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Abstract— The synthesis of metal nanocrystal was conducted by H, gas can convert fatty acids directly to hydrocasbo

modification preparation from simple heating methvduch heating
and cooling process run rapidly. By used NiMo/C 70Gatalyst for
30 minutes which had surface area of 263.2/yram, had 31.77 nm
crystal size, and good morphology of material, oted catalyst with
high activity, selectivity, and stability. After t@dyst activated,
synthesis of renewable diesel performed in hydraggenation

and water with losing any carbon atom. Metal iralyet and
pressured hydrogen is useful for saturation proceks
unsaturated carbon chains in triglycerides
Hydrodeoxygenation can be very expensive processtdu
the temperature and pressure requirements to denayeg of

reactor at 37%9C, 12 bar, and 800 rpm for residence time of 15@00-400°C with hydrogen pressure up to 200 bar. However,

minutes. The result of conversion was 81.99 %dyieas 68.08%,
selectivity was 84.54 %, and spesification met per&oleum diesel
standard.

Keywords— Hydrodeoxygenation, NiMo/C, Nyamplung Oil,

Rapid Heating and Cooling, Renewable Diesel.

|I. INTRODUCTION

Biofuels has a good potential to fulfill energy need
Indonesia as well as in the world. Biofuels areeablbe

aromatic structures can be preserved which yieldsigh
octane fuel [3].

Catalyst which has highly porous and thermostable
material is able not only to disperse the metat, dso to
increase its thermal stability and hence the catdife such
as nickel molybdenum as active sifehe active phase of the
catalyst Ni and Mo itself does not have a largdaser so that
the reaction would be ineffective and inefficientedo not all
of the active site can make contact with the redsta
Therefore, Ni and Mo metal component needs to be

alternative energy when the production of petroleurgisyinyted on a surface of a solid support whicts farge

energy are depleted over time. Biodiesel is ort@hiofuels
which can be produced from trans esterification
triglyceride by using renewable resources. Unfaataly,
biodiesel gave low oxidative stability, higher \dsity, higher
cloud point and pour point, higher nitrogen oxid®Oy)
emissions, lower energy density, and higher injéetmine
wear [1]. To avoid the disadvantageous physicaperies of
oxygenated fuels, hyrodeoxygenation of non-edileigetable
oil has been investigated as an alternative pathofaliofuel
production. Among the vegetable oils, nyamplung isil
known to be one of the most potential alternativesause of
its high amount of seed production and high oledid a
content.

Hydrodeoxygenation belongs to a group of hydroingat
reactions and it means removal of oxygen from ayger-

urface area such as activated carbon. NiMo catalys can
educe the coke formation rate [4]. Mo is foundfdoilitate
the reduction, and promoting C-O activation whil@ibiting
the C-C breaking.

This NiMo/C catalyst synthesized through modifioatof
simple heating method which heating and coolingess run
rapidly [5]. Several studies using simple heatingthod are:
Liherlinah et al. [6] synthesizing CuO/ZnO/Aluminatalysts
to fuel cell applications for 30 minutes; VioktalaymA.S. [7]
synthesize ¥Os/Gd catalysts to decompose of pollutant for
30 minutes with holding time of 30 minutes, andriSiaca [8]
synthesizing NiMo/C catalysts for renewable diesel
production. Studies above were using the same miebib
with different treatments.

Hydrodeoxygenation reaction of nyamplung oil using

containing compound under hydrogen pressure at highyogenation reactor with a NiMo/C catalyst at penature

temperatures with helped by heterogenous catalysich
product known as renewable diesel [2].
hydrodeoxygenation process consisted of decarbbagla
decarbonylation, and hydrogenation reaction aslmaseen
below.

Decarboxylation :

Ci17H3sCOOH > Ci7Hzs+ CO; (2)
Decarbonylation :

C17H35COOH + H > Cy7H36 + HO + CO (2)
Hydrogenation :

Cy7H3sCOOH + 3H > CygHas + 2H0 ()
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375°C and a hydrogen pressure 12 bar [9]. A high enough

T ecemperature is important to increase the crackiotivity.

