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Report Title A Study of Biodiesel Synthesis from Stearin Palm Oil

By Mr. Jirapon  Dangkham
Mr. Peerapong Nierapark

Advisor Asst.Prof.Dr.Prakob  Kitchaiya

Report for Bachelor Degree of Chemical Engineering,
Department of Chemical Engineering, Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang

Abstract

This research presents a study of the elementary conditions of the biodiesel synthesis
carried out through the transesterification of stearin palm oil with methanol in the presence of
sodium hydroxide as an alkaline catalyst. The parameters were; 1) amount of sodium hydroxide
used, 2) oil-to-methanol molar ratio, and 3) temperature. It was found that amount of sodium
hydroxide used and oil-to-methanol molar ratio had an important effect on the transesterification.
Temperature had no significant effect. The good condition for biodiesel synthesis from palm
stearin in this study was 0.5% sodium hydroxide by weight of oil, 1:6 oil-to-methanol molar ratio

and 50 to 60°C.
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o o }@
R—-C-OR + HY =—= R—C=OR' + R'OH
(Ester A) (Acid catalyzed) (Alcohol B)

(!)H (I)H . (l)H
R—(i) } ® = R- cl:— SR’ == R— (|:— OR'

OR" OR" HOR"

+
: P
R'OH —_— PP/ @i\ N YA 2.1)

(Alcohol A) (Ester B)

2. nalamsifl§AseneamesRndu Taetiumiudusalgisen

7 o
R-CR'¥¢» OR! = R- Cll— OR"
(Ester A) (Alkoxide B) OR'
?
R-C-OR" + "OR SR |

(Ester B)  (Alkoxide A)
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- DIN 51606

qulia US ASTM
o
6. gz au, Sevns Tanihmin lanninu 0.01 Tdanmu 0.05
7. frtiEmurIe s uIuTHNY lvdesndi 49 Tsieund 40
o]
8. gAnuen, % - 3

9. MINANTDHUNUTIDSLNY, HU Y

lananu 1

Wy 3

10. Total Acid Number, ¥88n3y KOH /54

Tuunids 0.50

Tsdunfn 0.80

¥
11. Free Glycerin, Jouaz lastimiin Tsdannifu 0.02 lalsnmdu 0.02
=Y =t = : o’ 7 ] - v Iy
12. YSuandweiunanua, Sesaz lamimiln | ldwinnu 025 Tslundu 0.24

N hitp://www.biodiesel.com
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d‘ wa o a S =3 (% :! C )
AINN 2.4 FUUAUTVUALY AT INTWNIUN VYN UAEA

wawames
G US-2D nnthsudiy
19ud

APWUMUUIA 15 ° % (Mlanfudsgnuiafiuns) 0.849 0.888
yufenEuRY (earusaiFoe) 189 | 307(1%)

10 lesidud 220 319

20 1losidud 234 328

50 1lesidud 263 333

70 ofiFus 286 335

N GHEATTS 299 337

90 (e sidua 317 340
ARATANY (° o) 349 342 (95%)
Yswnwez Tsundn (esiFud Tnolsinas) 31.5 ]
dalszneu (Weosidud Tas Tua)

Msueu 86.0 77.4

leTasiou 13.4 12.0

20NV 0.0 11.2

Falos 0.3 0.03
ArtFnu 46.1 44.6
TN 46.2 50.8
dadulalasmsveu 1.81 3.62
AunaeIAgns 42.30 37.50

#1341 M. Mittelbach, JAOCS, Vol.65, July 1998

4 o o 4 ! Q ﬁ’l = o 5
Weinmsnageuiuni sswudaranud1sasms IfFomass ums (Specific Fuel

A IS

1Y k4
o 1ive.5 a0 L9 [J
Consumption) vouWuArazINngenIniwiudira uazluaiuledeesiima lulasioy

= 4

4 ' 4 o Y " W s
090 laAunnd ualiMsasveuveusn s uazlalasmivoudesnhduanslugiii 23
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! FUEL ENERGY
HC 160 NOx PAPTICULATES CONSUMPTION  CONSUMPTION

