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pH-INDEPENDENT AND pH-DEPENDENT 
SURFACE CHARGES ON KAOLINITE 
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Abstract-Model cation-exchange curves are presented for an idealized kaolinite surface where the charge 
on the surface (I) has its origin in cation substitution in the structure, and hence, is pH independent; and 
(2) is produced by protonationldeprotonation reactions of oxide-like sites, and hence, depends on the acid 
and base strengths of the surface sites, as well as the ionic strength. Two pH-independent situations are 
considered: one where the exchanging ions have no selectivity for the surface and are all in the diffuse 
layer; and one where selectivity exists for one ion and where that ion is partly in a Langmuir-Stem layer 
and partly in the diffuse layer. If one of the exchanging ions is a proton, the shape of the curves and their 
position on the pH scale depend on ionic strength and ionic selectivity. 

The model curves are compared with data for actual kaolinites. Under most conditions exchangeable AI 
is released from the structure, and the shape of the charging curves becomes similar to that of an oxide­
like surface. However, if titration is carried out rapidly, or account is taken of the presence of AI, the 
proton binding curves are similar in shape to those expected for sites resulting from cation substitution in 
the structure of kaolinite, either near the surface or at the edge of the crystal. 

Key Words-Cation substitution, Ion selectivity, Kaolinite, pH, Protonationldeprotonation, Surface 
charge. 

INTRODUCTION 

Cation substitutions in the lattice of kaolinite have 
been difficult to prove. Unlike other clay minerals small 
deviations from stoichiometry in kaolinite are impos­
sible to detect by direct chemical analysis. Also, kaolin 
samples are seldom, if ever, free from mineralogical im­
purities. Evidence for cation substitution in the lattice 
is usually sought by studying the relationship between 
pH and charge (cation adsorption) (e.g., Samson, 1953; 
Schofield and Samson, 1953, 1954; Weiss, 1959; Ferris 
and Jepson, 1975; Bolland et al., 1976). In this paper 
model surface charge-pH curves are presented for pH­
independent and pH -dependent charge on idealized ka­
olinite and compared with those of actual samples. 

pH-INDEPENDENT CHARGE 

Kaolinite consists of successive silico-alumina (7 A) 
units held together by hydrogen bonding to form 
'stacks' (Grim, 1953; Marshall, 1964). Because coun­
terions between individual silico-alumina units are not 
known, charges due to cation substitution within ka­
olinite 'stacks' must be balanced by counterions at the 
external surface of the 'stacks,' generally on the basal 
surfaces or near the edges (Weiss and Russow, 1963; 
Follet, 1965) rather than uniformly distributed through­
out the 'stacks.' In either case, a large distance in elec­
trostatic terms exists between the counterions at the 
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surface of the clay and the seat of the replacement 
charge. Thus, by analogy with oxy-acids (Pauling, 
1960), counterions should be held at the surface by rel­
atively weak electrostatic forces and should be readily 
replaced by other counterions. The counterions that 
balance charges due to cation substitution should thus 
behave similarly to strong electrolytes in that they are 
completely ionized in water but are restricted in posi­
tion by an electrical potential at the surface. In the acid 
form the clay should have titration characteristics sim­
ilar to those of strong acids. Hence, the sites on clays 
produced by cation substitution in the structure have 
been called strong acid sites (Pauling, 1960) and have 
been shown to have such character through titration 
curves (Harward and Coleman, 1954). 

Model with no selectivity 

In this model it is assumed that only pH-independent 
charge is present on the clay and that counterions are 
held at the surface by coulombic forces only, there 
being no selectivity. Homovalent cation exchange, 
therefore, results in no change in the distribution of 
electrical potential at the surface. The surface charge 
density is then: 

(I) 

where <T p is the charge density of the clay (eq/cm2), and 
Ns is the density of charged sites on the clay surface 
(eq/cm2). If only one cation species (C+) other than H+ 
is present, as the pH of the medium is changed, C+ and 
H+ exchange through the reaction: 

