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Abstract

Abstract

Petroleum reserve is on the decline, the petroleum crisis overshadowed all over the world.
Moreover, with modem industrial development and modern civilization and human progress,
people’s demand increases rapidly, biodiesel as petroleum products are being payed more
attention.

The paper reviewed the development of biodiesel status. Select the special energy tree in
the Notrh-Xanthoceras sorbifolia as the biodiesel raw material for the first time. The procedure
of base-catalyzed transesterification reaction of Xanthoceras sorbifolia kemel oil was
optimized.

The results are as follows: .

1. RP-HPLC-RI method for simultaneous determination of biodeisel was developed as
follows:

Chromatographic column HIQ SIL CI18V (250 mmx4.6 mm I.D. with pre-column 30 mm
»4.6 mm L.D.), mobile phase methanol, flow rate 1 mL/min, injection volume 10 pL, column
temperature 40 C.

All calibration curves showed good linearity (12>0.99) within test concentration ranges.
The developed method was shown to be fast and accurate to separate reaction mixtures and
calculate reaction yields.

2, Comparison four extraction methods of oil (dipping extraction, soxhlet extraction,
ultrasonic Extraction and microwave extraction)by single factor and orthogonal experimental
on Xanthoceras sorbifolia kernel oil: Dipping extraction at room temperature dipping 3d, the
materials to solvent ratio 1:10, extraction attained 60%; Soxhlet extraction extract 6h at 85C,
the materials to solvent ratio 1:7, extraction reached 59.2%; Ultrasonic Extraction extract 90
minutes at room temperature, the materials to solvent ratio 1:5, extraction reached 59.1%;
Microwave Extraction extract 15 min at 50°C, the materials to solvent ratic 1:5, extraction
reached 56.5%. Results showed ultrasonic and microwave extraction methods had a lower
solvent consumption, shorter time, the higher extraction yield and lower cost, those two
methods provided scientific reference for preparation of Xanthoceras sorbifolia kemel oil.

3. Xanthoceras sorbifolia kernel oil was analyzed by GC-MS, it had 94.36% unsaturated
fatty acid;s, the main components were 9,12-Octadecadienoic acid (43.89%) and 13-Octadecencic
acid (31.03%), which were suitable to be alternative fuel materials.

4, Optimization of biodiesel preparation with KOH as a base-catalyst. Four principal
variables, molar ratio of methanol to oil, amount of catalyst, reaction temperature and reaction
time, affecting the yield of alkali-catalyzed production of biodiesel were investigated.
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Conditions for mechanical agitation transesterification: temperature 65°C, the molar ratio
of methanol to 0il 6 : 1, 1% wt catalyst, reaction time 40 min, the conversion rate was about
96%.

Conditions for microwave transesterification: temperature 60°C, the molar ratio of
methanol to oil 6 : 1, 1% wt catalyst, reaction time 5 min, the conversion rate was about 94%.

According to the above results, microwave transesterification was chosed as the following
reaction energy.

5. The biodiesel production was detected by Heilongjiang Province Academe of Quality
Text, it’s quality can reach the international standards, such as the United States biodiesel
standard ASTM D6751 and German biodiesel standard DIN V5166. The sulfur content in the
biodiesel production from Xanthoceras sorbifolia kernel oil was very low, therefore SOx
emissions dropped drastically.

This research gives significantly theoretical and practical references to resolve Chinese
energy shortage problems. It offers scientific basis and technical parameters for the preparation
of biodiesel from Xanthoceras sorbifolia kernel oil in large scale production.

Keywords biodiesel; Xanthoceras sorbifolia; transesterification; ultrasonic; microwave
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ERATFHEEERAKYSEGHMEHEEYES, K&ER, ARNEBENES.
B, FMERA, RUEKES, RESEFEAREME. T ERECERIIXER
BENTREMLE.
1.3.4.2 Wil Lk

WAL AL R R AL, —#h NaOH. KOH. NaOMe. KOMe. H

W%, ETKERT, BEEUARTREEER LRERANR. SRNES TR
RRFIEFEPHRBERAMREBEAEMDE NN, ENMRELEESIE
X,

FERBLRTHRENT, UBEREALYIELRN, BEERRAHET RO,

-10-
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KRG ROWELFEHH it Sp” RUMBE—NMFERET, BRNUEGEENTEE, &
FENEFLEANTEESERMNERFORERET RO, RENAAERNPEHAE
HAE SRR R o — e XA BREMANE, SR

Prep-stap: OH" + ROE & RO + HO o
HiOR = RO° + M+

OH
Sapl: I
ROOCR, + OR’ = R—C—0"
|
ogﬁ
OH ROR'
i i
Step2: ®~C-0" + HR %5 R~C—0" + "OR'
| |
orR’ OR
ROH'
1
Sap3: R—C~0" & R, COOR' + HOR

I

OR
REeRBEEYP, KOH tk NaOH AFE&iEE. B KOH R AHITRR
BRNEAE4R: FEAR 5%—21% , KOH AR 0.1 %—1 % , RNVERE 25—
60 ‘CPY, T NaOH fEMALFLEH B 60 CTRAAGEEMMMRIEE. Mtk
B ERE FRARSSE, BEMERPRERITRIASEITRAEERD, ER
Fides, BEEHREEWMRERRNFEEALRR, FrgKaNaesRrEKE,
HMEESRE, FTERERBEEREE, SRSEHRHNTERZEEUS
B, NTiERMEABEEBESER. EHik, AL, EaLP. PEWESHEL
FiEt, BRERBESN<1, K<0.06%. RAOLPFAEMHEESEEREREN
ReAIAKS, Rt Tk E—RESFERMTHRK. RRAE, SRmLCE, BakK,
REAFNUBAMELMRAIHIEREN, BR, TERRMBIRT ERNERNE

=11-



FALARAI K EA R L

08, B 7B HURAERAL SN, o7 A MR R IR, %
WAL A L. MIIAL AT, AR L % W, AR LR
B FTEUAE] 99%Ll b, ERMBELATES S=W48, Y RENRREL Y
THATPRAKSE, MITEEKBNEK, MEREELMAE, 2R8I AR
K. FE, MBEEARNRETRBROBEE. AEATEYSRLNSERE, B
M. WA R EREETFA AW, BT Esl o E A E E AR
B, Bt 2T SATLY. REL. BML%. EEELeRRREFOELNE
R EESPRERERE FRAEHS0ME, 8RS APAREHE TA
WA, BHEEEE Mg—Al HARIY, DU BRI R,
FUMARAZIFHFRI 2% . EVSEHE95. 7% , BN L BT
Fa O #iEmbTHE. ERRRBEACHI G o A T RS, ©8 T4k F f B R
FLRFH S TR RSP F i MR L B S A2, B TR e R M A F ORI ER o
1.3.4.3 LB