1.0 0.15 10 250

£ : A
- 3 8 200
= - = £
> o 0.0 — g
TR B =
0.S =1 — s +— — 3

wc T

00S1

R B o B ; X

A B AB AB- AB AB

A....US-2D FUEL RUEL PARTICULATES
B....ESTER FUEL LUBE oL

1 . . $ 4
Ui 2.3 YTinanTuledeveaniswudaailfihiudimatinwiousuihudea [10]

111 1991 Roger A. Korus uagamie [9] shmsnaasamaniziiimnzaylunisnan
a o a o & 9 :’ v o 9 M = @ 1
@I veIUmesE N e ldunnhdudiwa Iddenanzimmnzawnniladodn q

E4
a9 gangil Anudnduvesmssalfnson Sasmsniu USinanhluueanesed uaslsuna

Ed
v A

s vy = A - ] ° Y] = ¢
weanesed ldannziminzauitimsdsuuasgalasdunuidadl 19 nfemunen las
Wudusal§ise 0.5% Tasihwinvesiniu uazlfueanosoduSanilfuinduwe 50 %
amunvgazumanl M3l Twmadenlaasen ladiduduswjisndedld 1.0% Tae
¥y ¥ e
vmidnveainiu uagldueansseduigniliuiniiune 100% awavgacunisiadl
4 a ) P o = @ =4 y (=1
fgaungiines Wunm 2 $lue desinruiuduradorsuanudi lumsduniug g
Hanof1N15IUaoU (Conversion)
v v

111l 1996 P. Moniyappa uazamz [11] ldsinmmaasinaaintiudinimenihsuiy

v o :/‘ y a o LY 9 1 a o al [
wazludad s ldeusuuinvAalumaindvinldnlvesndnsasisulsznoudae
a : a oA o 7 A A &
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a9l (nszUIUMS Glycerolysis) U5z TowiveaTuTuuazlandiwelss Ao TuTundwe'lse

waglanfirelsdlfiduaisUiulsslunssuaunisnindanusdu nadnden uas
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7. ¥ I9U51IR (Volumetric Flask)

8. Mﬂgﬂwvj (Erlenmeyer Flask)
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a3 1 A59N 2 ANaY
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Source Type ITT Sum of Squares | Df | Mean Square F Significant
Corrected Model 4476.134 7| 639.448 63.108 0.000
Intercept 92813.146 1| 92813.146 |9159.861| 0.000
CATALYST 2341.834 1| 2341.834 | 231.119 | 0.000**
RATIO 1500207 1| 1500.207 | 148.058 | 0.000**
TEMP. 17.999 1 17.999 1.776 0.219
CAT * RATIO 551.663 1| 551663 54444 | 0.000%*
CAT * TEMP 22.586 11 22.586 2.229 0.174
RATIO * TEMP 2.814 1 2.814 0.278 0.612
CAT * RATIO * TEMP 39.031 il 39.031 3.852 0.085
Error ~ 81.061 8 10.133
Total 97370.340 16
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Unstandardized Standardized o Significant
Coefficients Coefficients
B Std. Error Beta
(Constant) 76.163 0.796 95.707( 0.000
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Conversion = 76.163+12.098(C)+9.683(R)+1.061(T)-5.872(C)(R)+1.188(C)(T)
- 0.419(R)(T) -1.562(C)(R)(T) e @.1)
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autia fiifald
aruwilad 5%, uRaland 2521
USuansalududase, ol 0.15
anuwunsa-a 5.36
msadi 0.2 auiRvealvhdueiosy 26]
autia ArAw
Softening Point, °C 44.0 - 56.0
Titer, °C 46.0 - 54.0
Density at 60/25 °C 0.882 - 0.891
lodine Value 22.0-49.9
Saponification Value 193 - 206
Unsaponifiable Matter, % 0.1 24°0
Solid Fat Content (NMR), %
at 10 °C 54-91
at 20 °C 31-87
at 30 °C : 1674
at 40 °C iaal
at 50 °C Up 0
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0.00-0.2 56.4 % 0.2 50 0.1
02-1.0 28202 50 0.1
1.0-30.0 7.05 £ 0.05 75 0.25
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3.525 £ 0.0.001 100 1.0
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a d : 9 d' [ &~

