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ABSTRACT

The activated charcoal is a porous solid contaiBi - 95% of
charcoal having undergone a reaction with gas adulition of a
chemical (KOH, NaOH, ZnG) before, during or after
carbonization to enhance its absorbency. Activattion has an
important property that is absorption/adsorption.atiials
containing charcoal elements can produce activekedcoal by
heating it at high temperatures. Activated charcaal be utilized
as absorbent agent, electrode, catalyst, liquidevas gas/waste
treatment, as storage gas/gas adsorptive strorage water
purification process both in drinking water prodost process
and in waste handling. The purpose of this reseasclthe
utilization of palm midrib torrefaction product esv material of
activated charcoal through pyrolysis process andlyaa the
effect of pyrolysis temperature and pyrolysis tiowe the active
charcoal raw material produced. For each torrefactirial,
nitrogen was flowed through the reactor at a flate of 150 mL /
min for 15 min with a temperature of 275 ° C. Sampl paim
midrib used 50 gram is put into reactor and hefded5 minutes.
The resulting torrefaction charcoal product is tpeocessed into
activated charcoal through a pyrolysis process gfaédns with a
pyrolysis temperature variable of 550 ° C, 600 ‘a@d 650 ° C
and a pyrolysis time of 5, 10 and 15 minutes.

KEY WORDS: Charcoal, Palm Midrib, Torrefaction,

Activated Carbon.

1.0 INTRODUCTION

In large and small industries, activated charcalnéecessary
because it absorbs odors, colors, gases, and mbtateasing
industrial growth in our society, the demand fotivae charcoal
increases also. For industries in Indonesia, tree afsactivated
charcoal is still relatively high. Unfortunatehhe fulfillment of
the need for activated charcoal is still done bgkiog. The
abundant natural resources in Indonesia can displeesneed for
use with domestic production. Palm oil agro-indussr growing
rapidly in Southeast Asia, especially Indonesia ahalaysia,
which is a world oil contributor (Hansen, 2015).tikities in this
sector will produce biomass waste with a large nawf 5.5-7%
palm kernel shell, empty bunches 22-23%, palm midii.5-15%
(Kong, 2014). Biomass waste is generally used laailar fuel in
the palm oil industry (Kong, 2014).

To produce activated carbon bioadsorbent then nihde
usual process of making the process of carbonizaBalm stem
waste is generally only left to rot away withoutyafurther
treatment treatment by the people of Riau Provie&ing this
time the palm stem is only used as animal feed post and left
in the plantation area (Hidayanto, 2013). To inseethe selling
value of palm midrib, the palm midrib should begessed into a
product that has high selling value. Palm midrib b used as
active charcoal raw material which can be usedéwrsehold and
industrial purposes. One of the processes for wipigicharcoal is
that it can be used as a process to replace cadimm and
activation processes that have been widely usedusecthe
energy required is low and produces relativelieligsh.

1.1 Palm Midrib

Palm midrib is one of the waste biomass that iseqai lot
produced from oil palm plantations. Generally pahirib waste
is left to rot away without any further treatmergatment. The
amount of cut palm oil can reach 40-50 midrib Etfeyear with
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midrib weight of 4.5 kg dry weight per midrib. Ime hectare of
palm is estimated to produce 6400-7500 midribs ymar with

calorific value of palm oil biomass ranging from20D kJ / kg
(Simanihuruk, et al., 2008).

1.2 Potential of Palm Oil in Riau Province.

A very easy source of biomass today is the solistevaf oil palm
plantations that have not been well utilized. Sel@kte is in the
form of midrib, empty bunches,
development of agricultural sector to date is quiapid in
Indonesia, especially the plantation subsector ldpee in
Sumatra and Kalimantan. Particularly in Riau Proeginpalm oil
is a prima donna commodity cultivated by many putdind
business entities. Based on data released by thectDiate
General of Plantations of the Ministry of Agricuku(2014), the
area of oil palm plantations in Indonesia is thghlesst of other
commodities which is 10.95 million ha.

1.3 Torrefaction

Torrefaction is a process of biomass processitigariemperature
range 200-300°C at atmospheric pressure withoupriesence of
oxygen. At this temperature occurs the releaseeafitellulose
and volatile substances, thereby reducing the devkD / C and
H / C. Reduced levels of O / C and H / C will irecse the yield
mass and yield energy. The purpose of the toriefads to

increase the calorific value and maximize the mygstd and

energy yield (Basu, 2013). Biomass fermentationsuesessfully
improved biomass characteristics as fuel, chaiaegr by

increased calorific value, high energy density, lwater content,
and hydrophobia (Solomon and Anas, 2012).

