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Chapter 1 Introduction

L1, =L —3lf & ERiEm bRl

EABRERHE OIER & & HIZREH D R FEIR I 1880 B BRI TR L2
300ppm 7> 5 400ppm F THIM L, HIEKELSIEAS 1.7°F (0.95°C) LA LTW5[1],

A A EAEEFERICZ L =R VX —HTHD LT RETH 5, (LAaEEEE~D
KD S, TRV —AREE ER ST 00BERBT-ToH TS,

FT. TRVF—EARGEICIBN T, =T —BUROERII LM (Safety) A ife &
L7 BT, =3 v X—D 2 ERAS (Energy Security) 28— & L #&F2h= D | (Economic
Efficiency) IZ L 2K I A M TOZR A X MG A2 FEB T 5 L FKFICEE~OHEA
(Environment) %X 572, KEOEY MMAEITH Z & NIRRT A & 72> TV BH[2],
INBEFELEOHTIESS STV D,

1.2 fbaBRELORER & L TO A A BRE

NAFPEL LT, AT AZZXAVF—FIHT D205 NS, A F <AL, RFIZ
X, EHEPE LT AR T 2 b PR X —HHO O b AR TE S H 0
EINTWVWDBIA, BEREFRIIML L TR O THEMADEFICE > TH RS,

NAF~ A X NVX—FIHTLEEOREE LT, N A~ ADREEIC X 0 BEH S iz
COIFHAFDY A 7 L THOREY ONARIZ LV I EE IS BARRE, 37206
A=K =a—F I N THDILNFETLND[4], WIZ, 2~3 BERNAA A A Tho
TeEEBEZ LN TWVAHAMERIL, CO,=a2— I MIIIYTUTELT, A A RITIFEE
FARAAR

Fig.1-1 ITREM e A A~ 2GR, =RV F—iBRERS L O, 56531 Rk
R[5, A AT AEPE LT, BEREDOFHEHEIR, FAK - LIRIGIE, SMEFEZE - HITEH
LRI LR 2 OO SN D RARIE. TR D 7e &K ORI CRERM e E 0
ARERNAF ALY hUX R EOT X VT —EMR ERF T oD, b EFEHE
L CHix O R X —HMEITIC L 0 A ARER R EGE ST D,
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Fig.1-1 Relationship of biomass, energy conversion and biofuel [5]
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NA A~ ZDOFITE TR BRI T 2 OPEHINHC, EIROADFI N X D IEERTLEE O
FERRIZE T 5 2 DK 5,2006 FFEI2EB1T D5 HARD AL A~ AFHBITB L Z 75% TH Y |
REANAA A~ ZADIE & A EITEMBEEYCRIEMIEEMEI TH 53], "M AT ADITL
A EFHEERIHSCEMFERE LTOV A ZABRETHY, =3 X —FHRITEH O EZ
B A0, LI LR O 3L X —KT 2 v % U3 530PT (JFIH#A% 1,400 J7 kL)
EREINTE Y ERENAL ARELO KB 72 EFEILRZ KD T2 OO RT Vv v MT+H 710 dH
HEBEZBD6],

F7o. 2011 FIHRAE LR AARRERICE DR IREFT COHEKEZ T T, k%
b, 7V =R x X —03RKD LS TERLS 7o TETWD, Bl JRT7)
3¢ B P O F IR OUWFFE TIX KRB A2 EX DR ) BN FEFEEE TH Y . AR X
NX—DRAIERZ B LTS, S5, "M A~ AREBELRIRICHLUE L gEFE
DR E, BRZ RN F—, T bbb A A~ AR AT —ICHEEREF - TETN D L
S x5,

KT H D A AT 4 —BE, OB S LBHFOT 4 —EB o v
AUCETDHZERKHATE S, T4 —BLx o DUd Wl EH S e R T v 7 |
FloIE, BERRETHATH H R R A BB IR STV DIGENRE L ZHHE THRA O
HEIEE X ZTVD I ENDHEMNIRNA AT 4 — B Z8IE LS RIERIZED D Z L iX
FWICEETHDL LB DN,

AWIETIE, BMEEM TH MM EH 2 — —0, JERMMHO Yy tu T 7/ 8D
MiEZ AT @R F =L A ATER L, TRONEATHMELFERE L
REALIRANA AT 4 — B ORIEEZ AT,



Chapter 1 Introduction

1.3. XA AT 4 —B/VRE

1.3.1. X" AT 4 —B L O

NAFF 4 —B ML, FIHmEFE L L TRESN LB TH 0 | BMOARBE &
LCHEMATRETH 5,

NAFT 4 —BNLOREZONWTIE, < OWFEEFNH O JFEFE L TESEmEm, OF
DO, KEWMPLY Y ba 7 7 lAHNONTWD, ELIINAAET 4 —EBVEBRRGFEOT «
— PV TRHAFRETH V. Bl & LR BRI E N5 2 & b
WEINTWA[T, £/, =0V TOBMBEC X 2 “BLRFE O HEIL, FEHEIC I —
Rry=a2— s I7ANEHTEH7DHBEZRINS[8],

NAFT 4 =B D— )72 8T Fig 12 [ORT T AT AL TH Y . MIEO T T
H5H RV VEY RNGRRMIBEA FNLZ AT IV (NA 4T 4 —8)) LRIERME LT
VY CBERIND9], £/o. TATALZETHW LN DA SWTI3KER{ET ~ Y
UL KERAEA Y T A R 8RR AR & UL A A AR e £ SR — SR fil i
&L THWEIZEA T TV A[10-11], AR — BRI, SO o il sy B0 ks il TRE A3
il T & 2 S CTHRITH 2 B EENIEF 1B, F7o, Hilkle & DY) — R & [FEk
WO R ENIEFIZEBND, A7 U PER SN WRTHAITH 5,

9 Q
H,C-C - OR, R-C-OR, H,C- OH
| Q Catalyst Q |
HC-C- OR2 + 3R-OH &—— R-C- OR2 + HC - OH
| Q Q
H,C-C-OR; R-C-OR, H,C - OH
Triglyceride Alcohol Fatty acid alkyl ester Glycerin

Transesterification reaction

R-COOH + NaOH

R-COONa + H,O

Free fatty acid Base catalyst Soap

Saponification reaction

Fig.1-2 Alkali catalyst method for transesterification
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1.32. NA AT 4 —BNLORES

NAFT 4 — BN OYMEMIEEICF RO IR KT T 5 2 E B3 o T b, fl
Z X, BAFIIRIAER D EA BN ZWIGAITITEM I )T 2 ZEMEIZ @O DS EERE L S\ (Fs)d
B B D RGEAS, REIFIEIRR O & A BN E W AT LEEV (B AUV 23R
kB2 0TV (B LZEMENMEVY) EWVWIHIREDRHDH, T2 TCINLDREEWET
DI2OI, Bz RMFFETOI TN D,

Table 1-1 |22 R E D 72 DITIRE SNV WFZEhl 27~ 3, Bl 21X, Stephel. HI%, AHEIFIAE
AR\ KBRS 5 Z & T, 30°C DA% 20°C £ TR TS TWAH[12], Paul C. Smith &
X, BTN E LEENBEAETOAFLZZATAB IO F Lo AT LA E L F Lo
AT N CTERRBKT S5 H5ER [13]0 BB O 7T V2% o bR AR F 10z K 52 8K
ToOHE [14)%28RE L TWb, 72, K Gerhard IZEIBEAZET L E LT, TAT LA
B HND TV a— L OFESEIC L B T L 3 — L DS LTV DH[15],

ZOEYT, BEARTEELINEIZILED SN TWADIEIEBEEA L &% —47 v k&
LT VERSS, BRHMBONAAL AT 4 =B ONWTOMENETHY . 2AKTFITIX
AL TWAEDR, BaAR MRRYETH D Z ERPNRIMENZ ENRKRELE LTEITONS,
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Table 1-1 Various methods for cloud point improvement [12-15]

Method of Process definition Drawbacks
improvement
Mixing with Involves mixing biodiesel with petroleum ®  Still dependent on fossil source

petroleum diesel

Fractionation

Fatty acid

modification

Various alcohols

Fuel additives

Epoxidation

diesel in various ratios
Cycles of cooling and heating where
solid fractions are removed in each

cooling cycle

Genetic modification of the oil seeds to

increase unsaturated oils

Using longer chain or branched alcohols

for the esterification instead of methanol

Use of pour and cloud point suppressors
in the diesel itself

Adding of an alcohol through an ether
bond to the double bond site of the fatty

acid chain

for fuel

Removing fractions of the
biodiesel significantly reduces the

yield

Expensive

Political issues in genetic
modification of crops

Reduces the oxidation stability of
the fuel

Expensive to acquire alcohols

These can be toxic and add to cost
of the fuel

Only works if there is a high
unsaturated fraction

Can be expensive to obtain

materials




Chapter 1 Introduction

WIT, BAL L ENEIC e 2R & LI Fig1-3 IR T X 9 R B EAIZRING 5 5#t T
FoN TS, ECAARRFHENTVIOEARYEL LT TF L Feks T
Y(BHT), tert-7'F/L'E N / »(TBHQ), BRI 1 —/LLR i PR 1 EV IR 825, KK
WEELChavzr—L (EXIVE) RKba b=/ —LRETHD,

IS OREALBIIEFNTZM T d 0 REVENIR ISE VD, FERILEWTH D0, K
BT 2 Lm0 Vv O AR EF RGO R RN AT D 2 EBERS T
%.

Flo. BARTROAN S T D ML L EEDMEN 720, ranfbd BRI b iR
LAl TH D barzzn—L (X IV E) BDBNSNDHENH 5, 13503 % [
T DR TR TH L a7 = o — L TREL TV D BIZ, WG s kg b LiE
HENEIRR DIRRE & 72 5, ZOREIGHAEZ R LTS AT 4 — B2 8ET 5 & IR
WAL L TEMEDTBENAAL FT 4 —BICRoTLE D ZENMEAE LTET NS,

cH, M cH, OH R1
CH CH, HO OH HO
CH CH H
CH, CH, \ij/ CH, 3 s CH,
R2 o CH,
CH, R3
Butylated hydroxytoluen (BHT) Pyrogallol Tocopherol molecule
OH R1
OH oy
HO HO
cH, cH, O CH, CH,
CH 0.
’ HO ~N R2 o 7 7 7 TCH,
OH [¢] R3
tert-hydroquinone (TBHQ) Propyi gallate Tocotrienol molecule

Fig.1-3 Antioxidant component for diesel fuel [16-17]
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1.4, KNG SCICB T A AFZEaRE
1.4.1. WFgERE

1.32. Tl _7= X9z, BARTR LA SN TV DI ZEENMENTD, 20
EIGHAE 2 R e LTS FT 4 —BAZRIET 5 & MR L E MDA A
TA—EBMIRoTLEIRRE, EEY TH DL a—t —e, IEFRAASASM A~ ATHDLHY
¥ b7 2 HCT, B LOERHMOANS A7 4 —ErEmafibd 5,

AARICBWCa—b—G0MARITELAINL BV, TOMHAFERA2— —G1%, ]k
HETHRLa—bt—va y FRETELEBIERIND 2D, FLE o EDOREINARIAE
ND, £lo, a—b—GIIFHFRBRILEO DR EA L TVDL Z bbb TN DS, ZNEk
BtoZERlE LTHASED Z 82 RE L,

BEIEY) T DEHEATERMB L Na—be —MOmEZH WD Z & THEOH 531 4
T4 —BNERET D Z LICRMIIEOBRND D,

NAFT 4 — BN EERFCIRER CRHHT 212X, ENENROONDEENRERL D,
ZH I TIHRWE S ORELD  IRIEY IR L EEDOR VBB LI L 72 5, FRIZHART
X, BEFRLAFTRBENRE VWD, 2O ONCHIE LZMEEZ BIETLERD D,
FIT, INETITRRZ, AL FTF 4 —BALDORENENT &R0, BbZeEMEDME R
IR 512 D FIEEZRET 5,

HRR AL A~ ZAHROMIGERZ LIS DR ITT U, BISIZHD 77 b 23— Lol
DORFHEEET DL Vo IR MER T ET5 28T, "M AT 4 —EBLOERKTIC
52 2BREZHAHMNTT D,

Flo. HRTEROLAH SN TV L EREIMOMEHE A MIEE NA AT 4 —BLOEE L
T2, AL ZEMEP D TEWREL L 70D, 22 C, oI ERINA A~ AZEAT D0
Fefbpisr LG DR D 2 LT, BIb L ENSEEZ MG 2, S bICMIb R EESE IR
B2 HEROBETE LT, /A A~ ZHEEOHALRK S O 71055y 2 W & M2
Al

Flo, ZHRUXF—BORRIC L H D L ICZEMOMRE LT, 8iELeEmmENA 4T
A —BNDT 4 —BNZ D OPTAGHR, RO N R 7 E B 52T
% 1o OITIRBEREECORY U AR 2B & st 5,
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1.4.2. F@ SCHERK

Chapter 2 TlZ, FEEHMZIFELE LA 47 4 —EB L OREIZB N T, MRS DR
BRoASA < ABRORBEL BT D72010, Bie505FR (THRBLOHAR) ToRE
ATV, PPEE 2 MR B2 T D,

A FT 4 — BRI HOFEE IS F1EDHREE & LT Chapter 3 Tld, ®ERTHIIER
O NRA FT 4 —BNLOREDO DKW D T L a— Lot oA Co il %
10, BAIE FITE 2 5 BRORIE1T .

NAFT 4 —BAFH OB IS A~ DR & LT Chapter 4 Ti&, /31 A4~ AHRODR Sy
HANATT 4 — BRI E D 2 L TRbZEEZ M ESE, ZOHERESMNTT D,

Chapter 5 Tl&, LA EOIMRAZIEH L7, FrICEBLEE Th D EmiNA 4T 4 —EB L
ZRGE L, eV AREZATH T & CREZEICT 27 21T 9.

