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Abstract—Palm Oil Mill Effluent (POME) is a colloidal
suspension originating from a mixture of sterilizer condensate,
separator sludge and hydro-cyclone wastewater which is thick
brownish colloidal mixture of water, oil and fine suspended
solids when it is fresh. POME produced from industry contains
higher amount of Chemical Oxygen demand (COD), Biological
Oxygen Demand (BOD), Suspended Solid (SS) and oil and
grease which over limit the standard set by the Government
Agency which is Department of Environment (DOE). POME is
categorized as a serious problem towards the environment as it
can cause the reduction of oxygen in water thus affected the
river and aquatic life when there are excessive amount of
untreated POME. Due to this case, many methods have been
conducted in treating the POME such as membrane
technology, adsorption, and single stage ponding system.
Adsorption is considered as an effective method because it is
simple, applicable and low cost technique in treating the
POME. Thus, the adsorption was selected by using the natural
adsorbent which is rice husk for POME treatment. The rice
husk was chosen because of its simple accessibility and most
abundant biodegradable. The rice husk was modified via
esterification process by an effective mass of stearic acid,
CH3(CH2)16COOH in order to improved its hydrophobicity
character. The effects of percentage of calcium oxide, CaO
added and ratio of rice husk to stearic acid on the capacity of
oil adsorption were investigated. The parameters that have
been varied during the experiment were the percentage of
calcium oxide added (5 % and 10 %) and ratio of rice husk to
stearic acid (1:1, 1:4 and 1:7). Oil adsorption test was carried
out in order to characterize the esterified rice husk in removal
of oil from POME thus increased in oil adsorption capacity.
The optimum operating condition of esterified rice husk was
obtained at ratio of 1:7 rice husk to stearic acid and 5 % of
calcium oxide added into the reaction as it successfully
increased the oil adsorption for the removal of oil from POME
at 0.1992 g/g. In addition, the high adsorption capacity of
modified rice husk was better than unmodified rice husk as a
result of increasing from 0.0824 g/g (40 %) to 0.1992 g/g
(96.7%).
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I. INTRODUCTION

Palm Oil Mill Effluent (POME) is a colloidal suspension
originating from a mixture of sterilizer condensate, separator
sludge and hydro-cyclone wastewater. POME is a thick brownish
colloidal mixture of water, oil and fine suspended solids when it is
fresh [16]. POME is one of the wastes that are very difficult to
manage by the mill operators because there are large amount
generated at a time. Based on the findings, there are about 30
million tons of POME was generated from 381 palm oil mills in

Malaysia. The amount of POME in 2005 was 53 million tons and
is expected to keep increasing due to the production and processing
of palm oil continuous to rise to meet both domestic and global
demand [16]. The demand for palm oil is estimated to increase as
much as 78 million tons in 2020 [33].

Nowadays, POME is categorized as one of the environmental
concerns. This is because POME produced from industry contains
high amount of Biochemical Oxygen Demand (BOD), Chemical
Oxygen Demand (COD), Suspended Solid (SS) and oil and grease
which over limit the standard set by the government agency that
has responsible towards the Environmental Quality Act (EQA)
1974 which is Department of Environment (DOE) [25]. POME
could cause health hazards if it is improperly treat [25, 32].
Excessive amount of untreated POME can cause some problems
towards the environment such as reduction of oxygen in water thus
affected the rivers [16, 32]. The rivers degraded was proven when
people from Keningau and Murat who keeply reported the case of
pollution due to the palm oil mills that are pollute the Ongom,
Ambual and Punti rivers. The people from Murat complained that
oil and the dirt pollution was coming from a mill had crippled the
water source for the residents in Pegalan river [16]. Based on the
researcher study by Igwe (2007), POME that is discharged from
industry contains soluble materials that are harmful to the
environment such as aquatic life due to the higher concentration
that is above the threshold value [13, 23].

