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Indian bentonite collected from two different sources,
namely Barmer district, Rajasthan and Cutch district,
Gujarat was screened and purified using the well-
known Stoke’s law of sedimentation by dispersing dif-
ferent concentrations of bentonite (0.5, 1, 2, 3 and 4%)
in deionized water. Chemical composition and cation
exchange capacity of raw and purified bentonite (sedi-
mented at different amounts of bentonite) were deter-
mined. Quantification of montmorillonite content was
carried out using the cylinder enrichment method.
Bentonite purified at lower concentration shows im-
provement in brightness index. Raw and purified ben-
tonite samples were also studied by FT-IR and powder
X-ray diffraction. Organic bentonite was prepared by
treating the purified bentonite with quaternary am-
monium salts (cetyltrimethylammonium bromide and
strearyldimethylbenzylammonium chloride) and char-
acterized by FT-IR, powder X-ray diffraction, CHN,
TGA analysis and particle size distribution.

Keywords: Beneficiation, bentonites, montmorillonite,
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BENTONITE is smectite group clay formed from the alteration
of siliceous, glass-rich volcanic rocks such as tuffs and
ash deposits. The major mineral in bentonite is mont-
morillonite, having hydrated sodium, calcium, magne-
sium and aluminum silicate. Sodium and calcium are
interchangeable ions giving montmorillonite a high ion
exchange capacity'”. Bentonite is used in a wide range of
applications such as drilling mud, foundry sand binding,
iron-ore pelletizing and civil engineering uses such as water-
proofing and sealant’. Bentonite has excellent rheological
and adsorption properties*®. Sodium bentonite has a high
swelling capacity and forms gel-like masses when added
to water. Calcium bentonite has a lower swelling capacity
than sodium bentonite. Normally the sodium-exchanged
bentonite does not have as high a swelling capacity as
natural sodium bentonite’. The significance of bentonite
has increased due to its ability to form organically modified
clays or nanoclays, which are gaining a large market place
in the field of polymer nanocomposites, paints, greases,
inks, cosmetics, wastewater treatment and drug-delivery
vehicle in the last decade®.
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The largest sodium bentonite deposits are located in
Western United States in Wyoming, Montana and South
Dakota. These sodium bentonites are also called Western or
Wyoming bentonites, which indicates high-swelling so-
dium bentonite. Other smaller sodium bentonite deposits
occur in Argentina, Canada, China, Greece, Georgia Repub-
lic, Morocco, South Africa, Spain and India®'2. Bentonite
found in the Rajasthan and Gujarat in India is different
from that available in the rest of world in terms of its
chemical composition and higher iron content, which gives
it a brownish-yellow colour. Purity of bentonite plays a
crucial role in many applications, especially polymer nano-
composites, drug delivery vehicle and cosmetics. Organo-
clays or nanoclays synthesized from impure bentonite show
haziness in polymer nanocomposite films and also limited
exfoliation of layered silicates during processing of nano-
composites®.

In the present communication, we have used Indian
bentonites of Barmer district, Rajasthan and Cutch district,
Gujarat to study their purification under different concen-
trations using Stoke’s law of sedimentation. Raw and purified
bentonite samples were characterized for their chemical
composition, cation exchange capacity (CEC), swelling vol-
ume, FT-IR and powder X-ray diffraction techniques'> ™.
Sedimentation studies were carried out using the well
known Stoke’s equation as given below:

2 Mk
2d1-d2)gt’

where r» is the radius of the given particle (assuming
spherical, in micron), & the height (cm) through which it
falls in time ¢ (s), g the acceleration due to gravity
(9.8 m/sz), dl, d2 the densities of solid and liquid respec-
tively, and M the viscosity of water. Montmorillonite con-
tent was also calculated using the cylinder enrichment (CE)
method'®. Kaufhold et al.'® have explained the quantifica-
tion of montmorillonite in bentonite by different methods,
and have concluded that the CE method is better than
others because determination of layer charge is not re-
quired in cylinder enrichment, the influence of variable
charge can be neglected and specific adsorption mecha-
nism would not affect the quantification.

