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REMARKSFROM DIRECTOR

A

3

Assalammual ai kumWaRahmatul | ahi\WaBrakatuh,
In the Name of Allah, the Most Beneficent, the Most Merciful
May the peace, the mercy, and the blessing of Allah be upon you.

Distinguished Participants, Ladies and Gentlemen,

On the behalf of State Polytechnic of Sriwijaya, | would like to welcome you all to the
International Conference FIRST 2016 on Renewable Energy for Sustainable

Devel opment

Forum in Research, Science, and Technology(FIRST)is a meeting organised to
accomodate researchers, academics, businessman, and government to follow up research
results, to identify industry needs and to keep updated with the government policies. This
forum has moved from national scale into an international conference which is conducted
annualy by State Polytechnic of Sriwiwijaya This year, FIRST brings a theme
“Renewable Energy for Sustainable Development”. It is realised that efforts to solve
environmental problems that we are facing today need long term potentia actions for
sustainable development; And renewable energy resources is one of the most appropriate
solutions. Therefore discussing about renewable energy  automatically dedls with
sustainable devel opment.

All papers presented in the conference are documented in proceedings. The proceeding
features 71 papers divided into several fields including Environment, Biomass to Energy,
Renewable Energy, Audit Energy, Technology for Energy, Design/Modelling, Economic
Sustainability and Management. In brief, the relations between renewable energy and
sustainable development are described with practical cases and several issues relating to
renewabl e energy, environment and sustai nable development from both current and future
perspectives.

Our thanks are conveyed to the Governor of South Sumaterafor providing us direction
and views related to the importance of renewable energy resources. Also appreciation
and gratitude to the keynote speakers, H. Alex Nurdin, Governor of South Sumatera
Province, Prof. TjandraSetiadi, Ph.D., ITB, Indonesia, and Prof. Dr. Werner Rammensee,
Cologne  University, Germany. Also to invited speakersProf.  Dr.
ErryYulianTriblasAdesta, International Islamic University, Maaysia, Christian Overfeld,
Lucas Nuelle, Germany, Dr. Sonny Zulhuda, International Islamic University,
Malaysia,Ir. Tri Mumpuni, Kementerian ESDM dan IBEKA, Indonesia, Ir. Fahrurrozi,
M.Si., Business Head Chemicals Group, PT. BASF Indonesia and Head of Business
Development, Federasilndustri Kimia Indonesia ontheirpresentation related to renewable
energy for sustainable devel opment.
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Further we extend deepest gratitude and high appreciation to al presenters and
contributors to make this conference possible and these proceedings published. It is
realised that publication of these proceedings are 4till far rom being perfect; however,
hopefully it will be useful for energy scientist, engineers, policy makers and any other
readers as references for enriching their knowledge .

May God bless us all with the health to make this event a successful and enjoyable one!
Thank you.

Dr. Ing. Ahmad Tagwa, M.T.
Director of State Polytechnic of Sriwijaya
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MESSAGE FROM THE CHAIRMAN

BISMILLAHIROHMANIRROHIM,

ASSALAMUALAIKUM WW.,

Good Morning Everyone

May the peace, the mercy, and the blessing of Allah be upon you.

The honorable governor of South Sumatra Province, Bapak H. Alex Noerdin
Thehonorable Director of State Polytechnic of Sriwijaya, Bapak Dr. Ahmad
Taqwa

Distinguishedspeakers, Presenter, Guests, and Participants,

It is my great pleasure to welcome and thank you very much for your
contributions to this renewable energy conference. This conference which will
take place on 18 up to 19 of October 2016, is conducted firstly this year through
the initiation of Chemical Engineering Department, State Polytechnic of
Sriwijayaams toexchangethe ideas from governments, non-governmental
organizations, research and academic institutions, international organizations, and
industries, to learn from each other and build on successes that advance renewable
energy for sustainable devel opment.

| am very happy to inform that the committee is very lucky to have 3 keynote
speakers, i.e Bapak H. Alex Noerdin, the governor of SS province, Prof. Chandra
Setiady from ITB Bandung and Prof Werner Ramensee from Cologne University
of Germany, who supported us from the very beginning with their capabilities to
present, sharing kowledge and experiences with us here as well as the invited
speaker i.e Prof. Dr. Erry Yulian Triblas Adesta, International I1slamic University,
Malaysia, Christian Overfeld, Lucas Nuelle, Germany, Dr. Sonny Zulhuda,
International Islamic University, Maaysia, Ir. Tri Mumpuni, Kementerian ESDM
dan IBEKA, Indonesia, Ir. Fahrurrozi, M.Si., Business Head Chemicals Group,
PT. BASF Indonesia and Head of Business Development, Federasi Industri Kimia
Indonesia.