1.4 Pyrolysis

Pyrolysis is the chemical decomposition of orgammatter
through the heating process with no or little oxyger other
reagents, in which raw materials will break theroloal structure
into gas phase. Pirolis aims to increase the dmloralue of a
material. Calorific value increases due to the asteof water
content and also the formation of tar that can esas a film
coating that prevents the re-absorption of watertart by the
material. The end result of the pyrolysis processhiarcoal (solid
carbon), tar (oil liquid in solid black) and gasexh as methane
and hydrogen. When viewed from the rate of reactjpeed, then
the pyrolyine is divided into two, namely slow plysis and fast
pyrolysis. The slow pyrolysis will occur in the tperature range
of 150-300°C. In rapid pyrolysis (above 300°C), thneerall
reaction produces water vapor, charcoal, gas, &4 0% of
the pyrolysis oil vapor which composes hundredsnanomer
compounds, oligomers, cellulosic and lignin monan@hang,
etal.,, 2016).

1.5 Activated Charcoal
The activated charcoal is a porous solid contaiBi - 95% of
charcoal having undergone a reaction with gas aduijtion of a
chemical (KOH, NaOH, ZnClI2) before, during or

carbonization to enhance its absorbency. Activattion has an
important property that is absorption / adsorpti@ine active

stems and shells.e Th

after

charcoal can be produced from biomass such as lmrtdimacco,
sago, cherry seeds, and almonds. Materials contpiciarcoal
elements can produce activated charcoal by hedtiag high

temperatures. Activated charcoal can be used aslsrg agent,
electrode, catalyst, liquid waste or gas / waseattnent, as
storage gas / gas adsorptive strorage and wateficption

process both in drinking water production procesd @ waste
handling (Wu, 2004).

2.0 METHODOLOGY

2.1 Research Stage

This research will be conducted at Oleochemicalhmfietogy

Laboratory, Chemical Engineering Department, Ursitgr of

Riau. The biomass feedstock from palm fronds usetlis study
was collected from Pekanbaru City and Kampar regeRéu.

The initial conditions of raw materials may afféke quality of
the torrefaction products. Thus, an analysis ofrdwe materials
consisting of testing the calorific value and proate analysis.
Calorific value analysis follows ASTM D-5865-13 pemlure.
Proximate analyzes (moisture content, volatile eont ash
content, and fixed carbon content) follow ASTM D7212013 to
ASTM D-3175-2013.

2.2 Research Variables

The variables used in this study consist of fixed gariable
variables.

a. Fixed Variables

1. Size of particles of midrib :+lcm

2. Pressure inert atmosphere
3. Temperature of torrefaction :275°C

4. Torrefaction time : dinutes

5. Nitrogen flow rate : 15Q rhmin.

b. Changed Variables
1. Pyrolysis temperature
2. Pyrolysis time

:550°C, 6@ and 650° C
: 5, 10ddatb minutes

2.3 Torrefaction and Pyrolysis

Torrefaction and pyrolysis are performed in a hamial fix bed
reactor system. The horizontal fix horizontal reaatsed in this
study dimension is 60 cm long and 6 cm in diamétke reactor
is fitted with a 70 cm long condenser and a conatentrap of
erlenmeyer vacuum. For each torrefaction trialyogén was
flowed through the reactor at a flow rate of 150 frhin for 15
min before the start of the experiment to maintam inert
atmosphere. After that, the sample of palm stem veaded with
a temperature of 275 © C for 45 minutes. After clatipn of the
torrefaction, the reactor was removed from thedumto cool the
resulting torrefaction. Each process of torrefactie repeated
three times under the same temperature and tinditicors.

The resulting torrefaction charcoal product is tipeacessed
into activated charcoal through pyrolysis procefs. each
experiment, 3 grams of sample of charcoal with aatian of
pyrolysis temperature of 550 ° C, 600 ° C and 650 fwere
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processed for 5, 10 and 15 minutes in the rea&olid, liquid
and gas products are collected for further analyigie solid and
liquid results are calculated from the direct weiglf each
fraction after the reaction is complete, while thas yield is
calculated by differences based on the mass contlht
experiments were performed three times. The seés
experimental equipment can be seen in Figure 1.

) 1. Flow mefzr
Coolng water | 2. Reaktor

out 3. Heater
4, Kondenser
£, Condensate Trap

=T

Cooling water in *JQ

5

Figure 1: Torrefaction Reactor Scheme

2.4 Analysis Method.

The proximate analysis of the initial palm stem phes, the
products of pyrolysis and pyrolysis charcoal weesried out
according to GB212-91 standard. The calorific valuas
analyzed by the SDACM3000 Calorimeter. Specifidane areas
were analyzed using Brunauer-Emmett-Teller (BET)achE
analysis is repeated three times to ensure theramcwof the
results. The expected output is obtained from tesults of
research of torrefaction product which will be usedactivated
charcoal to be compared with theory and data fiweriterature.

