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Abstract

The study is divided into two parts. The first part examined the acid catalyzed
esterification of Jatropha oil (JO) using isopropanol (IPA) via the ultrasonic irradiation
(UI) assisted process. The acid value (AV), density ( o Lo), kinematic viscosity (KV),
yield of biodiesel(Yr), isopropyl alcohol recovery and the impact of energy
consumption were used to evaluate the effects of reaction temperature (T) and the
alcohol/oil molar ratio (M/O) on the esterification. The results of esterification were
referred to set the proper conditions to produce biodiesel of second part study,
investigating the base(KOH) catalyzed transesterification. In the transesterification
process, the effects of T, M/O and reaction time (t) on the biodiesel characteristics study.
This combined esterification and transesterification is called two-stage biodiesel
manufacture process.

The Ul esterification results showed that increased M/O can significantly reduce
the acid value of the oil, M/O=5 and T=80 °C for example decreasing from36.4 mg-
KOH/g of JO reduced to 0.4 mg-KOH/g of esterified oil. It was found that when the
temperature is higher than while close to the IPA boiling point (82.3 °C), for example
at 100 and 120 °C all the acid value can be reduced lower than 0.2 mg-KOH/g. The
biodiesel yields are 75.47 and 71.42%, respectively. To ensure the appropriation of
characteristics of products, the esterification temperature was chosen at 120 C to
obtain crude ester for the followed transesterification.

For transesterification conditions at T= 80 “Cand t=20 min the proper M/O is 9,
offering biodiesel yield Yr as high as 95.87 %, with AV=0.688 mg-KOH/g, p Lo
=892.5 kg/m® and KV=9.548 mm?/s while there is no significant improvement with
M/O high than 9. The results also indicated that with Ul the transesterification is nearly
completed in 20 min. The enchancement is minor for further extending AV, density, KV
and the reaction time. The use of IPA instead of methanol in biodiesel manufacture of
jatropha oil, however, the products yields with KV higher than CNS 15072 standard
(3.5-5.0 mm?/s) The IPA based biodiesel may mix with other diesel with low KV to

meet the requirement.
Key words : Jatropha curcas seed oil ~ esterification ~ biodiesel ~ ultrasonic ~



transesterification ~ IPA
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Az : area of 2.3 ppm
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Pui  power of Ul, W

Qun © injection flow rate of mixture of IPA and H2SO4 for transesterification mL/min
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Ripa : recovery of IPA, %

Rpui : reading of scale of power controller of Ul

te : transesterification time

ty : heating time

T : temperature, C

Te : transesterification temperature, C

Ve : volume of isopropanol for esterification, mL

Vit ¢ volume of isopropanol for transesterification, mL

W, : mass of raw jatropha oil used

Ya : conversion of free fatty acid (FFA), %
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1998):}F] gk B20 4 Fae i v R ) 15.6 %2 COz % > @ i@ * B100 2 B
S o BT R K 78.4%2. CO % £ 7 @ % et b § ¢ 74 Hl W B AR
PloTR s ap e g 4k § o @ NREL(ZOlO):};] Do B20 A B T RS 1%
S b i@ % g 0 5 4 58 % % i /R ' & (net energy value, NEV)(Sheehan et al.,
1998) > 7 & * 2 G A e 0 FR 3 JR(2007) 7 4, 0 i@ ¢ B20

B100 # FFuk b & 7 v deid a5 | HFVELS 9T A 4 275 4 4 vt 20 B20 22 B100 #7
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AA 254G PEGTE > FhoTable2lom FaEF M Vg F L2 R E

“mlL
;
|
7*-"13
= Pk

BEEEATd 275 (2008)2 3 ¢ im0 £ ¥ 4 Table2-2 ¢
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Flpt P > o BE VB s - F VRLZ IR E . Y e Table 2.2 o

@ Table 2.3 @ Bp7m £ 38 1 R d R 2 TRl > A d FHIE L
fg A ® BTl 3 ZRIREEE > 405 FRt s EF gt > 2 ek g 4
25 k¥ 4 %(PAHS)Z A it 5 k¥ 4 %H(N-PAH) S Rt ik B MR * 71t
WA A2 BF o AeTable2.4 #r o 2 4 B AL D RsARMT AP

LR RTEHRTIRE MM E AR T R AR IR SR P A T

Table 2.1 ~ Compare of the exhaust gas composition of B20 ~ B100 ~ petroleum
diesel after combustion .

BRF AL 20%2 F ik 100%2 %
i &% (HC) W T U sk G R 5 30% R )
- 3§ “B(CO) LA T TV R D 20% LA il S R 5 50%
ek (PM) W T 1L B 5 15% W T i S 5 60%
¥ § 1“4 (NOx) WL T S K e 1% WLh T Y S8 4 4%
F v $(SOx) LA T B R 20% R e

BR 7 4= > 2007

Table 2 2 ~ Characteristics of biodiesel and petroleum diesel comparison.

REX =2 HOE v S g AFRR
L 8 (Flash point) °C 52 118
mEE % 0.05 <0.01
L 2 2% & (Cetane number) 42 50
BF 1 grmin 2500 6000

F 77 0 2005



Table 2.3 ~ The properties of diesel, biodiesel and gasoline

0 A L L
P23 S
C15-C20 C12r ¢ C6-C9
A
IERCINE: RE N fin e T i R R A R
oL g (C)

-+ 3 *% ig (Cetane number)

# At A (Kinematic viscosity at 40 ‘C, mm?s?)

52

42

1.9-5.2

120

51

3.5-5

7 4% % & :(Chang, 2010)

—: Not available



Table 2.4 ~ Emission comparison of biodiesel and diesel .

AFRBAPCRIZHEF ISR

B100 ¢ % 7

B20% ¥4

AVERICEFBE -67% -20%
- § fhﬁ‘}\
-48% -12%
(CO)
Tk
-47% -12%
(PM)
Fivg
+10% +2%
(NOx)
Frie o
-100% -20%

(Sulfates)




-80% -13%
(PAHS)
TSRS T £
-90% -50%
(n-PAH)
4. § (Ozone) -50% -10%

7L % Jm: Biodiesel Emissions. http://www.biodiesel.org/pdf files/fuelfactsheets/emissions.PDF [accessed on 20 April 2010].



2.2 R # A KRR b

TS F R A o 4 T ik S E o TS RATE b A s 0 7 3

&

AFRGPRPERBER YT @ PORFF B 22K W FERE
FHRFAT G 0 B REF > FREH L FRY DGART TG L BT A
HEEEEF N N AB g RRAF I 2L - ven'd

A FRB A A BEFEY SRR 2 g F L AR(GETER etal, 2005, Balat
and Balat, 2010, Xue et al., 2011, Atabani et al., 2013) - # # & & it & % B85
AR 993%  FAmEEA A G e R AR - > RE R 46%:0E * W
R T o o A EE 4 o P JE EFeT 94005 2 L hE r
ERERN 2 8 8 F F(Lu et al., 2009, Jain and Sharma, 2010) ; F)pt s T
Pias RN RS g RS HRY Ry A TEDRPF S 2R
REAFLED L TR F L AP TEY LS YDt AL R R R
Mok fEenZ et fdeTable2.5 & A A+ 2 5 4cTable2.6575F » @ H ¥ ik

W5 a3 AAEFT GBS AR PRSI E AL BT LIEY R &

W G s R A AARAES G 2 TR IR G T RE
1 - #2fEF g F B LA Ft e 4 R TR AR RS T

T At E2 g o
2. FEAHAELOE I RIPDER-ELfFF o
3. FEZfF N FHEIEFEI L A - E4 3 FTIES ARITER €T
PP EBRRAF AL A RIZhd kg2 A RN Y AT -
PR B NG 4B 350 AL E S L AtEd o B0 5 RS
3 %4 ~ ¥ @ % % (Brazil nuts) ~ it 4] (avocado) ~ ;¢ %+ (0il palm)£& + gt 4L A & 4
FL4e 4= ¢ 7 4 4 (vernicia fordii) ~ * ;¥ 4 (aleurites Montana) ~ v ¢ 1 (jatropha

curcas) ~ 5 #(Chinese tallow) - @ H @ 7 £+ (jatrophacurcas) > * %9 i ff

&3

=
Gl
3
(2}
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ZFF (1590 kgoil/ha) » 2 & 4 E20¢ Efes EM 0 Al 0 FR o2
TEEF IR ENTE R A feReed 2 R B R T
§c% ~ @t A e #4E 4 (Jain and Sharma, 2010) » Flut % € 2 & (T kL ¥
Er oo ! Feh PR EOP R FHE RD R R nFB s & AfhiE
ARG Ve e dIRE O F G DNE G AR R ARFAL LB
o A EE B SRR A R R B K A A S A H25 R
B enfiiis BFAR AN E 2K ER A LA R A RBE G 2 e
2 F 8N A 4eTable 27577 5 @ 2 /gkfn:};] DA A R TR A& 2E ¥ 329,750
kg/ha » ## dtend st e 9 & 2,250-2,700 kg/ha 22 fF -

