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Recovery of Tellurium(Te) from Waste Thermoelectiric

Modules by Aqua Regia Leaching and Solvent Extraction
Han, Byeong Kyu

Department of Ocean Energy & Resources Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

This study is aimed at developing a hydrometallurgy technology for
recovering and recycling tellurium from waste thermoelectiric modules.
The thermoelectric module powders were classified into Z£1mm after
comminution, and the weight ratios were separated into 47.0% and 52.9%
for oversize and undersize, respectively. The contents of Te and Cu
showed 0.1% of Te and 48.6% of Cu in + Imm, and Te 21% and Cu 2.3% in
-1lmm. This result indicates that the tellurium in the thermoelectric
module could be concentrated and separated from the main impurity Cu

by comminution followed by sieving.

The HCl leaching test results showed that 98% of Cu, Fe, Ni, Pb, and
Sn was extracted. The leaching efficiencies of Al, Sb and Bi were 96%,

85% and 73%, respectively, while Se and Te were leached less than 1%.
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Aqua-regia leaching was chosen to recover Te from the leach residue,
and Te, Bi, Sb, and Cu were dissolved in the leaching solution. The
metal concentration in the solution was Te 78%, Bi 18%, Sb 3% and
other metals were less than 1%. The solvent extraction of tellurium in
simulated solution showed that more than 99% of Te was extracted at
30% TBP, O / A ratio of 1:1, pH = -1.3 and reaction time of 5 min. It
was confirmed that Te and Bi could be separated by adding nitric acid.
Te and Sb could be separated by adding hydrochloric acid. Tellurium
lon precipitated as tellurium oxide powder by adding water to the

purified tellurium solution and adjusting pH to 4-7.

Finally, by the new recycling process, more than 98% of Te was

recovered and the pure Te oxide was obtained.

KEY WORDS: Tellurium; Resources recycling; Hydrometallurgy; Leaching;

Solvent extraction
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Table 1 Classification of Extractants.

Aliquat 336

chloride

Classification Extractants Metals
. U, Fe
Tri-butyl-phosphate N
Neutral 8P (CHi(CH)30):PO HE%’
extractants .
Methyl-iso-butyl-keton
MIBK ((CH3),CHCH,COCHS) Zr, HF
Zn, Ni, Co,
. . . Be,
D2EHPA Di-2-ethylhexylphosphoric acid V. Rare
metal
Organic acid | Versatic Carboxylic acids Cl%arlgh’
extractants acid metal
Co, Ni,
2-ethylhexylphosphoric
PC88A acid-mono-2-ethyhexyl ester Rare
metal
S -diketon :
LIX 4 (1-phenyl-1,3-decanedione) Cu, Ni, Zn
Chelate LIX 64 Mixing LIX65N with LIX63 Cu
extractants 2-hydroxy-5-nonylacetophenone
LIX 84 e Cu, Ni
Alamine ] i U, W, V,
. Tri-n-octylamine [ CH3(CH»)7)3N Co,
Basic 336 Mo
extractants Tri-(Cs-Cyp)methyl-ammonium Re
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% (Mg,
> [M]

aq

D= %)

[Mlorg : Total concentration of metal in the organic phase

[Mlaq : Total concentration of metal in the aqueous phase
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A3 AIANE £ 4F P

3149 A=
B AGAE T CAA 248 NIARES AR Agstgon 97
g OUd 272 AEET U AxYATY Jiol ofHA o)zt glo

b 1

w9 270 mekAE ofzbel Aolsk itk 1 AAE Fig. 69, AR
3§ Table 200 vtehiSich AdmES] =719 webd Te 2 7gh 4ol
o] tha Aol7h Qglow Te A9 o 8~13% FHirslol Aee & & AY

. &

4%

5 X 5cm size 3 x 3cm size 2 X 2cm size 1 x 1lcm size

Fig. 6 The photograph of thermoelectiric modules.