C+s + H+ ~ H\ + C+ 
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Figure I. Model curves describing the fractional exchange, 
ee, between C+ and H+ balancing a pH-independent charge on 
a kaolinite surface in aqueous suspension when the surface 
charge has no selectivity for H+ or C+. a, b, c, and d are model 
curves for different concentrations of C+ as a function of pH. 

where C+s and H+, are the cations balancing the cation 
substitution charge of the clay, and C+ and H+ are the 
cations in bulk solution. In all of the following discus­
sions, it is assumed that the solution to clay ratio is so 
large that there is no detectable pH change as a result 
of the removal ofH+ from the exchange complex. The 
fraction of charged sites balanced by C+ in competition 
with H+ (Oe) in dilute clay suspensions is given by: 

(2) 

where Ce and CH are the concentrations of C+ and H+ 
in solution at equilibrium. In this situation all counter­
ions, i.e., C+, and H+" will be in the diffuse layer. The 
base saturation, 0e, is plotted in Figure 1 for four con­
centrations of C+ (curves a, b, c, and d). Because nei­
ther C+ nor H+ is selectively adsorbed, the four curves 
are symmetrical and displaced from one another by one 
pH unit for every ten-fold change in Ce. C+ and H+ are 
present on the clay in direct proportion to their relative 
concentrations in solution. 

Model with selectivity 

In this model, on general surface-chemistry grounds, 
negative charge due to cation substitution on kaolinite 
is expected to display different selectivities for different 
countercations, e.g., Na+, K+, or Cs+. Again, only 
charge due to cation substitution in the lattice is as-
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Figure 2. Model curves describing the competition between 
C+ and H+ balancing the pH-independent negative charge on 
the surface of kaolinite in aqueous suspension when the sur­
face had different selectivities for H+ and C+. The concentra­
tion of C+ is 10-3 M; the surface area of the kaolinite is put at 
20 m2/g; and the surface charge is put at 5 meq/IOO g. Kc 
and KH are the binding constants for C+ and H+, respectively 
(liter/mole). 

sumed to be present on the kaolinite surface. C+ is given 
a binding constant Kc so that surface potential cannot 
be assumed to be constant and independent of the rel­
ative concentrations of the adsorbed cations. The first 
plane of the diffuse layer (called the inner plane) is de­
fined as the plane that contains the selected ion. This 
is an oversimplification because there are undoubtedly 
many different planes of adsorption. C+ can exist in the 
inner plane and in the diffuse layer, whilst H+ can only 
exist in the diffuse layer. The charge density on the in­
ner plane (UI.PJ can be described by a Langmuir-Stem 
equation: 

KcNsCeexp - (t/JdZF/RT) 
1 + KeCcexp - (t/JdZF/RT) 

(3) 

where Kc is the binding constant or selectivity of 
the surface for cation C+; t/Jd is the potential in the 
inner plane, assumed to be the first plane of the dif­
fuse layer; F/RT has its usual physico-chemical mean­
ing; and Z is the valency, including sign, of C+ 
which is unity in this case. Uil is given by Gouy­
Chapman theory by: 

Uct = -1.22 x lO-IO(Cc + CH)tsinh(O.OI95IZIt/Jd) 
(4) 

where t/Jd is in millivolts and C in mole/liter. Elec­
trical neutrality requires that: 

(5) 

The total C+ adsorbed for a given pH value is given 
by: 
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Total C+ Bound = <TJ.P. + (<TDiffuse X Cc)/(Cc + CH) 
(6) 

and Be = (Total C+ Bound)/Ns (7) 

Test values of Kc = 10 and 100 liter/mole were arbi­
trarily used to obtain Figure 2. Arbitrary values were 
assigned to l/Jd in Eq. (3) and <TI.P. evaluated. <T d was then 
derived from Eq. (5), CH from Eq. (4), and Be from Eqs. 
(6) and (7). The results are presented in Figure 2. 

