
Chemistry. - "On tlie viscosity of I'ubber in O1,dinary and in 
acidified benzene", By O. DE VRIES. (Communicated by Prof. 
P. VAN ROMBURGH). 

(Communicated at the meeting of May 3, 1924). 

Viscosity determinations regularly made in our investigations on 
the preparation of rubber led us to formulate the following three 
groups of factors as having an influence on the viscosity of 1 0/. 
solutions of rubbel' in benzene (benzol) 1) : 

1. By-substances of the rubber such as traces of coagulants or 
o1.her chemicals, sel'um substances Ol' their decomposition-products 
etc. These substances genel'll.lIy are also positive Ol' negative catalysts 
of vulcanisation; the,}' have an influence, therefore, on the rate of 
Cllre and the viscosity of the rubber, but leave the mecharlÏcal 
properties aftel' \'ulcanisation (tensile slrength and slope of the stress 
strain curve) unchanged. 

2. Physical or mechanical changes in the colloidal rubber maas, 
by which the chemical composition of the l'ubber remains unchanged, 
but Ihe consistency changes. Thése are accompanied by changes in 
swelling properties and in viscosity, but the rate of cure and the 
mechanical properties aftel' vulcanisation remain unchanged , 1n1.0 
this group have to be brought the changes caused by heating 
(oxidation being exclllded), plasticising and similar operations. 

3. Changes · in the rubber-hydl'ocarbon. These may be of two 
types, viz: 

a. the I'Ilbber contains a hydl'Ocarboll of 011ler composition; 
b. the rubbel' contains the nOI'mal hydl'Ocarbon but it is decomposed 

(depolymerised, oxidised elc,). 
The first case might perhaps furnish the explanation of the deviating 

pl'opel,ties of rubber from young trees, though proofs have not yet 
been producetl . The second case incilldes different forms of tackiness 
and decay, by which the quality of the rubber detel'iol'ates very 
much. These factol's no! on IJ' cause a marked decrease in viscosity, 
but also in the mechanical properties aftel' vulcanisation; the rate 
of cm'e is also sometimes affected. 

1) Archief voor de Rubbercultuur 2 (1918), 474; .Estate Rubber, its Preparation, 
Properties and Testing" (1920), page 592. 
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The differences in viscosity, which may be observed in different 
types of rubber, can nearly always be explained by one or more 
of the above groups of factol's; it is, of COIll'se, possible that there 
are still other causes of changes in viscosity, not enumerated above. 

To demonstl'ale that traces of different chemicais, as meant in 
group 1, may indeed influence Ihe viscosity in benzene solution, we 
made in the beginning of 1918 some pl'eliminary experiments by 
adding to 25 cc. of a 1 '/0 rubber solulion in benzene one or two 
dl'ops of aeetic acid, hydl'ochlol'Ïc acid, ammonia, formalin or watery 
solution of different salts. It was found 1) th at indeed Ihe viscosity 
increased Ol' decreased just as when Ihe same subslances were added 
to the latex or to the rubber, and that Ihe traces of these chemicais, 
taken up by the benzene-solution, influenced the viscosity to a 
marked degree. 

These findings caused W. A. N. EGGINK ") to make an exlensive 
sel'Ïes of expel'Ïments on Ihe influence of different electrolytes on 
the viscosity of rubber in benzene. EGGINK showed that benzoic 
acid. aeetie acid, sulphurous acid, mercurie chloride, hydrochloric 
acid and hydrogen slliphide decl'ease the viscosity, whiIe ammonia 
first gi,"es an increase and, in greatel' eoncentration, a small decrease; 
he determined the curves for different concentrations of these elec­
trolytes. In his conclusions EGGINK puts the question whether a 
determination of the viscosity of rubbel' in aeidified benzene lIIight 
not be of importance in the testing of rubber, because the rubber 
in sueh a solution is diseharged and only shows the viscosity eaused 
by its solvation, while the inCl'ease in viscosity cansed by Ihe electric 
charge is taken away. 

An investigation in Ihis direction seemed to us to be Yery promis­
ing; we in vestigated in the fhst place the way in which Ihe factors 
which belong to the above lIleant three grollps inflllence the viscosity 
in acidified benzene. It was fOllnd that the influence of ehemicals 
and olher by-substances (factors frOIIl group 1) may indeed be 
distinguished in a striking manner fl'om the factol's belonging to 
groups 2 and 3. 