Current methods in treating the POME include membrane
technology, single stage ponding system, adsorption, and lagoon
system. These methods are focusing on reducing the pollutants in
POME. However, it has disadvantages as it is required high
operation cost, need professional skills to operate and take a long
duration as well as releasing high amount of biogas in the
atmosphere about 60 % methane gas, 36 % calcium dioxide, CO2
and other gasses like hydrogen sulphide which become one of the
sources of greenhouse effects [26].

Among these methods, adsorption is considered as a simple,
applicable and low cost technique for oil treatment compared with
other techniques [1]. Adsorption is a highly efficient method which
more popular among the researchers due to the high surface area,
high adsorption capacity and microporous structure. Despite of
these advantages, the adsorption process is quite expensive due to
the most of the adsorbent was high costly. Therefore, many
researchers tried harder to found the more suitable, efficient, cheap
and easily accessible type of adsorbent and finally found on the
natural fibres [9].

One of the natural organic materials which are lignocellulosic
fibres from agricultural residue has been notifying as one of the
important options for oil sorbents. There are two (2) types of
adsorbents which are natural adsorbent and commercial adsorbent.
Normally, natural adsorbent such as kapok, barley straw, rice husk,
sawdust and grass has the ability to absorb more oil rather than
commercial adsorbent. Besides, the natural adsorbents are
comparable density with a synthetic sorbent, chemical free and
highly biodegradable [33]. Therefore, the engineer starts to trust
the potentially of the natural fibres [19]. However, in natural
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adsorbents have low hydrophobicity and low buoyancy. Hence, it
is good for the natural adsorbent to undergo the chemical
modification to improve the hydrophobicity first before increase
the oil adsorption capacity.

In order to improve the hydrophobicity and oil adsorption
capacity of natural adsorbent, the chemical treatment such as
esterification, alkalization and acetylation must be conducted.
Esterification is one of the widely used chemical modifications to
increase the oil adsorption capacity of natural fibres. In the
esterification, sago bark is used as adsorbent using stearic acid.
From the study, it has successfully showed the increment in
hydrophobicity of sago bark and oil removal efficiency in POME
by 42.2 % and 50.2 %, respectively. The treatment conducted in a
ratio of 1:1 for sago bark to stearic acid, percentage of catalyst at
15 % and refluxing time at 8 hours showed the maximum of oil
removal efficiency which almost 96 % in POME [33]. The
esterification also can be conducted on sawdust using oleic acid,
stearic acid and decanoic acid. The functional group (-OH) that
present in sawdust was replaced by C=0 and C-O group after the
esterification completed. As the resulted, the modified sawdust is
one of the potential adsorbent for oil spillage since the oil
adsorption capacity shows the increment from 3.5 g/g to 6 g/g of
crude oil [6].

In this study, the natural adsorbent used to treat the POME was
by using the rice husk. The rice husk has been selected because the
amount produced from industry is quite high which about 80
million tons. The information from Malaysian Ministry of
Agriculture states that 408000 metric tons of rice husk are
produced in Malaysia each year [27]. 100 kg of paddy rice husk
able to produce about 20 kg of rice husk [12]. The rice husk is a
cellulose-based fiber consists mainly of 35 % cellulose, 35 %
hemi-cellulose [8] and approximately 20 % of silica in a
combination of lignin [12]. The outer surface of the rice husk
contains silica which exists in the form of the silicon-cellulose
membrane where acting as a natural protective layer against
termites and other micro-organisms attack on the paddy.
Meanwhile, the inner surface is smooth and contains wax and
natural fats that provide good shelter for the grain [20]. Rice husk
able to overcome the problem related to the wastewater as well as
the problem related to POME at a reasonable cost. Due to the
capability of the rice husk, many researchers have been focused on
the utilization of unmodified or modified rice husk as an adsorbent
for the removal of pollutants. Rice husk shows as a good adsorbent
for many metals and basic dyes industry. According to Subki
(2012), rice husk able to absorb the heavy metals in the wastewater
such as lead, copper and zinc as well as to treat textile wastewater
[27].

