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ABSTRACT

Although Korean domestic production of flat panel displays totalled more than 48 trillion KRW in 2007, most of the flat panel

display wastes have been land-filled or incinerated, which greatly overshadows Korean national prestige as a world leading pro-

ducer and developer of flat panel display devices. Countries such as Japan or EU possess quite limited land-fill capability and

have sought ways to dispose of WEEEs from environment-friendly perspective rather than recovery of valuable materials from

the wastes. Considering relatively short cycle of about 5 years for flat panel display devices, it is estimated that more than 5 mil-

lion units will be accumulated as wastes by 2015. Urban mining is a most suitable countermeasures against China’s monopoly

of rare and rare earth metals, which are contained in flat panel display wastes. Therefore, materials recycling of waste LCD units

has to be developed and commercialized soon enough for economic and environment-friendly recovery of valuable resources

hidden in LCD wastes.
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(FPD: Flat Panel Display, LCD, PDP, OLED) _`
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�� � 26e� êPp 30e� ê, 32e�,
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î S Pbâ& �d QX� Y�N~�� V��� 4

5[ïJ� »t$%& ð� |M� �yN~Z. S �

Gâ |�� �î wd/QX1 ÏÐ9 Pb�� ÒQ?

ñ¢, ¹ñ£#¢, 
°�±¢, PCB �
, _á¢,

CCFL, òó¢, �ô ��¢& MQNV QÓN~Z. v

�>� '(N� ®5 õ�Ò� ö�N� �w O ��
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U1 �8� ��� Fig. 3� |M� �y� 100% �

®5%& ���"�� ¦ §M �û 9� � wd/QX

J üX� �Ã� r�w� QÓ w ¦ ý9 (Table 1)

	þ q 7Q 26Ö/(� R� -�Z. aD�â, aD§

Kâ k� � dýM� ��, ì�, Pbâ \�� ,�

N� ¿ÀJ ®5 � ZÑ� ��� ]^N~%k l�

1 ®5"K�J ø° ®5NV 	þ�J ¹�$ Å�

N� �� �Ã Q}� k´3�Z. S |�� R��

Ã r� ý9� l�� Table 1� �o òó ÏÐ Q

X�!� |� R��Ã? wd T QX _d |� R

��Ã� q 62.4%� ¸"�� öeN~Z. LCD òó

� QX T wd � ®5`� P��k +,� j?

��%& BLU� h��� � ��� � ¿ BLU 3

P� �? =B� 	"wxN�& ®5 �Ã? '�N

� ®5 �>? �RN� 1Z. ¥� ÏÐ� wdk Q

Fig. 1. Schematic diagram of dismantling/disassembly of waste LCDs.

Fig. 2. Individual modules from disassembled waste LCDs.

Fig. 3. Representative tools for dismantling waste flat panel

displays.
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��J� PCB� \�y? =!$�° a³N~�� F

» �� }� � O ��
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Table 1. Lead time of each unit process for manual

dismantling of waste LCDs

�1m ¢� (£E¤

�1 1 �� �y ¥S -

�1 2 �¦§ 4¨ 43©

�1 3 D%ª�� 4¨ 39©

�1 4 Wire harness/4-�� 4¨ 46©

�1 5 �@ ª��l «¬ �� &/ 48©

�1 6

«¬ ��= BLU ­El «¬

h®�� &/
92©

�1 7 BLU­E ��� �� 108©

�1 8 «¬ h®� �� 92©

� �
468©

(7& 26© )

Table 2. Detailed proportion of valuable materials in waste

LCDs

h9W� �� �� 3¯ ��

h9cf
In 0.01%

0.01%

Ag -

cf
° 46.0%

29%

�° ���� 12.0%

h/ h/&± 5.8% 5.8%

���² PMMA, PC, ABS 23.3% 23.3%

�� ³ 87.11%³
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PQ�� Ya O ��
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PCB� MX �cK �J CNV �� QÓ� «4)

�+J �� ¿ÀJ Table 3J +�1 �� QÓ��

 ! (c� O ��
��&Pp PCB� v�) ¿ �

C%& ,� � �� »�� gG$ «4 Å�& �

� �-Z.

3.5. � ����� �� ��� �� ! "�#

�,� O LCD wd QX |� �8 �] T ÏÐ/

Pb� ÒQQÓ� gNV O LCD bench scale \�

y unit� M�J ��� �Ö data� .�/%. �J

CNV �Z }0$e  R £#, 
°�±, =X ��

=y`E \�y T `EÇ �R�8 �]�  ! dG

$%& �û ) � �� *�Z.  ! O LCD _`

ab� \�y1  ,� �w�� �X$ wd/QX |

�� "#$ H$Ç� ��N�& \�y |�J��

O�� ]^ HRÇ� �� ÏÐ/Pb� Q¢ T ��

� �X$ QX |�� ßGN� /0 ��Ü� M�N

� *� ��NZ. �� O LCD _`ab� \�y1

Þ(Ç� _aD2� -�� �·� \�y �R�8�

Ò|$%& �]NV H$Ç ) � ��x ¹&R ��

¡(& !# |�e O LCD&Pp �>$ =� `E

Table 3. Quantity of copper recovered from PCBs of waste LCD monitors and its market value

