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Abstract

In the present study, the effectiveness of the micro/nanofiber to adsorb oil was evaluated by
varying the process parameters such as oil concentration, time, weight of micro/nanofiber and
temperature. The reusability of the micro/nanofiber was also studied. The results showed that the
oil adsorption capacity of the micro/nanofiber using refined palm oil was
29.4g of oil/g of MNF. The oil adsorption process found that increasing on oil concentration,
weight of micro/nanofiber and contact time showed increasing in oil removal (%), but increasing
in temperature showed reduction in oil removal (%). The performance of micro/nanofiber in oil
removal after pressing technique were decreased. However, solvent washing helps to regenerate

the micro/nanofiber and increased the oil removal performance. Therefore, it was concluded that
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the polypropylene micro/nanofiber had been demonstrated to be effective in removing oil from
POME.
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1. Introduction

In palm oil milling process, about 2.5 tons of palm oil mill effluent (POME) are produced
from every tons of oil extracted (Putri Primandari, Yaakob, Mohammad, & Mohamad, 2013).
Typically, raw POME contents about 1 wt. % of oil and grease losses from the milling process
(Bello & Abdul Raman, 2017). In facts, the oil losses in palm oil wastewater causes serious
environmental pollution due to elevation of BOD and COD values. Besides, it is also very toxic
for aquatic organisms, hence delay the treatment process (Madaki & Seng, 2013). Other than
that, it is a great challenge dealing with this oily wastewater due to the present in emulsion form.
Methods like solvent extraction and adsorption using several types of adsorbent are often times
shows very good results in dealing with emulsified oil (Ahmad, Bhatia, Ibrahim, & Sumathi,
2005; Ahmad, Sumathi, & Hameed, 2005; Hameed, Ahmad, & Ng, 2012). However, solvent
extraction is always questioned in terms of health and environment, due to toxicity of solvent
itself even some solvent claimed as green solvent (Sahad, Md. Som, & Sulaiman, 2014).
Adsorption process using adsorbent is much favorably in removal of emulsified oil from POME
due to its effectiveness, reusability and safety.

Rubber powder and chitosan could be used as an effective adsorbent in removal of oil in
POME (Ahmad, Bhatia, et al., 2005; Sethupathi, 2004). However, the reusability of these
adsorbent might requires regeneration every time usage. Schatzberg (1971) reported that reusable
sorbent could reduce the managing cost, as well as pollutant when comes into disposal. Another
study on exfoliated graphite sorbent, Linh et al. (2016) stated that the utilization of this sorbent
has disadvantages in terms of separation, where it was found very difficult to gather after
adsorption process. Therefore, the technology that good in adsorbing emulsified oil in water,
better in reusability and easy to gather in once piece after adsorption process is very favorably in
this works.

Nanofiber is an emerging technology in oil removal. The application is widely range in

oil spill control and clean-up in sub-marine industry, Other than that, the ability to adsorb oil in

Available Online at: http://qrdspublishing.org/ 213




B Global Research &

@ CrossMark M| Development Services
MATTER: International Journal of Science and Technology

ISSN 2454-5880

water shows the potential in adsorbing oil from POME (Avila et al., 2014). However, there are
limited study have been reported in removal of oil from POME. Therefore, the polypropylene
micro/nanofiber have been prepared in this work and studied the potential as oil sorbent in palm
oil industry. Subsequently, study the reusability of the used nanofiber.

2. Materials and Methods
2.1 Preparation of Polypropylene Micro/Nanofiber

In this work, polypropylene-based micro/nanofiber was used as oil adsorbent in palm oil
mill effluent (POME). This micro/nanofiber was generated using a melt-blowing system which
consist of four major components, such as extruder, die assembly, web formation and winding
(Rosalam, Chiam, Widyaparamitha, Chang, & Lee, 2016). The polypropylene resin (PP, Sun-
Allomer) was fed to extruder from hopper, then melted at 300°C. The melted resin was carried
by rotating screw to the die assembly at 10 Hz. After that, the melted resin was sprayed through
spinneret (0.8 of diameter) to the web formation, at a distance of 2.4 m and a maximum flow rate
of hot air was supplied.

