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LOESLAKKHANA SRIKHANG : RECYCLING OF TIN METAL FROM
SOLDER SCRAP BY ELECTROREFINING. THESIS ADVISOR :

SAKHOB KHUMKOA, Dr.-Ing., 110 PP.

SOLDER WASTE/ RECYCLING OF TIN/ ELECTROREFINING

The aim of this research is to recover pure tin from solder waste by using
electrorefining method. Various parameters affecting the electrolysis cell include type
of solder wastes, concentration of electrolysis solution and voltage of the electrolysis
cell. Lead-free solder waste type of SnAgCu is composed of 96.5 wt%Sn-2.8 5 wt%Ag
-0.471wt%Cu and solder waste type of SnCu is composed of 99.3wt%Sn-0.108wt%Ag
-0.485 wt% Cu. These solder scraps have been prepared as the anode of the electrolysis
cell. Sulfuric acid with concentration of 1.5-2.5 M is used as electrolytic solution.
Cathode 1s made of pure tin. A DC power supply is applied to the cell at varying voltage
between 0.15-0.60 V for 24 hours. After electrolysis, the used electrolyte was analyzed
by using an Inductively Couple Plasma-Optical Emission Spectroscopy. Chemical
compositions of anode slime were analyzed by using X-Ray Fluorescence Spectroscopy,
whereas chemical compositions of deposited metals at cathode were analyzed by using
Optical Emission Spectrometer. The results indicate that increasing cell voltage and
electrolytic solution concentration increased the weight of deposited metal at the
cathode. Based on this experiment, the deposition of tin at the cathode is higher when
the anode type SnCu was used in comparison to that of SnAgCu anode type for all range
of voltage applied. High purity of tin is achieved when the applied voltage did not

exceed 0.20 V. However, when the applied voltage exceeds 0.20 V, the amount of



deposited tin is increased but purity level of tin is decreased. The highest current
efficiency is observed when the applied voltage is 0.20 V at 2.5 M of Sulfuric acid,

determined by the highest tin and the lowest energy consumption.
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E" (V)
Li Li'+e=Li -3.040
Ca Ca’ +2¢ =Ca -2.868
Na Na' +e =Na 2714
Mg Mg’ +2¢ =Mg -2.360
Al Al +3¢ = Al -1.667
Zn Zn’ +2¢ =Zn -0.762
Cr Cr'+3e =Cr -0.740
Fe Fe’"+2¢ =Fe -0.440
Cd cd® +2¢ =Cd -0.403
Ni Ni° +2¢ =Ni -0.236
Sn Sn’" +2¢ =Sn -0.141
Pb Pb’ +2¢ =Pb -0.126
H, 2H +2¢ =H, 0.000
Sn Sn*' +2¢ =8n” +0.150
Cu Cu’ +2¢ =Cu +0.337
I, I,+2¢ =2l +0.535
Ag Ag +e =Ag +0.799
Hg Hg' +2¢ =Hg +0.885
Cl, Cl, +2¢ =2CI +1.360
Au Au’ +3¢ = Au +1.410
F, F,+2¢ =2F +2.890
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g liinalgasenla

o 4 @
Ao dnd 1vil Twar 15t Funa1u1 9191 (Concentration Polarization Potential)

H H H Y 1
ind lldhiinannmsnlasumlasanududuniii Tl Tasdiemalgnse

Re

o Y Y 9 A g’/ i 1 Yy Y 1
vumldanududuvosarsniiva liiidinnanududuluaisazareaiu
' . o vy Y o 2 X 4 Y a aan Y 1 a
Tnaj (Bulk Solution) v 1aealidnd Ivldmuauive liAad §asen Iamuay
1Y { Y 9 4 9 [ J v a . 1 T W [
fo dnd el finedudng Infhuessadnanindauauniou dnd luih
s 3 | A1 o Vo Ao Y
YDIUYAGNIAAUAD (Reversible Cell Potential) vz iaAnd lnimirduiiialdan
a = G
NALA THNUFO DI
A o I 1 Y ad o 4 .
Ao ANGNANATANANNAIUNIUVDIDIAN 1AT 1A bUIsad (Ohmic Drop) A1

Mumunseanuh e asadiald lasmatinnistaamuii v

wdenuaang llih (E ) ansanldan

agininaumsi 2.17) Tdasil

=iLp, (2.17)

1 4 a
A0 ANUMUNIUVDITTALAY H1IY TOHU-LFUALAT (ohm.cm)
A0 2oz nIITEHILe TuALazuA TNA YUY BUALIAT

d do 0
%']ﬂﬂg]"ll'ﬁNIf]‘ﬂil (Ohm’s law) ﬂ']ll'liﬂﬂ5$Qﬂﬁﬂ‘lJﬂ']ﬂ'ﬂingj'luVl']u"ll’fNﬁ15ﬁ$ﬂ'lfl

[
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R =

S

=— (2.18)

E_ L
A

[y a [ J 2 (v ° v Aa .
2.4.5 ammﬁmﬂwammmuazmi?mgﬂﬁaawmammmumﬁnim’%"lwﬁa

'
9 o a

o A a ' a a ad = A A Y
ﬂ?!lﬂﬁﬂuﬁ’]ﬂiylw3JW]llch‘lﬂ']ﬁll\illf)ﬂﬂ3$ﬁﬂ‘ﬁﬂqwmﬂqalaﬂ1ﬂﬁﬁqwuq 10 86131

a a [ Jd . a Y 1 dy
MINANANNUN (Production Rate) mmmaww"lmmaumﬁﬂa‘lﬂu

dW  elAA,
PR ==
dt ZF

(2.19)

a d @ { o o o w Qy
Twsursugmani awdstiunmuinnetas i (Power) nazmsawilaos
W&991U (Energy Consumption) N 1 Iumsdufiumsnan enunsonlaninaums # (2.20) uay

