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ABSTRACT

Crude palm oil has a high free fatty acid over 2%alled CPO
off-grade. This oil as an alternative energy sosiae less costly
in the held in one stage by a heterogeneous chtalysder to
produce a biodiesel or fatty acid methyl ester (F3Mver a ZnO
catalyst. In this research, ZnO is made from ziachanate
precipitant.  Yield of conversion oil to FAME found
approximately 96% under condition temperatures ti@ac65
+2°C, ratio moles of reactants 1:18 v/v, and theoam of
catalyst 0.5%. ZnO catalyst is found as a poteirtitthe biodiesel
production. The catalytic activity of catalyst igtdrmined by
regenerating the spent catalyst, then it re-used times in the
transesterification reaction cycles. Results, titalgtic activity of
ZnO catalyst till retain in the % reaction cycle giving the yield of
crude biodiesel in the range of 96 —75 %.
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NOMENCLATURE
CPO Crude Palm Qil
FFA Free Fatty Acid
ZnO Zinc Oxide

1.0 INTRODUCTION

CPO off-grade, crude palm oil has a high free fattid over 5%

(FFA > 5%). This oil produced from the palm fruff-grade. The
fruit is categorized includes abnormal size, immatipass to
mature, and decay. CPO off-grade can be processbddome
fatty acid methyl ester (FAME) or biodiesel [1, 23}

The use of biodiesel in diesel engines can redutieséons
imperfect burning of hydrocarbons, such as carbamanxide,
sulfates, polycyclic aromatic hydrocarbons, nitragelycyclic
aromatic hydrocarbons and solid particles. Biodjeaefuel oil
has calorie value 128.000 Btu [4] almost many agteoleum of
diesel 130.000 Btu [5], It can produce a torqueiremgnd horse
power as same as a petroleum of diesel [6]. In reonperatures,
biodiesel more safe to kept and used to be tharolpet of
diesel, because it is not condense and releasegemars gas
emission such as carbon monoxide, sulfates, padligcgoomatic
hydrocarbons, nitrate polycyclic aromatic hydrocerd and solid
particles. Biodiesel contains oxygen moleculest soflash point
higher than petroleum, also it is not flammabléelg4g].

The application of CPO off grade into alternativeermyy
sources are less costly, transesterifcation aneérifsation
reaction must be held in one stage by a heterogeneatalyst.
This catalyst should be easily synthesized, theepif raw
material is cheap and it is performs well. ZnO-blasatalyst has
been synthesized and wused in the esterification and
transesterification of vegetable oils in one step ZnO catalyst
also should have a high surface area and unifona giae. ZnO
catalyst nano-sized particle has been synthesizedl a
characterized, and it used in the transesterifinatieaction of
corn oil into FAME [8]. In addition, ZnO-based clyst, more
properly called an absorbent, for the removal 8 ithat has been
synthesized by Helianty et. al. (1998) throughpghexipitation of
zinc sulfate with sodium carbonate, it is perforon the removal
of H,S as well as perform of a commercial catalysts.

In this study, a formula to obtain ZnO catalyst Hzeen
developed in order to get it is performs well. Thagalyst was
prepared from zinc carbonate precipitant, thensitused to
produce biodiesel from CPO off-grade. Productiosteavill be
competitive with that of biodiesel from CPO off-dm into
alternative energy sources are reliable. Furthephasized,
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especially for the production of small and mediwals biodiesel
economical, low energy consumption with the conagptzero
waste management. The catalytic activity of Zn@ualuated by
regenerating the catalyst after used and it iseedisur times in
the transesterification reaction cycles.

2.0 METHODS

2.1 Materials

Methanol, HSO, (+98.99% npurity), ethanol p.a, toluene p.a.,
kalium hydroxide pellet (+x99.95% purity, Merck), eafolphtalein
indicator were used. Crude palm oil is obtainednfra CPO
industry of PTPN V Sei. Pagar Riau-Indonesia. Salvstages
have been done in this research such as CPO sammgPO
characterization, and the conversion CPO to FAME arude
biodiesel, determination of the quality crude bésdil product,
finally the catalytic activity of catalyst by regamtion of the
spent catalyst and re-used many times in the @stesfication
reaction.