Table 2 Elements composition of the waste thermoelectiric modules. (wt.%)

A E Cu Bi Pb Se Te

5X 5 25.1 8.0 1.3 0.1 114

3x3 29.3 7.2 1.3 0.3 12.7

2 X 2 28.0 6.1 1.5 0.2 94

1x1 25.2 5.7 2.0 0.2 8.1
_ 17 -
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3.2 & &4

2 AFodA FAstE B A AEdA BAFFS VRS &Kol AF
24 FEAFEU2v-AANEESFEA ICP-AES(nductively  Coupled
Plasma Atomic Emission Spectrophometer, iCAP 6300 DUO SERIES ICP
spectrometer Thermo Fisher SCIENTIFIO)E %3l &lst%ith. ICP+= RFE =9}
olestd olzTAnrtze] FuAgo] o8] FAHE of=g Fezuiolh
ICPE= 10,000K7HA] 255 &do 24 5500K 4 8,000K Ato]e] 83 &%
E AEEA AREZH o]Hd 5= AE Yo HHAA I AxE)
o} 3}3td P EFAE HA3SE & 4 Uk Fig. 7o ICPE417]7] B&FS YERY
Atk

Fig. 7 The photograph of ICP-AES.
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33 9 - &4 % AE 4%

3.3.1 1 &4

H dAnES] 3, £ 2 4= 5L dsidon Ao Aeg FAE
Fig. 8o Yeldct ubaf] Aol A F2H4(Cut CrushenE o83t #H &3
RES BFoEx 9 REY AVE FaANe FAHLE AV]lE 1-2em
AEZ2 2N B4 4o #H ZPin milDS o] &3t & FAHES 8ol
Al &7 fsted 9 AHEe AVE S ZaAT] A8 EHE 333}9&‘3}.
AP AlB-HolaE AHEsIAT #H SARES A A3 & 4
< 222 A "(Pin MiD& o] &sted &4 Ad<S sttt Figo 9= a4 A
AREs BEgs YAt

\=]

RLN

=
=

e

(a) Cut crusher (b) Pin mill

Fig. 8 Comminution experimental apparatus.

Fig. 9 Thermoelectric module before shredding.

- 19 -

Collection @ kmou



332 Y= BF
582 AAYR d& EHAES Fig. 109 AF A&7 (Vibratory sieve
shaker, Model J-VSS, JISICO, KOREA)E A&3ld 4= £53% U =¥ F

Avlel 74 Q= FEEFL BASAT. d5ean e 2H F40] ojn
oi [e}

—
<

34 ol A

Fig. 10 Sieve shaker
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Condensor

B

Stirrer
Thermometer

Thermometer Heating mantle
Controller

Fig. 11 Schematic diagram of leaching test system.
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3.5 &WF&

351 4% AXA

T899 pHe pH meter (SP-701, SUNTEX)E AH&3td ZAeA o™, 7]
Fat TS vlold e EEZ FYs 47 FE APS 1P A
$-dll spring wire rack-& #=&A1Z1 orbital shaker (SH-30, $FaFAFo]d )l %l‘%l
stlar, & Fart & AF 2995 1g7] RS-1, g=HstEAbE ol &3t
Rtk &miF= A AAE Fig. 129 YeEpdi A

() Vertical reciprocating
Shaker

Fig. 12 Solvent extraction experimental apparatus.

(a) pH Meter (b) Orbital Shaker

352 A3 ¥
§uiFE /24P YBOE YFFY §UFE AT U ZARE
A7) st melgelg wAS AHSSHAET Aldrich AHe] NeTeOsE 4t

Sdo] = JAEE 2HIY AT FEFEUQ TBP(Tri—n—Butyl

Phosphate)= Escai & AHEstY dAFERE A5t ARgE T Ad

F2E TBPEXE, #7143 F42] ul& O/AH], k& A, pH, 7] Te2 &

Hsto] WE Te FE& WHIE st =3 AA HIHARES] 4 7‘9
N

Q..
_4,_.
—
o

o T

e m{w

AN 7 ARAEL F7147 5840
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Atomic Emission Spectrophometer)S o] &3&fo] 218}l th.
FEA FEHEFEANA FF T FEAYof HolglE
FoR FEH F5FS FIIATh olek Zo] 2 (6ol st =
(Extraction percentage)S T3+ t}.

Extration (%) = [M]Imtlalaqueous'—. [M]Raffinateaquous 100 ®)
[M]Initial aqueous
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Al 47 AFEH

4.1 A F(Cut crushing)

HEAREZRYH HdFFS 3557 S8 HAIAREY FIYE G
EAFE&o £2E &olsHl 7] % EEF HAAZEA HIHEE
stedof skt}. A =2 A(Cut crusher)ell Opening size 21mme] w4 ==
screen) S Azste] dARE 9F 2000g2 jJréﬂ(crushing)/éfé% s)at gt =)
AHES Figo 139 vetilen AW el 3¢ 2 dA= Z4H3en A5
2ol Eolddes #F &+ AUt

Fig. 13 Crushed product of thermoelectric module.
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4.2 ¥4 (Milling)