At sufficiently high pH values the surface will be ef­
fectively uncharged for all finite values of Kc because 
C+ will be situated in the inner plane balancing the 
whole surface charge. As the pH is lowered, the surface 
will become charged due to the exchange of C+ for H+ 
and because H+ can exist only in the diffuse layer in 
this model. The increasing development of the diffuse 
layer potential (l/Jct) makes it increasingly difficult to re­
move C+ from the surface, resulting in a broadening of 
the curves at low pH values. As the value of Kc in­
creases, a lower pH is required to replace C+ by H+ and 
hence the displacement of the curves along the pH 
scale. At high pH all curves converge because l/Jct tends 
to zero. 

The other extreme model to be examined gives a fi­
nite binding constant (KH > 0) to H+ (KH) so that H+ 
adsorbs in both the inner plane and the diffuse layer, 
while C+ adsorbs only in the diffuse layer (viz. Kc = 

0). Then: 

and 

KHNsCHexp - (l/JctZF/RT) 
1 + KHCHexp - (l/JdZF/RT) 

<Td = -1.22 X 1O-10(CH + Cdisinh(0.0195\Z\l/Jd) 

(8) 

(9) 

To make the mathematics simpler, CH was omitted 
in Eq. (9) thus: 

<T ct = -1.22 x 1O- IOCc!sinh(0.0195\ ZI l/Jd) (10) 

The effect ofthis simplification is to make Oc lower than 
it should be below pH 3.5. Test values of KH = 10 and 
100 liter/mole were used, and the other parameters 
were given the same values as those used in Figure 1. 
The equations were solved in a similar fashion, and the 
results plotted in Figure 2 (curves d and e). At suffi­
ciently low pH values the surface will be uncharged for 
all finite values of KH because H+ will be situated in the 
inner plane balancing charge. All curves, including KH 
and Kc equal zero, then coincide because no effect of 
the charge is discernible. C+ will exchange with H+, and 
a diffuse layer charge will develop because C+ cannot 
exist in the inner plane in this model. The development 
of an increasing diffuse layer potential l/Jd with replace­
ment of the surface H+ makes it increasingly difficult 
to remove further H+ from the surface-hence the 

broadening of the curves as the pH increases. The 
higher the value of KH, the more the curves become 
displaced along the pH scale because a lower concen­
tration ofH+ relative to C+ is needed to replace H+s by 
C+. The similarity of shapes of the curves at high pH 
values stems from the fact that curves all have about 
the same charge. 

If the values of KH and Kc are both very large no dif­
fuse layers will develop, and the Be vs. pH curves will 
be identical in shape to Figure 1, although their position 
on the pH scale will be determined by the ratio KH/Kc· 
The real situation will be between the extreme models 
given here. 

pH-DEPENDENT CHARGE 

Kaolinite can be considered a combination of two 
oxides, silica and gibbsite. The surface charge on ox­
ides in aqueous solution in the presence of indifferent 
ions only (Bowden et aI., 1977) is pH dependent be­
cause of protonation and deprotonation reactions at 
exposed oxygen, hydroxyl, or water molecules (Hings­
ton et al., 1972). 

In the model now presented, the two separate types 
of sites due to silica and alumina on kaolinite are ne­
glected and treated as a single oxide. The mathematical 
complexities oftreatingthis case with two types of site 
are formidable at the present time and as it will be seen 
are not necessary for the present purposes of compar­
ison. Some recognition ofthe influence of silica is made 
by placing the isoelectric point IEP (Parks, 1967) at pH 
3.5. The surface charge on kaolinite is assumed to result 
only from the adsorption of H+ and OH- (potential de­
termining ions or PDIs). The only other ions assumed 
to be present are indifferent ions which adsorb to bal­
ance the excess charge developed by the adsorption of 
the PDIs. 

The surface charge density (<Ts) due to adsorption is 
given by (Bowden et al., 1977) 

Ns[KH(CH)exp( - Fl/JJRT) 
- KoH(CoH)exp(F'/Is/RT)] 

1 + [KH(CH)exp( - Fl/JJRT) 
+ KoH(CoH)exp(Fl/Js/RT)] 

(11) 

where CH and COH (molelliter) are the solution concen­
trations of H+ and OH- (activity coefficients assumed 
to be unity), respectively. KH KOH are the binding 
constants of H+ and OH-, respectively (liters/mole). 