(2.21) MuaaL

P = E| (2.20)
_P _ZFE (2.21)
P. Ag

v Y
wielFdmsuamaslid (P) fie dladad kw) tazdmsummsaulaes
WU (1) Ao D ladadd Tueden lansy (kWhikg)
a Yy d' d' v
2.6 NUIIRVYNINYIVOS
92 ad ~ A =

Seong, H.S. agame (2015) laAnyinszuiunsoianlass islanzaynainuey
ad a < ) A | X A 9 A v
slannseiind lasl¥msazarenilunse Fesiauazanuduvesnsanqenlniuasazae
sianlaslad 1dun nsadayf3n (Sulfuric Acid : H,80,), nsalalasnasin (Hydrochloric Acid
- HCD) uagnsaiimudsaluiia (Methansulfonic Acid : CH,SO,H) A1 uTU 2 M 1aza1u

] 1 1 { aa
wumuuﬂima"h/\lﬂﬁzwan 3-5 A/dm2 ﬂ']ﬂﬂ']i‘ﬂﬂﬁ’fNW‘U311uﬁﬂ13$ﬁﬁ15ﬁ$a1ﬂﬂlﬁﬂ

Tas ladiflunsadas nuaznsatimuda Trliin Annuvudunszua i 3 A/dm’ danald
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r'd
dszansnmmsldnszualihiindesas 84.7 naz 84.3 mud1au anwuSgniveslane
I o w a 4 LY [l
Aynnatettlu 99.322 1AL 99.914 wt% ANAIAY (VINLANNLD TUAINIAY 93.902 Wi%) 1A
= [ ~ ad o a 1
wWSewnsuduluaniiziaisazareddanlag laditunialalasaaesnuazaiunuiuiy

= 2 a A d' F WAl ~ Y = -Q(
nazue lihgede s Adm’ Uszansamnszua ldihnlatiauiiesdosas 65 aAnuuSgnives

H 9
=S A c%

=S dﬂg lﬂ' =S 1
TanzaynnnayuNUIA INa A1 99.985 wi%
, YR o = [ [] o A F)
Lopez F.A. tagamz (2015) laanwimsihlanzdynnavunluianazniui ldeinms
o 4 a ] a 4
TansuuuAaY (Wave Soldering) INNATLUIUNITNAALNUINITNUN (Print Circuit Board :
(% a ?x’/ 9 Y 1 =\ = a
PCB) Tagingauaiau Usznoualodumauniualyesanzaiyn 95.9 wit, langQu
[ Y v '
2.9 wt% uazlanznodnad 0.79 wi% ¥al¥szezinarlunisnaaeanaau 24 9279 AW
[ ~ 1 ad S
nuwdunszua lWinldsema19 54.5-109.1 A/m® arsazaredianlas laanlFlunisnaaes
A A 3 . % = (3 =S
9 ﬂuﬂcﬁalfm (Tin (II) Sulfate : SnSO,) Llaféﬂﬁﬂ%aﬂiﬂ 1NNITNAADIDATINITINIECUDIAYN
a X ' v 1D ~ ' ' P
v lug9 0.44-2.15 nFuaed Tug Nanunuiunszua 11521319 54.5-109.1 A/m
o W 1 = = d' Y [} =Y d' 1
awdny Tasdrunaunauaiiveslanzdyni 1Aminy 99.96 wi% nazilsuaTavzhodly
aznouue lua Uszneudreaiunauniuaiives lanzayn 41.1 wi%, lanzidu 34.2 wi% uag

Tavezneauad 9.1 wt%



a
UNN 3
Aad o a a v
IBAUHUNIFIVEY
~ o A Aao [~ v Y wg
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1) gAY TaquaralsiAll
4 A =)
2) 1nsealioazgllnsainmerveslunmInaaes
A A S A D) a P a
3) inseslotazglnsaimnedrveslumsunziaIulszneumani
9
4) TUADUMIANHIINY

5) AN1ITNITNAND
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ngaY Jaauazansinil

e

3.1

1 [

a A Y = dy
aay ﬁ@uaz’mimnw“l%“lumswﬂam11 JU

EQ

a

3.1.1 Jagavilidwsviniuuwumelua
o = % ) a =) %
veudeslszinmariians 2 ¥iia Ao SnCu tag SnAgCu aaanalugl 3.1 11
[ I ] 1 ~AAY Y a d Y a 1
vasdlunrute Tua Tasduwaumuaiin laainnsinsiziasomaiin OES vodurue Tua

9 v
ﬂﬂﬁ@ﬂ%uﬂtlﬁﬂﬂﬂiﬁ']i'l\iﬁ 3.1

1) ¥HA SnCu V) ¥1A SnAgCu

319 3.1 ewafans
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INAITNNDIUAB AN FHA SnCu UszNOVRIBAYN 99.3 Wi% 131 0.108 wt%
HAZNOINAY 0.485 wi% IAHIANSHUA SnAgCu U5TNOUAIBAYN 96.5 wi% IIU 2.85 wt%

