daggaEgel AES] ALE 71e/ME 5F

742, 294% 2%
gt AFHer1eds PnsredT Y SAEAE Ao JAH
WMEE - fEALAR SV eI

Recycling Technologies of Spent Liquid Crystal Display; A Review

Kyoung Keun Yoo', Hyun Seon Hongz, Bong Gyoo Cho®
"Korea Maritime University, Busan, Korea
Institute for Advanced Engineering (IAE), Yongin, Korea
SR&D Center for Valuable Recycling, Daejeon, Korea

Abstract

ARG AZYole need dyude F£3 dASy Jon dIFd 2FH8AV7e dAF
Zog A AHgFo] FZEsn Yo FF AAHYAZT ] TAF Ft d2H o FA A
&8 71¢ % *P‘*Eél«] olul 2 HAgAY2Ed ol tRrEo] 27 - vy AHH glo] F&AH
o &4 2 B4R A g st AHFHT Uk o] FAME F Fo AEE AHAYF R 7
s e At Fy Hg2Sdol TS ZlEMEe] BFS AARnA

FA : ARE, ArxaZdo], 35, FrhAd, ADZNHAANF

Liquid crystal display has substituted for cathode ray tube (CRT) and has been widely used
in small electronic equipments, and It is expected that the amount of spent liquid crystal
display (LCD) increases in future. There is increasing concern about the loss of valuable
resources and the contamination of surrounding environment because the most of the spent
LCD has been incinerated and landfilled due to incomplete recycling technologies and system
for the spent LCD. The present article suggest the development direction of recycling
technology of spent LCD summarizing policy and technologies for the recycling of spent LCD.
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A T H7HE AESS ‘£A34F (Urban mine)'olgt Aelata o253 H A4 7t HAE

3437 93 FAXNY L 7|&sLo) s ojFojxx JU1-3]. d¥ EAARA T 51'
grpubabe 19459 olF A2 o £HE 249 %2 FA3A Table 13 o] A od,
2 o QFY FHL AA uFz wse B Fud FAE Fol 77 16.36%, 2242%,
1550%9 Aoz ZAstd AAATHA]. Sadte JEF 3 dEAA AT o2 dF-E
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o] F£2 FYd gFEsn glon ALHHQ Ao WAL A TAIFA LS FIF GAFHA
AJDFFAA 7 u$ FLIG5]. AANAAAEFLS dEAY '=AFA (Urban ore or
Urban concentrate)' S 24 FF F&EAYOZA F4& o]8o] 7[d=E Ut}

Table 1. The accumulation possibility of urban mine in Japan and ratio of Japanese urban mine’s
potental to reserve [4]

Al 60,000,000 0.24 Mo 230,000 2.69

Sb 340,000 19.13 Ni 1,700,000 2.70
Cr 16,000,000 2.08 PGM 2,500 3.59
Co 130,000 1.88 RE 300,000 0.35
Cu 380,000,000 8.06 Ag 60,000 22.42
Au 6,800 16.36 Ta 4,400 10.41
In 1,700 15.50 Sn 660,000 10.85
Fe 1,200,000,000 1.62 w 57,000 1.97
Pb 5,600,000 9.85 v 140,000 1.08
Li 150,000 383 Zn 13,000,000 6.36

2Edole F2F AVNAAAFY shteln, $vetelME 1950d ] Fuk 140 g2=Ed o]
Agdozx Zu B2 A(CRT, cathode ray tube)4to] A|Z =t o]F LCD (Liquid crystal
display), PDP (Plasma display panel), OLED (Organic light emitting diode) 5°] S33tHA 2
Ad H8 gaZdoelze AHo] o]FoA[6-7], FF AU d2FHol2A FIAANE (2F
#o] (Flexible Display)$} 441th 3D tl2& o2 wAs] Uz Ago|th8-9]. & AARARI|E
A4y gE2d @4 RN AHEHE BE d2E#o] 7]717F CRTY 255 713 & wo
H)3te] LCD 7]17] Abgol 23] ¢ 3% kWhe| A7t dsEe Aoz FAsALH (Fig. 1), ]
Agtes HAFE oF 40% AL RS2 BudA (Table 2)[10]
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Fig. 1. Energy consumption saving by using LCD [10]
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Table 2. Equivalent amount of CO2 emission of CRT and LCD (kg-CO2) [10]

22

Stage 17in_CRT_monitor 15in LCD_monitor

Glass 32 1

; Production energy 17 44
Manfadiuing Emission of PFCs 0 64
During use 296 83
Disposal 12 3
Total 357 195

ols} o] LCDE H2ZFol2A AztA 4o 54 B ollel 844 HelAE 7]E4]

