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Biodiesel production by using the prototype solar reactor

Wauttichai Roschat"”, Sunti Phewphong ?, Kanokwan Najai2 and Amonrat Thangthong3

Abstract

This work presents the biodiesel production as a fatty acid methyl ester (FAME) by using the prototype
solar reactor via the transesterification reaction. Palm olein oil and waste cooking oil were used as a reactant which
was attacked with methanol (CH,OH) in the presence of sodium hydroxide (NaOH) as catalysts. The results found
that the prototype solar reactor could be heated the reaction mixture of 55£3°C and the reaction completed at 1 h.
%FAME of the obtained biodiesel product was achieved 97.7% (£1%) which was analyzed by nuclear magnetic
resonance spectroscopy (NMR) and gas chromatography spectroscopy (GC) technique, and yield of biodiesel
product was 85% (£3%). The main physicochemical properties of the obtained biodiesel meet all the ASTM D6751
and EN14214 standard specifications. Therefore, the use of prototype solar reactor for biodiesel production is the
one way to reduce the requirement energy from electricity supply for heating the reaction mixture by the use
substitute energy from solar energy source. This research is a simple innovation and technology which suitable for

households and small community enterprises to produce the low-cost biodiesel fuel as a cheap energy sources.
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Yield of biodiesel (%)= Grams of biodiesel product
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Vv ]
Wi luTedma (319 3 () naaaiin methylene
ethoxy proton 191 chemical shift 4.22 - 4.40 ppm na
methine proton %zﬂimgﬁ 5.37 ppm nazia o-
methylene proton 921/31097 2.39 ppm MIWEIAD A
@ 1 Y Y ~ @ v =
aananiduiuiiananlulassadvveslasna-
Y oA 3 o s a ¥ o oA A
o3 lsaniuveniniuay Temdunaziuiunesn
v
14082 uenaniidelsingiinvesldsaouluaie
T4'laTasa1sueuveansaluduogszning 0.63 -
o { { g
2.85 ppm aaunaaslugii 4 @) MilugasTasead
MAUATLALAT chemical shift voa1Usaou (‘H) Tuais

Y v
aadu lasndses 1sdaana1n [1, 5, 13] proton iy
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b4 v 3’, ¥ = d :;’
Tasea$ravanvesasasdulnsnawelsa wenaini
galaiyls m{]?’d\lﬂ methoxy proton filA1 chemical shift

[ Y I a @ 4
MR 3.69 ppm UVBIETHANN DN

54
- 5,37
139

l

(a)

triglyeeride

70 6.5

(b)

methyl ester >

(biodiesel)

v
v Y

3Ui 3 uaaaiind10619 'H-NMR 04 (0) @1309611
ihsihanlatadu (b) Yfnsemsruaeamosila-
o 4’ a o r 4 aaa J
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4.24
(a) 0 |
| W
Palmitic chain CH,—(CH.),,—CH,—C—0 —CH,
= 2 o b b3 * - = s
)
ol v I
Oleic chain CH,—CH,—(CH,),—CH,—CH=CH—CH,—(CH,),—CH,—C—0 —CH <537

1.69
l

Linoleic chain CH;—CH,;—~(CH,),—CH,—CH=CH—CH,—CH=CH—CH,—~(CH,);:—CH,—C—0 —CH,

1 T o1 ! 1 ! f
0.97 (tr) 210 544  285(t) 544 239 4.24
Triglyceride
3.66
(b) 0 |
. Il
Methyl palmitate . .
CH,—(CH,),,—CH,—C—0 —CH,
o)
Il
Methyl oleate CHy—CH,—~(CH,);—CH,—CH=CH—CH,—(CH,);—CH,—C—0 —CH, < 3.66
1.62
0
Methyl linoeate  CH,—CH,—(CH,),—CH,—CH=CH—CH,—CH=CH—CH,—(CH,).—CH,—C—0 —CH,
! r1 ! ! I I
0.88 (tr) 201 534 277 (tr) 5.34 231 3.66

Fatty acid methyl ester (biodiesel)