2.2 CPO Characterization

Several characterization over CPO sample has bemntined,
such as Ph (universal indicator, Merck), water eon{British
1016 Part 104.1:1999 bulk density at 4 (SNI 01-2891-
1992, kinematic viscousity at 4C (ASTM D445, and Free
Fatty Acid content (RSB, 2008).

2.3 Conversion Oli to FAME
Conversion oil to FAME has been carried out by tsreps,
esterification and transesterification reactiofifie experiment
was conducted using a necked boiling flask withtihpe blade-
turbin-machine impeller (Heidolph). A thermometerasv
immersed in the boiling flask by using a metal d{aone neck of
boiling flask use for input a certain amount reastand catalysts.
The capacity of boiling flask 1 litre, 18.5cm heigloutside
diameter (OD) 8.725cm and inside diameter (ID) 3emd
dimensions. The reactor is combined with a watén/bat plate.
The esterification reaction of oil with methanol svearried
out over HSO, as a catalyst in batch reactor. Catalys$®, and
methanolic 0.5% was mixed in a bulb glass of bagetttor. This
mixture was agitated and heated until the reacte@nperature
reached 6%C + 2°C, then it added oil and proceed for 30 minutes
prior. Afterward, ZnO catalyst 0.5% was poured itite reaction
mixture and heated at 85 + 2°C for 1 hour prior to complete.
The transesterifcation reaction parameters areitkgdpentical
condition under molar ratio variation between gidamethanol
(1:6, 1:12 and 1:18), also variation the amountatflyst (0.3,
0.4 & 0.5 wt.%).

2.4 Determination Catalytic Activity of The Catalys
Conversion oil to FAME has been carried out by tsteps,
esterification and transesterification reactiofiie experiment
was conducted using a necked boiling flask withttipe blade-
turbine-machine impeller (Heidolph). A thermometevas
immersed in the boiling flask by using a metal dfaone neck of
boiling flask use for input a certain amount reatgaand
catalysts. The capacity of boiling flask 1 litel8.3cm height,
outside diameter (OD) 8.725cm and inside diaméfr12.95cm
dimensions. The reactor is combined with a watén/bat plate.

2.5 Determination Quality of Crude Biodiesel

The product was analyzed such as density 8€ 48STM D
1298, kinematic viscosity at £4C (ASTM 1298), glycerol total
(ASTM D6584), and alkyl ester content (FBI-A03-03).

3.0 RESULTS AND DISCUSSION

The amount of FFA in is significantly high approxtaly 14.5%
(Table 1). Based on this result, the conversioicbiodiesel has
been done by two steps the esterification and then
transesterification reactions. Edible oil contaiigh FFA > 5%
was converted to biodiesel by two steps processastions is
applied by many researches [1, 2, 3, 9 & 10].

Table 1: Characterization results of CPO

Propertie Result:

Water content 3.19 % dry weight
pH 6.98

FFA content 14.5 %

Oil content 22.86 % dry weight

Table 2: Crude Biodiesel product by using ZnO gata.3%

Parameters Crude biodiesel prodt Biodiesel
Ratio of | Ratio of | Ratio of | Standard
reactant | reactant | reactant
1:6 1: 12 1: 1¢

Yield (%) 56.3¢ 63.4( 64.0¢

Kinematic 6.6 6.3 6.3 23-6.0

Viscosity (ASTM D

(4C°C, cSt, 445

Densityy 875 858 864 850 — 890

(40°C, (ASTM D

kg/mS) 1298

Alkyl Ester 95.70 96.64 97.86 96.0 min

content

(% wiv)

Glycerole 4.52 2.48 2.60 0.24 max.

total (ASTM D

(%, Wt.) 6584)

Table 3: Crude Biodiesel product by using ZnO gata.4%

Parameters Crude biodiesel product Biodiesel
Ratio of | Ratio of | Ratio of | Standard
reactant | reactant | reactant
1:6 1:12 1:18

