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VOCs emission characteristics and control measures for integrated circuit
manufacturing industry in China
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Beijing 100037

2. China Electronics Engineering Design Institute Co. Ltd., Beijing 100840

Abstract: Electronic information industry has been developed rapidly in China, the production of electronic devices such as integrated circuit (IC) is
increasing. The use of a large amount of organic solvents in IC manufacturing industry leads to the generation and emission of VOCs, which affects the
atmospheric environment. In order to determine the VOCs emission characteristic of IC manufacturing industry, the process flow, pollutants emission step,
the current situation of flue gas collection and treatment of which are systematically analyzed in this study, understanding the organized VOCs emission
level based on the monitoring for typical enterprises. The emission factor method is adopted to calculate the VOCs emission of IC manufacturing industry,
the pollution prevention and control measures are proposed based on the emission characteristics and reduction potential analysis. The results show that:
the VOCs emission process is mainly from lithography, cleaning and gluing process in 1C manufacturing, about 87 g organic solvents are used for 1 m? of
IC production. By adopting efficient VOCs purification system, the organized emission level of IC manufacturing industry is relatively low with an average
concentration of 2.1 mg-m™ | but the unorganized emission concentration at the factory boundary is relatively high with an average of 0.78 mg-m™ , which
is close to the emission limit of the implementation standard. VOCs emission from IC manufacturing industry in China have the upward trend from 2011 to
2016, which mainly affected by the increase of IC production and the limited improvement of VOCs remove efficiency. The ratio of unorganized emissions
is significant, accounting for 38.1% ~45.1% of total VOCs emissions. Combined with the VOCs emission characteristic of IC manufacturing industry, it is
considered that there is still potential in reduction of organic solvents use and control of unorganized emissions.

Keywords: integrated circuit (IC) ; volatile organic compounds ( VOCs) ; emission characteristic; emission reduction potential; control measure
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1 5|5 (Introduction)

RIS AT AR — 25 0, 2018 4,
TEA[E 338 N Hb 2 K DL BT, 217 AT AR
2R AR, N 64.2%. Horp RUEETE M X
PM, AEFEIM R 60 pg-m T 525 AR
HE(35 pg-m™)71%;0, Hi K 8 h FHIHRE 199
pgem I FRE (160 pg-m™) 24% (4 S EEH,
2018).VOCs & PM, ;Fl1 O, FURTARY) , B 1l A R il 23
Ao 23 B9 B 2L &K (Zheng et al., 2016; Wang
et al., 2018) . HLFAT b A ALV ) 1) o o fiff FH 2 A
i VOCs [ EE BERUE , 76 R A R4 55 9 A0
B )« 1 = 1 R A ALY G BIE TAE T &
oS FAT L B T A R A R R OB A
FEARTIERER.

VOCs 15 Yl X T Kt i ol s A B2
YER (B BLRTHFGY e Ak A2 EN R Ak T
PR Tl 2% 45 VOCs HE Y T 5 47l B (1303
25 2019 48 3CH 45, 2019) 5K IE 4R 45 (2015) X A [
B FA T AR BT G BRI AT T ME 2 207 ; ] A5 Ak
Z5(2016) 454 RAE 5 VAR ECHE 53 B X | AR 44 i Ay
HLF 0l 19 VOCs HEBCRFAE 4T T 4387 5 0 7K 538
(2017 ) @XM T 60 ZEHLF 7= i il i 47 Mk A 7
RIS X VOCs RIHERCER Hh T il g i, (A%
HL ATl P s AT L 2R & TG BT = .

£ A HL B T 1 A T E A M B A R, L
AR AR E LGRS, 2P EESRED
HL ATl 22— R L, A 5T AR A H B 5 1 Tl AR
RS S, R G4y B T H T2 R A HE S R
5 TR AT L SO RN iR IR 5 X AR A s
AL FFRE T VOCs HERCWE DN, 4R 15 3 vOCs 1 HE ik 5k
5 TRV EE R T 402 B H, B ) 365 Al A AL i et
S SIKOE A2, R FHHE R IR ATk VOCs
HEjil: ; 3T H ATl = HETS 3R Bk HEVE 1 6 4y
B B T U5 Y Bl iR X 3R, Rk il 5 A G 45 il 4 e
MRS B PRIt S %

