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Preparation of y-Al,O,/SiO, controlled by ciprofloxacin

and study on its adsorption mechanism
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2. Wuhan University of Technology , Wuhan 430070 , China )

Abstract: The y—Al,0,/Si0, adsorbent was prepared by biomineralization regulating ciprofloxacin, whose morphol-
ogy and microstructure were characterized and its absorption mechanism to CIP was investigated. During the prepa-
ration of y—Al,0,/S10, by impregnation method, different concentrations of CIP were used to control the morphology
and microstructure of y—Al1,0,/Si0,.The results showed that with 0.1 mg/L of ciprofloxacin, the surface active site
density N, of the adsorbent increased from 6.68x10™* mol/g to 7.48x10™* mol/g, while the equilibrium adsorption
amount increased from 8.60 mg/g to 9.30 mg/g. The adsorption reached the maximum value at pH=7.0,98% of cipro-
floxacin exists in molecular form and 98% of the adsorbent surface is in =AlOH form. From the molecular morphol-
ogy interaction and the FTIR analysis, it was speculated that the main adsorption mechanism was the surface com-
plexation and metal ion coordination between =AlOH on the surface of y—A1,0,/Si0, and CIP neutral molecules.
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Fig. 1 XRD of y—ALO,/Si0, samples
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Table 1 BET analysis of y—AlL0,/SiO,

B Sulmiegy - JLIERY LA
y=AL0,/Si0,-0 72.569 0 0419 22.96
v-AL0,/5i0,-0.2 99.5577 0.631 25.36
v-AL0,/5i0,-0.6 55.5867 0.300 21.66
y-AL0,/8i0,-0.8 34.575 1 0.201 17.23
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H 3 10T A1, y-ALO, 5B TE Si0, 3 I A1 A A 22
T y—ALO/SIO, W W71 10 9% 515 B b . R X
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Table 2 Solid suspension value of sample y-AL,0,/Si0,

FE & Sper/(m*+g™) C/(g-L™") C/(mol-L™") ¢,/(mol-L™") H/(mmol-L™") D /(sitesnm™)
v-Al,0,/Si0,-0 72.57 0.5 0.02 0.02 0.19 3.26
y-AL0,/Si0,-0.2 99.56 0.5 0.02 0.02 0.32 3.39
v-AL0,/Si0,-0.6 55.59 0.5 0.02 0.02 0.54 7.23
v-Al,0,/5i0,-0.8 34.56 0.5 0.02 0.02 0.21 7.28

TE: C O RIE W S A B MR, C NIRRT, € A R JEE

t 2 7] A1, y—AL0,/Si0,-0.6 W Bt 7 H 2} 0.54
mmol/L D, K 7.23 site/nm?®, 5 y-A1,0,/Si0,-0 £ . &
P& &, 45 A i WIS 56 54, ¥ -AL0,/Si0,-0.6 .
vy-AL0,/Si0,~0 X} 5 mg/L Y CIP 1% ¥ 1 i W i 75 &
53 1 8.60.3.62 me/g, A It 45 & FESEM 43 #1 A& °F-

K0 CIP 4 45 i 4 1Y CIP/y —ALO,/Si0, W B 51
BET 7 1 4N 3 i /s , H, D U3 4 7R .
&3 CIP/y-ALO,/SIO, ¥ B BET 547

Table 3 BET analysis of CIP/y-Al,0,/Si0,
E il Sppr/(m*eg™) FUAEF/(em®-g™") P44 /mm

» o ‘ _ ‘ CIP/y-ALO/Si0,~1  58.028 4 0.295 20.64
1 W B 5 O L Ry -ALO,/Si0,-0.6 1y J 2k CIP/y-A1,0,/8i0,-3  58.670 3 0.326 22.54
CIP 842 05 B 300 41 4 1 Bl 45 8 CIP/y-AL0/Si0,-5  76.409 0 0.349 18.61
R4 BERCIP/y-ALO/SIO, BB ZRIEXSHE
Table 4  Solid suspension value of sample CIP/y—Al,0,/SiO,