13 g4 3 2=thd 4R A9 AWREE] Aol B HA &ty WE
of ¥(pin miD& A&t EHEPES FsATh o] W E =2 opening
size 3mme] screeng AFEE Y A 1271, 3 ML= 5000 rpmo| Pk HAE
S Fig. 149 JeEMQ o AWzt o wAsA EHEUn Al Ao &
EHHASS So 2 FAF 4 gk

Fig. 14 Thermoelectric module milling powder.
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43 = BF

H I3 nE 2094.6gS v-E & 35" ¥ dHdRE TJH*PEE sieve
shakerel] Yo} +lmme} -lmm=z 253 A4S
984.2g§]—’Fﬂ01 47wt.% AEE BFEU3 -ImmE 1108.6g3) 55 o] 53wt %=
A F A3t Table 49 UrEMJ?iE‘r

o
3310“"1 oF 2= 9]=o] -Imm Aol H GHARE9 Teo] 99% o] &5 o] §
1= =

Table 3 7 €x¥xE & F U= &5 2%

NE A2 A H) (Wt %)
AA 5 FA 2094.6 100%
323 & +1mm 984.2 47.0%
a-723) ¥ -1lmm 1108.6 53.0%
Table 4 £4) 3 A=EF F FT&o| 22
element Te Sb Bi Cu Sn Se Ni Pb Al

+1lmm 0.10 | 0.005 0.0 48.6 3.1 0.002 0.4 2.5 26.5

-1mm 21.0 4.0 14.5 2.3 1.7 0.5 0.2 0.8 0.00
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D mrk
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K3
=)
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X
offt

Fig. 156= wytEwd g JEd ot wyikEE+= 500, 1000, 1500rpm o=
APt on 2 21L& FHFeE 500g/L, d4tsx 12M, WHgAIZE 3A1%E, &
EE 0CE A48t X52 wiEs, Y52 4 559 =85 Ued
o AE2ES AyEe 1500pmolME JEHA g 1 9 FHES wHkE
571 S gl wet JE=E&0] 718k 1500rpme W) Bi= ¢F 88% H=FH AL

Al, Sb= 81~85% HEHH At 1 9 Cu, Fe, Ni, Pb, Sn& 97%°]¢ A== 3ot

100 i —— & _g

80 -

70 A

60 -

50

10 -

30 -

Leaching efficiency(%)

20 -

10

0 o=t 52
ey T HR T

v
s
500 1000 1500

Agitationrate (rpm)

Fig. 15 Effects of agitation speed on the dissolution of metal from
thermoelectiric modules. (Conditions: leaching agent 12M HCI, pulp density
500g/L, temperature 70°C, Reaction times 3hr)
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Fig. 162 d4HHCDE=E 243 = A4S AP Aolth. it =
= 3M, 6M, 8M, 12M=Z wW3A 7| Z 83} Aor: JAEn

200g/L, 2% 60C, WHSAIZE 34, wits =
e 0183 AFoME LRFS AYFe JESHAA UL She 68%, Bie
72%, A2 94%°) AE&E BAth 1 9 Cu, Fe, Ni, Pb, Sn 99%°1%4 A=
= ATt

100

50 -
Al

o0
(=]

—-Bi

=<Cu
—iFe
=<Ni

=<Pb
-&-Sh
—<Se
--5n

70 -

60

50

40 -

30 -

Leaching efficiency(%)

20

10

T o) T ey -==Te
&M 12M

HCI Conc.(Mol)

2 1

3M

Fig. 16 Effects of HCl concentration on the dissolution of metal from
thermoelectiric modules. (Conditions: pulp density 200g/L, temperature 60C,

Reaction times 3hr, agitation speed 500rpm)
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3 FYsx Wl nE = AF

Fig. 172 Jdsx W3t wg HAEZ2Ielty FdsEc 100g/L(10%),
200g/1(20%), 500g/L(50%) 2 st om wt&E=+= 600RPM, =% 70C, HCI
12Mell A 3AIZE B 718 st Fd s =7t

- — =
AE8e PaSE AT AT £ AUk FAFE 100gLY H5 Ted

100 —%—-—‘Fﬁi

60 -
50 -
10 -

30

Leaching efficiency(%)

20

10 -

10 20
Pulp density(%)

Fig. 17 Effects of pulp density on the dissolution of metal from
thermoelectiric modules. (Conditions: leaching agent 12M HCI, agitation speed
600rpm, temperature 70°C, Reaction times 3hr)
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Fig. 18 Effects of temperature on the dissolution of metal from
thermoelectiric modules. (Conditions: leaching agent 12M HCI, agitation speed
500rpm, pulp density 500g/L, Reaction times 90min)