The aim of this work was to enhance the oil adsorption ability
through the modification of rice husk using esterification process.
On top of that, the efficiency of modified rice husk was compared
to the unmodified rice husk.

II. METHODOLOGY

A. Materials

Rice husk was collected and raw POME was collected from
palm oil mill located at Felda Sunga Tengi, Kuala Kubu Bharu,
Selangor. The sample was cooled at 4°C before used for further
process. POME was filtered using filter paper by vacuum pump
(Model: DOA-P504-BN) in order to remove all solid particles
contain in POME before conducting the oil adsorption test. The
chemical used in this experiment for the esterification process was
namely as ethyl acetate, stearic acid and calcium oxide, CaO.
Meanwhile, for the oil adsorption test the chemical used was n-
hexane and hydrochloric acid, HCI. All the experiment was done in
Multipurpose Laboratory at Faculty of Chemical Engineering.

Esterification of rice husk

The raw rice husk (5g) was placed in 500mL of round bottom
flask that contains 100mL of ethyl acetate. The esterification
process was conducted at different ratio of rice husk to stearic acid
(1:1, 4:1 and 7:1). CaO at 5 % and 10 wt% of rice husk mass was
added to the mixture as a catalyst and the flask was immersed in oil
bath for heated at refluxing time (2h). The mixture was then
filtered, washed with ethyl acetate to remove the unreacted stearic
acid. Lastly, the sample was cooled to room temperature for the
further process [33].

Oil adsorption test in POME

The adsorption process was conducted using S5g of esterified rice
husk with 50mL of raw POME at room temperature. The esterified
rice husk and POME mixture was stirred at 30 min before being
filter. Then, the filtrate was analyzed for the oil adsorption
capacity.

The n-hexane solvent extraction method was used to determine
the oil adsorption capacity in POME. The raw POME (50 mL) was
transferred to separatory funnel and required about 9 drops of
hydrochloric acid, HCI to water ratio (1:1) prior to addition of 3
mL of n-hexane. Then, the separatory funnel was vigorously
shaken at 2 min and left another 10 min to form two (2) layers. The
combined organic and oil layer was collected. The oil sample was
dried at 103 °C for 15 min and cooled at room temperature before
weighed the sample as an oil content value [33]. The oil adsorption
capacity was calculated using Equation 1 while adsorption
efficiency was calculated using Equation 2 [1].

Oil adsorption capacity (g/g) =
Mass of oil removed / Mass of adsorbent €))

Adsorption efficiency (%) =
(Mass of oil removed / Initial mass of oil) x 100 2)

III. RESULTS AND DISCUSSION

During the reaction, the functional groups that presence on the
surface of the rice husk was totally changes and the specific surface
area has been increased. The schematic diagram of esterification of
rice husk by using stearic acid and calcium oxide to formed the
esterified rice husk that has been shown in Figure 1.
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Fig. 1: Esterification of rice husk using stearic acid and calcium oxide
to formed the esterified rice husk

In this reaction, calcium oxide was acted as a catalyst which
helped to speed up the reaction and to deprotonate the abundance
of hydroxyl group, OH that available in the rice husk. During the
reaction, the cellulose content in the rice husk has increased due to
the removal of lignin and hemicellulose solubilisation.
Furthermore, the content of the cellulose crystallinity also reduced
and therefore leads to an increasing of the surface area and the
porosity [8]. Besides, the OH band intensity was slightly reduced
during the reaction and thus improved the hydrophobicity and the
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esterified rice husk become more thermally stable than unmodified
rice husk [32].
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Fig. 2: Layer of oil and POME

Figure 2 shows the layer of oil and POME that formed during
the oil adsorption test.
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Fig. 3: Sample of oil collected

Meanwhile, Figure 3 shows the oil that has been removed
from POME where the left side showed the oil that has been
collected before dried it in an oven whereas the right side showed
the left POME.

A. The effects of percentage of CaO added into the reaction

After the rice husk was completely modified, the esterified
rice husk was used for oil adsorption test of POME.