Distinguished Guests, Presenter, and Participants,

On this specia occasion, | would like to report that the conference manage to
succesfully attract more than 71 academician to present their abstract, i.e from
Kuwait, Germany, Algeria, Malaysia, Cambodia and of course Indonesia
Amongs others there 69abstract to be presented in this seminar under professional
selective review. And for that reason, | personally would congratulate you all as
distinguished speaker to this event.

xiii



Proceeding Forum in Research, Science, and Technology (FIRST) 2016

This conference has collaborated with two international journal i.e Journa of
Engineering and Technological Science, ITB and Gadjah Mada International
Journal of BusinessAll selected papers are then peer-reviewed to meet the
publication standard. The peer reviewer of each manuscript is rigorous and
concentrates on objective and technical concern to determine whether the research
has been sufficiently well conceived, executed and described.

Excellencies, Distinguished Guests, L adies And Gentlemen

| would also like to give specia welcome to Lucas Nuelle, PT. Merck Chemicals
and Life Sciences, CV. BestariSetiaAbadi, PT. BangunEnergi, PT. Ditek Jaya, PT.
Bank MandiriTbk., PT. Indofood SuksesMakmurand individual who support this
conference through sponsorship. | believe that we could never thanks you enough
for that.

Finally, | expect al participants have memorable moment through this conference
and enjoy your stay in Paembang, South Sumatra Province, Indonesia. Thank
you.

Sincerely
Chairman of Organizing Committee
H. Firdaus
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ABSTRACT
Abstract.Palm shell is resulted waste from industry process of palm oil which its usage is not maximal.
Treatment of palm shell as activated carbon is one of alternative way to treat solid waste of palm shell for giving
economy value. The objective of this study is to know the effect of concentration of HsPO,4 and activation time
on characteristic of activated carbon that resulted. Four activator concentration of HsPO,4 (10, 15, 20, dan 25%)
during 18, 20, 22, dan 24 hours. The best characteristic based on the standard SII No. 0258-79 and SNI 06-3730-
19, is by using activation time during 24 hours with concentration of activator 25%, result activated carbon with
inherent moisture 3,76%; ash content 4,22%; volatile matter 10,88%; fixed carbon 81,14%, capacity on iod

877,71 mg/g.
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1. |.INTRODUCTION

Indonesia is thesecondlargest palm oailin the
worldafterMalaysia. Indonesigiumpedto be the biggest
palm oil exporter in the world. In the harvest Time
2009/10, This nationproduces21milliontonnes of palm oil,
which isalmost half of theworld'spalm oilproduction which
thetotal is45milliontonnes. A total of 18milliontonnescome
fromMalaysia. The projection ofthe next few vyearsis
estimatedindonesiaoccupies  thefirstposition. Market
prospectsforthe processof palm oilis quitepromising,
because the demandfromyear to yearhas increased
quitelarge, notonly domesticallybutalso abroad[1].The
increasing ofpalm oilproduction will result in increasing
the amount ofwaste produced. The waste of palm oil plantis
awaste that isproducedfromthe process ofpalm oil whichis
a liquid, solid, andgasfor thatpotentially
causeenvironmental pollution. The waste of pam oail
plantcontainsa number ofsuspended solids, dissolved,
andthefloatingorganic materialswitha high concentration.lt
was also statedthateverytonof fresh fruit bunches(FFB) of
palm oilresultswasteof 900kg which isderivedfrom
thesterilization,classification, andhydrocycloneunit[2].

Palm shells are part of the oil palm fruit that is
located inside the coconut husk which has been utilized by
burning it in the incinerator as a source of energy and is
also used directly for road hardening in oil pam
plantations. This technique turns out to be ineffective and
even causes air pollution. There foranother alternatives is
needed in the use of oil palm shell in order to obtain value
addition economically. One of the alternatives that can be

done is to cultivate oil palm shells into activated charcoal.
Activated carbon is a material in the form of free carbon,
each of which binds covalently or charcoal that has been
made and processed exclusively through the activation
process, so that the pores open and thus have the absorptive
capacity significantly to other substances, either in the
liquid phase or in the gas phase. Thus, activated charcoa
surface is non-polar. Pore structure related to the surface
area, where the smaller the pores of activated charcoal,
resulting in greater surface area[3].

