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Abstract

In this research, Material Life Cycle Assessment(MLCA) has been carried out to evaluate the
environmental impacts about disposal of ITO(Indium Tin Oxide). ITO is often used for touch
and flat screen of phone, PC, computer because of its electrical conductivity and optical
transparency which it can be deposited as a thin film. Indium is one of the rare earth and
used to ITO material. When demand of the ITO increases, shortage of indium have concerned.
This is not only resources insufficient problem it is also environmental problem. Because ITO
which did not recycle and landfill or incineration cloud be cause a environmental pollution.

According to waste treatment method, disposal about lkg of ITO was used as the reference
flow. There are difficulties for data collection about emissions from waste treatment in LCA.
So there is a need to focusing landfill, incineration process for ITO. From this study, it is
found out that landfill of ITO has the highest environmental impacts except GWP. But

incineration is also high environment impact value by a little gap.
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2. ARAHZBF7 9

2.1 EA4AY

2 AFol = Al =Ed ol ITO &9 77| (disposal) & A& WAl wE v g(landfill), &
Zh(incineration) ol Al A8t S et 2 SF F S Hrbetal AdE Hlasto] z; H7] Al =F
o] 874 olmE FQlstaar g

2.2 H9AAY
221 7%

TVY PC, FujEel A t]~Z#o|(LCD, PDP, OLED)$} #o] thakst A Azte] T A=
ITO 2o wig, Azt

22271549 € V¥5E
71599 E 2d7 AFRE 3 719 27inch B X239 dde] EP AT ITOS Biow 33}
gom ITO 1kg? 27FA A7 W] W #H7jolw ITO % lkegs 7|F#sE802 AAGYT

2.3 A" AA
Alz=8l BA= ALE & =

%~ Z(incineration) 2 A ol&tA ). #H 7 Ee T #H7
t=7] wjZo] ITOS v
el R e B =

al
Ao A wEItAE ofr]stt. H B A7+

= AdEs ouAE 35T F U= A
X]J— /\/\D]’.
Table 1. Scope definition
System Ed= ITOY AeldA 5 vlH(andfill), &7 (incineration)
Function EwWAT 1T09 W, 27t
Functional unit 237 AHEE T Hr|E HA 23" dde] FHAST 1TO kg Wiy, &7
Reference flow He o] wE ITO B2 1kgel #7]
s N
Materials Production
ITO powder 1kg
\ J
iy J— s,
r N l 1)landfill |
________________ ]
Recycling <:| End of Life |:> LT Y
. J 7 {2 nementon

Fig.1. System boundary of disposal for ITO powder.
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24 713 R AAF
(1) X238 4L 27inch gAaZgo] @ )
= ¥E 009go g2 iAo ITOY] l%i%—% ITOY 4& lkgo 2 IFH F7AE 184nm=E 7}
gkl
2) HA =AM AR 2d 08 TSkl
(3) ITO9 #H7|= Aaz FARedE sty s A 5455 Ao datas 8%

data TS ¥ o2 3}y data o] oJ8]¥ A ecoinvent database 5= ©]-83} 3t}

25 dolH ¥ 99/} Uy
dolg WEE IA AY, FA wWEE, 7] EE, d71E 502 BRI o golgno]~
+ Ecoinvent database (v.2.2)& ©]-&3} 3.

AA P 7= B FH3HClassification), 573 3HCharacterization), 4 7f 3F(Normalization) 2 7}
A o] (Weighting) @412 F8 3o CML 20013 Eco-indicator 99 9 &H7} HHEL A&
a9t CML 2001 o] 107F4 W32, Eco-indicator99 WH2S =7 374% W32 n#sw
Qo M fApsh FEow xga 8 I YT B9l ofel Table 298 2Uh[9)]

Table 2. Environmental impact categories (CML 2001and Eco-indicator 99)

CML 2001 category Unit Eco-indicator 99 category Unit
Abiotic resource depletion(ARD) Kg Sb eq Fossil fuels MJ
Minerals MJ
Acidification potential (ACP) Kg SOseq Acidification/Eutrophication | PDF+m?+yr
Eutrophication potential (EUP) Kg POseq
Global warming potential (GWP) Kg COseq Climate change DALY
Ozone layer depletion potential (ODP) Kg CFC-11leq Ozone depletion DALY
Photochemical oxidation potential (POCP) Kg CoHieq Respiratory(organic) DALY
Fresh-water aquatic ecotoxicity potential
Kg 1,4 DCBeq
(FAETP)
Marine aquatic ecotoxicity potential Ecotoxicity PDF*mZ*yr
Kg 1,4 DCBeq
(MAETP)
Terrestrial ecotoxicity potential(TETP) | Kg 1,4 DCBeq
Human toxicity potential (HTP) Kg 1,4 DCBeq Carcinogenic effect DALY
Respiratory(inorganic) DALY
lonizing radiation DALY
Land-use PDF*m®#yr
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3.1 ey 3

3.1.1 g2Edo] 549 ITO

ITO®] SH4#e 27inch t=Zde] Hde FFow sgon ITOx A4 399 0031%E 2
2§,

3.1.2 ITOY #H7]

A F AR ~=3E gde ITO #H7), Wi, 22 34 HolEE ecoinvent inventory database
(v22)E A&3t SimaPro(v.7.0)¢F Gabi(v.4.4) softwaredx] Atk XA T, #j& A5
Table 3¢ YetW o, ol& nlgom L2748 F8stqlr]

Table 3. Data source and emission for LCA analysis.

