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The Selective Leaching of Sn, Cu
from Waste Sn-Bi-Cu Solder Paste
by Hydrochloride Acid and Ammonia Leaching

Jeon, Sang Hee

Department of Ocean Energy & Resources Engineering

Graduate School of Korea Maritime & Ocean University

Abstract

The recycling market of waste electric and electronic equipment
(WEEEs) is growing up in the world due to short life cycle. Printed circuit
boards(PCBs) are found in most electronic items. Among them, solder

integrates circuits and other electronic devices on PCBs.

Typically Sn-Pb solder has been widely used because of low melting
point and outstanding solderability and reliability. The European Union
Directive on the restriction of the use of hazardous substances in electrical
and electronic equipment(RoHS) prohibited the use of lead in most
electronics equipments produced in the EU after 2006. and it increased the

use of lead-free solder.
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Lead-free solders, generally, contain tin, copper, silver, bismuth, and
other metals. Among them, Sn-Bi-Cu solder are widely used in TFT-LCD
manufacturing due to relatively low melting point. More than 99% of Sn,
Bi, Cu has been imported in Korea, so the present study is aimed at
investigating recycling technologies for the recovery of each metals Sn, Bi,

Cu from the e-waste solder.

Solder paste, used in the study, generally contains resin and metals. The
resin was removed by swelling to leach metal components. The swelling
process was conducted under the following conditions; reagent MEK(methyl
ethyl ketone), pulp density 50g/L, temperature 25°C, agitation speed 200rpm
(with magnetic bar) and swelling time 60minute. After swelling, selective

leaching was carried out so as not to require further separation processes.

Ammonia was used to form the copper complex ions for the selective
Cu leaching. The effects of leaching factors such as pulp density, agitation
speed, temperature and ammonia concentration were investigated to
establish the optimum leaching conditions. The leaching efficiency of
copper increased with decreasing pulp density or increasing agitation speed.
The temperature increase to 50°C enhances the leaching efficiency of Cu
and further increase reduces the efficiency. The effects of ammonia

concentration was negligible.

Hydrochloric acid with Sn** was used in order to selectively leaching of
the Sn. The effects of Sn* concentration, HCl concentration, pulp density,
agitation speed, temperature were examined. The leaching efficiency of Sn
increased with increasing the concentration of Sn** or HCl and decreasing
the pulp density. The leaching efficiency increased to 99% under the
leaching conditions; 0.5M HCl concentration with 5000mg/L Sn*, 300rpm, 5
0C, and 1% pulp density.
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Therefore in this study, waste Sn-Bi-Cu solder paste can be separated
into resin and metals. Tin and copper could be leached selectively by

subsequent hydrochloric acid and ammonia leaching, respectively.

Key wards : Swelling ®3&; hydrochloride leaching 94+ Z; Ammonium

leaching ¢F= Yo} A= Tin F4; Copper 7.
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A7) - AR #Hr)Eolgta Eg+= E-waste: Table 13 7o) thakdtAl Ao
2 4 tHWidmer et al, 2005). E-wastex= A|AIZ o2 mjd 23 ~ 53T &
of WAHI Ao HT HMAAFY o]z Ao]F @502 <l H AlA
E-waste lAbolEd A4 FrEE 2011de] 11259 ZEjolA 20179 197.49
g2 #FX(CAGR(Compound annual growth rate) 9.3%)=2 AZT AHOZ o4
HAH(Frost & Sullivan, 2013; SK C&C, 2014). Fig. 12 M A E-waste g]Alo] &
A R A\stE Yebd T o)t

Table 1 Definition of E-waste(Widmer et al., 2005)
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Fig. 1 E-waste recycling world market(Frost & Sullivan, 2013)
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o, o] 3 PCBYol+= 2z F&& 74, A71H & olojF7] #al £ti(Solder)
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ATh SFARE 2006 7€ 1Y o] F EUCAl= AAE AAAF LulA o fal&
A AFES JFAIEHE RoHS(Directive on the restriction of the use of hazardous
substances in electrical and electronic equipment)®] =& W& 3to] uwiz}h <l
Aol fraldh Fe AR AFE @ ol AFAZTHAAY FHE AS

<= HAHLoE AL 9o Pbe EFSA @ FA EU7F 483 Ha %)