Figure 4 showed the oil adsorption capacity and its efficiency
on the 5 % of calcium oxide added into the reaction by constant the
mass of modified rice husk at 5 g. Ratio of 1:1 shows 5 g of stearic
acid used in the test which give the result of oil adsorption capacity
at 0.0934 g/g with the adsorption efficiency of 45.34 %. Then, it
was continuous increased from 0.1276 g/g to 0.1992 g/g when the
amount of stearic acid used higher from 20 g to 35 g, respectively.
The oil adsorption efficiency also increased from 61.94 % to 96.7
%. Therefore, it can be concluded that the higher ratio of rice husk
to stearic acid used, the higher the oil adsorption capacity and its

efficiency.
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Fig. 5: Effect of oil adsorption capacity and adsorption efficiency on
10 % calcium added

Figure 5 shows the effect of oil adsorption capacity on 10 %
of calcium oxide added into the reaction. From Figure 5, it is
clearly shows the dramatically increased in oil adsorption capacity
when it is reached the ratio of 1:7 which is 0.3826 g/g. For the ratio
of 1:1 (5 g of stearic acid) and 1:4 (20 g of stearic acid), it is
slightly increased from 0.1208 g/g to 0.1412 g/g. The adsorption
efficiency was increased by 127.09 % from ratio 1:1 to 1:7.
Therefore, the higher oil adsorption capacity was affected by the
higher ratio of stearic acid used.

Figure 4 and 5 showed almost the same trend in the oil
adsorption capacity result. The oil adsorption capacity increased
when 10 % of calcium oxide was added into the reaction. However,
in terms of efficiency the optimum condition was accomplished by
5 % of calcium oxide added with efficiency of 96.7 %. The
increasing amount of calcium oxide helps the OH group that
presence in the rice husk to transfer, hence gave rise to more
reaction between stearic acid and rice husk [33].

B.  The effects of different ratio of rice husk to stearic acid

Fig. 4: Effect of oil adsorption capacity and adsorption efficiency on 5
% calcium oxide added




WAN NUR SHAFIKAH AZIZ (CHEMICAL ENGINEERING)

Effect of oil adsorption capacity and adsorption
efficiency at differentratio of rice husk and

CH;(CHZ)“COOH

045 T 5% Ca0 acded 200
04— 180 _
B4 | [ 10% ca0added 160 &
= -
.E 03 1o §

120 §

035
g 100 %
2 02 01412 0
g 0.1276 0. :
§ o . 'g
® 01 w0 3
B oos 20 2

0 0

L1 14 L7
Ratio of rice husk to CHs[CH;),sCO0OH

Fig. 6: Effect of oil adsorption capacity and adsorption efficiency at
different ratio of rice husk to stearic acid

Figure 6 showed the effect of oil adsorption capacity and its
efficiency at different ratio of rice husk to stearic acid. The
result of oil adsorption capacity was steadily increased from
0.0934 g/g (4534 %) to 0.1992 g/g (96.7 %) when calcium
oxide added was constant at 5 %. For 10 % of calcium oxide
added, the trend shows the dramatically increased in oil
adsorption capacity whereby at ratio 1:1 shows 0.1208 g/g
(58.64 %) whereas at 1:4 and 1:7 it shows 0.1412 g/g and
0.3826 g/g with 68.54 % and 185.73 % efficiency, respectively.

Hence, it can be concluded that ratio of 1:7 gave the best
result on oil adsorption capacity (0.3826 g/g). This was because
the higher ratio of rice husk to stearic acid used giving the rice
husk more chances for esterification reaction to occurs and
generated esterified rice husk with highest oil adsorption
capacity.

Therefore, it can be concluded that the optimum condition to
esterified the rice husk was obtained by using 5 % of calcium
oxide with the ratio of 1:7 rice husk to stearic acid. This was
accomplished by the adsorption capacity value of 0.1992 g/g
with 96.7 % efficiency.

