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B IREL T 2 31 AT ¢ —ELREL (BDF : Bio Diesel Fuel) O{XiRE
it HIEOBRR 21T > 72, BDF OKIRREMEIC R L 5 2 2 BRI & RE
F%5y O EAFIIRIGEE A T L= 27 L (FAME : Fatty Acid Methyl Esters) o SRz 1
DOEHEIBRFEIZB VT, KRR Th 5 A afl FAME % & A 7SRRI
BYIAENDZ &ETHDH, AUFETIE, BMEINY & L TR A S, 2l
MOLENTFRE/2IEA A MR mIEEA D v v v & U= A7 v (i,
4 Span) RN & L CHERRL R Z S8 L, BDF RIREEIEZ BT 5 2
& wFgiEAE & L7, BDF 123 £ 5 AR 808 FAME & A~ fafn FAME %1%
# L7 FAME IREW % %0 BDF & L, fsabBiisiRE 2 &9 &V & (CP:Cloud
point) ZAKIRFEENMELE FIEOFMEE & L CEHEDORH 21T > 72,

1, WINO FAME IBA % D CP 1 X ONEARKL ATk~ 5288 & A
FAME O /L X F g A TV & AR FAME DA LA VR A T IVIRE I
Spand0 (Vv E X E 7SV T— R) RT3 — VDI & Iz 72 %6l
BDF =i RIZ DWW TEIERAY « FEBRAVITHRGE L 72, FAME BRSO CP 8%
ME T M HES S FEEBIAIEE TR LD v I a2 b—va L, BEBIE
(2 R 2N o B AR A TR 2 B 2 A L7z, %Ll BDF @ CP (1
ROEEERIETOIXTAa—LO X ) RIESFERIMTHY . ZHUTdsn
WM X AN Lo TRl Rk s Ofafn FAME OELVRMET L2 &
THEESE TN E 2720 Th o7z, S 5TV a—/VEORIMNITE{L BDF ©
BB TZRIZIE & A BN 72 < BEURIZ K DHRIREL YD IAFZ D3 e 8 S LTk
TFIER SN2 o 7o, — 5T, Spand0 (ZRAAEE R L 2 AAER I X 0 %l BDF
D EFRRL TR Z BRI 2L &8, BRIC X 2 HRIKEL D A B 23 0] S 4L B
R LTc, ZHWHORRENS, Span 20 4 & U E— g AIIEHT 28772
fafn FAME A faaft - /0B 2 iEE2 &R LT,

% 12, BDF Z#H#EIL CHEE S 7-faf1 FAME 23832 HiETH DU 1 v
AUV =g NCEHR L, T rZVE—2 a0l L0 ELN DRI
(AR R 7 A D FAME I2F A TR Y | RIRRENE 2SRRI L7z BDF &
LTHIHTE S, RO DL, v Z Y E—Ta 2B THERIC
K DWEAEIR Y IAHZJRIR & LT - s B ORI AE E 72 5, Z D&
RS 5 ik L LT Span 12 & o THE R+ D ERE 2 19 5 Z & TIRIKERY
A RAEE R DM 7 4 o 2 VB —2 a3 VAR L, ZOHFEOH M
ZRRGEE LTz, TR GVEIT BDF O ERS) & 70 D kA4 7o fafil FAME & 4 LA Bk A
F T KD FAME IBAIZxF L C. f3f1 FAME & [RIZE DR % 449 5 Span
HEEOETIHRML, BB CP 2 UL LI-mHNBE CERILT 5 £ T48h
WHEI LTz, fER L L, BDF #Of3FI FAME O£ CTHDH /UL F U A T
WERTT Y UEEATFIVEOEEELMEEZ AT 5 Spand0 (Y LB X FE L



S5 — k) & Span60 (YILEHX ) ATT L— ) ZUHNEE 0.50 wt%FLE
W35 Z & THERMRIC X DHRIKELY IAH DB E S, FEmERICT
YT—a ALY ERSEET D & K T0%DIREIEEAG B AL, IRIKEIY
WIZET % EaFD FAME J2 BE I3 & Hh~C 30~40%8/) L, CP I13fx b ok
ENTHETHEECP 282K 75 273K £ TOK FESNTZ, Z DOfEFITIH#E
BB ETHEROT 4 2B = g U HIEORER & il U CTEN - 5GER)
RERLTEEWR D, Span WD ¢ 2V E— 3 2k b FAME
IRAW DAy BEEMER ik, 8950 FAME— 7 L o “ g 2 F /L —Span IEGWICEB VT,
Span DEHERDELFI FAME OFffifh & U CERT 2 2 & & BTk R imi2
FT DL TREEZMEIL, B FROBRZED S 5720 Th D &bt
77,

% =12, Span OfEfL L L TOREE M EIH L7912, Span ZF|H L7 W/O
T a MR EBRIM Y o 2 V=T a VHEERRREL, Z0hEE
Rt L7z, WIO =~ /v 3 Aki Span 43 1] £ D #EEE 2 il L. fafn FAME
& OFFIMEE AT % Span 7 ORENGEA I 2 AH Td 5 FAME IR &M ~fE 1A &
w52 LT, Span OFEEIEHZ M EXE5 L PR L, EERGIEL, FAME R
AW Spand0 Z N - B S BB A IR L2 b A4 A U KWK EZ M2 T2,
Ty g LSBT REN AR L0 BFEFFAMEIR S ¥ D CP L [F UmHENAE
ETA8hBHAIL Ty XV B—2 3 &{To7-, Span TRIEE 2.0 wt%E X
UUKTRINTEEE 1.0 wt% D%l BDF 1238 TEE L 7= [E & D —EB 12 faFn FAME ji
JE 90 Wt% LA E DMK 7eki -2 IS5 Z &N TE 2, ZORERNDL, WO =~
g A K D Span OFEEE & L TORRZ M ESEL 2 EAHER I & AVUR
X7z, —H T, MRIENRITR 90% & @\ A3, IR O fafn FAME R 2=
RITT%ICEEFD oy 4 o XV B—v g U ERTRWMEE o7z, Z
DIFEDHESLDT=DITIE S 72 5 FRFMORFA DB METH 5,

ARHFGEIZ LD, Y Ve X IR AT VT D Span & W= Y «
2 Y= 3 L > T, FAME REWH b EaF1 FAME % 20927 BE9 25 Z
ENFRETH V| BEfEl BDF OIRIRIEEME S TREENICSE SN D Z E RN mnoTz,
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1-1.34 A7 4 — B IVIRE DO /75 &