1. Methodical. 

EGGlNK nsed for his invesligations one sample of pale crepe, and 
dissolved about 1 gram in about 500 cc. benzene (the exact rubber 

1) -Estate Rubber", paRe 573. 
J) Rec. Trav. Chim. Pays Bas 62 (1923), 317. 
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content of the solutions was evidently not determined j it differed 
somewhat in different experiments, as may be seen from Ihe differ­
enees in viscosity, bul will have remained in Ihe neighbourhood 
of 1/,°/,), The tests wel'e made at 25° C, For obvious reasons we 
prE."ferred 10 use sollltion of 1 '/.> tested at 30° C. aftel' the pre­
seriptions for viscosity determinations in nse at the Rubber Experi­
mental Stations 1). 

Hydrochloric acid was fOllnd. in EGGJNK'S investigalions, to have 
the strongest discharging inflllence j at a concentration of about 
11/,-2 millimol per liter the viscosity had decreased to a nearly 
constant value. We commenced OUI' investigations therefore with 
benzol-hydrochlOl'ic acid and illvestigated how the viscosity changes 
with largel' doses of hydrochloric acid than uaed by EGGJNK. It. was 
found that at highel' concentl'ations (we generally used concentrations 
up to 75 millimol hydrochloric acid per liter) the viscosity remained 
also constant j at. a concentration of about 5-10 millimol of hydro­
chloric acid pel' liter one is safely in the discharged zone, alld 
relatively large differences in concentration of hydrochloric acid 
have therefore no influence on the viscosity. We therefol'e chose 
for our determinations a content of hydrochlol'ic acid in that region 
and added, fOl' instance, to a solution of 0.4 gl'ms. of rubber in 
45 cc. benzene, aftel' filtering through cotton wool, 1.5 cc. of a 
0.15 Norm, solution of hydrochloric acid in benzene (sh'ength deler­
mined by titration in a large quantity of water), Ol' about 5 millirnol 
per liter. 

The use of benzene-hydl'Ochloric acid has two disadvantages, 
First the hydrochloric acid evapomtes rapidly and the solution 
decreases in strenglh e\'en fl'om t.he repeated opening and closing 
of the bottle for taking out a cerlain portion, It is therefore neeessary 
to check Ihe sh'ength f'rom time 10 time j when one takes care 10 

keep the hydrochloric ac.id content sutliciently high, tllis change in 
the dose of hydrochlol'ic acid is of no pract.ical importance because 
the viscosity at different contents of hydrochloric acid is constant. 

A second drawback is thai hydroehloric acid has a mal'kedly 
detel'iOl'ating influenee on the rul>bel'. Tl'aces of this acid, whieh 
remain in the dl'y rubbel' aftel' coagulation cause il to become 
taeky in a short time j EGGINK already pointed out that the benzene 
solntion of rubber even aftel' a short time showed a decrease in 
viseosit,V. ft was found that in the cil'cumstances under whieh we 
wOl'k decrease in viscosity is about 0.15 in five minut.es, By making 

1) Archief voor de Rubbercultuur' (1920)) 124; Ind. Rubb. Journ, 69 (1923),1197. 
17* 
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the determinations always in the same manner the error can be 
kept pmctically constant (the time between the addition of rhe 
hydrochloric acid and the fh'st reading of the time of flow is abollt 
3 to 4 minutes); we have not applied a correction for this decrease 
in viscosity in the preliminary experimenls to be described in 
this paper. 

Especially the latter point is a drawback of th is method of 
determination, We therefore invesligated whether with olhel' acids 
better reslllts might be obtained, Acetic acid easily dissolves in 
benzene, but was fOllnd to discharge Ihe rubber only at a much 
larger concentration (about 0.4 nOl'mal) and to have not so sure an 
effect as hydrochloric acid. 

We hope 10 continue the experiments wilh otller acids, amongst 
oUlers fOl'mic acid, but have restl'Ïcted ol1rselves in Ihis first investi­
gation to benzol-hydrochloric acid. 