Bentonite lumps were collected from Barmer district
(B) and the Cutch district (A). Quaternary ammonium
salts, cetyltrimethylammonium bromide [(CHj)-N-(CH;)is
CH;-Br] and strearyldimethylbenzylammonium chloride
[(CH,),7CH3-(CHj3),-N-CgHsCH,-C1] were purchased from
Aldrich and used as received. Chemical composition of
raw clay (A and B) and purified bentonite (B0.5, B1, B2,
B3, B4 and AQ.5, A1, A2, A3, A4) was estimated by gra-
vimetric analysis (wet chemical analysis which includes
precipitation of silica, alumina, iron oxide and titania),
CEC by standard ammonium acetate method, swelling
volume by adding 2 g of bentonite in 100 ml deionized
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water, allowing to stand for 24 h and noting the swelling
volume. Brightness indices of raw and purified bentonite
with reference to magnesium carbonate block were meas-
ured by PEI Digital reflectance meter. Powder X-ray dif-
fraction (PXRD) analysis was carried out with a Phillips
powder diffractometer X’Pert MPD using PW3123/00
curved Cu-filtered Cu-Ka (A = 1.54056 /OX) radiation with
slow scan of 0.3°/s. Fourier transform infrared spectra
(FT-IR) of raw and purified bentonites were measured
with Perkin-Elmer Spectrum GX-Spectrophotometer as KBr
pellet. Particle size analysis (under dry conditions) was
done on Malvern Instrument-Master sizer 2000 at a feed
rate of 50% and air pressure of 1 bar. Carbon, hydrogen
and nitrogen (CHN) analysis of organically modified ben-
tonite was carried out using a Perkin-Elmer CHNS/O ana-
lyser (Series II, 2400). Thermogravimetric analysis of
organoclay and purified clay was carried out (Mettler—
Toledo (TGA/SDTA 851e) thermal analyser) up to 850°C
at the rate of 10°C/min and air flow of 40 ml/min.

Purified clay fractions were obtained by dispersing 50,
100, 200, 300 and 400 g of bentonite clay lumps (col-
lected from Barmer district) in different buckets containing
101 of deionized water (0.5, 1, 2, 3 and 4% clay slurry),
and allowed to swell overnight, and then stirred for
30 min. According to the Stoke’s law of sedimentation,
the supernatant slurry having desired clay particle size
(<2 um) was collected after the pre-calculated time (10 h)
and height (15 cm) at room temperature (30°C). The ben-
tonite slurry was then dried at 90°C, ground, sieved
through 200 mesh and designated as B0.5, B1, B2, B3
and B4 respectively. The same procedure was employed
for bentonite lumps collected from Cutch district, which
were designated as A0.5, Al, A2, A3 and A4. CEC of raw
bentonite (A, B) and purified bentonite (B0.5, B1, B2, B3,
B4 and A0.5, Al, A2, A3, A4) samples measured using
standard ammonium acetate method at pH 7.0, montmoril-
lonite content by CE method and swelling volume by
standard method are shown in Table 1. In the CE method,

Table 1.

15 g of purified bentonite samples was dispersed in 11 de-
ionized water using ultrasonic dispersion. The suspension
was transferred into 11 glass cylinders (diameter ~5 cm)
and kept in an oven at 60°C until the water is evaporated.
From the top side of the sediment, 0.5 g of sample from
each cylinder was removed using a sharp knife. These
materials were equilibrated for 7 days at 50-60% relative
humidity in order to regain the expansion capacity. Fi-
nally, the CEC was determined using standard ammo-
nium acetate method and montmorillonite content (%
w/w) with respect to its original CEC of purified samples
was calculated.