C. Effect of oil adsorption capacity between modified and
unmodified rice husk

Oil adsorption capacity and adsorption efficiency
on modified and unmodified rice husk
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Fig. 7: Oil adsorption capacity between modified and unmodified rice
husk

Figure 7 showed that the modified rice husk able to improve
the amount oil adsorption capacity rather than the unmodified rice
husk. Moreover, it has the potential to increase the oil adsorption
efficiency. The oil adsorption capacity was compared between
unmodified and modified rice husk. There was a sharp increased
from 0.0824 g/g (40 %) for unmodified rice husk to 0.1992 g/g
(96.7 %) for modified rice husk. Therefore, the trend was similar to

the previous study as in the Figure 7 the unmodified rice husk
showed the smallest amount of oil adsorption capacity with the
lowest adsorption efficiency (40 %).

Generally, the oil adsorption capacity was mainly depends on
the functional group in the sorbent. In the unmodified rice husk, the
high content of OH group [14] caused them to absorb more water
[10]. Thus, it increased the surface polarity towards the hydrophilic
effect which resulted in decreasing of oil adsorption capacity [32].
Consequently, it allowed the sorbent to catch many materials [14].
The increased in sorbent pore size decreased the oil adsorption
capacity [32].

The esterification reaction studied by Banerjee et. al., (2006)
showed that the result of modified sawdust was much better in oil
adsorption capacity when there are increment by 2.5 g/g of crude
oil. This was because the OH present in sawdust was replaced by
the C=0O and C-O group once the reaction completed [6]. In
addition, the studied by Subki (2006) also stated that the modified
rice husk exhibited higher adsorption capacities than unmodified
rice husk [27].

IV. CONCLUSION

The modification of rice husk had caused the surface functional
groups to change and the surface area of the adsorbent to increase.
The surface functional groups have significant effect on the
adsorption of stearic acid on the surface of adsorbent. In
conclusion, a locally abundant waste material from rice husk has
been successfully utilized for the removal of oil from POME. The
esterification had successfully increased the oil adsorption capacity
by 0.1168 g/g between the unmodified and modified rice husk. The
optimum condition to esterified the rice husk was obtained by
using 5 % of calcium oxide with the ratio of 1:7 of rice husk to
stearic acid. This was accomplished by the adsorption capacity
value of 0.1992 g/g with 96.7 % efficiency.

In order to obtain the better result in the future work, it is
recommended to use the rotary evaporator in order to totally
remove the n-hexane that has been added during the oil adsorption
test. This is to ensure the n-hexane is not collected together with
the oil removed from POME. In addition, it is better to use only
one beaker to collect the oil sample so that the mass of beaker can
be fixed during the experiment. The dried oil is weighed using the
same beaker and the mass of oil removed can be taken after
reduces the mass of beaker. This is to prevent the oil loss during
transferring the oil to another beaker when weigh it to get the mass
of oil removed from POME. Besides, the different size of
adsorbent can be varied since the smaller size normally contains
more available surface area as oil binding sites. Therefore, it gives
the higher efficiency in oil adsorption capacity. The modification
can be conducted by using different amount of rice husk. In
addition, it can be tested by using other chemicals such as oleic
acid or decanoic acid in order to improve the findings of this
research.

ACKNOWLEDGMENT

Thank you to my supervisor, Madam NorHalaliza Alias and all the
technicians in the Laboratory Faculty of Chemical Engineering,
Universiti Teknologi Mara for providing all support to undertake
this research work. A special thanks to the Palm Oil Mill Sungai
Tengi for providing the raw POME.

References

[1] Abdelwahab, O., Hasr, S. M., & Thabet, W. M. (2017). Palm
Fibers and Modified Palm Fibers Adsorbents for Different
Oils. Alexandria Engineering Journal, 1-7.



WAN NUR SHAFIKAH AZIZ (CHEMICAL ENGINEERING)

[2] Ahmad, A. L., Sumathi, S., & Hameed, B. H. (2005).
Residual oil and suspended solid removal using natural
adsorbents chitosan, bentonite and activated carbon: A
comparative study. Chemical Engineering Journal, 108, 179-
185.