It is interesting to draw atlenlion to the fact that the highest 
concentratiolls of acid (0.075 Norm. HCI and 0.405 Norm. acetic 
acid) do not cause tlle slightest trace of tIocculalion or coagulation 
in the benzol solution . In a watery emulsion (latex) of 1 °l. rubber 
content coagulation takes place at an acidity of 0.002 NorlIl. both 
for hydrochloric aud Beetie acid I). The ditference caused by the 
small degree of sol vat ion in water and the lar'ge degree of sol vatioJl 
iJl . benzene is very apparent, bearing Ol1t the explanat.ion given by 

KRUYT and VAN BUNGENBERG DE JONG '). 

2, Factors from group 1. 

As a first experiment we pl'epared, from portions of 100 cc, taken 
from one lot of weil mixed latex, a series of samples which, according 
to ttle conclusions we had formllialed, might be expected 10 show 
ditferenees in viscosity due 10 factors from gl'Ol1p 1 (coagulants, 
other chemicais, serum substanees and their decomposition products). 
These experiments gave the resnlls mentioned in table I; the amounts 
mentioned hold for 100 cc. of latex (undilllted or diluted). 

The "ordinary" viscosity shows the ditferences that were to be 
expected. The normally prepared con trol sample (4656 B) was 
eoagulated by 7 cc. of a 21/. °l. aeetie aeid solntion and cr'eped (as 
all ot hel' samples with the exceptioll of 4656 E and F) about 2 
hours aftel' coagulation in the ordinary way. This sample shows a 
normal figUl'e for viscosity of about 30. 

I) Proc. Royal Acad. Amsterdam, Vol. XXVI, p. 675. 
I) Zeitschr. phys. <':hem. 100 (1922), 260. 
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TABLE I. 

... mPI,1 Description 

4656 L 5 grm sodium acetate, 14 cc. 7'12 % ace tic acid 

F coagulaled spontaneously creped alter 1 week 

E 1 day 

" 
B control, 7 cc. 2'/2 % acetic acid 

" 
P as B, af ter crepeing 2 hours in water of 90° 

A latex diluted 1: I, with 4 cc. 2 1/ 2 % acetic acid 

G 21 cc. 21/2 % acetic acid 

H 1 grm of alum 

K latex diluted 1: I, 0.5 cc. 3.4 Norm. sulphuric acid 

Viscosity 

ordinary I acidified 

36.3 16.3 

34.5 15.9 

32.7 16.3 

30.3 15.8 

23.9 15 .8 

29.0 15.9 

29.0 15.6 

21.8 15.7 

16.9 15.7 

The highest viscosity was found in sample 4656 L from latex to 
which a large dose of sodium acetate had been added, and which 
of course needed a large dose of aeetie acid for coagnlation. Sodium 
acetate, as all alkaline sllbstances, causes an increase in viseosity; 
this increase is not nullified by tha effect of the double quantity of 
acetie acid. This, therefol'e, is an example of the addition of a 
chemical t hat gi yes an increase in viseosi ty . 

The next two samples (4656 E and F) were eoagulated spon ta­
neously (without acetic acid) and left 1 and 7 days respectively 
before being rolled. A deeomposition of sel'Um substances then takes 
pi ace, which gives an increase in viscosity. Compared with the 
control sample the above three samples show the normal differences 
in "Ol'dinary" viscosity, but in acidified benzene the figures are 
praetically equa!. 

When the freshl.v rolled erepe is kept for two hours in hot 
water, the viscosity decI'eases eonsiderably (sample 4656 P). Up till 
J10W one was in doubt whether this was caused only by an extraction 
of serum substances (factor from group 1), or whether a change in 
the colloidal state of the rubber caused by the temperature of 90° 
(factor from gl'OUp 1) had also been at work. The viscosity in aei­
dified benzene clearly shows that tha rubber itself is unchanged 
and that in this case there has only been an extraction of serum 
su bstances. 

Another example of a deerease in the amount of serum substances 
is pl'ovided by sample 4656 A: the latex was diluted with an equal 
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volume of water and eoagulated with 4 cc. of 21/s '/0 acetic acid 
pel' 100 cc. of diluted latex. The "ordinary" viscosity decreases 
somewhat, as usual, but the viscosity in benzelle-hydrochlorie acid 
remains unehanged. 

