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Abstract — Transesterification reaction of vegetable oil into
biodiesel (methyl ester) typically use a batch reaar. This
study used a type of plug flow reactors Reactor (FF) using
NaOH catalyst and methanol with palm oil feedstockThis
reactor has the advantage can stream continuouslyeéds.
Transesterification process stages in this study cdncted by
flowing oil and methanol continuously in a reactorin the
form of a hose pipe along 17 m included in waterbat The
reaction temperature of 60 ° C, the feed flow ratef 15 mL /
min, 20 ml / min, 25 ml / min and the concentrationof
methanol in the oil by 20%, 25%, 30%, 35% (w / w ofoil).
The resulting products were analyzed by GC and then
obtained the highest FAME% at 90.75% at a flow rateof
25ml / min and a methanol concentration of 25% w W of oil
amounted to 90.75%. Then obtained for the
transesterification is reaction is of first order axd obtained k
=0.00223 s-1, -rA = 0.00223.

Keywords Biodiesel, Coconut Continuous

Transesterification, Plug Flow Reactors.
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I. INTRODUCTION

Fuel oil (BBM) is still the main energy source in

Indonesia. Based on government data needs Inddesia

energy consumption in 2010 reached 3.3 millionddarof
oil equivalent per day. It is estimated that 15rgdater, it
would need to triple or 7.7 million barrels of edjuivalent
per day [1]. Therefore if you want to suppressdheunt
of use of fossil fuels, then the way is to reduwe tse of
diesel fuel by switching to biodiesel.Biodiesel
alternative fuel from renewable raw materials (vesigle).

The scope of the problem of this research is tonlea

about the making of biodiesel from palm oil. Lintiten of
problem in this research is to investigate the tieac
kinetics% FAME and palm oil into biodiesel
transesterification with variable feed flow ratedathe
concentration of methanol using a flow reactor fipkig
Flow Reactor).

Formulation of the problem in research is how the

results of making biodiesel from coconut oil usendlow
reactor pipe (Plug Flow Reactor), the influencefedd
flow rate and the concentration of methanol onrtsailts
of biodiesel obtained, how coconut oil transesteatfon
reaction kinetics using a flow reactor pipe (Plulpwr
Reactor). The purpose of this research is to krimarésult
of making biodiesel from coconut oil using a floaactor
pipe (Plug Flow Reactor), determine the effect eéd
flow rate and the concentration of methanol onréilts

an

of biodiesel obtained, knowing the kinetics of the
transesterification reaction of palm oil using tleetor of
the flow pipe (Plug Flow reactor).

Biodiesel is one type of biofuels (liquid fuels fino
processing plants) in addition to Bio-ethanol. Besel is
alkylester compound produced through the process of
alcoholysis (transesterification) between triglydes with
methanol or ethanol with the aid of an alkalineatyast
into alkyl esters and glycerol; or esterificatioh fatty
acids (free) with methanol or ethanol with the aifdan
alkaline catalyst into alkyl esters and water. @uad oil is
an ester of glycerol and coconut oil. Fatty aciddehfatty
acids are classified into the oil lauric acid, asric acid
content is greatest when compared to other fattisac

Transesterification is the reaction between fatstber
material which contains a fatty acid ester withyfatcids,
alcohols, esters or other followed by the excharfgatty
acid groups to produce new esters.

Things that affect the transesterification
include:

a. Effect of water and free fatty acids
Transesterified vegetable oils will have to haeaa
numbers smaller than 1.

The influence of alcohol with a molar ratio m@w
materials

Stoichiometric, amount of alcohol needed for the
reaction is 3 moluntuk every 1 mole of triglycerite
obtain 3 moles of alkyl ester and 1 mol general
gliserol. Generally shown that the more the amadint
alcohol used, the conversion obtained will also
increase. The best comparison value is 6 ; 1 bedaus
can provide maximum conversion.

The influence of alcohol

At a ratio of 6 : 1, methanol will provide the higst
ester acquisition compared to using ethanol
butanol.

The influence of this kind of catalyst

Alkali catalyst (alkaline catalyst) will acceleeathe
transesterification reaction when compared with the
acid catalyst. The most popular base catalystHer t
transesterification reaction is sodium hydroxide
(NaOH), potassium hydroxide (KOH), sodium
methoxide (NaOCH3), and potassium methoxide
(KOCH3). Transesterification reactions will produce
maximum conversion with a catalyst amount of 0.5-
1.5% vegetable oil.

