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INTRODUCTION

Physical refining of crude palm oil includes three major stages: degumming, 
bleaching and deodourisation. Bleaching earth is used for the removal of 
undesirable components such as phospholipids, colorants and traces of 
heavy metals contained in crude oil (Sabah et al., 2007). Regeneration of 
spent bleaching earth can be achieved by heat treatment (Mahramanlioglu 
et al., 2010), with solvent extraction (Al-Zahrani and Alhamed, 2000), or 
by a combination of these methods (Wambu et al., 2009). During these 
treatments, the chemical composition, structure and textural properties of 
the clay would be altered. Kheoh (1987) studied the reactivation of spent 
bleaching clay, which involved washing the bleaching clay with an organic 
solvent to remove oil, fats, coloured compounds and organic impurities, 
with subsequent solvent removal.

Palm oil mills generate huge 
amounts of palm oil mill effluent 
(POME) which has to be treated 
before disposal through land 
application or into water courses. 
Several systems such as facultative 
lagoons, open tank digesters, pond 
aeration, anaerobic baffled reactors 
and upflow anaerobic sludge 
blankets are being used in treating 
POME. Tertiary treatment of POME 
can be practiced to ensure that 
the discharged POME complies 
with the stringent environmental 
regulations. Adsorption can also 
be used as a tertiary wastewater 
treatment process, and regenerated 
spent bleaching earth offers 
potential to be applied as the 
adsorbent. Thus, this study aimed 
to evaluate the characteristics and 

adsorption capacity of regenerated 
spent bleaching earth prepared by 
different activation treatments, and 
finally to test it in the treatment of 
POME. 

MATERIALS AND METHODS

Samples of new bleaching earth 
(NBE) and spent bleaching earth 
(SBE) were collected from a palm 
oil refinery. Final discharge POME 
was collected from a palm oil mill. 
De-oiled spent bleaching earth 
(DSBE) obtained after extracting 
residual oil from SBE was used 
for further activation treatments, 
namely, heat treatment and a 
combined acid-heat treatment. 
For heat treatment, DSBE was 
subjected to thermal activation 
at different temperatures ranging 
from 300oC to 700oC for 2 hr in 
a furnace. The resultant clay was 
labelled heat-treated regenerated 
spent bleaching earth (RDSBE-H). 
The combined acid-heat activation 
treatment was carried out by 

impregnating DSBE with 20%       
1 M H2SO4, and stirring at 200 
rpm for 5 hr.  This was followed 
by washing the clay with distilled 
water until neutral, and subsequent 
drying in an oven. The dried clay 
was then subjected to heat treatment 
from 1 to 5 hr at 500°C. This treated 
DSBE was labelled acid-heat treated 
regenerated spent bleaching earth 
(RDSBE-AH). A Fourier transform 
infrared (FTIR) spectrometer was used 
to determine the surface functional 
groups. The spectra covered wave 
numbers ranging from 4000 to 650 
cm-1. The surface area of the samples 
was measured using a surface area 
analyser. Surface morphology was 
captured using scanning electron 
microscopy (SEM). 

For the application of RDSBE-H 
and RDSBE-AH in POME 
treatment, adsorption experiments 
were performed by mixing different 
types of clays with 200 ml of final 
discharge POME at pH 6. The 
experiments were conducted using 
a 5% clay dosage and stirring at 
200 rpm for 4 hr while keeping the 
temperature constant at 40oC. The 
treated POME was analysed for 
biological oxygen demand (BOD) 
and colour. All analyses were done 
in triplicate and average values 
were reported.

RESULTS AND DISCUSSION

Characteristics
The surface area of RDSBE-H at 

various temperatures ranged from 
63 to 69 m2 g-1, and was found to 
be higher than those of SBE and 
DSBE, but lower than that of NBE 
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(120 m2 g-1) as shown in Table 1. 
The surface area of RDSBE-AH at 
various final heating times was in 
the range between 122 and 139 
m2 g-1 which were higher than that 
of NBE. Both the acid impregnation 
and heating processes seemed to 
further increase the surface area 
of RDSBE-H. This is because the 
activation process improved the 
development of pores and created 
new pores, resulting in increased 
surface area (Lua et al., 2004; Önal 
and Sarikaya, 2009). 

