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Abstract. The spent bleaching earth (SBE) is a solid waste from the edible oil refining industry which gener-
ates soil contamination was successfully recycled after deoiling through an extraction process using different
organic solvents, followed by heat treatment. In the current study, the effects of factors, such as solvent to

(SBE) ratio [1:1-5:1], temperature [20-40 °C], and stirring time [30-60 min] on the efficiency of extracted oil
were investigated by maceration method. Characterization analyses (SEM, XRD, XRFA and TGA) were carried
out to compare the characteristics of samples. The best oil extraction efficiency was obtained at the highest
level of solvent to (SBE) ratio (Mg = 5) at 30 °C temperature and at the 45 minutes stirring time this condition
led to 72.82% oil extraction yield. The corn oil bleaching efficiency using the SBE treated at optimal condition
and heated at 400 °C was improved to 84.75%.
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Notations

Ay45 — absorbance of sample at 445 nm;

E — error (%);

CCO - crude corn oil;

Eg — bleaching efficiency;

Egp — efficiency of oil extraction by maceration (%);

EPM — experience planning methodology;

FCBE - fresh commercial bleaching earth;

Mg — mass ratio (L/S);

O, — oil bleached by FCBE;

O,, — neutralized corn oil;

O,p — oil bleached by RSBE at optimal maceration condi-
tion;

O,p1 — 0il bleached by RSBEH at 300 °C;

O,p — oil bleached by RSBEH at 400 °C;

O,p3 — oil bleached by RSBEH at 500 °C;

RSBE — regenerated spent bleaching earth by hexane
extraction;

RSBEH - regenerated spent bleaching earth by hexane ex-
traction followed by heat treatment;

SBE — spent bleaching earth;

SEM - scanning electron microscopy;
T.q— carotene content;

TGA — thermogravimetry analysis;
XRD - X-ray diffraction;

XRFA — X-ray fluorescence analysis.

1. Introduction

Vegetable oils are a highly edible source of food (Food
and Agriculture Organization, 1994). In 2019, the crude
vegetable oils world consumption reached 174 million
tons (Lettre de L'ONAGRI, 2020). The crude corn oil (CCO)
is generally processed by the refining (Barrera-Arellano
et al., 2018). Four major steps, namely, degumming, neu-
tralization, bleaching and deodorization, are involved in
chemical refining of CCO (De Greyt, 2013; Chew & Nyam,
2019). Bleaching is an important step in the refinery pro-
cess (Zio et al, 2020). The purpose of this step is to ad-
sorb impurities which include pigments (B-carotenoids and
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chlorophyll) (Sabah et al., 2007), phosphatides, gums and
metals trace (Gharby, 2022). This enables for producing a
light colored and stable oil acceptable to consumers. In
the industry the bleaching step is realized by using fresh
commercial bleaching earth (FCBE). It is an activated clay
belongs to smectite group that mostly clay mineral. Af-
ter bleaching, the process of oil separation performed by
filtration of the spent bleaching earth (SBE), the quanti-
ties of SBE in Tunisia are estimated at 1000 tons per year.
This solid waste is currently disposed in landfills without
any appropriate treatment and causes severe environ-
mental problem, its storage in the open air could cause
spontaneous combustion (Low et al., 2022). Currently,
many studies are devoted to regenerate SBE (Abdelbasir
et al., 2023). Among these ways, solvent extraction can be
pointed out as one of the process carried out in this for
removing the oil content (Foletto et al., 2002; Hatami et al.,
2018; Merikhy et al., 2019; Shahi et al., 2015), acid activa-
tion treatment was also studied (Eko Saputro et al., 2020;
Sarigolan et al., 2010).

In addition to these methods, others used the solvent
extraction followed by thermal treatment (Abd Wafti et al,,
2011; Pujiastuti et al., 2022), thermal activation (Bachmann
et al,, 2020; Soetaredjo et al.,, 2021), pyrolysis (Naser et al,,
2021).

The main objectives of this study are the regeneration
and the recycling of SBE in the corn oil bleaching step
to minimize the environmental pollution impacts of these
wastes. Regenerated (SBE) must meet the quality require-
ments of FCBE used in industry for the bleaching of the
neutralized corn oil.

