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Abstract

A technology of CO; supercritical fluid extraction was adopted to remove the lignin in sesame
straw. First, by Van Soest method, the content of lignin and cellulose was evaluated through or-
thogonal experiments. The results showed that the temperature is the most important factor on
the degradation and removal behavior of lignin. At the temperature of 200°C, pressures of 20 Mpa,
adding 1.5 mL entrainer (1,4-dioxane) for 60 min reaction, delignification rate can reach 80.84%.
At the same time using GC-MS of supercritical CO; extraction fluid composition was analyzed un-
der different conditions. The temperature rise will also lead to other carbohydrates, the degrada-
tion of cellulose and hemicellulose to generate phenolic, dioxolane ring material. Scanning elec-
tron microscope (SEM) was used to compare the extraction before and after the supercritical ex-
traction. The results showed that there were many pores and amorphous substance on the surface
of the sample after supercritical treatment, which may be the residual lignin or lignin-carbohy-
drate complex.
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BEERE KM ERHET T 247, RN HGC-MSX AR K4 T KGR CO BB #H T atr. BRE
B, ERYMBIEFCOBMRARRKIBKER. £200C. 24 MPa T, H14-"FAH1.5 mLAER
WHIRKPL60 min, PARRRKIAFI80.84%. GC-MSHHTRITE LB FRENFE HI&HEPEREMZE
ERSEAEMMEEIRAREH L. B, BR. BABRLEY, ERRZEENEZRER, KRR
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1. 518§

B 5 B JR S LIRS T e inl i H 2 R, KO HERE T B AR e IR R B4 ©BCR 1 2 B KRR K
GRS ) SR oy e R R AR T AR AV KRR =m0 TREY, &AM 275 R 1w
PR T ARSI LA 4 2= 2 2%, I b e A 220 e N 5 T R A4k, T2,
Sy BSRONRAME,  MTIAHE AR BRI o IAE B IR 43 B 00 HH AR S 3R 1R 77 25 0 SR RV B A TV A 25

B, ZITIEAM IS U IR TR P M 4 PR B A R T AR KI5 4.

HBIG LR B ARV E N — RN S S R, R N TR R B R LRI E, S5&5 12
FEL, B T A FRFAMA . R TR Y. B BB, e 2R T RE. 3
e AR A 4 U R R PRI s, AR SR TS %, S5 WA AR VR B . B I TR A B Rk
PINBLRIA R 0T, S BRI RV R, BEBEARD, I FLR AR M AR B TR . TR0, )
PEANES B AR AR AL . FEFRATRIBE T, I SRR AR © & R T SRR G 21 4 2407 AL I AR ) R VR
A F A5 . Tillman LM [1125 A CO,-SO, JT & 1 35 [E 5 5 FA ik M it AR &= AF 7T, Daniel
P.AEN[2] [BERAANEA NAEN COxEE COr/KIBER R T EE - /KPR TGS COp X H BEH AN
KBRS AHN I WA 2 A IT,  HUAS T (1 ) 2R A5 3 AR AT 2 %6 . Machado 5 [4]H CO, 1 — %3
Bk RBEFL T AR R AU N, A ZR I B R ZE A IA B 75%. XIVTHESE[5]R FH IR 7t CO, ZEHH:
R, BEERREEMBT R AR B S HEE] 62.79%F1 74.64% 0L 1. ASZLG DLHAE N E% R R8I AL CO,,
H 1,4- 5N I, BRI R Z RRRE AT AR Z, SR Van Soest BZr 7 imizs. AR BRAHEAR |
HLBE TS5 TF BOGHEB I T CO, ZEHUBE IR 2 RFS FFA T 32 I R AT 0T 7L

2. SCIE
2.1. LM RIS
S0 T FE 000 2 RRAF AP REK 6 2 X, s PR T L (DWF-100A. #19) 5474 Wik %43 250 um (40
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F)~380 pum (60 H)#¥: i, H T 35°C T F4fiti % . B 95 g 1) 40~60 H 2 FRAT# 3 N F I B B2 1 AR 48,
AN KA EEa, FAEhSE 50 h (FhF2S [A] DAt a8 rhgi A n et o k), P AAR 1 B K1) — K il
2 48 h, (1l FH I AN — JOR ML BRI A2 08 18 ZRRAF P IOBESE . IR 1 il Bt 85
BESIR AEHOR T GC-MS Z3 M FI T4 R 5 AU A A AR U, APORMEBI AR L rh #8822 AR A o
fE 35°CLA N4, THEJSFRE, 7930y 80.75%. FREE o U 1E T A8 LA J5 S0 e i A