9 ? a @ 4 13
NOIUAT 0.471 wi% LaziABIAnI 13 2 siia 633 Tanzdu q naneganiioy

Q13197 3.1 AIUNAUNIUATNVDUAYIIANT

ABIANT (wt%)
519 - -
1@ SnCu 1A SnAgCu

Sn 99.3 96.5

Ag 0.108 2.85

Cu 0.485 0.471

Pb 0.0306 0.0108

Bi 0.0102 0.0018

Ni 0.0172 0.0148
Sb 0.0068 0.0049
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< o Ly J
3.1.3 ssinyarSuessuamsazagdidnlnglan
adg 7 I o = v ¥ a . .
msazarwoianlas lasiluasazatovesnsadaninniuiiiale (Deionized Water)
Tagwanlusasiaiuaia q el ldanududulunileTuai3a (Molarity : M) vi3e Inuane

aa5 (mol/L)

519 3.3 nsadansn
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v
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3.2.1 A3 NHINIUUazZRYA

A
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3.2.2 IAUAQUNNNGI

a

Y .
UYL (Muffle Furnace) tHun3oailon 14 lunmsimuazvaonTans

G U

Taglduaainliniudon (Heating Element) tdasunszua i Ididuanudon 3asien

A A A a v & a
’G’Nlﬁ]@ﬂu‘ﬂlﬂﬂfl]’]ﬂﬂ’]ilw']hlﬂul%ﬂlwa\i

317 3.5 iInngumgiiga
3.2.3 unasnelihinszuanss
uviaae lWinsziaase (Direct Current Power Supply) ilugilnsaiisiendenu
T ltrugnsalliiiare q Tassgsimihiuaslidinszuaady (Alterating Current
- AC) 11 IR 72 uaA 39 (Direct Current : DC) ivaan8 lilnsziiansa auisousesnld
I @ A 1 U aa J .
Wu 2 dszanndn 9 e unasnie linszuaasauuuaiiios (Linear Power Supply) ag

uriaene llnszuaaswuuaIn®a (Switching Power Supply)
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5U7 3.6 wnaste Ildnszuaass
d‘ v )\l T <
3.2.4 19309MIUEITAZAWAIBNNWIHAN
A Y ' T . . o Y A =
IATINIUATAZAIAIILNIWNNAN (Magnetic Stirrer) 11N Tumsviyuidon
aag 1< 1 A 1 o ad = A
a1sazarodianlas lad lusgnnuassuaisazalonazszyaasiinsnaassdan 1ass il
A o Y o o J 3 @ 9 3 ] <
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v ] ' v v o a A o a A
uazldanudouninudulianuiouszinninesiin iedesnuasail Taonsosaiuise

° a < 9 oA A
ﬂ'l‘l’i‘LlﬂQﬂ!“HQMllﬁ$ﬂ’J'IﬂJLi’Ji’E]‘]Jhlﬂi]'lﬂﬂﬂJTm’Jlﬂiﬂ\i

A A Y ' -]
gﬂﬂ 3.7 139NN IUNTITASANYAYLUNALLULYIAN
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3.2.5 n3eaiadndInihnszuanss
w3esiadnd lulihnszuanss (DC Volt Meter) iiluginsai 14 Taadnd lvlvriia

NILUAATI YULNINTNADDI

511 3.8 Thadilnos

da d
3.2.6 unanilimes
unauilines (Clamp Meter) i ugilnsai g unsaninszualvi (Current

Measurement) YMENINITNAADY

517 3.9 unauiliwes
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3.2.7 yanivvaizasaiy
Yo o ad J v A
ijﬂﬂ'immiaza1EJ1%ﬁ1ﬁ‘JiJﬂ'i’éNLtﬂﬂmiaza1EJE)Laﬂimlla@ﬂummmmiuml
] @ z £ 4
‘Viqﬂmmmuuﬂuﬂmﬂwaﬂmiﬁ]ﬁumi%ﬂam Tﬂﬂﬂizﬂauﬁ"m NIIYYVIUDT (Buchner
< Jq 9 o o [ Y < '
Funnel) Lﬂu@qﬂﬂiﬂ!i‘ﬂﬁ'lw5']Jﬂ§@\1ﬁ'l§i!ﬂﬂﬁﬂﬂ'§']ﬂﬂu ﬁ']‘lJ'lﬁﬂﬂﬁf]\Thlﬂi'Jﬂﬁ’J‘lJ'lﬂﬂ’J'lﬂ'lﬁ
9 % SA A A 9 = .
NIDIUVUFITUAN Iﬂflchﬁ'lllﬂll@qﬂﬂﬁﬂ!ﬂu‘ﬂlﬂﬂ?ﬂl@ﬂﬂ@ NIAIYNIDI (Filter Paper) VIAQA

AUAY (Suction Flask) 1182 1AT0IMNFYYIMA (Vacuum Pump) adueadluzili 3.10

o

317 3.10 gAnseIeIIAZA1Y

4 o o )
3.2.8 nseviannuilunsa-ag
4 [ I 1 [l
1n3093IanNTunsA-AN (pH meter) Tag pH 8811910 Potential of Hydrogen Ion
<3| A I ' aaa I
Wuamfinaasnnuilunsa-arg vesarnaiiannlgnierveslslasoulesou ()1
A A ad a d A 1 o U Y Ta
1M30eleNI19BtanNIoNng Nalulszneunan 2 adu laun s1anlase (Electrode) ay
4 [V 4 [NV ~ T W A o I 1
in3eaiadng 11 (Volt Meter) a5 0a3adng Iilihazilasumand lulihin Ja 18 193] ua pH
Tagdealin1sdSufeuarnsgiu (Calibration) Aoums s Tasvzlfuieuduasazate
9 4 [ § .
Hllesunsgu (Buffer Solution) Taon1sUiunaen 1y Ao Three-Point Calibration ¥4
[y ] { [ Iy 4 1 1 H 1 ]
921/50929 pH Adesmsdaaiearsiivies 3 a1 1aun pH 4, 7 uag 10 limnsouagulusia
Y1 9

