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Tab.1 Proximate, ultimate and component analysis of the rape straw %

M, A Vi FC4 C H

N S o* YR FAfEER O ARE

6.12 3.69 72.84 17.35 42.22 5.53

0.41 0.07 51.77 41. 40 26. 65 31.95

T ThR ad FR Mk (=TT ) 5 B4R a s 220000k .

LT 4 bR 8 L 4L (Homogeneous
aging fraction, HAF) , F )2 b % #8 U1 3€ 4H 43 ( Thick
deposited fraction, TDF) , H:2y 5 Sl 1Y 20%

535 %F BCLBF \HBF \HAF #1 TDF 47 IR,
DAE SR AT iE— 25 9 0 BT PR AE DT 58 . A FEAS 1 Bk
FrtE S8k 2 s .

F2 EREFHEBEAEHEHESE
Tab.2 Physical properties of all samples

A (grem ™) HEU/% /% pH{E(mmz'S") (MJ-kg™")
BC 1. 14 4.03 34.20 2.22 4.28 18.08
LBF 1.02 0 65.52 4.10 2.82

HBF 1.25 11.04 5.17 3.20 155.42 28.85
HAF 1.10 2.96 37.35 2.82 4.05 14.13

TDF 1.18 7.21 8.98 2.90 121.10 24.80

1.2 KIe SR R A&

K Trace DSQ I B Jig Bk 43 BT 430 € M Al
AT BC EZ BT, GC &M A FE Sy HP -5 7Y
EYE M, B He Wi ft y 1 mL/min, 4 1R B K
250°C , 3t b 300 1, HEAE &Ly 1 nL; MS Z& 44 . MS £
F 2R EE S 270°C g 7 O EL L& diae o
70 eV, 1 H T R 2 30 ~ 500m/z, 37 4 B A K
s FHR R 3 22 4 40°C /345 2 min, L) 20°C /min
() T+ R FF 2 100°C, 4R J5 LA 59C/min TR 3 %
F % 280°C f£4F 15 min,

K] Cary670 BUAH HL kA5 460 21 A1 56385 AR A )
TH 25 2153 11 Ak 2 285 0 2 0 47 e M I8 BH T A
i 4 000 ~800 em ',

K] Agilent1100 #Y 55 &4 i AH €5 3% AL R AE A= 9
W45 4150 F- 359 F Bk e A R . K 50 A i 100 A
FiAZ S m AR PLgel A 5K ; BT I ) by DU &0k
W (THF) s B TE AR E S R 24 (162 ~ 5 750 g/mol )
TS, PRAFAE Iy 40°C A5 I #4538 B2 Oy 40°C, F A it
420 WL, F SR THF 534 1 mL/min,,

2 HRE5OMW

2.1 GC-MS&h

AR B B B I TH], A €0 338 i 22 TS 41 44 )5 19 3
X I B KA I 18] S5 3 P, A 3 2 v R 2R A5 2 AR B
(00 T 5 9% D 00 0 2% 0 Jo 1 €2 i v 1 B O i — 20
THAAG 2 32 21 5 A4 AR O 08 T AR, DL O X BC Hp

(A HLY AT 02 B i o

BC P& ALk &9 i 2, Hovp 32 Fp 2 5
S YN 3 fron. 33 Al BC g —Fhi A2
ZRANR AW, BN T RIS RS (BEE (2K R
K BMEFAIY . AYRELHTLER FAER
AT 2R LN, 27 4 3R 0 10 1 D i =X 3 %
oG 1 B ST S SR B 0 45 1 A, SRR B
C—O0—Clt C—CHEZ S, B RM TR 7> T &
A R 5 A £ 4k FROR 2 Pl SR o R A B T A