One litre clay slurry of purified fraction B0.5 was
heated at 80°C. Next 91 meq of organic modifiers, namely
cetyltrimethylammonium bromide and strearyldimethyl-
benzyl ammonium chloride were dissolved in 500 ml distilled
water and then added to the clay slurry at 11.11 ml/min
using a peristaltic pump, with vigorous stirring at 80°C.
The resulting organoclay slurry was filtered and washed
with distilled water until it was free from halide ions. Orga-
noclays were then dried overnight at 30°C, and subse-
quently at 110°C for 2 h, ground to pass through 200
sieve and designated as CTA-clay and SMB-clay respec-
tively.

Chemical analysis, CEC and montmorillonite content
of the different samples clearly demonstrate that
sedimentation carried out at lower weight percentage of
clay (B0O.5, B1 and B2) yields bentonite free from non-
clay impurities. As the concentration of clay increases,
the viscosity of clay slurry increases which in turn makes
sedimentation of the non-clay particles (greater than
2 um) difficult. Montmorillonite content (87% w/w) and
swelling volume (24 cc/ml) of samples purified by sedi-
mentation at lower concentration (B0.5 and B1) is higher
compared to raw and purified bentonites at higher con-
centration (B2, B3 and B4) as shown in Table 1. The
brightness indices of purified bentonite obtained by
sedimentation at lower concentration (B0.5, B1) is also

Cation exchange capacity (CEC) and montmorillonite (MMT) content, swelling volume and brightness indices of

raw (A and B) and purified (B0.5, B1, B2, B3, B4 and A0.5, Al, A2, A3, A4) bentonites samples

CEC CEC by CE method MMT Swelling Brightness
Sample (meq/100 g of clay) (meq/100 g of clay) content (% w/w) volume (cc/ml) index
B (raw) 64 - - 16 54
B4 (4%) 67 88 76 16 55
B3 (3%) 72 93 77 17 55
B2 (2%) 80 97 82 21 57
B1 (1%) 91 104 87 24 60
B0.5 (0.5%) 91 104 87 24 60
A (raw) 61 - - 21 53
A4 (4%) 62 83 74 21 53
A3 (3%) 77 91 84 21 53
A2 (2%) 81 95 85 25 56
Al (1%) 88 102 86 29 58
A0.5 (0.5%) 88 102 86 29 58
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Table 2. Chemical composition of raw (A and B) and purified (B0.5, B1, B2, B3, B4 and A0.5, A1, A2, A3, A4) bentonite samples

Chemical compo-

sition (% w/w) LOI SiO, Al,O5 Fe, 05 TiO, CaO MgO Na,O K,O Total
B (raw) 7.3 57.2 16.4 11.3 Traces 2.1 3.4 0.9 1.4 100.0
B4 (4%) 8.1 56.2 18.8 10.8 Traces 2.1 2.8 0.9 1.3 101.0
B3 (3%) 8.4 54.9 19.9 10.3 Traces 2.1 2.6 0.8 1.1 100.1
B2 (2%) 7.8 54.9 22.8 7.8 Traces 1.9 2.6 0.7 1.1 99.6
B1 (1%) 7.7 55.9 23.6 6.9 Traces 1.9 2.6 0.7 0.7 100.0
B0.5 (0.5%) 7.6 55.8 24.0 6.9 Traces 1.9 2.8 0.7 0.7 100.4
A (raw) 7.5 56.7 18.6 12.2 1.8 1.6 1.2 0.9 0.5 101.0
A4 (4%) 7.5 56.7 18.5 12.2 1.8 1.5 1.1 0.9 0.5 100.7
A3 (3%) 7.7 56.5 18.3 11.9 1.8 1.5 1.1 0.9 0.5 100.2
A2 (2%) 7.6 55.9 19.2 10.7 1.8 1.5 1.0 0.9 0.5 99.1
Al (1%) 7.8 55.9 22.2 8.6 1.8 1.5 1.0 0.7 0.5 100.0
A0.5 (0.5%) 7.7 55.9 22.3 8.6 1.5 1.5 1.0 0.7 0.5 99.7
LOI, Loss on ignition measured at 850°C for 2 h.
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Figure 1. FT-IR spectrum of raw (A and B) and purified (B0.5, B1, B2, B3, B4 and A0.5, A1, A2, A3, A4) bentonite samples by sedi-

mentation under different concentrations.

higher (60) compared to raw and purified bentonites at
higher concentration (B, B4, B3 and B2). This is due to the
removal of excessive iron-stained impurities which are
responsible for the brownish-yellow colour of bentonite and
is also evident from chemical composition as shown in
Table 2.