Ay o &2 A g ~ ~
NADINITIIA ﬂQULW@GlﬁUlﬂﬂ1ﬂﬂﬂﬁ@\nJ'lﬂﬂq@

U



3.29

30

~ A (% a3 U
319 3.11 in5eaa N unsAA

yagunsadmIumaaasaniagi luis
yagUnsaldmiuiuiluradodinlns3 i dueaslugli 3.12 dszneudie

Tinnes (Beaker) U110 500 Haaans 1w 1 1y

UVINOIUAT (Copper Bar) IFUAUAUINAI 1 cm T1UIU 2 LN

22AN09UAY (Copper Wire) tUAIUFUINAN 0.1 cm 112U 2 1§U

o'l (Electric Wire) 31121 2 14U
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insodlatazglnssidmsumsInIziaIulszneumanl Naal
3.3.1 10309TANIZAMENIYUVLIEWIY
in3eIvAnTEAIENT DU NI danaaslugd 3.1 TddmivdSuszu
Qy q/ ] Y 1 ] %} L% 4 ] =) c&’
FUNUM0819 Tagaadlronizaieniewss 100 ua luld i lumsdaie lulduausulu

g‘/ a d 4
GU‘M@]'E]‘L!ﬂ'lﬁ@]ﬁ'lfl]'llﬂi'lg‘l’iﬁ'luNﬁuﬂ’lﬁlﬂﬁg})’lﬂmgﬂﬂﬁﬂﬂﬂﬁﬂﬁ Optical Emission Spectrometer

3U7 3.13 1A309UANTZATBNTIBUUV WL
3.3.2 Optical Emission Spectrometer
I 4 ) v oa g

Optical Emission Spectrometer (OES) 1 utnT0eilod 11 UAATICHAIUNTUNI

Qy o v a o g’/ a a [ [ { o
IANVOIFUNIUAIDEN ANNTDRATIZH N IFIganmazdalsunu Tasordenannisnim

{ a ¢ A { o ¢ 4
Idasheginnginldouaouznnanuznu hldaomznszqualsmsaiia (Spark) 1o
A o 1% Y [ U j’ 1 Y o
asnlasuszaunasnuINaaIUzgInTEAUNdUgan Izl anlassuaudualaniy
(Spectrum Line) 80011 HFaanuvuvesdualansunlantasseonuiszuendalsusves

9 1 1
13U U ) Optical Emission Spectroscopy ﬂiﬁﬁllﬁﬂﬂﬂugﬂﬂ 3.14
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gﬂﬁ 3.14 Optical Emission Spectrometer

3.3.3 X-Ray Fluorescence Spectroscopy
I A A A 9 a Jd A
X-ray Fluorescence Spectroscopy (XRF) 1Huinsesionlglunmsiasizvdsum
= 1 =1 QSI % 1 a S Y g’; a

579 GmﬂumuWﬁnmammawumama Tﬂammmamﬂzw”lﬂmslmm@mmwuazﬂ?mm

a Y A o @ A v A o o 1 a o a J 9
NTAUATIEVAIYATOI XRF 3ED1FHYVANNTLIOITINONFUDINIDYN Iﬂﬂﬂ%ﬂdi\iﬁlﬁ]ﬂ%mﬂqﬂ
@ [ 1 § 1 @ ] o 4 @ [ §
Glum@ma TIAAN 9 ﬁagiumamwzg@ﬂﬁuﬂ?fmﬂmgﬁ’amawawmaaﬂm IﬂEIW’d\iQTLlﬁ

o

A e y ¥ A o o
mamaﬂgamimmuﬁ (Fluorescene) 89NNUI1UU 1%1A399952991 (Detector) 1QATNAINTU

=h.

o ] < 1 @ 2 o a { 1 @ ' 4 9 1 o
E)E)ﬂlﬂi]'lﬂ@l’JfJEJNé]?\?i]Zflﬂ1Wﬁ\N1u§uﬂll"]5quJEN‘ﬁW(]ﬁE]Uiu@]’)f]ﬁﬂﬂuu 9 ﬂjﬂilﬁﬁ%fiﬂuHJ

U U

-]

v
AaAAa

Inrzieianazyfinuvessigld dale Ty Indsuiuassdntonlniuuvasiuiiaged

141 Fe-55, Co-57, Cd-109 1ag Am-241 130905 IALULAD ULV T (Solid-State) 1HNTE

() 7=

o [ [ 1 @ 1 v ] v I~
dmiumsnsniaivdendnilenddosoeninainezaouuesdind1s a1 lasdiuluazilu

Si (Li) 1a¢ HPGe Havinauinoanni lulasiouimad X-Ray Fluorescence Spectrometer 1119 1@

q U

uaae13lugali 3.15
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3 1 3.15 X-ray Fluorescence Spectroscopy