The last three samples show the infllleilce of aeids and acid 
chemicais. The use of thl'ee times Ihe ol'dinary amount of acetie 
acid causes a srnall decrease in viscosity; an ample dose of alum, 
used as a coagulant, gi\'es the Hsual low viscosity, whilst a very 
large dose of sulphlll'Ïc acid (about ten times the minimum dose 
necessary for eoagulation) gives a very low viscosÏty. Nevertheless 
the viscosity in acidified benzene is, in these three cases, unchanged ! 

Reviewing the figures in table I, the contrast between the largely 
deereasing figUl'es in column land the neady equal figures in column 
Il is very striking. Espeeially in the case of alum the result is 
interesting, because some investigators have supposed coagulation 
with alUIn 10 give an inferior rubber. It will b~ cleal' from table I 
that this is not the case; the rubber itself is unchanged. 

We prepal'ed a seeond series of samples to test fUl'ther the influ­
ence of the content of serum substances, by stl'Ongly diluting the 
latex. The l'esults are contained in the following table, 

Sample DiIution 

4801 A undiIuted 

B • 
C 

" 
D : 1 

E :4 

F I :9 

G 1 : 19 

TA BL E 11. 

121/2 % acetic ,I 

1 acid cc. I 

7 

Rolled 

day 

same 

1 nexl 

4 

4 

2 

1.2 

0.6 

• 

" 
" 

Vileolity 

ordinary aeidified 

41.9 19.5 

42.1 20.3 

43.1 20.3 

40.3 20.3 

38.5 19.2 

35.0 19.5 

35.5 19.0 

The first sample is Ihe con trol, prepared in the same way as in 
series 4656 but from another latex. Sample 4801 B was coagulated 
by the Rame amoun t of acetic acid, but rolled the next day; this 
gives a small incl'ease in viseosity. Sample 4801 C was also rolled 
the next day but with a smaller amount of acetie acid (a suffieient 
dose when rolling 24 hOllrs af ter coagulation) and therefor8 gives 
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a somewhat largel' viscosit.y. The other samples show clearly a 
decrease in viscosity as the dilution of the latex increases and the 
rubbel' therefore retains less serum sn bstances during coagulation. 

The last column again shows very clearly that the viscosity in 
Itcidified benzene is pl'actically the same fol' all samples. Whether 
the small ditferences from 20.3 to 19.0 have a certain significance 
or whether Ihey mnst be ascribed 10 errors of delermination can 
only be detel'mined by a more extensi"e investigation, 

The influence of traces of acid \Ised for coagulation is very clearly 
seen from the following example. 

TABLE lIl. 

Viscosity 

Sample Coagulant 
ordinary /acidified 

4862 A acetic acid, 5 cc. 32.3 16.6 

" 
B 

" 
10 31.4 16. 1 

" 
C 20 

" 
29.8 16 .0 

" 
D formic acid, 21f2 " 

31.1 16.6 

" 
E 5 

" 
30.0 16.6 

" 
F 

" 
10 

" 
27'3 16.5 

• G oxalic acid, 4 
" 

30.8 16.6 

• H 
" 

8 
" 

24.5 16.6 

" " 
12 19.9 15.3 

The latex was diluted to 20'1 ij ru bber content and coagulated by 
the above mentioned amount of '},1/, °l. acid per 100 cc, diJuted 
latex. 

An increase in the amollnt of aeetic acid gives the usual smal! 
decrease in "ordinary" viscosity. Formic acid is a stronger coagulant 
and gi Yes, in larger doses, a larger decrease in "ordinary" viscosity. 
The non-volatile oxalic acid gives a considerable decrease in "ordinary" 
viscosity. Tbe figures for "acidified" viscosity are, however, the 
same for all samples, showing that the differences in "Ol'dinary" 
viscosity are only callsed by the traces of acid absorbed by the 
rubber. 

3. Factors from group 2. 

Tbat factors from group 1 give a charge to the rubber can there-
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fore be demonstrated very clearly by a comparison bet ween the 
"ordinary" and the "acidified" viscosity. In order to investigate 
how the figures are affected when factors from gl'Ollp 2 play a 
role we made the following experiments. 

Heatin.q. Heating, provided no oxidation takes place, causes a 
disaggregation and weakening of the rubber without the quality 
really deteriorating and especially without the properties aftel' vulca­
nisation suffering from it. Viscosity and swelling properties, however, 
change very much, and it was therefore to be expected that the 
viscosity in acidified benzene wOllld decrease. This was indeed found 
to be the case. 