[3] Ahmed, Y., Yaakob, Z., Akhtar, P., & Sopian, K. (2015).
Production of biogas and performance evaluation of existing
treatment processes in palm oil mill effluent (POME).
Renewable and Sustainable Energy Reviews, 42, 1260—1278.

[4] Ali, N., El-Harbawi, M., Jabal, A. A., & Yin, C.-Y. (2012).
Characteristics and oil sorption effectiveness of kapok fibre,
sugarcane bagasse and rice husks: oil removal suitability
matrix. Environmental Technology, 33(4), 481-486.

[5] Annunciado, T. R., Sydenstricker, T. H. D., & Amico, S. C.
(2005). Experimental investigation of various vegetable fibers
as sorbent materials for oil spills. Marine Pollution Bulletin,
50, 1340-1346.

[6] Banerjee, S. S., Joshi, M. V., & Jayaram, R. V. (2006).
Treatment of oil spill by sorption technique using fatty acid
grafted sawdust. Chemosphere, 64, 1026—-1031.

[7] Behnood, R., Anvaripour, B., Fard, N. J. H., & Farasati, M.
(2013). Application of Natural Sorbents in Crude Oil
Adsorption. Iranian Journal of Oil & Gas Science and
Technology, 2(4), 1-11.

[8] Carneiro, C. N., Silva, M. G. C. d., Filho, A. A. d. M., &
Vieira, M. G. A. Characterization of rice husk (RH) and rice
husk ash (RHA) provided by rice producers from Brazil.

[9] Daffalla, S. B., Mukhtar, H., & Shaharun, M. S. (2010).
Characterization of Adsorbent Developed from Rice Husk:
Effect of Surface Functional Group on Phenol Adsorption.
Journal of Applied Science, 10(12), 1060-1067.

[10] Emdadi, Z., Asim, N., Yarmo, M. A., & Sopian, K. (2015).
Effect of Chemical Treatments on Rice Husk (RH) Water
Absorption Property. International Journal of Chemical
Engineering and Applications, 6(4), 273-276.

[11] Guilbert-Garcia, E., Salgado-Delgado, R., Rangel-Vazquez,
N. A., Garcia-Hernandez, E., Rubio-Rosas, E., & Salgado-
Roddriguez, R. (2012). Modification of Rice Husk to Improve
the Interface in Isotactic Polypropylene Composites. Latin
American Applied Research, 83-87.

[12] Hung, Y.-T., Wang, L. K., & Shammas, N. K. (2013).
Handbook of Environment and Waste Management: Air and
Water Pollution Control (Vol. 2).

[13] Igwe, J. C., & Onyegbado, C. C. (2007). A Review of Palm
Oil Mill Effluent (Pome) Water Treatment. Global Journal of
Environmental Research, 1(2), 54-62.

[14] Ismail, A. S. (2015). Preparation and Evaluation of Fatty-
Sawdust as a Natural Biopolymer for Oil Spill Sorption.
Chemistry Journal, 5(5), 80-85.

[15] Jahi, N., Ling, E. S., Othaman, R., & Ramli, S. (2015).
Modification of oil palm plantation wastes as oil adsorbent for
palm oil mill effluent (POME). Malaysian Journal of
Analytical Sciences, 19(1), 31-40.

[16] Madaki, Y. S., & Seng, L. (2013). Palm oil mill effluent
(POME) from Malaysia palm oil mills: waste or resources.
Science, Environment and Technology, 2(6), 1138-1155.

[17] Murphy, S. (2007). General Information on Solids. Retrieved
30, 2016, from
http://ben.boulder.co.us/basin/data/BACT/info/TSS.html

[18] Mwaikambo, L. Y., & Ansell, M. P. (2002). Chemical
Modification of Hemp, Sisal, Jute, and Kapok Fibers by
Alkalization. Journal of Applied Polymer Science, 2222-2234.