- 32 -

Collection @ kmou



= 500rpm, ¥H$-&% 60C, WH3-AIZE

’ A=Y 3 Z_]_— L =
HIAREANA Te 28E s EEEY AAE FHOZ FIPslen 1
H= 3l Al 96%, Sb 85%, Bi 73% 83l

100

%0

80

70 1

50

40 1

30 A

Leaching Efficiency (%)

20 A

10

1] T T T T T T T T 1
Al Bi Cu Fe Ni Pb Sh Se Sn Te

Element

Fig. 19 Leaching rate of hydrochloric acid leaching optimum condition.(%)

- 33 -

Collection @ kmou



d4

o ulg g450] %% glstth. Table 5= #7 ¥l&<= YeEld o=
=4 A A 23,131mg F Teo] 78%E =A89 1 Bi 18%, Sb 3% 1 9 &
&5 1% "Re = eyt

18000 + 17992

16000 +

Metal weight (mg)

4141

2000 726 51 8

A— 4 — a— — A A— -
T

Al Bi Cu Fe Ni Pb Sh Se Sn Te
Element

Fig. 20 After selective leaching, metal content in the leachate of the

themoelectric modules residue. (mg)

Table 5 After selective leaching, metal content in the leachate of the
themoelectric modules residue. (wt.%)

Al Bi Cu Fe Ni Pb Sb Se Sn Te

0 18 1 0 0 0 3 0 0 78
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45 &M= 49

451 2o &Y gujFZ

HAE 78959 Tes ﬁ—’?‘é‘h—’_ E4ES aF o2 BEET £ e vt
3t AFE AAEYGTE A 2o ABNa,TeOs, Alfa Aesar, 99.5%)= A}-&-3}
o Teo] Eu|FEAFS Hotstr] f3 A4S FdsAt. Te Srj==549
FEAZE FA 3

F<=4|91 TBP(Tri-n-Butyl Phosphate, Yakuri pure Chemical
Co)E AH&3stth. Table 69 EZ3std EAS Ueddd. IJHA=E+=
Escaid 110& A}-&3}%Th.

Table 6 Chemical and physical properties of TBP.

Appearance Colorless(yellowish when impure)
Chemical formular CyHy, O,P
Density 0.9727 g/ cni
Average molecular Weight 266.32 g/mol
Boiling point 289C
Solubility 1mL/165mL of water
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D "kgAIZbel] w}

Te =&

|t

Fig. 212 Tex”]s % 1000ppm, 50% TBP in Escaid110, O/A 1:1, pH -1.36 ~
0.5 7oA AREE ol e Ted FEAJAHAE HoAFH FAT AP
PpHE Gl A FZAIZE 57 ool By o =3t om, pH7l Rold4 S TeF

-0.

Z80] Eolxom pH -0.50]3t0 A TeFE&°] 99%°1d E& & & AATH

90 —
80 -
70

60 -

Te Loading Efficiency (%)

===pH-1.36

50 - ——pH -0.77

40 - =e=pH -0.5
1 =—-pH 0

A — —h— — 4 ==pH -0.5

20 -

10 +

0 T T T T

Time(min)

Fig. 21 Effect of reaction time on the extraction of Te. (condition: Te
1000ppm, TBP 50% in Escaid 110, O/A=1:1)
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2) pHEe] WE Te &

Fig. 220 pH¥ &l @& Tex= 5A4S Wefdt Tex7]s= 1000ppm,
50% TBP in Escaidl110, O/A 1:1, +&AI7F 5&°llA pH -1.36 ~ 0.5 W3} o}
£ Teol FE2HIFZEAHAE HAFH pH 050304 TeFE&°] 99%01°4d S
)

2=
4 AT

o

100

L 4

L 4

90

— 80 -
:ai
> 70 -
(&)
|
2 6 A
o
E 50 -
[
E 4 4 —+-Te
o
o
9 30
]
— 20 A

10 -

0 T T T T

-1.36 -0.77 -0.5 0.0 0.5
pH

Fig. 22 Effect of pH on the extraction of Te. (condition: Te 1000ppm, TBP
50% in Escaid 110, O/A=1:1)
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3) TBP 5= Wsleo] mE Te =

o

Fig. 23& TBPE =¥ sle] @2 TeFZ &< Ueh)Uth Tez~)% = 1000ppm,
O/IA 1:1, 2247t 554 TBPsEHste] w2 Teol