EER, MITFREBREAE S EWSmER, BRSNS
IERE B R R R S, £ RRLR AR RE. FRATRBRIRS 7, AHikEN. KOS5
BEES—#, EIEAMPERERAAR. BER. BRASEHEN, RN
A, ERRPET, FREHHEEE—5 A REE—EH M0 R, SETENR
R0 B L B PR TR R B IO VR AR, S5 08 S e Ay 2 e 2 oo —
MERRAA. ATFAREEhET SRR REes. RERGS. TR
B, RERAEITAES. MREA RV T LA ER K LA R g AL
REST ., LSS e RIS R AL, AP EH — R, R RE AL
WS RE, BIEANERIE. T, FEIEAE SR s LR EE, Rt
KSR M AR ARERAA N, LSRN ST —ENEE, ROERERE
. BRI B, AR, BT 7 DA A e R B
HER EERE, TRABHYE, —RRAEHGETLER, URREHHNRE
HHER M EEFI. BARS A TEEUIEHE Novozym 435 AMMEMIES
Z PR e P st LA N T BTG BUE. B IR BRI AT
P ER I T 0. — B8t R B 0 S AE 2 A,

-12-



1.3.5 @iy F B
B F R RIEERA RBRERMH & LR k. ERRFRAEZE T

FETBRRNY. FREY, BERARERTEIRNAR, WTEESNIRN. B
MM EE W R R S B s RA P MERE. £RARMNEI %, NIRHET —F
B, 2B RREFYERM TS, SEBERARERAERMN RN, EhYE
WENTR, WEE. BE. F AR, MTRESURMEPFERRNEZE RS, FiE
B EREEGTEAURAYN. RASHBRERRENTES, HHEELHTRSEHER X
BER—BLFibELE, TAREBHAE.

B RN ik S RSt Saka M Kusdiana #8H¥). [ P 7E ) B &R pr 38
FRHEAT, HREER 350—400°C, EHA 45—65 MPa , FFFMEHRIERIEA 142 .
FIAER, 2BERLCEPRETEANGEETRRFSRFMRERTHRRN, K~
EZHTELBERENTE. Ayhan FIFE K R EHT T HIG S HRE 587l R 6l &
EYPEMATR. SRR, ERERTHP, BisS5PREORNEREER, TEL
IRFRERE T, Mmiss PR RN EERE,

Warabi AR T BEFRETHERFROEBLRNAOMENEERREN, R
HXAPR, 28, 1—-FE., |- THER 1—¥8. £35%%, PR SRECEE
HARMAE T RER. TH M =MAMRE R R B R Mg — s,

EHERAERNEEWEMTIEREABE. EhH. EhbAEEE%. 7t
REANHRTRERPREHEEDENP RN AN FRERENEZR. GRRY,
R EERLLE A, KemEHERRARED TRARNERSKEHVHET 13.5 MPa
B, EHRNMEEWAEEREP, FRRHRAETRCHERAR, TR
Be. mhERE. tRHIReAs. T RERRES MR K vk BEEN),

iR b & A A S RN RNHERBAER, S FERERE T ERELR
AT, TRGRHEERESRSE FRE BN, #5075 RMEES 1
—8h, MAKAHEERTE 2—4 min , KKHEET RMNeHE, o ABHTELERE.
%ﬁﬁ&i#ﬂﬁ*ﬁ%%?%iﬁ,ﬁﬁ%ﬁﬁ%&%%%ﬁ%%#%.%ﬁﬁwT
PSS EL B, BERTEFRE. hEAL %, BERANEETIERERS,
PR, T, ShAHESERERFEHERERANRS. B2HTEEFH
EEYEaMFETECRRBELAGTHT, SBREENERAMNERNE, £5

-13-



FR AL Rl KSR+ 618

Toib i, FEHE SR,

E LR EERME, REFHBEFREAHERA TR HRRN, FERERS
¥ MEOETHEASRMESEBRETE. Gryglewicz B AY @ A @b KM,
KIL Ba(OH), &5 Ca(OMe), MHEMLEM L PFHE T NaOH KIREMIERE, BHEAMAEEALE
AT EREEERAMBELT, MIERMMA BT LSRR, ARLEEER K
REFERE . Breccia FAWHMBBEBTHRRN, RAEMKBLERT, BTHh
RECRIERIER, BT 2 min WERRM. 2% AV BB R g BT
MR R RN R EYREN. FREY, BFRKATREFNMELEYE, BTHREES
B4 8, REMREFHRENE, STLUERER, MFEAL, RE&EYL5EhERE
AT

BAl, EYEmESFEIETERRSE. MALE. REREENRET R,
AR ERETYRTE, BEESHIT, SREEHEDHASEE, B+ARERE, #
PP RUR R s R E M E g L . RERREGRERR, BEEREE, RA
REFBTHT, BEAF, MERLERHE, RNEEASH, HRHRMREEESR
RAEWRH, EYEAFBAE. TV EEFEWMEnE B R RE. ERTHR
R, mEEERS=HhESEFEERERLIERTRERTRRNEEIRRN
MEARMEH. THTREXRYEGETRE, 28, AN, THALE, HYBRERK
RPN, XEHTHEMBERMK, RKEH, HER RBRNEHETRETMERER
R, BBEEARSETRE. BXERNEZTHE R, o878y mn R~
K mEs), FURMEFABTRTFREAZETEL. RN A LR T LR .
Mo ML, CAMRRNELURE 2. BARRNEHR—RTBEKRNA
B ZHMEESESER_HmEE. SHME, BEREAEH, 8- RNHFEE—
A B, Btk aEREL. Bk, SURBRAHBIEFRTRESY,

14 FHRMEX

BEHSLFNRERBRMARERKFHRS, HREENEREIM LA, &E
MECL EANSETHERROEN. BVER EAmAERBED AR, FHMN
BEE LG, FEHATHLZEFNRBERNERAT, RANAARBEFEETENTE
AR, L EERENTTE TR R A EBT A=K E S,

-14-



1 4R

YRR A EnA S, RERBAHRRRE. BREFNKERSIIAED
YEge. BFEEEYE. ROMBENL R AT AN RST W BRI A,
ERABREREER", KORBEVEMNSFIFELRE, BEREEN, REFBE
73, EHRTHE KR RENRRRLEHHE. T2 A ERNIRBE L.

REGMAON, GHEEHEASAEERFHAALRETEY V10, RERAE+I™
M. M 1993 4k, REKELRAMMENE, 2004 FEFEGHEREN 2.7 {20,
BHOREE | 20, KEBDABMNRENGREELSEREH. Bk, SYWRH$
Bk EREATREE L.

REERESFOEELR, AREFKENAWER, TAFHEEXEERN,
FEERELAEEEN. RESRAENEFRd 1991 F1 704 TN 2003 F
ff 44437 . FIHEMKERD 18%, 2004 FEELHFH 500 I BEEENFESR
R EHE 1000 5. 5 2010 &, LI 800 JTHE 1000 JIWA~ MR, A
HEAE, AEHRAFEAFERN V10, AERBLEQEFHROKEDYN €6
MR E IR

REBEYEMEVANERARERFEERRER, FRETEANAEFHEE"
R. RESBMEY L EWER, ToEH—FRE=BR TEAFENERBRZ
B, FRTHBREEH, BnRREREA.

