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RESUME : Six echantillons, prélevés sur une épaisseur de six métres dans le gisement d'argile d'Haidoudi prés

de Gabés, en Tunisie, ont £té caractérisés. L'argile est une bentonite sodique contenant environ 20 % d'imp

ure-

tés (quartz, calcite, kaolinite). La fraction argileuse est un intersiratifié illite-smectite contenant de 12 424 % d'il-
lite. La fraction smectitique a un caractére beidellitique dominant.

1. Introduction.

Bentonites are needed all over the world for their
great variety of uses in many areas. The uses of a
given bentonite deposit are determined by three
major factors: the exact mineralogical nature of the
clay, the homogeneity of the deposit and the total
amount of (easily) available material,

A bentonite deposit has recently been discovered
in Tunisia, near Gabas (fig. 1), in a geological forma-
tion resulting from terrigeneous preevaporitic sedi-
mentation. The total reserve has been estimated at
about one million tons [1]. This allows for large scale
uses of the material, provided that the quality of the
clay is suitable. The purpose of the predent work isto
provide some basic information on this point, thanks
to a quantitative mineralogical analysis of the clay. A
preliminary identification work [2, 3] led to the con-
clusion that the clay fraction is essentially a mixture of
a smectite with illite. Additional information on the
nature of the smectite, on the distribution of the two
clay minerals, and on the nature of the associated
oxide minerals will be provided hereafter.

2. Sampling and sample preparation

Sixteen samples (quoted from El to E16) were
taken in a 2m deep cut on the south side of Djebel
Haidoudi, at regular intervals (~ 4m), over a length
of ~ 60m. The dip of the layers is between 35 and 40°.
Taking this dip into account, E1 belong to the deepest
level and E16 to the most superficiel. In addition, one
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Fig. 1 - Location map of the Haidoudi deposit in Tunisia.
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sample (E17) was taken in the bottom of a 6m deep
well, at the center of the outcrop. The color of the
crude samples is greenish, and it turns brownish after
grinding in an agate mortar,

We selected six samples for a detailed analysis:
E1, the deepest level; four intermediate levels (ES,
E7,E12and E15) and E17. After being grinded in an
agate mortar, those samples were further grinded in a
planetary grinding mill. The clay fraction (particle
size less than two micrometers) was purified by classi-
cal methods [4): repeated cation exchange with 1IN
NaCl solutions, washing and sedimentation, and dia-
lysis. The final clean sediment was freeze-dried. Thin
deposits for spectroscopic investigations (5 mg/cm?)
were prepared by filtering dilute suspensionsona 0.1
micrometer millipore filter,

For X-ray diffraction studies, the film samples
were put in vacuum tight cameras with beryllium win-
dows. The diagrams were recorded with a C.G.R.
goniometer, using the Ka, radiation of copper. The
infrared spectra were recorded with a Perkin Elmer
180 dispersive spectrometer, from 2.5 to 40 microme-
ters. The samples were either self supporting films or
KBr pellets. For some XRD and IR measurements,
the samples were further exchanged with K, Li, NH,,
Ca, Mg or Ba-

The cation exchange capacities (CEC's) were
determined by the copper-ethylene diamine method
[5]. Nitrogen B.E.T. surface areas were measured

with a Carlo Erba Sorptomatic instrument. The water-

vapor adsorption isotherms were measured on a clas-

sical all glass gas handling system. The interlamellar
surface area of the purified clay samples was determi-
ned by the ethylene glycol method [6, 7).

Adsorption of water, nitrogen and ethylene glycol
was only studied on the purified clay fractions. Allthe
other measurements were performed as well on the
crude samples as on the purificd samples,

We shall successivelly examine the information
provided by chemical analysis, X-ray diffraction
(XRD), infrared (IR) spectroscopy, thermal analy-
sis, cation exchange capacity (CEC) determinations,
and adsorption measurements.

