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Abstract-Seven kaolins from Georgia (southeastern U.S .A.) , ranging from high to low commercial grade, 
were characterized by X-ray powder diffraction and chemical techniques to establish that the variation in 
quality was caused by impurities. The Ca and Cs cation-exchange capacities (CEC) varied from 2.67 to 
8.17 and from 3.29 to 8.77 meq/lOO g, respectively. Selective dissolution and correlation analyses strongly 
indicated that expandable 2: 1 minerals, particularly smectite (1.2-5.9%), ~ere responsible for most of the 
observed variations in Ca CEC (r = 0.85*). The extemal surface CEC ofkaolinite ranged from 0 to 1 meq/ 
100 g. The positive significant correlation (r = 0.90**) between the Ca CEC and the K-mica content (0-
3.9%) suggested that Ca CEC may be related to the degree of mica weathering through an expandable 
mineral stage. 

The Cs-retention capacity (0.19-1.14 meq/loo g) was c10sely related to Cs-measured vermiculite content 
(r = 0.80*), and this content plus specific surface (R = 0.93**) or mi ca content (R = 0.86*). The Cs reten
tion appeared to be primarily related to the presence of interlayer wedges at micalvermiculite XY 
interfaces . 

Key Wor~ation-exchange capacity, Cs retention , Interlayer wedges, Kaolinite, Vermiculite. 

INTRODUCTION 

The low cation-exchange capacity (CEC) of kaolin
ite, compared to that of expandable phyllosilicates, is 
thought by some to result from ionic substitution (Bol
land et al., 1976) and to be pH-independent. However, 
it is thought by others to arise from exposed -SiOH and 
-AIOH sites (Ferris and Jepson, 1975) and to be pH
dependent. Differences in the CEC of various kaolins 
have been attributed to differences in the degree of 
crystallinity (Murray and Lyons, 1960), surface area 
(Ormsby et al., 1962), and the presence of impurities, 
particularly montmorillonite (Hinckley and Bates, 
1960; Bundy et al., 1966). 

Small amounts of montmorilJonite impurity in kaolin 
c1ays have an adverse effect on rheology of kaolinite 
suspensions (Lyons, 1958). The fixation of CS137 is min
imal or negligible for monomineralic kaolinite or ex
panded montmorillonite (Schulz et al., 1960). Inter
leaved micaceous components (Lee et al. , 1975) , 
occurring as impurities in kaolinite , may be responsible 
for the strong fixation of radionuc1ides such as CS 137 

(Francis and Brinkley, 1976; Komarneni, 1978). 
The objectives of this paper are to characterize a se

ries of field-grade kaolins with different CEC and rheo
logical properties by mineralogical, chemieal, and 
X-ray powder diffraction techniques , and to correlate 
and identify the sources of the differences in the CEC 
and Cs-retention capacity of the kaolins. 

MATERIALS AND METHODS 

Six commercial kaolins from Twiggs County and one 
(sampie 3) from Wrens, Georgia (courtesy of A. C. 

Kunkle of the J. M. Huber Corporation), were exam
ined. Random powder specimens were prepared for 
X-ray diffraction (XRD) analysis with Ni-filtered CuKa 
radiation and a scanning speed of 2°20/min. An empir
ical crystallinity index (Johns and Murray, 1959) was 
determined by comparing the intensity ratio of the (021) 
and (060) reflections obtained with a scanning speed of 
OS28/min. XRD analyses were also made of Li
DMSO- (Abdel-Kader et al., 1978) and Cs-Hz-DMSO
(Jackson and Abdel-Kader, 1978) intercalated kaolins. 
An intercalation index was computed as a ratio of the 
intensity ofthe 11.2-Ä peak to the sum ofthe intensities 
ofthe 7.1- and 11.2-Ä peaks. 