REFRLBE b THREMBECE. ARSELE, BHABEYEERXEES
¥, CHERERILTRBMEFNE, ERILSSEFERLHHANETZ—. R, X
R BB B R YRE I — AR A SO R B N EER AN A", Bl
RE4YEHBFEANATLTRRYY, LERALBKREMANERS, HABTH
FRELETWE DR EY AR, METYERSFRRAGEENE
.
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FAbH KEm LA X

2 SR R h & A MR AT A IR BT SE

Hilx FRAEDEmASOIMTERE, flw. SHEAEE (GO HEAE
(TLC), BRBAEIE (HPLC), BHEILRMIE{X (NMR), EELAMEER (NIR) fi
BEIBERIEK (GPC,

OC I EHMM A F A E T S RE R — R AR A WA ERE .
Freedman et al. (1986) &% NA GC KM K EMEET RN, GC BEMIAA
BEREHABAMNTE. R, GC MM IR AP NRRNRE, &
EMERSHEEREW. GC HETEDMH»=RHHEY, EFEERKEHER
L.

LC-GC Wt Ak A 47iE T A F s e =L e B2 b 7~ En E 8%, Lechner et
al. BT — LC-GC L& MG, DG R TG MR E k. R, FettbtiRHT
XH T ERGERF AR ST AR GRS HNRE, EVEeS T RENARIARNNT
By,

TLC R—hEE ARSI HEEAHRNHE, TLC BT EROEEI T
%, REBUEHSEE. TLC ARAEE ZHARASAMEEMT. HPLC 5 GC il
FEONEMEFHEERD.

HPLC {EX/EY empimirs:, MUAHEER. REME. wRte. g
BEmess, COUTrRERRURENEE EdEANRRER. REXA 3N
L& B E BRI k.

21 LRHH

241 LHRAR AN

S TRRTE, MRFRE. RRPRE., RERPEWTXRE Signa 29,
THMERNEER PRGN TEE Alltech A7 . B8, FRE: HAEBR, LETH
WHL3EI; Waters1525 BEUBMHGRE, XE Waters 25 2414 RERRRE, XE
Waters 2 7; 717 HEh#HER, £H Waters A5: Millennium 32 REK Y, KE Waters
AR HIQSiCISV ARG, B KyaTech, A&; BS—2108 t-FKF, Sartorius
A KQ2250DB MHE ki, Blii@mRSARIELH.
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2 ARG Sl SRR T

2.1.2 FREH TR S

BB P RS, WRTER. Wik Ay, TR EE. AR, B
WHES % 1 mg/mL. 9 mg/mL. 12 mg/mL. 1 mg/mL. 3mg/mL. 3mg/mL {8 & ruE
P, SHAIA 045 pm BT, £H.

2248 5i4i@
2.2 BiEEHARRL

AR St Waters717 B ARMAH B & 2414 BUREH AR MR, HER
FOmE LR FENERPREATRN. £XRY, RIGERT ARG ER
HATRR, HmZhE. FELFIMZE-AE. FEANEN. EZEAABEIER
F, BIRPRERETSNSBER, BEFANERHANEK, HAERNETIXT.
FRELFE ZE— T8, W030:70 (viv), 40:60 (viv), 50:50 (viv)75IFIRBB (RIS,
RBRH, HEEZBHLEAEEM REMRE BREFENAZE, AR FEEN
e EEE T RANE. EHZBENERS, CHENELERSTERTFHRLRERD
ik, RRERKRY, EFHE-KBERD, BHRPREAEEREFNIE, R, A4
FRAERRBIAN, IR REESAESE, TABTBENEK. B&E RBRINES
EESHFNGRMES, RHAERAETH. EHEHT, 6 FARHRTFREAFER
FrEEEmAE 2-1 Bir.

200

18,00 MeO-+MsP
16.004
14004 MeS
% 12.00- '
10.00 MeA
800 t
600
400

oI UL

200 400 B00 800 1000 1200 1400 1600 1800 2000
Time (min)

B8] 2-1 6 FFAERTRR P ERIR A 4R M HPLC RiEE (MeLnO A YRR F RS, MeLn ILiEE RS, MeO ith
R, MeP IFHIM RS, MeS IR TPEE. MeA TEAERH M)
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R AL i

i HIQ SIL CI8V (250 mm X 4.6 mm LD ik 30 mm x 4.6 mm) HEsnig: AL,
i tmLimin, HiR: 40°C.
Fig.2-1 HPLC chromatogram of six mix FAME standards (where MeLn: methy] linolenic, MeLnQ: methyl
linoleate, MeO: methyl oleate, MeP: methy} palmitaie, MeS: methyl stearate, MeA: methy] arachidic).
Column: HIQ SIL C18V. Mobile phase: methanol, Flow rate: 1 mL/min. Temperature: 40 °C.

2.2.2 HHSRAWHIA
BB L ORAm TN EAMR: &, TREROBER. 47y

HEtE R, ERNE. HER. etk Pk,
2.2.21 %#. EREAMEHR
W 6 FPARRY AR FRERARAE B AW, 2 ATCH) IR R 0.4-100 pg/mL HI—RFIHF

HERIEHE, 4 BIHAE, BT HPLC M. PR LRAGHRHERIRE R e fiemin, 25
%It 6 RAELTRR F e isvE sk, BRFAERZSH 8 M EKREAR, BEAN 3 K
ERRRRANTHE, FEMEMAXEEDNE 21 Fs. W& 2.1 GREN, 40

EHRBEBEN, 6 MRS ERHRFHEEXR (R>0.99).

%®2-1 o6 & R EATTHE BRI
Tab. 2-1 Calibration data of six FAME standards

way gitiaE HEHRE? iR ERR HEXRE
(ug/mL) (pg/mL) _ (pgmb) R}
iR Ry 0.1-1.0 116755C-1237.4 0.002 0.006 0.9972
¥ 7 P Y 1.0-15.0 64662C+688.38 0.004 0.012 0.9989
T R A 1.0-20.0 72213C+24626 0.004 0.015 0.9966
T R NE A 0.1-0.5 52114C+4.0526 0.002 0.006 0.9991
pided. Ll s 0.5-5.0 58986C+3885.7 0.004 0.015 0.9984
B A AR TP i 1.0-5.0 50068C+2837.4 0.003 0.010 0.9974

SARREE@=3): C: PEEESIKE (ug/mL)
REREXNEEREREE 3 BHOBNE, TEEREHESEERESR 10
BB/, EXBD, EHREPRRESKRE, B CURMMRR/DRE, X
ABAKE S HIR 3 Fd 10, BERERAEER. AE 2.1 TTUEH, 6 FirkERN
R E BRRE, o REyENRENE.
2.2.2.2 IR E R E B
ZEMIFM HPLC £4T, B EHF RIS ERH AR EER, #

FHMPRCHA, MRS T BRETE /M.
2223 EWME. BEE, BEl
AT, NEEAE. THRTR. UHRERE, AT, BERTFR

WS %% 1 mg/mL, 9 mg/mL. 12 mg/mL. 1 mg/mL. 3mg/mL. 3mg/mL MR &5

-18-



2 LRBRMCw EEWED AT ENEY

MBI, EEHHE 6 IR, XTHEEBUNERBN S I EAMRERE. 6 BRI
BMEENEGHEIRERES YA 047, 0.103, 0.81, 0.118, 037. 0.092, 0.23.