<Ts is also given by: 

<Ts = G(l/Js - l/Jd) 

G = €/41Td 

(12) 

(13) 

where G is the electrical capacitance of the region be­
tween the surface plane of the PDIs and the inner plane, 
€ is the electrical permittivity of this region, and d is the 
distance between the planes. The expression for <Tct is 
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Figure 3. Model net charge curves plotted as a function of 
pH for three ionic strengths (a, b, and c) for a kaolinite with 
a pH-dependent charged surface. Solid line == weak e\ec­
tro!ytetypesiteswithKH = 1O- l andKoH = 10"; dashed line = 
strong electrolyte type sites with KH = lOs and KOH = 1012. 
For both models the surface area of the kaolinite is assumed 
to be 20 m2/g; Ns is put equal to 5 meqlIOO g; G is 2 X 10-12 
eq/mV cm2; IEP is positioned at pH 3.5. 

the same as that used in Eq. (10) above, and for elec­
trical neutrality: 

(14) 

Values assigned to the various parameters are given 
in the legend to Figure 3. Values were given to KH and 
KOH' various values were assigned to I/Id and C in Eq. 
(10), and ad was evaluated. Thus, as was calculated 
from Eq. (14) and then I/Is from Eq. (12). CH was then 
determined from Eq. (11), and as was plotted as a func­
tion of pH for different values of C and extreme values 
of KH and KOH (Figure 3). Figure 3 shows that KH and 
KOH determine the shape of the pH-dependent charge 
(Bowden et al., 1977). Ifthe surface charge on kaolinite 
is assumed to be pH dependent, three extreme situa­
tions are possible. 

(1) When KH and/or KOH is small, a large proportion 
of the sites will be in the neutral form near the IEP until 
the pH is sufficiently far away from the IEP of the sur­
face, whereupon the number of charged sites will in­
crease markedly. The surface sites thus have weak base 
and/or acid character showing little tendency to gain or 
lose a proton until extremes of pH . This behavior is 
given by the charging curves of silica on the alkaline 

side of the IEP (Tadros and Lyklema, 1968). An ex­
ample of a model oxide with an IEP at 3.5 for 3 different 
concentrations of indifferent electrolyte is given in Fig­
ure 3 (solid lines). 

If kaolinite b~haved as an oxide with a very small 
KOH , it would show little cation adsorption on the al­
kaline side of pH 3.5 until pH >7. For example, in a 
10- 3 M electrolyte, it would charge over a pH range of 
3.5-13 (cf. Figure 1 for a kaolinite possessing only pH­
independent charge: in 10-3 M electrolyte the clay 
would adsorb cations over a pH range 0.5-5.5, and have 
a significant charge above pH 2.0.) 

IfKH is zero and KOH is very large, Eq. (11) becomes: 

as = Ns 

The base saturation curve is then given by Eq. (2) be­
cause surface potential does not change with a change 
in composition if there is no selectivity for one cation 
over the other. It would thus not be possible to distin­
guish this situation from those due to cation substitu­
tion in the lattice. 

(2) When KH and KOH are very large most of the sites 
are in the charged form at all pHs, with very few of the 
neutral sites being present. In this situation two protons 
are added in effect in one step to each site during titra­
tion so that a site passes directly from positive to neg­
ative and vice versa. Eq. (11) then becomes: 

a s = 
Ns[KH(CHexp( - FI/I/RT) 
- KoH(CoH)exp(FI/Is/RT)] 

[KH(CH)exp( - Ft/lJRT) 
+ KoH(CoH)exp(Ft/I.!RT)J 

or equivalently, 

Us = 
Ns[R(CJ2exp( - 2FI/I/ RT) - 1] 
[R(CH)2exp( - 2FI/I/RT) + IJ 

(15) 