3. Chemical analysis

The resullts obtained by X-ray fluorescence analy-
sis are summarized in Table . The following prelimi-
nary points may be noticed: (i) the total percentage of
the analyzed clements (in oxide form) is close to
100 % for the Na-exchanged purified samples, whe-
reas it is about 93 % in the crude samples. This indi-
cates that some ¢lements, eliminated during the puri-
fication treatment, were not determined; (ii) The
Si0/AL O, ratios, close to 2.0, indicate that the
clay(s) are 2:1 dioctahedral phyllosilicates of the
smectites or vermiculites group; (iii) all the samples
contain large amounts of iron (about 7%); (iv) com-
parison of the crude and purified samples shows that
the sodium content does not significantly increase
after Na exchange. This indicates that the natural
clays are already in the Na form; (v) the calcium
content is rather large, especially in samples E1, E12

R | & [ |E By | B | ENa| ENe | ENa | BN [ EyNa | BN
Si0, 4524 | 4363 | 4407 | 41,93 | 4535 | 39,04 | 47,10 | 48,10 | 48,70 | 48,80 | 51,70 | 48,%
AL Oy 1632 | 19,88 | 1993 | 1837 | 1740 | 16382 | 20,50 | 21,10 | 20,60 | 2120 | 19,70 | 19,00
MgO 1,50 1,54 | 165| 192) 19| 225 205 145 | 17| 175 | 1,95 | 255
Fe,0, 720 79 | 66| 7200 59| 66| 135| 240 | 260 | 765 | 655 | 228
Na,0 2,08 2.4 1,84 1,81 209 249 2,20 2,25 25 1,45 223 2,20
K0 1,98 1,63 1,82 1.61 1.48 1,70 1,70 1,25 1,30 1.55 1,05 1,35
Ci0 447 1,10 0,66 2,50 0,17 4,40 0,7 013.] 0,17 0,71 0,03 0,70
TiO, 0,64 0,7 0,70 0,72 0,67 0,65 0,15 0,15 0,13 0,20 0,18 0,22
MnO 003 | <003 | <0,03| <003 | <003 | <0,03 | <0,02 [ <002 | <0,02 | <002 | <0,02 | <0,02
PF 11’.9'." 15,7 14.8 16,6 182| 357 | 1740 | 1740 | 1690 | 165 | 1650 | 17,60
Total 9717 | 9459 | 9213 | 92,59 | 93,04 | 109,71 9024 | 9925 | 9937 | 100,23 | 99901 | 99.79

TABLE |: Chemical analysis of the cruode and Na-exchanged purified samples.
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E, By E, | % £y
si 7,078, 7,168, 7212, 7,157, 7,4909 727,
Al 3,631, 3,706, 3,595, 3,665 3,364, 3,332,
Majorcations
Mg | 0458, 0,321, 0,364, 0,362, 0,420, 0,565,
Fe 0,831 0,829, 0,846, 0,844, 0,713, 0,811,
Na 0,640 0,649, 0,644, 0,411, 0,625, 0,633,
Interlamellar
cations K 0,325, 0,236, 0,245, 0,288, 0,193, 0,254,
Ca 0,123, 0,019, 0,026, 0,111, 0,004, 0,111
Ti 0,016, 0,016, 0,014, 0,021 0,019, 0,
Miror cations ; * ¢ 5
Mn <0,002, <0,002, <0,002, 0,002, 0,002, 0,002,
(Na+ K+ Ca) 1,21 0,93 0,94 092 0,82 1,11
Na exchanged fraction:
Na/Ca+ Na =83 % ™97 % =96 % =78 % = 99 % =85 %
o K
%dﬁle'____ﬂl+l€+c: 0% 27% 27 % 369 24% 26%
TABLE II: Number of cations per unit cell in the Na exchanged purified samples.
a - ENa : Nay, K, Cagy, [Siy o Alysy) (Al Fey g Mg o Tig o) Oy (OH),
b - ENa : Nag Ky, Cagg [Siy 5 Alg ] [Aly g Fey g Mgy x; Tig ] O (OH),
€ ="EgNa : Nag g Ky yy Cag gy [Sina) Aly ) [Aly g, Feg g Mgy 3y Tig o) O (OH),
d - E;;Na : Nay,, K3 Cay [50, 54 ALl (A 42 Feg o Meg i Tip 0] Oy, (OH),
€ = E,Na @ Nay, K 0 [Si 5 Algg,] [AL g Fey ) Mg, o, Tig o] O (OH),
f-E,Na:N Sis g Al ool [AL 2 Feo oo Mg o Tie 2] O~ (OH TABLE III: Average structural formulas
| 0.1 Kozs Cay yy [S5.25 Ay ol [Aly ) Feg gy Mg g Tiga) O (OH), ot et 1 purified samples.

and E17. This calcium is only partially removed by
the purification treatment.