2.2 Sample of Refined Palm QOil and Palm Qil Mill Effluents (POME)

The refined palm oil (Vesawit Cooking Oil) that used in this work, was bought from a
local market. Whilst, the POME sample was retrieved at Sawit Kinabalu, Langkon Palm Oil
Mill, Kota Marudu, Sabah, Malaysia. The point of raw material was collected, is located at the
position before the wastewater flows into the cooling pond, which is called sludge pit. The
POME sample was kept in 8 gallons containers and stored in room temperature for further
experiment.

2.3 Determination of Oil Adsorption Capacity

The determination of oil adsorption capacity of micro/nanofiber was evaluated by using
refined palm oil. A 100 g of refined palm oil was prepared into beaker and 1 g of
micro/nanofiber was weighed (W). Then, the micro/nanofiber was gravitationally immersed in
the oil to allow a complete adsorption and coalescence process for 10 minutes. The
micro/nanofiber was removed and suspended for 10 minutes, to remove the loosely attached of
oil on the micro/nanofiber. The micro/nanofiber with oil adsorbed was weighed (W;). The oil

adsorption capacity was calculated by gravimetric basis, which quoted as in Equation (1):
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gof oil/g of NF) _ le;owo (1)

Next, the oil desorption process was done physically by hand pressing technique. A

Oil adsorption capacity (

maximum human energy was used to press the micro/nanofiber. The oil was collected and
weighed (Woil, pressed), @S Well as the pressed micro/nanofiber (W,). Subsequently, the
micro/nanofiber was reused and recycled for 8 times of adsorption and pressing process in a
fresh refined palm oil.
2.4 Effect of Temperature

The effect of temperature was studied at 30, 50, 70, 80, and 90°C. 5 g of micro/nanofiber
(W3) was used to remove oil from a beaker with 700 g of refined palm oil (Woi, overan). The
adsorption process was carried out for 10 min. Subsequently, the micro/nanofiber with oil
adsorbed was removed and suspended for 10 min. Then, the micro/nanofiber was weighed (W.).
The percentage of oil removal was calculated from weight of oil adsorbed and weight of overall

oil, which quoted as in Equation (2):

Wy— W3

] r 0, - 2 @ °
Oil removal (/0) Woil,overall

x100 (2

2.5 Effect of Oil Concentration

The adsorption of refined palm oil was carried out in a STEM-Reactor, which consist of 10
vials. The reactor was operated at 800 rpm and 30°C of temperature. The effect of oil
concentration was studied at 0.2, 0.4, 0.6, 0.8 and 1.0 % of oil/water ratio (Wi, overanr) by Using
0.04 g of micro/nanofiber (Ws). The micro/nanofiber was immersed into vial and the adsorption
process was carried out for 10 min. Then, the micro/nanofiber was removed and put inside oven
at 104-106°C, to remove water from micro/nanofiber. The dryness of micro/nanofiber (W,) was
determined by calculating the difference weight of micro/nanofiber every hours. The difference
of weight micro/nanofiber should lower than 4%. The percentage of oil removal was determined
by using Equation (2).
2.6 Effect of Time

The experiment on effect of time was carried out in the open tank setup, shown in Figure 1.
The 1 g of micro/nanofiber was put inside the tank and let it gravitationally immersed in the
POME sample. The oil adsorption on the micro/nanofiber was implied by monitoring the
concentration of oil in the POME sample. The oil concentration was determined every 6 hours

using the Standard Method of Oil and Grease Determination (U.S. Environmental Protection
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Agency, 1999). The initial and final oil concentration were recorded and the oil content in the
system at 0 hour (W4 and Waii, overann) and 18 hour (W3) were determined by multiply with volume

of the system. The percentage of oil removal was determined by Equation (2).

(6)

(1)

\J
(2) (3) 4 (1) Open tank
mmmmm L — — (2) POME inlet
(3) Micro/Nanofiber
(4) Sampling point
(5) (5) Water pump
' (6) Heater

Figure 1: The schematic diagram of oil adsorption process from POME in (1) open tank with
three compartments; POME inlet (2), adsorption process using micro/nanofiber (3) and
sampling point (4). The tank was consisted with water pump (5) with flowrate of 600 L/hour and
heated using heater (6) at 60°C.

