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ABSTRACT

In liquid crystal displays, light-emitting diode (LEDs) are commonly used to provide the
backlight. This study analyzed the composition of the LED backlight in a waste liquid crystal display
panel. In particular, the concentration of the valuable metals Ga, Eu, Y, Tb, Gd, Ce, and Lu in the
LED backlight were determined. The LED backlight accounted for approximately 0.2% of the total
weight of the waste LCS panel. Furthermore the moisture, ash, and combustible content of samples of
the LED backlight were 0.41%, 75.63%, and 23.96%, respectively, and the Ga, Eu, Y, and Ce contents
of the samples were 738, 64, 18, and 9 mg/kg, respectively. Metals such as Ga, Te, and Lu were not
detected. Thus, the main constituent valuable metal in LED backlights is Ga.

Key Words: Waste, Liquid Crystal Display, Light-Emitting Diode.

uli



36

RIgFgT PR SR 37 -

T T H NB- OpME

~ CHIF
yﬁiFﬁ’g,ggi%g (Liquid Crystal Il;isplay, LCD) E'*r]'““?,ﬁ
TP SRR~ O R SC 1 el BB 1 o AU
%4 LS LCD Afji V4 LCD ool 1A 7
1G5 B LRSI IR TR 2000 B
2012 5 53 [ 45 3,860 F4 44308 Fiyy'~3,758 i °ffy 2013
IV EETRVE 4,410 i RRATL M5 - (A LCD
BT B =R O RS CRT MM [T 5 i i
Pt S R T £ LCD S ’%'[r“%uf il
[H'lli‘iﬁﬂf“’ﬁ’ E%ﬁ[H"ﬁ LCD V& ffer “E‘-HF”” e
B [URE ST o
[T LCD [y 4 Sp 1 20 g A 1 > Jf L TR
(Backlight ) 3 SR [FUzofic » PR AR {72 ot e
I HERAEE] LCD T - 15 2 rolﬁﬂﬁw
AT SR bff‘:ﬁ?ﬁff?fﬁ il LCDF
VR A KR E,Ih(-, A@F“ ( Cold Cathode Fluorescent
Lamp, CCFL) ® 3k~ @Fﬂ ( Light-Emitting Diode, LED )
= SR LCD B a‘é*?ﬂ?"“ 1 R S AR
&Jﬂf‘ﬁ]a’gﬁ AR Erpﬂiﬁ A F{', ]
[ ‘@'ﬁ?&ﬁhﬁﬁ_ A e A‘ﬁﬁ*’“wﬁéifﬁﬁfﬁl’%
FHIFEL2)> P LED =525 £ LCD § 4 AL I/ = 7 fF
P52 @3] A - LED fif 7 PR cu?ﬁ;ﬁ% H
(GaAs)- ?(,ﬁk’ (GaP) ik (InGaN) WL (SiC~ GaN)
SN I LED i 5 (Ga) 2
PIEY A 4] fl bl LED F15h 3 VAEny s 55 fl e Fj“r Gk
(Bu)~ &2 (Y)~ & (Gd)~ & (Th) ~ &fi (Ce)» %(LU)
&t 'F]Efgj- ;;Fﬁlf;_ > LED A VRl IPS ] il
ErR RS i (Ga)~ ] (Bu)~ £ (Y)~ & (Gd)~
#(Th)~ iﬁ (Ce) *ﬁ (Lu) &g 18 5> A LED
FIARTRE!E [ as -
a”\—ik” Bt APERGEEBI T [FlR5 LCD (1 LED
A 8555
%ﬁ%ﬁf ff1 FE‘.TF?E;?T’? FIFIEE a4 2 3t LED ﬂ%u
V5 4 g

R
() Bhisg

F PRI [ I8 LED FA R

W 2 FFISG VR LCD Ry BV 51

LCD £ifs A Bif B » $ P I e LCD Bl A 138y
i View Sonicl5 [ LCD &= 3 - H 9 gl(/pqgﬁl 15 pVs
LCD #5fifi B ¥3Hy# View Sonic 15 f LCD & » £ 9t
I 2 -
() LCD 52 i
F S SR Vg LED/LCD I') * = it =0 fil
PSSR R S R PR SO

