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Though investigation of clay minerale may be traced far back
into antiguity, the clay mineral contept developed only in the presenmt
contury with the aystematie studies for the origin of the collotdal
proparties of cluy minoral. Conaldorable Success has been achieved
in the posd Tifty years in rogurd 3o the search for high puzity
slays and Lor evidences of thelr crystallinity. The atonle structures
of $he commen clay winerals have been deterained to o great extent
and applied to explain the propertics of the individual mezbers by
numerous invastigators.

Corrslation betwsen the strpcturss and the exchange proper-
198 of clay minsrale haa heen establiched from the important vesearch
consribntions of Pawling (1), Brasg (2)s Grunecr (3), Brindley (4),
Hofman (5), FMarshall (8), Wendricks (7) ani others Q’s—-’i;i}. Pirom
theme sfudies, clay nincrals are recognised to convist essentially
of two sbtepotoral units. One is anmgséa& of two Bhsote of cloaely
packed oxypens oy hydroxyle in which sluniniam or nagnesiun atoms
ard orrenged in the octahedral co-srdlnation so that they are egui-
Aotant Lrom six oxygens or hwydroxyls. Hith aiumialum in the nota-
hedral position, only two~thirds of the possible poeliions qre filled
£ balance the strueturs. It 18 then the gibbsite ﬁﬁr@ﬁm having
the foranls Slz{ 0H)ge When nugnesiun is preseat, all the possible
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positions are £illed to bolunce the structure giving the brucite
structure with the fmula Hzx{ ) g « The socond unik is the totra~
nedrally coe-ordinatsd silica. A 5ilieon aton being placed at the
centre of a vegular tatrahsdron is oguidistant Lron fﬂm.‘ OxyEZons

or hydroxyla. the silica totrahedra are joined togother in the as b
dlractions, through oxygen, to fops g hexazonal metwork :@m_u 1s
repeated indefinitely to form a shest of compmzi;gg 314@'3{*23?554 « The
- %ips of all the tetrahedra ard ia the Bsne direction. The strwiures
for gone %ﬁf the clay mineralo, uged in the ga‘x:asant inveetigstion,

are dlecusaed briefly bty wy of intyoduction. Their éiffﬁmﬁi:ei from
each ather and thely paculiaritien msmime Loy the special eul‘iaiu:‘
dal behavionr have al‘ﬁa wﬁn indieated.

nite ¢ The m}.iaﬁ:e 18 composed of o single silice tatra=
hedral sheet and a aingle almaiamm octahadral sheet. eanﬁmé m

a nni% 80 t%mt the tips of the silica tetrahedra aﬁﬁ; ons ot the

laysrs of the aetahaafml shest forn a conmon layer. ,é,il the tips of
the si‘liaa tatzaha&m geint in tha we direction sma tmra %bc
s:amm ef t&w unit Mﬁ of the silics and the octahedral ahﬁ@ta'

These shests which arve continuous i the as b direstions, are atmcked
. ons nhove the other in the c-directions. During aﬁa&king the omr@na .
of the tetrahedral Iayer are placed very olése o thw hy&mwls ﬁf |
ma octahedrel layer, so that $we shoels are held $ightly by hydro-

gen bonding and =5 & result of which very 1ittle exyansion ie possi~
ble in the c=dirvection. | |

fontmori1ionite s Aceording fo the czamxx%? accepted éﬁmégﬂ;;
mnﬁmrﬂimi%@ i gompossd of unite made of two @iliea fotrahedra




sheets with a ceatral aluminium ootehedral sheed, ALl the tips of
the tetrahedra point in the same dirvection and towards the centre
of the wait., The tetrahedrs) and octahedral Shests are coabined in
such o way thet the tips of the telrehedra of each silica sheet and
ons of the hydvoxyl layera of the mﬁéheﬁral shest fora a comon
layer. The atoms vomon €0 the tetrahedral and sctahedral loyers
bacone § instead of 0.

© . e nigersls of ¥rdg group ave also developed by stacking
“of thode unit ahests ane abovs the otter in the ﬁéaiéa&iaﬁ. During
s’eaamag, the O layers of ono unit are ﬁlaeaa elaaa 1&5 t&a ti‘c layers
' of the other uatt with aa gxosllent ﬁl&&?&@& he%waen i:'an wew&m
‘polay moleculom enn enter the ‘opacs botwesn the sheeﬁsa causing
expansion OF the nxis in the Mﬁan@i&n. Immvghm anhs%itutiﬁn
of bther watal jons foroi limm aod alusinion hy mn and Bagnosium
ig Pound du the ninorals nonbtronits mﬁ ﬂamni%a rea@ectmalg. Sub=

O atdtution dn the tetyahedval kzyer in mntmazinmim $alkies ;,ﬂam
- only S0 & isﬁ!ﬁse& axtents

yrsicntite 3 Altermste ataaking af‘.’ mie& smsi m‘&er layam ragmama
O the '@ai'ms.mznm stroeture. Iaamzsz@hﬁma rag‘»lacamat of a1 fox 31
“adwags bakes place m the %e&ra?w&ml I&yer an& mgla&emz&t of Ps
o Hg fop AT 1n the sctohedral hyerr is Iz’ma.taa. m mtaml verni-
mlit@, the uet resultant c.harge Mieiew is b&i wmoed prinarily
by 4% ang to some extent by Ca®. These lons are held o exchange-
abla foas in betwoon tve mien layers. It had gleo been Busgested
that thess exchangoable ioms are responsible for the orientation of
. water molesulss. The 382 + lon® are .@Wﬁ&ﬂ%-‘iﬂ actahedral grouping




wlt® eix water moleoules causing ﬁw exiatence of twe lgyers of
water molecules, but with K¥ dn place of Hg” 4 the thickness of
mﬁw myw is monomolocular. The c~axis expanslon is limited to
the thickness of two yrter no aanleag

Iaponite 5 Yaponits io a syntheiic clay of the hectorite varfety.
-ﬂm‘mﬂﬁ i3 & matavel nineral swelling eﬂ.ay and usually remalms
heavily contaminated with other minerals seeh % dolomite, guaris
‘%o, which aTe not essily removed. The deposite of waatorito are

. alao ‘13&:&‘5@;&9 A

. Taponite géa&i@as,_ for the first times; o reliehble consistent
aupply of Mgh vmﬁy smnmg ¢lays It has o mumber nf other iInnore
tant pm;mr%ies nod ;Eaurﬁ in ite pndural squimlm.

