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Figure 1 Effect of NAC dosage on the adsorption
of CIP onto NAC
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Table 1 Experimental design and response values

X, X, X, q/(mg-g™")
A2 — =i - :
W I [E]/min pH €/ (mg-L7)  SEpr il
1 60 3 150 451.17 468.78
2 300 3 150 612.60 589.45
3 60 9 150 496.01 519.01
4 300 9 150 643.99 626.22
5 60 6 100 463. 88 445.30
6 300 6 100 493.88 515.96
7 60 6 200 629.42 607. 17
8 300 6 200 746.01 764.39
9 180 3 100 464.29 465.05
10 180 9 100 485.81 481.19
11 180 3 200 638.39 642.84
12 180 9 200 714.62 713.69
13 180 6 150 684.35 683.22
14 180 6 150 666.44 683.22
15 180 6 150 670.90 683.22
16 180 6 150 705.97 683.22
17 180 6 150 688.84 683.22
2.1.3 =EEA L w5 A

fili il Design-Expert 8 {4 X 52 46 $ 44 47 [ )4
PGB 43 B IR Z TSR R
g, =704.10 - 80.95X, + 16.52X, + 30.27X, -
1.90X X, - 16. 15X, X, — 4. 66X,X, -
161. 10X; - 17.34X; - 33.74X;, (3)
R T PPAS 9250 5 FPE R J7 2200 Bk 2 o
MR 2w LA, AR P {H <0.000 1, F {H
20.15( KT 5) , RUIB AR & 45 R W 3 . R
i) P {E A 0.087 2( KT 0.05) , BEHI R WIUA B 2%,
IR R A0 G AT &E
2.1.4 = fvm B & H AT
LL CTP 8 B ek A o 37 A, AN ) 22 5 (8] AH B4R
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B, (3) SRR SR A RS RS T 0
18 %) NAC 0% BF CIP f &% £ W% W 4% 14 - 0% 6 s i)

254.9 min pH6. 7, CIP %) Uy Jit # ¥ J& 200 mg/L,
T IR B 5 757. 03 mg/g FERAESM FHAT TS
41F A7 5 %, CIP By W B & 5 Ji) O 749. 08,
752.38,755.67,750.25,760.98 mg/g, 5 i il &
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Table 2 ANOVA of empirical models for CIP adsorption

7 AR il A Yo7 % FAA P R
%l 164 200. 00 9 18 246. 40 29.15 <0.000 1 ¥
X, 25 996. 56 1 25 996. 56 41.53 0. 000 4
X, 3 783.63 1 3 783.63 6.04 0.043 6
X, 84 177.15 1 84 177. 15 134. 47 <0.000 1
XX, 45.23 1 45.23 0.072 0.795 8
XX, 1872.73 1 1872.73 2.99 0.127 3
X, X, 748. 30 1 748. 30 1.20 0.310 4
w2 4 381.85 7 625.98 — —
4 1L T5i 453. 62 3 1132.48 4. 60 0.087 2 RNEE
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Figure 2 Three-dimensional response surface plots of CIP adsorption
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Figure 3 Non-linear fitting of experimental data

with isotherms models
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Table 3 Parameters of adsorption

isotherm for CIP onto NAC

SRR

298 K 308 K IBK

g/ (mgeg!) 75205 TI9.64 805.34

Langmuir .
LKC K/(Lmg™") 0,948 1.299 2.765
mLYe
- " 2
(qe .. R 0.997 8 0.9989  0.998 6
X 0.21 0.13 0.17
Ky/(mgg™")
- L) 543,43 565.87  582.51
reundiic
16.17 16.19 17.66
(qe:KFCi/n> n
R 0.799 2 0.8138  0.8165
X 2.31 25.37 35.60
A, 674.35 100592 2207.57
Koble-Corrigan B, 0.899 1.291 2.736
( Aka’) il 1.06 101 0.96
D —
1+B,C" R 0.998 3 0.9989  0.9989
X 0.15 0.12 0.14

2 RhRE RS CIP B RE S e 4 s . 5 H
kA BHAH EL , NAC fY b R T AR R B R 8 3 1Y
HHREM, X CIP HA B AL 55 A4 W ff g

F 4 FEIWHF T CIP W B B 71 bb 32
Table 4 Comparison of adsorption capacity of CIP

onto different adsorbents

W f 51 W Bt it/ (mgeg™") R IR
T 75 0 1 461.90 Sk 7]
YA B 33.44 ik [ 8]
et MCM-41 50FFif 18.30 k(9]
NAC 746.3 AL

