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Figure 1 Effect of reaction conditions on hydrogen production from bio-oil reforming
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Table 1 Codes and levels of experimental variables in

response surface methodology

4 7 K F- 5 = -
RE/K JE J1/MPa KBk L

-1 700 0.1 4.0

0 850 0.2 5.0

1 1 000 0.3 6.0

K BHL Y, F oo HEATLURE R J1 KR H
A8 T 1 UL, 75 BB 3 54 B 3
(5).(6) LI 24 BT A6 I 3,

& 2 Design-Expert i+t E 417
Table 2 Statistical calculation data of Design-Expert

1 700 0.1 4.0 36. 90 0. 88
2 1 000 0.1 4.0 86. 18 10. 45
3 850 0.2 4.0 74. 60 5.02
4 700 0.3 4.0 23. 16 0.57
5 1 000 0.3 4.0 85.32 10. 37
6 850 0.1 5.0 89.18 4.63
7 700 0.2 5.0 33.09 0.62
8 850 0.2 5.0 81.94 4.27
9 1 000 0.2 5.0 88. 30 8.58
10 850 0.3 5.0 75. 49 3.95
11 700 0.1 6.0 49. 95 0.74
12 1 000 0.1 6.0 90. 12 7.29
13 850 0.2 6.0 86.92 3.69
14 700 0.3 6.0 32.31 0. 50
15 1 000 0.3 6.0 89. 86 7.28

Fo,=4.25+4.07X, -0.13X, -0.78 X, +
0.06 X,X, - 0.76 X, X, + 0.02 X,X, -
0.36 X,” - 0.04 X,” +0.11 X,”, (6)
KX, X, X, BRhgmcH—#E", X(5).(6)
Ry RIE LG R R, VRN 0.99, £ Y, (F,
BEESAAE b U A T —FHEK,
WY (7] I Y D) BOR B
K3V, Fo, BIABRE FE 55

Yy, =81.30 +26.44X, - 4.62 X, +4.30 X; + 178.95 643. 84 ,P {H < 0.000 1, PEHIRIAL(5) |
3.78 X,X, - 1.71 X, X, - 0.41 X,X, - ()W WE, T Y, , ZHX, LWITX, ¥
20.44 X,> +1.20 X, - 0.37 X,>;  (5) Wi % ik 5 (P<0.000 1) 33 A~ HAE & X, X Y,
*3 Yy, MF., AFENMEITER
Table 3  Statistical results of variance analysis of YH2 and F,
Y,, Fita5 R Foo G145
KI AME
7 A ¥ fE FE P Rl ¥ E F1{H P1H
gl 9 8 877.59 986. 4 178.95 < 0.000 1 176. 83 19. 65 643. 84 < 0.000 1
X, 1 6988.76 6988.76 1 267.86 < 0.000 1 165. 35 165. 35 5 418. 45 < 0.000 1
X, 1 213.36 213.36 38.71 0.001 6 0.18 0.18 5.74 0. 06
X, 1 184. 99 184. 99 33.56 0.002 2 6.08 6.08 199. 30 < 0.000 1
X, X, 1 114. 30 114. 30 20. 74 0.006 1 0.03 0. 03 0.90 0.39
X, X, 1 23.51 23.51 4.27 0.093 8 4.56 4.56 149. 55 < 0.000 1
X, X, 1 1. 37 1. 37 0.25 0.639 6 0. 00 0.00 0.07 0. 80
Xl2 1 1 074.01 1 074.01 194. 84 < 0.000 1 0.33 0.33 10. 67 0.02
X22 1 3.70 3.70 0.67 0.450 2 0.01 0.01 0.17 0.70
ij 1 0. 36 0. 36 0. 065 0.809 1 0.03 0.03 1. 00 0. 36
B 2% 5 27.56 5.51 0.15 0.03
MR 22 14 8 905. 15 176.98
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Figure 3 Interaction effects of temperature and water-carbon ratio on Y“z and F
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Table 4 Response surface optimization results and comparison
x5 /K J£71/MPa KB L Y,/ % Feo/% RECL S
814.98 0.10 6. 00 85.45 3.00 0.93
Wi R T A 1 814.58 0.10 5.98 85.28 3.00 0.93
812. 62 0.10 6. 00 84.97 2.95 0.92
773.15 0.10 6. 10 78.40 1.5
SCH AL
, 823. 15 0.10 3.80 89. 80 3.
15% Ni-CNTs [
823. 15 0.10 6.10 92.50 1.
Rh/Ce0,-Zr0," " 873.15 0. 10 6. 00 92.00 3.50
x5 MUBIBRIELR
Table 5 Optimized data validation results
PEA SR 25 1 W 7. T 00 K540 Aspen Plus B35 ¥ AR X 22
BE/K  JEJS/MPa IR e Y, /% Foo/ % Yy, /% Foo/% Yy, /% Foo/%
814. 98 0.10 6. 00 85.45 3.00 88. 74 3.07 3.71 2.28
814.58 0.10 5.98 85.28 3.00 88. 60 3.07 3.75 2.28
812.62 0.10 6.00 84.97 2.95 88. 37 3.01 3.85 1.99
A different fuels and integrated with high temperature
3 &g

