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Abstract – Spent bleaching clay from the oil refin-

ing industry was subjected to heat regeneration in a 
box furnace with air. The heat reactivation was con-
ducted without previous extraction of residual oil 
and with previous extraction of oil using organic sol-
vent. The experimental temperature ranged from 
723 at 873 K. A model for the kinetic of thermal re-
activation of spent adsorbent has been proposed. The 
activation energy involved on the desorption phe-
nomenon was determined. 
 Keywords − Spent bleaching clay, thermal reacti-
vation, kinetic. 

I. INTRODUCTION 
The removal of pigments and several other traces of 
constituents by adsorption is one of the most important 
stages in the oil refining process. Activated clays with 
strong inorganic acids have been used as adsorbents. 
However, the used clays, impregnated with oil, corre-
spond to about 20-30 % of the total weight and are dis-
carded in landing, causing problems of environmental 
pollution. The restrained unsaturated oils in the discard-
ed clay oxidize quickly when in contact with air. This 
process causes strong odor and the material spontaneous 
combustion becomes possible (O'Brien, 1998). Thus, its 
disposal on the ground is a problem to be solved.  

Methods to reactivate used bleaching clays using ex-
traction with solvents have been suggested (Andersen, 
1962; Foletto et al., 2002; Nursulihatimarsyila et al., 
2010). Nag et al. (1997) have studied the effects of the 
reactivation of used clays on its structural properties. 
The removal of the residual oil was carried out by the 
use of organic solvents. Later, the samples have been 
submitted to acid and thermal treatment. Oil extraction 
of maize oil refinery using clay was studied by Al-
Zahrani and Alhamed (1995) using different organic 
solvents. Excellent extraction conditions have been re-
ported for each solvent. Other studies have evaluated 
the recycling of used clays by thermal treatment at high 
temperatures. The heating of the clay promotes com-
plete removal of the residual oil and other present or-
ganic components adhered to clay particles. Solvent ex-
traction followed by calcination at 500 °C is reported to 
be a method that produces more active clay than the 
original one (US Patent, 1999). Al-Zahrani and Daous 
(2000) have tested different organic solvents for remov-
al of the residual oil, followed by calcination at different 

temperatures. They have found the optimal conditions 
of regeneration for commercial clay. A study involving 
thermochemical regeneration with ZnCl2 and heating 
under a rate of 10 °C.min-1 until 570°C, under nitrogen 
atmosphere for 1 h, showed that the regenerated clay 
presents good adsorbent properties (Tsai et al., 2003). 
Ma and Lin (2004) reported an efficiency of 94%, dur-
ing the spent clay regeneration that is slightly lower 
than that was found by other researchers, Hou et al. 
(1999), that was 98%. As described previously, some 
methods for spent clay reactivation have received con-
siderable attention. However, information about kinetic 
studies of thermal reactivation of used clays is scarce in 
literature. 

In this context, the main objective of this work was 
to evaluate the reactivation kinetic of a spent bleaching 
clay. The activation energy involved on the desorption 
phenomenon was determined. 

II. METHODS 
Two samples of clays were provided by the Bunge In-
dustry (Santa Catarina State, Brazil): a commercial vir-
gin clay (bentonite) (Engelhard,U.S.A) and a spent clay, 
containing impregnated soybean oil. The chemical 
composition of the virgin clay (% by weight) is, deter-
mined by X-ray fluorescence (Philips PW 2400 Spec-
trophotometer): SiO2 (70.60); Al2O3 (9.44); Fe2O3 
(2.89); CaO (3.14); Na2O (0.44); K2O (0.69); MnO 
(0.02); TiO2 (0.79); MgO (1.30); P2O5 (0.16); Fire Loss 
= 10.54%. Neutral soybean oil from the same industry 
was used to determine the efficiency of reactivation in 
this work.  

The procedure of spent clay reactivation was done in 
two ways: a) the thermal reactivation was carried out 
without previous extraction of the residual oil; b) the 
thermal reactivation was carried out after the previous 
extraction of the oil using organic solvent.  For a) ap-
proximately 3.0 g of spent clay sample was placed in an 
alumina crucible. After the temperature stabilization of 
the oven (Lavoisier, model 400D) (approximately 30 
min, under air flow of 10-3 m3.s-1), some crucibles were 
placed in its interior and the reactivation time was 
measured. The crucibles have been withdraw in prede-
termined times for determination of the reactivation ki-
netic. The reactivation temperature ranged between 723 
and 873 K. For b) a system of Soxhlet extraction was 
used to remove the oil impregnated in the adsorbent. 
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Hexane (purity > 99.9 %) was used as solvent. The ex-
traction was carried out during 5 h, after this time varia-
tion in the mass of recipient that contained the extracted 
residual oil was not observed. The solvent was recov-
ered by distillation. The oil-free clay sample was later 
submitted to the calcination process. The procedure 
adopted for the thermal reactivation was identical to that 
described above. The assays of oil clarification have 
been carried out to estimate the kinetic parameters and 
to determine the model that better describes the process 
of clay reactivation. The clarification tests were carried 
out according to Foletto et al. (2001) and Foletto et al. 
(2006). Neutral (alkali refined) soybean oil (100 g) and 
commercial clay (1.0 g) or reactivated clay (equivalent 
mass of 1.0 g) have been transferred to a refining sys-
tem to form the slurry. The slurry was heated to 100°C 
and kept at this temperature for 30 minutes, under vacu-
um of 120 mmHg absolute, at mechanical agitation of 
1000 rpm and in nitrogen atmosphere to prevent oxida-
tion of the oil. After this procedure, the slurry was fil-
tered with filter paper under vacuum. Enough amount of 
filtered oil was collected for the determination of the 
color using a digital spectrophotometer (CELM model 
E-225D), in the wavelength of 420 nm (Foletto et al., 
2003). An industrially refined oil sample was used as 
standard for the calibration of the device. 