2 #E57FiE(Materials and methods)

2.1 FTAEER

FL A Rl R 4 1 i T A T O
LS R S R R Tl AT ok B o R
7 3 A2 U0 AR L I 1 T R e R AT
P = WA A Sl b A i B e e S )

BERIZEIRE R AR FE T S h s MBOR SCRE R,
AR B 7k R 2 e (K 1), 7 s B AR S
(Xu et al., 2007; Yuan, 2013; FE % Jp 2017 ; Zhang
et al., 2017; F 2% Jg,2018; F ) i %5, 2018),
2011 4F4) 1.52x10° m® LT+ 2016 41 4.12%x10°
m” K KGR B 171%, 77 K R W s (VT A A,
2011) , HXF KA (0 5 2 i 51k 7441
KFE.
F1 20112016 FHEERBE~=
Table 1 IC production in China from 2011 to 2016

AEfy HE AL /108 m?
2011 4F 1.52
2012 4F 1.66
2013 4 3.20
2014 4F 3.37
2015 4F 3.54
2016 4 4.12

S RNESE 9 e B e AR 35 o TP 48 Ky = B -
SR UL VRO RIS X, Herh VTR
PR R R, N R L AR R B S R TR T 34.4% 5 H:
YO LT, e EAEA S B 17.3% , —F T e
PR = A 5 2 AR R T 51.7%. 056 R4
TENIER =X 5 FLFE 16.6% /4 (F 1), 1X 8t
DX AR A B AT b & R R R R, X 5 HA
A RUFHAR G & Bt Sl 8 A A B2
RIRAAA K.

HEEa

SR H

SR [1 [ 1]
XX

1 2016 A [E A B B = B = 57 16
Fig.1 Spatial distribution of IC production in China in 2016
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A IC i3 2 A bR, v A B
AR OGZ 2 A SO DU A AR P R
KA PRI 237 A KA ML R BRI
DLIRRRBRE T2 A5 (K 2) H VOCs FZk A
HUERI R, TP die ) WE vk L SE, o
FEZN AR HLIE T 1 ol FH o B K (TR I )1 45, 20145
IvE,2015) AL HEOC 2 RE S5 0] T TE R 45, ax 2
A PV FRIAE S o 72 rp 25 9 % 1 K i VOCs (Wang
et al., 2013 ; A F4E 2014, B1/0 % 2017 ; F il 25
2019) . B e 20T B | 33 A2 A ol e % o 2 5 A vh

VOCs F= A i fie K IIR ( 20 7 87 A 1 70% ~
90% ) , Wi PP KFRREI G2 B4 7 5 2 Fh A
BLE IR R el OO W et 2 (20 o ™ AR
1Y 10% ~20% ) , A7 LV ) FH 38 5 3R, B di
(TR R R0 A5 1) LA B i v A, &
it L 2 VOCs 7 A AERT P2 4E 1Y VOCs
PR SN S A5 B ), B A R Y
YRR AE A = i ok BE 2236 WHE A B 5 1 i TE
HAUF R IE L.
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Fig.2  Production process and pollutants emission of IC manufacturing

2.2 HiMERE

SR JHHE T P 7 32 % e [ B R B A 3 AT ol
VOCs BIHERCE SEAT R, HERC P 52k A sl
PRI R o T B K (B R A IL R TS SR AR
D) B R B A 3 VOCs 715 BB (AU BR S 4
J1,2015) , 25 B OCAR FG R R 1 % JR RS
THUL, 456 1 K20, 2375 51 rp [ 4R Al A %
A& ATl VOCs HERAZ AL, I Hr LA VR 4H A1
HER A sk He ], T 075 A (D) s,

E= i{Aiy”‘ X [(1 -¢o) +o,(1 =m;) 1}
(D)
;—Etl:'j ’E y‘j VOCGs ﬂlzﬁi%(t> ,yrr%%}ﬁ%%ﬂﬂf&ffﬁ‘

A5 B E(tem ™) A BRI B A P AR (m®) 5
a, AT A SR s AT AR BRI,
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3 R 513318 (Results and discussion)