it

SEEFIED S i o I % LED/LCD B B8 VAT RS LR 1)
Ei- e % P17

e

P L ﬁ[ﬂ[ﬂl%ﬁa LED ﬁﬁu?’*{ NS Hy*ﬁlﬁ BB
ISP DR AP VR LED ﬁﬂ;‘ !
(B A R, -

=) W

F P GHER LED FIA TR, - B0~ PR
DRI IE AR £ TN T AT
(Inductively Coupled Plasma > I'| ™ fif#i : ICP) » 3£/t
LED Fiot iy 8 5~ 500 57 S B SHE R
VPR GRITRT - AT PRI - [R5 R LED
,,\7{“.\ Iﬁiﬁﬂl% gF gagfg-m,lqy Vi :‘gﬁiﬁﬁ¢[€t
TR BRI
LAy ~ Ry W s
FPHREE SN LED FRATRRES 0T~ Tl ~ AR
D31 3T BT | R R PR e
— il & (NIEA R203.02C) 5347/ LED 7] 1R

ul



37

Dy FOREE - BRE - 2 S R B N T AR RS £

B & Fi Ao RPN R LED AR AR G AT
EIY |J~§klf_bp~JF i LED "’%mﬁiﬁ 5o hg['jf/\}ﬁ?‘Fl » I
1V 105°C [ 2 S Atz 2 | 2l | = s B 2t
ErVRRE > = ERT S RS PR CD o N IR pIR R S
()
13 (%) = 222 X 100% (1)
Wy = HHZFRffET A9 5
W, = HHZ 5T B R E
AR RV LED FTV TR J‘m TR
DIt A 53 AR LED F] AR '/*ﬁ]}f,ér NG

ST af%f%iiﬁﬁ%&?ﬁ’?f F VIR Py ORI
1% (NIEA R205.01C) &7 4] - BI2ViZE 'S LED F]A ¥
iR o B PR TSR o O R T T
1200°C 45 30 5348 = A sl (AR 2 300°C I » Ky i1 4

SHZRARKT A ] > GUR IRl - FEIVEEL Y 3 LED 1y
M@%ﬁp 59 i By ;lJ/iﬁéfE'HI » 4T 105£5°C V3
TR 30 538K+ ERIRIE iR B00CAER S I - (S
MR 300°CH] - KRR (ﬁpﬂﬁ#) PR AR fll=
WA R (7 2 (2)~ (3) Al HEPF B F 1oy P
RT3

EI(%) =gt x 100% (2)
A3 (%)=100%— 7 (77 % — < (77 % (3
Wi R OOCﬁ EVE; f |&J/ﬁ<1:f#
2 . FF[ llj,j:fFlFIJ'_l/ﬁzfﬁ#I%] °
2.8 FE’J’Q F EI (B
¢ﬁﬁdzﬁtﬁ)}q¢g % LED ﬁﬁ@jsé,%%&%ﬁga .

£ 58~ g~ SHE W 3 RIS 1) (A P ]
' LED ﬁmw AR Sl R G R
WSS 50 5 B A B PR PTRLA R
ATPEATIRTRS » SRR & R ST o
R £ A T TR (ICP) 23 AR - iy
LED F74 VR R B - (5 2 g i 4
”r“: CE G RURARBRTT £ VAR (2 SR 2 e
— = = (NIEAS321.63B)) &t Mok ~ 5~ 52~

F S g S S ERESIIIT TE S i
A PEIR FUR I M RT3 T SR FI T ICP S5 AT
LR G Q’ﬁ“&@f‘“ (2.4) FFEE2 WY 2 PR
\ :EJ@ CD 1 LED F]A T & b (w1 £ 81 -

TR 2 R B

BifE B e

L3 bl

= n‘iﬁfy‘iﬁgﬁ‘jﬁﬁ
(= ) LCD R RSfRER
5 LED/LCD %@H = A ?ﬂijfﬁlg'];[/ 3Cik
fifr > FURURTE i A Ao 8 LEDILCD it b
ST BRI SRR R LCD A,
A ZER B TN N T R R SRR E S
TSGR 1S DRI i ?I?T&Ijﬂle I
§i LCD i+ 38 VA 'H‘yfgl PRroiEse
AU e LCD Al A AT 3 LCD £
fifr A3 HUE PSR [ LCD Frya Sy As Bt s
S l@ﬁ’fﬁﬁb IC FEEEAS R % » ¥ i LCD S
ARLENLCD iy ~ Py A (888) o RAYRE b > )R
PR ILRLFT B VIR ~ oty 2 54 ~ 4 AP BN - 1
SRR« LR (8 R LED FARAD S o 3 LED
FIATRATE SR A (58 VN REE AT
%’f?q'iﬁi&ﬁ (#) -
S TR TR LCD Bl A LB S i
P
2y

