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Lipase-Catalyzed Hydrolysis, Alcoholysis of Linseed Qil and

Separation of Products

Wang Yingxiong (Physical Chemistry)
Directed by Prof. J.G. Wang and Prof. X.L. Hou

Abstract

Alpha-linolenic acid is physiologically important in the human body. At present, it is
prepared through hydrolysis of fish oil and algae, which were catalyi'.ed by strong acid or
alkali, followed by separation and purification of the produét in organic solvent. Main
problems concerned with current process includes limit of raw material; poor selectivity of

catalysis destruct the functional group of polyunsaturated fatty acid. Remains of organic

solvent such as methanol in the product.

Flax is a familiar plant in the north China, and there is about 46% of alpha-linolenic
acid in the fatty acid composition of linseed oil. Enzyme-catalysis and supercritical carbon
dioxide extraction nowadays have acted as new techniques in the field of ‘;green chemistry”.
In this work two kinds of lipase as the substitute of conventional catalysis were employed in
the hydrolysis and alcoholysi.s of linseed oil, and the supercritical carbon dioxide as the

substitute of conventional organic solvent. The results showed that:

(1) The study of lipase-catalyzed hydrolysis of linseed oil in the solvent-free
medium indicated that the temperature range of activation and deactivation of two lipases
employed were different. The temperature for catalyzed-hydrolysis by L-lipase is lower
than that by N-lipase. As a result, L-lipase is more suitable for the hydrolysis of linseed oil

in the solvent-free medium.

(2) The study of lipase-catalyzed hydrolysis of linseed oil in the high-pressure
carbon dioxide medium indicated that for the optimized reaction condition of hydrolysis,
N-lipase possess the higher catalysis activity and wider a.ctivity tempcratﬁre range than the
L-lipase. As a result, N-lipase is more suitable to the hydrolysis of linseed oil in the
high-pressure carbon dioxide medium. Interestingly, the optimized temperature ﬁf L-lipase

in the supercritical carbon dioxide is 37 “C, which is 2 'C higher than the corresponding
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temperature in the solveni-free medium. And the optimized activity temperature of N-lipase
in the supercritical carbon dioxide is 50 “C, which is 17.5 ‘C lower than the corresponding

temperature in the solvent-free medium. The deactivation mechanism may be related to

hydrolysis decomposition of N-lipase.

(3) The study on the preparation of ethyl alpha-linolenate by lipase-catalyzed
alcoholysis of linseed oil indicated that the optimized linseed oil/ethanol molar ratio is 1:3.
It the concentration of ethanol below this value, converation of triglyceride is inadequate.
When excess ethanol was added, part of the activity of lipase losted due to the formation of
complex between ethanol and activity site of catalysis. Furthermore, the Lipase-catélyzed

alcoholysis release preferably the short-chained saturated fatty acid ester.

(4) The study on separation of fatty acid ethyl esters indicated that urea adduction
could separate the mixture of fatty acid ethyl esters into two groups, i.e. the saturated fatty
acid ethyl esters and unsaturated fatty acid ethyl esters. Combination of supercritical carbon
dioxide extraction with rectification can separate fatty acid ethyl ester from the alcoholysis
product mixture. But the efficiency of separation is poor when dealing with the fatty acid
ethyl ester such as ethyl linolenate and ethyl alpha-linolenate with the same carbon number
and different double bond. Supercritical carbon dioxide extraction combined with chemical
adsorption by silver nitrate supported on Al;O3 column can separate the fatty acid ethyl

esters efficiently. The ethyl alpha-linolenate with purity of above 93% is achieved with this
method. '

Keywords: Enzyme-catalyzed; Supercritical carbon dioxide; o-linolenic acid; Hydrolysis;

Alcohoylsis; Separation; linseed oil
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a— VHRER, %4 Z,2,2—9,12, 15—+ /\B =&/ (cis-9, 12, 15-octadecatrienoic
acid, B¢ oo—linolenic acid, 4854 ALA), AN AEILHE N—3 RF| B M A B R
& (polyunsaturated fatty acid, 485 X PUFA). a— W2 TR A CisH300:, 7T
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EERPARE, Bl THEN: 75, WA T AL E R AR K =M
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Figure 1.1 Configuration of a-linolenic acid molecular
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EFGHT A AR EYRLERSY. Ha— TRHREBARELAKAR L, BOMIR
EYHRRN, BAKLFERPE (Essential Fatty Acids, #85 % EFA).
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BETHE N—6 RIEIBREANEAREPERN,

HAi, 77 Bo— BT EZEEGRSBEMLERR 5% HH=RBHE
BOE, KW ERREHE BRI E. ENIEET: RARMELSMHH
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Table 1.1Comparison of the properties of gas liquid and supercritical fluid

IR Sk A s 5 o W%
| (Ambient) (T. P | (Ambient)
B, p 06-2 200~500 ~600~1600
(kg/m®)
#h 1R EE, 1 0.01~0.03 0.01~0.03 | 0.2~3
(mPa.s) |
EFKEE v =1/ p 5~500 0.02~0.1 O 0.1~5
(10°m?/s) |
T ER.D (10°m’s) 10~40 0.07 | 0.0002~0.002
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REEE, AT —RCE N SR AR R R AR B O Ak 264, TUERIER —E AR+,
B RN AE R R . HXAEEES PR AT,

ZEUBRBRTSE

s R~ EABRAT Hildebrand M2 (8) « HKBHEPY (Logp, Hf P X
RSB R ERZ BN TRERED RABE () SiptEx B A B LIE R RS
E—E¥W. Vermug MHPRAYy, KRB ARSI SISAHGEER, BREILETE
A BB BB KRR RIE. X RSB ERNTE T, Vermue MH 231 T AN A
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IR /KSE LogP < 2 1f, BELTEAEAMEMIENE: & LogP >4 1), MERIEALTETEA
W& LogP /v T 2 Rl 4 2 [almf, EREHEALIE VIR SN, &% KFRm a0
LHX—HEM T NBRMAITE, G8KRW, N THHERSIETREAMELEELK
R, B K i Y S I 5 A N B A L B Bl AR R W R R A&

IN[Vuee] =4.187—8.318( ¢ —1)/( & +1)
Hiaw .

FRFIT B LR e B WA, — 4, mlkEA —ghE R mALD
BIEH (nEE) , REREW ARG A A ALBRAAR T, BT IR A R AR RE T
MmN ER: B —FH, MARKBEANTTUSKEEER, SEEEAEEN
MIHORIE R A3k, FBREFRERERSRER. Bik, NT3EHeng R
Ao —EEHEM A,

Rz SRR |

RYIFE R AT BB AL AR E E I ERNER RN T, BALENESY
BRI IR AL R AR R A, SRR B PR B R Jackson M AMIEE A 7E3ESE
52 RS8BT T I 4 R A O v M 00 PP AR S N, R R B [ F1 433 A 50 °C
24.1 MPa, #5E %, EEREVLENY S u Limin i, BEEEBIBXE, 25K
B 57 1 B R AR TR M . 0 TR bk . BES  FIRRAR S5 RN KR, 2%
IR % R WIRF |

=] 7E ¥ B H # i

R R A R R AL R S R B RSO S . BB LR RN T
WMok t, FRENEATE, MOBNRK. N5, BB
Wi BRI C R, — N, ZECLR, B T R, B
fRe \ USIpTgy e p R B R O A T RO PP S 5 T RS (O BAR R U, LR T B Ll P
R ISR IEYE, AR HE BRI EE R T 25%. WA,
T 5 LB A B A AL B M B PR YT, LR TS K B0 06 8 A T 1 K 5
VRN ERATEAR, TR BB M A AL IETE .
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1.4.3 #Blia R S Lo PEe L /R 3R

T o A A LR Y A TR S04 W F 1985 4, Randolph % A ¥
Hammond %5 A4 B4 52 T B REMONG . & MYE LB ARG SV 0I5 v, T i
T RS L R PRI R P AT O AT Bk . % 13 R LURIG S S RALEE N AR B
A ROV ER RS, FORERL. B, EORR AR MRS B B N RV KAL,

2 1.3 AR SRR Pk B Ak ) ) — S

Tablel.3 Examples of enzyme-catalyzed reaction in supercritical carbon dioxide

IINEFi] 37 BECKIR) B RN &4 I 2% Uk
T VR I W A UL 31]
K it |
7 B (Mucor michei) 24 MPa, 35T BN, ‘}}'ﬁ—‘f)k‘l—li.
Hydrolysis  p-iiWMRKRE  WIEHmee BEAN HRWEE R S (48]
| 10MPa, 35C FEMRLENA R
g A - BT R AR 130]
oy GEEE EHZE 36 MPa. 80 C RRE. SrE—ikik
Alcoholysis T A X TXBMEEEL 27
2. Z. Wi+ 1R LT
10 MPa. 60 C FE By K
Co~Cy B2 1t - KB+ - T Ry Y IE 2 AN - [5H
BB I I M. (EPA) 10 MPa. 60 C I RiAE TR I
Acidolysis | pLits T | [52}
=W H hEE- AR iegilli A 7 B R R BIAGK
10 MPa. 60 C
YRR - BRAR AR EERN bu)\_ﬁTﬁ\ RTREH 3]
Oxidization h  PEHAE% 10MPa. 35C T it B R AL
. s ) 54
WERRY emieme s SRR BERCRABERY
Tms:?tmﬁ‘ ik 42 Y R (Mucor michei) 10MPa. 40 C  FiiEEMBL &) E=Y
cation -

144 WSS = E B DB 5 R B0 R

RIS 5 SRR T B A R SR U8 T IRGHER, (A3 — R B
R, B, BIERNIL, SIRAERS7ER T LB e AL F A e
LR, BA, ST Z SRR, A SRR R K.
FALGEREY, AR SEIR . Kamat SPETFILSE T 4R8I REAI2- 2,36 2, B0 ] Sy