Chapter 6 12450 CHIBRE AT/ 31 A~ ARV Rl & LT, B L AR R
FHOMNCTH LT, MIEEA AL A~ ARFEE LIS 45 4 — P07 ot
ADEEVEEHI AT

Chapter 7 |Z#845 & L T Chapter 2 775 6 THRHONDH R Z L L DD,
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Characterization of biodiesel derived from inedible oil produced
by 1-phase and 2-phase reaction

Rpo8ETnv R (—HRBLOCTHARRIER) 2
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2.1, 5

Chapter 2 Cl&, FEEHIMBEKDO AL 47 4 —BNLOREEICHWS 7V 3 — L OFEEH % 28
B 2D LIk o T, KEHRE S HRICL, BESND AL 4T 4 —ELOYYE~D
R 5,

FT.BHROME UTHEEME AWz, FEMIIAARATRbEHENLTHDITHY
FEREIR 230 7 b o DOFEREA A L TV D[], SR 40wt.% DIl 73 2 35 ATV D72, 4
M, BELE 927 FOMInN HARIZEAIILTWD[2],

2O0BF, EEMFROME LTEREADOa— e —HICEENLMEZ ANz, 23— —H

IR 20wt % DI N E EN TV H[3-5], /-, BAREFHATAMOa— —HEETH
é@f\2—t—@@%%¢ékk;%8ﬁ%/@%ﬁéoik:—t—yayf%ﬁﬂ
DR ENLFE L EFSTENEINTE LDFEEBIOATRESTH D,

ZIC, FBAROMELTY Y hr 7 7y OFIZEHEEA TSI E AW, Vv br
77 ORITEE T LM CHERGICHEET D ENTE, K 60wt.% D5 % E AT 5[6],
T, VX b7 7 IEEERH LB LIXINBRVTEORBEFEA LRVATH, AN
A AREI ORI E LTHERITH D, Vv b7 70EMEITTEE L THERALR—ILZ ATV
EoboiZlnbinTng, RAR—/VTHEMH RO RRAERILEHTHY b F A 7Y
B oWMmicEENn s, AAR—LOT AT VHEERITEERAEEZRL, TOFT
bl b B E T R AEERIIRBA T B E— g UIEE ERAN) Th D, ERSETIX
FENIET NI EOREX IRBFRICEB W TRIE L LTHW LA TV AT,

HEMAA A~ ZHROMIEIZIE, ERDTHL MU 7 U RSN S | e
A T ZAHKD KT BEEARIE L T D FTREMED & 5o ABFFETIE, FER MM kDA
FT 4 —BANOEGECHWD T Va3 — VO EEE T D LIZL o T, SR E —HR
THRIZL, BEE SN DA AT 4 — B DO IR TE MRV TE M LIS D 8
A A~ AHRDORGT DT 5 2 % I HET LT,
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2.2. EBITIE LU E
2.2.1. MEE

ARFFE T, M, EHE A — e —M (R v 7 =27 Ly V) BEXOYy hr >
7 & Nz, 3EFiIIE (Canola salad oil) % Kato Oil, Mill Co., Ltd THEA L., Z=—b —#lx
fEEfioa—t—a vy oG, £, Vv hr 7 7 OFFIIZ A INbIAISNTZH D
2R LT,

A4 J—) (Wako Special Grade, 99.8%), T % /—/L (Wako Special Grade, 99.5%) ., 1-7
1 /N —/ 1 (Wako Special Grade, 99.5%), &L W 1-7 % /—/L (Wako Special Grade, 99.0%)
A KT 4 — BN RERICHWA T L a— L LTHEALTZ, £72. AKBBLFT U A

(NaOH)  (Wako Special Grade, 99.7%) % filft & L -CH 7=,

2.2.2. JFEHH O FhH

a—b—Ta v b EEa—e —HIiL 80°CT 3 HMzESE, Vv hu 7y OfE 1
I E BT BEL . BEHASATE VIR L, (Fig2-1, Fig.2-2)

I—b—HBLXOT Y ha 7 7 EENEI 500g 1IZxF L 1L O n-~F 32T 1 RO &
DA 3 BT o 7o, i, BN L2 IRIR 2 JEARE 5 2 & Tk 2B Uil
NE & 157,

13 DT MR DO RE IR A NISK 3331 (25D & A/ v~ ~ 75 7 4 (Varian Column,
select FAME 50 m, 0.25mm and FID detector) % FHWCTHIE L7z, W 5M1%. #IHEEE 110°C
% 10 3R R L. D% 10°C/min T 7 43R L 250°C A #& TIHRE & L=,
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Chapter 2 I-phase and 2-phase reaction

(b)
Kernel

Fig. 2-1 Oil extraction step from Jatropha seed
(a) Jatropha seed (b) Descaling of Jatropha seed (c) Kernel pounding of Jatropha seed
(d) Jatropha seed oil

Espresso

Rapeseed oil || Jatropha seed Drip
i Coffee

(Edible oil) (Inedible oil) Coffee |

¥ L

. Spent Coffee ground
D I
escaling (Inedible oil)
Kernel milling Dried
80 'C, 3days

¥

Oil extracting with n-hexane

¥ ¥ v v

feedstock oil

Fig. 2-2 Flow chart of oil extracting

15



Chapter 2 I-phase and 2-phase reaction

223, MBI ORI L D= AT VAT

THRMINE LTAY ) —VvE RIS E LT 1-7% )= ET La— L TH
W AT AT T o1, FT2, AX ) —e 1-TX% ) —1LOFEONGHRELTZH )
—IBIXI-Ta R ) =L ERH T AT AR E T T,

Fig.2-3 3L O Fig2-4 IZA %/ —vERHWE ZHKISEB L O 1-7% 7 — &2 HWi-—H
FOSIZ R\ A F T 4 —BARIET v —F ¥ — M amrd, A 4T 4 —EB/LDHiEIL NaOH
AN Te— W72 T V0 ) A A B LT AR & 7 v 3 — v D% 1:12 (mol : mol) |
FOGE 2 60 7 & Uiz, F£72. BUSEEIZOW T, TN DT v a— Lok mLl i
FRE L72, NaOH it Bl ZimAR 126 L C Iwt. %\ e, BUGHh, A 4T ¢ —B & kil
LTI, RIS, 7)) CBIORKIST Va—LOREEZToT, 7k &
IKVEIC L 0 BRZE L, AREEE 1 %FERR KK TR 2 Z LI K VBRE LT, RGT L=
—IVZOWTIX, KD A Z ) —)v =& ) —)b BEO -7 18 — /L DOBE 13K BERE
ZHEWE Ly AKASDIEFRFE D3 8D TR 1-7 4 ) — E T SR b— 4 — % W BE R
EVERELE, 7 a— LV ORERICEKER~ 722 U A2 RN LERIIHK LD &
WHIT 52 ElcX oM AT 4 —BLERT,
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Raw oil

Reaction temp. 60 °C | ([|[&——

Reaction time 1 h
Stirrer 2000 rpm

Chapter 2 I-phase and 2-phase reaction

Methanol and NaOH <

BDF layer

\4

A 4

Glycerin and
unreacted methanol layer

v

Methanol recovery

Neutralization of NaOH catalyst by
1% acetic hydroxide aq.

Precipitation of soap by
1% magnesium sulfate aq.

A

A

Removal

of water

A

y

Filtration of impurity

4

Biodiesel fuel

Fig.2-3 2-Phase reaction method for biodiesel production with methanol and sodium hydroxide
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Chapter 2 I-phase and 2-phase reaction

Raw oil

Reaction temp. 60 °C | |[«——| 1-Butanol and NaOH
Reaction time 1 h
Stirrer 2000 rpm

!

Biodiesel, unreacted 1-butanol and glycerin mixture

A 4
Removed glycerin by water

!

Neutralization of NaOH catalyst by
1% acetic hydroxide aq.

A4
Precipitation of soap by

1% magnesium sulfate aq.

v
Evaporation

v 1-Butanol
Removal of water recovery

A 4
Filtration of impurity

l

Biodiesel fuel

Fig.2-4 1-Phase reaction method for biodiesel production with 1-butanol and sodium hydroxide
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Chapter 2 I-phase and 2-phase reaction

2.2.4. WyMERTA

JEERI A X ONA AT ot —B A O E LT O F I L 0 FHii L7z, Table 2-1 12 ASTM
LIS OFEO—EERT, AR TIE, & LT IS BURICESEMIEDOREZIT -1,
7272 L. BALZEPEIC DWW TR JIS i 8 e ni=d, I —u » Bk TdHh 5 EN 14112 (23
SEWEEIT T2,

Table 2-1 Summary of ASTM and JIS standards

Property Method Limits
ASTM JIS ASTM JIS
8| 8

Acid value D6751  K2s01  (080meKOHg 0-50 mg-KOH ¢

Max Max
Kinetic viscosity D 445 K 2283 1.9-6.0 mm? s™! 3.50-5.00 mm? s™!
Density D 1298 K 2249 - 0.860-0.900 g cm
Cloud point D2500 K 2269 -
Oxidation stability EN 14112 3 hours minimum at 110 °C
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Chapter 2 I-phase and 2-phase reaction

o Ml JISK 3331 [T - fERhEE) )
PRI IAR 1g FICE ENDIENEEZ T D DICHE L T HKEE(LD Y 7 50D mg Fad
ZLThD, FEHRICR U CEl AT L, Tk Y i C ot B AR ET S,

o EhELEE (JIS K 2283 TR M OV i 8L — oG B el B 7 12 M OSKE BE PR SR HH 5 1) )
BRI Y ) T = CATRER A OIE LTz, N AT 4 — LD JIS i TIE
ZOEEEEN 3.0-5.0mm¥s & STV 5,

o R (JISK2249 TEMEOH MBS —FEEORD HF— 545 BE - &
H#R)
JFEHIE JOMLE Lo A 47 0 — B D 40°C IZB T DHEZ A A F UL RELEK
THIE L7z, JIS HiHs Tl 0.860 — 0.900g/cm® & TE®H HIL TV 5,

%1/

e
3

o B (JISK 2269  JEH & OVa S O W Bl Al N A LG 2 0 G B 515 )

BELITBEEBHI L XITT T 40T v 7 ZADOHTHIC L o T, BB TR
RONEVIRDDIEEEZ VD, JISHETIZZOZY #HHETBIET I L 2RIt
D, ZZTlEa—b—l, BEXPa—e—lHkoM 4T s —EBARERATHLD, H
BCITBEEIC K 28 0 BBl SN 2Wicd | IRBIROREEFH 2 W C 2N a3l L7z, &
FEZELLTITRT,

S SHE I W23 YRR ELACKE R (SV-10, AND) O3 ERERL A Fig.2-5 (2”9, o
T AT 10mL DR £ 721331 AT 4 —EB L& AN, IRE) - OFE N ISR E 23 A &
L EDINLEERET D, WEIV Y M, W% (Cool Man PAL C-330, SIBATA) T
VA FTA0°CIZHA L Te=F Lo 7 ) a— e SE,

HE Y > 7V OIRER T &2 2R E A SBE S5 F CElReAIZFHIl 21TV,
BoONTZT —H D Fig2-6 [IZRT X 9 RIEE—REBRAER L, BERORS 228 EE
FL1,

Fig.2-7 |2 JIS JA& D 5k L IREN A E R O 5 CHIE CE 720 v 7V O E s OFH X %

R, ZOKEY | FRHINA AT 4 —E D JIS Kk & IRENECHEEE FF T O ERE R IR
5T, JREYAAEEEFHTORENE 2 38 L7z,
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Chapter 2 I-phase and 2-phase reaction

Viscosity
and Recorder
Temperature (PC)
. monitor
Vibrator T ]
Sample
_ "Cool  water
Cooling jacket Refrigerant | circulator
\ i ) <
Temperature sensor
Fig.2-5 Tuning fork viscometer device principle
120
0
100 ‘3
¢
® 80 r ':
x ‘.
£ O
z 60 '!
k%) :
: ¢
2 L
2 40 i
©
20 | <« Cooling
_______ D s e
Clound point
O | ; | 1 1
0 5 10 15 20 25

Temperature [°C]

Fig.2-6 Example of cloud point measurement observed by coffee biodiesel
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Chapter 2 I-phase and 2-phase reaction

10
% g8 | | © Vegeable oil
€ O Biodiesel
o 6 I
R2]
>
> 4
S o
B, |
2 o
> o
a2 0 r
3 S
% 2 rF OO
0 e
E 4 + 0
E 0O ©
g 6 0
3 8 | * o
@)
-10 I I I I I

-0 8 6 4 -2 0 2 4 6 8 10
Cloud point measured by JIS K 2249

Fig. 2-7 Correlation chart of cloud point measurement of Vibro viscometer and JIS K 2249
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Chapter 2 I-phase and 2-phase reaction

2.2.5. WAL FETED R

NAFT 4 —BNVOBILZEMEITEN 14112 1285 T v~y METHE L, Vv~
v METIMEA L 7o TN B 28R 88T 5 2 & TINEER LRIz £ 0 A4 U 7= A Rkie & K
I L, TOESBEEZRTE Lz, Kb aIICHENT 5 £ oM, 372bbadhaE
TOREE 2 B L2 EME O FHERE & EFE LT,

T vy MEOHIKX % Fig2-8 (277, #IDIZ, MEAT v v 7 ZERE (110°C,
120°C, 130°C F721% 140°C) IZF%E LMEAL TH <, BRIBEENEREIITA A 2 284K
% 50mL AN D, WISHRBREICAA AT 4 —B % Tgil L, ME T o v 7 1A L2EA
BEEAGT 2, ML TV o TN 2B REET D 2 L T Il b A S &, o
fig LT AR 2 KICHIE L, £ OEXBEEZNET 5,

WEREFB 2 Fig2-9 1T, T~y MUEICLY, WERMICET 2 BRBEED
Hii (Fig.2-9, £ BNEOLND, TOMBOEHA%E 2 k%5 (Fig2-9, mift) +52 &
THRH L., Fig2-9 O TR LE A E TORMEZRBbZEMOFBERR L L TERL
77

ZORERE 4 SOIRE (110°C, 120°C, 130°C F£7-1% 140°C) THIET S Z & T Fig.2-10
\RT 7T 7 ERAERR L, 25 °C 2B Db ER 2 SMEIC L 0 #EE Lz,