P, AR & ORGSR~ DA L IREZ IR T A OFAELZBT 5720
2. XA A~AD LD 77 V=2 TR VX =D ENMERIITOR TS, K
WFZE TIERM R N A A~ ZIREVCd D31 AT ¢ —ELREL (BDF : Bio Disel
Fuel) |27 H L7z, BDF OFIHY A 7 VDOET V% Fig. 1-1 (ZRT, — KA
BDF [Efti4il, B KOBERMAZREIE L, TAh Vil FTA X 7 —
NVEMREF O RY 7YY R X7 VRS S TR LILDIENE X F L
T A7 )L (FAME : Fatty Acid Methyl Ester) % %5y &4 5 [1]. BDF 25 4 —
VLR BN CRRBE S E-BRICHE S D COp 1A D JFUEL & 72 R DRk R 1Z
IOV HEEINDT=D, TORMAYA 7 VA TREDMEERT DI —Rr=a2—h
INRI Y = F—L UURREMEREBR OO DFE L LTER S
NTWD, FICHEREHNMSRERM AN T2 & &M E OFEEMIZL HE
Bt @i 2 # ik L OO RFIH RV X —DOIEHIC o203 5, £, YERY

KM E LT, MRS 2 3 £ R WD RKUGYWE T b L i 1 i ki 4 P
I BBEEARELCTH D 72 OB 23 & < RIERRRBEIC X 2 OJRIA L 7
DRLAFIRDEOPEH 2T T2 Z ENARETH H[2], = HIZ, BDF LT 4 —F8
VTV SRR T OMAICE U CRBR R R Z L L BT Z &N
TEX 57, BEOBREFIAFEICK L TAL—XIZEATHIENTEDLH D
EDRIETHD, IO OFHE) D, BDF 1A i HSRE I O B L CIE

(23 L7 AERTBED D7 U — = p L X — L LC, IRBEHRAT AL DR
AL, FBPEE IR~ DRI HERIC L 2 KA - BREEG Y MBI k9 20 L
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T fRIRFETH 5,

BDF 34226 S 2 MBI K » TEHSAR R RS VW b D, R AR
ENE <, BDF FUEHE LCTHER SN TWAFEEHI S— A, KEH, 3l
HDH[3l, TDOFRTH/ N—AMITFE~TL =2 T4 XU TIIBITHERERE

(SRR, HERAOIC A PE R B2\, oS— AR A & Lo RN
G & X ThR e, BRRAFEEOFHFENE XIS <, JFUBHMIRS 23 i b %
flii7e BDF iUt E L CHIfF SN TV B[4-7], EERMCIEEHOY Y br Ty

(Y R OF B hEE, 7 - PR FEREY A b O [RIGIAR 2 BDF O}
ETDHTHDMIEN STV BH[7-10],

BDF D E2R8LET R, T U fEECER R IE | AL, BESRTE,
BERSRA 2 ) =N ER S D, bR <FH ST D BYEITRUS A U 2O ff
27N ) A TH D, ZIUIEEHREE A % / —/L % KOH %7213 NaOH
DT Iy VT CROGIREE 60~70 °C, FUSKEH 1 h T X7 VRG24 T
Vo RINEBDNORIVERM THD 7 VY &L, 2Dk, EE7 V&
UURORRIGAZ = TR M2 RKIC X206 TRET 5, EFT
RN UT2K oy Z ESOINBNC K0 KT 2, 77 v U L O R s I E A
GHITH Y | BOSSEENEMTH D Z L0, o Rk ic b~ RS AR 2 B
DOTHEANRKG 28 EEL LTEL L TWD, REIZERMNST VY fil
B 7)Y aBRET DO DOUREFEAKRN LN & FUBHE DO BRI A 453
Thd LMoL EE D Z 8 WMEICEENDERENENBEZ = X7 L T&
RN ENRFEFOND [1,11-14]

BDF (ZJUBHM OMEECAPERA, Huli, RGETTIEIC L - TRE EDEAL
T 572, BDF OGEICET OB BFEETED BN TS, HATIE 2016 £4F
|2 BDF100% D it /E % TE 7= JIS K2390 NRT S 4L, Z OBk & i7-7 BDF %



5bi e L7, TS O SV E ORI B4 D158 2Tk e L
THEMHTE 5, 7 A Y J1Tlid America Society for Testing and Materials (G# %k ASTM
HEN)CED Bz ASTM D6751(B100) & D7467(B6-20) 7%, BRM 56 [E Tl
European Norm (i@Fr EN Ji#%) ¢ EN14214(B100) & EN590(B7)/3 R E S,

BDF100% & #&iiiEA D BDF ZiLEDOME R ED H LTV 5H[15-19],

BIf£ > BDF A REIFHEIMIZ % L T BDF % 5~20% M L CTHEHA3 2 2 & 23—
X Tod L, HATIEL, 100%BDF ZFIHT 25 A ITITREL 2 v 7 ex Pz
kU T B R LE 21TV 5 SRS STV U IRRE T H VLR BI 54T

2%,
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1-2-1. fIEGEEIMEIZ OV T

AR D X 512 BDF MANC X 2 F TRk~ B 5705, RAEBFET D, £ DOFIH
IZBWTHRHZE KRR T H D IRIRREMEIC AN ZE TITER Lz, (RiRmENE
CATIRIEBREI 3R L L COME 2R CE 2IRELFMT 2D TH D,
BDF DAIEFEEINE T — A9 2 ¥ 5 (CP:Cloud Point)3s & UM Eh 5 (PP:Pour Point).,
H &5 % v £ (CFPP:Cold Filter Plugging Point)? 3 SDOfFIEIZ L - CRHMEi & 5,
CPITIREHT & F 4 5 Sl s sy O fa il FAME 2355 b2 2 & TRREHZHE 0 A
RSN DIREDIRIE TH D, PP ITEAEISE ) T CHiBh ol RE 72 IRAUELEE DO FE 4T