JUN 4 yaasgasl assaramaniivasm chemical shift vodl Usaou ('H) lulassa$19ve3 () a 1503

d a a o A = a o a d
thawleaduuas b) wansaaiisivlul edwaviiansalviuunaeames (FAME)

a d [} o a d o
31 3 (b) uaaamanalgasemsuaeamos - disumsinadgnsemsiudeamosiasiuly

o Aoy 1 ¢ A o a % o a 4' ¢
!ﬂ?f””f]\??ﬂﬁ'ﬂyim Wy H-NMR ﬁ'!l]ﬂﬁ??lsuﬂq ﬂ?&'ﬁ.’?uﬂ75Wﬁﬁu73~lu.lUi@ﬂ!‘”anﬁﬂyﬁﬂ!ﬂgﬂ57nﬂ

4 '
v ¥ A4 1

d’ a dq %4 =i = %4 = d’d U . .
ﬁ’15WﬁNﬂ!ﬂﬂW%ﬂQﬂﬂﬂ57ﬂgWﬂﬁ7597»79)11! nunl wAraniRWIE WA methoxy proton NNA1 chemical shift

1]
1w =

chemical shift 14539 4.14 - 431 ppm MPudwnua 1118V 3.66 ppm Ml uvesmsnansuai luTofia

9
% @

Y097 A methylene ethoxy proton 1Az N A1 chemical 11U Asaaslugl 3 () waz lidsingiavesas

9
U = ISl

o ' . - .
shift 5.28 ppm (T YoM methine proton aagundulassadravesas lasnamwe lsaniian

midulassa$revanvesarsasdulnsnaiwelsd  chemical shift 14929 4.14 - 4.31 ppm Uag 5.28 ppm

o . . x I @ T K A~ I
uaze31/51ngiia methoxy proton AFA chemical shift  Fuunistudulaarsasdunilassadrailu
[ Y A g a o % o =2 2 J A I
N 3.69 ppm Miluvesmadsmaiiniululeda @15 lasndwe lsagnaeuTassadreliiiuans
aaaaalugii 4 (v) [5, 16-17]
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a v d % a d
wanduainsaluiuiateames (FAME) vi50
3 o = i 4
vy TeRiaodaauysol
a ¢ a P o 73 o a
fnii'Jlﬂ51$°HLla$W§fﬂumﬂaﬂ‘ﬂmu1lluulﬂiﬂﬂlcﬁa

= g a ¢ a
ﬁJ’J‘(’JWIﬂ‘L!ﬂ 'H-NMR 100910920 Un15 A5 12 11T

Y
Y @

AunnauIaseadwvesasudniv Sigunsoly
¥ i
wunldinvesTlsaoulumlnasuihwndiuiands
H a A o
YinaveswaaduaitiniuluTedwai 14 Taverds

v o o A
ANUFTUNUTAITUNITN (2)

2AocH,

———3 X100 2
3A4-cH, }

%FAME= [

119 %FAME M1fudegazmanamiaeames
A a o 2Y o - a A dqyu
wionanduainiuluTodima A, o, Aetiuild
= an 9 = 14
Anvounnaullsaeululaseadalasndwelsa
. = dy d' YA
(0-CH,, 2.31 ppm, trippet) Agcy;, Aonunldinves
Tsaeululnseadwveswiiaeames (-OCH,,
1 14 o
3.66 ppm, singlet) tazaAA@es 2 1Ay 3 ABIIUIU
Tisapunadraiuseiunearunduaisueu (o
methylene carbon; 0i-CH,) A& INND AFanIsUOY
(methoxyl carbon; OCH,) AUAINY [4, 8]
A10813M AN 910310 3 (2) uaasanlnasy
$ v ¥ o P a o o '
a1sasduiiulianlemou vnadnasuainad
[ ' = ° [ A g
wudludsingialudiuni 3.66 ppm M1l u
a 4 1 dy P Y
Tdsaeuveuuiatedmes uaasniuinldnaves
Aocu, MINU U

