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Abstract: To scientifically cope with the management and recycling challenges of waste liquid crystal display
(LCD) equipment, stocks of the hazardous substance in typical LCD equipment and its flow to waste stream were
estimated with the GM (1.1) model and Weibull distribution model. Results showed that: (1) there would be up to
7.46 billion sets of [.CD desktop monitors,notebooks and 1.CD TVs sold in the Chinese market from 2003 to 2025,in
which the consumption amount of [.CD desktop monitors.notebooks and I.CD TVs were 4,27 billion, 1.0C billion and
2.19 billion respectively, (2) The stocks of liquid crystals,heavy metals and brominated flame retardant in the typical
LCD equipment of desktop monitors,notebooks and LCD TVs would be 32 658.5 tons till 2025, with liquid crystals
and As accounting for the largest amount which were 10 914.4 tons and 10 535.8 tons respectively. (3) The annual
amount of discarded LCD equipment increased since 2010 and it would reach up to 0.48 billion sets in 2025,in which
1 782.5 tons of hazardous and toxic substance were stocked. (4) Under the current recycling condition, the hazardous
substance contained in discarded LCD equipment would release in the deep recycling process of dismantling, LCD
panel crushing,combustion/pyrolysis of organics,In recovery and plastic recycling,
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Table 1 The main panel size and market share of
typical 1.CD equipment in China

LCD 35 B R &tk / % REMRT
15.0~21.3 21.4 15.0,17.0,19.0
AR 21.5~22.0 28.6 21.5,22.0
Bk 23,0~23.0 35.7 23.0.24.0
27.0~35.0 14.3 27.0,28.0
10.0~13.3 33.3 10.0,12.0
ZinAk 14.0~14.1 22.0 14.0.14.1
e 15.0~15.6 38.9 15.0
17.0~18.4 5.8 17.3
<32.0 8.0 22.0
32.0 30.3 32.0
37.0~45.0 23.8 37.0,40.0,42.0.43.0
B & 46.0~50.0 15.0 46.0.,47.0,48.0.50.0
s 52.0~55.0 14,7 52.0.55.0
58.0~60.0 2.0 58.0.60.0
65.0 5.2 65.0
>65.0 1.0 70.0.75.C

¥ DLCD EAR R TR EFRE ARG I BBk E T REE
I (HIS Markit) 770k 484 E S IEH T 5 OB & T EiWiE
BRE WRIEHEMIRE FRLRER.

2 ER5E

21 TEHRARILCD PAHEAEWRAESH

ME 1AEH, 8 2003 ERpE 3 KA MR
LCDMFHEBLSARHAZEKBE, ZE 2016
FHEAB BB AR, Z 04w i, 59 Ha R
LCD 8 EBEHH R 1.1 12.0.5 {2..0.8 {2 & . Flit
F 2025 AEEHE R FXE 6.2 2.0.8 12.2.5
76,5 2016 F K 5.6. 1.6 3.1 {5, BIABBER

K. BTN ,2003—2025 FHFEEHNE N BIKD
Ay BICAR B AERME LCDWBHERER
746 26  Hh &\ miNBxR . EICA B &
SR> B R 42.7 12.10.0 {4..21.9 f2.& . BES
WH R, B bk 3 REHME LCD 4, LCD B8 2
BT FHLCEAR L B A o F A P, BT AT
RIEREFI.TIRER R ERE T REENAT
FAEL.HLTE LCD W HBRBRHERS T L
R B

BEE15FR 2, ANEFEEFNEE LCD 3
ERERAEYRARE.SRINFE 3. HEFE 2016 48,
FEEN TSN 3 KAEHEE LCD T T & & .
H4E R AN (PBDEs+ TBBPA) S H B A E
MFEEFEENS 703.5 t, WS R ERB T
WRESFEREMK, = 2025 451X 32 658.5 1,
ETERFAEYRP . RBA As &, F 2025 4F
HufFER 49510 914.4,10 535.8 t. LCD Mtk
hREAEEEE K Sn.Cr.Zn Ni.In.Cu.Cd %H
BAZELR, E 2025 FRHERS I N 2 945.3,
2 800.2, 2 645.4, 1 104,3, 693.9, 585.7, 221.9 t.
LCD #¥ 43% FPBDEs, TBBPAZ R R SRR B9 &
EMEES ESREEM. K 2025 FLFEN 196.4
t. ATEAXR BB LEDELTNERSER,
LCDHATH i Hg FEE 2015 FE X LR, 4
15.2 t,2015 L5 AT 47 A9 LCD Br Fi 3 Ok4T
FEEARNE He, RS RS BRAENT,

