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Elemental behavior of multi-component metal powders from waste
printed circuit board during low-temperature alkaline smelting

GUO Xue-yi, LIU Jing-xin, TIAN Qing-hua

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The elemental behavior of valuable metals in multi-component metal powder (MMP) originated from waste
printed circuit board (PCB) was investigated. The applied method of low-temperature alkaline smelting can convert
amphoteric metals Sn, Pb and Zn into soluble sodium salts that can be separated from the other metals in leaching process
efficiently. The effects of oxidant and alkaline addition, smelting temperature and time, liquid-solid ratio, leaching
temperature and time on the metal conversion rate (R) were investigated. The composition of melt and optimum
conditions are obtained as mass ratio of MMP, NaNOs; and NaOH being 1:3.0:3.6, smelting for 90min at 773 K (500 C),
leaching for 60min at 313 K (40 °C) in water solution (L/S=9). The conversion rates of the metals are as follows: Sn
95.93%, Zn 96.63%, Pb 91.21%, Sb 24.68%.
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Table 1 Chemical composition of multi-component metal
powder (MMP) (mass fraction, %)

Cu Fe Sn Pb Zn Sb

50.02 3.96 20.03 15.90 6.11 3.98
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Fig. 1 Schematic diagram of experimental flow sheet
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Fig. 2 Effect of mass ratio of NaNO;to MMP on conversion

rate of amphoteric metals (Condition: m(MMP):m(NaOH)=1:3,

smelting temperature 723 K, smelting time 120 min)
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Fig. 3 Effect of mass ratio of NaOH to MMP on conversion

rate of amphoteric metals (Condition: m(MMP):m(NaNO;)=

1:3, smelting temperature 723 K, smelting time 120 min)

HIE 3 WL, NaOH A BB, SRR
B NaOH I AE G 25 8 EFHES, 1% NaOH
N2 &R AR T 3.6 I, #4m LRI
AARFFAAL, Zn IR AL de iy, PTIL RIS E £E 98.32%,
Sn FAELE 92.00%, Pb 80.24%, Sb28.79%. {EAIKR
TR TR, RV IEATRE SR, Sn.y Zn. Pb AL
HTb s 1M Sb T AE AN £ NaySbO,, 1 AFF A
B, AR, GREHIEEAE. YRR
2%, 1IN 3.6 NIE I NaOH Y5 2 4 @b Aot Lo
2.1.3 PR P M A 2 1) 5

iR 1:3.0:3.6 FLHIZ &8 K. NaNOs.
NaOH IR G R, BURAARIRAL, THRM R 120 min,
SIS EE R 4 TR

HIE 4 ATLLEH, #8855, Sn. Pb. Sb LA
B S T A R E R B R (298 K, 25 C)HIFELR,
H 773 K(500 C)Z 11, A2 paik fx i) T+ i -,
A ISR, Zn FEARE ISHRERT 773
K(500 C)ZJG, RE4kaLTtm, FAb R T . %
G B ALK AE 773 K(500 °C)IF AL 2 ¢ 5y
Zn95.40%. Sn 95.13%. Pb 80.93%. Sb 27.60%.



1760 A G A R

201346 H

100 —#

80

60

R/%

40+

20+

025 3Iv50 4(I)0 45IO S(I)O SSIO 6(I)0 650 700
Smelting temperature/'C

B4 IR PP R AR 52

Fig. 4 Effect of smelting temperature on conversion rate of

amphoteric metals (Condition: m(MMP):m(NaNO;):m(NaOH)=

1:3.0:3.6, smelting time 120 min)

T8 BOX ML R R H R, NaNO; A%
i, S LSS , ke ad B2 rh, NaNOs 71 603 K(330
C)LL B fltr=tE Oy, X4 @A/ a2, ff
13N ST o WS RE T i ARREE R RE, Ui
PRGN, & RNV I Fe sy, iR, NaNO;
SIFRE AR, Oy S AL NP, X 4x e i A E
WSS, EPTMAHI AR T, SEEiees
LA b TEJE AR R tA . SIS 4 B e b R B i
773 K(500 C) A 3 B [P M R S o
2.1.4 MR ALK V4 e A 2 1) 5

R 1:3.0:3.6 FLHIZ &8 K. NaNOs.
NaOH B &K &R, 1E 773 K(500 C)4AF N IHIEMA
BRI ], SEER 45 R W& 5 s

100 |
.//./—L\:_’_l———-

R/%

0 30 60 90 120 150 180
Smelting time/min

5 SN ) o < R e AR 5% )
Fig. 5
amphoteric metals (Condition: m(MMP):m(NaNO;):m(NaOH)=
1:3.0:3.6, smelting temperature 773 K)
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Fig. 6 Effect of ratio of liquid and solid on conversion rate of
amphoteric metals (Condition: leaching temperature 313 K,

leaching time 60 min)
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Fig. 7 Effect of leaching temperature on conversion rate of

amphoteric metals (Condition: L/S=9, leaching time 60 min)
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Effect of leaching time on conversion rate of
amphoteric metals (Condition: L/S=9, leaching temperature
313 K)
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Table 2 Distribution rate of amphoteric metals in

confirmation experiment

Distribution rate/%

Metal
Filtrate Residue
Zn 96.63 3.37
Sn 95.93 4.07
Pb 91.21 8.79
Sb 24.68 75.32
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