-13-



WA L0 R A 7K . AR SIS R F= 0 4 88

W PERT BB, A TR S, BN UL R —F B R, B
S AT T B PR T AR 7 5 B0 B 7 5 pELE B8 55 6.4 T o 1 S P .
SR, (ERE KRS . B, ISR — LA 1 AR i e
MRS, AR T — .
1.4.5 IR = SRR LR RS

HRT, HE T R BB R R R B R LT /EBRAL . AR JL AT
. R, KEXREREARY, SAEARRENA T, BIER LB
e Sy AL B A TR T 4R RO ER . TR N T £ FE S R A TR
s 2 BB B H R AR B T E B L, BN 57 AL o R B O —
ST, I BRI R R R O T R 2

ETH

1.5 BB R AT B iR A

HHT BRI Z B AT ITER o A B — B EROR A & 2 B EORB
KK,

1.5.1 §—o B
{38 4 g sE ! |

(IR &5 yEF BRI T ARG IS R ER B B e AT L e A LB P BRI £ 7
MIHAT A —REOLT, TEIRRAE A YL AR VIR BE B BR B K B 3 I T
N, FEAUERBAIE N, B4, BRI ABREENERENTE YRS,
B RS PE BT B S F A VIR, 80 MR 5 sl A ot v ok v B 6 o K B I MR S
iR RIS AR IR, MRS AE R AN S AR . LFRRA+,

AEAZEREHNEVEN. RESRETEERGEY, BEFE, BAEEMKCL
BHPLER, BERERBERREEMSRE.

REGEEE
REASER-HBREHNENAEHEIRBLEYIETE. HEEY: R
ENTHEEIIEN DGR, B0 S RS YT BB E B a2
H, Rk, BESAMAEMENRELEDHBRIRENREAEWHE, HENHR
BRIEHRALEWMNTRS SRR RAEY, 1Bk i s S A RS
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Ui 5 IR £ B &Y, RS RIS T SR @ A 0 2 0 A A A i B K AL G .
REMGIFENRZERBERNREAROPN, &RREKIE RENERE,
B8 . A, A TRESRE, TRHZKREASE. REQSHE
PURABAG, DEFIHEE, (FAFLE R A R LUK U BT B BB R K A T

SFEMAO

S TREAR TR, CRMNATRRYFRS TEREZE &I FE Y
RS, XA SRS ROYPRHER —HORA T RT S B RBR . 27 7RI R e
BATEES T3 A AR PR EFT SRR RYRS S, HENES. FHANEE, F
ARSI SN A ERER R SR BOEY R, KT R T ¥ SRR T A
et AR SRELBIER 4 T AR S B IR T £ AR IR RS KO BRI 2 B R
&), 8B T S84 S0~90% i) DHA 1 EPA =&, =534 % 80%.

PR RE AT

I HRE T8 R BB T SR TR B R B e — R AL &Y, i
RUERIRREE. M. B%. HAURR: BREORE « SUERSR s gk
o FEALEE, FIRIRE d U SHRBONSRINRR « UL S, A~ xR, B
LEPAMER, SRR A YT 5 R T R R AL 4 A YT 5

FULEWAE, TR YRR, BRMSAWEaRE, 4 BNEAN i
i i P |

2 N7 B AR AN S B B AL S i TR B R 95 T Ref 88, RHLRVL S B B A 1,
Re MR, BNAHMEEETL, SALSYTRERIEEARGESE. Rk
AR, B ARAR, LT A=, |

HB I R ZEBGE

His RFAEREN (SCE) REFERRBEXH—MRFHIBHER, HEBVEA
MBI A . I TR AR D [ R 5 o R 9 B IS A SRR A S AR
s RAAE TR IR R KBRS THARI ) B B . SEGHEIUTEML, BT
s A B BFRIE TR SR EE D RUE TR 8he . B BORE A
KT B, Bin TR ARER Y IER SRR FEE 304.19K, 557K ) 7.38 MPa)
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i SR R A E TER IO RERGY,  BUREOTIER HIE A TR i 5 B ik
PRI 57 15

Liong %3N 5 T A IRIRE R ) F % R B ID BR 06 715 B s 57 R A B T (O R AR 1
ORI & e RO R AR B0 BB B . A, EHRIAEET,
KT s 1 5 T P LA B R G (O v A K A R O 1 i i R T T
SESUR BN D, BB ARR R, Wik, TUKS: BB
BT A5 305 B 22 MK B 8, (BARA BR K TS AH T I B R 4 T, IE L4
&AL TR AR

152 HE D EHRK

BT PTIR: NS RS BT LA B B K R R SR B R R, L
Sy B AR AR R T A WA ARSI &S R AT Y . 4881 5 7 A2 BRI A i
Mgka, WA TTHERRS BEACR, &R ASH B AT BRI — LA,

BlsRRARER-KREEEE

Arai K.BIT 1986 4E42 10 IR 4041k 55 4RI VR AR TR 45 & M ARt o 32
4 EPA. DHA. WHIFiE, JRES GRS T i HOR AR S B R M B L7
1, IR SRR A MR IAE T R R S . I, WP S A K,
PRAATI AN, AT 72 5 R0 B 2 B AL RO S 6 '

$RIS SR 2 ER - _

1984 4 Eisenbach®HR BB AR AEN SHBE ST B EMA RIS,
FE TN R, REBERENE LM, ATRERCRE. IR
T ALBE R SE TR R A SRR A R, SRR R RS, RIEE A
EA AT HEE . T TR BRI AT R s ik, WA, WA R NA
A Ay B SR T R Rl A T4 134 . Nilsson 2017 Eisenbach T /EfE:H: |-,
% LR RET T EoH: B AR B RRNEER, BEL TR A, B
IR FEBERE, FFLLMIE R T MBI kR,

BBIE SRR ER- RS T EeZ
RETHSEEETARBEEARIR AR 8 A&
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D ARG J ok

B RERUR RERCAr L ABR L7 B0 e IR B AT/ 1. P, BB TR AEES
B B A AERE R R AR R A Y R B EEITRETRN L Z %
.

Tatsuru ECHITT AgNO; /KIS A FBIG 7 EALBEIF 01 M b T 4 3
CLEETYEZE EPA. DHA MWN. SRR, 24 AgNOsKEHR 5 MEF, ST EX
BN ABRMENRESH SHEFRBE YT SR 2IKAEY, w4 AR BB
N3 E e, R e HB A ALK A R AgNO; /K4, 3RE T 90%LL L DHA.

Sakae 2035 AGNO, BET WS, BIIARL, BAWT 40 CHT, 5B
(1R TR A R S — AL A B b T . AR TR AL £ o R
B AT, RS54 T R AR S D R L B R T S R R
MR RS RSR, B4, BARMAAEH EPA, DHA MBS S AN FHBRET
Ve AT B EAE A, B RS IR PR I ERAT NS TRk AT K IR BT 5 A B ) EPA,
DHA 4 SIZEBUH R, B4 BME.

1.6 ZHMEMXIATAR

1.6.1 iR H RIFIE X

o— WREEE N—3 B5 S MR ME AR B SHESATER, BA
kB & Ager-4, Wﬁ&%ﬁﬁ%miﬁﬁx, BABL TR (Essential Fatty Acids,
45 % EFA). R, REERRESHERTSE, R AMAHREN LS.
AR RS RN EAE. 55, EFBARFEREGRT, HT N6
AU R S B, EULSBN-3, N-6 A S IR MR kIR, e
NAEHRRE. BEY A RBM TN — BB S R ERMA RS N3 R
SRR,

B, o— EARSEMTEAIHRLR XS U ABNEL SRR, oY
i A LT & £ 4 o RO ST R R FUPE S U AT K SRR, MR . TR
R, ERETEM TR, K, NS, LT, HR. 5D
AERRA, BT, SR, TR TS AR RS B U A
A4 Hfo— EHEBRA SEEBBEHRSEN 46%4A0. Al LEKRE—FEN 58
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RIS, SRS RET, SRS ERGH (GB 8235-87) . MR
A RS RTINS BESITE 21 0. TKZE CGHHED, Josomaiy

RAERATRME (HEXT 99.0%); Z8B (o8, REthEdm—T #4E ([iE
KT 99.0% ).

BLLHL ( EEEREREET S, 800 B o mEhiEES (AR &
¥, JBSO-D B, B R (LSt 38) #l#, DT-100A &, ¥R 0.0001g).
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Table 2.1 The composition of fatty acid in the linseed oil compared with literature.

WHRER, % EAGRE, % R, % IR, % o-THREE, %

)4 ik 6.38 4.66 26.34 12.21 50.51
i A A% HY 5.42 4.04 25.14 16.44 48.96
23§“§E

PRI 2 o R A KA R SR A0 2.1 . R IR A R
BB RS, ISR R |

L
i e
by 7, v e e e A

B 2.1 % FR JGH 0 2R B A TV T AR S M 3= L

Figure 2.1 Schematic diagram of enzyme-catalyzed hydrolysis reaction in solvent-free system
. EERAE RS, 2. BrEes: 3. RMNNES: 4. WRAEE, 5. TniNEk

1. Water bath equipment; 2. Stirrer; 3. Reactor; 4. Temperature-controlling equipment; 5.Heater

2.4 2%

2.4.1 SEISHRME
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BT H IR AR AT T RMHIR R L

RN A, S R E R, AR R NREEE . R LB R LRI
A BN, BRHCBER A ETUE . TR E TR E T, FFIREREREBRA 80 T
At 2 min, MAERIEEARME RIS, BIERM. B0 BREARNEE, MR
KR, KRR RS,

2.4.2 RN E

WAL R 2 AT IR Y, R R A TR

TG + H;O -~ DG + FFA (1)
DG + H,O =~ MG + FFA S (2)
MG + H,O = GL + FFA | (3)

,wm1n=ﬁﬂz@;matﬁtﬁ%hmeﬁmmﬁrmﬁr%ﬁamﬁ%@;
GL: ﬁ%s}

o5 R A R HalA R, BRER RN RN BT, R
Wk R e, SR AR R RS .