The number of cations per unit cell and the struc-
tural formulas of the purified samples were caleulated
by the classical MAUGUIN's method [8). From

Table II, which gives the number of cations per unit

cell, one can see that (i) the number of cations in the
octahedral sheet (Al, Fe, Mg) is closer to 4 thanto 6,
This confirms that the clays are essentially dioctae-
dral. (ii) the amounts of non exchangeable potassium
suggest the presence of illite or mica (we will show in
section I'V that mica may be excluded) in amounts
ranging from 24 to 36 %. (iii) E15 is the most smecti-
tic sample (lowest Fe, K and Ca contents after Na
exchange).

The “average” structural formulas are collected
in Table III (these formulas are “‘average’ formulas
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because they correspond to a mixture of smectite and
illite or mica). These “‘average” formulas will be re-
examined later, in the light of the diffrction results,

4. X-ray diffraction

The nature of the impurities was determined by
examining the crude samples as well as the impurities-
enriched fractions eliminated during the purification
treatment. The total amount of non clay fraction is of
the order of 20 % or lower. Quartz is the major impu-
rity. (101 reflection at 3,35 A). Some calcite (104
reflection at 3.03 A) and a small amount of kaolinite
(less than 5 %) (001 and 002 reflections at 7.13 and
3.54 A, respectively). The kaolinite reflections disap-
pear after heating at 873K, as expected.

The following observations were made on the
purified samples. The position of the 060 reflection
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(d = 1.49 A) shows that the clay is dioctaedral. The
position of the 001 reflection (d = 12.6 A) (this posi-
tion is the same in the crude samples, except for E1
which gave a distance of 14.49 A, suggesting that this
fraction might be in the Ca exchanged from) shows
that the clay is a sodium smectite or vermiculite, or an
interstratified of these minerals with illite [9].
Heating the samples in air or in vacuum above
650K collapses the interlayer spacing to 9.6 A (table
IV). Treatment with ethylene glycol (table 1V) shifts
the 001 reflection to 17.1 A. This confirms the pre-
sence of a smectite or a smectite-illite interstratified
(a vermiculite would have its 001 reflection at 14 A).
The position of the 002 reflection is very sensitive
to smectite-illite interstratification [10]. It goes from
8.46 A for a pure smectite to 10.10 A for a pure illite.
Our glycolated samples show 002 reflections going
from 8.70 10 8.93 A, From this, using the data of Rey-
nolds and Hower, the smectitic fraction in our sam-
ples was found to be in the range 70 to 85 % (fig. 2).
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Fig. 2 - Amount of smectite in our six samples estimated from the
position of the 002 refiéxtion of the ethybeneglycol-treated Na-sam-

We did not attempt 1o take advantage of the 001/002 Pl
Samples | Treatments gy (A)
E.G. 17,10 893 7.13 571 4,37 3,56 3,40
Air Dried 14,49 7.13 507 1.56 3,14
ElNa | Invacuum 10,52 7.13 509 3.56 3,23
Aat360°C 9,82 4,81 3,56 3,26
Aat600°C 9.82 4 87 3.26
E.G. 17,10 8,34 7,13 5,64 3,56 3.40
E5Na | AirDried 12,62 7,13 3,56 314,
In vacoum 982 7,13 4,84 3,56 3,20
Aar600°C 9,82 484 320
E.G. 17,10 8,84 1,13 5,64 3,5 340
AirDried 12,45 7,13 6,10 1,56 3,14
E7Me | Invacuum 10,28 7,13 4,92 3,56 3,26
Aat3s50°C 10,04 7,13 4,50 356 3,23
Aat600°C 9,82 484 3,20
E.G. 17,10 8,93 7.13 5,75 3,5 340
AirDried 12,60 713 6,15 3,56 3,14
E12MNa | Airvacuum 10,52 7,13 4,95 3.56 324
Aat3s0°C 9,52 7,13 484 3,56 3.20
Aat600°C 9,82 4,54 3,20
E.G. 17,10 8,70 7,13 5,62 4,29 3,56 3.36
Air Deied 12.60 7,13 6,15 3,56 3,14
E15Na | Invacuum 9,82 7.13 4,84 3.56 320
Aat350°C 0,82 4,84 3,20
Aat600°C 9,82 4,84 3,20
E.G. 17,10 8,93 7,13 5,15 3,5 3.40 .
Air Dried 13,10 7,13 521 3,56 314
E17Na | Invacuum 11,05 1,13 4,98 3,56 3,24
A at350°C 991 7,13 4,87 3.56 3,23
Aar600*C 9,682 4,84 320

