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On The Siability and Electrokinetic Potential of
Ferric Hydroxide Sol

Nirmalendu Maitra

A fairly pure and stable ferric oxide scl has been prepared by 2 slight modification of Graham’s method,
with a view to ascertaining the existence of any relation between the stahility and elecirokinetic potential.

The true xeta potential found for rapid rate of coagulationis 30.7 m.v. and that for ferric axidegelsis
46.5 m.v.

A aystematio invostigation has been undertaken to ascertain if a relation between
the true reta potential and rate of coagulation, as suggested by Ghosh.’,® holds in the case
of ferric hydroxide sol. With this object in view, use has been made of the following
equations, which permitted the evaluation of true zeta potential of ferric hydroxide sol
for the rapid rate of coagulation and that for ferrio oxide gel.

(1) For Eleotroommosia: Ghosh' suggested the equation,
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where,{, = the apparent zeta potential,
[ == the true zeta potential,
8§ = the specific bulk conductance of the supernatant solution

anfl m= {li. (‘a’ represents the phase volume ratio of the liquid to solid form-
T

ing the diaphragm, “x” is the specific surface conductance and
‘r' in the radius of the particles.)

(2) For Mierocataphoresis, the expression given by Ghosh et al.* is

1 1 .1 2
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whero U, = The apparent mobility of the particles,
U= the true mobility of the part.mleo,
m = é_R where ‘x’ Iy the apecifio surface conductance and R’, the radins

of the particles.

EXPERIMENTAL

Preparation of the sol : Ferric Hydroxide sols can be obtained both in the poaitively
and negatively ocharged atates. Positively charged sols are generally propared either by
paptisation of a freshly formed gel ot by the hydrolysis of farri¢ salts of univalens aniona.
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A stight modifleation of the method of Grmham?, hoewover, furnished o hytrosol of tho
dosired quality.

To a FeCl, solution (80 gm. in 500 ¢.0. conductivity water) is addetl & saturated solu-
tion of (NH,),CO,. drop by drop with vigorous strirring nntil permanent procipitate is
obtainad. The procipitate in peptsod with a diluto aphation of FeCl, (12;). The volume of
tho sol thus prepared in marle upto one litro by conductivity water, By repoating the above
procedure. four litres of the pol are proparad and the whole lot in subjected to continugus
hot dialysin (45-55°) for 20 daya. It is colloctord in & Jens flask and allowed to ago fur 20
days before use. The snl ip psitivoly charged. Itn pH is 4.41 and the wpeaific conduetance
at 256° is 2.90 x 10~4 mhO/cm.

Equiconqulnting eoncentration of elecirolyies. Coagulaling coneentration of differant
elsctrulyten which are just sufficient to hiring about coagulation of a definite volume of the
Ferric Hydroxide aol in equal times are termad aquicoagulating concontrations and are
determinad in the following mannor.

2 o.c. of the 8ol and 2 c.c. of the elecirulylo solution are taken in neparaie clean and
dry test tubes. The clectrolyte (oqual volume) in first addod to the oolloid and tho mix-
twre poured back again into the first tubo 8o that the mixing is thorcugh. Any unneceswary
jerking is avoided and the mixture loft to itwolf for 158 minutes. If the colloid coagu'ated.
thore would be formed & sharp boundary, below which would be the eoagula aml above
which the transparent liquid. The minimum cong.ntration of the clectrolyte which just
caunes complote Hocculation of the aul. with separation of a clear meninous is taken os the
equicoagulating concontration. Trying with differont concentrations of the samo eloctavlyte
and repeating tho procem for other electrolytes as well, the exaot values of equicvagulating
concentrations aro found out. The fullowing cuagulants are used, KC1, K, 80, K, Fe((N),
and mixtures of KCI and K.SO,, and K,80, and K Fo(CN),.

Equigelating concantrations of electrolyfes: Rince Ferric Oxide sol seta to gel when &
suitable amount of electrolyte is added, soncent. ations of different electrolytes contain’ng
counter ions of different valency, which cause a given amount of the mol to set in a definite
time have been dotermined Thews concentrations of diflerent electrolyten are o I d (-
gelating concentratluns and are determined in the fullowing way.

2c.c. of the soland 1.5 e.c.of elootrolyto aro mixed with gach other as usual and allow-
el to stand undisturbod. The concuntrations of electrolytes which cause the sol to set in
16 minutes are taken as the equigolating concentrations. Thotime of ge'sticn is deteyniind
by carefully tilting the test tubes, containing tho sol oleetrolyte mixture slightly f.om
timo to tims. Tho vlsctrolytes used are KC'1, K.RO,. K Fo(CN), and mixtures of KCI
and K$,0, and K80, and K,Fo(C(N),.