Yield (%) 71.72 83.1¢ 93.67

Kinematic 6.6 6.3 6.3 23-6.0

Viscosity (ASTM D

(40°C , cSt. 445

Densityy 875 858 864 850 — 890

(4c°c, (ASTM D

kg/m) 1298

Alkyl Ester 96.85 97.75 97.03 99.9

content

(% wiv)

Glycerole 4.52 2.48 2.60 0.24 max.

total (ASTM D

(%, Wt.) 6584
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Table 4: Crude Biodiesel product by using ZnO gata).5%

Parameters Crude biodiesel product Biodiesel
Ratio of | Ratio of | Ratio of | Standard
reactant | reactant | reactant
1:6 1:12 1:18

Yield (%) 88.79 90.09 96.03

Kinematic 6.6 6.3 6.3 23-6.0

Viscosity (ASTM D

(40°C , cSt) 445)

Densityy 875 858 864 850 — 890

(4c°c, (ASTM D

kg/nt) 1298)

Alkyl Ester 97.4 98.24 98.51 99.9

content

(% wiv)

Glycerole 4.52 2.48 2.60 0.24 max.

total (ASTM D

(%, Wt.) 6584

Results of conversion oil to FAME as can be seerthim
Table 2 — 4. Overall, the stoichiometry reactioesateen oil and
methanol is affected to yield of crude biodieseldurction. Yield
of crude biodiesel has been obtained maximally 3% (Table
4). In the reaction using molar ratio of reactah®&is the lowest
yield of FAME found than another conditions. Thiglgt is not
different significantly than yield of the reactioising molar ratio
of reactants 1:12. Others found that the stoichtomeeactions
1:6 is the best produced yield of biodiesel 90 %9&, 2, 12, 13
& 14]. The consideration for this cause CPO offegraontains
high Free Fatty Acid (FFA 14.5%), so in the reattleFA can
contribute to produce high glycerol content as proguct (Table
2-4).

In this research, }$0, 1% is appliedn order to minimaze
formed of by product, then continue for 1 hours time
transesterification reaction over ZnO. Metal oxidgalyst ZnO is
applied in the reaction because of it is reactitigher than other
acid catalyst, and reaction can be operated undedium
temperature [15 & 16], also it is cheaper than ottetalysts.
Some studies believe that ZnO as a catalyst hdsthigactivity
and stability for application to an intensified imed of biodiesel
production [17]. Also it is surface contains hidte tacidity and
basicity as a metal oxide [18o itcan generate high conversion
CPO off-grade to FAME.

Overall, kinematic viscosity of biodiesel is quhiggher than
biodiesel standard (6.0 cSt) because the amounéxiiting
glycerol in crude biodiesels are high (2.48 — 4.56@ycerol as
a byproduct is influenced to viscosity of biodiebel viscous, In
addition, in the other research found similar ctindi because a
certain amount of triglyceride turn to be monoghde and
triglyceride compounds biodiesel [1, 3 & 19].

An arrangement reaction temperature is very impontth
an assumption that reactant particles for collusi@s more
potential of increasing each other, so the actvatf energy for
reaction will be reduced and the reaction acceterawill be
rising. Reaction temperature in the conversion Gffcgrade to
crude biodiesel is 8&. Generally, the limitation of temperature
reaction usually which is used by several researahdiodiesel
production is around 8C - 65C [2, 3, 13 & 14]. If the reaction
temperature higher than boiling point of methan6B°C),
methanol tends more vapored easily, if conversitersperature

is under 56C, viscosity of biodiesel of biodiesel will increaf20
& 21].

Molar ratio of alcohol to triglyceride present inl @& an
important parameter to be considered while scregthia catalyst
performance and in maximizing the fatty acid alégter/glycerol
yield biodiesel [1, 2, 3 & 9]. Theoretically, theahsesterfication
of oil requires three moles of methanol per molerigflyceride.
Since transesterification of triglyceride is a nesilele reaction,
the excess of methanol shifts in the equilibriurwdods the
direction of methyl ester formation. In the preseraf excess
alcohol, the forward reaction is product formatidm.addition,
usage of excess alcohol is one of the better optimimprove the
rate of the transesterification reaction catalylzgdeterogeneous
catalysts [1, 2, 3, 9 & 11]. In the present workhvwpre-optimized
reaction parameters, molar methanol to oil ratis waried in the
range of 6:1, 12:1 and 18:1 and its influence dty facid alkyl
ester yield.

