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Production of Biodiesel from Rubber Seed Oil and Its Effects

to Engine Performances

e

Kulachate Pranthong and Prachasanti Thaivasait’

Abstract— This sty atus 1o examine nethods aad the most switable conditions for producing methvl escer from crude
rubber seed oil. An acid esterification-alkaline transestevification process is proposed. In the experiment, the 209 FFA
af crude oil conld be reduced 10 3% FFA by acid esierification. The product after esterified veas then tranesterified by

alkaline transeseerificanon process. By this method, the maximum vield of meihvl ester was 90% by ass. The vielded
methvl ester was tested for s Juel properties and wet requirement staadurds. The major fatiy acid methyl ester
composttions are wethyl linoleate 41.57% methyl oleqre 24.87%  and medwl lonolenate 15.16%. Therefore, the cetane
tgiher of wethvl ester can he esdimnated ax 47.9, while the tested cesult of motar celane nigher is 51.2, The engine
pedformance desis were carried ot with a smull single cvlinder eugine af full load condivions. Testing in the engine,
with qeat wethyl ester (BI00) it was found that the torque and hrake horse power of the engine using BIOU vwere
averagelv S5 lower than those of the engine using diesel. The specific fuel consmmption of B1OO eagine was averagely
abowr 10% higher than that of diesel engine depeirding on engine speeds. Avlow engine speed, the brake thermal
efficicncy of the engine using BIOO was higher than that using diesel by 5%, Alsa, ic was found that the emission from
BI0O engine {.e. CO. and CO- are fovwer than thase of the diesel engine.

Keywords— Methyl ester: crude rubher seed oil; esterification, transesterification, engine performance tests.

1. INTRODUCTION

Nowadays, the shortage or crisis of lossil Tuel lately
becomes one ol the mast concerns in aulomolive
industry  and  world  energy  seetor. This  influences
rescarchers and industries to search for a renewable
energy to compensate the fossil fuel. Methyl cster fuel i
one of the possible choices, because 1t is renewable and
free ol sulfur. Methyl ester contains ahout [0 0 115
oxvgen by waght. This characteristic reduces  the
emissians of CO. HC. and particulate matter in the
exhaust gas compared with diesel fucl. As it is obtained
mainty from plantation resources, it is able o reduce the
Itfecycle of carbon dioxide by almost 78% compared 1o
conventional dicsel fuel [1]. while fts fuel propertics are
very closed o dicsel. Also, methyl ester can be used in
dicsel engines with few or no engine modifications [2].
Usually, methyl ester has been produced from the
edible plant oils such us soybean ol and palm oil.

However, il is always controversial on using edible oil or

food resource as fucls. Therefore, in recent vears,
considerable rescarch effort has heen dirccted towards
replacing food oils with various non-edible, wasted, or
low-cost oils. The unrefined non-edible vils have been
considered, however they have high impuritics such as
free fatty acid (FFA) and phosphatide. These impuritics
impede the transesteritication process in the methyl ester
production. For mstance, Ramadhas et al. [3] have found
that the FFA content in the crude rubber seed oil is ahout
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175 und 19% of FFA in mahua oil was found by Ghadge
and Raheman [4]. This FFA value iy significantly high
and obstructs the transesterification process in the methyl
cster production. It has been contined (hat e ester
yicld decreases with increusing in FFA  significantly.
Usuoally. the alkabine-catalyzed transcsterification takes
place well only with refined oil having FEA value of less
than 2% [3]-]5]. Canukei and Van Gerpen {6] have found
that transesterification would not oceur i the FiFA
content in the oil were above 3%, Usually, free
cwboxylic acids form soaps with alkaline-catabyzed
transesterification, hence they tmpede the separation of
the glycerin phase due o the emulsitying effects of soaps
and lower their catalytic activity [7], [8]. In extreme
cases, of more than 3% FFFA oil, Canakci and Van [9]
reported that the reacted mixture might completely el
after the addition of KOH or NaOIL sa that  the charge
has 1o be discarded. Therelore, the single step atkaline-
catalyzed tramestertfication process is not suitable (o
produce methyl esters from high FFA crude oil. Tn order
w reduce the FFA| the crude oil should be refined, but
the overall production cost of the methyt ester will he
increased. The single step actd transesterification is 4
typical method of producing methyl ester from high FFA
ot however. it requires more methanol,  high
temperature. and is also tine consuming,