T b, CFPP ITEL ZMA L oOEAI|AITH 2 & T, BERIZE 7 s 0%
—HEE VDR AETHHEEORIETH S, BDF 3/ HH RN & boi U TR
MENMEIZZ LWZ ERIE L 7o > T %, BDF 123 £ 5 R ERI 22 FAME
DIV F U A F L EREIF FAME OA LA VR A FVDOIREW & RFZEER
BB EF (DSC) (2 & v 4 L7=#E R % Fig. 1-2 3 X OV Fig. 1-3 12773, Ak FAME
IBEW O/ TSRS Th 2 8 FAME 2585 sa b L7= %, IRmls sy
T&H 2 A FAME 258 d b3 2 72 [EHEIZ B8 TR FAME & AR i FAME
X2 RICIERFURETH D, Lo L b, FEFE BDF Tidfafn FAME O i
{LOPIHIEIETH D CP L iEIMED TIRZ/RT PP OIREITIE & A EZER 7RG
ENRdDH, TORRKZ, faFn FAME OfEEbIC X 0BT U7 f bk 1 O BEE i
FRIZBWT, fafn FAME &S IaRIME A2 A L 7A@ A s O A F FAME 75 [
IRV IAEN DO THD, fHile LT, JFEE LTHEE SN TND/N—A
i & REH BDF Tl CPIZZ£M £ 290 K & 274 K, PP X< 288 K
271K &7 FEERMARH KO BDF OKIRRENIE 1T Z OREFRHENICA D
[5,6,22-24], & BT, BEAIM CITFNELRRIZ 31T D REAFIAENIEE D Fe b0t
Wi ORI LV IRIBREEN S IR T T 2560865, 20X 5 MW EHIL,
7 4 —EB/LHERI T BDF 23 2 BRIC. BREHIMG RICIHS T 5 T 1 o DPZE, =
vV S OBREBHMEE R OB O R FE BT E Ok & R A 5 S 2,
Z D X 5 7RI BDF & €Ml Tl 9 2 BRI = 2 U D AR EH PO RA I C 8
T o AN OFERER EEm 2 BEDIRKN E D, b0 &G, BDF O
RN ME 2 U9 25 2 & 13 BDF OBREL @G 2 1) LS, fFEILRD DI
IR REEELRMETH 5,

BDF DRIRFEENINE 2 T 5 HIEIC DWW T OREE OBF s S o ik ds L OVE

Dt 21T 9, BDF ARIRFRENE D771k & FHRIEIC DUV T O EE & Table 1-1



\Z7~9, BDF ORIREENMEA SET 5 BT TO L ) CmoEIn b,

(1) JFkEhEE L

(2) ARk

(3) LR L

(4) WINUE %

5) T4 H V=g 9k

1-2-2. JFEHREE

JEURHE E 1 CIE B FAME O&H B30 72\ ORI K B2 & ORFE Dl
FEZJFEEHZ 35 2 & TLIIS K2204 ([ZE WS b7z 2 BRI 2 35 FEH ATREZR
BDF #1553 > 7 N7 )71 Th 5[5,22), B2 REHMICIRES 2 Z & T, i
HOEFE OB X 2 REIRIA 7y D ZHAE S OBRKIZ X D BaFnp sy O¥EINN 720
128 JEBHIE O IR BRI 3D < ZE L7 E O BDF 235615 Z & 23
HThd, IFEHOY Y br 7 7l CldE L7z BDF R 32 7 DI O iE
B RO B bR ERF ] 2 5 2 & TR T o~ CTH LA L A
VIR ORI G E IS LN H H[23], Lo LR b, FEHEEIZ X AR
REPESGE TIE, JFUBHZEE U7 AR 13RO R & e E R/ ks & SRS
TAHZENRROMBETH Y . faFf1 FAME 320/ N— Al DS A B R 72 B
Rl EZ REICFAT 2 Z E RN, REMBZEHT2 2 Lok = X
@L< RDZEDRATH D,



1-2-3. ABRIE

AL TITE IO K T & 72 ZEEHOAR 1 B 7 /b 20— )b & o T al RVEIR R
T BDF AR L., {RABREHF O faFn FAME J £ Z fEx K F S8 2 2 & T
1 FAME Oififidifb 2 4L S 2 ARIRIREME S 515 T dh 5 [24,25], BUEICH W
T, B A WA BRIEITS E OB I & - TED b7z BDF RV T
bER LT ETHD, Ll b, BDF ZFIHT 243Kk D HITH % &
ORBIREL & 0 D BLED DT HUEBDF20 vol% Tl TN E T3 Ic - LT b &
[TEWEE, S BIZHARIZET LB Tld BDF LM ZEET 5 Z & T,
ARITERBIXI G244 T 5 BDF 12k LT HIEMES 1Bl & LT 32 F/L 2BFFls
B & [R5 & D UM Z L E OIS IS 72 DD B 5,

1-2-4. JREZAETE

JTEZE B 151X FAME O3 R EE X 0 KIR CAR 217 9 7212, BUEIC L0
BEART SRS T 25 Th D, ZOFIEL, RENTE 1 5Kk Ak

DDOKGRFEE AL )=, TV RV 20T 2FHKME L TTbR
03, T T THIUL FAME %5y D4y B3 BRI B TH D, BIEAREIT
HENT SUT= Y BEEAT T H 0 . KEBUBHLER 2 3451 DBRIC A 7 — VT v TIN5
RZEDBHERTHD, LoLaG, fafl FAME OREMRD TH DL/ VI F
fig X F L Db 0% 0.5 kPa DOJE FIZHBW T 436.7 K TH H[26], = DIEE T
WE F T8 REaF1 FAME o BEhiR(bic X A EEREINE D SE LD af et &
HZ ENMETH D27, = HIT, fafn FAME & Rl FAME OZKJTE 7273/
S < ERIRFEEMEEAL ORI TH % 8 FAME Aoy O 3BT A m & Th 5[28],



1-2-5. g s

EINSCEE T FAME OIENIEEE D IRFAHE & AFDORBHE R T 5501
SETEME 2 RO E . kT IR ORIR R E M A HAY & L7 iRED
SRR AL E PR DU 2 TN 2% Z & C, fafn FAME Off ki 7 D lEE %
P L. CFPP B X ONPP & FICET 2 HIETH D, ZDHiEIEL, BDF IZHIN
Wz L B S Y2720 OIFFIHERTETH D720, FrEifi 23 fm < |
WEIRBAR RV I N2 E DRI TH D, T D728 BDF OIRIRREIELGE 5L &
L TARIEICIR DTS X LT TETH D, I oEEE Tk, BARRYIZIZ BDF
DIREHEFIE R L OER N ARk & 7 4 — B LB OB 1256 L THEE B D 720
WEZBERTHUERD D, BERMFITIZLLTO L S 2E&ERZHET oD,

(1) FAME & AR T% (C,H,0) THH I &

(2) fafn FAME & OREIEFEIEZ FF> 2 &

(3) & - HEMWE TRV L

(4) B T-HESERIHIO 7= OftE CBUKME) OGN REE 2 /35 2 &
LML b, BEEOHETIIERIE T2 Ehma 74 U HEWEIC O T
LA SN TEBY, T4—EBLo o P cBIF A2 EMZAHEICENTWD &I
5 WEEVN[29-32], T OGIETIE, wREMWER LA SN FAME & LT RO
RERDTFTHDLID, IBRAEWMTET 2 SR ORI LSS, CP I