0.088, 1.43. 0.128, 0.90. 0.114. ZRNEK 2-2,
£22 6 HENRFRHEREEE

Tab.2-2 Repeatability data of six methyl esters (n=6)

e REBEHEXIHERE (%) BEBEMEERE ()
edion 0.103 0.47
e PR 0.118 0.81
SR 0.092 037
TF BRI K 0.088 0.23
i Ll 0.128 143
FEEM PR 0.114 0.90

HPLC HEFBEER—RAHRXAEEERERR, o LUES R 2R 5 i
BREEREIE - RANNBRAEMIFERERTE. TR, of ik HMFREIFER
SR 6 IR, R RIE 23,

£23 6 FHEIRPRESEEERE

Tab. 2-3 Precision data of six methyl esters (n=3)

&Y —XWGEEEHE —KAREERA} BXEFEEES G BEEERENE
MERHERE (%) FRAE R (%) HRE (%) HERE(%)
EimEE 0.031 0.89 0.13 1.82
AL RS 0.029 0.76 0.15 169
Tms R 0.023 0.52 0.14 3.13
AR TR 0.025 2.48 0.14 261
HERBER 0034 0.49 0.14 1.25
EIERERE  0.036 241 0.14 1.75
48h A, BB oh HREBHT-KUE, 2%, HRBEEESLRBEG
Xt AR 2 <2.0%).
2224 EELR

B EEY M REBR P IMA 6 PR PR ERETERENIE, #E 8
BHEREM, 561 mL, MAFERNELER 24, BMEREREREF K, 48

F0H 6 B SN B P RS R AR [ 4 100.23—108.75%.

F 24 6 MR TRELVEMERBFRPEWR

Tab.2-4 Recoveries of investigated compounds from ¥ellow horn seed (n=6)

x| FHESIMAR (mg) B M RHERE (%)
Rk PR 0.10 101.26 0.72
o A 035 104.45 1.15
T A PR 0.30 100.23 0.36
I FE NG P 0.05 108.75 1.3]
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FIbHdKF8 L 2E il X

e eepeep————————— e ——-———————— e
e e e e T ———"

i s 0.10 107.80 0.78
MRS R 0.10 102.04 0.95
2.3 KT/ g

1. #E T RP—HPLC—RI £ 42 b S 0 B 4 -

BigHE: HIQ SIL C18V (250 mm=4.6 mm LD.nFit: 30 mmx4.6 mm 1LD.), =D
H: F®, HH: 1 mL/min, BFE 10uL, FiR 407C.

2, AMIENRTRENENEEA, BERRIFMEEXR, HARER>099. &
FEHEES. ERME. BRER. SHTRMNADEMESRNRESTRE, B
AR OB R EYREM T EMNFRIRE T RE. AERARE S E.
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3 AR MRBOTIESIL £

3 3CE R MR BT B

HRMREFEAYRES. AEBR. 85, BRMRS . BENR0EL,
BESTHHBRAERN T EERELNNABLRS. SHELEMIRICTEML, #EMMY
BERERE-FHOERZE, REREEE. 25, d. EMER. FRHRERF. &
A, B A TH ST RER A,

3.1 LRI H

3.1.1 LRMEFEEEH
R TRERBESCERM, =EHRRE A%, BRI K ERAHE

VESEBRERELLREZHEIRHTTERE. COSk, HE 995%: FM. E
B, SEAM. BB, B, =FALAE. AR L aidAl. HP 6890N X
M /7 5973 FSECA(EE HP A8); KQ2250DB BB sigeit, BLiTEAER
HBRERBRAAS]: BS—210S BFXKF, Sarorius A7); EHEAERN, EEFHPH
{281 WK891 RIBtT4, ERWALRAE: MAS-NI B ERBSR/ERN, £
BH B FREARAF.
3.1.2 3GE R A iR U5 L%

0 a] A S SRR A o T o3 SR BRI =2 Y P S SR i A A M SR i ) A R

BZ—. BWFERRRTDT:
3.4.2.1 BERE
XEEBLE OCHTERE, 457 Smm. 2mm. Imm. 0.5mm #5. 2HH

2mm. lmm. 0.5mm =FREHSCERFPLC Sg MET 100ml M=AFEH, WA S0ml
Ak, 48R 136 X, BEBSHETER, AEEZRFEWEN, #HEETiE
JEHITHRE. DUXERERCRMENEREE (BME=-CFEIARE gRERE ).

3.1.2.2 REKEE
AHE Smm. 2mm. lmm EFHEACERMC 10g ETEEED, MA—E

FIRAMEBREN, BARKRERSES, FERKEHRTHIE, MHiREHREERNEM
. RERBEE. RESEAL. REERAMRCERLERRE, £ 3 K,
HHL (34) FRRBRMMEBENTELM4. SEERKPFELE 3-1.
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FAMA SR LEA R X

3

# 3-1 A& K¥F
Tab.3-1 Experimental factors and levels
AT ABRERC B ¥k S B MWy C $EE /M D #{ B /mm
1 80 1: 5 6 5
2 85 1: 7 8 2
3 90 1: 9 10 1
3.1.2.3 BFRN

S 2mm. 1mm. 0.5mm ZFRAZHCE R Sg WEF 100ml HI=HBET,
A —ELL A MBI, MANEEBHERNR, BRERBESHETER, AREEK
MigER . EEREEZRFEENEE, GEEEDYGHER (MERMHE
%), REEE. PR EEHILMESHES, KR CERFCRE. BEE. BH
SEnLABEERAEREE, SH3IAT, BAL Y ENLARKLERT £4%
. ERFERKFERLE 32,

#3-2 BEKE
Tab.3-2 Experimental factors and levels
KFE AfiZ/imm B HANE/min CHH S Htbwy’ DESIIE/W
i 0.5 60 1: 3 100
2 1 90 1: 5 175
3 2 120 1: 7 250
3.1.2.4 TR

S HE 2mm, tmm. 0.5mm ZHBBEHCHERERL 5z B TREFHN=0RM
B, MA—REHEIH A AR, BARBRRN S, REBE. hEFRI ERT
R .

PARRC R, PR SR, BHEERERHNRAEEEE, &3 KT, EA
L9 (3Y) FXRBMARBMITZ4&M4. ERERKFHELE 33,

K 3-IFERKE
Tab.3-3 Experimental factors and levels
K AXifd/mm BYEL S A Al w-v! CEHEE/C DR BE)/min
1 0.5 1:4 40 10
2 1 1:5 50 20
3 2 1:6 60 30
313 RIS BHANE

FepimRm s EBARAS, RASHEREXEIRATHBNE. AREE
ViR, WMinRdeEtE, @TFSHAES, TrERETIRNR RS,
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3 XBRA R A& #

3.1.3.1 FEA R
HECE R 0.5 ¢ T 50 mL =AHP, MA 0.5 mol/L KOH-CH;0H % 4

mL, BT 60C/kiE LBk 50 min (ZHHKFTLMK), BHEMA 150 g/L BF;-CH;0H
¥ 2mL, F 60°CAKE LA S min, BEABMAECHABH NaClIE#H K 2 mL, B
LEBHE, BF 2 mL HOED, MADLEHITK NSO, T4 2-3 h, Bl B E#ERK
#t GC-MS M.