Recentty, reseurchers searched for means o produce
methyl ester from high FFA il such as non-edihle crude
plant oils. animal oils, und fish oils. The reduction of
FFA in crude oil before tranesterification process has
heen examined, This method s also efficient (o produce
methyl ester from high FEA otls, Tlowever, it consuines
mare methanol, as Ghadee and Raheman [4] studied the
production of methyl ester from mahua oil having 19%
FEA by pretreatment process and  transesterification
process. The pretreatment process camprised of double
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cid-esterfication. The 9% high FFA Jevel ol mahua ol
was rediced W dess than 1% by this pretreatment
pracess. This process consumed 0.7 v/v (16.8:1 molar
atioy methanol-to-uit ratio. Then, the  product of
prefreatnient process was proceed o trunsesteritication
process und consumed methanot 0.25 viv {611 molar
cutio). thus thie overall of methanol constmpion wis
12 8:1 in molar ratio. Ramadhas et al. [3] investigated on
the prodaction of methyl ester from 174 FFA rubber
seed it by twa steps Lransesterification process. The first
step was acid-esterification and consumed methanot 6:1
i niotar ratio. The second step consumed methanol 911,
thus the overall of methanol consumption was 15:1 in
molar retio. By this method, over usage of methanol,
compare to theoretical requirement, is unavoidable, El .-
Mashad ot al, [10] found the two steps transesterification
was effictive method for producing methyl ester from
e acid fied salmon oif having 6% FFA. The 6% FIFA
calmon ail was reduce to 1.5% by esterification and
consumed methanol wbout 9:1 i molar ratio. In the
second step. the methunol wis nsed ut molar ranio abowt
51 oo transesterification. The overall mettrano!
consum tion of this studied was [4:1 Fven thoughit the
lwo steps transesterification can he suitable for produec
methyl ester from tigh FEA crude oils. however it
constim s Lo much methanol.

There fore. the aim of this study 18 to examine the
meihod o reduce the consumiption of methanol in methyt
cster production from non—cdible ligh FFA crude oil
The non—edible high FFA crude @il in this study was
crude rabber seed oil. I was extracted from the rubber
seed kernels and then carricd oul o produce methy!t ester
by the acd esterification-atkaline  trunsesterification
process. The acid esterifivation process was for reducing
EEA content of the crude rubber seed il Then the
produc. of aad csterification s transesterificd using
alkalin: catalyst in the alkuline transesterification
process. Then fuel praperties of methyl ester frony rubber
ceed 01 were examined and compared with dieset and
methyt ester standards. The engine perfornances were
tested in parallels among using 100% (or neat) methyl
oster. standard  diesel. and their blends. The engine
emissions from those fuets are also measured.

2. MATERIALS AND METHODS APPARATUS

Fresh rubber sceds were coliected from the Tocal aren
called Uhon Ratchathani, Thaitand. The rubber trec i
RRIM 600 sceds which is widely growth in Thailand.
The rbber seeds were cracked and the kernels (32.54% of
seed aeight) were dried in the oven al 100°C tor 20
hours The crude rubber sced oil was cxtracted from
kerne 8 by hydraubic press yachine and was about 10%
of scrd weight. The extracted crude rubber sced ol
usually containy sediment of kernel and moisture. The
crude rubber seed oit should be cleared from adufterants
hefor : the acid esterification process inonder 1o avoud the
impeticetion vf the precess. The dregs of the kernel can
he re noved by the filter fabric. The moisture in the crude
rubber seed oil is in water form. It s found that existenee
the addition of 0.5% waler to 4 mixture of oit, methanol.
and sulfuric acid could reduce ester conversion from

[R]

Y5 o hetow 0%, Also at a water content ol % ester
conversion decrcased to only 5.0% [91. Thercby. the
Filtered oif is heated at 120°C for 5 minutes (o remove
the moisture. Then. the free faty acid (FEA) content off
crude rubber seed oil was determined. 10 was found that
the FFA content was increased associate with the times
keeping the rubber sced before extracting crude ol as
chown in Fig. 1. The crude rubber seed ol using in this
study bas FFA content of 0% (Oteic). The physical
propertics of crude rubber seed oil tested by the Research
and Technology Tnstitute of the Petraleum Authority of
Thaitand (PTT Public Company Limited) dre shown i
Table T The Faty acid compositions analysis carnied vut
by the Thailand Institute of Seientitic and Technuological
Research (TISTR) with gas chromatographic method are
chown in Table 2. Knowing the fauy acid composition,
the molecutar mass of the crude rubber seed o1l can be
then estimuted. i this wesearch, te mofecutar mass of
crude ruhber seed il was determined as 8724 e/mole.
This molecular mass s very useful for the cateulation of
the amount of the catatyst and methyl atcobol in the
colerification and tranesterification reactions. This study
is (o determine the optinum condition for producing
methyl ester from crude rubber seed oil by the acd
csterification-alkaline transesterification process. Note
that, the study is performed in the laboratory and in a
small batch process (0.5 k).