CRTET} $43td Algo] A&H oz Zrlstn Uk Table 3914 & F K] 20008 =
Uish A7 LCD o) Fol: F23tn den (Fig. 2[11], iAoz fxFgolAFe] 10d 3
T AH4E ¥ dr€Eds /AR o, 201532 HE oF 400~500 wefe] HAxEe o] 7]7]7F 4A
g Aoz FAHHC (Fig. 3, 412l

Table 3. LCD sales market in Korea and World (unit: 100 million US$) [11]

T & 20014 20024 20034 20044 20054 20064
s gt= 3,518 4671 5,596 6,697 7,773 9,027
M| A 8,796 10,863 13,015 15,221 17,667 20,516
e 1,050 1,590 2,297 2,809 3,236 3,825
=48
MIAH 7,244 7,950 9,189 10,405 11,558 12,750
o4 gt= 4,568 6,261 7,893 9,776 11,009 12,852
MIA 16,040 18,813 22,204 25,626 29,225 33,266
35000
30000 Korea
| World
25000
=5
= 20000 - = - =
2
= 15000
2 10000 - o |
5000 { ' !
0 : . :
2001 2002 2003 2004 2005 2006
Year

Fig. 2. LCD sales market in Korea and World [11]
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Fig. 3. Expected Domestic Fig. 4. Expected Domestic
Accumulation of Waste LCD Accumulation of Waste PDP Displays
Displays (10000 units/year) [12] (10000 units/vear)

4 FUA F2 LAz Qe ddaFdols BEed TVEA 80% °l4de] faEz2 74
o] Q7] wEol TVY AFE AL F=2 FIAHE 3571 5Fed13l. LCD EYHS A%
7%, Egt2Y, §8 To| Fa HRov[14], FEAHE F UF(Indium)S " Fo|Y} FHFHAFTo=2
A AHEEa Yo FS F2 £5E UFFAAEE (Indium tin oxide)o] (4 ¥ Fe] 78%), W
BEo PAfdrjAEY o] (Flat-panel display) ZBo| &&= Qo HgxZHo| T =A%
M F ZH5ARL PAE B EYS £ AeFeE 5 §H299 2] 2 £ doy Md
3lo] sl AS FEAYLEN 8L F AT

oM &Y Z4ug H2E A 7479 FHAA HLCDE AHsx Jon, o
E 5 AAFE FAoz dAgaEyel F 17t JEF FFAER AAASE AT AL
o] ¥ ZylatdolA AP gvH15]. FH FUoA LCDE AgEste At gl 2439
2% HAsta Qe JLCDE 47 £& vdAEHT A7 W FF dF Hox=EHeo] ¢
Ao tu g AEE 71¢ Bd A7AE L AL3U AF3 .FH3 o EndAE d2Fd
o] &g g FuUle AMFF F JEAL ol s Hsn FF rEAE $F L V)
HERE ANz s

2. U9 Y EF

ozgdolAEe] A 2 AYE AL F= HAVNAAAFA L3 85 ATk &
%9 HA7ARAEFS] HE Table 49 UetATH16]). 2 =9 HAAZ|AAAF B 7]E
AL RZFPEA S TR HVIE 2AS AT BA d FAHo|x EEHoE AT
steztd 23& 2FAoU o ARy dAHE AAFT FAEAY ZEEA AFY A
FA(life cycle)l A HA=E FRHA 2FG3 ALY 224 7|AdE AHdd THE Fol €
EgE, ARAA A, AF Ax, AF F5, AHE R HY T A AR A AAE F
o EFAoR FZFPEAE HAGNES AL, ol AFHE @A FAHRT FATRLTL
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Table 4. Definition and scope of waste electrical and electronic equipment (WEEE) or electronic
waste [16]

Country | Term Scope

Large home appliance (Refrigerator, microwave, etc)
Small home appliance (Vacuum cleaner, toaster, etc)
IT and telecommunications equipment (PC, printer, etc)
Consumer equipment (Radios, television, etc)

Lighting equipment (Fluorescent lamp, etc)

