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Abstract

LCD televisions and monitors use cold cathode fluorescence lamps (CCFLs) to illuminate the screen. Most CCFLs contain
mercury and they have to be carefully handled at the end of their lives as per minimum treatment standards under the Waste
Electrical and Electronic Equipment (WEEE) and Restriction of Hazardous Substances (RoHS) directives. CCFLs were carefully
separated from mold frames of waste LCD units for primary decontamination of mercury/fluorescent compound mixture using
CCFL decontamination system designed and fabricated in the present research. Residual mercury was further removed by
employing a pyro-process, where crushed CCFL tubes transferred from primary decontamination process were subject to heat
treatment at 550°C in a box furnace: more than 99% of mercury was removable from waste CCFLs.
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Fig. 1. CCFL decomtamination system.
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Fig. 2. Cutting apparatus and cutting operation in the CCFL
decontamination system of Fig. 1.

Fig. 3. Apparatus for CCFL tube transfer, mercury/fluores-
cence compound separation.
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Fig. 4. Heat treatment cycle for residual mercury decon-
tamination by pyro-processing.
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Fig. 5. Pore size distribution obtained by Barrett-Joyner-
Halenda (BJH) analysis of adsorption isotherm.
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Table 1. Specific area (m%g), total micro-porosity volume (cm?’/g), and average diameter of a micro-pore

Sample Test/Analysis Item Test/Analysis Result Test/Analysis Method
ERH (mYg) 1073
KS L ISO 18757
-G A EF EPS Il W] 3 0.47
MA-G 4% S '“oo*r(cm/g) (KS A 0094)
B AT A7 (A) 17.7

Fig. 6. Microstructure of activated graphite MA-G of
Ajinomoto Finetechno, Japan for effective mercury
adsorption.
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Table 2. Constituents of LCD backlights

LCD Back-light
g B Short Long
FA [g] |18 (%] FA [g] (918 [%]
S8 6.75 84.30 8.12 95.33
333 0.01 0.09 0.01 0.12
G2 F 1.25 15.61 0.19 2.23
74
qe | EER ; -] 008 | 099
(AA) ' '
&= - - 0.11 1.33
3}t A 8.01 100.00 8.52 100.00
BRI 3 mm
=27 2174)
Zlo] 904 mm 743 mm

Table 3. Distribution of mercury in the components of LCD

backlights
LCD Short Long
Back-light e E% [ppm] e %5 [ppm]
Feld 1.86 721
CER 991.17 540.32
ot=m) g 39.81 8.64
FEFEA) - 1.91
i - 18.80

Backlights®] S/8#47 74 Al 24 435
Z}z} Table 2, 3ol YeRTh 4714 F53T He
22.19] Aol 93 backlight At A 7145ee =
T YA CCFL Falis} 27| A=yl Qte g x{=I
2T FFA N A giFE FAFE s &
F AUtk 7N FEE F2 SRS 0.09-0.12%0
AUA] 948 CCFLe| ¥3A Bl thake] vy
o] ZAgth= Aol olyst AP T2 A FAlell

nalgo] YA AF 9o EAeke f2 Hu Ee
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Fig. 8. (a) Booth for CCFL separation, (b) Array of CCFLs
in the mold frame; (c) Mold frame after separation
of CCFLs.
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Fig. 10. Recovered powders of mercury/fluorescent com-
pound.
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Table 4. Weight of individual backlight components

Glass | @gA| | A% (HdE&d| A

=A Hlg@)| 903 | 22 | 75 L1 | 100

ZA@ | 910 | 022 | 076 | 011 | 10.08

o] Aol Aet B A 3ol Hasiit. |t
9O 2 CCFL #3ll5t A28 o] gsle] 2F e
gk CCFLO] ZH7 F~29] &S Hrsisinh. &9 A
A58 71EA"4 (EMPA, Swiss Federal Labora-
tories for Materials Science and Technology)$] ‘FPD
SZUEe] CCFL W% 42 g 2% B3l m=
H S W] 27 ti2F 1.33 ~2.63 pg/tube®]
t}. o] W &4 AL&" CCFL fal#e FAE =
9.1g0® 71Fegleng e g9 5 TP
146 ~289 pg© 2 o’st 4= A}, CCFL F3lisl A&
T fe W] o FERe B AT A oF 0487 pg
o2 vepgted 723 #4459 EMPA RIAE
33l & W CCFL F3llsl Al=gle] F33t &2
ek 99.67 ~ 99.83%= AlAHETEH

B TS A CCFLE AZsl] 29| 2 I3
AFHo g AR Asked I ol 32200 7)&
St 214" backlights®] EFell W} fejtel] SAlst=
F29 FHa o] Table 391 YERASo] 1.86~
721 ppmo 2 FASHA E5t7] wjEolt). o= CCFLe
BYshe 72 FE ARGANM AEG A =4
3 5 gloksd ZIdeketdl Fawd 19 23 &5
ol & oS ogshd LCD #E A AXUAE
© RoHS FAL ZZ3oF sl== CCFL 3+ 7] 9
ShRE 29 ke 5mg olslely FEIth Iy
u)=k Aol F EFE Aol 200430 AA|
st ATl oshH 157)9] A& thE LCD AEo|
F35o] = CCFLAA 32 ~ 660 mg/kge] 528 o)
A=A, fARE AFelA B CCFLY e
B $& RS 39] ~ 546 mgkgo|AET] o] E AR
o] H]F=o] CCFLe &f=lo] e 429 & AdA
A A= Blo] mle- oFHTe e & 4 A

Table 3¢] CCFLW +2& F o] o=k 577~
1033 ppmUS APH oz ZAHsHonz 2 34 A
g ¥ CCFL 3% Wel 2 FraFo] ti=k 0487 pg
olghz ARl HIFo] B uf RISk 99% oS &
sttt | Fe) glo] 28 uiE 5 STk ol
34 & o CCFL 2l U9 f7 &2
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7 LCD (Liquid Crystal Display) 314 ¥ #-2]%l CCFL (Cold Cathode Fluorescence Light) Ul 4~¢] 712] #A|A ¥ 69

¥ LCDY| &= =g Yol 2E CCFLE Hls)
g2o2 AAS v 7] IHE 723 FFA
Mo 3xIstd oz Fasl A2 = e A8H
132 Z3A Al A|2=H]L- pilot scaleZ AA|/AZsIA
r3BA slRHEe] Az Flst AE] 28s ¢
olHgITh E Aol A, AZE CCFL Fallsh Al
28 S o]gale] X7 CCFLY 2HF 29 %S A
Froz Hrhl 2 A Fallshs 99% oS g3t
Atk olEfdt At Al s B w) AF AR Al
A ggoll golgt AAE A8=A 22 dA LCD 7
718 Qg 389 CCFL AA 2L vE1e]e 55
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