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Sedimeotation Volume aad Vi•co•ity of Pure Clay Minerals 
and their Mixtures as laftueaced by the Addition. of 

Quaternary Ammou.iam Compounds 

S. K. ldakheriee and S. K. Chaktavarii 

In vio:w uf the bigb ad10rbability or quaternary ammonium compouodl by the coflaidal dayt the 
illtenction between thi!Dl al been 1tudleclln conJiderable detail• particularly in ~ation to: (l)adwrptiDD, 
(ii) 111bility of the colloidal clays, (iii) elccta"DCh!"!'Eiical and ~trOidaetic ~. (iv) sedimc.ntatiozl 
volwne, and (v) viiiColily change1. 

l..arge-•i:.e alkyl qUaternary B1111110nium molecule~~ an: absorbod a• ruc:b Ia addi.tioa to lh.atc: that enta
br a~:hangc rcactium. The smaller quaternary cation• bcha~ in the umc way all the inorpnic cation•. 

The aedimentation volume or tbe clay miJieral• attain• a ma"':imum value (MSV) at a C:ODCeZI.tra· 

tlan of quat~ary ammonium compound• equivalen 1 to 7 ~% of the bue change capacity of the clay. 
f'llrtbl2 addition after the maximum lead• to c!uuge-rt:venal a1 •bown by the lteta poteDiial ~m. 
A~ this point the 8oa:ulated DULn begin• to deftoaulate. The va1uc of MSV roD- the Ol"dcr: IIIDII.IID:Jril. 
blite> illiL~ mica> k:lolinit~. For a binary milr:Lure of taolinite ud montmorillonite:, MSV il propor
tio.W to the Content of montmorillonite. 

Tile viSCOiity of aqueou• clay IIUipen~ions increaus on the addition of quaternary ammonium Com

. poll.Ddl reaching a maximum corrc~p~~ading to nearly 80% b.c.c., The pos1ibil.ity or •eparation of binary 
mb:~· or clay m.incrab based on the above obllerYI.tio:nl bu been indicated. 

A knowlodge of t.b, precise nature and oontent of tho clay mineral is of 001lSideE"&ble 
importa.noo l:.o Boil studies. Almost a.U of the convontiona.l methodt!. of id.ent.i&l&tion a.nd 
oharaoterisation of the clay minemb havo their limitations and without the combination 
of two or more methods a. definito inforonooClllil hardly be mado. A new chapter has l1l081ltly 
boon devolopod in the studios of cla.y minoraiB based on the interaction of organio com
.poonds with the day minerals1

• 

Sedimentation volume is one of the ohar8(lterilltic properties distjnguiahiog stable 
from flocculated ~nUpellBioDII and hall therefore been mea.IJlUed in great detail along with 
oilion IIUch u pH, zota. potont.ia.l and vi80ollity of clay aols in order to follow the Il&ture 
and extent of int.era.cllion of clay& a.nd their mi:rturea witJ1 quat~ a.mm.onium oom
pounds. In a. stable Eltl.llp6nsion, whoreo sedimentation is slow, the sediment ii likely to be 
very dense. A flocculated system, on the contrary, IIOd.i.ments more rapidly owing to 
aggregate foi'IIl&tion, and the llediment is U908llybulkt'. This Q896ntiallyme&IUI tba.t aedi
!llellta.tion volUIIle d.epondB on the ra.te of sedim.oo.ta.tion, whioh is also determined by 
p&rticl~ size of the lltl8p8II8ion. Thus, coarae particles may be too b..e&vy to allow any loose 

1. Grim, R. E., "Clay Mineralcgy'", McGraw Hi.U Book. Co. Iuc., N.Y. (1963). 
z. ~' H. :R., "CoiJoid Science", ~ PublidtinB Co., 1952, 
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pocking, a.nd witll vor;r fino colloidal pn.rtiolOI! lledim&nta.tion of the ~b· 1yatta mayha 
on6n BlOW. 

