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B2 871340 37 U A8 #S|
Element Symbol Number Use
Iron Fe 26 Carbon steel, Structure materials
C(I)nn;z;)n Aluminum Al 13 Casting, Kitchen tools, Alloys
Zinc Zn 30 Battery, Alloys, Deposition
Zirconium Zr 40 Passive alloys, Nuclear control rod
Nickel Ni 28 Stainless steel, Magnetic materials
Uranium U 92 Nuclear power materials
Titanium Ti 22 Aeronautic materials, Bio materials
Chrome Cr 24 Stainless steel, Adornment
Ii::;l Indium In 49 Semiconductor
Lithium Li 3 Battery
Tungsten W 74 Hard metal
Cobalt Co 27 Hard metal, Magnetic materials
Erbium Er 68 Optical materials
Yttrium Y 39 Heat resisting materials
Gold Au 79 Semiconductor, Accessory
Noble Silver Ag 47 Coin, Accessory
metal
Platinum Pt 78 Catalyst, Accessory




<d
0

22, EA

el

srgoz

C
o

S

H =0l

=
[

o|0f5t,

g5

I

A
(=]

Ul
<r
ro

Ko
N

ol

ofl

=
=

El

I

4

3k [ HA

=27 X AHZE ALz odE AL

21%2 1 2= 9F 20 =0 7HZCt

F

o
=

a0
O =

9 3

)
[= e

a

20%, 3

—

Jol
o

ol

7t

O X[ 2BH|EO|

oT,

740

=13
=

E Y P
{ SHE 1 X QLo B3 O[Ol HCEN Z4M

oM HMEisto] dite MED =AIFMOM 25

o
=

|

e

Ch. a4 A

LIZANi), ZYE(Co), AE(Cr), Has S0 0|=7|7HX|
Ct.

AN

(]}

N

K

NI

I

F % 95%7HEMA| O HX| &HIE

3 ofuR|7H HH

280 =

o
M2

F

A
i)

4 Uk MatM, EA



.|

tet

2

H2

{7 8 (Cyclic voltammetry)

Y
Mz2 A<l

o
=]
—
[
[

2-3. H7|=tet|
cv

W= T R R - VN VT
ar =l S O T o8 o8 FT oo Jo Ko H
RO g R4 — Wom 0 g
on = 7 " <+ K o £

7 ~ ) M - ] K il 1ol _._._,
H[TE—Y of rf .. S m H X -
> .w_.r_ & O ol W __of o Ar © K0
O @m = = A4 _ o m @ o B
Lo e o NS oo [ a1~ o
—_ - OM -, ™ _Aﬂ 10 -
o ol B g X% Kro nE W o
oW e R o oo w &g K
~N Y = - |I_.|L O._ < ._LO._I -
R L S A LI )
W0 _Mu_e E o o m ¥ 3 oo Bomom w__.ﬂ
o & . X il
o o o oW w = & g5 o5 om 7 M R
Ny Yoo w1 M o B3R s
pd < o modox o m T g R

o ™ o® m N g oo gy ko oow
o % 55 v = oju nr
S oo ™™ = g S 1 o7 o T o il
o2 < o u | ha ou

_ 5 p u W /Ao &R g
¢+ o & = _ oo M g Koz oy Y

z s T o3 o o Mo oy 2
ou 2 ol o _ N g Moo =z O
3L m ujJ > o J = | Ko -

s o 5 o0 ®o[ L KMo @
_._.___._._ B o — 7m _A_I H (DN (@] | ._O._.O =

> O =1 ) mul_ —_ _._.__H ~ K — _H_l
H o O KN g T ox o % UK
T T S = Y TR 4
ooz &% SR "
B & 0z g O 5oy of & _n.u_v >
T F§ ®w ol uo = 0l o &l xu Coo=
H £ 5 R o oo ot i
s . B < T V. U
o 5 M + <X ®w © © _- o p
T g Mool m D . oFom
T~ T - N R =1
[ LR T e . X st _. W
m_lo <n o] & ol x ._L0|o Jn S £l 160 K0
o _ . 80 T o w4+ L TR
N go o+
or W o nf R~ o MW @ % ol >
nr oF %0 oF K o o o o ~ W A
kKl Kk 70 oo KOROR ow kX H

= UL [13]



E(potential)

S

(QuaLAND) [

ey

time

N

(Ipryuajod) sy

>
S

2 B (Cyclic voltammetry)2| 7f



CHA|ZE 7 9| X3 (Chronoamperometry) = Btz A|ZHO| et

2-3-2. CHA[ZH T 2[XH & (Chronoamperometry)

