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Organophilic clays were prepared using a bentonite from the town of Boa Vista, state of Paraiba, Brazil,
and a quaternary ammonium salt (Genamin CTAC-50). The materials obtained were characterized by X-ray
diffraction and infrared spectroscopy. The results showed a good gasoline, toluene, diesel fuel and kerosene

adsorbing capacity.
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1. Introduction

Smectitic clays, also known as bentonites and used in a variety
of industrial applications, are the most widely utilized and most
interesting group of clay minerals. However, their real potentialities
can only be developed by subjecting them to chemical treatments.
Areas polluted by organic compounds are of great concern in terms
of environmental control. Several types of sorbent materials have
been studied to remediate these areas. Among these materials, or-
ganoclays obtained from smectitic clays and quaternary ammonium
salts — containing at least a 12-carbon chain between their layers
— represent a promising material.

Areas contaminated by petrochemicals represent a common and
serious environmental problem. According to the EPA (Environmental
Protection Agency) databank — BFSS, Bioremediation in the Field
Search System, petrochemical products are responsible for 65% of
groundwater contamination in the US!.

Leakages from underground or superficial fuel reservoirs occur due
to pipe failures or corrosion. These fuel leakages can cause environmen-
tal pollution, groundwater contamination, diseases and safety problems
since they can reach pluvial galleries and sanitary sewers.

Natural clays containing metals as the exchange cations are not
good adsorbers for removing neutral organic molecules because
these types of clay have a hydrophilic character which is induced
by the metallic cation®. Organic molecules are hydrophobic, so they
display no affinity with the hydrophilic surfaces of clay. However,
the hydrophilicity of clays can be transformed into hydrophobicity
when the exchange inorganic cations are replaced by quaternary am-
monium cations in the form of [(CH,),NR]" or [(CH,),NRR’]*. This
replacement results in organophilic clays. The organophilic properties
of these modified clays reduce the hydration of organic cations when
compared with exchange inorganic cations?.

Several organophilic clays have proved highly efficient in re-
moving neutral organic contaminants from water and can be used,
for example, to treat contaminated water, line waste reservoirs, treat
industrial wastes and adsorb oil and fuel spills*®.
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1.1. Organophilic clays — literature review

Most clay-organic compounds are obtained through bentonites,
especially the American Wyoming bentonite. According to Souza
Santos’, bentonites are preferred because of the small dimensions of
their crystals and their high ion exchange capacity. These features
allow for fast and 100% complete interchange reactions. Moreover,
their interplanar expansion can be analyzed by X-ray diffraction and
infrared spectroscopy.

Organophilic clays have been synthesized from the sodium form
of bentonite, which is highly hydrophilic, by adding quaternary am-
monium salts (containing at least twelve carbon atoms) to aqueous
dispersions of sodium bentonite. These dispersions must have a
high delamination grade, i.e., the lamellae must be separate and not
layered in order to facilitate the introduction of organic compounds.
Under such conditions, salt organic cations replace sodium bentonite
cations, causing the clay to change from a hydrophilic to an orga-
nophilic form*!°.

Some organophilic clays swell in specific organic solvents. Ac-
cording to Laba'', the cationic molecule portion of these salts occu-
pies the sites previously occupied by sodium cations, while the long
organic chain remains intercalated in the clay’s lamellae.

Several organophilic clays have been prepared and characterized
in the LMPSol laboratory of the University of Sao Paulo’s Polytechnic
School, using Brazilian smectitic clay minerals'>'*.

2. Experimental

A pale chocolate-colored polycationic bentonite from Primavera,
located in the municipality of Boa Vista, state of Paraiba, Brazil, was
ground to a particle size of less than Imm to prevent it from swelling
in water. Its interlayer cations were then replaced by sodium accord-
ing to the following procedure: an aqueous dispersion was prepared
by slowly adding ground clay to distilled water under mechanical
stirring. The weight of the dispersion was 400.0 g and the quantity
of clay added was 16.0 g. The mixture was stirred mechanically
20 minutes. A beaker was then placed on a hot plate and a concen-
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trated aqueous solution of sodium carbonate was slowly poured into it
(100 meq/100 g of dried clay) under mechanical stirring and heating.
The dispersion was heated to the boiling point and then allowed to
cool to room temperature for 24 hours. The weight of the dispersion
was corrected by adding 4.0% w/w water to the clay. To transform
the sample to an organophilic form, a quaternary ammonium salt
(Genamin CTAC-50) in a 50% aqueous solution was slowly added
(110 meq/100 g of dried clay) under mechanical stirring. The mixture
was stirred for 20 minutes and the dispersion was left standing at
room temperature for 24 hours, after which it was filtered through a
Biichner funnel. The cake was dried at 60 °C for 48 hours and then
ground and sieved through a 200 mesh (0.074 mm) sieve.

The organophilic clay and raw clays were analyzed by X-ray
Diffraction (XRD) and Infrared Spectroscopy (FTIR). The XRD
performed by the powder method, using a Philips X’PERT MPD
diffractometer with Cu-Ko radiation, 40 kV-40 mA, scan speed of
0.020 2©/s and 2 seconds per step. FTIR was performed by the KBr
method with a Nicolet MAGNA 560 ESPS spectrophotometer.

2.1. Swelling test

The swelling of the organophilic clay in organic liquids was
measured in toluene, diesel fuel, kerosene and gasoline. 1.00 g of
powder was gradually added in small portions to 50 mL of organic
liquid contained in a 100 mL graduated cylinder, without stirring.
After 24 hours at room temperature, the volume of the column of
clay was measured, after which the dispersion was stirred with a
glass rod and allowed to stand for another 24 hours. The swelling
was then recorded.