3.1 ERBEERFNBEFTERBR
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AT LA FETA A AL Rl OKT73 R ke 5f (T
i B PR ik 5 DY R R RS R T 723 VR I AR )
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Fig.3  Organic solvents usage of IC manufacturing industry
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Fig.4 VOCs emission characteristic of IC manufacturing industry

XFF VOCs A LR, T 2016—2017 4EAEA
R 2R 2T 3 g LRI R H, (8 o 38 Al A AL S HETi
CTREA T W, Wi 25 SR an ] Sa iR, il LA B, 8 ad
K FH b A e A 5 e BE b A v fb 2 B AL B HOAT 1 40
VOCs HEBOHKR BRI, MR 2 0.36 ~3.7 mg-m ™, °F
BIWE S 2.1 mgem™ AR FAL R B F Tk RS
Y HECRRE (DB 11/1631-2019) 46 T i B Al HEk
FRAE 20 mg-m™ AH i1 FA HLHEBOUR B K (A
2.5x10* m™h™") , SMARHEECE A A AT 240 B F VOCs
TCHLHOA T Z 1AV RIGEfF s o 2 R
WA K A3 7 D R A 7 e R A AL SR AR
HEle s R B B HEA T L) A TCH 2 HE ok
TR A XA, W I Y HE RO B R 0.36~ 1. 21
mg-m~ R E N 0.78 mg-m ([ 5b) , 8 MR
U R A TE Y W 255 HE bR i vh Jo H 2Rk
JEBRAE (1.0 mg-m™) , M5 e R A8 A K TE.
3.3 EREEHNIETI VOCs HEM TR ER

FIHHEBCR T35, 45 G470 35 2 S ROR
KA EE AR LR X 2011—2016 45 [E 4 AL
HLES & ATk VOCs HERCR #EA 74258, IR R A
HA e TH L HEH TR TE O, 25 R Al 6 Frzs. w] LA
E v A R B ATk VOCs HE ik = 2 BT
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Fig.5 VOCs emission concentration of typical IC manufacturing enterprise
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Fig.6 VOCs emission trend of IC manufacturing industry in China
from 2011 to 2016
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4 2518 ( Conclusions)
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T3 VOCs P AE IR R AT R AR BCRE L
TCHLHROA TR 2.

2) U 1A B H B i ATl A AU TC 4
VOCs HEBK - 38 48 SR H Qi £ v 4 5 56 48 e 55
AREFRELH VOCs I FRELA | FEAR T 42 B H 1 ) i
Tl vOCs A H A H Wk B (FHEH 2.1
mg-m”) . HTFERIKEBEKR (L 2.5x10* m*™h™"), &
PRHEBCEATY AN AT 200, BRI, 28000 3 1 £k 1 it 1) 4
PORERSR. ) FICA S VOCs HERUHR B e (¥ ok
0.78 mg-m™) AU IPA TARAE A HE R FRAEL, 255 | 2
(N ARG SE

3) HEET 2011—2016 4F v [E 42 J e i i 1 47
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O 2011 415 8800 t N E] 2016 4F £ 20000 t,
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LVHERC AR SE T TV, HER STkaZ A K.

4) TESATIHERE J1 0 B i SEab E T SR AR
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Ay B AF O T EAT 25 AR B, i — 2D BEARA Tl
VOCs HERK-.

5% 3Lk ( References) :

eI EEE Y 5. 2015, ¥E & A WL HETS TeAiEd 400 [ EB/OL].
2019-11-01. http://www. bjepb. gov. cn/bjhrb/xxgk/fgwj/qtwj/
hbjfw/604447/index.html

40T, 2014. HLFATl VOCs TR k565 AR A B ARRIT [ T]. h
FEEG L, (8) @ 47-50

faps bk, £, MRizik, 2. 2016. IR MBI T Tk A 4% &
AHLHERCRHAERFFE[ T]. HEERL#253], 36(5) : 1581-1588

TOAR, SKET, 4622, 4. 2011 A HLEFI AT VOCs HEBCHE il
PR R T]. B TR R4, 1(3) « 221-225

ZEJH 2. 2019. VOCs fifb R beig B H R BEJR [ 1], v [ B8 IR 2R 5
H, 37(8): 91-93

MI7RaE. 2017 T HL 7= i o) 1 ATl 72 A WIS e A Ak B O
WFELD]. TR FRINEHE KA

XUSC3C, AT, EFEBL, S 2019. HHR M X MR EIRE] 4k VOCs
HEBCREAE e A A L or B (], SR BERL %2, 40 (9):
3942-3948

. 2015, FENAMEL AN (VOCs) HER bR BB R [ )/ /

R E PR R R AR S 2015 4 E BB R 2 St RAESE
£ e

IR BE . 2018, 2018 4 [E BR BT S 42 [ EB/OL]. 2019-11-01.
http : //hjj. en/ywdt/zwdt/ gnyw/201905/
P020190530340283177962.pdf.