2.7 Effect of Micro/Nanofiber Weight

The experiment process were repeated as in Section 2.6 by substitute the weight of
micro/nanofiber to 2 g and 3 g for 12 hours of adsorption process.
2.8 Reusability and Regeneration of Micro/Nanofiber

The reusability of the micro/nanofiber was evaluated by recycling the pressed
micro/nanofiber. 1 g of fresh micro/nanofiber (Wro) was used in the oil removal experiment
using POME. Subsequently, the oil recovery by desorbing oil from micro/nanofiber has been
done via hand pressing technique. Then, the oil was collected and weighed (Wi r1). The pressed
micro/nanofiber was weighed (Wr1) and reused in the second cycle of adsorption process for 12
hours. Afterwards, the micro/nanofiber was removed and suspended for 10 minutes. Next, the
micro/nanofiber was pressed manually to recover oil and the oil collected was weighed (Wi, r2).

After the oil desorption from second pressing technique, the pressed micro/nanofiber was

continued into chemically desorption via solvent washing (Velu, Watanabe, Ma, & Song, 2003).
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A 100 ml of solvent (n-hexane, 99%) was mixed into a beaker of the pressed micro/nanofiber
and gently stirred for 10 minutes. The washed micro/nanofiber was then removed from the
beaker and was dried in oven at 70°C. The solvent solution was filtered using vacuum pump and
was distilled to extract the oil and to recover the solvent. The extracted oil was weighed (Wi r3),
as well as the washed micro/nanofiber (Wg3). Then, the washed micro/nanofiber was reused in
the third cycle of adsorption process and the oil was recovered via hand pressing technique,
followed by solvent washing. The oil recovered from pressing (Wi, rs) and solvent washing
(Wil rs) were weighed. The pressed micro/nanofiber (Wg4) and washed micro/nanofiber (Wrs)
were also weighed.

The percentage of oil removal in this works was determined using Equation (2). Whilst,
the oil recovery yield from pressing and solvent washing were determined by dividing the weight
of oil recovered and the weight overall oil adsorbed, which is quoted in Equation (3) and (4),

respectively:

Pressing yield (%) = WoilRn_ 1 100:n = 1,2, 4 (3)

oil,overall

Solvent yield (%) = Zetrs=Woilk2 , 190 (4)

Woil,overall

3. Results and Discussion
3.1 Oil Adsorption Capacity

The removal of oil from POME using polypropylene micro/nanofiber was initiated by
determining the amount of oil adsorbed on micro/nanofiber. Figure 2 shows the oil adsorption
capacity of 1 g micro/nanofiber using refined palm oil. The oil adsorption capacity from refined
palm oil indicates that the fresh micro/nanofiber can adsorbed up to 29.42g of oil/g of MNF.
The adsorption process occurred very fast about 8 to 10 s., due to oleophilic properties of the
micro/nanofiber. However, the adsorption capacity were decreased as the micro/nanofiber was
recycled after 8 cycles. The hand pressing technique may vary from the first cycle to the last
cycle. Due to manual pressing by hands, different energy and pressure was given to desorb the
oil from micro/nanofiber. So, a mechanical pressing process is recommended to get a uniform
pressure to the micro/nanofiber.

Graphically, Figure 2 shows that micro/nanofiber has the potential of reusability. Such

results show the evidence of the importance of regenerate the used micro/nanofiber to improve
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the adsorption performance, as well as reusability. Hence, the reusability and the regeneration of

used micro/nanofiber have been studied in Section 3.6.
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No. of cycle
Figure 2: Capacity of oil adsorbed in 1 g of micro/nanofiber from refined palm oil

According to the Sarbatly and co-workers (2016), the oil removal efficiency has been
influenced by different factors including oil viscosity and sorption selectivity between oil and
water. Meanwhile, Wahi et. al (2013) reported that the fibers have been affecting by factors,
such as sorbent dosage, contact time and initial concentration. Hence, different temperature and
oil concentration of refined palm oil were studied, as well as contact time and weight of
micro/nanofiber to evaluate the potential of micro/nanofiber on oil removal from POME.