BRI RR A
TG + 3H,0 —~ GL + 3FFA ~ (4)

24.3 DR *E

KRR RIS x (%) BRI R ool TR B A E, THEARIN T

By R ><100=AV/S.V*1{]0

)= ST

K. AV(mgKOH/g M), RMNEEF EMMEN (Acid value), FTNHHH:

_ V x NxFﬁﬁ.i
W

Hot, VSR R R B L AR, ml; N RREUL R
WepE, 561N RRE, WARSER, o

AV
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RO AL T RR A . RS S A o il ot

SV(mgKOH/g 1), TERRBIFIEALHT (Saponification value), tHEH AR T

(¥, -V)x N x56.1
W

SV

Hy v, meekydid BEEE SRR SEREEAEE, ml Vo W
ASIEE & A SR E B RS T FE R RN AR, ml. PrAlma
= EDCEBIE, 5193 mg KOH/g .

25 HERGWIE

R R PR AL AR AR R NV B e R B %, WK/ IR EE R
. e E. RNEAES. AL L-lipase il N-lipase AR, X Eib KRBT
ARG

2.5.1 L-lipase 48 1.7 89 7 5K e 7K 88 5z

Bz PR EE R EE

i S 7K AR R R P MR L R S e R R L R M B A R Lo 7K/ SRR E it
B, BBl oK RESETA S, B 22 BRNEE 33 'C. L-lipase
HE A R ERN S wi%elt. AFE7K/ERRMERILEETRSRBER.

——3:1 ~— 10:1
—A—20:1 —0O—30:1

L _* [ + i 1I_ q | i _‘_ L
0 t 2 3 4 5 & 7T 8 g
IR / h |

B 2.2 L-lipase A fiEALAY, AN S PIREAKEL AT I A de 4 R
Figure 2.2 The relationship of time-conversion at various molar ratio of water/linseed for L;]ipase

ATUES, EFREENTEEA, MEK/LRRMBERILEM, KkMNFELE—]

-26 -



oF T R O HETR A R A A T Bt K R 2 DR

{855 F TR (AAKAERRI LGN T 2001 (BERED) I, $54LE FFHRGE: S4EL/
5L 2001 T, B EFHER. AR S RE AT, KR BRI T K.
TR 3E R AL A L, SSUKMRREEE 1 7h, RN, 2R Be s H v o)
M TARRIK AR, TR B A R P R T RSEHEAT . 24K/ 0 B v E 1 2
it 20:1 G, _FAFAE BRI A S EEARE, SR AR RS, 8
S E K A B 2R WIS K, RN RS A MR 2 M RS B T 8
R LK, KA SO % SR AL R BT, AK/TE R L 1 2 2 30:1. |

Lt

BB R HL R N L EMYBRERNEREZ —. B 2.3 RRNEE 33
C. JK/FERRM 30:1 (BE/REL) . ASF] L-lipase B &4 TR &R,

100 _
- -4
80 + ) e =X
S 604 . L
" R
T 404 -
-y | |
—X—3wt% —O—5 wt%

—X—T W% ~2— 10 W%

e
0 1 2 3 4 5 6 7 8 9
RAVEHE] / b

2.3 RV 33 C. RMWIREKRLEE 30:1. FF L-lipase &M FROLR LR
Figure 2.3 The relationship of time-conversion at various L-lipase loads

ATLLEY, ERMNEBER RN ER LS E AR T, B L-lipase Al B /914,
FE ]S ) 4 ) S5 A BB ARRN 8 N . L 3 h B ), L-lipase F & 3 wi%lit, #4k
NN 41.4%; 4 L-lipase FHEET 7 wt%it, HALRNFIL 62.2%. FHLakgs5E RN
], 7E— e P AT DU N KRR 18 LB, (Bt B g R e A B S v A1
KARAD Ae T BB T2 URDIR YD, 23U Re i8R 7r B R . Fiob, KRR, TR
B B AR B, B, 3B IH L-lipase I B b S wioodiAi.
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F iR

B M A N EE R E Y —, B R T R A R
B, B, ARSI, B, TR R R, &
MR T M IS FE % . Mittelbach. MUBZERH 4T T B HLEE I Mucor miehei g A7 8 fi (L
1 2 5 2B R SR S 1 L T G RO T MR RV 40~70 C.

€l 2.4} L-lipase FH& A 5 wt%. ZK/WRRM 30:1 (BE/REG) . AW RN a5 b
EEAL L ERRR, WUB, 7ERE R Llipase HERENEM T, KA bl
%, SCERE, R RIS Y, BUEE 20~33 CRIEK, HASRH RS
SRS EF, BUITE XK, BT E R TS DRI, YR BA R
R, SR BT, ERB&E, METTA TR, SRS T R M
EE, HAEZBI R, HEN 0, MEEME O SR EEE. NERERTUE
W, L-lipase {4k 7 BRIt KR I B KVETEIRER 35°C, AEeRITFEEN 45C,

BO.L
70

I ——6h —B—8h

—A—4h

o-[ T e e ;
18 22 26 30 34 33 . 42 46
RN / TC

M 2.4 RNVALLH 30:1. L-lipase H & 5 wt%. ARIRMNIREFA FRIEALEY
Figure 2.4 The relationship of temperature-conversion at various times for L-lipase

ORI kA

K /E BRI BEIR BE 30:1, FROVEESE 35 °C, X L-lipase & FHH S h, B NEE
GBS E, WEEMEST, E, RROSEEERNT 28 HHEMLEE
R BT R L-lipase fE 46 VE BRI K B BT
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2.5.2 N-lipase A 4 {£ I B I 5§ e 7Kk B 2 e

IR R LE

WA, TERRIM KGR R LR o R N A R LR S e N L R B R E,
i 2.5 B RNV N 67.5 C. N-lipase HHE N 3 wi%lth . AR 7K/ M7 FE i B8 /R G R R
eEsk. ATLAEN, EREREK/ERMERILEEN, MASERMI, #ihk—
TORFF EFHES. HEPEHNERTE, JARNMYBERLLY 101 HERME 30:1
N, AHFE R AR AR AR &, T EREL D 30:1 F1 40:1 B, BELRILAHIR,
A BRI R MIREET: —HH, ARPEEMKEINT K. TR RIS
FEALLE, MRNERE—EREER: B—HE, HTliEKERN R4
AKAE L, SBRKITEEREA R H M, BEEARKARNRE, RNE—
ERMEHER. BE, KBBNERETRNGRPEYHB=MBSBHHANSE,
SHHNLEE LR, X RAER LB, G/ ELB T 30:1 /5,
PSR EATEHBEE, %R EFHEHWE. FACEXERMEER, K/
VR LY [ R R 3011,

2
e
<
po

20 I —— 10:01 ~0—20:01

0 - 30:01 —3— 40:01

0 + t | EEneS SUNEEE B e e n
0 1 2 3 4 5 6 7 8 9
- RMNEE /h

B 2.5 N-lipase AL, TR/ AR AR L (1SR 00 45 R
Figure 2.5 The relationship of time-conversion at various molar ratio of water/linseed for N-lipase
i BIL R HI A, N-lipase 2 RE LAY 1,3 A% —HASIRE, HAE 0 AR K 8 /= i
TPk 1,3 ﬁJ:EiJEE%, A AE K W R R B KRR R b 66 % . 1B 2.5
PR RIE R RNYERILKT 2001 5, KERNEARSET T %5004
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B L TP R 7 % . W o Y A P g

HIGRAT, RELAEG, di~=gHm s, Hlaias FAEET B AL (240
MR RSB R T a2 (1 G280 3 A7) BINGHI MR AL F xR . HiEE T
fr LR iR BE A RE RO VE R KD, Lk Vit o, BESS, B AV EHIHENT &R
e o ALIERS, FEHE N-lipase fEHOKBEBTEL . R LRINZIELUE R N-lipase #E4L
KRR 2RI, HREWES M, HEAERE.

A=

K 2.6 R NAMERIREE A 30:1 . RGBS 67.5 °C, AN R B8 i) R AL T N-lipase
FRELHARY B R, P ML 4h 2R RN 4h 1K N-lipase HE S
A2 R dh4 8h R KN HT{B] Jg 8 h BT ) N-lipase B 5 L2 KRB, LI
% 4h K8, BTLAE U RO ZRBE N-lipase Fi B3N #Z# &, (EBAE R FR
— @, A LR RPERET: SRMNARY N-lipase # L & & x A4 #
W%, HMRETHERNERFAOEE, BETEOHRBRAEREMEE,

95

» L1~ b
2R
. T .
H# e —X
> 657 X |
* ' ~X—4 h

DT | ~{38 h

0 1 2 3 4 5 6 7 8

N-Lipase Al # / wit%

2.6 R IAEEIK LG 30:1. RIVIRAE 67.5 °C, N-lipase H i L L E X R

Figure 2.6 The relationship of time-conversion at various N-lipase loads

5 12 im P

iR P A2 e O JRR Y K Aot S TR R R MR M L R E R R R AREE, WL
AR TE R I LSRR, MR EUNVIR SRS, W/ MERE 7, BT KR
RREAT. A, X TEEERN, ENEREMBHSEEREREEY. B 27
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B 1A% T T A AR P BRI AL T BRI K R e R oL

FEK/ T BRAH PR BE 30:1. N-lipase Bl & 5 wi%. AR RN Bl &4 T MRS AL L% X
#K. MWETETELUE W N-lipase B)iEVERIETEF A 45~75°C, B AEIEREN T 2K

TR Tl 67.5 CHI 80 °C.