WA B 5B HAEREMX 5SERCHH
FXTEE,  E LCDHE AR BT & As.Cr.Ni.Sn.Zn.Cu

F2 ESUBBEXRBRRSENE

Table 2 The data sources and values of key parameters

Bx Ty REH o
" ZinA B & R AR &SRB
BRI TEER /g LR N HE 738.9 1158.8 4430.3
; = B N B .
LCDEHREE/g o HE 181.4 532.3 2 086.8
LCD & W& R /cm? HE 561.8 1479.7 5 242.6
WEAREWKE/(mg - c;m™2) FliRs 25 0.6 0.6 0.5
Eﬁ%?ﬂjﬁﬁiﬁg PBDEs HR[163 BRI 5 1.9 1.9 1.9
/{mg * kg™1) TRBPA 11 11 11
Cr 418.0 422.3 391.8
Ni 145.6 160.2 158.2
As 31.0 8.7 2 301.8
LCDE&EEQE_&E%UE Zn TR X K 1207.6 64.6 499.8
/(mg « kg™1) Sn 667.6 614.5 320.4
In 193.0 87.3 53.4
Cd 24,7 0.3 47.5
Cu 63.7 157.0 49.6
o 447 .
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B, EAKEEEMEE, EEREBE TZH%
HEHERAR . K As FECETREEIIEHER
HRL A R 2017—2025 4F EATAY LCD EARH As
HEREERERN T ARARPHRE . BMPE
LCDH As LR EERE—FBE LIRTARHR
ITEER.
22 LCDERREZRAAEHEDRHDAREE
2.2.1 LCD #Higik k£
mE 2 E&H,FE L.CD 8 2010 & Z ¥
ARES HEEEELCD NIREEYEBRFEHEKS
PHEFEAAMETHENEREERIEERZT K, E
A RRZ, MR A IR R B 7 2019 F#id
oA R, BV EREEMORT & Xl 2R 8
BILCDB /R 7= & AR M , 20209 B 7™ 4
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Table 3 Stocks of main hazardous substance in typical LCD equipment in China t
HH EicA R &R B & &1t
2016 4 2025 4 2016 4 2025 4 2016 4 2025 £ 2016 4 2025 4
b 138.5 338.7 736.6 3692.5 1935.4 6 883.2 2 810.5 10 914.4
Hg 0.3 0.3 2.7 2.7 12.2 12.2 15.2 15.2
Cr 31.2 76.2 186.5 934.8 503.1 1789.2 720.7 2 800.2
Ni 11.2 27.3 70.8 354.7 203.1 722.3 285.0 1104.3
As 2.3 5.7 3.9 19.3 2 955.3 10 510.9 2 961.5 10 535.8
Zn 90.0 220.1 28.5 142.9 641.7 2 282.3 760.3 2 645.4
Sn 49.8 121.7 271.4 1 360.5 411.4 1463.1 732.5 2 945.3
In 14.4 35.2 82.7 414.7 68.5 244.0 165.7 693.9
Cd 1.8 4.5 0.1 0.6 61.0 216.8 62.9 221.9
Cu 4.8 11.6 69.3 347.6 63.7 226.5 137.8 585.7
PBDEs+ TBBPA 3.9 9.6 12.4 62.0 35.1 124.8 51.4 156.4
it 348.2 850.9 1464.9 7 332.3 6 890.6 24 475.3 8 703.5 32 658.5
x4 EHFRDPICOEHESERERENLL
Table 4 Comparison of the heavy metal content in the present study and published researches
FBRE/(mg « kg™!)
R = A2 — ERE
RS Cr Ni As 7n Sn In cd Cu M
A~ B 6271 4 211.1 80.1 467.8 49.3 103.5 13.2 258.3
o ™~ A B BT AR k(5]
4 LCD 123.3 61.2 7.1 33.0 255.4 8.4 53.6
bRk 134.7 130.3 626.9 1141.6 144.8 23.2
E A~ A B R B 160.5 134.0 606.2 1304.8 253.2 13.7 XHER[ 2]
- 4R A B 2202 169.4 3.5 11346 762.7 16.0
LCD (& A <100.0 6 700.0 400.0 <100.0 <100.0
EES R & As) XHR[19]
LCD B (& Sby <100.0 <C100.0 1100.0 <C100.0  <<100.0
[EE N g 422.3 160.2 8.7 64.6 614.5 187.3 0.3 157.0
HE Fit A4 I 418.0 149.6 31.0 12076 667.6 193.0 24.7 63.7 A5
WA 391.8 158.2  2301.8 499.8 320.4 53.4 47.5 49.6
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