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Abstract--pH- and conductometric titration curves of acid sauconite, freshly prepared by the action 
of H-resin on sauconite showed four segments, each, where H § AI a+ and Zn 2+ ions and a weak acid 
reacted with the added base in the sequence mentioned. The H +, AI ~§ and Zn ~§ ions, but not the weak 
acid, could be exchanged for the cations of a neutral salt. The exchangeable AI 3§ and Zn 2+ ions were 
derived from the lateral surfaces by the action of the H-resin. When the acid sauconite was allowed to 
age in water, the exchangeable H + and AI 3. ions were gradually replaced by Zn 2. ions giving, finally, 
a Zn-ctay. The pH rose from 4.2 to 6-3 and the total amount of exchangeable cations increased as 
aging proceeded. When the Zn-clay was formed, the increase in cation exchange capacity was about 
70 per cent. Octahedral AI at the edges, carrying positive charges, were discharged by hydrolysis 
during the aging, causing the net negative charge and, hence, cation exchange capacity, to increase. 
Aging had little effect on the amount of the weak acid. Zn and A1 ions at the edges exhibited the weak 
acid function. Only edge-Zn was active in the fully aged clay. 

INTRODUCTION 

FROM THE results of chemical analyses of several 
zinc-bearing clays and their examination by thin 
section-microscopy, X-ray diffraction and differen- 
tial thermal analyses, Ross (1946) concluded that 
they constituted a clay mineral of the montmoril- 
lonite group, sauconite, a name given earlier 
to a zinc-bearing clay from Saucon Valley, near 
Friedensville, Pennsylvania, U.S.A. Sauconite is an 
uncommon Clay mineral. The literature makes no 
reference to any previous work on its cation ex- 
change behavior and acid character. We have made 
a titrimetric study of these aspects using acid 
sauconite prepared by the action of H-resin on 
sauconite, pH- and conductometric titrations have 
been done on freshly prepared as well as aged acid 
sauconite. Neutral salt extracts of the acid clay 
have been titrated for exchangeable cations. Con- 
siderable attention has been given to the manner in 
which the titration behavior of acid sauconite is 
influenced by Zn 2+ and AP + ions. The latter ions 
migrate to occupy exchange sites after mobiliza- 
tion from the lateral surfaces of the sauconite 
crystals by the action of H-resin as well as during 
the aging of the acid sauconite in water. 

Arkansas described as sample No. 4 by Ross 
(1946). It was available as small granules which 
had to be given a mild grinding in an agate mortar 
in order to get a sufficiently stable suspension in 
water from which the 2.0 ~ fraction of the clay was 
isolated. This fraction was repeatedly leached with 
a solution of 1.0N NaC! to convert it into Na-clay. 
The latter, washed free from C1 ions, was sus- 
pended in water and passed through columns of 
H-resin (IR-120 Amberlite) to obtain acid saucon- 
ite. One portion was used for immediate (0 hr) 
titration while the other portion was allowed to 
age in water for different periods of time at the end 
of which samples were taken out for titration. 
Details of the titration procedure have been given 
elsewhere (Mitra and Kapoor, 1969). Polarograms 
of neutral salt extracts, with a view to estimating 
Zn z§ ions in the latter, were taken on a recording 
Hungarian polarograph (OH-102). The cation 
exchange capacity (CEC) of the 2.0 ~ fraction (not 
treated with H-resin) was determined by repeatedly 
leaching it with a neutral t-0N solution of BaCI2 
and then estimating the adsorbed Ba 2+ ions as 
BaSO4 after extraction with a 1.0N solution of 
NaCI. 

EXPERIMENTAL RESULTS AND DISCUSSION 

The starting material* was a brown clay from (a) Freshly prepared acid sauconite (0 hr sample) 
Titration curves obtained with freshly prepared 

*Obtained from Dr. C. S. Ross through the courtesy of acid sauconite are given in Fig. 1. The pH titration 
Dr. M. V. Rao. curve a, shows four inflections, following a buffer 
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Fig. 1. pH- and conductometric titration curves of freshly prepared acid sauconite; 
(a) pH; (b) Cond.; and (c) pH (neutral salt extract). Initial pH/conductance is indi- 

cated on the curves. 

range, each. The conductometric titration curve b, 
has four corresponding breaks. The pH titration 
curve c, of the neutral salt extract shows three 
buffer ranges and three inflections. At  the third or 
final inflection of  this titration curve, 60 meq of the 
base are used up in reactions with (acidic) cations 
which have been exchanged for the Na  § ions of  the 
salt. Of  these, strong H + ions make 5 meq and they 
are neutralized at the first inflection in the titration 
curve of the salt extract. The other exchangeable 
cations are A I  3+ and Zn z+ ions. 25 meq and 30 meq, 
respectively, of these ions react with the base in 
the second and third buffer ranges of  the titration 
curve. Comparison of  the polarogram of  the salt 
extract with the polarograms of  standard solutions 

of ZnCI2 showed that 30 meq of Zn 2§ ions were 
present in the extract. 