TABLE IV: d,,, spacings of the Na-exchanged purified sampies after various treatments.
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intensity ration because the intensities are strongly
modified by the large iron content of the clay [11].

EI5Na | EISLi | EISNH4 |EISK |E15Ca |E15Mg|E15Ba
12,60 | 12.11 11,76 | 1078 | 15,45 | 14,73 [ 15,50
743 | 713 713 TA3 | 703 7,13 | 713
6,15 | 6,10 537 501 | 506) 515 | 521
353 353 3,53 354 | 3,56 356 ) 356
34| 309 3,25 327 ] 308 304 304

Journal de I sockété chimigue de Tunisie, volume I - 0° 7 - Juin 1988

TABLE V: dy, (A) purified samples exchanged with various
cations.

Additionnal information can be obtained from
the diffractjon data obtained with other exchangeable
cations (table V). As anticipated for a smectite, the
001 distance of Li and NH, exchanged samples, air
dried, is 12.6 A and that of Ca or Ba-exchanged sam-
ples is 15.5 A. On the other hand, the 001 reflections
at 10.78 and 14.75 A for K and Mg-exchanged sam-
ples, respectively, show this smectite has a high
charge [12].

The Greene-Kelly test [13] (Hofmann-Klemen
test on glycerolated Li-exchanged samples) was used
to differentiate montmorillonite (dy, = 9.6 A) from
beidellite (dy, = 17.67 A). In fact, both reflections
were observed, indicating that both octahedral and
tetrahedral substitutions are present. An example
(E15-Li-glycerol) is shown in figure 3.

5. Infrared spectroscopy
The IR spectra of oriented film samples of the

crude clays confirm the dominant presence of diocta-
hedral smectites, with Al-Al-OH stretching and ben-
ding bands at 3620 and 915 cm™ ,respectively [14, 15).
Illite is a clay mineral particularly difficult to identify
by LR. technique, especially when it is present in a
multicomponent system [16]. -~

Quartz was detected in all the crude samples,
thanks to the doublet at 800 and 780 cm!. Kaolinite
was also detected in all the samples thanks to a shoul-

der at 3695 cm'! and a small band at 695 ¢m! [17). Cal-'

cite was detected in the E1 samples thanks to the
1430 cm! band. All these bands disappear, as expec-
ted, after purification.

The Chourabi-Fripiat test [18] was performed on
NH,, - exchanged purified samples. All the samples
showed the band at 3030 cm assigned to the stret-
¢hing mode of the ammonium ion in C3v symmetry,
induced by tetrahedral substitutions. This is the
second indication of the beidellitic character of the
clay.
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Fig. 3 = X-ray diffractograms of the Li-exchanged E15 sampies in
the Greene-Kelly test: (a) glycerolated; (b) heat treated st 523 K for
24 hours; (¢) glycerolated after heat treatmend at 523 K for bours,

The details of the octahedral substitutions were
examined by performing the Hofmann-Klemen [19]
test on Li-exchanged samples. The growth of a band
at 935 cm'!, assigned to OH bending vibrations in
Al-Al-OH arrangements perturbed by neighbouring



Journal de Is société chimigue de Tunisie, volume II-n® 7 = Juin 1988

Li ions [20], shows that some Li ions migrate into
octahedral sites, generating pseudotrioctahedral
configurations. However, the persistence of the band
at 915 cm! shows that not all the Li did migrate in the
octahedral sheet. Once more, this indicates that
tetrahedral and octahedral substitutions coexistin the
clay.