a.2 PHBunaunaeamesilaonnssaianunia
Yo a o d‘ o Y a d’d‘ 9 : LY
Watts K.C. uazamz [22] Winmsitenerdudssazvosunamamasn lasiniiishy
’ v d‘ y 1
purdeaisufuaNUriatazaruuy  ldnaudasdamnsnwd 32 Tulasesuilidnien

a { =1 Y] . a W Y @ a
ANuNavssuRaames N Idmeuiuissaz v uufiaames ARaRIAIS NN 7.2 - 7.9

P 73 o a o Ay v A o A P
AT NN A2 Lﬂ@i!%uﬂm'ﬂ'ﬂl@ﬁmﬂiIﬂﬂﬂ’.}ﬂ‘ﬂu].ﬂmﬂmiﬂ@?ﬂﬂ’ﬂuﬂuﬂ%']ﬂ‘ﬁiﬂﬂmimﬂﬁﬂﬁ'l’l 1

{-1(1/331% NaOH = 0.1%), -1(Sasdaniduzniuen = 1:3), +1(quuna il 60°x)}

am | addii1 | a2 may AUNTA (S | Whawames
(W) (Wt%)
30 88.39 88.8 88.595 17.82 36.95
60 88.14 88.4 88.27 17.74 37.13
90 8301 | 87.86 87.935 17.66 3731
120 8291 | 84.68 83.795 16.61 39.68

P /43 2 a o sy v A o A =
ATWN A3 Lﬂ@il“ﬁumﬂﬂﬁmﬁl‘ﬂ@ﬁIﬂﬂ‘lﬁ')ﬁ‘ﬂllﬂﬂ']ﬂlsﬂ'i@Q?ﬂﬂ?’liﬂ’iu@’i]']ﬂﬁ?i”lﬂmﬁl‘ﬂﬂﬁﬂﬁﬂ 2

{+1(U5010 NaOH = 0.5%), +1(§asdwhilumunivea = 1:6), -1(ganai 50°m)}

1 ﬂ%’ya‘ﬁ 1 ﬂﬁ'zaﬁ 2 m?;ﬂ AITUHTIA (cSt) wiawames
(W) (Wt%)
30 47.68 47.6 47.64 6.67 75.13
60 49.38 4691 48.145 6.83 74.23
90 46.6 45.84 46.22 6.23 77.82
120 45.71 45.6 45.655 6.05 78.96
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1 a 3 A o o
M99 .4 wlesiFudfiaeames lasuafl lannmTesiannunilannuunsmynaas il 3

(+1(U5u1 NaOH = 0.5%), - 1(Sasrdauininumuen =1:3), - 1(gaungl 50%)}

| edeR1 | edeie wao anuviia ey | witawamey
(W) (Wt%)
30 59.84 60.14 59.99 10.31 58.23
60 _ 59.37 60.17 59.77 10.25 58.47
90 5546 | 56.44 55.95 9.16 62.82
120 53.99 54.73 54.36 8.69 64.83

p s d d A o P Y] & o A o
AITNN NS Lﬂ'ﬂi!“ﬂuﬂm'ﬂmﬂﬂmﬂiIﬂEHJ’JZWI'1?1mﬂlﬂiﬂﬂ’lﬂﬂ’ﬂﬁﬁuﬂmﬂﬂuwmﬂ‘ﬂﬂ'ﬂﬂﬂ‘ﬂ 4

{-1(3310 NaOH = 0.1%), + 1(§asrdnnhdiu:uniuea = 1:6), -1@ungil 50°4))