2. Materials and methods

In this study, a FCBE, is a fine white powder it was used as
standard sample (FCBE), the SBE obtained after bleaching
of corn oil as (SBE) is dark brown oily paste. The SBE sam-
ples were collected at Oil Refinery in Tunisia and regen-
erated by solvent extraction followed by heating process
(RSBE). Samples were characterized by X-ray diffraction
(XRD), gravimetric thermal analysis (TGA), X-ray fluores-
cence analysis (XRFA) and scanning electron microscopy
(SEM). X-ray diffractogram was operated at 40 kV and
20 mA using radiation Cu-Ka (A = 1.5405A), at a scan-
ning speed of 1° (26)/min. Chemical composition was
determined by X-ray fluorescence with a spectrometer.
The thermogravimetric analysis (TGA) of FCBE, RSBE and
RSBEH was performed from room temperature to 900 °C
with a heating rate of 10 °C/min, under an atmospheric
air flow of 35 ml/min. The surface morphology and el-
emental analysis of SBE and RSBEH were examined by SEM
(FEI Q250/EDAX thermos Fisher, at 10kx) with acceleration
tension of 25 kv. The samples were sputter coated with
a conductive layer of gold using a sample metallizer (lon
SPUTTER JFC-1100) before SEM analysis.

Step 1: Extraction by Soxhlet

In order to evaluate the percent of total oil content
(PEO) in SBE and select the best solvent different samples
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of dry SBE rich on corn oil were extracted using Soxhlet
method by testing different organics solvents (Hexane,
Methyl isobutyl ketone (MIBK), methyl ethyl ketone (MEK)
and Xylene). Typically, 20 g of dry SBE was weighed into
the thimble to be extracted by solvents. The System was
placed on heating balloon for 6 hours. Boiling is stabilized
by glass beads. Then, the oil was separated from the sol-
vent by a rotary vacuum evaporator, the temperature of
the water bath increased to 70 °C to remove any possible
moisture. Finally, the cooled samples were weighed, and
the results were compared. The percent of total oil con-
tent (PEO) for each sample was calculated by the following
Equation (1).

PEO:mﬂOO, M
WG

where W; is the weight of oil extracted by the Soxhlet
extractor (g), W, is the weight of the dry bleaching earth
sample (g), PEO is considered as the percentage of total
oil content in SBE.

Step 2: Extraction by maceration

The maceration method to be extrapolated as reliable
industrial process is carried out with dry SBE by adopting
the experience planning methodology (EPM), the dry SBE
sample was mixed with hexane as the best solvent, the lig-
uid- solid ratio was varied from 1:1 to 5:1, the stirring time
was varied in the interval 30 to 60 min at the temperature
varying from 20 to 40 °C. Then the solution was filtered
(Figure 1), air-dried. Then, the deoiled SBE was treated
at different temperatures 300 °C, 400 °C and 500 °C for
30 min (Figure 2).

Figure 2. Regenerated bleaching earth (RSBE)

Step 3: Bleaching test
The samples of regenerated bleaching earth (RSBE)
produced in this study were tested for their efficacy in
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bleaching neutralized corn oil. The first series of tests was
made by adding 1 g of RSBE to 100 g of neutralized corn
oil, the second series of bleaching test was made using
thermal treated (RSBEH) at different temperature. Then
the mixture was stirred mechanically for 40 min heated
to 100 °C (Naser et al., 2021). Eventually, after mixing the
samples and oil the separation was made by filtration. A
sample of FCBE was also used for a comparison.

3. Results and discussion

3.1. Physicals and chemicals characterization
of samples

3.1.1. X-ray diffraction (XRD)

The mineralogical composition evolution of FCBE, RSBE
and RSBEH sample is illustrated by Figure 3. XRD analysis
indicates that the samples have almost the same composi-
tion. They are composed of Quartz (SiO,) and Calcite (Ca
(CO3)) which are the basic elements of montmorillonite
(Al,03.4Si0,.H,0). XRD of commercial sample presents
the 001 reflection with low intensity. The diffractogram of
RSBE show the presence of a more intense peak, corre-
sponding to the Quartz. The clay fraction of our materials
consists of Quartz and Calcite as a major compound in our
samples, this confirms the results of Fluorescence X which
show high proportions of SiO, (Quartz).
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Figure 3. XRD diffractograms of (1: FCBE), (2: RSBE) and
(3: RSBEH)

330, 207214 200 |

3.1.2. TGA analysis

The results of the TGA of FCBE, RSBE and RSBEH are shown
in Figure 4, performed under oxygen atmosphere. The
TGA thermograms of three samples showed two zones of
weight loss. The first mass loss between [40-200 °C] can
attributed to the loss of adsorbed water in the interlamel-
lar clay layer which occurs throughout the process and
any volatile matter. The second weight loss can also be
associated to the removal of structural water and start of
the carbonized matter decomposition.

