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Abstract : The semiconductor process currently emits various by-products and unused gases. Emissions containing pollutants are
generally classified into categories such as organic, acid, alkali, thermal, and cabinet exhaust. They are discharged after treatment
in an atmospheric prevention facility suitable for each exhaust type. The main components of organic exhaust are volatile organic
compounds (VOC), which is a generic term for oxygen-containing hydrocarbons, sulfur-containing hydrocarbons, and volatile
hydrocarbons, while the main components of alkali exhaust include ammonia and tetramethylammonium hydroxide. The purpose
of this study was to determine the combustion characteristics and analyze the NOx reduction rate by maintaining a direct
combustion and temperature to process organic and alkaline exhaust gases simultaneously. Acetone, isopropyl alcohol (IPA), and
propylene glycol methyl ether acetate (PGMEA) were used as VOCs and ammonia was used as an alkali exhaust material.
Independent and VOC-ammonia mixture combustion tests were conducted for each material. The combustion tests for the
VOCs confirmed that complete combustion occurred at an equivalence ratio of 1.4. In the ammonia combustion test, the NOx
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concentration decreased at a lower equivalence ratio. In the co-combustion of VOC and ammonia, NO was dominant in the NOx
emission while NO, was detected at approximately 10 ppm. Overall, the concentration of nitrogen oxide decreased due to the
activation of the oxidation reaction as the reaction temperature increased. On the other hand, the concentration of carbon dioxide
increased. Flameless combustion with an electric heat source achieved successful combustion of VOC and ammonia. This

technology is expected to have advantages in cost and compactness compared to existing organic and alkaline treatment systems

applied separately.
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Figure 1. Schematic diagram of Flameless combustion system.
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Table 1. Cooper and Alley method.
Chemical Formular C H o Chemical Formular C H o
Acetone C3HsO 3 6 1 IPA C;HgO 3 8 1
W1 (#C-atoms) 3 W7 (#S-atoms) 0 W1 (#C-atoms) 3 W7 (#S-atoms) 0
W2 (Aromatic flag) 0 W8 (H/C ratio) 2.0 W2 (Aromatic flag) 0 W8 (H/C ratio) 2.67
W3 (C=C double bond flag) 0 W9 (Allyl flag) 0 W3 (C=C double bond flag) 0 WO (Allyl flag)
W4 (#N-atoms) 0 W10 (C=C-Cl flag) 0 W4 (#N-atoms) 0 W10 (C=C-Cl flag) 0
W3 (gni;;ittiirgel)ﬂﬂon 869 W11 (In7) -0.54 |W5 (AIT, autoignition temperature)| 750 Wil (In) 2046
W6 (#0O-atoms) 1 W6 (#0-atoms) 1
Chemical Formular C H o Chemical Formular C H o
PGMEA CeH 1203 6 12 3 NH; NH; 0 3 0
W1 (#C-atoms) 6 W7 (#S-atoms) 0 W1 (#C-atoms) 0 W7 (#S-atoms) 0
W2 (Aromatic flag) 0 W38 (H/C ratio) 2.0 W2 (Aromatic flag) 0 W8 (H/C ratio) 0
W3 (C=C double bond flag) 0 W9 (Allyl flag) 0 ‘W3 (C=C double bond flag) 0 W9 (Allyl flag) 0
W4 (#N-atoms) 0 W10 (C=C-Cl flag) 0 W4 (#N-atoms) 0 W10 (C=C-Cl flag) 0
W3 (Q‘ImTI;ear‘:t‘l’lif)‘iﬁ"n 631 W11 (InT) -0.72 | W5 (AIT, autoignition temperature)| 1204 W11 (InT) -0.51
W6 (#0O-atoms) 3 W6 (#0-atoms) 0
gek ul gust 9l Ah Al Bag ol2d A St 3. 740 Y pE
AA FhdE A vlez g 4
3.1. 22y R7| eterE, AZ2L{OF THE YA
ER = (% o8] 454 vl&) / (Y& oiH] ASHA] H]E)st 3]aby 97] 3R 9 ofuUjol 4 AlY A] HRSLLE A
AulAt sti= St 242 YERHTH9] Equation (3) A3}7] 4519 Cooper and Alley methodE- ©]-8-5t] tA SIRh&E
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A Hi7|7FAL] EAL JATFA BAZ|(TESTO-350K)S &
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RHSHSIEL AL WS Y] 0 OUE pE
Sielap] Siofo] Az Fek ot o7 7hAR Tedar bago]
I Z5}o] SIFT-MS(Selected ion flow tube mass spectrometry)=
e QHEA =2 BA59H

Table 2. Reaction conditions of independent combustion test.