EU WEEE
Electrical and electronic tools (Drill, etc)
Toys, leisure and sports equipment
Medical devices
Monitoring and control instruments
Automatic dispensers
Korea WEEE Limited electrical equipmemt and electronic devices
Japan WEEE Home appliance
China WEEE, ;same definition as Limited electrical equipmemt and electronic devices

the EU directives

USA Electronic waste Electronic products that are discraded by consumers

EUE o9 2& AEZFAY RAAAS 714 dA FAsH 200080 Sof 57522 (IPP:
Integrated Product Policy)& 23 %th olo]l dhEHQ 747t 20030 Hr]jx=EdolE v %’
HAAZNAAAES] rtolF ¥ AlgE FASIE WEEE (Waste Electrical and Electronic
Equipment), RoHS (Restriction of the Use of Certain Hazardous Substance in Electrical and
Electronic Equipment), 1A AF&#]¥ o 2ti#}el X3 (Energy using Products directive)©] ™,
olg} BAF AFWe Aux FAaste] 20068 FE HWAEN ZAZ Aol 2P S AAFA HA
t}. olgge HHA | o3kl Alg Ao AFH FaBAR, ddolsral A, ol AA A
54 Fo AE AN A 2, LAER AFAYY IFHJY Aol THH ffEdw
2], kst olgpo] 24, olEBAAY TFH T, AF A FAHA 23, LEEE AAEE
ZHe 52 Was9o17]. WEEEE 20039 290 FEH o 2005 89%E 235 A"
2o FAAHE L ALl 22 g 20073 19FEHE AL JFAGEHEF
zg YWegowz 3t EUE 7z 3|93 20043 89 1397tA #AEH S /MAs S A= H
g E 2 3te] 2007d74A ZF ZFo] AFY AAo] #EHIUT RoHSE #3lEddd o, +
. 7}= %, 67}=2, PBB, PBDE¢l ti& AL&7A1E 9 ARHAALH A=7R19 FARAS R o R
HEEEA BRG] 71EA $£98 Asn dE EU UFE0] FIA 7@ A E B
37] 9@ ZAo] Az FriE T Yok ol xFHo 2 EUE A AA&H A3E A<

o of

Mo =
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A3l A ABEA 2" FFo] 43 AAEH oy, EUY TFAE gAlolE dF& FTA7|Hol
REEQ FAFANAE B35t o, QEBG ARG LY YA o dFees 71de] F
7t F7he 3, AzGAY AFvig dAAAEFS #EsA sHol HAZNARAFY FHFAH
BolA g go] F7istal AH18]

YEo Z, g RFH AYRFo2 sty HI|EZREH AU FE 35 € &8 o
3 Q77 2% QB AFLLE dojE, TV, &L, Ag7] 5 7HAAE /XS Yoz
2001'd 495 AP de 7tA Aol 2T AAFE|EFZYP gAY AxA 2l
Az 7HAAEFS Aol ES AASa Aok dE9 71A AtelE WHFAA telA A=A7H
A YrlolF EHE FA5I AzAA ] 7I€A gAlolE FEHER BAHE F, YA
gAalolEAId 9l ZAd AF/E Aol olAE HAMAAFLEZEH {71 ALY IAFES FAA
e 1= Ad7)Eo] AR oA 3FdE 24 N2 £ MAT P 3t

e 3, dEo|Y FFoA e} o] “UutHy| B A HZIE'R EFEA &2 vx A
W] o] Ase “F3 HZIE'H “‘HlFE HUIER dddch {FRS I o3 AA - AgE
Ayl AL A% HAa FFoH. Fuith Y FF T 4¥ AMGo] 27| g4 F
ottt ExA4¢ ¥WE AAS ok dEHo2E A EYolFo HxHAE A 8L (Electronics
Waste Recyclng Act)¥} 3122 329 (Proposition 65)°] o8 AAAFAEEHL Au| A
A AARAEL Foid of ATE v go] FAHEE Y1, FHED BYHL FASIGEZ
452 e AL AEL FARI QA S} Ao FHF FFEAEFS vjd WA}
£ 33 Ao17].

FTe FF YoM ALEHE ZE AFA dis FHEF AL FAGL AHE F HIIHE A
FozRy $4LYgo] LA X=F 37|98 China RoHSE AR, 20073 39 194
H Algadn o] e AAARAF LF5A e AT HEeY EUY ¥HE ZHZ
gt o] ¥& WEEE 3+xg, AZ4dF 5 29UA 9} disie SFHIAFHE TASA
71E E#o] 9lon, WEEEY 3%, siA], A<t Aol&d dig 71xE Z3std Aiate ‘29
A B 935S 4d37] A AE2 89 A7)