Total K20 and MgO contents were determined by HF 
digestion in sealed polypropylene bottles, saturated 
H3B03 treatment (Jackson, 1975), and atomic absorp
tion spectrophotometry (AA). The elemental analyses 
were performed in duplicate. Specific surface data were 
obtained by the glyceröl mono-interlayer sorption 
method of Milford and Jackson (1962) . 

CEC determinations 

For determinations of exchange capacities for Ca and 
K, 0.20-g sampies were saturated with Ca2+ by three 
washings with 0.5 N CaCl2 followed by five more with 
0.01 N solution. Excess salt in the day paste was de
termined by the weighing method of Jackson (1975). 
The exchangeable Ca plus that in the excess salt was 
replaced by washing the paste five times with 0.5 N 
MgCI2 • Calcium was determined by atomic absorption 
spectrophotometry. The amount of exchangeable Ca, 
designated as CaEC (meq/lOO g), was obtained by sub-
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tracting the amount of excess salt Ca, as calculated 
from the concentration and the weight of excess solu
tion, from the total Ca. 

The amount of exchange capacity with K was deter
mined on the same sampie after the CaEC determina
tion. Potassium saturation was achieved by washing the 
sampie three times with 0.5 N KCI, once with 0.02 N 
KCI in water, and four times with 0.02 N KCI in 8Q%, 
methanol (Jackson, 1975). After the last washing, the 
tube was weighed, dried overnight at 110°C, and again 
weighed to obtain the weight of the sampie plus excess 
KCI solution. The exchangeable K plus excess salt K 
was extracted by five washings ofO.5 N NH40Ac, and 
the total K was determined by flame emission spectro
photometry. The amount of exchangeable K, designat
ed as K/EC (meq/100 g), was obtained by subtraction 
of the amount of excess salt K from the total K. 

CsEC determinations were carried out essentially the 
same as the CaEC determinations. However, each 
CsCI solution used was tagged with Cs137. The ex
changeable plus excess Cs was extracted with 0.5 N 
NH40Ac or 0.5 N CaCl2 solutions in two separate sets 
of sampies. The extracted CS 137 was radio-assayed by 
high resolution gamma-ray spectroscopy with an NaI 
detector. The amount of exchangeable Cs, designated 
as CsEC, was calculated as the difference between total 
Cs and excess salt Cs and expressed as CsEC by NH4 + 
or Ca2+ replacement. A measure of the Cs-retention 
capacity was afforded by the difference in CsEC ob
tained by the replacement of Cs+ with NH4 + vs. that 
with Ca2+. All reported CEC values represent the av
erage of duplicate determinations. 

Quantitative mineralogical analysis 

A quantitative estimate of the mineralogical com
position ofkaolins was made by the chemical allocation 
procedure (Jackson, 1975). The mi ca content was cal
culated based on an allocation of 1Q%, K20 to mica. The 
vermiculite conte nt was derived from the equation 
(Alexiades and Jackson, 1966): 

% Verm = [(CaEC - KlEC)/(154)](100) (1) 

A second vermiculite content ("Verrn") was cal
culated by substitution of the CsEC (replacement by 
NH4+) for CaEC (replacement by Mg2+). The mont
morillonite content was calculated from the simpli
fied equation (Jackson, 1975): 

% Mont = [(KlEC - y)/(11O - y)](100) (2) 

in which y = the CEC (meq/l00 g) attributable to the 
external surfaces of various minerals present in the bulk 
sampIe. 

Selective dissolution ofkaolinite (Jackson, 1975) was 
carried out to concentrate the impurities. The sampIe 
was first preheated in a muffle furnace to 550°C for 4 hr. 
A O.I-g subsampie was dispersed and boiled in 100 ml 

7.1 

, I,. 

