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Biodiesel production by using the prototype solar reactor

Wauttichai Roschatl’z*, Sunti Phewphong 2, 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 (CH3OH) 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.

Keywords : Biodiesel, Palm oil, Waste cooking oil, Prototype solar reactor
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Yield of biodiesel (%) = Grams of biodiesel product 100 (l)
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dnfuishldudnlluarsasdudimsuldason
v v
WniuluTedaa (3UN 3 () naasiian methylene
ethoxy proton A1 chemical shift 4.22 - 4.40 ppm A
methine proton %Sﬂimg‘ﬁ 5.37 ppm wagiin o-
methylene proton 3%1310)7 2.39 ppm MUAIAY Hin
1% U Y Y q ~ @ Y =
gananiauiluiiavanlulaseadvvedlasna-
N oA Y s a 2 o oA A
w3 lsanduvesiniuihauTomdunaziniuiesn
Y
1udr wenviniigalsingiinveslsaoulume
Ta'laTasnrsuouvesnsaluiuegsznine 0.63 -
o { { <
2.85 ppm sanaadlugl 4 (@) Milugaslnssadn
MUANLALAT chemical shift voa 1dsaeu (H) luais

] o X g
aadu lasndies lsdaanand [1, 5, 13] proton Harilu
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4.24
» o
CH;—(CH,);5—CH,—C—0 —CH,

Palmitic chain

N
S . Il
Oleic chain CH,—CH,~(CH,);—CH,~CH=CH—=CH,~(CH,),—CH,—C—0 —CH <537
1.69
i
Linoleic chain CH,—CH,—(CH,),—CH,~CH=CH—CH,—CH=CH—CH,—(CH,),—CH,—C—0 —CH,
T () ! ! ! !
0.97 (tr) 210 544  285(t) 544 2.39 4.24
Triglyceride
3.66
(b) o) l
/ 1 palmits Il
Methyl palmitate CHS—(CHZ)B—CHZ—C—O —CH,
o)
Il
Methyl oleate CHy—CH,—(CH,);—CH,—CH=CH—CH,~(CH,);—CH,—C—0 —CH, < 3.66
1.62
i
Methyllinoeate  CH,—CH,—(CH,),~CH,—CH=CH—CH,—CH=CH—CH,~(CH,);—CH,—C—0 —CH,
! r1 ! ! ! I
0.88 (tr) 2.01 534 277 (tr) 5.34 231 3.66

Fatty acid methyl ester (biodiesel)

y \ g‘/ Sﬁ’ 4
5UM 4 uaasgas Tnseadumaniinazai chemical shift voeTusaon (H) TuTaseadreves (a) arsasduriniu

7 A A o 23 o a A @ A s
1hauTomduuas (b) wansumniiu lu Tedwariania lviwuiaeames (FAME)

a a aan 4 an ) o a aaa < aa o
311 3 (b) uaasmanalsemudioames - dwisumsinalgnsemsudioanes linsuly

o Aoy 4 A o a % o = = 3
Lﬂ%uwﬂquﬁwyim NUINWA H-NMR ﬁlﬂﬂﬁjlﬂ]@q ﬂ'iz‘]nuﬂ”l'iNaGlu”llluhlui@ﬂ&%ﬁﬂﬁuﬂ’im%ﬂﬁmg

T

A a X @ = ¥ Y Aa = @ = AA . .
ﬁ1iNﬁll‘1/lLﬂﬂ"lluﬂﬁﬂﬁﬂi?ﬂ{]WﬂﬁWi@N@]u‘ﬂNﬂ1 NANANRWIZWA methoxy proton NUAT chemical shift

1]
[ Y =

' A o ' I3 a o =

chemical shift 149579 4.14 - 4.31 ppm Ndudwmus  m17D 3.66 ppm Niluvesanswandus lulefwa
a A . v ¥ o = ' =~

Y93#if methylene ethoxy proton azNA1 chemical MU aauaalugl 3 (o) naz lilsngfinvesdrs