In the first three buffer ranges of the pH titration 
curve of the acid sauconite, H +, AP + and Zn z§ ions 
react with the base in the order mentioned, their 
amounts being the same as those found in the salt 
extract. The first three segments of the conducto- 
metric titration curve have the same significance. 

The exchangeable H*, AP + and Zn 2§ ions 
balance negative charges caused by the isomor- 
phous replacements of cations within the sauconite 
lattice. Acid montmorillonite freshly prepared by 
the action of H-resin on montmorillonite is 
known to contain exchangeable H § and AP § ions 
(Lai, Mortland and Timnick, 1957; Aldrich and 
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Buchanan, 1958; Mitra and Singh 1959; Thomson 
and Culbartson, 1959). In  the acidic environment 
provided by the H-resin, AP § ions are mobilized 
from the edges of the crystals, which then proceed 
to occupy the exchange sites. According to the 
formula 

(Zn2.64Mgo.llAlo.12Feo3.~.~) (A10.73Si3-27)Olo (OH)2 

(Ca/2)0.4oK0.o4Nao.o4 

of the brown clay given by Ross (1946), Zn 2§ ions 
occupy octahedral positions together with small 
amounts of AP + (and Fe  3+) ions, some AI 3+ ions 
also replacing SP + ions in the tetrahedral layer. By 
the action of the H-resin, Zn ~§ and AI 3+ ions are 
dislodged from the lateral surfaces and then occupy 
the exchange sites. 

The presence of A13+ (and Fe  :3+) ions in the 
octahedral layer gives a positive charge to this 
layer which is, however, offset by the negative 
charge created in the tetrahedral layer by the 
replacement of SP + by A1 d+ ions. The net charge is 
negative. According to the formula given by Ross, 
it is about 50 meq per 100 g of the clay. The amount 
(60 meq per 100 g) of exchangeable cations found 
in the neutral salt extract is somewhat larger than 
this value. The increase in the amount of exchange- 
able cations in the clay following the H-resin treat- 
ment signifies a corresponding increase in its net 
negative charge and it shows, further, that the 
exchangeable AI ~§ ions which are found in the acid 
sauconite have been derived by a dissolution, by 
the action of the H-resin on the clay, of the octa- 
hedral AI at the edges in preference to tetrahedral 
A1. This aspect has been further discussed in the 
next section. 

Beyond the third inflection/break in the titration 
curve of the acid sauconite and up to the fourth 
inflection/break, 20 meq of a weakly acidic species 
react with the base which is not found in the neutral 
salt extract. Resin-treated montmorillonite, also, 
has been found to contain a similar weak acid 

component, which could not be extracted by the 
solution of a neutral salt (Mitra, Sharma and 
Kapoor, 1963; Mitra and Kapoor, 1969). The 
following would be a plausible mechanism of the 
observed weak acid function of acid sauconite: 
The Zn 2+ and AP + ions exposed on the lateral 
surfaces carry some residual positive charge. Due 
to lattice terminations, these surfaces will have 
both positive and negative centres on them. When 
the clay is suspended in water and the pH is low, 
as is the case with acid sauconite, an exposed 
positively charged cation of the octahedral layer 
will complete its octahedral shell with water mole- 
cules. In a titration of  the acid clay, when all the 
exchangeable H +, A13+ and Zn ~+ ions have reacted 
with the base and more of the latter is added, OH '  
ions displace the water molecules from the octa- 
hedral shell of the Zn 2§ and AI 3+ (Fe 3+) ions at the 
edges and the cations of the base balance the 
negative centres present on the lateral surfaces. 
The exposed Zn 2§ and AP§ 3§ ions, in effect, 
act as a Lewis acid and they are responsible for the 
weak acid function of the acid sauconite. 