'l11oinHuonM (ohtabili~y \lpon the a~limcn~ation volumeha8alre&dybeenr8QIID;.t 
and a.:ppliod to HOil euUnid hy Ehronhurgl. K.Iuyt and TroeJ!tra• UBed the I!Ddlmmltaeioa 
volume to dilrt.ingu~h bot:wt'l-'n sevoro.l grades of stability of nesa.tive Agl aole in~ 
hr K .. , Ba•+, Alt-1'1' n.ncl Ag'. Vt!Ay litt.lu work !Along this line has been dane usiD8 mpDie 
o luotrolytee. 

Thn impurt.w•r.e or dotonnining the volmnca of the ll.oaa obtained by t.he addition-
a.n~· el~t-rolyte (,,_. ditlanmt oln.ys a.nd day mioeml mi:zturCB ha.a abo been 1eoogoiled by 
Wiklo.nW.1r llilCI. Audorauns. 

EXPERIMENTAL 

0.0: to 1 fL fractions wore Sl'J.MU'Il.LOO rr •. m. lllay minernlH Cl)nt.a.ining kaolinite, mom· 
rnorinnnito and illito n.ucl wuro lroat-td with u.o .. t.o dcJ.!Lroy the organie matt«. if lnf-
1\lioa. ruRpan~ion was tbflot. of aoor~ [KI.ft.idtll! (liJt~~oiued hy grinding and sieving throop 
1«10 mO'Ill ~ievo. 'l'ho SUR}INllliuml Wt>ro o:.vnvortocl to H fonna by electrodia.l)11il. Tbe bue 
ez~·ha.ngo Lall&{.ity wa.11 dot.t-1"111iued by N. Ba(:I 11 -Da (OH). melhodll. Binuy m.ixtnrellrln 
preparod in the lAboratory from tM IJII.lll}JIOK de-:teribcxl jn Table I. The b.e.c. valuel~ro 
a leo recorded in the Ta.Lle I. 

[)cxriptionof:sampkll 

1- A.q11a-gel (AI]- M.)-An 
American J)l'oduct 
from bdltonilc 

2- ~mahal IC.aolin (R. K-) 

3- Fithian nliae 

TABLE I 

Soura: 

Ana.m Oil Co. (India) Ud. 

eal.:utUl Mineral SuPPly 

Ulinoil, U.S- A. 

Kaoliwte 

Jlli.te 

b-c.c. of0.5-l!llbe 
lrac:LiaD (m.r/1 Oils) 

109.5 

5.7 ,._. 
•- Mica Indian S~t Mica Ma.r.acovite ( -100 Dtl"'oh) 11.4 

•on the basi1 of x-ray examination, D. T. A., and latt~ compollition. 

The following reagent.a used in the prC!<Ont luve~:~t.igo.trion were further purified by•ither 
repe!!.t-ed ccya;tallization or dilltiUatlou. The names and abhrevia.tions UBed of the quater· 
na.ry componnlh o.re llt&ted below: 

CTAB- C.,t;yl trjmathyl ammonium bromide (Eastman Kodak Oo.} 
CEDAB-Cet.yl ethyl dimethyl amm.onrol.lll bromi<h (Eaatma.o. Kodak Co.) 
CPB- Cetyl pyridlnum bromide (City Cbom:ieal Corporation, New York) 
PrAI-Pheoyl trim.et.h.yl ammonium iodide (BDH) 
THAB-Tet.r&!Mthyl ammonium bromide ("FestJnau Kodak Co.) 

