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Fig. 1 Schematic diagram of crushing WPCB
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Table 1

standard solution

Determination results of metal contents in

Metal content/(g-L™")

Element  Standard ICP Absolute  Relative

solution results error error
Cu 9 9.168 0.168 1.87
Fe 1.8 1.798 0.002 0.11
Pb 1 0.999 0.001 0.10
Sn 1.8 1.798 0.002 0.11
Zn 0.6 0.599 0.001 0.17
Al 0.5 0.499 0.001 0.20

BT AR & R, S EUICP J5 kI E (1)
RZEVEEIROR, PR, 3% B B R bR v R R )
AT E, ZUCFEMES Ry 8.982 g/L, AHXT
w4 0.018 g/L, HAENTiRZENIRAE N 0.20%.

MR 1A LAEH, X ICP-AES A AR e ik 1)
MESER, T REEME. . 84 SME%e
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Fig. 2 Particle size distribution of copper powder in
TV scrap circuit board: (a) Component with particle
size <1 mm after screening; (b) Component with particle
size 1 -2 cm after screening; (c) Component with particle

size >2 cm after screening
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REWFEENS g HHZEAKR, ALV E N R REBBAT R4 B S RS &
5 g BRI R a5 RN B SAE . R 28 AR AR R A1 2 4 Table 2 Main metal contents of WPCB copper powder

W 2 R R 2 B and fiber powder
Mass fraction/%
Powder
2.2 [ELEISIRSAM A MLA 5 Cu Fe Pb Sn Zn Al

Copper powder 44.64 9.84 5.09 9.22 3.69 2.49
Fiber powder 1.94 0.18 0.12 0.18 0.09 5.57

NIRTUR LB R AEAEYIAE, PR
LR HEAT MLA )87, 45 R ILE 4.

B Metal-Al [l Cerussite [l Metal-SoPb [Jl] Diaspore-A1,SiO,
B Metal-Cu [l Metal-Fe D Iron-Nickel - Hematite-ZnNi - Others

MJ

B4 HEAHLR LB [RIVIAHTE 35 A R 76 3R 73 A7 1

Fig. 4 Morphologies of different phase in TV WPCB and corresponding element distribution: (a)—(f) Secondary electron
backscatter diagram; (a")—(f') Map scanning distribution of element image; (a), (a") Total; (b), (b") Cu; (c), (¢") Fe; (d), (d") Pb,
Sn; (e), (e) Zn, Ni; (), (f') Organic in TV WPCB
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Table 3 MLA phase content analysis of WPCB copper

powder (mass fraction, %)
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H B S(0)FIb AT, BT R 2 BR AR AE 73 ik T
FP AR, Do AR Bl ik, X
B LT BRI ARIE 5L T 31X — 555 B S(b)
FIb Yy X 32 AT UL, BT LA BT K ALO,
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Table 4 Analysis of MLA mineral content in WPCB fiber

powder (mass fraction, %)

Cu Fe PbSn Diaspore Cu Al AlLO, Fe Sio,
52.72 17.81 12.29 5.11 29.12 12.05 7.58 0.21 23.78
Cerussite Al ZnNi Others Ca,;Al,(S10,), Br-O Hydrophilite Others

1.73 1.57 1.01 7.76 6.54 5.69 7.31 7.72
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Fig. 5 Morphologies of different phases in WPCB fiber powder and corresponding element distribution: (a)—(f) Secondary
electron backscatter diagram; (a’)—(f") Map scanning distribution of element image; (a), (a) Total; (b), (b") Cu, Al; (¢), (¢') Ca,

Al Si; (d), (d') Br, Sn; (e), (¢') SiO, in TV WPCB
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Fig. 6 Morphologies of WPCB copper powder and fiber
powder dissolved in aqua regia: (a) WPCB copper powder
dissolving residue; (b) WPCB fiber powder dissolving

residue
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Table 5 XRF results of residues of WPCB copper powder and fiber powder after dissolution by aqua regia

Mass fraction/%

Residue ;
Al Si Fe Cl Pb Br Mg Zn
Copper powder 16.12 14.49 12.03 6.90 4.01 0.98 2.56 1.92
Fiber powder 1.13 10.99 0.78 59.31 0.30 21.83 0.39 0.18
6 HIMLHL 2R AR ER K A2 24 1) 4 R
Table 6 Composition of copper powder and fiber powder of WPCB
) Mass fraction/%
Residue - -
Cu Fe Pb Sn Zn Al AlLO, SiO, Organics
Copper powder 44.64 9.84 5.09 9.22 3.69 2.49 12.52 10.74 1.77
Fiber powder 1.94 0.18 0.12 0.18 0.09 5.57 1.04 11.44 79.44

Component residue

Soldermask ink
Copper tinsel

Binding material
Glass fiber cloth

7 PREGBRARBN A 73 L i RE A AH oy A A 1A s R

ISR L i P RT3 nﬂﬂl!'/

Fiber Copper
powde powder

Fig. 7 Schematic diagram of each component in crushing and sorting process of WPCB
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Process mineralogy of waste printed circuit board crushing and
sorting products

LIU Wei-feng, HU Xiao-li, ZHANG Du-chao, CHEN Lin, YANG Tian-zu

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: In this study, the process mineralogy of the copper powder and fiber powder broken and sorted by waste
printed circuit board(WPCB) was studied by means of chemical analysis and phase analysis. The results of metal
content testing show that the titration method is suitable for the analysis of copper in WPCB copper powder due to
its high content. The error analysis results of sampling mass show that the optimal sampling mass is 5 g. The MLA
results of copper powder and fiber powder of WPCB show that copper exists as metal, the lead and tin exist in the
form of solder, nickel and zinc exist in the form of alloy, and aluminum exists in the form of metal and oxide. The
content of organics in the fiber powder of WPCB crushing and sorting products is much higher than that of copper
powder. In the process of crushing and sorting of WPCB, metal components, such as copper foil, solder and
surface residue, are easy to enter the copper powder, while the glass fiber, binder and solder resistance oil mainly
distribute into the fiber powder.

Key words: waste printed circuit board; copper powder; process mineralogy; soldering
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