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(57) Abstract: The present invention relates to a method and apparatus for treating a discharge gas containing a target gas in a plasma
state. In treating a discharge gas containing a target gas that is difficult to convert, the conventional method causes difficulties in terms
of either requiring a high conversion rate of the target gas or consuming excessive energy for treating the discharge gas containing

the target gas, subsequently shortening the lifetime of components. The present invention provides a method for treating a discharge

gas containing a target gas in a plasma state and an apparatus for implementing the method, the method comprising the steps of:
generating plasma in a conversion zone in which the conversion of target gas takes place; supplying, to the conversion zone, a conversion

promoting agent containing a conversion-promoting element that is an element with a first ionization energy of 10 eV or less and

capable of promoting the conversion of the target gas; supplying, to the conversion zone, a conversion agent capable of combining

with a dissociation product of the target gas, thereby preventing the recombination with the target gas and causing the conversion to

a conversion product, and supplying the discharge gas containing the target gas to the conversion zone. In treating the discharge gas
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containing the target gas, the present invention can increase the conversion rate of the target gas and can reduce the energy consumption
required for the treatment process. Furthermore, the present invention can reduce maintenance costs of the treatment apparatus while
extending the lifetime thereof, and can more conveniently implement the treatment apparatus of a larger capacity. The present invention
can be applied not only to the process of eliminating harmful substances, but also to the process of synthesizing useful materials, such
as reforming, gasification, GTL (gas to liquid) production, polymerization, etc.
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Aol 2l i
28 (ppm) ke Ta | Tom MEE) 0
(3£ 2) EE se= FE @ | @ | (1)
S LY 4 Lk g | 27 | waA)
B £ 714 w {531 Ol 5 e ”ﬁ =3 | A dx 290 | 916 | 125
el =71 B FIE a] x 2, i
ETIEL Wy |F49)| zum d O?ejf) (slpm) A4 — = 1.33 92800 1.680 | 42.0
= A STh REREE H20 150 | 3.000 - 12‘ 000 - 2.00 980 | 1.680 | 995
Nz | - o HzO [ 150 [3.000 | - 12000 | 0.000 | 200 980 | Loo0 | 992
ol |1 | Z&et=op | CR4 Tz - - | 1453 HZO | 150 | 3,000 | 100 12000 | 0.008 | 200 580 | 1,680 | 98.0
ugoﬂz T T Z=g=0r [ o =T oo o= = 520 150 | 5.000 108 zo00 o005 T Z00 980 11690 (777
HlL Zpt=0} | CF4 K | 434 000 | 10 : 3 2.00 - 50
IEEEE KNO3 20 | 150 | 3, 12,000 | 0.00 80 | 1,680 | 55.
FRER =at=0r | cF4 | N2 Na | 514 | H 000 | 100 ! 200 |9 56
1| 4282 2 | NaNO3 2 20 | 150 | 3, 12,000 | 0.008 980 | 1,680 | 48.
A Ald2 S=gl=0] | CF4 | 539 | H 0| 100 . 2.00
=et= il | Li 150 | 3,00 00 | 0.008 1,680 | 478
EREERIR CF4 |N2 | Li 11 | HzO 100 | 12.0 00 | 980 |1,
2 EEEE Ca | 6. 3,000 108 ! 45.0
HE CaClz 20 | 150 |3 12,000 | 0. 80 | 1680
%A}jé L | dSetan | cre Eg CulNO3Z | Cu | 7.73 Ezo 159 | 5000 | 100 12000 | o008 | 200 1S
A =gl =0} | CF4 Co | 7.88 100 .
= 3,000
Haele | 1 EE;}ZD} CF4 | Nz c;%f)z Zn | 939 | Hz0 | 150
FREIEE “=al =0l | Cra | N2 | Znl
gAes |1 | € Sl
po— 5] T Tux MBS o
— 28 (pp - -
(3% 3) B bkl e (L N O e
— o | 17 BE HE . 23 A
#2213 RN EECY . g2 | TY 20 | wen Ay 5
N ofuiz] | ©F | 717 Az i 33 | 900 | 1610 |44
=g} Zof A 84| 2 EEN (&V) (slpm. 7970 - 1. 900 | 1.610 | 50.0
N § - ; .