2.3 BRAZSHIE
IS HGE A A B AEAE K (AG, kJ/mol) |
Y& 7% (AH kJ/mol) A AE (AS,kJ/ (mol-K) ) Z [a]
FKZ N
AG == RTInK_; (5)
AG = AH - TAS, (6)
XK, MR (L RN), K, = 10°K, 5K, K
Langmuir S % 5, L/mg; 10° Sy 1 9% % B (3% 40
IKEREHR 1.0 g/mL; T R W BiF IR B, K5 R Ryl FH <
H 1/ (mol - K)
7 298 308 il 318 K i BF T, NAC W [f} CIP i
AG {H 4314 -28. 39 . ~30. 15 ,-33. 12 kJ/mol , AK[d]
BT AG By T{E R W] NAC W B CIP 1y 1 Fff i 72
BT, AH S 42,29 kJ/mol , 72 B W 3 A5 A<

i bR ARG AR . AS M IE(H (0.23 kJ/(mol-K) ),
00 B 2 T R Ao A e
2.4 WRHMizh S
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PEHE CIP )R Tt iV i 200 mg/L, W [ 551 i
0.2 /L, % 5L 0% Bk i 1) L R L Xk % B ok AR 1
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Figure 4 Regression curves of experimental data for
CIP adsorption with pseudo first-order,pseudo second-order

and intra-particle diffusion kinetic models
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Table 5 Parameters of adsorption Kkinetic models
H5L A 24 SRR
298 K 308 K 318 K
k,/(min™") 0.2255 0.230 8 0.236 0
HE— G B Iy 2 A q../(mg-g™") 725. 65 736. 74 750. 44
R’ 0.857 4 0.846 7 0.861 2
k,/(g-mg " +min"""?) 6. 10x10* 6. 15x10* 6.28x10°*
A 4.,/ (mg-g™") 749. 34 763. 38 755.55
g,/ (mg-g™") 756. 42 767.94 781.23
R 0.998 6 0.999 3 0.998 9
k,/(mg- (g +min""?)) 69. 80 70. 29 71.15
C, 382.90 394. 26 406. 65
R 0.946 9 0.948 8 0.934 1
k,/(mg-(g ' -min™"?)) 8.81 9.71 10. 09
UKL N OB Y C, 663. 03 664. 05 677.03
R 0.997 3 0.973 2 0.984 5
k,/(mg- (g +min~"?)) 1.18 1.21 .23
C, 729. 56 743. 11 754. 82
R’ 0.935 7 0.925 9 0.963 2
BT, WK S B MY 12 R 1 P
KT 0.99,3FH q.,, M q., I, B #E 930 )% V' &
MO T LA A R R M B . SN
RS — A DA B D o A B0 53 R W B R [\ on 5
SEIL SIS R Rk, BT 4 5 L
SR T 8K, WA T O E AR T 0 B NACCIR =
0 WAL () 7T LU th W Wit BT AR 3 B W
Bt :(DCIP 43 F MY s NAC 31 52 ; @CIP 4 - = -
4000 3500 3000 2500 2000 1500 1000 500

TR EY B E NAC LR 25 b 5 QW B 3k 51
i o NAC XF CIP fy W B 40 45 22 A4~ 45 il ok 72, 52 TR
S RS 2 W 5 A IR R R
Bk, >k,>k .
2.5 458 RiEH

CIP i1 NAC W Ff} CIP Hif)5 f) FTIR &40 5 fr
JRo TE 3400 em™" 75 A7 Ab (9 RRAE I 5 0 3 14 e 45 iR
A %, £ CIP f§ FTIR & 1,1 705 em' &
1621 em™ " Ab {4 5 AIE 0 43 51 B 3 (v (€ =0) ) I
35 P RRAE T 0 04, 1 395 em ' A ¥ i 04 ) SR R
TALH S pE