1391 ﬂ%’ﬂﬁ 1 ﬂ%ﬂﬁ 2 m?;tl ﬂ’)‘limﬁﬂ (cSt) mﬁmaﬂmas’
(W) (Wt%)
30 57.09 57.69 57.39 9.57 61.11
60 57.76 57.43 57.595 9.63 60.87
90 54.6 55.03 54.815 8.83 64.24
120 54.22 54.31 54.265 8.67 64.96

~ sd & a o Ay ¥ 4 & A a
ATNN N.6 Lﬂﬂil“ﬂuﬁm‘i’lﬂl@ﬁ&ﬂﬂiiﬂﬂﬂ’lﬁﬂﬂﬂ‘i’ﬂﬂ!ﬂiﬂ@’)ﬂﬂ'ﬂﬂﬂ“ﬂ‘ﬂ']ﬂﬂﬁﬂﬂmﬂl‘ﬂﬁﬁﬂﬁﬂ 5]

9
{-1(1f3311% NaOH = 0.1%),-1(8nsraautiiiu:mmuea = 1:3), -1(qungi 50° @)}

na ﬂ%ﬁ"ﬁ 1 ﬂﬁ:"\_‘l‘?‘l 2 e Aunile (S | winweamey
(ui) (Wt%)
30 97.8 98.33 98.065 20.17 32.13
60 92.55 93.68 93.115 18.95 34.56
90 88.31 87.61 87.96 17.66 37.29
120 84.9 83.39 84.145 16.69 39.48
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a /74 o a s Ay A o A a
139N 2.7 Lﬂ@ﬁk“ﬁuﬂmﬂm@ﬁl"ﬂﬂiTﬂElﬁJ’J’ﬂ‘ﬂvlﬂ‘iﬂﬂLﬂSEN’JﬂﬂTlﬂJﬁUﬂ'inﬂﬁiJ'lfJLﬁ‘iW]ﬂﬁEN‘Vl 6

v
{-1(/3110% NaOH = 0.1%), +1(§asdruiniuuniuen = 1:6), +1(qungil 60°%)}

nm | adi1 | a%edio mao ANuvita (cSt) | whaweames
(W) (Wt%)

30 56.8 57.05 56.925 9.44 61.65

60 5011 | 5001 50.06 7.42 71.02

90 4965 | 4937 49.51 7.25 7191

120 5026 | 50.16 50.21 7.46 70.78

a 74 2 a 7 Ay v A o A =
MINN 7.8 L‘Ll@il"lfumu‘ﬂmf]ﬁtﬂﬂﬁIﬂﬂll'm%’l‘lﬂ‘lﬂﬂ&ﬂ‘i@\‘l’)ﬂﬂ'ﬂ‘ﬂﬂ“ﬂﬂ?ﬂﬁll'lﬂmﬂl‘ﬂﬂﬁaﬁﬂ 7

i
{+1(311%4 NaOH = 0.5%), -1(asdrmiiiuumiuea = 1:3), + 1(@ungil 60°w)}

1IN ﬂ%&‘ﬁ 1 ﬂgﬂ‘ﬁ 2 m?;ﬂ ANUnHA (S | whaleames
(W1¥) (Wt%)
30 51.86 54.57 3245 8.36 66.36
60 50.66 51.68 SN 7 I7.75 69.30
90 48.38 48.96 48.67 6.99 73.31
120 49.73 43.87 49.3 7.19 72.25

a /3 & a o Sy v A A =
ATTNN N9 Lﬂﬂﬁ&“ﬂuﬂlﬂﬂﬁlﬂﬂlﬂ@iiﬂ?Jlnaﬂ“Lﬂ‘ﬂTﬂLﬂiEN'Qﬂﬂfnuwuﬂ‘ﬂﬁlﬂﬁﬂﬂlﬂlﬁﬂl‘ﬂﬂaﬂ\iﬂ 8