.
=

T

A %/J“*’?T’?Ejlﬂié%%’” (9t e 1 L
L LCD il AV BT BT 17,3103g £ FIEI 157 E45,100% :

Apuyal (IR M IC TRy ) EIRID

FI53 =47, 48.3% ; ﬁ'J LCD A A#E Bl 45 1,603g - H g1kl

FIo7EEE 51.7% 5 < LCD i EIE £E 4009 » FIETEIFI57
5 12.9% ; ~ S IHAE (8 FiBiih 1 £

3.39% : [fy e Fik 1,103g » B ETEIT 157 £ 35.5% » 0
riﬁfﬁﬁ" iEM ﬂ’ﬁ%’?ﬂﬁﬁ}

11.3% 5 s ntity 2 4 F1E1ET 509

BB E1E T 50g > FIENF 157 P 1
[ £ ; ¢

\1:{/
Busf

st
)
i

ynfm g

l

R}
(o))
o
«©«
1y
i
aatt
N
oA
T
[y
2
S
o
b
it
Il
e
[e2]
o
o
o

4

[
I

-l

17345, 19.3% § il LED F]FE iR H1£G 3 - g@;
“£3,0.1% » I3 LED 7] A i 91 Bt 1 75

-l
. il
_[_

-\

I

Ul



38

RIS TR ] 5 -

T T H NB- OpME

F 1 REETATR LCD i A VRS EI R F 5] Pt

SRS TR il Fioib= (%)
LEFHSR (U7 - IC FEaty) 1,5009 48.3%
2.fjij LCD 5 1,603g 51.7%
2.1.LCD [ify 400g 12.9%
i i
225 IHE (8) 100g 3.3% -
2.3 55 1,103g 35.5% a
23.15EMI (TE) 350g 11.3%
232 FHEWA (% 24) 50g 1.6% -
233 4P () 509 1.6% -
234 1y (18) 509 1.6% -
235 LS (85) 600g 19.3% E
2.36 LED {5 ¥H 39 0.1%
ﬁﬂnfﬁ 3,103 ¢ 100%

PR PERAT RIS LCD Bl B 47> ML LCD
ﬁiif]{ B RLpl T Fifyas - FJ'J LCD Tifyas =2 s fyas i iy piv
< EPUSASRL IR B 1C FEEAS TS S - i LCD ity
ARLFTLCD by ~ S IHE (88 W IERASRE AR RS [N
PR PIRLE B RTINS ~ S 0fAy 24 ~ 4 AP ~ [
SRS~ VHRAS (8) %5 LED FAVRAZRY 0 B LED
TP TR G R AR (88) VR T N EEPE

FiErEA ks (88) 1o 3 LED {9 g -
e 2 KA FEAREST P LCD fifi) B iR R
AT P e R P BRI 2T 2
MLCD i) B ErfH Al 1 2.25kg> H 1R I 15311 100%;
vxplﬁ{” (FIAS ~ IC THEERY) EiRIEE 7509 - HEiRIF
57FH 33.2% 5 | LCD A EE £ 1,506 - H iR
5T E=4T 66.8% ¢ <~ LCD by Ei £l 5% 400g o H EIEIT15

ul



e e

39

PRI BURED ~ 2 B R BN AR A 4

17.7%: < b5 SHEC B8 OET B £ 100g> HUETEVF 15 E4% 4.5%
1y ASAE T HIES 1,008g - FIEIT10) 4% 44.6% > B (7%

H
AR |V B R H EE %3509»;’;;',
B

e T
ljmim
-l
\T .
T
Pt
N 1

155 F=£5 15.5% ;

%F\[J— PR\l fﬁﬂ[,’ﬁLCDﬁiﬁ#[A?ﬁiﬁ#l BF‘]‘:H;T‘EE%
B - ERRREIOE B IR LY IC Y

o Pl Y HY LED ”“M”@@r’ﬁﬂ? - g H

ety 2 4 FUETEl L 509 2% A AP IR B2 R prg SpRrg=e<rg 1 [fl - 3 LCD ’rifﬁ! AL
TERSEEI BT 509 E1EIF 105 FEE 2.2% Elnﬁﬂ’zjﬁ?ﬁﬂ;ﬁii D'F‘JM%’J;JE'% 3g > HEIRIFI57P45 0.1% » 5t LCD #:
£5 509 - FIEIT 153G 2.2% 1 LA E RN ES 5009 0 ]f[! BV LED {7AEIEIEE 6g I ETRIF 157 F40 0.3% » i

