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Optimization of extraction of gold from waste printed circuit board
using response surface methodology

ZHU Xiao-guang, XI Xiao-li, NIE Zuo-ren, MA Li-wen, ZHU Jian-jian

(College of Material Science and Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: The sponge gold was obtained by using “breaking—removing low priced metal with sulfuric acid oxidation
method—leaching gold—extracting gold with methyl isobutyl ketone (MIBK)—stripping gold” process. The statistical
methods were used to analyze the impact of different factors on the extraction of Au (III) using MIBK as extractant. The
factorial designs with five factors and two levels were firstly used to evaluate the relative effects that might affect the
extraction of gold from the waste printed circuit board with MIBK. The results show that the factors including the phase
ratio of organic and aqueous, the reaction time and the temperature, have significant impacts on the extraction rate of gold.
The phase ratio and reaction time have positive impacts on the gold extraction, while temperature has negative impact.
Based on this, Box-Behnken central composite design combining with response surface methodology (RSM) was
employed to optimize the most important affecting factors of the extraction rate. The optimum conditions for the
extraction are the organic and aqueous phase ratio of 0.34, reaction time of 12.4 min and temperature of 28 ‘C, which are
calculated from an established quadratic equation of one variable regression model. Under the optimized conditions, the
gold extraction rate can reach as high as 96.1%. At last, the organic phase is stripped with solution of oxalic acid (5%) to
get sponge gold.

Key words: Au; methyl isobutyl ketone; factorial design; waste printed circuit board; extraction rate; respone surface
methodology
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Table 1 Code and level of test variables 100
Level = A
Variable Factor 80 . C
-1 0 +1 BN L B
& o
Phase ratio X 02 03 04 £ 60r ¢ *— Not signhificant
3 = — Significant
Response time X5 5 10 15 E’_ 4
5 40 A — Phase ratio
Reaction temperature X3 20 30 40 = ) B — H* concentration
M +E C— Response time (min)
20 s D — Reaction temperature ('C)
D E— Gold concentration (mg/L)
2 HRESH 0 . . -
-0.01 0.01 0.03 0.05 0.07
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Table 2 Factorial design and response values

Effect
1 SFHCINVIERSE

Fig. 1 Normal map of gold extraction effect

HP 1t A AN B BN R AR 2 1A, B
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F o HIULHAIE T 2SR N ZONAILE . SN[ e
% -

Order Phase ratio, Respons§ time, Reaction ] H concentrzitlion, Gold concentf?tion, Extraction rate of
X X>/min temperature, X3/'C Xy/(mol-L ) Xs/(mg'L) Au, Y%
1 0.1 5 20 0.5 3.0 87.9
2 0.5 5 20 0.5 0.5 94.1
3 0.1 5 20 3.0 0.5 88.1
4 0.5 5 20 3.0 3.0 94.2
5 0.1 20 20 0.5 0.5 89.4
6 0.5 20 20 0.5 3.0 95.4
7 0.1 20 20 3.0 3.0 89.4
8 0.5 20 20 3.0 0.5 95.4
9 0.1 5 40 0.5 0.5 87.4
10 0.5 5 40 0.5 3.0 93.8
11 0.1 5 40 3.0 3.0 87.2
12 0.5 5 40 3.0 0.5 93.6
13 0.1 20 40 0.5 3.0 88.5
14 0.5 20 40 0.5 0.5 94.8
15 0.1 20 40 3.0 0.5 88.7
16 0.5 20 40 3.0 3.0 94.8
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Table 3 Box-Behnken surface central composite design and

response value

Phase  Response Reaction Extraction

Order ratio, time, temperature, rate of Au,
X X,/min X3/ C Y%
1 0.2 5 30 92.8
2 0.4 5 30 94.7
3 0.2 15 30 93.3
4 0.4 15 30 95.7
5 0.2 10 20 93.5
6 0.4 10 20 95.2
7 0.2 10 40 93.1
8 0.4 10 40 95.0
9 0.3 5 20 94.8
10 0.3 15 20 95.4
11 0.3 5 40 94.6
12 0.3 15 40 95.1
13 0.3 10 30 95.6
14 0.3 10 30 95.7
15 0.3 10 30 95.8

Y =95.70+0.987 5X, +0.325 0X, —0.137 5X; -

1.175X7 —0.400 0.X; —0.325 0X3 +0.125X, X, +
0.050.X, X3 —0.025X, X, (11)
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oAk, RIS TRD A PR e DA X el ek

LRI, 3 AN R RIS HAE A Y, &
DA AATHIVER A AHEE 0.3~0.4. 30 °C. B
[ 10~15 min.

h T D E A A ISR A, R R T R (X
(D) 55T F IR, SKATT X,=0.441 5,
X= 0481 4, X;=0.196 1, BIFILLX) N 0.344 1, Jx
M E(X,) 4 12.407 min,  JNLEE(XG) A 28.039 °C,
PEI G 2RI KA Y N 96.01%0 Ky T 3E— 2Dl 7 i
A AAE, A Minitab 15 AL 85 SR A5 L A%
IAAE T IIAHEE (X)) SO I [ (X ) RS 33 (X)) 27
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R R 96.01%, HH AR L1 € (1 fee AR 25 A A AH L
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Fig. 2 Response surface graphs of phase ratio, extraction time
and temperature: (a) Phase ratio and time, 6=30 ‘C; (b) Phase
ratio and temperature, /=10 min; (c) Temperature and time,

phase ratio 0.3

0.34, SMVIA] 12.4 min, S ViR 28.0 'C.

h) 7 5% SN (R 25 22 (R RIA8 TR0, KT i R AT
BT T 20T, SR IEK 4. Tr =R FAEN
AT R I3 D7 A iR 223 0 M LU AE,  mT ik B —
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¥ PAE S48 M RETEACY a BEATHAS, 7T LAG AR
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Table 4 Variance analysis of response model

Model parameter

Source

Degree of  Sum of Mean
freedom square square P
X 1 7.8013  7.80130 380.55 0
X2 1 0.8450 0.84500 41.22 0.001
X; 1 0.1513  0.15130 7.38 0.042
X7 1 47100 471000 22976 0
X’ 1 0.5223  0.52230 25.48 0.004
X’ 1 0.3900  0.39000 19.02 0.007
XX, 1 0.0625  0.06250 3.05 0.141
X5 1 0.0100  0.01000 0.49 0.516
XX 1 0.0025  0.00250 0.12 0.741
Model 9 144948 1.61054 7856 0
Linear 3 87975 293250 143.05 0
Square 3 5.6223 1.87411 9142 0
Interaction 3 0.0750  0.02500 1.22 0.39%4
Lack of fit 3 0.0825  0.02750 2.75 0.278

R*=99.30%
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Fig. 3 SEM image (a) and EDS analysis spectrum (b) of
obtained sponge gold
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