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The Leaching and Recovery of Au from Scrap of PCBs

Don-Sang You and Cheon-Young Park*
Department of Energy and Resource Engineering, Chosun University, Gwangju 501-759, Korea

Abstract: This study was carried out to find an environmental friendly and effective way to leach Au and Ag from scrap
of Printed Circuit Boards (PCBs) using sodium-hypochlorite solution. In an EDS analysis, valuable metals such as Cu, Sn,
Sb, Al, Ni, Pb and Au were all found in PCBs. The highest leaching rates obtained were 1% of pulp density with a
chlorine:hypochlorite of 2:1 and a concentration of NaCl at 2 M. The highest Au recovery was observed with the addition
of sodium metabisulfite to make a 3M solution. It is confirmed that the leaching agent (chlorine-hypochlorite) could
effectively leach Au and Ag from Printed Circuit Boards (scrap parts) and the additive reagent sodium metabisulfite could
easily precipitate Au from the chlorine-hypochlorite solution.
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2 ok 7 PCBsY AT o RHE Fhzlolgdisd gof g3l Audl AgE X7Ho|a afHoE SEA)T)
FAE7T PCBsol| Cu, Sn, Sb, Al, Ni, Pb, Au 53 7+& %—&ﬂiﬂ rElo] 2l AS EDS 4oz It}
Hdl Au 8582 1%Y FAFE, 2:19 A IMMES 18] 2 MY NaCl TR A
> AFE ] aEo] JE Aust AgE EHFHOE

L8 o]

£ WEFOlIER BEE 3 MIAE. 92 A0la0e0] A 7
$2A2 5 9t S04 92 T dEEIAES] AuS RSP BN F At AL SRSt
FR0| Gadeldadid, 7, 8% 9 8%, 239, MEgelhlEs

dubAel & 3 (gold concentrate)?] F$] 1.0-10.0
gt HT} 25014 2502 2 ZothTuncuk et
AAH SR FAAAFo] 28712 wid 20-50 al,, 2012). WFolA 7H& AFE Y o] 1992
ol Eo] wbE Y glom oF 1%} B4 18]l e 4.5301% 0 199930 = 33 ZE]2 2005
21%7F EekEE o2 o Qi) o] 54 Foll= Fe, o 2doE HAHATE AAAES] FHe] 1Had
Cu, Al, Pb, Sn, Ni, Au, Ag ¥ Pd 5o] af5x o wl A o] HHAAEe] W ET o,
At 28]al A3 27| (printed circuit board)oll= o] F TVl #AFS(precious metal)®] 27.1 wt. %, %’j
Awt 250 gt! oldo® FfEo] lom, o] UL FrEfOl 0.02wt. % $HrEo] $thKang and Schoenung,
2005). #HAAAAFl= IS (base metal)t =
S (platinum group metals, PGM)S EE <lF
(indium), ¥ (tantalum) 53 722 FHU1E]
x3stEo] Q7] wEo] ZAFA(urban ore =2 E
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waste)>-Z 2T} (Yamasue et al., 2009; Pant et al.,
2012). 53] 78 SYALZA(CPU)S] JH32E
AdsAY H&S o Fdl(solder) o2 AWt FE
AMEESL Lo, 3|27|He] F40] FAEE AS

= A=
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W87 9leked Au B9 E¥(coating)dtl T
T8k BT1E (expansion card) T2 EX(slot)yt &
(pin) EHES AvE Y gt} mEba FEHEEA
o Ha 1.02-1.5wt. % (10,000-15,000 ppm) L] 3L
FA71=0] Hah 0.015-0.02 wt. % (150-200 ppm)2]
AWt FHE Atk olE Ave HE 2 =EFRE
ai F, 2 2 2 59 55 9 o 10m F
AZ F&EFHo] Q7] wiEe] vt AP 34
(refractory gold ore)ell Hlgte] {Al 241 +
UH(Lin and Huarng, 1994; Barbieri et al., 2010).

HAAREE e Aus 3eb] flet] g
(aqua regia), *]H(cyanide), E] 2 24 (thiourea), E]
o (thiosulfate)?t 72 3184 &afj7h o] &5
Ao, FHZoE Acidithiobacillus ferrooxidans, S-&
Acithiobacillus thiooxidans 53 22 VAYEES &
4313 Uth(Hoffmann, 1992; Brandl et al, 2001;
Yang et al, 2009; Xiang et al, 2010; Pant et al.,
2012). 28U @27 A4 sg=E 94 (chlorine)
£ o]l g3l FAAN-EoREE Aus £5 ¥ 35
= A= ok viRlsit ApldEES o
Zroluh Gl WA HAvt AdsiAl ATt
(Hilson and Monhemius, 2006).