2Rkt B G - AOER 2y s B S A gAY
AR TER dR (0 5, 2007) 0 BHERERME3E R TR F KL B A TR
FRAGRARIG 7E PR ek A R 02 R e 2 £ h40-50% -
FREAc~ 2 3 et IV E & b 18% 5 (Achten etal., 2008)4, 417 E 341 * ek
B 2 a5 2 F Y 2 TR LT R ARG NEF T PR
Egk; SarinRetal (2007)4p i d 302 Fod ARt @ E g E2 5 PR
ek A b 2§ R R @ AR 2§ R BT AU e
DR EHFdEEFRREES 2 TR 2§ T TR ERTHR
MERRD -2 TR AL 305 FA00 ¢ 5 125 24

{7 R o U

< BRE122 2203245 83 £ A ek AHER N - § 2 T80 AR R

L 43 F o FM ek A A RS A TR B R igE 2 - (0 5, 2007) -
¥ ji Table 2.81% «-ifcff 4 % i <4 |4 (Sarin et al., 2007) > @ sk b & F 8

M aH? S BEREM AR G B PV ARE S ML TR

‘AT}

il

L

A L O R 2 A2 TR RR T
1. ,:/E\l?"nb/)g'(lf;}'ﬂ’*Lﬁg\.ﬂ\]r‘]%a]%%/iﬁvmx‘afggo

2. PadicE L AR ERR I FP D B IFHF LB o
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3P EA kA y > ¥ BN RS AP o

4.5 8 F 2 HWM = A o

SHEAIEDPR AR KD FIFG L et o

6Tk i & Frd b gLt > FL W R e 5 Ao

TR E G > P A BRIV E R R AR o

FIPhE B R b X RE G T (Al AR ATA RSB ERE »
) B RRA TP EEATCARNRFAT 2R E(S5 /A and FFEP,
2007) 0 $>05% R P %50 chg £ g F rF s o 19951 7 pFIR IR (A 35, 2007)
cHESPJF HR Sl B S H R AR R S TR ARG 6
ARG FRB L IF R oA RTERFEEBEFAMEL TR A2 L8

BB T bl RN R R L R 2 B T A

Zhel fEE S ARARY WA s inAe d g < EREHR BN RIR(EEE et
al., 2005) o 5487 L 4ef1 % B 2 i 0 SR AR RALL A2 F s o 4
R SEA KRG R FE L - R R R 2 FRNE TR AN

Ptz b fidheTable 2.9#7 5+ (Kumar Tiwari et al., 2007) »
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Table 2.5 ~ Comparison of oil production with different plant.

PREFZAER R

i

EN
Li

IR =

w P #F

]

w
R0
i
et

v &%

kg oil/Ha e
145 £ AL
273 &
375 B
402 I
800 T
890 B
1000 L g
790 % phf
1590 * B
2010 BN

I

AN AN

AN

‘h“\
I

-‘-_H\
|

‘h“\
I

FH KRR £ T & 2, 14(3), 2007.
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Table 2.6 ~ Qil content of various plants seeds.

Oil fraction Seed yield
Species Oil yield (tons/haly)
(%) (106 tonesly)
Jatropha 50-60 0.2 2.0-3.0
Mahua 35-40 0.2 1.0-4.0
Pongamia 30-40 0.06 2.0-4.0
(Karanja)
Castor 45-50 0.25 0.5-1.0
Linseed 35-45 0.15 0.5-1.0
Others 10-50 0.5 0.5-2.0

74 % i&: Singh SP et al., 2010.
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Table 2.7 ~ The plantation and production of jatropha curcas in several countries

Location/country Plantation Production jatropha
N Plantation jatropha curcas (ha)  curcas biodiesel (ton/year)
1 Indonesia
Nanggroe Aceh 10,000 16,000
West Java 6,000 9,500
Middle Java 20,000 32,500
South east Nusa 12,000 20,300
2 China
Panzhihua City 120,000 -

Sichuan 30,000 -
Southwestern 40,000 -
Dongfang, Hainan - 60,000

Liuzhou, Guangxi - 300,000
Red River basin in 2,000 -

3 India 9,738 -

4 Tanzania 17,600 -

5 Egypt 5,000 -

6 Ghana 100 -

7 Madagascar 500,000 -

%+ 3 #L:(Thepkhun, 2010, Silitonga et al., 2011, Yang et al.,

15
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Table 2.8 ~ Physico-chemical properties of biodiesel

Property (units) Jatropha ME Pongamia ME Sunflower ME Soybean ME Palm ME
Flash point ('C) 163 141 180 160 135
Viscosity at 40°C (cSt) 4.40 4.16 4.10 4.00 4.50
Sulphated ash 0.002 0.002 0.001 0.001 0.002
(% mass)
Sulphur (% mass) 0.004 0.003 0.003 0.002 0.003
Cloud point (C) 4 4 4 4 16
Copper corrosion 1 1 1 1 1
Cetane number 57.1 55.1 55.6 58.1 54.6
Water and sediment (vol.%0) 0.05 0.03 0.04 0.023 0.01
Neutralization value 0.48 0.10 0.20 0.15 0.24
(mg, KOH/gm)
Free glycerin 0.01 0.01 0.02 0.01 0.01

(% mass)

16



Total glycerin 0.01 0.01 0.02 0.01 0.01
(% mass)

Oxidation stability, hrs 3.23 2.35 1.73 3.80 13.37

TR kR (Sarin et al., 2007)
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Table 2.9 ~ Fuel properties of jatropha oil, jatropha biodiesel and diesel

Jatropha Biodiesel standard
Property Unit Jatropha oil Diesel
biodiesel ASTM D6751-02 DIN EN14214
Density at 15°C Kgm™ 940 880 850 - 860-900
Viscosity at 15C mm2s?t 245 4.80 2.60 1.9-6.0 3.5-5.0
Flash point T 225 135 68 >130 >120
Pour point T 4 2 -20 - -
Water content % 1.4 0.025 0.02 <0.03 <0.05
Ash content % 0.8 0.012 0.01 <0.02 <0.02
Carbon residue % 1.0 0.20 0.17 - <0.30
Acid value mg KOHg™ 28.0 0.40 - <0.80 <0.50
Calorific value MJkg? 38.65 39.23 42 - -

7ok % & (Kumar Tiwari et al., 2007)
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2.3 2 FRBITZ 2 LR

AR F g DA R KR R R ES R S R

A TEL R FR A N2 4 TR TR - PR R R TR S

G

PG AR B R B 32011 # 12 3CNS-15072 4 B b -F AR T fa b S5

9

HA g o 4oTable 2109757 o @ SIE & & 2 2 Fop #4540
(1) B« (Acid value):

Fath A ? PR R 7 B M ER PR B A TR L AL E
SRR A F G AEF AR E e 78 £ FRAAY LR iRz - oA

~

[ ] FU N LA ) B S UL e e N I
(2) # i (lodine value):

Ap A 51002 S fq ATk jr kSl o B A Ao R ehdpdh 0 @ b e
T A AR ogEAR S > B RARE o - A T A AT RARB AR ERVGER S ¥
FERE CBRFEEI D IR MR AR TFLR UL -

(3) # %k& ((kinematic viscosity)

AR N A ErRFUR R A T 2 BARR AR A HAXT B R 20

a4

M ARRER RN G FIERER 2 FAFFRcS 2 o RS
AR F LB B E TR SIE ARG 2 AR d B3 F R B
Mok AEFEER LR F RN AR FE L B kR L o P S
A SE BRI R & AR E W
(4) % & (Density):

BR-BMLIATRY 2SS FREER D PR A RRE WL
# g (Heatvalug) = i v* » F AL R R B HPF > Ap§ 03 HFH R TG L R EE
o Fp Aal?ﬁﬂ TR E 4 EH A o
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(5) 4 ;% BE(Cold filtration plug point » CFPP):

BB AN LSRR BERE TR S EMET AT R
FLRBEA N TRBE A P S h A D ER PR R R e A g
R R N7 W P S O
(6) + = = g (Cetane number):

2 b=
7T |

L = ‘)'TCIE' Z\-I—‘/'Eb’}"-? @155]’}’1'7 :}’}’Fﬁ' *‘."L,\J] m’J"T\ R :E':JE‘: /‘L /\47‘:; m':F E

\4—

BB B i BB RS R B R R 6 A

=7

Aawﬁﬁqaa@ﬂ7” Mg B AT AT T RER R AR

&

N
=

BL T ER L E T

(Heptamethylnonane)z_ - = "= g 5 15> & 12t B 3F &
ORI o
(7) &L 2L(Flash point):

U BER A - A F BT A A B R R P U BAR M AR
2 iﬁ'ﬁ%ﬂ*%% PEAL O PR AmERmL £ R X 24k -
(8) #= 7 & (Sulfur content):