R — — -
. |
n - - |
e .
- ] /,-»*‘/’ .
:i ] ‘ 4/./‘/" |
- ’///' ‘
=u gt |
z |
B |
|
N I
i 0 100 150

Pimes (1ay)
Fig. 1. Relation between FEA and collecting times of rubber
seed,

2.1 Acid esterification process

Actd esterification process oflers the advanlage of partial
esterifving FFA contained in the crude rubber seed oib as
shown in Fig. 2. This is to reduce FI*A vatue of the erade
rubber seed oil to about 3% or Tess. In addition. this step
i the removal of phosphatides, which is atso known as
acid  degumming. Phosphatides promote the
accumudation of water in the ester praduct. Morcover,
they increased  catalyst constmption  during  atkaline
transesterification [13].

bt B el

Fig. 2. Esterification of free Fatty acids.



K. Piuntheng and P. Thaivasuit / GMSARN International Jowrnal 5120011) 1 - 10

Table 1. Properties of crude rubber seed oil compared (o

others

Test _
; ; Result”
Property Method Unit esult B C
Specific  ASTM  kg/mi® 9182 922 910
aravily D4052
Viscosity ASTM ¢St 3184 41.24" 662

D445
Flush ASTM “C 240 294 19%
potnt D93
Water ASTM  Gwt  0.108 NA NA
content DOE30Y
Heuting ASTM Mg 39223 3925 375
value D240

N.A. not avuilubie.

. Tested by the Perroleum Auwthovity of - Thaitand (PTT Public
Company Linuted.

" Tested at 30°C.

B. from Ikwuagwu et ul. [11]

C.from Ramadhas et al {3]

Table 2. Fatty acids composition of crude rubber sced oil

Result C D

Property Test
Method [ shwp)?

Myristic acid GC 0.4 NA 0
C14:0
Palmince aeid GC 9.89 10.2 120
C16:0
Ptamitoleic acid GC 0.24 NA NA
Cto:t n-7
Stearic acid GC 7.96 8.7 10.7
Ct8:0
Oleic acid GC 2443 2460 20.0
CI8:1 n-9
linoleic acid GC 41.38 396 36.0
Cl8:2 n-0
Linolenic acid GC 15.55 6.3 235
Ci8:3n-3
Arvachidic acid GC 0.27 NA NA
c20:0
Cis-11- GC 0.17 NA NA
Eicosenoic acid

C20:1 n-9

N.AL ot available.

L. Tested by the Thatland Institute of Scienufic and Technologicul
Research (TISTR).

C. Arom Ramadhas ecal {3

D, from Okicimen ctal. [12]

Although a variety of alcohols can be used to produce
methy! ester such as methanol, ethanol or butanol. The
methano! is normally used as the reactor, because itis a
short chain alcobal (provide simpler and faster reaction)
and low cost. Sulturic acid is used in this stage because
of s Tow price. und higher catalytic activity. Sulfuric
acid is also hygroscopicity, which is important for the

esterification ol free lally acids. removing refeased water
from the reaction nuxture [13]. This step is sometimes
calted “pre-treatment”™ step. The vmpartant paranieters
affecting the acid esterification step such as molar ratio
hetween crude vubber sced oil and methanol, catalyst
(suffuric  acid) amount  and  reaction  duration  are
investigated. The reaction temperature at 60°C is chosen,
even though an increase in the transesterification rate
was  found  with  increasing  reaction  temperature.
However. the maximum temperature should not exceed
the boiling point of the reactant: ¢.g. 64.4°C for methanol
[14]. 1 the reaction temperature is ahove this point, sume
portion of methanol will be loss during reaction process.

