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Abstract

This project studied -the transesterification of - sunflower il to produce
biodiesel using sulfuric acid as a catalyst and using solvents, which assist the
homogeneous of the mixture leading to reduction of diffusion limit. The study
showed that biodiesel yield was increased from 56.33 % to 69.07-81.58 % upon
addition of a solvent at 20 %wt oil at temperature of 120°C, molar ratio of metha-
nol to sunflower oil 30:1, sulfuric acid content of 0.5 %wt oil, stirring rate rate 200
rpm for 20 minutes. In addition, the effect of various parameters were studied, that
are: types of solvent (acetone, hexane, methyl tert-butyl ether);-amount of sulfuric
acid 0.5-3 %wt oil, amount of solvent methyl tert-butyl ether 10-30 %wt oil, molar
ratio of methanol to oil 10:1-30:1 and the speed- of stirring 200-600 rpm. The
reactions were performed in-a batch reactor, which can withstand high temperature
and pressure. Biodiesel yields were obtained by using correlation, which relate the
viscosity of the sample to biodiesel yield. From the analyses found that hexane and
methyl tert-butyl ether gave higher biodiesel yield than acetone. The amount of
sulfuric acid has strong on effect biodiesel yield. The stirring rate rate of 200 rpm is
enough for this reaction. Amount of solvent methyl tert-butyl ether in the range of
study has insignificant influence on biodiesel yield. Therefore, 10 %wt oil of methyl
tert-butyl ether is appropriate. When molar ratio of methanol to oil increases, the

reaction will shift forward to produce more biodiesel.
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VDILUILATIUAU NawNav1aan

Vawfavan adesufnsel
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2. eguruywn 250 Hadans 5.0 w3psdewimin
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i R W

wnszwialnfiadimes (tert-butyl methyl ether — Analytical Reagent Grade,

IfumueyesziaInuiev BST Elastomer)
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o & o v v ¥ od v aa o & ¥
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mMsmsgindndasiluliaaridnusildnsifieuanmaumiawata Oynamic
viscosity) 31N91U338v89  Borges WarAnzlavIA AN USTENINAMNvilanain wavna-

nanvaslulofwanuaunsa (3.1) [29]

[(-Kinematic viscosity-Density)/G.S]

%yield=158.5¢e (3.1)
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AIMlanaIRasNIaminanANunilalatinfin (knematic viscosity) WazAIILNULLLY

= [} = = a v 2 i
NANNTN (3.2) leenisasivinenunilalatin@naie Cannon-Fenske Routine Visco-
L3 A = - L 1
meters o3 150 Ngauuil 40 aervaidua muiduInsgu ASTM D445 waznsiainan

AatNLLusY Pyconometer wasthanfildlumeawandnlulefiganiuaunis (3.1)

Dynamic viscosity = Kinematic viscosity ¢ Density (3.2)

e Jn1svaassdutunsusgwesideneglunianuin o
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{Z N,C, Dk —2.06E - 07}7‘3
k

A NCAk NGBk NCoCk NCoDk  1Tluaaeillfaingns19eee JOBACK Wenssamsnedi

(m.1) — (p.4)

L7 d 1 o 1 ﬂl 1
NRINANIANINALNTS (A.9) = (A.11) Wrswnualuaunis (a6) = (A.8) Waluwnumian
Ke 970@1n15 (A.5) uavlumanidsfunmsaiinaniisaunavaaljisemsudioanasindu

NAUNTS (A.3)

o ' o a % vl =] aaa aa o
NADUNMNNITATUIULND YD ﬂﬁﬁHﬂﬂM uqﬂwﬁ‘ﬂﬂﬂﬁﬂﬂﬂﬁﬂqmﬁquﬁlﬂﬁlwaﬁw LAYU

Tneldvguijvas JOBACK

v = d aaa < o i o aaa P
Ineasauufguifisendunuu Elementary rate law wagldgamgiilunsvifisend

120 perwaldiod
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Tuusnglassaivesasuazliiinaiannaisne JOBACK sl