ENEEESNRNZ ERRETH D,



1-2-6. V42V EB—L g v

U4 X Y- 3 T BDF ZHIE T CHmAIL, @Rl A B E LT
S, AR K0 IRIK L ERZ BT 2 B EA R 0 K9 2 & TRk BDF
ORI IRV R A2 UG5 T 5 15 TH 5[20,21,33-36], V4 v # UE—T = U,
HMEORH TR TIZBA 5T, Y7 X HofE TRIZHW6N S
[37-41], BEARE D L HIZEiR, BEITSE L E9 . BDF O &l a5y )3 [
b9 %549 293 K LA T O THAEZAT 5 72, ZaMEITEN T A f FAME O
AL EZ TS WERIHEE WS ZEenFlRE LTHET NG, b, R
H %) O WA BDF 1 XA IR B FE I 72 BDF & L CEAG 2 S T ToAIC
Kb L. 0B <& 2 [E (K BDF (3f3f FAME 22 < G- Z UffinsE < .
PRBHEFYEIZEN T BDF & L TIEHTE S Z &3 FE e LTHET NS, F2,
[ oy RNE T DL L1372 0 REE T CHIET 2720, 32 i
R b LI ZMIC 72 5 Z E R oD, BROKAIREKZR ETiThbivT
WD R/ e BDF FITERE~OEACHE L= 0B 5ETH D, LavL,

BDF (23T 2 E 724587 0 & 21X ST,

1-3.  AWHIEIC BT L REERE & £ DFIRIRORSE

AWFFE T, RIS TZIF 7 BDF ORIRREIESGE FIE A RET 5 LT,
1. ZHEZEE7 RNl BDF 23t L CIAK A FiECTH H Z &

2. WOPWEEIK S, fELSIAER SN &

AR ORAEL Uiz, 1 DHOKREAEL, BDF OFAEIERIEDdIc, 73—
LPBE RN 722 EIREHIEAE 2 BRE T 5 2 & 72 < BRx ZpiifE © BDF IR ENIE 4
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WEARRTH DL ZENNERT-DTHD, 2 DHOLKHEL, BifED BDF FIHH
23 JEURR G 22 (B L 7= il CF FH 9 2 HitpE i O T RB I8 L 72 /N 72 i
RIS L S TT ) FIEN G E LW Th D, ZnHoBlLRICEKS x| K
TREEUCE T EDOEE L LT DO X 91T o7,

A &CHIW L 7 5

- RS E VA

JEEHM S RE S, 23— AHRBE RO K 5 2 FEDZ ) BDF iUkt E LT
LR 2R TE R, & B, ARIRTTEMME IS E I 72 AR X3RRI K
HMD XS R BATREOES W R 5 - OTEOBANHAE L, WIEOME
mig T LB Z R,

- ARk

BN L DA BUEIL BUED BDF FIHIPRE TR b M L7 15 ToH 573 BDF
DEIEITHRK TS 20v0l% TH 5, Z O F BT LABREHI T D RF A 4B %
TFET ULaa < CAERYZ: BDF ML R D 7291213 BDF B AR OARIE Gt s % 7]
FSELZENAARTH D,

- IR A

AR IIBEIC N U, KBUBAERICE L= 5 TH 528, IR TONNEN
AT D 12 BNTIRIRRENE %2 H 5 R FAME ORB{bH a2 % 5 0l
REMEDY D D | EESOUEICTT 2 9 2 S OIEE DS MLBL/R T ORI = A R 3 E D,
S HIT, KEALER AT 9 7217 @ BDF ZIUET H121E, EDTHDINET AT
LDOFESIDBMETH Y | IE L FORICBWTE T X MR#ENE, 20
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Z b BED BDF OHUEHTERL O Ll )/ N Z R T RR I L 72 J57E T

EVALAN

iR & U CrlREME 2 A9 % &CHIWr L 72 ik

ZZE TOUEIEIIT 5 E40 6 BDF FIHYLRICIE, BDF O 5 HE % fr
Hoo | JFEHIIEFEC BRI AL & e WILAEO W FIERLETH 5,
D=L, JRIRWE T 5 afn FAME OfE L2 EhE K OFE R Z il

LT ENRETHD LB LTz, TORRMEZATLDIXUTOHIETH D,

- I

WINISCE AL, BDF 2% LTI 2 Nz 5 Bl B CTH v | JEHmAE
FENZAR & FRIR PR BN A o v RE 2R FEH IR ICEN T2 HIETH 5, BEED
WEFED 6 i FAME ORISR U TR O S WIRIN DR #IL. FAME &
DBKMEAR EAEH 2 FFoMIEIC 2 < & N D IENEEFE L (C14~C22) DR RFE
HEA+TLZ L, 20— 7T, it CBKME) &5 WITHERIKEE 2 A7
LI EMFETOND, ZOXD BRI Z BDF ITHIN L7256, fhaa b BRAGTE
FEDIIE T 5 CPITRE RZEALIZ AW, Fl ki3I 72 5 Z & T, Hi#h
PEDOFRIETH D PP BNES D, 2D X o ZefllaE, fafn FAME fbabhi 7 0 kE
AL, BEURIZIVIAEN DA T D72 LBx b5, Ll
N D, IINSEEIC XA RIREEIMEOSEZRIL,. BDF Ofiafn FAME J2JE(C
RELSHES D, 73— L0 BDF O X 9 (ZF FAME 2735 < (PP 7Y 285~288
K EEWNHOTIE, WISEIEIC XD PP e BTl ZEm ik OK AAH)

TORFTREETH 5 [29],
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GV B i IV

GnliE & U T OEAESRIMFIE, WmEIITRKE T2 DRI (263~293 K) TH 1 |
EIEBED =D DIFEAETEH 7 A L—& —|Z X HIEEE & W o 7= i fE 7
BIETH D, a0 FAME JREEIC K- TWENRE Z 2 & 5 2 & Thafh FAME
DEI LORBER TR TH D72, Hx 72 JURHME BDF (23 © & LA
B, IDICHIEN TOSHICBIT 2 EESCHMEEATE 2 2 LA TH
D, LL7ehRb, BDF O 4 2 U E— g 03, MIBZBITF2U 0020
Y=g CERBRIICEN L TWLHFERENZ V., D72, fdfl FAME
DOEARTZEGERRIZER L iid e <. K VEEMARRENLETH D,
AR T, U Z V=T a BT H8F0 FAME OB R AGRFE 2 s
Iz X o #2832 VB —3a UICiER LZ[42], kw4 v
ZYVB—ray (LR, By o2 08— a r EERTS) I3 EBICED
PR 708 VWIS K0 R OREMFI 21T > T D, IR Y 4 2 ) B—
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Table. 1-1 Evaluation of improvement methods of low temperature flow property of