1l

Hel7t

ol 7}zl

ol

>

C} 2t

ol
[e]]
A

>

FX| 2

.
o

tS 0l

H
[

[e)
=

|

b

k=]
—_

o
:‘_I_,

4

3

.
o
[

t

7

—
kol 2/ESHA E L

(o]

Ch 1 #o| HRIE
olgf XE{&|Df, QViEl Telof Faet ASS Sh7| AIEeCh o o, =0

Obx|gf ei7r Hefof ot

AN

(]}

[, Cottrell equation

b

.
o
=

tSolzt 7+8

H
—

o] 7]

S

H
[

M=o
= =

L

>

7}X| 2

i

ok
hal

K

oo
o
il

Klo

Al
=

22310 Chronoamperometry

o

=

11, Cottrell equation
= ULk [14]

AN

(]}

A
T



_—
— N W = W

(-)
i >
0 t
A
(1)
A Sampling
time
g : /4.
= i 2 3
\/ )

o
-
L@~
p—

0

s
~

2l 2-2. CHA|ZE | XHH (Chronoamperometry)2| 7HH



i

—

-
o

15 #(Chronopotentiometry)

S
—
& Bl(Chronopotentiometry)= 42

F

b

7

2-3-3. A7
A

ou  mu  Ar o Ar ol T
CL = R S R
T o,z

o B om 4oy 4 5
L B S
&oOoF o W = SEE

2 o' 0
g o@ oW ooy
Kl nr ol N Mu_._l _ H
ST B T ~ o _

—_ ~ S o
o . ® T o o~ Ko
Won om0 or
o 1o oF 9
10 0 1 nE 10]
= 5 F o om ooy
J4 < 10 ] Bl
oo o U m m mF o
T2 g © g ® K [u
T W = g = =
_ K xr s = _ ol =
oK < il = o nH olo
- ni0 10 7d
K 5 w5 ml m =z Ol

o %0 KO0 < 70 _
fir = H oo - B =
—— ] = —

i g or =_._oo 7o) m_ H
B o~ X o g0 B e
L 0
zr 10 d s KIr < pal
N m__/u_ o fgr o W 3 1|
< iz Xl OF .=__|_u
I . oz RORL e
ol oo o 3 NI
= L L T
rAR = P = m < =X
s =T ol =3 - _

R o 5 R 2
nr - K 2 @ = ®
T OR N o= = Y
ofl =) _u_ﬂ :._._ e :._._

M do H o <+ B
o m = Py Moo ¥

Wﬂ ok Ar .__A:_.._m ~ or e
artll — <d . ~J I\
LA N
~ n 5 Ar L =
Ko< © o & T MK

o oW 5 R

kK T KM X <

A SHECE [13]

AN

o

A
T

b

.
o
=

L
o

toff ok &2 AlZtLo| 2 ElCh HO|A|Zto] XLt L3
10

.
o

7+8

—

—

Ct

=
Exl

N7t 2 57}

—

2=
equation 2 HYHE|H, M3 EHOAMO| 24O si{AM0| Tt

Pl
=



Tp

T —>

0

)f

0

>
S

™ 7 & (Chronopotentiometry)2| 7H

7t

2l 23 Al

11



S+
of
)

<d

ofl

ol
L

-

il

4

ol
i
pal

K

el

>

of HXIAIA

THo|=2

Ch. CiEEo= 3 7K

-
o

2t

1

I

l,

=0, Tof &

AME &

7t BOl

ol

4dr
o

<

o]
bl
(@)
4dr

ol

L2

O, 7t HEXQ=Z of¢, 2|

El=

HoliriF ZAZQf MR FH Al

7IHof

FA

f

E
S

0|
foir

CHAIZ[2] 23l

=
o

i
qr
0lo

T

1

s e

gSAA =

=5

eyl

oo

T2, 5 JIs2 Bl A

o] ULk,

EAge] S2E0| HFE[HA o2t

12



L Potentiostat ]

* Cathodic reaction

n+ =
electmnl Telectmn M*+ne—M
* Anodic reaction
) M — M™ + ne-
7 2H,0 — O, + 4H" + e
1 2 2
. Electrolyte '
Hn_ ), M"*: metal cation
Ve -
iy - @ n: ionic valence
< n+ . e
Cathode Anode : electron
- M: metal
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H.4-1. O{&(Er) Holigd =2HeERECY) 2 =2
Electrod
Object | Complexing | Scan Scan eetrode pH
element agent rate range Volume pH . controller
Working | Counter | Reference
Er IDA .
001 M 0.05M S5mV/s | -5~0V | 100 ml 3 Ti Pt Ag/AgCl KOH
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Potential (V) vs. Ag/AgCl

8. 4-1. O{E(Er) Mofigtd

i =

23

=2t

[

2




a8 42 = 25 Hat 3 ©e| #ato w2 A 7H-F [ XHE (Chronoamperometry) & 2

Z1t0|C}.

