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Tab.1 Proximate and ultimate analysis of rape straw

%

Tolk 43 #r TLER T
M. A Via F C H N S 0*
6.12 3.69 72.84 17.35 42.22 5.53 0.41 0.07 51.77
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Tab.2 Physicochemical characterization of HZSM — 5 catalysts

fi AL R/ (w’g7") LA/ (em’-g") fL42/(A)  Brénsted B/ (pmol-g ')  Lewis B fit/(pmol-g ")
HZSM -5(25) 351.342 0. 194 5.061 154.2 39.1
HZSM —5(50) 342. 184 0. 201 5.111 141.8 33.6
HZSM —-5(75) 334.390 0.214 5.242 123.5 26.2
HZSM —5(100) 322. 124 0.230 5. 401 106. 5 19.8

Bl s P LA AR R R G A

Fig.1 Schematic diagram of vacuum pyrolysis and

catalytic upgrading system
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Tab.3 Factor and levels in experimental design

pove WIE«/C MR vw/g BRI
1 450 20 25
0 500 30 50
| 550 40 75

450°C T LRI B AR R B XD P )R AR A o
X SAR T W HEAT E B RAE R AE IR R 2 min, Y
A R B 35 ] 450°C B 45 E SR AE . R AT Agilent
7890A B AH 3% (GC) & & 4 B & R SR
CO .CO, H, I CH, iy & & 5 BOF¥MA . GC 43 #7 %
2 D 4G < (99.999% ) O 3R, R
45 mL/min, S K 33 45 & 30 mL, €5 555 4 IR B R
55°C , TCD il #53 FE fy 60°C, LA HL 3 24 60 mA

A AR 1 43 T < >R 1 890 Titrando 3 7K 43Il
E AN 3 R R 2R I AR TR K % (S
ASTM D1744 % GB/T 11146—2009) ;3% i ZDHW —
5G 70 & i BSOS A T i IE (S IR GB/T
213—2003) ; R & 24045 36 B H 3 e AR Wil i iz
%L (3 88 ASTM D455 % GB/T 2651988 ) ; 5% /i
Ll R D0 A i i % B (S IR GB/T 2540—
1981) ;&1 PHS —5 RIS pH 1 5 28 97l 1) IR

P (288 GB/T 11165—2005)
2 #£ERE5HWH
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Fig.2 Effects of catalyzing temperature on product yields
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Tab.4 Gas composition at different catalyzing

temperature %
ML FE/ C
AR R
400 450 500 550 600
Cco 31.63 32.91 33.96 34.73 35.16
CO, 28.38 30. 13 32.04 33.50 35.03
H, 0.15 0.16 0.18 0.20 0.23
CH, 1.59 1. 64 1.71 1.89 1.97
JES s 61.75 64.53 67. 89 70.32 72.39

2.1.2 fiEfbsn

28 AR BE R 500°C , HZSM — 5 BE48 F h 50,
PR X = B S s 3 TR . i A3
AL UL B LGN, WORE R R R
PR T, LR A 10 g B E] 30 g
BE T A P F T R, 2 i — 25 B e il A
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Fig.3 Effects of catalyst mass on product yields
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Tab.5 Gas composition at different catalyst mass %

AL R/ g

ALK
10 20 30 40 50
(610} 31.10 32.09 33.96 35.42 37.06
CO, 30.21 31.28 32.04 33.45 35.03
H, 0.17 0.18 0.18 0.21 0.26
CH, 1.01 1.47 1.71 2.19 2.47
BoE 62.49 65.02 67. 89 71.27 74.82
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Fig.4 Effects of catalyst Si/Al ratio on product yields
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Tab.6 Gas composition at different catalyst

Si/ Al ratio %
R AL HEAL ) B R LG

25 50 75 100
(6{0] 33.17 33.96 32.85 31.13
Cco, 32.15 32.04 31.02 29.78
H, 0.18 0.18 0.16 0. 14
CH, 1.72 1.71 1.58 1.34
S 67.22 67. 89 65. 61 62.39