R3 EMEREERS
Tab.3 Main components of bio-oil crude

IrT R U

s L6 4 s

W R/ %
L2, 3-ZH e C,H,  100.21 0.84
2 E e ks CeHyy  86.18 5.27
N g CeH, 86.18 5.36
4 2 N CeHp,  84.17 8.41
50 1-HERCE C;H, 0 116.21 0.57
6 HWEMKZm® C;HgO;  90.08 0.89
7 W C,H,0, 60.05 7.62
8 BINER C3HgO, 74.08 4.92
9 3-fEREE CsH,0, 96.09 1.91
10 2-¥RIL3-FF M -1-2 i C;HgO, 124.14 1.42
11 Z WA CsHgO; 116.12 1.48
12 22 e 7 4 B CeHo05 126.12 0.66
13 1,2-3J% CsH,0, 98.11 1.85
14 1,6-FF "4z C,H,0 112.18 0.89
15 2-$% A3 B2 F 15 4 -1 - CeHg0, 112,13 2.16
16 2-H 4 3L C,Hy0, 124.14 5.15
17 3-Z32-BIH2-3FM-1-80 C,H, 0, 126.16 1.32
18 2-H 4Rk 4-H 3w CeH,00, 138.17 1.37
19 2-RPHAEILED CoH,0, 152.20 0.74
20 4-Z K2 AR R E CoH,0, 152.20 1.73
21 3-HERILEm C,;HgO; 140.14 2.38
22 2-HUR L A-Z IR CoHyy0, 150.18 3.34
23 2,6-— HUE LA CgH 405 154.17 11.75
24 2,5-ZHE R R CoH,,05 168.20 2.57
25 1,2, 3-Z AR SE-S-HI R CiHy, 05 182.23 3.20
26 A4-SRTN A HE-3-H AL R T CiH, 05 182.23 1.07
27 3,5- " HAILK L CipH,0; 180.21 3.90
28 2,5-TREENE I TH R CioHip04 194.20 0.72
29 SBUHLER CH 0, 194.20 0.51
30 A-NHEFE2,6-T H A LM C, H,0; 194.24 3.78
31 BT &M CoH,0, 196.21 0.50
32 EH4 O G, H,0, 210.24 1.70
ait 89. 98




208 & o Bl B ¥ iR

(952 A W, 4 T4 J HLAB A S0, AR B TR 2,
5y BRI T W0 TR 5 A S5 2 UL o S TN e 4%
W B0 i C—C e 146 A A 3 T K AR 2 1)
TR, 2> T 45K b 1 5 A1) E R B C—0—C
1B ACHE TR f) 0 S A X 58, 52 A B T 3L T
TR SR 1l S X 2 ) S A4 Tk
P A A RN A R S R R Ra E B R 4
S PR T S0 AP R v AN e (ES
FER M) I, 2 £F 4 2 30 U 5 72 1 /N A3 T e 26 ok
I e JLAT AR, T K B 2% A 5 ) g W 2% A
KPR

TE 32 R EBAG N P 35 W TR 5
N 49.36% , Hodr Wy 25 Sl 35.50% , ik A KN
22.09% W25 H 13.77% ,IRERZE N 9.46% ,FEZE N
3.70% {5255 0.99% , HAh ¥ i i 0.63% , AH %
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Er AR T R RE, T 5 bR A 1k 5 R B
AWM LT A & RS AL A WA L, A i B
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Fig. 1 Infrared spectroscopy of bio-oil crude and

the distilled fraction

H 1AL, 7E 3 700 ~2 800 em ' i Fil 4 BC.
LBF F1 HBF 344 B W Y W i i, % 0 By O—H Al
C—H M4 3 sh 51, AR I B 2E (Bh 2K DA &
IK Y HEAE 0%, Hop  HBF AR i 55 BC il LBF 22 5%
Bt , HBF (¥ 4% 3l e AH X 25 1M 55 , 26 B HBF o D)}
KAk &Y, W R IR C—H i 45 I= 3h b 1E
3100 ~3 000 em ™' 5 I FL A AN C—H £ 5, Hi% 5
BRARGE s TE A AR R b, Iy 28 RN BESR ) T 4y T )
B LA KGR 5340 I 1) B i i s B HBF 4 3 i A3 6
B TRE% . 1900 ~ 1 200 em ' [X 8] S X4 1 3% 30
X ,C =0 # 9 3 W 5 1X i) 1900 ~ 1650 em ™',
BC . LBF #1 HBF 7E 335 B P 3447 W g g, R B 35 4
i I IR 2 40 S A7 4 5 1 600 ~ 1500 em ™' Ry 75 F B
gk C=C H R Iz 2 Wi , HBF 763 X A 4
W K W i, T LBE D] SR B0 i g, 25 B
HBF &85 2 W05 & KAk, LBF W JL-F A&
FFEELEY . 1275 ~1 050 em ™' Z (8] {1 45 1 W I
W W] BC \LBF F1 HBF rptf & 45 SR R | 16 26 ik 25
LAY, A BC & A% 0 W 5 4 DA B R X I
0 4 ok e, A LA 12 X TR A O IR i /N T HBF (Y
e . Rk —2 5T BC 54018 )5 LBF fil HBF
() 22 52, 0T A= W 3 1R T S 2140 635 Y 2 A AR AR iE
17T 8, 25 Rk 4 R .