=Eet MRS a2 deds TASALD, A2 pH = 3, Er 2| &= 0.01 M, IDA 2] &=

0.05 M 2 1nF510] deds UAIRALE 2 45 A Tl 450 W2k F7E 2

o= U, ZsEs 249 s MYt ol zZomz el HI3oM

FaZ|H o] Tt oA elMol SE=0] A TYSHALE (1]

Er*" +3e — Er E’=-233V

=& S He| Hoto meEt RV HHAHLE dSdts Olgs 2k o350 OE
it 50| 2ot Zitz HEED 8% JojMel =itHEE Fick’s law 2F

equation Of 2|3l 2FET, 2 42 Of2{et Z0| LIEFCHCY.

_pde do do _ D 0“9
)= dx> at ax2
J: diffusion flux [mol m—2 s—1]

D: diffusion coefficient or diffusivity [m?/s]

¢: concentration [mol/m?]

x: length [m]

t: time [s]

k = Aexp( )D Doexp

k: rate constant

A: frequency of collision

E.: activation energy [J/mol]

R: universal gas constant [J/mol-K]

T: temperature [K]
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Mol SH=0| YIEAXIT, OF. 4-3 2F Z0|

0| Hoto]| M2} SA= Er o e Byt O|H[SHIAC

Chronoamperometry = &¥O| FAHE|l= S0, MR HIE HIlEs Aoz {Faot O|EQ
Cotrell equation = SOl diffusion coefficient =2 &% BISEEZEHM S{A0| 7h&5iCHe &EO|

QUCH M2 2Bt Cotrell equation 2 A0| 2t B &l (complete solution)O|2t 7HISH=H|, 07| M
2 M2 ZE 1 AEE EEO| HOFEOX|= &US TorC SHX|TH LHtH el U2 2t

2o0| OfL|H, 2™ ZMHO0| Of ZL, Cotrell equation = H-ESH7| O{EHLCE M2tA, 2 AR A =

Chronoamperometry 2| CHE HEfQI A|ZHH S & (Chronocoulometry)E &M -&SHGILCE

0
_ nFAc; \/ﬁ]
Vit

i: current [A]

n: # of electrons

F: faraday’s constant [96485 C/mol]
A: area of the electrode [cm?]

¢" initial concentration [mol/cm?]
D;: diffusion coefficient [cm?/s]

t: time [s]
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Chronocoulometry = Chronoamperometry & &2t AlZH =& TSt A[Zte] defjz=
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I': surface excess concentration [mol/m?]
R: gas constant [J/mol-K]

T: temperature [K]

o: surface tension [N/m]

C: concentration [mol]
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Current (mA) Current (mA)

Current (mA)

4000 -

2000 -

-2000 -

-4000

—— 2 M H2S04,100 g/l Zn
——2MH2S04,120 g/l Zn
T M T M T M T

3 2 4 0 1 2 3
Potential (V) vs Ag/AgCl

5000

-5000 -

—— 3 M H2S04, 100 g/l Zn
—— 3 M H2804, 120 g/l Zn
—— 3 M H2S04, 140 g/l Zn
—— 3 M H2S804, 160 g/l Zn

—— 3 M H2S04, 180 g/l Zn
T T T T T T T 1

3 2 4 0o 1 2 3
Potential (V) vs Ag/AgClI

5000

-5000 -

—— 4 M H2S804, 100 g/l Zn

—— 4 M H2804, 120 g/l Zn

—— 4 M H2S04, 140 g/l Zn

—— 4 M H2804, 160 g/l Zn

— 4 M H2S04, 180 g/l Zn
T

T * T 4 T g T

3 2 - 0 1 2 3
Potential (V) vs Ag/AgCI
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H.4-2. Ot (zn) T3H

