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Abstract A hydrothermal method was developed to prepare hybrid TiO,@GCs microspheres. The prepared products were
characterized by X-ray diffraction =~ XRD  scanning electron microscopy =~ SEM and N, adsorption—desorption isotherms.
Response surface methodology ~RSM was used to investigate the optimization of the adsorptive removal of acid fuchsine

AF . A mathematical predictive model was established with the maximum saturated adsorption capacity as response value.
Analysis of variance showed that the lack of fit was not significant and the model was significant. The optimal conditions of
adsorption were determined by optimized response surface as pH 6.0 the dosage of adsorbent 0.23 g/ AF initial
concentration 30.0 mg/L. Under the optimized conditions the adsorption capacity reached 50.24 mg/g. A satisfactory
goodness —of —fit was achieved between the predictive and the experimental results. Regeneration experiments showed that
simple UV radiation could efficiently promote the regeneration of dye—loaded TiO,@GCs.
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Table 22 BBD design and response values
Y/mg-g™
X, X,/g L X;/mg-L™
1 2.0 0.5 20 32.7
2 4.0 0.1 10 32.6
3 6.0 0.3 10 44.2
4 4.0 0.5 10 35.5
5 4.0 0.3 20 40.2
6 2.0 0.3 30 45.6
7 6.0 0.1 20 40.9
8 6.0 0.5 20 38.7
9 4.0 0.3 20 38.4
10 2.0 0.1 20 35.8
11 4.0 0.1 30 43.2
12 2.0 0.3 10 42.0
13 6.0 0.3 30 48.8
14 4.0 0.5 30 34.4
15 4.0 0.3 20 39.3
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3 GCs TiO,@GCs BET 2.4.2
Table 3 BET and pore-structure data of GCs and Ti0,@GCs
_ . XlXZ\XIXS
Sper/m*- g™ /em?®- g™ /nm
p>0.05
GCs 16.68 0.043 34 11.1
XX, XX
Ti0,@GCs-9.0 72.30 0.068 88 3.8
5. 4
2.4 Y=39.3+2.06X,-1.40X,+2.21X,—2.92X,X,+
2.4.1 3.22X>-5.50X,*+2.63X.> 5
Box—Benhnken 5 0.379 9
Y 3 3 0.518 6 p<0.000 1
o 2,  Design—
Expert 2 o8l
Ao Y 3 Ry 09480 0.960 0
TiO,@GCs
Y =39.3 +2.06X, —1.40X, +2.21X; +0.22X,X, +0. 5
25X, X5-2.92X,X:+3.22X,>=5.50X,242.63 X, 4 2490 F
. 0 o
4 3 X;>X,>X,
Table 4 ANOVA of removal efficiency for AF
7 P >H > o
313.68 9 34.85 29.35 0.000 8 5 XX, . X:X;
X, 34.03 1 34.03 28.66 0.003 1 Table 5 The optimization results after excluding X,X; and X,X;
X, 15.68 1 15.68 1320 0.0150 F r
X 3916 1 2916 32.08 0.002 2 313.23 7 44.75 49.02  <0.000 1
XX, 0.20 1 0.20 0.17 0.696 8 X, 34.03 1 34.03 37.28 0.000 5
XX 025 1 025 021 0.665 6 X, 15.68 1 15.68 17.18 0.004 3
XX, 34.99 1 34.99 28.82 0.003 0 X, 39.16 1 39.16 42.90 0.000 3
X2 38.40 1 38.40 39.34 0.002 3 XoX; 34.22 1 34.22 37.49 0.000 5
2 B «
X2 11169 1 111.69 04.06 0.000 2 X, 38.40 1 38.40 42.07 0.000 3
2 -
X2 95 a4 1 95 44 2143 0.005 7 x22 111.69 1 111.69 122.35 < 0.000 1
=04 5 119 X, 25.44 1 25.44 27.87 0.001 1
4.32 3 144 178 03799 039 ! 091
L62 ) 081 4.77 5 0.95 1.18 0.518 6
319.62 14 21'622 124 0.81
R’=0.981 4, R.,#=0.948 0, 9.0 .
R’=0.980 0 R.?=0.960 0.,
2 R*=0.981 4 24.3
98.14% . R? R 5
0.948 0 1 5
4 o a 5b . 5a
X1 X5 . X5 XX X2 X X
p<0.05 X12\X13
o
50 9] 0.2 g/L
45
o
E 40 |
35
(20]
30 L 1 1 1 1 J ’ 5 a
30 35 40 45 50
e SRR o 5b
el PR P o 40 W T B 56 A S TI0 (E 1) L 3 18]

Fig.4 Comparison of'the predicted and actual values of Q,



132 39
6 66.0%
s 3
TiO,@GCs
15.7%,
[211’)
TiO,
TiO,
[19]
TiOy+hy —> e +h*
h*+H,O —> -OH+H* 7
COZ o TIOZ
o TiO,
TiO,@GCs
2.4.4 3
Design Expert 6
TiO,@GCs 1 TiO,@ TiO,@GCs
pH:60 o XRD \Nz N SEM . EDS
0.23 g/L 30.0 mg/L o . TiO,
50.44 mg/g. 3 Ti0,@GCs
50.24 mg/g ©
2 Design Expert
Ti0,@GCs p<0.000 1 R*=0.980 0 .
. TiO,@GCs
2.5 TiO,@GCs ° 3
>PH > pH=
1 Ti0,@GCs OV 0.23 g/L
20 mL 30.0 mg/L 50.44 mg/g
Ti0,@GCs . 50.24 mg/g .
6 5 TiO,@GCs
M s Ti0,@GC
60 | O K4k 10, S
o S0} W AF
s 40|
& 30 L
-H<I o
20 |
10 [ ]
’ 1 2 3 [1] . KN-R
1 78 2 8 (0. 2014 37 1 110-113
F6 TiO,@GCsE & W B 5771 1 15 2 117 21 I 134.

Fig.6 Regeneration of TiO,@GCs
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