However at temperature higher than 380 cracking of the
hydrocarbons increases and hence the yield of ldies®me
decreases.The products were characterized by FT-IR
(Shimadzu) and GC-MS (Agilent) to find functionalogps
and components of renewable diesel. The aim of this
experiment is to investigate the effect of tempemtand
calcination time during the catalyst preparatiogpsbn the
activity, stability, selectivity, conversion, andiej of
triglyceride content in nyamplung oil to renewaldesel
product.
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Il. METHODOLOGY

A.Materials

This study was conducted in two steps namely tF )j\

preparation and characterization of nanocrystal &G/
catalyst and synthesis of renewable diesel in adyghation
reactor.

The following chemicals were commercially
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available and used as received: Nyamplung Oil (UN>

Semarang) as raw material, Activated carbon (Merag)
catalyst support, (NPsM07024.4H,0 and Ni(NQ)2.6H,O
(Merck) as the source of the active nucleus, Pbijene
Glycol or PEG (Merck) as continuous media, Demitiesd
Water (Bratachem Indonesia) and Aquadest (CV. DCkainas
a solvent.

B.Catalyst Preparation

Nanocrystal of nickel molybdenum on carbon supp@s
prepared by rapid heating and cooling method adofstan
Liherlinah [6] and Vioktalamo [7]. These catalysigere
assigned as 5 wt% NiMo/C [9] and required amoufitthe
precursor  salts and polyethylene  glycol,
(NH4)6M07024.4H,0, and Ni(NQ)..6H.O were dissolved in
demineralized water. Then, activated carbon wasdedld
dropwise with constant stirring followed by heatiag1 00°C
for 40 minutes in that solutions to evaporize wakRglymer
solution, as continous media, was used
agglomeration of particle group of catalyst. Therefthe
polymer should be remained until the end of thecess.
Finally the mixture was heated in furnace to eviegothe
PEG polymer and to produce the final nanocrysta®C
catalyst at 578C, 600°C, and 700C for 30 minutes and 60
minutes with holding time 30 minutes. After thatiMé/C
catalysts were rapidly cooled (quenching processh vee
blocks. The catalysts were removed and stored ttiebof
sample.

C.Catalyst Characterization

The catalysts were characterized by XRD (Shimidou)
determine crystal size and type of crystal catal\BET
(Micromeritrics ASAP 2020) to determine surfaceaangore
size and pore volume of catalyst and SEM-EDAX (JEDO
Analysis Station JEOL) to determine the morpholagyd
composition of the catalyst.

D.Catalyst Activation Test

Catalyst activation was carried out at £@with internal
temperature being measured by thermocouple. Befiedyst
activation, the reactor was purged with nitrogerrirdy
experiment (30 minutes) to remove any oxygen cdrtteat
might have been dissolved and present in nyamphiingo
that activity of catalyst will increase. After thaadded

Fig. 1. Scheme of Hydrodeoxygenation Reactor

E.Hydrodeoxygenation of Nyamplung Oll

The reaction was carried out in a 330 mL semi batch
stirred reactor integrated with a condenser andhaite.
Extensive stirring of the oil and catalyst in theactor was
achieved using a magnetically driven stirrer with@ geared
motor. Nyamplung oil was used as feed and NiMo/Caas
catalyst with a feed ratio of 100:1 wt. Nitrogensgaas
purged for 30 minutes. Stirrer speed and pressuriaglthe

reaction was kept constant at 800 rpm and 12 bar

i.e.respectively. The reaction was performed at tentpere875

°C for 2.5 hours. When the inside temperature ofréaetor
reached the target value, the hydrogen pressureadjasted
to the desired value. From this time onwards, taction
time was occured. In this step, the double bonds were

to avoifesent in the tryglycerides were saturated wittirbgen gas.

Every 15 minutes, the resulting gas was analyzdiheiy
GC-TCD to identify the hydrogen, carbon dioxideybzm
monoxide and methane gas. The gas products wedeosed
and collected as condensate. Fig. 1 above showheansitic
diagram of the apparatus. The bottom product wsislldied
using Koehler Model K 45090 according to the bagliange

of petroleum products in three categories i.e. BBB-°C,
200-300°C, and 300-EP. Distillation products at temperature
300-EP were carried out to determine the physicad a
chemical properties of renewable diesel product.