3.2 Effect of Temperature

The oil viscosity is affected by the temperature. High temperature causes low of oil
viscosity, thus increase the oil adsorption — desorption on the fiber (Cao, Yang, Wei, & Han,
2011). Figure 3 shows the effect of temperature on the oil removal from refined palm oil. The
percentage of oil removal decreased as the temperature of oil increases. This indicates that low
oil viscosity results the oil desorbed easily from the micro/nanofiber.

However, the palm oil milling process use steam at high temperature (80-90°C) to sterilize
their full fruit bunch and other usage. Most of these steam end-up as POME in the pit with
temperature range in 60-70°C. Subsequently, the POME flows into cooling ponds (wastewater
pre-treatment pond) at 30-40°C (Igwe & Onyegbado, 2007). Hence, it is difficult to control
temperature in POME stream. But, the utilization of micro/nanofiber still can be deployed in oil

Available Online at: http://qrdspublishing.org/ 218




B Global Research &

@ CrossMark M| Development Services
MATTER: International Journal of Science and Technology

ISSN 2454-5880

removal from POME stream, either in pit or cooling pond where the temperature of POME has
been cooling down from 60°C to ambient temperature.

20.00
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16.00
14.00
12.00
10.00

8.00

Qil removal (%)

6.00
4.00

2.00

0.00

30 50 70 80 90
Temperature (°C)

Figure 3: The effect of temperature on the oil removal from refined palm oil with 5 g of
micro/nanofiber

3.3 Effect of Oil Concentration

The effect of the initial oil concentration was studied under fixed conditions (stirring time
10 min. at 800 rpm, temperature at 30°C and 0.04 g of micro/nanofiber). As POME contains of 1
wt. % of residual oil (Putri Primandari et al., 2013), hence the simulated POME was prepared by
oil and water mixture with 0.2, 0.4, 0.6, 0.8 and 1.0 wt. %. The decreases of oil/water ratio were
studied for the evaluation of micro/nanofiber adsorption in lower oil concentration, as well as its
oil and water selectivity.

Figure 4 shows the effect of initial oil concentration in oil/water mixture. It is clearly
shows that the micro/nanofiber able to adsorbed oil in the water. However, the error bars shows
very high at 0.2 wt. % of ratio compared to 1.0 wt. %. This might be cause by the selectivity of
oil and water to the sorbent surface (Deschamps, Caruel, Borredon, Bonnin, & Vignoles, 2003).
The increasing of oil/water ratio indicates that the micro/nanofiber initially adsorbed the oil in
the water and after that, adsorbed water or other impurities in the mixture.

In the physical appearance of POME, it is consist of oil, water and suspended solid. The
suspended solid was found coated with oil, due to its oleophilic properties (Alrawi, Ab Rahman,
Ahmad, Ismail, & Mohd Omar, 2013). This tells that the oil removal from POME using
micro/nanofiber will adsorbed not only oil, but suspended solid and also water.
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Figure 4: The Effect of Oil Concentration on the Oil Removal in Oil/Water Mixture with 0.04 g
of Micro/Nanofiber

3.4 Effect of time

In this study, the experiment was done in the tank setup that shown in Figure 1 using
actual POME sample. The effect of time was studied for determined the saturation time of the
micro/nanofiber. According to Ahmad et al. (2005), the adsorption of oil will increased when the
contact time also increase.

Figure 5 illustrates the relationship of oil removal (%) and time in adsorption process. The
graph shows clearly that the percentage of oil removal from POME increased with increasing
time of adsorption process. The rate of oil removed is rapid at the beginning and within 12 hours
(68.76%), however slow down reaching to 18 hours (72.59%). Similar findings with Agarwal et
al. (2017), the removal (%) was high at the beginning but slow down and almost constant after 3
hours contact. This work results indicated that the micro/nanofiber was almost saturated and has
limited contact area between oil and micro/nanofiber, after 12 hours adsorption. Hence, this work
concluded that 12 hours was considered as a sufficient time for the adsorption oil, as well as oil
removal from POME using 1 g of micro/nanofiber. This is due to the other impurities were

observed stuck on the micro/nanofiber and reduced the adsorption ability.
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Figure 5: The effect of time on the oil removal from POME with 1 g of Micro/Nanofiber

3.5 Effect of Micro/Nanofiber Weight

The increasing of adsorbent dosage led to increases of oil removal (%) (Ahmad, Bhatia,
et al., 2005). Figure 6 shows the effect of micro/nanofiber weight under fixed conditions in the

tank setup (Figure 1). Three quantities of micro/nanofiber weight were studied on 1g, 2g and 3g
for the removal of oil from POME.
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2
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Figure 6: The effect of micro/nanofiber weight on the oil removal from POME at a fixed
temperature on heater (60 °g and flow rate (600 L/hr.)