Figure 1 shows the results 
of FTIR analyses for RDSBE-H 
obtained at different activation 
temperatures. It may be observed 
that the functional groups of all the 
samples were similar. The spectrum 
bands between 870 and 1040 cm-1 
indicated the presence of silica 
stretching, which possibly provided 
active adsorption sites in the clays 
(Mohamed et al., 2007). As shown 
in Figure 2, the spectra pattern for 
RDSBE-AH subjected to different 
heating times were also similar, 
indicating that acid treatment 
followed by heating did not affect 
the functional groups of the re-
activated clays.

The SEM images of the 
clays produced by re-activation 
without and with acid treatment 
are presented in Figures 3 and 4, 
respectively. It may be observed 
that the surface structure of the 
two types of clays was quite similar.

As shown in Table 2, the clays 
produced by thermal activation at 
various temperatures (RDSBE-H) 
had higher P content than the clays 
produced by a combination of 
acid and heat activation (RDSBE-
AH), having average values of 
1.17% and 0.11%, respectively. 
An increase in P adsorption at high 
temperature was also observed 
by Rajput et al. (2014). The P 
content in RDSBE-H was found 
to be close to the P content in 
DSBE (1.12%). These results were 
expected as DSBE was subjected 
to heating during the extraction 
of residual oil from SBE. The Ca 

TABLE 1. SURFACE AREAS OF VARIOUS REGENERATED SPENT 
BLEACHING EARTH SAMPLES

Clay Surface area (m2 g-1)

NBE 119.7

SBE 2.4

DSBE 31.2

Heat treatment:

RDSBE-H1 (300oC) 63.3

RDSBE-H2 (400oC) 69.0

RDSBE-H3 (500oC) 67.9

RDSBE-H4 (600oC) 63.3

RDSBE-H5 (700oC) 63.3

Acid-heat treatment:

RDSBE-AH1 (1 hr) 113.7

RDSBE-AH2 (2 hr) 122.9

RDSBE-AH3 (3 hr) 131.0

RDSBE-AH4 (4 hr) 122.3

RDSBE-AH5 (5 hr) 138.9

Note: NBE - new bleaching earth. SBE - spent bleaching earth.
 DSBE - de-oiled spent bleaching earth. RDSBE-H - heat treated regenerated 

spent bleaching earth.
 RDSBE-AH - acid-heat treated regenerated spent bleaching earth.

Figure 1. Fourier transform infrared (FTIR) of regenerated spent bleaching earth 
samples heat-treated at different temperatures.

Figure 2. Fourier transform infrared (FTIR) of acid-heat treated regenerated spent 
bleaching earth samples heated at various durations.
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content in RDSBE-H seemed have 
been retained, being similar in 
amount to the Ca content in NBE, 
SBE and DSBE. Meanwhile, the 
Ca contents in acid-heat treated 
samples (RDSBE-AH) were found 
to be lower than in the other 
clays. Landoulsi et al. (2013) 
reported that the mass percentage 
of some elements, including Ca, 
after acid activation was reduced, 
probably due to dissolution of the 
components.