Tuvagngln 3 (b) Usingiialudumnig 3.69 ppm

s o ¥

g A9U Y %FAME 1M10 U 0%

- - v P 1 v
nluTdsesuveuuinaeamasuazinunldiia

ax

VW g
10 4.35 ( yuaznufiandluiaveuunau
CH;
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Tdsaeululassadialasnamwoe lsduas Ingaadis
A S o ' Al dq ya
WRAEAINDS NAUHMUG 2.32-2.37 ppm NN U 1A A
[ Y A J A Y
WA 13.81 (Ao ) ieumumluaumsi ) 4
A1 %FAME 1191 21% @0AA3040UN1TNATIEH
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2 I P a s ~
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U

o 1 {
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a 4 ddy A YA | Y
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{ g a
2.03 (Aggy, ) wazilsingfiaiiiuiinveswian

I

Tdseeululaseadawnaeames nawmua 2.29-

¥
= @

231 ppm AR 1ATIANIIAY 139 (A, ¢y ) ioumy
aluaunish @) 1aa1 % FAME tM18y 97.4%
9 % a o 9

APAAR0INUMINAIIEN InTIad1avosatsuan Iy
a d' 1 dyl ] =1 d' I Y o

Fanan it hinudinhduTnseadrandnues

= 4 o 1 Y
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a Jd o o

v 9
WINBIVU mmmswﬁuaxwmumﬂaﬂymmm

Y

s Y a § a
aaitiniuluTedwan ldalemaiia "C-NMR
1 4
udnioyanilanlinnudnyresnuITeil
31U 5 (2) uaaagaslassa S ramanaduagai

N . < 3 v
chemical shift voamsvou (°C) lul assaravesars
o v a ¢ Y o = r
ananulnsnaivelsauazsiaiululefiva wyaa
ﬂ1§uauazﬂawwaaﬂy'ﬂ1§yaﬁa (carbonyl carbon
atom: C=0) vosa1sasaulasnatvelsafiegaiumen
gaveal A3ea$19NM3a0991 (terminal carbonyl carbon
atom) U A1 chemical shift 1N 10D 17332 ppm 1A e
MmsveuezneNveIHYAITUe Havea15aadLTns-
= ‘A 1y P
ndtwelsanogaiulugavesl asea e (central
carbonyl carbon atom) A A1 chemical shift 19 11 U
172.87 ppm Aua1A [5]
4
uenIINUSINUAIS Ve HEZNONVEIHYINTA -

r d a

= 4’ Y 24 v 4’ 19y
NanvNaINNHsENUHYNITVdHanagnuuang

vodl asaa319naaeav1a (methylene methoxy carbon

atom; -OCH,-) 11 chemical shift tN1A Y 62.11 ppm
o = d 1=y d

LLZ‘WEN’L]51ﬂ§]1Nﬂ6UENﬂ??ﬂ@u@s‘fﬁﬂﬂﬂyﬂ?ﬂu!ﬂﬂﬂﬂ-

a (methine methoxy carbon atom; -OCH-) nasie

v

I 1y

o v d a
Wiusznunymsvedaniegaul ugaved assai1ei
A1 chemical shift 141 111 68.83 ppm (31 91 5 (b))
o i 4 @ ' Y Y A g
funiImsueuezaoNaInatduelulngg
v v v a ¢
unundanveslnssadevesasasdu lasnde lsq
( the glyceride backbone of triglyceride) [5, 18]
luvagiiielgazomudeamos linduiia

@ o Y
auysol TasaununanvesInseadeuesatsasdy

82

R'—CH,—~C—0 —CH,
RI—CH,—C—0 —CH,

0 0
R"—CH,—C—0 —CH, R"—CH,—C—0 —CH,

17332 62.11 17433 51

a4

Fatty acid methyl ester (biodiesel)

Aliphatics
—_ N coey
7 ey Glyce_ﬁde-
pRm "
Olefins
Triglyceride
carbonyl
I |
18 0 160 150 140 130 120 110 100 S0 80 7O €0 S0 40 30 20 10 0
Ppm
5 (¢) s
- Aliphatics
cocy,
—_-J——- Olefins FAME
180 175 |
ppm
FAME carbexyl
180 170 160 150 14D 130 120 110 100 90 B0 TO 60 50 40 M N 10 0
pRm