3.1.3. X-ray fluorescence analysis (XRFA)

Table 1 shows the chemical composition by XRFA of FCBE,
RSBE and RSBEH. The main chemical component of these
samples is Silicon dioxide (SiO,) followed by Al,O3, ignit-
ing loss MgO, Fe,03 and CaO.

Table 1. The chemical element of FCBE, RSBE and RSBEH

Characteristics | FCBE (%) RSBE (%) RSBEH (%)
Sio, 73.78 70.79 72.42
ALO, 7.97 7.37 7.64
Fe,Os 2,48 237 2.55
MnO 0012 0.010 0.014
MgO 17 113 127
K,0 1.02 1.01 0.82
Ca0 2.09 2.08 2.28
Na,O 097 0.96 0.98
TiO, 045 042 0.46
P,Os 0.71 1.04 0.66
t;?i.g: 8.82 12.82 10.9

These results show that the chemical composition is
relative to the typical smectite clay. The solvent extrac-
tion process doesn't have significant effects on the major
chemical element composition. Indeed, there is an increase
of the loss on ignition in the case of RSBE.
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Figure 4. TGA analysis of FCBE, RSBE and RSBEH
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3.1.4. Surface morphology and elemental content

(SEM)

The SEM results for SBE and RSBE are shown in Figure 5,
the surface of SBE particles is covered with oil and organic
compounds. The SEM micrographs of SBE and RSBE show
almost similar morphological characteristics with exfoli-
ated or flake-like appearance and massive agglomerate
of irregular shapes associated with montmorillonite clay.

Figure 5. SEM images of SBE and RSBEH

Figure 6. EDX analysis of SBE and RSBEH
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Integral Counts: 34233

The results of EDX study (Figure 6) indicated that all
the samples are Ca-montmorillonite type and contain a
small quantity of impurities. High amounts of carbon in
SBE are related to the adsorbed organic compounds and
oil on the BE during the bleaching process. After the sol-
vent extraction and thermal treatment, oil and the other
adsorbed materials were removed.

The EDX spectra (Figure 6) and the elemental compo-
sition (Table 2) confirm the presence of major chemical

Table 2. Elemental composition (%) using EDX analysis of SBE and RSBEH

B C o Na Mg Al Si S K Ca Fe Au
SBE - 15.65 15.57 0.70 0.60 247 16.16 5.20 045 9.33 2.22 31.64
RSBEH 47.00 8.78 22.46 - 1.93 193 12.69 - 043 0.44 434 -
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elements common to the structure of SBE and RSBEH.
Thereby, the high amounts of Si, Al, Fe, C and O in SBE
and RSBEH, respectively were related to the presence of
SiO,, Al,O5 and Fe,O3. The presence of C element in SBE
indicates that there is an organic compound as residual oil
which is adsorbed during bleaching process.

3.2. Effect of Solvent Type on the extraction
efficiency

The results of comparative of the total PEO by the different
solvents are Hexane (36%), MIBK (28.9%), MEK (30.1%) and
Xylene (32.1%).

These results shows that the maximum PEO it is ob-
served in the case of the samples treated by hexane as
solvent, so the highest efficiency is reached with apolar
solvent.

3.3. Design of experiments by maceration
method

Hexane was selected as solvent to compose the matrix of
extraction experiments by maceration method. Experiment
Planning Methodology (EPM) is an analytic systematic ap-
proach based on mathematical modeling used to solve and
analyze experimental results with the goal of optimizing
processes. It allows for the identification of significant vari-
ables and their interactions with fewer experimental trials,
thus saving time and resources. EPM is particularly useful
when dealing with multiple variables, as it helps to find the
optimal conditions by modeling the relationship between
variables. This EPM was used in order to reduce the number
of experiments and generate a regression equation which
links all optimized variable parameters such as mass ratio
(Mpg), stirring time (f) and temperature (T) with extraction
yield (Y;4,%). The total number of the experiment is deter-
mined by the Equation (2) (Kafarov, 1974).

N =2K+2xK +nj. @)

In which: ng is the number of tests to be carried in the
center of plan, K is the independent variable number. The
adopted experimental method is an orthogonal central
composite planning which requires in this case 14 experi-
ments in addition to 4 tests in center. The variable param-
eters to be optimized are the liquid to mass ratio varying
in the intervals of [1:1-5:1], stirring time [30-60 min] and
temperature [20-40 °C].