2.2.6. B\

FEEHERKDNA T 4 —BNLVOELEMZ YR T 572912 TG/DTA  (Seiko Instruments,
TG/DTA220) & W Te BT 21T 572, o 7V 20mg 2 FEH DO 7 /L I = U ARERITHIE
L. FHEHEE 10°C/min TR D 400°CE T, HEZA I L OVRZEBZ(LOWE 21T > T2,
¥, WERHIZEREBE LOERFHAKTITV., HRAfiEL 100mL/min & L7z, ZHH D5
X a = FANDNA FT 4 — BN OEGHT 2 ZEITRE LT2[8].
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Chapter 2 I-phase and 2-phase reaction

—
% ‘
Air
 —
I: |
ﬁ - j
NN . Measuring vessel
4 Conductivity
Organic acid o 1 measuring cell

Ion-exchanged
water

Reaction vessel

Sample (oil or biodiesel)

’&O/ Heating block

Fig.2-8 Schematic of Rancimat device
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Chapter 2 I-phase and 2-phase reaction
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Induction time of oxidation stability
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2nd derivative
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Fig.2-9 Electrical conductivity (solid curve) and its 2nd derivative line

(broken curve) of sample

160
140 | + Me-biodiesel
H Et-biodiesel
120 |
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100 | X Bu-biodiesel
80 |
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40 |
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20
0
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Fig.2-10 Estimation of oxidation stability at 25°C
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Chapter 2 I-phase and 2-phase reaction

23, R L EL
2.3.1. FUERHH O

Table 2-2 IZJFEHH O EZ RT, Yy hr 778, = A7 Ly Y a—b—H\EBLORY
v 7 a—b —HOEHREITZENZI 581 wt%, 17.1 wt%, 134wt% ThHo7=, ZNHDE
MR, MO HREFICEDE VY P 7 78T 45~60 wt.%, =—t —HT 16 wt% & &
D FEEL L T2 [4-6],

Table 2-3 (ZJFUEHI O M HEAE (BREED, R, B, BRff) 23, FROERiT-14°C
CIERWMEE R LTz, =T, Vxy b7y, AT Ly YEBIORY) v a—e —HOES
1T 10°CH 5 14°CE mVMEZ R LTz, 2T @V A CTh o Z LB bid,

KU v 7 a—t —MOBKE L 133.28 mm?/s & FEFITE WV, 1EDDJFEHRIZ DT
X, 28~35mm’/s &7 odc, RV v 7 a—b —lOBRENIEFICE VB & LT, il
HOBRIZHMIELISN D 22— —HREC PR A LT Z E R E X BN D,

FBRMMIERY v T a—be—BXOYy b7 7 TENLN 15.8mg-KOH/g 35 L 10 12.3
mg-KOH/g Th -7z, FAEiMA 0.1 mg-KOH/g THHZ LE2BEZ DL, HEFITHEWMETH
0. WERERRIIIE SN2 ERE X HID, BEEEIE 0.9042 g/em® 25 0.9372 g/em’® D#EFH THE
X 3%LINTH -T2,
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Chapter 2 I-phase and 2-phase reaction

Table 2-2 Oil content of inedible feedstock

Sample Oil contents [wt.%]
Jatropha kernel 58.1
Spent coffee Drip 13.4
Espresso 17.1

Table 2-3 Physical properties of feedstock oils

Cloud SN : :
) ) Kinetic viscosity Density Acid value
Feedstock oils point s 3
eCl [mm</s] [g/cm”] [mg-KOH/g]

Rapeseed oil -14 35.53 0.9113 0.1
Drip coffee oil 13 133.28 0.9372 15.8
Espresso coffee oil 10 33.92 0.9042 8.0
Jatropha oil 14 28.95 0.9332 12.3
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Chapter 2 I-phase and 2-phase reaction

232. ™A AT 4 —EBLOYM

EFTPMERE LT, FHEMZEEE LERZT Vva—L (RE ) —, =4 )=/ I-
TanR )= 1-TEZ)—=)) FRWEALFTT 4 —FB L (AFNLZ AT, =F )L AT
b, TRENLNTZ ATV TFNTRAT)V) 4FEEEZE L, 2ofE LM AT 4 —8
NOWNE (ZaR, BIRSEE, ) % Table 2-4 IR T, RO NA 4T 4 —EBILOE I,
TNa—LOEENPRKRESRDIFERTT LRGN, 72, BIEEXT L a—1o0
FHENKRESRDIFZE LA Lz, 2T A FEOEINICL 6D THLLEZXLND, &
RT3 57 b 3 — L OERFEINC X DEWITR bR o7z,

b, =R AF LT AT VLD T F LT AT E LI FNEENMET 52 &R
ARSI, DB, a—b =y bu 7y offitim A meE e Lie A A7 4 —8 iz
WTCIE, T a— U AR ) =)V 1-7 % ) — 2RO RICOWTEmT 5,

Table2-512A % /) —VEIX1-7 5 ) —vERAWTREE LIS 4T 0 —BLromht (&
SLERREE B AT, RY v TR T Ly Y DONRL AT 4 — BN DERIT 9~12°C,
Vy ha Ty AL FT 4 =BT, 2~4°CThHoT, £, EEMOLGA., AFNLT AT
NEDETFNANTZRATNE LTEINEVERAMMETT2EHENGLNTN, =2—E—if
RVy b7y lEEEE LegGE. TORITIZ LA LGN ST,

a—b =RV ¥ bu T 7 MO T F LT ATV OBREEE & SRR & JFUR & L 72 L R
WCAFNZRAT VLY @A L e oTo, Fo, BIRED ERIERKE WD &b JFUE kO
FRADNAA FT 4 —BAFIERE LT W ERTHEND,

BEIX, TRTOV TN TEBLZ 0.8606-0.8910 g/em® Dz /R L, FEFCK G SE 5
TIA— VLK DEBIIR 2o T,

PCRIFFEHM OB BIZXIT 2/ 6 NTe A T 4 —BLVOBEESFEER LT D, i
MOBBMAENEE ., BONDE AL FT 4 —BAOIWRPED Lz, T, RIGEIAERY
ThDH>AT LV NELERTDHIETELENLTHDLEEZLND,
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Chapter 2 I-phase and 2-phase reaction

Table 2-4 Physical properties of rapeseed biodiesel produced from different alcohols

) o Cloud point Kinetic viscosity ) Yield
Feedstock oil Biodiesel Density [g/cm’]
[°C] [mm?/s] [wt.%]
Rapeseed Methyl -2 4.9 0.8660 79.4
Ethyl —4 4.8 0.8606 47.4
Propyl =5 5.6 0.8609 81.1
Butyl =5 5.8 0.8581 46.3

Table 2-5 Physical properties of biodiesel derived from drip coffee, espresso coffee, and jatropha oils

with different alcohols.

Feedstock oil Biodiesel Cloud point Kinetic viscosity Density [g/cm’] Yield
[°C] [mm?/s] [wt.%]
Drip coffee Methyl 12 4.8 0.8697 55.8
Butyl 12 14.8 0.8910 36.5
Espresso coffee ~ Methyl 9 4.4 0.8628 56.8
Butyl 12 11.2 0.8868 66.5
Jatropha Methyl 4 4.2 0.8606 44.7
Butyl 2 13.6 0.8807 47.1
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Chapter 2 I-phase and 2-phase reaction

2.3.3. BV fREEEN R & OBV EME

Fig.2-11 3 XUV Fig2- 12 ICEHFFFARL LOZLAFFAKX F CTHE LA T Ao A F v
TAT VD TG i E Z I ENRT, b OBGMETNIIEL L Tk, —BREOE &R
YOHBToH>72Z Lh 6| Table 2-6 (TR NRMBMHK O T TR b EHEOEmNY /L U
AFNRT TX VAT VORRENIEN TH D Z ENRBEZ L8],

Fig.2-13 B X O Fig2-14 1K T L a— L EHOWTZ AT AR L =2 S Ly VY a—t
—MAA AT 4 —BAD TG 27, ERBLOEKFAKT EH 5 bR —EEO
HERD Th oM, DBIHREICERT5 & Tva—UHENE < 72 51X Lo fiEbith
RESEIRMICY 7 N LAREESHETHRRENG DN, 202X, "M AT 1 —EL
DIFRRE L, RISSEDL T a— Ll k> THIBETFEETH S Z LRSI~ T2,

EHRB L OELRAEFER T TONMEMMAIEE % Fig2-15 8 X O Fig2-16 [Zxd, Z OfEE,
TARTOFEHIZOWT T F AT AT AN L EMICEND Z RO o7,
SRR, — KB A F VT AT VOBZEERDP R IR, TXTOHF BT, 7
FLTATILEDENBELE 30°0CTHoT=, ZDOZEND, A FTF 44— OB EN
IZZ AT AT AND T L a— )V ORBHFHITHEFET D Z ENHLMNIT R ST,

Fig.2-17 3 XL O'Fig.2-18 12 400°CIC (T 2 /8 A7 ¢ — BNV OB &4 T, £7.
DAL FT 4 —BADHEFEDT AT MBI THIT L A EBG IR I BT
S ot-, L, a—b—lYx ha 7 7 MO AL 4F 4 —B iz o0l 2%y
FRFRIEIL T V2 — L DIRFEHNPE L R HIZ EWMT 2 & e o7z, ZOBRIT, BUSRIC
EHTDHE, R TOAFAZATATIIDRLL 2o TEBY, —lRTOTFVERAT L
TR IR 2 1o > TWD EFR D, TR 5, Z ORI ZFEHI H Rk DR sy
DS RIZE S TS AT 4 — BNV ORERRREN R D720, A 4T 4 —EBAHHEH
SNDHLEER, AT 4 —BNMIBEET 256083650 2 EBRRB I,

Z DTG T FRFRIE DS I T DR R DTV D28, JISK 2272128 % 775°C
TORBEFEBOREZNELIZLE ZA, EOV T ITBNTEH 0.013~0221%E 720 . BRE}
ELTCTHERWZ E LN T2,
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Chapter 2 I-phase and 2-phase reaction

—Rapeseed biodiesel

—Drip coffee biodiesel
Espresso coffee biodiesel

—Jatropha biodiesel

50 100 150 200 250 300 350 400
Temperature [°C]

Fig. 2-11 TG chart of biodiesel (methyl ester) under N,

—Rapeseed biodiesel
—Drip coffee biodiesel

Espresso coffee biodiesel
—Jatropha biodiesel

50 100 150 200 250 300 350 400
Temperature [°C]

Fig. 2-12 TG chart of biodiesel (methyl ester) under air
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100

—Me-ester

—Et-ester
Pr-ester

—Bu-ester

O | | | I

0 50 100 150 200 250 300 350 400
Temperature [°C]

Fig. 2-13 TG chart of espresso Coffee biodiesel under N

100

—Me-ester

—Et-ester
Pr-ester

—Bu-ester

O | | |
0 50 100 150 200 250 300 350 400

Temperature [°C]

Fig. 2-14 TG chart of Espresso Coffee biodiesel under air
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Fig.2-15 Decomposition temperature of biodiesel under nitrogen atmosphere
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Chapter 2 I-phase
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Fig.2-16 Decomposition temperature of biodiesel under air atmosphere

Table 2-6 Fatty acid composition of Feedstock oils

and 2-phase reaction

oils Fatty acid composition [wt.%]

Myristic  Palmitic  Stearic Oleic  Linolenic Linoleic  Arachidic  Behenic

C14:0 C16:0 Cc180 C18:1 C18:2 C18:2 C 20:0 C22:0
Spent Drip 0.4 0.5 0.3 12.9 8.5 56.9 9.8 10.7
Spent 0.3 1.0 28.0 0.6 5.5 24.9 37.8 1.9
espresso
f‘“"pha 0 27.7 6.5 28.2 18.9 5.9 8.7 4.1
ernel
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Fig.2-17 Thermal decomposition residue at 400°C of biodiesel under nitrogen
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Fig.2-18 Thermal decomposition residue at 400°C of biodiesel under air atmosphere
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A Drip coffee biodiesel

O Espresso coffee biodiesel
O Jatropha biodiesel

O
A
| A
O
A O
L O O
0 8
{ f
Me-ester Et-ester Pr-ester Bu-ester
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Chapter 2 I-phase and 2-phase reaction

2.3.4. FRLEEM

Fig.2-19 IZ EN 14112 (12X VD ¥~y METHE L7eAA 47 1« — B Lok Ett %
Y, DAL FT 4 —BLERE, TXTONA,FT 4 —BLEATF LT AT ILED b
TF VT AT VRE WL ENEZ R T Z E RSN T, FROANL AT 4 —E L

DEE TN A—/LOEENREWIE ERFEDONA 4T 1 — B0 EMEMRN DI, 7
A — VORI LY NREEZREL TWmd, 7F N A7 VRGER I Tk
FILBRRFICHEA TN Z ENEZ BND, —FH T, FALERHEICH P00 5T, IR
Da—t =YY a7 MO, FT 4 — B OB EMEILT L a— L OEKRITK
7 LT 2EmH 72, TG REIZ L AL EELDOH TR~ L H12, KHRICL-T
JEEHRR Oy (B & < FILIETEG ARG & A 4T 4 —BA IR S &
HIENTEZDHEEZEZDBND,
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Fig. 2-19 Oxidation stability of biodiesels under air
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24 F£L0

RETIE, AT 4 —BNLVOREIC =M E X THERMOSE WD Z Lk D, FERH
HRAA F T 0 — BN O, B2 ENET J OBV E M 2 R I H 2T LTz,

FHHOERIL, T va—LOEEOHEME &I T RIS LN, — T, JE
BHMHERAA T 4 —BLOGEEFERDIZTEAEEDL RPN, KISFEMEIZE -
TEAZIE T IEDL BN LMoo, 2 OFEMIE Chapter 3 THETT 5,

Fefb eI, SRR O %G BOSIREEZ 1 0 B b (AR S LT VMBI 8 - 7273,
a—b =Yy e T OGS BbEES M BT AR RAG 6N, 2 T
= LEHEOHM, TR0 KINRE NG —MIZT 5 2 & T, i biEEE G T 57 A
ODNDORRDPFRE LI Z ENRKE L TEZ BN, ZOBRITOVWTIE, Chapter 4 Tif
R N e R

BVZEMEIL, T a— LOERIEKFEL T, AFALZ AT VL0 b T F LT RT VD55
BARIRE 23K 30 °CEi< 725 Z E B DT Te o7, S HICHRIRIEICERTH L, T
—VEHEDOREL D b, BUSROEENRE N LDVRIR I T,