%4 BC.LBF #1 HBF B4 sh it >R R
Tab.4 Analysis of infrared spectroscopy of BC, LBF and HBF

BC LBF HBF LBF 51k it HBF 725 {k 4
YB/em ™ WBPCR/% PR em ™ RICR/ % PRem ™ RBOR/% P em T BRICR/% iR/ em T IRICR/%
3659.4 1.01
3377.3 12. 81 3357.1 13.33 3385.9 5.02 -20.2 0.52 8.6 -17.79
2986.7 5.01 2968.9 6.26 -17.8 1.25
1708.0 4.82 1706.0 3.77 1710.5 7.06 -2.0 -1.05 2.5 2.24
1642. 1 4.20 1639.8 4.18 1612.3 3.42 -2.3 -0.02 -29.8 -0.78
1514.1 3.05
1382.0 2.47 1390. 6 2.19 1378.6 3.84 8.6 -0.28 -3.4 1.37
1264.9 2.98 1269.8 2.56 1215.2 4.74 4.9 -0.42 -49.7 1.76
1051.0 2.48 1051.0 1.63 1078.6 4.51 0 -0.85 27.6 2.03
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ZLAM G H M 3 1 67 7% 3222 T IF 44 W - 7R A
Mz kA% s, hE4 w]H, LBF 3% & A F
3357.1 cm ™ '% 5 Qb W% 0k ié L) & HBF 3% & o F
3385.9 em "4 T Ab MR I R A T — 5 B A R
i, W BC #E 40 tHat FE b Al R & A2 T — S AR
I o W e AL (B OCH, JOR 48 ) (it B B2 i
el A5 W g W ) g AT W) B S, T LB Y 1.390.6
1269.8 em ™' 2 4b W% i i%, 1L Jz HBF f#)3385.9,
1710.5.1078.6 cm ™' 3 bW W0 1 R F% o i 45 FRL
TR (40 CHy (R OAF ) Ay JROAC 52 iz D) e 2% 2R AH
5%, 4 LBF ) 3 357.1.1706.0.1639.8 cm '3 &b %
W, L K HBF [ 2968.9.1 612.3,1 378.6,
1215.2 em™'4 Kbl K A4 9 A% o 55 41, S B Ak
DI SR R G T B o T €0 A K S S R A A K o5
AIRIOR , TR 2 87 WA AT U [ I A3 3 07 1wl B 5l o DIk
W 1 /N R ) I I R R D % R — T o
B, LBF 318 3357, 1 em ™' b 1 S I R A BT
e, EE IR W LBF (&K R EFH5E M, i LBF
Hh R BB 3 A AL 00 Tl B 45 A 5 e 3 BOHL At % W 11 016 W
R REA . HBF SIG Y 2 /K LA B R 3R v C—H 4
3% By 50k J3E 55 5 DR 2% 3 P op 3385.9 em T ALY B IR
WS B, T 43R 3k A e Y JRUA R S I fof e 5% 45 A A

K, AR AR & B TH i, 802 968. 9 em ' 4
5 Ak TR VAT U F1 S MR AT SR A
2.2.2 Efedn

BC 24k n] 15 2] HAF A1 TDF, A= ) J5Uilh [ 2
4l 73 2150 6 3% X I AN 18 2 o dr & 2 al i,
BC HAF I TDF [ k2 2 iR 3, B 1 7 ) — 3 s
2T A Tl W AU T 3 38 14 016 I ML AT T XS A I
Wi 1% o7 72 At D PR3 B A DL AR S R e o A
Yy 2 AL HT G 4100 B LDAO6 i A2 A HAR S5 R sk 5
Bz

0.16 -

— BC
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Fig.2 Infrared spectroscopy of bio-oil crude

0= .
4000

and the aging fraction

%5 BC.HAF 1 TDF 4L 5hSLiE NG R
Tab.5 Analysis of infrared spectroscopy of BC, HAF and TDF

