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Table 1  Factors and levels used for response surface design

K-
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-1 0 1
Al 350 450 550
B/h 1 4 7
crc 50 100 150
Dih 5 9 13
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2.704% - 2.40B* - 1.59C* - 2.58D"
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Table 2 Response surface design experimental and results

SRS A B c D RMEIFH RI%
1 0o -1 0 1 30.38
2 0 0 0 0 38.28
3 0 0 0 0 38.56
4 1 0 0 1 35.21
5 0o -1 -1 0 34.13
6 1 1 0 0 35.59
7 0 0 -1 -1 30.87
8 -1 0 0 1 33.22
9 0 1 -1 0 34.26
10 0 1 0 1 35.60
11 0 0 1 1 36.50
12 -1 0 1 0 34.67
13 0 0 0 0 38.13
14 0 1 0 -1 32.22
15 -1 -1 0 0 29.93
16 0 1 1 0 37.25
17 1 0 0 -1 32.12
18 0 0 0 0 38.02
19 -1 0o -1 0 34.79
20 -1 0 0 -1 30.31
21 -1 1 0 0 33.32
22 0 0 0 0 37.95
23 1 0 -1 0 34.62
24 0 0 -1 1 35.15
25 1 0 1 0 34.61
26 0 0 1 -1 31.21
27 1 -1 0 0 31.15
28 0 -1 0 -l 29.73
29 0 -1 1 0 30.40

22 1RBEISHR
it —LaiE AL B, C. Di>“<_4/|\%%5<a‘7|<

WEAS 2R ) 5 i R B, S B B A7y 225007, 2
R 3, *&%Mﬁﬁdx*ﬁr‘ﬁmé’ﬁ%&ﬁt
o TEARSZR H BRI E MRS p < 0.05 %%593»7
PR B it X Hﬁw?ﬁn/ﬁ\aﬁf”

AR —IK
B, D, kI Az\ LD EFNRE, AR

SCHL

I BC., C 583, AR p=0.0003<0.01,
A CI= s v T N N R 1/
p=0.0012<0.01 , it |4 8 & KF , HA IE e g &
% R=0.8839 , BRI G B Ag, PRI iz [l 0 7 R 1)
PSR ST
i 3¢ 3 WAL, 25— I LIS R D 52

i) £ K ( p <0.0001) , ik B & & 7K F- o AE IR T
o, oot R OE A 3k B B B OFE K R
( p=0.0002<0.01 ), Bk ALHF ] B 35 5 #% 8 2% 7K
( p=0.0005<0.01) , ifi fk ik BE € 35 2] b 2 7K
( p=0.0102<0.05 ) , fif§ LB} ] D* 3K A% 5 3 7K
(p—00003<0 01 ). TEAZHIGH  BRAL I ] F Ak AL

T B 1 32 BT BC(p=0.0278 <0.05) ik F| i 3 /K
$ o 1M A(p=0.1543), C(p=0.8663). AB(p=0.7035).
AC(p=0.9673),  AD(p=0.9659).  BD(p=0.0743),
CD(p=0.7168) X ffE b 7| ¥ 68 ) 5% ) A 1 &
(p>0.05),

Mie) Rz T8 534

M 37 1T 1T 1 a4 3155 B0l & H A% TR
Z AR EARE R 8200, A BB BE , 52k b 3 5 A2 3
T SN N o BT 1 DA% IR R Z TR AH R Y
M S i ]

S RESID PN PN SIS V] = s Ve i T
o 7 T £ P SR X T R A RE B AR 1]
s A L B T Y S AR B, PR A ST TR] P 532 1 281
Tk A BE AL ] R AR o B AN TR BT le
BRI 8] — 5 IR, AW AR S B T A S [h) 1% 34
3G PRI , A8 A IR RE AR 5 T 4 A A I ] — 5
IR, AW A5 3 AL J2 Bl ik fh ST 1) A 8 0 56 184 O 19
N AE AR AR B2 LU RS AR IS TR) /N UESE T D DR X i
WIS L B MR R . H1&] 1a 1d AT Y, 78
ﬁ’ﬂtﬁﬂﬂjﬁﬁi M 7 TR FHT £ 114 2 B RH 0 T 1R A

T B At B2 b B AR B, U B A £ I [] ) 52 )
ROV R T WAL I A EE . BIANTE R 1a v, B
P ] — R Ik ACHRE A5 25 i Aok £ T5L 138 1) 728 A e 2
i A Tk JBE — S P A A 3 Bt e £ P (1] F) 728 £ i 32
RGUESE T B AT AYSEM L A IR .
B 1b Al DU FERE A RE J7 1o L e 17 1 it £ A4
FE SRR TAEOR A R b W] A3, U A A T
JE B RN R TR o 25 bl 73, s fE AL
FEALTE PER ERNER N : D>B>A>C .