T F T AT JTENRGEE 22 & OV REHI R B D72 2 E < IR D RELE
LCARRNZA2 D Z e ahotedy, Z Ll IV EVESCI L Z ENEDIEIN & o T2 FILR
HE L AZT B,

Flo, T OEREEORINE LOBLEND LA, BB KIE T 2% Chapter
5 Tl T Do
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3.1, o

NAFF 4 —B T, FIHENDBEEIC L » TER SN DWE NI 5, Bl Hs-Om b2
HTIE, LR EMED @A A AT ¢ — L FHHIR TR R OERNAAS FT ¢ —B AR
KDHNDHT2D, Chapter 1 TRz X S IZERFBEDTZOITER A 2B THOI TV D,

Chapter 2 Tl&, IERMMZFEEI LIS 4T 4 —ELEZ—FHHRB IO MRS ED
&L e, BV EMERS KO L EMIC B R 52D 2 LD, EHIT, TAa—Ld
A D EEBAMETT 2R Ao,

T, RETIE, RERZFONA T 4 —BLOIES, 2RICEELY 5 X HERO
fRAZATH, a—b =l Yy hr 7 7O AT 4 —BALEZHET 57D v a—
NOFEFEEZ D LA, BIERY CTh D077 2 O TEIRWEEIE CoRE[1-2)1C X

DB T 5, £, KIEBEBENTWS ZE TabND b~ U H[3-4|2RBETH D
LICKDERIERTOREL T %,

3.2, FEBRFIER L ORE
3.2.1. M

AETHWa—be—\Y Yy ba 7y OB LN, = A7 ARZHIH W HRIEILLL
TObLOEMEH LT,

A, EHEAa—E—M (RY v 7 =227y V) BROYY e 772 Hnk,
A Kato Oil, Mill Co., Ltd THEA L, 2—t —HidEMTioa—t—a vy 765
oo o, VX b7 7 ORI A NOAINIZLDOEEM LT,

A4 J—) (Wako Special Grade, 99.8%) . 3 LN 1-7 % 7 — /L (Wako Special Grade, 99.0%)
R FTF 4 — A BERIC WA T La— L LTHEA LT, 7. Kb FU oL
(NaOH)  (Wako Special Grade, 99.7%) % fiftfit & U -C v 7z, Fefilifit & U CHitEg (Wako High
Special Grade, 95.0%) % H\V 7z,

Fo, eIl (Fk) A0 FT 0 — BB OB S U TRET L7z, b~ SRR
FREICERLTOWAZ ERMLN TS, ZTNEEAOENI—E—HLYy he 77
MONAL AT 4 —BIIRET DI E T, B2AKTICHT 2 EEEZ M LT,
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3.22. T AT IVASHAR S

ERETZHEMNE LA AT 4 —BALORIEITIRO 3BT 72,

1) BERDZTNA—NVTONAFTT 4 —BLORE : A% )= b LT -7 % ) —)v
2) RRLMPETONALFT 4 — BN OGS  KEET MU T A b L < IdhihiE

3) B VHERA LA AT 4 —E ol

1) BEO2) IZ2WT NS AT ¢ —BAORELT V7 U filiiiE s X OmiiEIC K v
1T > 72[5-6], G RRF DA% Table 3-11Z~ 7, HiEE 7 /L2 —/LITE/LETL 1 6. 2000rpm
TR L7z, BOSIEEIZ A & ) — U HEET60°C, 1-7 % / — U HREIX110°CE Lz, &
Tofii i, KERET U U AR X OWEEE L b ISR L Tiwt% Th 5,

RSt A AT 4 — B A 2R 5 ol it BlIARY, 7)) v BLORKIET
Na—NOREET-T, 7V AKEICEVEREL, Th Y g 1% KRR
THRIT 2 Z LI R VBRE Lo, BB o5&, KIEEICZVRE L, REOST Vv a—
JAZDWTIR, KEMED A X 7 — )VIFOKEERFIC TRV L. KA~ OVEFREE DR D TR 1-7
X )= I NR L —F = HVBEAFIC L VRE L, 73—/ OERERICEK
M~ 732U NERMUERIIHALZH &, WHlT 22 LI M 4T 4 —EBLEH
77

{5 3) 1TV T, FE (R; rapeseed) . {7 & = — b —HifhiHiH (S; spent coffee)
HHWTY v b7 7l (J;jatropha) 12 B~ 2 (C; castor) D31 AT 4 —E L% 25, 50,
T5%IEE L TAA AT 4 —BAziE LT, ZhEil, BFRE R75/C25, R50/C50, R25/C75,
S75/C25, S50/C50, S25/C75, J75/C25, J50/C50 35 L TY 125/C75 &35,

Table 3-1 Conditions applied for biodiesel production

Alcohol Catalyst  Oil : Alcohol Temperature [°C] Reaction time [h]
(mol : mol)
Methanol NaOH 1:6 60 1
H>SO4 1:6 60 8
1-Butanol NaOH 1:6 110 1
H>SO4 1:6 110 4
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FH AR ORERGEAREAR 2 JISK 3331 [ T2 M bl - fENiE) IS WA 7 a~ v 75
74— (GC) ZHWTHIE LTz, GCRIFITMIMIRIIKIFRA A o Milids (FID) . 77 A
{ZVarian Column, select FAME (50m, I.D. 0.25mm)% H\\\7=, A ¥ = 7 X —iiE %270°C, %
AR EE 2300°C, ¥ v U T —H ANV T LTA ATV v X —%275revICRE LTz, &
— 7 RET 0 7T A%, IR 110°C T4 PR FE L. £ D7%20°C/minT250°C £ TH-i
L. EHIZ105 MR LTz, AR T27 HIORIEREHR & Lz,
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3.3, R L &L
3.3.1. U O MR

Table 3-2(ZJ5UBHH & L THW -, A&, =—t—H, v b7 7l L Re <~ Ho
WEE AR, a3 — b —k b ORI DEAIF8C, Y b r T 7 b ORI D
FERITI4CTH Y | L e v VK D b IFFITEVMEZ R U7, E2EREE 1T, S,
T— b — 2329 mm%/s2r B 51 mmY/s TH - 7= DIk L, b~ T HOEREE X253 mm%/s & FE
FIZEVMEL R~ LTz,

DL, IEEAANA T AOMBEOERITEVMEANICH W SGET HZMERH H, £,
b~ UHOSESEMEL | BIENEWEIE & LT, B~ MO ERS D Fig 3- 1R THEE N
BHEIRY > ) — VR THDHZ LICRNL WD EEZBND,

Table 3-31ZJ5UEHH & L CHWERMER, = — b —lBs L0V x a7 7 ORI %
R BIFIAENEE SV I F U AT T U ) 13X, R TT0wt. %, = — B — T T50wt.%,
Px bur 7 7IMTIO wt% ThHol, THHDEMNS, KRhE Uy ba T oA FF
A —BTERE LT W E R TRTE D,
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OH
Fig.3-1 Structure of cis-linoleic acid
Table 3-2 Physical properties of raw oil
Raw oil Cloud point [°C]  Kinetic viscosity [mm?/s]  Density [g/cm’]
Rapeseed -14 35.04 0.9063
Spent coffee 8 51.45 0.9109
Jatropha 14 28.95 0.9332
Castor -19 253.10 0.9472

Table 3-3 Fatty acid composition of raw oils

Raw oil Fatty acid composition [wt.%]
Palmitic Stearic Oleic Linoleic Linolenic
Cl16:0 C18:0 C18:1 Cl18:2 Cl18:3
Rapeseed oil 4.16 62.03 30.15 0.10 3.56
Coffee oil 17.01 3143 29.07 22.49 0.00
Jatropha oil 30.67 36.29 7.77 25.26 0.00
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Table 3-4(Z 572 5 S CHLE Lo A 47 4 — B L O % "7, BUERIFOMA G
IZMeOH-NaOH, MeOH-H,SO,, butanol-NaOH, butanol-H,SO4PD4/3% — > TH V) | IEFRE LT
LFD X 91md,

T Y fEE T OERM A FLm AT L - 3 (MeOH-NaOH)
TV ) s T OEREM  FL o 251 - EFE (BuOH-NaOH)
FRf IV E COEREA F L= 27 )L fE (MeOH- H,SO4)
Fefiliiy: COERE T F /L 25 )L« 3EFE (BuOH- HySO4)

ZIZTIE, AF = KBRS N Y U ADMA G DY TRIE L7 I A F LT AT
JVEFEAEWE L LTS A, SRR A FL = R T L D2 SR TR AR G A BN E D
WHBEDLLT, 1°CEVSTRVMEZ R LT, £/oa—b—lAF L X7 /L1F10°C, V¥
Fa 77l AFNLTZTIIICTH Y, mVMELZRLIZ, ZOX5IZ, "M AT 4 —E L
DE RUTFEH ORI ARATFS 2 Z L D3 ino Tz,

Fo. BREWVOYIEICRLESRMN 5 2 D EREZ BT 572012, 3.3.2.1. TRIGS®D
7»:~w®?mkomf\amzf§m ZHW A D B SOV Cikam T 5,

b= UM ORESMT, DL EORE R A% 17 T, MeOH-NaOH¥ L ' BuOH-H,S04D2i# V) T
BE L7, B VMDA F LT AT LB LRI F LT X5 LD EIZENEN-16°CE LT
—18°CTH VY, EFWITMVMEZ R LTz, F7o. 20 OEKE TS mmYs & FEFITEVME
ThY . JISHENL KX AN TV, BTN L FF 0 —EBLOREBMEL . Bk
FEME VLRI, e~ U MOERSTHDL Y v —VBOEENEETCH D Z & (Fig3-1)
DERTHDLEEZEZ DD,
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Chapter 3 Reduction of cloud point

Table 3-4 Physical properties of biodiesel produced using different alcohols and catalysts

Kinetic viscosity Density
Raw oil Alcohol Catalyst  Cloud point [°C]

[mm?/s] [g/cm?]

Rapeseed MeOH NaOH -1 4.33 0.8653
MeOH H,S04 -12 29.06 0.9073

BuOH NaOH -3 11.05 0.8884

BuOH H>SO4 =7 5.62 0.8622

Spent coffee MeOH NaOH 10 4.65 0.8672
MeOH H>S04 9 24.82 0.8971

BuOH NaOH 12 14.79 0.8910

BuOH H>SO4 6 9.12 0.8237

Jatropha MeOH NaOH 8 4.01 0.8606
MeOH H>SO4 1 16.66 0.8832

BuOH NaOH 8 4.01 0.8606

BuOH H>SO4 -2 5.22 0.8912

Castor MeOH NaOH —-16 15.13 0.9098
BuOH H>SO4 —-18 15.94 0.8912
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3321 BRICKT 2T NV a— VDR
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LAEBIZE IR T,

e R TR T 2 5. BRRFEURHO 2 F L AT LT 5 L B E NIRRT
VﬁcﬁoTw&“Juiﬁﬁﬁﬁ?ﬁ@tbiXTwM#%ib t /o TI BT IEE R
DEFEEREB LTS 2 EREZBND,
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%
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3.323. AT B e~ URA DR

Table 3-4IZ77 T L DT DS DA, T 4 —B IO ITIEFITIR L Bk E TS
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LWMEDOZEBIEREA F LT ATV EFLL L TE Y, ST5/C25DIFE fiIE10°CH> H 8°CIZAK
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Fig. 3-2 Effect of blending with castor biodiesel. (a) rapeseed biodiesel,(b) spent coffee biodiesel,

(c) jatropha biodiesel. Circles and squares indicate cloud point and kinetic viscosity, respectively.
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Fig. 3-3 Effect of the optimal combination of conditions by addition of castor biodiesel on the

properties of (a) rapeseed biodiesel, (b) spent coffee biodiesel, (c) jatropha biodiesel. Closed and

open symbols were cloud point and kinetic viscosity, respectively. Circle and square were MeOH-

NaOH biodiesel and BuOH-H,SO, biodiesel, respectively.
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4.2.1.1. JFEkE K ONHARRIH A s

AETHHALEZAT Ly VEBXORY vy a—b—dEMTioa—t—a vy 7L
DIEAEEZ T2 H O T, 80°CT 3 HIMFE S H2b 02 EREIE Lz, a—b—HBIOV
Uy br 7 BEENER 500g (25 L IL OFIHEET 1 R OIR & 5 i A 3 BT o 7,
., B L7282 = SR L — 2 — 2 AW TRERRE T 5 2 L T a2 BRE LA
AR 2 1572,

TG L OPUERL R D FIFFHRIE O 72912 3 FEOREEZ Fv 2, ZOfEs s LT
n-~F o (F k), T b (Pt —k) FE -7 % 2 — v (FoksER) AR L7,
MM L L CnnF o, mEEEE LT b, 12787 ) — L ERE LT,

4222, AL ZEMEORE

i U 7= AE Rt Z2 EME % Chapter2 TRl L7277 v v~ v METRHHE L7, RETIT,
ASTM IZEHH N TWAD 110°CCTORTIZB W T IR LR ETHLHZ 2N L L,
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4.2.2.3. ORACIE % W TZ AR D AR A 73 O HLER LG MEFEAL

ORAC (Oxygen Radical Absorbance Capacity) & (%, FIZEIMHFICE AT 2 HEILIEMEOR
BRICHNON D FETH D,

ORAC DHIEIZL, ﬁt‘ljn‘(ﬁ@/_\ﬂ%ﬁﬁ@fﬁiﬂ OO LTV D 0 FIEE £ Sl llE 217 -
72[4), 7235, NREAMEEI 7 2 KIIRICIRG SH D720, TW% 7 Y X LA TF L7 aT A b
)/(wMM7t%/mQ&>%ﬁﬁ%ﬁ&bf%wto

Scheme 1 (2, FHIEEGR % ~97[5], ORAC 137 U R AEHITH S AAPH (2,2°-Azobis(2-
amidinopropane) Dihydrochloride) & W A L7z~ A X T DN - T, EidEThH
% Fluorescein 7377 S 31 582 % Fluorescein O i@ i A fR R HIE T 5 2 & T1EH T
% (Fig4-1), Z ZIZHRALAINGIET D & ~UVA X T U DV Ui E D G &
N5, SURLARIOEEYE Th o brr v 7 AT Figd-2 O & 5 el Epk L. HEY
YN OHEBLIEEE hue v 7 AfEYEE LTRI L,