2 FREEREF SSRGS AL VP2 R IT Rt ¥

WO A2 G PR EERLRE R EAL KRS DRRGEF T F AR

%/"\3]§,"i PR g ,’%é‘iﬁk}f&%\‘}, N )@ﬂ‘éé%]&#&%’ /:‘4‘ o T 3 ;& ‘Lﬁg‘kﬁ‘ﬁ“‘ B,

Table 2 10 ~ CNS-15072 Taiwan Biodiesel - Fatty acid methyl esters (FAME)

Standard
Property Units Lower limit  Upper limit
faz & % (m/m) 96.5 ]
% & Density at 15°C kg/m3 860 900
4R Viscosity at 40°C mm3<'s 3,5 5,0
Bk °C 120 -
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LR

\
S

& 3 F443 -} 50°C
§ 8T at 110°C
e
& i
= frid P ° o
5 BHa(24)% T i
Hit

¥4 £ Monoglyceride content
#4 @ fq 3 £ Diglyceride content
=4 gz £ Triglyceride content

349 7 £ Free Glycerine

B+H% 2 & Total Glycerine
FI%ER (4+40)
FU%4H (E+4)

> £ Phosphorus content

BE
4 m B Cold filter plugging point

mg/kg
% (m/m)
% (m/m)
mg/kg
mg/kg
rating
hours
mg KOH/g
% (m/m)
% (m/m)
% (m/m)
% (m/m)
% (m/m)
% (m/m)
% (m/m)
% (m/m)
mg/kg
mg/kg
mg/kg

°C

Class 1

6

10

0.3

0.02
500
24

Class 1

0.5
120

12

0.2
0.8
0.2
0.2
0.02

0.25

10

5 (C &)
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231 2 Fw aflig Sk 2 Hpe

AFED 2 U ARAALESREFS AEB N Y R AT ol 7 &
Foiy VAR AR 1Y = o] A Py VA L g 45 (fatty acid ester) » ' M H ZEF R 0 T
B F e 280 4piTe 8 " MARF B 0P 0 B £ F) L S48 fin chdEF R

S

N

WA F R FFINFRREFRE PP RER LB 72 3
BFAREE hj g 2 v s BAfRE S R LS N R X o W
4o (F -° 52, 2007, Jain and Sharma, 2010)

1.4 fiq it j= (transesterification) : 5 #-Fjadeid g P = BoH W fig = & i € fR4F
(b i~ R~ BAAR)E RU(drd §F PSR L F ) EFHERF R 2
e REL T A Pa s g AEL e g fed o B Y AT Afq e e AT S
R SR

2.8 f2i= (pyrolysis): 1% &3 B < A F Rgadb e A iEa < 5
BB G b2 B B B REAEY T e R S B RR e 0T
SRS ARV E Sz il SRy S I AR AP 1 AN LA L
AL R FH N R EAOLE L F PR o

3. st it i (micro-emulsions) @ 1 * iR HEI N (L F 3 2 BqE g 2 P iR K
AR RAR & N SR 0 A SRR MR S IGERRER o 0t 2 T
L SAEF R 0 LT G PET R 2R R AR o

4 Az 50 7 p% i Ay 1 7% (transesterification of supercritical methanol) @ 5 ] # e
Pry Bt (1:422 ) &7 4o A Tl o m (B & 5 350°C &4 5 43 MPa

TR o bl

5
&

i*éﬂf % = & J&(Kusdiana and Saka, 2004) - = fit 4
MR frEE T B AR R BB frefER T o eFRE R B 2 AT A
Ao dgfot i o 2 gtz l%‘ff’;f#]?fﬂﬁ;\lj\f‘gﬁ‘g‘ » ¥ ﬁg,ﬂ; S A= 2T AR LLL@_

B RAR PR A AT SUEE R A AR - ) A iR e
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5.8 ;% (amidation) @ #-& % @ frz ¢ ek 116 TR WHIRE{S > o A
Ve EORTERE RGN B RRE T RS DR LA R
e b erat o Bk BT & 2 U AR R FF T E T &30

A Rk e £ g Hoekok o g AR o
232 aRFENERCF R

Phpig v F L & A fig ¥ 0= PR e B ERER(AoT AR o R AP RRE)
Z g R -(NaOH R KOH):E (7 F Jis » 4 S fa s ¥ fin 2 H b 5 (F B4
Fig.2-1#77% )

AR R RPN SR o et~ k1T 4 (NaOH or KOH)p#

B

€ &1 p d fiygisph(free fatty acid, FFA) & 2 2 it & (5 B3 4cEql#rm) > & °
MA RS AF AN R pd s B ALIWLY%ILT 0 o P i e R
7 A 2wk (Kumar Tiwarietal., 2007) » @ ¢ RAl? p d faippia s £ PliE5wt
%2 b pE K B AMBP D ARG T IR k2 “,fzwﬁgfh AR AT

<

BRI 50 hp Ak 5 B AE3% - R F ok 4p g 1L 7]

=

PR gL v AR {7 2 (Patil and Deng, 2009) o

M

N AV ERTNE 3 3 BT S N R

A
F.

o f-2 RIED R F L&A R Y h2 21 s, 2007) 5 fig 72 RIALA* pRILF
Y8 AR TR & k3B (7 fip 1 (esterification) & Ji X M- 50 2 pod Ay hpi g A G
AR (F RN AEQ 2979 ) 0 R MG S0 2 e 1 A R B2k
AR enA S € MO g YR TS TR R T T R
& 5 @ Patil and Deng,(2009)4p & ¥ {1 % fgid 5 Bt 6:112 % 0.5 %(VIV) £ ¢
CT™F B120mins Rk b P chp o fa»ps 2 1% T 5 (54 % and 25 P,
2007)R 41 * 60 96 (W/ w)? AEer 2 £ 87 A v &1 9g(wW / W)enpnfik chi® 5 i

A 250 CT & 60 min v #-ffesk o ¢ 2 pod A isptE 1 1% 5 (Azhari,
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2008) 41 * 1 95(W / W)Frfs (7 5 f§45-2 2 60 9g(W / W)eh? faerid 2 & £ AL o
%60C ™ & B180mIin¥ #-j4 57 2. p d fassped 25.3 %% 2 0.5 % ; Tiwari AK
et al., (2007)7" 45 9141 % 28 96(VIV) ¥ FE2 b 2 R A v 2 143 %(VIV)Z 5t
Fai® 5 47260 C™ & B88mInT #-p o fyt»ped 14%% 2 1% m + it ¢ 5 i@
PORARTE L g 1R e LIV de R FARIE L fig b £ i Al 2 gk b
4 Leung DYCetal., (2010) 145 i e fig i & JepF7+ ié * FREEfF 4 2 ~ 3
G EDFECRERS AN B HF R AR A SR S (Lu
et al., 2009)4] * 1 %(W/W)Frfs it 5 f L2212 9w/ w)® 5 70 CTEFF &
120min® #-p o fgwefad 14%% 21%0 T > @ B4 d fa spdE 1t 57 i 5]95.6
% o @ ] * TG B AL Og(w / w)E R BB 2012 7 AR 290 'C T F R 120
min> 2 pd fpiapdic FPER07% Lordpdip i FA AL AL TR
Sp A g SR F R E L Gl R0 R ey PR XA o

o P (Y5 R AR fa ¢ = R R I IR AR R o M 2y
iREL P Ak fin (fatty acid methyl ester, FAME) » # #& it ;% 4oFig.2-1 #7571 ;5 i fip i
FREFRERA 7o LR K 2 ap i F O s 2 ¢ (Vyas et al., 2010)4, g i
VR F R XS 2 pd IR BT T AR i £
6% T A 4 4 F M 5 (Miaoetal., 2009) 77 dg i *F AL T S g 1 2

O R b

’”*L%

RN S T CRAROR TR LR

RPN E R AT E LR ERE RS URE kR F
LRehF BRERE > Bl p i s Ty 1 F AL A AR S 3 @
(Georgogianni et al., 2009) | 4 ! p& LT g fig i B 2 LT é‘fn]vf 1 ERpgz vk
r R MAE o B L BT (F UARRAF 1V 4R) B A U gl 2 e T

& s F s 414cFig.2-2475 (Meher etal., 2006) » 2 4% 28 5 4 & B fhfdenig 7T

&

EHH LRS- B o Rl B oa l? BRAgRmEF 2 F o1y 4

IR TR ES S X3 & L b TR ST T A R



KRB GEET T gk B 2 A S o A (Demirbas, 2005)4, fdk BT F 2 F
Rtsdls = BHI - ¥ - L BHERIEFEF B2 ROEBH & = paH
fin t st AR+ HROF oo T - @Y WA > @t ? BA R g Sratd)
4 FoROOCR)E ¥ - ¢ FAf > aBHR g 20t ¢ B A F Bl @3-
et B pa e fEB) A YA RREF P ENH R EF I TR HEEA
o HEH WAL 47 S BEAF 2 TRy aYH -