(16) 

where R is KH/KwKOH (Kw = 10- 14), and the IEP will 
be given by ~ log R. The sites with these characteristics 
behave like strong electrolytes and are strong acidlbase 
sites, but their charging curves will be influenced by the 
changing net charge on the surface affecting the value 
of I/Is as it is titrated. The net adsorption curves resulting 
from an oxide site with large KH and KOH will thus 
change over a larger pH range than the corresponding 
curves for pH-independent charge sites. An example 
of a model surface possessing only pH-dependent 
charge with large KH and KOH is given in Figure 3 
(dashed lines). It can be seen that the surface charge 
develops rapidly as the pH rises above the IEP (3.5). 
Thus, in 10-3 M electrolyte, charging occurs over the 
pH range 3.5 to 11. Compare this to the 10- 3 M curve 
in Figure I for a surface possessing only pH-indepen­
dent charge where the cation adsorption range is pH 0.5 
to 5.5 and the weak acid and base site described under 
(I) above where the range is 3.5 to 13 (Figure 3) . 
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Figure 4. Comparison of model curves for negative and net surface charge with data for Cornish clay. Solid line = exchange 
between C+ and H+ balancing a pH-independent charge on a kaolinite surface when C+ = 10-3 M and Ns = 1.3 X 10 .. 10 eq/cm'; 
dashed line = net charge for a strong electrolyte type site when ionic strength is 10-3 M; KH = 105

, and KOH = 10" liter/mole; 
Ns = 1.3 X 10-10 eq/cm'; G = 2 X 10-12 eq/mV Cm2; IEP positioned at pH 3.5; dot-dashed line = model net charge curve for 
a weak electrolyte type site when the ionic strength is 10-3 M; KH = 10-1 and KOH = 106 liter/mole; Ns = 1.3 X 10- 10 eq/cm'; 
G = 2 X 10-12 eq/mV cm"; IEP positioned at pH 3.5. The experimental points are negative, and the net charge was measured 
on the Cornish clay as a function of the pH of the 4th equilibration solution when the clay was equilibrated with either 10-3 M 
NaN03 0r KN03 and extracted with 0.1 M BaCl2 (pH 3) at O°C, as described by Bolland et al. (1976). Solid:solution ratio 
0.5 g in 10 m\. .. = 4 hour equilibration at O°C with 10-3 M NaN03 ; • = 48 hour equilibration at 20°_25°C with 10-3 M 
KN03 ; • = 48 hour equilibration at 20°_25°C with 10-3 M NaN03 ; (a) Na+ or K+ adsorption; (b) (Na+ + AP+) or (K+ + AP+) 
adsorption; (c) (Na+ + N03-) or (K+ - N03-) adsorption; (d) [(Na+ + AP+) - N03-[ or [(K+ + AP+) - N03+j adsorption. 

EVIDENCE FOR pH-INDEPENDENT 
CHARGES ON KAOLINITES 

Bolland et at. (1976) measured the positive, negative, 
and net surface charge of several natural kaolinites as 
a function of the pH and ionic strength of the IR 
aqueous suspensions, using different index cations and 
periods of equilibration. The negative surface charge 
and net charge as measured by exchangeable K+ and 
Na+ were found to be pH dependent in the pH range 
3.5-7.0 when the equilibration period was greater than 
4 hr. However, when the equilibration period was short 
and temperatures low (4 hr at O°C) the amount of ex­
changeable Al and dissolution of Al from the kaolinites 
was found to be small, and the negative charge was 
largely independent of pH in the range 3.5 to about 8.5 
(Bolland, 1975; Bolland et at., 1976). A similar result 
is obtained when due allowance is made for exchange­
able AI release under other conditions (Bolland, 1975; 

Bolland et at., 1976). In Figure 4, the negative and net 
surface charge measured on Cornish kaolinite clay are 
compared to model curves presented in this paper. 
Some properties of the clay have been given previ­
ously, together with the experimental procedures used 
to measure the surface charge (Bolland et al., 1976). 
The results presented here for the Cornish clay have 
hitherto not been published, and are similar to those 
obtained for the other kaolinites studied (Bolland, 
1975). In Figure 4a, the negative charge as measured by 
adsorption of either Na+ or K+ is compared to the mod­
el curves. When the equilibration time was 48 hr, as 
measured by Na+ or K+ adsorption, the negative sur­
face charge more closely resembles the model charge 
curve for amphoteric, strong electrolyte, oxide surface­
sites (dashed curve in Figure 4a). However, when the 
equilibration procedure was done at O°C for 4 hr, as 
measured by Na+ adsorption, the negative charge on 
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the clay more closely resembles the solid curve in Fig­
ure 4a for charge due to cation substitution. In Figure 
4b the exchangeable Al is added to the index cation to 
calculate the negative surface charge as described by 
Bolland et al. (1976). In all three cases the experimental 
data more closely resemble the solid curve in Figure 4b 
for charge due to cation substitution than the others. 
The negative surface charge on the kaolinites studied 
are thus concluded to be largely pH independent and 
likely to be due to cation substitution. 