(b) Effect of aging 
pH- and conductometric titration curves of acid 

sauconite, which was allowed to age in water for 
different periods of time before titration, are given 
in Figs. 2 and 3, respectively. Figure 4 shows the 
pH titration curves of the neutral salt extracts of 
the aged samples. Base combining capacities 
(BCC) at the inflections/breaks of the titration 
curves given in Figs. 2-4 are shown in Table 1. 
Results of polarographic estimation of Zn ~+ ions in 
the salt extracts are given in the last column of the 
table. 

The three sets of  titration curves (and Table 1) 
show that (exchangeable) strong H § ions disappear 
after one day's  aging. The pH also increases from 
4.3 to 4-6 during this period. On further aging, 
exchangeable A13§ ions disappear. The H + and 
AI 3+ ions are replaced by Zn 2§ ions and after 15 

Table 1. Base combining capacity (meq/100 g) of acid sauconite and its content of exchangeable Zn +z ions 
after different periods of aging 

Acid clay Acid clay 
conductivity curve (break) pH curve (inflexion) 

Salt extract 
pH curve (inflexion) 

Aging 
time 1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th Zn 2+* 

0 5 25 60 80 5 30 60 80 5 30 60 30 
1 day 20 70 90 20 70 95 20 75 50 
4days 10 90 110 10 90 110 90 80 

15 days 100 120 100 120 100 95 
3 months I00 120 I00 125 95 95 

*Determined polaragraphically. 
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Fig. 2. pH titration curves of acid sauconite; (a) aged for 1 day; (b) aged for 
4 days; (c) aged for 15 days; and (d) aged for 3 months. 

days '  aging, only Zn e+ ions are found in the salt 
extract. 

Replacement of strong H § ions in acid mont- 
morillonite by AI a+ ions during aging is well known 
(Harward and Coleman, 1954; Coleman and Craig, 
1961; Schwartmann and Jackson 1963; Mitra and 
Kapoor,  1969). The strong H § ions which are 
located on the planar surfaces attack S i - O - A I  
bonds at the edges or lateral surfaces either during 
collision between the two kinds of  surfaces in the 
course of the Brownian motion of  the crystallites 
(Mitra and Singh, 1959) or as a result of diffusion 
to the sites of  the S i - O - A I  bonds at the edges of  the 
same crystal (Eckman and Laudelout, 1961). AI 3+ 
ions, which are released thereby, displace the 
strong H § ions. The latter, after attacking the Si -  
O - A I  bonds, are converted into very weakly acidic 

SiOH groups which would not react appreciably 
with a base below pH 10.5. In the case of acid 
sauconite, the strong H § ions also attack S i - O - Z n  
bonds, mobilizing Zn 2+ ions which then replace the 
former. The fact that freshly prepared acid saucon- 
ite already contains eschangeable AI ~+ and Zn 2+ 
ions shows that similar proton attack on S i - O - A I  
and S i - O - Z n  bonds had taken place in contact 
with the resin phase; protons, then, were available 
from the resin, in addition to protons which had 
already entered the clay phase in exchange for 
cations like N a  + and Ca z+. When the clay is allowed 
to age alone, the latter category of  protons are 
available for mobilizing A13+ and Zn 2+ ions from 
the edges. These protons combine with OH groups 
attached to edge Al ' s  and Zn's,  besides attacking 
the S i - O - A I  and S i - O - Z n  bonds. All these proces- 
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Fig. 3. Conductometric titration curves of acid sauconite; (a) aged for 1 day; 
(b) aged for 4 days (c) aged for 15 days, and (d) aged for 3 months. 

ses cause the pH to rise. AP + ions would not be 
stable in solution above pH 4.5. Hence, as the pH 
rises and approaches this value, A13+ ions which 
have already moved from the edges and exchanged 
sites with strong H § ions are precipitated as 
AI(OH)3. Zn2+(and ZnOH +) ions are, however, 
stable in solution up to a pH of about 6-5. Accord- 
ingly, Zn 2+ (ZnOH + ) ions continue to be mobilized 
from the edges and take the place of exchangeable 
H+/AI 3+ ions. The protons generated by the hydro- 
lysis of exchangeable A1 :~+ ions contribute towards 
the mobilization of Zn 2+ and the ultimate product 
is a Zn-clay.  