= mase EEREE] H2O | 160 | 3,000 7970 | 0.000 | 133 900 | 1,610 | 55.3
Nz - - | 1455 Hzo | 150 |3,000 | 0.1 7’970 0.000 133 300 | 1,610 | 73.1
EECENNE ERE) Cij Nz| KOH | K 422 H20 | 150 [ 3,000 1111 70| b.001 1'32 900 | 1,610 [ 957
i =a1=0 | o T | 4 3,000 : 004 1.3 992
HIEEEE 2 | =om H2O | 150 | 3, 7,970 | 0. 900 | 1,610
d A9 d=aizof | CF4 | N K | 434 o] av . 133 5
etz 0 150 | 3,00 70| 0.008 1,610 | 99.
dAeo] 1[4 cF4 | w2 | ®O 34 | EHeo o | 79 EECEE
4 EERER on K| 4 150 | 3,000 0.017 | 1. 610 | 50.9
Al 1 | €8 CF4 |N2 | K 434 | HzO 303 | 7970 : 33 | 800 |1,
= EERESN KOH K - 150 | 3,000 - 1. 610 | 52.0
dadiz | 1 | 48 CF4 | N2 134 | HzO — 15,940 33 900 |1,
= EEDES oH | x |4 150 | 6,000 0.000 | 1. 1,610 | 664
dAeis | 1| 48 CF4 W2 | K 455 | HzO 0z | 15840 | 0. 33 | 800 |1,
= EESTES - - |14 150 | 6,000 - 0.000 1. 510 | 77.2
dAd1d | 1) EE CF4 | N2 34 | HzO 22 15,840 : 33 900 |1,
= EERESS K| 4 6,000 - 001 1 94.1
KOH o | 150 a40 | 0. o 1,610
IECTEENIET CF4 | N2 434 | Hz 2z | 15, 133 | 90
EEDES KOH K : 150 [ 6,000 0.004 : 1,610 | 962
dnens| 1| A= CF4 | Nz 154 | H20 93 | 15,940 133 | 800 |1,
= EEETES K - 5,000 0.008 - 96.5
1| 9= KOH 20 | 150 15.940 - 00 | 1,610
Aol Zgf=0) | CF4 | N2 K | 431 | H 000 | 195 : 51 13 |9 5
HEEE KOH 20 | 150 |, 15,340 | 0.01 00 | 1,610 | 49!
HA17 S=g=0 | ors |z K | 43¢ | ® 000 | 368 : 133 |9 01
1| S22 2| HOH HzO | 150 |5, 23,910 - 00 | 1,610 | 50.
FREIE] a=gi =0} | cF4 | N K | 434 oo | - . 133 |9 3
ETTES = 150 | 9,0 o | 0.000 1,610 | 55.
RGN cF4 | w2 | ®O 53 | Heo 05 | 2391 EIECEE
= EERTEST _ - |14 150 | 9,000 - 0.000 1. 610 | 736
dAadzo | 1 | 48 CF4 | N2 34 | Hzo 32 23,910 : 33 900 |1,
= EEDESY on K | 4 150 | 9,000 - o | 0.001 1. 1610 | 84.0
duds | 1 | 48 CF4 | N2 K 134 H20 33 23,91 133 900 ,
EERESN KOH K - 150 | 8,000 0.004 - 1,610 | 87.2
Hxdzl | 1 | HE CF4 | N2 434 | Hzo 147 | 23,810 133 | 900 |1,
= EEES oH jie - 150 | 9,000 0.006 - 1610 | 87.2
dAddzz | 1| 42 CF4 N2 | K 34 | HzO 281 | 23,910 33 900 |1,
jﬂoﬂm L | d=s=ot Nz | EOH | K |4 HzO [ 150 [ 9,000 23.910 | 0.018 | 1.
] d=z=of | CF4 HOH K | 434 150 | 9,000 | 562 .