In Figure 4c the net surface charge measured on the 
kaolinite (obtained by subtracting N03- adsorption 
from either Na+ or K+ adsorption) are compared to the 
model curves. When the equilibration period was long, 
the experimental points for the net charge resemble the 
model curve for strong electrolyte oxide type sites 
(dashed line in Figure 4c). In the case of the shorter 
equilibration at low temperatures, though the experi­
mental data more closely resemble the model curve for 
isomorphous substitution (solid curve in Figure 4c), the 
experimental data show some pH dependency. This is 
because the positive charge on the kaolinite surfaces 
was pH dependent, increasing with decreasing pH val­
ues and increasing ionic strength of the aqueous me­
dium (Bolland, 1975; Bolland et al., 1976). Thus, as the 
pH of the aqueous kaolinite suspension decreases, 
though the negative charge may be constant, the posi­
tive charge increases, and the resultant net charge 
curve tends to become pH dependent and decreases 
with pH. 

CONCLUSIONS 

A comparison of the variation of surface charge as 
a function of pH with studies of the charge of several 
natural kaolinites reported here and elsewhere (Bolland 
et al., 1976) in the pH range 3.5 to about 8.5 suggests 
the charge is likely due to cation substitution in the lat­
tice. 

Unless due consideration is given to Al dissolution, 
the negative surface charge on the kaolinites can be 
mistakenly attributed to a pH-dependent, oxide-like 
charge on the kaolinite surface. The amount of Al that 
balances negative surface charge is minimized by equi­
librating as rapidly as possible at low temperatures and 
by using Cs+ as the index cation (Bolland, 1975), thus 
minimizing the problem of assigning charge to the Al 
that balances the negative surface charge. 

REFERENCES 

Bolland, M. D. A. (1975) Surface charge on kaolinites in 
aqueous suspension: Ph.D. Thesis, University of Western 
Australia, Nedlands, Western Australia, 347 pp. 

Bolland, M. D. A., Posner, A. M., and Quirk, J. P. (1976) 
Surface charge on kaolinites in aqueous suspension: Aust. 
J. Soil Res. 14, 197-216. 

Bowden, J. W., Posner, A. M., and Quirk, J. P. (1977) Ionic 
adsorption on variable charge mineral surfaces. Theoreti­
cal-charge development and titration curves: Aust. J. Soil 
Res. 15, 121-136. 

Ferris, A. P. and Jepson, W. B. (1975) The exchange capac­
ities of kaolinite and the preparation of homoionic clays: j. 
Colloid Interface Sci. 15, 245-259. 

Follet, E. A. C. (1965) The retention of amorphous colloidal 
'ferric hydroxide' by kaolinites: J. Soil Sci. 16, 334-341. 

Grim, R. E. (1953) Clay Mineraology: McGraw Hill, New 
York, 384 pp. 

Harward, M. E. and Coleman, N. T. (1954) Some properties 
of H- and AI-clays and exchange resins: Soil Sci. 78, 181-
188. 

Hingston, F. J., Posner, A. M., and Quirk, J. P. (1972) Anion 
adsorption by goethite and gibbsite. 1. The role ofthe proton 
determining adsorption envelopes: J. Soil Sci. 23, 177-192. 

Marshall, C. E. (1964) The physical chemistry and mineral­
ogy of soils: in Soil Materials, Vol. 1, Wiley, New York, 
388 pp. 

