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Table 1 Main elements and composition of spent

petrochemical catalyst (mass fraction, %)
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Fig. 1 XRD pattern of spent catalyst
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Fig. 2 Schematic diagram of experimental installation:
1—Condenser pipe; 2—T-branch pipe; 3—Temperature sensor;
4—Solution; 5—Magnetic rotor; 6—Tray; 7—Furnace body
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Table 2 Independent variables and their levels used for

response surface methodology

Level
Parameter Code
-1 0 +1
Microwave power/W X 300 600 900
Reaction time/min X 5 10 15

NaOH concentration/(g'L™") X3 40 80 120

2 GRS

2.1 RASEIRIAR

H4E Box-Behnken 4k 773, wit 17 3 K& 37K
S, 3817 AN S seae g Y, SR LR 3.
LI 22 e TG R 42.13%~94.23%
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Table 3 Box-Behnken experimental design matrix and results

Experiment  Microwave power/  Reaction time/  NaOH concentration/
No. w min L

Vanadium leaching efficiency/%

Experimental Predicted Residual error
1 300 10 40 60.12 58.05 2.07
2 600 15 40 67.28 66.13 1.15
3 600 5 120 53.64 54.79 -1.15
4 300 5 80 42.13 43.77 —-1.64
5 600 15 120 94.23 93.81 0.42
6 600 10 80 92.65 92.06 0.59
7 900 10 40 62.77 65.56 —2.79
8 900 15 80 90.23 88.59 1.64
9 900 10 120 89.46 91.53 —2.07
10 600 10 80 91.18 92.06 —0.88
11 600 5 40 43.26 43.68 —0.42
12 300 15 80 70.36 73.57 —3.21
13 300 10 120 73.65 70.86 2.79
14 900 5 80 60.13 56.92 3.21
15 600 10 80 92.20 92.06 0.14
16 600 10 80 91.96 92.06 —0.10
17 600 10 80 92.33 92.06 0.27

N T IERUE G AR A, A R ALEAT T
Hm b, B SHrRINZE 4 Pral, 2F1 BT %
KIS xi®s xo” Bl oy TEORHIRER, AR 2 b Bl LA
LIS H AR S SR P Wi I3 i — B2

x4 AFEmER AR R

Table 4 Analysis of different response surface models

Standard R-Squared Adjusted R-Squared

Source deviation (RY) (Adj.R%
Linear 13.72 0.5539 0.4510
2F1I 15.28 0.5745 0.3192
Quadratic 2.78 0.9901 0.9774

[E] AR AL () 5 2253 BT (ANOVA)Y I 5 flrl). ik
SHLIHEEH: #A p<0.0001, EWEENE, K
FEf: EAHSR REURHFE IE U2 REUA).R) 3R
0.9901 1 0.9774, Ut 97.74%FAIR H 2 e B AR ) A8
AT R FH AR iR, B b SERR S LA S AR L LA
WRZE/N; AR S R BURME G LU AR 8% U I AR ARG 1 B 11
W, AR S R AR {5 M Lk s 0 B S8 (1 HE A
LY, R RBCV N 3.74%, (5MEHE N 23.466, £
B RIS R R R v T g2 B RTIR, TSR AR A

™S MM R T 2 A

Table 5 Analysis of variance for response surface quadratic

model
Source Sum of - Degree of - Mean F-value P-value
square  freedom  square
Model 5429.60 9 603.29 77.78  <<0.0001
X1 396.63 1 396.63 51.14 0.0002

X 1889.28 1 1889.28  243.59 <<0.0001

x3 75175 1 75175 96.92  <0.0001
X% 0.87 1 0.87 0.11 0.7469
xxs 4330 1 4330 558  0.0501
xx;  68.64 1 68.64 8.85  0.0207
x®  398.38 1 39838 5136 0.0002
x?  1163.68 1 1163.68  150.04 <<0.0001
xi2 49449 1 49449  63.76  <<0.0001

Residual 54.49 7 7.76

R*:0.9901 Adj. R*: 0.9774 CV: 3.74%

Adequate precision: 23.466
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Fig. 3 Comparison of vanadium leaching model prediction
with experimental data
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Fig. 4 Response surface and contour plots for vanadium leaching efficiency: (a) X;—X, response surface; (b) X;—X, contour plot;
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Table 6 Verification result of RSM

Condition  Microwave power/W Reaction time/min NaOH concentration/(g'L ") Vanadium leaching efficiency/%
Optimum 648.15 13.51 87.51 97.68
Modified 648 13.50 87.51 97.55+0.18

T"TRMEAIL SR ST B IR Xt sk

Table 7 Comparison between conventional(CL) and microwave assisted leaching(MAL) of spent petrochemical catalyst

Technology Microwave power/W  Reaction time/min

NaOH concentration/(g'L™")

Vanadium leaching efficiency/%

CL - 13.50 87.51 66.23+0.22
CL - 30 100 75.68+0.25

MAL 648 13.50 87.51 97.55+0.18
400 -

—o— Sample
—— Solution

Temperature/'C

0 0 30 60 90 120

Time/s

BEl5 AN S SRR T R AR

Fig. 5 Temperature variation of spent catalyst and leaching
solution in microwave field

87.51 g/L, HFEHZ 400 r/min, VETAAF A 100 mL.
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Fig. 6 SEM images of spent catalyst (1—Vanadium oxide;
2—Aluminium oxide): (a) Spent catalyst; (b) Spent catalyst
under microwave irradiation
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Optimization of microwave assisted leaching of
vanadium from spent catalyst based on
response surface methodology

MA Zhi-yuan" %3 LIU Yong"**, ZHOU Ji-kui"*?, LIU Mu-dan"%?, LIU Zhen-zhen" **

(1. Guangdong Institute of Resources Comprehensive Utilization, Guangdong Academy of Sciences,
Guangzhou 510650, China;
2. State Key Laboratory of Separation and Comprehensive Utilization of Rare Metals,
Guangdong Academy of Sciences, Guangzhou 510650, China;
3. Guangdong Provincial Key Laboratory of Development and Comprehensive Utilization of Mineral Resources,

Guangdong Academy of Sciences, Guangzhou 510650, China)

Abstract: The microwave assisted alkaline leaching of spent petrochemical catalyst was optimized using response
surface methodology (RSM). The quadratic polynomial regression model charactering effect factors, such as microwave
power, reaction time and NaOH concentration, and their interactions on the vanadium leaching efficiency were
established. The results show that the effect of reaction time on the vanadium leaching efficiency is the most significant.
The interactions of reaction time and NaOH concentration, microwave power and NaOH concentration have significant
impacts on the vanadium leaching efficiency. The optimum conditions of microwave assisted leaching process are as
follows: microwave power of 648 W, reaction time of 13.50 min and NaOH concentration of 87.51 g/L. Under the
optimized conditions, the vanadium leaching efficiency of 97.55%=+0.18% is obtained, which are well agree with the
values predicted by the model. The mechanism of microwave-assisted leaching systems was studied. The enhancement on
the leaching efficiency of vanadium is attributed to the temperature gradient between solid and liquid and generation of
cracks on mineral surface.
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