Ji 

KAOL 6 

SDA I~ 
I 

Mg-Gly, 
I 

14 I 

I I 

o 
A 

IMPURITIES 

7.1 

KAOL 2 

SDA 
Mg-Gly 

18 

o 
A 

I 

Figure 1. X-ray diffractograms of Mg2+-saturated, glycerol
solvated kaolin sampIes 2 and 6 before and after selective dis
solution ofkaolinite (NaOH-SDA after 550°C), iIIustrating the 
impurities. 

of 0.5 N NaOH for 2.5 min in a stainless steel beaker. 
After boiling, the sampIe in the beaker was immediately 
cooled in a basin of cold water. The cool suspension 
was centrifuged, and the residue was saved for subse
quent analysis. This procedure was repeated with a 
succession of sampies until a sufficient amount of res
idue was collected for the XRD, CaEC, and KlEC de
terminations described above. 

RESULTS AND DISCUSSION 

Nature of the kaolins 

Only trace to negligible amounts of impurities, ex
cept for mica and expandable 2: 1 layers in sampIes 5, 
6, and 7, could be detected in XRD patterns ofthe orig
inal kaolins (Figure 1; Table 1). A small amount of ex
pandable 2: 1 layers «5%) may escape detection by 
XRD analysis if they are interstratified with kaolinite 
as the principal mineral. Their presence is revealed by 
chemical properties (Tables 2 and 3). The identification 
and quantification of montmorillonite and other impur
ities in kaolins is important because the impurities con
tribute to excess viscosity of kaolin suspensions, and 
decreased brightness of paper coatings may preclude 
commercial use. 

The high intercalation index of many of the kaolins 
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Table 1. So me properties indicative of impurities in the ka
olins. 

Impurities 
SampIe detectable 

00. with XRD 

1 
2 
3 
4 
5 Mica 
6 Mica; expandable 

2:1 phases 
7 Mica; expandable 

2: 1 phases 

Inter-
calation 
index l 

0.94 
0.97 
0.72 
0.94 
0.94 
0.96 

0.92 

Empirical 
Specific crystal-
surlace linity 
(m'ig) index2 

77.6 0.36 
75.8 0.34 
94.8 _3 

104.3 0.25 
102.5 0.23 
105.8 0.21 

113.7 0.12 

1 The 11.2 N(7.2 A + 11.2 A) XRD peak-height ratios of 
DMSO-intercalated kaolinites (Jackson and Abdel-Kader, 
1978). 

2 The (021)/(060) peak-height ratios on the diffractograms 
of random powder sampies (Johns and Murray, 1959). 

3 Kaolin sampie with ill-defined (02l) peak (Wrens, Geor
gia, sampie 3). 

studied (>0.90, Table 1) indicates that kaolinite with 
intercalation disorder or kaolinite type IV ("fireclay"; 
Range et al., 1969) is a minor constituent except in sam
pIe 3 which has an intercalation index ofO.72. A similar 
sampie of disordered kaolin has been shown to consist 
of interleaved 10-Ä mica components between 7-Ä ka
olinite layers (Lee et al., 1975). The absence of chlorite 
was confirmed by the Cs-Hz-DMSO intercalation index 
of unity. The crystallinity indices of the sampies (Table 
1) are low and decrease with the kaolin commercial 
quality indexes assigned beforehand from 1 to 7. The 
changes in indices may be the result of inherently poor 
layer stacking order of kaolins or the accentuation of 
the (060) peak by the presence of dioctahedral expand
able 2: 1 layers. The amounts of the latter increased 
(Table 3) directly with the degree of disorder. The (021) 
peak of sample 3 was not discernable because of dis
order in 3 dimensions. 

The presence of impurities in the kaolin sampies was 
particularly indicated by their high specific surfaces of 

Table 2. Cation-exchange capacity and elemental analyses 
of the kaolins. 