Parameter Materials
Raw methanol, water(deionised), ammonia, hydrochloric
Input materials acid(30%), indium, sodium hydroxide(50%), tin
Energy electricity(medium voltage)
Products disposal of ITO powder 1kg
Output o Ethanol (to water)
Emissions -
Waste heat (to air)

4, A3 JgERF 7}t

A 4FS AFstets BA ot
FelEowM Ak groluh Y

Table 4. Results of Characterization about disposal of ITO powder. (CML 2001)

Impact category Unit Landfill Incineration

Abiotic resource depletion (ARD) kg Sb eq 1.57E-05 1.95E-05
Acidification (ACP) kg SOz eq 1.30E-05 341E-05
Eutrophication (EUP) kg POs eq 2.715E-04 6.70E-05
Global warming (GWP100) kg CO:z eq 7.06E-02 1.32E-01
Ozone layer depletion (ODP) kg CFC-11 eq 3.67E-10 3.10E-10
Human toxicity (HTP) kg 1,4-DB eq 1.94E-02 2.81E-02
fresh e ey Y ke 14-DB eq 2.09E-01 1.83E-01
Marine ey Y] ke 14-DB eq 760E+01 712E+01
Terrestrial ecotoxicity (TETP) kg 1,4-DB eq 1.60E-04 5.67E-05
Photochemical oxidation (POCP) kg CoHs eq 1.44E-05 1.22E-06

4.2 A 73 (Normalization) ¥ 7}5 X% o (Weighting)
Arsts JdEFHTE BAIGS dAAY, A7 AFF T AAR F FAHAIES YT e
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Fig.2. Normalization of landfill for ITO powder

by CML method

CML 2001 W<l Eco-Indicator99(EI99) WHEo =2 FAs Az vjgdoz #H7| &
& #E A (Carcinogens) 49%<t A Hl =4 (Ecotoxicity) 37%% 71 7] =7F =ko
3}H(Climate change) 7%9} 34 A & (Fossil fuels) 4% %2 T E AT A #| A3 Table
sho] wlastd, & W RS AEEd P
giiol =2 olfv EY Z& 5 34 ol SAetEA ddEdoy EdRiolsdR
o9 &S 7 A= PAH (polycyclic aromatic hydrocarbons)7} ob417]
ZEA AL Q7] wiiEolvt Azbe A=
3}H(Climate change) 25%, %<& 2 (Carcinogens) 7%, 34
1 °l= CML 2001 W] s S 54 (MAETP),
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Fig.4. Normalization of landfill for ITO powder

by EI'99 method
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Fig.3. Normalization of incineration for ITO powder
by CML method
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Fig.5. Normalization of incineration for ITO powder
by EI'99 method
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Fig.6. Weighting of disposal for ITO powder Fig.7. Weighting of disposal for ITO powder
by CML method by EI'99 method
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= wigo R Q& FARE wWEY e e JdFoRE HATh

27te] A= A HSAHAMAETP)H T A M54 (FAETP)o] 7HE =skow A 42317}

R E=5S HoHT E99 WURESY Ay wide] wetE#(Carcinogens), A EHHA

(Ecotoxicity)o] 7Hd 71o1%7} wkom 7|FRstel siMdn o= FHEAnt WEd o]

=2 o] fE= oEr2e] X o % PAH (polycyclic aromatic hydrocarbons)7} o} %l7] wjEolw X

k3ol A= A5 (Ecotoxicity) Th2o.2 7] $ W8k (Climate change), &2 (Carcinogens),

stA] A5 (Fossil fuels)®] 7l =& B om o= CML 2001 WHEH 22 2

b A HojollAl CML W2 Aqrskel nls2d Ad= wjygeAgo] 4zt

(GWP)HFE Alelsta @493 o] z1ow EI99 W9 =3 CML¥Y 22 An= 54 W
o

FTHol =& ;s vhHom, wdEde AS ITO wigoe] AztHtt AA | Falgh LAEA
o

2 Hol =2 AR IS Moy &
e A e B79F GE AAE Aew RARD A% BAAN 42 54
2ol A ITOS AZdgoz FAATAE A & & = Yoz stopd Fojtt
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