The highest conversion of 96% was registered aanaltio
of 18:1. For molar ratio of reactants from 1:121td8, further
increase in the methanol amount has not showedsigmjficant
improvement in the conversion. Probably, highercemtration of
methanol interferes with the separation of glycérétause of its
increased solubility. It is also possible that pres of glycerin in
the solution might drive equilibrium to backwardretition
yielding lower contribution of glycerin in the proct or may
cause esterification of glycerol in presence of aebl. Thus,
under the mentioned reactions conditions, methamail molar
ratio of 18:1 seems to be the most appropriate.

In order to understand the catalytic performaat&nO, this
catalyst was evaluated for optimizing the catalystparation
method and reaction parameters, it is desired teckchthe
reusability/recyclability of the catalyst. Resuftansesterification
reaction using a catalyst re-used compare to tst@sication
reaction with a parent catalyst shown in Table 5.

Table 5: Comparison Crude Biodiesel product by gisieveral

reactions

Parameters Crude biodiesel produ Biodiesel

Reaction | Reaction | Reaction | Standard

I* ”** I“***
Yield (%) 90.78 85.46 75.68
Kinematic 6.6 6.3 6.3 23-6.0
Viscosity (ASTM D
(40°C, cSt) 445)
Densityy 875 858 864 850 — 890
(4c0cC, (ASTM D
kg/nr) 1298)
Alkyl Ester | 93.48 96.56 96.39 99.9
content
(% wiv)
Glycerole 4.52 2.48 2.60 0.24 max.
total (ASTM D
(%, Wt.) 6584)

*  transesterification reaction over a fresh catalysin the
first cycle.

**  transesterification reaction over the spent regaerated
catalyst in the second cycle.

*** transesterification reaction over the spent regenerated
catalyst in the third cycle.

- Published by International Society of Ocean, Medtwrand Aerospace Scientists and Engineers



Journal of Ocean, Mechanical and Aerospace
-Science and Engineering-Vol.32

Juni 30, 2016

Results shows, the catalytic activity of ZnO casalgll 4™
reaction cycle giving the yield of crude biodiesethe range of
90-70% (Table 5), which indicates that the sitethefcatalyst are
not deactivated in the regenerated catalyst. Ovyerle
conversion oil to crude biodiesel was observed ¢oréduced
from 90.78% to 70.98%. This is indicate that theskr catalyst
gets little deactivated after used. The reductionconversion
could probably be due to the deposition of reasteemtd/or
products on the active sites, and/or loss of thieeasites during
the reaction. The yield decreased after four reaatycles, which
is attributed due to the deposition of carbonacevaterial on the
external surface of the used catalyst.

But, yield biodiesel of transesterification reantiover the
spent catalyst regenerated were still high for amd three times
cycles. Endelaw et.al (2014), found that activiéyatytic of ZnO
catalyst in the transesterification reaction ishhiggnificantly.
The ZnO nanoparticles were reused 17 times withoytactivity
loss in a batch stirred reactor an average yieldFAME was
around 93.7% [1]. It can be concluded that ZnO lgstais
potential as a catalyst in the biodiesel productiéior this
evidence, results of reaction over a catalyst regeged for
second and third cycles reactions such as kinemeg@osity at
40°C, density at 4%, alkyl ester contents are still suitable with
standard biodiesel for each parameters.