I f  only exchangeable (strong) H* ions and 
protons produced by the hydrolysis of exchange- 
able Al z+ ions were responsible for the mobiliza- 
tion of  Zn 2§ ions from the edges, the total quantity 
of H +, AP + and Zn 2+ ions in the neutral salt extract 
would be the same irrespective of the age of the 

clay, though the relative amounts of these cations 
in the extract would vary. Indeed, in the case of 
acid montmorillonite where the only exchangeable 
cations are H + and AP + ions, the total quantity of 
these two cations remains constant during aging 
(Mitra and Kapoor,  1969) though H § ions are 
gradually replaced by A13§ ions as aging proceeds. 
Acid sauconite differs from acid montmorillonite 
in this respect. The titration curves given in Figs. 
2-4  (and Table 1) show that after the acid saucon- 
ite has aged for 15 days, the amount of exchange- 
able Zn 2+ cations in the (homoionic) Zn-clay which 
is now formed, is about 66 per cent larger than the 
total quantity of exchangeable H § AI + and Zn 2+ 
ions in the freshly prepared acid sauconite. This is 
a novel feature and it shows that Zn 2+ ions are 
mobilized by protons derived from some other 
source, especially, above pH 4-5. I t  is possible that 
between pH 4.5 and 6.5, AI 3+ ions at the edges 
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Fig. 4. pH titration curves of salt extracts of acid sauconite; (a) aged for l 
day; (b) aged for 4 days; (c) aged for 15 days; and (d) aged for 3 months. 

hydrolyze to furnish protons which then attack 
S i - O - Z n  bonds, giving practically undissociated 
S i - O - H  groups and free Zn 2+ ions. The latter 
balance the negative charge which the exposed 
AP + ions neutralized before they were discharged 
by the uptake of OH ions during hydrolysis. The 
liberated Zn  ~+ ions become available for exchange 
with the cations of the salt. Table 1 shows that the 
amount of Zn 2+ ions in the salt extract reaches a 
limiting value after 15 days' aging and there is no 
further increase if the clay is allowed to age for 
3 months, The limit seems to be reached when all 
exposed A13+ ions at the edges have been hydro- 
lyzed giving protons for the mobilization of the 
Zn ~+ ions. 

Hydrolysis of the edge aluminums would annul 
their weak acid function referred to above. How- 
ever, there would still be many Zn z+ ions at the 
edges which would act as a nonextractable Lewis 

acid. They would account for the second buffer 
range in the titration curve of acid sauconite after 
it has aged for 15 days or more. 
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R 6 m m 6 - L e s  courbes de titration acidim6triques (pH) et conductim6triques d 'une sauconite acide, 
fralchement pr6par6e par action d 'une r6sine H sur une sauconite montrent quatre segments ~t l'int6r- 
ieur desquels la base ajout6e r6agit successivement et dans l 'ordre avec les ions H +, AI a+, Zn z+ et un 
acide falble. II est possible d'6changer contre les cations d'un sel neutre les ions H § AI a+ et Zn 3+, 
mais pas l'acide faible. Les ions 6changeables AP + et Zn ~+ proviennent des surfaces lat6rales h cause 
de Faction de la r6sine H. Quand on laisse la sauconite acide vieillir dans l'eau, les ions 6changeables 
H + et AP + sont graduellement remplac6s par les ions Zn ~+, ce qui donne finalement une argile Zn. Le 
pH s'616ve de 4,2 ~ 6,3 et la quantit6 totale de cations 6changeables augmente quand le vieillissement 
progresse. Quant l'argile Zn est form6e, l 'augmentation de la capacit6 d '6change est d 'environ soix- 
ante dix pour cent. Les ions AI octa6driques des bords, qui portent des charges positives, sont d6- 
charg6s par l 'hydrolyse pendant le vieillissement, ce qui entralne une augmentation de la charge 
n6gative nette, et donc, de la capacit6 d'6change cationique. Le vieillissement a peu d'effet sur la 
quantit6 d'acide faible. Les ions Zn et AI situ6s sur les bords poss~dent la fonction acide faible. Seul 
Zn des bords est actif dans l'argile qui a subi un vieillissement total. 

