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Preparation of acidified red mud using response surface methodology for adsorptive

removal of ciprofloxacin from water
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Abstract: In order to improve the resource utilization of solid waste red mud and reduce the harm
of antibiotics to the environment, the adsorption capability of the acidified red mud (AaRM) to
ciprofloxacin was studied. The response surface optimization model was established with the Ba-
yer process red mud as raw material, sulfuric acid acidification time, agitation rate and red mud
additive concentration as independent variables, and the adsorption capacity of ciprofloxacin as
the response value. The optimum conditions for the preparation of AaRM to adsorb ciprofloxacin
were determined by using the Box-Behnken design. The prepared AaRM was characterized by
SEM, BET, XRD and EDX techniques. The factors influencing the adsorption of ciprofloxacin by
AaRM were studied as well. The results showed that when 5g/L of red mud was treated with 0. 5
mol/L of sulfuric acid at pH 6. 0, the stirring speed is of 100 r/min for 9. 18h, and that the ob-
tained AaRM had the adsorption capacity of 4. 84mg/g for 30mg/L of ciprofloxacin. In addition,

AaRM, compared with the original red mud, increased the specific surface area from 10. 96m’/g
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to 17. 44m”/g, the internal average pore diameter is from 40. 93nm to 45. 41nm, and the effective

active component content is from 2. 05% to 19. 04 % , with the adsorption performance effectively

enhanced. Furthermore, the adsorption capacity of AaRM toward ciprofloxacin was found to be

related to the reaction system temperature, pH value and the addition concentration of AaRM.

Key words: Bayer red mud; response surface methodology; acidified red mud; ciprofloxacin

FEH RS R R E A 7 T A HR R A A AR
b AR A B AR ) S TR AR e Y HE
o 6 000 J7 /AR FRIE G BT 1/15, H A AR e
e ) Ah T R SRUIUME L H 5 R Y PR R S
Y [m) RN R A 0 F ) R A 2 . TR L, o iR 8 E
1 %% U5 A R0 TE F AR A R 82 BT Y OR
FENH L FEELIRUE Y A 2 A b AR R SRR
PR WA 4 JE s R e A A R A T
L B A e 5 W B A R Y A S D . T, R
Ve A Jy W B0 FLRfF o R B h A w1 G
RPN RL R o v B A T I T 2 2 Y I R
P B ff A i H

HEA RS i B A 2Bk B R AR e
C B W& T AT R, I e 3 B 2 b A R
(fluoroquinolones, FQs) Al b ¥ 5% b H K & 5 19
—RNBILPUE R AL G K AL BT 2R
FT5 Y 1 R BRSO SR U A 850 A 3 7 %
T30 7E A BE . W B AT AR f] B AR AN
U A AR R Ak 7R A6 AR ST B 2 T R

ARSI HF TSR (CIP) N HbrTs 19, UFHEHE
HT LA AR TR (RVD R 5t 42, DL 4 B R 1R 1k 7
) (1 R AL AR U8 CAaRM) Sy W BE 500 o SR FH g 3 1 43 A
X RR AL AR e 1 il w5 A5 kAT T kA TR SR
4 BB (SEMD . N, W BiE/ 6 BiE . X 56 26 4i1 5
(XRD) . fg & 4 # X 4 Lot (EDX) 58 X% AaRM
HEAT T RAE IRIG H 5 T 52 AaRM W B CIP B
BHE., FRER B NRRNLES R HMHHE D
BV Je AR AR 148 52 2 IR 27 A

1 #MelE7RE

1.1 s

SIS R AR U8 (RMD B = 1]k SR 4Rk 2
mL, H R 10,96 m* /g, iR H W H pH H A
11.04, ANV ERI A H AR 54 Tolk bk &
L AR T 98 Y040+ Cr Higs FNL O, #HX 73
331,35,
1.2 XWHE

