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Abstract

Development of technology makes LED an economical option because of lower energy consumption and better environmental
impact. Because higher consumer demand the LED market is expanding rapidly due to its environment-friendly advantages.
Expansion of LED application, development of various fusion technologies, the emergence of new markets, and the large-scale
expansion of markets would lead to a large volume of e-waste generation with valorization potential. Currently, most of the gen-
erated waste being that landfilled and incinerated due to the absence of technology and management system. In this paper, we
review the current status of LED waste recycling and analyzes the available recycling technologies.
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Fig. 1. Annual scale of (a) domestic LED market and (b) global LED market.
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Table 1. Recycling directive related to domestic LED waste

Section

Extended Producer
Responsibility
(EPR)

Eco-Assurance System
(EcoAS)

Waste charge system

Legal basis

Resource recycling of the 16 | Electronic equipment circulation of

amendment etc. the 15 amendment etc.

Resource circulation of the 12
amendment etc.

Objectives

- Duty to producers to recycle
and recover the wastes and
packing materials from a

- Suppress toxic materials to promote
electronic equipment and

- Charge expense to producers which
contains harmful materials that it is
difficult to recycle

. il
fixed quantity of waste automobile
- Producers and importers of
Obligation duty obligation duty products - Recycle obligation in an
target/allotment |- Manufacturers and establishment
pay recipient distributors of packing - Collection duty of an establishment
materials
- 4 packing materials - Electronic equipment
Target goods - Fluorescent light - Automobile

- Pesticide, toxic agents, antifreeze, gum,
disposal diaper, cigarette producers/
importers and wholesaler

- Plastic product of under billion exclude
under 10 tons of plastic

- Under 3 tons of Plastic in Imported
goods, exclude imports under $ 90,000

Supporting system

- Separating wastes
- Empty bottle deposit system

- Comply with toxic materials
contain standard
- Materials, structure improvement

- Voluntary agreement system
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FEEA EPROIY #HA7) AR AE AL Bl F dFer Y Zlow oidEls= LED AR
o] FHOF AR ke Addolrt. AR, FH2ol o] a&2d AEE 8l AL Ad=AME g
BN LED A2 ABE AE =Y g8 BA YA vhAs U, fee 20149 A7)
LED =% #lFe] ALkt A7) el 2ARE a3 A2HE gkl LED #¥ZE EPR tIdo2 F7}8)
Table 2. WEEE target product category
Term Category
1. Large household appliances 6. Electrical and electronic tools
2. Small household appliances 7. Toys, leisure and sports equipment
22001125;908;13; 3. IT, telecommunications equipment 8. Medical devices
4. Consumer equipment 9. Monitoring and control instruments
5. Lighting equipment 10. Automatic dispensers
1. Temperature exchange equipment
2. Screens, monitors, and equipment containing screens having a surface greater than 100 cm?
3. Lamps
2018.08.15~
4. Large equipment (any external dimension more than 50 cm)
5. Small equipment (no external dimension more than 50 cm)
6. Small IT and telecommunication equipment (no external dimension more than 50 cm)
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Table 3. Comparison between global and domestic LED waste recycling status

Current technology level Domestic Technology
Performance indicator etc
Domestic World-class (100) | development stage | gap (year)
Pretreatment technology of LED 20 Germany Technology )
waste lamp acquirement
Metal recovery technology from LED 50 Germany Tech.nology )
waste acquirement
Detoxification of arsenic from LED 20 Japan Tech'nology 3
waste acquirement

AdeolEd Al 28 A Al 2 F, 2019



18

o1 Vg A -0l W ol

oA

LED-type package SMD-type package COB-type package

Light
Gold line
Plassc Lens Fluorescent
(PADIA, MY powder
Silioone Encapralemt coating Die
(YAG, S8
CuthodeLesd g LED Chip
iCu, 5o, P, N0 Fo) {5k Gal, Gads Sie
Soldm Connection
(Ag. §u, C, b, BY) /
Gold Wire
Reflucter Cup
(A, Cu) Heatsink Shag S .
(Ce A Whastc, BOA, PMAY Ceramic wafer Metal pattern
A L. L

Silicon moding

Fig. 2. Various types of LED package.

Zol™, LED AR R e F8 F5& A4

3)sle 7S Mgl A0, =29oldMe
7Vek= LED #uss} o] wE #H7]& A2l o
o= Akehd Z1AAHe] FAlo] Hol AlEE iy
of el xWata glom, tEAR] ALE JAKI
Nordic recycling AB jitellA= @A LED =Hx A
&g 7o) 7] Wi 71 A A At
Att. @, EUCIX = ob47kA]= LED #HAkgdel] thet
BEek A AAZE GHEA kot G FE T8

e oleiee A vk

:

=
S

5]
<

-

4.3. LED HXIH MEE J7l& 201

43.1. LED AR @Az 7%
7Fd 2 24¢ LED dlxo] o waEla e
Aejollx] o] FoH o ATl YsiME Tt
< A E B8 aEE 2

=

By

=

=59 LED #HxH

-

-

coarse
fragmen-
tation

-

-

LED packages

mixed fraction

T e 71s7iEe] weA] Basitt ol&

Az &4 2 2 A 7)Ee] 87T YA o
oFst LED #HZz9o] AL 95t

2 2 FE&Ad A 7o) F53 Aot} dA)
e R A8 o= AMSE= LED &HY F/771

YT opdsia AR $ dlxsel g 25
T AAYE Qs dolEwo]2 Ryt FAIFelH, o
E 7uke g G891 AAe 7lee] AA 9 e
a3t}

Fig. 29} o] LED #H7]x|9] FX2= AR &&=
w2} Lampd, SMD (Surface Mount Device)d,
COB (Chip on board)@ o2 TR, &%) e}
A% 8 (Lampd), 7H1-8(SMDJ), 12&8 Z%H-8(COB
F) T thget wopll #H71A] HE AEEH
TSk LED 714, BE ¥ FHe| FH7F s,
Zt FF¥ LED 977, BE, A" 3=, JH7t 3
olahe W s} 2o meEl A EFo] R E

extraction
methods

collection

glass
metals
plastics
ceramics

residual

E-waste recycling
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Fig. 4. (a) LED lamp waste, (b) raw material after EHF comminution, (c) separated LED waste component (reprinted from ref.

10).
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