(W B2 s payray
UWin Nanotech. Co., Ltd

(7 Rk B ek § B R AIRTR B E 2 3

kT A F ITOR G 4FI ki B 3




Iy

I

I

AR
kT A EZITORES B
AR e BT g R AR

S SR NI A S R
I.Rfdvjea it
=ML

(W

) B KT AP

UWin Nanotech. Co., Ltd



(Wh B%% 4 a3 22 P
UWin Nanotech. Co., Ltd

— \,gﬂ;ig,ﬁq

Ak AEEPFEFHFT > 2HTFT-LCDE&+ BZ KEHZ > # [TOA P ]
TR R &G R Y i’i% o :Ziﬁii &) &/ 1= ’?’r”% E/% ruzt 5 2014-2015
ORI A B E R E RE A B 582007 1, 5000 5 iF R 4FTE R BT R R
ETHE P KT
P& i BiFe 357 4 (Dry Smelting)% ;&3%.> & (Wet Smelting)
Sl B i B ) ) B
O AR T AR © FRHE M
Rt e ipiE © K AP o 3 A B
. e EHMB o« RN IEE S \ : ,
D A VR . ° A > i
Rate g, AR R o Rfi) Fehr




(Wh B%% 4 a3 22 P
UWin Nanotech. Co., Ltd

-~ R A FZITOR G =
KTAFI R Py R 4 5 M0 b~ it Az 1 Ao 2 A LCD
B B ITORR - 125 §4F kAR SLODBT B4l Arin % ITOR
® ITO%‘XWH B R SR TORe $ 41 * 2 4 30~50% 0 F B L R4 2 [TOH Lt
"z Fiﬁﬁ%¢ﬁ’”ﬂﬂm@ﬁ%ﬁ\%#{ﬁkﬁ?%ﬁ&%%%o
® /%LCDR DR AR P eh3 A R i 1 F R LCDEE T BATHRRS > v 7 3 [TO04

Ry e ;.M;; » H4Flz 27 8 ¢
'zﬁﬂib%mizﬁﬂ/m%,éi i 4
%mamiﬂﬁ”%kﬁﬁféﬁﬁﬁﬁﬁ’ﬂﬁaéﬁ&ﬁﬁgfﬁ%ﬁ’é
4FIE K 10% 2T o
® LCD& 7~ B4 %l e o LODAE 7 B Wi R ¥ MORTPLIT 3 B2 7% & & 7 & %
B A BR 7 4R 9 200ppm ©

% JaJ® 3 5N
ITO R ¥= 44 B ELN S EERRN IS A B R Y IURE B
& AFV R AR FrRRE CREHEBRZE AR BERALNTEEE UL R
B LCDE 1 % RN IS A BIVIE T IZdRE B
LCD 7+ %4 %] Br it VIS RGO ERR Y hE e 0 LB E B R Y TiRE B




(W B% 3 5 g 2 p
UWin Nanotech. Co., Ltd

]
T T T
)y

-,

M~ 52BE KB R j\i';ﬂ_ B i
% R t}LKﬁ N T%.E‘__g. T FeE /%,g"gs.]

S AR T
o
R

& RN L B2 4FWw ot A BT w T B i A
i R PR 3B ¥ A
£l RSP BT R £BF S | ERE o Bk R RE « BIER ZAFIZR
(Junshen® 4 » | 2 & & ¥ e 2T fFat o BRME Bk
2006) FRA T LTS
5 A 3B FI* 3T AARB 2% |0 EHMES o A% B RE « BIER ZAFIZR
(k3 24 0 | B(p 7 B3 EE-K3 | o A80cs i | o F 430
2010) )R frzl A R ATIEE [ X 2B
g A M s ARHE SR
o 1T




(g B2 4 g

L A3
UWin Nanotech. Co., Ltd

& RSN & 2 AR T grd w T et ek ()
3 2 R B # 8 L
£ Mgid TR EN | ERMEF © Bt R AE « BIERE 74
SERFIDIESEIEEE SRS § it
#
T VRES B e Indtz Sn‘”’ HITH A c L EF R | FH LB
(M’imﬁ&‘/‘é) a3 PR ER L BN Ay o FiR
(ZRpEEL - | B BEFEFPLSY - A YL
2010) o« AP R RIL
e iR R I L &R RABEAR K | FiTHE © FOEAE « FH & AR
3 ke o 2P
PR (I EBZBRTE [0 F v o Bein R AL . TR & 4R
(Mpinga% + » | 2 F > #2372 ¢ &7 %
2014) it s R R A
2 Uk
RirmAfE | R R EBMS Pk | AFHRG |- R@ T ETHE | AL B
(SaarelaZ® 4 » | AR > » B in7 %4 A e

