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Negative Air lon Technology for Control of VOCs Emission from Semiconductor Industry
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Abstract

Although negative air ionizers have been
used in air cleaning, little study have been
done on removal of volatile organic
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compounds (VOCs) by negative air ions
(NALI). This study investigated the reactions of
NAI and VOCs in a batch reactor. Three
species of VOCs - chloroform, toluene and
1,5-hexadiene - were selected to react with
NAI at relative humidity of 0, 25 and 70%.
The NAI was generated by a negative electric
discharge at 15.0 kV. The reaction chamber
was designed as a dark discharge to prevent
the generation of O; and NOx. The NAI
concentrations were 1.34x10° to 1.24x10° ion
cm’ at relative humidities between 0 and 70%.
The results indicate that the order of the
reactions of chloroform and toluene with NAI
was zero, and 0.433 order for 1,5-hexadiene.
The reaction rate constants of chloroform,
toluene and 1,5-hexadiene were 1.74 — 3.07
ppb min™, 1.07 — 2.66 ppb min™ and 0.463 —
0.478 ppb®*®" min™ at relative humidity from
0 to 70%. The effect of relative humidity on
the reaction Kinetics was obvious for
chloroform and toluene but not for
1,5-hexadiene.  The reaction  between
1,5-hexa- diene and NAI generated a
relatively  stable intermediate  species,
4-pentenal. The oxidation of chloroform,
toluene and 1,5-hexadiene by NAI proceeded
slowly.

Keywords: Negative air ion; Semiconductor
industry; VOCs
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i8] 1. lllustration of experimental system
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B 2. Reaction rate of toluene at different
reaction time

% 1. Reaction order and reaction rate constant

at 25°C
Reaction Reaction rate constant (k)
VOCs
order 0 25 70
Chloroform
(ppb/min) 0 2.18 3.07 1.74
Toluene
(ppb/min) 0 2.66 1.32 1.07
1,5-Hexadiene
0.433 0.478 0.471 0.463

(ppb %" /min)

(2)Chloroform
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B 3. Reaction rate for reaction of NAI and
chloroform at different reaction time

(3)1,5-Hexadiene
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%] 4. Concentration of 1,5-hexadiene and 4-
pentenal at different reaction time
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(4)Oxidation of VOCs by NAI
FELTHE T VOCs & NAlI thF g
B EREAFRDE e ALY AL
g NAI kR > Q- Bp S 25 f s
AA A4 kR - A7 ¢ 0% RH >
25°C & » =& 4 2. NAI k& 1.34x10° ion
cm® > T8 L 5.44x107 ppte d p AT
NAI ek Rk >3 %® VOCs kR &
ppm =% %o F]) VOCs £ NAIl ek g 2E
PR B0 A A LR o ]t ET ppb kR
¢ VOCs %5 > NAl 1 it 3 245 chipdlo
fe o b NAI e 5 B4 412 superoxide
radical & & 4p B o B0t # 2AER d FhAF pech
48 5 Ji(complex chain reaction) o )4 @ NAI
£ chloroform sk s ¢ 22 p d A CClz '@
Wi- B AF ek B3 2 (Huyser, 1970;
Niki, 1993) o @ 4p %% & %+ NAI £ Ji e g’
2o 4 4§ A2 o Smirnov (1992) == 7
7 NAI €2 HO 2 =43 B Oy (H20),, n
, 2, 0r 30 igkendps @ ¢ & Oy (H0)n
TR SEF S LR hd D H A T
"o Tt 3 B]H-¢ i superoxide pod Feh
FOREMET . Fla drdl i g (Hirota et
al., 2000) - ¢t ¢ Richardson et al. (2003) e
Tdd NAL g3 BRMZFP - 642
F i cnidg ¥ i @ (hydrogen peroxide)e @ ¥ i
FLaER §EFApHIRER DR 4D H
4o FPt VOCs &2 NAIl ek BT F A0
FatehF idlR R AR 2 d 3 d A
sk o 1 E H,O & H)Op A g ot
#&  NAI ¥  chloroform, toluene 2 %

Sy o

1,5-hexadiene =k % 1,5-hexadiene £
NAI % it i & > v NAI £ chloroform &
toluene % ik X B o ¥ i A d %
1,5-hexadiene ¢ 4= > v aromatic £2
chloride hydrocarbons £ 5 #. & - NAI & J&
Moo

B EAEA

AIEFVETF LRI E B
EMRFPHAAFLFF o F7iFE D
FAFT L AT A A 1T G AR BB
Bt A o )y A g A SCl g
Atomspheric Environment (Impact Factor:
2.3)° 4 B 7424 tWu, C.C., Lee, GW.M,,
2004. Oxidation of volatile organic

compounds by negative air ions. Atmospheric
Environment 38, 6287- 6295.

7 pgep

[1] Daniels, S.L., 2002. On the ionization of air for
removal of noxious effluvia. IEEE
Transactions on Plasma  Science 30,
1471-1481.

[2] Hirota, K., Arai, H., Hashimoto, S., 2000.
Electron-beam  decomposition of carbon
tetrachloride in air/nitrogen. Bulletin of the
Chemical Society of Japan 73, 2719-2724.

[3] Huyser, E.S., 1970. Free-Radical Chain
Reactions, pp. 70-84. Wiley-Interscience, New
York.

[4] Niki, E., Scott, G. (Eds), 1993. Atmospheric
Oxidation and Antioxidants, vol. 3, pp. 1-8.
Elsevier, London.

[5] Richardson, G., Eick, S.A., Harwood, D.J.,
Rosén, K.G., Dobbs, F., 2003. Negative air
ionisation and the production of hydrogen
peroxide. Atmospheric Environment 37,
3701-3706.

[6] Shargawi, J.M., Theaker, E.D., Drucker, D.B.,
MacFarlane, T., Duxbury, AJ., 1999
Sensitivity of Candida albicans to negative air
ion streams. Journal of Applied Microbiology
87, 889-897.

[7] Smirnov, B.M., 1992. Cluster lons and Van der
Waals Molecules, pp. 18-24. Gordon and
Breach Science Publishers, Philadelphia.

[8] Wu, C.C., Lee, G.W.M., 2003. The temporal
aerosol size distribution in indoor environment
with negative electric discharge. Journal of
Aerosol Science 34 (Suppl. 2), S999-S1000.



