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Abstract

In this study, we investigated the pretreatment technologies of volatile organic compounds (VOCs) which is a problem as
the semiconductor and display industry develops recently. The conventional concentrator used in the direct combustion system,
is easily contaminated by the exhaust gas in the manufacturing process of the display, resulting in the low treatment efficiency
of generated VOCs. Physical/Chemical analyses of the exhaust gas showed high boiling point and viscosity in addition to
a large amount of molecular weight alcohols and oil components. In this study, we tried to treat degrading materials by using
the heat exchanger in a pretreatment facility and some materials degrading the concentrator were condensed more than 90%.
In addition, it was also confirmed that an auxiliary device of the grease filter could remove the redispersion polymer oil from
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Development of Volatile Organic Compound Pretreatment Device for Removing Exhaust

the heat exchanger.
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Table 1. Expected Gas Composition Exhaust form Semiconductor Manufacturing Process

Materials Formula MW Freezing point (C) Melting point (C) Boiling point (C)

Propylene glycol methyl ether (PGME) C4H;002 90.12 33 -97 119.6
2-Propanol C;HO 60.1 12 -88.5 82.4

Acetone C;HqO 58.08 -20 -94.3 56.2
N,N-Dimethylacetamide C;HoNO 87.12 66 -20 166.1
1,2-Butanediol C4H;00; 90.1 93 -30 194
Tetra-methyl ammonium hydroxide (TMAH) CsH;3NO 91.15 26 66 100
Dimethylsulfoxide C,HOS 78.13 95 18.45 189

Butylacetate CeH120, 116.16 22 -106.2 126.1

Propylene glycol methyl ether acetate (PGMEA) CeHi,03 132.16 42 NK 145.8
Cyclohexanone C¢H,00 98.14 46 -47 155.6
1-Methyl-2-pyrrolidinone (NMP) CsHoNO 99.13 91 -24 202
Monoethanolamine C,H,NO 61.08 85 10.3 171

Cresol C21H40; 324.42 82 -1~2 88~94
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Figure 1. Rotor pollution by high B.P* organic materials. *B.P: Boiling
point.
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Figure 2. Rotor pollution by deposition of organic materials.
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Table 2. Specification of Heat Exchanger
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Table 3. Specification of Oil Mist Filter

Description Hot side Cool side Description Detail
Fluid VOCs Water Fluid Gas, Liquid
Heat transfer area 95.4 m’ Filtering area 037 m* x 2 EA
Material STS 304 Filtering velocity 1.4 m/s
Size I1m W) x 15m (D) x 1.5 m (H) Material STS 304
Tube ID 21.4 (mm) Size 0.61 m (W) x 0.61 m (H) x 50 (t)
Tube OD 25.4 (mm)
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Figure 3. VOCs analysis method.
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Figure 5. Heat exchanger and condensate.
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Table 4. Variation of Exhaust Gas Characteristics according to Cooling Water Injection Amount

A B C
Description Hot side Cool side Hot side Cool side Hot side Cool side
Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet
Fluid VOCs Water VOCs Water VOCs Water
Flow rate 50 CMM 0.4 m’/hr 50 CMM 0.7 m’/hr 50 CMM 0.91 m’/hr
Temperature 25 C 21 C 5C 16 C 25 C 18 C 5T 15 C 25 C 16 C 5T 14 C
Heat transferred 4,595 kcal/hr 6,694 kcal/hr 9,126 kcal/hr
LMTD 120 C 11.7 C 105 C
Heat transfer area 95.4 m? 954 m’ 954 m?
Condensate color Dark brown Yellow brown Light yellow
ABLUNDANCE N‘a Chemical n
1e+07 2
QJ‘J:?:/Z\\:M/’“’\E - Filter 9000000
% \L&}%ﬁ%’%r med ia 5000000
‘I:> f,\';:/%-{ - 7000000
§ N‘F; WWQ D;’oplet 5000000 5
i ~ /\‘,*L,O;\ 5000000
— Filter Drain 4000000 ! ' ¢
. media VOCs gas

(a) General type (b) Oil mist filter type

Figure 6. Mechanism of general filter and oil mist filter.
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Figure 7. Results of exhaust gas component analysis (0.4 ton/hr
injection of cooling water).
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Figure 8. Results of exhaust gas component analysis (0.7 ton/hr
injection of cooling water).