TA BL E IV. 

Viscolity 

Sample Description 
ordinary lacidified 

4656 B Control 30.3 15.8 

• P fresh crepe 2 hourl in water of 90° 23.9 15.8 

" 
M fresh crepe dried in vacuo at about 800 21.6 14.3 

4801 A Control 41.9 19.5 

• fre.h crepe dried 2 hours al 90° 35.0 19.5 

• Q dry crepe 2 hours at 90° 28.4 11.3 

Soaking of the freshly rolled crepe in water at 90° (sample 4656 P) 
has already been discussed above; the viscosity decreases but the 
rubber itself remains unchanged, as may be seen from the viscosity 
in acidified benzene. Heating the freshly rolled, wet crepe for two 
hours in hot air at 90° causes a decrease in ordinary viscosity, but 
the viscosity in acidified benzene l'emains unchanged (sample 4801 I). 
The still moist crepe is, in agreement with othel' obsel'Vations, relati­
vely insensitive 10 heat. 

When healing air dry ('.repe however, whethel' the fresh crepe 
is heated for some time in vacuo (sample 4656 M) tilt it is quite 
dry but a180 l'ather weak, Ol' whether the air dry ci'epe is heated 
in a drying oven at 90° C. (sample 4801 Q). the ViSC08ity in acidified 
benzene also decreases and the colloidal state of the rubber there­
fore changes. 
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There is no certainty, ho wever, that IJl these causes olie has ex­
clusively 10 do with a change in the colloidal proper ties, because 
a slight degt'ee of decomposition of serum snbstances is not excluded 
during dt'ying; the coloUl' of the rubber may darken markedly and 
the smeU changes. Oxidation could only be excluded with cel'lainty 
by repeating Ihe experiment in a closed lube filled witl! an inert 
gas. The l'esults obtained in these experimenls would therefore have 
to be controlled. The fact that the properties afler vulcanisation 
remain unchanged makes it probable that the rubber itself is not 
aft'ected. 

Plasticising. A second example of a factor belonging to group 2 
and causing a deerease in viscosity without aft'ecting the properties 
af ter vulcanisation, is plasticising or mastication. lts influenee may 
be seen from the following experiment: 

TABLE V. 

Viseosity 

Sample Deseri ption 
ordinary I acidified 

4801 B Control 42.7 20.3 

• M same, ereped twiee as long 39 . 0 18 .9 

• N " 
, 

" 
Cour times as long 24.0 14.0 

4801 F Control (latex 1 ; 9 dilution) 35 .0 19 .5 

" 
0 same, ereped twiee as long 30.0 18.4 

" 
p 

" 
, four times as long 11.5 13 .0 

4656 B Control 30.3 15 .8 

" 
C same, ereped very long (10 minutes) 8.2 6.3 

" Q dry erepe slightly plastieised (5 times) 22.2 13.1 

" 
R 

" " 
plasticised langer (10 times) 2 .1 2.2 

When continuing rhe erepeing and washing of the coagulum on 
the rolls longer than usual the viscosity deel·eases. As' the cause olie 
might consider a furlher l'emoval of serum substances ; but as the 
rate of cure does not decrease Ol' only 10 a small degree by th is 
prolonged rolling, we ha.ve in fOl'mer years .sought the explanation 
in a beginning of plasticising. The decrease of viscosity in acidified 
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benzene shows that tltis explanation was correct. When cl'epeing 
fol' a very long time, so that the crepe becomes markedly sticky 
(sample 4656 C) the viscosity in acidified benzene even decreases 
very much. 

When plaslicising lhe dry cl'epe on hot rolls, as is done before 
mixing in Ihe sulphllr, the fit'st live times of rolling, \Vhen rolls are 
still rathel' wide apal't (sample 4656 Q), cause a dislinct decrease 
in both viscosities; prolonged plasticising (sample 4656 R) causes 
both the ordinal'y and the acidified viscosity 10 decrease to a very 
low valne, 

4. Facto1's (rom ,q1'OUp 3. 

Di ffel'ent factors may affect rhe rubber so slrongly that a real 
decay sets in and Ihat the properties aftel' vnlcanisation also suffer, 
or even that a proper vllicanisate can no longer he obtained, One 
may, of course, expect th at these factors would also cause a decided 
decrease in viscosity in acidified benzene, 

As a fir'st example we invesligated the influence of sunlight by 
hanging a crepe prepared on Seplember 26 for about thl'ee houI's 
in the sun on Septem ber 27, 28 and 29, that is during the time 
the crepe was drying. The following figures were obtained: 

TAB L E VI. 

