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Fig. 1 Optical photos of scrapped computer disassembled
motherboard: (a) Whole motherboard optical photo; (b) Split
motherboard optical photo

Waste printed circuit

b

FH T PR 43 B T S PR AR PR AL IR . A B
SNCl-5H,0. HCI %5, 15 TR SEAL 27 fh 24 7 g
BT AL SR

1.2 REHERIEE

SnCly-HC1 1A 7 i 75 il Bh 73 15 70 28 4R R0 7 [m Ui
B T2 R R A AR 4 B 3 ) VIR o I L R R
AN FENARE, RREsEEWE 2 PR,
1.2.1 B Rons o Eid g

LR AR b I B2 0 AR R R T R ARE L BATE
fdeyd, Bl kS S AR TE R B kAR -, H
SRR LA — 21 . HAl, Juadfhmes 25
KRN, il N T B8 A b b —
ANAFEIL, XL L. ANE R AL 2
WAoo, BIABHREIME K, Skl
Mg mE, BREEAE IR R I T, SXORRE
PR o8, X2 H AT H R S —

AHFFER K SnCl,-HCL 1A R A B/ 2 0%
PR E R, RRAERE A BT, Bl SnCl, F12h
BV IR B, hF R 7 FL R AR b A T S fL
HEHTIEBRIER Y, TERPE IR M AT, A
I i AL B VA A T AR e R R . IR S
WG, JuesfFeaims), BRI S HIER S
bk 3 LR AR 53 B

BE RS, A LR BT SnCl, EH
PEIR R MR (D) FR) . D EBEANERT
Cu” 1 75 J 410 SRR P8 0 4 40 B e NV (=R (2)
Fi7R)e

Sn+SnCl,—>2SnCl, (1)
Cu®"+Sn—>Cu+Sn*" )
SnCl;+ HCI

Ultrasound-assisted leaching

| ,

Electronic components

Separated board

l

Tin stripping solution

Y

Membrane electrodeposition

| |

Tin SnCly+ HCI

— I B

2 SnCl,-HCI 4 26 /5 il B e S 0870 28 3 i [l e () L 2 s =

Fig. 2 Flow charts of ultrasound-assisted separation of components in SnCl,-HCl system and clean recovery of tin
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Fig. 3 Grades of solder removal from waste circuit boards at different times: (a) Level 0: Unreacted raw materials; (b) Level 1: Few

separated; (c) Level 2: Partially separated; (d) Level 3: Mostly separated; (e) Level 4: All separated; (f) Separated components
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Fig. 4 Effect of reaction temperature on removal of solder
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Fig. 5 Effect of hydrochloric acid concentration on removal

of solder from waste circuit boards
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Fig. 6 Effect of ultrasonic power on removal of solder from

waste circuit boards
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Fig. 7 Effect of Sn*" concentration on solder removal from

waste circuit boards
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Fig. 8 Experiment results under comprehensive conditions: (a)
Board and components after tin recovery; (b) Grade of removal

of solder
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Table 1 Chemical composition of circulation solution (g/L)
Sn Pb Cu Fe H'
63.32 0.03 0.01 1.17 3.9
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Fig. 9 Optical photo(a) and XRD pattern(b) of membrane

electrodeposition tin from circulating tin stripping solution
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Table 2 Chemical composition of anolyte solution after
membrane electrodeposition (g/L)
Sn,” Sn** Pb Cu Fe H
63.5 56.4 0.03 0.01 1.16 4.0

1) Sn; is total Sn concentration.
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Table 3 Estimated cost per ton of tin recovered

Unit price/ Cost/

Cost item Value
yuan yuan
Power consumption 3200 kW-h 1 3200
Acid consumption 300 kg 0.6 180
Others - - 200
Total 3580
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Separation of electronic components from
waste printed circuit board and tin recovery in SnCl,-HCl system

LI Ling-chen, YANG Jian-guang, YAN Wan-peng, DING-long, NAN Tian-xiang, CHEN Bing

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

Abstract: Addressing the problems of serious environmental pollution, low efficiency, difficult to large-scale application
and other issues in the separation of waste circuit board components and tin recycling process, a novel technology using
an ultrasonic assisted process based on the SnCly-HCI system was proposed. The technology adoption diaphragm
electrowinning method recovered the tin from the tin stripping solution and regenerated the SnCl;-HCI stripping agent.
The results show that, after 20 min at the reaction temperature of 50 ‘C, Sn** concentration of 30 g/L, hydrochloric acid
concentration of 4.0 mol/L, ultrasonic frequency of 40 kHz and ultrasonic power of 100 W, the waste circuit board
components are separated completely. Under the conditions of temperature of 35 ‘C, current density of 200 A/m?
heteropolar distance of 5 cm, graphite as anode and stainless-steel as cathode, the diaphragm electrowinning was carried
out for 8 h. The cathode obtained flat and compact tin with cathode current efficiency of 97.3% and tin purity of 99.9%.
The SnCly-HCI solution is regenerated from the anode liquid and the anode current efficiency is 88.8%, which can be
used as the reaction liquid for ultrasonic stripping tin.

Key words: waste printed circuit board; components separation; tin; recovery; membrane electro-deposition
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