9 v
% =

3 o ' . < { A
shift 5.28 ppm 1] 1A1H19VDAA methine proton aadunidulnssadavesanslasnae lsaniial

]
=~

I o 2 = ]
Mmiulassadandnvosaisaadulasndiselsd  chemical shift U339 4.14 - 431 ppm 1A 5.28 ppm
o = A . . 2 g A o Y1 ] Y Aa k4 I
LL’c’IZEN‘]JﬁﬂaWﬂ methoxy proton A1 chemical shift Fuumsoudulanarsasduniilnseadruilu
o { ao 2 o { o
10 3.69 ppm Mitluvesradsmaiiniululefiaa  a1slasndiwe lsagnulasulassadraliiluas
aaaaalugin 4 o) [5, 16-17]
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a @ 14 @ a o A
wansannsa lviuynaeaines (FAME) 190
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JX100

4 1w a a 4
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4 a0 23 o = a & dgy
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'
=

. A j} Y
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Tsaeululassadveawiiatodines (-OCH,
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Tilsapunadraiusziuuearwnaunsveu (o
a 4
methylene carbon; OL-CHZ) Lagiynonsan1suou
(methoxyl carbon; OCH,) Myl [4, 8]
@10819MImUIA 10310 3 () taaalnasy
Yy ¥ oo s a v o '
a1saaauiiiuiicuTemdn Mnalnasuainan
[ [ = ° [ A d
wunlddsingiinludnia3.66 ppm Wil
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u
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3.3.2 "C-NMR
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a d @ C4

A X a 7
1]’]ﬂf]\1$u NITAIUATICUNUACNIIUIDNANHUUD

K1

'
a o ¢ 2 o =

waanamifuluTedan ldaramaiin "C-NMR

@ @

o 3 a9 L Ao o Ao A
vaudndeyanilanlnnud Ay ves Ul
JUN 5 (a) naasgas Inseadamaniinaza
. . J 13 v
chemical shift yoan15ueu (°C) Tulnseairevesans
?1’/ v = o %’ & = 1
aaaulasndiwe lsauaziinduluTediwa wuin
o 1 14 a
ANTUBUDEADNUBINYAITUDUA (carbonyl carbon
) = s 1y
atom: C=0) ¥04e303au Insnawe lsanegauuen
9
qAv091ATI83 191380991 (terminal carbony! carbon
atom) A1 chemical shift 110U 173.32 ppm 1A
¢ S Y 9
ATVOUBZABNVOHYAIS Vot avRIdITAIAY |As-
P [
natwo lsanegaiulugauoslnsaai1e (central
carbonyl carbon atom) A1 chemical shift 1NV
172.87 ppm Mua1A [5]

v
uenaniifanunisueuezaouveInIIRAY-

'

= 'y

wnenFnas UL AUnyas uelianegaunenga
9
¥941A799519499999919 (methylene methoxy carbon
atom; -OCH,-) 191 chemical shift 11101 62.11 ppm
Y = s = J
uazdalsngiinvesmsveuszaoumnyil lniwmen-

% (methine methoxy carbon atom; -OCH-) nersha

]
=

WusziunyasuetiaiegaulugavesInseadiadl
1 chemical shift 1M1NY 68.83 ppm(jlﬂﬁS b))
o 1 o [ 1 Y Y A I
dumiansveuszaeuainanduduiodulng
@ Y ¥ v = 4
ununanveslnssadwvesasasdu lasndwelsa
(the glyceride backbone of triglyceride) [5, 18]
luvag Mol iz emsudeames liaduiia

9
auysel InsaunundnvesIaseadavesdsasay
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62.11 0
17332 Q 1
R'—CH,—C—0 —CH, R'=CH,=C—=0 —CH;,
L0 . 0
17287 ~ ‘/-r 68.83 ) I
R"—CH,~C—0 —CH R"'—CH,—C—0 —CH,
o] ‘ (0]
| /|
RM—CH,—~C—0 —CH, R"—CH,~C—0 —CH,
t1 r1
17332 6211 17433 51.44
Triglyceride Fatty acid methyl ester (biodiesel)