3.3.4 Inductively Couple Plasma-Optical Emission Spectroscopy
< .
Inductively Couple Plasma-Optical Emission Spectrometer (ICP-OES) 1uinSeeile
AnsgrnfSunanigan q wieuduralosia ordondinuannatauunilonigaiy il

a 1

J o ' [ Y
QUUQNgINI1 10,000 °C M 1¥zAdNYDI519A1N q 1asuaaiuzInanIugiy (Ground
' v . = v g A A a o
State) ll'lﬂgclu/ﬁﬂ']u$ﬂ5$ﬁ]u (Excited State) G]f\iullllﬁﬂﬁl'i MU BBSADUVITIANNITAATEAY
[ 9 v o ¥ U @ < 1
Waﬂﬂ’lu%’lﬂﬁﬂ’]ugﬂigﬁluﬂﬁ‘ﬂll'lﬂﬂﬁﬂ1u$ﬁu ﬂgﬁﬁ]ﬂqjﬂﬂﬁ']@ﬁlgﬂﬁ’f]leﬁ\?Q’lLlE]@ﬂlﬂ G’]:Nclullﬁ
=\ A [ ~ 1 I [ 4 o =\ 9
azﬁWpJﬂﬂllElnﬂau"uEN‘INmNumJaE]ﬂﬁ]ﬁ)ﬂllnﬂumﬂaﬂymmwwgn LAagUAIULUY
. A & v 1 o o 9y 9 g @ ] ¥
(Intensrcy) ﬂlﬂuﬁﬂﬁjullﬂﬁWu@]iﬂﬂﬂﬂ'ﬂi\ll"llllgllu"ll’f]\iﬁ’]ﬂﬂﬂiﬂﬁ')ﬂﬂ’l\?ﬁ'ﬁﬁga']ﬂ MNUNTT
a d a = ) @ 1 . . . [ Y ~ o
MAs1EMFT A d M UE19a19 9 (Quantitative Analysis) W16 laon1sifSeuiieuny
1 A { 9 { 1
#150201901ATFIUVDIFIAAI 9 (Standard Solution) NNT1UAIIMTNT U UOU TaY

Inductively Couple Plasma-Optical Emission Spectroscopy SAENE m"li"lug U9 3.16
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3 U 3.16 Inductively Couple Plasma-Optical Emission Spectroscopy

3.4 TUAUMIANHIIDY
o A a o ] Y I & A & ~ ~ T ad
MIAUTUNITIVY 100 Iaidli 3 TUADU Ao TUADUN 1 MTIHIENLHUDIAN TATALAE
= ad 4 g; ~ a gll 4 [ ~ o
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1 { o 1 a LY ad 4
walsana o muindivua 1dun yiiage Tua, mdnd L, anududuaisazaieddnias lad
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M V-1
o ANy R 3 ANy | dmindyn
ey ) wia | dndlili .
L | msezansadafin nszua bl | imziiunine
n e Tua %) .
(M) (A/em’) (2)
1 0.15 0.12 3.49
2 0.20 0.22 9.84
SnCu
3 0.40 0.36 17.13
4 0.60 0.47 20.95
15M
5 0.15 0.12 425
6 0.20 0.20 8.92
SnAgCu
7 0.40 0.26 12.13
8 0.60 0.36 18.47
9 0.15 0.23 6.57
10 0.20 0.33 13.01
SnCu
11 0.40 0.57 24.98
12 0.60 0.60 28.21
20M
13 0.15 0.19 6.18
14 0.20 0.28 12.17
SnAgCu
15 0.40 0.48 22.56
16 0.60 0.45 22.98
17 0.15 0.23 7.32
18 0.20 0.40 15.83
SnCu
19 0.40 0.58 28.70
20 0.60 0.72 34.62
25M
21 0.15 0.24 9.73
22 0.20 0.38 19.08
SnAgCu
23 0.40 0.47 24.46
24 0.60 0.50 25.64




95

AT V-2
o AU R 3 Uszanow | PSunamsly
A } yia | dndlih y w
L |msazaensadaisn m3ldnszuall | wasam
7 uelua (V)
) (%) (oWhikg)
1 0.15 54.59 0.12
2 0.20 83.95 0.11
SnCu
3 0.40 89.31 0.20
4 0.60 83.67 0.32
15M
5 0.15 65.37 0.10
6 0.20 82.32 0.11
SnAgCu
7 0.40 86.11 0.21
8 0.60 94.70 0.28
9 0.15 53.62 0.13
10 0.20 74.00 0.12
SnCu
11 0.40 82.26 0.22
12 0.60 88.25 0.31
20M
13 0.15 60.04 0.11
14 0.20 80.23 0.11
SnAgCu
15 0.40 86.75 0.20
16 0.60 94.26 0.28
17 0.15 59.74 0.11
18 0.20 74.28 0.12
SnCu
19 0.40 92.88 0.19
20 0.60 90.25 0.30
25M
21 0.15 74.83 0.09
22 0.20 92.68 0.10
SnAgCu
23 0.40 96.06 0.18
24 0.60 94.65 0.28