ZnO catalyst nanoparticles can be prepared froneraév

methods including: sol-gel processes, precipitatispray
pyrolysis, thermal evaporation and mechanochensgathesis.
Prespitasi homogeneous often considered econognicall

appropriate for the preparation of monodisperségbes of metal
oxides with different sizes and shapes. This methisd gives
control of the morphological and chemical charasties better
[Bhattacharjee et al, 2011]. In the precipitatiorthod, ZnO
nano-particles are usually obtained from the weendbal

reaction using a solution of the compound Zp$gD,

ZnSQ,.6H,0, ZnSQ.7H,0, Zinc acetate, and ZnCINaOH or
N&CO; as starting materials (precursors). Reaction \titis

precursor produced a form of intermediate carbonatepounds
[Twigg, 1996]

These intermediates are used as carbonate sdiilgplis so
low that very high level of saturation. These prtips cause the
particle size on the precipitation produced is v&amall. Na2CO3
precursor solubility in water is high, and can bsedi as a
concentrated  solution. Carbonate  compounds  directly
decomposed by heat into oxides with high surfaea avithout
leaving any residue on calcination sulphate sulfthie sulfur
compounds can cause deactivation of the catalystreder
calcination carbonate compounds do not cause prsbia the
environment. [Twigg, 1996].

Table 6: Biodiesel yield for several solid Zinc deibased catalysts

Catalyst type Oil sourc¢  FFA content wt.0 Reactionditions Yield, % Ref.
ZnO (99.0% purity PKO 0.5 200C; 6:1; 50 min; 3 wt.%;350 rpm 86.1 Jitputti
purchased from Fluke
ZnO pellet SO 8.14 67C; 18:1; 2h; 1 wt.%;360 rpm 96 Kumar
ZnO (nano particle Corn ol 10 9C°C; 3:1; 2h; 3wt.%; 300 rp 60 Pere
ZnO/La PKO 8 170-22C; 18:1; 3h;3 wt.%;600 rpm 96 Shulli
Zn/KF CtO 15 80-9C°C; 3:1; 2.5h; 3 wt.%;600 rpm, 55| | 97.2 Anastupoulo:
La,03-Zn0O JCC 9 6C°C; 6:1; 3h; 5 wt.%;300 rp 30 Endalev
SO, %Zn0O CPO 145 6%; 18:1; 1h; 0.5 wt.%;300 rpm 96

PO=palm kernel oil; CPO= crude palm oil;, CO=corn oil;

SO=sorghum oil; CtO=cotton’s seed oil.

Table 6 shows some edible oil contains high FFAWtB%
can be converted to biodiesel over Zinc oxide basedatalysts
[1, 2 & 3]. Based on those research, in order tchgmliesel yield
around 70% - 98%, the temperature reaction so high
approximately 160C - 200C, it need high energy to running the
transesterification reaction, and very expensiva.cdet, results
in this research under the mild temperature reactiondition
65°C + 2C , molar ratio of reactants 18:1, reaction timieolr
and amount of catalyst 0.5% is obtained biodiegtly90 wt.%,
also Endelaw et al (2014) found biodiesel yield ZQ@inder a
mild condition (Table 5).

Several methods have been proposed to resolveghe.iFor
example, the use of biocatalyst (enzyme), an aatdlyst and
pre-esterification. Transesterification using enegncould be
held at moderate temperatures and produces hidtisyibut it
cannot be used in the industry because of the lkiggt of
procurement of enzymes, and deactivation of catalgsurred by
impurities contained in the raw material [23, 24 & 26].
Meanwhile, the use of acid catalysts in the reactwoduce
problems associated with the corrosive nature efatid catalyst,
and the high amount of byproduct produced. Theddimatages

SYO=soya bean oil;

WCO= waste cooking oil; JCO=jatropha curcas oil;

of pre-esterification method is to separate thedpcod from the
acid catalyst after reaction need expensive casii®. So, the
solution to improve the process once again is te as
heterogeneous esterification catalyst.

4.0 CONCLUSION

Yield of FAME in the conversion CPO to crude biciefound
around 96% maximally. Under condition temperaturesction
65°C + 2C, ratio moles of reactants oil: methanol 1:18 ahd
the amount of catalyst 0.5%. Yield conversion ettd oil to
biodiesel by using the spent catalyst has beeringatanaximally
+96%. The catalyst ZnO was found highly active for
transesterification of CPO off-grade methanol givimgh yield
of crude biodiesel (96%) after 2 hours. ZnO catalygpotential
as a catalyst in the biodiesel production. It Eaclthat the use of
a heterogeneous catalyst in the production of beelican reduce
the cost of production, so that biodiesel can bepmtitive to
petroleum diesel in terms of economy.
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