£



Table 2 The type of solder

Type Purpose

g Bk &4,
ol B Jdw 7]7](Wave soldering machine)oll A&

Bar solder

Wire solder AA717] =9 vl AHE
x4 A% Js
(SMT; Surface Mounter Technology)oll A}-&

Solder paste

Tape solder A3 23U Eik-screen) A3 vl B Z3xZof AL

Ball-type solder BGABall Grid Array)ol]l AR

FA &0 7189 AP S FA sk Snol F AEolw Snoll In, Bi, Cu,
Ag, 7n T& FHI7MIAA Ao (olaY, 2002). I F Sn-Bi-CuAdl €0 &%
Ho] vro} TFT-LCD A=} 22 A24dAo] a7FHe FH ®Bol AMEEHL
A THGU & CHAN, 2008).

U Sn, Bi, Cu%s thREEo F&£L 99% o)t £ o =&t ¢t Fig. 2
k= 2} g R A1 H] 2~(Korea mineral resources information service)oll A A&
g 20043 =55 2015@=71A] Sn, Bi, Cu ZF 559 7FAWs24 Snel ¢
20053 B9 64002 oA 20113 = 3250022 7kA] Sul7 7AW dojd

rr

AE AT 4 Aok Bi =3 2004d] wlE] 2007d =0 Sul7FEF 7HEH O]
Je AL AT = Ao Cumsdlt 7170 3ujrisF 713 A7 oS
g 4 AN

olof B A= FFEQG E 7HEAF A8l Hoﬂ ZHX}"Jﬁ‘r 717N ol
S FEga Adsle] Sn, Bi, Cu & Z

E-wastet] A3+ Sn-Bi-Custd Z5-¥ Sn, Bi, Cu Z+ %%0 kel e
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(2} 2) Tol 3= JAUha et al, 2012).

Sn + 4HNO;3; = H,SnO3 | + 4NO, + H,0O (1)
H,SnO3 + 6HCI = H,SnClg + 3H20 (2)

¥ Sn-Bi €025 E HAHHNOy)S HEAZ o] & F$ Bixs 2] 3 2o
HZo] 7Fs3skH Sne 2 (D o] IAAHJeon et al., 2015).

Bi + 4HNO;s; + 3H;0 = Bi(NO3)3 - 5SH,O + NO (3)

#H Sn-Ag-Cu €UEE2HE 7 FHmeta)S 3535t 4= F4HHNO»S A
&3t 2 (DF 2ol FAMHSN0) o2 HAHA 713l 2] (D~(NFH o] &3
de 1E AA B3 E AXe A7 2aEJAHAmit chaurasia et al.,
2013; Yoo et al., 2012).

3Ag + 4HNO3 = 3AgNO; + NO + 2H.0 4)
Ag + 2HNOs; = AgNOs3 + NOz + H.O (5)
3Cu + 8HNO3 = 3Cu(NO3)2 + 2NO + 4H,0 (6)
Cu + 4HNO;3; = CuNO3)z + 2NOz + 2H0 (7)

#H Sn-Ag-Cu €0 & H4HHCDS HEAE AAES A e =0l oy
B2 ksl HAdEFLaH0)E FAY 77 FHHAMKIm et al,
2014). #4stFAH09EA stell 21(8), (99} Zo] FA34 FEle J&EE

H AE 5, 8ol ol2FHE 24T F Atk T2y 29 Bfels

2 o] 2(AgHH A4 o] 2(CHH ¥t Ast2(AgChS FA 3t A
HAH 22400, AD), =434 789 J=q3 d3t2Aglhe &8 F
Al FA3 e e sAe AAe 77 FEEHAS.

posd
o

o

\

R
™

2

a4 % g

AstA Y] g TR A3EEFeClh)ES FAstd F4, F8& IESA 7%
Y= A HLlee et al, 2015). J=EA W 4bskA] 4&S AYE A3tEFeCh)=
EQFPS A &4 U 37} H o]&(Fe’o] &A1 Atk Fid AFA=
37} A ol&(Fe™ol 2zt Sn, Ag, Cu F%3} Hh-gdle 4L (12), (13), (149} 2
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2o A =433k A 9] (Standard oxidation-reduction potential;
AP =7 fdoe As orsiH, < 45
= ongth. FFASIE X-]‘?’](EO% gl