Chemical analysis of raw and purified bentonite sam-
ples (Table 2) indicates the removal of excessive non-
clay impurities at sedimentation carried out with lower
viscosity and concentration. The amount of ferric oxide
decreases up to about 7 wt% from 11.4 wt% (raw ben-
tonite) with increase in alumina content from 16.4 to 24.0
wt% for samples B and B0.5 respectively. Quartz and
calcite impurities are also removed during sedimentation
up to 3% clay slurry, which also correlated with FT-IR
and PXRD. Moisture content of all samples varies be-
tween 7 and 9 wt% and depends on the relative humidity
during samples analysis. Loss on ignition which is carried
out at 850°C in air atmosphere remains almost same for
all samples.
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FT-IR spectra of raw and purified bentonite samples
recorded in the range 500-1050 cm™' to study the effect
of clay concentration during sedimentation technique are
shown in Figure 1. IR peaks at 915, 875 and 793 cm ™' are
attributed to AIAIOH, AlFeOH and platy form of tridymite
bending vibration respectively'”'®. The characteristic
peak at 1115 cm™ is due to Si—O stretching, out-of-plane
Si—O stretching mode for montmorillonite. The band at
1035 em™' is attributed to Si—O stretching (in-plane) vibration
for layered silicates. Intensity of vibrational peak at 915
(A1AIOH) and 529 em™! (S8i—O bending) increases as the
concentration of clay slurry decreases, which indicates an
increase in montmorillonite content. Intensity of vibra-
tional peak at 875 (AlFeOH) and 692 em™ (quartz) decreases
and tends to diminish for lower clay concentration (B0.5
and B1), confirming the removal of iron-stained impurities
and free silica from bentonite.

FT-IR spectra of purified bentonite (B0.5) and organo-
clays (CTA-clay and SMB-clay) are shown in Figure 2.
The peaks between 3500 and 3700 cm™' and near 3400 cm™
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are indicative of montmorillonite-rich smectite clay.
Peaks at 3620 and 3698 cm ™' are due to —OH band stretch
for AI-OH and Si—-OH. The shoulders and broadness of the
—OH bands are mainly due to contributions of several
structural —OH groups occurring in smectite. The overlaid
absorption peaks in the region of 1640 cm™' in the FT-IR
spectrum of B0.5 is attributed to —OH bending mode of
water (adsorbed water). IR peaks at 915, 875 and 836 em™
are attributed to AIAIOH, AlFeOH and AIMgOH bending
vibration respectively. Peaks at 2940 and 2850 cm™' for
CTA-clay and SMB-clay respectively, are ascribed to the
asymmetric and symmetric vibration of methylene groups
(CH,), of the aliphatic carbon chain. In addition, there is
also HCH stretching vibration band at 1465 cm™' in the IR
spectrum of both organoclays. FT-IR studies clearly indi-
cate the formation of organic—inorganic hybrids.