NaClO+2HCl—-Cl+NaCl+H,0
NaClO+NaCl+H,SO04—CL+H,SO4+H,0

AE Gavt FAHAES] Aus S8IAA AuCly
£ AJ’A1ZItk(Pangum and Browner, 1996).

2AU"+3CH2CT —2AuCly

ARAFY] Ave B4 FHOE =ZHo| V)
ol A S84 FsldE ol 2YH Q)
= Al Hlste] §A iAol it galETt
(Baghalha, 2007). G4&-2joldatde %70l AJok
A AR AEEA o] SiAlE AvE T
WA &)X 7|5 Albel] Blste] g7gel thek 54
o] mj¢- A FHE i Stk wEA Fa-Ajold
AMAE AY 2 FEFE At Ag &£F
(Almeida and Amarante, 1995; Jeffrey et al, 2001;
Baghalha, 2007; Nam et al., 2008), 354 440z
HE Cu £Z(Puvvada and Murthy, 2000; Ikiz et
al., 2006) =2 H]E4] (enargite) . ZHE] H]2x(As)
£ 8&3t=d AFEET(Curreli et al., 2005; Padilla
et al, 2005). L3+ o] &rizl= Al (furnace slag)=

HEH CuE &3 (Herreros et al., 1998)5h=d], #x=}
FEORRE Ay Sh, Sn 5% &&sh=tl ARSI
THSaleh et al., 2001). &} xpoldarte 733t §
2129 Aefelnz FHFslk=d FAS Fort Hast
o} 283 Aol aake AuHth Ao wasg
5 o wWEA &SjA717] W] Ha AHTF
7FA HAL Au &3E&o] Hojxint webA & g
o] & dslgEo] HAE o|gsk= Aol AAIZo]
Zap7| wige] so] A Qe HHATF #4835t
£ Zlo] Z&Zo|t}(Hilson and Monhemius, 2006;
Baghalha, 2007).

EE&d o gallEo] e AvE 3| st
o] aluminum 3 zinc T (powder)S H7Ftd Au
£ A= A (cementation), AR & g
Z(resinel] AvE F2AIA 3)sh= 2P (adsorption),
I3 electrowinning WHEo] o]gFHI o
(Prasad et al.,, 1991; Habashi, 2009). ©]& W< A
AT a7te|al 37lee] w9 HBadsitt. w
A olg W Hrh o AAAo|AL 7]wAoE T
ek o]l dasitt &, Awt &3liEo] e o
S]] o]itslSK(sulfur dioxide, SO)E Y
£49 Awt v 22 whgel] ste] FHE
(Hoffmann, 1990).
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2HAUCLA+380,+6H,0=2Au+8HCI+3H,SO4

T3 YElEol#hEE (sodium  metabisulfite,
Na;$,05) 895 Fh-zolaanted Gl Hrlspd
w5449 Awt 7hds AHEnh H2 s-vetel
A S ¥ HRAAAIF] AL A TH(Lee et
al., 2007), Aa-AJolHAANA GolS o] gato] HA
AHEOZHE AvE B OE §EA7|AL, o] &
ool wElzolERS H7lele] S5 Avg
A 3lgete Ate oF] mIRIsHKim et al.,
2012). ZHEE 8720 7hdst WS HAdx)

x:_.L =
HEel Agdthd B ¥ Au e 28 AE
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Fig. 1. Image of scraps from the PCBs. (a): Photograph, (b): Microphotograph (x160).
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H PCBsollA ZE(port) ¥ EX(slot)t AA=+=
2APES FAYLE At AEe dole
0.5 cmellA] 2.0 cme]3Z A730] 0.25 mmolA] 0.64 mm
Hejoltt, W TEE S5 A4S ERIs] flst
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Al