It 18 composed of mg&esim silﬁ,amw with a ‘*wer sirgoture
mm:» o mtaml ham;orim and is obtaina2d a8 & grenulare Ifres-
:tlmiag whﬂ.'m gw&w, Tha powdomr thixa%rsaie gola whep dis~
nereed in m’mr. Hectorite 1¢ tha trincta!seﬂml m;‘z,.mzmt of mont-
o morilicnites cud owes 18 charge to octahedral replacensnie of Hg by
Tl Ite struotural foraule is

%) ["%-m"m} - m‘@

l

The ehargc is ﬂf ths wﬁ&r uzf 08 Lo 9"? Memies pep aau.t el
aﬁmtm& fmwﬁa of iﬁa».uapmxim e ie 2
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In cersain I@em.ta gmduatﬁ there are no fiourine atoms in the
a‘hrmtm'm ”EW@ bolng mglaaa& by hydooxyl inps. The luyere are
abont 10 g *hizk and are oxienied into two dlwensions. If the
cations pregent fers only silicon and magnesiur a eindie luyer
could be elsctrieally aoutral. Howswer, since sone memiosiuwa s
sybotituted by lithium ond sone structural positions noraally
meupieﬁ hy these cationd may be undccunliod, theas Igyers hova &
negative aharge whick i mlamm by exchangenble anticns, aoraqily
goMum fong, oituatel ontside e strusinre bebtwsan the zultinle
Iaverda. ) |

Poually during czsvam't @mt:h, the %etmh@&m AYTE n@t sokely
ececuplod by sillcon. Alumindun may Buvstiiate for some of the tetra-
wedral silicon atone ond Pey T4y M, Oy and obloy metal lone of
sultable olze moy fconpy & paré of the ovluhedwal sltes. This imo-
morphous vepiscement of iope unbslmaces The overall sherge of the
eryatal lattice. in exesss negatlve chargs develops, which ‘iﬂ
balanced by cetions that ave retained on the exterual loyer silicate
 Burfacos. Those cations 2eges da’s X' %' and others aro move op
1688 exchungeable, depending on the m*zzvzéa of tha saplacing cations,
pature of the aasorbed cations and the masnituts sud Alstribution
af- the stroctural charge. They are held beiueen wuit layers sud binmd
the layers together. This gives rise $o the idoa of vation exchapge
capacity {ces.0) of the oluy mineral, which geans the totel mumber
of axchanzeabis tations thal ﬁ:!éa airsral can retain per 100 g

_ Ton exehange sorpbion of inwvganic &8 mﬁ,&l ar orinpic iane

is known o socur ia aiay minerals (18 ~ 19). The ovigine of eharge
of the olay lattice are belioved to be dus to lattice isporfections,
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m&m bonde ab the edges of -i;z«e particien anf exposed struwcturgl
hWyiroxyls in aﬂéﬁ.‘kiﬁﬂ 1o the iﬂmm&am gsabatitution alraaly sen-
| tioned. The negative charge op the cloy ninerals is compensated by
afuoration ﬂf'ﬂ&&%ﬁ.ﬂﬁﬂg The eounter lons are held on the ziernal
surfaces of the aggregates and batusen the ms.*; Inyere in cloys
which 8well in squecus Susponsion, whereas they ars sorbed only onto
the extomal surfacos in the non-owelling clay@. In mguecus Suspen~
elons somg of theoe oations remaln in o closely held slors layer; |
others 4iffupe ouay £rom the surfacs smd fom a Aiffuse double layor.
provided that they ave not £ixed by bolng enzazed in e strongs
ggpepific bonding wih the elay or being trapped betwean anit layers
that have w&l&me& tagat’ﬁr irroveorsidly Ciatt.ice collapse}s the
countor ions can wmdergs lon exehange with othor cations present
in the oyoten. The magnitude of the CeGecs 0f & clay mineral depends
Rargeiy on the typeo of ¢loy and $o a Jesser extent on the sonrece of
a particulor sample.

mxﬁ.ﬂss CeBotey the apacific surfeos area of a clgy ninersl
is another imporiant property that depends on the typa of elay and
also on the mothod of measursmont suployed. imong cloys of the same
typss the values differ Irom sarple to0 famplel the asture of the
coanter lons present in 'E% Bone sanple mey alao iafluonce the
moagured sSurfacs arco. The theoreticsd surface arens are calenlated
from the weights of the wnit cells, end thair dinensions ap inﬁicsﬁ:t&
by Teray diffraction.

Syotemptic sbtudien of vabion exchange.in pure cley minerals
were carrisd ouk by Page and Baver (20}, Bar ani Yenderloo {21},
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Hendricks ond Alezender (22}, Sohachigchabel (23), Mktherjes (24)
and others. Hest of these maﬁg&tim were bused upon exchange
equﬂ.libﬂa; salsoiivity eto. with ﬁia;)’le inovganic iond {25,86).
Bxeohange reactions Involwving elsy mimmls with opganic compounds
have also hesn eptablished by diffovont scientists (27-30).
Amongat earlier workerds Henold {31) (1990) was perhspe the
. Birst to %@y symmﬁieang the axchange behaﬂm 0F Cuy Pby 8L,
- ABy Ens rsg and C@ @amatita anﬁ absarved an zﬁemssaa in the sxchange~ I,
ability of thass cations in the arder shouns 7n was found by him to
be ag effeckive an Be in its oxXchansing pmﬁ. Jgnw and Elgabaly
(32)(1943) showed, on the basis of exchanges characteriaties of Zn-
montmorillonite “that Zn don is partially rendored non-exchangeable
by baing so-ordinnted to the clay mizeral. Basu mﬁ Huherise (33,
- 34) .ataﬁi.a& in z‘!atnil %e iuwmet:mﬁ of montmorillonite olaoy and
trace elonent cailong. E‘hay ohaemd tm mzeasa of the netal lons
11ntbaor§e§tzn>&n2>m Lo>0u fr&a%haalaymimm
'ﬂ-gﬂacu by 85" . Horeovar, qummamve Eeasurensnt mvmlm} thet
ﬁ;va antunt relecsed ses much less than t@t gdoorbed, o that a
part of the adsorbed eations was considercd to be 'ized’s lortin
and QGlaosey (55} sﬁudieﬁ the adsorption of Gnﬁﬁﬁs} s on mont=
morillonits wndey various gﬁi condltlons. They smmﬁ thet it aloo
porniis the estination of inwmal aﬁﬁ axmmﬁ; exchangs capaclcion.
_ Das Kanungos i’hsm‘marti anf ﬁa&h@rj& (37-39) studied adsorption
| and desorption of hexanine mm‘n {I3z) chloride end trie-cilyiene
diamine Cobalt (III) chloride on bontontte and vemiculite and
ahsﬁméa %-m# adsorpiion is ascording o Langnairte oguation ond
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d«a&mbigg gatbions armige themselves into the lyotropic seriss.
Réeem}.y, Sarkar a4 Dag Kanungo (40} have showm that in the
exchange of tris-trimethylene diamine Co(IXII) from the bentonilbe
matrix by aYkalino earth :#azas. iongs both the hydrated ilonic radiuws
and tﬁa reeisroeal of the Debye-luckel fon size parnuoter, a’s may
be nsed to correlate the relative alfinitien of the fons for the
mineral while for the alkali metel ions, only 1/a° msy be utilisesd.
ha cabion exchange pmeeas"aatma tris {ethylene a_amae) co{I11)
and Ha' on mtmin@nits was atwliaz} by Eﬂuﬁam, 31*. and HoAtee,
Jre €42) and conoluded that e exchonge of m(m} " gor ¥at s
extremnly fa;wmablm with u tendency toward sqgrsgaﬁi_m af the two
winds of cations dn the mized clays sindiede The studies on exchange
ahmrantopistics of Zedlisey wltver synthotic or nptuval) by Barver
21 his coe-vorihes §4§) aid Othere have received a grect deal of
abteoniion in Yosent yendde