SampIe CaEC KlEC' MgO K,O 
no. (meqilOO g) (%) (%) 

1 2.67 2.29 0 0 
2 3.22 2.57 0.02 0.01 
3 3.84 3.19 0.01 0.07 
4 4.15 3.56 0.03 0.02 
5 4.76 4.20 0.03 0.04 
6 6.98 6.01 0.04 0.14 
7 8.17 7.04 0.11 0.39 

1 Slash denotes oven-drying before NH. + replacement of 
K+. 

Table 3. Mineralogy of the kaolins. 

Mont-
SampIe Kaolinitel morillonite Vermiculite Mica 

no. "(%) (%) (%) (%) 

1 98.5 1.2 0.3 0 
2 96.9 2.6 0.4 0.1 
3 96.4 2.5 0.4 0.7 
4 95.6 3.8 0.4 0.2 
5 95.9 3.3 0.4 0.4 
6 94.6 3.4 0.6 1.4 
7 89.5 5.9 0.7 3.9 

1 Kaolinite (%) = 100 - (% Mont. + % Verm. + % Mica). 

77 to 113 m2/g (Table 1). The surface area of pure ka
olinite determined by the BET method ranges from 10 
to 15 m2/g (Ormsby et al., 1962). Expandable 2: Ilayers 
have a high specific surface of about 800 m2/g (Jackson, 
1975), hence small amounts of such materials in kaolins 
can significantly increase the net surface area. The 
trend of the MgO content (Table 2) relates to the con
tent of montmorillonite (Table 3). 

The presence of mica and expandable 2: 1 layers in 
the residue is clearly illustrated by kaolins 2 and 6 (Fig
ure 1) after kaolinite removal. The presence of these 
minerals was also noted in residues of sampies 1-4 
which did not contain amounts of impurities sufficient 
to show by XRD of the whole sampie. The qualitative 
evidence for the presence of trace amounts of mica and 
expandable 2: 1 minerals occurring as impurities in ka
olins, as indicated by SDA and XRD, is supported by 
the chemical methods for quantitative mineralogical 
composition (Table 3). 

CEC differences 

The CaEC of the kaolins ranged from 2.67 to 8.17 
meq/100 g (Table 2). Correlation analysis ofCaEC with 
montmorillonite content (r = 0.85*), specific surface 
(r = 0.84*), crystallinity index (r = -0.95**), and 
MgO content (r = 0.89**) indicated thatthe CEC ofthe 
kaolins is significantly related to montmorillonite im
purities (Table 4). Montmorillonite impurity is respon
sible for most of the observed differences in CaEC of 
these kaolin clays as it is inherently defined by the spe
cific surface, crystallinity index, and MgO content (1 
to 1.3 meq/100 g for each 1% present). 

The vermiculite content is nearly constant and makes 
up 0.3 to 0.7% of the kaolins (Table 3). It cannot fully 
account for the observed CEC differences; however, 
it may contribute partially to the CEC. Mica(expressed 
as K20, Table 4) is not a strong contributor to CEC 
because of its inherently low CEC (6-10 meq/l00 g), 
but co-varies with the CaEC (r = 0.90**, Table 4) ofits 
expandable-mineral weathering products (r = 0.84*, 
Table 4), as discussed by Jackson (1963). The CEC dif
ferences, therefore, may be related to the degree of 
mica weathering to expandable minerals. 
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Table 4. Correlation coefficients (r) of CaEC and of montmorillonite content with various properties of the kaolins. 

CaEC 
Montmorillonite content 

1 1<021/1(060) of kaolinite. 

Montmorillonite 
content 

0.85* 

* Significant at 95% confidence interval. 
** Significant at 99% confidence interval. 