S-Fuhete] A% 1967d0 AP “Fa BAYE AFOE HAZAAEF AZE BYH Yo+
199739 A1gE “AFS AAFZAAAE", “$F AEE AF FAJAFTAE", “T371& AEE
AE SAFAE"7F A Zo)tH19]. o] F 20023 12€ AAFEY F7F &7 FZA Y 9A AL
o] Aok £33 AMES £R37] AT #HE BEYe]l AA - AlAH HUEY TS HA
goz JAE LAY HrES A2 s RS EEEZ 9 FARAF F9 &
o] AL g4 Az =R ok olo] uhel, 200339 “AitA AY AGEAL e A
o] Aoz gAlolE £ BHE YEA 7|x7) vtA=H], AV EY TAE JAF ¥ oy}
gArtolF Ao o Ao ¢@olEE T B9 AN FUAA ] AAR LHE £
I o ol HIE REF AR BuE ZAAE AL AFALAA Ax, AR 44 )
Z AR AEE 3ste Al . 2008 A £8Y MALE A4 BFAZ AW
gol wa AL EXe] 2AH AY 87 A3 A2y FHE AT 7]de] HEA, AEFHe
2 2453 o, 2011d 39 #ufja T E 73 YPEo) N ¢rFHT 20139 F5
g 2 AP 35 FEFAZY A8 A% AR FR FoA AH(Table 5). 4719 7l<€d Z%
9] F3EA AL A S Table 69 A z2lsH
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Table 5. Restriction of the use of hazardous substance in EU, China, Japan, and USA

- o|=
EU &= 4= (22 = o
Al 2006.07 2007.03 2006.07 2005.07
HAME | 100 HER | ymymomz | 7N AER Vi HER
d, IIE’, T2, %,fgi%-gf- e, JIER S8, | IEF, £,
7HE2x | 67t32E, PBB, PEDE (&% 67t32, PBB, 67122, PBB,
PBDE =10l =) PBDE PBDE
1000 ppm 1000 ppm 1000 ppm 1000 ppm
7|1 &% (FLEES 100 (FtrE82 100 (FLEES 100 FIEE2 100
ppm) ppm) ppm) ppm)

Table 6. Assigned recycling quotas by type of electrical appliances (%)

g o2 b A 21.0 11.8 12.6 13.3 145 16.0 19.0

4 F 2 25.0 14.1 16.9 173 18.9 20.6 221
= -4 30.0 21.2 234 242 25.3 26.1 274
olojziciMY 26 36 1.7 19 2.1 23 24
JHel g AFH 140 8.5 94 9.8 10.3 1.1 12.3

3. Zule] AL Ve TF

3.1. LCD9 7+4E2

LCD TA4E39 F8 7153 A& Table 73 89 UetitH1l]. AZAA A5 BeA o
¥t FAAEC BIHI eov, Fig. 59 Bdd FHHEL F5 11%, LCD &3 39%, =%
9% 20%, Zet2E B 9%O02 J|&/de] 43T g, A¥Eo] sddn nud FL FAM
2 of 79%~83%0|", UmA 98 ZehxE P33, AP A(polarizer) S AR AL-Eo] o
¢ Aoz 42A itk Table 991 LCDe AAH felel 54 dehldct. A4 3l o
HAE AAAR =] F2 Joy FAHoZ FHA Ui BAL o]FoAAA 22 FH ol
o, % AFzAZAge wa FAZ 42 tsAe Ak fEe AFe FE FEE A8 &GS
AME 94 ZEE FAoIERE e A7AZ Sty 53] HadEe] diE o=
dA ok £ HE Ho| dwrHog AMEHE frEdl wste £ 900T ol FAM 7] Az
3 Aoz deA AGE A 7pFo] Gt Kol HFA o Ao dHA Ao
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Table 7. Main parts of LCD and their uses [11]

FE-ARY 2E 2 ANge F2 7s
2 £ HEgMEE 51, EF
=22 7| ' LCDE TMsl= HEgMo| 258 27l 22
et 2 =3 3M2 oI 2L etRI E0UE X9
i &9t AYME viEs 2Tt 7Yz EE2olo]|=Exo] FF
WY M= Hd ZRe dolg AHE £ SH =3
A H 0] A dYMdol MESE FH Mo Azt == FXLA
M(seal) ®M  [TFT7|®z} 22t e 7|82 2ol HEH
S X[ H| Fost HHAMEI MZX| LS FYFE Sdl= M=
o x| 2}olE Hi2lo|E RUE ote] xH7|3R Ys3o| =R/
ah A3t ol X] 2lojEe| mdH grgio|elel WE IMITHSZE HIAIA[AH 2o
ol8 888 37MM7l= A=
k-1 S B ofl x| 2lolEL| WE LCDO|l ZdsIA Eull=s M=
Zg|E AE Moo HHALE 2| 3T E 227 /st AR
cauE of|x| 2}o]E Y& LCDHI Fxst7| 9|8 E2tAgE
TAB Ezlo|HLSIE EAME EYME 7|7
=z}o[HLSI TFTE &8l YHN=E FSsi= LS
(el =105 TABZ} LCDE M7|Meoz HSESI|9ie MM, MxzAdE8 Ho|st &
=M LB |B

