acid 
2. Hydrobromic acid 
3 Hydriodic acid 
4· Hydrofluoric acid 
5· Sulphuric acid 
6. Nitric acid 
7· Phosphoric acid (syrupy) 
8. Boric acid · 
9· Acetic acid 

ro. Trichloracetic acid 
II. Formic ac:id 
12. Butyric aeid 
13. Tartaric acid 
14. Lactic acirl 
15. Oxalic acid 
x6. Citric acid 
17. Lime water 
rS. Potassium hvdroxide::: 
19. Sodium carbonate::: 
20. Sodium hydroxide::: 
21. Quinoline t 
22. Aniline t 
23. Toluidine t 
24. Pyridine 
25. Alum 
26. Aluminium sulphate 
27. Calcium chloride 
28. Sodinnl chloride 
29. Atnmoninp:. sulphate 
3" Aluminium chloride ** 
31. Mercuric chloride"* 
32. Nid.-el sulphate*" 
33. Cobalt nitrate •• 
34. Lead ac-etate 
35· Co!W"r sulphate 
36. Zinc chloride *" 
37· Manganese sulphate 
38. Potassium ferrocyanide 
39· PotAssium ferricyanide 
40. Sodium silicofluoride 
41. Picric acid** 
42. Tannic acid ** 
43. Lemon juice 
44· Curd 
45· Water 
46. Fonnalin 
47· Alcohol (98 %). 
48 Acetone 

l\-linin1un1. Maximum. 

0'25 c.c. 1"0 c.c. 
o·so 3'0 
o·so J"O 
o·so 2'0 
0'40 o·s 
o·ro 0'2 
o·s r·o 
<."'05 g. o'J g. 
0'25 c.c. 4'0 c.c. 
o·sg. 2'0 g. 
0'25 (".C. 2'0 c.c. 
o·s 3'0 
o·sg. 1'2 g. 
I'OC.C., ;roc. c. 
a·s g. I'2 g. 
0'5 2'0 

roooo c.c. of N/25'5 solution 
s·6g. 5'6 g. 

rx·o II'C 
4'0 4'0 
20 c.c. 
20'0 

20'0 

o·s 2'0 
o·os g. 0'25 
o·os 0'25 
o·os 0'25 
o·os 0'20. 

o·os 0'25 
0 I o'l 
o'r o·1 
0'1 ch 
0'2 0'2 
.o·os o·os 
o·os o·~o 

O'I 0'1 
o·os 0'25 
o·ns 0.15 
o·os. 0'20 
0'05 oos 
l'o r·o 
1'0 r·o 

40'0 c.c. 40'0 c c. 
20'0 20'0 

6ooo 12000 
o·os o'2 

.'55'0 555'0 
1000'0 1000 

Minimum. 

100 c.c~ 

100 
roo 
100 
100 
100 
roo 
100 
100 
100 
100 
100 
100 
roo 
100 
100 

. .. 

100 
100 
roo 
100 
roo 
IOO 
IQO 

IOO 
IOO 
200 
100 
100 
IOO 
IOO 
100 
roo 
100 
~~ 

roo 

100 

Maximum. 

400 c.c. 
6oo 
6oo 
400 
200 
200 
200 
6oo 
400 
400 
400 
6oo 
400 
6oo 
300 
400 

400 
soo 
500 
500 
400 
500 

soo 
300 
400 

No definite rule can be fixed for th<' minimum nnd maximum dilution. A concentrated solution woultl 
require leoser dil11tion. The t1ble emb,dies the r"strlts of dilution found effective in this investigation. 

::: Di!ntinn wnnld dO'>pend upon the norma lit~· of the solution e.g. rooo c c. lime "·ater of N/25'5 strength art' 
reqgired to coagulate r litre of latex whil .. onl.v 10 <"•" of 10 N-~odintu h<·droxide solution were effective 

t Minimum and maximum quantities of th~ bnseR were not determined due t'o their immiscibility in 
water. 

•• Snbstan~es were not good congnlnnt• in the con~enlrntlons used. 
++ Coagulation st11tlies emiJr>tli~d in tl1i• inve~tiRntion "'~""' rlone mostly on latex hnving f>n 4'6 and 

collected from Pkhla plnntntions, Delhi, <lurin,:: the months of August and September, '943 and it "'"s notieed 
that seasonal \•ariations of tempt:rnh1t<- 1111<1 time ex<"rci~e o great effect in bringing about roognlation. I,ow 
temperature of willter monthslu1s o rc:-tur<lin,R effect while that of summer is fal'ourable for it. 

s-rsosP-ti 
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PTactical Recommendations 

The coagulation of Cf'yptostcgia gTandijlora latex can be brought about effectively 
by the following methods. The quantity of the coagulants required to coagulate one litre of 
latex are given in Table VIII and the details of the method in the exp(;;rimental portion. 

I. Water coagulation method. 
2. Auto-coagulation method. 
3· Auto-creaming method. 
4· Coagulation by chemical reagents. 

(a} By mineral and organic acids. 
(b) By alkalis and pyridine. 
(c) Salts: sodium and calcium chlorides, aluminium and ammonium 

sulphates and alum. 

CONCLUSIONS· 

I. Ccagulation can be brougut about by methods which are physical and chemical in 
nature; The chemical methods are suitable for the coagulation of iatex on a large scale. 

2. The latex coagulates at a Pn range from 4·2·7·5. 
3. The range towards Pu 4'2 is reached by adds and acid salts. 
5· Coagulation when effected by chemical reagents, by auto-coagulation or by passing 

electric current is always accompanied by a change in the hydrogen-ion concentration of 
the latex. 

6. Dilute solutions of alkalis, acids and of some salts give very good results. 
i· If the quantity of the coagulant e~ceeds the minimum amount required for the 

coagulation of latex, no coagulation occurs and the latex passes into a second phase or zone. 
8. When coagulation is effected by shaking, centrifugiug, by the· application of dry 

heat or by adding alcohol and acetone tbe Pu va:ue of the latex remains unchanged. 
9· Coagulation is also brought abont by reagents used for hydration and dehydration 

and for precipitating proteins and also by micro-organisms and enzymes. 

Our thanks are due to :r.fr. J.P. Anderson, Contrpller of.Rubber, and Major H. R. Walden, 
Deputy Controller of Rubber and Offirer-in-charge, v.,.·'i!d Rubber Section, Department of Supply, 
for the facillties and financial assistance for carrying out we rk on CTyPtostegia grandifiora and 
other agriculturallaticiferous plants in order to find out substitutes of H e'Vea brasilie11Sis. 
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