Some research on the manufacture of activated
carbon from a variety of materials with a chemical
activator has been done in some other areas where
variables are used diverse. Research manufacture of
activated carbon from coconut oil with chemical activation
method. In this study the activator which is used was
NaOH, NaCl, and HCI at a concentration of 2% and the
activation time for 1, 2, and 4 hours at a temperature of
500°C and carbonization processes is done at a temperature
of 300, 450, and 500°C with atime of 1; 1.5; 2; 2.5; and 3
hours. Carbonization process showed the best results at a
temperature of 500°C and 3 hours with a water content of
18%, yield 23%, volatile substances 3% and 61% bound
carbon content. Activation with NaOH for 4 hours showed
the best results with a 3.6% concentration of activated
charcoal and 12 absorption of 851.8797 mg/g [4].A study of
making activated carbon from bamboo by uncontrolled
activation method using H3PO4 and KOH activating agent
with a mass ratio of activating agent/carbon mass of 1/1,



2/1, and 3/1. Activation is done at a temperature of 700°C
for 1 hour. The highest surface area represented by iodine
at 772.08 mg/g obtained by activation using HzPO4 with a
mass ratio of activating agent/carbon mass of 3/1, while the
activation using KOH the highest iodine obtained is 744.92
mg/g with activating mass ratio agent/carbon mass of 3/1.
A study on the effect of H,SO, activator concentration on
activated carbon absorption of oil pam shells at
concentrations of 1, 2, 3 M with a particle size of 60, 170,
and 200 mesh. The best conditions are obtained a a
concentration of 3 M with a particle size of 200 mesh
produce a water content of 2.69%; ash content of 1.85%;
and the absorption of iodine by 888,370 mg/g [5].

In [5], A study on the effect of temperature and
concentration of KOH activators to process of making the
of pam shell activated carbon to treat POME a a
temperature of 450 ° C and 500 ° C with a concentration of
5, 10, 15, 20, and 25%. The best conditions obtained on the
active carbon at a temperature of 500°C and a
concentration of 25% KOH activator produces water
content of 6.34%; 3.506% ash content, volatile matter
content of 10.163%, 78.991% carbon content; and the
absorption of iodine by 457.828 mg/g.

A study the characterization of the BET surface area
(Braunanear, Emmelt, and Teller) activated carbon from
coconut shell and palm empty fruit bunches with the
activation of phosphoric acid (HsPO,) with a concentration
of 25; 275; 3; 3.25; and 35 M for 7 hours with
carbonization temperature of 400°C for 3 hours. From the
research that the best surface area of activated carbon isin
coconut oil with a variety of 3 M with the results of
386.447 m?/g [6].

Referring to some of these studies, this research is
conducted in order to improve the quality of activated
carbon. Activated carbon is made with an H;PO4 activator
with concentration of 10, 15, 20, and 25% at the time of
activation 18, 20, 22 and 24 hours.

M ethodology

In the preparation process of activated carbon from palm
shells carbonization process needs to be done beforehand,
analyze physical and chemical properties were generated
and determine the optimum conditions of the concentration
of activator.

2. 1. MATERIALSAND TOOLS

The raw material used is pam kernel shells taken
from PT Sawit Mas Sejahtera. Other chemicals that are
used are phosphoric acid, starch, potassium iodide, iodine,
sodium thiosulfate, sodium carbonate, isoamyl alcohoal,
sulfuric acid, potassum dichromate, phenolphthalein
indicator, acetic acid, sodium hydroxide and distilled water
as needed. While the tool used is afurnace, oven, analytical
balance, disc pulverizer, Hardgrove grindibility Index,
sieve, beskers, funnel cups, erlenmeyer, pH-meter,
crusibel, saucer porcelain, desiccator, hot plate, spatula,
dtirrer, biuret, pumpkin measuring, measuring pipette,
pipette, and a rubber bulb.
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In this research, there are four basic stages, ie the
preparation of raw materials, carbonization, activation, and
analysis. There are two variables that are used, namely the
independent variable and fixed variables. Independent
variables, including the concentration of H3PO, (10, 15, 20,
and 25%) and the activation time (18, 20, 22, and 24
hours). While the permanent variable is carbonization
temperature (550°C) and carbonization time (1 hour). The
observed parameters for analysis is the yield, moisture
content, ash content, content nudah substance evaporates,
bound carbon content, and the absorption of iodine number.