Tnonasiufie S1urumy (N) grufuriasil hk gfk CpAk CpBK CpCk CpDk

1As9a519v0UaNIUea: CH4-OH

A15799 A.1 ANAITNINUSEVDWUNIUDAIINAITIY JOBACK

42

are Ny hfk gfk CpAk CpBk CpCk CpDk
MeOH
CH4(1) 1 | -76.45 -43.96 19.5 -8.08E-03 | 1.53E-04 | -9.67E-08
OH(1) 1 1-208.04 | -189.2 | 25.7 -6.91E-02 | 1.77E-04 | -9.88E-08
W& -284.49 |=233:16 | 45.2 -7.72E-02 | 3.30E-04 | -1.955E-07
laseas1av0ensmlaiada: CHa-(CHy)s-CH=CH-CH,-CH=CH-(CH,);-COOH
A51971 A.2 AAsTivusyraanslatEdaeInmsne JOBACK
Group
i Ny hfk efk CpAk CpBk CpCk CpDk
CHs(1) 1 | ~76.45 -43.96 19.5 | -8.08E-03 | 1.53E-04 | -9.67E-08
=CH,(1§ 14, | *-9:63 3. P53, 3.81E-02 1.72E-04 1.03E-07
=CH(2) 2 30 48.53 -8 1.05E-01 ' | -9.63E-Q05 | 3.56E-08
COOH(1) 1) -426.72 | -387.87 | 24.1 4.27E-02 8.04E-05 | -6.87E-08
HET -562.05 | -281.99 | 358 7.78E-01 2.45E-03 | 1.3478E-06
IAseasswassiialofion: CHa(CH,)CH2-CH=CH-CH,-(CH,)5-CH,-COO-CHs
A151971 A.3 ARsTiiusYTeLialeRlananmIs e JOBACK
Group
Methyloleate Ny hfk gfk CpAk CpBk CpCk CpDk
CHs(1) 1 -76.45 -43.96 19.5 | -8.08E-03 | 1.53E-04 | -9.67E-08
=CH(1) 15 -9.63 377 23.6 | 3.81E-02 | 1.72E-04 1.03E-07
=CH(2) 2 37.97 48.53 -8 1.05E-01 | -9.63E-05 | 3.56E-08
CO0(1) 1 | -337.92 | -301.95 | 24.5 | 4.02E-02 | 4.02E-05 | -4.52E-08
HNATIY -454.5 | -150.51 | 314.7 | 9.01E-01 | 2.03E-03 1.14E-06




TAssasaveenalgesea: CH,OH-CHOH-CH,OH

A1519% A.4 ANPIINUSTUDINAYDTRaINA519 JOBACK

Group
N hfk ofk CpAk | CpBk CpCk CpDk
Glycerol
(2)CH, 2 -9.63 337 23.6 | 3.81E-02 | 1.72E-04 | 1.03E-07
(3)CH 1 79.3 Terl 245 | 271E-02 | 1.11E-04 | 6.78E-08
(1)OH 3 | -208.04 | -189.2 | 25.7 | -6.91E-02 | 1.77E-04 | -9.88E-08
NATIU -564.08 | -482.35 | 148.8 | -1.04E-01 | 9.86E-04 | -2.26E-08

o
Qs

ﬂ‘ EJ v L dl
ez laAnInIT199 A.5

M15199 A.5 asuAmauIuveILAaa1391nN15LER1919 JOBACK

sunoudt 2 thanasfiidunasiuainesisd (.0 - 0:8) Wldluaunsi (@.9) - (A.11)

GRETGH AG (khmol™) | AH K mol™ - | Acp U mol K?)
MEQH =179.28 -216.2 50.68
Oleic -228.11 -493.76 11205
Methyloleate -96.63 -386.21 1047.54
Glycerol -428.47 -495.79 255.56
HASIU -245.42 -289.22 276.26