2004)

v efE 3+ iR R
Fadl b 4e 1w T




(W B % ks e P
UWin Nanotech. Co., Ltd

). ‘/E i/nuﬁ__f_ -ati}"'?;‘f

ITOR L & 47
-—————— — — —— — — — T
. .. |
: B e . |
v f } |
| e SEIE B 0 S E B P S T4 |
B | | | |
|
|

PR ITAR TR B 2 W ek

l

WolTIK 2 B IT IR ke A 4T




\(w'n PR K I RAF
UWin Nanotech. Co., Ltd

ITOR AL 4 45

d DLS:& (74248 &~ 47 > £ o XRD
» SEM ~ EDS ¥ ICP-AES & 47 A&
B chie S o d e T A 45T

i 2 y 2 Jos P Y 100
5 0 R i 15 I TOR R R
480 ~
b ) e\o’
w3100 pm o _ :
& 103
S 440 ‘—E
] IS
}ff’__,?f_‘.é\ 7}5‘ ™ A A ’Fr ' Particale Siz:\ Crushed ITO Powder {20 ©
\
DLS SEM XRD "0 50 100 150 200 25(?
i —> Particle size (um)
B e i 4 EDS ICP-AES




() B4 e e
UWin Nanotech. Co., Ltd

6000

ITOAHL A 45 w ] e
XRDAF 7+ » B fl® T ik 5 F 4E 0w

Ah-

i3 A R T e e

SEMEE 7 » el i Ap g Audk e ™

-

T_H 1000 -

EDSEF A » BdL? # § 4Fffes? o |

20 3 40 50 60
Diffraction angle (degree)

3000

Counts
T

0 2 4 5] 8 10 12 14 16 18 20
ull Scale 146 cts Cursor: 0.000 ke

! 60um ' Electron Image 1



(woh B3 P57 22 P
UWin Nanotech. Co., Ltd

ITOR AL 4 7
5o fr?z/% A SR L e 0 2Rk T L g 1%41‘4
P ERE A e ‘»fmg & +09. 04~83. 85% 2 ¥ » T
= = 70% o
ITO Metal contents of filtrate and cake measured by ICP-AES
No. Weight In Al Sn In Al Sn
mg mg mg mg wit% wit% wit%
1 2525.0 | 1626.9 255.4 67.8 64.43 10.11 2.68
2 2500.6 | 1781.0 274.3 70.8 71.22 10.97 2.83
3 2508.8 | 1710.1 259.2 51.3 68.16 10.33 2.04
4 2503.7 | 2074.2 308.7 113.9 82.85 12.33 4.55
5 2526.7 | 1491.7 228.7 67.4 59.04 9.05 2.67
Average | 2513.0 | 1736.8 265.3 74.2 69.14 10.56 2.95
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Weight of ITO waste: 2.5 g
Volume of HCI: 250 mL

Temperature: 250C

Rated Speed: 600 rpm
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Weight of ITO waste: 2.5 g ; Volume of acid : 250 mL
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Dissolution I'TO to solution (%)
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[ _Extraction time : 30 min
Pressure : 50 bars

Temperature : 100°C
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Concentration of solution (g/L)
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[ITO] (g/L)

10 6426.91 101.67/ 1486.30
20 5207.43 121.24 580.48
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160 HCI Conc = 1 M; Extraction time = 30 minutes; P = 60 bar

80 |-

60 -

40 |

Dissolution ITO to solution (%)

20
O | \ | (1 |
100 110 120
Temperature (°C)
100 99.10+0.61 8524.92 +228.1 | 1126.14+ 75.31 150.51+0.81
110 99.34+£0.18 8633.17+72.56 1210.37£16.79 155.89 + 2.25
120 99.55+ 0.06 8661.38+£91.85 | 1220.31+19.78 118.09+ 1.36
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ITO Dissolution (%)

T =100°C
100 - P =50 bar B R
Extraction time = 30 min -
I -
80 -
60 -
I
i
40+ /
20 ‘T'
0.0 | O.II ‘ 072 ‘ 073 ‘ ()74 ‘ O.IS ‘ ().I() ‘ 0.17 ‘ 0.8 ‘ ()f() ‘ 1.0 l 1.1
[HCI] (M)
23.26 £ 0.19 10.74+ 0.54 51.41+0.98
1894.85+ 1.24 97.14+ 0.31 125.154+ 1.29
7441.86% 196.77 375.88+ 14.55 116.14+ 6.42
7730.40 £176.95 377.17+£19.77 145.96+ 6.76
8524.92 £228.07 1126.14+ 75.31 150.51+ 0.81 17
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93.49+0.95 | 7781.69 +14.72 | 432.42 + 5.57 156.86 +

