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M 98% ~103% ,MB) , LR 734 R 4 Hr 4t

2% : MAGNA—IRSS50 71 {37 178 36 21 APl 3 A
(EHEE R J1X#F /AT, 3£ E) , SUPRA 55 Sapphire 17
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FEaw,hE) .

1.2 EHEBRAY/BREE e RH&

B 2 g R AT BT 2R K R BRI S OK A B AR
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Fig. 1 Influence of mass ratio of sucrose to sepiolite on adsorp-
tion capacity of composite materials
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Fig. 2 Influence of carbonization time on the adsorption capacity

of composite materials
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Fig. 3 Influence of carbonization temperature on the adsorption
capacity of composite materials
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R WA, S by Tl R I R 2 3 B SR ) AR R
7 P2 S S5USONE 9 5 00 B B, ¥80 J TRE A L 428 /K i
Kee ik 0 4, JCIR UM 58 LR AL SO, S BRI AR AL 1
Fie , DATTT A2 5 AR 0 B4 R 2 B0 s Y A 3 DRIt
220 C oA SR A foe DG e A 3 R, T 00 A5 1) VR R AL
43.224 mg/g,

2.2 MR ERIREAE 4B

4k o R 22 3 i 745 4 ACHRE 7 A i o, T 5 4% 0
SRR R U B LA . 0 S A MR X T Y
W RO () A9 7 (L, 9 5 TR ARV 00 B ik L (AR
FRMBRIL) WP A(REEH3.0:1.0.3.5: 1.0,
4.0 1 1.0) , BRAGIT I MR Z B(E5E N 4.8.12 h)
Tl A% C (& K 210,220,230 C) . H 4R
Box — Benhnken [ 1.0 41 45 52 30 % 4 S B 31 T 3
PRI 2 3 K S 17 T a3, 17 4w 7 T By 2
ZH e 7 T PR 2R KPR TR AN R 1 R, e A )
o7 AT B ST D 2 2 TR
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Table 1 Design table of factors and levels of response surface ex-

periments
Level
Factor
-1 0 1
A 3.0:1.0 3.5:1.0 4.0:1.0
B/h 4 8 12
C/C 210 220 230

R2 P AR R T SR R ) R 1
Table 2 Response surface experimental design table and corre-

sponding response values

SN A/(g-g™") B/h C/°C_ Adsorption capacity/(mg - g”")
1 0 0 0 43.081 7
2 0 -1 1 42.5323
3 -1 -1 0 42.019 1
4 -1 0 -1 42.243 9
5 0 1 -1 42.793 2
6 1 -1 0 42.123 0
7 1 0 -1 42.3330
8 1 1 42.250 3
9 0 -1 -1 42.547 2
10 0 1 1 42.581 1
11 -1 1 0 41.997 9
12 0 0 0 43.0329
13 -1 0 1 42.163 3
14 0 0 0 43.005 3
15 0 0 0 43.020 1
16 1 1 0 42.165 4
17 0 0 0 43.0350

FIH Design — Expert £ 73 Hr Ak B 5 B8 , 7+
g )37 T L R T 25 A RS TR 3. A F AR
T BEAT R AT, by P ECA B AT L] W £

560 r 2% A B X WA Y (EDRZ IR ) S k. RIFE P {H < 0. 01
BRI OL T, AT R Tk o W 7 (L PRS2 MR 35, 47 P
{H <0.05, MDA Ay iz AL H X mig SR A 20 2, 24 P {H
>0.05, WA F. hr2Znr&(E3) F I
“Model (5% " F1“ Lack of Fit (& 48351) " B $fE 7T LA
S B, e U R T B BE LAY F > 0,05, P fE <
0.00 001, YT > 0. 05 A2 , Ul B PRI Y
R EE S LA R i, AT Tl oAb i . o,
“Model” A B A* B> . C* J5UR 1R 137 B 1) 5 W) 5 36 LK
R, CAB IR BN B35