96

A5 U-3
o Ay ) ) drulsznoumuniivedlavy
A ) wia | Andlulvh 4
1 ﬁﬁﬁ%ﬁmﬂﬁﬂ%’m{ﬁﬂ Lﬂw‘lﬂllﬂi‘lﬂﬂ (Wt%)
il uoTua V)
M) Sn Ag Cu
1 0.15 99.98 0.00029 0.0017
2 0.20 99.99 0.00094 0.0041
SnCu
3 0.40 99.99 0.00062 0.0055
4 0.60 99.79 0.00180 0.1960
1.5M
5 0.15 99.99 0.00018 0.0004
6 0.20 99.99 0.00310 0.0005
SnAgCu
7 0.40 99.91 0.00439 0.0866
8 0.60 99.48 0.00700 0.4030
9 0.15 99.99 0.00009 0.0007
10 0.20 99.99 0.00008 0.0004
SnCu
11 0.40 99.85 0.00092 0.1370
12 0.60 99.60 0.00013 0.3800
2.0M
13 0.15 99.99 0.00021 0.0019
14 0.20 99.99 0.00080 0.0019
SnAgCu
15 0.40 99.98 0.00060 0.0128
16 0.60 99.40 0.00280 0.5750
17 0.15 99.99 0.00060 0.0014
18 0.20 99.99 0.00015 0.0006
SnCu
19 0.40 99.85 0.00041 0.1420
20 0.60 99.55 0.00047 0.4270
2.5M
21 0.15 99.99 0.00100 0.0005
22 0.20 99.99 0.00150 0.0007
SnAgCu
23 0.40 99.50 0.00390 0.4830
24 0.60 99.43 0.00480 0.5480
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M1319 U-4
. AN R 5 BnaTanglumsazae
GRGH ) wiia | fnd i . (
4 asazalgnIatalIn a1anTay lad (mg/L)
7 o lua V)
M) Sn Ag Cu
1 0.15 24.60 0.022 0.039
2 0.20 27.41 0.141 0.257
SnCu
3 0.40 54.08 0.191 0.607
4 0.60 82.91 0.521 1.457
1.5M
5 0.15 32.58 0.006 0.002
6 0.20 36.50 0.133 0.034
SnAgCu
7 0.40 42.02 0.236 0.123
8 0.60 61.30 0.724 0.281
9 0.15 98.37 0.034 0.022
10 0.20 102.2 0.134 0.093
SnCu
11 0.40 140.3 0.145 0.291
12 0.60 145.6 0.551 0.865
2.0M
13 0.15 48.35 0.015 0.011
14 0.20 43.29 0.130 0.010
SnAgCu
15 0.40 41.27 0.856 0.193
16 0.60 52.05 0.897 0.375
17 0.15 95.04 0.036 0.067
18 0.20 120.4 0.129 0.061
SnCu
19 0.40 133.5 0.264 0.091
20 0.60 188.1 0.667 0.237
25M
21 0.15 60.54 0.044 0.060
22 0.20 101.6 0.121 0.188
SnAgCu
23 0.40 119.1 0.821 0.203
24 0.60 191.0 0.939 0.389
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AN V-5
Yy 9 J =
L. ANV R . dulsznoumunivesnznou
ey ) yiia | dndlih .
L |@sazagnsadaifin Mo Tua (mass%)
i o Tua V)
M) Sn Ag Cu
1 0.15 77.754 - 17.357
2 0.20 61.004 1.537 35.128
SnCu
3 0.40 53.035 2.111 42.664
4 0.60 56.317 2.042 38.436
1.5M
5 0.15 53.352 10.410 21.939
6 0.20 48.982 30.593 17.823
SnAgCu
7 0.40 24.493 52.428 21.874
8 0.60 33.097 59.088 5.868
9 0.15 - - -
10 0.20 58.874 1.838 37.953
SnCu
11 0.40 53.031 2.633 42.068
12 0.60 45.656 5.497 44316
2.0M
13 0.15 68.091 10.166 19.823
14 0.20 47.531 35.377 15.806
SnAgCu
15 0.40 47.375 43.716 7.747
16 0.60 27.865 66.184 3.731
17 0.15 57.264 1.485 38.664
18 0.20 57.324 2.197 37.801
SnCu
19 0.40 54.137 2.359 39.960
20 0.60 59.683 3.463 29.083
2.5M
21 0.15 51.598 28.897 17.316
22 0.20 49.906 31.524 16.867
SnAgCu
23 0.40 48.143 45.672 4.680
24 0.60 30.849 64.788 1.061
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Abstract
Solder waste contains lots of valuable metals like Sn, Ag and Cu. This type of waste has
generally been considered to be tin metal and suitable for recovery using electrolysis process.
The aim of this study is to recover pure tin from solder waste using the electrorefining method.
By varying the electrolysis parameters, such as type of raw materials, concentration of
electrolysis solution and voltage level of the electrolysis cell. The basic principle of electro
refining is to dissolve a desired metal contained in an anode into electrolysis solution, when the
cell is applied a suitable voltage the desired metal ion in the solution will be deposited at the
cathode. This method is general applied to produce pure metal from the solution. For this study,
lead free solid solder waste composed of 96.5Sn-2.85Ag-0.471Cu as SnAgCu and
99.3Sn-0.108 Ag-0.485Cu as SnCu were used as raw materials. These materials were melted
and subsequently cast to be an anode of electrolysis cells. Electrolysis cells compose of anode,
cathode and electrolytic solution. Anode is made by casting solder waste, while cathode is
made by pure tin. Sulfuric acid with a different concentration of 1.5-2.5 M is used as
electrolytic solution. The electricity is applied using a DC power supply, by varying voltage
between 0.15-0.6 volts for 24 hours. The chemical composition of the raw materials and
product deposited at cathode is analyzed using an emission spectrometer. Preliminary results
indicated that both the electrorefining cell using SnAgCu and SnCu as anode, deposition of tin
at the cathode is increased with increasing cell voltage and electrolytic solution concentration.
SnCu anode caused the deposition of tin at the cathode to be higher than that of SnAgCu anode
for all ranges of voltage. The deposition of pure tin at the cathode is observed when the applied
voltage does not exceed 0.2 volts for SnCu anode and 0.4 volts for SnAgCu anode. When the
applied voltage exceeds 0.2 volts for SnCu anode and 0.4 volts for SnAgCu anode, this caused
a higher deposition of tin at the cathode, but the purity of the tin is decreased. Lowest purity of

tin in electrolytic solution is observed when the applied voltage is 0.15 volts, as well as the
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deposition of tin being decreased.