3.1.3.2 3R SRR B RS T
EiE &M HP.S AREHMER, 30 mx0.32 mmx0.2pm; BFEEOERE 280C; S

HEE 260C; &K He 5: BREAEB: H#i& 40C, 8 3 min, 20C/min A ZE
200C, £ 10 min, 10C/min A% 210C, REZHRIIER: FHA—LEBE
FHERIOHENSE. ‘

k&M F1 BT 230C: LEEE 70 eV; MEHEE 09 kV; ABERH mez
30~350; BER 1ul, 2H 40:1: BRIEE 3 min,
324 R 5118
3.2.1 AR A ER MBI L

3.21.1 BiRENER
RERRBEMATRFE, UNERA{CRBBHEEIER, ARERMEX 34 K

?ll

£RIARARER
Tab.3-4 Results of experiments
¥id/mm  RimE%Id BHE%d Ek#Ew3d  BnEvdd  BilE%Sd Bl E%d
0.5 59.1 506 60.0 60.0 60.0 60.0
1 57.2 574 57.8 584 59.2 60.0
2 56 58.4 58.6 58.8 59.6 60.0

MUALRRERETH, —HARRAHBBKEAZEEH. YHLCHNEHN Imm
i, RREE 3d MEHERHESE. YREMRR, HCHERD, RbE8H. &
FHRFERERKWAN 0.5mm, BIRETA 3d £ REREE T 60.0%.
3212 RERMELR

BEE 31 EXEZRAR, UXERACRMELLRIGE, RRLEEWE 35 5

?{k
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Rl K F LT L

35 EXRRER
Tab.3-5 Results of orthogonal experiments

P8 RRER/T PG wy BRI EM B H2mm  BEY%

1 1 1 1 1 45.33
2 1 2 2 2 56.68
3 1 3 3 3 62.13
4 2 1 2 3 61.80
5 2 2 3 1 56.48
6 2 3 1 2 61.95
7 3 1 3 2 62.47
8 3 2 1 3 62.23
9 3 3 2 1 57.12

Kl 164.14 169.60 169.51 158.93

K2 180.23 175.39 175.60 181.10

K3 181.82 181.20 181.08 186.16

k1 54713 56.533 56.503 52977

k2 60.077 . 58.463 58.533 60.367

k3 60.607 60.400 60.360 62.053
r 5.894 3.867 3.857 9.076

H%& 3-5 ATLLE M, EEMBMERN 4 MRED, ERHFIRFRED: F{nE
> RAVRE > YR SR > R B ], BREEREEM N MR 2mm, RIER
90°C, EHUATME] 9h, MBI SR 1. 5, EHEZHTRHEESN A3BCiDs.

F3-671E PINGR
Tab.3-5 Results of the Annova. analysis
FE WEFTTH B HE F & BEM
B 63.778 2 1.036 0.411
B 22.427 2 0.298 0.753
BF (8] 22.331 2 0.296 0.745
Kz 139.843 2 3.865 0.083
MAESIERTM, NHRAENEAREEEIEREE.

3.21.3 @FEEMER
BEX 3-2 EXERFE, UERM{REENERER, RRLERIR 3-TH
o
£37 EXHRER
Tab.3-7 Results of orthogonal experiments

KFE  AK#Rmm B BERE/mn C YH SR At wv! D#EAEWN RBihEr

1 0.5 60 1: 3 100 56.00
2 0.5 90 1: 5§ 175 59.10
3 0.5 120 1: 7 250 57.80
4 1 60 1: § 250 52.73
5 i 90 1: 7 100 56.67
6 i 120 1: 3 175 52.53
7 2 60 1. 7 175 50.93
8 2 90 1: 3 250 44.20
9 2 120 1: § 100 48.73

.24



3 R AR L0

i 172.90 159.66 152.73 161.40
It 161.93 159.97 160.56 163.56
I 143.86 159.06 165.40 154.73
K1 57.633 53.220 50.910 53.800
K2 53.977 53.323 53.520 54.187
K3 47.953 53.020 55.133 51.577
R 9.6800 0.3030 4.2230 2.6100

MR 3-7 ERERHE R WAPMTUES, EREAGTEHN, SEENXLRH
MR REHEHEEKRKD ARR) > CR EER) > DEATE) >BIRIN
fl).

RHE K1, K2, K3 HF KD, TUHESHRBELMKFAEN ABCD,, WH
3-1 Frm.

60 ¢ ]

|

. 55 I Mo B l|
% [ e I
E | —a— YKL S
50 + —e—EFYE

i .'o
45 |
1 2 3 5

i

A3-1 ERMMCHERESAR. KFHXR

Fig.3-1 Relationship between the extraction yield of Xanthoceras sorbifolia kernel oil and factor levels

R3IBHEDNER
Tab.3-8 Resuits of the Annova. analysis
= WEFHH BHE F & BEH
¥ife 143.354 2 10.943 2%
HEwHE) 0.143 2 0.002
MESEAR 27.251 2 0.526
BEmh& 11.905 2 0.209

Frow2 270.16 Froo® 2F19.16  Froa(@ 2=99.17
HE 3-8 A, EMEARRRNFE nn(2, 2)=9.16, MiARERHLEELW.
BEEXRAREER, HETSEEERROKFHEHR ABLD,, BIREA 0. 5mm,
f] 90min, Yl SEMELLA 1: 5, BBEIHEN 175V,
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AL X EW AT X
e ————

BRI TE &M, EF=IRELR, ETRIERAR, SR N%E3-9.

R399 R RBER
Tab. 3-9 Results of proof tests
L& AR S R 2%
1 58.9
AB,C,D; 2 59.3
3 59.1

Hi% 3-9 A RTTLLE N CE R mRINER S, TR 59.1%, RFARRH
T 2 %M ABCD, ARMKBIELEF T2 &4,
3214 HEBERRER
I. REEE
a. A FIHLEE X 3R i 28 1 B

EEA B YER, FRIEE H60TC, WHRSERL N 5, METIEIOW,
R A A20minf) &4 T, ERARKRE, #TXHEMCMBRER, 4R0E3-
2,

70%
60%
50%
40% |
30% |
20%
10%

R /%

0. 5mn 1mn

H12/an

FE3-2 F{~ R R MR AW
Fig.3-2 Effect of granularity on the ratio of extraction oil
R B HE MR R W AR B A, EREXE—EMERT, RESNMEmES
F. FOSmmiTHIE T, REERK. BEEREREA, RORIJETR. bk
5, FOMRERD, EE5ENROMEBERS, ARERHERNKAR.

b7 [ 4R 5 I (0 42 1y 28 ) 5



3 SRR Ry k%

AW CAER, ERIER BT, WHEHEML A 5, RikhEI00W,
B R0 SmmP &4 T, BRI E, BT 0ERMMENER, 4R BE3.