BDF.
Evaluation Raw oil o Vacuum Additive S
. o Dilution o . Winterization
point limitation distillation  reforming
Flow properties O © O A ©
Operability A © A © O
Cost X X X O O
Propagableness O © A @) X
Added values X X X X O
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Fig.1-1 Ideal model of carbon neutral at BDF.
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Fig.1-2 DSC curves for methyl palmitate-methyl oleate mixture with methyl
palmitate 30 wt% composition (2°C/min).
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Fig.1-3 Phase diagram of methyl palmitate-methyl oleate mixture by DSC

analysis.
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Table 2-1 physical properties of FAMEs and additives

molar mass  melting point  fusion enthalpy

M; [g/mol] Tmi [K] AHp; [I/Imol]
methyl palmitate C17H340; 270.5 301.3 56514
methyl oleate C19H350- 296.5 253.0 49219
ethanol [g] C,HsO 46.1 158.8 4973
2-butanol [9] C4H100 74.1 158.5 6000
2-methyl-2propanol (101  C4H100 74.1 298.3 6782
Span40 C22H4206 402.5 317.5 16841
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@

(@ low temperature thermostat bath ® Protective tube

@ Coolant @ Nj,nozzle

@ Sample Cover

@ Glass beaker @ Pt-resistance temperature detector
® Rubber stopper Date logger

Fig. 2-1 Apparatus of cloud point and pour point measurement.
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250 - Tel‘nary ]})almitate
'é' = -« Ternary Thaditive
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Molar mass of additive M4 [g/mol]

Fig. 2-2 Effect of molar mass of additive on T; in pseudo BDF-additive

10 wt% system.
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= Binary 7}
300 Ternary 7}
= « =« Ternary 7phalmitate
— 250 7 i
X || = - - Ternary Tadditive
= s
200 =
150
100 . EE— E—
200 250 300 350

Melting point of addtive T, 4 [K]

Fig. 2-3 Effect of melting point of additive on T; in pseudo
BDF-additive 10 wt% system.

36



350

— Binary 7}
300 Ternary 7}
= . = Ternary Thaimitate
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Fusion enthalpy of additive AH,, .4 [J/moll

Fig. 2-4 Effect of fusion enthalpy of additive on T; in pseudo
BDF-additive 10 wt% system.
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Fig. 2-5 Comparison between theoretical and measured CP values of
pseudo BDF with additive mixtures.
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(a) binary CP (b) ethanol 10 wt%

(c) 2-butanol 10 wt% (d)2-methyl-2-propanol
10 wt%

(e) Span40 2 wt%

Fig. 2-6 Appearances of pseudo BDF-additive mixtures around cloud
point temperature.
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(a) binary BDF

(c) 2-butanol 10 wt% (d)2-methyl-2-propanol
10 wt%

(e) Span40 2 wt%

Fig. 2-7 Appearances of pseudo BDF-additive mixtures around pour
point temperature.
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FAME O [E{ATZIRIZ kI35 B8 % Span D4y 1S 12 S\ TEE 24TV, Span
DY 4 H VB — g BT DA FAME 73 BEMREIC B 2 DB 2 A LTz,
RETHBEHARO Y 4 o Z2 VB =29 2179 DIE. IO I TEIFI
FAME OERIZIRZHIEIL, WM 1+ > 2 U E— 3 2 L Haf1 FAME 43
BEMEREDS ED X 5 ICBEE SN0 HET 2720 Th 5, BHEDOHIFEICI VT,
fF FAME J2 235K) 20 wt% D BE R BDF % CP AHT O v HIR S TR E A
AoV 42V B—=va r2fTolGE. ERIC X DIEED AZZ LY BDF
EIROTMEEFHFHE L, RIKEH AT E A EHG LR o72[1-3], 2D &
D, FEl BDFICBIT HHEGHXNOY 1 2 VB —2 g U TIEEERIC L DK
(REL D AT T EJ, fafn FAME O BEIREECH D Z E B3 00D, 20
HEND, HEBARXOTII Y 4+ 2V EB— 3 2L > THEB XL O
BEMEDMG DTS RIE B EO R RIZRIIIC T 5T 56D TH %,
ARETHWZ FAME B X ORI & LT L7=E o % Fig. 3-1-(A)
B IO Fig. 3-1-B)IcZNEIrT, FAME (ZEEHIAR 2 /R 2 FER D0 5
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BIR L7, Span D4y i IX, f3F0 FAME (2%t L CBAKPER BAERIC L 0 /EH
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f5il) (C16 : C16) 2SIV F U AF/L—Spand0 (YL EX U/ 25V T—])
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) (C16:C18) /LI F R AF /L —Span60 (Y /LEX L E ) AT T L—})
IZBW T LT,
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NS - k&, D-Y L e h—b o Bk
EWRMLCY 42 V= azfiol, ZNHLOWMBY 44 ) E— =
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AEAFN FAME OARIR S BEE DO UGEISA Zh R NI T & 2 ki L7z,

3-2. FEBRHIE

SRl A

5E(Yl BDF O FAME Ao iid, JERHEARIC B W TEARBEV /L I F o
WeATFI, ATT VATV, TV AT IVEER L, b O
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B CTH D EEL. BDF kR & i Lz, #i¥E L7-%e(l BDF (2% L C Span20
(YveH ')/ T L—k), Spand0 (YL EX /3L 7 — k), Span60
(YVEH ) AT T L— ) ZIRILCTELIBDF =R e i Lz, &

fitlf FAME 35 &L OF Span @ ik & #H K 36 L OVl % Table 3-1 127~ 9,

ARAE L L TR FAME OF LA g X v (TR RiE>72.4-73.9 %) &
1 FAME O/ )V I F VAT IV (595%) . AT T U A F L (390%). 7 U
U EgRAF I (>98%), W& LT Span20, Span40, Span60, /<L F P2

(>95.0+%), AT 7 Uk (>95.0+%), D-Y/LE h—/ (>98.0+%) ZF
PR TS DA Uiz, BEEOBIEEE[3] & /S — A O 2 25
(2 LT, %l BDF OFEIREEII SV I F U AFILVIBLORAT T Y VA F IV
X 25Wt%., T U U VR A FILIE 50W%IZ 72 D K DA LA VR A FMITRE LT
BRI T L, £0% 40°CREOKBICR LD T RXT 4 v 7 AZ—T—|Z
L0 30U BRI LI, 2 HD i RIZEIT S CPIXENEN VI F
A F VRN 282K, AT T U LA F VRN 292K, T 7 U Uik A F LR 265
K &7godz, Bl BDF Zplr RalBHI X L TR & L DRIV TLL
ToXoiZimL,
® Span iiIN% @ 0.25~4.0 wt%
® JIENIEAAINFR 1 0.1~2.0 wt%
® D-V/t F—/% :0.05~0.30 wt%