At 2 g of micro/nanofiber (Figure 6), the graph shows slight decreased in the oil removal
(%). This could be explained by the initial oil concentration, where its concentration was 2 times
higher than the oil concentration for 1 g of micro/nanofiber and almost similar concentration on
3 g of micro/nanofiber. However, the graph shows that the percentage of oil removal increased

as the weight of micro/nanofiber increased. This pattern is associated that more available surface
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area for oil binding on the micro/nanofiber (Hamid, Malek, Mokhtar, Mazlan, & Tajuddin,
2016).
3.6 Reusability and Regeneration of Micro/Nanofiber

The reusability of micro/nanofiber has been studied by using 1 g of micro/nanofiber in
the tank setup. Pressing technique has been deployed in desorbing the oil from micro/nanofiber.
Subsequently, solvent washing has been carried out to extract oil that remained on the
micro/nanofiber.

Figure 7 shows the performance of used micro/nanofiber over 3 cycles in removing oil
from POME. The fresh micro/nanofiber as the first cycle in oil removal show that up to 30% of
oil removed from POME. Then, the second cycle of used micro/nanofiber was reduced
approximately to 20% of oil. At the third cycle, the percentage of oil removal was increased
(38%) and higher than the first cycle. The result reduced at second cycle due to oil remained on
the micro/nanofiber after pressing, which indicates of limited surface area for oil binding sites.
At the third cycle, the micro/nanofiber has been washed with solvent before undergone the
adsorption process. The results indicates that the oil has separated from the micro/nanofiber and
homogenous with the solvent due to non-polar to non-polar behavior (Nwabueze & Okocha,
2008). Hence, the micro/nanofiber has more oil binding surface that available.

Pressing technique is considered as economical technique to recover oil from sorbent
(Schatzberg, 1971). However, Sarbatly et. al (2016) reviewed the study on reusability and found
that compression could breakdown the fiber results in decreasing in oil sorption capacity.
Therefore, study on mechanical strength and maximum compression could reduce the breakdown
of fiber. Thus, in this experiment found that micro/nanofiber has its retention quantity that
indicates the maximum compression to recover the oil from micro/nanofiber. Figure 7 shows the
pressing yield that indicates the oil recovery by pressing. The reusability of used micro/nanofiber
by pressing have been evaluated and shows decreasing in the second cycle due to limited surface
area for oil binding. Whilst, solvent washing helps to recover the remaining oil from
micro/nanofiber. At the same time, the solvent washing also helps to regenerate the
micro/nanofiber, which indicated by the increasing of oil removal (%) (Velu et al., 2003). The
reusability at the third cycle shows increased almost twice from its oil removal after washed with
solvent. Therefore, this results indicates the micro/nanofiber shows very good in reusability,

either after pressing or washing.
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Figure 7: Performances of used micro/nanofiber over 3 cycles in the oil removal (closed
rectangular symbols) from POME and the yield on oil recovery using pressing (red bars) and
solvent washing (dark bars) techniques.

4. Conclusion

In this study, the oil adsorption capacity and the effect of process parameters in oil
removal from POME using polypropylene micro/nanofiber have been studied. The fresh
micro/nanofiber found that the oil adsorption capacity of micro/nanofiber was up to
29.42g of oil/g of MNF using refined palm oil. However, the performance of micro/nanofiber
in oil removal from POME was affected by factors, such as temperature, oil concentration,
contact time and weight of micro/nanofiber. Increasing of oil concentration, weight of
micro/nanofiber and time shows on increasing of oil removal (%), but increasing in temperature
shows reduction in oil removal (%). Though the increasing of temperature reduced the chances
of removing oil in POME, the micro/nanofiber is adsorbed oil due to its hydrophobic and
oleophilic properties. Moreover, the micro/nanofiber founds a good result in reusability with and
without regeneration. In conclusion, the polypropylene micro/nanofiber shows very good
potential in oil removal from POME.