2.5 Data Collection Techniques and Data Analysis.

This data information technique is laboratory resea Data
obtained later with some references related to stiuely. The
results obtained are then analyzed ie the proximaddysis of the
initial palm stem samples, the products of torréfec and
pyrolysis charcoal carried out according to GB212s#andard.
The calorific value is analyzed by the SDACM300dd@ianeter
and its value is sought by the calorific value fatan The specific

surface area was analyzed by using a widely mealsura

Brunauer-Emmett-Teller (BET) of the obtained toactfon
product

3.0 RESULT

The result of this research is charcoal product.vAtiables of
temperature and pyrolysis
resulting in 9 different types of charcoal products

3.1 Weight Charcoal Product
The data of Charcoal Product’'s weigh will be shawable 1.
As the Yield of Charcoal product.

research have been ctejuc

Table 1: Data Charcoal Product’s weight as the Yield.

. Weight  Yield . Weight  Yield

Variables Variables

(an (%) (an (%)

0, 0,

550°C,5 113 3766 900°C15 5409 36.06
min min

550°C, 10 4 537 4123 B99°C5 10649 3406
min mn
0, 0,

550°C.15 331 4436 659°C10 3040 3466
min min

600°C.5 1050 4173 899°C. 15 4037 3356
min min

600°C. 10 ;199  39.96
min

In the table above, it can be seen the effectroptgature and
time of pyrolysis on vyield of char product. In \aion of
pyrolysis time with fixed variable temperature 560the weight
of the biggest charcoal product is at 15 minuteth wiield
44.36%, while the smallest weight of charcoal isSaminutes
temperature with yield of 37,66%. This indicateattvith time
will affect the pyrolysis process that occurs baseaat the time of
pyrolysis 5 minutes has not happened perfect deositign. In
the pyrolysis variation with fixed variable temptena 600°C, the
weight of the largest charcoal product is at 5 n@auemperature
with 41.73% yield, while the smallest weight of ttlearcoal is at
15 minutes with yield 36.96%. This shows that thiegl process
time resulted in less optimum decomposition protesause the
temperature used is higher than before. This sliba/greater the
temperature used at less heating time, the monmeadlgoroducts
are produced.

In the variation of pyrolysis time with fixed vahbke
temperature 650°C, the weight of the biggest clenpmduct is
at 5 minutes temperature with 34.96% yield, while smallest
weight of the charcoal is at 15 minutes with yi8#156%. This
shows that the long process time resulted in lgs8moam
decomposition process because the temperature isiseidher
than before. At 650°C, the processing time does affgct
significantly because the yield is close. This shdhe effect of
heating temperature. If the higher the heating wmatpre, the
resulting charcoal product is also less if the tiosed is also
longer. In the current study, Zhang et al. (2048)p conducted a
study focusing on the effects of torrefaction oe tyield and
quality of rice pyrolysis pyrolysis and its applicm in
preparation to activate carbon by chemical actwatmethod
using NaOH. The resulting activated car shows ilghdst yield
of 23%. This indicates that the product of torréfac with raw
material of palm stem is better than the use a&faction product
with raw material of rice husk.
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3.2 Result of Proximate Analysis

Table 2: Data Proximate Analysis

. Fixed
Water Ash Volatile Carbon
Variables Content Content Content Content
% % (%) (%)
Torrefaction 5 ,g 395 4624 4654
Product
550°C, 5 min 1.8 4.1 12.2 81.9
550°C, 10 min 1.6 5.3 14.6 78.5
550°C, 15 min 1.3 6.5 16.1 76.1
600°C, 5 min 1.1 7.2 17.4 74.3
600°C, 10 min 0.8 7.6 16.9 74.2
600°C, 15 min 0.4 8.1 16.2 75.3
650°C, 5 min 0.3 8 15.7 76
650°C, 10 min 0.25 8.2 15.3 76.25
650°C, 15 min 0.17 8.25 14.7 76.88

In the table above, it can be seen the effectmptgature and
time of pyrolysis on charcoal product. The lowester content is
at the temperature of pyrolysis 650°C and the pgisltime is 15
minutes, the lowest ash content is at pyrolysiserature 550°C
and the pyrolysis time 5 minutes, the lowest vidalievel is at
pyrolysis temperature 550°C and pyrolysis time &utes. Good
quality charcoal products should have moisture euntash
content and low volatile content so that it hashhiiged carbon
content. Because, the fixed carbon content is ¢kaltr of 100%
reduction - (moisture content + ash content + Vlelévels). The
highest fixed carbon content was found at pyrolysmperature
550°C and pyrolysis time 5 min. This indicates thhe
temperature is too hot and the longer time resuited small
fixed carbon content. The higher the carbon conténtarbon
content, the better the quality of the active cbharcaw material
produced.