2.2, BIGRRAEZER

AR SO0 I SRR ZE I (] DA IS a0 IR, K77, BRI FEET TR L. R A DB
K=K IERR LS. 558 160°C, 180°CAHI1 200°C; [ /14> %IJ9 16 Mpa, 20 Mpa, 24 Mpa; Ab¥sc
464 30 min, 60 min, 90 min; K FIZAE N 1.5mL, 2mL fil 2.5 mL. #RJ5 5% %> F Van Soest [6]4)
WTEAT 44T, 45 30 A 0T 25 11 8 ik 23 AR ot 3% At 1) B A0 2% A1

2.3. SHEEE-FREHKA(GC-MS)

{XERR 2 HEAE A ) Agilent (7890B-5977A). AR5 1F: Agilent-DB-35MS (30 m x 0.25 mm x
0.25 um); fRFF 1 min, LA 10°C/min F4iff % 150°C, fR%F 2 min, LA 15°C/min FHE % 270°C, £r%F 5 min;
BEFEIRE: 250°C; SRS B IR : 270°C. FANES, HAUUE 1.0 mL/min; BEFEE 1 uL,
SR 20:1. B AAAE: B FUE ENIR, BRSNS 230°C; DURRATIRE 150°C; ¥ RIAEIR I [A] 3.5 min;
JE Vi 33~550 m/z.

2.4. FHEBRREIH(SEM)

RSG5 A4t FL 7 S el B (Hitachi S4800) X %< i S 1A A5 AT Ji X BRAS AT it 20 B B )
Iy 7 25 HCHI = 1 R MU AR e o [ e AE A R I & B, TRONTF RS, HEBBOR R, R2ahit
MU Vi ], SR AE A, o AR AL I I T 10 BAA S 5 i fL I 0.1~30 KV 70 9% 1 nm;
&)@ PR F I 5~10 nm.,

3. &R5iT1ie
3.1. ZRFEFF CO, BlsRALTEEMR AR E

SR It IR R 22 I S AU 2 R TR 2R 4 25 5 R 53.40%. BT 4E R B RN 18.67%. R 7
BN 27.3%. DURZR =/KFIER LA % 1.

B2 1 AR JEUREZ R IR AC I 35 5 R I S 2K EJ () 22 RRAT A RO S 2R L, Rk AR A S
FMEERTE K TRETAREN S E, RUBIGA CO, ZERZRAM IR R E . fEIREAN
200°C. JE 714 24 MPa. B8]y 60 min, SH#71)(1,4- 5 /NHF) 1.5 mL KB AR T, BARER
AL 80.84%LL F o MIEASIRISAR ZEVEAF BN H) RAEKGE, BRI R & BRI m T K 7). I EF
S FIM BRI . T4, AAERNS B8R, HARRF RS, BE 1, &R
A% AsB,CsDs, RIEFE A 200°C, JE 7770 20 MPa, B i) 24 90 min, J&H#55 K&K 2.5 mL. X F AR &K,
R TR J 2R ) BOBRAIC, R SRR BR A bR v, R AR B3, B AS I s AR A
A3ByC3Dy, BIIR SN 200°C, H 714 24 MPa, (RN 90 min, il &E Ny 1.5 mL. [FIFEAS 3B AR
FRM B FA I AsB3C3Dyo

3.2. GC-MS S E i
St FLANBRE IZEBUAGIEAT GC-MS 43T, BT P % 5236 1) 52 ) f Ko FLivest K T e e R 25, i
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IR A FEIRE R IR RREAT 28T, 00X 1.4.7 SRFEET GC-MS 20 #T.1 5~ 160°C .
J£77 16 Mpa. J B8] 30 min, Ja AR 1.5 mL; 4 5 4 180°C . /7 16 Mpa. W [E] 60 min.
JeEFAR 2.5 mL; 7 S OMIRE 200°C. JE /08 16 Mpa. S SIFA] 90 min. SEAFFIAFL 2 mL. =AMkt
MBS EmE 2,

1E 160°CE&HF T, ZEBURHA 5-FF JE-2-Wm S R A DG & Sk 3 9.25%, T BAE I A AL BUL FE o,
R TR R CE KA T A TR AR, LR AR ARR BE AR AR TE AR R 3K 71 10 05 L Ikt (1 b
ZL.AE 160°C A 180°C &A1 ARG HH FH 2RI & 19 0, [0 S e 77 I 2 v i P88 11 - v HR SR (1 BT 2