es retention 

Specific 
suIface 

0.84* 
0.84* 

The CsEC obtained by extraction with NH + ions 
was high er than the CaEC by 0.1 to 1.6 meq/l00 g4(Table 
5). Cations with low hydration energy, such as K+, 
~H4 +, Rb+, and Cs+, can seek out interlayer wedge 
sltes at the phase boundary between K-depleted zones 
and remnant mica cores (Jackson, 1963; Dolcater et al., 
1968). Conversely, cations with high hydration energy, 
such as Mg2+, Ca2+, and Sr2+, encounter steric hin
drance at these sites and are not selectively adsorbed. 
The selective adsorption of Cs+ over Ca2+ in vermicu
lites has been demonstrated (Sawhney, 1964). The 
CsEC obtained by Ca2+ as the displacing cation was 
greater than the CaEC in sampies 1-4. The lower CsEC 
in sampIes 5, 6, and 7 can be attributed to more Cs+ 
being retained against Ca2+ replacement. The higher 
mica and vermiculite contents (Table 3) in the latter 
three sampIes (higher wedge-like interfaces) could ac
count for this observation. 

CsEC determined by dis placement with NH4 + ions 
was consistently greater than with Ca2+ (Table 5). This 
is contrary to an ion-exchange process whereby inter
layer alkali ions are displaced more effectively by di
valent alkali ne earths than by other large monovalent 
ions (Barshad, 1954). Cs+ ions with a small hydration 

Table 5. Some properties related to Cs retention of the ka-
olins. 

CsEC 
CaEC CS131 

by by by retention 
NH4 + Ca2+ Mg2+ capacityl 

Sampie (meq/ (meq/ (meq/ (meq/ Verm2 "'Verrn"3 
00. 100g) 100g) 100 g) 100 g) (%) (%) 

1 3.29 3.10 2.67 0.19 0.25 0.65 
2 4.05 3.64 3.22 0.41 0.42 0.96 
3 5.39 4.25 3.84 1.14 0.42 1.43 
4 5.33 4.64 4.15 0.69 0.38 1.15 
5 5.50 4.69 4.76 0.81 0.36 0.84 
6 7.01 6.50 6.98 0.51 0.63 0.65 
7 8.77 7.82 8.17 0.95 0.73 1.12 

1 Difference between CsEC replacing cation NH + vS C 2+ ' , 4 • 
a . 

2 Verm (%) = [(CaEC - KJEC)/(154))(100) (Alexiades and 
Jackson, 1966). 

3 CsEC used instead of CaEC in the above. 

Crystallioity Intercalation K,O MgO 
index l index (%) (%) 

-0.95** 0.14 0.90** 0.89** 
-0.93** 0.12 0.84* 0.95** 

energy and high polar bonding apparently tend to fix 
tightly in the ditrigonal cavities within interlayer 
wedges where the more hydrated Ca2+ ions are not ef
fective in displacing them. That NH4+ and K+ ions re
placed Cs+ ions fixed at wedge sites and interlayer po
sitions more readily and completely than Ca2+ and Mg2+ 
ions has been reported (Schulz et al., 1960; Coleman 
et al., 1963; Sawhney, 1964). Thus, in the selective ad
sorption of Cs+ by micaceous minerals, similarity of 
size, charge, and hydration ofthe displacing cation ev
idently determines displacement effectiveness. The dif
ference in CsEC, determined by Cs displacement with 
NH4 + instead of Ca2+, can be regarded as a measure of 
the Cs-retention capacity (Table 5 and Figure 2). 

Simple correlation analysis of Cs-retention capacity 
against other variables (Table 6) indicated that Cs re
tention was significantly correlated with "Verm" (r = 

0.80*). The normal vermiculite content (Verm), cal-

10 CsEC 

8 

6 

4 

~ 
(meq!100g) 

es Retention 

22~--~--~4~--~--~6~--~--~8--~ 

CaEC (meq/l00g) 

~igure 2. .Cs re.tention ofthe kaolins (CSNH, - CSca) asa func
hon of thelr cauon-exchange capacities. 
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Table 6. Correlation coefficients of Cs retention vs. other 
properties of the kaolins. 