1) AaRM Yl 4%

B 250ml — % kB A RM LT3 150 H i) &
ML 0.5 mol/L Ay H,SO, 75 pH & 6. 0+0. 2,14

— e LA P — BT ), FH A R AT AL IR RS
B U8 PR HERE (105 CHMEF L BF I 3 150 H i . Ik
R

2) RM.AaRM Xt CIP f W% B 52 5

FREC RM A )il #5250 F AaRM G R 3 1
)17 B2 4% 0. 6g. 43 & F 250mL |~ O HEJE
M RE 30 mg/L AR 2] 200 mL,
P pH 4 5. 10, I8 SE 408 B 1 JF B TR IR
Vit b ,45°C 1265 r/min #£3% 140 min, 5§ — B
[ B — 5 SR AW T 4 000 r/min B .0 1min, g
Wk 0. 22pm U8 AR, RS B0 AR 4 3% CHPLO) 43 Br
MERN V> AR E . RM, AaRM X} 30 14 ¥ £ 1Y
W o A
_ (g =) X

m

K, g Jye AP 2R & mg/ g5 co RN D B Y
VIR s mg/L; m H AaRM BRI, g5 ¢, M1t
i 0 O R TR VD B M s me /L v A RN TR
H,mL,
1.3 #HAHE

D FRR YRR HPLC 43 #r 41

SR ] Agilent 1200 RCHAR 3543, H €438
25 F A : EclipseXDB-Cys {2 3% 8 (150 mm X 4. 6 mm,
5 pum) BT 255 0. 2% (ERBU 80 B R K %
WOARFLEE 20 ¢+ 80) 5 Wi 0.2 mL » min "5 K I 1
K A=277 nm; #FFEE 10 pLs AR 30 °C, TERLARAF
LTS R B B EHE] £, =9. 588 min,

2) AaRM F{FAF

RM #l AaRM (¥ £ i JE 5 >k Hl JTSM-6700F 17
REHAR T BB (SEM) (H A B PR &)
A3 AT e 3R M AR A FL 4% K FH Gold APP Instruments
(A YRERH) V-Sorb 2800TP H 2 i BRI FLAZ 40 B7
A 2 5 X5 £ 1 53l 3 XRD-7000 ( H A B ) 43
Brs Bl X B 26 fig 3% 12 (Oxford INCA) X RM Al
AaRM [ 153 #EAT 78 P FE 55017

2 HR5WR

2.1 Wi R TR BR L IR R Y B A
D) ALK R B 57
A B TR G SCHR 0 R HEAT T K AR R

q. @)



SRR L A T T A T TR A IR TR Y R A B R R B B DS v B I T 5T

413

PR 2R S 0, R 4l 5 6 245 L AT AL A AR U R Ak i #R
SR B L Y A PR R R AR ] AL A A R R
S RM [ BE 4% PRV 2% 09 OB 16 43 301 o 6~12 h,
100~300 r/min.5~15 g/L, ¥ X =% H &Kid
A B.C, 54152 5545 B /9 - i B s e b Y, Al
J Design-Expert 10. 0. 7 # {4} Box-Behnken Design
(BBD) #% 1 = [ 2 = /K P sE 40 5 2%, BBD 52
BBt g R AR 1 s,

4.31,P=0.053 8=>0. 05, 1} B A5 A1 i 2 00K W 35,
RURC RN 2%, B By gk R R* =0. 903 9, i B
9. 6 20 1Y EHE AN e ;L 4S8 LG AR R AR e 5 AR AR
MR oA 11, T13CR T 4 P A H |, Ui B AT 1)
A R A A R TR R R ST R
X2 Al e A 38 1 2 e o U @2 Ak o AR v 45 A
R EW M Z R,
%2 RSM BUB )7 2 407
Tab. 2 Analysis of variance for RSM model

b3 Form ABE Wiz FE P{H
i 0.46 9 0.051 7.32  0.007 8
A 9.053X10°° 1 2.983X10 " 0.26 0.9124
B 0.041 1 9.733X10°* 8.46 0.044 9
C 0. 099 1 3.940X10 * 3.43  0.007 0
AB 1.277X10°* 1 1.277X10°° 0.18 0.681 3
AC 2.041X10°% 1 2.041X10°° 0.03 0.986 8
BC 0.026 1 9.335X10 % 8.12 0.044 3
A? 0.12 1 5.115X10 * 4.45 0.004 0
B’ 0.029 1 1.463X10°* 1.27  0.0825
C* 0.15 1 7.381X10°*% 6.42  0.0023
B2 0. 049 7 1.150x10°°