A.Result of Catalyst Characterizations

1) BET Characterization

From BET characterization result, the surface aoka
catalysts will increase with increasing of temperat The
best catalyst that gives highest surface area N4oMi with
temperature 700C for 30 minutes. This catalyst has surface
area 263.21 Bigram. Large surface area of the catalyst was
needed to increase the collision between partsdeis would
increase the rate of reaction as well as the kisettaction
[6]. This NiMo/C 700°C catalyst was continued confirmed
through several tests by SEM-EDAX and XRD to see

RESULTSAND DISCUSSION

hydrogen gas of 10 bar and the temperature waslyslow

decreased into 10 to provide activition performace during

the reaction.
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Table 1. Result of BET Characterization

Sample  SulaceArea (gl Poresie
(cc/gram)

NiMo/C-1 226,26 0,13 2,25

NiMo/C-2 252,38 0,13 2,11

NiMo/C-4 184,45 0,11 2,17

NiMo/C-3 263,21 0,15 2,23
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morphology and crystal size of catalyst.
temperature led to more rapid PEG vaporizationsaniring
of catalyst which occured during reaction but duadtivated
carbon stable with high temperature, so that irginga of
temperature can not effect of catalyst surface.area

NiMo/C 700 °C also gives largest pore volume which

indicating that the carbon structure has a largeugh pore
spaces. In catalysis reaction, large volume is eeetb
achieve the complete reaction, as the site of Hation
medium and can be regarded as a mini reactor [
reason for low surface area and pore volume far ¢htalyst
could be attributed to the pore blocking by NiMotateFor
sample of NiMo/C that was not kept constant, haghéi
surface area and the sintering that occured orcdtayst to
be weaker than other temperature profile.

2) XRD Characterization

The result of XRD characterization can be seenign®
above. Carbon which originally had a weak peakeraft
impregnated the catalyst on the surface has a fesip The
intensity of the peak represents the crystallinitiie sharper
peak obtained, means particles tend to be betystatlinity.
High crystallinity also will affect to the catalgtiactivity and
stability at high temperatures. High crystallinitgn also be
regarded that the impregnation process is free ftom
impurities so that the physical properties of thatalyst
NiMo/C is not compromised.

Diffractogram also shows that size of Carbon, NiMand
MoOs crystal supported on activated carbon estimatenh fr
the Scherrer formula are 45.52 nm, 29.55 nm ang4206m.
From this result, the crystals size which formedreve
nanocrystalline.

3) SEM-EDAX Characterization

Morphology plays an important role in activity and

selectivity of the catalyst. From Fig. 3 belowc#én be seen
that the magnification of 1000x and 10000x, the NIl
catalyst have the morphology which tend to be apeglate
and consist of small particles and large partidag&n though
the interaction between molybdenum oxide and aetd/a
carbon is weak, the high surface area of activateton still
allows for a high dispersion and a complete sutifidaof the
oxide species.

Based on EDAX characterization result, the averaghl
active core NiMo content in the catalyst was 6.7&owT his
number is almost close to the number of active eiualas
added during preparation which is 5 wt%. Increasimgtal
loading favors sintering due to weak interactiothwi
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Fig. 2. Diffractogram of NiMo/C Catalyst
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Fig. 3. Catalyst Morphology of NiMo/C Catalyst a) (L000x (b) 10000x
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supported phase, agglomeration and micropore bigcki
could also take place [4].

B.Renewable Diesel Characterizations

Reactions of hydrodeoxygenation were carried at dlfie
catalyst activation completed and the reactor teatpee
reaches 100C. Hydrodeoxygenation of nyamplung oil was
performed with two sample catalysts which had ldwegstal
size, highest surface area, and good morphologyelyam
NiMo/C and NiMo/C activated. After HDO reaction, eth
products still in mixture and had to be purifiedratigh
distillation process. Distillation products at teengture 300-
EP were carried out to determine the physical aremical
properties of renewable diesel product.