Simple Multiple 
es retention, correlation correlations l 

CSNH4 - eSce (r) (R) 

"Verm" 0.80* 
Specific surface 0.63 0.93** 
Mont. 0.55 0.86* 
Mica 0.45 0.86* 
Verm. 0.38 0.86* 
Intercalation index -0.70 0.82* 

1 Multiple correlation coefficients of Cs-retention capacity 
vs. "Verm" and one other property. 

* Significant at 95% confidence interval. 
** Significant at 99% confidence interval. 

culated from CaEC, showed a much lower coefficient 
(r = 0.38). The relatively high negative correlation (r = 

-0.70) with intercalation index illustrates that ordered 
kaolinites retain less Cs+ against replacement by either 
NH4 + or Ca2+ than do disordered kaolinites . 

Multiple correlation analysis of Cs-retention capac
ity with "Verm" and specific surface was more highly 
correlated (R = 0.93**) than with the other double sets 
(Table 6) . Cs retention showed a high multiple corre
lation (R = 0.86*) with mica content and "Verrn" (Ta
ble 6), although it was poorly correlated with mica by 
itself. Interestingly, the mi ca content was highly cor
related with CEC and montmorillonite content (Table 
4). The foregoing multiple correlations were similar to 
those with montmorillonite or with intercalation index, 
indicating that mica and its expanding mineral weath
ering products (wedges at mica-vermiculite-montmo
rillonite XY plane interfaces; Jackson, 1963, Figure I) 
are closely related to Cs retention. The high multiple 

correlation of Cs retention with "Verrn" and specific 
surface thus appears to be accounted for by the close 
association of mica weathering products with the ka
olins, including the disordered kaolin (sampIe 3) from 
Wrens, Georgia. 

Estimate of CEC of kaolinite 

The montmorillonite content determined (by KlEC) 
after selective dissolution (NaOH-SDA after 550°C 
heating) of kaolinite ranged from 1. 2 to 5.9% (right hand 
column, Table 7). The possible CECs ofthe kaolinites 
are arrayed as 0 to 5 meq/lOO g to allow the caJculation 
of the montmorillonite content determined for sampIes 
1-7. As can be seen, the best fitting series of calculated 
montmorillonite contents ofthe seven clays is obtained 
under the assumed kaolinite CEC of 0.5 meq/IOO g. 
Since the correlation coefficients are approximately 
equal (r = 0.90 to 0.91 **) for the assumed CEC values 
of 0 to 1 meq/ 100 g, the CEC value of the principal min
eral, kaolinite (Table 3), is indicated to fall in thatrange. 
It is likely that the high CEC values for kaolinite (2 to 
15 meq/lOO g) reported in the literature overestimate the 
CEC attributable to pure kaolinite. 

CONCLUSIONS 

Selective dissolution and elemental techniques am
plify and reinforce XRD in identifying mica and ex
pandable layer silicate impurities present in varying, 
often small, amounts in kaolins (Table 3). Nearly pure 
kaolinites occur in intimate association with mica, ver
miculite, and montmorillonite, even in high-kaolinite 
deposits, in agreement with Keller and Haenni (1978) 
that monomineralic kaolinite is rare. 

Highly significant correlation coefficients (Tables 4 
and 6) between CaEC, specific surface, montmorillon-

Table 7. Estimate of CEC of the kaolins . 

Sampie 
no. 

1 
2 
3 
4 
5 
6 
7 

Correlations (r) 

Montmorillonite content' (%) 

Assuming CEC at pH 7 of the extemal surface of the minerals , mostly kaolinite (meq/ 100 g): 
o 0.5 1.0 3.6' 5.0' 

2.08 1.63 1.18 
2.34 1.89 1.44 
2.90 2.46 2.01 
3.24 2.79 2.35 
3.82 3.38 2.94 0.56 
5.46 5.03 4.60 2.27 0.% 
6.40 5.97 5.54 3.23 1.94 

0.91 ** 0.91** 0.90** 0.72 0.71 

Mont 
after 
SDA' 
(%) 

1.17 
2.55 
2.50 
3.83 
3.31 
3.36 
5.86 

1 Calculated using the fonnula (Jackson, 1975): Mont (%) = [KIEC - y)/(110 - y)](100), Y = meq/l00 g of CEC attrib-
utable to the external surface of the minerals, instead of assuming 5. 