The amount of the FFA in crude rubher seed oil affects
the appropriate molar ratin of methanotoil. Therelore,
this experiment is o find the optimum molar ratio of
methancl:o1l. The molar ratio at 3:1. 4.53:1. 6:1. 7.5:1 und
9:1 arc varicd tn this expertment. Sulfurie acid (11-50;)
is the caralyst to reduce the FFA value in the crude
rubber seed oil. The appropriare amount of sulfuric acid
will shorten the reacting thre to reduce FEA 1o 3%, Also.
the sulfuric acid may affect dark coloring in the methyl
ester product |13 and s corresiveness, if i s
abundantly added. So this experimental is also 1o find the
optimunt amount of the sutfuric acid. The amounl of
sulfuric acid is varied in the range of 1.5 to 5.5% hy
mass of the crude rubber seed oill The mixture of crude
rubber seed oil, methanol, and subfunic acid has reacted
by high speed mixing inachine at 14.000 rpm in a closed
glass jar. The optimum reaction (ime [mixing) iy also
determined at 15, 30, 45, 60, 75,90 wunutes. This is 0
save the energy in the production process and to protect
the reversion of the chemical reaction process. Then
product is pourced i to a separating funnel and at cach 6
hours, the product was taken to measure the FFA
content. But from previous experimented [3]. product
was continued to transesterification process without
mcasuring the FFA content. However, acid-catalyzed
esterification is usually tar stower than alkati-catalyzed
reaction [13].

1.2 Alkaline transesterification process

Alkaline vansesterification process is the process that
onc mole of triglyeeride reacts with three moles of
aleohol to from one mole of glyveerin and three moles of
the respective fatly acid alky! esters as shown in Fig 3.

Fig, 3. Transesterification reaction between triglyceride and
methanol.

However, transesterilication is an equilibrium reaction
in which a farge excess ol aleohol is required Lo drive the
reaction to the right direction. The molar ratio of alcohol
to trielyceride has no o effect un acid. peroxide.
sapunification and iodine value of methyl esters [16].
However, the high molar ratio of alcohol 1o triglyeeride
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interferes with (he separation of glycerin [17]. because
there is an increase in sotubility. The separation ol
alycerin s difficult and the apparent yield of esters
deereased., beeause a part of the glyeerin remains i the
methyl caer phase. When glycertn remiains in solution. 1l
drives tie cquilibrivim backward to the [e, lowering the
vield of the esters [18]. The alkaline catalyst used in this
study is the Potussium hydroxide (KOH). Because it
deereases the tendency for soap foration when using
KOI as o catatyst compared 1o NaOFL Also it reduees
e amo mt of methyt esters dissolved 10 the alycerin
phase al er reaction and thus reduces ester losses [19].0n
addition the glycerin of the KOH catalyst is in ligquid
fornt which is casier o separate from methyl ester
compared to the muddy gel glyeerin from NaOtl
catalyst,

The amount  of  KOH used in o the alkaline
ransesterification pracess. ¢ KOH/2 methanol, can be
calculated as follows:

KO mperisiesen. = {AXBIZIO0 (1
KO~ i = (BxAV)/1000 (2)
KOI ITotal = KOI lTu.m\c\h-vuu,‘.n‘m'*' KOl l\k-m:;n\i/.\imu (3

Whete A is the KOH/crude rubber seed oil lor
catalysis (Fw/w) and B is the molar ratio {oil/methanol).
AV is the acid value of product fronn acid esterilication
process (mg KORY/ o). The amount of A s varied in
the range of 0.5 10 2.5% by mass of the crude rubber
ceed ol In order 1o find the vpimum ratio between
metharol and crude rubber seed otl the maolar ratio il
31 4500, 6t 7.5 and 9itoare varied in this
experinent. The requtred amount of KOH was dissolved
into the required methanol amount. The KO-methanol
mixtur: was added ta the product abtained from the acid
esterileation step. Similar w the acud esterification step.
the recction was perfarmed at 60°C After the reaction,
resting the noxture Tor wiore than 4 hes, there will be two
fayers of the products. The upper faver is the alkyl ester
and the Tower tuyer is the glycerin. The glycerin is in the
liquid form and can be drained from the reacting tank
castly

2.3 Engine performance test

I this study, engine perfurmanee test wils carricd out
using a smatl CLengine without any maodification. The
investigations of engine performance are targte. horse
powe,  hrake  specitic fuel
cfficiency. and specific cmissions. The single cyviinder.
411 ¢ displacement volume. and  four-stroke  direet
mjection CTengine is used in the performance test. The
engire specification is detaited in Table. 3. The engine
was coupled to an electro dynamometer (Fddy— Current
hrake type). This electrn dynamometer model is EA-10
mack by Tokyo Meter Co. The engine perlormanee st
sel-u ) and measuring instruments are shown in Fig. 4
The engine wis operated with nedt methyl ester, standard
diese!, and methyl ester-standard diesel blend as fuels.