FE S/ (m*+g™") C/(g-L7") ¢ /(mol-L™") ¢,/(mol-L7") H/(mmol-L™") D /(site-nm™)
CIP/y=A1,0,/Si0,-1 58.03 0.5 0.02 0.02 0.37 7.76
CIP/y-AL0,/510,-3 58.67 0.5 0.02 0.02 0.25 5.15
CIP/y-Al,0,/5i0,-5 76.41 0.5 0.02 0.02 0.26 4.22

H 3 AT, CIP J# 45 T CIP/y-A1,0,/Si0, W B
R b e R R A B o X L 2R 3 5 3R 4 5 W]
CIP 4k J5 H 3 BT R ¥, CIP/y-AL1,0,/Si0,-1 Y
D WA G
JIv il 6 o it 1) T 2% B P R RN R 5 R
x5 FHSRHARAESTEEN

Table 5 Surface complexation equilibrium constant of the adsorbent

FE b 1gK | 1gK , N/( mol-g™") pH,,.
y-Al,0,/Si0,-0 5.25 ~7.60 3.93x107 6.425
y-A1,0,/8i0,-0.2 4.83 -8.52 5.61x107™* 6.675
v-A1,0,/8i0,-0.6 5.70 -9.29 6.68x107* 7.495
v-Al,0,/510,-0.8 5.06 -8.81 4.18x10™ 6.935
CIP/y-Al,0,/8i0,-1 6.46 -9.00 7.48x107* 7.730
CIP/y-AL0,/Si0,-3 8.36 -9.28 5.02x107* 8.820
CIP/y-Al,0,/Si0,-5 8.95 -9.76 5.36x107* 9.355

VE LK K B — T B A K, K, A B K, S K,
(9 GO N,k 2 T 5 86, pH % 4L pHL

y-AL0,/Si0,-0 .y-AL0,/Si0,-0.2 .y—AL0,/Si0,-
0.6 .y—-A1,0,/Si0,-0.8 . CIP/y-AL0,/Si0,~1 .CIP/y—-ALO,/

Si0,-3 . CIP/y—A1,0,/Si0,-5 %} 55 mg/L CIP I& # 1Y F
7 % B 5 43 ) A 3.6.7.95.8.6.8.4.9.3.9.18 .9.15
mg/g. S T il 5 W B 7] %) 3% 1 2% 5 - AR T
CIP/y-ALO,/SiO,~1 4 N, e KN 7.48%10™ mol/g , -
W B £ (9.3 mg/g) X B B8 fie K. AT UL CIP A Ak 1 4%
4 19 CIP/y—ALO,/Si0,~1 5835 4 5 1 2% 1 1% M 4o %5
JE , CIP Hofh Lo 491 38 7 () VRS R4 v, HUR e 3 0
FRHE K, Joe J 00 W P 25 el e T AR RS GRS . DA
I FE UL, CIP I 2 il £ 11 C1P/y—AL0,/Si0, BE W% F 5%
i v A R R0 1y W i
2.3 CIP/y-ALO,/SiO, B 0% Bt £ F #1%1
2.3.1  pH %o W3R 49 % vh

pH X I B 14 fi 1) 52 i) 4n 181 3 T

i & 3 0] 50, %) F y-AL0,/Si0, & 5 4 kL, £E pH
3 [ 6~7 B - Al W B 4 B K5 CIP/y—ALO,/Si0, &
FI kB pH 928 A 26 55 y-AL0,/Si0, JE A — 2,
L 5 e v e % 9T 1] A DX I A B
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Fig. 3 The influence of pH on adsorption performance
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T H W B AL HE AT E T A 5T L. CIP/y -ALO,/
Si0,-1.y-A1,0,/Si0,-0.6 W% fff CIP §i Ji i) FTIR 4[4 4

FIr7R o
300
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240 - 36
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Fig. 4 FTIR before and after adsorbtion
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(14 N—H W S |, 158 FH ) I 3 T 6 52 IR B T CIpt
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[V (T R
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Fig. 5 The morphology of ciprofloxacin at different pH
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FTIR 387, #E AR FH AL =A10H 5 & 5 th 43Ik
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Fig. 6 Distribution of surface chemical states of
ciprofloxacin and CIP/y-AL0,/Si0,-1
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Fig. 7 Mechanism of adsorption
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Fig. 8 Adsorption effect of sample recycling
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