EI—E 153 l—t n 22.2% ﬁ| LED F‘J’ 3"’1‘&[‘,5} El“t’n , E’E{F, 5;2' }!—-F‘ FPT IJ‘E[ ]g'lv E’ J0.4% o

TEEG 0.3% -
2 2. {REESTFR LCD &FE,IEI B VAERSERI I N
SRS Eil Fioib= (%) [
LEFsaE ( bﬁfﬂ’f? IC [y ) 750g 33.2% @
2.fji] LCD 5 1,5069 66.8% -
2.1.LCD iy 400g 17.7% -

22 IHE (88) 100g 4.5% -

231 AP (18) 350g 15.5% -

232 FEWH (Gt 24) 509 2.2% -

2.34 ey 509 2.2% -

236 LED F] 69 0.3% -

_‘:ﬁ&m 2,256 100% -

ul



40

RIS R 9 -

% 5o

Sg- O

(Z) By

AP IS V5 LED 10 ﬁijfﬁfﬁpi%f? <
TRy PRI TE S S 6 %ﬁfﬁh ?ﬁ
BISTAT I') 0 B LED 77k mygm;@fropw? LCD Al
A LCD ffif B 1 LED TR TRFTRENTELE 1~ 150 2 il

FIETT R AT B9 3 AT A PR
P [ IR & i =1 Pviei 1 LED 370 TRER
PPPEER A ) 73 AV A0 A PSR B [l S
OV LED 00 (5 19050 KR L g 2 B3
ZERR 4 SPANER - EGHBIINIA 3 Fr o T 53 AT
g e
1 = RS 5ot

1:%;}@[]?&?1/@# 1 BRih 2 - Al 3T 4 ST
7L LED A1 u]%f[} 59 > 3 [JIFT] 105+5°C [V ATz
2 T ffwmq U Y R HZE S P
NN ﬁ;ﬁ*r@?ﬁm o B F Rz VL
H 800°C FEVIETI 7 (= 3 /T 1 » 1y llAE 1SR RERET R -
AL 20 (2) BRI G AR 71 B > bIEE S (3)
AF T -

L LED FPRVRRRLY = 555353 PR R R IR 4
AR 4 VR B R LED B 1V -1 57 £ 0.43%-
T {155 72.51% 9 [ S5 HE 27.06% DI 2 1 -+ (57 £,0.49% -
T 75 T3.67% 9 i3 £ 25.84%: DAL 3 1 <75 0.31%

T 7745 80.42% M P55 10.27% b3 4 2 1< 4% 0.40% ~

T 53 66.93% M i 457} £ 32.67% - Bt VASHNE Bl
12 3LRYh A4 7 F 02 BT SR 041% -
BYERREIT 218y E RSORS00 9N 53 4G
75.63%% 23.96% -

LS B PRI

fl wﬂwﬁ%, Sk LED F X 1~ 2~ 3% 4 nfit-
Y EPINTENE - VTR (R 4)
RS RR T (R8s R Ry A

i

% LED

TIATRAL 1> 22 352 4 57T B00TCH Bk » 77T [

ifﬁ[, “l':t_¢WEIE]I%f£F &é%%&rﬁ%ﬁxﬁ
LEDF A TR

;:“f,gb} )f%iff, [Mﬁ@.&g FA
‘ﬁ“ %F E'ﬁﬁiﬂﬂﬁ%ﬂ[@s&a& ,

X TR i@“af’?ﬁﬁ' IV LED F]R IR s

W
=

i ee =

FLE P

£ 959mg/kg~ ] &
24mg/kg-~5i & Bif SF BHEL 12mglkg iy
gl =i S E E'IH’fﬁ?EUL“ CoI o B i b s )
HT‘*L%@& 4 tH5 5 58 LED F“ ?'”Uf‘;%lf[! 7 800 C”ﬁ ey
Up=i)> ﬂ**:f”ﬁ RN 3%vﬂlf%ﬁ EilEa

A

,E (hfﬁ i 2= FAE_') X (1- ?"F—f{é!ﬁji};%) [ff

W (7115 83mokg -

ke
=
<—~‘\

m

F E'fET VL LED FTORIRAC A T S W R
738mglkg - 5£ B BN 64molkg ~ £4E R ORI
18mgrkg ~ i T §F»,§= £% 9mg/kg