Intemloyer sonplexes of al&ya with simple orgacic compounds
s esstntially of dwo mma m one t}:gm the sdsorbed species
sxicts av & cadion and ip the othew g8 a polar non~icnle compound.
Tre opeeific naturé of the clay minoral=prganie fon reénctions has
row boen Zaivly well established. Under suitable conditions wost
orpanie catione ave expable of veplacing the interlsyer inorganic

eotionz o mm@xnmma and versiculite type of ninerals.

Pellowing un ‘aﬁn wWoOrs on eluy mﬁm&m&-smgauic anmplegas that
wogun an eurly as 1916, Sisseking and coworkers (%&ﬂﬁ,ﬁiﬂﬁ)
i



exanined tvs intoraciion of montmorillonito clays with a mumber of
organic bases, cakbions and proteins, Wendrioke (44) extended this
otudy to other sliphatic sad aromatic amines, alkalolds, purinse
a:m nucleosides uoing %iﬁmmmnlmim a® adoorbent. He showed
trat smll organic banes neutralised the 1t ions up or closs to
the axchange g&pﬁ.&ﬁw of the uopitmorillonite as Actermined by the
exchange with Eamq On the other hand, large alkalelds such ae
brpcine and codeine foiled %o neubtralise i1 %he BT ions present
in the olnye Thin led Hendricks o posiulata that the difference
between the toisl smount of #T dons and that avellatle for reacting
with the,s a..!faz.aiﬁ reprsaents the guantilty 'aﬁvﬁwé‘ by the organic
basg. This covar-up effect come into aperation when ithe size of
t!w adsorbed organic molecnlea exceeds the ares psr szochangs site.
Of tho pomplaxos Tromsd in this may, those dnvolving neslkyl ammoe
nivm ione received the greatest sttentimm. The chemlatyy of clay-
organic reactione has been well xeviewed by Greenland (46), Yortlzmd
{47) and Theng (48}« 4 nusbor of general ¢onclusions has emerged
£rom those studies by Tendricks (44)y Jordan (49), Cowen znd ¥hite
{50), Diamond and Kinter (5i)y Weinm (52), Grconland (46)s Theng
at al {83)y Walker {54}, Yansaxt and Uytisrhosven (55), Hes ¢t &)
{56} and others and i= summarised delows

{1) sdmorpiion zﬁa@hé& a maximum egusl or close to the
exohange capacity of the olay. For very lonz chain derivaiives
{ >U3)y adsorpbion may ezesed thig x::agac"iw‘g the exceas balng present
éa free molecules.
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(41} Por montmortiilonite the offinity of the organic don for
the cley surface ingreases regulaxly with mm&alar uoights that is,
the larger the catlion, the stronger is it adsorption. Zhis ia
ageribed to the incressed contribution of van der Waals Zoress to
tha adsorption enewgy as the moleeular weight increnses and also to
the changes in the hWydration status of the ions in %@ clay finter-
1nyer. o

{111) Baeul spaving mossurcments sugoeet that the orgasnic lon
is adoorbed with its shortest axis perpendleular 0 the silicate
Iogey, gince such g £int conforsation affords % close van &eg ¥anls
| eontact batween the adsorbate and the sa;mmra'&m |

(iv) Single-layer complozes (4., 12.5—13.5 4%) are formed
%ﬁi‘h“i montaorilionite provided thab ﬁw area of the cation (upto
GjoF 43 laoa than the aves per aschangs site » Since the orgmnic
iong adsonbed on one leyer can £1% nSe the gape belwsen those
adsorbed on $he opposing surface. Iy houwsvor, the cation avea
(> Cyp) exceads the ares per exchango positions this loSk-aafekey
arrangesent 19 ne loager possible and double leyer complexes
(850512 16.5-17.86 A°) are obtainsd. )

(v} At »igh swface oomcentrations, Yong-chain atlylasmonium
ions {7 Cyy) moy assume an ‘epdeon’ orientstion in ﬁmiqz; the alkyl
chnin extends away Lrom anfd makes a definite angle with the silicate
aarfg;cd. In this conformabtion w&teg van dor Heals mmma‘éigm
bobwaon alkvi amm aﬁca poaeibla. ﬁ?ﬁm Interlsyer space is alpo
mrezmeﬁ 80 that & Iargar amomk t:f the organic ious cen be acco-
nmodated.
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(vi) In vermloulites, the tilted conformetion ie gensrally
shserved aven for shorbt~chaln derivatives pince the distance of
seporation of the nogative charges in tt» silieate aurface io less
than for montmoritlonite, The bassl spacing of vernienlite conplexes
tends to opow & eontianous ratber Than 2 slepuise increasse wﬁh The
auzher ¢f garbon atone in the alkyl chain. Dogbls-laysr comploxes
of veenionlite nove bsern obesrved abt wigh solygte concentrations.

{vii} There is evidence $o indicate that partizlly exchanped
soptuorilicnite crystala gro composed of 'inorganic ifon rich' snd
*alkylarnonium ion rieh® layere gs shown hy Bavrer and Brusmer (57)
and Theng ¢t gl (53} and obhors.