P AR AR AR OEAREL S RN TR A RS
(Kusdianaand Saka, 2004) § #£ 31 Kk i> 2 £ $50 42920  f ~ dk it ~ pefLis = 8
PR TR R e R R R 2 R e R Y
FER RS AR MR R G e F T A
P FlptF R g B EA T2 FREIRG N FTRB AT R R
FLIE & ok fep d Fapk 7 £ 1wt % T g 5-(B. Freedman, 1984) -
Mo R R KR ¥ R P d PRk 7 B gt FldeTable 2.11 4757 (Sarinetal,
2007) - (Marchettietal., 2007) %= 3 @ R g1 7 e ddfg - 5 2 A& Hobe(s 2 %
FRPEE >~ Apde PG PRI 2 ARTRA T BRI HE BIER B &7k
T2 pd g BRG]0 2R e 2 B ET AT A 5 20k
B Afachd R~ 2R hF A AR 2 3 R L APURTE DR

free fatty acid (RCOOH) + sodium hydroxide (NaOH) — sodium soap (RCOONa) + water (1)

o 0
Il
C“I-Iz—(}—-l'_‘l—k1 Ch —O0—cCc —Ry CH; — OH
o 1 |
I (catalyst) Il
CH—O0—C —R + 3CHOH —————» i—O0—C —R; + CH — OH
s i |
c142_(:;_!_R3 CH1—O— C —R; CH; —0H
ZERH R T BF £ H %% (FAMEs) H b
(Triglyceride) (Methanol) (Biodiesel) (Glycerol)

Fig. 2.1 Transesterification of triglycerides with methanol
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free fatty acid (RC(jOH) + R'dH (alcohol) —» RCOOR' (ester) + water

l. < B — 71
R TOR" R’

O'RII

()

H
~R -H'/R"OH 0]
+ O JE—
R + "OR" \H ,
OR" R OR
R'= —OH  glyceride
—OH
R’ = carbon chain of fatty acid
R = alkyl group of the alcohol
Fig. 2.2 ~ Mechanism of acid catalyst transesterification.
ROH + B RO + BH'
R‘COO—'!I:Hz R*coo—<|:H2
!_12 C_Oﬁ nr Hzc _O_CI:_RH!
o
R'COO—CH  OR R"COO—CH + ROOCR™
HZC _-(()_TCER'“ HEC_O-
o
" - + BH R"COO—CH B
R"COO—CH R'COQ, |
H:C—O 2 C—OH

Fig. 2.3 Mechanism of alkali catalyst transesterification.
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Table 2.11 ~ Fatty acid composition of common vegetable oil.

Jatropha Pongamia Sunflower | Soybean | Palm
Fatty acid
oil (Karanjia) oil oil oil oil
Caprylic (C8/0) — — — _ e
Capric (C10/0) — — — _ _
Lauric (C12/0) — - 0.5 _ _
Myristic
_ _ 0.2 0.1 _
(C14/0)
Palmitic
14.2 9.8 4.8 11.0 40.3
(C16/0)
Palmitoleic
1.4 — 0.8 0.1 _
(C16/1)
Stearic (C18/0) 6.9 6.2 5.7 4.0 3.1
Oleic (C18/1) 43.1 72.2 20.6 23.4 43.4
Linoleic
344 11.8 66.2 53.2 13.2
(C18/2)
Linolenic
_ — 0.8 7.8 _
(C18/3)
Arachidic
_ _ 0.4 0.3 _
(C20/0)
Behenic
_ _ _ 0.1 _
(C22/0)
Saturates 21.1 16.0 11.6 15.5 43.4
Unsaturates 78.9 84.0 88.4 84.5 56.6
FoFL % k:Sarin et al., (2007)
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24 w2 ER

AR k2 A4 FRY LT o A Bk RS DR
(propanol) ~ & 7 A% (isopropanol) ~ 2 = A& (butanol)» ¥ 4 Jk * - FRsg ¥ = f 4 4 iy
i Bt - w301 3|20 1 A 61 ¥ L oo i B R IR R FI AL
KIRF ok v i gk @ > B B EY PR A TR P 44 0 £ 15 % (total
glycerin standard) - @ & 4% & * enfg &F R 4e 12w Jz(recovered) & 3t AR A ¢ OB A #
(recycled) » 11 5 4 1E & A o TR 5 0245 -

22 R4 B0 ps(isopropanol) i kT £~ LM E 1 E AR A
T2 LEMEF PP ALER LR IR MR FFFERIF Y HE F
7P A AEH(2013) AR - £ A 2 AR A E 914 3FeRo HP BAE LA IRA
Flptdofe & L 2 S AR R A MR EARA L L B ok - o
AEa IR TG HE W G 02 I T ERERHR S T RPN TR

WA A E ko I BT T2 R B b ORI B T E

-~

*ihgelfl L R 0 2 (Paul S. Wang, 2005)4p ' fig "#f& & 3 fig (2 F 5008 ) i i 12
Arptar 2 B A b Blde  CO~HC ~smoke % » fi— S5k jd i o F]pt wf TP g ek
* R R G A TR R ERE B - fAEHR o (Paul S. Wang,
2005)#7* &b #L % soybean oil 2 yellow grease > & J&* £ 3 ik & Wfsk b 2 &
Rl KL AR

WA K2R A B R SRR R %S E 4 (pervaporation)# ik ¥ i
PR -2 AFELYEABE R A RE R ERARKARY 2B
IR TR Al n t BRME -k REFTHELREA > L0982

CZBBETEFFRFHLL TP EF% 1 £ LA (A1 ¥n1 ¥

—

B L A HEF 4, 2013) o A H R ARAoFiQ.2-447T o @ B A FF R E - B

LiRGE FBARB AN TV ARBAS 2 RZAHIALES T
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FERL o GRS FIp v £ B AR B @ 3 42 v Jc(Wang, 2002,

Urtiaga et al., 2006) & /i 42 4-Fig.2-5#7 7% °

A\ 4

1 ERBR

BB [ AR | S

ik

Fig. 2.4 Purification process of waste isopropanol.

% | > AR » FEFEF ] BAE
N \ 4
waste %5

Fig. 2.5 Pervaporation Process of waste solvent.

2.5 B & WEPIT

g A A WR TS AR(R AR ~ BRAP ~ 2 FIAR)R & ORI AL Bl
BB F R EF L FRM 2 3 %Y &L £ & o (Fangrui Ma, 1999,
Fangrui Ma, 1999)# 7 4 IR 48348 7 > -kAp(d § 482 9 BRaR & R)¥T4 2
RE K] 6 BRI R L2 2 A b e R AR RARE A SR F
AR o @ o] R F SRR € @ g Ay 1 F eenid 53 - o (C. L. Peterson, 2002) i *

oo ® & (centrifugal mixing) = 3% > i FHE S b g 1 F o om 1 LR &b
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S RATRARKL T RGP L3 § o (Harvey et al,, 2003)# * i 4 = i ik
# & i % (continuous oscillatory flow reactor) it 3 b & 457 & (7 fin I F ek
WK RBRBREETROFE BT HBTEHRF  FIRB SR LB E S

)

BNt F Ok g P Miager B9 E PR o (H. Noureddini, 2004) 12 < & 7
AR F B THFRF BE R F R IR W 5
B¢ ¥ o (José A. Colucci, 2005)# s ¢ * Az F A (T 5 x B2 A F Baul &84

PIP- R B R A F e S W B FI R B3 16 B SFE L AT

ot R BT YRR R EWEDEREF B 3 s R
B AL SR eI PEIE ITE N e B E R § 3G RdF gk o A A AR & )

e e T o
251 AZF R & B4

RFAZFAD- o P EHAEIRF LB A2RT] FfERRET R A
- AR ehdg § L BURBAE 5 ) . 20kHzZ 3 22kHz2. B > (José A. Colucci, 2005)4p ¢
d AR R P RAPOHE BRI F TG Fﬁé{ﬁﬁ ¥ % (compression and
rarefaction)m ;= % %z # ;¢ (cavitation bubbles) - # 42§ A 5% B 3 ~ & 4p 3 2 AL
RAUA4AHFGTREZS C Fofl i R{EAEFE Bi% & 5 (mass transfer rate)»
H 5 R WR sk (liquid jeteffect) o ¥ — Az 3 a2 W 0 A2 E <
Ffonde LR PE R o T Y A AL A HF A T R
(cavitationeffect) 2 4 +~ tg B > 7 Ape A, = 2b4 & T Fgft itk o s 1 * &

Tk T G RIS IR H RS T dag] B A G #35(Y. Asano, 1999) 5 * A

w

FARR & T 4 M B2 0 Sk k ot RS A L S BRI ALA T R 4

o

3

AEIRY TSGR A b e I AR kR

\\‘

Foof kAP A

i

lﬂ\ﬂ

Wy F et T

1.V 4eid F eme @ o
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2B F BAFT RIS L ITE o
3EMAAWHZ N BEIRE AN A

FHAFELHEYARS ABMTL B E RGO I A2 AR PR R R
2R E M N R AR e T S RGN RS R AT
@ (Alok Kumar Singh, 2007)4p 1425 L 3% 5 F Js k Sbg ¢ 7 g 2k 3 F %