Keywords: Solder Waste, Recycling of Tin, Electrorefining

1. Background/Objectives and Goals
Normally, the solder alloy is characterized by a lower melting point. Soldering is a normal
process in electronics industry and needs a low melting point of the solder material for the
soldering process. For this purpose the eutectic alloy of 63 wt.%Sn-37 wt.%Pb with a melting
point of 183°C has been normally used [1]. However, it is realized that lead is a toxic element
and influent on a negative impact for health. By these reasons, lead-free solder alloys are
widely used not only in the electronics industry but also in general purpose [2]. Sn-Cu (or
SnCu) alloy and Sn-Ag-Cu (or SnAgCu) replace the Sn-Pb alloy and are commonly used in
electronics industry [3]. Solder waste or the so-called solder dross in the soldering process by
using SnCu or SnAgCu normally contains a high content of tin. High content tin solder wastes
could be recycled to extract valuable metal, especially tin for further use as a raw material. To
extract tin metal from solder waste, pyrometallurgy and electrometallurgy can be applied.
Selective oxidation and sulfidization reaction for oxide/dross products are used as pyrorefining
process. The limitations of this process are the multi-step method and the high energy cost.
Electrorefining method can be applied to refine the solder waste containing tin to pure tin metal
in one step. The feature of this method is inexpensive of electrical consumption, because only
lower cell voltage is needed to dissolve a desired metal contained in anode into electrolysis
solution [4]. The current density is the term used to indicate the intensity of current transferred
to a specific area of the cathode by amperes per square meter. Faraday’s Law describes the
production rate in any electrochemical operation; the law states that when one Faraday of
charge is passed, one gram equivalent of metal will be reacted [5]. The aim of this study is to
recover pure tin from solder waste using Electrorefining process by varying electrolysis
parameters such as type of raw materials, concentration of electrolysis solution and voltage

level of electrolysis cell.

2. Methods
Based on the framework of this study, lead free solid solder waste composed of 96.5
wt.%5n-2.85 wt.%Ag-0471 wt.%Cu designed as SnAgCu and 99.3 wt.%Sn-0.108
wt.%Ag-0.485 wt.%Cu designed as SnCu were used as raw materials. The chemical
composition of these raw materials (or anode of electrolysis cell) are shown in Table 1.
Electrolysis cells compose of anode, cathode and electrolytic solution. Anode is made of casted
solder waste, while cathode is made of pure tin. The electrolytic solution was made up
dissolving pure tin (anode) in sulfuric acid (H,SOj) by the electrolytic cell for 24 hours.
Sulfuric acid with a different concentration of 1.5-2.5 M is used as electrolytic solution. All the

chemicals used in this study were of analytical reagent grade. The electrorefining of tin was
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achieved by circulation of the electrolytic solution at the room temperature using a magnetic
stirrer. The anodes were cast by melting the lead free solid solder waste at 350°C and removing
the dross. The cathode plate was cast of purified tin. The electrode plate was grounded with
#180, #320 and #600 grit SiC abrasive paper. The immersed surface was 0.0045 m?, the
electricity was applied using a DC power supply by varying voltage between 0.15-0.6 volts for
24 hours. The chemical composition of raw materials and product deposited at cathode was
analyzed using emission spectrometer. The metals in electrolytic solution were analyzed by the

Inductively Coupled Plasma-Optical Emission Spectrometry (ICP-OES) method.

Table 1: Chemical composition of the raw materials used (wt. %4)

Element Anode material

SnAgCu SnCu
Sn 96.5 993
Ag 2.850 0.108
Cu 0.471 0.485
Pb 0.0108 0.0306
Bi 0.0018 00102
Sb 0.0045 0.0068
Ni 0.0148 0.0172

1: cathode

2: anode

3: electrolytic solution
4: magnetic stirrer

5: DC power supply
6: volt meter

7: clamp meter.

Fig. 1: The experimental electrorefining cell

The electrorefining equipment cell was set up as shown in Fig. 1. The equipment consist of
cathode (1) and anode (2). These electrode were immersed in the electrolytic solution (3). The

electrolytic solution is circulated by magnetic stirrer controlled by magnetic controller (4). DC
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current is supplied to the electrolytic cell (5) by power supply through copper bus and the
voltage of the cells is monitored Fluke 177 volt meter (6), while the cell current was monitored
by Fluke 325 clamp meter (7). The metal deposition at cathode was characterized of needle
shape as shown in Fig. 2.

(a) beginning (b) 24 hours

Fig. 2: Metal deposition at cathode in the electrorefining cell

3. Results
3.1 Effect of Electrolysis Parameters on Current Density
In the electrorefining process, the amount of metal deposited at cathode plate obeys Faraday’s
Law. Based on this study the voltage of 0.15-0.60 volts is applied to the cells contained in the
electrolytic solution of 1.5-2.5 M H>8Oy. The cell is started when the DC current was supplied

and current density of the cells shown in Fig. 3.