90

80 4
01T
60 1
50 +

ik /

20 T —1h

40 "Ir:
30 T

60 65 70 7o 80 85

B Wi / °C

B 2.7 RVAELE 30:1. N-lipase HE 5 wt%e. AW RV &M MR ERK

Figure 2.7 The relationship of temperature-conversion at various times for N-lipase

2.6 BFNIEAAEEE 1L BERY LEEE

SE O AR BT P RO PR RS G B A ORI R R T B e L TR e E Y

WRE

FALH B B R R T AL AR KA B ) [ RO B AR ZE A K, B R IR

RJE 0 B B K R RS A E

2.6.1 EALHMEREESEHE L

o BT S e A AL E AR K AR B AR ROR I, BRI LG, RRRTEEH 8<%

Hih&MEmER, RMNVBENBYZREBELEENRXBER. XHEHBHALE
M5 RN LA R T e R, TR A SR I M 8 7K AR S B B e A 2 R M e B A HE AL

PEEIG. % 22 F1K 2.3 &4 HILA L-lipase. N-lipase AL, AN S M a) T s
et ®, WEH: Llipase AL AR MAKSE B R SIS TS E X 20~43°C, BAFENE
B4 35 °C, ERRIEREA 45 C; 1M N-lipase ME B TEE R 45~75 C, ®KAHE
PEE RN 524 0B B0 67.5 CHIB0C. BMISHBAL LR ERMBEET:
B, FMHESTRNESHESMETRR: £, HF N-lipase REELER, X
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BHIRE TN T R BN Sk, ERZPFFN T o B HIERZRIRG, &
HAEMFEE F, RS JLEER.

* 2.2 RIVIRIEXS L-lipase fE4L I /K 87 R FEFE (L3 R 550w °

Table 2.2 Influence of temperature on the L-lipase catalyzed hydrolysis of linseed oil

20 C 33°C 35°C 37 °C 41 °C 43 °C 45 C
2h 40.0 45.1 51.4 50.4 474 29.2 0.64
4 h 47.3 56.3 64.5 59.3 58.0 33.2 0.64
8 h 56.0 63.9 74.8 67.7 65.5 38.2 0.64

A AT VAR KEL 30:1. L-lipase HiHE 5 wi%.

M, N-lipase FiEHERECH .. SRAFEHRENTEREERHEIIET L-lipase,
Beh, MEFHHEETUE Y, MHRRIOAE, CERUER RN RE AR
B e RN P, SRR 5 IR R T S, LB KX a4 S
MG MR FES D RTT, ME AW RE. LEEKERREHEEN, e
B ALIEYEL S, 25, MANEEOH STORER, BN 0 XHA%S
LB = G5 TP R IR, IEEs 22k 205

3 2.3 R VRSERT N-lipase #E 44 19 W8 i N 240 R A 5500 °

Table 2.3 Influence of temperature on the N-lipase catalyzed hydrolysis of linseed oil

45 C 55°C 65 C 675 T 70 C 75°C 80 C
Zh 40.1 47.6 52.3 54.3 52.5 12.4 0.64
4h 52.1 58.3 65.0 67.0 64.3 17.0 0.64
8 h 64.5 70.6 79.1 81.3 78.4 24.0 0.64

i A RIVBESEE 30:1. N-lipase H & 5 wi%.

2.6.2 BREFXWNLERILR

X 28 RELTHEFBERT, RNYIEE/RE 30:1, g8 5 wi%olt, PBFASHY
o A EHBEEAEERE T LRSS R LR

Heh gh 48 N-lipase & 7~LA N-lipase A@{LH), MNEBE 67.5 CHFLRER, i
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£ L-lipase &7~ LA L-lipase WML, RMNIEEE 35 CHRSLEER. TTLAEH, AN
HI B R AR AT T, AT 3 v 7 ot A A T 18 LI SRR e 7K A S R B LA R
I W 2 (B LA L-lipase A8 1k 7| B KR B N 5 B 20 e I 1+ LA N-lipase Al 4657 9 [z 52
WA, Fi, ST RER T B AL I RRIH K8 S N, L-lipase 2% N-lipase 5 %
B AL

i ~O— N-lipase
30 T —{1— L-lipase

#HE /%

JWIE] /b

B 2.8 St MALAR R &, PR AG U L TP Rtk R R 4 R
Figure 2.8 The experiment result of different lipase at their optimized reaction temperature

2,7 BIEATE S ROBERGESRO S 5 R

AT RRAER R ELE AR P EAEREKE RN A REE, R EHT
L-lipase £ HELKEZHT, HE 45 C (RNARPRSRIFEEE) AE 240 BN
BEALTEYE, ZET1HIR 80 °C (RNAERPREERIERE) L 240 J5 N-lipase K4k,
. |

& 2.9 P iiHiEk A 3R L-lipase A AL, RINRAEE 35 °C, RNYIEE/RH 30:1, A8
it H & S wihelf ISR R gk B R UUE L, HiR 45 C (RNGRP L KTE
W) ALEE 24 h J5H L-lipase MAEH, 76 ALEALTHRRER. MLk C &5
L-lipase Ak, RMNIRE 45 °C, RNYEE/RE 30:1, JERBERE 5 witolt fysLs
R . B 210 4k A o N-lipase R4, RNEE 67.5 °C, RNYEEREL 30:1,
ASHTERFR B 3 wioeh (OSCH0 45 5, ik B ZmbAIE . 18 80°C (R RHoE4 %
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B (L TP BRI AR . WS W A 4 B0

FRELE) AL 24 hJEH Nelipase HEALF, 76 A G 4H FHRRLER. ML CER
N-lipase WAL, RASIRME 80 C, AMB/RLL 30:1, REWAMEIE 3 wioahf s
G

AR /%

0 1 ) 3 4 5 6 7 g8 9
FNHEH] / h

2.9 REPRA N L-lipase BE4L W ¥tk iR R it B8 ELEL

Figure 1.9 The {tazéiyzg capability of Llipase at different state in the reaction of linseed oil hydrolysis

90 e —

i
15 A -
oyl 3 W

® 60 sl
= o | B ’
30 ¢ [ e |

15

!

RREME /b

& 2.10 FRFRA I Nelipase AL TR S FEHERE ML

Figure 2,10 The catalyze capability of N-lipase at different state in the reaction of Tinseed oil hydrolysis

GiE 2.0 508 2,10 R B W LE R, FRERSESEEAEET. DRE
P R e A e FEE AN 24 h S, ZEARN I B L A T M 4k AR MK R
&, Lefipase 0S¢5, T N-lipase HMPAL IR B IMEILENE . EBRMSHRES
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%mﬁm%&%%ﬁﬂiwﬁ%aﬁ%,:%mﬁm%$ﬁ,&mﬁmemﬁm§
4 9.2%, N-lipase S7K BV 4.4%. 4T L-lipase S K ER &, Bk, FEHFILTF, U
HLAF RV AR R R RL R 58 A KGR AL EERY , L-lipase ATAESX R 21 1.5 45 M3 Fh
kS EHskE R, 7 N-lipase thF 8K BAHME, Wb T RAE BR&SHRIILE.
HAH—ADAT R R KNTE T N-lipase 20 e b lEiEE. TR KE RS T, Hik
RTINS FANEMIERRS) . SR, 298 TR, 05
M a— BT IR, N-lipase b EMBAZ RIEL T LLRRBAHTLIE
M, 9 TRERIRE). W30 Ba—ERHTiASNR, BEEDOsE R LR R,
N-lipase /£ 80 ‘CHI RN RS LKL, Wit 5 RNERPRKEES S8R K

2.8 &

B BT RS 8 T T MU R P LT R R B SR R, 3
L T IR AL R = H LR PE I, 45000 F '

(1) TBEFEFER T L-lipase EALHI VBRI K B, & FEME, L-lipase A&, &K/
7 BRI BE SR EE 4y Bk 35 °C. 5 wi%el 30:1;

(2) FTYEFE R F N-lipase 1L FIE BRI KR XN, EHIRAE. N-lipase HE. K/
T Bk EE R E A5l R 67.5 'CL 3 wt%® 30:1;

(3)  TEARREBIBAESCI AT, TEHET VR TR R R A A A ) T BOR K e 1 R
L AH 7] 0 R 0055 S R A5 1 “

(4) EEETALEET, HT L-lipase, 187 45 C (RMAERPREERGERE) &
H24hJ5, HELEHEREEEE, AT N-lipase, 1HiE 80 C (NMHERT
EERIERE) B 24h )5, m&&hiﬁﬁmﬁﬁﬁﬁmﬂn

82 3 wk:
(11 BEBEWE H C MM IE B TR LG P ERE LR 1990, 223~230.
[2] R WY o — TR 7 BHed, PEEH: CN1162009A, 1997-10-15.
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H A, &R B AR N A TR K A HLAER (TIED. F 4e%). Bl SRk (S
B RACBR, SCCOL) ot T WUISLEAK VAR I/ R B2 0 e 6
LK RS TR OB A SV 3 T — e ST ISR IR A BV o
WS IRFF BULT HOREALEYED, DR AT P LI RUR B A BB RSN TR AT
BRAAEN R H—, BB AR IR A R T RRGE MRS, L, Wi
SR T = @R, W @ERG" THIAE: 550, HHE RN
A K S

L

Ve HEE AL A R 2 —, IR S (SCCOy BAHW TR SDTHH 2%
=2 5 MR E DL

(1) ZHEALBRERM. BHAR. (L2,

(2)  SCCO, R &Y HREL {RHBMIRR K D%, W B ER AT
BARERE S, BFTRMEHT;

(3) ZEMUKRHIEFTERE (T=304.19K) BiEER, mRILA (P°=7'382 MPa)

(4 BLSCCO A RREA R, &I JG BIBIF= R al 5y A4 Bl 2 4.