R VP RER A Tk SN iﬁt“,’f- THRERER &N e R kAR
“fF 2 a s (Jietal, 2006)7 4y AL F T L srEns e W B R e
L7 2eenfs ™ BRid 3300 o T 4ROt G i RRIEE S 5o Ag g R & BT R
b B F e g RS s Y S 2 FTR S A@ (José A. Colucci, 2005),%%“
dRAFEEDORFAREF R AR EF A ENERF RINREEEY T
BRARR 2L ] R R F o B BB AR o B RB R

S S Hprek R PER o (Alok Kumar Singh, 2007) @ * MAF42 5 A F B %

£
[

<

A ERERF B PRS- LB N ] PFeE R AR R R

¥

WF BEPERS AT 85 A 599% 1 b end FT G o (Vishwanath G. Deshmane,
2000)7 45 i AZG AR £ fFA A % Rk § BEF Al FRBEE S50
iR ForE R FELF o Hu g E kJIH AZ AW AR R AR H
ARM R T SRR R PR SRR AT AR R R B R

Figit g B3t Table2-12> ¥ 7 iv5 A7 A REFFHK

J.E:ﬁ

o

o

ik

k]
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Table 2.12 ~ Transesterification by ultrasonic technology

Auther Material Methanol/Oil | Reaction Catalyst Time Conversion
(mol/mol) | temperature (min) (%)
(C)
(Vishwanath G.
palm oil 5-9 30-40 Fr e 1-5wt.% 110-440 -
Deshmane, 2009)
esterification (Zou and Lei, 2012) | Jatropha oil 6 30 Frfz 0.8-1.6Wt% 20-120 95
(Somnuk et al.,
palm oil 1.4-8 60 Fife 0.6-3.4v0l.% 90 -
2013)
Tung ~
(Manh etal., 2012) | canola and palm 6 10-60 KOH 0.5-3.0wt% 1-5 88.5-98.5
blended oil
transesterification
(Choudhury et al.,
Jatropha oil 6-18 65 NaOH 1-5wt% 60 95
2013)
(Kumar Tiwari et Jatropha oil 5-15 50-70 NaOH 1-5wt% 15 99
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al., 2007)

(P. Chitra, 2005) Jatropha oil 5:1 60 NaOH 1.0 wt% 90 98
(54 and #3 NaOH 1.4 wt%
Jatropha oil 4.2:1 65 120 90
', 2007)
(Patil and Deng, KOH 2.0 wt%
Jatropha oil 9:1 60 120 95
2009)
(A.M. Syam, 2009) Jatropha oil 6:1 65 KOH 1.0 wt% 60 99
(Sahoo and Das, KOH 1.1 wt%
Jatropha oil 11:1 66 120 93
2009)
(Kumar Tiwari et KOH 0.55 wt%
Jatropha oil 5:1 60 24 99
al., 2007)
Alumina loaded
(Vyas et al., 2009) Jatropha oil 12:1 70 with potassium nitrate 360 84

6.0 wt%
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SN RS FRBEIES TR AREL UL FoaF S N A
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13%

P B YT AZ 2 }F?E“/E”/érr'rf'?ﬁ’ Flpt ARG M E R

FERGWF i S T BRI R LB ARG
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5
)
=
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S
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o
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A\
ey
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41

|

dRTs e AR T 2 ol fa i BRFE PN ARG F L
PR fla g R R LR LA S BAFHIT R RIS R
WESAR R 2 fig (4 2 ffig ok o IR IF A TR 2 A KR RS LR

B2 B %o
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¥=2% Fipi

AP ANE it R A R Rk RS RN I A2
ALBEES kA2 Ao 2 R St B RUEF R T oA fig & Ay 1 B AR
PR R BRI B F GPRAE 0 F R LB BRI S (g 1) M
i hpd g AR L A TR A P A AR
fa )T & 5P @AW F AL 2 TR (MPEREAR) AL LIEF Y
PIRRGEEZ B A A A B 2 A AR A R 2 s 4 KR
BB RAR A TS AW 20k WA FEI LR R SR T AL 2 TR
P2 PFE B2 TS

3.1 F g inde

FEZFTY P ARG o RAHPM 2 R TR R f R 0 Fie A ksl
AL o FAFRRFIBFALAEEREF BLEFERF BLTHR T A
T tTE R 2 2 T FR(GHoEl ~F3R TR A RB)E F1* P
# % 3= (nuclear magnetic resonance, NMR)#7{% 2_ B3~ 478 2 Fae i 5 - &

BETRFEHREE2ZEFED o AT AR Fig. 3-1 #17 o
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N
P
1. % supliggriz v
S

RFdpaF B (PHRF R A7 R
Lg% B A fR2 sk b fig i vc %
2.8 AT (R - B AR~ R R 2k
RRE ST R AL N A SLE PR SUREE S = S

R AR F I (PHRF HRE ~RF 50
1@ % B 7 fE2 Rk o 6 fq (22 % i
2.1 A T(FA ~ AR~ B R >~ FOkF LR
3. 4F it B R sk e B 2 B R T Sk

i 17 ¥5 2 £ J=Nuclear Magnetic Resonance, NMR
. A PRsRiri@ 2 Bl > @D a8 A5 i

i ¥ -

{ ?%%%;ﬁl;ﬂ-%

Fig. 3.1 The flow chart of this research.
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32 A% 3

AFF2ZFT N AR Rt F BEERCFRTARZ ORISR
ARLADSNBERBE R L BGERN A X R BB g
FEUT AR N BRGEF RER A E A E L RIER L EFSE
Ffin Y F BT fa b F eniE i A F R A A N A2 B IR
B Z AL B @ A A2 R R RIER TR TEIEREZFRE
Bobisfl* %F BEREMBIVAIRF BRFEFTF B X EI G2 F BF
B St e it F (e 2R K RIER S F RFER) H3AF AR

ok gl 4 B P B
321 Fgf  F B2 ffn " F B2 BA MR R4 » 3 &

Bofig (v PR B R8T B 4E2 40 » 2 N 4oFig. 3-247 7 0 X EES4eT
1 B@»REpmAgrimdfier > DEAZH5 T
2. MR ABARETRAFE A 0 PR REAIES C o

Tk % (Jatropha oil)

!

fia 1

|
v v

BOTR A B TR R B

FRF N Aer o 8 P e - e
B AR 5C

Fig. 3.2 Adding way of isopropanol solution when esterification.
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T R BSR4 2 4~ 8 deFig. 385 o X i

F 4T L
1. BYEAMALTHR- M4~ > TR R4 p HEE R45 TC o

B
2. MR EMABE - x0TI REAT D BE RS C o

HeT # (Jatropha oil)

'

i i
\ 4
i fig 1
|
v v
RS Il LY EERN (RRRE WSR-S
- Ao r > F - A ber o TR
BRI By pRR
B R C B15 C

Fig. 3.3 Adding way of isopropanol solution when transesterification.
322 R A2 K4

AFLL AT R s B K AT AT
R L
17 % @ Jatropha oil, ¥ F Z AL GF U &Y > AR ER o
Il F%%E52 5%
1. 7 gg:methyl alcohol, 99.8%, CH3OH, J.T.Baker Inc., Phillipsburg, NJ, USA.
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2. %5 ps:1sopropyl alcohol, 99.5%, CsH7OH, J.T.Baker Inc., Phillipsburg, NJ,
USA.

3. mipk: Sulfuric acid, 96.3%, H2SO4, J.T.Baker Inc., Phillipsburg, NJ, USA.

4. & 3 i 4= Potassium hydroxide, KOH, Sigma-ALDRICH. Inc. St. Louis,
MO, USA.

5. £ & % #: Chloroform-d, 99.8 atom % D - 0.05% TMS, Sigma-ALDRICH
Inc., St. Louis, MO, USA.

6. 2 &+ -k: :D.l water, produced by Millipore system, conductivity = 18.2
MQ - cm.

7. & #:Sodium chloride, NaCl, 99.5%, > @ § £ >3 "L 7, 5% o

. &5 3% %

1. 4§ A Bs @ Sonicator, Ultrasonic 600, HOYU TECHNOLOGY CO.,
LTD. New Taipei city, Taiwan

2. = & - SINDOS 10, KNF CO., LTD, Switzerland

IV, $#5pe %

1.