Vilcosity 

Sample Description Tested 
ordinary I.cidified 

4656 B Control 30.3 15,8 

4656 N In the sun 8 October 10.3 6.1 

lame, kept in the dark 26 • 9.3 6.0 

" 
, w " " " 

10 December 9.2 6.4 

w • " " 
10 January 8.6 6.3 

The figlU'es decrease \'ery much by sunning; when keeping the 
rubber afterwards in a closed box tha ordillal'y \'iscosity decreases 
still a little further, but the viscosity in acidified benzene remains 
constant. 

A second example of detel'Ïoration is prO\'ided by the tackinetls 
caused by oxidation when traces of a copper salt are present. The 
rubbel' at first becomes sticky and then grarlllally resinifies. We 
found the following figures: 
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TAB LEVII. 

~mPI·I - Description Tested 

4656 B Control 

46560 as B, 0.1 grm of CUS04 5 aq added to the latex 8 October 

27 
" 

16 November 

6 December 

5 January 

5 February 

Vilcosity 

ordinary I acidified 

30.3 15 .8 

15.6 9.3 

9.0 6.1 

5.8 5.0 

3.4 3.5 

2.3 2 .2 

1.6 1.5 

Thel'efol'e not only a mal'ked decrease dUl'ing the time the crepe 
hung to dry (26 Septembel'-8 October) but also a further decrease 
wllen keeping the el'epe between sheets of paper in a wooden box 
or cupboard, till at last the viscosity in ordinary benzene is equal 
to that in acidified benzene and one has no longer to do with 
rubber but with different resinous oxidation products. 

Traces of hydl'ochloric acid also attaek the rubber very severely 
and lead to tackiness and re6inification. Tlle viscosities were; 

TA BLE VIII. 

Sample Deacription 

4656 A Control, prepared 26 September 

4656 I latex 1 : 1, 17'/, cc. HCI 3.1 norm. 

Te.ted 

6 October 

19 

6 December 

5 January 

5 February 

Vilcosity 

ordinary I acidified 

29.0 15.6 

14.0 13.0 

13 .3 11.9 

9.6 9.3 

7.6 7.6 

6 .0 5 . 5 

Both crepes were dried iu the air in subdued daylight. The vel'y 
large dose of hydrochlol'ic acid used for coagulation (about 0.46 
Normal on the latex, i.e. weil into the second zone of coagulation) 
causes a decrease in ordinary viscosity to nearly the value of the 
acidified viscosity; in other words the trace8 of hydrochloric acid 
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retained -by the dry rubIJer were suffirient to discharge it nearly 
r.ompletely in benzene. DUl"ing the time the rubber hung to dry the 
viscosity in acidified benzene decreased from 15.6 to 13.3, and by 
furthel' keeping in the dal'k it continued to decrease, 

Rubber that contains t!'aces of hydrochlol'ic acid gels tacky in 
the light mllch qllicker t.han in the dalk We collected the following 
figllres: 

TAB L E IX. 

In dark In light 

Sample Description Tested 
ordinary I acidified ordinary I acidified 

4801 A Control, prepared 14 Nov. - I 41.9 19 .5 - -

4801 R Coagulated with 35 cc. HCI 
3.1 Norm. 28 Nov. 18.4 18.0 - -

5 Dec. 18.1 18.3 14.8 14.6 

12 
" 

18 .8 18.2 11.9 12.2 

19 • 18,0 19.0 12.1 11.6 

12 Jan. 11.2 17.3 6.4 5.5 

12 Febr. 17.2 15.9 3.0 2.0 

4801 D Control, latex, 1 : I, prepared 
14 November - 40.3 20 .3 - -

4301 H Latex 1 : I, 171/~ cc. HCI 
3.1 Norm. 28 Nov. 17 .7 17.1 - -

5 Dec. 18.1 16.5 13.9 14.7 

12 
" 