68.83
62.11

Aliphatics ——>

3 20 10 O

cocl,
Glyceride

1729
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/ Olefins T
Triglyceride
carboxyl
J

I
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pRm

B0 70 60 50 40
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1.44

Aliphatics ———

cocy,
Olefins

FAME carboxyl

|
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Y Y
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Y
HaaNAa10619A15 U Y (PC-NMR) 49398150341
lasndwelsa uag (c) uaaaiindI0d19A15 VoY
H a A
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= = <3| a
lasndiwe lssazgniaeu liluaswiaea-
mefizisingiinaisueuszaouvednyniiueiia
INBINALAYINAT chemical shift 1110U 174.33 ppm 7
< [l I J a o I~
Aungrmensasvetiadwanslugdn 5 (a) vaz
o_ v 2o 1A J
5 (¢) MUAAY HERNNHGIMUNNAMTUBUDLADY
ﬂlﬂﬂﬁyjm%ﬂﬂ@ (methoxy carbon atom; -OCH,)
UYs1ngNeaiAIAeINAT chemical  shift  1M1AY
4
o ' = S o 1
51.44 ppm doyadsnaniuaaslfiiudanuinlag
v ¥ ¥ v a ¢
unundanveslnssadnvesdsaidu lasndiwe lsa
{ < a o 2 o = ]
gnudden luiluaswaasuaiiniuluTedimasd1a
s A ' =} o
auysal tenn lidsingiinveslasaunundnves
9 x
Tassadevesasasau lasndiwelsd ludiudiadu
¥ ¥ v a ¢ A o ¢
yoanaasasdu lasndire lsduazarsnaadua
? o = =) 4 1 ]
iy TeRiavzuaasiinnisueuezaounguny
a J
Totadlud (olefinic carbons atom) HAZAS VD UDLADY
atom) 1u

nquuyueaun@n (aliphatics  carbon

@1 UIAT chemical shift NAG1BAY [5, 13, 18-19]

3.4 MIIATIHI %FAME veusnsiuluTofiwa
Mmemnaiin GC

MIIATIZHI %FAME veatsiuly Todimany
m@]iyu’é}waﬁﬂﬂ ASTM D6751 (American Society
for Testing and Materials) (182 EN14214 (European
Standard Methods) ’c’?TH'%"lJﬂW‘i%Lﬂiwﬁuﬂzﬂi’mﬁﬂﬂ
aunminiy Ty TeAmanunizmsinszddnd
wldinaiin Gas Chromatography (GC) nazldens
methyl  heptadecanoate  (C,,) 1413113 internal
standard 14M1381984 [20-22] MIAIUINUAT %FAME

a 1% 4 go’ @ = d‘ Y d‘
vosnaanaaitiniu luTedwan ldauaumsn 3)
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wFAME=—— — Elx El "Elx100 (3)
AEI m

I3 9 1

Wemvuald TA Aewasiuiiunldiiavesans

v b 2 v
wilawamesMaaTu A, ApHuNfiaveIas methyl

9 3 .
heptadecanoate (C,,) 141315 internal standard T

Yy a A 9y 9

MI91WBY C,, ABANUTNIUVDIAI1TA2 A1 methyl
heptadecanoate N1% vV, folsuiasvesaisazate
4 y
methyl heptadecanoate 1% (mL) 1tag m Aemiin

VOIA1TAIDEN (mg)

4
°

6 uaaalasu Inunsuveadlognariniulule-

sUf
g
= N Ay Y @ 'z v
ALYABUA FAEM ‘Vlvlﬂfl]']ﬂﬂ'lﬁﬁﬂLﬂi'lZ‘HIﬂﬂﬂ']ﬁi‘lf
A a ¢ Y % a Jdo o

