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EfFect of TeD1peratare and Non•electrolyte during Mutual 
Coagulation of Ferric Oxide and Antbaony Sulphide Sols 

B. P. Yadava and Bupendra Kumar Verma 

Ba.rve and Jambotkar' o.nd Gore• stmlied the mutual coagulation of ferric oxide 
and antimony sulphide sols with reference to dialysis and periodic coagula.tion of sols. 
From the electron microscoJ>ic study of rnutuo.l coagulation, Bromberg et al.3 observed 
that partides of posith·e sol a.rlhored to tho threads or rods of vanadium pentoxide. 
Gupta4 IIAl•d dropping mt"rcury-clectrode l'apacity measurement in detecting the mutual 
coagulation. F .. rric oxide sol WBS coagulated by nogath·ely charged arsenic sulphide sol 
by Krishnamurti a.ml Karb<"lkar• and they assumed tha.t the instantaneous aggrega
tion of the primary partil·les of tho sol took place on mixing the sols. Hazel and McQueen6 

a.ttributerl the mutual l'oagula.tion' of sols primarily to the mutual adsorption of opposite
ly charged particles with an unequal distribution of the total charges. 

Prasad and Ghosh7 foull(l the stability ratio 'W' to decrease in presence of acetone, 
ethanol, aml gelatin for the same amount of coagulating electrolyte. BegS made studies 

oli!!ring coa.gulatioll o' copperferrocyanide sol by electrolyte in presence of non-electrolytes. 
~~~pt has boon made here to study the effect of temperature and non-electrolyte 
(forrna.mide) on the a\·erage velocity of mutual coagulation and consequently to deter
mine the stability of ferric oxide and antimony sulphide sols in their mutual coagulation. 

Procedure.-The details of the experimental procedure adopted here are the same 
as reported earlier". Tho dialysed sol of ferric oxide was used throughout the experiment. 
This sol (lOml) was mixed with the required volume of Sb,S• sol and water, keeping the 
total volume always 15 ml. Changes in viscosity during mutual coagulation were measur
ed after definite illlalrvals of time for I hour. The experiment was performed at 35", 
40", 45", and 50". The viscosity changes during mutua.! coagula.tion were also measured 
in presence of four different concentrations of formarnide. The average veloc.ity of mutual 
coagulation was obtained by dividing the total changes produced in viscosity by the cor
responding time in minuteR. The coagulation ch&nges h&ve been expressed in terms of 
viscosity (millipoise). 

llf!"!his JaK7711J!, 1961, ZB, 403. 
2. Kollaid Z., 1908, 160, 27. 
3. DaTt:l.a.d.y Akod. Na-.k, 8. 8. 8. R., 1951, 79, 281. 
4. Kolloitl Z., 1966, 141, 102. 
5. Soii.>W! "' Culture, 1963, 19, 37. 
6. J. Pl&j,o. 0Mm., 1933, lfl, 6l53, 671. 
7. Kolloid Z., 1961, 175, 1304. 
8. Ibid., 1967, 153, 164. 
9,-Yad&vll &Jid Verma, thia,T-1, 1982,39,326, 



88 B. P. YADAVA AND R. K. VERMA 

TABLE I 

Temperature effect. 

Cone. of Fe00 3 so1=6.064g. litre. Cone. of Sb.S3 so1=0.8 g.flitre. 
Fe.o. sol (10mi)+Sb,S3 sol+water. Total volume=l5ml. 

!lb083 ool. AVf!rAJ!e velocity nf ooagulation' per minute in term a of viscoeity 

3.0ml 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 

Bb,S3 onl. 

3.05ml 
3.10 
3.15 
3.20 
3.25 
3.30 
3.40 
3.50 
3.60 

cbangeo (millipoiRO) at: 

35". 40°. 450. 

0.042 
0.012 0.021 O.flol7 
0.018 ().027 0.064 
0.028 11.1138 0.074 
ll.IHO O.flfl4 

Nrm-etectro/yte effect. 

:Son-eloctrolyte: formamirle. Tomp.=31J". Other conditionE are 
Mme as in Table I. 

50". 

0.060 
0.074 
0.079 

Average velocity of •na.gulation per minute in • terms of viacollity 
•bangeo (millipoioe) on additioo of forma.mide. 

0. rol. 0.25 mi. 0.60 mi. 0.75 mi. 1.(10 mi. 

0.012 
0.018 
0.0:!8 
0.046 

0.021 

0.1148 
0.084 
0.128 

11.028 

0.062 
0.085 
0.147 

o.o.n 
0.07-l 
0.100 
0.137 

~ 
P.1:!8 
0.129 

A88uming tho changes produced in·viscosity of a sol during slow coagulation to be 
proportional to the amount of sol coagulated, the average velocity of coagulation can be 
expressed by the changes produced in viscosity. Table I shows that tho average velocity 
of mutual coagulation increaeee with the rise in temperature. At 35", when 3.3m l of Sb,R3 
sol is mixed with IOml of Fe.03 sol, the average velocity of coagulation increases from 
0.012 to 0.047 m.poise, as the temperature is raised from 36" to45". Similar increase in 
the velocity of mutual coagolation is obtained at other concentrations of Sb1S, .. ~ ~ 
raising the temperature, provided that the concentrations of Sb.S3 sol remain so adjusted 
as to cause only slow coagol&tion. At higher temperatures, the coagulation concentration 
of Sb.S3 sol decreases, whereas the velocity of mutual coagulation increases. 

Table II shows that. the mutual coagulation pro~eeda with greater velocityonincreas· 
ing the concentration of formamide, e.g., when 3. 3 ml of Sb.S1 sol is added for coagulating 
10 ml of Fe10~ sol, the average velocity of motual ooagulatioJl incroasee from 0.912 to 

( 
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0.147m. poise on addition of0.5 ml offormamide. Similar results are also found at other 
concentrations of Sb.S9 sol when the amount of formamide is increased in the congulating 
mixture. It can be predicted from these observations that the velocity of mutual 
coagulation will further increase on increasing forma.mide concentration. 

According to Hazel and McQueens6 , the mutual coagulation of sol is due to the 
mutua. I adeorption of oppositely cJmrged ]>articles with an unequal distribution of the 
total charges. The in~reased velocity of mutual coagulation at higher temperatures and 
concentrations of charged formamide means that the mutual adsorption of oppositely 
particles increases, causing a decrease in the stability of sols. Mutual coagulation can 
further be explaineo:l on Freundlich's assumption of kinetic theory of coagulation10

• 

According to this theory only those particles are coagulated, kinetic energy of which is 
grea.ter than the rritical Yalue. Tho inrroaaecl average velocity of mutual coagulation 
for Fe,03 and Sb.S• sols shows that those two fartol'll contribute the kinetic energy to 
tho coagulating parti<"lcs required for this purpose and as such they decrease the stability 
of sols:considcmbly. 
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