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Optimization of Aqueous Chlorination Solubilized Pure
Rhodium Powder by Response Surface Methodology
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(Kunming Sino-Platinum Metals Catalyst Co. Ltd., Kunming 650106, China)

Abstract: The central composite rotatable design (CCD) of response surface methodology(RSM) was
used to optimize the process parameters of aqueous chlorination solubilized pure rhodium powder. Four
main influencing factors including reaction temperature, acidity, time and oxidant dosage were selected to
simulate the prediction model of quadratic polynomial regression equation. Results show that significant
impact factor of the dissolution of rhodium in order as: temperature > time> acidity> oxidant dosage,
Optimized to get the best process conditions as follows: reaction temperature was 90 min, temperature was
90°C, dosage of oxidant/rhodium powder mass ratio of 6.25, acidity was 8.7 mol/L. The predicted value of
the dissolution rate was 97.13%, the actual value was 96.58%, the result indicating that the response
surface optimization model was accurate and effective.
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Tab.1 Level and code of experimental variables based on CCD

response surface methodology

% i T
2 <10 1 2
AN ] /min min 60 90 120 150 180
EARIR S/ C T 75 80 85 90 95
AR mol/L 75 8 85 9 95

M7 EREEL  gg 588 6 6.13 625 6.38

2 ZREVHR

2.1 ERWITHRGER

SZIG [ SE AR RN 10 g, WA L 45 mL/g,
R EI(X,, min), EAREREXG, C), BREEWG,
mol/L), EAH/AEN = L (XG, g/g)fFE A B i
IR R, LAVEMEER y Jyma NAE 3T S8,
Design-Expert8.0 {4 1H#3 %] 30 41505, 4558
x2 A,
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Tab.2 Response surface result of the experiments

FEAZTT 2 oM h, — RN g Prob>F {/NT 0.05
EWE XD E . R 4 53], BT FE
N 83.13, P {H/NF 0.0001, Uil A 0.1%[ LLfl
e TR I Fvalue (175 K=& IR ZE .
AT A ST ) — ik 22 T AR A HA v 25 1
;H\:EP#W\IE X, Xpo X5 &qzﬁ¥ le; Xzz; X23
TR XXy XXz, XiXg XoXa X TR0 4R
PR, 1t T fiAbite B 0T B PRV AR 3 5 T e K
Ty 1) 5 Ho Al = AN AR B ) A2 AR & . 94
AR &0 T PR AR B RS DRI A Xo (WA )>
X (RIS TRD > X (W IR IR T )> XA AL A/ TR ER ) o

x3 BRENHEEZENTEST
Tab.3 Analysis of variance(ANOVA) for the effect of the
independent variable on the dependent variables
HZERIE HBEE PR M FE O PHE
&Mt 20 9694.80 484.74 5593.15 <0.0001
SR ZEARRL 14 8529.56  609.25 7029.86 <0.0001
—ey/¢: ¥t 10 261.98 2620 302.29 <0.0001

%5 X,/min X,/'C  X3/(mol/L) X,/(g/g) V%
1 90 90 8.00 6.25 73.9
2 90 80 9.00 6.00 35.0
3 90 90 9.00 6.00 78.6
4 150 90 9.00 6.25 96.3
5 120 85 9.50 6.13 45.2
6 150 80 8.00 6.00 51.0
7 120 85 8.50 6.13 93.0
8 90 80 8.00 6.25 49.8
9 150 90 9.00 6.00 94.1
10 90 80 9.00 6.25 47.8
11 120 85 8.50 6.13 93.0
12 120 85 8.50 6.38 95.2
13 120 75 8.50 6.13 13.3
14 120 85 8.50 6.13 92.6
15 120 95 8.50 6.13 88.5
16 120 85 8.50 5.88 95.2
17 150 80 9.00 6.00 45.6
18 150 90 8.00 6.00 92.0
19 150 90 8.00 6.25 93.4

20 120 85 8.50 6.13 92.4
21 120 85 8.50 6.13 93.1
22 150 80 8.00 6.25 49.0
23 180 85 8.50 6.13 94.3
24 90 80 8.00 6.00 35.0
25 60 85 8.50 6.13 56.7
26 150 80 9.00 6.25 345
27 120 85 8.50 6.13 93.1
28 90 90 9.00 6.25 92.8
29 90 90 8.00 6.00 53.1
30 120 85 7.50 6.13 24.5

2.2 WS B T 2 AT

R AV VR s i et ST 6 P i 72 b T 925 S 36 1)
ANOVA 75 24507, 13RI ARI (], AR, R
JE, AR ERE AR D AR VR B g A
B, SRR Z TNk 3 s, B 3 v LUE
H, RER RPAE N 0.9873, Fe REIET 1, Wi
A2 AR PN 1 5 SRR AR, IX 2% B e . i TV
A KIS RS FREE I SEE0 A 98.73% 15250 5k
o AT AR R I DU R, KR IE R E A% adiR® A
0.9754, Ut B H 28 & 2 [ 2 AT R 5 U B9 4 1 AH DG 1 .

S AR 2 1346 673  77.64  0.0002
& 15 26242 17.49 - -

RAUT 10 261.98 2620 30229 <0.0001
aliiR = 5 0.43 0.087 - -
pswil 29 20622.67 - - -

R’=0.9873; adjR*=0.9754; CV (% 5+ Z%0)=6.0%

R4 ZIRSHAEHTT 201

Tab.4 Anova response surface quadratic model

BRI SFRME BEE B5E FE Prob>F
AL 20360.25 14 145430 83.13 <0.0001
X 1135.75 1 113575 64.92 <0.0001
X, 9476.40 1 9476.40 541.68 <0.0001
X, 197.80 1 197.80 1131  0.0043
X, 117.48 1 11748 672 0.0204
XX, 26325 1 26325 15.05  0.0015
XX, 20521 1 20521 1173 0.0038
XX, 32490 1 32490 1857  0.0006
XX, 31773 1 317.73  18.16  0.0007
XX, 36.30 1 3630  2.07  0.1703
X3X, 17.85 1 17.85  1.02  0.3285
X2 526.75 1 526.75  30.11  <0.0001
X’ 3042.63 1 3042.63 173.92 <0.0001
X 5802.54 1 5802.54 331.68 <0.0001
X2 8.08 1 8.08 046  0.5071
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Fig.2 Response surface of dissolution time and dissolution
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Fig.3 Response surface of dissolution time and acidity
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Fig.4 Response surface of dissolution temperature and acidity
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