(5)  SCCO K, Bt AFext & 5HERRERIXE FHERI R0 FI 24 TML, " B0 F A7
B4 T . -

HTidimf —F AR A Lib iR, Bk, 8RR E WA R# 1R AR N
JR LAY 5t |

1985 4F, Randolph®"% A\ LL SCCO, b & NiAT AN 9T T M OE e R B 48 4k, p-T S M0
SRR BRI, S ARIE4 A1 S8 B ILL SCCO, WA R R AR —. (8
33 SCCO; B AL T R YLK 8 B2 2 BY 5 5 I 5 8 L BT RS L lipase,
Nelipase) AR, %5 T RISMIBE/R L. RETTRGFI R . RSERIE. — UL HS
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E FHE A TP TR I . PR BN A P 8 W T

HZ X R AR e R A R e, B3 T SRR &1 R e B i &
FEAEAREEE: Hob, LR T AR AR ESAE T . SR F AL R i /K 8 I N 45 R
ERTASHE. RIEEEE N-lipase BALE . R FRBRAE, HHITE&SHNE o
VSRR i 2k " T2 IR BERE BN . BeAh, BT RIG R T E B 40 B U7 0 r po k4t
A A BRI S I AR A TR B A KR RN B A, R WIEAT RV
7 B — R R T AR HE &

| 3.2 L&

3.2.1 ERE R

PRGBS 4 5 R T BUR A THBR AT (Leveking lipase, Ll L-lipase
R, WEMRBELF, LESEME, KEEL) MiEHEE (Novozymes) (L) 4
PIIMITHR A8 M4 245 (Lipozyme® TL IM Thermomyces lanuginosa lipase, 3K
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Figure 3.1 Schematic diagram of enzyme-catalyzed hydrolysis reaction in high-pressure carbon dioxide

1. CO; cylinder; 2. Cooling system; 3. Preheater system; 4. Shut-off valve; 5. Sample collect valve; 6.
Water bath equipment; 7. Thermocouple thermometer; 8. Liquid pump; 9. 250 mL Autoclave; 10.Check
valve; 11. Pressure gauge
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Figure 3.2 The relationship of time-conversion at various molar ratio of water/linseed for L-lipase
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Figure 3.3 The relationship of time-conversion at various L-lipase loads
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Figure 3.4 The relationship of temperature-conversion at various times for L-lipase
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Figure 3.5 The relationship of carbon dioxide pressure-conversion at various times for L-lipase
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Figure 3.6 The relationship of time-conversion at various molar ratio of water/linseed for N-lipase
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Figure 3.11 The optimized experiment results of hydrolysis at atmosphere pressure and high-pressure
carbon dioxide for N-lipase
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TEAVURER (C20:4) A 1:40:100:200. 7] W H A LR 4> 7 0GR H 1 2 i
RN, BA4h, R REMEAFSTERRAIREL RS, MR, S, &
MR E RN, EHE NSRRI d, R ME R R RS, 5
HEYHE . RREMRE. DETTREE, LD g PR 2B
EVEBR, BRI AR U4 8 A AR B U e e B oL S R ) AR R
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NAEIE RSB B, R APHER (50 °C, 6~8 h), AREIRAMERIfR ML & YIHTHHK
B LER, WA, LABSRAER A M ARANE B & RHETG , FTE R FEEK.
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o) 184, RIS RETAAE. WA SCCO ERRE, 205, &M
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¥, JB50-D B, MEBRE Clea P Na8) #liE, DT-100A B, F/E 0.0001 g); 87-1
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TG +C;HsOH — DG + EE (1)
DG + C,HsOH — MG + EE (2)
MG + C,HsOH — GL + EE (3)

Heh, TG: HHM=Re: DG: Hiti—Ks: MG: THlmBs: BE: UMZE (k
61 : IRH8E L8, Ethyl Palmitate; f# 5 B8 £ B8, Ethyl stearate; i} B8 2., Ethyl oleate;
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Figare 4.1 Packed gas chromatographic profile for fatty acid ethyl esters from transesterification of linseed
ofl and ethanol, where the numbers 1, 2, 3 refer to internal standard ethyl palmitate and ethyl ester of C18
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Figure 4.2 The relationship of time-conversion at various molar ratio of ethanol/linseed oil for N-lipase
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Figure 4.3 The relationship of time-conversion at various molar ratio of ethanol/linseed oil for L-lipase

432 RMNBE

SRS R LWL R RN EEREZ —. B 44 I RNPERH
3:1 (ZBEH M=%, N-lipase HiE 5 wi% ¥, AFRRNESE TEMEIL TN S JE
MR R VEE R, TTRLE N, WURVIRER 40~50 CIaB A 4LET, 48 RIE a) A ik
FHE R NREA BTN EF. DFCAR R 8h R, KNEEE R 40 CHELE N
$3 %, i REREE N 50 CRHELENFE 603 %. Bo, RSEAL 50 CF EH]
60 ‘CHY, AHIFE AL RERNMEEASDIE T, YRNEREN 60 CH, 8h
I IR ZAN A 39%., iR TRENIBEM A KIETRS K FHNAMERES T 2
TN EEANE K.

RGERER: HTF N-lipase BEALKI WA 'S B HIBAR LAY, BHER R AT
H50°C, GRS R, Fih, 755K R R Y B R B SR
BERRIZE 4 50 C. |

- 58 -



SHPUTE B ALAS e bV R BN MR 2B T 289

FoALE /%

——60°C —O—55C
—0—50°C —A—45C
—6 40°C

6 1 2 3 4 5 6 1 8 9
RIATHE / h
B 4.4 VLB 3:1. N-lipase B$H & 5 wi%. AR MNRER/FHI¥LEK

Figure 4.4 The relationship of temperature-conversion at various reaction times for N-lipase
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Figure 4.5 The relationship of time-conversion at various N-lipase loads
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Figure 4.6 The selectivity of lipases in the alcoholysis of linseed and ethanol
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Figure 5.1 Gas chromatographic profile for fatty acid ethyl esters of alcoholysis of perilla oit and ethanol
being separated by the urea adduction |
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Table 5.1 Comparison of the fatty acid methyl ester composition of perilla oil, alcoholysis product and
. sample collect after being separated by urea adduction

i 7 8 2, B R 7 76 SRR KRR <) WKEE G
C16:0 4.6 8.20 0
C18:0 1.27 3.59 0
C18:1 17.1 19.90 15.80
C18:2 12.9 11.73 14.43
C18:3 63.92 56.57 69.77
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o— UMM ZEEL S HE I BBNENTANRZE, EAEXRMEHREE,
FHSFHRAREHZRES MR, HFEHREE, FRTREEENREATHIE
savh, T EAUREES S AR o AR 2 &4, A UAZE LR se i 45 Reho— T RERR 2.
B RR S, ERRPRERS, KA T RO EEERI,

g FRTR, SAMMAERR ZERLLLEL, WARENR LEE S 5K E AR ER]
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AU AER T 2 E Y, SRR BT RASRER RSB SYTN
B, HoEYRABRE; S NS REE IR ZBREENRE S G, B
WHMZESMIREEE . R IR 366y m DUR GF 64004 LB 47 = 4 4 BF 2 It A
RENIR LBERIANBAAE IR 2865018, BT — DB WE L8 . o— WHERER
LS B BAR LA AR R BR 2B 5 T

5.2 WHRISE R RRIL, AR RS RS0 125 IR B0 O 7 % FH BRI Z AR & o bk

Table 5.2 Comparison of the fatty acid methyl ester composition of linseed oil, alcoholysis product and
sample collect after being separated by urea adduction

Hii i 2. g e REiL | R A I 4 KRS H &

C16:0 542 7.26 0.29
C18:0 4.04 4.06 0.53
C18:] 25.14 28.08 23.58
- Ci8:2 16.44 13.82 17.71
Ci183 48.96 46.77 37.72

5.4 BIGR - BENE S MIBHEMES 2

B 5 SRR RO AT 20 SR DRI —FhET 4 IR, 7 TN 2
ol BRI 2 R B MR RO AU A R, 5 RHE BE RV 1 B0 VA, 7T B
R T A F AR, 1T UL AR B R, RO
BB S IR R IEE SRS B TIER, 5P R
W, KMESaLEER, FIIES BIREHREGE (R AT AL H L MR
i, R LR — MR A TR | '

B 500 o LA LRI 7 — UGB AR I ) B TE R 5 2 RE (N AR I R
AIAE. LU AR R R E A T R N T R Z R Rl — TR AR Z, B 45 Ha A
I PR AR 2 B L A T T A ESHRU VSR NG SR — AL (SCCOy)
AU SR R TR A G A, B AR R 20k 4 B8 S| AT BB A EPA. DHA Z
Ri. & ERROMRET AWAE, HERN S BERS D TITBEL .
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5.4.1 F#5 %

iR CERR S G . R MRS, EEAT AN Z B8 A0 H ik
ERyeey: Hm=8. @ “E. Hmsne), 5 (sl Wil (A
FE99.5%); IET RS, (4 Wbl (A 99%): 0 MERIEERL, REA
YALERHOIT R AF (2.5%x2.5 mm, AEH 316L); —FALKR CEHZ) LT
HEIOAERAFRGE, (B 99.9%),

T »L

9 e
12
T -

) fas

T |11

6
e e
10

N/ a lTL*B

B 5.2 il ARG SRR o BRI O R

1.CO 5, 2.1, 3. HA RS, 4. MAERY, 5. BREEE, 6. ¥:5it, 7. TH&EE, 8 B
B, o iR, 10~13. K184 1~3 4%

Figure 5.2 Schematic diagram of the combination of the supercritical CO; extraction and distillation
experimental apparatus: 1. CO;cylinder; 2. Shut-off valve; 3. Cooling éystem; 4. Preheater; 5. Liquid pump;
6. Feedstock chamber; 7. Separate column; 8. Sample collect valve; 9. Check valve; 10~13.Separate

columnl~Separate column 1

542 LKA

it BRI SRR EMAS & 2 AR B ERENE 5.2 Prow,
ZHEBH SRS RS, it BEHERsEm.