5- Ehn:nberJ, P., ""Die BodeD K.olloit3e"", Srd Ed. DreldeD, 1922. 
4, Knryt, H. R.-, and Trocllb'JI, KtlMl a-. ~. 1949. ~ 225. 
S. Wiklaockr, L, aud A.llderloD. E. L. MI.~.-..,.. R-., 1959, 5o 2. 
6- Nitra, JLP., Mukbeljc:e. 8. K. &l1d Jllltc:hi, S. N-, ~ 3· .d,:rU. &i., l!MO.lt. SOSO. 
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TMAOH-Tetramethyl ammonium hydroxide (Eastman Kodak Co.) 
CT.AOH-Cetyl trimethyl a.mmonium hydroxide (prepared from bromide by exchang

Ing in& oolmnn of Ambedite LR.A.IIO in the OH-form. 

St&nda.rrl 110lutions of the bromide and iodide reagents were prepared from vacuum
dry samples a,[J(lstanda.rdised by estimation of the C oontoot and/or aondactometrio titra
l;ion wit-h A~NO!. The hydroxiclbs weTe a.nalysed by titra.tion with Bta.nda.rd a.cid. 10 m1 
ofthe woll d ispef!!Od hydrogen ola.y ( 1 .0%) wa.s ta.kon in 86Clb of a. aeries of graduated oylin
daE'!I of eqtml dimeMioDB, and different amounts of the quaternary oompounda were added. 
Tbe tota1 v1Jumo was made op to 20 ml with water. The mi:riun,s wore thoroUghly 
shaken and a.lluwOtl to stn.ad undisturbed for 24 hours. After t'h.is the !IOdiJIIIIIltation volume 
ft!' read oft. nt. tho same tirno noting merely the state of floccula.tion and d68ooco1ation. 
Th!t I'OKnlts ohLa.inod with muntmurillonite-(.'TAB sr-rtom are given in Tabk. II, a.s typical 
of theaa mo~mr,unoniB. 

TABLE II 

Sedimeutation volum~ of a binary mi:or.tu~ of c:la••: R.K. •AqM-1 :2, with C'I'AB. clay CoDccntra· 
tioa -o.5-'Ya. Total volumc-20 m\. 

m . .-.% 
CTAB 

I. 0 
2. 5 
3. 20 
4. 40 
5. 55 
6- 75 
7.100 
R.l71 
9.228 

S. V. (ml) .rter 
2t boun 

0.5 
6.5 

10.6 
ll.O 
13.0 
13.0 
6.4 
6.4 
6.4 

2.&3: partial •low coagulation; 4 & 5: rapid coagulation; 6: Rapid coaplation wilb slirht dilpe!Wion; 
7,8 & 9: dilpel'lion in~.e• gradually. •See Table I. 

For tho moosurement of cataplloretio Kpeed, and hence of zeta potential 20 ml 
0.1% clay t!Uapollllion and 20 ml of tho ol~trolyte were mizod o.nd allowed to llhake for 
6 hours in a mO<"hanic:o.l shaker. Tho meo.B"wrement waa done a~ room temperature taking 
the umal precs.utiuns in a flat rectangula.r type of 'ell uiiOd by Freandlich and Abramson.7 

For visoometric studies equal volume" of H-clay (1.0%) and aqueous solutions of 
the organic raaotant& in varyi~ concontiations were taken in stoppered Jena bottles and 
the mixturea were allowed to equilibrate for 24, hours. Tho viaoosity of the mixtures wa.s 
Lhoo. determined at 30°C ± 0.5 with the Ostwald vi860meter. 

The experimental data on the above mea8Ul'Qments are gra.phica.lly presented in 
Figs. 1 to 7. 

RESULTS AND DISCUSSION 

It has a.lrea.dy boon demo.nstratad8 that the 1:\llJ.ount of total acid hberated from 
H-clay is much 16118 than the amount of organic compound adaorbed u caloalated from the 

7, Abram110n, H.,J. Gm. P1!1rioT, 1929, 12,459. 
8. Chala&varti, S. K., :J. Irtdiml. So&. Soil sn., 1957, 5, 85. 
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oarbon oontent. 'lb.e aimulta1190UII ademption. of bromide lon by the al&ya lllggnt.a ~ 
IOID.e salt moloot:~Ias a.s suah are siBo a.deorbed. 

t 7 

tJ 

(A) 
~ R1411"fA14JU. KAOLIN (R-KJ 
b. lf.K.: /tlqlf ;r :1 ; 1 
c. .,. .. 1: 1 
ct.. ... .. t :2 \ 
e. Aqu.s-Get ( A"f·M•.t 

80 100 120 140 

m.e. o' C.T.A.S. P£11t fOOqm. CLAY

FIG. lA. 

m.e. o~ C.P.S. pEIII fOOqm.CLAY

FIG. lB. 