Au-Ag B4

Z7] 824N Au-Ag 858 (%)°] HAHE
Ehte W shEs At A%E BTE 83
EAE Az, §2HES FAs] e HFE
A7t ook 2ol Au Hol §F&¢] vehie
HFES WAME AREGI A Zekead
35% HCl (hydrochloric acid) €3 5% NaClO
(sodium hypochlorite) €95 1.5:1 H]&Z &3}
NaCl 1 M2 37kl 75mLe] & €98 ZA8)
At o] E&8MoA FAFRe] nE §EUIS
158 &<k Aol Tsﬁo}@'t} £E4d30] ey
£ 5ok AR g2 1 mLE AF-EAEe] Au
Hd §&&o| Yepte Fdses A48 o
FAsEolr Gt AotdaEF £9 HIE
A EE4E % 7474 st Fd Au £580]
Qﬂs]‘/v\—l— THA] NaCl &%=l

Au §!X‘I al glAAlo-l

o Au §E580] oA WM SEddS

ZeJsle] §Z894 750 mLE AUk 750mL £&
ool vElEolshERS BEEE Hvleld F
£49 AvE HAAAFT Al lgEe B¢
L2800 AZMEE | mL AFsl] Au FFS =
Asidn) A Ay A0 doju= wElsoldih}

EF v=5 248t

0.75 g= heating block?lA] 70°CE 442
b RS sidnh. g wel &S 1002 3
ASHal 045 um AR AT e, 85
2 AAER 580 THE Au B Ag TS
UAE-4+-37] (atomic absorption spectrophotometry,
AAS, AA-7000, Shimadzu, Japan)E ZA3}HTE &
APE Ao R AFste] S Wi tiste] H
gl n] 7 (Leitz, Othplan-pol) % SEM(scanning
elelctron micropscope Japan, Hitachi, S4800) #+2-S-
FYIAL FEAES EDS  (energy  dispersive
analyzer, Japan, Hitachi, S4800)%-402 2131},
FHE djste] SEM #E3 EDS #41S s}
k.

2

A3 chHol| CHsh MAH0IZE ¥ SEM BE

Fig. 12 EE(port) 2 EX(slot)e] ddsk= A
(pin)®] ©HE AFAnFoR AA Aotk AL
FATRE 35 FES Cu (100.0 wt. %)0-2 74
of I3 Azt AL A= HIFES Sn (4732
wt. %), Sb (4.96), Al (1.32) ¥ O (46.40)Z = I
= AL EDSEAHoR Felstt. Fig. 2as W9



Fig. 2. SEM image of scrap in PCBs (a: cross-section, b: enlargement of Fig. 2a, ¢ and d: the tip ). The arrows are a point of
EDS analysis. The scale bar is 200.0 zm (a), 100.0 zm (c), 50.0 zm (b) and 20.0 zm (d) in length.
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Fig. 3. The Au and Ag leaching rates from the scrap with
chlorine-hypochlorite solution at room temperature (pulp
density O: 1%, [1: 2%, A: 5%).
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Fig. 4. The Au and Ag leaching rates from the scrap with

chlorine-hypochlorite solution at room temperature (pulp

density=1%, hydrochloric acid:sodium hypochlorite O: 1:1,
O 1.5:1, A: 2:0).
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Fig. 5. The Au and Ag leaching rates from the scrap with

chlorine-hypochlorite solution at room temperature (pulp

density=1%, hydrochloric acid:sodium hypochlorite ratio=

2:1, NaCl concentration O: 0.5 M, [I: 1M, A: 2M).

A 63%, 2MoIA 80% (316 mgkg )7t &
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5 By
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BT E (06 Z7 } 11 olf= 750 mL £38H
oM F&A Aus FFH AFE] YIS 750
mL &&8dd= A u7} 3920 mgkg ' 223 Age
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sl=lo] e Aus HAAT)7] flste] wEREoAt
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Fig. 6. The precipitation of Au content vs time in the
chlorine-hypochlorite solution at room temperature (addition

of sodium metabisulfite concentration O: 1M, [J: 2M, A:
3M).
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Fig. 7. The precipitation rate of Au in the chlorine-

hypochlorite solution at room temperature (addition of

sodium metabisulfite concentration O: 1M, [J: 2M, A:
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Fig. 8. SEM image of the precipitated materials from chlo-
rine-hypochlrite solution (a: addition of sodium metabisulfite
(1 M), b: addition of sodium metabisulfite (3 M)). The marks
of a regular tetragon are a point of EDS analysis. The scale
bar is 20.0 zm (a) and 50.0 gm (b) in length.
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