Sorption studies of dyse and large ovgauic lons on different
adanrhents, particularly on vlaye, have been made by fonumersble
workers over a period of many years. dost of tie sarlier stuties
mave boen confinsd fo the measurement of the murface areas and
De0Cs 0F Hhe adsorbonts. Iolevent literature is roviewed in the
Lollowing puregraphis

Ao early en 1910 Hare (53] observed that dyce could be
adaorbed by cryatals up to & saburation values. Hamachendren et al
(59) measured the surface avoa by low iteuperaburs aitrogen sdsorp~
tion before ond sfter adsorption ol metiplens blup, meihyl wicliet
and naleobite gyeou on the clay Traction of kaolinites il11ite snd
wonsmorillenite. fron the dlifgrence, the scbtual extent of the srea
of contact wae ovaluated. This was found to be volatively smell
ashowing that wiile $he surisce ia gvailable for nitrogen adeorption,



-] T

it i not novessible b0 dye molecules. The cation eichunge capaci-
oo, found from metiylens bDlue and metiyl violet sorption on
kaolinite and wontmorillouite, wers ln clowe agresment with those
Eound by stondurd sethods.

Brooks (60) esdsorbed mothylene blue on Ua' Lorms i:ﬁagg and
Ha"2} of knolinite, montmorilionite ond silica sond flour snd found
the anount of dye adeorbed 0 b2 egunivalent to the sodlum displaceds
v belisved that the dyes were adsorbed, ot the firet stage, on the
Qlay mimeval surfgee throush ioa-ezehange progess. dore dye i
adsorbsd after that, which wae explained to be due to van der Vesls
forees. Pleush and Robsrtson (61) also propozed two distinst mechani~
s 4o operate in the sorptiors of dyes on mzrfacies' of elsy ninsrals
vis, the parily irveversible ien-exciange apd the fully reversible
phyeienl sdsorption. Bergmaun mnd 0'Koanski (62) reported thet the
adsorpbion of meiiyione blue on montosrilionite tmk place £irst
tmrough frreveraible ion exchange mochaniem and then by plysical
adsorption and verified the equation of Plesch snd Roborteon with
their experirentsl roesulis. ‘ | N

From the studies of adsorption of eryotsl viclet on anatase
and vutile aud tist of oranze II on auatase, rutlle end sine oxide,
Ewlng mud Tdu (63) entimated tie oross-sectionsl avess of crystal
‘violet ond ovange II. They assumed tint the dye molecnles wers
adeorbed flat on the surface and aceordingly they emtimated the
eross-gecti onal nrves of erystal violet 0 be 160 f and 171 '33 |
fepanding on whether the Gye ip a&s@rbmi in the dehydrste’d or hydra~
. ted confdition. The aron occmiloed by one araﬁg& I1 rmoleculs was cale
culntef o he 240 gg' Tre surfaee areos of the adsorbents, caleulaw
ted on the baels of these crosg-gSsotlons, were in exzcslient



agrepmont vith those found out by low tenpevaiure sitrogen gas
sdoorption and also by eloctron nicroscopic anslysis. ﬁilﬁuté@

Roken and Hofmann (64) roported 78 & ond 130 & o8 16 croose
soctiongl nreas of methylone blue from the adaorption deta on
grophitised and non-graphitiscd carbon. The walue of 130 fs’ia, fop

a £iat mommzaz* osrimbation, agme& éxm;jn;@nﬂy' with that cbserved
by Toss nnd Tompkins (65) and Tengille et al (66). %Ta"uﬁam areas

of ealoined magnesin, aluming, eilieca and 8ilics geol were calculaited
from petiyl red adsorption (67). The resulis were reported to agroe
witnin G -

An xsgmamxx& was also mﬁaﬁ& in s;ka va?.uea of surisce aross
s:aﬁeumwa from the gdeorpitien af mmaﬁly}:@a&mﬁ acid wool dye
(#odium solt of i—i?ﬂiinﬁ, 4-anilino, enthraguinons, ﬁnsmfaz&m acid)
from agusous sglm.@n sad that £rom nitrogen adsorpiions AR Heleedd
bond between the dye ond the adsorbate wos suggested (68).

The suriace arecl measured through dye adsorption, however,
4i8 not sgres with thooo obtnined by aitrogen a&mm‘bs.nn in all
cage, EipXing and H4lson {5&3} i’nmﬁ Adsoreponnel es in specific sur~
face areas of porous and mon~povous active clnreonl mm& by
motlylone blue aund aitrogen sdeorptions. Hofmann (70), on the basis
of oetiyienae blue and orange II adsorpbtion on o wide variety of
clayasshowed that the surface aren calculsted was only 70% of the
total swiace area. Ore (71, 72) found that tie a’nrfaejé arcas of
twe pellorsite samples caloulanied by ﬁimtim of Zour dyes vig.
mlackiite greon oxalate, malachite groen hyavochloride, omsranth
and tetrosines wewrs @‘mmmm sgual o one~fourth of the total



aurface. Sinflar diccrepsncica were ;ﬁﬁﬁ roparted by Daraw (¥3),
van dor Grinter (P4} and Bano 1lin {78} in their respective gdsorp—
tien studies, vis., ebiyl violet on silics, ceystal violet on glava
and mebtiylene bluo on mréaw@ Banoyoff et sl (78) Ifrom adsorption
of mebiylone blue on lvad sulphate, Subrahsenys et al (77) froa
cryotal violet adsorption on gless and Dose and Bingh (75) Lyom
tiynol biae sorption on active cavrbu, arrived of eimlsr angatia-
factory resulise |