!/ ��
LCD 1�´

!/ µ(g)

LCD 2��

!/ µ(ton)

`��(%)

`� D

!/ µ(ton)

6�(%) 9j($) 9j(¶�)

20% 27.35 0.547

70 0.3829

99 1,876 2,114 

99.9 2,106 2,373 

99.99 3,301 3,720 

80 0.4376

99 2,144 2,416 

99.9 2,407 2,712 

99.99 3,772 4,251 

90 0.4923

99 2,412 2,718 

99.9 2,708 3,051 

99.99 4,244 4,783 

50% 68.37 1.37

70 0.959

99 4,699 5,296 

99.9 5,275 5,944 

99.99 8,267 9,317 

80 1.096

99 5,370 6,052 

99.9 6,028 6,793 

99.99 9,448 10,648 

90 1.233

99 6,042 6,809 

99.9 6,782 7,642 

99.99 10,629 11,979 
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� v�N� =y`E v�|�� 	� (v�>, 3K,

|� �> ��) T ¹�� g� \�y �8� �CÇ
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�K 2�� Fig. 4� Fig. 5J +�N~Z. Fig. 4�

[\ O ��
��� \�y �8� �ï 5á »¦�

LCD \�y �5ïJ� ÕyN� �� Y'Ç |��

+�N� �Z.
6) � |�� �q w ¦Zo í½ O

LCD ab� �®5%& QX/wd ! =w ÒQ� �

=N� �� CCFL ÏÐ, LCD òó, PCB� 3�&

QXNV WXN�� CCFL� �¯ 3PJ �=-� �

� �?9 êÈd� �� �5ïJ� WXN" j� »

�$%& �6, �/NV ³PJ �µNV WXN� �

Z. �´ LCD òó, PCB� �¯� h7� Z� ¹ñ

a0R& �3� �Z. �& Fig. 5� |�? [\ �

2� ¹8� EUJ� Y'ÇJ 9y) Î$%& �:$

%& Õy-� ���4)O FPD� wd/áâ �� O

FPD `d� 3� Q7�� �yNV h7 �; Z� =

w ÒQe CCFLJ �=1 �?� a�N� R�� �

�v� �Ge `�áâ, X-ray, NIR< �� �y� £

# T 
°�±� v� |�� !�PJ �� *� ç

=�Z. �·� á� |�9� ¹� §M� gNV H

�$%& ¦ §MJ�� O ��
�� g¨ \�y _

d |�K� Fig. 6J a�N~Z.

Fig. 6� |�� a�� Å�& ¦ §M� H�Î�

� |� H$Ç� NV \² \�y� Þ(Ç� KÏN

� *� � � �Z. ¶·�& Fig. 6� |�? 1̧ $

%& =� R\� H(� v�N� �*� ��> �¯

J?"� v�N� *� Î$e� Fig. 6� �y� �

Fig. 4. Schematic diagram of Japanese total recycling for waste LCDs.
6)

Fig. 5. Schematic diagram of total recycling system for waste LCDs in UK and EU.
4)
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� v�� 98%�, �©NZ. �Z ,�è ßlNo

Fig. 6� aõ |�? wd/QX ! 3�" �� |�

�8& ì� �q1Z.

@A, PCB \�y /0NV Fig. 4� �¯ Q7 !

a0RJ� =y`E v�, Fig. 5� �¯J� Q7 !
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" R¹� 
� B Â�° C¢�K 
� ]^NV Ý

Þ$%& _d v�>� º%. �K� �a�8� �

�& �Z. ¦ §MJ� aõ1 Fig. 6� wd/áâ |

�� gNV PCB� MÒN� ZÑ� DE�, ½�, 	

F
, �u, ��� �� !»� PbGX Q¢NV W

XN�& v�>9 3K� 
� *%& �(1Z.

HA, LCD òóJ� ÞRc� e�� }�-� ��

¶ �oJ� �ô� PI-� �Z. Fig. 4� �¯ �

� Q7NV ¹ñ a0RJ� WXN�� e�� v�

� LöY w�Z. Fig. 5� �¯JK Q7 ! X-ray�

gw =� R\� »P v�N� �"F e�� v��

�� *%& 
�1Z. Fig. 6J aõ1 ¦ |�J��

LCD =XJ }�1 Rc� e�� v�N� �w �

ô� a�N� e�� ÇÁ$%& v�N� �8� �

]NV $yN� �Z. e�� ��� v�1 £#� Æ

�, 3K� ��� �5Ò� /<J� 
�wx N"F

`E� 3�9 �2�  R£# �B a� (� �U

�� /<J�� J �]wx ) 2� _m �5%&


�1Z. ¥� LCD òó =X� �ÒQ? �& YX

K��G& �� �y� ZÑ� \�y ab� E²&
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Fig. 6. Schematic diagram of suggested total recycling system for waste LCDs.
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