NH ></ Cl— NH2 NH+
HzN&N\\N i NH,
NH H,N H,N 00-
- 2HCI

Peroxy radical (ROO - )

AAPH
ROO - + fluorescein —» ROOH + fluorescein dimer
CH3
HO (0]
OH + ROO+ —» ROOH +
H3C (@) CH

3

CH

3

Trolox (antioxidant)

Scheme 1 Reaction mechanism for ORAC test
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ATALEE L LC. 0.5g offittiliEZ2 7 by 20mL ISR L 7= b D& HIEY 7L e L=
[6], ABHIRIEIE (TWN%T U XL ATF N7 aTFA RN 50vv%T 2 R UUIR) 35 ul,
W EAREIT > 78R 7L 35 ul, i Td 5 Fluorescein &#k (110.7 nmol/L) %
115 pL IINL, Z OROWEIIREE 0 53 OfE L Lo, aOCMEREX, IR R
D 96 N~ NFHINT L— h U —Z & v bR 485nm, H#OE 530nm. R 37°C THI
iELTc, ZDk, 7V HVIEAEKID AAPH %i%(63.4 mmol/L)Z 50 L I 2 43 fHIfE T 120
53 F CHOETRE 2 R HIE L7,

BB, a—b—HIZEALTWAILERNMbNTWS, a—b—fg, ZJunXF g, 7=

L7 WD ORAC fiiZ A. Davalos H28E L TR Y, £ L 6.63, 5.70, 4.47umol-TE/umol
of pure compound T 5[7],
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Fig.4-1 Image of ORAC test

[
>

10 100

Trolox concentration [pumol/L]

Fig.4-2 Calculation curve of standard materials (trolox)
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423, ERHERB LOELE
4.2.3.1. Bie DTl U 72 iifis OB L EVER L OWIRILTETE

FP, ATV YBLIORNY vy a—be =Y TRMNOFEREF 1-TX
— V& W TG « P bRk sy RIRERIH 217 > 72,

Table 4-1 |2 ¥ 72 DR (n-~F Y2, 7, 1-7% 7 —) ZHniza—e—ijh
DL L ORI Z =T, =X Ly Y a—b—TIE, HENPBEE 16~18wt.% 5 b i,
KU w7 a—e—D 13~15wt% L 0 b REVMEZR LIz, £z, fMHEEOmIEIC X 5
RO EBIIOEV LonedoTc, —FHTBME, 72 o0 -7 % 7 —V7e & DO
PEEEIEOIE D 23, FERRMEES D n-~FH i L0 e R olmn A onlz, 2oz
EDD A X o T i S D iR & ENLA O G OBIGREBT 5 L F % D,

Table 4-1 Yield and acid value of coffee oil from spent coffee grounds by different extraction solvent

Sample Extraction solvent  Yield [%] Acid value [mg-KOH/g]
Espresso SCG n-Hexane 17.8 7.3
Acetone 18.0 9.1
n-Butanol 16.6 10.0
Drip SCG n-Hexane 14.9 8.4
Acetone 14.5 11.8
n-Butanol 13.0 13.8

61



Chapter 4 Improvement of oxidation stability

4232, BREEHE 2 A TR L 72 G ORR{b e ENE & il kst

RIS AT 4 = BABGEE T, RIS SE 5 T 2 — VRIS A L TERic A
NHNTWD, ZHUE, FEHIED A AT 4 =Bl (T bz AT VHIR) 73
NEZ RERISRSY & LIRS T D120 Th D, MU BUSKE TH ISR T V=2 —1 0
BREDMAL 2D, £o. BIAERBO 7 ) ) XA T DBREDTZDITKER EDO TR
VETH D,

AETIX, WMIBICERT 2PN ED X 2 2R TRICB N TED X 5 ezt@h %
T ONERFT D, FUBLS ORE T vt 22T B EE &P 5T 5 72912 Figd-
3DEIRETNVEREToT2, £T. ~FV o, TR M FETH 7 — %O Tl
L7ZMIED A & ) — VEEEE Sy GREIT L a— L5y DREZE) X OKES @47
U RAT DOBREEE) BAER Uiz, TERROFEZ, i L2 & A % 7 — L E 720X
KZS0mL 7 7 barFa—TICERER T 1 OFEETANRTELIEE 5 L, ZO%EDL
538 (3000rpm, 10min) L. &[5y % 15372,

Extracted oil

Methanol wash Water wash
v v
A v v v
Methanol . Water .
Methanol fraction Water fraction
washed oil washed oil

Fig.4-3 Model experimental of antioxidant component behavior
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Fig.4-4 B LW Figd-5 lZ~FH >, T b BLOT ¥/ — /LTt L2l OR(L 2 E
P K OB bis 2 "3,

Fig4-4 LV, = A7y YBIORNY vy 7HOMEIZBWNTT® hoo7 % ) — g &
DORRPEA Tl U 72 AR O (b2 & 3w B3 I & - 72,

Fig.4-5 Ti&, [FEERIZHIH L72hiE D ORAC JEIC X D HiRbIE O R BRAE R A2 R d, =R
Ty YBLORY vy a—v —HOmHE & HBERECHit L7z OIS &
VMEZE R LT2, ZDOZ D, Figd-4 (T Ui chitt U 72 g ok 2 e o 1)
FiX, PR EO B ORI SN2 S IC LD b0 TH D EMIE I,

WIS, NAFTT 4 —BNORBRTERZEE LA X ) — ik JOKGEE D XT3
g DIAL L ENETR & OHIRILIE T~ DB 2w T 5.,

ANFxY TR MOFERIETZ = THIE LB D A # 7 — VR IR O b2 E
ME% Figd-6 12, 7=, TNEND AKX ) —)VES OHFELIENEZ Figd-7 1R T, A X ) —
JVBE S AV DFR(b 22 EVEIT Figd-4 L Ei L CTRE S L7z, £/, Figd-71RL
TZMARE D A 2 7 — VBT S WP LIRS R ST, 202 Enn | AERER 7R N A A
T4 — BNV ORRTRERIZE W T, FIRILRS B A Z 7 —/v SR H LT WEBNIC &
5 EDRBEE T,

AFXY L TR MAERIEIT S =V THIE LD A Z 2 — Ve IR ORR b2 E
% Figd-8 12, /o, TNEND A K /7 — )Vl OPERLIEYE % Figd-9 (2R3, AKEEGH
NEIEBedal (Figd-4) &R U TR Lo, A ¥ 7 — LB (Figd-6) LIigd 5 &
BRI NE Doz, Fio, KBS OFELIEME (Figd-9) 1XITE A EHmEENRDN-T22
LD, N FT 44— B TRRICE T 2 Mk E O T2 O OKRGES & iR b Aoy
DEHT 2B NI NEEBZBND,

UL EDOFER NS, A 4T 4 —BEGEDKYE 2 & ORETLTRE CII PR bk 01 1E &
b ETRHE T, UGHEDONA AT 4 —BAMHE TV Y VEBIORKIGA S —LVHED5y
HEDBIZ A & 7 — L EITHH LT W2 E BN L NI R o T, MU, PURBILRLY & 3 A A
F 4 =B MLV RTEISSE D011, A /=AM AEZIMA 5 Z L. 213,
1-7 % ) — N AW — R SOEEE Tdh 5 2 & ARB S vz,
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45

Induction time at 110°C [h]

Fig. 4-4 Induction time by Rancimat measurement of coffee oils extracted with different solvents
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Fig. 4-5 ORAC value of coffee oils extracted with different solvent
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Fig. 4-6 Induction time by Rancimat measurement of coffee oils washed by methanol
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Fig. 4-7 ORAC vale of methanol fraction from coffee oils extracted by different solvent
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Fig.4-8 Induction time by Rancimat measurement of coffee oils washed by water
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4233, a—b—HED A FF 4 —E L OHEELIEE

332.DFER L VAL AT 4 — BNV ORERRIZBN T, KREIGA X — VOO
PUALRR Y b IRFFCHE ST LE S BB MITAR o7z, 22 TIREBICT A7 Y fil
PETHREE LA 4T — B A OHERALIEEIC W Cilgia T 5,

Table 4-2 |27V 23— LI A K ) —NVERWTEE LIS FT 4 —E)L (AF VAT
V) OPRALTEEZ RS, T XCTOFRHE D DA 4T ¢ —E L TERWHIER TR E D K H
SNT, 6T, TR PR 1T X =)L T LR 2 [RE & L72IBE 008, ~F 4
I A R E L72GE L0 b R A AE b,

Fio, ATFNZAT ALK THOBR TRIZE W T LR A Sz LTh®E
UMEPEDS R S 472, T OHE Z 3] LRI ASA 47 ¢ — BRI IADIES 61T
AL EVEDR AL AT 4 — B L OREENATREL 705 Z E N TFHITE 5,

% ZC, Chapter 2 IZBW iz T o7 1-7 4 7 — & W2 — RO i TOELEN
FAEFTHRLTEEIZ DWW THRET 21T o 72, — RIS TR, BRIRICEWTREZ 1-7
) =NV EERBIZ L > TR RS 72, RIS AT 0 — BV HiER bRy &2
R IELZEDRHKDL EZZLND,

1-7 % 7 —=Na WTHIE LIe A F T 4 — B (T F Nz 27 V) OFFR{LIEME % Table
4318, TP, AFVUMEMEZEEE LT FALT AT IVEAF AT RAT ALY 5
WHIRBKIEYEZ R LTz, 2O Z &b, —HRTRIET 5 LHbn %1 47 4 —E
FIZEE S ERTWVWEE XD, LLRns, 7' v 1-7% 7 — /LTIt L%
TR LI, 7 F NV AT VORBLIERIL, ZhEhOAF LT AT L LD IR T
LAER L 72 o572, Chapter 2 IZBWT 1-7 % ) — V& W=7 F LT AT VO ZENEN
< 72 o To OIXF R SR OB LR 0 DR A ST 2 L0 k2 2 LI3 AR, Pl bls
PEL L CD ORAC EICIZ M S N o ToTotd, A% EZRRFTT 2 0ERH 5.
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Table 4-2 ORAC value of methyl ester produced from coffee oil extracted by different solvent

ORAC value [umol-TE/L]

Spent coffee grounds Extraction solvent
Methyl ester
Espresso n-Hexane 8239
Drip n-Hexane 13108
Espresso Acetone 9822
Drip Acetone 12011
Espresso 1-Butanol 17817
Drip 1-Butanol 8847

Table 4-3 ORAC value of butyl ester produced from coffee oil extracted by different solvent

ORAC value [umol-TE/L]

Spent coffee grounds Extraction solvent
Butyl ester
Espresso n-Hexane 12889
Drip n-Hexane 16158
Espresso Acetone 8833
Drip Acetone 10182
Espresso 1-Butanol 7464
Drip 1-Butanol 5717
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4.2.3.4. PURALTEVE & e b iErE

Fig.4-10 1T 3.3.1. CHIE L 7= B FERh S TR 72 REHIIB KO, ZOKEZIIA S 7 —1
Betg i O PR LIE M & B LR EMEOMBEXK 2R3, ARUFZECTHIE L7237 LT, Pk
BELYKY 2500umol-TE/L f3TIZEEF LT 223, 110°CIZ 31T B IRfb 2 B 5 REff 2 & 25 IRF
IR & CRIBZRZRMN A SN, W2ICeRE /LD & Pils{bie & B LR EMIT T e
BN RN EDH BT T,

F7o. Figd- 11 IR LM E ANA AT 4 —BL (AF AT AT )V) O LR EN & B
FEAIE T O BRI 2 R,

AFNVERAT NVOEEL, P LIEES @ OME TR S, BMLREM L. »HRE DM
BRI A BTN, HARIC DWW TIRIE & A EHER R oo Tz,

ZOHME LT, T~y METHMT 2MAEORLZ EMIL 110°CTHIE 1T 9 23,
ORAC {E Tl 2 PiBRILAEIX 37°CTHIE L CWAH I ENB 2 bND, o, T~y
NMETITESE & OFUGEFEM L. ORAC LTI~V AF T T Ul & ORIGZE G LT
HZEBHERELTEZLLND,

LUbDZ &G MIEORBLEERSWETH > Th . £ OGS OBLEMENMEWG AT
EWER L EMEE L ORSHTLE Y ZEMRRSNT,
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Fig.4-10 Relationship of antioxidant capacity and oxidation stability of oils and solvent
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Fig.4-11 Relationship of antioxidant capacity and oxidation stability of oils and biodiesels
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4.23.5.2—t —HRkHiEL k5 OHPLC 48T

IR SRR, B IT =& ) —L 85 1 K 15 &2 10 pfRFF L, 12 T & J —/L 100%IZ
L. 2550 CRFF L7z, MIEIL UV280nm T1T o7, Figd-12 [ZRFEM, 7 mua U L
® STD M O FRIATE TYeid L 72§D HPLC F % — b &7~d7, 7272 L 3R O %4 280nm
TITRIN DR S N2> 72728, 254nm TORERE R 2R,

FP. XMl (Fr—hFA) 5, FUZUERY ROE—21%15 500 20 5ICBZ2Z2En
D2 ENHERTE T, HIZ, STD (F¥— bk B) OHIEREZ O F iR $IC3
ST SN D Z ERbh o,

a—t —JHOKES (F¥— b a,b) TiL, STD & FEREORFEEID 3 5H7= 0 ice—2
DR STz, AZ ) — VB OE (Fx— ke, d). KESGDOF ¥ — MIIMZ T 4~7 453
BLO, 1005~15lcmticsns e —27 biitiShTnie, ZhbDF v — b EB{LEE
DT =2 ERWERDE 35D —7 L 10~15 0D —7 NHBILIERH O ® 5545 Th
DT ENIREE T,

Fig4-11 TRENTo, FAROFIRLIEEZ FioW o 7V CTRE L EMEDO R D R v 7=
— b —HIONFH U BLOT & kRO KB/ OWT HPLC 12X D0 o &217 -
7= (Fig.4-13), BEFHIZ 0.1% X8/ A % / —)v (60/40) &7 7Ty MZED 1555 T
(50/50) & L7z, ~FH Ut id, 77 BRIV E—27 OANE LRz, s
7 RO RMRTH D AR N D D, 72, T T ~F 0 o & RO
E— 27Nz, FTMEB IO v F U BOMEICS E— 7 B Sic, 202 Ehb,
T AL 2 SIS 32 2 & T, BUSER BT 2 O CidZe < | Bix 22y A &
HZERH NIRRT,