5.4.3 TR RAE
W — i R EHE R R SR R 6 B, RS WA RE R E . T
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BRAEH B, TR | 25 R 3 A NS LREIHRE ST, B
S 4 MAE T BRI B EARERI 6 41, 5EPIFB N8 2B R W)
P, T RIS 2B AL MBS BOR A MR IR T BB P S R AR
25, RUC AR WS ) HE I 1 Z WG AL S W R T - AL B T A L R .
T B ST LR AN R S om B0 35 om B S SONIET 7. RS IRAT N S BSE T R
AN L2 2RI O WERRL (2.5%2.5 mm, N4 316L); Hh AR IELE TRk ¥ Ak,
ML (T 3T (T3) HWMEERESE, BHRZBEEISEETERES
BUZ SR . ORI T AR L BRI S LB B I 2 JB PSRRI . st
LR AERR 20 min BUEE— R, AT RIS ST

544 FR 51t

%53, % 5.4 AAFKRERAE LN TR — ST S ISR RS A
Friasn. Ko, & 5.3 BTAIBR NN S 2By, LR ELSE
37 39.1%. B 5.3 9 SC1, SC2 HiFlsIna LEH, HEERFAANIEH®KRZEELS
BAALL, FEBER IR Z A S S B E BN, KR SC1 RRINY 60.87%, T
SC2 th &Gk 71.04%. LibskSFE, HIGR RILBRER S AR RIS T L
B BB 7. MR R A H o S DA R B H e B . b B . B4t
B CEE (C18:1) MIHMRZE (C18:2) BN IEE+ MM & REEHE
AAB%, TEFRMASIE Z RS BIME, Bl SC2 A, HHEMZE (Cl60) &8
H 10.67%ME8A 7.3%, THEERZEESEH 8.31% KA 3.56%; SC1 f SC2 FhfE
S Ta— ERMRZEE (C18:3) SEHERET 5021% &N 56%0L b, & LAY
WK, 7EE 53 MCRIBERE T, BIHA CEARENS SRR R TR
W E BRI ER 2 e, HITEEEE — D 4 TS LS MM 0 % B B G 2L .

A

HIUF_FIRESE, ARSI SrAr 8 0E Kb A EOR Rl ont #R I AR 45 A RIS
S BT B Z B T 3t — 4RI . R 5.4 P ULERR S 2B OEE RR= h JE R,
HY A MERRIESSER 594%. MRPERTUEL, BRFBEL TS
2B BER 53 PHERR, EEIGR T SRR L SRR R 07 T %
EE—ERSEERER, KT SC2 PR LZEES B H IR 59.4%EHH 67.17%.
I SC3 FNEIE 76.71%.
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Table 5.3 Experiment” results of separate the fatty acid ester by combination of the supercritical carbon
dioxide extraction and rectification

T P Concentration C16:0 Ci18:0 Ci18:1 Cl18:2 C18:3
(C) (MPa) of EE(wt%) wt%  wt%  wt% wi.% Wi %

FT 39.1 10.76 8.31 20.1 10.6 50.21
SC1° 45 10 60.87 7.57 421 204 11.72 56.4
sC2 . 50 10 71.04 73 356 1978  11.88  57.25
SC3 55 10 d

a: Condition of Feedstock chamber: 45 'C, 15 MPa; b: FT, Feedstock, fatty acid ester obtained from
alcoholysis between perilla oil and ethanol; ¢: SC1~SC3: Separate column 1~Separate column 3; -d: Below

detectable lever; e: The concentration of fatty acid ethyl ester in the feedstock or sample; f: The

concentration of C16:0 in the fatty acid ethyl ester.

FA—AMEBT RSB ERL: £53 % SC3 XK 5.4 9 SC1 ¥ RICERIEH,
il B IR R R E RN, R 5.3 % SC3 RNKBHFRNBEEET: S5
St e BV R AFAHEL, R S3H SC2HBEFR S C, TULAME S MPa. thTJE
JIBR AT B AR AT IR L BRI T R B BB UL (retrograde behavior) '),
Bl BEFE, BiEF EABEMEEHBIE. UL, SQREBEERESBA®S C
Ji, BT MR A AR AR & R AR R Z BRI M, SBSHIES LB .
WHAh, SHEEMBTIEMALE, X539 SC2 BIEAEE 5 MPa, SE#IER —H 1L
TAAREERER, HRRY, BisR ZFALRAERRE B B MRET T, FiE
JIHH 15 MPa [£{E24 10 MPa, & %HAERGBR ZBE 7RI A — AL B B0 AR VE F 7= L AR
Rl ERiE AN E A B A T AR R BOAE TG R SR R AR E 2 B
7E SC2 AT s LA A SC3, Eik SC3 HRWEDFES: . MR 5.4 B SC1 ¥k
BEFRRERTHRAT: SHRBTIERER: 45°C, 12MPatilt, SCIHE
BERR(ESD 41 °C, WRTETR, T EIR R AN, FHit, BREMRE T BIRFR
CEACBRIRA S &P RR DT ER Z BRI SRR MR EERIRER 12 MPa FEEH 9
MPa jio, tHT G SRR B RS RE I T BE, SEHMN SRR L8
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IR R AR . L3 PR BT RAEA of SR ABTLIRT, BN: 45°C, 12 MPa
A 41°C, 9MPaiRaes B A — F B ARl R LB B MRS iR A 0 . Ak
B et it U BRI Y LA B BE R B LR R 2TE SCH AT

o 5.4 KRN FAR LG RS AR R 94T 55 B T 5K T R S PP A S 4 R

Table 5.4 Experiment’ results of separate the fattjf acid ester by combination of the supercritical carbon

dioxide extraction and rectification

T p Concentration  Cl16:0  Ci80 Ci8:1 Ci182 Ci83
(C) (MPa) of EE(wt%)" wt%'  wt% wt%.  wt%  wt%

FT® 59.4 7.29 478 2845 1315  46.24
SC1° 41 9 -d

SC2 45 9 67.17 7.96 3.7 25.39 13.2 48.7
SC3 48 9 76.71 1449 267 204 12. 50.4

a: Condition of Feedstock chamber: 45 'C, 12 MPa; b: FT, Feedstock, fatty acid ester obtained from
alcoholysis between linseed oil and ethanol; c: SC1~8C3: Separate column 1~Separate column 3; -d:
Below detectable lever; e: The concentration of fatty acid ethyl ester in the feedstock or sample; f: The

concentration of C16:0 in the fatty acid ethyl ester.

5.5 BN 57— S {L R A 5 4R TR A IRMSE

RS LA EEERN LI EAFARLE. BRRIE. MM LE.
VR LBl — IR LB . FHHZHER R PR K E oA, Al LAk E
Wy APEZE: IRNEE LER, MMEEMRT I HANKIR T, HIRERLEE. W Z AR,
WA Z B Mo — KRR Z. B8, AHNARRER &+ AR T . HiED FH A Mk
BAEH LA, Nalg BB AR e Ain TR, SRR REMEERE
A, TR : W LE, T E RN, EWMERLEE, T E
PINREE AR o— URRER 288, 43 T 5 =R AU .

| w1

—

KRR R RO B B 0 LT T 400 1 50 75 % P R 4
ZRE, HIARESBTRIR T N TG4 7 h R AR S H R IR B A L e . 8
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BTHEEENTETRS T (Agh) SAEMERNE (C=C) {FR MRS E Yo
S50 TS B AR BRI A . AL AN A s PUE 55 U «
REBEFUEST S, B — 1o BiAisE: | d PUE SHpONEn « REMIES S, KK
— n oA i, T HBEE o 7 IS H M ERg S/EHRE, RIS SR
EEMHMNE . ANSRERNRNCSYREELTEYNASASRETHILER. FHit, #
B TR IR IR & DI T B &1 A LA S A B2 Dok @ BRI A A
dity/

Tatsuru Z'"NE1T T AgNO; KB4 -SRI 7 CO, IR v Myl T fa vl Z. K8
thiRal DHA. EPA HUEFS. SHER, X4 AgNO; HMIKIEXS 5 MBt, API4ELL
KU 14 2 1 AR LR T B JL P& B AR BUAKAR F, T 2L A B T R T 17 B 72 AR e
SRIE I aim A S LBRER AgNO; KA, 3R18 T 208 90%LL &Y DHA. BBt L
B RCREET, (RiRiER TS,

AR TR T 2 LEA L, B I R AR RO T A RS IR
6 R 2. AR F Il BB . D EE, AT & R AN R 7D (0 S R R 2 BE 40
91, FRE, SRR SR R . K AT DU B R S e R A
SV A, ST SR R 1 A B 0 G ZL B EAB N TR AL B TR RS R
EF 4 B IR K P A AR Z Bt B . B AR TR A A A, 4SS
TR AR f— W R Z. B

L1l

5.5.1 FBl 59 m

fERTER ZBER &) QIERRH. RIPMBEREIR, BB AIEHTR CERAH s
REFEH: Hm=8. Hh 8. HHPEER; KT (HHd) bk mb
mABRAE (AEXT 99.0%): & (pHral) AR (HE 99.5%); 1E+
NBE, (28D LB RR (B 99%); =844, SREE80 v B, WK
#, (e RETXEFREBAAU T (HEXRT 99.8%); “HMAKE (&
20 WHHIIRE T ERARERM, (HE 99.9%).