FEAFAHLE HAF
™ TBPE = 30%°]/dol A TeFE&°] 95%°1d4S & & AATH

100

90 -
— 80
X
> 70 -
(8]
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9 g0 A
©
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oo
£ 54 -B-pH-0.77
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3 30 4 p
(]
= 20 4
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] T T T
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TBP concentrate(%)

Fig. 23 Effect of the concentration TBP on the extraction of Te. (condition:
Te 1000ppm, TBP 50% in Escaid 110, O/A=1:1)
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4) O/A¥] W3l & Te =&

Fig. 24= O/AH] W3}o] @We Te3:Z &S YePATE. Texz]% %= 1000ppm,
30% TBP, F=AIZt 5704 O/AH] ®Hslo] WE Teo FEAFZEARE HAF
™ O/AY] 10]olA TeFE&°] B%ol LS & & AUk
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90 - f:
— 80 A
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> 70 -
(8]
=
2 60
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D 50 o —+-pH -1.36
oo
L a0 4 -B-pH -0.77
-g =—pH -0.5
9 30 ~ p :
(]
g4

10 -

0 T T T T

3 2 1 1/2 1/3
O/A Ratio

Fig. 24 Effect of O/A ratio on the extraction of Te. (condition: Te 1000ppm,
TBP 30% in Escaid 110, Time 5min)
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5 Te 7] #=W3td W& FE&
Fig. 250 Tex7l&s=9 W&o mE Tex= 54 Atk 30% TBP,
FZA1ZF 5%, O/A 1:1, pH -1.36°14 Tex7]& g Ted =4

=
12dNE HAFH Tex7|s =7t S71etod e TeFE&9] das mvsiit.
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Fig. 25 Effect of the Te initial concentration on the extraction of Te.
(condition: pH -1.36, TBP 30% in Escaid 110, O/A=1:1, Time 5min)
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Fig. 26 Extraction rate of each element according to TBP concentration.(%)
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2) AZY&9 At w5 Wl g FE4F

Table 83 Fig. 27 #7144 50% TBPE ALg3te] +&do] dare AW
BEZ A B F 322 4Y @ A% dBudt 292 AY 5} &
JASR Te $28E Fasin AL} 25%cldol B A9 FEo HA
Gge & F A

lement . .

Al Bi Cu Fe Ni Pb Sb Se Sn Te
HNO3
HNO3

0 0 0 49.3 0 0 94.7 0.8 25.3 0.0
43.3(%)
HNO4

0 0 0 68.2 0 0 66.9 2.3 41.5 0.4
25.8(%)
HNO4

0 1.3 0 64.7 0 0 58.6 2.3 64.2 13.2
20.3(%)
HNO4

0 0.6 1.2 84.9 0 0 39.1 | 115 | 41.8 | 37.2
14.5(%)
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Te Loading Efficiency (%)
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Fig. 28 Extraction rate according to the concentration of hydrochloric acid

acid in the aqua-regia leachate.(%)
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A S
A3} Test Shel F2 8ol 0%olow 28Rl BelA wgtort F
=2l Bi, Cu, Sed] F=&°] 1% v|wto & e} EJ’]'X']OE THHASS &
QST Tesh G2 FEH SHt 10% HOle) 87 3HelA 8AHA o} Te

o £EEUn. Table 102 TBP 4% += & A& &4 234E vehliy 944
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Fig. 30 The photograph of TeO, precipitate.
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Fig. 31 XRD of TeO, precipitate.

- 48 -

Collection @ kmou



46 AFF JTITAHAE

I
4
Lo

3 ddrERRH ATEL 5] A BB, 4 AE, &0
Ael7} Boso Fig 326 34T AEE Jerjoh

Waste Thermoelectric
Modules

{

Comminution

!

5izing

+1mm

Cu Removal

= 1mm =zize Te concentration

k. 4

Leachingwith HCI

:

Solution of impurity - -
(Cu, Fe, Ni. Pb.Sn) Residue (Te, Bi, 5b)

3

h 4
Leaching with Agua regia

I

Solvent Extraction

|
! v

Bi, Sb Removal Te solution

!