consumption,  thermal

The sngine performance test i performed at the full load
condition and various speed from 1300 to 2100 rpm. Fhe
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results presented in this paper are the average values
From simitar 5 tests. The test procedures are 4s follows:

1} Prepare sample fuels which are methyl ester from
rubber seed oil blended with dicsel by mass ratto of 10%
methyl ester (B101 23% methyl ester (B23). 100%
methyl ester (neat or BHOO), aned diesel.

2) Replace the fubrication oil, using the new one

3 Catibrate the foad cell of the dynimonieter

4y Prepare the engine and dynamometer. adjusting the
cooling water [Tow rate 1o be 100 i

5y Warm up the engine (or around 20 minutes

61 Run the engine at the full foad condition

71 Adjust the dynamometer (0 ohlain the engine speed
of 1300 to 2300 rpm. At cach speed. keep the engine
running for 3 minutes, and then record all parameters wnd
meusure CO- COLand NO..

Table 3. Specification of the tested cngine

D-800 (Mitsubisht diesel
engine)

82 x 78 mm.

Modcel

Bore x Stroke

No. ol eylinder !

Piston dispiacement SRREVY

Link ratio 354

Maximuin outpu 8.0 PS (hp in meticr / 2400
rpm

Muximum torque 2.6 kg-m /1900 rpm

Compression ratio 18

]
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Fig. 4. Experimental setup of engine performance tests.

The indicators of emissions levels used ths study are
specific cmissians. The specitic emission s defined as
the mass Mow rate of pollutant per unit powet output.
The Infrarcd Tndustrics HMS000 exhaust vas analyzer is
wsed (0 measure gases cnission. The Nop-Digpersive
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infrared  analyzer  (NDIR) is for CO, and CO
concentration measurcments and  the  Electrochemical
Cell is for NO, concentration measuremenil.

3. RESULTS AND DISCUSSIONS
3.1 FFA reduction by acid esterification

From the experiment. on completion of the aeid
esterification reaction thigh speed mixing), product s
poured in to a separming funncl. Initially. the reaction
was very Tast and could notice the separation casity. The
products of this process sceparaled into two layers as
show in Fig, 5. The upper luyer was the products of this
process. The lower layer was u solution which contains
water (lrom esterilication of FFA), hydrate gum. sulluric
acid and exeess methanol. They were dissalved ta a
solution (fower layer) thus the density of this solution
was higher than the upper fayer. The lower fayer was
then drawn off. The upper layer was the emulsion
between triglycerides and monoesters. It became the fow
FFA product whicl is suitable 10 use in the atkaline
transesierification. The  effectiveness ol the  acid
esterilication was cvaluated by measuring the FEA of
this intermediate product. From FFA measurement, w
cach 6 hour interval between 0-48 hours. the FFA
content in product becaume tower, but it had not ¢changed
afterwards.

Fig. 5. Product from step 1 (acid esterification) during the
separation pracess.

From Fig. 6, it is found that the proper molar rato,
which can reduce the FFA from 209 to 3%, is 6:1. With
further increase 0 molar ratio the effectiveness was
remained constam and some excess methanol moves
over the product Tayer, which also found by Ramadhas et
al. (3] und Ghadee and Raheman 4] swudied. In their
studicd. the reason that cxcess methanel 1s required.
because there are not sufficient of sulfuric acid and high
water content in crude oil. These yield the lower
esterification efficiency. Fig.7 shows the
relationship between the concentrations of sulfuric/crude
oil used to the FFA reduction, It reveals that the amount
of the sulfuric should be more than 2.3% by weight of

reaction

thie crude rubber seed o1l The appropriate reaction period
(mixing) is around 30 minutes or more as show in Iig 8,

ot T T T g T 1

N . . . b

T OO e Py R VTRt P TR RTTY AR SRR

Fig. 6. Effcct of molar ratio of methanol/crude rubber sced
0il to FFA reduction.

A . BT - -1

Len B decande e e e

Fig. 7. Effect of sulfuric/crude rubber seed oil to FFA
reduction,

Liie e

Fig. 8. Effect of reaction period (high speed mixing) to FFA
reduction.