Sn + 2H,0, + 4H" = Sn* + 4H,0 (8)
Cu + H0, + 2H" = Cu* + 2H,0 9)
2Ag + H,O, + 2H" = 2Ag" + 2H0 (10)
Ag" + CI” = AgCl| (1D
Sn + 4Fe™ = sn* + 4Fe*" , E’ = 0.77V (12)
Cu + 2Fe™ = Cu®" + 2Fe” , E’ = 0.43V (13)
Ag + Fe™ = Ag" + Fe*, E’ = -0.239V (14)

A A ux mAdE IS A8 A7 5 # Sn-Pb, Sn-Ag-Cu,
Sn-Cu €Y E Aspergillus niger(els} A. nigen, Acidithiobacillus ferrooxidans(©)
3l At ferrooxidans) F& AH83te] F&(metals HAESAN AT A nigers A&
S 749 Sn-Pbe 144A|%te] 99%9] S0 HEHE AT + AfeH
Sn-Ag-Cu= 60A1ZF ©F 98%, Sn-Cust = 96A1% el oF 99%2] &S 82ls)
AT Al ferrooxidans® E =S WS 75 Sn-PbET= 14443kl 4.2%
o] F&9 HAZES ®Q WA Sn-Ag-Cu¢t Sn-CudtE 96AI1Ztel] ok 97%,
98%2] A=E=&S &lstHHHocheng et al., 2014).
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Table 3 Summary of experimental work carried out on different

material/reagent for metals recovery from waste solder

Solder . Recycled
Leaching reagent References
Type metals
Sn(99%), .
HBF, Kamberovic et al. (2009)
Pb(99%)
HNOs Pb(99%) Jha et al.(2012)
Sn-Pb
A. niger Sn, Pb(99%) Hocheng et al. (2014)
At. ferrooxidans  Sn, Pb(4.2%) Hocheng et al. (2014)
A. niger Sn, Cu(99%) Hocheng et al. (2014)
Sn-Cu
At. ferrooxidans  Sn, Cu(98%) Hocheng et al. (2014)
Sn-Bi HNO:; Bi(97%) Jeon et al.(2015)
A. niger PO4LE Hocheng et al. (2014)
- e Cu(99%) &t a
. Sn, Ag,
At. ferrooxidans Hocheng et al. (2014)
Cu(97%)
7 o] A3 (201D,
Ag(99%), gt el
Sn-Ag-Cu  HNO; Yoo et al.(2012),
Cu(99%) .
Chaurasia et al.(2013)
Sn(>99%), ,
HCI / Hy0Oq Kim et al, 2014
Cu(>99%)
Sn(>99%),
HCI / FeCls Lee et al., 2015

Cu(>99%)




1.2.2 HSn-Bi-Cugt 4 F&(metaDe] A8y H&E
1221 B-&

&0 9] FR/E Table 29} Zo] oy 7MA] T/ £U7 EA%H B AT
oA AHEE #HSn-Bi-Cudtle TR} 550 A EAsts & #Hol
2~E(Solder paste) B} o2 dutz oz TR e} F&o] A EAEH F=

®™A 2% 7)<4(Surface Mounting Technology; SMT)ell A&t}

Table 4 Composition ratio of waste Sn-Bi-Cu solder.

Composition Resin Copper Tin Bismuth Sum
Mass % 16 47 17 20 100

2 Aol A AHeE dHSn-Bi-Cugrlel =4n g FAs) uw FY5FA o

=
A% FAFATF FEYA 3

AABE7] 93 wE o g §7]&u(Organic solvent)E o] &3}

= 2dste 393 AgE ddPske AU s I3
Ha ok ojuf, HIEHEAE] FAHFAIE o &MEHe e A&
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Fig. 3 Swelling and dissolution of polymer chain

Jha et al.,(2012)= NMP(N-Methyl-2-Pyrrolidone)S ©]&3le] PCBY w43
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FoIAE Sne AgHos 3

Sn + Sn* = 2Sn** |, E® = 0.29V

2Cu + Sn™ = 2Cu*" + Sn , E’ = -0.33V
Cu + Sn* = Cu®™ + Sn* , E’ = -0.19V
4Ag + Sn* = 4Ag" + Sn , E° = -0.49V
2Ag + Sn* = 2Ag" + Sn*, E* = -0.35V
4Bi + 3Sn" = 4Bi™* + Sn , E’ = -0.2V

& g
2% JEAES dYstel 4@ APstarh

(16)
(17
(18)
(19)
(20)
(21)



1223 Cu®l A8 A&

71&9 A T E-wasteZHE Cu FEo T3 APAdF= 43 E7100A4
o7 HAEAZE A (22), (23), (24), (25)(Birloaga et al., 2013; Tuncuk
et al., 2012; Yazici and Deveci, 2015) =2 ¢EUol g§do = HEA7|= ¢
T4 (26), 27) Sol FaqHo] ghrkKoyama et al., 2006; Majima et al., 1993;
Rudnik et al., 2014).

