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ᾼ ἤ

Â Іᶧ49Ȳ 156.5oCȲᾐ 2072oCȴ ὑ Ȳ
ᵅὑ ц ȴ  ( ה ⇔1.2)ȳẓ ⇔Ἃ
ἤȳ ἤȴ֮ ᵶ ю(160ppbȲ ⇔68th)

Â І [Kr]4d105s25p1Ȳо ἤ Юὑ ц П ȴ

Â ѻ о ȸIn(I)цIn(III)ȲẔМIn(III) ứȴ

Â оᾬⱢ ἤо֥ᾬȲҠ ὑ Ἠ

Â Ӣᾬ ᶧПӇ а

Â Џ ἤȸ(1)ɑ   ֥ Ȳֽ (2) Ὲ
Ḋ (3) Ὑ ȲֽITOⱶ ȴ
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Џ ἤ

Â Ḋ ᾼẃ ПϚ╥צᴥ  ӰȲ Ɫ   
Ӱ ᾼ ᾬȴ ѻ ᴞ ӰҒЏ

М Ӣᾼ ȲᵀϷ ֯ Ȳ Ȳ ế ӰМȴ

Â ᶩѻ ╥֯М Ȳ ế• ᾼ ứ ȴ֪ױ
Ȳ Ḋ ẁצ ế ϱᾼ ȴ

Â ѷꜜẓ ᾼ 6000פּ ȴ

Â М ȳҒ ЄȳѡӐц Ɫ   ѻ Ӣ ȴ

Â ╥ Ӣ ᾼ ế ҏȴ Ӧ ϚḔ о

Â   ╥Ϛ Џ ϱ ᾼ כ ȲẔМ ᵑ ᾼ
╥ITO( о оᾬ) Ȳ֪ⱢITO╥ ∂ І
Ӈ ᾼаԈȴ

Â ITO ᾛ֮ӣὑ ӱ Ȳ ӱ ếы
ᴃȲ ṷӣ Єּפԓ Ӣ ᾼϮиПϡȴ

Â ᾼ ҅ẃ ѻ Мὑᵶ ᾬ ᾼ ȲֽITO
Ȳ ӱ ế ẘ ȴ(Indium Corporation)

Â ᾼṔ⇔Ȳ Ḗ ᾼ ҅ẃ ╥ᴟ ᾼȴ
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ү ὰ иέ
ԇ∂פ Ȳ2014 17 ựּד ֥ שׁ Ȳ 401-415 Ȳ6 ѣ22 ѡȲүҖȴ

Â ӭ›ԓ ӱ ѻ Ӣ ֮֯Ṹ☺ȲẔМϭѿү ȳ
ѡӐȳ ȳМ ╗ԓ ῺѾᴍиᴍПӀ Ҝצ ȴ

ὰ דᾼד2013~ד2005 )ȴן ẃ ȸЏׁש IEK(2012))

Â ү 2015 400 ү/דĄ2000 ד/
Â ү 2015֫ ן 115 ү/דĄ600 ד/
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TFT-LCD ὰ
ԇ∂פ Ȳ2014 17 ựּד ֥ שׁ Ȳ 401-415 Ȳ6 ѣ22 ѡȲүҖȴ

Â TFT-LCDד1990 ὑѡӐȲ ѡӐ ∂ ϠϚ҅ ( G1 ) ȴ
ⱶ ὰЄּ300╥פ X 400mmȲẞϠ1996 ỞȲ ᶾ БҠѿ Ḕẞ3.5̔ ( 

G3.5 )ȴ═ ֯ Мᾼѷ҅ ἪȲӦ4҅ (G4)ȳ5҅ (G5)ȳ5.5̔ (G5.5)

ȳ6҅ (G6)ȳ ᴟ7.5̔ (G7.5) ц Э ᾼ8.5̔ (G8.5)Ȳӑẃ ֣
10̔ (G10) ȴ

Â ֢ѷ҅ⱶ ╥ ֢ ᾼ й ᵓӣ ẃ ֢ ₇ ӣȲϯῶ╥ ֢
ѷ҅ ᾼᵓӣ ᾓ ȴ
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ὰᾼЮ