5. Acknowledgement

This research was supported by British Council, Newton Fund (GKP0009-TK-2016) and
UMS Graduate Research Grant (UMSGreat GUG0028-TK-M-2016). Also acknowledge the

Available Online at: http://qrdspublishing.org/ 223




B Global Research &

@ CrossMark M| Development Services
MATTER: International Journal of Science and Technology

ISSN 2454-5880

authorities in Sawit Kinabalu Langkon Mill, Kota Marudu, Sabah for the supports and generosity
in providing POME sample for this study. The polypropylene micro/nanofiber that produced in
Nanofiber Research Laboratory, a collaboration between Universiti Malaysia Sabah and Tokyo

Institute of Technology, Japan.

References

A K Agarwal, C P Pandhurnekar, Muthreja | L, & Kadu M S. (2017). Adsorption isotherm study
for the removal of nickel ions from aqueous solution using thermal power plant fly ash.
MATTER: International Journal of Science and Technology, 3(2), 93-104.
https://doi.org/10.20319/mijst.2017.32.93104

Ahmad, A. L., Bhatia, S., Ibrahim, N., & Sumathi, S. (2005). Adsorption of residual oil from
palm oil mill effluent using rubber powder. Brazilian Journal of Chemical Engineering,
22(3), 371-379. https://doi.org/10.1590/S0104-66322005000300006

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(1-2), 179-185.
https://doi.org/10.1016/j.cej.2005.01.016

Alrawi, R. A., Ab Rahman, N. N. N., Ahmad, A., Ismail, N., & Mohd Omar, A. K. (2013).
Characterization of Oily and Non-Oily Natural Sediments in Palm Oil Mill Effluent.
Journal of Chemistry, 2013, 1-11. https://doi.org/10.1155/2013/298958

Avila, A. F., Munhoz, V. C., de Oliveira, A. M., Santos, M. C. G., Lacerda, G. R. B. S., &
Gongcalves, C. P. (2014). Nano-based systems for oil spills control and cleanup. Journal
of Hazardous Materials, 272, 20-27. https://doi.org/10.1016/j.jhazmat.2014.02.038

Bello, M. M., & Abdul Raman, A. A. (2017). Trend and current practices of palm oil mill

effluent polishing: Application of advanced oxidation processes and their future

perspectives. Journal of Environmental Management, 198, 170-182.
https://doi.org/10.1016/j.jenvman.2017.04.050

Cao, X., Yang, G., Wei, S., & Han, H. (2011). Sorption of heavy oil onto Jiaozhou Bay
sediment. Marine Pollution Bulletin, 62(4), 741-746.
https://doi.org/10.1016/j.marpolbul.2011.01.016

Available Online at: http://qrdspublishing.org/ 224



https://doi.org/10.20319/mijst.2017.32.93104
https://doi.org/10.1590/S0104-66322005000300006
https://doi.org/10.1016/j.cej.2005.01.016
https://doi.org/10.1155/2013/298958
https://doi.org/10.1016/j.jhazmat.2014.02.038
https://doi.org/10.1016/j.jenvman.2017.04.050
https://doi.org/10.1016/j.marpolbul.2011.01.016

B Global Research &

@ CrossMark M| Development Services
MATTER: International Journal of Science and Technology

ISSN 2454-5880

Deschamps, G., Caruel, H., Borredon, M.-E., Bonnin, C., & Vignoles, C. (2003). Oil removal
from water by selective sorption on hydrophobic cotton fibers. 1. Study of sorption
properties and comparison with other cotton fiber-based sorbents. Environmental Science
& Technology, 37(5), 1013-1015. https://doi.org/10.1021/es020061s

Hameed, B. H., Ahmad, A. L., & Ng, A. H. (2012). Removal of residual oil from palm oil mill
effluent using solvent extraction method. Jurnal Teknologi, 38(1), 33-42.