0.56
94.25+1.27 7775.64 448.20 £ 11.10 153.58 +
112.85 6.36

96.31+0.97 | 7837.24 £41.69 | 435.78+ 2.26 157.78 =
0.96
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Acetylacetone
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ARz Ao fr(AcAc)?

o Fla 32 RERM G EF BB ARUE ZF R ARk
% B~(SCWE) 1,
o FRFEFFLANIHTELS P
(Cr= T7.25%, Cu = 95.1% Ni= 84.82% Pb = 94.92% Zn = 98.39%)

[1] Y. Lin, N.G. Smart, and C.M. Wai, “Supercritical fluid extraction and chromatography
of metal chelates and organometallic compounds”, Trends Anal. Chem, 14, 123-133,
1995

[2] Yabalak, E. and A.M. Gizir, “Subcritical and supercritical fluid extraction of heavy
metals from sand and sewage sludge”, Journal of Serbian Chemical Society, 78, 1013-
1022, 2013.
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Weight (mg)

100
| Reaction time : 40 min ' Voltage : 2.5V

Room temperature 6000 _\ Concetration of HCIl : 1 M

Concentration of HCI : 1 M l\ Volume of solution : 150 mL | 80

Volume of solution : 150 mL — = —
= | .\ D/ S
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—O— Weight loss of In in solution '/D —m—Conc. of In ]
—O— Recovery of In
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Weight loss
HCI Electrolyte Time |Voltage| CUrent Cone. of in of Inin Reg]?lxaery
mg/L solution
M Conc. Species | min V mA | before | after g %
none 185 6565 | 4897 0.2502 25.41
0.5M NaCl 446 6992 5450 0.2312 22.05
1 0.2M NaCl 40 55 220 6630 5570 0.1590 15.99
0.2M [ (NH4)2SO4 ' 420 7328 5478 0.2776 25.25
0.2M H,C204 320 9061 7649 0.2118 15.58
0.2M H3BO3 333 8785 6956 0.2744 20.83

aaverage value
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Voltage : 2.5V

Concetration of HCI: 1 M
Volume of solution : 150 mL
Electrolyte: 0.2M (NH,),SO,

Room Temperature ] /
| D/
D><I
\.
\

—m— Conc. of In

—0O— Recovery of In
1

m|

0.3 7000
'
6000 -\.\
- | n
S 5000 -
0.2 | £ _ \.
= 4000 |
Reaction time : 40 min S
Voltage : 2.5V '% 3000 [
01l Room temperature = I
’ Concentration of HCI : 1 M 3 2000 |
Volume of solution : 150 mL 5 i /
—{+— Weight loss of In in solution © -
1000 | - /
0.0 L . L . L . L 0 / . L
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Concentration of (NH,),SO, (M)
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Reaction time : 40 min
Room temperature
I Volume of solution : 150 mL
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Weight (g)

0.2 - Conc. of HCI -1 M

—=&— Weight loss of In in solution
Conc. of HCI :0.75 M
—O— Weight loss of In in solution

400 l 5(1)0 l 6(1)0 l 7(1)0 l 8(1)0 l 9(130
Current (mA)
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Concentration of metal in solution (mg/L)
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T 137 4R B i 3k 1T
o TR09A(ME # 529.94cm2 7 B HEFF )
. T ﬁir’/,"j‘ se#:0.2 M (NH,),SO,

[ ] Current : 0.9 A,Room Temperature 100 8000 u m |n
Concetration of HCI : 0.75 M o 1
i Volume of solution : 150 mL / 80
. Electrolyte 0.2M (NH)SO O ]
L S 6000
_ 1o £
—0O— Recovery of In © 3
—m— Conc. of In g O 4000
- —e—Conc.ofSn | ;9 3
/ —n— Conc of Al é
- ] 2000 .
D - 420 = e
' ™ JL e
(] 1 N At
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0.0 0.5 1.0 15 2.0 2.5 Diffraction angle (degree)
Time (h)
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Extraction Yield (%)

C —
100 +
| 7‘H—‘—‘—‘ Extraction Yield (%) = — é‘q A 100%
80 | 0,aq
 Contact time = 10 minutes N -
o A:Ortio=1:1 Can: eAp Y & BHS ek R (mg/L)
C = mg P . 22r— W
o Coq= A £ B+ i ik & (gIL)
a0k eachate:
—a— 1 M HCI
r —e— 1MH,SO,
20 —4— 01MH,S0,
N I —-
0 5 10 15 20
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Before ITO After ITO Before ITO After ITO
stripping stripping stripping stripping

' |\\

78 T 2,2 1T0-900 stripper > 40 min
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