FH Aspen Plus ﬁ}’*ﬁ{Fk{q‘ij%%uﬁﬂﬁff,
Xof 35 TRk e b N 7 oK 1 AR W K R R
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fife O PR ) R b ) 2R W o K R R R R A ik T
R I SO A R AT T XL

(1) %5y i BE AR B K e Lo A A 4
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KA LU R 25 il H, 7™ SR 1) IR 5 1l B 8

(2) IR T6L 4 v TR 0 R s K B L A R T B AR
CO T ILEE/RUEE, CO T I /R Uk B b 25 1R B
(8 T i T 1S 0, 2 v R 7 ROK B Le 23 30 co
Az R SIxE CO T 3 B R Mk B R R #R /N R )
CO - HEEE IR U B2 52 i 45 K A L BE 7E 700 ~ 1 000 K
Z ),

(3) 3 A SRR H Tt N 9 A P i K 78R A
il A% CO Fe A s ny 25 14 I B 814.98 K\ R )
0.10 MPa JK#% EL 6. 00, BB 44 1 2% B e H,
FER 88, T4% MK CO T L EE IR E 3.07%,
W GETH A B 55 30 AT B B SOk 52 56 25 R 3
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Process Optimization of Bio-o0il Reforming for Hydrogen Production with Low CO

Based on Thermodynamics

LIU Liping, HAN Shunchuang, CHEN Shuo, FANG Shuqi

(School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: According to the application demand of low CO content in fuel cell hydrogen source, the thermody-
namic analysis of bio-oil steam reforming process for hydrogen production was carried out, and the process
conditions of high hydrogen and low CO were optimized and obtained by response surface method. Firstly, the
thermodynamic analysis of hydrogen production by bio-oil steam reforming was carried out in the range of tem-
perature 300-1 500 K, pressure 0. 1-0.7 MPa and water to carbon ratio 1. 0=7.0. The results showed that
high temperature, low pressure and high water to carbon ratio were favorable for hydrogen production, while low
temperature, higher pressure and high water to carbon ratio could inhibit the formation of CO. Then, reaction
temperature , pressure and water to carbon ratio were determined as the analysis variables, and the high hydrogen
yield and low CO dry basis molar concentration were taken as the optimization objectives. The response surface
method was used for prediction and analysis, and the low CO process conditions of hydrogen production by bio-
oil steam reforming suitable for fuel cell application were obtained. The optimized results were compared with the
experimental results under similar reaction conditions, and the values were close. Comparing the hydrogen yield
and CO dry basis molar concentration of response surface prediction optimization results with those of Aspen Plus
thermodynamic simulation results, the parameter error was less than 5%. The thermodynamic optimal conditions
for hydrogen production by bio-oil steam reforming with the effect of high hydrogen and low CO were obtained as
follows : temperature 814.98 K, pressure 0. 10 MPa and water carbon ratio 6. 00. In these conditions, the yield of
hydrogen was 88.74% and the dry basis molar concentration of CO was 3. 07%.

Keywords: bio-oil; reforming for hydrogen production; Aspen Plus; response surface method; fuel cell