K u r z r e f e r a t - p H  und konduktometrische Titrationskurven eines sauren Sauconits, frisch bereitet 
durch die Einwirkung von H-Harz  auf Sauconit, ergaben jeweils vier Abschnitte,  wo H +, Al 3+ und 
Zn 2§ sowie eine schwache S~iure mit der  zugefiigten Base in der erw~ihnten Reihenfolge reagierten. 
Die H § A1 :~+ und Zn 2+ Ionen, jedoch nicht die schwache Siiure, konnten gegen die Kationen eines 
Neutralsalzes ausgetauscht werden. Die austauschf~ihigen A13+ und Zn ~+ Ionen wurden aus den 
seitlichen Oberfl~ichen dutch Einwirkung des H-Harzes erhalten. Bei Alterung des sauren Sauconits 
in Wasser wurden die anstauschf'ahigen H + und Al a+ Ionen allm~ihlich durch Zn ~+ Ionen ersetzt um 
schlussendlich einen Zn-Ton zu liefern. Das  pH stieg an von 4,2 auf 6,3 und die Gesamtmenge an 
austauschbaren Kationen nahm mit fortschreitender Alterung zu. Bei der Bildung des Zn-Tones war 
die Zunahme im Kationenaustauschverm6gen etwa siebzig Prozent. Oktaedfische Al an den Kanten, 
mit positiven Ladungen behaftet, wurden im Laufe der Alterung durch Hydrolyse entladen wodurch 
die negative Nettoladung, und somit die Kationenanstauschf'rihigkeit, zunahm. Die Alterung hatte 
wenig Einfluss auf die Menge der schwachen Siiure. Zn und Al Ionen an den Kanten zeigten schwach 
saute Funktion. lm voll gealterten Ton war nur das Kanten-Zn wirksam. 

Pe3mMe - -  Kpnabte THTpOBaHH,q (H3MepeHMe pH H I/pOBO~MMOCTH), KOTOpble nonyqeHbt ann KrtCnOrO 
co~onnla,  npUrOXOB:IeHnoro 803Lte~CTBrieM H-CMOJIbI Ha COXOnnr, nMe~OT qeTblpe cerueHTa, B 
npeaenax XOTOp~,~X nOHbl H § Al a § n Zn 2 + H cna6aa rncnora  B3anMo~Ie~craoaa.rln c ao6aaneHnbKu 
OCHOBaHHeM B yKa.3aHHOH Hoc~e~OBaTeflbHOCTH. I/IoHbI n +, Al a+ rt Z n  2+ MOFyT O6MeHHBaTbca Ha 
KaTHOH He~Tpanbno,~ COJTH, no cJia6as[ KHC~OTa He o6Hapy)KHaaeT 3TOFO CBOHCTBa. O6MeHHble 
rlonbI AI a+ rt Zn 2+ yaaanJInCb c 6OKOBhlX iioBepxnocTe~ B3anMo;le~CTBneM c H-cMono~. FIpn 
CTapeHrlrI KHC,qOFO COKOHHTa B BO~e O~MeHHbIe HOHbl n + rt Al 3 + IlOCTeIIeHHO 3aMeLU, a,qHCb Ha ZR 2 +, 
aTo nprlBos a KoHe'iHOM nTore K o6pa3OBaHHtO Zn-rnrinbl. B npottecce cTapeHHfl 3Ha~iearie pH 
Bo3pacTa.rto c 4,2 ~1o 6,3 rt yBean,mBanocI~ o6mee KOnnqecTao O6Mesnmx raTnonoB. 1-Iprt o6pa3oaanrlrt 
Zn-rnHnbr yaennqenne KaTaOnO-O6Menno~ eMKOCTn COCTaanflno oKono 70~ .  OKTaa~IpHaecKne 
I(aTHOHbl an~oMnnna, c03~a~ou1He HO:IO>KHTenbHbIIi:I 3apnj1 Ha pe6pax, Tepann 3apfl~b~ a npouecce 
cTapeHrlfl BcYle~tCTBHe rrtapoJIn3a; 3TO npnBo~H~O K HOIIB.qeHHIO oTpauaTeJIbHOrO 3apfl,aa n, KaK 
cyle~tcxane, K yBe.qn,~eHntO raTnono-o6MeHriO~ eMKOCTH. CTapeHne ora3biBaeT a~tmb He3HaqHTe.qbHOe 
BYlnflHl, ie Ha Ko.rlHqecTBO caa6o~ inCaOTbI. I/IonbI Zn n ml Ha pe6pax O6Hapy>rnBa~OT caa6o KnCabIe 
CBO~CTBa. B r.riHne, nOJ1HOCTblO npotue:~Lue~ npollecc cTapenna, aKTHBHb~M~I 6b~YtHtlab pe6pa c KaT- 
riOHaMI4 Zn. 