Table 8. Major components and materials of LCD [11]

Majorcompone ?s? i

Stalniess steel alumlnum plated copper sheet

Metals

LCD glass Glass, organic materials, others

Light guide Acrylic resin

Plastic chassis PC + ABS (includes glass fibers)

PC board Precious metals (gold, silver), resins, glass fibers
Other resins Resins (composite materials)

Polarizers Organic materials (composite materials)
Fluorescent tube | Mercury, others
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Other resins
L 10%

" Plarizers
L 6%

Fluorescent
tube 1%

~ | All recyclable
] Partly recyclable

- D Not yet
\.

Fig. 5. Main components of LCD monitor and their expected recycling ratio [11]

Table 9. Liquid crystal and glass used in LCD [11]

oA Glass
AMEZ9 | LIXON ZGS-5202LA ARcae. RRih
Aluminoborosilicate Glass
3 Al Y CHISSO Corp. Corning Inc.
*  Silicon(<30%)
- N * Barium(<10%)
xo Mo Bicyclohexanes(22%) o ARIRURILI0%)
e * Cyclohexylben-zenes(47%) . S
(s =) |, Esters(31%) *  Strontium(<5%)
: *  Boron(<5%)
*  Arsenic(<1%)
o 2P : Bod Bl of o H|
: o WAl RS e 9 &Y
= a =1 .5
EEL2™H | samscwmws 20colst |+ softening Point : 900Tol
B o ©oI3}H : 200 ColAt * Bulk Density : 25 gm/cm3
o Z=H : 150 Col4t
o EHZFAAE . HEFMolEE w@E
2 OIMES o2 FEAIIE U2
B . Al Z7|ZERtA Ao H 72l E 2
= - A ] 2 Az of =off U=l 3}&
TAHRY | say o sam sme - gy| 2 EPEDCH T wRT o
el 33 A SEE R
e FLEHR : & I, HUY HEH|, Liorumds. oo .
J1 & 501 XIZRRS A0 JoMA dtobM M E: Barium, Arsenic

ed A 24

L LR A

Hdd: ZFcE [ 587
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32. Ag¢871&/E A% L 5F

LCD= 95 g AFY AAS A3 71 do] o]FfA 1 Qon o2 93 APEST &
g3t717t vl P& FeHZ AAE Fig. 69 @A) Iy oz 295z Y= HLCDY Has
FEE YEhATH20). F2 FHA(FR) 95t HAE LCDE A ATLo] 7158 BRe
B BE Foz IFHY, EFEAL fdd S gt F5o] fLEHo] Md . 34w
=3
LCD =39 ¢Fe freje vl$ A2 49 944, nsgoz AP A4 52NN S
AEe AFREEZ A PIAAY dRE AP2E BUAY AdarNE FAYIHE flux2
ARESEE e frEle] o] dFE 749 AL o4 whyolth LCD A3 W ¥3Ho] 9
T AMA QEES AY ¥4 Fo dE EE2E3 #4 29 2(Slag)t A A7) (tailing) 24 ¥l
90 €t ANYE FU82 LAY YA wulzq FLHE A9 BE Row
gelx Ao

SHEHE G279 4712 FAH 7] g g2t T = PVCE A9std =
2 98 EE 332 gj§02 Ao|&Hx gloy LCD Ed=o] e SPAHL BEA =
A WA (flame retardant)® EF3t3 e FS7F Bo] 7|29 AL WAooz Fgo] B
7bedttt. F2 FAFR) J8 Fe2g TR g A5HE A9 Yoy AYITHGME
s &2 YgEe 4= B #Holrk. #A nZo|A Recovery Plastics International (RPI)
AR BEA WdAE X Fetagn QA YdAE £33 Seage RS Ao]E o
&3te] E2E S 29 - I5dte FHL ANT L0003EE FEZ $93m 9H20)

LCD AFANA fAFH T 57158 3SR Zede FAsE 23 d32nFoz oy
A glen o] §45& 2249 (magnetic separation)®} }F M4 (eddy current separation)2 2zt
Zt sledn FEE ddd, 3 924 A5 $7 Q4327 9(PCB)d] EeEo gow
o] FFAEEL wild F F $5Ho APAZ HuUA 5P A= Z ALHT 9
%o AAdE F&o] AR ALHE A7 AT FLL E4o] Eol YEHoZ HEIE
5 AR glen], LCDY| & A¥o] THE A9 580 Xy BREL e Hasia o
Agste F248S 345 o :