70%

60%

50%
£
ﬁ 30%

20%

10%

0% -
5 10 15 20 30
K4t (8l /min
3-3 A ER S )X R R A

Fig.3-3 Effect of extraction time on the ratio of extraction oil

f R RME R AAETS, ERAAF—EHERT, NEBKEHES
®, fE10-15minky, RMELZHL EFA, H15minbl5H MK RBEEZBRK.
Bk, BERMNEIREN, ROEEHAE, MisminZkHEkdfE, WEER
M RA AR, RMEANEE. &R T RiE 70 5 16 p g A0 B BEAE D
LK, #ihYE, FUFE EARIR. B48REEIMMN, FERITHES
# FEUEIEAHERS. TEREHEENNAAZERK, SRRE—SHEY, &
BNAEHSENEL, FUEHRIRELK.
o/ B BE X $R v R ) R

A R R, EREE A A20min, YHSERLE AL 5, HREHETOW,
R0 SmmM &4 T, BRARRE, #7 0ERACHIIRELE, &RAEH4.
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b4%
62%
60%
oB%
6%
S54%
52%
50%

HmA /%

40 50 60 70 80
BE/T

B 3-4 FFE BAR R RO RN
Fig.3-4 Effect of temperature on the ratio of extraction oil
HE34TH, BHEEENRSRGEZMMES, M40TE60C, RMENME
. HEEMEOCEISOCH, BMBTLAIK.
A AR S BRI R SR AR I
A MR A, EREETE A20min, REEEH60C, MMKIHETOOW, KA
H0.5mmPIE T, RRAFESHARE, T XERMCmBIER, SR LE3-

5.

62%
60%

T ST T —

58%
56%

R %

54%
52%

T.—FL JRSPPUIE RS
i

50%

o e

1:7

15 1:6
PSRRIy v
3-5 FEME S BRI L RBEHE W

Fig.3-5 Effect of ratio of material to solvent on the ratio of extraction oil
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3 XBRB_ R LML B

HE3-STA, ERMEG—EN, BEARHRAMM, EhRAEEL, 1. 4
HE®ETI: 3, 1. 5F1. 7206, @m@aBRAIEN, RELHEAHBEI -8
B, MREBHEZEBAK.

2. BHEEWERXLR

RELARLRER, ERTAEENTRLGHTERNLR. EXLRERLER

3-10,

&3-10 EXAREGR
Tab.3-10 Results of orthogonal experiments

AKFE A BR/imm B ¥ S & tbw-y! CHEFER/C  DESHFE/Mmn  BoE%

t 0.5 1: 4 40 10 52.5
2 0.5 1: 5 50 15 56.5
3 0.5 t: 6 60 20 56.3
4 1 1: 4 50 20 502
5 1 1: 5 60 10 483
6 1 1: 6 40 15 46.0
7 2 1: 4 60 15 38.8
8 2 1: 5 40 20 325
9 2 1: 6 50 10 303
1 165.3 141.50 131.00 131.10
Il 144.5 137.30 137.00 14130
m 101.6 132.60 143.40 139.00

Kt 55.1 47.167 43.667 43.70

K2 48,167 45.767 45.667 47.10

K3 33.867 4420 47.80 46.33
R 21.233 2.967 4.133 3.40

HER LRI FEBFERLERM OB TZSHNREDERI-10. NEXZRMTE
Rorm, B, YR SERH. BN E IR RRERE S ZES 52123,
2.967, 4.133/03.40, XKL, BEMBHENEA=FEBHEKX, SRBFH: HE-R
St AR SE Rt REXNUERACHAOERBEREKR, TURBEEEE

BEBIKFEHE RHABCD;.

RINFH EMER
Tab.3-11 Results of the Annova. analysis

E wEFHH HHRE F1& BEY
Fii3 703.416 2 36.425 EHEE
Y LI 13.216 2 0.053
EYRE 25.636 2 0.105
655 f 18] 19.082 2 0.077

From(22)9.16  Fi005(2,2)519.16  From(2,299.17
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Fibmol KEE B X

MEREER T EMTBIRHANRERF, B. C. DAABERHT. BB
REOCE R LM RET ZS8RH4A: RE0Smm, BESCC, HEAE%
15min, ¥PRLSEFILL AL 5. BOTERERH FRTIREMER, HAGERNESS R
$156.8%. 56.2%. 56.5%, HIEH56.5%.

3215 A& R TR
g w el BRI EU TR BRI RE ARG HAT T M, SR ER3-12.
£3-12 0 B RRRE FEALLE

Tab.3-12 Compare 1o the four different methods

REA REAE/T SR H B (8] R 5 BRI wy? 1B 4%
BIRIRI iR 3d I: 10 60.0
R 90 600min 1: 5 62.5
AR iR 90min 1: 5 58.1
PR 50 15min 1: § 56.5

BRRNAE RN BRI ik, EMEHREEEREFEES TR T K
AU RABERY. dbl LR R, &5 SR R R R AT RE
FBER, RMREEATEAER, FERRME, AFEN. &X. THRSHS, Ak
ERWEA, EREFTERTEEORRE. Bif, R EFEEFXBETEAHED
REFRBICH SHBO A TT BRI, MBS SR EBCOE Rl A TE T LU KR
RAEDBRREEMROBFTARE, AT AL RRAT HERE, HIRRK AR
R BB EY RERERITR.

3.22 R wRIR & BOWE
SCrd SRR i A B W 3-6. SO ST I RS R B R 0 o3 T L& 3-13.
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1 Sa+OT
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LR B g
1 Ser0T 18 B
1 AO7
1. 3mtOP
1. RAmrOr

LR S 2-0d
Rl B2 -0

VOO0
L lel=T-T=1+1"]
gy =t~T-1-7.]
BHoOOSOOO
soDO00Q . P 28 re3
il l-T=T-] ,

2000000 '
ppsoirond BIRTRT T Y - e ] -

N AL < oy hooo
2.00 10,00 414.00 1=Z.00 T3 .0 L . . ) 8 OO0
T Hovs -t

B2 R RS E
Fig.3-6 Mass spectra of Xanthaceras sorbifolia kernel oil
# 3-13 X REF IR MR 5

Tab. 3-13 Analytical results of the chemical constituents of Xarnthoceras sorbifolia kemel oil

B REre T ER AU

=] /min e #AER % %

1 8.51 Hexadecanoic acid, methyl ester #FBP8  CH0; 1.58 99

2 8.86 n-Hexadecanoic acid IEHIR8 Ci6H30, 2.37 99

3 9.89 13-Octadecenoic acid, methyl ester,(Z) CisHOs 31.03 9
+N-13- M

10.08 Octadecanoic acid, methyl ester BHERIFFRE  CioH30; 1.08 99

5 10.36 9, 12-Oc¢tadecadiencic acid (Z, Z)- T ih&R CisHy 0, 43.89 99

10.47 9-Octadecenoic acid, (E)- +/\- 9-5 8 CisH340, 5.33 90

7 11.59 11-Eicosenoic acid, methyl ester CoyHiO: 3.43 9
SHBREER TR

8 11.78 Eicosanoic acid, methyf ester 754 B8N CyH,,0, 0.13 99

9 12.00 Oleic acid 1BE CisHz0, 3.2 o8

10 13.36 13-Docosenoic acid, methyl ester, (Z)- CrHuO, 451 93
) ARG PR

11 13.57 Docosancic acid, methyl ester 11 #88 CuHyOs 0.29 99

12 13.77 Erucic acid 3+ F#8 CHs20; 1.68 o8

13 15.36 15-Tetracosenoic acid, methyl ester CosHusOs 147 95
: 15-1 B TR

14 15.51 Tetracosanoic acid, methyl ester 7K £ ¥} CasHs50, 0.17 95

mE3-6RIE . FRATNG PR ST A BB DRI R P R, BREEH
SR AR G S
B 43t S R AR AR S TR KD, B A A C RSO R B
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FAtol KERI 2R X

CHPETRR Y R WG, FEHMCI6:0), BARRECI8:.0), LR, LFKR, —
B, MER(C18:1), AR, TR, T-HIUBREE, WHhE(CI8:2), -+
IR, TRREE(C18:3).