Cu + 1/20, + 2H" — Cu* + H,0 (22)
Cu* + Cu — 2Cu’ (23)
Cu’ + 2Fe* — 2Fe* + Cu® (24)
Cu’ + H,0; + H,S04 — Cu® + SO + 2H,0 (25)
Cu + 2NH; + 2NH," + 1/20, — CulNHy,* + H,O (26)
Cu(NH3)4* + Cu — 2Cu(NHa), 27

FEUol galoA P& A9 A% = AWEe FHCw, YAND, ZE
(Co) 5o 54 F&oled Hole F45dol wob 24 olee =g 2

I Golup= o

]_
2 &HA Jdon FRAgA 4 (28)2F o] wkgste] dEF o]2o] YA

NH3 + H+ = NH4+ (28)

Table 5oll= FEl¢t dEYoprt wkgsldS w, 789 d=Yol Hol F
FoF 2N B2F P2 AF oAUA(Gibb’s free energy)E VER AT
T2} drYolrl wkgS & Al Table 59 Yepbd ule} o] Fg 17} o]
(Cuprous ion, Cu", ?ﬂ 7} o] &(Cupric ion, Cu*)e] z+zt ¢Fmijolg} o] &
S FAste AL B 5 Utk Table 6ol4e FEob ol FA wh-g2o o
3t Gibbs free energy Al4F ZAdo|th, AE Q13 RH e A7rt &
TE Uetdo] FeElet Folo] &ol|stA o] FoAA= A



Table 5 Thermodynamic data for various ammines(Yoo & Kim, 2012)

Species AG%J/mol | Species AG%J/mol | Species AG%kJ/mol
Cu’ 50.3 CulNHz)"  -10.469 | Cu(NH3):*"  -30.486
Cu™ 65.7 Cu(NHy)."  -65.285 | CulNHy)™  -73.199
NH; -26.633 | Cu(NH»)*"  15.578 | Cu(NH3),** -111.390

Table 6 Gibbs free energies for reactions
between copper ion and ammonia(Yoo & Kim, 2012)

Species Equation AG%kJ/mol
Cu(NHjy)" Cu" + NHz = Cu(NH3)* -34.136
Cu(NHa)" Cu" + 2NH3; = Cu(NHz)s" -62.319
Cu(NHz)** Cu®" + NHj = Cu(NH3)*" -23.489
Cu(NHz),™" Cu®" + 2NH3 = Cu(NHz),™" -42.92
Cu(NHz);™" Cu®" + 3NH3 = Cu(NH3);™" -59
Cu(NHz),*" Cu®" + 4NH3; = Cu(NH3),*" -70.558
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Fig. 4 Eh-pH diagram for Cu-NH3;-H.O system(Temperature
25T, Cu activity 0.5, Total concentration of the ammonia
is 7mol/L) (Koyama et al., 2006)
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(Reactonell 25 #

] 3
Abg-EFg T WS 7)= 53 500ml pyrexAlES AMRE T AEE wHlEE g
=]

ot &) L= 259 w-sr] U & =AlA(Temperature sensor)E
AXAstAh =3 e HAssH] fl@] §F7](CondensenE A Aste] M=
< AYP3Ath A T AAE FYT A Soll= FEFAFlowmeten)E A |31
AFHoE FYstATh

Sne] AElx &S 93 @4 2L AP AL ALEUAR on" B E,
HCl 5%, whtEs, 25, FAssd mo st o Cud 4893 I&E
A dEYol AL NPT A5 FEYoL 5, FAFE, iNERE, 25
of mz} ddES MPsAth AEHL = AE 2m¥ AHSH o Sne

25M dato g Cu¢t Bix 2% d4to g 34 & Sn& AAS(Atomic Absorption
Spectrometer, AA-7000, Shimazu Co.)Z, Cu®} Bi< ICP(Inductively Coupled
Plasma, OPTIMA 8300, Perkin Elmer)& ¥418 ZlI3)s}$it}.