KBy DR 53T 2 AT O EVERI 2R B A R E & 975 2 L IX R T2 3. BRHSPER 53 Tl Sy
FIEZATH 2 L BRI o T2, A%, BB IR LR 2 FE ok 0 Ml Cd 5 1% B
LT DT ENREE LTHET D,

A DR R T, T b — RS AT — L DEL R I 1T, HRER Sy & LTl
N N2 A T BN N TN
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Fig.4-12 HPLC chart of spent coffee oil and different solvent fraction at 280nm.
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Fig.4-13 HPLC chart of water fraction of hexane and acetone extraction from spent drip coffee ground
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T2 Lickd, BIEZEEDIRWERED AL FT7 4 —BLOUEEE RFT 5,

4.3.1. FEBRFIE
43.1.1. iR LR S D= > DA F5 ¢ —F L ilE

42 THOEMNT LIS AT ¢ — BV ORLGE TR TORMIL Sy O 25215 T, 3 @Y
DREFEDORBICE ST,
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¥, XD 38 ORGEFIEIZRB N T, JUSEDAA F7 4 —BVRERIT fAEZ7 V'Y
VEBIORKIGA X 7 — KB XV BRE L, 7l U AT 1 %EER KSR TR 5
TLICRVBRE LI, £0%, BARMEE~ 72T LRI LERIIBKLZOE, 18RI
KA FT 4 —ENEHT,
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43.12. a—b—HESETONS FT 4 —E L

T2y YBILORN) vy Fa—be—MhbaFHho, TN AFELEFTE =2
WTHhH L7z hfiE 2, HE AR TR ORIAETRA L b0 & JiEHIEE L T= X
TV & (T > 72, Figd-14 ([CHEE 1 07 e —F vy — b9, a—t—HDEEH
RISk LT 10, 25, 50wt% & L7,
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Fig.4-14 Flow chart of production method 1
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Fig.4-15 Flow chart of production methods 2
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43.1.4. a—E—f A ¥ ) — VM OBIINETONAL F7 40—V
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Fig.4-16 Flow chart of production method 3
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Fig.4-17 Oxidation stability of biodiesel produced from rapeseed oil blended espresso coffee oils
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Fig.4-18 Oxidation stability of biodiesel produced from rapeseed oil blended drip coffee oils
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Chapter 4 Improvement of oxidation stability

Table 4-4 Kinetic viscosity and yield of biodiesel from rapeseed and coffee oil

Raw oils Extraction = Mixture ratio of  Kinetic viscosity  Yield [%]
solvent coffee oil [wt.%)] [mm?/s]
Rapeseed 0 5.12 38.9
Espresso Hexane 10 5.12 324
25 4.89 26.7
50 4.64 25.8
Acetone 10 5.13 324
25 5.20 26.7
50 5.03 25.8
1-Butanol 10 5.20 24.7
25 5.11 30.8
50 5.05 33.1
Drip Hexane 10 5.02 39.1
25 4.75 34.7
50 4.87 334
Acetone 10 5.13 37.3
25 5.16 39.6
50 5.19 33.6
1-Butanol 10 5.14 32.0
25 5.07 36.8
50 4.99 25.1
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Chapter 4 Improvement of oxidation stability
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Fig.4-19 Oxidation stability of rapeseed biodiesel produced with spent coffee ground
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Fig.4-20 Cumulative distribution of spent coffee grounds
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-O-MeOH extraction from Espresso SCG
4 |+ MeOH extraction from Drip SCG

Induction time [h]
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Fig.4-21 Oxidation stability of rapeseed biodiesel added MeOH fraction derived from SCG
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Chapter 4 Improvement of oxidation stability
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Fig.4-22 Oxidation stability of rapeseed biodiesel blended with different palm oil
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Chapter 4 Improvement of oxidation stability

Table 4-5 Oxidation stability of extraction oils

Crude oil Induction time[h]
Kernel(Aceton) 11.76
Kernel(Hexane) 10.55
Kernel+ Shell(Aceton) 20.40
Kernel+ Shell(Hexane) 12.44

12

-O-Biodiesel of Jatropha kernel and shell aceton oil

+~Biodiesel of Jatropha kernel and shell hexan oil

Induction time[h]

0 L 1 | Il
0 20 40 60 80 100
Addition ratio of jatoropha oil to the rapeseed 0il[%]

Fig.4-23 Oxidation stability of rapeseed biodiesel blended with jatropha oil including shell

component extracted by different solvent

86



Chapter 4 Improvement of oxidation stability

44. £L0

AT, 22— b — R b OB 22 TR KOS 47 ¢ — B LG
5 MEE AR LT,

a— b — NS T AOPIRILAIIIET & bR 1-7 4 ) — Ve E O BRI CRh
RESHHBEND Z ERPALNTIoTz, Tz, XA AT o —BARERFEE LT, (1) =
AT IVASHARING . SRR & SRR TR Lz 2 — e —l2RE. () EMho= 27 158
fpica—e —MEMROEEER S ERETRE, Q) BFEBSIEEONAL 4T 4
—BIC, a—e—HDOAZ ) — LI EIRE, O3B THORDBH D Z LRGN
o7z, KT, (1) ToOHMBbS 25 H T HMEZRE L TRE LIS 4T 4 —B LT
HINRICHIRALE S DIV IAFE D Z E B BN 5Tz,

mE. Ty~ y MEICKDBILZENE S ORAC LI X 2 BB LIS TE O 1A BAME A /e
<L IHUE BYLE R PURRIL ARy DA BEIZBIR L TV D Z LAVRIR S NLTc, ST DOME L L
T, BZEMED @ WHUIRILEL 7 DIRIE 21T 2 B B D,

F-, a—b—lEtTiciZr v AU a— —EY HPLC TR S TEBY ., Zh
SAPRBIIEMEZ R TR O—HTh 5 Z LR LM o7z,

NA = A KHRRILR S DA AT 0 —BVEISET, 2 —b —H7ZTTiERd Ur

a7 7 A OWNT HRRALZEMEIZRBR O R NG DN, & BITRFHI et~ 72
AR S A /A A~ AZHEIE T E L BAMC R TE 2 RS R S vz,

87



Chapter 4 Improvement of oxidation stability

235 3Lk

1.

Y. C. Lieang, C. Y. May, C. S. Foon, M. A. Ngan, C. C. Hock, Y. Basiron, “The effect of natural
and synthetic antioxidants on the oxidation stability of palm diesel”, Fuel, vol.85, 2006, pp.867-
870.

R. Cruz, T. Gomes, A. Ferreira, E. Mendes, P. Baptista, S. Cunha, J. A. Pereira, E. Ramalhosa, S.
Casal, Antioxidant activity and bioactive compounds of lettuce improved by espresso coffee
residue, Food Chemistry, vol.145, 2014, pp. 95-101.

C. Monente, 1. A. Ludwing, A. Irigoyen, M. D. Pena, C. Cid, Assessment of Total (Free and
Bound) Phenolic Compounds in Spent Coffee Extracts, Journal of Agricultural and Food
chemistry, vol.63, 2015, pp.4327-4334.

J. Watanabe, T. Oki, J. Takebayashi, K. Yamasaki, Y. Takano-Ishikawa, A. Hino, A. Yasui,
Improvement of the Lipophilic-Oxygen Radical Absorbance Capacity (L-ORAC) Method and
Single-Laboratory Validation, Biosci. Biotechnol. Biochem., vol.77(4), 2013, pp.857-859.

D. Huang, I. C. Wong, Lipid Oxidation Challenge in Food Systems, Chapter 10, Antioxidant
Evaluation and Antioxodant Activity Mechaniss, Editors: A. Logan, U. Nienaber, X. S.
Pan.(2015)

D. Huang, B. Ou, M. Hampsch-Woodill, J. A. Flanagan, E. K. Deemer, Development and
Validation of Oxygen Radical Absorbance Capacity Assay for Lipophilic Antioxidants Using
Randomly Methylated B-Cyclodextrin as the Solubility Enhancer, J. Agric. Food Chem., vol.50,
2002, pp.1815-1821.

A. Davalos, C. Gomez-Cordoves, B. Bartolome, Extending Applicability of the Oxygen Radical
Absorbance Capacity (ORAC-Fluorescein) Assay, Journak if Agricultural and Food and
Chemistry, vol.52, pp.48-54.

88



Chapter 5

Adaptability to diesel engine of biodiesel with antioxidant derived from
spent coffee grounds

a—t —MERNBRILR S 2 G/ LI T 4 —EB D

T4 —B T ~DEE



Chapter 5 Adaptability to diesel engine

T4 —ENEEMIRE RO A OAEE XX HEEREFEZRIZL TS, Lol T4
— BNV OPER T AI KRG L OHEKIRELO— K TH D707 1 — B /L H A~
OHH DB L 7o o TETWD, ITFTIE, TNETTRT 5720, EHRBmILDOIKFE B
& L2 HER G ER (EGR)., KL T IRE PMYIRIK D 72O DT ¢ — B AR e 7 « V& —
(DPF) DA, BREMEGH2EE 2 2 E 2 L — L AT 2 72 Ehk 2 225 A S 40T
7,

DX, XA FT 4 —EBLEEMMET D LTI U UHER T AR AR T D 2
LI CTHETH D, PERT AL, FERRKFERL LU, ZOEMME Th 55N
INMEDHEZR SN TWERUB U1 D H D Moy, HEIEAEDO—RK L 25> TV
D IR ERBY (TR L E R TIE R OK & UG UGt fd i
ERVBEMERDIRR & 72 D [2]) £ FAE Y T H B ZRTWRILKFERZR E013d 53],
FEREREE LIS AT 4 — BNV ET — B VUG ST A3 e S
TUW5[4]73, Chapter 5 THRIE L7oNA 4T 4 —B NI AA AT 4 —B I a—b —¥H kK
OPFBILIR D EH LIZIREE L 7o Tned, ZOPBLR N ER LI A 4T 4 —F8
JNZOWNWTDTF 4 —B Nz P UG 2l 2 LERH 5,

LTI, T — BB S LM OT o — B SEM A L Rl &Rk At
THRE LA AT 4 —BLERAE L. T4 =BT U PTG TE D0 HET 5, 7258,
AKiSLTOT 4 —EBNLxT VT EGR X° DPF BREA I TV, SHIZ, 74 —E/L=
VOVITEAGPREE CEIE LT, T — B U BW T, EANREE CIEEET 5 LR
BEIREDMET 32 2 &ITfBv, = P OESE I DME T UARIR AT ZADFEAE LG WREDS
BHH[5], ZDO KD BEEZRBUC S . T — B —HIBSROHIERRIL D DN ER LTe A+ T«
—BLTHEET D2 ENTXENEIHEFET D,

90



Chapter 5 Adaptability to diesel engine
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Fig.5-1 Device configuration of exhaust gas
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Table 5-1 List of Gastec’s detection limit and interference gasses

B—Fyk ¥ & B RHRE FHEAR(HAFRE) Fit
FHE&RIEIKFE 2~100ppm 0.2ppm (5[E1% 51)
Rty 30~500ppm 3mg/m*(1[E]%51) IRTILEE +RE
(2000ppmLL L)
FEKRIEKE +iRE
MLTY 2~50ppm 0.5ppm (4@ 3|) FERRIEKER +iRE
ZERIEETRE 5~100ppm 0.25ppm (4[EI%5]) “BREEROF/ULE) +RE
EXRRILY 10~250ppm  2ppm(2[E]K5]) ZERERRE. i kFE +HRE
(&Ll L)
AR/—)L —RE
(400ppmEL L)
BERAkR R LK 20~1000ppm  1ppm (2EIKEI)
E#fixiEKkFE 01~12% 0.01% (2[E 1% 5]) BHBEHE +RE
=ikEiE/KE  200~3000ppm  20ppm (2[E1%3]) —BibkFR +iIRE
(0.1%LL E)
TEFLY. IFLY +iIRE
(0.1%LL E)
BHAR +RE
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Chapter 5 Adaptability to diesel engine

Table 5-2 Flash point of diesel and B5

Extraction solvent  Ester State Flash point [°C]
Diesel Diesel 100 64.0
Espresso Hexane Methyl B5 61.0
Acetone 65.5
1-Butanol 63.0
Hexane Butyl B5 63.0
Acetone 60.5
1-Butanol 56.5
Drip Hexane Methyl BS 63.0
Acetone 65.0
1-Butanol 63.0
Hexane Butyl BS5 62.0
Acetone 62.5
1-Butanol 61.0
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Kinetic viscosity [mm?/s]

_Me-BDF 1 Bu-BDF ----Diesel
i i I I I
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O & & & '
Q/%Q& Q/%Q

Fig.5-2 Kinetic viscosity of diesel and B5
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53.2. BAMEHIBIT S a—b—l A 4T 4 —EBILOBSOHER AT AR
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Chapter 5 Adaptability to diesel engine

Table 5-3 Exhaust gas composition of diesel and B5

Sample State Aromatic Benzene Toluene Sulfur Nitrogen  Aliphatic Low High
hydrocarbon [ppm] [ppm] dioxide  oxide hydrocarbon hydrocarbon hydrocarbon

[ppm] [ppm]  [ppm] [ppm] [ppm] [ppm]
Diesel Diesel 100% 0 0.94 0 40 30 10 200 80
Methyl ester (Espresso hexane ext. oil) B5 0.5 0.94 0 40 30 35 100 150
Methyl ester (Drip hexane ext. oil) B5 0.5 1.57 0 40 40 50 500 150
Methyl ester (Espresso acetone ext. oil) B5 0.5 1.25 0.1 40 40 100 500 200
Methyl ester (Drip acetone ext. oil) B5 1 1.25 0.8 40 40 75 500 200
Methyl ester (Espresso 1-butanol ext. oil) B5 1 0.94 0.5 40 40 100 500 200
Methyl ester (Drip 1-butanol ext. oil) B5 1 1.25 0.5 40 40 100 500 200
Butyl ester (Espresso hexane ext. oil) B5 1 1.57 0.5 40 40 100 500 250
Butyl ester (Drip hexane ext. oil) B5 0.5 1.57 1 40 40 100 500 200
Butyl ester (Espresso acetone ext. oil) B5 1 1.57 1 40 40 100 500 200
Butyl ester (Drip acetone ext. oil) B5 1 1.57 1 40 40 100 500 220
Butyl ester (Espresso 1-butanol ext. oil) B5 1 1.57 1 40 40 100 500 250
Butyl ester (Drip 1-butanol ext. oil) B5 1 1.57 1 40 40 130 500 250
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Fig.4-2 Oxidation stability of biodiesel produced from