B P~k b 200 g (Fek b A~ + £ #2871 g/mol) o (e Fldk (7 S (R0 &

Byt e g5 2 RORAMBBIRER -

A P B2 5ipe(l.88g #1.02mL)%E » 788mMLE 5 A2 M ¢ o &
VIR R o

B. P~ #2 £ifs(1.88g #1.02mL)% » 17.55mLE & fg2 Er ¥ >
EUNRY 2 ikl

C. Pif#£2 Fpi(188g £1.02mL)% » 3526 mLE 3 f 2 &ir ¥ >
TRET A

D. P #2 7fs(1.88g £#1.02mL)% » 701 mLE 3 Az "t @ >

TR T A
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E. P2 7ifs(188g £1.02mL)% » 387.6 mLE 5 g2 “etr @ -
EUBPP -, F =

F. Poif#2 pif(1.88g #1.02mL)% » 319272 mLE (3 fis2 &4z @ >
FOUR T

G. Pif # 2 KOH(4r6.060)% » 5526 mMLE 3 a2 ‘4 ¢ » NEBT ]
3 KOH= 23 (318 » B g+ o

H. B~if # 2 KOH(4c6.06 g)% » #1052 ML 3 2 4 @ » NET
WA KOH=% 273 2t » Bodig * o

| B~if 2 KOH(4r6.06 Q)% » #1578 MLE F 2 a4 ¢ » BT
WA KOH=R 273 21 » Bodig * o

J. P~ £ 2 KOH(4r6.06 g)% » 72104 mLE p g2 "E4r® » UEF
WG KOH= 273 215 » Bdiif * o

2. Hfra @ KPF I 15 LT r f 2 8B TR LB

- é] ;\;‘ r;:']{g%‘ BBI—J °

AR AR AW R E L RERRFL TR SRR R

A ATE Ak B Fig. 3-4 1T o pHAE R RS J AT F T SN R iR
Peibo Ry ? JHRPABPET G HFBHENEE S SNFTen S ZRRR
BRI EAGEAERRFIE AR AF R T RBRY R BT
DA GRTG ERRREFENFE BN FS T TELILF R

REPIF B2 kiRem F RS2 R & TiREH W2 3 TR 2 A Y
v v v
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>
Exhaust E@]
p—
I Cooling water outlet
21| Ultrasonic rod-style
I transducers (URT)
i'e
11 ,
T T
Ultrasonic transducers J
Thermocouple
controller +%
1 [
| |
!
! lpre—
~ Cooling water inlet
Condenser
Peristaltic pump ﬁ
— B Thermometer
Isopropyl aleohol Reaction tank
(IPA) [PA and water
mixture

Fig. 3.4 Schematic diagram of ultrasonic system.
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3.4 R %% %
341 R ZinAR

T T o

i

BAME AR —| R R

i

Wi F s [ BAMAEF R

<4
<

>~

3
jmh T
by 3
Wy |

S =
\F'
£

~‘.
s
-

R

NMR & Bl # 45

Fig. 3.5 Two step biodiesel production process via ultrasonic system.
342 it gt F

§ <+ &7 sofifib 8 4 (isopropanol ¢ jatropha oil) ~ {4k R 1 2 F i
59 %

\\\Xr

LSRR T RN S I RN R R

EARE TR S B R B A P& I T ST

(1) 9% 2 BAMBMMRREHSIBE ~5Y BAMEL RS
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Fr R B ee o AafntF B2 A5 05:1+1:1-3:1+4:
1-5:1~6:1~11:1; #ps1.02mL -

(2) KREIMERF(FHBABARIT > FBE?)2mE iR QLS 15
mL/min -

(3) BB F P TRA BRI A RERAT -

(4) PREAZS A E  DHRP FRTEAFEL T0%-

(5) B R 2R T A EF REAFRLREFEBAIRUFERT 4
E RN o

(6) #-F Jts TR % 3T 1000 ML HEdr o0 T RIS 5% ~ NMR 33§
WE? o TherEEF PR BRI 10 mL k5 10 mL g
EANEG TR EEE ] A

(7) #dr p lap2 b 50 b fr @ BoRie kit o fr & B-RAA 50 S0

Ao
3.4.3 w1 K

Y L E N PN TR ROL P STE LU SUE TR P

=z

AR ARG AR E AR A AR S TR F R R R Ry

P F R AR D AIEA T F BB RE 120 Coma xR 5l A

RIS B BIFN 2B E B 5 131619112215 @ F g & 5 6080
100~ 120 C 5 @ F ¥ HdwT -

(1) #F&r72P2pmpad§ tmKOH)E » 2557 & )% & 7 4

FWHEIR2BMB R BEL LM/ T A gt F kL

AR B % 31611911215 & §F L4 2%(WIW)E b 2 £ B b o

(2) #fq it F Rz Fm o A F B F B XA LR & ek k
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(3)

(4)

(5)

(6)

(7)

(8)

(9)

BpgtF B RAMYMEARAI T Z RMPFFEER P MY
B2 RMP o T RERF B2 RABELE BRI o

MR L0 2 BAMBREF MBI R XY R E

~

MHIFHIT5 Cr 2 F BIER K TS CRIFIEH -

FRABRTER M F REAR IR RIS RA R BAMBE
i b F I D RER T R B F BRI
PR A S P A

BEAR R AR ESNBE FRF R RSF AP RERLS T PRFe
Srg R R

BB Rt ATHR A b BT 500 mL AR N o BARIA RS E
NMR LI E P > T4 2 £8 § 738 0 kP29 10mL $ &5 % 10
mL IR FeFaf 2R3 A47 0

Bl R AL N FlARZ W Rl fe @ BRI TR TokEA X e @
BORMA N SHFZS R

Mokikisz 4 B Bt geF ) o % 8000 rpm Hro 3 min o -

o i 2 2 TR RO AN B R A AT R

344 TR P T A S

B E R E R B E AR R A AR o B F BT Y AT

EE GRS A ipk o Flt A2 2 TR M T - BRERE A 4

T b G ARSI O T g T A B R BRI Gt A 2 4 sk

PPz AT REZREZRE A ZETP P RFARE TR F P e 8

iR S ARh R AR Ed > s F et 0 8 dﬁ,ﬂ?ﬁr“f:

Q) g kG hicETI2ZHREET 2 REL? > THFE24) -

(2) B mT AR et MR E L R R(LFREM)EEEES AR



@) 1% b & AL G e d Bk » 2 TR (AR [ )
(4) #2204 4t Py e B P gk B befr @ Bk K P LA iR o
(5) % K2t frd Bk A 2L iEA g B EHHHE) - (B2 % -

(6) #-sd L (S e p R R A i AT ~ B ARR ~ BRI E LIRS T o

35 HFA T

351 RAELFPEL IR

PI* REREPRELERER REIHF 2RI BB EAR R PR
PR ARAEAR Y B G AR T o d MR R R ERT Bt B
BIETFAG T PEERRTRIN L BB 3 R ooa AT
PAfqtend B rphasal hE AEREDEEZE TR LTS L2t
Bl AR BAME BT PRELERH Y OEE A 94998 0 A i
fapi 4P| >t 2.3 eniz B o TP A F %2 4 fig 5 (yield of transesterification,Y) % -
4o EQ. 3 #7F o @ Y AEA R [ a2 T X Bl4r Fig. 3-6 #r7 0 @ Bl EFRIA A

TRFAINZEERR T W PELRERFH ] Sl o

2xA4 9

Ye (%)= x100 (3)
2.3

ChemNMR H Estimation

132
O CHs
1.1 1.3 1.%6 1.5 1,26 1.24 1.26 1.64
Hz Hz H; H: H; H: H; Hz | | =
cC c [ c c C C c C CH™
H C"/ K‘NC/ \C"/ \“C’/ \C,-"' \C,-’" \xc,r"' \‘C"’f’ “‘xc/’ \‘xo,-f"' ~cH
nag 3 3132
Hz Ha Hz Hs Hz Ha H: Hz
. 126 126 126 128 196 12 232

Estimation quality is indicated by color: good, medium, rough
Fig. 3.6 Schematic diagram of fatty acid isopropy! ester
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352 R R B A 3

p& i (Acid value)

AR B B A7 A KEN/AT-510p & 3 0f T k(7447 T @ #

5 i 492 B3 AR R (0.1 mol/L)ie (7 iF =0 @ ) B 4o T

1)

(2)

(3)

(4)

()

(6)

(")

% L flpe v A MALQLY ¥ +198LA kB [ Er20mLS k> * 2 E e
WF) o LM RICH S L T F R
R BN R RS MR (F 2 SRR -

BEFWT PR A T

\\\?{r

iR

“"”)&
=
hu
-_ﬂ‘_»\—:
Rt
E:D
=
poass

FA PSR BE FT SRR T

FE AR EF R HRSE E4oTable3.1 -

-

P-250 MLUEE B 0 2 b o E R E T o R PR R 0 e r AT
T2 HEE o T R o

125 MLpE i ¥ 3 Al e ~ 30 B(B)2 W ¢ 0 £ F(5) TRl B L
B~ BB XN A T R R T e T Y X B AR 4
FREPEEY AT - BEEL L HBE) - (6) 0 F 0T Y DIHE
Table3-1% + “Tipl#F 2 e if £ 7B BN - F PP B 5 a2y -
FEoRIEAGRRE LR FRLATREE R HOG)(6) BT I

e if ez RP o

Table 3.1 ~ Recommended size of test portion.