II; will be ot.ened from. !'lp. lA, 1B that the aedi:menta.tiQII. volmae atta.tns • ~
mum nloe at a ooiUleD.thtion ~ to &bout '16-80% of tho b.e.o. of the~~ 
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The &aeending portion of the Clll'VflB OOtre&J?ODds to the gradual replacement of the hydrogen 
ion by tho la.rge organic oa.ttons and to the ai:m.ultaneous. diminution of the zeta. potential 
ca.UMd. by a. auppression of the ionia atmoaphsm. The descending portion of the ourvea 
oorresponds to ohlll"ge·reversa.l a.s &hewn by the zeta potential mea.surement also (Fig. 2). 
Cuneequently defioocula.tion takes place on further addition of the quaternary compound& 
after the maximum. 
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The rovorsal uf zvta. pot-ontial can only be uplainod by a coo.aidaration oft.h6 varia
tion of tho potential in the double layer. Thia variation muat be oatued by a strong adaor· 
babilit.y of the iona in question or of the produats of their hydrolyais. In the case of the 
quaternary cat.ions the strong adsc::ba.bility ia probably the more pred.omimmt flltltor. 
The adst..orbed .La.yer must bear a higher charge than ie preeeot on t.b,e ,.11, so t.hat i.a tho 
outer part of the double layer the charge (a.nd the potential) muat be reversed in orde.r to 
maintain eloot.roneut.rality. The strong a.dsorbability of theae aationa iB also evideo.t from 
t.b.e oonductan.oe mea&Ul'tiiD6nt as well as the oa.rbon (ontentl'.' 0

• 

The linear plot of tl:e maximum aodimentation volumes a.ga.inst percentage mont
morillonite (Fig. 3) clearly !!h.ows that it ia poasible to determine the proportion~ of a. bi.aary 
mixture from these group~~. A similar correlation between b.e.o. a.nd viscosity of bina.ry 
mi:rluree and the proportiun of e8ICh bas been a.ln:lad.y been reported",'1

.'1. 

The above results strongly suggest t.hali by working at or nea.r the ma.ximum d.i
.llerenoe in sedimentation volume orzeta potenti&ls, the two oompollflnt.a may be separated 
more or llli!B completely from their miJ:Luree. A sepa.ration of the compouont clay minerals 
from t.h.e binary mixture based on the above principles has bean snooesafully oarried out'"· 

The variation of aedim.entation volume with the addition of alkyl ammonium hydro
xides to the cla.y minerals is depicted in Fig. 4. The difiert~nee in tb,e behaviour ofTHAOH 