The PXRD pattern (Figure 3 a—c) indicates the presence
of impurities such as kaolin (K), quartz (Q) and calcite (Ca)
in raw as well as purified bentonite samples, which are partly
or to a great extent removed on further purification by
sedimentation. Most of the quartz and calcite impurities
are removed after sedimentation at 2 wt% clay slurry.
There is no change in kaolin peak intensity, probably due
to its fine particles and also less swelling ability of kao-
linite mineral. Reflections relative to the planes [001],
[003] and [130-200] confirmed the presence of mont-
mortillonite with dyg; ~ 1.2 nm for samples A and B, indi-
cating the presence of sodium montmorillonite. It is clear
from the PXRD pattern that sedimentation carried out by
dispersing more than 2 wt% bentonite in deionized water is
not able to remove non-clay impurities due to higher vis-
cosity of the clay slurry. Therefore, it is preferred to sus-
pend a lower amount of bentonite in deionized water for
better beneficiation. PXRD study of B0.5, CTA-clay and
SMB-clay was carried out within 2—-10° (20), as shown in
Figure 4. The dy, of purified bentonite and organoclay
changes with respect to type of organic modifiers and
varies with respect to alkyl chain length. The dyy of BO.5,
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Figure 2. FT-IR spectrum of purified bentonite (B0.5) and organo-
clays (CTA-clay and SMB-clay).
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CTA-lay and SMB-clay is 1.26 (26=6.97), 1.92 (20=
4.61) and 2.56 nm (20 = 3.45) respectively, which indicates
that organic modifiers are intercalated into the interlayer
spacing of bentonite.

Particle size distribution of purified bentonite (B0.5)
was measured after the sample was dried and powdered.
Particle size distribution, d(0.5) of B0.5 dried, CTA-clay
and SMB-clay is 8.7, 8.3 and 3.7 um respectively. SMB-
clay has finer particles with an average 4(0.5) =3.7 um
compared to CTA-clay [d(0.5) =8.3 um]. This could be
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Figure 3. Powder X-ray diffraction patterns: @, Raw bentonite, Cutch
district (A) and Barmer district (B); b, Raw bentonite (B) and purified
bentonite (B0.5, B1, B2, B3 and B4), and ¢, Raw bentonite (A) and pu-
rified bentonite (A0.5, A1, A2, A3 and A4).
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Figure 4. Powder X-ray diffraction pattern of B0.5, CTA-clay and
SMB-clay.

attributed to longer alkyl chain or higher carbon atoms in
SMB-clay compared to CTA-clay. Longer alkyl chains
can cover silicate platelets more efficiently and does not
allow agglomeration during drying compared to shorter
alkyl chains.

Thermo-gravimetric analysis of B0.5, CTA-clay and
SMB-clay was carried out within 50-850°C temperature
range at the rate of 10°C/min in air atmosphere with a
flow rate of 40 ml/min. Thermal stability of B0.5, CTA-clay
and SMB-clay is shown in Figure 5; the peak decomposi-
tion temperature of B0.5, CTA-clay and SMB-clay is 450,
270 and 330°C respectively. B0.5 shows comparatively
higher weight loss at <100°C than organoclays, which is
due to loss of adsorbed water. Peak decomposition tempera-
ture for B0.5 at 450°C is due to loss of structural hydroxyl
group. B0.5, CTA-clay and SMB-clay started to decompose
at 180, 190 and 230°C. Thermal stability of SMB-clay is
higher compared to CTA-clay because of the presence of
an aromatic ring in the backbone chain of the strearyldi-
methylbenzylammonium cation.

Bentonite samples from Barmer district, Rajasthan and
Cutch district, Gujarat were purified by sedimentation tech-
nique. Chemical composition, CEC, montmorillonite con-
tent, swelling indices and brightness indexes clearly
indicate that most of the non-clay impurities such as
quartz, iron-stained impurities and calcite can be removed
from raw bentonite by suspending less than 2% bentonite in
deionized water; this is also well-supported by FT-IR and
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Figure 5. Thermo-gravimetric (a) and differential weight loss (b) of

B0.5, CTA-clay and SMB-clay carried out up to 850°C at 10°C/min in
air atmosphere with flow rate of 40 ml/min.

PXRD pattern. PXRD, FT-IR and CHN analysis confirm the
formation of organic—inorganic hybrid. The dy; and parti-
cle size distribution of purified bentonite varies with the
number of carbon atoms. Thermal stability of SMB-clay
is higher due to the presence of an aromatic ring in the
backbone of the organic modifier.
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