W 2 M LT, IS 2RI S E 572912 323 K FREOKIFIZR L)

DRI AT Ay I AE—F—I25 0 30 5L g LT,
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B2 MHT 5 72 OmAIEEE ORI X % Fig. 3-2 127377, HEE OB BT
IZWIEE 2 AT 1L B — 0 —PISEREI A, TV 2 EIRE L B — I — %K
IRIEIRAEIZIR Uiz, & O%BIEW &2 LIS D OBDIRAZ PG IE Lz,
TREERIEIZIXEE 2 ¢ CP IS Lz A4 RIRESTA (Pt 100 - B #& - 3 ##
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V4R — g UEE
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BFOW A ZAT 5 A 50~60°C DR /K THMEA L CEEBRATOEEIE A BLY bR\ 7z,
FDHREIRE THRE LTz, B2 K mENRE ISR E L IKIREIRZRN CEEm
H L7, MENREEITEL BDF sy 2 OWE CP & FEAEIZFRE Lo, MAIREH]
FTRELE H o b S 5700, ARG 48 h DL EmEAI Lz, MEIDET
L7ctk, #UBORRTZ2 BRBIZE L. MOBEORRFZitek Lz, B8 &I
HEL TO DB DI AR L. HRAHIZHR T 5 FAME iz T A 7 m~ K7
7 74— (GC) ICX Vot L, iy mBEE 2Rl L7z, S BICETR BN rI6E
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43 BiEE D R A
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(Cepi — x0)/x1,1)) X 100

XL lXEEt O W1 A F FAME OE &R [W%] TH Y X iZv 1 X V-3
N XV AN L7 HRFRIZ 31T S f9Fn FAME O E &5 [wt%] TH 5,

T4 H VB —a OTREEE) D E T R T & il D I
HRIEIREZ LT O L 0 R L,

(Wr/Wi) X 100

W IZ[EIY L 7= FAME iR DO EE [gJThYH ., Wildv s 2V EB—v a3 v
ATOFEIEE [l Th D,

PAKIWIRES

BLD FAME #i 2 HER T D - DicH A7 u~ 757 (GC-17A. B
AT (BR)) ZfEH L7=, 7 LI FAME 2047 @ Ritx-Wax £ 7213 ZB-Wax (£
X 30m. £ 0.25 mm, #EFEIE A 0.25 um) & L7z, FID OKkFELRA 4 1pH
MidR) ZRas s Ui, MEREIL, A V=7 v a ViRE 523K, Mit#E
573K T, 7T AEFEIE 393 K T 3min £ L, 20 K/min THIESH 493K T
L2minffREFSEZ, Iy UT—HALLTAY TAZEHAL, $HEE 34 cm/sec
TWMASHEZ, A7V v FHIZ100:1 TH D,

FAME J2 £ OB HHIZIE, JIS K2390 1ZHEVy, RRINAAS D EN14013 12 KL 5 NHERAE
HERORL 2 IV T B 515 & )1 L72[4,5], GC FRUEHREE I T4 o 7L
% 010 g BREL L, WEMEHREREIO~F T 5 2 (597.04%., FEHEE (%)) 0.10
g LiRAE L, ~FH L (396.0+4%, FOLHIZE (BK)) 10mL THIR L7, Z D05
HAREle~A 270 ) PTluL &L, GC THMr Lz,
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SINTRERNG. EN Bl O FAME JREEFHRZN G (1)) 12817 2 NEBIE R
BHEAX YT o AT HTHUBEATARBIN ) FTAVBATVEENE
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IZEIFT FAME O/SL S FUBEAF AL YL EZ LI F— | (Spand0) 1T &
5eLl BDF =0y RICE 1 DRITIEIR A« i B 2 GE L, 2SL 5
VIR A T ITAEEREDZ N N— LTS T < MIEEMRIZZ < & £ 5 R
FAME T& 272, BDF Dbl IR0 « o B I R & g8 a B 2
Do TDOTDIZAREITIX, WSV IFUBAT IV —F LA VATV REE(EL BDF
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R DA TSRO E ARG 238 L, FIFR2SEH U CRBR A TERLT 27297 X
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RURZRE R Uz, T ORR, PRl ARO I AN 2 3\ T H iR & [E R
PIAFEC YL TRV, ThrT—ra VX HERSEENES Tho T2, IR
JNFEEEDS 1.0 WideLA b T, B2k 1- 2547 H LaEH 2R NBE L7z, D72
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1 FAME DO dfb 23 e & Spand0 | L F1 FAME ff fbh. F O R IEICWAE T H 7280,
EHNCEEEDOILE SN L&D SN D, ZD7H, FAME &Y OE L
23T HEaFN FAME @O =IRITHIF v b U — 7 GO & 72 2 IRk S
% Z & C B HERR FTRE AR 0 SA AN BIER ST, USINIREE 0.50 wt% TlIE=
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MLUTOW =~y a el S EMELER ST & &, ManlbwE & IF
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OIS 2 A9 2 FmEiEER (WBREEME) BNl rxo~lya v
T T AR AU LI BAY 3% 2 & T, R b E O b A RiE S S5
TH 5[6,7], BELEDOHIFETIL O/W R FEH TOT > 7 b— FEIROEHETH D7,
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WINEEE 0.25~0.50 Wt% D #iPH T, 2D CP LV 2~3 KKV VEE THAIL
"R THHZ EEHHLMZ LT,
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REWIREMICEBNTT I T —3 3 2 L 0 458 L 7= 1FE DR EIYER & TN
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fafl FAME DA77 U UEATFNLE I NVEX FE ) AT T L— K (Span60)

5E(Yl BDF =y RICE T DR TR L AH « oy or B E 2 MRE LT, AT
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FELRT VWD THD, DDA TIE, AT TV UBAFNV—F LA
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F£ 0.50 Wt% TIX/ VL X F UlE A F L3R & RRRICERO B BRICHRAIR DAL LT
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W TR LT 223, Z L O ClEshiR o BIE 3 HTH L Tz (Fig. 3-7),
BT, AR D CP L0 9K 283 K £ THH L728A T HIRIKS EET
X, ATTVURATFIN—F LA UfEAT /L —Span60 & Tik, WM X
% BRI X ORI BEME O AL AL, RTEO SV I FUEA T L —F LA
VEEATFIL—Spand0 R L BB X EFREBEOMEMEZ R LTI, AT T U UBAFIVR
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BHEN1I6HDHEWVST-EZRNHD, ZOOEE THh A1 FAME & IR TH
HA VA VAT NVORBHAOMEEANE LR FEE L CEERICE
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EHEDBEMICB I A AT T U VA TFIVIEE O E)

xR h0y 4 2 VE—v 3 VICBW TR LIZEMEICBIT 52 277 Y
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EREWSBEEZ R L, KOV IABDB L VD LIEHERTHL EEZ BN
5.