Axelza | 1 S=v =0 [ or e H | K | 434 | HZO
dAelz5 | 1 aswz0 [ori w2 | KO
EREFER === L2
Py 25| To | T [wma| L2
— =& (pp A b
(3£ 4) qa | EEEG 4 O €| )
— o 1 A1 E 23 | ws
2215 R G . G R RS TR A 1
S |30 oy | ER o) A | G5 - 5 | s | 1590 |3
ERES)! Ha 84| zqx S (slpm, &0 0.008 | 01 880 | 1590 | 475
= e EERBE HZO | 150 | 3,000 | 100 1500 | 0.008 | 030 880 | 1,590 | 542
CF4 |N2 | KOH | K 4'21 HzO | 150 | 3.000 188 2980 | 0.008 0.;2 880 | 1,590 | 7053
d=et=0} o | K |4 150 | 2,000 : 0.008 | 0 590 | 818
gAelz7 | 1 | 42 CcF4 [Nz | X 434 | Hz20 100 3,600 80 | 880 | 1,
4 S=o=0f cH | X | 4. 150 | 3,000 0.008 | 0. 1,590 | 947
dAldlzs | 1 | 22 CF4 [Nz | K 434 | H20 100 | 4,800 100 | 880 |1, 4
g a=oi=qf CH | K | 4. 150 | 3,000 0.008 / 1590 | 996 | 4.
Haelze | 1 | €8 CF4 | N2 | K 34 | Hz20 100 8,000 20 | 880 |1,
= EEDES OH E |4 150 | 3,000 0.008 L 1590 | 99.4
FREEIEREE CF4 |Nz | XK 454 | H2O 100 | 7.200 : 52 | 880 |1,
u FECES KOH | K | 4 150 | 3,000 0.008 | 1 1,590 | 985
A3 1 | 42 CF4 | N2 434 | H20 100 | 9100 00 | 880 |1,
= EEDES on K : 150 | 3.000 0.008 | 2 1,590 | 94.0
CRLEENIEE: CPt [Nz | X 5L | HzO 100 | 12,000 [ o 00 | 880 | L
y EERED) K | 4. 3,000 0.008 3 91.9
NEE KOH 20 | 150 |3, 18,000 | 0. 80 | 1690
x| 33 =Za1=0f | cF4 | Nz K | 134 | © 000 | 100 . 400 [8 0
HEEEE KOH 20 [ 150 |3, 24,000 | 0.008 10 | 1,660 | 42/
FREER =at=o} | CF1 | 12 K | 434 | H 000 | 100 : 125 | 7 5
REEE 2| Fom 20 | 160 |3, 7500 - 710 [ 1,550 | 9.
Hx435 A=zt =0r | CF4 | N E | 434 H 0 - : -
ELTTES 0 | 3,00 = - 0181
EREECE FEeraor [ors |12 | Hom 1255 | Hz0 120 00 - - 001 | 710 1'220 200
FREEAE :‘ia}xu} CF4 | Nz ~ 1453 - 150 | 3.000 | 170 = . 0.03 | 710 1'550 236
2 | dEe= - - : - 0L -
Hmoﬂg FEEEEEET Nz is R - | 150 3,000 | 340 - - 0.04 Zig 1550 | 27.3
Hmdm z [ ==g=0 | crs N2 m E | 434 - 150 | 3.000 | 500 - - 0.07 710 | 1.550 | 992
8l a dgot=ob | CF¢ | N K E | 43 150 | 3,000 | 790 0014 | 125 550 | 955
vlads |z | €8 F4 | Nz En - 70 | 7,500 25 | 710 |1,
Aoz | dSek=ot | ¢ Nz b = H20 | 150 | 3,000 7500 | 0.0s6 | 1.