2.2 mpMEERAL SR
LA SEAS A AE R AL AR BT L2 S8, U
THAH = ) 77 #80k H bR, AR % Box-Behnken 2 55 15 i1
S AT 12 A A I 3 A il . ik
MVE S e B S (Il i
iz F 22 o AR 2k [l I 3k %) me 1 {8 5 4% R 2R AT
[ G 53 A, 45 3 18] 05 5 F Sy
y=9.70 -0.39X, +0.89X, +0. 31X, +
0.31X,X, -0.73X,X, -0. 62X, X, -
1.10X; - 1. 17X; - 0. 90X; (3)
W 25 iR 8 s, 24t &
WY 3 R B TSRS F 2R 123.27 KT Fo (9, 4) =
14.66,P <0.000 1, 3 Byl & 15 3] 19 — K 2 0 AR
BAAWEMEZEE(P<0.01), KMPW P =
0.057 5 >0.05, KWK T o 8] I 485 7Y 1Y) )8 4
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Tab.7 Design matrix using Box — Behnken design and experiment results
A= X, X, X; y/ % A= X, X, X, y/ % =2 X, X, X y/ %
1 0 -1 -1 5.65 6 0 0 0 9.65 11 1 0 -1 7.82
2 1 1 0 8. 18 7 0 0 0 9.70 12 1 0 1 6.78
3 0 1 -1 8.78 8 0 0 0 9.74 13 -1 -1 0 7.28
4 0 1 1 8.35 9 -1 0 1 9.02 14 -1 0 -1 7.15
5 1 -1 0 5.88 10 -1 1 0 8.35 15 0 -1 1 7.72
®8 EPRETENMN KAC BT, 15 HZSM — 5 £ 2R A Ak T S 7l F1 11 25 H i
Tab.8 Analysis of variances for models EEHREE MM T Y RIELZL N AR E
KW PR HEE HJy F P 491. 16°C , AL TR I & 33. 23 o (A= 9 Jot 55 M 1k 77 Jo
B s e 2 1T <0.000] EEC 0.301) MEALAIEERLE 53. 29, AR ™ 4 334
. bR b L SR6s0.0006 RN 9.90% g SodiE UM B 1 7T HE AL, I T
. G b0 RO g [ R S B T 9 A A 7 B8 1L
X, 0.76 1 0.76 36.28  0.0018 A\ AR 52 AH 3K PR R 2R B R O A A ’
X]X2 0.38 1 0.38 18. 00 0.008 2 1’%1’&?&&%4910% J’%ﬂﬁﬁ”ﬁﬁi?ﬂ?ﬁz g,ﬁ};ﬁﬁi
X, X, 2.12 1 2.12 100.72  0.0002 o 53 ) HZSM - 5 fi# 46 ) (Eb 3% m
X, X, 1.56 1 1.56 74.34  0.0003 341.952 m*/g; L %% 0.202 em’/g; L 4% 5.095 A,
X 4. 49 1 4.49 213.85  <0.000 1 Brénsted fi® 140. 2 pmol/g; Lewis i 32.2 pmol/g) iB
o 2000 00 240,82 <0.0001 B3 VB UE P B, IR R O 2 0 9. 80%
X2 3.00 1 3.00 142.56  <0.000 1 . e . =
. o 11 s oo I AR 25 1. 01% 1% 25 3¢ /0y, T 454 mT &, )t
P 0. 10 3 0. 034 16.56  0.0575 B WA ) 2 77 R Dy 35.42%
aiiR % 0.004 2 0.002 2.4 fEHIEWREBELFES T
B 23.42 14 XoF T S A0 25 AT il BBCER A T 2B 003l 14 3 A 7 )

JeiE R OB RL, = 0.987 4, B E R R =
0.995 5 , 42 W1 ¥ 42700 R % 8 9. 74 % Wi I 1 1975 £l
BORUDL A LI BT i i TR A

158 ] U B8 4% 350 2 KU A B0 35 P < 0. 05,
VAR B S WETR B, h# 8 I, [
BB — Y50, AL IR EE (v, ) A 380 B () 0
WAL R RERE L () 3 A 50 S50 — R 5024
W, B, BP0 3 A 2 oh AL IR A )
A L% 55 LRG3 903 o 3 A 7 7 2 S
% =% 2SS EAR I B 4 P2 X
7 3 W U T 55 5 2 B S
2.3 BHMAASRRBIE
i B2 S L P O [0 7 R0 AT A 2

TR R AT BRAL R P 20 BT o A2 9 J500h 3+
Wy K AH 7 S B B AR 2 T X EE A 9
iR o 29 AL, 55 A Wy ISR EL R 4 R
it B AR, S 19.07% , H LA &K, B i
=P PAE R &, 15 33. 80 MI/kg, H A #5144k
BRI . A= P A8 B A6 N 5. 12 mm® /s, 5 /E
) S5 B K AR P A ) B S, LRI A3 h 36 R
& B KK B AETE T 518 , 2 B T EE Bs L T
AH =y G ALY Y 53 65 4 0, B B 2 4 o = 0 AR
RAFREANG . A5 Hoaz 2 5 o T A 0 Dt Aok AR
Wy AEATS A 5 3 19 32 20 26 B 0 LY, B Y 35 3 2
A F AL 0 7 Bl K W I 25 Ak 5 Tk A %
9 0.96 g/cm’, Sk 5 A IR O BRI . LSRN,
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PS5 DR 3R X TR 7= 0 7 3 5 i 1) A T 1] 26 e £k