3.2 Methyl ester productivn by alkaline
trausesterification

The product aller esterified from acid esterthication was
then  transesterificd by alkaline  transestertfrcation
process. The product from the atkatine transesterification
is separated into two layers as shown in Fig.9. The lower
Javer is glycerin and the upper layer is methyl esters. The
glyeerin in lower fayer is drawn off to only remain the
micthyl ester. Methyl ester ts then washed to remove the
teft over ampuritics and  giveerin by warm water

.
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emperatre of S0°C. The warm water used is about 50%
of methyl ester by volume. The washing is carried out for
hree o Lour times or untl the ph of the methy! ester is
neutral (ph of around 7-8). After that. the methyl ester is
neated at 120°C for [5 minutes to remove the moistare,
The fing! product of methyl ester was uscd to cateutate
the yteld of each condition. The vield is deftned by the
obtained methyl ester divided by the initial crude rubber
ceed vil (by massy, Fram the resulls of this step. the KOH
| Ay concentration of 1.5% and the methanol Lo oil motar
vatio of n:1 give the highest vicld ot methyl ester which
i around 907%. These results are plotted in Fig. 10 and
Fig. 11, Fig. Fshows that the mokar ragio, in this study,
can by signilicantly lower than previous study  [3].
Because the mosy FIEA content in crude rubber seed ol
(206 veere prewcated o methyl ester in the first step
iacid cs erificatiom and the gum wus separated betfore
transestorification.

' R

Fig. 9. Methyl estev and glveerin during the separation
process.
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Fig. 10, Effect of alkali (KOHcrude ruhber seed oil to
yield of methyl ester.

The optinui finat product ol methyl ester was tested
for its composition by the Thaikund Institute of Scientlic
and “echnological Rescarch (TISTR) The major talty
acid niethyl ester compositions of methyl ester are
meth d linoteate 41.37%, methyl oleate 24.87%, and
methyl lonolenate 15.16%. They are unsaturated and
long faity acid chain. The unsaturated faity actd methyl
ester miluenee to cetane number, as detited in Table. 4.
whic 1 affects 1o gnition guality in CI engine. Therefore,
the cetane number of this methyl ester can be estimated

as 479 Krnowing  the  futy acid  methyt  esler

6

composition, the chemteal (ormula of methyl ester from
rubber seed oil is calculated as Ciy Hay <04, This formula
of methyl ester is useful for the catculation of the methyl
ester combustion  characteristies, The methyl  ester
propertics were tested by the Nationdl Metal and
Materials Technology Center of Thailand (MTEC). Then
compared with the methyl ester from previous study 3]
and nethyl ester stundard of Europe (EN 14214:2003).
USA (ASTM D6751) as detatled in Table. 3. Most of
methyl ester fuel propertics met require standard exeept
methyl ester content mel nearby tower.

Fig. L1, Elfcet of molar ratio of methanol/crude rubher sced
oit to victd of methyt ester.

The cost of methyl ester production is 37.30 Buth per
Lier. This cost can be divided o rubber seed of 22
Bath. eleciricity of 3.30 Bath, Chemical of 1023 Bath
and another cost ol 1.77 Bagh, The major cost is rubber
coed hecause the efficiency af the ofl extractor from
kernels process is quite tow (around 10% onty). With the
improvement of the ot prepardtion the cost of methyl
ester will be deereased.

3.3 Engine performance tesi

Engine performance lesls were carried out on o naturally
aspirated small single eylinder direct injection C1 engne
with neat diesel oil. neat methyb ester (B100) and hiend
of 10% methy! ester (B1O), and 250 methyl ester (B25)
with dicsel. Tests were conducted at tull load condition
at various speeds from 1300-2100 rpm. The torgue result
is ploted i Fig. 12010 was found that the torque of the
engine using B100 was averagety about 5% tower than
hat of dicsel. Because the heating value of methyl ester
(39.63 Mg, shown in table 57 is lower than thal of
dicsel (41.8 MIkg) [20] about F1.5%. o all fuel types,
the torque has tendency to increase with increasing in
cngine speed and its maximum is ut 1900 rpin. Due to
the fact that. at high engine speed. wr swirl increases
providing more [uel-air mixing. The power ol the engine
i< alse averagely 3% lower than that of dicse! when B100
i« used as shown in Fig, 13 However, a low engine
speed (1300-1700 rpi. the torque and the power vf
B100 engine are close to diesel engine, In the BIO and
B25 lests. the torgue and the power dre (quite close 1o
those ol diesel at low engine speed (1300- 1700 cpm.
This means the viscosity of the methyl ester does not
afect much on the fuel injection and the mixture of air-
fuel of B0 and B25 at low speed.



