OBEQ 19 a 22 de outubro de 2014
Florianopolis/SC

Congresso Brasileiro de
Engenharia Quimica

EVALUATION OF STRUCTURAL MODIFICATION OF
ORGANOCLAY BY ADSORPTION OF BTX

S. K. F. STOFELA! and M. G. A. VIEIRAY

! University of Campinas (UNICAMP), School of Chemical Engineering, (FEQ),
Department of Processes and Products Design (DDPP)
*E-mail contact: melissagav@feq.unicamp.br

ABSTRACT - Aromatic hydrocarbons, as benzene, toluene and xylene were
removed by adsorption into a commercial organoclay as an alternative for
wastewater treatment and the aim of this study was to evaluated modifications on
the structure of the organoclay due to the adsorption process of BTX, which is
relevant for the next studies of regeneration of this adsorbent. From mercury
porosimetry analysis it was observed that the largest number of pores of
organoclay occurs to a diameter close to 200%10° nm. EDS results showed that
basic elements of clays of smectite group derived from the structure of
phyllosilicate are found in significant amounts, such as Si, Al, Mg, Fe, and O. The
analysis of infrared spectroscopy in Fourier showed functional groups present in
the structures of clays. Two endothermic peaks and one endothermic peak were
identified by thermal analysis (DSC). Diffraction patterns (XRD) showed that the
organoclay is not characterized by a highly crystalline structure and the reduction
in interlayer spacing after BTX adsorption can be indicative of a decrease in the
number of layers of water in the interspaces.

1. INTRODUTION

Soil and/or water contamination by aromatic hydrocarbons from leaking storage tanks,
effluent of petrochemical and chemical industries and improper disposal of hazardous wastes
are of concern worldwide. These contaminants have highly toxic to human health and the
environment properties. Benzene, for example, even accounting for only 2 % of the oil, is
considered the most toxic, a fact that is directly related to its carcinogenic and mutagenic
potential (El Brihi et al., 2002).

Also, another factor that aggravates the contamination to these hydrocarbons is higher
water solubility than other organic compounds that are present in this kind of effluent.
Generally, solubility of benzene, toluene, xylene and gasoline in water are respectively 18, 25,
3, 20, 50-100 ppm when gasoline is introduced into water (Kermanshahi-pour et al., 2005).
Maximum levels for monoaromatic compounds in effluent are 1.2 ppm for benzene and
toluene, and 1.6 mg.L™ for xylene, according to the National Council of the Environment in
Brazil (CONAMA 430, 2011). Furthermore, maximum levels in potable water are 5, 170 and
300 pg.L™, for benzene, toluene and xylene, respectively (Ministry of Health in Brazil, 1995).
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There are different methods for monoaromatic compounds removal from groundwater,
such as physical techniques (pump and treat, air sparging, carbon and zeolite adsorption, and
filtration) (Nourmoradi et al., 2012; Souza et al., 2012; Vidal et al., 2012; Zenasni et al.,
2011; Yang et al., 2005) chemical methods (advanced oxidation processes, photo catalysis
remediation) (Tiburtius et al., 2005) and biological processes (bioremediation, biodegradation
in reactors) (Dou et al., 2008; Jiin-Shuh et al., 2008). Among these processes, the adsorption
became promising for reaching the low limits set by environmental legislation.

In search of alternative adsorbent having good removal efficiency and with the aim of
reducing waste residue generation in industrial processes and improving reuse of these in the
production process, companies are investing more in research in order to transform them into
commercially interesting by-products. Thus, this study made use of a commercial organoclay
supplied by Brazilian industry Spectrochem for adsorption of benzene, toluene and xylene. In
order to identify structural group, characteristics and structural changes occurred after
adsorption, this study aimed to evaluate structural modifications of organoclay by adsorption
of BTX, which is important for the next studies of regeneration of this adsorbent.

2. MATERIALS AND METHODS

The commercial organoclay named Spectrogel type C® used in this study was kindly
provided by Brazilian company SpectroChem. For preparation of the adsorbent, this was
sieved for 20 minutes, being used the fraction between sieves of 24 and 28 Tyler mesh to
obtain particles with size of 0.655 mm of average diameter.

The commercial organoclay and the organoclays contaminated with organic compounds
(BTX) were characterized by porosimetry of Hg, energy-dispersive X-ray spectroscopy
(EDS), Fourier transform infrared spectroscopy (FTIR), differential scanning calorimetry
(DSC) and x-ray diffraction (XRD). Table 1 shows the methodology of each analysis.

Table 1 — Characterization methods.