BC HAF TDF HAF 725 fb i TDF A5k 4t
Wk/em ™ WUCR/ % W/ em ™ BRE/% P/ em T RIRE/% Yl em Tt BIRR/% B em T R/ %
3377.3 12. 81 3368.4 14.12 3380.6 11. 11 -8.9 1.31 3.3 -1.70
2986.7 5.01 2968. 1 3.88 -18.6 -1.13
1708.0 4.72 1708.0 4.74 1707.5 4.49 0 0.02 -0.5 -0.23
1642. 1 4.20 1640.2 4.64 1641.3 3.79 -1.9 0. 44 -0.8 -0.41
1382.0 2.47 1381.0 2.56 1380.8 2.07 -1.0 0. 09 -1.2 -0.40
1264.9 2.98 1267.8 3.09 1264.9 2.41 2.9 0.11 0 -0.57
1051.0 2.48 1053.2 2.49 1073.1 1.47 2.2 0.01 22.1 -1.01

F 35 A%, HAF 7£ 1264.9 1051.0 cm ™' 4b 7]
RE A A 1 W H - IO 2 1 AR B g, ol R A 06 1)
B AR Bl AE 3377.3.1642. 1 em ' F11382.0 cm ™!
Qb I A ) H, 32 gy DU el W s e ) AR AR 5 1 Al A 5
HAF 2% 08 1) 56 W e 32 34 i 7t i, H HAF /9 30K
BAPT R, R HNBUEW R E T B
L (AT B B 45 A E G, I HL AR 7K, TDF
BARE & KR LA SR b C—H B4R 2l ok B 0 55
I HLp R W) A 2 Al i A8 b A 2R 43 1 1) 46, LA
B 43 0 I [ 2 B B 19 45 3 380.6,1 051.0 em ™' 4zb
F14) W82 WS A U 583 , O ) R A g Il R T RS . 25 TRIR
U ) A2 AL 2 BT, TDF 198 B 35 B2 i T 2B 9 il N
BSR4 T KRy FREW, I & AETT

W Il B 3 S0 490 % 2 0 30 11 A0 R Bl — 5
AL L, 3 76 35 Ak 1 2 o 1) < R 38 B 1 1
1 R
2.3 GPC &#r

LT M6 A AN TR 3% 75 4t 5E M4 BT BC i
2254k, B B, A% SC AR 403 F 243 T8 K
Sy A () 32 AE 4307 , Sk A 0 Y AR AL 2 AR A
TR 4R LA AR BOHE 2 %, % BC, LBF, HBF,
HAF Fl TDF HEAT 53 47 1T 455 3 F 24540 F 4,
SRR 4y F ik M, ST M, OB Z 5T R
M, AR

- N N.M,

1
ok (1)



210 & o Bl B ¥ iR

2014 4

%=§§$L (2)
— W.M;
/ngahg (3)

R N—— TR M5 T AR
W, ——43F 4 M5 R
$i B4 T80 E G617 B AT 453 BB 4y T,
HE Y F R GE T AR 4 TR Z B4
B Z MG, R D = M, /M, Fo5 5 TR
Sy AT FERE  BR 4y OB, D BK, 3 W 4 F B4 A
BRTE L 45 AT 243 R RIS BUE W03 6 TR
x6 BEHEANTEHSTFEMSEE

Tab.6 Average molecular mass and

dispersion of all samples

ReA M, M, M, D

BC 243.80 304. 97 425.42 1.25
LBF 218. 14 293.73 375.33 1.35
HBF 26. 60 421.71 1802. 30 15.85
HAF 36.51 288.78 737.44 7.91
TDF 28.93 603. 50 2815.20 20. 86

H 2 6 A, BC 4r FHATEE N 1,25, 408 F
1, R B BC K & 300 504y HUIAR &, 43 1 5 43 A AH XS
¥ — LBF (4> F &40 B 1,35, % W] LBF 143
T R RE A 7B 528 1 XIS, 3630 B 0 IR &R
HBF {4 %% ¥ 4% F & 2 26.60, 1 T 34 4> F & K
421.71 5 F AP BB B A, o 15.85, 35 W] HBF 4
ZoEUAR . B FRITR MG # 5T Al AL IR
B AR ST TR A X RO Oy - A BOR TR M
R ArF ) o vt H 3 43 F 1 STRRBCK , HBEF (9 403 43
TR M 4y F R K, R B HBF /g
Wy 5 1) et AT 2SR A3 Ry 3 R ek R e R AR AR
SR A JS R A3 FAR R W, 43 - S 43 A 75 55 T8 (13
FEL N o