Acid number Mass of test portion, g Accuracy of weighing, ¢
0.05~1.0 20.0+£ 2.0 0.10
1.0~5.0 5.0+ 0.5 0.02
5~20 1.0+ 0.1 0.005
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20 ~ 100 0.25+0.02 0.001

100 ~ 260 0.1+0.01 0.0005

# ¥ (lodine value)
AP ke e 37 £ 41 KEN/AT-510p # T i2if T RE 747 0 £ & ¥

PR ERLA R TR 0 A o Bl e

(1) £pfliaHaL@Lk: =+2Lkasm)  #5 KIkiaR(ER 51009/L) > &
Wf AL SR Y F R

(2) HRBMASRCSE P (9 RS -

(B) BFMZ I RFE  TA hERPELFS A FHE - P

(4) P40 mLYEF B 50 % 4=+ > & #-H ETF FooFAfEE g T TF F 1L A x AT
T2 et (s B 457013-01592 F) > ¥ e ST R o

(5) £ & w4r » & fFedFia 20 mLAeWijsiE®25 mL > * H @ friria i h E ¥
BB R - e

(6) MEE % — [ PEis 2 P55~ ¢ FKIAR20mL & 4e ~ 150 ML ok > £

FERR > REY 0 DB LA TR M T BT TR

# %k & (Kinematic Viscocity)
AP Y BARR ORGEL Y RSB F TR LR ()R AR
2 M G li(mm?/s?) > B Bl R 2 B AR (MmP/s o cSt) > @ 4 Tk ¢ T
kR H L& 5 osize 1003 * AR 5 [ 3-15 cSt)2 size 200(if * 4k # F 20-
100 cSt) »  F3Eit 4o
(1) #R&EE > 3Pz w P L ¥ P F OB rFRERS CL
Ho X FRER9BFE LSRR RE T ARSI AT 2 AT
Bk B o
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(2) %7 FH&F2AHRFEACER I #FEHN20,&R L 0F P K5
gk P T e

(3) @ * IR S F RmE R B D RGE 2 AR (B - FR) Y BB
BIRR R SAAT N R S IR S - R AR B AR ST
o OER AR .

(4) TRl 2 ek P AR F 2 DR RER T B DR S B AR

% & (Density)
~F %41 * Anton Paar/ DMA 35+ sV e 3 Bgor A R 38 7 % B aip| 2o
HAI35CNS 1447401 % R R 24" 2 Mk S E~ UARTHR&EE P o § =
*ARREF EEIRDEEEN ERT PAYRTBEF RFL I KT
EOR KRN R SRR o A AT
(1) #HB0-BPPRFE; TR HLEFRERE  REIFFIR
+0.0000 g/cm® = + k2 g il E (s 0 4 B otk S BRI
(2) FRIRAL N 7R EH A D]API@ADensity it o Rl A B R 2
API@B Density -3¢ = ¥ it {7 jp| &
(B) R* BARFHFEEEFWR A BT A T RAEL B BT IDHT L

Ltk AR R B Fémfé'/gﬁfj—ig%’/‘%‘/ iT'j‘Z""Ef PR R (S M

E.’I"'F_’ o

# 75 BE(Cold filter plugging point, CFPP)
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4.1 Rk A B AR

Table 4.1 77 247 3 #rié * 2 ik e+ b 2 fe i %) i 36 mg KOH/g = +
Flo FFA § RgB3 B 5 18% 2 v o ki <30 v ped dp 2 e 5 %
PR R 2 PR A 0 R SRR T 0 T B4k & (33.381 mm?/s) gk 2
BeP R I E AR B R E T CNS 15072 T e 2 $ 2k B R R F § s 2
W s W SRR 0 7 R Y RATE R A RLE BRI A

2 B AR L FIF RIS HRE B E PR R o

Table 4.1 Properties of raw jatropha oil

Property Jatropha oil
Acid value, mg KOH/g 36.12
lodine value, g 12/100g 105.37
Kinematic viscosity at 40 °C, mm?/s 33.381
Density, kg/m? 918.35
Water content, wt. % 0.1313

A2 B E T K

AR 3 B AR R P g (isopropyl alcohol, IPA) ¥ ik i 2 fig d MIO 3 2 vt $f
g i F R o ek B 2 fig 1V F A & ZOE MORR b 2 fE T U1
o © F RE(T o 53249 %8 B (30120 C) > IPAL FRfaiA it » on X QU F241
BARR AT RS FEF o GRRFETEL RIS FL5mUmin e A F 2

Weg 3051113141511 -6:1% 111 - 2 FliEF BIE A 4~ IPA
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SRR R PPERY € SEE R v Pl 4e @ £ > 4oTable 42475 5 i34 & o 4
Fei B EER L I e B e FIP R Afg ok LR e R R VR
BRI D NG S g v A B F ReniE R A g it F R
fe ' 1305 (Mg KOH/Q) ™ = v e (T it & > B RAIM-g# 2 8 1LE

Bt EEE RS AE

Table 4.2 Esterification time (te ) with addition of IPA/H>SO4 mixture (I/H) to oil after
oil reaching the set esterification temperature (Tg) at different IPA/oil molar ratios.

IPA/oil molar ratio te (Min)
0.5 5.9
1 11.7
3 35.04
4 46.72
5 58.4
6 70.08
11 128.48

Wo : 200g, H2SOs : 1.02 mL, mpo=0.51 mL/100g, Qi : 1.5 mL/min, Te=120 C.

421 FS 3R B RO 1 F 2 B

1 @R ER gt F R BP

d Fig. 4.1¢ " $ % 8 A& 5120 C » ;x5 1.5 mL/minfF » %= IPA/Oil molar
ratio=1 - f& i © SJEF e 036 mg KOH/g*s 11 mg KOH/g= + > ® &IPA/QIl
molar ratio =3 ~ 4enpFiE ¢ 5 ¥ 12 % 3]AV=0.6 mg KOH/gr2 = » 1 A4 IPA/Oil molar
ratio = 5p% ' = AV=0.4 mg KOH/gr+ ™ » & 4 IPA/Oil molar ratio =6 ~ 11p% » &
¥ % 10.2mg KOH/g= - °

VL EREAY BA MR AR R P i KRN ARE i F ek
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Fig. 4.1 Effect of IPA/oil molar ratio on the acid value for the esterification, Q.=1.5

mL/min, T=120 C.
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- L (4oEq. 49757 ) 0 AR BT 2 ek ATE W B < 936 mg KOH/g > F)pt #
FFAGZ 294 &7 6h18%  H¢ 2 FRu i 57 3d Eq. 37 5 @3] -

d Fig. 427 4 A 5120 C > e v =05~ 1pF » H 4 T S
A0 2N all%z v o od R =3 Bt e D]iE23% > ARt =4-5>
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3 e T APF > B Y K 40929 % » @ FEd v AR 4e 35~ 5H 4 3 6 63 4 5 11
PO T R A 4104 14% 0 FI T N Afig R RIE FPERE L 2.4~6
2 AR T S ATk R E R ACEEI Y o R A
S TR U A ek bR ZFFAT £ X 8 18% 0 FltE L2
FFAS B F ot 24 T o B Fe @t F FE518%a ¢ > @
Ft g iR 2 R bt A A e3P s HE i oy e AgiE18%  Fl i H VR
e D)EAREE 0 2)F REFREGF M LT F BARP HEERE T
Wb 2 p o M AR R AR R A HE e 5018
%R s gt F BF e FIt 2 FRa @32 18 ganF g M
By AR SR E o ARHRT PSR B ARG R TR RS
AXB 0 7 B AR E R 6 R A TR S TR LR

Are%Ap% 7" LA MR R RV <6RIET

A — Af

CFFA(%) = A— X 100 (4'1)
i

Crra : The conversion of free fatty acid, %.

A : initial acid value > mg KOH/g.

As : final acid value, mg KOH/g.
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Fig. 4.2 Effect of IPA/oil molar ratio on the yield after esterification, Q.=1.5 mL/min,

T=120 C.
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Fig. 4.3 Effect of IPA/oil molar ratio on the density for the esterification,QL=1.5

mL/min, T=120 C.

58



30
28 +
26 T O
24 +
22 + O

18 +
16 +
14 + o
12 +
10 +

KV (mm?/s)
O

IPA/oil molar ratio

Fig. 4.4 Effect of IPA/oil molar ratio on the kinematic viscosity for the esterification,

Qu=1.5mL/min, T=120 C.
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Fig. 4.5 Comparison of density, kinematic viscosity and yield at various IPA/oil molar

ratio, Q.=1.5 mL/min, T=120 C.
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Table 4.3 Heating time (tn) and reaction time (esterification time, te) at different
IPA/oil molar ratios

Sum of thand

IPA/Qil molar ratio tn (min) te (min)
te (min)

0.5 25 8 33

1 26 18 44

3 28 40 68

4 26.5 52.5 79

5 24 64.5 88.5

6 28 77 105
11 24.5 132 156.5

Wo @ 2009, H2SO4 : 1.02 mL, myo=0.51 mL/100g, Qi1 : 1.5 mL/min, Te=120 C.

