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Preparation of Red Mud Loaded Co Catalysts: Optimization Using Response

Surface Methodology (RSM) and Activity Evaluation

LI Hua-nan', XU Bing-bing’, QI Fei'*, SUN De-zhi'**

(1. College of Environmental Science and Engineering, Beijing Forestry University, Beijing 100083, China; 2. Beijing Key
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Abstract: The removal efficiency of catalytic ozonation of bezafibrate (BZF) by red mud loaded Co catalysts (Co/RM) was used as

the index value in statistical experimental designs. The most important factors influencing BZF degradation (P <0.05) in water were
dipping mass of cobalt and calcination temperature. Under the conditions of 4. 14% of dipping mass of cobalt and 389°C of calcination
temperature, the BZF removal efficiency was 71.29% as calculated by predictive value and a maximum removal efficiency of 70. 74%
was actually achieved. The experiment data was very close to the predictive value and the deviation was 1% ( <5% ). The results
indicated that the response surface methodology and mathematical model was reliable for experimental design. By comparing the
differences of BZF degradation in RM and Co/RM processes, it was observed that Co/RM exhibited the greater catalytic activity.
Furthermore, the surface structure and composition properties of the two catalysts were evaluated by N, adsorption, XRD and UV-Vis
analysis. It was found that the specific surface area and total pore volume had the same variation trend, RM < Co/RM, which was
consistent with the trend of catalytic ozonation. It was also found that Co,0, , the active component formed on the surface of RM by the
addition of cobalt into red mud, enhanced the catalytic activity. Moreover, the dissolved metal concentration in the solution for catalytic
ozonation of BZF degradation by RM or Co/RM was determined by ICP-OES. The results showed that for both catalysts there was no
leaching of catalytic active components into the solution, which could suggest that the two catalysts were safe and could have certain
application prospect.
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Table 1  Factor levels in P-B experiment design
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Table 2 Factor levels in the central composite design
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Table 3 P-B experiment design results

TGS X X, X3 Xy Xs Xs X5 Xy X, Xy Xy FBRE %
1 1 1 -1 1 1 1 -1 -1 -1 1 -1 57.48
2 -1 1 1 -1 1 1 1 -1 -1 -1 1 61. 60
3 1 -1 1 1 -1 1 1 1 -1 -1 -1 59.48
4 -1 1 -1 1 1 -1 1 1 1 -1 -1 41. 11
5 -1 -1 1 -1 1 1 -1 1 1 1 -1 63.79
6 -1 -1 -1 1 -1 1 1 -1 1 1 1 58. 14
7 1 -1 -1 -1 1 -1 1 1 -1 1 1 68. 26
8 1 1 -1 -1 -1 1 -1 1 1 -1 1 70. 69
9 1 1 1 -1 -1 -1 1 -1 1 1 -1 69. 94
10 -1 1 1 1 -1 -1 -1 1 -1 1 1 52.62
11 1 -1 1 1 1 -1 -1 -1 1 -1 1 53.30
12 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 61.32

1)1 FRREK;
T pH 6. 185 FKrh BRI SN IS [E] 30 min B Y4

-1 FRMKE s bR E AR 5 AR E R 0.5 mg-L ™" BZF WM 1.0 mg-L ™" ALV E 200 mg-L ", L

#4 P-BEBRITHTERMAELN
Table 4 AVOVA analysis for the results of P-B experimental design

T2 kR S J7 H ¥ifE LA FY P {H? M

% 657. 16 5 131. 43 7.25 0.0159 B3
X, 137.15 1 137. 15 7.57 0.0332 ITE
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X, 1.16 1 1.16 0. 064 0.808 7

X, 449. 81 1 449. 81 24.83 0.002 5 B3
X 59.26 1 59.26 3.27 0.1205

B 2% 108. 71 6 18.12

¥l 765. 87 11
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Table 5 Results of central composite experimental design ( CCD)

R BN
S R
SR X, X, X, X, EKERH/ %
1 0. 000 0.00 5.00 400. 00 70. 98
2 0. 00 0.00 5.00 400. 00 70. 62
3 -1.414 0. 00 1.46 400. 00 69. 60
4 -1.00 -1.00 2.50 300. 00 67.94
5 1.414 0.00 8.54 400. 00 64.31
6 0. 00 0.00 5.00 400. 00 72.03
7 1.00 -1.00 7.50 300. 00 66. 76
8 0. 00 0.00 5.00 400. 00 71.13
9 0. 00 1.414 5.00 541.42 64.76
10 1.00 1.00 7.50 500. 00 64. 86
11 0.00 -1.414 5.00 258.58 66. 51
12 0.00 0.00 5.00 400. 00 70. 38
13 -1.00 1.00 2.50 500. 00 67. 06

1) R 4 A BE 7 0.5 mg-L ™", BZF #EEH 1.0 mg-L ™" JEALFIVREE 200 mg-L =1, SR AW pH K 6. 18, 35 22453 g S I3 BT[] 30 min

st frg 235 S
#£6 CCDELWIZITERMWAEN
Table 6 AVOVA analysis for results of CCD experimental design
UE-Z3 FI7 I A A ¥ifE FAEY P {H?» (-2

K% 84. 12 5 16.82 29.71 0.000 1 B
A-A 14.79 1 14.79 26. 11 0.001 4 (e
B-B 3.46 1 3.46 6.12 0.0426 ¥
AB 0.25 1 0.25 0.45 0.524 1

A2 26. 34 1 26. 34 46.52 0. 0002 IE
B 47.37 1 47.37 83. 66 <0.000 1 e
B2 3.96 7 0.57
AU 2.37 3 0.79 1.98 0.2597 ENTES
R 1. 60 4 0.40

oyl 88. 09 12
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Fig. 1 Residual analysis
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Fig. 2 Effects of Impregnation concentration and calcination temperature on the efficiency of BZF removal in catalytic ozonation
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Table 7 Surface area and related parameters of RM and Co/RM
e IR (Ager) R EFLAR (V) RNV ) REANLER(Y,,,.,,)  FECFHILES(D,,)
8 /m?-g~! /em? g ! /em? -g ! /em? g ! /nm
RM 7.7 2.8x1072 6.1x1073 2.2x1072 14.5
Co/RM 70.9 18.6 x10 72 2.1x1073 18.4 x1072 10.5
RM o A Si0; 1.3
A 0 Fex03 oWy e R‘M
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Fig. 5 XRD spectra of RM and Co/RM
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Fig. 6 UV-Vis spectra of RM and Co/RM
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Table 8 Dissolution results of the active ingredient in the catalyst digestion and catalytic ozonation processes

s Fe Al Co Ca Mg Si
RM/mg-g ! 175 100. 5 ND 7.5 ND 0. 675
Co/RM/mg-g ! 177.6 101.4 40. 4 7. 475 ND 0. 65
RM 4t/ mg-L~! ND ND ND ND ND ND
Co/RM fift/mg-L~! ND ND ND ND ND 0. 64
Kt B /mg - 1.~ 0.03 0. 002 0. 005 0. 002 0.001 0.01
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