17.6 17.0 12.3 12.8 

19 • 18.8 16 .6 11.4 9.9 

12 Jan. 11.2 16.4 4.5 3.0 

I 
14 Febr. 17.0 18.2 4.0 3.6 

The con trol samples were dried aftel' coagulation in ordinary, 
sllbdued daylight., but the cl'epes coaglliated by hydrochlorfc acid 
were hllng to dry in a dal'k room, The viscosity, during the time 
of drying, decreased mllch less than in the for'mer experiment 
(tabIe VIII), but both viscosities had al ready decreased somewhat 
when the rubber was tested for the first time on November 28. 
From that date onwards half of the samples was enveloped in a 
piece of paper and kept in a weil closed wooden box and only 
exposed to the light, for ft. moment when sampling for the tests. 
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The other half was laid on a tabie, exposed to ordinary dayIight 
and even sometimes, in the early morning, to direct sunlight. The 
figUl'es in table IX each relate only to one determination, and are 
not avel'ages of two or thl'ee determinations as is the case with the 
figul'es in all the othel' tables j the errors of determination play a 
clearly visible role and cause in one case the ordinary, in anothel' 
case the acidified viscosity 10 show a slightly higher figure. The 
slow decrease in both viscosities when keeping in Ihe dark, and 
rapid decrease when keeping in the light is nevertheless clearly 
seen from tahle IX, 

Sample 4801 R, coagulated with tlle largest amount of hydro­
chlol'ic acid, shows nearly the same value fol' both viscosities, indi­
cating that the rubber in OI'dinary benzene was completely discharged 
by tlle traces of coagulant relained by it. Sample 4801 H shows 
neal'ly always a slightly higher figure fOl' viscosity in ordinary 
benzelle and was evidently not completely discharged. 

5. Otlter cases. 

Different fadors in preparation have a complirated inflllcnce on 
the properlies of the rubber. While in Ihe cases discussed above an 
explanation could ah'eady be given on the basis of eal'liel' experiment, 
and the factol' causing a change in ,'iscosily could be identified with 
a I'easonable degree of Cel'lainty, so that the conclusions drawn in 
1918 had only 10 be confirmed by the pl'esent investigation on the 
viscosity in acidified benzene, Ihere are other cases in which an 
explanation could hitherto not be given. We tl'ied to solve these 
points also by using the new method, 

Coagulation by healing the latex, for instanee, gives a rubber with 
a low viscosity. a lal'ge rate of cure and Ilnchanged mechallical 

TABLE x, 

f Viscosity 

Sample Description 
ordinary lacidified 

4656 B Conlrol 30.3 15.8 

H S coagulated hy healing 23.6 16.2 

4801 A Control 41.9 19.5 

• L coagulated by healing 29.2 20.2 
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properties aftel' vulcanisation. Generally a quicker rate of cure is 
accompanied by a largel' viscosity; that Ihe viscosity in this case 
shows a decrease might be explained by the effect of heating causing 
a decl'ease largel' than the incl'ease fl'om the included vulcanisation­
catalysts. 

The decrease in "ordinary" viscosity is in both rases very mal'ked, 
but the "acidified" viscosity shows no decrease and a fact.or from 
gl'OUp 2 has therefore not been at work. The hypothesis put up in 
former years was tllerefOl"e not the COl'l'ect one, and it seems tbat 
we have to do, in this case, with some serum constituent that 
decreases \'iscosity but rauses an increase in ra te of CUl'e, 

Complicated are 8olso the changes caused by coagulation with 
alcohol. One obtains a ~'nbber with a higher ash content, alowel' 
viscosity, a somewhat largel' slope of the stress strain curve (th at 
is a somewhat weaker vulc8onisate), an unchanged tensile strenght 
anct rate of cure. An explan8otion for this combinatioll of properties 
could not yet be given. We found: 

TABLE XI. 

Viacoaity 

Sample Description 
ordinary I acidi6ed 

4656 B Control 30.3 15.6 

• T Coagulated with 1/2 vol. alcohol 23.0 13.9 

480\ A Contro\ 4\.9 19.5 

" 
K Coagu\ated with ti2 vol. alcohol 34.1 19.3 

4979 A Contro\ 29.\ 15.6 

" 
K Coagulated with t/2 vol. alcohol 2\.8 14.2 

" 
L vol. 2\.7 14 .5 

The "ordinary" viscosity has therefore deCl'eased markedly in all 
three expel'iments by the coagulation with alcohol; the viscosity in 
acidified benzene decl'eased somewhat in two out of the three cases. 
The low-er value fOl' the "ordinary" ,'iscosity is thel'efore only partly 
to be ascribed to a higher content of electrolytes, Itnd is partly 
caused by a (not yet furthel' eXplained) change in the rubbel' itself. 