H,S04 Zinc . Electrical .
- L Initial pH o Fixed values
composition composition conductivity
100 g/1 0.57 179.6 mS/cm
2M
120 g/1 0.64 106.9 mS/cm
100 g/1 0.36 285.0 mS/cm
120 g/1 0.43 215.9 mS/cm
Scan range
3M 140 g/1 0.53 162.1 mS/cm 3V~3V
160 g/1 0.81 115.0 mS/cm Scan rate:
180 g/l 1.03 78.25 mS/em 20 mV/s
100 g/1 0.02 351.4 mS/cm E step:
10 mV
120 g/l 0.10 292.3 mS/cm m
4 M 140 g/l 0.15 240.1 mS/cm
160 g/1 0.17 189.4 mS/cm
180 g/1 0.23 157.6 mS/cm
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D: diffusion coefficient [cm?/s]

i: current [A]

T: transition time [s]

n: # of electrons

F: faraday’s constant [C/mol]

A: the electrode area [cm?]

Co: initial concentration [mol/cm?]
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Abstract

Valuable metal contains various metal such as rare earth metal, precious metal and metal which is circulated in
current metal market. Although some metals deposit’ are sufficient to gather until now, other metals deposit’ too
rare that using these metals limited. Most of all, almost valuable metal mine exists in China that the resources
weaponized in the market. Especially, Korea has a few of nature resources that all of nature resources depend on
importation. In this point, importance of city mine and recycling is increasing dramatically. Currently, in case of
Erbium production, its potential demand is aggrandizing because not only its deposit is rare but also it used
extensive field. Although the demand is continuously growing, its mass production is rarely possible that it
could not be used various field. However, sulfuric acid based erbium mine wastes includes both rare earth
metals and valuable metals that it contains huge potential of recycling on its industrial availability in case of

Korea which imports all materials from foreign countries.

Moreover, through Zinc and Indium, which are mainly produced by Korea, have both positive and negative
aspect in the field of metal market, usage of both elements are rapidly increasing through the world that it is
important part of whole Korea industry. Therefore, the study researched property of efficient electrowinning
process and effect of each factor on erbium, zinc and indium electrowinning. The study began with
electrowinning experiment using 3 electrodes cell. First, in order to optimize sulfuric acid based wastes
condition for erbium recovery, sulfuric acid and Erbium Chloride (ErCls) are used and temperature is the main
factor of this research. For anode, titanium plate was used and for cathode, platinum mesh was used and lastly,
for reference electrode, silver/silver chloride (Ag/AgCl) was used. Since erbium has quiet negative potential like

-2.32'V, in order to obtain erbium in electrolyte, chronoamperometry is necessary.

Therefore, erbium reduction behavior researched and set the factor of chronoamperometry with the Cyclic
Voltammetry (CV) results. Experiment conducted broad range of potential from low potential to high potential
using Iminodiacetic Acid (IDA) as complexing agent for shift the erbium reduction potential. To increase the

amount of deposits, experiment conducted along with temperature increasing.

For zinc electrowinning, to optimize zinc electrowinning efficiently, sulfuric acid and Zinc Oxide (ZnO) was
used as electrolyte and experiment conducted along with composition controlled. In this study, to make proper
zinc electrowinning environment, anode was substituted from Lead-Silver (Pb-Ag) anode to Iridium and
Tantalum Oxide (Ir,03/Ta;0s) in order to improve the electrode both life span and corrosion resistance. For
cathode, Aluminum (Al), which is the same material with real process, was used and Ag/AgCl was used for
reference electrode. Same as previous erbium electrowinning, to research zinc reduction behavior, CV was
conducted and based on CV result, chronopotentiometry was conducted with 500 A/m? current density.
Concentration of sulfuric acid and Zn is proportional to diffusion coefficient and consistently metal phase of Zn

was recovered.

Lastly, to identify the potential of indium electrowinning and to optimize the electrowinning condition,
Hydrochloric Acid (HCI) and Indium sulfide (InSO4) were used as electrolyte. Additionally, to control pH value,
Sodium Hydroxide (NaOH) was used to create higher pH condition. 3 electrodes cell for indium electrowinning

was built predicated on zinc electrowinning cell except cathode which is titanium plate included property of
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high HCI resistance. Same as previous zinc electrowinning, to research indium reduction behavior, CV was
conducted and based on CV result, chronopotentiometry was conducted with 500 A/m? current density.
Although current efficiency (CE) was increasing along with indium concentration increasing, CE was
decreasing along with pH increasing. However, CE is regardless of pH when indium concentration is higher

than some value and metal phase of indium was obtained at every condition.
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