g. Ohaknlnrtl, s. K. Iiid, 1959, 7, 27. 
10. (]hakmvarti, s. K.. sn- t1llf[ Clll.t.rtr1, 19.56, 22, 170. 
11- ChaknaVU"tl, S. K.-j. htJilm Sa&_ Sril. &i .• 1954, 22, 127. 
12. ChakravartJ, S. X.-Illid, 19581 6, 239. 
]3. Chahanrti, S. K..-1/tiJ, 19.57, 5, 65. 
Jf. Cbalaavarti, S. K.-(Unpublillhcd ~)D. NiL Tlwi61 Calcutta Uniw:nily1 19.59. 
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and a:I"AOH is }tarti\nllarly clMr from t-he graphs J and 4, and 2 a.nd 5. It -..a pteviowiy 
llhowu tba.t 'I'M~\ h!.lh~~ov011, owing t-o it;~ amallsizo, like the inorgan.io catJoo.l, whenu the 
lArglr orW'U.il'l 011-Liona aro mnre fi])Mifie in their int.eractions. Thua. the partidelllbow 
~hJU-~ I't''f't!J'Aftl with ( !TAOH wh id1 iH 8.Wtt1Tbod in l'l:l:ceM of the b.110.0 •• wtwJr.e DO lleb, 
chArge rovortJ&l i~ ol,~nod ,vlth 'l."M--\OH. PTA I interacts in B aimilazo mannc to TXAOH 
ers:eept thn.t ~ intemctiun ie alight1y Rf:rongnr t-owsrds higher additioas, ~"'bly owillg 
to thO pre~mnco of t-he iorlirlo ion, wh il·h hl\1! got ~ 11tronger flocculating power (af. ~ 
3 and 7). 

"' 

_ . .--· 
CZAY COoiC. lJ.~ t. 

I. R.K +T.I'tA.OII ..--
1./'f/J. • .. (C.Jr•~ 
,_...,,., + .. 

4 4. " +IO.Z:A.OII' 
,, !'fill. + • (A.~ I} 
o. 1"1/X., .. ., ( , .• 9:1} 
7. A1fH •P.1.A.I 

7 

.. ..,. q.IIgl-. ,._,.,.olfib/100 l"JS· J..7. 
FIG. 4. 

An e:tamino.tiun of the curvosl to 4: in Fig, 7 reveals that the viscoaity and Bedimen
t&tion vohunos of clay utinora.ls intttriJooting with (.'TAOH incre&JI8 to & maximum nine 
OOII'ellpunding t.o llt!Brly 8(J% h.o.c. 

fllabQugb a.nd c-.. ilbert-svn •s aLilllifll'l the inkrr&ct.ion of bentonite and organic amiDe, 
di.ami.ne and amino o.oida by viBC(Jllletrie o.nd ca.ta.phoretia speed mea.surementl. They 
obaerved that as tht! laminae bocon•e more populated ~o'ith organic gronpt, the miaellel 
become le~~~ hydrated and t.hero is o. COilllllqUollt shrinkage of the particle, thereby &he via
eoeit;y ofthe oolloidal ~ion il!l redueod. It waa observed that as H+ ioDII 81'8 :oeutra
lilled the vi110osity roach91!1 a. minimum and then pa.BBell a.brupt.ly to a. maximum correspoDd.
ing to approximately HW% noutra.lil!&tion of the mineral. Beyond this point an ex~ of 
amine had a.ppa.rent.ly no effect upon the viHCOHity of the system. Si.milal' depnaioa. 14 
viaoosity UB also been obB!ll'Ved by Chakravarti•• with aJsy minerals and their miU.U. 
w~ tmated with inorganic ba11e11. 

But aimilal' argu.meut.B do not aeem. to apply to the resa.lt.a obtained in the pre88lli 
investigation with large quater.D.My a.m.monium aompounds. Fig. 7 eoww tbU viaulit;y 
of kaollnite a.nd kaolinite minuree (with montmorillonite) pBMM tbroup a :mi!rlmv.m. Oll 

the addition of <YrAOH, whioh ooc.ueat. about lO% of b.e.c. of Lhe olaya; a eim,llazo miDi
mum ia oh.rved a.t 3.3% of b.e.o. of illite on tbe addition of Cl'AB. BeyoDd thMa coa
ee~~.n&tiOil the vi110011ity iilar'8UeB up to nearly the bal!8 11a.Wn.tion point followed b7 a 

15. Blabough. W. H. and ~. J. L, :J. P.p.. CIMa., 1951~ 55. 1151-
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deoreaso a. fterwa.rds. Binary mixturoa of ka.olin1t-e and montmorillonite &how two m&J:ima 
in tha villl'IOIIity ourve11, the first ~DlTeapondA to the b.c.c. of kaolinite and the ~econd to the 
average b.e.c. of the mixtnree. Unlike kaolinite and illite, montmorillonite ab.owa no 
mio.imwn in vi~teoeity ourve with CTAOH, bnt the viscosity inoroo.BEs up to the b.e.o. and 
e,i'tanro.nbl d im.iniaheB. At still hi~ COilCOOtration of the base the viBCosity tends to rise 
again. 