6. Thermal analysis

DTA and DTG were merely used as complemen-
tary methods with respect to the other techniques.
The DTA curves of the crude samples (figure 4) show
two endotherms around 420 and 800 K, and one
endo-exotherm at 1170 K, whith are characteristic of
aluminous smectites [21] or of illite [15). A small
endotherm at 543 K, in all the samples exceptin E15,
can be assigned to the impurities. It disappears, as
expected, after punification,

The weight loss of the purified samples occurs, as
usual, in two steps: a first loss of about 20 % between
370 and 470 K, and a second loss ranging from 5 to'
7 % between 770 and 820 K. This later value is well
within the range expected for smectites [22].

7. Cation exchange capacities

The CEC's of the purified samples range from 82
to 102 meq/100 g of calcined material, which is in the
lower range of CEC values for smectites (80 to 150
meq/100 g) [23). There is little doubt that the pre-
sence of illite in the clay (CEC's: 10 to 40 meq/100 g)
decreases the averge CEC of the clay.

The CEC's of the crude samples are systematicaly
about 20 % lower than those of the purified samples.
This can clearly be accounted for by the impurities.

The ratio of octahedral over tetrahedral substitu-
tions was quantitatively determined from the CEC's
after Hofmann-Klemen treatment. The resulls are
reported in Table VI. In most samples, more than
half of the substitutions are of tetrahedral origin,
confirming again the beidellitic character of the clay.

173K

E17

E15

E12

£?

ES

IQ,K

171K 413K
]

1135 545K

793K

413K
Fig. 4 - DTA curves of the crude sampies.

* CE.C.ofNs
exchangs sam pie

C.E.C.ofLi
exchange sample

(C.E.C. of heated
| Ll exchanged sample

% off tetrahedral
substitution

% of octabedral

E, 8,7
E, 81,9
E,

6.6
79,6
88,4 26,3
B 93,1 9.9
E, 102,1 102

E; 102 9.5

51,9 7
61,4 7
5 67
62,8 m
w03 40
62,2 64,5

substitution
S

29

23

33

29

60

35.5

TABLE VI: Cation exchange capacilies of Na- and Li-exchanged purified sampies (C.E.C. in meq/100 g of calcined clay).
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8. Adsorption properties and surface areas

The external BET surface areas measured by
nitrogen adsorption are between 64 and 82 m*/g for
the crude samples and between 111 and 133 m¥g for
the purified samples, which is in the range observed
for mica-smectites [24].

The water adsorption isotherms measured at
room temperature show an unusual shape (figure 5)
which combines the smooth shape observed with
montmorillonites [25] with the steps observed with
beidellites [26]. This is a clear suggestion that the
smectitic (swelling) fraction of the clay is a mixed bei-
dellite-montmorillonite.

The fraction of illitic (non swelling) material was
quantitatively determined from the interlayer surface
areas measured by adsorption of ethylene glycol.
Ethylene glycol only measures the surface area of the
swelling fraction. Hence, by difference with a refe-
rence measurement on a totally swelling clay (Camp

Vi

1 mlfg of clay

12

* 5 (5)

Fig. 5 — Water adsorption isotherma on the purified Na-E15 sample
and on an homogeneous mixture of the six purified samples (Na-EH).

Berteau montmorillonite), the non swelling fraction
can be calculated. It was found to range from 15 to
70 % . The agreement with the estimates from XRD
is good for samples E5 (22 %), E7 (25 %) and E15
(15 %). For the deepest (E1) and for (E17) samples,
and also for E12, the nonswelling fractions estimated
by the ethylene glycol method are anomalously high
(Table VII). )

9. Discussion

Considering the total K contents obtained from
chemical analysis, and keeping in mind the ideal for-
mula of illite [27], we can recalculate the amounts of
illite, the amounts of smectite and the exact composi-
tion of the smectite fractions. The amounts of illite
calculated from these data are reported in Table VII.
They are in good agreement with the amounts of illite
calculated from XRD data (the anomalously high
illite amounts obtained from the cthylene glycol
method for the three samples mentionned above
could be explained by the presence of a solic illitic
fraction in these samples; [28].

The structural formulas of thesmectite fraction in
each purified sample are shown in Table VIII. The
major outcome is that the fraction of tetrahedral
substitutions is higher than the fraction of octahedral
substitutions in all the smectite fractions. The exis-
tence of both types of substitutions was evidenced by
several techniques and should now be considered as a
definitive conclusion. The quantitative estimates for
the beidellite and montmorillonite amounts in each
smectite fraction are collected in Table VII, and com-
pared to those obtained from the CEC's measure-
ments. The agreement is satisfying.