Â ὰᾼ ц LCDȲϚ ὑϱ
ȳϯ Ὑ ҒϤּ4~3פmm⁴⇔ᾼ

Ȳᵓӣ Ϥ (Pixel) ᾼѠ
ה ạ ᶈ ЄЊẃ זּ ԏ
ᾼ ⇔Ȳ һ ӢЮὑԓ‐ ԓ П
ᾼᴊ (Gray level)ȴ

Âӭ›LCDѻ ╥Ӧ ᴥ ԏѱ(Color 

filter, CF)ȳTFT ԝ(TFT Array) ὰế￼
ԏ (Backlight) ϮЄ иԚ֝ ȴכ
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Å ⱶ 90%Ȳ 0.1%Ȳ 0.02%Ȳ 10%ȴ

Å Ḋ ȸ 15,000а/еџȲ 7,500а/еџȲⱶ 375а/еџȴ

(ITRI 2015/11/9)

Å ὰМᾼ ὰⱶ ᵶצ оᾬITO (Indium Tin Oxide)ᾼ

ȴ

7
Organic composite materials and Surface chemical & Separation and Purify Laboratory 

ẃ ȸх ԏ

LCD ὰ כ

National Taipei University of  Technology Institute of Mineral Resources Engineering



ᶾן֫
ẃ ȸSelective recovery of indium from lead-smelting dust

Chemical Engineering Journal 277 (2015) 219 ï228
Hikaru Sawai et.al

Â   ᵏ ᾼ ᾬế (LSD)ϷҔ╗ Ȳצᶦ ⱢϚכ ᾼ ȴ

Â ӣẃ ᴩ  ᵏ ȴ

Â ѝ Б Ȳ Ӧ ӣ ế оᾬἨ оᾬḛ ȲҠѿ ן֫

Â Ӧὑ ѽ ἤи ế צ ᾼ Ȳ Ѡᾎᾼ ắ
ẞ᷅ ȴ

Â ᾼᶾ ѿ юṿӣ ἨẔ҃ ἤ ậ ȴ

Â ᾼן֫ ҅ ậ ȸ ֥ Ȳ Ȳֽ Ἠ Ӣᾬ

Â ֥ о֥ᾬȸ ế hydroxyoximesand azoles)

Â о ậ ȸ ϮϜ ȲϮṟ о ếӧ Ϝ tributyl

phosphate, trioctylphosphineoxide and methyl isobutyl ketone

Â Ἠ Ӣᾬȸϡ-2-ϛ А di-2-ethylhexylphosphoric acid

Â ҅ ậ ẓצ ᾼ ҏἤ (ᵛȲ ἤȲ ӣἤȲ )Ȳ ṷ ҅
ậ ᾼ ҏ Ь ᾎ Ἠ ᾼ ד ȴרּ
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Selective recovery of indium from lead-smelting dust

Chemical Engineering Journal277 (2015) 219ï228

HikaruSawaiet.al

Â Ӧὑ ᾬ М֝ оצẓ֯׀ ᴿד
ἤᾼ  иȲכ ᾬ ן֫
ᴖ ϚḔ оȴ
Â ITO֫ן ᾼ МȲ ╥ѻ
ᾼ ȴ

Â ṿӣ Ἠ LSD֫ן Ȳ ṷо
ᴿἤᾼד ╥ẓצḆֵᾼᴕ ȴӦ
ὑẔ҃  (ẂֽȲ Ȳ )ᾼԚ׀
Ȳ М Ḇֵᾼ Ȳ
ᴖ Ғ Ӑȴכ

Â Ӑׁשṅᾼӭ ╥ ҏ ᾼᶾ
LSD֫ן ȴ

Â Ӑׁשṅᾼи ᶧ ֥(1) ֥ ᵗ
♃ Ȳ(2) ế(3) оḛ ᶾ Ȳ
Є юԚ׀  ᾼ ᾨ ȴ
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Selective recovery of indium from lead-smelting dust

Chemical Engineering Journal277 (2015) 219ï228

HikaruSawaiet.al

֯ ֥ ᵗ♃ ᾼ МȲLSDМЄ иᾼ Ҡ
ѿ ethylenediaminedisuccinate(EDDS) ἤ֮и
Ȳᴖ ᾼ ⁄Ҡ Ӧ (ӣ ế ᾼ
֥ ) ϚḔ юȴ