WANG H L, NIE L, LI J, et al. 2013. Characterization and assessment

changchun.  gov.

of volatile organic compounds ( VOCs) emissions from typical
industries[ J]. Chinese Science Bulletin, 58(7) : 724-730

Wang Q L, Li S J, Dong M L, et al. 2018. VOCs emission characteristic
and priority control analysis based on VOCs emission inventories and
ozone formation potentials in Zhoushan [ J ]. Atmospheric
Environment, 128, 234-241

T, BSCHE, SKERET, 4F. 2019. WA IR AR AT DL HEBCRY
AR5 Qe il 3 T]. FERARFSE, 32(10) : 1687-1695

FIe%. 2017 TG BRI & R BARAN A+ =07 A AL o)
HILT]. SRR, 34(1) ; 11-15.

%, 2018. 2018 ATk A LBV 2 RERYREER [ 1] HR UL B
R, 35(2): 69

EHGC, WA, THL, 552019, Bl SR A 7 i R i 45
RMEAYHERCRAE AT [J] . PRERL A, 39(01) : 4-12

B2 2017 2007 AR AR U B AR S AT (] R 1 HL e
I, 34(4): 6-11

BEE. 2009. HE A IR A VA DL & 9 B HE R BUIR KR ok a3
[D]. dbxt: WHHEKE

Xu J, Wei HP, Xiu G L, et al. 2007. Study on the emission of volatile
organic compounds ( VOCs ) from semiconductor manufacture
industry[ J ]. Environmental Science and Management, 32 (10) .
37-44

EIRAF, I, KA, . 2014, BT TR VOCs HEBURRAE
BB xT HEARDI )], PR S TR R RE, 39(5) : 81-83

REE, BRE, BRI, 55, 2007, 2 S0RAT D45 & MR ML HE R
EBEFEL )], PRk A 5L, 32(10) @ 37-41

Yuan B, Hu W, Shao M, et al. 2013. VOC emissions evolution and
contributions to SOA formation at a receptor site in eastern China
[J]. Atmospheric Chemistry Physics, 13; 6631-6679

FIW, KT, BE5H, 4 2018, YN A TAk470k VOCs ki
TERRERTR[T]. BRERLE SHOR, 41(S1) : 232-236

Zhang C, Zhou K L, Yang S L, et al. 2017. On electricity consumption
and economic growth in China [ J]. Renewable and Sustainable
Energy Reviews, 76: 352-368

Zheng J, Chang M, Xie H T, et al. 2016. Exploring the spatiotemporal
characteristic and control strategies for volatile organic compound
emissions in Jiangsu [ J ]. Journal of Cleaner Production, 127
249-216

SN, BFHE, MIET, 45 2014, [E AN L YA L E LS
RAEMRIEATIELT]. FHHRPIRER, 27(5) : 3-7

Heithse, 2y, THEST, 4. 2018, mh[E SR #HEAT L VOCs K
FRAE BRI HEL ] REERARFSE, 31(11) ; 1827-1834

SREEAR, SEHFE, BENE. 45 2015, B FATAE VOCs V5 Y[ BN R T
(1. 774461, 42(21) ; 129-130

BABL, SRR, SRR, A5 2018, AR HT AR T ATAL VOCs
HERO A RE T ] PRIERRA 224, 38(3) : 1147-1154

Hriz, BV, B, 5. 2018, 7l 4 98 4 (] 9 % v ML
PIHEHCRHE AR EIR T[] ) R, 45(4) « 133-134

ARSCH, B, BAlAE, S 2019, RAEFRIFIRETSEE VOCs HE
HOFFAES SB[ 1], FRERRARTSE, 32(8) : 1358-1364