Analysis Equipment Parameters

AutoPore IV Mercury Pressure evacuation of 50 umHg, time of 5

Porosimetry of Hg Porosimeter Micromeritics  min and equilibrium time of 10 sec.

Copper Ka radiation with a wavelength of

X-ray diffraction Philips Analytical X Ray,  1.54 angstrom, voltage 40 kV, current of 40
(XRD) X'Pert-MPD. pA, step size of 0.02 degrees, 0.02 Speed
graus.seg.

Flow 50 mL.min™ from room temperature
to 500 °C and a heating rate of 10 °C.min™
in nitrogen atmosphere.

n . 1
Fourier transform Thermo Scientific, Nicolet Wavelength in the range 4000-400 cm

Differential scanning Mettler-Toledo, DSC1
calorimetry (DSC)

infrared 6700 with samples in the form of pressed KBr
spectroscopy (FTIR) pellets.
Energy-dispersive X-  Sputter Coater POLARON, Accelerating voltage equal to 20 kV and
ray spectroscopy SC7620, VG Microtech. 600 pA for obtaining spectra of X-ray and
(EDS) metal coating of gold.

Area tematica: Engenharia Ambiental e Tecnologias Limpas



OBEQ 19 a 22 de outubro de 2014
Florianopolis/SC

Congresso Brasileiro de
Engenharia Quimica

The organoclays contaminated with organic compounds were obtained from batch tests by
contacting 1 g of commercial organoclay with 100 mL of solution having different initial
concentrations (0.03 to 1.6 mmol.L™) for each contaminant, separately. The samples were
agitated in water bath at a constant speed of 200 rpm for 3 h (equilibrium time obtained by
kinetic study) at 25 °C.

3. RESULTS AND DISCUSSION

Figure 1 shows the pore size distribution according to mercury porosimetry analysis for
the commercial organoclay, as well as, organoclay contaminated with benzene, toluene and

xylene.
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Figure 1 - Pore size distribution for commercial organoclay and organoclay after BTX
adsorption process.

It is observed that the largest number of pores of organoclay occurs to a diameter close
to 200*10° nm, however, the volume of mercury intruded is small, which means that the
adsorbent material is not highly porous. Comparing the pore distribution among all samples, it
is observed that there is a distribution frofile of pores similar to the organoclays. For diameter
values between 150 and 250 nm*10° it was noted a difference in the volume of intruded
mercury. However, this is a very small scale, being about 1.4 cm®g? in the increased
adsorption. Due to this profile pores are very similar among the samples before and after
adsorption, it emerged the hypothesis that the BTX molecules are adsorbed on the adsorbent
surface and not into the macropores.

Table 2 shows the chemical composition of the samples according to the analysis of
Energy-dispersive X-ray spectroscopy. Basic elements of clays of smectite group derived
from the structure of phyllosilicate are found in significant amounts, such as Si, Al, Mg, Fe,
and O. The components Na* and Ca?* are present in the interlamellar spaces in the clay and
they are exchangeable cations in the process of organophilization. Thus the presence of these
two elements in the commercial organoclay may indicate that the process of
organophilization, made by Spectrochem industry, was carried out with a low amount of
water. Small traces of Ti come from the titanium oxide. The presence of Cl and C is due to the
decomposition of the salt used in organophilization, which is not known since this is a
commercial organoclay. Similar compositions for different types of organoclays have been
found by Martin et al. (2011) and Silva et al. (2007).
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Table 2 — Chemical composition of commercial organoclay and organoclay after BT X
adsorption process by EDS.

Composition (%0)

Sample
Na Mg Al Si Ca Ti Fe O Cl C S
Commercial 2.02 090 5.06 13.80 0.16 0.15 171 43.08 144 3144 021
+B 028 093 528 1416 0.12 0.17 157  44.62 0* 32.76  0.09
+T 031 104 540 1460 0.16 0.18 154 4482 011 3184 0*
+ X 030 097 537 1463 0.15 0.16 199 4384 010 3249 0*

*: not identified by EDS anlysis

The decrease of the cations Na and the absence or near absence of CI for samples of
organoclays contaminated may indicate the removal of the salt for the entrance of the
adsorbed organic compounds.

Figure 2 shows the curves obtained from the DSC analysis for commercial organoclay
and organoclays contaminated with BTX. Analyzing the curve of commercial organoclay, it is
observed one endothermic peak below 200 °C related to dehydration (interlayer or external
water) (Martin et al., 2011). A second endothermic peak near 200 °C is due to thermal
reactions of organic matter, characteristic of evaporation and decomposition of the organic
compounds when exposed to an inert atmosphere. The third peak above 400 °C is related to
the dehydroxylation of the organoclay (Santos and Silva, 2012).
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Figure 2 — DSC of the commercial organoclay and contaminated organoclays.