2 van Olphen (1%6) . 
3 Alexiades and Jackson (1%6). 
• Determined on residue after selective dissolution (NaOH-SDA after 550°C) of kaolinite; calculated in footnote 1, assuming 

y = O. 
** Correlation coefficients, significant at 99% confidence interval; r re1ates montmorillonite percentage before and after 

SDA. 
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ite, MgO, vermiculite, mica, and Cs-retention proper
ties of aseries of kaolins suggest the formation of mica 
at one stage of the genetic history of the c1ay. 

Cs is exchanged by crude kaolins in greater amounts 
than are K or Ca (Table 5). The Cs retention vs. re
placement by NH4 + as compared with that by Ca in
dicates that es can penetrate further into the XY plane 
wedges of the micalvermiculite than can NH4 +, K +, or 
Ca2+. Kaolins with a low intercaIation index (high in
tercallition disorder, e .g. , fireclay) fix much Cs+ against 
replacement by NH4 + or Ca2+. 

The CEC at pH 7 of pure kaolinite ranges from 0 to 
1 meq/lOO g of kaolinite , after the CEC of expandable 
mineral impurities in the kaolins has been accounted for 
(Table 7). 
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Pe3IOMe--CeMb KaOJIHHOB H3 ,1l>KoPIVKHH (IOro-BocTOK CIlIA), npe,ll.CTaBJleHHble B ,ll.Hana30He OT BblCOKO
,11.0 HH3KOKaqeCTBeHHblX KOMMepqeCKHX MapOK, 6blJlH oxapaKTepH30BaHbi nOpOIlJKOBblM MeTO,ll.OM peHT
reHOCTpYKTypHoro aHaJIH3a H XHMHqeCKHMH aHaJIH3aMH, qT06bl ,ll.OKa3aTb QTO H3MeHeHH~ KaQeCTBa 
Bbl3blBalOTC~ npHMeC~MH. KaTHoHHo-06MeHHble cnoc06HoCTB (KOC) Ca H Cs H3MeH~JlHCb OT 2,67 ,11.0 
8,17 H OT 3,29 ,11.0 8,77 M.3K./IOO r cooTBeTcTBeHHo.CeJleKTHBHble aHaJIH3bl pacTBopeHH~ H Koppe
JI~l\HH y6e,ll.HTeJlbHO ,ll.OKa3aJIH, QTO paCIlJHp~IOIl\HeC~ MHHepaJlbl 2: I, oc06eHHo CMeKTHT (1,2-5 ,9%), 
06YCJlOBHJlH 60JlbllJHHCTBO 3aMeQeHHblX H3MeHeHHH KOC Ca (r = 0,85*). HapY)!(Hali IIOBepXHOCTH= 
KOC KaOJlHHHTa KOJle6J1eTCli OT 0,11.0 I M.3K./lOO r. CYll\eCTBeHHali IIOJlO)!(HTeJlbHali KOppeJllll\~ (r = 
0,90**) Me)!(,II.Y KOC Ca H CO,ll.ep)!(aHHeM K-CJlIO,II.bl (0-3,9%) YKa3bIBaeT Ha TO, QTO KOC Ca MO)!(eT 
6blTb CBlI3aHa co CTeneHblO BblBeTpHBaHH~ CJlIO,II.bl B TeQeHHe q,a3bl paCIlJHpeHH~ MHHepaJIa. 