RSP IAI BE T 25 R

Table 3  Analysis of data variance of response surface experi-
ments
Variance  Sum of Mean
df F value P value
source  squares square
Model 2.36 9 0.26 144.48  <0.0001 significant
A 0. 069 1 0.069 38.14 0. 0005 ®
B 0.035 1 0.035 19.20 0.0032 e
C 0.012 1 0.012 6.42 0.0390 *
AB 0.019 1 0.019 10.46 0.0144 *
AC 0.00171 1 0.00171 0.94 0.3642
BC 0.009722 1 0.009722 5.35 0.0539
A2 1.65 1 1.65 906.01  <0.0001 ® %
B2 0.33 1 0.33 182.42  <0.0001 B
C2 0.084 1 0.084 46.13 0.0003 * %
Residual ~ 0.013 7 0.001816
Lack of Fit 0.009423 3 0.003141 3.82 0. 1141 Not significant
Pure Error 0.003289 4 0.0008224

Cor Total  2.37 16
T Rp o« AREEE (P <0.05) 5+ = AR B (P <0.01),

A5 2 5] I f o B 1 IR I A(3)

Y =43.03 +0.093 % A +0. 066 * B —0. 038 * C +
0.069 A B+0.021 A C—0.049 % B C —0.63  A> -
0.28 + B> —0. 14 = C* (3)

R Z TGRSR R BN R =0.9946 , JA % 7

Predicted vs. Actual
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Fig. 4 Comparison of actual and predicted values for the adsorp-
tion of MB by composites
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Fig. 5 3D response surface plot and contour plot of the interaction between mass ratio and carbonization time ( AB)
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Fig. 6 3D response surface plot and contour plot of the interaction between mass ratio and carbonization temperature ( AC)
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Fig. 7 3D response surface plot and contour plot of the interaction between carbonization time and carbonization temperature ( BC)
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Table 4 Results of verification experiments

SN Adsorption capacity/ (mg - g”') Average adsorption capacity/(mg - g”")
1 42.897

2 43.069 42.983

3 42.982

ST R B R I T BT 0. 1% , JF HZR 3 IE ik
M S 1 X 5 ) 3 45 2R AT, e B B B T R A8 4K
S TREB 3t TN B BT . A A2 B R I T
PR PR e PR R A T T BB A 4 T £ S A R
1 T LA
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R B0 3 e 2 R A D S 8
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Fig. 8 SEM images of three materials;a natural sepiolite (under 50K electron microscope) ;b sucrose carbide (under 5K electron micro-
scope ) ;¢ sucrose carbide/sepiolite composite material (under 50K times electron microscope )
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Fig. 9 Infrared spectrum analysis of sepiolite (a), sucrose car-
bide/sepiolite composite (b), and sucrose carbide (c)
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Fig. 10 XRD spectra of sepiolite, sucrose carbide, sucrose car-
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bide/sepiolite composites
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Fig. 11 N, adsorption — desorption isotherm of sepiolite and su-
crose carbide/sepiolite composites
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Preparation of Sucrose Carbide/Sepiolite Composite and the Optimization of Re-
sponse Surface Methodology

ZHENG Xihan'?, MA Xindi'*, QIN Jia"*, ZHAO Yuling'*, LAN Lihong'**

1. School of Chemistry and Chemical Engineering Guangxi University for Nationalities Guangxi Key Laboratory for Polysaccharide Materials and
Modifcations, Nanning 530006, China;
2. Key Laboratory of Chemical and Biological Transformation Process of Guangxi Higher Education Institutes, Nanning 530006, China

Abstract; Using sucrose and sepiolite as experimental raw materials, a new sucrose carbide/sepiolite composite material
was prepared by hydrothermal carbonization method, and the composite material was dried by freeze vacuum drying meth-
od. The composite samples were characterized by XRD, IR, SEM and BET, and methylene blue was selected as adsorbate
to investigate its adsorption properties. The preparation technical conditions of the composite were optimized by the single
factor experiment and the response surface methodology. The results showed that the optimum preparation conditions were
as follows. Sucrose carbide could be successfully loaded on the surface of sepiolite to prepare sucrose carbide/sepiolite
composite. The optimum adsorption capacity of methylene blue is 42.983 mg/g ( composite) with the mass ratio of sucrose
to sepiolite of 3.5 : 1.0, the carbonization time of 8 h, and the carbonization temperature of 220 “C. The order of the in-
fluence of the factors on the adsorption properties of methylene blue was; mass ratio of sucrose to sepiolite > carbonization
time > carbonization temperature. It could be found that the adsorption effect of composite materials on methylene blue was
superior to the values reported in the existing literature.

Key words: sepiolite; sucrose; hydrothermal carbonization; composite
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