I11. RESULTS AND DISCUSSION

Manufacture of activated carbonis developed by
concentration variation ofH;PO, activator, with the
precentages are 10%, 15%, 20%, and 25% and activation
time are 18, 20, 22, and 24 hours. The Activated carbon
content is tested quality, which include yield, moisture
content, ash content, volatile matter content, carbon content
bound, iodine number. Based on the research that has been
conducted, from 3000 gr palm oil shells were carbonized
for 1 hour at 550°C temperature to produce yield of
30.04%. Whereas the water content, ash content, volatile
matter content, carbon bound content, iodine number are
ranging from 3.76 to 9.42%; 1.98 to 4.22%; 7.87 to
10.88%; 79.59 to 81.77%; 168.79 to 877.71 mg/g.

Discussion Yield

Determination of carbon yield aims to determine the
amount of carbon produced after carbonization.
Carbonization process is performed using a furnace at a
temperature of 550° C for 1 hour.

The presence of a low yield that can be attributable to the
increase in the rate of reaction between carbon and gases as
well as the large number of compounds that vaporize
substances apart.

Water Content

Determinationaims to determine the moisture content of
hygroscopic feature of activated carbon. Hygroscopic is the
ability of a substance to absorb water molecules from the
environment either absorption or adsorption. High water
levels can reduce carbon adsorption against liquids and
gases.
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Figure 1 The relationship between time of
activation time with water cntent at various concentration
HsPO,

From Figure 1 can be discovered that the water content
tends to fal with increasing activation time and
concentration of HsPO,. At the time of activation of 18
hours, the water content reaches 9.42% at a concentration
of 10%. This value is getting down and the decrease very
evident at the time of activation of 24 hours, which
amounted to 3.76% at a concentration of 25% H;PO,.

If seen by the graph, the interaction of the activation
time and concentration of HzPO, very influential so if the
activation time longer and the concentration of HzPO,
higher, water content is getting smaller.According to [7],
the concentration of activator effect on the activation
process, if the concentration of the activator higher, so the
influence is more greater to bind tar compounds
(hydrocarbon substances which are sticky and stick on
carbon) out pass the cavities or pores of the activated
carbon, so that the more extensive pore volume.lncreasing
the surface area of activated carbon is resulting in the
ability of activated carbon adsorption higher and the quality
is more better.

However, not al interactions activation time and
concentration of H3PO, cause rea change. Fore example,
activated carbon for 22 hours at a concentration of 15%
HsPO, has a water content of 8.23% does not look real
difference compared with activated carbon for 20 hours at a
concentration of 20% H;PO, which has a moisture content
of 8.20%. The water content contained in the activated
carbon is influenced by the amount of water vapor in the
air as well as the duration of the cooling process, grinding
and sieving. Cooling, grinding and sieving which longer be
able to increase the water content of the activated carbon.

The best water levels have on the treatment
concentration of 25% with a 24-hour activation time has
fulfilled both SII No. 0258-79, below 10%, and SNI 06-
3730-1995, below 4.5% for granular, ie 3.76%.

Ash Content

Determination of ash content aims to determine
the content of the metal oxide contained in the activated
carbon.According [8], The ash is inorganic substances
wasteproducts of combustion of an organic material or
substance that is not flew. Ash consists of a compound of
the elements Si, Al, Ca, and Mg.
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Figure 2 The relationship between Time of activation
time with ash content at various concentration HzPO,

From Figure 2 can be discovered that the ash tends to
increase with increasing activation time and concentration
of HiPO,. At the 18-hour activation time, ash content
reached 1.98% at a concentration of 10%. This value is
getting rise and the rising very evident at the time of
activation of 24 hours, which amounted to 4.22% at a
concentration of 25% HsPO,. According to [9], high levels
of ash content produced can reduce the adsorption capacity
of the activated carbon, as activated carbon pore filled
metallic minerals such as magnesium, calcium, and
potassium.

If seen by the graph, the interaction of the activation
time and concentration of HzPO, very influential so if the
activation time longer and the concentration of HzPO,
higher, the ash content greater. The increase in the value of
the ash content of each activator concentration is not too far
away. This could be due to the pH neutralization stage after
stage of activation by washing using distilled water is not
as much washing activated carbon with other
concentrations, so it still contains tar and organic minerals
that high so cover the pores of the activated
carbon.According to [10], basically the more concentrated
levels of activating substances are used, it is increasingly
expanding the surface of activated charcoa because the
pore produced more and more. In pore formation, during
the heating process occurs combustion surface area of
activated charcoal produces ash, so more pores generated
then the resulting ash content is also higher.According to
[11], the high ash content which can reduce the ability of
activated carbon to absorb gases and solutions.