Cnoc06HoCTb Y,II.ep)!(aHHli Cs (0,19-1,14 M .3K./ lOO rl TeCHO CBli3aHa C H3MepeHHbiM no Cs cO,ll.ep
)!(aHHeM BepMHKYJlHTa (r = 0,80*) H 3THM CO,ll.ep)!(aHHeM nJllOc Y,II.eJlbHOH nOBepXHOCTblO (R = 0,93**) 
HJlH CO,ll.ep)!(aHHeM CJlIO,II.bI (R = 0,86*). Y,II.ep)!(aHHe Cs, nO-BH,ll.HMOMY , CBjJ3aHO B OCHOBHOM C npHCYT
CTBHeM Me)!(CJlOHHbIX KJlHHbeB B npOMe)!(YTKax XY CJlIO,II.a/BepMHKYJlHT. [N.R.] 

Resümee-Sieben Kaoline aus Georgia (südöstliche USA), die von hoch- bis niedrig-qualitativ reichen, 
wurden mittels Röntgenpulverdiffraktometrie und chemischen Methoden charakterisiert, um festzustellen, 
daß die Qualitätsunterschiede durch Verunreinigungen hervorgerufen werden. Die Ca- und Cs-Kationen
austauschkapazitäten, (CEC), variierten von 2,67 bis 8,17 .bzw. von 3,29 bis 8,77 mÄq/lOO g. Selektive 
Auflösungs- und Korrelationsanalysen zeigen sehr stark an, daß quellfähige 2: 1 Minerale, vor allem Smektit 
(1,2-5,9%), für die meisten der beobachteten Variationen in der Ca CEC (r = 0,85*) verantwortlich sind. 
Die CEC der äußeren Oberfläche von Kaolinit reicht von 0-1 mÄq/lOO g. Die positive beachtliche Kor
relation (r = 0,90**) zwischen der Ca CEC und dem Gehalt an K-Glimmer (0-3,9%) deutet darauf hin, daß 
die Ca CEC im Zusammenhang stehen könnte mit dem Ausmaß, in dem die Glimmerverwitterung durch 
ein Stadium eines quellfähigen Minerales geht. 

Die Cs-Retentionskapazität (0,19-0,14 mÄq/lOO g) stand in engem Zusammenhang mit dem Cs-gemes
senen Vermiculitgehalt (r = 0,80*) und mit diesem Gehalt plus spezifischer Oberfläche (R = 0,93**) bzw. 
Glimmergehalt (R = 0,86*). Die Cs-Retention scheint vor allem mit der Anwesenheit von Zwischen
schichtkeilen an den GlimmerlVermikulit XY Grenzflächen im Zusammenhang zu stehen . [U .W.] 

Resume-Sept kaolins de Georgie (Sud Est des E.U.) s'etageant de grade commercial haut a bas ont ete 
caracterises par diffraction poudree aux rayons-X et par des techniques chimiques pour etablir que la vari
ation en quantite etait causee par des impuretes. Les capacites d'echange de cations Ca et Cs (CEC) ont 
varie de 2,67 a 8,17 et de 3,29 a 8,77 meq/lOO g, respectivement. Les analyses de dissolution selective et 
de correJation ont intensement indique que les mineraux expansibles 2: I, la smectite en particulier, (1,2-
5,9%), etaient responsables pour la plupart des variations observees dans Ca CEC (r = 0,85*). La surface 
externe CEC de la kaolinite s' etageait de 0 al meq/lOO g. La correlation positive significative (r = 0,90**) 
entre Ca CEC et le contenu en mica-K (0-3,9%) suggere que Ca CEC peut etre apparente au degre 
d 'alteration du mica a travers un stage mineral expansible. La capacite de retention-Cs (0, 19-1,14 meq/ l00 
g) etait apparentee de pres au contenu en vermiculite mesure Cs (r = 0,80*), et ce contenu plus la surface 
specifique (R = 0,93**) ou le contenu en mica (R = 0,86*). La retention de Cs semblait etre principalement 
apparentee a la presence de parties interfeuillets aux interfaces micalvermiculite XV. [D.J .] 
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