HE-VIAFEY, CRERMCHEE B MRS, Kb PEMRENRANS
BH: 9436%. EERASETEBBRENOE2L2N, 750 WilE43.89%) M+ \-13-15 8
(31.03%). #Ri#EKevinJ. Harringtonf98F R, 1EABME SR BB RN S F N T4
Wk AEREMBERE - SSENETE, RFERE. 8L BEKEY: 2
FHEMRTRREFRREROOBE: 2 TPASETEREN: §H16-191MKE
FHEAE.

ANEREW, UERA B E BRI S AR, it K
B bkif, HCERM BB SREERARSTIE. SRR FHEIEHE
o, EATHLERNSRBOEE, FHTE-SOHRETEERGLEMN.

3.3 KEPG

1. B EENEXCREEFREN. FRER, BHRIVNRMRRINME
B RE MMM ERT LR RERNERR TR, W EEREAL:
10, $2iEIEF160.0%; FKBRE 8SCTHRI 6h, WESEMLAL: 7, BMBE
F)59.2% ; HESERN AEEEE 0min, WREHEFLAL: 5, ERMEED 59.1%;
PP ARIAESOCH R 15min, MEGERILAL: 5, RMPEH56.5%, LREREK
HEERN MK R CERRCHAEANAED. HE. BIES, HARFIA
A, ATWARBCUERAMCMIRH T RES%,

2. LERMCMBGC-MSHHT, KPP MM & B H94.36%, B
# T (43 .89%) 1+ \- 134588 (31.03%), TRMLFARHEREFRMRESE &
R R YRR T AR R
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4 LERB{ & Em TERHOHRE

4 3O SRR & Y TZ &AL

EEEMEREERIE, FRURANEEANETRIE, EWMETHRREL
FEZEEFUTIR: OEBEFTRI>AHERGROZS: B BELEIRR
Bi, K. HERERTHRMAAS, HEAHNGTEEFEA. HMBNRELRDMT
1, BIABRRBATK. HREKXT, UFELHKOHPMHFEENR, MAKL5IES
R, AMULHEBMELR, FREEARR, RS EmEER, MmREYNE
B, FHHMSEEMRAE. RMLIFERMMELFIHTAR, BREE MR
Rk & &, FREATBHTRATREE . ORNERE: BXBRRNATER
FREEETHT, FRANBERESRGEERE: ORI, BXRRNOLET
B 7 3mo B Imol H it M 5 R 4 B 3mo | BE R BRAE Mimol 1 7y, RE/RHCARHRG, MediL®
BE, kRN ESE; ORME. B53TH RS2 R R (] 4938 g .
YR ALE R M ALER, HAT—EHERIENES, REF—EMHREE
EFE.

4.1 LHRBS

4.1.1 LR R 5
XERHTFREUTRERRMCE RS, FHAFGRE, dRILALRERHE

MESFHEREALRSEALHIEITT EE. KQ2250DB REAERFELEN, Bl
HRBEEBERFEAT; BS—2108 BMFRF, Sartorius 28); HEHEARN, L
BT WKS9l BT, ERNELRUE; MAS-NIBEEMEER/E
Y, RS REERAT; ABI04 HETFRE, Hi: 22R EEERC
HL, #E Heracus sepatech %) 78HW-17 {HBM HBiHE, WMOCEBN: Rk
M EHBEFEE., mEFRE. BERTE. EERTRBTXE Signa 27, EHET
BRI{EA PR T XE Alltech AT, B8, BRER: AMEBEIHEE, HHRMXAH
" KOH ##i%, RERAULRA: BILER, LETHLSLE . REXE
K, BEl; Waters1525 BRBMMAIER, £EH Waters AF); 2414 mERFE, XH
Waters 24 58); 717 Bh#H#R, F£E Waters AF); Millennium 32 REH A, XE Waters
A®; HIQSil CI18V K%, H7A KyaTech. 27,
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AL KB AT i

4.1.2 EMEMEFTE

SRR AL ER LR KO HEER, KRETAZSET, REKR
FERABH R LB ERAFP), RANAE—2RE, BEAFRMEGIMAR$EH
BRI, REFAGE, F—ERERBREER HPLC 2t R -Y), WE. KA
FRGEHITHE, ERAABGEYEE, TEM . HEKEYERSBHEE

Yy (e R T AR, AW~ TERRWE 4-1 FiR:

i PO RALTIE LIRS
| B

i |
2 | wismm

b ot kot B8

[ A
BuE:s% e
T 2
Hith Wl
FiRERK. WS

YL
H4-1 EPEES TZRER

Fig. 4- Flow chart of biodiesel preparation

4.1.3 £ mmrHEH

YRMERE, AH, BEIR, REAEONHRTYE, FREDEHH K
K&, HESER, EREGERAMARHE B/KANEDERS, FENZEE 3000ml
A 1 0ml # 10%H3P04, KR ZZRMFENBRAMEAN, REHEEHFLLE,
EEH#TIE, REZK. RERHSINEDLHTER REIEHLEY5H.
4.1.4 YR MBI =Y — H Mgtk

REEHPA4EHRAOEREEES ST, KOH MILRNFRE. 2, HMES
HIZmTF:

DI —Z RN 500mL FA05E, REm, MAERENHHARESY, FEM2:

M HHRABREDTFMAEERATRE, B,

HFEHEAREY T MA S0%REBRERET PR, #15 pH E 5.0-6.0;
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4 ARRHCHHE LY R TEEHHRE

HIFPAEHREWETEOA BRI MEs%AR), B FE>2000r/min, B
&) % 1 Omin;

SyXHH8 H AT R AR 8 R AR H (98% A h).
4.2 R 5t
4.2.1 BRI
4.2.1.1 BB R X B BB E MW

MMERE EENERTR— AN EERNE, REKNAGERHH-BTE 3 &R
BN, A3 BERIEMIRRERA 1 BERH . BEERRME - RN, FEARME
mexiFRMEZEHER, BRIBMNFESTEZHHMBNSE, FESENIE
#nH, ANBAREGELE. WHTERNESH, SR8E, FRBEAE TEH
& PR A B R GIR .

FEREN 65C, HANBEN 1% wt, KNEEN2 hERT, HATUXHER
MR ERE, TEEE/RIRERPREERAEZH. FRWE 42 FrR.

120 ¢

100 |

g -

[£4]

S s0t —
= f——61
it —0—9:1
3 07 |—k—12:1,
sy )

> {—o—18:1;
w 40

o :

# gt

1] 20 40 60 80 100 120 140

#5f8] Time (min)
B 4-2 TE B th 3t R MR E AR

Fig.4-2 Effect of molar ratio on methanolysis of yellow horn oil

ME 42 TLVE HBEE R MR, MERNEENIR, HRAELE
HBBRK. FASHMmE LE, HIEM 1 6 hRARERME.