{(+1(1/310% NaOH = 0.5%), +1(8anaauiiiuaumuea = 1:6), + 1(uuni 60°%)}

nm | afeit1 | adef2 mao ANuNHA (cSH) | wiawames
(W) (Wt%)
30 4492 45.76 45.34 5.95 79.62
60 44,39 44.26 44 325 5.62 81.82
90 43.6 43.26 43.43 5.32 83.90
120 44.14 44 64 44.39 5.64 81.68
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HANHIN I

wu Sw oA = d a a
mmﬂmmumuﬂmammwmn‘lmﬂmummﬂsmmmsmam

-:; =t v :’ L = 4 a a =3 o/
ATTNN 4.1 nﬁa‘umﬂ‘umJuﬂﬂu’mmmmmammwmﬂ"lmﬂmumﬂﬂsumnmsmaaamannu

vhhimaii )
S v ™ T
HIUUALKD HINU HIWU
| ASTM
TEST ITEM LIMIT | 30 wainly | S Ala
i hduem@esy | nyusy | nyudh

API Gravity @ 60°F 1298 Report 29.6 40 34
Specific Gravity @

15.6/15.6 °C 1298

- High Speed Diesel 0.81-0.87 0.8783 0.82 -

- Low Speed Diesel 0.920 max. B 0.86
Calculated Cetane Index 976

- High Speed Diesel 47 min. 47.7 52 -

- Low Speed Diesel 45 min. A 52
Kinematic Viscosity @

40°C, cSt 445

- High Speed Diesel 1.8-4.1 5.473 2:28 -

- Low Speed Diesel 8.0 max. = 4.0
Pour Point, ®e 97

- High Speed Diesel 10 max. 16.0 -8.0 -

- Low Speed Diesel 16 max. = 3.0
Sulphur Content, wt% 4294 ‘

- High Speed Diesel 0.05 max. 0.0054 0.04 -

- Low Speed Diesel 1.5 max. - 0.5
Flash Point, (P.M.), °C 93 52 min. 173.0 75.0 69.0
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a = wva 3’ o a s 4 a a a
AN .1 L‘LﬁEJ‘]JLﬂUUﬁﬂJUﬂﬂlﬂQU’lﬁJHﬂWﬁ‘iﬂﬂTWmﬂ"hl‘ﬂTﬁnﬁlﬂﬂiumﬂﬂﬁﬂﬂﬂﬁ]%ﬂﬂﬂ

9
LY o w

fniaiudranill (de)

Ed 4 k4
HiuAlra iy | v
ASTM & - .
TEST ITEM LIMIT | 3wty | Awsa Aya
D d a a < 9
ﬂmu’dmasu UHUIT U
Water & Sediment, %vol 2709
- High Speed Diesel 0.05 max. 0.0 0.0 -
- Low Speed Diesel 0.3 max. o 0.0
Distillation: (Correct Temp.)
IBP 86 Report 288 174 166
10% rec. , °C Report 323 204 225
50% rec. , °C report 324 250 303
90% rec. , °C 357 max. 346 325 :
End Point report 350 ; 328

v bl
= wa o o/ J S a v
ﬂ’l‘JNﬁ 3.2 uﬁ‘emmﬂuﬂuummumuﬁwafﬁ'smwmﬂ"l,ﬂnhmmmammﬂmimamﬂ‘u

Y
WAsPIUUBTUAEFINIWUBIA 1S IA

WuAwaInwIn | wasgunly
DIN US L
TEST ITEM lvthdumaesunnams | lumsnageu
51606 ASTM
NABDY
Flash Point, oC 100 min. | 100 min. 173.0 ASTM D 93
Water & Sediment, - 0.050 0.0 ASTM D 2709
%vol max.
Viscosity @ 40°C,cSt | 3.5-5.0 | 1.9-6.5 5.473 ASTM D 445
Sulphur, wt% 0.01 max. | 0.05 max. 0.0054 ASTM D 4294
Cetane 49 min. 40 min. 47.7 ASTN D 976

i http://www.biodiesel.com
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