10. Conclusions

The crude clay is an irregular interstratified illitc
smectite mineral containing about 20 % of quartz,
calcite and kaolinite as impurities. The smectitic frac-
tion of the interestratified phase is always larger than
50 %. It is essentially sodic. This allows one to clas-

EI E! E‘:'.' El}. E‘Js EI?
ite = chem. anal. 22 16 16 19 13 17
fraction 4 - DRX. 30 25 25 30 15 30
=S5.E.G. 45 22 25 -T0 “15 45.
%M {chem. anal, 39 13 19 g 44 43.5
) CEC. meas. 29 23 33 29 60 355
Smectite TABLE VII: Summary of the illitic
fraction fractions (upper part) and of the
o, gg Jehem. anal. 61 & 81 92 56 56.5 | montmorillonite/beidellite ratio: in
CEC. meas. 7 n 67 7 40 64.5 | Vhesmectitic fractions (lower part),
as determined by various methods.
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b - ENNa

a - ENa : Nagg Cagp [$iy 20 Alygo) [Aly 45 Fe) g6 MEgys Tig ol O (OH),*
: Nagy Cag s [y 5 ';"'o.ul (AL, 5, Fey g MR 5 Tis 0] Oz (OH),
¢ = E;Na : Nayp, Caggy [Siy 25 Aly s (AL 57 Fe, gy Mo s Tig o] Oy (OH),
d - ENa : Na , Cay,, [85; 3 Alyy, ] [Aly o Fe, o Mgy Ty 0] Oy (OH),

e = EygNa : Nayp [Siy o Al o] [Aly 56 Feg g Mgg 4y Tig a) Oy (OH),

| * Differences observed between the
' charge per unit cell and the sum of this
exchangeable cations are inerant to
thé method of calculation of the smee-
- titic fraction which assumes an ideal

f-E,Na: N C iyqy A Al iy F M Oy (OH
B 3 Nag o Cag [Siy g Aly ] (Al 4 Feg g Mga s Tigaal O (OH), bl o il

Samples El1Na ESNa E7Na El2Na ElSNa EI7Na

% smectite 73 84 i 81 87 83

% illite 2 16 16 19 S 13 17 TABLE VIII: Structural formulas
of the smectite fractions. Also

Tetrah. subst, 0,90 0,80 0,75 0.80 0.44 0.66 shown are the fractional amounts of
smeclite (% smectite) and of illite

Octah. subet. 0,57 0,12 0,18 0,07 0,35 051 (% Illite) in the clay fractions, The
tetrahedral charge per unit cell, the

Chargelunit cell 1,47 0,92 0,93 087 | 079 1.17 octahedral charge per unit cell and
the total clarge/unit cell,

sify the clay as a sodic bentonite, according to Dixon REFERENCES

and Weed [15]. The smectitic fraction in this bento-
nite is mainly beidellitic and iron rich.

As far as the illite/smectite ration is concerned,
the deposit is rather homogeneous. The fluctuations
of the illite content over the sampled depth (about
6 m) are less than 15 %. The fluctuations of the bei-
dellite/montromorillonite ration in the smectitic frac-
tions is somewhat larger (Table VII). The E15layeris
the most pure and montmorillonitic layer.

In summary, the clay deposit found at Djebel Hai-
doudi near Gabes has several interesting features. It
contains more than 50 % (from 56 to 68 %) of sodic
smectite, which is the most valuable type of smectite,
However, this favourable feature is obscured to some’

extent by a rather high illite content. (from 12 to-

24 %).

This new deposit is the first important north afri-
can deposit reported outside Morocco and Algeria
(29]. Further work on the surface chemical properties
of the clay in view of applications will be reported
soon [30].

Acknowledgments: We are very grateful to J.J. Fripiat for
many helpful comments and discussions. F. Zargouni is also
gratefully acknowledged for very valuable help and geological
advice in sampling. .

I. D.RS.T. et O.N.M. - Ministére de I'enseignement
supérieur et de la Recherche scientifique. Programme de
cartographie géologique et inventaire des substances
utiles dans lc sud tunisicn, 1981-1984.