JUN sudaa (a) gaslassaremuadnazm
. . I3 13 Y
chemical shift voam15vau (“C) lulassa$raves

g’J d % o
arsaanulasndivelsauaziiiululefiwa 1)
o J &
uaAINnAI0819A15 UM (C-NMR) Y0 3a15AIA N
lasnaiwelsa uas (¢ uansiiniiegranisvey
(PC-NMR) voswanduaiirsiululefivan

a aaa d an %4 d
!ﬂﬂZjﬂﬂﬁfnW?7Hﬁ!9ﬁ!ﬂﬂiﬂ!ﬂ?f”ﬁﬂyﬁm
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s { 34 A
lasnde lsavzgnulaouldiduamswiaod-
mefizilsingfiamsveneznenvesnynisveiia
1899iAABINAT chemical shift (N1 174.33 ppm

a o

< ' P J A
Wunjimendarsvedadaailugii 5 () vag
2
5 (c) MUY HONMINUTINVINANS VoUDZADY
YDIN 39: YN e F (methoxy carbon atom; -OCH,)
Ysingiieafin@ eI A1 chemical shift 19171
Y
@ J A <3 o [

51.44 ppm Yoyaainantudasliimudanuilnsg

o ¥ d 9 a P
upuranvedlnsiaivesasadulasndre lsa

§ | a o aol o '
gnlaon liduaswaasuaitiniuluTedasdia

s A [] =1 [
auysel tesnn lidsinginveslaswnunanues

v '
Taseadvesasasdu lasndwe lsa ludiudindu
9 Y

voanda1snsdu lasnase lsauasa1sHanda s
¥ o a ~ o ' '
wniuluTeRmavznaasiinaiivouszaounqumy
Toradlud (olefinic carbons atom) HAZAS UDUDZADY

f E]' U N 39: woaunan (aliphatics carbon atom) Ty

FWMU9AT chemical shift NAA1BAY [5, 13, 18-19]

3.4 MIUATIZHIT % FAME voatiiu'lyTodiwa
Aemaila GC

M33R512311 %FAME voariuiuluTeRiman
U1IATFIUD19DI91A ASTM D6751 (American Society
for Testing and Materials) tt @ & EN14214 (European
Standard Methods) f?m%”umﬁmiwﬁuazmnaau
aamminiilu Tedmanui3nmsdineidand
12 1¥imaia Gas Chromatography (GC) wazl¥ans
methyl heptadecanoate (C,,) 1415w a5 internal
standard 14n1581984 [20-22] M3A1UIUAT %FAME

a o ¢ P o = Y ¥ =
madwamiumumu"luTam%aw"lmmﬁumsm 3)

&3

EArAL C

xV.
%FAME:TELXMXIOO (€))
EI m

x K4 1
Wemmualy ZA Aemasauiunldinvesans
v Y 9 '
wiaamesnRaTY A, Aofiuiifinuoials methyl
I
heptadecanoate (C,,) 1415w &3 internal standard 14
Yy a A Y Y
1591999 C,, AOANUITUTUVDIA1TAZA1Y methyl
heptadecanoate 71 19 V,, Aol3uiasvesaisazaio
4 .
methyl heptadecanoate N 14 (mL) s8¢ m fovniin

VOIE1IAI0619 (mg)

; L2
1% 6 naaalasun Inunsuveadlodraringu lule-

D) eun

a 2y v o 4 9
¥ ¥UA FAEM ‘1/]"lﬂi]'lﬂﬂ1iﬁﬁlﬂi']$ﬁiﬂﬁlﬂ'lii“h'
A a ¢ Y o A Jdo o
Lﬂi@ﬂﬂgﬂim@uuﬂﬂwﬁﬂﬂ1ul£ﬁﬂ@1ﬂﬁﬂﬁ1ﬂiﬂﬂ15

a %’ o = k) Aa <Y a
wamumu'luiamcmmﬂmmiwwm&mﬂuﬂ GC

a0 A Y o = = 4
TuauddeiididiulyTedman 1deinnis
o 4 Y A a ) o
dunsiz lagmslgnseslgasalauuuunaay
ueraoiind lagnimnimsziawismsunasgiu
Y Y = ' LI
91980 vinmsanymuNasway il Te-
= Ay v A ) A 1 2
aurai laillousnTasldinaiia GC d13ae o manil
9QNUINOBNIITUNTBIATIVIA (detector) YDAATOY
1 Y
GC MnawanaNAuTYagnUvLIA Tuanavedals