Table 4.4 Energy consumption during heating (En) and esterification at different
IPA/oil molar ratios

IPA/Qil molar ratio En(kJ) Ee(kJ) Sum of En +EEe (kJ)
0.5 148.5 47.52 196.02
1 154.44 106.92 261.36
3 166.32 237.6 403.92
4 157.41 311.85 469.26
5 142.56 383.13 525.69
6 166.32 457.38 623.7
11 145.53 784.08 929.61

Wo @ 200g, H2SO4 : 1.02 mL, myo=0.51 mL/100g, Qi1 : 1.5 mL/min, Te=120 C.
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Fig. 4.3 Effect of temperature on acid value for the esterification, Q.=1.5 mL/min,

V1=87.6 mL, IPA/oil molar ratio=5.
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Fig. 4 8 Effect of temperature on yield after esterification, Q.=1.5 mL/min, V=87.6

mL, IPA/oil molar ratio=5.
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Fig. 4.4 The percentage of IPA recovery (Ripa) with different reaction temperatures,

Q.=1.5 mL/min, V=87.6 mL, IPA/oil molar ratio=5.
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Table 4.5 Contributions of esterification and transesterification in biodiesel yield after
esterification

Te(’C) Yr(%0) Contribution by Contribution by
esterification (%) transesterification (%)

100°C 75.47 18 S57.47

120°C 71.42 18 53.42

140°C 68.51 18 50.51

160°C 29.24 18 11.24

180°C 25.84 18 7.84

Te : Esterification temperature.Yr : Yield of fatty acid isopropylester

Table 4.6 The amount of IPA recovery at different reaction temperature

te (°C) IPA recovery (g)
100 20.56
120 31.52
140 33.11
160 39.31
180 43.13
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Fig. 4.5 Effect of temperature on density for the esterification, Q.=1.5 mL/min,

V1 =87.6 mL, IPA/oil molar ratio=5.
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Fig. 4.6 Effect of temperature on kinematic viscosity for the esterification, Q.=1.5

mL/min, V. =87.6 mL, IPA/oil molar ratio=5.
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Fig. 4.7 Effect of temperature on water content after esterification, Q.=1.5 mL/min,

V1 =87.6 mL, IPA/oil molar ratio=5.

Table 4.7 The amount of water in oil after esterification

faf F BB R (C) faf  F Risi &° kA EE (0)
60 0.9376
80 0.9984
100 0.4272
120 0.1568
140 0.1532
160 0.086
180 0.085
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Fig. 4.8 The record of time variations of reaction temperature in experiments.
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Fig. 4.9 Experiment times needed for heating, reaction and overall process at

different reaction temperatures, Q.=1.5 mL/min, V(=87.6 mL, IPA/oil molar ratio=5.

82



100

90 T

70 + O

50 T O

Rmn(_)

30 T

20 +

10 +

0 I I I I I I I

60 80 100 120 140 160 180

Temperature (°C)

Fig. 4 10 Calibration of temperature with reading of scale of power controller of Ul

(Rpu1), Qu=1.5 mL/min, V=87.6 mL, IPA/oil molar ratio=5.
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Fig. 4.12 Energy consumptions for heating, reaction and overall process at different

experiment temperatures.

Table 4.8 Comparison of reaction time with heating time for different reaction

temperature
BR B % PEF (min) F P (min) 4v g B I (min)
60°C 68 62.5 55
80°C 69.5 59 10.5
100°C 77.5 60 17.5
120°C 80.5 60.5 20
140°C 92.5 61.5 31
160°C 98 62.5 36
180°C 104.5 61 43.5
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Table 4.9 Comparison of reaction work and heating work for different esterification
temperature

ER(C) FRIEEA(K) FREFELH#(KI)  Ao@if =22 (kJ)

60 268.14 232.5 35.64
80 337.08 269.04 68.04
100 433.8 320.4 113.4
120 488.97 359.37 129.6
140 599.4 398.52 200.88
160 675.78 442.5 233.28
180 777.81 495.93 281.88
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| Fig. 4.13 Color difference of the oil after the esterification reaction carried out at

different temperatures.
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Table 4.10 Compare of the oil properties of batch ~ continuous esterification
7 Fe b v iR TR A F (120 C 0 Qu=1.5 mL/min)

AE o
ﬁjﬁ/ﬂ TR AV KV densit water ield
¥ i i

B = y content y

L

0.5:1 122.38 6 1.2305 26.76 918.97 1.2407 10.33
1:1 12211 12 0.9596 25.7488 914.34 0.5413 10.73
31 121.78 355  0.5099 21.69 910.65 0.5413 23.235
4:1 121.66 47 0.5042  16.608 904.83 0.6138 52.67
5:1 120.75 585 0.3802 14.7654 901.93 0.4699 62.88
6:1 121.74 705 0.2357 14.3783 901.5 0.4587 66.78
11:1 12164 1285 0.2293 12.92 899.23 0.514 80.755

F R REFESF AR R(ERS =51 1 Qu=1.5 mL/min)

AE o
ﬁ'iilﬂ TR AV KV densit water ield
S Si i

. B 2= y content y

51 63.95 585 0143 19.4462 905.6 0.4688 16.4
51 80.99 585 0.1 18.5946 904.8 0.4992 20.915
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5:1 101.8 585 0.1732 12.4429 895 0.2136 75.47

5:1 121.69 585 0.1455 14.4606 901.2 0.0784 71.415

5:1 14158 585 0.1395 15.0147 903.233 0.0766 68.51

5:1 161.11 585 0.1148 24.0935 910.5334 0.043 29.2375

5:1 181.43 585 0.0841  25.197 913.26 0.0425 25.835
H e F RPER 2 P fig i R (R =5 1)

, TR F R water
3 A AV KV densit Yield
B 2= y content

51 67.32 15 3.4963 14.07 895.2 0.5937 10.745
51 71.74 30 1.8883  13.426 894.8 0.5688 14.505
51 79.81 45 1.481 13.702 896.4 0.54175 19.37
51 81.89 60 1.1613 14.8 899.5 0.404 24.875
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Fig. 4.19 Effect of IPA/oil molar ratio on acid value for transesterification at 100 ‘C
and 30 min with Wo=200 g, mko=3.03 g/g, Qik=1.5 mL/min after esterification (120

C, Wo=200 g, mHo=0.51 mL/g 10e=5, Qin=1.5 mL/min, V|g=87.6 mL).
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Fig. 4.20 Effect of IPA/oil molar ratio on yields Y for transesterification at 100 C

and 30 min with Wo=200 g, mko=3.03 g/g, Qik=1.5 mL/min after esterification
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Fig. 4.21 Effect of IPA/Oil molar ratio on the Y for transesterification, at 100 ‘C, 30

min with Wo=200 g, mko=3.03 g/g, Qik=1.5 mL/min after esterification
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Fig. 4.22 Effect of IPA/oil molar ratio on density for transesterification, at 100 C, 30

min with Wo=200 g, mko=3.03 g/g, Qik=1.5 mL/min after esterification
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Fig. 4.23 Effect of IPA/oil molar ratio on kinematic viscosity for transesterification, at

100 °C, 30 min with Wo=200 g, mko=3.03 g/g, Qik=1.5 mL/min after esterification
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Fig. 4.24 Effect of IPA/oil molar ratio on water content for transesterification, at 100

C, 30 min with Wo=200 g, mko=3.03 g/g, Qik=1.5 mL/min after esterification
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Fig. 4.25 Effect of temperature on acid value for transesterification with IPA/oil molar

ratio=9, 30 min, Wo=200 g, mko=3.03 g/g, Qik=1.5 mL/min after esterification
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Fig. 4.26 Effect of temperature on yield for transesterification wuth IPA/oil molar

ratio=9, 30 min, Wo=200 g, mko=3.03 g/g, Qik=1.5 mL/min after esterification
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Fig. 4.27 Effect of temperature on density for transesterification, IPA/oil molar

ratio=9, 30 min, Wo=200 g, mko=3.03 g/g, Qik=1.5 mL/min after esterification
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molar ratio=9 and 80 “C. Wo=200 g, mko=3.03 g/g, Qix=1.5 mL/min after
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Fig. 4.31 Effect of reaction time on yield for transesterification with IPA/oil molar

ratio=9 and 80 “C. Wo=200 g, mko=3.03 g/g, Qik=1.5 mL/min after esterification
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Fig. 4.32 Effect of reaction time on density for transesterification, IPA/oil molar

ratio=9 and 80 °C. Wo=200 g, mko=3.03 g/g, Qik=1.5 mL/min after esterification
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Fig. 4.33 Effect of reaction time on kinematic viscosity for transesterification, IPA/oil
molar ratio=9 and 80 “C. Wo=200 g, mko=3.03 g/g, Qix=1.5 mL/min after

esterification
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Fig. 4.34 Effect of reaction time on water content for transesterification, IPA/oil molar

ratio=9 and 80 C. Wo=200 g, mko=3.03 g/g, Qik=1.5 mL/min after esterification
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