However, not al interactions activation time and
concentration of H3PO, cause real change. For example,
activated carbon for 20 hours at a concentration of 10%
HsPO, has ash content of 2.23% does not look real
difference compared with activated carbon for 18 hours at a
concentration of 15% H;PO, which has ash content of
2.21%.

Best levels of volatile matter contained in treatment
concentration of 10% with a 18-hour activation time has
fulfilled of Sl No. 0258-79 and SNI 06-3730-1995, that is
below 2.5%.



Levelsof Volatile M atter

Determining levels of volatile matter known
compound that it didn’t evaporate yet in the carbonization
and activation process, but it could evaporate at
950°C.According to [11], water, ash, carbon bound,
nitrogen, and sulfur were component that contained in
activated carbon. Nitrogen and sulfur would evaporate on
heating above 900°C, and these components were volatile
matter
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Figure 3 The relationship between Time of
activation time with volatile matter content at various
concentration H;PO,

From the figure 3, it can be known that levels of
volatile matter tended to rise with increasing activation
time and concentration of HsPO,. At 18 hours activation
time, levels of volatile matter reached 7,87% with 10%
concentration. These values would get up and rising were
very clear that it happened at 24 hours activation time, it
was 10,88% in the 25% concentration of H3PO,.

If it was seen by the graph, so interaction from
activation time and concentration of HsPO, that it was very
influential so the longer of activation time and the higher of
HsPO, concentration, it tended to rise levels of volatile
matter. It was caused HsPO, that added carbon to seep, to
coat, to protect the material from it was hot. The higher of
concentration of HzPO,, so a few of sulfur and nitrogen in
the materials that it burned and evaporated at 950°C or
levels of volatile matter became high. Levels of volatile
matter would reduce an ability active carbon to absorb gas
and solution.

However, it was not al of interaction from activation
time andconcentration of H3PO,, it caused real change. For
an example carbon was activated for 24 hours with 15%
concentration of HzPO, that it had 9,26% levels of volatile
matter and it was not visible a real difference that it
compared with carbon was activated for 22 hours with 20%
concentration of H3PO, that it had 9,27% levels of volatile
matter. All samples of levels of volatile matter were
produced that it fulfilled actived carbon of standard SII No.
0258-79 and SNI 06-3730-1995 under 15%.
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Levelsof Carbon Bound

According to [12], carbon can be made to become active
carbon if it contained the high of the levels of carbon
bound around 70-80%.
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Figure 4 The relationship between Time of activation time
with carbon bound content at various concentration HsPO,

From the figure 4, it can be known that levels of carbon
bound tended with it was not fix in arow to increase it
activation time and HsPO,concentration. The high and low
it, thislevels of carbon bound was affected with water
content, ash, and volatile matter.

If it was seen by the graph, so interaction from
activation time and HiPOconcentration that it was very
influential so the longer of activation time and the higher of
HsPO, concentration, it tended to bring down levels of
carbon bound. Levels of carbon bound was low to show
many carbon atoms that it reacted with water vapor. The
water vapor produced gas such as CO and CO,s0 carbon
atoms were back to form afew of hexagonal structure.

Deter mination of Theiodine Number

Determination of active carbon absorption to iodine to
know active carbon ability that it could absorb color
solution or dirt.
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Figure 5 The relationship between Time of activation
time with iodine number content at various concentration
H3PO4
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From the figure 5, it can be known that active carbon
absorption to iodine tended to rise in a row to increase
activation time and HiPO, concentration. At 18 hours
activation time, iodine number reached 168,79 mg/g at
10% concentration. This value would get up and rising was
very clear that it happened at 24 hours activation time, it
was 877,71 mg/g in the 25% H3PO, concentration.

If it was seen by the graph, so interaction from
activation time and HiPO,concentration that it was very
influential so the longer of activation time and the higher of
HsPO, concentration, absorption to iodine that higher.
Rising this absorption showed that carbon atoms formed so
many hexagonal crystallites so gap or pore that it was
formed between layer of crystalites that the higher
too.This result in according with [13] where he conclude
that there was P,Os compound that it was HsPO,
decomposition result.It was caught in the charcoa that it
gave rise to microporous structure and mesoporous in the
structure. After that, the higher of H3PO, concentration
produced mesoporous structure that it had surface area and
pore volume so big. Active carbon absorption to iodine was
better in 25% concentration that it was soaked for 24 hours.
It has filled up SII No. 0258-79 that it was 20% minimum
and SNI 06-3730-1995 that it was 750 mg/g minimal,
877,71 mg/qg active carbon standard.