The variation of current density within the time of the test condition with electrolytic solution
of 1.5 M H,SO; and the variation of cell voltage of 0.15, 0.20, 0.40 and 0.60 volts for 24 hours
is shown in Fig. 3(a) and (b). Initial current density of the cell with SnCu anode and SnAgCu
anode is 6.67 A/m® and 11.11 A/m?, respectively. Current density will be increased by a higher
voltage and longer time. The average current density of SnCu anode is 64.76, 86.35, 116.83
and 136.83 A/m> It is higher than that of SnAgCu anode, 53.33, 76.83, 104.13 and 129.37
A/m’. The purity of tin of SnCu anode and SnAgCu anode is 99.3 and 96.5 wt.%, respectively.
The variation of current density with time of electrolytic solution of 2.0 M and 2.5 M H,SO,
showed the positive correlation of current density with the voltage and time. Current density of
SnCu anode is higher than that of current density of SnAgCu anode for every range of voltage.
Increasing concentration of sulfuric acid will lead to increase of current density. High
concentration of tin in SnSOy4 solution will be deposited at cathode faster, then the current is

increased.
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3.2 Effect of Electrolysis Parameters on Deposition of Metal at Cathode

The deposition of metal at cathode of different test conditions is shown in Fig. 4. For the cell
with SnCu anode and with 1.5 M of electrolytic solution, the deposition of tin at cathode is
15.634, 17.517,27.477 and 30.532 g for the voltage of 0.15, 0.2, 0.4 and 0.6 volts, respectively.
It is observed for both electrorefining cells with SnAgCu anode and SnCu anode, that the
increase of electrolytic solution concentration increased the deposited amount of tin at the
cathode. The deposition of tin at the cathode of the cell with SnCu is higher than that of the cell

with SnAgCu anode for every electrolysis concentration and voltage level.

274




106

’_‘40 m5nCu, 1.5 M msnCu, 2.0 M mSnCu, 2.5 M 3 g

2435 1 @SnCufg 15M @SnCuAg 20M  mS5nCufg 25M o ‘E L
= -

g 30 Zam ~al|?

= . 1

8 B 2

- 25 AL i

L 5 7

B : :

20 g :

8 & by

515

g

Z 10

8 .

BS

=]

0 - :
040V 0.60V
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deposition of metal at cathode for 24 hours

3.3 Effect of Electrolysis Parameters on Chemical Composition of Metal at Cathode

The applied voltage of the electrorefining cell will effect on the chemical composition or purity
of the deposited metal at the cathode. The chemical composition of deposited metal was
analyzed by using emission spectrometer and is shown in Table 2. It is observed that the
amounts of copper and silver are increased by increasing the cell voltage and the concentration
of sulfuric acid in the solution. The amount of copper for the cell with SnCu anode and with
SnAgCu anode is 0.16100 and 0.19700 wt.%, respectively, for the applied voltage of 0.6 volts
and of 2.5 M H,S80,. The amount of silver for the cell with SnCu anode and with SnAgCu
anode is 0.00072 and 0.00110 wt.%, respectively for the applied voltage of 0.6 volts and of 2.5
M H,SO4 The amount of tin is 99.80 wt.%, for the cell with SnAgCu anode when applied
voltage is 0.40 and 0.60 volts while the for cell with SnCu anode is 0.60 volts.

3.4 Effect of Electrolysis Parameters on Tin and Copper Quantity in Electrolyte

The concentration of sulfuric acid that is used as electrolyte are 1.5, 2.0 and 2.5 M H,SOy, the
amounts of tin are 190, 370, and 574 mg/L respectively. After the cell is started for 24 hours for
every voltage level, increasing the concentration of electrolytic, increased the amount of tin in
solution for both types of anodes, Fig. 5(a). The change of copper in electrolyte is the same as
in the case of tin. It is found that increasing the concentration of electrolytic, increased the
amount of copper in the solution for both types of anodes, Fig. 5(b). Based on the above result,
it can be observed that dissolved of metal ion from anode is influenced by applied voltage.
Theoretically, the standard electrode potential (E°) of metal must be taken into consideration.
E° of tin, copper and silver are -0.136, +0.337 and +0.799 volts, respectively. It can be found
that E° of silver is higher than that of the applied voltage used in this experiment, 0.15-0.60

volts, thus, silver will not be dissolved from the anode into the solution.
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Fig 5: Effects of raw material type. concentration of electrolysis solution and voltage on tin

and copper quantity in electrolyte for 24 hours

4. Conclusions
The effect of the solder dross type that is used as the anode raw materials for electrolytic cell,
concentration of electrolysis solution and applied voltage level of electrolysis cell on the
current density, deposition of tin at cathode, purity of tin at cathode and impurity quantity in
electrolyte behavior are investigated. The results indicated that both electrorefining cells using
SnAgCu and SnCu as anode, current density and deposition of tin at cathode are increased with
increasing cell voltage and electrolytic solution concentration. SnCu anode caused the
deposition of tin at cathode higher than that of SnAgCu anode for all range of voltage. The
deposition of pure tin at cathode is observed when the applied voltage does not exceed 0.2 volts
for SnCu anode and 0.4 volts for SnAgCu anode. When the applied voltage does exceed 0.2
volts for SnCu anode and 0.4 volts for SnAgCu anode, this caused higher deposition of tin at
cathode but purity of the tin is decreased. Lowest copper in electrolytic solution is observed

when the applied voltage is 0.15 volts, as well as the deposition of tin is decreased.
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