A T LED TR IIJ‘I\,‘SEFJ‘:?F,E'%

ﬁéFfJ’ﬂf“ﬂ“ﬁ"%% S A g 5
ST BRI RS 5 54 G LS WABIE T
fl > i LED §750 15 [t i R - Jﬁ%fﬁ

# 3. BIPJIpSCHEM Y 7 RS LED TR0 R

A )
1
2
3
4

4. B LED 3= 5 [V ST Fadifd

=Y <15 5 TGy
%) (%) (%)
B ‘
1 0.43 72.51 27.06
5 0.49 73.67 25.84
3 0.31 89.42 10.27
4 0.40 66.93 32.67

ul



ES s

41

PRI BRRE  2 FE AR B T B AR RS R A

#5 BLEDF} ﬂ?’?iﬁ’%‘ﬁfj.’ézﬁﬁ IV~ & & 4 %?ﬁii
£ [ (mglkg)
1&}
ﬂfl[& Ga Eu Y Gd Th Ce Lu
F Al F gt F A
gV LED | 959 83 24 CPCpE | CIRRE | 12 CPHC R
AR Rt ) i)
F F At F
’“ﬁ’“’éﬁy LED 738 64 18 (1o B (I ERaS 9 (T HERE
o) AR G
i~ R )
TP RILPURLES R LCDHl LED { AR AR5 i R IR I AL E‘“{f#ﬂ%ﬂ FPAEY (R H“r
BETATERE 5] S0 o 2 B SR RS R RUIT . B EPA-108-X10) ¢
¢’|i11‘4hf[ ghﬁg%’ﬁ%ﬂ /UL
(— )'f LCD £l AR B AT 7 RS PR A 2P R
AR A BN %In;j 195 R F RS YA L AU EIEG)E R ) TRT-LCD gﬁ,@m » 104 # 5
[ IC FREERS - T I IR ¥ Ry LED ARy E[13 [ 1> JVE T http:/Awww.auo.com/?sn=405&lang=zh-TW
FIBIZ B g S RIS T[]« H VR LCD Ay 2. P (955 T 5|20 [ Tl ST TA R
AV LED FATRETE!N T 3g > I EIF 107 45 0.1% » 104 & 5 E[ 13 [1 > JVE1 http://tw.knowledge.yahoo.com/
L LCD £4if B .V LED ﬁ VREERIEY 690 HEIRITI5) question/question?qid=1106072015978.
% 0.3% > [fsrﬁ‘x E%Elﬁ,’iﬁfﬁj Z[H LCD _éjﬂ 3. @ﬁa&zlﬁ]ﬁi%‘%i'j 5 LED %’Jlﬁﬁff 104 F 5 F]
%’F"f,lﬁu 0.4% - 13 [ > JVET http://een.ctu.edu.tw/ezfiles/16/1016/img/833/
(=) 5 LED F7AVRY = 55 by 53 s N B > i LED F1A LED06.pdf.
'F VAT EET 0.41% 7 557 H9EG 75.63% K Y 4. {ﬁ*ﬁ(w 8 ] )> FIk LED # ﬂ;b@ir‘ﬁi#bﬁ
2 1454, 23.96% o g 1045 5513 F1>EVE T http://www.mem.com.tw/article
() m LED ~~~~~ ”hﬁ '&ﬁ‘ﬁ & g, B AT N _content.asp?sn=0808250010.
Ao Wﬁ LED 7oA fﬁla Fﬁg /‘%\“Q = ’Aliii £ 5. AN PP (101 7 12 7] 24 E‘)’fiﬁ?@%"f
959 mg/kg ~ 5] 7= (1 £ 83 mg/kg ~ 48 B = Rt VTSR IR 0 104 5 P A3 | VR
7, 24 mg/kg - QTM; o :¢ Fﬁé{ £, 12 mglkg » [HI5- 5t - http://www.appledaily.com.tw/appledaily/article/finance/
20121224/34724825/.
BV 2 R R -
M) BISEEETH R LED 7747 VEVRLE 1145 4 T
(D) PUETH T LED Tt IR RIS T I : 104.0513 ST-: 10407.00 5 : 104.08.05
Fﬁfg} £ 738mglkg ~ £ = F’”g' ‘p 64mg/kg ~ #4& )
= F‘jﬁ% £ 18mg/kg-~ 5 = = PEE £ 9mg/kg F’Y@ﬁ LED
TR e @%fﬁ”@@&ﬁ PR
HEIRIps i -

Ul