2.2. Adsorption test

The toluene, diesel fuel, kerosene and gasoline sorption capacity
was measured following a method based on the “Standard Methods
of Testing Sorbent Performance of Adsorbents (ASTM F716-82" and
ASTM F 726-99'6)”. This test gives idealized laboratory data which
can be used to compare the oil adsorbing capacity of one adsorbent
with another, and also gives relative cost effectiveness. It should be
kept in mind that, under normal service conditions, an adsorbent will
not be exposed to a sufficiently thick oil layer to become completely
or rapidly saturated. This test will therefore give maximum possible
capacity data and an idealized time saturation. The adsorbent sample
is weighed, minimum weight of 1 g, and the value is recorded. The
test cell is filled with an initial layer of test liquid. The adsorbent is
placed in a basket (a 200 mesh stainless steel basket), which is then
lowered into the test cell. The adsorbent should be allowed to float
freely within the test cell. After 15 minutes + 0.33 minutes the basket
with the adsorbent is removed manually in a vertical direction and
allowed to drain for 15 seconds + 3 seconds. A tared weighing support
is placed under the adsorbent sample/mesh basket set to catch any
additional drips and the entire system is weighed. All the tests are
conducted in duplicate with a minimum of two runs used for calcula-
tions. Based on the data obtained, the adsorbed oil is calculated as
the ratio of adsorbed oil to dry adsorbent weight.

3. Results and Discussion

3.1. X-ray diffraction analysis

Figure 1 shows the interlayer spacings of organoclays and natural
clays. The experimental and natural bentonite were previously dried
at 60 °C.

The properties of organoclays were investigated by basal X-ray
diffraction analysis. The basal spacings of the original clays were
changed from 15 A to 20.6 A. The organoclay AOMC displayed a
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greater interlayer spacing than the corresponding natural bentonite.
This behavior was confirmed by Valenzuela Diaz'®!".

3.2. Infrared curves

The absorption of infrared radiation by clays was recorded over
a range of 4000 to 400 cm™! (Figure 2).

The natural clay showed characteristic smectitic clay mineral
peaks at 472, 525, 800, 918, 1030, 1636, 3436 and 3627 cm™ '*. The
natural clay showed no intense peaks corresponding to organic matter
at 1464, 2827 and 2909 cm™'. Bala'” assigned the 1464 and 2827 cm’!
peaks to the CH, scissor vibration band and the symmetrical CH,
stretching absorption band, respectively. The 2909 cm™ peak was
assigned to the CH stretching band'®.

The organophilic clay also showed the characteristic peaks of
clay minerals, albeit of low intensity. This is an indicative of the or-
ganophilic character of the clay'’. The organic matter peaks at 1480,
2850 and 2910 cm™ were sharper than those of the natural clay.

The CH3, CH2 and CH bands confirmed the alkylammonium
intercalation in the interlayer galleries of the clay mineral, and the
lower intensity of the characteristic clay mineral peaks indicated the
organophilic nature of the treated clay".

3.3. Swelling tests

Figure 3 shows the swelling of the organoclays.

Intermediate values (from 6 to 8 mL/g) were observed for the swell-
ing in kerosene (with mixing), gasoline (with and without mixing), and
diesel (with and without mixing) attesting to the organophilicity of the
organoclays. The organoclay showed high swelling values in toluene
with and without mixing, i.e., 10 and 11 mL/g, respectively, and a low
(5 mL/g) swelling value in kerosene (without mixing).

As can be seen, no significant increase was found when the swell-
ing was recorded after 48 hours and after mixing.

Toluene showed the highest swelling value, which was congruent
with the adsorption test.

3.4. Adsorption tests

The adsorption of organic compounds was studied according to
ASTM F726-99. Table 1 shows the results for organoclay.

The order of organoclay adsorption capacity was toluene >
gasoline > diesel > kerosene. The data indicated that the organoclay
adsorbed more gasoline (149.3%) and toluene (158.8%) than diesel,
and more gasoline (178.1%) and toluene (188.7%) than kerosene.

The adsorption capacity of the organoclay was higher than that
of the natural clay. The order of natural clay adsorption capacity was
kerosene > diesel > gasoline > toluene. The adsorption values were
between 1.72 to 2.22 g hydrocarbon / g natural clay.

The data showed that the organoclay adsorbed more toluene
(437.2%), gasoline (319.8%), diesel (65.3%), and kerosene (44.1%)
than did the natural clay.

The organoclay adsorbed toluene and gasoline equal to about
8 times its weight. This organoclay may be used as adsorbent mate-
rial for hydrocarbons.

Table 1. Results of adsorption testing.

Adsorption (hydrocarbon/clay- g/g)

Solvent Natural bentonite Experimental
Gasoline 2.12 8.90
Diesel fuel 2.16 3.57
Kerosene 2.22 3.20
Toluene 1.72 9.24
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Figure 1. X-ray diffraction data: a) natural bentonite clay; b) after treatment with the quaternary ammonium salt.
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Figure 2. Infrared curves of, a) natural smectite; b) clay treated with quaternary ammonium salt.
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Figure 3. Swelling values without and after stirring. 4.
5.

4. Conclusions

The results obtained show consistently successful synthesis of
the organoclay and good adsorption properties of the smectitic clay. 6.
These findings can be considered encouraging for the use of Primavera

smectite (state of Paraiba, Brazil) as an adsorbent of the hydrocarbon
compounds tested here.
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