5.5.2 REFLHE S WMAEE &2
1 50 g ERIRAEHE T S00 ml 70 %R ZREFECRFEWEL. A 500 g Kitelh 30~80 H
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=4 TR, BRSSTER. BA% M TER 100, 18E 45 CHEB IR
R, BN EANRERN S TR EHINERE 5 =8 EREH N 1: 10),
BEET F T imBEAREEMNAEDS (Semid x30em)

B 5.3 Ml AW ORE T O BT Ok B K

1.CO UM, 2. % Ze, 3. THEVARSE, 4. W5, 5. BEFKASWREE:, 6. 4-B8%, 7. %23y
IS RE, 8 A, 9. #WEH, 10 HUER, 11. BB ER

Figure 8.3 Schematic diagram of the integrated supercritical CO; extraction with chemical adsorption by
silver nitrate supported AlLO; column experimental apparatus: 1.CO; cylinder; 2.Cooling system;
3.Preheater; 4.Feedstock chamber, 5.Silver nitrate supported ALO; column; 6.Sample collect chamber;

7.entrainer provide system; 8.Check valve; 9.Shut-off valve; 10.Sample collect valve; 11.Liquid pump

5.5.3 KRR HE

BIGR — LRI A B A TS AR AL RE R 53 Fis. S5
bR R, SR R, MRl M T4 AR A L34 L.

5.5.4 LIRRIE

F—EBKBEHEUMABRERIET, AVTREXMIBRERREE. BIak
FEEER 1, RBahled RE 2 BALR “SAUBIEAMBERS 3 . B RAH SHEKR,
TSR L ARREE, FE AREAFERR 4. RIS IEERIER
_EA B Brh R RS, AR CERTE HE T R RS A&
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ML AL TP BRI Kl L 9 6 BN A 7= 4 5 8 T

WS EE R, NS HE AR TREERCEAR TERA S i)E,
B0 N T SR IAE 5. o TRUFR+ \BR IR 288 9+ o B 3 B B W B A H A
M, EWESRAETERARRERSEY), AERSGY. BIDATERE. LA
AR FT NS ) LB IR B XU B AR e MR LB 1. @&k Bk 7 &
ROMBEIHA AL 2 FERMFA. wRNEBEHEE 20 min B -IK, HITEIETH.

5SS ER5VHE

RSSAHHER SURENSESREFEOTWMES SRR OB LR ER.
B R R R T R 5 BRI ER IR Y, TRWTRR BB RS B 73%. LM BN LBEE
SR 2T b (AR Ny BEAIRR 2B, 5.42%; BRSO ZEH, 4.04%; MR 7.,
25.14%; WHES ZBs, 16.44%; a— WM LBE, 48.96%.

¥R{ERTIE]

4 5.5 IR LIE Y. 7 D1 &5, B ITAR 20 min WHERB RS
th, B SR B ZBE M A BN 100%, BAMABRMEBZE (FFLL C16:0 %5 M
MRS Z S (RLL C18:0 %m), ARMBIH AT 2Bk M= Hh .
Hh A%, Boh, SRAMRCETER QP HAER & &/A 72.19%, JLFAERR IS
BH={5. FRCKRSIERY, SRMMESHRZELLE, WMENRLET SR
File R SRR, FEHE ARk, ARG BT — A b R
R

D1 RFIPUEBBIER 0.16 g, LB+ 20 min F) 40min A, Bl D2 RIMEHRE
ok SRR R 059 g, AW D1 #0 D2 A5 ER MM S BB, BT RAE
Wi Z B BAR®, 0P DI RFIMEARN R RS BRIEA 22 H, i D2 R
I AR ER Z B & & 10 S 3 88%.,
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Table 5.5 Experiment” results of separate the fatty acid ester by combination of supercritical carbon

dioxide extraction with chemical adsorption by silver nitrate supported Al;O3; column

Amount of Concentrationof Ci6:0 Ci8:0 C18:] C18:2 C18:3
sample (g) EE ('u'uft.*f%:.)"'l wt.%" wt. % wt.% wt. % wt. %
FT 73 5.42 4.04 25.14 16.44 48.96
DI° 0.16 100 72.19 27.81 0 0 0
D2 0.59 100 63.67 2442 1191 0 0
D3 3.42 81.7 11.74 {1.21 7421 2.93 0
D4 2.74 75 1.56 0.16 58.56 39.72 0
D5 3.73 66.4 0.62 1.18 © 25.38 315 41.32
D6 3.13 78 0 0 4.52 9.36 85.68
D7 3 40.2 0.38 0 3.9 2.35 93.35
D8 0.54 33.4 1.44 0 1.71 0 96.85
D9 1.33 66.1 1.29 0 1.60 0 97.11
D10 1 66.0 2.96 d | 1.94 1.53 93.57

a: The amount of Feedstock was 20 g, and the samples collected in the D1~D10 was 17.95 g ,as a result the

ratio of collection was 89.75%. And 0.5 g was remained in the sample container; b: Feedstock, fatty acid

ester obtained from alcoholysis between linseed oil and ethanol; c: The condition of D1~D4 were, sample

container, 9 MPa, 45 °C; Silver nitrate supported AlLO; column, 9 MPa, 45 °C; Separate column, 7.5 MPa,

60 ‘C. The condition of D5~D6 were, sample container, 12 MPa, 45 'C; Silver nitrate supported Al,O,

column, 12 MPa, 45 °C; Separate column, 7.5 MPa, 60 °C. In the operation of D7~D8, the sample container

was cut off, and the Silver nitrate supported Al,O; column, 20 MPa, 45 C; Sepﬁrate column, 7.5MPa, 60

"C. In the operation of D9~D10, the sample container were cut off, and the ethanol was added as the

entrainer and the rest of the operation condition as given in the D7~ D8; d: The concentration of fatty acid

ethyl ester in the feedstock or sample; e: The concentration of C16:0 in the fatty acid ethyl ester.
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WIF(E TP BR A ZK A BT e N R =003 B E 9L

B4, A ROBHERIDUE N, 85 D1. D2 RFIREEE, K+ OF 49.27%
NIFISIIR Z B B A A, A, [EJ0% 9 MPa BY, ARG 4eLALRE T LA B
B 2 GRS Uik 2 B RIS RS 2B, SRl Bh i — DA R R . R
T R, RIS B8 2 BRI R R R R £ B 4 1561,

Amount of saturated fatty acid estersin D1and D2

recovery (%) = : : formula (1)
Amount of saturated fatty acid esters in feedstock

_ 016 (72.19% + 27.18%) + 0.59 x (63.67% + 2442%) _ 0,0,
— 0
20 x 73% x (5.42% + 4.04%)

LAtk DI~D3 RFI P il BER T 40, BESRIERS IR, BESTHMBRE (&
L Cl8:1 RR) S EEHN M, DI RFFTEN 0, D2ZRFIITFEN 11.91%,
i D3 RFIBAEBBIEER, HEERS W ZE, SEEX 7421%. FiLal
Wi ERIELM N 9 MPa, 45°CH, BB TESRMATXMER ZBH —ERsRME
H, HERMSBSERERRE, M DI-D3 AP HSERE LA . DI-D3 R5/#
fEXHERRE 2,88 WEREM BE. WEEZ B4 BERN R —AIRIR R T =M IR
ZEERIE R —EABTNEREER, NESEHRZBEKRENRCESET
SR E A, A A AR Z 8 5% TR R Sk,

ZELE DI-DA BRIV BT AR MARMERBIRER, RHEROE. WIER
C.BE., MERZBER. WHEEZHE (EPLL C182 Bom) HHEMPKIKRHI, HkEEM
HEYTN, HPRHRIBNEERLESE-HETREY, REHEHERT
it EABRELRITHEN BB A B R RKER X HRLBEAAGRRE
{RAOIEH WiliRs 788tk D3 &5 2.93%RE L F4 D4 RZFIF 1 39.72%, EBE&HE%
B D3-D7 RFUFRIKERW, FSRRSMEZEMFREH RS REEN
e AS—NMEREEALRRARE: £ DI-D4 R5H —ERR N Blo— LR LA

(EHFLLCI18:3 RR). AJRENREE AN FIH: F—, EFRMEERIESHF 9MPa, 45 C
T . o— WHERM ZBEE AR IR T EALHR B R, AR ER S Hob—
BRET, Hixkt Fo— UREZELE SRR TEER SRS, WTkEH
MR ER L B8 — I AR H TR ERM RN, HTERE TSR HIERE
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A T O BRI 9T

FAF To— WRRER L8 LARE TS S E BB R, S o— KRR
MEAE TR 3 MRS T 4/ & IR P ASREEA > B A, i 5 HARNE T8 L EE 5

£ H 35> BBURRY RN

D5~D6 51 A R, B SRR T %S — BALBRIE 3R 4
12 MPa JGFifBHI4E R, ATLLEH, DS RIIRTE R EMRBEEN—A, %
SWEREH, DS AZIWHEBRBHSHPHRIESESERTHE, Wil 8RS
5t D4 R FF 39.72%% (6 4 31.5%; o— WHKER LB B tH D4 RFIH R0 FF 4 41.32
%, MR THEHERSTESE, SHMENRIENSBUESME. HREESRINo
— VERRIR 2 BR 0] ik 3 Bk Bl o P 3R BF R T =S Z 8k kixagr A —
ANEHN B SRETH SRR EERES YN T T. noh. 5 DI-D4 RIVLLE,
DS ZFFEELRTERRZEBHNE SRR A 664%, KERARAETILORERS,
ERh HAbEA  (RMEBRRAHES) SEMENHRLE - -BHREDGHA TS
RPN EE, SRR LETEWEINERT S BB, HTXERAS5ERD,
AIL7E D6 ZF R LS BE LA 78%.