Influence of temperature

reaction

C.

or

e.
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The transesterification reaction can be caroedat a
temperature of 30-650C (boiling point of methanol
around 650C). Flow reactor pipe (Plug Flow Reactor,
PFR) is used for treating a dalamhal reactantkiid f
and convert it into produkdengan way the fluid flow
in a sustainable pipasecara (continuous) [2].

In a PFR, one or more reactants (the fluid) is peanp
through a pipe or tube and a chemical reaction rgccu
along the PFR. In the reactor PFR speed of readtion
enter at breakneck speed. Some important aspedtse of
PFR reactor is:

1. In a PFR, the fluid flows with the same treatinem
the time to stay the same for all elements of thiel f
Fluid flowing through the kind of ideal reactor lea
a plug. When plug flow along PFR, miscible fluid in
the radial direction is not in the axial directifrom peser
front or rear). Each plug with different volume
expressed as a separate entity (almost like a batch
reactor) as it flows down through the pipe PFR.

Tangki produk

Fig. 1. Schematic of the experimental set up

o] - e 0
2. The reagent can be included in the PFR through a il 0w, [ c-C-0-r, | | o
different location from the infeed. In this way &gln L <
.. . . o] Pl o
efficiency can be obtained or PFR size and cosbean e Heo-r, [+ 3cmon ——|en,-8=o-r, [+| cn-on

reduced.

3. A PFR has a higher efficiency than the RATB ba t
same volume. At the same time space, a reactidn wil
result in the conversion of the PFR is higher ttian
RATB.

CHHC-0-R; |~ = CH,—OH

A
Methanol Mixture of Fatty Esters | Glycerin

Fig. 2. Alkoholis Reaction of Triglyceride

Il. EXPERIMENTS I1l. RESULTS AND DISCUSSION

Of biodiesel products obtained subsequently andBfre
This is a form of research experiments conducted inpavE o (Gag Chromathography). a y We

laboratory scale. The sf[udy began by designingafow  ;  cqact Flow Speed Feed Against % FAME
reactor (PFR). Then oil was tested beforehand FR&Y a oo fiow rate in the reactor associated with thenisity

that. when the% FFA obtained in accordance V\fit.h th@f stirring and residence time. So that the flove raf feed
desired standards then followed by a transestatidio 8an affect% EAME formed

process using PFR (Plug Flow Reactor) with a fixe i .
variable operating temperature of 60 ° C and th©MNa Feed flow velocity vs % FAME
concentration of 0.5% w/w oil and variable changethe

form of methanol concentration and flow rate of the “_“_“_“_J
reactants. Once the product is formed of washing an  w®%"
heating at biodiesel. Later analysis using Gas =Z°%%
Chromatography to obtain % FAME. “-40.00
For specifications of reactor used in accordanct wi 7720.00 —e—3swibibl

Mas'udah study [3] that the reactor has a volum@.525 -
L. Reactors in this study a 17m long hose withaniter
of ¥4 in.

TWlimyale
0 10 20 30
Feed Flow rate (ml/min)
Table | : Fatty Acid Composition of Coconut Oil Vapat

_ 250°C) _ This is consistent with the literature Mas'udah {3t
Fatty Acid | No.carbon::No. | Formula | Composition the greater the flow rate used eat the greater tRASE
double bond (%) . . o i .
— - ; produced. It is also valid for% Yield producedisltaused
Lauryc Acid 12:0 Ci1,H540, 40.35 .
SO 1. ; i by the greater speed of the feed flow in the rea¢hen
Myristic Acid 14 :0 C14H5505 11.45 . . . L. i
Caprylic Acid 30 Cy,,0, 1513 the h|gher the intensity stirring so_thg reactiong fast.
Capric Acid 100 CoHa00, 14.63 The higher the stirring speed will increase molacul

movement and cause a collision. At the beginninghef
reaction, stirring will cause diffusion between thikor fat
to form methyl ester [4].

2. Effect% weight Methanol On Oil Against% FAME
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The concentration of methanol in the oil also afdbe of biodiesel with NaOH catalyst as much as 0.5%hm

transesterification reaction. Excessive alcohchmount 0,00223s-1 with -rA = 0.00223 s-1 , Can.
consumption will drive the reaction towards thenfiation
of methyl esters and the greater the possibilitgafision IV. CONCLUSION

between moolekul molecules that react methanol chd
[5]. However, the higher the weight% methanol te dil
above the optimum limit it will produce a yieldgtitly.