3. V. CONCLUSION

Based on the results were obtained from this researched, it
had conclusion that preparation and characterization of
activated carbon from palm kernel shells with 10, 15, 20,
and 25% concentration variation of HsPO,and activation
time 18, 20, 22, 24 hours were got characteristics that it had
been fill up SII No. 0258-79 and SNI 06-3730-1995
standard, those were activated carbon with 25%
concentration of H3;PO,and 24 hours activation time where
water content, ash, levels of volatile matter, levels of
carbon bound and iodine number were 3,76%; 4,22%;
10,88%; 81,14%; and 877,71 mg/g.

This experiment needs more development about the use of
H3POgactived material concentration variation of H3PO,

and the other of activation time so that the value of the
active carbon and ash was got at a good condition and it
can fill up for existing standard.

REFERENCES

[1]  D. Purwanto, Arang Dari Limbah Tempurung Kelapa Sawit, Jurnal
Penelitian Hasil Hutan, Banjarbaru, 2011.

[2] Kasnawati,Penggunaan Limbah Sabut Kelapa Sawit Sebagai
Bahan Untuk Mengolah Limbah Cair, Sekolah Tinggi Teknik
DarmaYadi (STITEK), lImu Teknologi (ILTEK), 2011.

[3] Agusriyadin, et a., Adsorpsi Rhodamin B Menggunakan Arang
Aktif Cangkang Kelapa Sawit yang Diaktivas secara Fisika dan
Kimia,Jurusan Kimia FMIPA, Universitas Haluoleo, Kendari, 2012.

[4] A. Ika, Pengolahan Limbah Cair Industri Kelapa Sawit dengan
Menggunakan Karbon Aktif dari Sekam Padi, Laporan Akhir,
Teknik Kimia Politeknik Negeri Sriwijaya, Palembang (tidak
dipublikasikan), 2012.

[5] A. K. Chandra, Pembuatan karbon Aktif dari Campuran Serutan
Kayu, Jerami Padi dan Cangkang Kelapa Sawit sebagai Media
Pengolahan Limbah Cair Industri Kelapa sawit, Politeknik Negeri
Sriwijaya, Palembang, 2011.

[6] D. Petrus, Pembuatan dan Karakteristik Karbon Aktif dari Kulit
Ubi Kayu, Teknik Kimia Universitas Setia Budi, Solo, 2009.

[7]  Sani,Pembuatan Karbon Aktif dari Tanah Gambut. Jawa Timur:
Fakultas Teknologi Industri UPN, 2011.

[8] E. Widodo,Kajian Eksperimental Efektifitas Arang Aktif Mesh 40
dari Limbah Serbuk Penggergajian Kayu Jati dalam Penyerapan
Polutan Limbah Cair dari Industri Batik di Tamansari Yogyakarta,
Teknik Mesin, Universitas Muhammadiyah, Y ogyakarta, 2012.

[9]  Nurhasanah,Penentuan Kadar COD (Chemical Oxygen Demand)
pada Limbah Cair Pabrik Kelapa Sawit, Pabrik Karet dan
Domestik, Universitas Sumatera Utara, Medan, 2009.

[10] M. Saputro,Pembuatan Karbon Aktif dari Kulit Kacang Tanah
(Arachis hypogeal) dengan Aktivator Asam Sulfat, Teknik Kimia,
Fakultas Teknik, Universitas Sumatera Utara, Medan, 2010.

[11] A. Rumidatul, Efektivitas Arang Aktif Sebagai Adsorben Pada
Pengolahan Air Limbah, Ingtitut Pertanian Bogor, Bogor, 2006.

[12] S. Salamah, Pembuatan Karbon Aktif dari Kulit Buah Mahoni
dengan Perlakuan Perendaman dengan Larutah KOH, Teknik
Kimia, Universitas Ahmad Dahlan, Y ogyakarta, 2008.

[13] Sembiring, M. Tryana dan T. S. Sinaga, Arang Aktif (Pengenalan
dan Proses Pembuatannya), Teknik Industri, Universitas Sumatera
Utara, Medan, 2003.