Precipitation

'

TeO,

Fig. 32 Flow sheet for the recovery of Tellurium from waste thermoelectric

modules

- 49 -

Collection @ kmou




A5 3 A
=

T &
wETLr
KR —_
Mwmzf%%ﬂa_ﬂ
mﬁ 3 4m op @ iy o)
ﬂLHioUl_nﬂ_z_.e;owr IS %ub%d_ﬂ
= ol I~ T < ™ S % X
ﬁo A_.H__H 1_.& A, NG Y —_— w _.i M ‘Ul m —
o _ | A "o < ) »n —
i wﬂ Y o u_m i o N B = (5 . o i o
o A <| o| 0 Ho il = R S F__E T 9 <
T B w2 0 S o i ~ = ® 8 N
T D o T oF o P S Z. Ak s} < o TS
LAY 3 - R 2E g% :
ug_zge_angW%_..L% or 8§ £ X WM mm,Q T%_ﬂ
Tz ww i& o W o T o 3 Ly © oo wOR o
o i % fus o)) = B = ol ﬂl B — 03 o) m/oV b =3 op oy
i) S P o P > T)E N A e S 2 wm W
f%qmﬂﬂo_aﬂl ® M " e . e e
2l . B = e o g cd U o ﬁe g SN
™ by R I~y = A N KR A
o A [ = TN 4 N
Ll T R BE Lo < R Gl N o N o
EEN1»H%E VHA% i 1%%3 .
—.AL ._Ll o ‘__JOJI E_E ~ o on o %E o~ v )
@Qo_aﬂo%Mﬂ %ﬂﬂﬁ? = vE e ®
%z@ﬂe_e;ﬂowz H%ﬂw.& g _m_é%]ﬂ
— O#E = a X X 0 o 4 Z.E mb S &O ﬂ_HT —_ ~ % ﬁﬂl
B U X il N Ho _E o) w S _mq/u —_ B ° N mi
Ny T T il | § i e © 5S) X . oo o T %
L_L ET _z_l gr —_— _z_é . S ‘DI I ZT [y 3l
= In 2 y o 0 R W B W o o % = ¥
X o = M X N = T QO o = = ~ =K
= T do —_— e = WM o I [mi o) & o oo T = do T
o o moC oo T wo o e Ta e e s
oo ) w W = W= % e ww do X cl o
%%%Mwﬁ_ﬂ;ﬁo# 43 & o B _ A
m < T a N o B 5 %P £ g Wow = i R
oy g o W el B j= % N - W E P R
W M T ¥ s ® = SR M L oh
o = oy oy Y O = o oy
< N o m o Ly ® = W o < < 3o
<0 HT_ — Qn_ - i_l % < ,_l—._MH ﬁ o O_O E”E _L o
< Bn no o w " o
£ ) . o |
T e o~ o e ol Jjo T
o C x 2
L oS3 "
oy ©

- 50 -

Collecti
ion @ K
mou



kAT

- A

2=

| Ted]l =% 99.9%=

3]

MFE= T

G

5

DR

Te

o

99% ol AAT

=
=

, Ni, Sn, Sb

gk Pb

I Tes A2

3]

s

oy

= =
T

gl

2H LA AR EE

- 5] -

Collection @ kmou



B, 2015, 57/ GAoi SujREL o) &3 7 T TUE F A
o= 2Oz o) g

AEA, T, 2012 ddF £ BF L ARG N EFE. FFELLF

15/, 19(3), pp.232-238.

S FALE, (n press). &ag(Te) H&E ¥ Zoksl 7e, ATAATY

&

AslE, A5, 2002 YUEEE, BT,

i

JIME T, 2012 FagAelA A BRAM R Hebw AEAT. @77
Al 28 37 8F3] =], 49(3), pp.299-308.

A, AEqr, 2014 XA AR 2 RS JAENETFES, 2906,

AR, 2014, =EH PCBAZRE Augjo] 28 o7 AN =g A&

HAA L, 2002. FHPCBsZHRE FAF<(Au, Ags)el ez FHE3%. AJAeY =
. GFAGo s,

SHEZ, 1999, /A H S o] &gk HEEFS F o] HoF F AT =
A&t gl

7147, 2007. & Fo PHEZEFEH vk YFEFe) o) #3 G AAL

S, LAkt

Hu

- 52 -

Collection @ kmou



Balasaheb M. Sargar, Sandip V. Mahamuni, Mansing A. Anuse, 2011. Sequential
separation of selenium(V) from tellurium(IV) by solvent extraction with
N-n-octylaniline Analysis of real samples. Journal of Saudi Chemical Society,
15, pp.177-185.

B.M. Sargar, M.A. Anuse, 2001. Liquid—Iliquid extraction study of tellurium(V)
with N-n-octylaniline in halide medium and its separation from real samples.
Talanta, 55, pp.469-478.

Churl Kyoung Lee, Kang-In Rhee and Hun-Joon Sohn, 1997. The recovery of
tellurium from copper anode slimes by hydrometallurgical processes. Journal

of Korean Institute of Resources Recycling, 6(3), pp.41-45.