HLCDERE F8ALE 33ts o] 7|&3 vis} o] A m oy ofx BL HEo)
7€ #5002 2Z-ddHT dE AHol7] fRo[21]. MAF] AL HHe 71gde] A
ALE vFes - Hd7lefge] ojFojAm Yok, HEHY sjdezE VICORAHE),
MerckAHS), SharpAH(4Q), Densho(¥), JEITA(Y) 5°] don HoAZe o) HBL 7149 A&
3}E SH2Z 9 5359 2 TAMLE FusA A8gsn ok

4L LCD A g8 g d77F 713 2us 724 HLCD W g faad 347
& MEe S8 Feoln HALCD A4 A9 243 7|&ALE AYstx Qo A S
=24/ 02 245t cullet Feje kP AARAY, LCD H7|EL BY = A
A7 AEFLE AgEste A7/t WY H3 vk 29 SharpAllME 2001d 8 SZgka
g Aelx &8 R PCBY #7134 34, 78 cullete] AAE A8 HBL 71& Ao 23
sted AA AF AF Aol ABE FrgL Flsta glon (Fig. 7) ¥F LCD 28§ 24
o o 80%E AEE e A& FER 33 Jdoh. £ ITO (Indium Tin Oxide) EHAZ oA
AES ez FZ, 353t THAE ML 435 AFANA S JSs40
FHED 3+ AAAR w247 Yoz Brsing Ao2Edo) AAAE 8L 7S
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#d A7/ gwsit. 59 MERCKAMIAME LCDe ER Ate| 23 A& sty &7 &
& 47, Eg2de ARLELS A9 100% FEHA EH 2¥7F £ A FE A
o] EAoAN HAF HAr2ZHo] & FEA dAFoZ AHESAY JH LCD AL2RH 9
A 2AL 3224 F AL A7/ APHRL A+

~¢lde] STENA Metall Groupol A& 2015d74%] EUS #B#cixZ o] AAAFo] wid <
75% Eo] @@ttty wekate] 20108 WEEE A4 740 £ EY fAto|23 Avl FAAY
2 wx3gct. 25 Gakerrtol A LCDY &Feh2d A4 % 2A45%E AP LCDY #lle
A #x7% A, Y SAE £F9] 28 243 2 ARS VEAEE APt At
#2 LCDst #4 %ol 23HUY PDP A4 7|42 LCDs v wstd ALLr1eNe A&7t
AoA ez 1A HriEz lon B ZFF o] (AF) frelslAtelA PDP HE2RH {F7t5%
Q Agst In9 F4E AT AL 71ES Adste AR 749 AFTE TE FIA FAES
AgE Aul g 7ts T 5201

ZU HAARAEZY ALE 71€ ML £FS AT ug Fe Fgo|n, FFAANALEH
3g FA o= LCD A4t AFEAATE ol ZH%% 1&g MEsta Ao FldA
AoaEgole PFL AEHo2 F7HEHL Y 2‘-} ggt2g RFeo dXdH 357} ol
Fold B e 27, ddIAY AT FF AIEP[ZZ—ZS]. ety el Y=g
olo] AL Uit 7lEsEe] AT Aotk

Product use

o -
r ﬂ - {customer)

Disassembly

New consumer
electronics

Molding and assembly
of plaslic parts

It

Plastic parts
recovery

Mo
review and

Dt - A :
Pelistization Melting/ . Mixi Placing into
extrusion i .
Product Plastic pigmentation Il High-punity PR separation § - High-efficienay

design technclogy and recovery technology. | metal removal ine

Fig. 7. Recycling of Plastics from WEEE by Sharp Corp., Japan.
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| Mixedmetals | || Metalsbroker
(non-ferrous) (markets unknown)
Sheeddec, Magnetic . . Plastics broker
geparation & Eddy »  Mixedplastics [ (marketsunknown)
To current separation
Secondary
User - Steel =
Residual
bulk
HSM _.u_zm_m : 5 »" e = > Aluminum —1*  Metals broker
(failed units) Working Zo:.ﬁw.oan.nm
Units Units
. ™ Copper —
a5 . Disassembly
=g . 4=
Communities Sorting by recycler (by hand)
| Removableplastic | | Plastics broker or
ts direct customers
Individuals Non- b S
(direct drop-offat [ Working Residual
recycler) i bulk - . Mercury recovery
Units = Mercurylamps [+ recycler
Export o > Circuit boards
for Recycling Metalsrecovery
(smelter)
|| RemovedLCD =
screens