Table 4. Composition of methyl esters from crude vubber seed oil and their propertics
Fatty acid l\'h?kcul:u‘ \\’cigln Result'  Melting point” | Ccmnc'{
Mcthyl ester Formula (g/mole) (Gewl) ¢y nuiber
Methyl patmitate CLHLO- 27045 9.90) 30.5 C74s
Methyl palmitoleate CyoH5:05 268.43 0.20 N.A N.A
Methyl stearate C T On 298.50 7.73 29 757
Methyl oleate Cyt O 296 .48 24 87 =20 55.0
Methyl linolcate CyH5 00 294 47 41.57 =35 422
Methyl limolenaie CyH 05 292.45 15,16 -52 227
Methyl arachicate C- H,-0- 326.67 0.30 39.25 N.A
Methyl eicosenoate C- H; 0 32454 0.21 N.A N.A

NoAL not avaalable.
* Tested by the Thailand Institute of Scientific and Technologieal Rescareh (TISTRY,
" from Mittebach and Remischmidt [13)]

Tuble 5. Fuel properties of methyl ester from rubber seed vil compared to others
7 Merhyl ester standard Dicsel
Testing This N ASTM EN
Fuel properties method work A 14214:2003 D675 390:1999
Density (gfemy ASTMDA05? 08874 0874 086-0.00  N.A. 0.82-0.845
Viscosity (mm'/s) at 40°C ASTM D445 4.456" 5.81 3.5-5.0 1.96-6.0 RN
Cloud point (“C) ASTM D2506) 34" 4 N.A report N.A.
Flash paint ('C) ASTM D93 187 130 120 min 30 min 33 min
Gross healing value (MI/kg) ASTM D240 39.63° 36.50 N.A. N.A. N.A.
Methyl ester content (% wt.) EN 14103 96.4 N.A. Y6.5 nin N.A. N.A.
Total glyeerin (Gewt.) EN 14105 023" N.A. 0.25 max 0.24 nax N.A.
Carbon residue (G%wt.) ASTM D4330  0.22° N.A. 0.3 mux N.A 2.0-4.5
Acid value (mg KOH/g) ASTM Dood 018" 0.118 (0.5 max 0.8 max N.A.
todine value (g /100 g aib) EN 14111 829" N.A. 120 max N.A. NA.
Oxidation stability thour) EN 14112 7.82¢ N.A. 6 nun N.A. N.A.
Cetane number ASTM Dol3 51.2° N.A. St min 47 min 51 nun

NoAL nol availabte.

! Tested by the National Metal and Materials Technelogy Center ol Thailsnd (MTEC),
" Tested by the Petroleuns Awthority of Thadkund (P Public Conpany Linnited).

AL from Ramadhas et al. [3)
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Fig. 12. Engine torque at various speeds. Fig. 13, Engine brake horse power at vartous speeds.
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For the hrake specific fuel consuniption ihsfcy. in all

fuci type:. the bste tends to decrease with increasing in
chgine speed ds shown in Fig. 14 The B100 engine
consume: mnre fuel than diesel engine averagely around
0% at various speeds. However, at low engine speed
(1300-17)30 rprn. the bste of B100D is (ound 10 be higher
(an that of dicsel onty about 3%. duc to the henetit of
e bette - combustion of B100. The BLO and B25 tests
Jhow closed amount of bsfe at the tow cnaine speed.
In this piper. the brake thermal etficiency is defined as
hrake horsepower vutput divided by (he rate of heat
refeased from the
hrake theemal efficiency of all fuels are found Lo increase
when inrcasing inengine speed us plotted i Fig, 15
Howeve . their efficiencies drop below the diesel after
1900 rpa. At fow engine speed (1300-1700 rpro, the
B100 engine provides the highest hernial elficiency and
about 3¢ higher than that of dicsel As low engine
speed. the swirl cviinder was not sufficient to achieve
adeguate fuel distribution and rate of mixing with the air.
Mowever, the benefit of having oxygea contents i the
methyl sster molecule improves its combustion guality
(210 1:2]
operatitg on methyl ester is generally better than that
operaticg on diescl [23]. The B10 and B25 give very
closed brake thermal efficiency o the diesel