The results obtained from 18 experiments were used as
yields responses in EPM analysis to achieve the optimiza-
tion process. The response was defined as a second-order
polynomial Equation (3):

k
Yy, =a, + ZaXJr a“Xl2 ZZG‘JX’XJ' 3)
L J

where ag is the constant term of the regression equation,
a; (i €{1,23}), a; (i €{1,2,3}) and aj; (i, je {1,2,3}) are the
coefficients of linear, quadratic and |nteract|on effects, re-

spectively. X; is the coded value of the variable i and k is

the number of variables. The matrix values, experimental

variables and their responses are presented in Table 3.
The Equation (3) was developed for 3 variables:

Yip =0+ [01)(1 +a,X, + 03X3] +
[aHX12 +0,,X2 +033X32}+ 4)
[, XX, + 013X X5 + a3 X0X; .

Yexp is the response from the experiment was calcu-
lated by the following Equation (5):

o\ W,x100
Vo = Ee (%) = =57 — )

S

where W; is the weights of the oil extracted from the Sox-
hlet extractor in th case of maximum (PEO), and W, are the
weight of the oil extracted from the maceration extraction
experiment.

All coefficient (ag, a; a; and ay) in the mathematical
model (Equation (3)) with (k) independent variables un-
dergo validation by Student's tests (Kafarov, 1974; Goupy,
2006). the coefficients are determined by the following
matrix calculation:

. J,X XYeXp ] Z:/:](X[xX )xYe’;p .
{ ! i = '
W S
Z X2 XYexp
i ‘ (6)
i Z:;(XU)Z

Testing and validation

Once we determine all the regression coefficients of the
mathematical model, we then carry out tests to check
whether the model is adequate.

Student test

After calculating the different coefficients of the regres-
sion equation, we calculate their respective variances. We
then note:

2

> e

f, rep

52

rep : Reproducibility variance. (7)
with Y?: i value of test at the center of the Excperi-
mental plan
yO
yo — i=1" :
4

s : Average value of experimental test at
the center of the plan. (8)

And f, =4-1=3: The experimental test number at
the center of the plan — 1.
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Calculation of Student test

ti:|:‘|; t‘f—sy ; tjjzs—”. (10)
ai ajj ajj

Student tests are carried out to verify each coefficient.
The calculated Student test values must be greater than
the tabulated values for these coefficients to be significant.
Otherwise, when we obtain for (a) coefficient ts.,cyiareq < t
S tap it Will be eliminated from the regression equation and
taken as being equal to zero (Goupy, 2006).

Table 3. The coded values, experimental variables and their
responses

. Variables Res-
Essai
X Mg X, t X3 T | ponse
Coded | Value | Coded | Value | Coded | Value | Y,,%
1 1 5 1 60 1 40 | 71.71
2 -1 1 1 60 1 40 | 51.69
3 1 5 -1 30 1 40 | 5893
4 -1 1 -1 30 1 40 | 47.51
5 1 5 1 60 -1 20 782
6 -1 1 1 60 -1 20 | 4738
7 1 5 -1 30 -1 20 65.4
8 -1 1 -1 30 -1 20 | 4458
9 0 3 0 45 0 30 | 5523
10 | 1.215 | 543 0 45 0 30 | 6851
11 |-1215| 0.57 0 45 0 30 | 39.89
12 0 3 1.215 | 63.225 0 30 | 57.33
13 0 3 | -1.215|26.775 0 30 | 47.69
14 0 3 0 45 1215 | 42.15 | 78.85
15 0 3 0 45 | -1215|17.85| 58.32
16 0 3 0 45 0 30 | 57.06
17 0 3 0 45 0 30 54.1
18 0 3 0 45 0 30 | 5854

The matrix of experiments is the principal support of
study. Indeed, 18 experiments were conducted, the regres-
sion Equation (11) obtained is below:

Yy = 2652 + 18.14 X, + 6.81 X, + 2.96 X3 +
3.83 X2 + 7.75 X352 + 335 X, X, + 3.64 X1X;. (1)

In order to maximize the extraction efficiency (Y;,%) the
method of Newton was applied (Collombier, 1995). This
method generates the optimal conditions of extraction by
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maceration process. The values of each optimized oper-
ating parameters (Mg, t, T) are Mg = 5, t = 45 min and
T = 30 °C. In these optimal conditions the extraction
efficiency calculated by the regression Equation (10) is
Yin = 72.82% and the value obtained experimentally at
optimized parameters is Y,,, = 71.02%. These two values
are considered similar and comparable.

The deviation or Error between experimental and
theoretical results at the optimal condition (Yy, = 72.82%,
Yexp = 71.02%) has been calculated by the following Equa-
tion (12) (E = 2.47%) this value show that the model feet
the experimental results very well.