D7~D8 F 51 iy 5 e 45 oF 4R 15 T4 & TR B AL G 1 18 45 4 20 MPa, i 1R R it
o E A EE 4 4 BRI R R N T A I B B S AR, KRR T
BRI TR SRAAORI, B TTLAEH, BN 20 MPa R, BTERES Fa—
T ARER 2 e H & B th D6 RFITF By 85.68%3— A, EF 00% Bl L. Fik%ERKE
LHER CEABIEAAEE, o— EHBRLESSEFHROSSYMBIE, &
i FRIG R SRR A SR T4 SRMAT. B5h, D3-D7 R LM EIRIHS,
B HARE g A, DS PIEBIREREY R, (Uh054g. BLAR
(T 18, D1~D8 R FUWEB MR P o~ EHRE ZEUAER P £ Ho— THKE
L EEM) 61.76%, AMARP AL 40%Mo— EHE BRI BEESE. FEit, oLl
SHE E AR AL 44 % 45 T 20 MPa B 36 AR (fo — T8 BRI 2B S54SR U
U A ERATIL

Amount of ethyl a - linolenate in D! to D8
Amount of ethyl a - linolenate in feedstock

recovery (%) = formula (2)
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P AEC TR AR . TR SN B P 4 O3 i o

AT 5 B R R N

BAEIR B TR = T8 ST AE T Ha— AR L Bag s e b, FHEE—URE
FIER A KA RO T ARG S . HERBRE I AR R R AR TR
FIER, FRSEM T #ETRRERYE, KT RAMAKEH LERNTERS A
LR REHE 7T

% 5.5 % D9~D10 BRI EMBE FEGWMATEAE A 45°C, HiJi A 20 MPa, Kl
LR E 3 mymin WETBHIE R, 7TAEH, 5 D7-D8 RFIFTALERALL, mAKH
flfR, a— MBS B]TWUAKR, HERFE 90% L, RRERIPEIENE
EF, K DIOFREAMESREREN 133 g B PMEHEXNLERE: 5 D7-DS HFq
HEE AL, DO-D10 RFMMERIMFE R P EWR LSS ERAKE 5, D7
FZFHH 33.4% F1 D8 RIVRFF 40%ILEH 66%. HATHREAET: RERHSHE
MAHE. B R H M=o TP EWHE. o— YHREFZHIDEMEIRSER
m, B SRS FHAERTERSE Y. HiXRR SN EEREE T Sa—
W RRER 2 BT g St et 2, Bk, MBIEHN 20 MPa. EIAKEFRIN, £5
Fe Z8ALBRAAE A T IR B ER R ERE TR RS S e K& 0 S TR R
“EALBRIH, BB D7-D8 R IR B B 5 o S R Z BRI S B . T
—WHREE ZBE SR B F RS S MTE &R, ELFHMA I T S B8 ks 7
TEALBR R PE B IR AR N G A REE L iR,

% 5.5 LHHRER LIRS 20 g, DI-D10 RITWEETIEES 17.95 ¢, #1{E
EREHMMET RSP REN 05, FRWERN 89.75%.

IR E 11 3 53 B LR RO M

SRR, DI = SRR R T4 A TR ) B AL
MATHLHEBRE, £ S BISRB Z Bt AT, T R ia) P 2
BONCRARAE, (HERE T4 &R & RIS RO 5 AR 1. 25 B R BT B4 e
K 7 AR AR P AR R, W T B S BUR T T4 & R M4 B R R g
S0 R 1 o OV A VAR 57— LB RO AR AR S T4 S TR B 4 B i 2
Ve, SR R A B R A T

-78 -



I TR Z A6 B FsY

X 5.6 A Hdnh EI~E8 KRB WIEAN J1kh 10 MPa, HAbwB 4 H5E 55
b D1~D4 RFMH IR B4R,

r

R 5. TR B YR IE ) 12 MPa, ]
YIARFIS Br g 45 R

LA s B8 &4 532 5.5 A D1-D4 &

5.6 B T BB A URES B B £ 4% Do IR IR 2 85 AT 2 B S 44 T

Table 5.6 Experiment’ results of separate the fatty acid ester by combination of supercritical carbon
dioxide extraction with chemical adsorption by silver nitrate supported Al,O3; column

Amount of Concentration (C16:0 C18:0 Ci8:] Cl18:2 C18:3

sample (g) of EE (wt.%)® wt.%" wt.% wt.% wt.% wt. %
FT 77 5.42 4,04 25.14 16.44 48.96
El¢ 2 93 27.54 6.15 30.45 9.68 26.15
E2 2 80.5 15.00 5.46 34,72 13.67 30.98
E3 2 79.7 9.73 1.34 32.51 15.66 40.75
E4 5.5 93 6.17 4.50 32.14 14.48 42.7
ES 3.5 81.6 4.3 4.38 30.1 14.34 46,90
E6 25 85 7.39 4.47 30.13 14.25 43.73
E7 2 56.2 2.87 3.20 25.11 . 1326 55.55
E8 1.5 83.4 2.47 3.0 27.26 13.81 5£3.44
E9 i 76.3 1.87 1.65 19.58 14.14 62.75
E10 1 75.7 1.04 ' 1.15 13.66 13.68 70.45

a: The amount of Feedstock was 70 g, and the samples collected in the E1~E10 was 23 g ,as a result the
ratio of collection was 39%. And 10 g were remained in the sample container; b: Feedstock, fatty acid ester
obtained from alcoholysis between linseed oil and ethanol; c: The condition of EI~E8 were, sample
container, 10 MPa, 45°C; Silver nitrate supported A0, column, 10 MPa, 45 C; Separate column, 7.5 MPa,
60 C. The condition of E9~E10 were, sample container, 12 MPa, 45 “C; Silver nitrate supported Al,O,
column, 12 MPa, 45 C; Separate column, 7.5 MPa, 60 C; d: The concentration of fatty acid ethyl ester in

the feedstock or sample; e: The concentration of C16:0 in the fatty acid ethyl ester.
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Table 5.7 Experiment® results of separate the fatty acid ester by combination of supercritical carbon

dioxide extraction with chemical adsorption by silver nitrate supported Al,O5 column

Amount of Concentration

C16:0 C18:0 C18:1 C18:2 C18:3
sample (g) of EE (wt.%)!  wt.%’ wt.% wt.% wt.% wt.%

FT 77 5.42 4.04 25.14 16.44 48.96
F1° 2 72.6 13.38 547 35.11 13.80 32.04
F2 2 79.6 6.45 542 33.25 13.83 41.03
F3 2 73.8 3.08 3.18 28.44 15.41 49.87
F4 1 70.1 2.53 1.53 22.92 15.67 57.33
F5 1 77.5 2.70 1.67 17.21 14.46 63.96

a: The amount of Feedstock was 26 g, and the samples collected in the F1~F5 was 8 g ,as a result the ratio

of collection was 30%. And 8 g were remained in the sample container; b: Feedstock, fatty acid ester

obtained from alcoholysis between linseed oil and ethanol; c: The condition of F1~F5 were, sample

container, 12 MPa, 45 °C; Silver nitrate supported Al;O; column, 12 MPa, 45 °C; Separate column, 7.5

MPa, 60 ‘C; d: The concentration of fatty acid ethyl ester in the feedstock or sample; e: The concentration

of C16:0 in the fatty acid ethyl ester.
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Table 5.8 Results of integrated supercritical carbon dioxide extraction and silver nitrate supported Al;O;
column experiments’

Time = Concentration of Cl16:0 C18:0 Ci8:1 Cl18:2 C18:3

(min) EE (wt.%)° Wt.%" wt.% wit.% wt.% wt.%
FT 5.42 4.04 25.14 16.44 48.96
H1¢ 30 75.20 25.45 12.00 4812 750 6.91
1 30 82.56 6.68 5.11 37.45 19.84 30.90
12 70 79.11 537  4.68 33.09 19.55 37.30
13 100 77.7 9.02 3.88 2248 12.02 5259
) 15 76.0 8.56 5.61 29.96 10.00 45.85
)2 60 75.7 8.38 5,62 29.73 10.21 45.93
)3 120 77.55 8.23 4.71 29.17 10.55 47.16

a: Influence of initial pressure at 50 'C; b: Feedstock, fatty acid ester obtained from alcoholysis between
linseed oil and ethanol; ¢: The condition of Hl were, sample container, 10 MPa, 50 'C; Silver nitrate
supported Al,O4 column, 9 MPa, gt}"C; S.epﬁl:ate column, 7.5 MPa, 60 'C. The condition of 11~13 were,
sample container, 12 MPa, 50 C; Silver nitrate supported Al;O5 column, 12 MPa, 50 C; Separate column,
7.5 MPa, 60 C. The condition of J1~J3 were, sample container, 15 MPa, 50 C; Silver nitrate supported

AbLO; column, 12 MPa, 50 C; Separate column, 7.5 MPa, 60 C; d: The concentration of fatty acid ethyl

ester in the feedstock or sample; e: The concentration of C16:0 in the fatty acid ethyl ester.
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Table 5.9 Results of integrated supercritical carbon dioxide extraction and silver nitrate supported Al,O;
column experiments”

Amountof  Concentratior C16:0 Cl18:0 Cl18:1 C18:2 C18:3
sample (g)  of EE (wt.%)! wt%® wt%  wt%  wt%  wt.%

B S 7 B ¥ T S T} T aa P TPy
GI° 6.5 77.58 18.96 5.90 36.11 11.14 27.88
G2 7.5 82.23 5.77 4.72 3256  16.11 40.84
G3 3 77.12 4.97 3.74 26.53 1563 49,13
G4 4 77.14 461 2.27 19.24  13.21 60.66

a: The amount of Feedstock was 50 g, and the samples ca;sllected in the G1~G4 was 21 g ,as a result the ratio
of collection was 42%. And 10g were remained in the sample container; b: Feedstock, fatty acid ester
obtained from alcoholysis between linseed oil and ethanol; c: The condition of GI§G4 were, sample
container, 12 MPa, 50 C; Silver nitrate supported Al,O; column, 12 MPa, 50 C; Separate column, 7.5

MPa, 60 C; d: The concentration of fatty acid ethyl ester in the feedstock or sample; e: The concentration

of C16:0 in the fatty acid ethyl ester.
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