In the current study, Zhang et al. (2016), who cmted a
study focusing on the effects of torrefaction omr tjield and
quality of rice pyrolysis pyrolysis and its applice in
preparation to activate carbon by chemical actwvatmethod
using NaOH. The resulting activated carbon showves \tlater
content for the charcoal product ranging from 3-9%e ash
content for the charcoal product ranges from 38.82.6%, the
volatile content for the charcoal product rangesmfr13.8 to
15.7% fixed carbon for charcoal products rangednfi2.4 to
44.7%. This indicates that the product of torreéfactwith raw
material of palm stem is better than the use a&faction product
with raw material of rice husk.

3.3 Result of Calorific Value Analysis

Analysis of calorific value of charcoal producteaito determine
the calorific value of the resulting charcoal produThe

following is the result of the analysis of calatifivalue of

charcoal products obtained are :

Table 3: Results of Charcoal Calorific Value Analysis
Calorific

Variable Value Method Standard
reference
(Cal/gr)
Torrefaction . ASTM D
Produc 4567,2 Isoperibol 586E
. . ASTM D
0
550°C, 5 min 6060,8 Isoperibol 5865
550°C, 10 min 6219,0 Isoperibol ASS:;ZLD
. . ASTM D
(o]
550°C, 15 min 6492,7 Isoperibol 5865
. . ASTM D
0
600°C, 5 min 6060,1 Isoperibol 5865
600°C, 10 min 6646,6 Isoperibol ASS:;ZLD
. 6485,0 Isoperibol ASTM D
600°C, 15 min 5865
. 6316,3 Isoperibol ASTM D
0 1
650°C, 5 min 5865
. 6553,4 Isoperibol ASTM D
650°C, 10 min 5865
. . ASTM D
650°C, 15 min 6589,7 Isoperibol 5865

In the table above, we can see the results of iialealue
test in caloric / gr. The resulting caloric valwestfluctuated data,
indicating that the temperature and time of pyrslyare very
influential on the calorific value of the char pumd. The highest
heating value is at 600°C pyrolysis temperature Ehdninutes
pyrolysis time. This shows the optimum condition gmduce
high heating value can be done at 600°C pyrolysisl® minutes
pyrolysis time. In the current study, Zhang et (@016), who
conducted a study focusing on the effects of tantn on the
yield and quality of rice pyrolysis pyrolysis artd application in
preparation to activate carbon by chemical activetmethod
using NaOH. The resulting activated car has a i&laralue of
4354.16 - 4550.014 Cal / gr. This indicates that pinoduct of
torrefaction with raw material of palm stem is betthan the use
of torrefaction product with raw material of riceudk. The
calorific value of torrefaction products and itsaotpal products
is higher than that of rice husk charcoal.

3.4 Analysis of Brunauer-Emmett-Teller (BET)

The BET analysis which includes three analyzesdsogption,
desorption and BET (specific surface area) analynes
conducted to determine the specific surface aretefesulting
charcoal product so that it can be compared withréference.
The following is the result of BET analysis of tleharcoal
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products obtained:

Table 4: Results of BET Analysis of Charcoal Products

Type of Analysis
(Charcoal Product 550°C, 5 Surface Area (Aigr)
minutes)
Adsorption 58.523
Desorption 50.637
BET 6.950

In the table above, can be seen the results ofrpiitso
analysis, desorption and BET charcoal productshen form of
surface area in units of m2 / gr. The analysis paformed on
only one sample, charcoal product at pyrolysis &napre of
550°C and pyrolysis time of 5 minutes because stliigh fixed
carbon content. For adsorption of charcoal prodhatsa surface
area of 58,523 m2 / g, for desorption analysisdasrface area
of 50,637 m2 / g, and for BET analysis has a sertaea of 6,950
m2 / g. In the current study, Zhang et al. (2096)o conducted a
study focusing on the effects of torrefaction oe tyield and
quality of rice pyrolysis pyrolysis and its applicm in
preparation to activate carbon by chemical actwvatmethod
using NaOH. The resulting activated carbon possed$4.9-
217.1 m2 / g. This indicates that the product ofefaction with
raw material of palm stem is better than the uséookfaction
product with raw material of rice husk. The specgurface area
of the charcoal product is higher than that of tersk charcoal.
In addition, the surface area of palm fruit stokarcoal products
for adsorption and desorption applications is &igb.
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Figure 4: BET Analysis

4.0 CONCLUSION

The results and discussions of Production of PaltemS
Torrefaction as An Activated Raw Material has pnésd. By
using Palm Stem as an raw material, it shows @tbettality than
rice husk. Mentioned techniques can effectivelyiroplemented
for this methods with high accuracy rate.
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