Yexp - Yth

E= x100. (12)

th

This allows us to conclude that the mathematical mod-
el of equation 10 simulates our experiments very well, the
experimental data were fitted to a second-order polynomi-
al model (Equation (10)), as linear, quadratic and interac-
tion components have a significant effect on the response
(validated by tabulated Student's tests) (Goupy, 2006).

So, we note that: all the first order terms exist, this
confirms that mass ratio, stirring time and Temperature act
directly on the extraction efficiency.

The terms of the second order (X3, X2) of the re-
gression equations exist; this explains that the optimum is
in the fixed intervals. Other interactions coefficients exist
(X1X5) and (X1X3): These is explained there is an interaction
between the mass ratio and stirring time; mass ratio and
temperature.

3.4. Bleaching efficiency of neutralized corn
oils by different samples

The RSBE produced must meet the FCBE standard in terms
of bleaching efficiency. To assess this, a bleaching test was
conducted on neutralized corn oil and oil samples treated
under optimal conditions using RSBE, RSBEH and FCBE
samples.

3.5. Bleaching efficiency

The results in Table 4 show the bleaching efficiency which
was evaluated by the retention of carotene content in neu-
tralized and bleached corn oil using different bleaching
earth simples.

The carotene content was determinate by spectropho-
tometry UV method at 445 nm wavelength (Franke et al,
2010). Carotenoid content was calculated according to the
following equation:

A.y(ml). 10

Teq (Mg/1009) = — :
% 10009

(13)
where T, is the carotenoid content (mg/100 g), A the
highest absorbency value at 445 nm, y the quantity of ex-
tracting solution (ml), g the weight of sample (g), A%,
is the average absorption coefficient 2500 of carotenoid

molecule.
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The bleaching efficiency was calculated as:

(Tw neutralized oil - T, bleached oil ) x100

Es(%) =
s(%) T_, neutralized oil

Table 4. Result of carotene content and bleaching efficiency

st Awom | mmowe | e |
o, 1.02 1.68

O, 0.29 0.49 70.80
Oop 0.68 1.12 34.01
Ogp 0.27 0.46 72.52
Oup2 0.16 0.24 84.75
Opp3 0.17 0.28 83.56

Based on result shows that the bleaching efficiency
was maximum in the case of oil simple (O, bleached by
(RSBE) solvent extracted followed by thermal treatment at
400 °C.

It can be also seen that the optimal regeneration tem-
perature was 400 °C for RSBE. In addition, the RSBEH used
showed the following order in term of the oil bleaching
efficiency:

E (0gp2) > EB (00p3) > EB(0gp1) > EB (09 > EB (0.

According to the results above, the heat treatment
after extraction with hexane has improved the bleach-
ing efficiency from 34% to 84.75%. This indicates that the
thermal treatment at 400 °C was enhance the bleaching
efficiency on 50%. Moreover, RSBEH become more effec-
tive than the FCBE.

3.6. Analysis of the color by Lovibond

The color of neutralized corn oil before and after bleach-
ing using different Bleaching simples was made accord-
ing to the AGRIS method (Organisation Internationale de
Normalisation, 2010). The results shown in Table 5 dem-
onstrates the link between the regeneration efficiency of
RSBE and the oil color.

Table 5. Mean color of bleached and neutralized corn oil

Color 0, O, ) @)

op2 |

op
Red (R) 14 5.2 12.2 9.2
Yellow (Y) 0.7 68.5 57 69

These results show also a significantly higher Lovibond
color (Y = 69) in the case of (00p2) oil simple. This oil sim-
ple bleached by (RSBE) thermal treatment at 400 °C show
the value of the yellow color index of the bleached oil
increased as well from 0.7 to 69. These results agree with
those obtained in Table 4.

4. Conclusions

In view of the results and analysis, the following conclu-
sions were drawn:
= The regeneration process doesn't have significant ef-
fects on the structure and chemical composition of
treated bleaching earth this was shown by results of
different analysis (XRD. TGA. XRFA and SEM).
= The total (PEO) by soxhlet for different solvents used
showed the following order:
= PEO (Hexane) > PEO(Xylene) >PEO(MEK) > PEO
(MIBK).
= The corn oil bleaching efficiency using only RSBE is
not satisfied, so to enhance the oil bleaching effi-
ciency the regenerated SBE by maceration extraction
at optimal condition was heat treated at 400 °C.
= The corn oil bleaching efficiency using (RSBEH) ther-
mal treated at optimum condition has become com-
parable as in the case of FCBE. These results agree
with those obtained in the case of Lovibond color
analysis.
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