From the research that has been done, get some
conclusions as follows:
1. Transesterification reaction in the manufactafe

% (b/b) Methanol to Qil vs biodiesel made from palm oil and methanol reactants
o with the catalyst NaOH is a first order reaction.
% FAME oy . ,
Transesterification reaction rate constants in the
100.00% manufacture biodiesek made from coconut oil and
80.00% +i'::m methanol reactants with the catalyst of 0.5% in the
60.00% > amount of 0,00223s-1dengan -rA = 0.00223 s-1. Can.
40 00% —O—Flizr'-\-'-.-'rate_ 2. _The h_igher the.fegd flow rate then further insethe
50.00% 20ml/min intensity of agitation so as% FAME produced also
R Flowrate higher, in this study, the highest FAME% 90.84% at
0-00% 25 ml/min flowrate 25 ml / min.
0 20 40 ' 3. The maximum concentration of methanol were

) _ obtained at a concentration of 25% w / w of oil
N the graph proves that the highest yield of% FABE equivalent mole ratio of 1: 6. In this condition,

25% (w / w) methanol to the oil flowrate setap aate obtained the highest FAME% 90.84% while the
that is equal to 90.8% at a flow rate of 25 ml hpmi concentration of 30% and 35% of the results obthine
79.49% at a flow rate of 20 ml / min and 67.12% &bw have decreased in the amount of 71.34% and 62.86%.
rate of 15 ml / min. . _ 4. Obtain the largest yield in this study was found
Because according to the theory, the optimal ratiget 25% (w / w) of oil with methanol at a mole ratio bf
the maximum yield obtained in the oil and methamole 6 and a flow rate of 25 ml / min which is 89%.
ratio of 1: 6, equivalent to 25% methanol by weiighoil.
It is also almost aligned with the research Beramen®] REFERENCES
which shows that the transesterification reactisrbést
obtained in% by weight of methanol to oil of + 25%. [1]  Setyadji, M. 2007. flengaruh penambahan biodiesel dari
3. % vield minyak jelantah pada solar terhadap opasitas darisegas
’ . buang co, co2 dan hcPusat Teknologi Akselerator dan Proses
Yield Bahan. BATAN
o [2] Levenspiel, 1999. Chemical Reaction Engineering Third
100% Edition Octave Levenspfel Department of Chemical
E 50% Engineering Oregon State University John Wiley &hSdNew
= o1 I l I I I York Chichester Weinheim Brisbane Singapore . Taron
0% 132 3 5 6 7 8 9 1011 12 [3] Mas'udah, et al. 2010Pembuatan Biodiesel Secara Kontinyu
<o ol il I A - Menggunakan Plug Flow Reactor (PFRPepartment of
WSeriesl 7 6 6 6 3 7 6 5 4 8 7 6 Chemical Engineering, State Polytechnic of Maldfast Java.

[4] Hui, Y.H. 1996. Bailey’s Industrial Oil and Fat Product ,
Sample Oilseed productJohn Wiley and Son Company Pub. New York.

Based on the graph above it can be seen that ¢ategt [5] Hui, Y. H. 2006.Handbook of Food Science, Technology, and,

ield gains that the sample with the code 10 (2pt25 Engineering CRC Press, USA
y g p . [6] Berchmans. 2007 Production of biodiesel from vegetable oil by

0,

25% (w / w) methanol to the oil, and a flow rate2éfml / transesterification process using continous enzionatactor.
min by 89%. Department of Chemistry & Physics, Department afl@&jy

Determination of Reaction Order and Reaction Koeeti [7] fm'th J.M., 1974 Chemical Engineering Kinetics, McGraw-
First evidenced by assuming that the transestatifin e
reac_tion is a first order reaction. Proof of thésdone by AyTHOR'SPROFILE
plotting the -In C_A / C_AO0 vs. t, where slope = k
(reaction rate constant) in all samples based air th
respective codes.

Based on the chart that was created in an intefyrat
manner for the case of first order can be seen ttieat
whole graph indicates a linear line. According Lesgiel Surabaya in 1087, After graduation he
[7] (1967) gk ada di reference, if the graph of @nA / a lecturer on Department of Chemic;al EngineeringteSPolytechmi

C_AQ vs. t gives a straight line (linear), then tea meet walang. His Master's degree from Depaeht Mechanical Engineerir
the criteria for a first order reaction. Brawijaya University Malang in 2010. and the lagueation ctor's

Based on the price of each code sample k shownein tdegree from Departent Mechanical Engineering, Brawijaya Univer:
: - e Malang in 2015. His dissertation about premixed lsostion ofcoconut
table k va_lges_obtameo_l in _adqmon to t_he averigethe i hole-shaw cell
transesterification reaction is first order in thanufacture
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