. Bergaya F., Stoiazzo J.P,, Trauth N, Van Damme H. -
Clay Min., 1986, 21, 5, 965-970.

3. Srasra E., Ariguib N., Bergaya F., Van Damme H. —

Quatriémes Journée de chimie, Hammamet, 21-23

novembre 1986, Communication & la Soc. Chim. de

Tunisie.

Van Olphen - An Introduction to Clay Colloid Chemis-

try, 1963, Interscicnce Publishers, New-York,

Mantini I. - C.R. Acad. Scf., Paris, 1969, 269, 815-818.

Hendricks S.B., Dyal A L. - C.R. 4th. Int. Cong. Soil.

Sci., Amsterdam, 11, 1950, 71, 421.432,

Frippiat J.J., Chaussidon J., Jelli A, = Chimie physique

des phénoménes de surface. 1971, Ed. Masson ¢t Cic.

Mauguin C. - Bull. Soc. Fr. Min., 1928, 51, 285-332,

Brown G.. Brindley G.M. = In crystal structure of clay

minerals and their X-Ray identificarion. 1960, Chap. V,

305-359, Ed. Brindley and Brown.

10. Reynolds R.C., Hower J. = Clay Min., 1970, 18, 25-36.

11. Srodon J., Eberl D.D. - In Micas Review in mineralogy,

1984, 13, 495.544, Ed. Bailley, Min. Soc. Of America.

12. Quakernaat J. - Publ. Fys. Geogr. Lab. Univ., Amster-

dam, 1968, 12, 1-105,

13. Greene-Kelly R. — Mineral. Mag., 1955, 30, 604-615.

14, Cailleric S., Henin §., Rauturcau M. — Minéralogie des

argiles 1, 1982, Ed. Masson.

15. Dixon J.B., Weed 5.B. - Minerals in soil environmenis,

1977, Publish. Soil Science Socicty, U.S.A.

5]

Sia B

~

o



16.
17.

18.
19.

21,

Montecillo L. A. - Phil. Agr., 1978, 61, 268-280.

Farmer V.C. = The infrared specira of minerals, 1974,
Chap. 15, 331-363, Mineralogical Society, London,
Chourabi B., Fripiat 1.J. = Clays Clay Mine, 1981, 29,
260-268,

Formann V., Klemen R.Z, = Anorg. Allgem. Chem..
1969, 269, 539-541.

Calvet R., Prost R. = C.R. Acad. Sci., Paris, 1969, 269,
539-541.

Chantret F., Despairies A., Douillet P, Jacob C., Stein-
berg M., Trauth N. = Bull. Gr. Fr. des Argiles, 1971, 23,
141-172.

' Mackenzie R.C. = The differential thermal investigation

of clays. 1957, Mincralogical Socicty, London.

Grim R.E. - Clay mineralogy, 1953, Mac Grax Hill Book
Compagny, Inc. New York.

Van Olphen H., Fripiat J.J. —= Data handbook for clay

Journal de la société chimique de Tunisie, volume Il - n° 7 = Juin 1988

e

45

mnr_rria!s and other non-metallic minerals, 1979, Perga-
mon press, Oxford, New York, Paris.

Glaeser R., Mering J. - C.R. Acad. Sci., Paris, 1968,
267, 463-466.

Glaeser R., Mantin 1., Mering J. = Bull. Gr. *Fr. des
Argiles, 1967, 19, 125-130.

Bailey S.W., Alietti A., Formoso M.L., KontaJ., Koster
H.M., Mackenzie R.C., Morgan D.J., Humpton F.A.,
Mapasawa K., Paquet H.. Raussel-Colom J.A., Zvya-
gin B.B. - Report of AIEPA Nomenclature Committee,
Supplement to AIEPA Newsletter, 1986, 22.

Bannister F.A. - Min. Mag., 1943, 26, 304-307.

Grim R., Guven N, - Benronities, Geology, Mineralogy,
Properties and Uses, 1978, Developments in sedimento-
logy. Els¢vier North-Holland Ine.

Srasra E.. Ariguib N.. Bergaya F., Van Damma H. -
Accepted by Applied Clay Science.



	1
	2
	3
	4
	5
	6
	7
	8
	9