The contaminated organoclays have one more peak than the commercial organoclay at
below 100 °C. The contaminated organoclays have higher amount of water than the
commercial organoclay due to water molecules adsorbed along with the contaminants in the
adsorption process. Therefore, the contaminated organoclays showed an extra peak due to
water loss. However, contaminated organoclays do not have a peak near 200 °C which is
related to the evaporation and decomposition of the salt used in organophilization process.
Futhermore, they have one more peak than the commercial organoclay, at temperature near
350 °C, which may be due to decomposition/evaporation of BTX compounds adsorbed. Again
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it was concluded that during the adsorption occurred the removal of the molecules of salts
present in the interlayer spaces for input of the adsorbed compounds.

Figure 3 shows the infrared spectroscopy with Fourier transform for the commercial
organoclay and organoclays contaminated with BTX.
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Figure 3 - Infrared spectroscopy spectra for organoclays (a) commercial (b) contaminated with
benzene, (c) contaminated with toluene and (d) contaminated with xylene.

For the commercial organoclay, the bands 3630.6 cm™ and 3439.7 cm™ correspond to
the asymmetrical stretching O-H and the symmetric stretch O-H, respectively. The band
1648.4 cm™ is related to the angular deformation H-O-H (Santos and Silva, 2012; Bala et al.,
2000). It is also observed the appearance of the vibrational stretching of C-H linking from the
organic cations, as evidenced by the bands 2916.3 cm™ and 2845.7 cm™ corresponding to
asymmetric and symmetric stretching, respectively. The band 1466.7 cm™ is related to the
angular deformation CH, (Vaia et al., 1994). The band 1034.2 cm™ corresponds to Si-O
stretching and the bands between 622.1 and 913.9 cm™ are due to the layers of octahedral
(Zhang et al. 2003). Finally, the band of 510.9 cm™ corresponds to the phyllosilicate structure
associated with stretching and angular deformation of Si-O-Si and Si-O-Al. These vibrations
occur within the crystal structure without being affected by intercalated cations (Li et al.,
2008).
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It can see that all the peaks present in the commercial organoclay are also present in the
organoclays contaminated with small variations in the intensities of the bands. These very
small changes in the intensity of the bands among commercial and contaminated organoclays
suggest that BT X/organoclay complex has a microscopic structure that is not very different
from the commercial organoclay (before the removal process). The validation of these results
requires the application of advanced structural techniques.

The XRD patterns of the commercial organoclay and contaminated organoclays are
show in Figure 4.
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Figure 4 - XRD for the organoclay (a) commercial (b) contaminated with benzene, (c)
contaminated with toluene and (d) contaminated with xylene.

According to the diffractograms, the commercial organoclay is not characterized by a
highly crystalline structure, which is typical for mineral clays. The peak respect to the plane
001 is located at 20 = 4.51 degrees, which provides a basal spacing of 21.74 A. This
occurrence of a peak before 20 = 10 A is representative of the basal spacing, dooz, of the
smectite clay (Moore and Reynolds, 1997). The low value of 20 respect to the plane 001 and,
thus, a high value of basal spacing when compared with no organophilic clays, are related to
the salt which was inserted in the organophilization process of the clay, which promotes the
advance angle 20 due to the changes caused in the clay structure (Paiva and Morales, 2012).

For contaminated organoclays, it is observed a very similar diffraction patterns, with the
basal plane distance 001 that it is equal for three samples of contaminated organoclays, 14.28
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A at 26 = 6.87. This basal spacing was smaller than that for commercial organoclay (dygy =
21.74 A) at 28 = 4.51. The reduction of the interlayer spacing can be indicative of the removal
of the salt used in the organophilization process for input of adsorbed compounds.

4. CONCLUSIONS

The organoclay adsorbent is not highly porous material and BTX molecules may have
been adsorbed onto the adsorbent surface rather than into macropores. EDS analysis indicated
the effective adsorption of BTX due to the changes of the elements present in the samples
before and after adsorption. The DSC analysis revealed the presence or absence of different
peaks when compared to the commercial organoclay sample with the contaminated
organoclays samples. The FTIR spectra showed that BTX/organoclay complexes have a
microscopic structure that is not very different from the commercial organoclays. The
diffractograms showed a difference in the basal spacing among commercial organoclay and
contaminated organoclays. Again, the reduction in interlayer spacing can be indicative of the
removal of the salt used in the organophilization process for input of adsorbed compounds.
This study will help in the next essays for the regeneration of this adsorbent.
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