!ﬂiﬂﬂﬂgﬂim@]ul!ﬂﬂwa\?\ﬂuuﬁﬁ@']ﬂ(ﬂUﬁ11"iiﬂﬂ'ﬁ

a Y o a k) Aa Y a
NaﬂlﬂuuhhlIE]ﬂL‘]fﬂﬂ’JEJ‘I/]’J!ﬂﬁ%Hﬂ’Jmeﬂuﬂ GC

a o dy 2 o = = Y
TuaudsetdiuluTedwan 1de1nns
o ¢ Y A a s 9 o
dunsizn lagmslgniesl §nsslduuuunagaau
uereoriiad lagnihuninsizdaismsnesgiu
Y = ' 3 o
fedu vnmsany o aswanluinilule-
a Ay ¥ A ) A 1 1
arai IdileusnTagldinatin GC a13a19 ) tnanil
VYNIYNDONNITUATBINTIVIA (detector) YDIUATO
1 Y
GC MnawanaNiuIuegiya Tuanaveds

' a a A
UARSHUA (ﬁmazmﬂﬂiumﬂw 1)
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M319i 1 uansssazideariavedasnialviu
1 ?7‘ % =) ¥ C!' =
daszludeiaigu luTefanaznun1dfia (peak

AN Y a <Y a
area) “I/lhlﬂiﬂﬂﬂﬁ’JLﬂSWW@]’Jﬂmﬂuﬂ GC

Retention Time  Peak Area Name of FAME
(min)
9.452 255.14 methyl myristate
11.183 1.01x10* 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

4

A A o 9 Ay ¥ a
1InA15 9N 1 lerhdeyahnIdanmsdnsizd
AEumatia GC  WAIUIU %FAME ldaunifiy
97.7% (£1%) Halpdiasanuaindiuiald laeld
mANA 'H-NMR  (97.4%) uandd1dsuia %FAME
y o 4 o
voaiiuluTedan ldanmsdunsizr laems ¥
4 a @ a o o
nseslfnsaldunuundnunaeinddmsuns
a %‘ o a 3 14
maniniu luTedwailu laanusiniasgiuaina

nmmualial %FAME do4'liileen1 96.5% [23]

a d wAa
3.5 MIVATTHAMANTAMIANIAZMINENINVD
alluledaildanasguaina
Y

NUIBUUDNINNITUATIZHNIAT % FAME

%‘ @ = d‘ [ o
vouiuiu luTefan ldonmsdaunsiz laons 14

A a < Y o a J o) YA

w3l fnsaidunuundsnunaieInag 69 1alns

a 4 wa A A g va v
UATICHAUTNUADU 9 ‘V]L‘]Juﬂmﬁllﬂ@lﬁaﬂﬂlﬂﬂ

84

Y
wasguiniu o TeRwad v esnuuiasgu ASTM
D6751 1ag EN14214 lagsieazdeanaauiiania

uanaluasian 2

H ' a s wa
M990 2 AR IYAZIDEAAIMITIATIZHAN AU A
a Y o ¥ oo a =
maaivazmamemnyeariiuiigu lu Tefman
P @ o Y A a <Y
laninmsdunsizi Taems a3 eal fnsaidunuy
[ a o a
NHINUUAID1INID19BIATNNINTF I ASTM D6751

uag EN14214 [21, 23-25]

Standard ~ Biodiesel
Fuel properties

biodiesel  (This study)
Kinematic viscosity @40°C (cSt) 3.5-5.0 422
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 (Yow/w of oil) <0.05 <0.034
Sulfated ash (%w/w of oil) <0.02 <0.012
Total contamination (ppm) <24 18
Flash point ('C) > 120 188
Cloud point ('C) (-15)-16 6
Pour point (o) (-3)-12 -6
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a Jdo o a scl 0 = S
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Usedniam uazdnemwiannsmirhihlszgnd 19au

9
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