Hamid, N. S. A., Malek, N. A. C., Mokhtar, H., Mazlan, W. S., & Tajuddin, R. M. (2016).
Removal of oil and grease from wastewater using natural adsorbents. Jurnal Teknologi,
78(5-3). Retrieved from
http://www.jurnalteknologi.utm.my/index.php/jurnalteknologi/article/view/8519

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

Linh, N. T. N., Thuong, N. T., Quynh, B. T. P., Hoang, N. M., & Bach, L. G. (2016). Studying of

the effect of adsorption conditions for the removal of diesel oil from wastewater using the

magnetic exfoliated graphite/CoFe204. Journal of Multidisciplinary Engineering Science
and Technology, 3(5). Retrieved from http://www.jmest.org/wp-
content/uploads/JMESTN42351603.pdf

Madaki, Y. S., & Seng, L. (2013). Palm Oil Mill Effluent (POME) from Malaysia Palm Qil
Mills: Waste or Resource. International Journal of Science, Environment and
Technology, 2(6), 1138-1155.

Nwabueze, T. U., & Okocha, K. S. (2008). Extraction performances of polar and non-polar

solvents on the physical and chemical indices of African breadfruit (Treculia africana)
seed oil. African Journal of Food Science, 2(10), 119-125.

Putri Primandari, S. R., Yaakob, Z., Mohammad, M., & Mohamad, A. B. (2013). Characteristics
of residual oil extracted from palm oil mill effluent (POME). World Applied Sciences
Journal, 27(11), 1482-1484. https://doi.org/10.5829

Rosalam, S., Chiam, C. K., Widyaparamitha, S., Chang, Y. W., & Lee, C. A. (2016). Water
desalination by air-gap membrane distillation using meltblown polypropylene nanofiber

membrane. I0P Conference Series: Earth and Environmental Science, 36, 012032.
https://doi.org/10.1088/1755-1315/36/1/012032

Available Online at: http://qrdspublishing.org/ 225



https://doi.org/10.1021/es020061s
http://www.jurnalteknologi.utm.my/index.php/jurnalteknologi/article/view/8519
http://www.jmest.org/wp-content/uploads/JMESTN42351603.pdf
http://www.jmest.org/wp-content/uploads/JMESTN42351603.pdf
https://doi.org/10.5829
https://doi.org/10.1088/1755-1315/36/1/012032

B Global Research &

@ CrossMark M| Development Services
MATTER: International Journal of Science and Technology

ISSN 2454-5880

Sahad, N., Md. Som, A., & Sulaiman, A. (2014). Review of green solvents for oil extraction
from natural products using different extraction methods. Applied Mechanics and
Materials, 661, 58—62. https://doi.org/10.4028/www.scientific.net/AMM.661.58

Sarbatly, R., Krishnaiah, D., & Kamin, Z. (2016). A review of polymer nanofibres by

electrospinning and their application in oil-water separation for cleaning up marine oil
spills. Marine Pollution Bulletin, 106(1-2), 8-16.
https://doi.org/10.1016/j.marpolbul.2016.03.037

Schatzberg, P. (1971, November). Investigation of sorbents for removing oil spills from waters.

Defence Technical Information Center. Retrieved from http://www.dtic.mil/get-tr-
doc/pdf?AD=AD0742950
Sethupathi, S. (2004). Removal of residue oil from palm oil mill effluent (POME) using

chitosan. Universiti Sains Malaysia. Retrieved from http://eprints.usm.my/6318/
U.S. Environmental Protection Agency. (1999, February). Method 1664, Revision A: N-Hexane
Extractable Material (HEM; Oil and Grease) and Silica Gel Treated N-Hexane

Extractable Material (SGT-HEM; Non-polar Materials) by Extraction and Gravimetric.
Office of Water.

Velu, S., Watanabe, S., Ma, X., & Song, C. (2003). Regenerable adsorbents for the adsorptive
desulfurization of transportation fuels for fuel cell applications. Chem. Soc., Fuel Chem.
Div. Prepr, 48, 526-528.

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. https://doi.org/10.1016/j.seppur.2013.04.015

Available Online at: http://qrdspublishing.org/ 226



https://doi.org/10.4028/www.scientific.net/AMM.661.58
https://doi.org/10.1016/j.marpolbul.2016.03.037
http://www.dtic.mil/get-tr-doc/pdf?AD=AD0742950
http://www.dtic.mil/get-tr-doc/pdf?AD=AD0742950
http://eprints.usm.my/6318/
https://doi.org/10.1016/j.seppur.2013.04.015