HAF Fl TDF () 4 F & 40 §O8 B8R, Hodr,
TDF (#4531 43 B i ] 20. 86, 3R W] BC H1 4y F it
T30 1) 45 00 A A7 it 3t A v AR L SR AR B T o T
BRBREG WG F = B/NKEY) I, i HAF FI
TDF & W) I 4 F it 22 R . Mg dk s
G100 10 Koy B R A BT 48 2R 5 20 Aok ik
ST A AW A, A 4r F R AR Ak A B HIE T BC 7E

g AE L A A s AR
2.4 £WiHREENERN

T SRR FF2E W il 25 20 4 AR R 4 AR AL 2 20
JH) o3 FAE 45 SR 2 BC AE 53 18 A0 2 Ak A b AR
F18 % AT ST I 1) W B o #4345 SR AR DG F
FERTHERT, BC PN &R A 2 1 T B A 2 SO A - I A
WL 4 S LRI SR A KL

TE 5318 A2 A o B b I A A2 Al 5 1 R
P A7 AE [ AR BURL ) 45 2% 1 2 2 i BC R4 fiE
P LA v 1 B 202 Bl 5 IR 4% DU e 2 1
S A A R o SR, R RO S A 2R, = B W)
T 7RI I T B 45 4 S KA i 1 A A
Xt ¥ — SRR N ez, A W A ik ) 2 R A
DRIt A a0 0 A 0 i A 8 T A e HL A
T B3 B O 24— AN D A A 23 AR L B 9 i i T
WARKREL o
3 &g

(1) I SR AT B2 KA e 45 A 1y i 2 — b s o
WHEIRMREGY, EE T A K B B Lk
WE RIR BT B FAE Y, SRR Rk
Y o e A I T A AR s FLv MR AR R
By 5K AL E RE AL L 1 1) 2B, fi 2 W ik o
(7K XE LA B 5 A= 0 b A HLIR 9 A7 A8 S BOL A
SRR, TEAF BRI 4 5 B v 2 3R DU IR & 0 S
TS et A A i A 2 s 0 0% o

(2) HE Wy A 73 48 A AL A, i g TR A
IR B8 1) 28 A LA B TR BSURE ) 1) 7 A 2 2> 5 A BL R
RE M1 L L5 202 3l , A BLY o 1 18] 09 1 1T 0 4% A
TN, AR A I Z 18] By A FE TR AR VA A R AR IR
I o Xt A2 0 R AT 0E — 2 A R B Al | AL 2R A
SR R PER IT , B AR SR 6 2 1 Tk e A S P
FR I A ¥4 — R ) ok SR AR

(3) £ZLANETE 73 M7 BE X A2 9 il 4 0 A2 AL BEAT A
R E VERT I, XS 25 2 23 47 1) 73 8 S Hoy A
WEFE W], BC Al LBF $215 573 MK 5 , HBF \HAF
1 TDF ¥ 27y 8K &, 70 B 53 51 0 15.85.7. 91
120. 86, A RCIIE 1 A= 4 J5Uih £ 0 48 A28 AL i 72
H N B A A S AR AR R R E R WL ARt 3 23 BT &6
B0 T I TE R — Bl A A W ik AR AR A A
MTFB

& % x Wt
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Analysis and Characterization of Bio-oil Produced from Vacuum
Pyrolysis of Rape Straw
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Abstract: Rape straw was chosen as the raw material to produce bio-oil crude ( BC) in a vacuum
pyrolysis system. BC was vacuum distilled into low boiling fraction ( LBF) and high boiling fraction
(HBF). Homogeneous aging fraction ( HAF) and thick deposited fraction ( TDF) were obtained after
sealed storage of BC for 90 d. BC was preliminarily analyzed using gas chromatography/mass spectrometry
(GC —MS). Chemical structure of samples was investigated using Fourier transform infrared spectrometry
(FT—1IR). Average molecular weight and distribution of all samples was studied using gel permeation
chromatography ( GPC). The results showed that BC contained many substances, including water,
alkanes, phenols, alcohols, ketones, aldehydes, carboxylic acids, esters, aliphatic and aromatic
compound, etc. Frequency shifting and variation of light transmittance from FT — IR analysis showed that
the violent movement of electron on different functional groups intensified the interaction of molecular in
bio-oil. BC and LBF were close to monodisperse system, and HBF, HAF, and TDF were polydisperse
system, whose dispersity parameters were 15. 85, 7.91 and 20. 86 respectively. It was necessary for BC
upgrading to improve its stability.
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