RN R B X OV BlEERE 0 Al
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AT VTP RO (N—a ezt vy Vil »oEon5liEE R
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TORRATAL BB D S — N OAFE SN, E O/ B 15
HND =AM OEFERGIENT 720, N—AOEFEENEEML TV HE
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FIOMENERB VI FUBATARRAT T U VEEA F LRI TS,
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DN DN TIEHB IR T 5,

e =R S & OV BlEMERE O R FAiff
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Table 3-1 Carbon chain length and melting point of samples.

Carbon chain length and double Melting point
bond [K]
Methyl palmitate C16:0 311.0
Methyl stearate C18:0 301.3
Methyl laurate C12:0 278.4
Methyl oleate ci18:1 253.0
Span60 C16:0 317.3
Span40 C18:0 323.6
Span20 C12:0 278*
Palmitic acid C16:0 335.7
Stearic acid C18:0 342.8

* The melting point of Span20 did not measured by DSC. This value was determined by visually

observation.

Table 3-2 Combination of additives and saturated FAME-methyl oleate mixtures.

Saturated FAME

Additive palmitate (C16)  stearate (C18) laurate (C12)
Sorbitan fatty acid ester
Span40 (C16) C16:C16 C18:C16 -
Span60 (C18) C16:C18 C18:C18 -
Span20 (C12) - - C12:C12
Fatty acid
Palmitic acid (C16) C16:C16 - -
Stearic acid (C18) - C18:C18 -
D-sorbitol (hydrophilic) hydrophilic effect - -
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Table 3-3 Separation performance of additive winterization in methyl palmitate—methyl

oleate—Span40 systems.
Cooling Recovery  CP ACP

temperature ratio
condition K] [%] [K] K]
Raw material 282
0.25wt% 281 34.2 277 -5
0.5wt% 281 67.9 274 -8
1.0wt% 281 83.3 278 -4
0.25wt% 280 27.4 276 -6
0.5wt% 280 64.1 273 -9
1.0wt% 280 71.8 277 -5

Table 3-4 Separation performance of additive winterization in methyl stearate—methyl oleate—Span60

systems.
cooling temperature  recovery ratio CP ACP
condition [K] [%] [°C] [°C]
Raw material 292 -

0.5wt% 291 73.6 286 -6
290 53.6 286 -6
1.0wt% 289 80.4 284 -8
288 713 283 -9

287 61 282 -10

286 53.6 281 -11

285 50.1 279 -13

284 31.8 278 -14

283 27.9 278 -14
1.5wt% 289 78.5 287 -5
288 73 284 -8
287 59.7 283 -9

286 53.2 281 -11

285 45.1 280 -12

284 32.3 279 -13

283 33.62 279 -13
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Table 3-5 Separation performance of additive winterization in methyl laurate—methyl oleate—Span20

systems.
Cooling saturated FAME Removal  liquid recovery

temperature concentration ratio [%]

condition K] [wt%] [%]

Raw material 55.0

0.5wt% 264 475 -13.6 45.9
1.0wt% 264 57.1 3.9 79.3
1.0wt% 263 46.0 -16.3 14.5

Table 3-6 Absolute value differences in melting point between saturated FAMESs and additives.

system
additive palmitate stearate laurate

Span40 16 7 -
Span60 22 13 -
Span20 - - 3
methyl oleate 46 55 23
Palmitic acid 35 -
Stearic acid - 33

D-sorbitor 67 -
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Table 3-7 Separation performance of additive winterization in methyl palmitate—methyl

oleate—palmitic acid systems.

Cooling  Recovery

) CP ACP
temperature ratio
condition K] [%0] [K] [K]
Raw material 282

0.1wt% 285 46.75 280 -2
0.25wt% 285 56.5 279 -3
0.5wt% 285 63.025 279 -3
1wt% 285 82.275 281 -1
1.5wt% 285 77.725 280 -2
2wt% 285 40.125 279 -3
1wt% 284 48.825 279 -3
1.5wt% 284 65.25 278 -4
2wt% 284 32.55 278 -4
1wt% 283 20.475 278 -4
1.5wt% 283 42.225 276 -6
2wit% 283 28.825 277 -5

Table 3-8 Separation performance of additive winterization in methyl stearate—methyl oleate—stearic

acid systems.

Cooling Recovery

. CP ACP
temperature ratio
condition [K] [%0] [K] [K]
Raw material 292
1wt% 292 28.1 286 -6
1.5wt% 292 54.9 287 -6
2wt% 292 28.1 287 -6
1wt% 291 19.1 285 -7
1.5wt% 291 36.5 284 -8
2wt% 291 34.4 285 -7
0.5w 290 17.3 -
1wt% 290 24.3 286 -6
1.5wt% 290 33.1 284 -8
2wt% 290 24.7 283 -9
1wt% 289 19.8 287 -5
1.5wt% 289 30.9 284 -8
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(d) Methyl oleate (C18:1)

Fig. 3-1-(A) The molecular structure of FAMEs.
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Fig. 3-1-(B) The molecular structure of additives.
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(a)

(€)

(a) Type K thermocouple (b) Weight
(c) Coolant (d) Thermal insulation material

(e) Thermostat bath

Fig. 3-2 A schematic image of cooling apparatus of the additive
winterization processes.
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Fig. 3-3 Appearance of phase separation in methyl palmitate-methyl
oleate-Span40 systems at various additive concentration and temperatures.
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Fig. 3-4 A schematic images of the effect of Spans on phase separation
property of FAME mixture.
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Fig. 3-5 Removal ratio of methyl palmitate in the liquid phase in
methyl palmitate-methyl oleate-Span40 systems at various additive
concentrations and temperatures.
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Fig. 3-6 Appearance of phase separation in methyl stearate-methyl
oleate-Span60 systems at various additive concentration and temperatures.
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(a) after cooling (b) after separation

285K 1.0wt% (recovery 50.1%)
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(a) after cooling (b) after separation (c) solid phase