Response surface plot and contour plot of factors on oil phase yield

Fig. 5
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FC AR BUBOR B4R e, R W AR 7= ) ROR IR KA L
o 2 W ARG, A7 80 1 X BT A 1 ik OB it B
PR A=Y & A 71.84% 1 €,9.09% 11
H,H/C EEJR I 1518, i F 1 2 A2 1y il /9
1. 426, WA 7= ) v A o0 R A X 5 T e, A L
P i EoT R E Z 19 L CO Fl CO, AYIE B BE KR .
BEAE il A = P R OG R 5 G R R o BRI, 3R
AT 31 7 ) 2 — T ¢ € TG ¥ e 1) WA R L, AT AR
SRR B KA =W S A 42.40% B9 K G,
Horp K £ R A T LE W IR 23 5 45 ok, FA SR R
LA AR BT AR B K, A2 W T S AT 35.20% 11
IR, BT W AR K ok 1T Al SR A B K
FOAHEA AR KR RS O TR AL R
Tab.9 Physical properties of raw bio-oil, oil phase,

aqueous phase and diesel

Ay WAl kA

K B B et
C 550 % 41.32  71.84  39.21 86.58
H % 5 50/ % 8.82 9.09 8.85 13.29
N i 5 5/ % 0.11 <0.01 0.02 6.5x107°
S itk 8/ % <0.01 <0.01 <0.01 <0.05
O Jii 4 73 0/ %

49.75  19.07  51.92 0.01

(22l )
H/C IR e (R 3E) 2.561 1.518  2.708
H/C EEJR [ (F3%) 1.426  1.510  1.269 1.842
pH {# 2.30 5.15 3.22
KR/ % 35.20  0.42  42.40
BREE/(geem ) 1.13 0.96 1.05 0. 84

EHEEE/ (mm? s ) 4.35 5.12 3.48 3 ~8(20%C)

LA (T4 ) /
18.30  33.80 17.10

B K S Bt S B A K A P ) B AR, R
17.10 MJ/kg iz Zh &5 BE A%, K 3. 48 mm° /s, JFH.,
KA =Y Al e S A D R R A LY, 115 H
pH {2 3. 22 X Tl AH 7~ W) i pH (o H 5 5K A1
PP A B AR BT, SR K Y B A, AR K
AR ) 1 T 35 0 3R A ORI B L FAE . 7K AR ) T
14 155 6r FAE 3K 29. 69 M/ kg, 3 B/KAH P 4 vh A BIL )
[ A EL A A v ) BB BT Jn B

3 Hig

(1) B A0 IR B2 1 TH 3, WO ™= 4 7= R R B
SARFEY 7 AR T IR P 7 A B S
AR ALK P A5 5 YROAH 7= 100 7= 3% I A4 1 700 PRt 384 T 3%
T RO 7= ) 7 30 U 3 A ARG A AR TR o et
B P AR 2 T B AR P A PR AL HZSM — 5 R 45 T AL
AR 4 A 700 8y 2 2 384 5, (FL B /K P A BT 0 5, S
T AR P R P

(2) We N TE 95 A Ak 43 A BT 45 1m0 13 A 400 A R
B, PG A ) AR AT AL AR IR
A )T SRR 58 L X 3l R 7 9 7 R 0 B i
SHEZEIME AR EE . RS RERIIER T E
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Catalytic Upgrading of Pyrolytic Vapors from Rape Straw Vacuum Pyrolysis

Fan Yongsheng Cai Yixi Li Xiachua Yu Ning Yin Haiyun
(School of Automotive and Traffic Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: The vapors directly catalyzed from vacuum pyrolysis of rape straw was investigated over
HZSM —5 in a two-stage fixed-bed reactor to determine the effects of operating parameters on the product
yields, including catalyzing temperature, biomass to catalyst mass ratio, and catalyst Si/Al ratio. The
optimization of the oil phase yield was further conducted by employing response surface methodology
(RSM). The statistical analysis showed that the operating parameters significantly affected the product
yields. The optimal conditions for the maximum oil phase yield were obtained at catalyzing temperature of
491.0°C, biomass to catalyst mass ratio of 0. 301, and catalyst Si/Al ratio of 53. Confirmation runs gave
9.80% of oil phase yield compared with 9.90% of predicated value. The upgraded bio-oil consisted of
separable oil and aqueous phases. The H/C molar ratio, pH value and higher heat value (HHV) of the
oil phase were 1.518, 5. 15 and 33. 80 MJ/kg, respectively. It showed that the oil phase had a higher
yield and the qualities, which can be used as an engine fuel. The H/C molar ratio and HHV of the
aqueous phase (dry basis) were 1.269 and 29. 69 MJ/kg, respectively. The aqueous phase also had a
high fuel value.
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