AU 0. 049 3 2.070X10°% 4.31  0.0538
W2 1.920X10° " 4 4.8X10 "
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Tab.1  Experimental design and results of BBD
LA/ B/ ¢/ WHE Y/ (me/
R (b (r/min) (/L) szl FwqE
1 12 300 10 4.21 4.22
2 6 300 10 4.25 4.25
3 9 200 10 4.16 4.08
4 9 100 15 4.14 4.15
5 9 200 10 4. 38 4,48
6 9 300 5 4.25 4.25
7 9 100 5 4.37 4.42
8 12 100 10 4.19 4.25
9 9 300 15 4.17 4.10
10 6 200 15 4.13 4.16
11 9 200 10 4,40 4. 38
12 9 200 10 4.13 4.21
13 6 100 10 4. 84 4.79
14 12 200 B 4.41 4. 38
15 12 200 15 4,50 4. 40
16 6 200 B 4.25 4.25
17 9 200 10 4.25 4.25
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Fig. 1 Residual probability normal distribution of

CIP adsorbed by AaRM
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Tab. 3 Validation of validity for RSM model

. PR )
): A/(h) B/(r/min) C/(g/L) KW/ N/ ZE/
= (mg/g) (mg/g) (mg/g)
1 7.5 275 15 4.107  4.139 0.032
2 8.0 300 15 4.329 4.354 0.025
3 8.5 100 15 4.411  4.429 0.018
4 9.5 300 15 4.499  4.544  0.045
5 10.0 300 15 4.208 4.253 —0.045
6 10.5 100 ) 4.643 4.661 —0.018
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Fig. 3

Effect of adsorption and kinetic fitting by RM and AaRM on CIP
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Adsorption-desorption curves of RM and AaRM
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Fig. 6 Pore size distribution curves of RM and AaRM
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Fig. 7 XRD images of RM and AaRM
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Tab.4 Chemical composition of RM and AaRM

RM AaRM

LR HiE JR T HiE T
T/ % A/ % B/ % A/ %

O 61.50 74.58 51.12 67.51
Na 8.07 6.82 2.17 2.30
Al 11.17 8.03 10. 31 9.29
Si 7.91 5. 47 10. 88 9.42
K 0.68 0. 34 3.18 1. 98
Ca 6.97 3.38 1.87 1.13
Ti 1. 65 0.67 1.43 0.72
Fe 2.05 0.71 19. 04 7.65
Eit 100 100 100 100
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Fig. 8 Effect of different concentrations of AaRM

on the adsorption capacity of CIP
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Fig.9 Effect of temperatures on adsorption of CIP by AaRM

#5  AaRM W CIP # ) 2 S8
Tab.5 Thermodynamic parameters for CIP adsorption onto AaRM
W IR T/K WG I fE = AH® /(k] *mol ') AS° /(Jemol '+ k ') AG" /(kJ* mol ") R?
298 —82.131 0.999 90
308 Y=—833.439 43X+5.087 55 100. 245 3 0.612 —88. 251 0.999 92
318 —94. 371 0.999 85

3) pH {E X W Bk BE A9 5% i
%27 pH {H X AaRM W [t CIP By 5 Wi,
AaRM B 7 hn ik Bk 3 o/, CIP ) 4 1 Wk )& N

% B H:/(mg/g)

0 20 40 60 8 100 120 140
t/min
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SR 3.5.7.9. 11,7 45 “CHEEH, L) 265 r/min Y3
FRYEP 140 min, WL RMA 10 ix,
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