EDTA EDDS HIDS

Ӧὑ ҟ Ȳ ֥ ᾼ♃ Ḕ Ҡ ϚḔ юЄּ82̟פ

ᾼLSD ȴ♃ Ḕ Ϸṿ ∟ᾼḔ Мᾼ ἤ
ᾼ Њоȴ

Zn and In extraction was limited 

to less than 26% and 8%, 

respectively

Pbextraction

~90%

Pb<1%

Rich in Pb

pH>11

EDTAӢᾬ ἤ ╝ EDDS



Selective recovery of indium from lead-smelting dust

Chemical Engineering Journal277 (2015) 219ï228

HikaruSawaiet.al

LSD ἤи Ӧὑ ᾼᴩⱢᾼדᴿἤȲṿ
֯ Ḕ ϚḔ оȴ֪ױȲ Ḕ ֯pH5

ѿ оᾬḛ Ȳṿ֯ϱ ᾼ ═Ҡ ἤᾼᾬ ȴ

(88̟ )ѿ оᾬḛ
ᴩ ἤи ȴ

Zn and In extraction was limited 

to less than 26% and 8%, 

respectively

Pbextraction

~90%

Pb<1%

Rich in Pb

pH>11

HCl/H2SO4

Mixed acid



Recovery of indium from used indiumïtin oxide (ITO) targets

Hydrometallurgy 105 (2011) 207ï212

YuhuLi et.al

Â ITOכ֥ ᾼѻ Ѡᾎ╥ ITO Ḋ
ӦDC ᶧḛ ֯ⱶ Ḋϱȴ

Â ᵀ╥Ȳ֯ МȲҬ15̟פּצ ᾼITO
ṿӣȲ ϯ85̟ ӣ ᾼITO Ȳ
ȴן֫

Â ITO ╥ о ếIn2O3 SnO2ѿ9:1ᾼ
ѩᾼо֥ᾬȴ

Â ITO Ἤṿӣᾼа ϠTiȲSnếOȲẔ҃
а ᾼᵶ ᶁᵅὑ20ppmȴ

Â ӣITO ן֫ ᾼ ╥ и ȴ
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Recovery of indium from used indiumïtin oxide (ITO) targets

Hydrometallurgy 105 (2011) 207ï212

YuhuLi et.al

Â Hsieh Ϣ(2009ד) ҏṿӣ ᾎᵏ ế Ѭ
ITO ן֫ ᾼѠᾎȴ

Â Li Ϣ(2002)ᾼѠᾎȲҔ╗ -Мếḛ - Ȳ
ᾼITO ן֫ ȴ֯ױ МȲ ӣẃ ᾼpH
ẞ3.0-3.5Ȳ ѿѬ ᾼѠה и ȴ

Â Chen Ϣ(2003)ׁשṅϠҫϚ ѠᾎȲҔ╗Ẓ ◕ȸ
ế ȴ

Â Park Ϣ(2009)ҫϚ оᾬ ᶧᾼѭᾎᵏ ᶾ Ȳṿ
ӣ ϛ (PVC)W Ɫ о Ȳ о ן֫ Ȳ֫ן
96.6̟ Ȳᵀ ᾎӣ ӱ (LCD) ӒȲҬ54̟צ ᾼ ֫
ȴן

Â ϚṷẔ҃ѠᾎȲẂֽ ꜜϡ о (scCO2) ậȲ о
ᶾ Ȳ ᴏ ế Іӻ Ϸ ȴ ᴖȲӦὑᵅ ֫
ן Ȳ ế Ȳṿϱ ᶧᾼЏ ӣắẞ
ạȴ
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Recovery of indium from used indiumïtin oxide (ITO) targets

Hydrometallurgy 105 (2011) 207ï212

YuhuLi et.al

Â ᾎᵏ  ᶧ ӣ ᾼ ế о (TO) ן֫   ȴ

Â ᶧȸ ȸЊὑ75mmĄ ȸ Ą ȸ Ӧ оᾬ
(H2S)ḛ ҟ ҏ Мᾼ Ą ȸѿ ḛ ן֫

Â ԈȸITO ӒЊὑ75 ᴏȲῴỞ ⇔(100g/L )ȲL/S

ѩ8-12ế90ʕϯ2Њ Ȳ ᾼ ҏ ẞ99̟ ȲᴖҬ8פּצ˖ᾼ
ᾼ ҏȴ

Â ӐϱSnO2Л ὑ ἤ Ṇ ȴ ᴖȲITOϷᵶצ
ᵅᾼ оᾬȲֽSnO, InOц In2O.)