M NAC [ FTIR B AT LLFE H, 1 630 em™
1390 em™ DK 1068 em™ Wz i 455k € =0,
FAFE C—O ik ah T, M NAC WM CIP Hi
JE 1 FTIR B Fe Al DLA W W 08 7 8 o B2 &
TR, 1708 em™ Ab HER Y I 04 Ry CIP B B
S A0 0 45 4R 3 BT B, A0, 1392 em ' A T F AR Y
R ) 0 1) 5 B Y I G, M1 Y TP g )y W BEE A T
NAC ()2 1fi o
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Figure 5 FTIR spectra of CIP, NAC before and after
adsorption CIP
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Figure 6 SEM image of NAC
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Figure 7 XPS spectra of NAC before and

after adsorption
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284.9 eV, XAl fEE 1 T CIP H A 1B 58 A9 v 11 MEAE
H w-Z kS NAC W w-m AHE AR,

7(b) R NAC W fff CIP B 5 Nls B9 H1E i
N1s 7E 397.8.399.5 .401.3 eV Ak %) 1 23 51| g ik b
LIS R A R R AR I B CIP S R I
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5] 399. 8 V., I A R BT 2 4 B 4 36 B
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Figure 8 Distribution coefficient of CIP and

effect of pH on the adsorption of ciprofloxacin
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Effect of Iron Oxide on Properties of Stabilized Magnesia Dolomite

TAO Mengya'>, GAO Zhengxia'?, LIU Wei'*, LI Xiang"?, GUO Xiaoteng"?, SUO Dong’, TIAN Shishuai’,
MA Chengliang'*

(1. School of Materials Science and Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Henan Key Laboratory of High
Temperature Functional Ceramics, Zhengzhou 450052, China; 3. Sanmenxia Electromelted Corundum Co., Ltd., Sanmenxia,

472400, China)

Abstract: In order to improve the performance of magnesia dolomite materials, magnesium dolomite refractory ma-
terials whose iron oxide content ( mass fraction) of 0, 0.5%, 1.0%, 1. 5%, respectively, were prepared from nat-
ural dolomite, high silicon magnesite, silica and iron oxide powder by two-stage calcination and slaking process.
The influence of iron oxide content on the physical properties, hydration resistance and coatability adherence of the
samples was investigated. The phase composition and microstructure of the specimens were characterized. The re-
sults showed that, as the iron oxide content increased, the room temperature flexural strength and the room temper-
ature compressive strength increased, the high temperature flexural strength and the adherence strength decreased,
and the retention rate of the thermal shock strength of the sample first increased and then decreased. With the iron
oxide content increasing to 1. 5% , the hydration weight gain rate of the sample decreased to 0. 12% , and the hydra-
tion resistance improved. According to the XRD spectrum analysis, the main crystal phases of the sample were peri-
clase, dicalcium silicate and tricalcium silicate. With the increase of iron oxide content, the diffraction peaks of
C,S and C,S became stronger and the peak shapes were sharp. It showed that iron oxide could promote the growth
of C,S and C,S crystals and increase the density of the sample.

Keywords: iron oxide; stabilized magnesia dolomite ; hydration resistance; coatability adherence ; physical proper-

ties
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Adsorption Performance of Nitrogen-doped Activated Carbon for Ciprofloxacin

NIU Xinyong', CHANG Chun', HAN Xiuli', SONG Jiande®

(1. School of Chemical Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Henan Key Laboratory of Green Manufactur-
ing of Biobased Chemicals, Puyang 457000, China)

Abstract: Aiming to solve the problem that ciprofloxacin ( CIP) generated a large amount of ciprofloxacin-contai-
ning wastewater in the production and use process, an nitrogen-doped activated carbon (NAC) was prepared from
shaddock peel by hydrothermal carbonization and activation with potassium hydroxide to treat ciprofloxacin-contai-
ning wastewater. The Box-Behnken central composite design ( BBD) of response surface methodology was used to
optimize the adsorption conditions of NAC. The result showed that the equilibrium data were perfectly represented
by Langmuir and Koble-Corrigan isotherms, and the adsorption process was precisely described by the pseudo-sec-
ond-order kinetic model. Besides, the adsorption of CIP on NAC was mainly controlled by hydrogen-bonding, -
electron-donor-acceptor( EDA) interaction, hydrophobic effect, electrostatic interaction and Lewis acid-base effect.
The maximum monolayer adsorption capacity of CIP was 752. 05 mg/g at 298 K, implying that NAC was a promis-
ing adsorbent for the removal of CIP from aqueous solution.

Keywords: nitrogen-doped activated carbon; adsorption; response surface methodology; ciprofloxacin;

shaddock peel
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