Based on Table 2 below, density of nyamplung oil
decreased due to nyamplung oil converted into Rabkw
Diesel. It shows that the cracking and hydrodeorggien
reaction over both of NiMo/C catalysts occurredThible 2,
it also can be seen that the viscosity of nyamplaig
decreased after hydrodeoxygenation until 98%
Renewable Diesel. It was caused by the carboxylateling
termination of nyamplung oil which containing a lwamnyl
group (CO) and hydroxyl (-OH). Hydroxyl group ihet
carboxylic bond can form hydrogen bonds with theboayl
group (CO) which lead to stronger bonds between the
molecules and the higher viscosity [11]. Low vistods
good for injection system of diesel machine, andl wot
destroy the homogenity of fuel and air in combustio
chamber [12]. In addition, the viscosity valuesigrated by
the renewable diesel product is much better companiith
the standard viscosity of biodiesel based on standaN
14214 with a minimum viscosity 3.5 cst. Beside tlatane
index value is determined to find out the quality o
combustion, emissions and the ability of the feetémbust
at the low temperature. Table 2 shows that theneetadex
values of renewable diesel products meet the mimroetane
index of diesel fuel (ASTM D975).

into
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GCMS shows that the distillation bottom productagist Table 4. Conversion and Hydrocarbon, Oxygenate Aanthatic
of hydrocarbon fractions @C,3) and oxygenates such as Components of Products
acetone, alcohol, aldehyde, carboxylic acid, etthe T
percentage of oxygenate contained in the prodess than NiMo/C activated NiMo/C
15% as can be seen on Table 4 below.

. .
NiMo/C activated was a sample that produced thgektr ;(Hjogvemzn ::ji ?1'05

mass percentage of renewable diesel fraction (84)5ihd ydrocarbon '

smallest percentage of oxygenate (10.29%). Basedhisn % Oxygenate 10.29 -

result, it can be seen that NiMo/C activated catalyas the % Aromatic 6.33 -

suitable catalyst to produce renewable diesel Wighlargest

hydrocarbon content. 100

From Table 3-4 it can also be seen that the largest

conversion of reactants occurred at NiMo/C actidatatalyst __ 8o A AAA
with 81.99%. Similar with conversion, NiMo/C actted also § 60 A A
has the largest selectivity and yield obCss fraction (diesel < 40 A A

fraction) which are 84.54 % and 68.08 %. Basedhisdata, 20 | A A
NiMo/C activated catalyst is proved have a highvigtand &
able to transform nyamplung oil into renewable €lies

To evaluate the effectiveness and selectivitie®Niddo/C 0 50 100 150 200
activated catalyst in desrided hydrodeoxygenatiathyay, time (minutes)
so analysis of gas products with GC-TCD were inguatrias
seen at Fig. 4 below. From Fig. 4., NiMo/C activzbnatalygt ©CO FCHA ACO2
was selective to decarboxylation reaction as Eahdve. This
reaction can break oxygen bond so that alkane lbandbe
produced which indicates G@as was high, approximately Fig. 4. Gas Products Result of NiMo/C Activated alyt
80%. This NiMo/C activated catalyst also can mizienrhe
production of methane and CO gasses, so that alkend IV. CONCLUSION
which undesirable product was not formed. In Figaldo ) ) )
ilustrates that there is no significant reductiom the In this study, NiMo/C catalysts were prepared byida
formation of CO and CQgasses. This decrease indicates th&€ating and cooling method with polymer solution a@s
the possible reduction of these gasses have beeedady growth inhibitor. Charaqterlzatlon of catalysts @éashown
fewer reactants can react and also due to theidaton of that the lowest crystal size of 31.77 nm and serfaea of
the catalyst. Deactivation of the catalyst is pybdue to the 263-21 n/g which prepared at 708C when the heating
collapse of activated carbon’s structure. Therefman be teémperature was not kept constant. The experimental

conclued that NiMo/C activated catalyst which haghést conditions were 378C for average reaction temperature and
loading, highest surface area, and lowest crysi, an 150 minutes for residence time. These conditioh WitVio/C

convert nyamplung oil to renewable diesel with gietas activated led to dqminant yield of 68.08% of diem_at;tion
68.08%, conversion was 81.99%, and selectivity 8¢a54%. (CixCig), conversion was 81.99%, and selectivity was
84.54%. It means the oxygenation removal pathway of
nyamplung oil through NiMo/C activated catalyst was