Parks, G. A. (1967) Aqueous surface chemistry of oxides and 
complex oxide minerals. Isoelectronic point and zero point 
of charge: in Equilibrium Concepts in Natural Water Sys­
tems. Advances Chem. Ser. 67, Amer. Chem. Soc., Wash­
ington D.C. 121-160. 

Pauling, L. (1960) The Nature of the Chemical Bond: 3rd ed., 
Cornell University Press, Ithaca, New York, 644 pp. 

Samson, H. R. (1953) The deflocculation of kaolinite suspen­
sions: Ph.D. thesis, University of London, 172 pp. 

Schofield, R. K. and Samson, H. R. (1953) The deflocculation 
of kaolinite suspensions and the accompanying change-over 
from positive to negative chloride adsorption: Clay Miner. 
Bull. 2, 45-51. 

Schofield, R. K. and Samson, H. R. (1954) Flocculation of 
kaolinite due to the attraction of oppositely charged crystal 
faces: Discuss. Faraday Spc. 18, 138-145. 

Tadros, Th. F. and Lyklema, J. (1%8) Adsorption of pot en­
tial determining ions at the silica-aqueous electrolyte inter­
face and the role of some cations: J. Electroanal. Chem. 
Interfacial Electrochem. 17,267-275. 

Weiss, A. (1959) Cation exchange ability of clay minerals. III. 
Cation exchange in kaolinite: Z. Anorg. Allg. Chem. 299, 
92-120. 

Weiss, A. and Russow, J. (1963) The location of exchange­
able cations on kaolinites: Froc. Int. Clay Conj., Stock­
holm, 1963, Vol. 1, Th. Rosenqvist and P. Graff-Petersen, 
eds., Pergamon Press, Oxford, 203-213. 

(Received 9 November 1979; accepted 22 April 1980) 

https://doi.org/10.1346/CCMN.1980.0280602 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1980.0280602


418 Bolland, Posner, and Quirk Clays and Clay Minerals 

PUIOMe---MoAeJIbHble KpHBbie KaTHOHHoro 06MeHa npeACTaBJIeHbl AIDI HAeaJIHpH3HpoaaHHoH KaOJIHHHTO­
BOH nOBepXHOCTH, KOfAa 3apM Ha nOBepXHOCTH (1) Bbl3blBaeTCM KaTHOHHoH nOllcTaHoBKoH B CTpYKType 
H B 3TOM CJIyqae MBJljleTCM pH He3aBHCHMbIM; H (2) nOJIyqeH B pe3YJIbTaTe peaKQHH npoToHaQHH/llenpo­
TOHaQHH OICHCO-noI106HhlX Y3JIOB, H TOrila 3aBHCHT OT CHJIbI KHCJIOTbI H OCHOBaHHM nOBepxHocTHbIX 
Y3JIOB, a TaK)Ke OT HOHHoH CHJIbl. PaccMarpHBalOTcM pH He3aBHCHMbie CJIyqaH: nepBblH, KOfAa 
oOMeHHbie HOHbl He HMelOT CeJIeKTHBHOCTH no OTHOllleHHIO K nOBepXHOCTH H Bce OHH HaXOJ1jlTCM B 
AH$$Y3HOHHOM CJIoe; H APyroH, KOfila HMeeTCM CeJIeKTHBHOCTb AIDI OAHOfO HOHa H KOfAa 3TOT HOH 
HaXOJ1HTCM qaCTHqHO B CJIoe n3BrYMHpa-CTepHa H qaCTHqHO B AH$$Y3HOHHOM CJIoe. 3CJIH OJ1HH H3 
OOMeHHBalOl.QHXCM HOHOB M8JljIeTCM npoTOHOM, TorAa $opMa KPHBblX H HX MeCTO Ha pH lllKaJIe 
3aBHCHT OT HOHHoH CHJIbl H HOHHOH CeJIeKTHBHOCTH. 