Rubber from matured coagulum (coagulum that is kept for some 
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time in tho wot state, resulting in a decomposition of sel'um 
substances hy micl'o-organisms, had formation of vulcanisation 
accelel'ators) of ten shows a very high viscosity and a somewhat 
higher tensile strength than ol'dinary plantation rubber, Some 
investigators hold the opinion that the inner properties of such 
rubbel' are beitel'; we have ascl'ibed the higher tensile strength to 
the fact that snch rubber vulcanises very quickly and thel'efore is 
expolied for a shOt,ter time 10 the deteriorating influence of Ihe high 
temperature of vulcanisalion. 

When delermining the viscosily of such rubbel' in acidified benzene 
one finds llormal figures. For inslanee : 

TAB LEXII. 

1 Viscosity 

Sample 
ordinary lacidified 

4329 AW 53 16 .8 

" 
BW 75 17.6 

4166 AW 65 21.1 

BW 61 112 19.4 

" 
CW 58 20.1 

" 
DW 53 19.3 

Oontrol samples of ordinary cl'epe, pl'epared from the same latex, 
were not available, bul it may be clearly seen th at the high ,'alues 
fOl' ordinary viscosity completely disappear when acidifying the 
benzene; the figures fol' acidified viscosity are the same as found 
fol' ordinal'Y snmples of rubber, so that the high figul'es may be 
ascribed to a change cEiused by tho (alkaline?) decomposition produets 
of serum constituents (proteins ?). 

Rubber from young trees shows strongly deviating properties, 
namely a low lensile strength and viscosity, a high figure for slope 
and a quick rate of cure. That the qualily of such rubber is inferior 
may be ascertained by pulling the sheets by hand~ the rubber is 
britllo or "shol't", bl'eaks more easily than ordinal'y planlation rubber. 

The viscosity was found 10 be: (See table XIII) 
The ordinary viscosity is therefol'e low, but the viscosity in 

acidified benzene is still considerably lower, so that from these 
figllres also it is cleal' that in such cases the I'Ubber itself is inferior. 
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TAB LE XIII. 

Viscosity 

Sample 
ordinary acidified 

3985 A 1.0 4.4 

" 
Bw 6.4 4.4 

4965 17.1 10 . 1 

5121 A-D 20.1 12.0 

4959 24.6 13.1 

We intend to continue these investigations extending them to a 
numbel' of othel' cases, and to compare the results with other 
propel,ties, such as plasticity, which (according to preliminary 
determinations) seerns to show a cel'tain parallellism with the 
viscosity in acidified benzene. 

6. Conclusion. 

From the foregoing it will be eIear that a determination of the 
viscosity in · acidified benzene, besides the viscosity in ordinary 
benzene, promises 10 become a valuable acquisition in the study of 
the factors that influence tlle pl'opel,ties of rubber. 

Whethel' this detel'mination may become of importance for the 
ordillary testing of rubber will have to be investigated further. In 
that case one very often has to do with first quality product, in 
which the pI'operties of the l'ubbel' itself al'e mostly good, but in 
which the content of by-substances (traces of chemicaIs, serum 
constitnents etc.) may vary according to lhe method of preparation 
and may gÏ\'e an undesirahle val'iabilily in rate of cure. In snch 
testing work the ol'dinary \'iscosity will gi\'e valuable indicatiolls, 
but the viscosity in acidified benzene will not show large differences. 

When, howevel', one bas to do with the lower gl'ades of rubber 
(for instanee the bl'own types), important infol'mation may be expected 
from the viscosity determined in acidified benzene, which will allow 
a more reliable corwlusion as to the quality of the rubber than the 
viscosity in ol'dinal'y benzene. 

When testing special types of rubber, prepared by other methods 
than those for tlla ordinary plantation product, the viscosity in 
acidified benzene will doubtless prove a very valuable asset. 

Buitenzorg, February 1924. Central Rubberstation, 