' Siles et al (79) cboerved tind the ndsorpSion of basic dyes
by oilica from aqueons polution exceaded 456 monclaysr coverage
requirencit. They opined that the dyes wore adsorbad on the surface
not o8 @ eiagle wit bot os lonic miceiles. Thiv wes eonfirmed by
tihe adeorption of motiylene blus and pesudocyanine chloride by
apectroscopie ezanination of $he solubion before snd after udsorp-
tion. susociation of the dye molsoules in the adcorbed siate ko
alwo boon dotected direetly by soleotvon miovography ({H0). That most
of tre dye woleculon nre nosogigmbed in ecluytion as nlcelles from
10 to 100 soleoular units wna reppried by Ioanar ond Saish {81, 88),
Vickerstalf and Tenin (83) and Bergmsnn and O'Eonmal (¥2). Hukibrjse
and Gnosh {83ae 84, 80), Hortz @b gl (84) and Herts (867 siso observed
that dye m'/é.@cmles. of whdeh Ths mopovalent orgend cxdlons ave &
sul=groups toad to aggregats ianvoe dlmerio and polynerie species in
aquoone solution. Kongomoveki (88) aleo viewed the adusrpiion of
dyes $0 teke place turough monolsyer sorpiion of associgted micelles,
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g’&om {60), however, advocatod ﬁmﬁ the surface area nnd
cation exchange capacity of the subptrates, with methylene blue
adasorptions could s%ill be measpred. o calculat® A Ce€eC, and
surface avess, he saggentod addition of dye solution %o a mineral
suspension in emall increnonte 111 the equilibriws concenitration
sas 1 x 10™° (1), indicated by a slight blue colour of the eupor-
natant. o
| Hang Phan Thi ond Brindley (89) aaserted that metiylene bl
cau be weed for mﬁ méasurenant of bobh surince areszs and CeBets of
clay ninerals such a8 keolinits, 3111l%e ong montBOrs2iont te., They
attributed the cauve of fallures in messuring surface area® gnd
exarange copacitise by Faruki eiz aX {90} anft Bodenheimer and Heller
(51) %o the lneutficiont replacement of Jo®  iany by metiylene blue
ﬁﬁm ‘Unepontnoriiloglite wged in their stuldies. Using Ha-oclay instead
© of tho Os-clioy theso aubhors culoulsted surface arvsan £rom the
ameunt of methylens blus adsorbed wisxn optimm fionevulation occurred.
Fully ozvicnged valucs of moihylent blus wa® used to calenlate the
Cevete of the montmorillioanlies. Hetiylens blue molecule was considered
t0 possess pporoXinately & rveotangular wvolume of dimensions 17.0 x
Talh T 385 33; Thoy bolfeved dhat ooating of clap particlem oocurred
firot and visullised a flat face-on orientation of methylene blus
moleculas {1.0, Iying on the 170 2 75 _?12 fece) for effcotive
soverage of surfaces. Flat sife-on oyientation of the Sye (L.e.
1740 x 3.88 22 - faoe) wan 29%umod when full exchenge took place.
Brindley and Thompson (91a) later extended tids work to montmorillonit”

| "
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aaturated with different cotiens sad obtained expected valuss of
of the corfacs pYeas and CeG.Ce

Testy Corrol ard Whiteomb (92} investigated systematicslly
the adsorption chovacteristics of more tlan thirty 4yes on photo-
wapkie bremo=fodides op ghlorowbronides suspeneion in 0% squecus

gelatine molution in an attenpt to corrvelute tis sorption and
optlcal senmitiontions. If wad noticod in sono cases’ that %he dye
aduorbad was very 1istls gt first bub the rate of ilucronse of Gye
adsorption ncresned a8 more Gve was adsorbed. They tormed this
ag *co-opo¥abtive adsorption’. The lntorolesulay forzes between the
large dye mlemlas aro 80 high that they wolymerimed when the wole~
cules came closer in the adoorbed state, giving rise $o iucroused
rate of adeorption.

7e et gl (93 - 102} made a series of oxhaunative stutes
on sorption of dyos on To cloy minorslia and on tiwir desorption
fron the clay=iye comploxes by varioue inorganic and organie lons,
They found Tangmulr type of .aaaﬁrgiﬁm isotheras o osporate in all
cases, Surfaca aveg neasurcmoent; evaluntion of CeCeCer datermina~
tion of seleetivity coafficients snd distribution coefficients are
the highlights of their work. larige snd Guy (103) interacted
tnlonines meliylens blue, How Hethyleme blus, paraquat snd diguat
with bentonite in 4ilube agueows oystens. They noted that the dye
cations fom BEates on tha elay surigcee and gEgregation increases

G
i

2

vwith ionlc obtrmmcth, raising tie appareat afisorption capacity by
2Bfi. The aggregates yore, howsver, renovable by vashing with
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A atilled water. They aleo ohserved that changes in gdssrption due
to changes in tenperature weore small and the dyes were frreverasibly
bound by the clay mntrize
Yonagesii (104) receatly stadied the effect of alkyl chainm
lengtin (=Clg tg' “U348log) for thw adsorption of nealhiyloted acridine
orange cations on Na-montmorillsnite. e obssrvad that the length
of the aliphatic tall had no appreciable sffect ou tie binding
constant of adeorption, ke rate of mdecrption snd the angle of
the transizion momsat dus to a bound dve with yespeot %0 alootric
field but tie *mobillty® of o bowd dye t0 pn 2mpty wite of gnotier
eolloldzl particle was romarknbly affacted by tie alkyl ohain. Two
feotors, vize sterie hindrace and hydrophobic intersetions smong
the alkyl chalns ¢Ff gijacent sorbesd Gye melecdles, wevre aupposed
£t infivence the nobility of bouad dye in opposife ways. This fipd-
- ing demonstrates tiw sbility of a olgy to rocognies the shape of
& uolecule and strongtings the possikility of wping dlay =8 Shage~
senglsive catalyst (108). |
Iyen mnve nloo beon afsorbaf on non~clay waterisle and

similoy chuervation ae in the case of olay mimerals have besn mpds,.
Tishra % a} (108} studied tie sorption behavicur of tws Lasie
dyes, brilliant cresyl Mlue acd Spfranins<P, on chonieslly pre-
trouted hydrous i (IV) oxides undor varying eurface plage pli
enpeantratiog, tesmpernture and ﬁt;aa;'bém:au. Zhr socption wes found
40 bo pi dependent and produdinent ien-exchanze bebhaviour was ussuned,

. RBeed and Rogers {107) oboerved selective adsozobion of wmethyl



and ebiyl orange on tailored silica gel. Hither metigl or etiyl
orgigy can be selectively afﬁafaﬁbeﬁ ir iacreased amounte on ailica
gel by precipitating it in presence of metiyl or ethyl orange.