[19] Natural fibers raise social issues. (2016).
2016,
http://www.materialstoday.com/biomaterials/articles/s136970
2105711937/

[20] Ndazi, B. S., Karlsson, S., Tesha, J. V., & Nyahumwa, C. W.
(2007). Chemical and physical modifications of rice husks for
use as composite panels. Composites Part A applied science
and manufacturing, 38, 925-935.

[21] Ndazi, B. S., Nyahumwa, C., & Tesha, J. (2007). Chemical
Thermal Stability of Rice Husks Against Alkali Treatment.
BioResources, 3(4), 1267-1277.

[22] Rajakovic-Ognjanovic, V., Aleksic, G., & Rajakovic, L.
(2008). Governing factors for motor oil removal from water
with different sorption materials. Journal of Hazardous
Materials, 154, 558-563.

[23] Rupani, P. F., Singh, R. P., Ibrahim, M. H., & Esa, N. (2010).
Review of Current Palm Oil Mill Effluent (POME) Treatment
Methods: Vermicomposting as a Sustainable Practice. World
Applied Sciences Journal, 11(1), 70-81.

[24] Sawyer, C. N., McCarty, P. L., & Parkin, G. F. (2003).
Chemistry for Environmental Engineering and Science (5th
ed.). New York, NY: McGraw-Hill.

[25] Sethupathi, S. (2004). Removal of residue oil from palm oil
mill effluent (POME) using chitosan.

[26] Shi, I. M. H. (2013). Waste Management: Bio-Fuel Recovery
from Palm Oil Mill Effluent (POME)

[27] Subki, N. S. (2012). Rice Husk as Biosorbent: A Review.
Health and the Environment Journal, 3(1), 89-95.

[28] Sun, R., & Sun, X. F. (2002). Structural and thermal
characterization of acetylated rice, wheat, rye, and barley
straws and poplar wood fibre. Industrial Crops and Products,
16, 225-235.

[29] Teli, M. D., & Valia, S. P. (2013). Acetylation of banana fibre
to improve oil absorbency. Carbohydrate Polymers, 92, 328—
333.

[30] Verma, V. K., & Mishra, A. K. (2010). Kinetic and isotherm
modelling of adsorption of dyes onto rice husk carbon. Global
NEST Journal, 12(2), 190-196.

[31] Vernon-Parry, K. D. (2000). Scanning Electron Microscopy:
an introduction /3(4), 40-44.

[32] Wahi, R., Chuah, L. A., Choong, T. S. Y., Ngaini, Z., &
Nourouzi, M. M. (2013). Oil removal from aqueous state by
natural fibrous sorbent: An overview. Separation and
Purification Technology, 113, 51-63.

[33] Wahi, R., Chuah, L. A., Ngaini, Z., Nourouzi, M. M., &
Choong, T. S. Y. (2014). Esterification of M. sagu bark as an
adsorbent for removal of emulsified oil.

Retrieved 31/10,
from

Journal of
Environmental Chemical Engineering, 2, 324-331.

[34] Wei, L., McDonald, A. G., Freitag, C., & Morrell, J. J. (2013).
Effects of wood fiber esterification on properties,
weatherability and biodurability of wood plastic composites.
Polymer Degradation and Stability(98), 1348-1361.

[35] Wong, K. K., Lee, C. K., Low, K. S., & Haron, M. J. (2003).
Removal of Cu and Pb from electroplating wastewater using
tartaric acid modified rice husk. Process Biochemistry, 39,
437-445.


http://bcn.boulder.co.us/basin/data/BACT/info/TSS.html
http://www.materialstoday.com/biomaterials/articles/s1369702105711937/
http://www.materialstoday.com/biomaterials/articles/s1369702105711937/

	I. INTRODUCTION
	II. METHODOLOGY
	A. Materials

	III. RESULTS AND DISCUSSION
	A. The effects of percentage of CaO added into the reaction
	B.  The effects of different ratio of rice husk to stearic acid
	C. Effect of oil adsorption capacity between modified and unmodified rice husk

	IV. Conclusion
	Acknowledgment


