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CATION EXCHANGE CAPACITY IN
IRAQI INDUSTRIAL MONTMORILLONITIC CLAYSTONES
AND THEIR USE IN THE ESTIMATION OF
MONTMORILLONITE CONTENT IN THE PRODUCED CLAY

Khaldoun S. Al-Bassam, Shaima'a M. Abdul Rahman and
Sallama Ch. Rashid

ABSTRACT

This work is concerned with cation exchange capacity (CEC) of the industrial
montmorillonitic claystones produced by GEOSURYV from Safra Mine in Western Desert and
the possible use of CEC as a quantitative indicator of montmorillonite content as well as to
study the effect of heating on the cation exchange capacity of these clays. Analyses and tests
of about 375 samples of these clays, previously analyzed, were studied and processed.
Moreover, a series of standards were prepared to support the ideas and aims of this work. The
results show the possible use of CEC to estimate montmorillonite content with acceptable
accuracy using Methylene Blue method. The accuracy of this method is comparable to the
mineral estimation by XRD. The results can be controlled by comparison with alumina
content of these clays.
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Cl 0.10-1.22 0.57
L.O.1 8.37-13.27 9.49
% GN‘ Yo Jaxal)
Montmorillonite 70 - 85 80 A2 3 g e L sne
Palygorskite 5-10 7 ]
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> 100 87 4.0 106.6
M % (XRD)
100 -
()[]_
80—
70—
60—
50 —
40
30
20
10
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SiO, 54.48 60.0
Fe203 5.26 53
ALO; 14.16 20.0
CaO 5.60 1.6
MgO 3.80 3.3
K,O 0.34 0.5
Na,O 1.20 0.9
SO; 1.17 -
P,05 0.53 -

Cl 0.80 -
L.O.1 10.27 8.4
Total 97.61 100.00
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Montmorillonite 70.0
Palygorskite 9.8
Free Silica 6.2
Free Fe- oxides 0.5
Calcite 5.8
Gypsum 2.3
Apatite 1.6
Halite 1.3
Total 97.6
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(1) o @aLal
DETERMINATION OF EXCHANGE CAPACITY
By Ammonium Chloride Method
(Al-Sa'adi, 1975)

Reagents
0.15N NH,4C1
02N HCI
02N Na OH
40 % formaldehyde

Phenolphthalene indicator

Method of work

1. Add 100 ml of 0.15 N NH4Cl to 4 gm of sample in a 300 ml Erlenmeyer flask mix. for
90 minutes filter; discard the first 10 ml of filtrate, and 50 ml of the rest is pipetted into
500 ml flask.

2. Add 10 drops of the indicator and titrate against 0.2 N HCI. The color changes from yellow
— green to grey — rosy.

3. Add 10 ml of 40 % formaldehyde and titrate with 0.2 N Na OH; the color changes from
grey — rosy to green, then to rosy. Use the same thing with the blank.

Calculation:
CEC=10(b-B) 100 (meq/ 100g)
100 - W
Where

B =ml of 0.2 N Na OH needed for sample
b= ml of 0.2 N Na OH needed for blank
W= weight of sample (gm)

(2) i gLl
DETERMINATION OF EXCHANGE CAPACITY
By Methylene Blue Method
(Santamarina et al., 2002, in: Schenning, 2004)

. The bentonite should be dried for 24 to 48 hours at 100° C prior to testing.
. 1.0 g of dry Fisher Brand, methylene blue hydrochloride powder is weighed and added to
200 ml of Deionized water. The solution should be magnetically stirred for 10 minutes.

3. 0.5 g of the dried bentonite is then measured and placed in a small beaker 20 to 50 ml
deionized water should be added and stirred to make a loose homogenous soil suspension.
The mass of soil and volume of water are recorded.

4. The methylene blue solution is added in 0.5 ml increments as clay suspension is stirred
magnetically for at least 5 minutes.

5. After each addition, a glass rod should be used to remove a small drop of the suspension
and place it on Fisher Brand P4 filter paper.

6. The process should be repeated until a permanent blue halo is formed around the drop and

the final volume of methylene blue added is recorded.

N —

Calculation:
C.E.C.=MB added (cc) x MBdry wt(g) x 1000 X 100g (meq/ 100g)
319.87 vol of MB solu. (cc)  clay dry wt (g)
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(3) o @alad
ESTIMATION OF MONTMORILLONITE CONTENT
By X-ray diffraction
(Al-Sa'adi, 1975 and Al-Bassam et al., 1989)

Montmorillonite content is estimated by using major reflections (peak area) and peak
ratio. A special sample is prepared with 95% montmorillonite content to be used as a
standard. A series of standards are then prepared from this primary standard by dilution.

In order to overcome most of the factors that might cause error in the estimation, the ratio
of area under the peak 001 to that under the peak 003 is used. A calibration curve is
constructed between concentrations of montmorillonite and the 001/ 003 area ratio. The
montmorillonite content in all samples is then estimated, accordingly.
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