8/
s

< o 1 d 4 1 -
TuUABUN 3 UIATPINANTNT A.5 WIUATASENNIT A.6 A.7 ey A.8 LNaW Ke dUA15 A5

5 QI d: v 1 o 1 GJ a aa
Junoud 4 WeldAn K dlunisinmsdsusiasreilfiseininaunis a.4 lnswdasaunis

Tvglusuves UfASMUL Elementary rate-law WaRAIALN1T A.12

_ (CTGO (®FAME T 3.75))3 (CTGU (GGI_}'cero! + x))

(Cr6, (1=2)Crg, (@0 —31)’

(A.12)

1 d 1 s =l 1 2/ v o
NUAT Ko WWOMIANNTHUIHNUNILAL (x) TAULNUAIAIUTHTY AU IUIUYDINITNAGDY

aglarn x=99.99% anunsaazUldnujisemsudieamesiliaduiiy
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AMANUIN 3

PanmuaNInsgIudunwa luladiya
Usznniuiateawasvasnsaladululssndlng

A1319% 4.1 dnwniriazANNUBIuALYa

. thifuiea
T18MT doriwun TGN Avngau *
WYUIF? viyyutn
1 ALY o il 15.6/15.6 Taishnd 0.81 ASTM D 1298
asAwaldea (Specific Gravity at way
15.6/15.6°C) Ligenn 0.87 0.920
E g Timinan
2 ey (Cetane Number) %3e a7 45 ASTM D 613
Fydidnu (Calculate Cetane Index) ASTM D 976
3 muwiln wupaland |/ ASTM D 445
(Viscosity, cST) Ly
- - uay
3.1 o il 40 DaraaLTHE il o 1.8 -
4 Taigand
(at 40~ C)
3o
3.2 o gumall 50 seraRLTed L, 4.1 8.0
iy laigandn
(at 50°0) - ASTM D 97
4 alyaw Barealdea VAR 6.0
(Pour Point, °C) 10
5 Anuztusavarlasdnmin laiaandn 16 ASTM D 4294
(Sulphur, %wt.) 0.035 ASTM D 130
6 MINANIBURNUDILAY laaands 1.5
(Copper Strip Corrosion) WieLaa 1 ASTM D 2274
T wafivsnawienisiinuifseeandiadu Liaendn <
,ﬂ%’u/@nmﬁﬁmm (Oxidation =
Stability, ‘g/m’) ¢ ASTM D 189
8 anausouazladivin ligands 0.05
(Carbon Residue, %wt.) - ASTM D 2709
9 huaznznausasasinaiimin lsigsnda e
(Water and Sediment, %wt.) 03 ASTM D 482
10 whiaazlneuiwin Viaanda -
(Ash, %wt.) ) . 0.02 ASTM D 93
11 Ul s wadea laidnia <
. o
(Flasl:: Point, “C) ) 52 ASTM D 86
12 MINAY DI ITETYE
— 5 o
(Dlstﬂ%tlon', SJ , ) hiqaﬂ’h 557 )
gamglvasdruinauldlneuinngly
dmsrfouasiindy
(90% recovered) laigandy 11 ASTM D 2425
13 Tndlwmdn oslsundn lalasasuau
SavasTnerimiin (Polycyclic ,
Aromatic Hydrocarbon, % wt.)
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M157199 4.1 (913) aﬂwmzuammmwmaamuuﬁwa

45

unsiudiia
W3 dorvun anTgam & Inenau *
s | vudn
14 & (Coloun) Taisin<n wiss | g (1) Wisuiwieuduay
™ & aw Yoo
14.1 wiavedd (Hue) Yiunauiladiudniv
o o & '
R T TR ERR HATHY
14.2 Pmutuesd il - 4.5 T"”l""“““f":’ﬂl_‘fl”l”u
; " naunsdaulil
(Intensity) uay ! HRALDS
Tadgandn a 75 Ysouvihiufifmn
N * 9 [} o
wenianussgueniiulu
muusildlumsing
aaidnaasu ASTM D
1500 udwsaiitivee
WA KI0
(2) ASTM D 2392
ASTM D 1500
5 y - ‘ \ 1/ : )
15 11.11”9 L?ﬂ'lh m‘nu:wamamawaaﬂsm laishnda 4.5 EN 14078
lusiu SewazlnuvSuns way
(Methyl Ester of Fatty Acid, % laiganda 5 -
vol.)
16 | AmandBnisvdedu Tulasies Taigan 460
< CEC F-06-A-96
(Lubricity, pm)
17 AL (G13) A g T . 1.
0. Tdnlumpilasuanuiureuainaduiinsugsiandaru
(Additive)

x o voaad ol & o aAday s w Vas e o = ull &
W * AnagaueIliIsaunvisuwnile unlunsanddelauddaliaiafmunluseasidsnauuuyiiel