1E 160°C FIBHRIRE T, FERURH R EAERERMm (K 2), UWHHTE 160C T, ZMMFHIIARE LS
RAT — @ FRRERIEAR, B IR T S ARG S AR A TS, [FIRNE I T A, 1 Ul R
FHEAMUAR R R AR SEPR MR, ZIRAF R A ge g aqge i, HABOKILAWE R A T — EFEE R

3.4. BFESITERE

SR FH 19 BT 4% TOUAL B/ 11 2 JRRA JEURLRITER I S C O, BEHJS 1R 2 JRRAT B 1 45 HEDIRAS

3 RZFRAEATE R B R . B Th ERATRT AT BRI SR AL B 1, RS AT T 4R AR b7
MBERRAE i, JF HESFRENHIE, FHERIDEE, ARMRNMAE. £& 3. LA 2% th
Kok, TEAEG BT DU 522X AN 5% 7] B RS AT 21 4R A4 AR BE AT 4k

MK 4 s 3RATAT LR BIE B IG A A BGE 5, R R AT A A PR, BORIRR, JF HAER T
EAUIRAANEE SV BE AL T W o IR AR S A B AT REAEAE dh R T IR UR . AT e AR BRI 75
MEE(LCC) [7]. fEHDIAAREE PR EE —DNRIRGE . BTFURY], fERIFRIEAT R H AR R A
FEVE R 2 BT B& i, IS A AR RS

4. #hig
RS 2 R AR ARG T COp 2 E ISR R et EAT T RS0, IR S B A 5 25 KR 1

B FEER R, W ER RS R &= AR ZR R AT, AT DA 2 A 5T 2R Bt i s 56 24 44 =2
WA 200°C, &M 24 MPa. BT8R 90 min, 77 1,4- S SHEFN 1.5 mL. #BIE A CO, ZXE it
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Figure 1. Simplified diagram of the supercritical extraction system model Spe-ed SFE-1I
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Table 1. Results of delignification test with CO,, supercritical fluid extraction on sesame straw
F* 1. BIRF CO, MM Z MR F AR FAEZRIR TR

Fe5

Test A B C D a b c d
; . SJe s 5 . . - AR R
o iz s i JER g psdsx A MIEE
Temp./'C Press/MPa Time/min content/mL. pulp yield/% Hemicellulose/% Lignin/% yield/%

0 - - - - 53.40 18.67 27.03 -
1 160 16 30 15 44.89 19.29 8.29 69.32
2 160 20 60 2 52.11 10.84 8.67 67.90
3 160 24 90 25 53.26 16.54 7.71 71.47
4 180 16 60 25 50.52 15.71 6.46 76.09
5 180 20 90 15 50.87 18.54 5.25 80.59
6 180 24 30 2 45.10 18.35 6.66 75.35
7 200 16 90 2 52.42 17.67 6.23 76.96
8 200 20 30 25 52.58 15.34 6.26 76.83
9 200 24 60 15 46.78 20.95 5.18 80.84
Kay 50.09 49.28 47.52 47.51
Ka, 48.83 51.85 49.80 49.88

YR O E AsBoCsDs
Kas 50.59 48.38 52.18 52.12
Ra 1.76 3.47 4.66 4.61
Kb, 15.56 17.56 17.66 19.59
Kb, 17.53 1491 15.83 15.62

P YRR R AsB3CiDy
Kbs 17.99 18.61 17.58 15.86
Rb 2.43 3.7 1.83 3.73
Ke: 8.22 6.99 7.07 6.24
Kc, 6.12 6.72 6.77 7.18

AT B 7 AsBaCsDy
Kcs 5.89 6.39 6.39 6.81
Rc 2.33 0.48 0.68 0.94
Kd, 69.56 74.12 73.83 76.91
Kd; 77.34 75.11 74.94 73.40

JBA I 25 26 AqB3C3Dy
Kds 78.21 75.88 76.34 74.80
Rd 8.65 1.76 251 351

FEH, ARBIER KT 57 SEE AN P A R o BT 2 . BB IR IO TR AR OB M AR A S, R
BT ZRRIAE, X ULMIBEE LT R A DURBUR RSB, AT IO 4ER . e giR . Hipt
WK E R AL T — e R R AR o 5 P PR B4 0T e 57 A5 BT R 2 R M LR AL, 45 SRR
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Figure 2. TIC of GC-MS of sesame straw supercritical extraction liquor
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Table 2. Chemical composition of supercritical extraction liquid for sesame straw
% 2. 160°CHBIGSR CO, BRI EEYIR