Fig. 7. Flow diagram for the recovery of materials fro flat panel displays [20]
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33. T8 5359 A

F1-9) 7 f2aZgo AL A 7|E MY TFL 1o TAFHo|L HFHoE dopr 7|9
3 53 A% 2AL AXNFYL olF A5t 5 ARANAHX(KIPRIS)E ol &3ttt &=/
QR/m /5y Z71E dAoE e FA/EESE SIE A € £ eH, o] W A8
AN AE Table 100 AstAct A48 23 F AgaEgol AFd 70T A&E B4 7le
o] o}l E3x Al9ste WAoE FEHYS dgon £A4E A3dE 94954, F.E99, 3
& AYE E5A42 47 27539 Figs. 8% 99 Yehuiddt. ddaFg o] AE83 #dsy
A B34 Y 47, 29 151402 YeEgs, Zue Z$ LCD A&E #d 53+ 10
71, PDP ¥4 &3+ 164, 2 o] ¥47]€e] 187122 YERH.

Z9oA 9% 53 1514 F 2999 FHo] 4EY A7 /M B dEA &AM A
gaZdo] AL BF A7 b FEE o]FoAn Yk AL ¢ F UMDt F& 94
A AR3|A}7}F 4o n Matsushita 7] (Panasonic)?} 213, HitachiAb7b 1971, SharpAb7 9
A4 EFE 298U 345 AL uFL A¥RE f29 By 2 AL #AE 5371
571%, AE, € 5 F7E F535d AL 537 17%2 T 537 49 ¥ 24 A9
v 89t} Fig. 89 =9 53 S2dFS Avxd 20008dd 53 4L F7hsdx F€
ATE 2004-2006d Ateld] AFHO 5S¢ F Ut

ZY Hd2aEgo] AE AL L BASY FU F 449 53 F LCD AEE #d 53
107, PDP #3d 53& 16722 PDP #& 539 H|Fo] 4z o A Ugst FoE9d2
2 A4 SDI, A Az, A4 A7), RIST, LG d2Ed o] So| glon o5 53&4 HFo| =
Y 53 £ 1/3 o]AL AANY AL FQ AXIA 5357 AFHE F4E U 35
AgEzE ¥ f2Zgoels fa 2g 2 AFEd AP 537 4T%2 M L& HEE B
Qi QoY & 5 4 2259 #¥d EFE 17%2 =4 debgoh ICP #4434 9
3 S2HFe ZAFE A3} 2004-2006 Alojoll &Aooz AFrE Fud APHUFES FA
Aed (Fig. 9) ol 39 FF B4 279 fAE A& € F AU

Table 10. Examples of Patents Search Formula used to select patents using KIPRIS DB

(c]AZ2)0| or PDP or “Z2}=no} clAZg0|” or E2t=0}-C|AE 0| or
Zol=o}FA|EX or “Z2t=0} EAIEX|" or “Ec2t=0}ZEA| EX|" or LCD or
“OH X C|AZ0|" or HHC|AZ 0] or “YH-Cl|AZE0|” or HH FA|ZHXE]

_:.l‘_m
= or “UMFA| Bx|" or “UH EAIEX|" or AMC| or HHufE or "W md”
or “Liquid crystal display”) and (M| &2 or &% or X{ol& or MALS or 3l A
or Mx2l or 22| or MY or Xx2| or MX=} or 2lM0|Z or 2|ALO|F)
(display or PDP or “Plasma display panel” or “Plasma-Display-Panel” or LCD
—— or “Liquid crystal display” or “Liquid-crystal-display” or “Liquid-crystal display”)

and (recycle or recycling or reuse or reusing or reclaim or recovery or
recovering or disassembly or disassembling or dismantling or dismantlement)
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S8 V=Y 8% e FREHY U QR Y @y