Table 2. Comparison Physical Properties of RenemB@idsel with Other  successfully converted into the renewable diesekthvithe

Products spesification met the petroleum diesel standard.
Sample Density-ASTM Viscosity- Cetane Index-
D86 [gram/mL] ASTM D7042- ASTM D975
04 [cst] REFERENCES
NiMo/C 0.86 1.37 54 [1]1 S. Lestari, Palvi M.A., Kari E., Beltramini J., Mdx, Dmitry Y.M.,
N'MO/C 0.78 1.16 81.83 “Diesel-like hydrocarbons from catalytic deoxygeoaatof stearic acid
activated over support Pd nanoparticles on SBA-15 cataly@atalyst Letterpp.
Nyamplung Oil 0.94 90.88 - 250-257. 2010.
Biodiesel 0.85 2.30 51 [2] R. S. Boyas, Yanyong L., Tomoaki, M., “Productioh renewable
Diesel 0.82 1.90 40 diesel by hydrocracking of canola oil on Ni-MeAl,O; and Pt-zeolitic
SNI 0.85-0.89 2s/d6 Min. 51 based catalysts|hstituto Politécnico Nacionabp. 2-7, 2008.
[3] B. Veriansyah, Han, J. Y., “Production of renewalliesel by
Table 3. Selectivity and Yield of Distillation Proct (300-EP) hydroprocessing of soybean oil: Effect of catalydgurnal of Fuel pp.

578-585, 2012.
[4] M. Nasikin, Susanto, B.HKatalis Heterogen Universitas Indonesia

Sample Product % Selectivity % Yield Press: Indonesia, 2010, pp. 42-64. o
- ; [5] M. A. Abdullah, Khairunnijal, Maruly, A.R., Lihemiah, Sunny, M.,
Biogasoline 12.32 9.92 “Sintesis dan pengujian katalis nanokristalin CW@ZN,O; dengan
) ) Biokerosene 2.35 1.89 metode pemanasan dalam larutan polimer untuk aplikanversi
NiMo/C activated ) metanol menjadi hidrogenJurnal Nanosains dan Nanoteknologl.
Renewable diesel 84.54 68.08 1 No.1, pp. 1-25, 2008.
Lubricant 0.79 0.64 [6] M. A. Abdullah, Liherlinah, Khairurrijal, “Sintesisnanokatalis

Cu/ZnO/ALO; dengan untuk mengubah metanol menjadi hidrogen,”
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heating methods,” Thesis, 2007.

INSIST Vol. 2 No. 1, April 2017 (43 — 47)



(8]

(9]

43

G. Fransisca, “Sintesis renewable diesel dari nkinjgaak melalui
reaksi deoksigenisasi menggunaan katalis nano Ni@iifa,” Thesis,
Departement of Chemical Engineering, Universitadoiresia, Depok,
2012.

A.C. Sinaga, “Preparasi, karakterisasi, dan ujikse&atalis nano
NiO/Al, O3 untuk sintesis bahan bakar bio non ester dari akingrak
melalui pirolisis berkatalis,” Thesis, Departemenf Chemical
Engineering, Universitas Indonesia, Dep2@11.

[10]

[11]

[12]

A. Swiatkowski, Jankowska, J. Chon#ctive Carbon Ellis Horwood:
New York, 1991, pp. 79.

Z. Shichao, He Li., Shaohui Y., Ye L., Yanbiao RPd/C catalyst
synthesized by microwave assisted polyol methodrfethanol electro-
oxidation,” International Journal of Electrochemical Scienpp. 2996-
3009, 2013.

H. Zhong, Yuan, “Hydrodeoxygenation of model compasi and
catalytic system for pyrolysis bio-oils upgradingCatalyst for
Sustainable Industrypp. 28-52, 2012.

INSIST Vol. 2 No. 1, April 2017 (43 — 47)