ABUNDANCE 3
No Chemical 3
1 2-Fropanol(isopropylalcohol)-PA

6000000 2 NI-Dimethvlf

E000000

4000000
3000000
2000000 4

1000000 1

n.__/\'\\_l\kn N

200 4,00 6.00 800 1000 1200 1400 1600 1800 2000 2200 2400

Figure 9. Results of exhaust gas component analysis (0.9 ton/hr
injection of cooling water).
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Table 5. Result of Heat Exchanger Efficiency Analysis

Primary measurement

Secondary measurement

VOCs compound

Front H.EE" (ppm)  Behind H.E® (ppm) Eff (%) Front HE" (ppm)  Behind H.E" (ppm) Eff (%)
THC 36.0 515 -43 36.2 52.9 -47
Isopropyl alchol 30.3 39.6 -32 34.1 45.6 -34
1-Methoxy-2-propyl acetate 3.17 0.08 97 5.06 0.10 96
Acetone 0.68 0.50 27 1.20 0.83 31
1,1-Dimethoxy ethane 3.03 3.48 -15 1.75 2.06 -18
1-Methyl-2-pyrrolidinone 5.01 0.40 92 3.74 0.40 89
2-Butoxy ethanol 0.02 0.03 -63 0.07 0.11 -58
Butyl acetate 1.21 0.13 89 1.53 0.18 88
1,2-Butanediol 0.66 0.11 83 0.89 0.12 87
3-Methoxy-butyl acetate 0.10 0.14 -39 0.18 0.25 -41
Cyclohexanone 0.48 0.53 -11 0.29 0.33 -13
2-(2-Butoxyethoxy)ethanol 0.26 0.33 -28 0.36 0.47 -30
Butanol 0.09 0.06 33 0.12 0.06 46
Toluene 0.29 0.12 58 0.28 0.15 47

* H.E : Heat Exchanger
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Table 6. Result of Removal Efficiency according to Oil Droplet Size
Date Sep. 24th Sep. 25th Sep. 27th
Size Front Behind Eff (%) Front Behind Eff (%) Front Behind Eff (%)
10 pm 24 0.038 98.4 0.265 0.006 97.7 0.342 0.006 98.2
4 pm 2.22 0.036 98.4 0.256 0.005 98 0314 0.005 98.4
2.5 um 2.16 0.03 98.6 0.115 0.002 98.3 0.305 0.004 98.7
1 pm 2.05 0.03 98.5 0.098 0.001 99 0.266 0.003 98.9
Date Oct. Ist Oct. 2nd Oct. 4th
Size Front Behind Eff (%) Front Behind Eff (%) Front Behind Eft (%)
10 pm 2.73 0.08 97.1 2.65 0.043 98.4 24 0.038 98.4
4 pm 2.72 0.077 97.2 2.6 0.041 98.4 2.22 0.036 98.4
2.5 pm 2.35 0.073 96.9 2.5 0.041 98.4 2.16 0.03 98.6
1 pm 2.15 0.072 96.7 248 0.04 98.4 2.05 0.03 98.5
Date Oct. 8th Oct. 9th Oct. 10th
Size Front Behind Eff (%) Front Behind Eff (%) Front Behind Eff (%)
10 pm 2.63 0.047 98.2 291 0.057 98 2.98 0.056 98.1
4 pm 2.61 0.046 98.2 2.66 0.052 98 2.71 0.05 98.2
2.5 um 2.55 0.044 98.3 2.54 0.047 98.1 2.57 0.044 98.3
1 pm 2.35 0.043 98.2 22 0.042 98.1 2.26 0.039 98.3
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(a) Primary result Figure 11. Result of oil mist treatment efficiency.
Pretreatment Efficiency
E dua)w gEow AxE Ax AuE Uenith
Ol mist fiters ©1 83101 oil mist?] 4742 Aelafel o3t 23}
. o | £ Oh2 Table 601 UehI2ick He) & 2l 294 1 pm 27 mist
- methoxy-butyl acetate
A2 TEI 10 um mist 42 TF Aol7h 4 Gl 2 0% Vet
Butyl acetate 4
2-buloxyyelhanol- o fFEE AL 98% ol F&S Uehith
1-methyl-2-pyrrolidinone 4
1,1—:/|me::/oxy ethane -
Acetone -
1-Methoxy-2-propyl acetate - 4- 7E:l E
Iso propyl alchol
THC 4
-100 -50 0 50 100 73101]}‘1 HL/?E 'E VOCs 7]’—}39] ;\(jﬂ

Efficiency (%)

(b) Secondary result

Figure 10. Concentration analysis of exhaust gas before and after
treatment.
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