CJ = s
U : Uixmﬂnmqinﬁmamu W.f. 2556

A135199 4.2 anwvaiazAuwvedulofwalssinnuviaoamesvasnsalusiy

EACTINE] diafiviun Fns1gasi Tvadau *
1 wiiaeawmes  Sovaslagiamin Taisnt 96.5 EN 14103
(Methyl Ester, % wt.)
2 ATy o gamail 15 ssisadva flanduiuns’ laisnn 860 ASTM D 1298
(Density at 15°C, ka/m’) uay
laigand 900
3 ALwilA o gamgil 40 asigaiea  wudialand lignd 35 ASTM D 445
(Viscosity at 40°C,, cST) ——
Taigand 50
4 gl earwadua tisnh 120 ASTM D 93
(Flash Point, °C) o
5 mziudovaslaeniwdn biganth 0.0010 ASTM D 2622
(Sulphur, %wt.)
5 mndufevarlasivin Ligan 0.30 ASTM D 4530
($ovar 10 vasnniwmdoinnsndu)
(Carbon Residue, on 10% disstillation residue, %wt.) .
. uuTnu lsisn 51 ASTM D 613
(Cetane Number)




= ' s al = s as
M13199 9.2 () dnvauzuazamnweslulofiwalssinnufiaeamesvenseluiu

a6

83 doruun dnsigas Fenndau *
8 whdamnsosazlasimin Taigandn 0.02 ASTM D 874
9 (Sulfated Ash, %wt.)

1h3psasiaenimiin laiganan 0.050 ASTM D 2709
10 (Water, %wt.)
duidowimuniovasiaeiwin e 0.0024 ASTM D 5452
11 (Total Contaminate, %wt.) :
msfiansauuuneng Tigand WBLaY 1 ASTM D 130
12 (Copper Strip Corrosion)
wilgsnmsanisiinufiseeanind o gamgil 110 feddar 6 EN 14112
erwaldea il
13 (Oxidation Stability at 110°C,  hours) jisria 050 ASTM D 664
Amiunin Hadniulvunadedlansenled/ny h
14 ckValue, mefbhiEl Taigandn 120 EN 14111
Alelafy niulelofu/100 A3 3
(lodine Value, ¢ lodine/100 ¢) e '
15 B Tk 7, D laigandn 12.0 EN 14103
nsndlutaiinufialoamasd Sevaslautingn
(Linolenic Acid Methyl Ester, %wt.) o
1 svuea Yevaslasimin bigan ey NN
(Methanol, %wt.)
7 Tulundwelsd  Sovaclaodmin bigandn 0.80 EN 14105
(Monoelyceride, ~ %wt.)
18 Tasndwelse  Sovaslamimnin bigandy {20 EN 14105
(Triglyceride,  %wt.)
19 niweiudasr Seeadlantimin lafgana 0.02 EN 14105
(Free elycerin,  %wt.)
20 nAwasuiamun $ouaclagthvin Tiganm 0.25 EN 14105
(Total glycerin,  %wt.)
Tavzngu 1 (lwdenuazlUunaden)  dadniu/flaniy ligandn 5.0 EN 14108 uay
(Group | metals (Na+K) ma/kg) EN 14109
22 Tavzngu 2 (waadvuuazwindidon) - Sadniu/Alaniy laiganh 50 prEN 14538
(Group Il metals (Ca+Mg) me/ke)
voareda desaclamimin Liganh 0.0010 ASTM D 4951
(Phosphorus, . %wt.)
23 ANt (613) Tidulauildsummsiiusauanesui

(Additive)
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