B0y 1t appogrs Lrom the roviow above that the sorption of
sati gnic dyes, alticagh believed to ke priparidy an loun exchange
oroaens, in rather complicetod by meny other factors such as mole=
aular size, molecular geomobyyy dve~iye interaction, besides, of
eourae, tie surfnce characheristics of the gsorbents, that 1% ecan
erfly be generalissd for obiny exciange reactiong. Zhough tho
adoorption charecteristics of cationic dyse on different olay
minerals have been lavopiigated fraom various angles, sinilsy studos
on Laponite (o syntietic trioctabedrsl hestodite)] are still lacking.
Phe desorption charpeteriatics of the dye eotions from the olgy~
mafrices pave aleg not beon very systemsbicglly studied with different
inorgasic and orgaaic gatim of varying 0isgey shapo and charges Our
knowledge of the phypicceibs:ics) ampecta of the desorption procecses
of the orgenlc fye cations from the olay surfaces by orsanice ions
15 atil) meagre, I% 1% jo this contord thot an atbenpt has haaﬁ
snde in the praseut investigation to study the sS0tpeion and dosorpe
tion behbaviour of tidonipe and tetrpetiy} t&'&i@m on aad from monk-
morillonite, vermicnlite, laponites and kaolinite by monovalent,
Pivel ent and trivelaent inovganio mnd organic ions of varying sizs
z2ad DhapCe
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A roview of ecabion-ezcinnge equations ao they are belng used
in soil seionce Wao been dono by Bolt £{1) and their npplicsbility
t0 o0ila discussed by Babeock (8). Several approccies, hoth guanti-
tative and qualitative, have been wmade 0 wderstand the equilibria
hotween an ion exchsngey and the ions in solution (3). Various
fomulations ainilar to Premdlich and Tangmuir's eguations {iso-
thermy) were proposcd. The Fremmdlich equation, wideh is empirical,

can be expressed ag 3

&/ i, ej'/ﬂ

unere '¥* ie tho opount of adsorbate taken up by '®' ga of adsorbent,
i szl n' are eonstanie and ¢’ is ke adsorbate concentration in
aolubion ab equilibriun. Chis egustion hes two limitatlons, (1) it
dose not £labbten out at higher values of ’g" Qs g systea of fixed
oxclrnge capacity sbould, ond (14) b éimm‘a that the oxehange varies
with varintion of dotel volume. folgner amd Jenny (4) modified the
equntion olinminating the volume torm as 8

e i/n

-~

/e =K

I

{a = initial concentration of the adsorbate).
The Tangmuir isothern io based on sound kinetie and therno~

Synanic prineiples and was davoloped €0 deveribe the adsorption of
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gases onto 801ids. 1% ascsumes $hat only monemoleculary a&ﬂoﬁpﬁm
thkes place, adsorpiion is «sm localised sites, That thers are no
interactions botwean adsorbats molecules and that the beat of gdeorp-
tien io indepen‘ent of surfsce coverage. Whea V is the equilibrium
voluyme of the gas sdsorbed por undt mass of adsorbent at pressure,

Pe then

wiere £ 15 & constant d9pendent on vemperature mnd Vp is the wolume
of the e required to give momolayer coverage of uniit mass of
adsorbont. ¥hon appiied to adsorption from sclution thie equation
takes the form (B) v A . -

x/m° = (?/m)max'K"C

1 + K.C

_whore z 12 thso anouat of the @olule adnorbed by mase u of adsorbent,
€ iz the equilibrium eaiuﬁmi concentrations K ie¢ g consteut und
{x/m)yqx 1o the monolayer capacity. Using reciprocal foms the above
squation becowes, L |




wile

A plot of 1/{z/n) against 1/c snould he a straight line with & slope
of MCVm)m whoen the Efmxmuir relationshio holds Zeol.

An eguation with 3wo constonts similar 4o Tangmuir's was
propoged by Vageler (6,7) as @
Se

L =
a+ €

“hors X = smount oxchangeds g & electrolyte added an® 5 and € are
both tonatantes

Application of the fanguuir's adsorption equstion %o cation
exehango in zoils was inittinted by Vageler (G) in 1832. iHio syuation
sypoars ¢ be an erronsous atSeupt to restoke the Leagmulr oquation
in ferma of amoumts of the sation ndded to the system rother than
~ i%e congentestion at squilibrium. It mey be sbown thet only when the
ratio of the forward anl backwerd Tate coastaants is close o unity
‘mch a restalonent is accoptable and in all other casea it dces not
apposr to be scund {1l

sside Drom Vagelex's equation, the origimsl Tangmuir egquation
in ite simnlest form is useless for cation exchange as it does not
toke the compatition betweon cationie specles inte conzidomation.
One wmays nevertieless, introduce thia compsetition effect into the
Tanzaulrte aqmtim;, rathexr ﬁﬁ.sayzy by using Lewr's {8) zni Gapon's
(sl eguntions e a starting point {1}« However, should an ion-exchange
weobanisn predanipate in the adsorpbion proeess the linesr forms of
b0 Dangaule and Peoundlich equabtiovans will mot be obeysd becanse of
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emilombic effocts I the adsorbents Thus, in theory at leasd, it 1=
poasible to dlotiazuish botgesn ionic ond okhor mechanisms of afsorpe
tiong by mezns of different isobhsrn couations {10).

The fon~exclange fovmulations ore usuelly based on threo
troowies 3 (1) crystal latilies theory, (11) double Imnyor timory and
{133) Donan membrans theory {(ille The oxly differsnces in the various
theories aprs tis position and origin of the oxchange gites. In all)
cages, this site io cssentially a fized son-diffusible ionic group-
ing eapable of Forming an eldctrostatic bond with a small AAffusable
ion of opoosite cihnves. The cooe with which thia latter ion nay be
rev:mw& gepends on ‘i‘:&i@ atwength of the boufl, which varies ina
menney $imilar to the dleseglation n? walk and strong electrolyten.
The laun governing the exchauge of i@na i thess hetorogensons
oyaten? o2 anzlogous to the lowe governing the aolutions of elee~
frolytos.

The £iret use of the law of mase mction in Lformulating ion
exelrrge 63 o complotely revernibls voaction was made by Gansen
{19} md Rerr {8), investigating specific mase action cquations fey
and=mivalent and wni~bivalent szchonges ag 3

¥4+ X

— Y+% o — Eax’
() (4 ':; o o LXI(D%
CE T e
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Pha bur indicabtss tie ifon in the exchangey phase. The ¢onsbants
E, and By are termed as seloctivily coofficients. Ths ionic terms
reprosent eguilibriun concentrations in solution. Tacking informa-
tion about the aetivities of the lonic species in the oxehmn ger
phaao, the eguilibriun constants could only be ovaluated qualite-
tively or empricelly. 4 more vigorous spplication of the law of
nase action has beon made by Boyd and his co-waricors {13) in which
te 'solld solution' iden of Vanselow (14) bas been the bobie on
the assumption that the ifoa exchenge is a ’faana gaiubiont process.
Vanselows viemlizing the monolayer o8 an ideel two dimensional
8014d solution, aSsumes the activiticd of the two exehanger compoe
nents $o ba proportional <o tkmlr vegpeotive mole-fzactions.