Â оḛ ԈȸH2Sи Ɫ101.3 KPaȲ100g/L H2SO4,֯60ʕϯ10

и ȷ ֯ ҏ ᾼ ⇔ ᵅẞ10 mg/LȲ ᾼ ҷЊὑ1˖ȴ

Â оᾼIn2(SO4)3 Ȳӣ ὰ֯pH1-1.5ế65ʕϯ ẞ ᾼ
ȴ

Â Indium is recovered from purified solution as sponge by cementation 

with zinc plate, which is a proven process and has been put into 

commercial use widely.
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ᾎᵏ  ᶧ ӣ ᾼ ế о (TO) ן֫   ȲҔ╗ Ą Ą

оᾬḛ ҟ ҏ Мᾼ Ąѿ ḛ ן֫ ȴ

ᾼ ҏ ẞ99%

ᾼ˖8פּ ᾼ ҏ

֯ ҏ ᾼ ⇔ ᵅẞ
10 mg/LȲ ᾼ ҷЊὑ1˖



Recovery of indium from indium tin oxide by solvent 

extraction

Hydrometallurgy 107 (2011) 56ï61

Â ᵶצ оᾬ(ITO)ᵂⱢ Ḋ ȴ ╥Ϛ צ
ᾼ  Ȳ ᾼ֫֯ן ϱế ϱ╥֥ ᾼ ᾎȴӐׁשṅ Ӧ

ậ LCD ן֫ ȴ
Â ȸ֯1Mᾼ Ἠ ȲITO ₇Ҡ֯ ἤЮ ᶙԓ ȴὑ

ᶙԓ Ḇ ᾼ ȴ
Â ὑ ᾼ ἤ Њὑ ȴ

Â ậȸӐׁשṅ Ϯ Ṇ и ᾼ ἤȸTBPȲ
D2EHPAếẒ῏ᾼ ֥ᾬȴ

1. ṿӣ1MᾼTBPἨ0.2MᾼD2EHPA+0.8MᾼTBPȲ Ҡѿ ἤ֮
1.5 M HCl ậȴ

2. D2EHPAҠѿ H2SO4ᾼЮ ậ ế ȴṿӣ>1.5MᾼHClҠѿ
D2EHPA ἤ֮ч и ȴ

Â ὑ ṷ ὨȲӐׁשṅׁש Ӧ ậȲӦITOи ế
ᾼѠᾎȴ ѠᾎҔ╗ ITO ẞ1MᾼH2SO4Ȳ ∟ṿӣD2EHPA
ậ ế ȲẔװ╥ ἤ и ẞ1.5Mᾼ ȴױ ᶧȲҠ

ѿ ẞᵶ12.2צg/Lᾼᵶ HCl ȴ
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Å ӱ (Liquid crystal display, LCD) Б╥ ЭӢ♄МЛҠἨ ᾼ ₇

ȴ

Å Ȳ2012 דӂ ӱ вҵӢ 1 ԑ 4 Ͼ

ȲẔМ LCD ὰᾼ Ɫפּ 9 Ͼ Ȳ Єᾼ ҏ ֯ Дד∟Ӈ

Є ₇ ᾼ ȴ
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ד ⇔ L C D  ὰ

100 14,025 9,258

101 14,011 9,131

Ὼ2ד вӂ ӱ ῶ ( а)

ẃ ȸᴩ╜ ѻ



ү Ḋ ᾼẃ
Å о ֯Ḋ ᾼ ӣ ᾛȴ

Å IT ᾼᶶ Ȳ о Є ӣᵂ Ὑ פּ) ṿӣ

70%)Ȳṿԓ ᾼ Ḗѿדᶁ30%ᾼӔכ  ᶶ Ȳ כ ẓ֫

ן ȴ
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( ѩ Ẃ ) Ѡ ה

ᵶ (Ệ )

1. ITO Ḋ ( 70% ) Ό֫ѡӐẁ

2. ( 15% )

о
3. ( 5% )

4. ϯ цЛṏ₇ ( 2% )

5. ( 3% )

ᵶ ( ) LCD ϱ ( 5% ) о

ẃ ȸЏ ᴆ╬Ṯᾙủґ113

ᵶ ד ῶ
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Å оᾬ ITO(Indium Tin Oxide)ᾼ ╥ ὰⱶ Мᾼѻ ȴכ

Å ḕеџ ὰᾼ ITOᵶ צ ᵌȲ ѿᵓӣ Ѡן֫הȴ

Å ᶾןᾼ֫צ ю ᵶ ᾬ ȴ
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ẃ ȸх ԏ TFT-LCD▐ ӱ