Fig. 8. Current Status of Foreign Patent Applications

SHVUEY 89 @) FoENY U GRE Y @
= etc

LC

Qo = N W sk 0N O

oo

I oL FANE: F 447 =32l (1995-2008)

o FREUQ BT MASDI 671, AT} 57, HMF7| 47

Fig. 9. Current Status of Domestic Patent Applications

4. 3] q2Ege] ARG 71&NL dFaH

41 BAA 714 &%

LCD EYH 2 TV A&E 7Fx 4 Ao ostd AA AL 712 24 771 AL $ 2
E77F AA s FIEAH &0 62%, EetxaEo] 38%9 #FmE 7t F&4e 347 ABE
o] FAZ A 2A 719sE e g9, A4 FHA H LCD AES AL} YL o 3
AA 7 LCD EYE7F g3 12009, LCD TV % 3700922 RuEls, JLCD TV
7tAF A 37009 T Eek2H AEE JHX B%E 14179, F5 ATL 7HX 61%= 22709, A
A AEE 7HA 1% vk 27902 o= a vH24]. #H HE YA FHPCBY ATLELS H
oz AQdHUoY o]F EFY A, HAgAZHo ALY AAFH RN} A4 Ao
2 AZ4dq. PDP 349 A, FFH0 o4 AF AR FAHuES AHRE §7 30% =%
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42%, S~ 10%AEZ o] F 0% AL Aggo] 7H5stele Azed. 2y Ad2Ey
o] & PDP Hd9 A%, 471529 v & WolA CRTS LCDe Hl3A ¢ &L v|FL 713
dx EFsn AAHQ AGE 7€ AR FYYE FEsn ujg A Feelr. d&
JEITA (A#} AR 7]%& AAdgI)Az0] 93d kg3 cdd=He AL FrPHAE /f7les
3239, k29 1329, #8, PCB 2 7|el2A) 125922 H7tsta lon, o& IFudlA 24
3 ¥ g2aZyold HEF AS 2007d 71FS 2 kg PDP TV 4349, CRT TV 2319, LCD
TV 467922 ¢ 48% TFEo| 33l Aoz BuHArh

Yr F2so AARAYA IFaE AR AANAARAE T H/NERFH A+T 5
gz HAeke] 7p5e Aoz ®WIEAT (BBC report). LCD A4tel T3 J&E XA ge
ITOS A% FAL Ffatn don, FAL H7E23Y 358 2S¢ 74%9] AvA7t deH
o, g Ed uAZEQ GRuEH FaE 44 5%} B%/F AEHE A2 BuHUY (Fig
10)[25]. o]s} Ze AAFAHAMY U AFL AAHA FA ¥ ol FAAA FH(o]F3}
gx & gA) S A2 7148 sz AZd

100 +—95- 1 B S === |
q |
2 60
E .
" |
£ | B
" |
n !
? -
) |
=
=
Al Cu Fe N Sn n

Fig. 10. Energy saving ratio of recovery of metals from waste (compared with recovery of metals
from natural resources) [25]

42 73 A 714 &3

A AARAE] At AFH FAR FZEd gt xAAHA #3574 (WEEE & RoHS,
ELV, REACH 5)E59] A&Hoz 735m i olo vlalste &L &7 o] EoAL
gle], ZABAFAN |FAsA dAs7] A8 oldl W F Y& A& AL BA
H 238 B oolg AAAH ZHIHE F2F FAZ FH Aok £F, HA2EH 9 A
g A FAE2F Ao B B_A £F F4Ha e, PDPY B¢ 7IFENste] 4¥E £ F
Qe L4729 AA ¥ 2 Hrl&, CRTY #d e 15 = @(Pb) 429 73z
g 2 A3} 714 R, LCDY BLU fRd A5 £& % F8E29 484 AA 7
& 317 9.3,
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4¥ HitachiAtl A 2@ ARAF AL 93 COr Z2EFHE ALE 1300089 A=A

w2 EF A A3 5o A8 ¥ F5, 22 98 EFE FAdAYew RE AzdE B
Hlste] o 12,0008 CO; W& % A2E347} Qe A2 Uegt26] welA, FueA w¢As
T BE E (20118 o) # daFgo] AFE A o 728 £ CO, MEF P2 FFHI} o
2 AL2 AFdn. FudA 2011de) 24 & Aoz e ¥ taZyoele AL o)
A8 Al oF 2% E9] CO, MiEF ZAEAIL U

5. 43¢

=7 ko] A P& tEo] LCD7t CRTE F43 dAlsn glon, &% 78 4= 33
stejet o ddt. JLCDS Z& HANARAAFLE ALY F$ FE8AY02A ALgo] 53
4oae A71d 34 frAlEEA FAR3E 29A91A Ak JILCDS 80% AEI AEE st
i @b glod 7 o xYoE ETFstn HLCDE A¢Esr] A% 7leAge R
& Ao diFEel &% - vjZHx ok fevete HALCD AEE 71E L] w$ 2RAHQ
Froln, ASAHA T FDAGe LA st AAAY ALFFAA FE5L 98 HLCD
ARE 71ege doAo] T glo] AR, AFA, 44A ol T AA7E o)
2 8.5}t
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