N2

—_
Fig. 5 Leaching equipment(l: Heating mantle, 2: Condenser

3: Agitator, 4: Reflector, 5: Impeller, 6: Temperature sensor,
7. Flowmeter, 8: Gaseous Nitrogen)
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Table 7 Components of waste Sn-Bi-Cu Solder

Components  Copper Tin Bismuth Resin Sum

Mass% 47 17 20 16 100
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Fig. 6 SEM(Scanning electron microscope) image before swelling

SEM HV: 10.0 kV
SEM MAG: 5.00 kx

Fig. 7 SEM(Scanning electron microscope) image after swelling
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Fig. 9 FTIR(Fourier-transform infrared spectroscopy) analysis

of resin after swelling
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Fig. 10 The results of leaching efficiency compared to the results
before and after swelling(Leaching agent: 1M HCI, pulp density 1%,
temperature 50°C, agitation speed 300rpm, leaching time Z2hours)
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Fig. 11 Effects of Sn* addition on the leaching behavior of tin
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Fig. 12 Effects of Sn*™ concentration on the dissolution of tin, bismuth
and copper from the waste Sn-Bi-Cu solder (Conditions: agitation speed
300rpm, pulp density 10g/L, temperature 50°C)
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Fig. 14 Effects of leaching reagent on the dissolution of bismuth
(Conditions: agitation speed 300rpm, pulp density 10g/L,
temperature 50C)
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Fig. 15 Effects of Sn*" concentration on the dissolution of tin, bismuth
and copper from the waste Sn-Bi-Cu solder (Conditions: agitation speed
300rpm, pulp density 10g/L, temperature 50°C)
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Fig. 16 Effects of HCl concentration on the dissolution of tin, bismuth
and copper from the waste Sn-Bi-Cu solder (Conditions: oxidant
concentration 1000mg/L, agitation speed 300rpm, pulp density 10g/L,
temperature 50C)

® wss

= Fig. 172 aniE=d & HA&Zddolt. wHtEE=+ 200, 300, 400,
600rpme. 2 &Pt o g 21 25 FYsiA dsATh A=A 60
Eojol A Snel H=&-S 200rpm oF 93%, 300rpm €F 99%©]4F, 400rpm <F 94%,
600rpm ¢F 40%E WERH L At 300rpm7bA] F7hsks e Holth 11 o] %

FoEE AFS AT + Utk ol wRtEE FUte] wE &4 Yo &&
AbawFol F7heko ’&ioﬂ o] F4o] 4tslE o] SnO, 5 A3t wEolzt &
Al

-

3k o] W= B3l H]S=3

ey



Sn + O, — SnOy (37)

Cuel ©ig Snel AHAES gelstr] 98 A9 FZA < (Coefficient  of
selectivity) & 78ttt ot 4 (38

Bi= Cu$t W3k A&Folmg Cudl tE Sno A FEATE FHe=E &<
a3t o714 Ese Snel HEE, Eae Cud IEE&S Jehdo £ 243
Aol AEAY AAZRE 78 Snel MY FZA+E Fig 189 YeRII

Sls 1
ol mivlel Zol WEEs Z7bal wet sne) AHFEEASE Ha
s ATe BN F ok wAEEs} 200pmY A S oF 6olF ot
600rpme.= Eobgol wel o 0.97bA Attt wEkA Sne| HEE2
300rpmel Al 7Hd wou MEFESAFE T BERS AS uiEs
200~600rpm<z 200rpmeoll A Sne] Hdefdo] vt #AGSd 4+ o
Ssn = Esn [ Ecu (38)
100 +
s B —4—5n
et
= -y
i :
£ e —&—Bi
%
2 40 -
5
g
o 2& -
G I T T T
100 200 300 400 500 600 700
Agitation rate / rpm

Fig. 17 Effects of agitation speed on the dissolution of tin, bismuth and
copper from the waste Sn-Bi-Cu solder (Conditions: leaching agent 0.5M
HCI with Sn** 5000mg/L, pulp density 10g/L, temperature 50°C)
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