4.2.1.2 AN RN B RBENZW
EAAFEALIMMA B EYEHTENEHBRESE, B 43 FrAs 8w
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FALM KT -L ¥R X

MABRS AT ERMMBEEN 0.25%. 0.5%. 0.75%. 1%. 1.25%0F, 7F KRN 58
% 120 min, FEWILER 1: 6, RMEE K 65T, MERHEEF AR E.

120 -

@ —
% ==y ——0.25
,?5 —x—05
o —a—10.75!
o )

2 . 1 |
.y

! et )
i

0 20 40 60 80 100 120 140
#4 (8] Time (min)

B 4-3 TR AL BRI R 9w
Fig.4-3 Effect of KOH concentration on methanolysis of yellow homn oil

MWEITTBLE N, SRATBERY 1%, LRl aH, SRANNBAEE
0.25%—1.0%0t, EWsemmr-RiBRE, SHEMT 1%, PRI, THREIK
EB BRI R AT RARIEUANER, E8RNELERK. HETRNLH
MARRY 1%, FEXFHTR, SFERaTEAELEEEIRFREREUR
R, WTES~R TR, REC Lo, RNTUEH, #ANELSRID, BHE
YIS EGREAH, RAAERARFAED 1%, BETROEEIER.
4.2.1.3 REREN BT HRBRNEH

BEMEBTRENNEAEBELE, BEAE, SH2E RANBETRERE
%, RENEEK. BELS BEEETREA WARTEISK. ErHELA L 6,
BEAAFERH 1% RKEFEN 120 min BHERT, XXEET AREEXENRPES
ZHEW, RLERME 44,
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4 CERM MBI E T TEAABRL

120 i
g 100 "
£ 80 ’
G
- &0 ;—-:x-a:r' )
® =50 €}
; 40 b —65° C)
)
® 20

0 pu——
0 20 40 60 30 100 120 140
giial Time (min}
4-4 R[] BREXT RN B K

Fig.4-4 Effect of temperature on methanolysis of yellow hom oil

MEHPETLAE S, BHERENAS, RAEELERS, SRENEEREAS,
REVIRGEHERK, ROEEMIR, Bl £78, JBRAD STHRIKRHHLEL
£ 96%.

4.2.2 TATAR S B AL

4.2.2.1 A [ 5 B g R ) R AT 0 19 4 (0 B

LRNEEN 60C, BHEERILY 1: 6, #{LF KOH HEXR 1%, ENAFRN
i imin. 2min. 3min. 4min, Smin M 10min XHEEFBEBHEELTE, GE 45 57
a5 KA Imin #4LER A 72.7%, Smin 1 10min B RELEET 4%EAEL, R
ML FEEPFE.

iR
g

e sidmianis, + b o b e
|

Fifal/min
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Rk AP0+ iR X

B 4-5 SR o (R AR R
Fig.4-5 Effect of time on methanolysis of yellow hom oil

4.2.2.2 FRENAHEN BERBERNER

YURFRE R 60°C, BIHAERILN 1. 6, RFESEN Smin #HERAELE R
BN 0.25%. 0.5%. 0.75%. 1%. 1.25%81 1.5%4) KOH #4uR, hE 4-6 al%,
L 0.25%BTHA0E S 16.8%. LM RER 1%0F, HALEJRH 9%k,
HAHRABHEN, $UEREHBTIHE.

100%
80% -
60% -

0% -

B

20%

0% -

0.25 8.5 0.75 1 1.25 1.5
TR &/ %w

4-6 AR TR RN R AR W

Fig.4-6 Effect of KOH concentration on methanclysis of yellow horn oil

4.2.2.3 AR SR X RSB R K

MEEHEEREL A 1 6, FRUNVETELY Smin, #E/LF] KOH HEX 1%8, #EH 40C.
50°C. 60°C, 70C, S0CKRERMASRRM, 1l 47 FiiR, RIMEE A 40CHf, H
#iEF 853%, 60CHIFHRIAR] M%ih, HBESSEAMIINE, HEROREK, X
REARMEEEIT PRAAL EFPEANBRTRASOEMS PRELERRK.
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100% ;

95% ’?
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"
-’-ﬁ 85%
¥ sox

75% -

70% “
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®A/C
 4-7 AR B RNGRAIER
Fig.4-7 Effect of temperature on methanolysis of yellow horn oil
4.2.3 Y e EEHRIER

FafBRENERE N ERMHARRE, HEXEEDEMIFHE ASTM D6751
AEE L% MitrHE DIN V5166 HATLLE LE 4-1.

41 BHREYEME AR S XE A EmIRHE ASTM D6751 A4 E £ Y5 miz
DIN V 51606 H %
Tab. 4-1 Fuel parameters of XOME, ASTM* and German Biodiesel standard®

S5 HHlEPrsem ASTM D6751 DIN V 51606
FH (g/em’) 15C 0.882 - 0.875-0.90
HiBE(Cst) 44 1.9-6.0 3.5-5.0

#; {f(mg KOH/g) 0.5 0.80max 0.5

N R(C) 165 130min 110min

B & B(mg/Keg) 2 15max 10max

5% 5% (10%dist.residue) 0.03 0.50max " 0.3max

* http://www. biofuelsystems.com

B 4-1 PRSI RATA, EYEnR S BIEM, ELRS Sox. HAK
TR, HAbiiR S £ EAEEE YRR,
4.3 KENG
1. B T LA KOH AR, SCRRMME B MR MHEEMEHnTE.
EAHURBE R RS LR 2, S BIMBE, AR, RERE. K
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FRACHRAL KA A L

R B 8] AN K sk £ B I0E BRI R R (B . 4 B SO AT i AR AT RO i B
1 SN A«

LB R se . RIVIRREN 65°C, BEMILLY 1: 6, EUFARY 1%w, KA
@4 40min, KRFEFE K 96%;

ik EERAL: RINERER 60°C, EBEMAERHA 1. 6, HALFAERND 1%w, RNE
{814 5min, RNBER 9MA%LE.

B EIRFIBI RIS R T4, BB ERNRRE . e BB Mtk B 5K
WHRRAERS, BB TEHEMMNEDAKEET, mEEMEMETK,

2. HEESBENCERB MBI RN EY S, 2RETERERERMMA
R, SIREIRET EERNEYSEMRHE ASTM D6751 FI4E E i /4E Y15 MixdE
DIN V5166, EBi& BHRKERS SOx HIBA KT R*.



4iie

AVREGEBEARMEDEHBEOEM L, TRREBFAAREHEAYIXEE S
RSB ENEE s, FERRERTAMOT:

1. WE T SR — R E R0 7 kR W E Y s R B HI &4

faigH: HIQ SIL C18V H:(250 mmx4.6 mm LD.tNFf4E 30 mmx4.6 mm LD.), #izh
#: F®, #ME: 1 mL/min, FHER 10uL, FE 40°C.

AMEDETREERENERN, 2RARGMEEAER, HXRY R >099, kY
AFEHERER. BT, HRES. SATRMEDEMELNREMTRE, &
YRR CmEEEDEM T ZOFRIBETRE., ERNHTETTE.

2, BERARFMNEXLRERRFRK. REER, SHERRNGRRRUME
BOCE RS T A ER: BRRNERR TER 3d, WHSEMA 1.
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