Dilip Kumar Mandal, Badal Bhattacharya, Raj Dulal Das, 2004. Recovery of
tellurium from chloride media wusing tri-iso-octylamine. Separation and
Purification Technology, 40, pp.177-182.

Hyunsung Jung, Nosang V. Myung, 2011. Electrodeposition of antimony
telluride thin films from acidic nitrate-tartrate baths. Electrochimica Acta, 56,
pp.5611-5615.

Kang-In Rhee, Churl Kyoung Lee, Yoon-Cheol Ha, Goo-Jin Jeong, Han-Soo
Kim, Hun-joon Sohn, 1999. Tellurium recovery from cemented tellurium with

minimum waste disposal. Hydrometallurgy, 53, pp.189-201.

L. David Roper, 2010. Zellurium Depletion Including Recycle. [Online] Available
at: http://www.roperld.com. [Accessed 4 September 20171.

Lei Zhang, Min Zhang, Xingjia Guo, Xueyan Liu, Pingli Kang, Xia Chen, 2010.
Sorption characteristics and separation of tellurium ions from aqueous

solutions using nano-TiO,. 7Talanta, 83, pp.344-350.

Madhusree Bandyopadhyay, Siddhartha Datta, Shyamal K. Sanya, 1996.

Correlation of mass transfer coefficients for tellurium (IV) extraction with

- 53 -

Collection @ kmou



Instantaneous reaction in a modified Lewis cell. Hydrometallurgy, 42,
pp.115-123.

M. Bandyopadhyay, S. Datta, S.K. Sanyal, 1996. A mass transfer model for the
hydrometallurgical ~ extraction of Te(IV) by tri-n-butyl phosphate.
Hydrometallurgy, 43, pp.175-185.

Madhusree Roy Chowdhury and Shyamal K. Sanyal, 1994. Diluent effect on
extraction of tellurium (IV) and selenium (IV) by tri-n butyl phosphate.
Hydrometallurgy, 34, pp.319-330.

Madhusree Roy Chowdhury and Shyamal K. Sanyal, 1993. Separation by
solvent extraction of tellurium(V) and selenium(V) with tri-n butyl phosphate

some mechanistic aspects. Hydrometallurgy, 32, pp.189-200.

Madhusree Roy Chowdhury and Shyamal K. Sanyal, 1994. Diluent effect on
extraction of tellurium (IV) and selenium (IV) by tri-n butyl phosphate.
Hydrometallurgy, 34, pp.319-330.

Octave Levenspiel, 1998. Chemical Reaction Engineering. 3rd Edition. WILEY

Pascal V. Grundler, Joe "1 Brugger, Barbara E. Etschmann, Lothar Helm,
Weihua Liu, Paul G. Spry, Yuan Tian, Denis Testemale, Allan Pring, 2013.
Speciation of aqueous tellurium(V) in hydrothermal solutions and vapors, and
the role of oxidized tellurium species in Te transport and gold deposition.

Geochimica et Cosmochimica Acta, 120, pp.298-325.

Runu Chakraborty, Siddhartha Datta, 1996. Extraction of Te (V) by liquid
surfactant membrane. Hydrometailurgy, 43, pp.169-174.

SUN Zhao-ming, ZHENG Ya-jie, 2011. Preparation of high pure tellurium from
raw tellurium containing Cu and Se by chemical method. 7ransactions of
Nonterrous Metals Society of China, 21, pp.665-672.

- 54 -

Collection @ kmou



Shijie Wang, 2011. Tellurium, Its Resourcefulness and Recovery. JOM, 63(8),
pp.90-93.

Wenming Wang, Vasilis Fthenakis, 2005. Kinetics study on separation of
cadmium from tellurium in acidic solution media using ion-exchange resins.
Journal of Hazardous Materials, B125, pp.80-88.

- 55 -

Collection @ kmou



ol = &= g N o oK - )
o R o . Tl
o T 2o 4 5T %3
3 T KON B T~ fp W
F o< T = =t
,W_l N ,PAU O oy X < o el
R mw J s i M N - 4
T o)) 4= o R U
il wm T VoA E =T g
n T T B o T NE 3
B o= N UM_ < Uﬂm ° cO L MU
W o o T - o v o
= = T H X B L o R M
mﬂv@i 0 by oF % =) oy ™ (7. =
o - o Xk ﬁ % 1 ,.mu T
O_E ﬂ_.E w ﬁO b ﬂ = é.h — %T A_l
FEE PRI sl g
}_tgqﬁﬁwﬂﬂmwﬂ_z@ﬂo
< = I o o o
TE R G P S M BN
T oo B 3 a o= o
T o oe o e el BoF
TEae Xy 2 g/l g
S Ee S o wEg s KA
il ko X TN\ @ X
oy X T O_ i ﬂmﬂ &u 1,m = ‘ﬂW % W\_
N 3 o K Ly SR ~
TEYE Py T 3R v
;X e Do H o oo i
B ook o = KoL 9 Boar )
.._ ‘_.EO fax) 0%\_ ‘H
T EE kP RE R Moy
) o 3 =l = 90
B s R -
S T T O N I
FoxE L LB gy B g
R R R w ook PXOE
R N T o =
Woen Ro oo m X i )