Fig.4-3 Oxidation stability of biodiesel produced from
rapeseed oil blended espresso coffee oils

rapeseed oil blended drip coffee oils

Fig.5-3 Target of exhoust gas composition analysis mesurement
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Chapter 5 Adaptability to diesel engine

Table 5-4 Exhaust gas composition of B5 blended with methyl ester from waste rapeseed and coffee oil mixture

Aromatic Sulfur Nitrogen Aliphatic Low High
Benzene Toluene )
Raw oils State hydrocarbon dioxide oxide hydrocarbon hydrocarbon hydrocarbon
[ppm]  [ppm]

[ppm] [ppm]  [ppm] [ppm] [ppm] [ppm]
Waste rapeseed B5 0 1.25 0.05 40 30 100 500 200
Waste rapeseed 75wt.%, Espresso hexane ext. oil 25wt.% BS5 0.5 1.57 0.05 40 30 100 500 200
Waste rapeseed 75wt.%, Espresso acetone ext. oil 25wt.% BS 0.5 0.94 0 40 30 50 300 200
Waste rapeseed 75wt.%, Espresso butanol ext. oil 25wt.% BS5 0 0.94 0.05 40 30 50 500 200
Waste rapeseed 75wt.%, Drip hexane ext. oil 25wt.% B5 0 0.94 0.05 40 30 100 300 200
Waste rapeseed 90wt.%, Drip acetone ext. oil 10wt.% B5 0.5 1.57 0 40 30 100 500 200
Waste rapeseed 90wt.%, Drip butanol ext. oil 10wt.% B5 0.5 0.94 0.5 40 30 50 500 200
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Fig.5-4 I[ZARGMIZBWTHRE LIe A 47 ¢ —E/L B5S OBEAGKHIIIT D EHHE R
T, T 2 CORRBEHE R ORI EZhENR B, Fig5-4 (FEHR) H3EH 0 F Cidiia
L7286 ToH Y| Figs5-4 (RHR) (R LT HE AR O XA F AT 2T V% 5%iRG LT
REFCIE, BN T TR Lotz 2T, "M AT 4 —EBADRBRIEEZEFTHT20
EROFBBRENHOP L TCLEY ZEICERNLTWD EEZBND,

B sHmcli-a—e —lEZzREHZEE LA TF L= ATV, TFALZATILE
LN a—b—ihE FREBOIBSMIED A F LT 2T L OMRENSEREEY T 7 TRt 13
EFFT_RTOa— =oAL AT 4 —E/ME, FEBOATF LT ATV L0 G ERERE R
WETFT2Z 3oz, LML, KX TOT 4 —E L= P U Bl I mATIRETH
B2, SHBITEAN & 0N oS COMBNEE R 2 RFTT 2 0ENR 5,

ZOBRBHHEROBAND S, a— b —HBROFRIL S 2 EH LIc A 4T 4 —F
ME, RELE LTOMMER S5 L E X b5,

12 [ 1Coffee oil Methyl ester
k5% Coffee oil Butyl ester
— 10 [—JRapeseed and coffee oil mixture methyl ester
-g — Diesel Fuel (100%)
3 8 | — —Waste rapeseed methyl ester (B5)
E T T T T T e T T T T T T /T T Ty
= N - N N Y RE
s 6 - §$: E%H: :§E3 E&H
g . §5§5§ %@5@5 §5§5§ §§5§5
2 \3:3: \:3:3 \f:f: §:f:f :
S 5| N | N NN :
E NEN BN BN BN
T N NS0 I O \ 505 I N\ 550 I B N\ O O\
O S
Qo+0° (\0*90 ®0éo° ,boé’\oo 0\5-@(\ Q&Q’Q
\06%0 O(\Q e,éoo QK\Q @@@0 OK\Q
Q/"oQ Q/%Q Q/"oQ

Fig.5-4 Fuel consumption of biodiesel produced by various production method

102



Chapter 5 Adaptability to diesel engine

54. F& 0

ARETIEL, 74 — B & LTOMUOT ¢ — BB A L, Bl & ke 25T
BE LN AT 4 —PAERRE L, T — BT DTS TE 200 % , B ESCEN,
FE72 E DMk, AR OEEL R BREE T T OPET ARG RERE B =R OBLE D B A L 72,

a— b —HHHMIE DN A 47 ¢ — B VIEEINIR G35 2 & T, S1kREB L OEREE
B E 5E2 52 LITRDMB, BEHE L TORBRMICIIR X RERITRL T 0 — B REL L
LT BNARETH D 2 LR S,

PEAT AR DWW TR, HEBERAKF TER O A OGEHE SN o 7205, B5S Tl
0.5ppm 725 lppm frt 47z, 7z, ESBLENTH L —HARKIE TRIE Lo, 47
A —ENDELAETH>TH MR ENTFER 72 <, HERRKFEOPEHIRE XL
o a A i EITREME MR ERB X HiILD, Eo. BS O PM TR AIEFITEm
EIZ 72 o7, REHEEBEIZ, AF LT AT IO BS 28I 0 b UBRE & L TIET
TLH0N, TFNTZ AT O BS (TR EZFFFEORENENH D Z LB LN ol
— 5T, FRHDONA AT 4 =B, L a— —HREAED A AT 4 —E LD BS DHE
TARE LTS e . FEBRRICKEIL, a—b—HRAA AT 1 —ELDHD BS LHEKL
THALLFITMET 5 2 Rk, U, X BR bbb LTORERES
KT L7z, LacL., BRIl 100% & il L €. EfAA 45T 4 —E/L B Z ¥ & b
Y ORREIRED G227 A LD T ANFIEL TV Z BB NS, BN
IRIRAL AT, kRt AR I L OMEAMR R ALK e EDRALKFEIEIZ, EOFRMETH > THEE
H100%RF L 0 b <SSz, UL, EHONA 47 4 —E/LdD B5 Tho>ThH =
—bE—MDONAFT 4 —ENLD BS LITEACET N7, RALKFEFORAIZIL,
N ERTH DDA ENIT 5 Z ENHEke -T2,

ENHE R OBLED O b B E R L TE LR T T2 73, a—e—Hk
DA FT 4 —BIREIE LTHE LTV EEZBNRD,

LEE Y 22—t —HHEROFRILR S 2 & A Lo A A7 4 — B 3kek e L T4y
R TE DR AV Za iz, L, KL Tld, H< ETHEAMBE TORET
HHIZDAHK, S bICEALT 2 # NI TR TOPET AT S 2t 5 2 &L TEALD
ERRTLEEZLND,
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Chapter 6 Dust explosion of oily materials

6.1. it

ANA FREHT . IRERIR T AP ORI BRI ORE E L TOE HDDF —RA
Y REROTWD, BRER DAL F Y RAIHAERREZ XL —TH Y, TN % KREFEEANT
52 LT, RER, a0, BRENRE CTORBIZEMRTES([1], LNLRBL, N4~
AR AR, dat TR, B TR EICB VT, KRB CABROEBRERH 5, ¥z
W2 A T~ ZADK CAIBRFEZH O L, BRICV AT A BET 5 2 E DB
KTH D2,

Table 6-1 \ZHATIZHEA LT NA A~ AD K « $5 U AR E S %219, 2013 46 A,
Egger Haxha DGR L85 CTIXBERIF T3 A~ RIZ51 K URHIBLK K U2, 2013 44 H |
I3V Z D Koda Energy 1:00 CHP 7°7 o MTIRUWNTHREHTER Y = THREEDS 1 HIZH
TZOIRAE LT, 2012465 H, NA A~ 2Ly hORIETHICBWT, EEOWEIEED
IR & A X N K D/ R A LIEEB 34 NAE LTV D,

Table 6-1 Some examples of such incidences that take place every year on biomass manufacturing

Year Location Country Incidents
June 2013 Chipboard plant Egger Hexham , UK~ Their wood burning biomass
incinerator caught fire.
April 2013 Koda Energy CHP Minnesota, USA Igniting a fire in 2 of its fuel
plant storage silos.
February 2012 Rwe's Tilbury Power Essex, UK Biomass fire.
station
May 2012 Amager Power station Copenhagen, Sweden Three people injured from wood
December 2012 dust explosion caused by a
cleaning process
October 2011 The wood pellet Portof Tyne, UK A huge fire ripped through the

storage facility

wood pellet
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LU, BRO X 9 ICHFHR LI L TV DI H D LT KEAAL 4~ 20K UAMERZ
DN TOMIEIEA e | BTMIEZ AT 23 4~ A0 U ASEFRFHEOMFTRIL 72
VN, Table 62 IZARE THIEZIT o 7ot v 7 Vs L UVUSA A~ A8y U ABEFEWFZEH] DV TR
KR

NA F = AR OSERMEFM 24T 5 7201, ¥ CAJERFEZ I 52T 5 DIEIEFRIC
HETHD, B CAERITKRD 5 FUERRIRFICFET 5 & XIAEL 53], (1) ARWE.
(2) BICANCKRPMETET D22 &, 3) BBfbAIRH D Z & (—AITIE, Z=ER T DfER) |
(4) B CAPEERIRE CREL TS, (5) BXERHDZ L[4, LED552F Lo
THA RN HEI LN,

ZHETOMET, HiHFELa——5 (SCG) BLUOY v hu 7 7H10E (K) &
AT DMIEEFEE LIS AT 4 — B Lo osEEL BRI L, @i 45 4 —18
RO BLE 1k 2 TN LT, OO Tik, IERMTMAR O /RES - BVEEHE (TG-
DTA) RBALZEEORIEZITV, FERHMIE DA 4T ¢ —8 VEEE L COffifE % i
L7, SCG L5 % 20wt.%. JK (XIHfIE 25 60wt.% & A L T 5[5-6],

Chapter 6 TlL, ZDNA A7 4 —EBLOEIE TRIZBWTHEE A A 4~ ZADME%E
FIRT 2 2 &0, MR X OB b il i % D A A~ ZFRIE ORI 2 4878 L TRR D
B NERRMERME 21T 5 22 HNE T2, ZNOZBHONIT H120IC, A A~ RITE
AT DM UAMERFNE ; 185 TIREE (MEC)., /b= ¥— (MIE) &)k
FetE T 70 b HEEME - HUEIC RIETRELZ RFTT 2,
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Table 6-2 Physicochemical characteristics of SCG, jatropha, and cellulose and reference data

Chapter 6 Dust explosion of oily materials

Elemental composition [wt.%]

Moisture content

Total calorific

Oil content

Particle size

Biomass sample C H N (¢} Ash [wt.%] MEC [g/m®]
[wt.%] value [MJ/kg] [wt.%] [pm]

Cellulose 41.63 6.73 0.07 51.57 4.18 16.68 — — 50 60
Spent coffee ground 55.86 7.02 2.33 34.79 3.67 23.56 21.27 2.17 75-105 35
Spent coffee ground (oil extracted) 49.90 6.19 2.53 41.38 7.08 20.85 — 2.47 75 - 105 130
Jatropha kernel 60.86 9.73 3.55 25.86 5.99 29.74 60.7 4.56 — No explosion
Jatropha kernel (oil extracted) 44.14 7.65 6.90 41.31 5.06 20.38 — 9.61 75-105 50
Jatropha shell (not contained oil) 41.16 5.43 1.21 52.2 10.3 15.96 1.86 8.81 75-105 295
Cellulose [10] — — — — — — — — 51 60
Biomass dust (forest residue and bark) [11] 47.8 6.3 0.3 45.5 6.0 18.48 — 2.9 275 30
Norway spruce [12] 48.1 5.6 0 36.3 5.8 19.2 — 4.1 <60 —
Torrefied Norway spruce [12] 54.8 52 0 30.7 2.7 20.6 — 5.8 <60 54
Lycopodium [13] — — — — — — — — 35 35-45
Coffee (Ground coffee) [10] — — — — — — — — — 100
Spent coffee ground [14] 50.77 8.25 2.16 38.75 — — — 1.75 — —
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6.2. FEER Tk
6.2.1. FEH

a—bt—HBLURT Y a7 7% Chapter 2 206 5 T L72&BH & [RERD S O & H 2
(Fig.6-1), 72, ZNOLOMIEEAWE L OXRME & L THEdME/L 72— (Avicel PH-101,
Sigma-Aldrich) Z MV, E7o, WMIEHHIIEEIS n~F P 2 Wi ToR E S fli
TiT-o 77,

___Jatropha seed

Spent coffee
A
arounds

Shell

Oily biomass

Qil-extracted
biomass

Fig.6-1 Oily biomass samples
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6.2.2. RiE45A

a—e —MDORLE AR 2 i O THRIE L7z, 50 g O 7 a i EEoEIZ A L, 30
sy, BEhEIR & 9 2% (AS200 basic, Retsch) Z AW Tk L7=, RIESHILE YA XD
R LT INE B A FH L CRHAE LT,

6.2.3. ikt

INA = 2RO EHR 8T (C,H,N) % JISK 8819 {Zf€\» CHN analyzer (PerkinElmer-2400
MZEIT-72, F7o BELEEIIEONT-CHN tE A B2 SNREENOHE LEH LT,
ERFER LK% JIS K 8812 IZHEWVVEILZE L 105°CH L TN 600°C THIE Z1T- 72, F7z,
LR EE A JIS M 8814 ITHEWV VAR A EE G (CA-4PJ, Shimadzu, Japan) % FHUCHIE L
7o

6.2.4. ¥ U ASBIIM

185 FIRIEE (MEC) B X R/ k= FL¥— (MIE) % 12L "R ERK) U AR E
(PIE-1200, Seishin Enterprises) % F\CHIE L7=, MEC OHESMAX, B EERE 5 mm,
R EJEREZZ5UE 0.075Pa, FRAEEE 1000V, & KEIEREHE 0.1 & L7z, o, ZOFRMET