TR /%
RT/I ] AW AR WX ARALEE /%
a b c
3.114 1,3-Dioxolane, 2-ethyl-2-Z.%-1,3- 53k CsHy0, 10213 - 649 - 91.94
3.198 1,2-Ethanediol, monoformate £, — % F izt CsHeO; 90.08 239 - 321 8463
3.255 Toluene, HIZK C7Hg 92.15 46.58 100 - 98.84
3.405 Paraldehyde, =K .15 CeH;,0s 13211 - 35 299 9327
3.541 Glycidol, ¥4z C:HsO, 7408 - 261 87.04
3.784 2-Pentenal, 2-methyl-2-H 5&-2- [0 A CeHiO 98.14 561 1346 475 9717
3.864 Ethanol, 2-[(trimethylsilyl)oxy]2- = F B F 48 5k 2. CsH1,0.Si 134.25 . - 339 9798
4134 1,2-Ethanediol, monoacetate 7, —fi% 7. &g C,HsO; 104.10 226 - - 97.44
4.199 1,3-Dioxolane, 2-propyl-2- 7, 3&-1,3- 5 I CeH1O, 11611 - - 649 9335
4.265 Hydrazine, 1,2-dipropyl-1,2- — P S 6 & CeHisN, 116.20 - - 147 82
4,340 1,3-Dioxolane, 2-methyl-2- i J-1,3- — 4 % 5 CiHsO, 8811 - - 1369 8801
4.454 Benzene, 1,3-dimethyl-[i] — Fi 5L 5% CeHio 106.16 1.16 - 458  97.15
5.006 2,4-Hexadienal, (E,E)-2,4-C. — %% CeHsO 9613 - - 113 9438
5.537 1,3,6-Trioxocane, 2-methyl-2-F3-1,3,6- =4 &3 CeH120; 13216 - - 2.2 94.8
5.581 2-Butene-1,4-diol, 1,4-—323-2-T /% CiHsO, 8811 167 - - 96.89
5.809 2-Furancarboxaldehyde, 5-methyl-5-H 3%-2-J: R F fig CeHeO, 110.11 9.25 - - 97.62
6.610 Ethanol,2-[2-(ethenyloxy)ethoxy]-2-(2-## 5 2E) Z 5 22 -1- 2.8 CeHO; 13211 10.1322.09 8.2  88.01
6.627 12-Crown-4, 12-5i-4 CeHiOs 17621 - - 100 86.69
6.824 Hydroperoxide,1,4-dioxan-2-yl, 2-—% 3 HEd S C,HsO, 12009 - 2278 - 94.04
7.448 Benzaldehyde, 4-methyl-if H : 2% F % CgHsO 12015 - - 7.448 9851
7.585  5-Formyl-6-methyl-4,5-dihydropyran, 2,6-—FJL-5-fEJE-4,5- 5t CgH O, 12615 - - 499 91.95
10.459 Benzaldehyde, 4-(1-methylethyl)-% 5 P 3 2% H i CiH,0 14820 - - 295 912
10.755 ortho-Methoxyacetophenone 41} 1 42 5 2 F R i CoH1g0, 150.19 1.43 - - 97.16
11.634 4-Acetylanisole 5 F 423 7 2. CoH10; 150.19 49.51 556 - 97.22
13.647 2,5-di-tert-Butyl-1,4-benzoquinone, 2,5- U] HEIRER CuH0, 22023 1.26 195 - 84.5
14.348 ButylatedHydroxytoluene, 2,6-—# T J-4- F 5L ) CisHzO 22041 - - 14348 955
18.088 Phenol,4-(1-methyl-1-phenylethyl)-4- 7 5 25 3k 5 CisHiO 93 812 244 - 92.45
20.766 1-Naphthalenamine, N-phenyl-N-7&%-1-Z5 1% CiHisN 219.28 - - 724 97.09
22.565 Phenol,2,4-bis(1-methyl-1), 2-4- =5 55Kl CaHosO 33011 100 2426 - 92.27
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Figure 3. Pictures of original sesame straw
3. REBIRA ZEHZMIEFTH MR

5
$4800 3.0kV 13.4mm x700 SE(M) 50.0um | S4800 3.0kV 13.5mm x5.00k SE(M)

@ (b)

Figure 4. Scanning electron microscopy (SEM) picture of supercritical after
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