Fig. 3-7 Appearance of separated each phase in methyl stearate-methyl
oleate-Span60 systems.
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Fig. 3-8 Removal ratio of methyl stearate in the liquid phase in
methyl stearate-methyl oleate-Span60 systems at various additive

concentrations and temperatures.
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Fig. 3-9 Appearance of phase separation in methyl laurate-methyl
oleate-Span20 systems at various additive concentration and temperatures.
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Fig. 3-10 Removal ratio of methyl laurate in the liquid phase in methyl
laurate-methyl oleate-Span20 systems at various additive concentrations
and temperatures.
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Fig. 3-11 Appearance of phase separation in methyl palmitate-methyl
oleate-Span60 systems at various additive concentration and temperatures.
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Fig. 3-12 Removal ratio of methyl palmitate in the liquid phase in
methyl palmitate-methyl oleate-Span60 systems at various additive
concentrations and temperatures.
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Fig. 3-13 Appearance of phase separation in methyl stearate-methyl
oleate-Span40 systems at various additive concentration and temperatures.
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Fig. 3-14 Removal ratio of methyl stearate in the liquid phase in
methyl stearate-methyl oleate-Span40 systems at various additive
concentrations and temperatures.
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Fig. 3-15 Appearance of phase separation in methyl palmitate-methyl
oleate-palmitic acid systems at various additive concentration and
temperatures.
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Fig. 3-16 Removal ratio of methyl palmitate in the liquid phase in
methyl palmitate-methyl oleate-palmitic acid systems at various
additive concentrations and temperatures.
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Fig. 3-17 Appearance of phase separation in methyl stearate-methyl
oleate-stearic acid systems at various additive concentration and
temperatures.
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Fig. 3-18 Removal ratio of methyl laurate in the liquid phase in
methyl stearate-methyl oleate-stearic acid systems at various
additive concentrations and temperatures.
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Fig. 3-19 Appearance of phase separation in methyl palmitate-methyl
oleate-D-sorbitol systems at various additive concentration and
temperatures.
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Fig. 3-20 Removal ratio of methyl laurate in the liquid phase in methyl
palmitate-methyl oleate-D-sorbitol systems at various additive
concentrations and temperatures.
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Table 4-1 Recovery ratios and CP values of liquid phases obtained with various

winterization conditions.

cooling recovery  total recovery CP ACP
temperature ratio ratio
saturated FAME condition stage K] [%] [%] K] K]
methyl palmitate raw material 282
50rpm 1st 284 89.2 281 -1
2nd 282.1 85.2 76.0 277 -5
3rd 278.8 89.1 67.7 274 -8
agitation 100rpm  1st 284.6 84.6 280 -2
winterization 2nd 282.5 81.9 69.3 276 -6
3rd 279.8 85.4 59.2 272 -10
200rpm 1st 284 77.8 279 -3
2nd 280.8 79.5 61.8 276 -6
3rd 278.8 91.5 56.6 274 -8
Span40
0.25wt% 281 34.2 277 -5
additive 0.5wt% 281 67.9 274 -8
winterization 1.0wt% 281 83.3 278 -4
0.25wt% 280 27.4 276 -6
0.5wWt% 280 64.1 273 -9
1.0wt% 280 71.8 277 -5
Span40 0.5wt% 282
additive-agitation 200rpm st 281 81.3 279 -3
winterization 2nd 279 78.3 63.7 276 -6
3rd 276 82.8 52.8 274 -9
methyl stearate raw material 202
50rpm 1st 2935 77.6 288 -4
2nd 290.0 89.8 59.2 285 -7
3rd 287.1 92.0 54.5 282 -10
100rpm 1st 293.3 77.8 287 -5
agitation 2nd 290.7 79.5 61.8 286 -6
winterization 3rd 287.0 91.5 56.6 282 -10
200rpm 1st 293.9 88.3 290 -2
2nd 292.1 88.5 78.1 286 -6
3rd 289.0 90.9 70.9 283 -9
Span60
0.5wWt% 291 73.6 286 -6
additive 0.5wt% 290 53.6 286 -6
winterization 0.5wt% 289 15.7 *
1.0wt% 289 80.4 284 -8
1.5wWt% 289 78.5 287 -5

*: The CP was not measured because the liquid recovery was too low.
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Table. 4.2 Emulsification winterization results in PM-OM-Span40 system (Span40
1.0wt%, water 1.0wt%, 282K).

FAME concentration Removal ratio Recovery ratio CP
[wt%] [%] [%] [K]
PM oM Lino PM oM Lino
Raw 325 62.2 4.3 282
Liquid 30.1 64.4 4.5 7.3 -3.6 -3.7 92.6 278
Solid 90.4 7.8 -"  -1785 875 - 6.3

*Methyl linoleate in solid phase was not detected by GC.
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Fig. 4-1 Schematic image of cooling apparatus of winterization processes
with agitation. (a)Flat six turbine impeller, (b) Pt-resistance temperature
detector, (c)Coolant, (d)Thermal insulation material, (¢) Thermostat bath.
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(b)

recovery liquid recovery solid

Fig 4-2 Photographic images of a slurry and the phase separation of
methyl palmitate-methyl oleate mixture at 284K with agitation at
200rpm. (a) After cooling sample and (b) after filtration.
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recovery liquid recovery solid

Fig 4-3 Photographic images of a slurry and the phase separation of a
methyl palmitate-methyl oleate-Span40 following processing at
0.50wt%,281K with agitation at 200rpm. (a) After cooling the sample
and (b) after filtration.
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(b)

Fig.4-4 Comparison of recovery solids in additive-agitation winterizations
at different condition. (a) open container and (b) close container.
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Fig 4-5 Variations in the saturated FAME removal ratio and total
liquid recovery ratio in the liquid phase following filtration. (a) The

methyl palmitate-methyl oleate
stearate-methyl oleate system.

system and (b) the methyl
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Fig 4-6 Variations in the saturated FAME removal ratio (a) and total
liquid recovery ratio (b) in the liquid phase following filtration for the
methyl palmitate-methyl oleate-Span40 (0.50wt%) system following
processing 200rpm.
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(a) Additive winterization

-

Cooling

Span molecules form aggregates
or adsorb to any surface.

(b) Emulsified winterization

FAME (Oil phase)

Agglomeration of Span molecules
1s prevented by emulsification.

=

Cooling

Span40 (Surfactant)

e

FA group
(Lipophilic)

Sorbitan group
(Hydrophilic)

Aggregates act as seed crystals of
saturated FAME but the crystals
still trap liquid phase.

L

High purity saturated FAME
crystals grow at emulsion surface.

Fig. 4-7 Model of enhancement of seed crystal effect of Span molecules

by emulsification.

118



(@) before (b) after

Fig. 4-8 Photographic image of methyl palmitate-methyl oleate-Span40
mixture before and after emulsification (Span40 1.0wt%, water 1.0wt%).
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(b)

recovery liquid recovery solid

Fig. 4-9 Photographic image of methyl palmitate-methyl oleate-Span40
mixture at emulsified winterization (Span40 1.0wt%, water 1.0wt%). (a)
After cooling sample and (b) after filtration.
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Fig. 4-10 Photographic image of crystal particles in solid fraction in
emulsification winterization process.
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