II. RESULTS AND DISCUSSION 
The Fig. 1 shows the experimental results of the kinetic 
oil clarification, as well as the fitting results obtained in 
the process of the spent clay direct calcinations (without 
previously extraction of the residual oil). The points 
correspond to the experimental data, whereas the lines 
show the fitted kinetic model, represented in the Eq. 1. 

                         C/C0 = exp ( - k t)                            (1) 

where k is the first order kinetic constant and t the calci-
nation time of the discarded clay sample. The concen-
tration data have been treated in the dimensionless form 
(C/C0) and plotted in relation to the calcination time, be-
ing C0 the absorbance of the clarified oil by virgin clay 
and C the absorbance of the clarified oil by the reac-
tivated clay. It is observed from Fig. 1 that the consid-
ered empirical model shows a good agreement with the 
experimental data. 

During the calcinations, the active sites have been 
set free, and during the clarification test they were again 
occupied. This occupation was determined for the re-
duction in the concentration of the components that give 
color to the oil, that is proportional to the absorbance, 
based on the law of Beer-Lambert (Brimberg, 1982; 
Topallar, 1998). A fast decrease of C/C0 in the first 
points is observed, until it reduces to zero (C/C0 = 0), 
reaching the color of the oil used as standard (commer-
cial refined soybean). 

Figure 2 shows experimental results of the kinetic 
oil clarification with fitting curves for the calcination 
process of the spent clay with previously extraction of 
the residual oil. It is verified that the proposed model 
(Eq. 1) shows a good agreement with the experimental 
data. Table 1 shows the values of the kinetic constants 
in function of temperature for the two reactivation pro-
cedures investigated in this work. In the process without 
extraction a lower variation of the kinetic constant (k) is 
found with increasing of temperature comparing it to the 
process with extraction. Thus, a pretreatment with sol-
vent makes the reactivation faster. In the experiments 
carried out with extraction it can be said that the clay is 
cleaner, favouring the process. Therefore, the process is 
faster, with kinetic constant approximately three times 
bigger; at 873K this value is of two times. 

 
Fig.1. Fitting of the first order kinetic model for reactivated clay at different temperatures, without previous oil extraction. 
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Fig. 2. Fitting of the first order kinetic model for reactivated clay at different temperatures, with previous oil extraction by hex-
ane. 

 
Fig. 3. Activation energy of the clay regeneration process: (a) without residual oil extraction, (b) with previous extraction of the 
oil with hexane. 
Table 1. Kinetic parameters determined by the first order ki-
netic model. 
Temperature 

(K) 
1st order kinetic constant        k (min-1) 

without extraction with extraction 
723 0.0418 0.1307 
773 0.0805 0.2421 
823 0.1150 0.3495 
873 0.1957 0.4600 

 
The activation energy involved on the desorption 

phenomenon was determined by the Arrhenius equation: 
k = A exp (-Ea/RT)                               (2) 

where k is the kinetic constant, A is the factor of fre-
quency or Arrhenius constant, Ea is the activation ener-

gy of thermal regeneration, R is the universal constant 
of gases (8.314 J.mol-1.K-1) and T is the absolute tem-
perature. The slopes were calculated by a linear regres-
sion analysis of ln(k) versus 1/T (1/K), where is ob-
tained a straight line with an intercept on the y-axis, giv-
ing ln (A), and a slope, giving - Ea/R (Fig. 3). The re-
gression had a good linearity observing the coefficient 
r2. The value of Ea was 52.4 kJ.mol-1 for the process 
without previous oil extraction (with A = 4.67 s-1), and 
43.8 kJ.mol-1 for the process with extraction (with A = 
3.70 s-1). Thus, it is verified that the previous oil extrac-
tion with organic solvent improved slightly the reactiva-
tion process, since less activation energy is required. 
Only one work (Wang and Lin, 2000) that studied this 
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term was found in the literature, the value found was 
74.3 KJ.mol-1 for the reactivation of a spent clay con-
taining residual oil of peanut. 

III. CONCLUSIONS 
Observing the presented results it is possible to con-
clude that the reactivation efficiency of the spent clay 
increased with the increase of the calcination time. It 
was verified that the previous oil extraction with organic 
solvent slightly facilitates the reactivation process. 
Based in the experimental data, an empirical expression 
for the reactivation kinetic of spent bleaching clay was 
determined. The considered empirical model showed a 
good agreement with the experimental data. The activa-
tion energy involved on the desorption phenomenon 
was determined. 
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