In the present tmsm an aﬁt@gt bao bean mads to £it the
adeorption data of two ww 4yes vigey Thionine and Totra~
56yl Thionine (PET) on montmorillonite, vernicnlite, keolinite
and Iaponite in the lengmuir equation and the desorpiion date of
the two dye cations Tron their respective wdmorbent complexes by
mogovalent and bivelent inorgonic fons in the moded o fadley {15).

"aalw bee interpreted velectlwities in fon sxchange sguili-
hria by & very simple model. The sasential faturs of ths nodel ie
the electrostatic attraction between the countey jeopm and tie fixed
ionie gtauga. It 1o ascumdd thet all She comnber lens in the lon
exolungzer are found at Sheir dlotance of clesash approach Lo she
fixed ionic groupdS. Ariting AR and BR for the poirs of Lixed ionie
Broups #nd counter fons at the diatance of clogest agsz:ma;cép the
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| m;;mg of 4 for B ean be split into twd proceaces '»a o
m-——+ A+ R s (1)
B + B—>BR - sse (2)

__ %zzlmb's aw Witzmxt any correction) leads to the following
: fﬁmmatim f@r tzza abava gsmcsaae& 2

fo,9)
A =€ 4, 2 |
! n2. € T = ,__‘Q_'___
. a; C—_ P, {3)
Gy L ‘
PR
&,
2 2 :
A 6 '——_Q—"_ e = = e ses L&
ool

where A, am A3 are the freo emovay emmgea for the processes
1) ma gz}-‘; @ = electronic charde, (e ﬁeiaeurlc constanty » =

diotance from ile confre of the fixed eharge, 2 = distancs of the
olosest spproach betesen the counter don *4* nnd Pixed donie group.
Hanos the overall fyee energy clunge for the whole privess is 3

- o o o8
A" = DG + DG, = f—@_o,_ ‘0> ens {8)
a%y
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and the thomuedynanie equilibeium ema%mtg?i iz 3

w

mey o A . _¥

= " -

g (]
iy %a

L2 s 2 ‘ 6)

In the exchaonges of varions wiivalon$ counter foas *1?! for an
arbitrary wnivalent reference ion 4, & linecar relationship shonld
axist between In K§ ang &f&i « Por the multivalent ions, the
galeulation is not oo simmle bocanss assuspilion® must be made gs

4o how the {univelent) fixsd ionic groups and the polyvelent
counter ions ave peired. The modol leads guolifatively to preference
af the ion exchanger for covaterion with ama‘lilér 22 values and
bighor velenoys
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A trae ion-oxchange equilibrium ie completely reversivle and
nay be approached from both sides of the reaction equilibriung provi-
ded thet cordain conditions ave obmerved. Theve conditions are
doternined by the sclscbivity of tho lon exchanger which in turn is
infivenced by Donnan effects, apacific interpotions, steric affects,
ion a:aémiaﬁeﬁ anéd othey ion-sequestering effects (1). Where these
oifacts are m@ the aguﬂ.i:mizm will Lavour oos 2ide of the Topce
tione Specifie in%er&eﬁim and Donnan offects largely determine ion
gelectivily in aost situatione. Specific inseractions '(a.-g. kydrogen
bonding, van dor Hazis forees, ciarge transfer processes, ete. )
can profduce seoondary ndeorption interactions on the counterien
bound by tho exchangar. These increace the selectivity of the adsore
wont for the adsorbed ioay aud this ion is then beld preferentially .
demplis the presencs of high concentrations of counterions in solu—
tion (293s4). Storic effects oaa ales influence reversibility, as
evidenced in ion-trapping effects , In some syotems lon=-seguasteriag
offecta (ineluling ion-pairing, complexing, and precipitation) are
importent in determining $he sslestivity. Generally, the adscrbent
profeys the ion which zssociabon lepst strongly in solution znd moet
strongly with tie sdsorbent (4). The £ollowing generalisations may
be mode mgaramg the tendeney of a vation to exchonge onto &
negative surface. There i8 an ineresse in exchsngzeability (o) with
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Acoreasing lydrated ionic radius and polarizability, (b) with
‘decreasing case of cation hydration, end (e} with inersasing counter-
ion chavge. These eritoria, howsvors, 40 apt old geod in cases
whore oome gpeoifie intersgubions take place.

Iin accoprdmnte wlith 3b8 above cbaervations, the ordor of
inerousing preferance of sﬁl&a’i—i potal joas few i*o@iémnge agto
montrmorillonite (5 - 26), veraiculite (27) and keolimite (28, 29)

15 1< Ng'< K'< BY < €9 . ho exchange of HH, is complicated by
piyeical pisorption of aumnias (30) and fixution of ﬁﬁ; fon (31).
1t was cbaexved that KE‘; in held wmoroc étrmm than Ha ({32} or
even ®b 438}« | |

Semilarly, the exclauge of g is ales gonplicated dae to its
. attack onte clay lattice dieplacing sluniniwm or magnesioa ions
which mny b tecen up by the exchonge sites (34,35). It was veported
that K is apparently weferred over some divalent aaiiéxia in ton
exchangs on seninorillonite and clay soils (13,38) &ﬁ& over caesiun
an vorsicultte (27)s The reported relative orders of excimnge on
montnoriilonite are §; <o8 (16), K‘+< a+< ca®t {,?} and K’f( ﬁiiz< ﬁ+<§!g2+
(37}« Undey condiiions wihich minimise gisaelgﬁitm d‘f clay by goid
ai:*&mk, the corresponding orders are H<Ha< £ §10) =g i< ﬁ?ﬁﬁ:
{32}« The seguence of exchunge of aﬁmﬁm garth ions on clay® has
generally been reported as @4@ f;’v‘n <f5r <3a2+ {109135,38 438~
48}« The reverse order is sometimes fomd in vemicu?.i%e (45449,80).
Por the sxeiznge of divelent transi 'bisn mstal aatwna on olays, the

I 4 Hag et o4
reported orders of preference are M B et < oo < n L On

(51}, gﬁ*( ﬂaﬁﬁ)g T (52) ana e 332 (4?’,‘-@ A generalisation moy

be madey, fron studies comparing Thie exch&ngé of ponog=s 4i= and



trivalent oations on gmy&, Sint thore 18 o preference for cabions
of aigksgﬂ* Charso i:é‘?,’? ,11,1&%.iﬁ,i’?,ﬁﬁ;&&,&éﬂéﬁgﬁQ*ﬁ?} altbough
tiers i exoepbion t@ thin ﬂ%aesa&. in the uwsual genersl purpote
egtion exchangers, thw seloctivity sequonce of mis %ﬁﬁsﬁ eﬁmm
cntton 1a 3> PP or 7 %5 1> 0> oS o> wl S ud vl
*"*23,>:i.g >@s > B> ﬁ)ﬁﬁg}ﬁa > E@i {88-61).