fuel buming process. The trends ol

Thus, the thermal cificiency ol an engine

s rle

Fiye. 14. Specilic fuel consumption at vavious speeds.
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lig. 15. Brake thermal efficiency at various speeds.
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Fig. 16. Carbon dioxide specilic emission at various speeds.
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Fig. 17. Carbon monoxide specific emission at various
speeds.
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Fig. 18. Nitrogen oxide specific cission at various speeds.
In the specific emissions tested. the CO» specific

cinission of BHOO cngine is the lowest one as shown 1n
Fig 16, because the methyl ester structure contains the
propurtion of hydrogen Lo carbon or H/C more than that
of diesel. The CO specific cmission of the B100 cogine,
al low engine speed (1300-1700 rpm, is also the fowest
one, while the diesel engine gives the highest value, As
methyl ester s an oxveenated fuel and feads 1o more
complete combustion, hence CO cmissions reduce i the
exhaust [23]. Katligerous et al [24] and Ramadhas ot ab
[22] also reported lower CO emissions for methyl ester
using in the tow speed diesel engine. Trends of CO
specific emission, in ali of fuel tests, are 10
decrense when inereasing incngine speed as shown in
Fig. 17. When engine speed more than 2000 rpnt the CO
specific cmission of the B100 cngine rises and gels
figher than that of diesel engine, due o more methyd
ester injected in o combustion chamber as shown in the
bele resuited. This resulted can be clearly

found

seen in luel-
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rich mixtures, then CO - from insutficient oxygen s
appeared. The B10 and B23 give the CO» and CO
specific emission in between BHIO and diesel. For the
NO, specific emission, all of fued engine tests are found
to Jdeerease when engine speed s increased. The NO,
specific emission of methyl ester at 1300-1900 rpmis the
highest as shown in Fig. 18, The complete cambustion of
B100. as also found in highest brake thermal cfficiency
study, results high temperature of combustion and closed
to adivbatic flame temperature. Therefore the NO, forms
by oxidation of wimospheric nitrogen at sullicientty high
temperatures. Kinetics of NO, formation is governed by
Zeldovich mechanism, and it formation is highly
dependent on temperature and availabitity of oxygen.
Canaki et af [25] and Kalligerous et ol |24} also reported
results of shight increase in NOy emissions for methiy!
esler.

4. CONCLUDING REMARKS

En this study. the production of methyl ester from crude
rubber sced o1l has been suceessfully performed. The
acid esterification-atkaline  transesterification  reaction
was adopted. The first step s the acid esterification
purposed o reduce the FFA fron the crude oil At the
same time, it also extracts the gum from the erude oil and
converts some of FFA molecules 1o he mono methyl
ester and water at this stage, The benelic ot using the acid
esterification is to reduce the chance 1w wuste crude oil
which may occur in the soap form, i stead of using the
abkaline catalyst in the FFA reduction process. The
optimum conditions in the acid esteritication (o reduce
the FFA from 20% in crude oil to fess than 3% were
using 2.5% hy mass of sulfuric acid, and molar ratio of
methanol to oil is 00t The alkaline transesternitication is
the  corg  reaction which is KOt
(ransesterilication, The  optimum conditions  in the
alkaline transesterification process for the production
were 1.59% of KOH for catalysis (9rby mass), while the
amount of KOH far neutralization depends on the FFA
value, and molar ratio of methanol 1o ol s 61
Therelore, (he vyveralt consumption of nicthanol was 1211
and it is much Tess than previous study [3, (4], and [1O].
The yicided methy! cster was tested forat fuel propertics
and met reguirement standard  except methyl cster
content met nearby lower. The engine performance and

process

emission lest were performed. The neat methyl esler
(B100Y tends to give the hetter brake thermal efticiency
and gasses emission than those of diesel ar low engine
speed (1300-1700 rpm). However, at Jow engine speed,
the torgue and the brake power of B100 engine were
fower than that of diesct engine about 3% and consumed
more Tue! than diesel engine about 10% averagely due o
the fower heating value. From this study, the methyt ester
produced from crude rubber seed o1l seemis to suit with
the Jow speed dicsel engine such as farm machineries or
big engines. However, if it s applicd in the much higher
injection pressure engine. such as common ratl engine.
the benefit of belter mixing and  atomizahion iy
overcome the pit falls of such methyl ester. Further
investigation should be done in the near future.
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