Table 1°] IFEA|5}STT

To9.o(°F) =594 -12.2W; +117.0W, + 71.6 W3 + 80.2W,4 +
0.592Ws -202W; - 420.3W; +87.1Ws - 66.8Wo + 62.8W), -
75.3Wy; [10]. Equation (4)

9= HAE Al 989 HEE 20,000 ppmO 2 3to] A5

Fuel Minimum temperature( C) required to destroy 99.9% ER Reactor temp(C) Residence time(s)
Acetone 685 1.2,1.4 685, 735, 785, 835 0.19~0.23

IPA 675 1.2,1.4 675,725,775 0.22~0.26
PGMEA 572 12,14 572,622, 672,722 0.18 ~0.23

NH; 730 0.6,0.8,1.0,1.4 785 0.16 ~0.37
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Figure 2. Gas concentration of acetone combustion by ER conditions.
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Figure 3. Gas concentration of IPA combustion by ER conditions.
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Figure 4. Gas concentration of PGMEA combustion by ER conditions.
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Figure 5. Gas concentration during Ammonia combustion by ER conditions.



Y 47 SIHE 9 dRYor Ay A4S B u7ta 54 135
Table 3. Reaction conditions of VOC-ammonia mixture combustion test.
ER o6 | o8 | 10 | 14

Volume (L) - Flameless combustion zone 8.95

Feeding rate (L min™") - Total VOCs 1.108 0.831 0.665 0.475

Feeding rate (L min™) - Carrier gas + Ar base NH; 14.903 11.328 9.182 6.73

Feeding rate (L min™") - Oxydant 1.14

Temperature of combustion (C) 835

Residence time (sec) 0.141 0.181 0.219 0.287

Combustor Inlet concentration of Acetone (ppm) 12,043 11,897 11,869 11,389

Combustor Inlet concentration of IPA (ppm) 10,863 10,707 10,591 10,346

Combustor Inlet concentration of PGMEA (ppm) 14,248 14,018 13,848 13,476

Combustor Inlet concentration of NH; (ppm) 19,548 19,278 19,014 18,590
A HE GEvopt dn s so] hE WP o2 o Ak 7k HES Uehfgich

3lof iz Bk Ago] ATt Lol B9 WS LES
o];ﬂ%}ﬂ] 3} & o H] Hﬂﬁ}oﬂ u:]rg_ A]_,j. ol 319 1:1_?47101]/\_]
w71 7k240] 2438 SRISIYIL, Figure 50 AT Fak vl
7} ol wet 5 BAR|R wakuAl Ak 9 WA

o st St AT AAY + AU

23 2 4ol 97 B4o] g
7h S 835 ColH P3F ¥l g2 WHsEA AL AWt
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Table 4. Secondary reaction conditions of VOC-ammonia mixture combustion test.

ER 1.0
Volume (L) - Flameless combustion zone 8.95
Feeding rate (L min-1) - Total VOCs 0.66
Feeding rate (L min™) - Carrier gas + Ar base NH; 9.17
Feeding rate (L min™) - Oxydant 1.14
Temperature of combustion (C) 700 725 750 775 790
Residence time (sec) 0.250 0.244 0.237 0.232 0.228
Combustor Inlet concentration of Acetone (ppm) 11,869
Combustor Inlet concentration of IPA (ppm) 10,591
Combustor Inlet concentration of PGMEA (ppm) 13,845
Combustor Inlet concentration of NH; (ppm) 19,014
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