st At

S

1, @A AU ]9

F4o|, ojd

T

b, ofely 54 14 @A

Al =
= o

9

- 56 -

BE

RERIREER

i<

=
AR,
2%
3

=
=

1
o}

A A
}A)

[¢]

bk

o

=

aga

e
Collection @ kmou



npA o 2 2018 d 2 Aol YA
S QA 8719 Be T Ak}

2 AFun

g ol Asla, A QAo ERE 1A
= = 7

o] op PABeA Ao e B

- 57 -

Collection @ kmou



	제 1 장 서  론  
	1.1 연구배경 및 개요  
	1.2 연구내용  

	제 2 장 이론적 배경  
	2.1 열전소자  
	2.2 파·분쇄(Comminution)  
	2.2.1 파·분쇄 이론  

	2.3 침출(Leaching)  
	2.3.1 침출의 정의  
	2.3.2 침출제의 조건  

	2.4 용매추출(Solvent Extraction)  
	2.4.1 추출제(Extractants)  
	2.4.2 희석제(Diluent)  
	2.4.3 추출기구(Extraction Mechanism)  


	제 3 장 실험재료 및 실험방법  
	3.1 실험 시료  
	3.2 함량 분석  
	3.3 파·분쇄 및 선별 실험  
	3.3.1 파·분쇄  
	3.3.2 입도 분급 

	3.4 침출  
	3.4.1 실험 장치  
	3.4.2 실험 방법  

	3.5 용매추출  
	3.5.1 실험 장치  
	3.5.2 실험 방법  


	제 4 장 실험결과  
	4.1 절단 파쇄 (Cut crusher)  
	4.2 분쇄 (Milling)  
	4.3 입도 분급  
	4.4 침출  
	4.4.1 염산을 이용한 선택적 침출에 의한 불순물 분리  
	4.4.2 염산 침출 잔사의 왕수 침출  

	4.5 용매추출 실험  
	4.5.1 모의용액의 용매추출  
	4.5.2 폐 열전모듈 침출액의 용매추출  

	4.6 텔루륨 중화침전  
	4.7 텔루륨 회수공정도  

	제 5 장 결론  
	참고문헌  


<startpage>13
제 1 장 서  론   1
  1.1 연구배경 및 개요   1
  1.2 연구내용   4
제 2 장 이론적 배경   5
  2.1 열전소자   5
  2.2 파·분쇄(Comminution)   6
   2.2.1 파·분쇄 이론   6
  2.3 침출(Leaching)   8
   2.3.1 침출의 정의   8
   2.3.2 침출제의 조건   9
  2.4 용매추출(Solvent Extraction)   10
   2.4.1 추출제(Extractants)   12
   2.4.2 희석제(Diluent)   14
   2.4.3 추출기구(Extraction Mechanism)   14
제 3 장 실험재료 및 실험방법   17
  3.1 실험 시료   17
  3.2 함량 분석   18
  3.3 파·분쇄 및 선별 실험   19
   3.3.1 파·분쇄   19
   3.3.2 입도 분급  20
  3.4 침출   21
   3.4.1 실험 장치   21
   3.4.2 실험 방법   21
  3.5 용매추출   23
   3.5.1 실험 장치   23
   3.5.2 실험 방법   23
제 4 장 실험결과   25
  4.1 절단 파쇄 (Cut crusher)   25
  4.2 분쇄 (Milling)   26
  4.3 입도 분급   27
  4.4 침출   28
   4.4.1 염산을 이용한 선택적 침출에 의한 불순물 분리   29
   4.4.2 염산 침출 잔사의 왕수 침출   34
  4.5 용매추출 실험   35
   4.5.1 모의용액의 용매추출   36
   4.5.2 폐 열전모듈 침출액의 용매추출   41
  4.6 텔루륨 중화침전   47
  4.7 텔루륨 회수공정도   49
제 5 장 결론   50
참고문헌   52
</body>