Electroosmotic Experiments witk Ferric Oxide congula al 25°: A (efinite volume {25 c.c.)
of tho Ferric Oxide sol is pipotted into 4 elean dry bottle and to it is added equal volumo
of electrolyte of tho deaired concentration. After allowing the mixtwe to stand for 15
minates th coaguls are reparated from the supernatant rolution by contrifuging the mixiure
at a suitablo spaed (2500 r.p.m.). The entire coagula are then transferred into the T-iube
with a littlo supernatant solution and a diaphrogm is made therein by centrifuging the sys-

3. Graham, 7. Chew. Sac., 1862, 15, 149,
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temn at a suitable spoed (2500 r.p.m.) for 20-30 minutes. For a particular aet of experiments,
the volume of the diaphragm with the U-tube is maintained the same by adjusting its time
of rotation. This ensures the constancy In tho value of ‘m’ as.uming that ‘' remained
constant at the equicoagulating point. The U-tube containing the diaphragm is filled with
the supernatant liquid and electroosmetic velocity i@ measured by the moving air bubble
method of Mulkherjee ef al.¢

Elecirooumotic Experiments with a Ferric Ozide gel i 25°: These have bean preduced
by mixing 6 ml. of the Ferric Oxide sol with 1.5 ml. of the electrolyte solution of the
requisite concontration and sllowing the mixiure to set to s el in the U-tube. Eleetro-
cumotio experiments are now performed with the diaphragm of the Ferric Oxide gel, in
contact with the supernatant solution, having the specific conductance of the gel.

Microcalaphoreiic Erperiments with Fernic Ozide particles at 26°: The mobility of the
cylloidal particles was determined by means of & microcataphoretic apparatus, described
by Chakraborty and Ghoeh8. The micrascope with which the particles are observed in the
ooll carried a micrometer scale in the eye piece. With the help of the scale, particles of the
desired size cal be selected very easily. The average time taken to cover a given distence
{or dircot and reverse motion is used for caloulatton.

DISCUSSION

Fig. 1 represents tho plot of the reciproeal of the apparent zeta potential against the
reciprocal of the hulk epecific conductivity, (equation-1)at the equicoagulating concentys-
tion of the olectrolytes usod. It will be obeerved that the plot provides a straight line in
agresmont with the equation of Ghosh. For rapid rate of coagulation (time of coagulation-156
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minutes) the value of the apparent reta potential, ubtained from electroosmotic measure-
ments varies from 18.8 to 27.1 m.v. and the true zeta potential obtained from the inter-

4. Mukherjee, This Journal, 1927, 4, 493.
5. Chakraborly and Ghosh, Thir Jowrnal, 1963, 48, 425.
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€ept on the recigroeal of the apparent zeta potential axis is 31.3 m.v. From the valuo of the
true electrophoretic mobility U, (Fig. 2) tho true zeta potential of the Fertle Oxide sol,
m-t._h? presence of equicoagulating cuncontration of different electrolytes s caloulated
utilizing Smoluchowski's equation for electrophoresis. This is found (0 be 30.1 m.v. Tt may

MICROCATAPHORESIS OF
FERRIC OXIDE PARTICLES
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FIG. 2
therefore be conchidod that tho agroement betwseen tho valuos of true zeta potontial obtain-
ed by two different methods is quite satisfactory and the mean value 30.7 m.v. may be

taken to represent the true zeta potential of Forric Oxide &ol, in the zone of rapid coagula-
tion.

Since miorocataphoretic experiments are not possible with Ferrig Oxide gels. the zeta
potential of the gels have been meayured by electroosmotic method only. A plot of the
Teciprocal of the apparent zeta potential against the reciprocal of the bulk specific conducti-
vity (Fig- 3) vield a good straightline, thereby justifying the application of the equation-2

ELECTRO OSMOSIS OF FERRIC OXIDE GEL.
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of Ghosb, to the diaphragm of Ferrie Oxide gela. From the intercept, the tiue zeta poten-
tial of Ferric Oxide gel in the presence of equigelating concentrations of different electro-
Iytos is caleulated. It is found to be 46.56 m.v. Thus it may be concluded that the xeta
potential at which & 80l sots Lo & gel is higher than at which the sol coagulates, the time
required for gelation or coagulation being the same in each case.

Thus, & given rate of coagulation of the Ferric Hydroxide ol is characterieed by a

definite value of true zeta potentiel, which is indepondent of the valenoy of the counter
ions used.

The autlior expresses his grateful thanks to Prof. B. N. Ghosb, D.8c., FN.I, Depart-
wont of Chemistry, University of Calcutts, for the laboratory facilities.

DEPARTMENT OF CHLEMBTRYr
Univeraty oF CALCGUITA,

CALCUTTAD, Raceivad, Septrsnber 10, 1965