' ﬁaﬁe&r suitalie mnﬁiﬁiam, mam: er@aﬁic a&smm ara eapable

of replacing the mwﬂaysr imrgaaia e&ﬁmﬁ, aama;:tyﬁng exchange

si B8 in kwﬁ@mm, vemim“i ‘-?;e and illiw axine-am. Yhe exchnnge
renation is ﬁt&z&ﬁﬁ.@ﬁe‘ﬁﬁ@ axcept for some bulky cations when @

'gover-up offect (62) my oporoto. Stuiles on replucenont of exchange-
| ahle sodina and ealeinn froun montmorillonite by various alkylemmenius .
cationy were made bg hmg ot al i&ﬁé« ‘h@? **’mm:i tmi‘: the affinity |
of the clay Lor tip orgsaic cation was linearly relsted to molecular
welght with the excepiion of the smaller apthy lanmoniun and large

quaternary camoniug ionS. Thig, the more the length of the alkyls
sunondiun chain incvecses the greator 1s the contribution of plysical
non~goulombic Koreee to adsorpbion. Within a group of primary,

gecondary and tertiary anines the effinity of the alkylaamoniw

tous for 'toe clay decreased in the series NgNH > Rpilll > RNHS « The

i ffepennen were exgloinsd in tems of eize and oiope of the ions.
| Zheng et ol cleo noted that Na' was much more casily exchongsd by
$18 alkylammonium ions thas wng Ca® « In Btudies where tima‘ﬁty i~
amionitn ton is veplaced by metal cations, Uortland end Barsie (64)
> &%@ﬁﬁi&& that e order of effoctivoncss in replacing otiylammonium
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ion uat ,gg,s"; GaQ; 3}:1{-, Fartheracres K-rasf diffraotion stadien on
partiaily exchengsd systems revesled #int the orgauic and inovgenis
cations ware not uniforuly. 8istributed thronghout nll the surfaces
of montmoriilonites bub that a segremubtion of the two kinde of lons
taok place in various Iéyem. Phis gnggests that when the dlssimce-
mont of etiylsumonium ion by the metal ion Lrom one interlamellane
position begins, 1% 13 completed bufors etiylammonium fons fvom
- other lsyers are ezchangeds Similar. observaticns have besn reported
gy Barrer and Ermarf (85)s HoBride and Horilend {66) and Thang
et 4l (83)e Tho exchangs of various slkylamsonium eations £rom
 aguoous solufion Yy Ha-taponite hae been carried out by Vansant and
Parters (67). They oboervad that 56 afCintty of these orgauic |
cnbions e iinearigr related to molacnler weizght, moleculiay size or
shain length of the silylecaontum fono. The affinity sequence has

been atﬁrimueé o Sher memaamg eontrition of van der Vaudle
foroos o aﬁaa"pﬁm &ﬁel'gf a8 s size of the ione increnses {63)
ame”i a3ad %e fhe ehonge in ﬁwﬁmﬂm state af tha dong i ke olay
interlayer (69,70).

ﬁmga dengity of the ey mizmorsl moy sleo sffsct the
orientation of adsorbed organiec cations Yhrowgh eteric @fi‘é@t@. Zhusy
Serratesn {(7i) showed by infrared sbsorpbion tochnigue $imt in
pyrifinigenontaorilionite the orgauic cabion ssSeumed sn ociayte-
tlon where tihw planse of ‘!;;m oyriding ring was paralilel with the clay
plotelsts with e resuliing dygy spacing of 128 4%« 9a tus otkew
im;ﬂ. gym@izx«mmmi@}wa e Tty ggrz&#i&iﬁgx extions vartieslly
g;mm&ma mim sesprot 0 the clay plateleds end has @ 3504



@g&@iﬁg of 13.8 2% sppurentlys the close prozginity of the w%im
exchange pites prevente the pyridinium ring from sesuning the
parallel position because of the restricted area svailsble for each
. pyridintum cablon. §here newsral buk polar organic molscules are
vound 0 the clay surface by obher mechsniems, Such as ion-dipole
intaraction, eharge density would aleo be expected %o affect their
orjentetion within the interlameller regions of suwelling olay
minerals.. | 1

It ie apmrent fron tho review gbove thet tha oxchenge pro-
porties of clay mineyals have been thovoughly otudied by a number
of wosers ond their choractoristics have been well establicked. The
zora important characteriaties ave &

{1} The observation of the 3?@%:&)95.& goeries izh@ag& azcentions
are often obaerved. '

(11} Obedience of Tangudr eguation by tie data on exchange
sorption of large orgonis molocnles (empecizlly the dye molemles).

4 pimple equivalent fraction exzchange oguation hoe been pro-
posed to £i% ia the ﬂexe‘-ﬁwg@ of Ha' o g*.,. T’G‘z&% on bentonite (?2)
a% 0.5(1) amd 1.0(1) external salt eoncentration. |

{i11) Sormglation of electivily coefficient.
Exehenge meapgenent oo be written in & gwerdl way o9 3
«%‘5 + ...%.2..,% :._%:a +_%§ »
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bere the bar denctes the species in the adsorbed phase and Z,,

iy ave the velencion of 4 and B woppeetivaly Lron wkich the
Seloctivity Coeffieient iv exprossed by the equebion:

B [T [El

5

The Selectivity Ceefficient messurements ond ebkedionce to the
Tongaaiyr sguation are noty howsver, oxclusive of cae m%mr’

© Thuow gﬁﬁ:ﬁiﬂﬁ‘m momtly confinod to the replacenent of ons
| m@rgmm ﬁaﬁm i’ﬁi’ snobhors Thore 10 very 1ittls work op exchange
ropobions involviug w0 W@aiﬁ cations. The exchonge of large
organic m%im by another cetion on moptuorillonite BAQ ﬁ@w roported
by Honloo, éx.!. W&};« Jince the ﬁxwtmrﬁ}.mw ie orgenophilie
" Eg&mzambms the exchongo wod careisd {m‘)‘s in an isg-nciane-igo- |
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