MOlleJIbHble KpHBbie CPaBHHBaIOTCM C I13BHbIMH AIDI HaTypaJIbHblX KaOJIHHHTOB. B npellBapHTeJIbHblX 
YCJIOBHMX oOMeHHblH AI oCB060~aeTcM H3 CrpYKTYPbl H 3apMI10Bbie KpHBbie CTaHOBHTCH nOXO)KHMH 
no $opMe Ha KpHBhle, KOTopble HMelOTCM AIDI oKHCO-noI106HOH nOBepxHocTH. OIlHaKO, eCJIH THTpoBaHHe 
npOBOJ1HTCM 6blCrpO HJIH 6epeTcM BO BHHM3BHe npHCYTcTBHe AI, KpHBbie npoToHoBOH CBM3H MBJIMIOTCM 
nOXO)KHMH no $opMe Ha Te, KOTopble O)KHAaIOTCM I1JlM Y3JIOB, nOJIyqaeMblX nYTeM KaTHoHHoH 
nOIlCTaHOBKH B CrpYKType KaOJIHHHTa HJIH nOfiJIH30CTH HJIH Ha rpaHe KpHCTaJIJIa. [E.C.) 

Resumee---Es wurden Modelle von Kationenaustauschkurven fur eine idealisierte Kaolinitoberflache dar­
gestellt, wobei die Beladung an der Oberflache (1) von der Kationensubstitution in der Struktur herriihrt, 
daher pH-unabhangig ist und (2) durch ProtonierungslDeprotonierungs-Reaktionen der Oxid-artigen Seiten 
hervorgerufen wird. Sie hangt daher von der Saure- und Basenstarke der Oberflachen sowie von der 10-
nenstarke abo Zwei pH-unabhangige Situationen werden betrachtet: Bei einer haben die austauschenden 
lonen keine Selektivitat gegeniiber der Oberflache und sind aIle in einer diffusen Lage angeordnet. Bei der 
anderen Situation existiert eine Selektivitat fiir ein Ion, wobei dieses Ion zum Teil in einer Langmuir-Stern­
Lage und z.T. in der diffusen Lage angeordnet ist. Wenn eines der austauschenden lonen ein Proton ist, 
hangt die Kurvenform und ihre Lage auf der pH-Skala von der Ionenstarke und der lonenselektivitat abo 

Die Modellkurven werden mit Daten fiir reale Kaolinite vergleichen. Unter den meisten Bedingungen 
wird austauschbares AI aus der Struktur entfernt, und die Form der Beladungskurven wird ahnlich der 
einer Oxid-ahnlichen Oberflache. Titriert manjedoch schnell oder beriicksichtigt man das Vorhandensein 
von AI, dann sind die Protonenbindungskurven in der Form ahnlichjenen, die man fiir Lagen erwartet, die 
bei der Kationensubstitution in der Struktur von Kaolinit entweder in der Nahe der Oberflache oder an den 
Kanten des Kristalls entstehen. [U.W.) 

Resume-Des courbes types d'echange de cations sont presentees pour une surface de kaolinite idealisee 
oil la charge sur la surface (1) doit son origine it une substitution de cations dans la structure et par con­
sequent est independante du pH; et (2) est produite par les reactions de protonation/deprotonation des sites 
semblables aux oxides, et par consequent, depend des forces acides et de base sur les sites de surface, ainsi 
que de la force ionique. Deux situations independantes du pH sont considerees: l'une oil les ions echan­
geants n'ont pas de selectivite pour la surface et sont tous dans la couche diffuse; et l'une oil la selectivite 
existe pour un ion et oil cet ion est partiellement dans une couche Langmuir-Stern et partiellement dans 
la couche diffuse. Si l'un des ions echangeants est un proton, la forme des courbes et leur position sur 
l'echelle de pH dependent de la force ionique et de la se!ectivite ionique. 

Les courbes types sont comparees aux donnees pour des kaolinites reels. Sous la plupart des conditions, 
Al echangeable est relache de la structure, et la forme des courbes de charges devient sembI able it celie 
d'une surface semblable aux oxides. Si, cependant, la titration est faite rapidement, ou si I'on tient compte 
de la presence d'Al, les courbes de liaison de protons ont une forme semblable it celie it laquelle on s'attend 
pour des sites resultant de substitution de cations dans la structure de kaolinite, soit pres de la surface, soit 
au bord du crystal. [0.1.) 
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