Adsorption Study
Figures 5 and 6 illustrate the 

visual appearance of POME after 
being treated with RDSBE-H 
(1-5) and RDSBE-AH (1-5), 
respectively. Treatment of POME 
using untreated clay (SBE) resulted 
in a low reduction in BOD and 
colour at 2.8% and 18.8%, 
respectively. Figures 7 and 8 show 
the results of BOD and colour 
reduction after treatment of 
POME using the treated clays. It 
was found that reduction in BOD 
gradually increased from 9.5% to 
50.8% when the clay activation 
temperature increased from 200°C 
to 500°C. BOD reduction tended 
to stabilise when the temperature 
was increased up to 700°C. 
However, colour reduction by 
the clays subjected to different 
activation temperatures did not 
show much change, being in the 
range of 50.4% to 54.4%, with 
the maximum reduction obtained 
at 500°C. Figure 8 presents the 
reduction of BOD and colour for 
clays produced from the combined 
acid-heat treatment. Maximum 
BOD reduction (73.0%) was by 
RDSBE-AH after heating for 2 
hr. However, maximum colour 
reduction was at 48.8% when 
the clay was heated for 5 hr. 
Comparing the two types of clays, 
RDSBE-AH exhibited better BOD 
reduction and slightly lower colour 
reduction than RDSBE-H. 

CONCLUSION

Activation of DSBE with sulphuric 
acid, followed by heat treatment 
in a furnace, resulted in a higher 

Figure 3. Scanning electron microscopy (SEM) image of heat-treated regenerated 
spent bleaching earth.

Figure 4. Scanning electron microscopy (SEM) image of acid-heat treated 
regenerated spent bleaching earth.

TABLE 2. NUTRIENT CONTENTS IN REGENERATED SPENT BLEACHING 
EARTH SAMPLES

Clay N (%) P (%) K (%) Ca (%) Mg (%)

NBE 0.09 ± 0.00 0.02 ± 0.00 0.28 ± 0.00 6.48 ± 0.03 1.12 ± 0.03

SBE 0.09 ± 0.01 0.88 ± 0.02 0.32 ± 0.01 8.71 ± 0.03 2.14 ± 0.04

DSBE 0.10 ± 0.01 1.12 ± 0.02 0.31 ± 0.01 8.03 ± 0.03 1.65 ± 0.01

Heat-treated DSBE (oC)

300 0.10 ± 0.00 1.11 ± 0.01 0.35 ± 0.02 5.64 ± 4.62 1.87 ± 0.03

400 0.09 ± 0.01 1.17 ± 0.02 0.36 ± 0.01 8.48 ± 0.03 2.06 ± 0.05

500 0.06 ± 0.01 1.15 ± 0.01 0.36 ± 0.02 8.77 ± 0.04 1.90 ± 0.01

600 0.04 ± 0.01 1.19 ± 0.02 0.38 ± 0.02 8.67 ± 0.03 2.25 ± 0.02

700 0.04 ± 0.00 1.24 ± 0.01 0.41 ± 0.01 9.69 ± 0.06 4.50 ± 0.05

Acid-heat treated DSBE (hr)

1 0.09 ± 0.01 0.11 ± 0.00 0.32 ± 0.01 0.41 ± 0.02 1.14 ± 0.01

2 0.05 ± 0.01 0.12 ± 0.00 0.35 ± 0.02 0.41 ± 0.02 1.26 ± 0.01

3 0.06 ± 0.01 0.11 ± 0.00 0.35 ± 0.01 0.70 ± 0.02 1.40 ± 0.02

4 0.09 ± 0.01 0.10 ± 0.00 0.32 ± 0.00 0.33 ± 0.01 1.22 ± 0.01

5 0.08 ± 0.00 0.12 ± 0.00 0.31 ± 0.01 0.42 ± 0.01 1.23 ± 0.03

Note: NBE - new bleaching earth.
 SBE - spent bleaching earth.
 DSBE - de-oiled spent bleaching earth.
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surface area, compared with 
re-activating the de-oiled clay 
solely with heat treatment. 
Nevertheless, the functional 
groups and surface morphologies 
for both types of clays were found 
to be similar. The results also 
show that both types of treated 
clays were able to effectively 
reduce BOD and colour in the 
final discharge POME. Thus, 
SBE produced by re-activation 
using the two different methods, 
namely, heat and combined acid-
heat treatments, can be used as 
low-cost adsorbents for treating 
POME. 
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