OILEWE (A1) OB TIREEIX40£5gm® L7725,

MIE HIESME, FEAKIZIE MEC LRIBRTH DD, B R VX—2RET 57201
LENHOESBIUEZME T2 2 & C, B OE = 1L ¥ — %157, MIE % EN 13821
IZHEWLL T ORHRAA W TEERE Lz,

(log[Ez] I[Ez](ZOQEz—ZOQEﬂ)

E, =10 (NT+D)[E5]+1

ZIT,EE AR LBRWRRDOT RV — BIIEKTLRERNDOTFLF— NI [TEIC
B A2REKDEE, 1T EICBITD2EXKEHTHD,
JISZ 881812k DL, ¥ U AMERMLHRIEIZIMECILT IH) (<40 gm®); 1] (40-100
gm’); BELO ML) (>100g/m’), MIE fii T &) (1-10mJ); [ (10-100mJ); & L T MK
(1001000 m)) & ¥ S5,
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6.2.5. BrRiREErE

ENE DFRIE & U CRESEMEA | TRIEMEDFRIE & L TH#MtE L U ¥ —7F X % —(Powder
tester PT-X, Hosokawa Micron Co.)%& VN CHIE L7z, EEEMSC B D 43813 Carr (2 X 2
FETHE SN TWDH[T],

EEEMEORIERELZ Fig.6-2 (A) 1T T, 3FEORLLEHEZHE L, K EiC2 g0k
BRI IRZ B L7212, 95 FRIIRE) S E 60T 2T, #RENC L 0 BEE LA IR L
oA WET D, BEMITUL T ORTEHRE S, ZOMEPKREWVIZEBEEMEDOREWVIIE L E
ZINTND,

Cohesion[%] = (W,+0.6Wy+0.2W)/2 X 100

SRAEDORE I Fig6-2 (B) \Zr-d, WRAA LV TFOTTAF v v ) X —NEY
YU —DENED T4 FOMENPD 10 g ORBMIELZE T I 5, % T I8N
BN Y U E—TL 0 4 A 0 FITRE LT ILICRE LA 2314 5, A

FLLTFOXTEHE I, ZOMEPRKEWVIZESEBIEOESVIIAL ER SN TWD,

Dispersibility [%] = (10-remain)/10 X 100

(A) (B) D int 10
o Sample 2g rop poin g I -
I.D. 4" |._.| r
— W, (9) — T
-, Plastic _—~ 13"
Wb (g) cylinder
— W, (g) — T 4
l ] Watch glass A=

Fig.6-2 Measurement methods of cohesion (A) and dispersibility (B)

111



Chapter 6 Dust explosion of oily materials

6.2.6. K

PRBE R I % [E# BLK% D United Nations Transport of Dangerous Goods Method N.1: Test method
for readily combustible solids [9NZFEVVIIE L 72, Fig.6-3 O K 9 72 alBREAD =Mt 4 il L |
SO IR AN—F =T 2 5K EH T, D% 10 mm & {55 TRBET 2 2% JIE
L7z, F£72. BEH#HIZ OV Tl TG-DTA measurements (TG/DTA 6200, Seiko Instruments)%
W BTSRRI 30—700 °C, AR 10 °C/min, SRR A (ZERETITER)
P % 100 mL/min & L7,

Fig.6-3 Configuration for burning rate test
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6.3. it L &5

6.3.1. SCGDKL FE 4y AR

Table 6-3 IZT= AT L v VEBIWKRY v 7 SCG DRIESNAR &7, —XAIIZ 500 pm LA T
DRI C AR AT D AlReER & H[9], =A T L Y SCG DRIEEITT T 590 um
LFTHY,. KU w7 SCGIE90.3 wt.%23 590 um LA N CTh o7z, AW TIE, LMW
KiES A>T A7 Ly Y SCG B 7L & Lz,

Ty bu T BOBE. RIATA R EHOTEGEEBRBEEZ L2 LTH, 55040 D
BELSDWGFIT D LB TERNoT, ¥V br 7 7 EOMmiEORZRITE L% 2mm 2
Ed Tz,

Table 6-3 Particle size distribution for air dry espresso SCG and drip SCG

Particle size distribution [%]

Particle size [pum] Espresso SCG Drip SCG
over 590 0.0 9.7
590-350 63.0 61.1
350-250 15.2 12.9
250-210 6.3 4.4
210-177 3.8 2.8
177-105 29 2.3

under 105 2.3 1.8
loss 6.5 4.9
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6.3.2. Bk

Table 6-2 IZEM L T2 < ADLFRLS[10-14]3F KOV, AIFFETRIE L 7oA A~ A
DALFR T, £9. SCG B ELVIK OFMERIL 21.3 wt.%d LU 60.7 wt.% Th -7,
EOICHIEA L EAT 2 Z &b ENMFEEIL, A~ ZHIR[9]D 18.48 MI/kg K21k
fEL7= /v =— 7 E[12]D 20.6 MI/kg XV HEVMEZ R L, ZHUSEARRE S L CIESE
IENTWDS Z ERRE I, £, MIEOMHHE Th > TH 20 Mi/kg B EOFEEGE
Hole, ZOEIT, BAENRDHDL Z 00U AT 4 —EBLoflE 7 nt 2 iERH O
JHE L TEHTE D Z LR SN,

T, VX hu Ty OEE D B%OYEEA (Jatrophashell; JS) . A EIX 1.86 wt.% TH
0. ZAUTEEOSCER[15] THA STV D 0.5-1.4 wt.% & JEEL L Tuve,
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6.3.3. By U AJBIEE
6.3.3.1. MEC

F9. B CABREEOFMEIZ1T 9125 7-> T, Table 6-3 T ITEIToT2RMHICE DL
2. fNNBE OB LT, BfkAEIT o7, 125-177um & 105-75um O &80 L7,

Fig.6-4 (2 SCG DR DA M R L OHLRIREE & MEC OBfRZ7~9, 75-105 um T
X, MRS SCG LR SCG ™ MEC 32 35 & 120 g/m® TH 7=, HiEE 20
W% G H LIS, A~ A3 CABREE TSV Z L3RBT, S 512, miFE A SCG
DI, FBWETHH L —2D 55gm’ L0 HIEL Gt T2 —i% TE] Th
o7z, F7o. MEC fEIZRAED/ NS VI EERLS 220 | Fe L T D HFMEL 72 28 23 -
77

Fig.6-5 [ZifiF % JK 38 L UM IS O MEC &9, KL 75-105 pm (23815 D HfIEH JK F6 &
VIS O MEC fli 45 gm* B X V130 g/m’® Th o7, WIEEA JK (60 wt.%) DFA. EA
BERE CTH> THERETMETH o7, MIEZZ L ELORNEENN@#HE, L
NEDERENR -T2 EnEZ BN,

AR DOT —Z DEREWEIET 5720, CHKIZ KV A L7231 4~ A7 CHNO It
FEHBEB I OMEC OF —4# & £7- Table 6-2 1T~d, £, BALSNT-WE &L LT SCG
ERRAL VT 2 — b e H G S & SCG & U OLFEMBITIZIZREETH - 7203,
MEC (X SCG (35 gim®) OF N F vt (54 gim®) [12]DJ7 MEVMEZ 7~ L7=, SCG O MEC
PMENOIX, MIFZE AT HZ LM CABRBFEICEELZ 52 TWHEEXLND, L)
L. MIEZEHT D LTV Fr 7 7 OFRIZ 60 %l EIIIEFIEL TV D356, B
CAERERETRBEL 2o TS, 2RO G, HIBOERH I U AEIBFIEC
SUREREELE25Z EBNHEI T,
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Chapter 6 Dust explosion of oily materials

—A— Qil-retained SCG (air dry)
--/\-- Oil-retained SCG (abs. dry)
—4— Oil-ext. SCG (air dry)

--C-- Oil-ext. SCG (abs. dry)

1 1 1 1 1 1 1 1 1 1 1 1 1 1

90 100 110 120 130 140 150 160
Average particle size (¢4 m)
Fig.6-4 MEC of oil-retained SCG and oil-extracted SCG
—@— Oil-ext. JK(air dry)
--O- Oil-ext. JK(abs. dry)
—Ml— Jatropha shell (air dry)
--[}- Jatropha shell (abs. dry)
R
0
-0
l 1 l 1 l 1 l 1 l 1
60 80 100 120 140 160

Average particle size (4 m)

Fig.6-5 MEC of oil-extracted JK and shell
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6.3.3.2. MIE

Table 6-4 (ZHL £ 125-177 um (ZF1F D34 A~ AY 2 T D /g KT F L ¥ — &R
. SCG. MW SCG B LVY ¥ b r 7 73%® MIE 19T 3000mJ LA ETHY . Zik
BV A7 & L TUHME LD RSN IEER Y ¥ b e 7 7O MIE (X 1515m) TH Y |
AW THWIZARA A ZAOHFTIE b - L EHEKY A7 BENI ERRS T,

SCG ® MIE IV MEZ R L7228, 6.3.2. 1128 W TIRIRE T U ABER ORAEDHER SN
TWDH7ed, RLUTEELITZ AR,

Table 6-4 MIE values for biomasses samples under absolute dry state

Sample Treated Particle size (um)  MIE (mJ)
SCG 125-177 3000<
SCG oil-extracted  125-177 3000<
Jatropha kernel ~ oil-extracted  125-177 1515
Jatropha shell 125-177 3000<
Cellulose ca. 50 407
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6.3.4. SCGOHEEMER K OV HtE:

SCG DM DA M L EEEEM I X OV O BRI Z B S 202 U, By U AR R ISR
% 58 % Bt L 72, Table 6-5 12 SCG, BifiF SCG 5 L /v — A DEREN: - itk Z R~ T,
Jh%m I — DR[| TEEN, 25 KA > b TROGBERH D K 15K/ FT

BERMEDN TN Z LR EN D, SCG 3 L OWAE SCG Dot uIE £ 8.0 B &
W 120 THoTz, Tk, MIRZME Lz piERN KL< 25 Z mmani, =,
SCG B L UMWiNE SCG OB EILENZEIN 7.0 B LV 145 12 o7, THUE, SCG DEELE
PESE < AR SCG DEEENEIMENZ LD, £7-. Bl SCG 13/ #ttd X OesENE
DOBENSAEMETHH LT —RHELU LB TH D &b nd,

F7-. 633.1.0O MEC fEZBEE 25 &, lEAEH L7z SCG | mw@zﬁ PEZFFODIC

b o3, B CABROREBEMERENZ ERH LMo T, W2, BiE L7z SCG 1% ’é&
HERR LS 2 DICHEOLLT MECES R 2D 2 EbhoT,

Table 6-5 Dispersibility and cohesion indexes of SCG

Sample Dispersibility Cohesion

Calculated [%] Index [-]  Calculated [%] Index [-]

Oily SCG 7.6 8.0 44.4 7.0
Oil-extracted SCG 10.7 12.0 8.8 14.5
Cellulose 15.4 12.0 0.7 15.0
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6.3.5. BRIEIHE J5 K OVEEEH)
6.3.5.1. MIBEH /A A~ A DIREEHE

[EE LR O BRBEE R BR T, BRBESE 2.2 mm/s BL LA SIRIEWE & E6 L%, Table
6-6 (ZIMIEE A /A A~ ADBBEREREERZ R T, TXTOV U T CTREEHE S EW
FoiE, ACHEK L, BREEE IR IR VA, Fig6-6 (IR T L oA Y ¥ b
077 DEAREIBRREH LGN LREL T o), —EEKT D EREFHIZORND
AREMER B B,

Fig.6-6 Photos after burning rate tests recommended by United Nation
(a) Jatropha kernel (b) Oil-extracted Jatropha kernel (c¢) Jatropha shell (d) SCG (e) oil-extracted SCG

Table 6-6 Burning rate test for biomasses powder

Sample Treatment Burning rate [mm/s]
Cellulose 0.67
Jatropha kernel 0.21
Jatropha kernel  oil-extracted S.E.
Jatropha shell 0.04
Espresso SCG S.E.
Espresso SCG oil-extracted S.E.

S.E.: Self-extinguishing

119



Chapter 6 Dust explosion of oily materials

6.3.5.2. HEEH /A A~ A DEZEH)

Fig.6-7 \ZME& A SCG D H72 2 FHRHEE (5, 10,20 B LV 30 °C/min) TIT- - EAEE
RERE R 2R T, $72 25 FREE CORER R, BEBITREOMEmEZ R LTz, —FH, T
TONRA A~ AV TN DR 2 AR 2 5 BRGIRE (Ty) B LU0 E — 7 I
DIREE (Texo) % Fig.6-8 B LU Fig.6-9 IZ" 7, ZTHDHLDFRERED | TuFB L Texo (1st peak
top) (TFIRIBE L L HIC LR T2EMTH DN, WIEEZEAT D2 LIk 2EEHOLL
X EDOY TNV AT DT, BIC, AR TIEAE L L THIEEE 10 °C/min
TOMER RO Tl LT,

100 —=gmme————
i —o— 5 K/min
—— 10 K/min
80 | —— 20 K/min
—— 30 K/min
60 |-
=
-'-’ =
E
@)
|_ 40 —
20 |-
0 1 | 1 | 1 | 1 | 1 | 1 | 1
0 100 200 300 400 500 600 700

Temperature(°C)

Fig.6-7 TG chart of oil-retained SCG on different heating rates
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350
L I y
0 [P e
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Table 6-7 Profile of thermal decomposition air exothermic peak temperature under air atmosphere

Sample Treatment State Tq(°C)  1stpeak top (°C)  2nd peak top (°C)
Cellulose Powder 294 350 —
SCG Powder 240 319 434
SCG oil-extracted Powder 241 349 447
SCG oil Liquid 211 360 424
Jatropha kernel Powder 195 253 364
Jatropha kernel oil-extracted Powder 189 344 481
Jatropha kernel oil Liquid 202 295 350

Table 6-8 Profile of thermal decomposition temperature under nitrogen atmosphere

Sample Treatment State T4(°C)
Cellulose Powder 301
SCG Powder 246
SCG oil-extracted  Powder 242
SCG oil Liquid 228
Jatropha kernel Powder 154
Jatropha kernel oil-extracted Powder 158
Jatropha kernel oil Liquid 336
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