Similar variations in viscoltity as well B.ll sedimentation volume of kaolinite, mica and 
iUito may bo not.iced from the graphs in Figs. 5A, 5B and 6, respectively. The differenoe 
in. tho r,~~~o1 il.l'('8 of tho above viiiOOI!it.y CW"VIlll with tholle obtained by Slabaugh !I Ill. uaing 
aminal!, diaruinos and amino ac::id.B a.nd by Chakravarti•• using inorganic cations may be 
oxpla.inocl io the following way: 
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io"IG. 5. FIG. 6. 

All the exporimonta O&ITied out on the interaotion of cl&y minen.la with the l&rg11 
orga.nio compounds (also oompare Chakravarti• aud Figs. 5 and 6) show considerable sen
sitivity of the ~tiona. Almoat in ea.cb cue the ooncentratio:J. of the electrolyte for the 
6.rst visible coagulations of the oolloid isv&y small eompa.red to the total exchange capacity. 
The sedimentation volume is the aum 1iotal of the volum6111 of the a.ggrnpliee produced a.a a 
resu1t of Roocu lation. The latter ca.UI!OII rapid aettling bot the aediment is bulky bec:&use the 
particles pr~e the haph!l.zard positions in which t-hey touchod ea.ch othar for the firat 
time. A large numbM of water moleJules &re thereby enmeshed between the partilliM COD· 
lltituting the aggregates. Th'118, the volume of the aggregates will be larger tb&.n the IIUIII of 
the volumes of the individ11al particles. Vi&oo-;~ity of a. suapension being a function ofthe 
"aotive volume" of the diaporeed phaSe will jnoreaee with the addition of elact.rolytes 
up to tha.t corresponding to the ezcha.nge oa.pacity. B9yond the exchange oa.paoity, owing 
to chvge-reversal, the total volume of the di8p6f8ed phase diminishes and the villcosity 
alao decre.1.aeB. At still higher oonoentratioll8, however, the vi1100sity inor88ol!ell oooe again 
aa ftoooulat.ion oOCurB in the ZODe of positive oha.rge (e£. Figl. 6-7). 
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Fig. 7 a.l.so ahows that the b.e.o.'a oonMpOnd iog to the !800nd maximum in the aam. 
for mixturo& compa.rod wit.h the !ingle :ma.:rimum of th8 pure ela:yB &re -lleell to bear a liDIIIl' 
relatioWihip with the oomposi~ion of the mi:rlurM. A lrimilar oorrelatlon wu obloned 
in the oase of biMry mixture~~ of pwe clay miwnls uaing inorganio ~. 

t AqH· O.§t 

1- II IX ( R. /f.: Arf/f• r:l)· Ul 
1. .. r ·n)·o.~z 

4- R.K. • wz 

8 ~o~~a~-~~~,~o--~~=-~m=---~~~~~~~~-

ffl.t. fl' c.T.~.DH P£R 'OD 9'f«S Dr CL.4Y.-

FIG. 7. 

The enct state of ftoooulation and deflocoulation and their rela.tionahipa with Bedi· 
ment&tion volume ~~oro summariRed in. tabla 2 for UI'AB. Similar result!! have been obt.liDIMI 
with the other clay-organic ayttems. 

Du.u.'I'IIUT or AoRJCULTUU, 

UliiRIIIITY OP ClAI..aon'A, .AND 

DIU.&ftlll 01 CIII!OJNY, 

UIIV.DII!'!' or Noam Bu:a.u.. 