. - a o
U YUA (swazmm“lumanw 1)
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A1519% 1 uaaesigazideayiaveaisnga luiy
a o T g @ { iq ¥
aaszlumeaiiuluTefwaaznunlana (peak

Ay Y a L% a
area) V]llﬂi]1ﬂﬂ1§"JLﬂ51$1’iﬂ’JEll‘1/lﬂuﬂ GC

Retention Time  Peak Area Name of FAME

(min)

9.452 255.14 methyl myristate
11.183 1.0Ix10°  methyl palmitate
12.042 6423.16 methyl heptadecanoate
12.987 1.23x10°  methyl stearate +

methyl oleate

13.298 1865.78 methyl linoleate
13.720 37.35 methyl linolenate
14.463 97.67 methyl arachidate
17.782 70.66 methyl erucate

~ A o v Y ¥ A ¢
20M3197 1 le1voyaiilaeinni1samsigw
FINNAAA GC N1A1UIN %FAME 1an un19y
97.7% (£1%) F9l parpganuainiaiialal aely
mailn "H-NMR (97.4%) waad115u1as %FAME
Y = 4’ k3 v I3 Y
vasrwilul ediwain lamnnisaunsizvl aen1sl e
4’ a Jd ¥ [ a d o %
nseslfnsaidunvunadsnunaseoringd 145U 13
a R = d
wamiailul edariilmaunamisnnsgiuaina

nmrual in %FAME deqluieenit 96.5% 23]

a L4 vAa
3.5 M3 IATIZHAMANTANIUATILAZNINNMENTNYD
Y '
WniuluTedwsan lduasguaina
¥
NUITIUUDNIINNITIUATIZH HIAT % FAME
?;' @ =y § [ o
vouiniu luTedwan ldnnmsdunsizy laons 14
2 a <Y o A J oy YR

iseslfnsslaunuunasunaseiag 61lann1s

a 7 wa A A ] va o
UATIENAUTVUADU 9 Wlﬂuﬂmﬁllﬂﬁ‘ﬂﬁﬂﬁuﬂﬂ

84

H =~ a
wasgigiulyTefiwad19gamuuiaggiu ASTM
D6751 L EN14214 Tags18azdannuauiiania o

uaagluasen 2

A1319% 2 uaAeIwaziduaa IS IR IT AU aNa
- Yo ¥ o
manfinazniamenwvesiduiigiuloTedwan
9 o @ vy A a 7y
1dvinmsdunsizi Taens a3l nsaidunuy
v a o a
WALULAIDINAGD19TIATNNIATFIU ASTM D6751

uay EN14214 [21, 23-25]

Standard Biodiesel
Fuel properties

biodiesel (This study)
Kinematic viscosity @40°C (cSt) 3.5-5.0 4.22
Acid number (mg KOH/g oil) <0.5 0.28
Copper strip corrosion No. 1 No. 1
Methyl ester content (%) >96.5 97.7
Oxidation Stability (h) >6 14.6
Carbon residue (%w/w of oil) <0.05 <0.034
Sulfated ash (%w/w of oil) <0.02 <0.012
Total contamination (ppm) <24 18
Hash point ('C) >120 188
Cloud point ('C) (-15)-16 6
Pour point ('C) (-3)-12 -6

Mndeyanguantaniuaiitazn1anen M

a o g

¥ o a Ay v o c Y
wmmumumu"lﬂam%am‘lﬂmﬂmimmawzwma

w30l nsal duuuuwdluuaIRadd M unan

@

3 o = ' wa H a
‘L!HJ‘HMhJIE]ﬂLG]ﬂﬁ wmmmﬁwmmumu‘lﬂamma

' 9
A o 19

AINa170g 1 UFIININTFIUNANNA T UAN
) & a ¢ v o

118195914 a9 RT3l nssl ALV UNE Iy

a dgo 1 a ¥ o = ao R A

uasomaddmsusaaininlu TedaluanAdeniv ]
a a 2 { o I

Uszansnm uazdnemwiannsmirhihlszgnd ldam

F
a o o <
hlﬁlﬂi\ﬁ/l dumaniaSouviabn MAMBATNTSN LAY
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