23



911 TR A M IO TR RGP R A R A LR (4 il 4 T AT 2681
x3 EARBFEDH
Table 3 ANOVA for regression model
5 S R Y105 H 3y F{H p>F 25
s 198.66 14 14.190 7.6100 0.0003
A-A 423 1 4.230 2.2700 0.1543 —
B-B 17.54 1 17.540 9.4000 0.0084 -
c-C 0.055 1 0.055 0.0290 0.8663 —
D-D 63.16 1 63.160 33.8700 <0.0001
AB 0.28 1 0.280 0.1500 0.7035 —
AC 0.01 1 0.010 0.0017 0.9673 —
AD 0.01 1 0.010 0.0019 0.9659 —
BC 11.23 1 11.230 6.0200 0.0278 )
BD 6.94 1 6.940 3.7200 0.0743 —
()] 0.26 1 0.260 0.1400 0.7168 —
A? 47.33 1 47.330 25.3900 0.0002
B 37.47 1 37.470 20.0900 0.0005
c 16.44 1 16.440 8.8200 0.0102 )
D 43.10 1 43.100 23.1200 0.0003
5P 26.10 14 1.860 — — —
J LA 25.87 10 2.590 43.6500 0.0012
aliR s 0.24 4 0.059 — — —
Jeyill 224.77 24 — — — —

H:"ip<0.01, ZEFHEE; :p<0.05, 227 W3,

a. R=f(A, B)

d. R=f(B, C)
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Table 4 Comparison of different solid acid catalyst

fEALT It el it /mmol - g
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Amberlyst-15 —SO;H 4.60°
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Fig. 2 Same conditions of four solid acid catalytic

effect of corncob
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OPTIMIZATION OF PREPARATION FOR MAGNETIC CARBON-BASED
SOLID ACID CATALYST WITH RESPONSE SURFACE METHOD

Zhang Xucheng'?, Qi Wei’, Xu Yan', Zhuang Xinshu®, Ma Longlong®, Yuan Zhenhong*
(1. School of Engineering Sciences , University of Science and Technology of China, Hefei 230000, China;
2. Guangzhou Institute of Energy Conversion, Key Laboratory of Renewable Energy, Chinese Academy of Sciences , Guangdong Key Laboratory
of New and Renewable Energy Research and Development , Guangzhou 510640, China;
3. School of Chemustry and Biological Engineering , Changsha University of Science and Technology, Changsha 410004, China;
4. Collaborative Innovation Center of Biomass Energy, Zhengzhou 450002, China)

Abstract: In order to obtain a magnetic carbon-based solid acid catalyst of higher catalytic activity during the corncob
hydrolysis process, the response surface method was used to optimize the preparation process. The yield of xylose was
used to optimize the preparation process and four factors, carbonization temperature, carbonization time, sulfonation
temperature and sulfonation time, were chosen as the significant factors. A four-factor and three-level Box- Behnken
experiment was designed to examine the effect of various factors on the catalyst preparation and determine the optimal
preparation conditions. The experimental result showed that the quadratic polynomial mathematical model is significantly
higher (P=0.0003). The correlation coefficient R°=0.8839, so the experimental results has a good predictability. The
optimized preparation conditions were as follows: 455 °C of carbonization temperature, 4.8 h of carbonization time,
107 °C of sulfonation temperature, 10.0 h of sulfonation time and 39.35% of xylose yield was obtained under the
preparation conditions, and only 1.60% error with the 38.73% of prediction results, which indicated that the model is
credible to optimize the preparation process of magnetic solid acid catalyst. Simultaneously, the catalyst is compared with
SBA-15, HZSM-5, and Amberlyst-15 by catalyzing the hydrolysis of corncob and the results showed that the magnetic
solid acid catalyst has the highest activity and the most prominent research value. The effect of various factors on catalyst
activity is determined in this study, and which provide a theoretical basis and experimental foundations to the subsequent
catalyst design, modification and carriers chosen.

Keywords: biomass; hydrolysis; catalyst; solid acid; corncob