vl =aj=0f | CF4 4.34 o] 790 ;
sndit| z | dEg=o) A It R i SR
EESTETTI = K | 43
438 | 2 | 42 CF4 | Nz
= EERES
Yidze] 2 [ 42
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LiESE] _ o1 EE! ZEE (ppm) =]
EeEe CET b PN I P o e Ta | T [ame| T2
= Basm |oeaa) sy (S lepa | BN Jam e 20| way | 20 | was || © |@ |50
214 |71 TE (V) (slpm) 214 s ax
Hlwef1z | 1 ZEct=n} | CF4 | N2 - - 14.53 HzZO 150 | 3,000 - 12,000 - 2.00 960 | 1,850 | 42.3
HAA40 | 1 ZEct=n} | CF4 | N2 KOH K 4.34 HzZO 150 | 3,000 100 12,000 0.008 2.00 960 | 1,850 | 99.3
A4l 1 ZEt=0b | CF4 | N2 KNO3 K 4.34 Hz0 150 | 3,000 100 12,000 0.008 2.00 960 | 1,650 | 981
a4z | 1 ZE2=0t | CF4 | N2 KzCO3 K 4.34 Hz0 150 | 3,000 100 12,000 0.008 2.00 960 | 1,650 | 93.2
HAe43 ] 1 dEZgt=o} | CF4 | N2 | KHCO3 K 4.34 Hz0 150 | 3,000 100 12,000 0.008 2.00 960 | 1,650 | 985
A4 | 1 ZEt=0t | CF4 | N2 KF K 4.34 HzZ0 150 | 3,000 100 12,000 0.008 2.00 960 | 1,650 | 94.0
HAAe45 | 1 dE =0t | CF4 | N2 KCl K 4.34 Hz0 150 | 3,000 100 12,000 0.008 2.00 960 | 1,650 | 95.2
HAe46 | 1 FE =0 | CF4 | N2 KBr K 4.34 HzZ0 150 | 3,000 100 12,000 0.008 2.00 960 | 1,650 | 984
HA47 | 1 Z2at=o} | CF4 | N2 |CH3COCK| K 4.34 HzZ0 150 | 3,000 100 12,000 0.008 2.00 960 | 1,650 | 97.7
AAlelds | 1 <4 Ezt=o} CF4 | N2 | EZHPO4 K 4.34 Hz2C 150 | 3,000 100 12,000 0.008 2.00 860 | 1,650 | 90.8
Hlme]13 | 1 <4 Ezt=o} CF4 | N2 - - 14.53 HZ 150 | 3,000 - 7,500 - 1.25 970 | 1,630 | 445
Hlmel1d | 1 <4 Zzt=o} CF4 | N2 - - 14.53 [H2/H20 | 150 | 3,000 - 6,000/972 - 1.00/0.16| 970 | 1,630 | 50.1
AAle49 | 1 dEZ8 =0} | CF4 | N2 KOH K 4.34 |H2/H20 | 150 | 3,000 186 |6,000/972| 0.014 [1.00/0.16| 970 | 1,630 | 99.3
Blme]15 | 1 dEZ8 =0} | CF4 | N2 - - 14.53 HZ0 150 | 3,000 - 12,000 - 2.00 348 | 1,146 | 186
Blme]16 | 1 dEZ8 =0} | CF4 | N2 - - 14.53 HZ0 150 | 3,000 - 12,000 - 2.00 508 | 1,266 | 21.3
Blme]17 | 1 dEZ8 =0} | CF4 | N2 - - 14.53 HZ0 150 | 3,000 - 12,000 - 2.00 609 | 1,345 | 274
dlmed16 | 1 FZct=nt | CF4 | N2 - - 14.53 HZO 150 | 3,000 - 12,000 - 2.00 715 | 1,426 | 334
dlwef1a| 1 dEdt=n} | CF4 | N2 - - 14.53 HZ0 150 | 3,000 - 12,000 - 2.00 817 | 1,489 | 39.8
BlWe20 | 1 dEdt=n} | CF4 | N2 - - 14.53 HZ0 150 | 3,000 - 12,000 - 2.00 834 | 1,624 | 4186
HA50 | 1 FEct=n} [ CF4 | N2 KOH K 4.34 HzZ0 150 | 3,000 100 12,000 0.008 2.00 B30 | 1,119 | 36.2
HABL | 1 FEct=n} | CF4 | N2 KOH K 4.34 HzZ0 150 | 3,000 100 12,000 0.008 2.00 B850 | 1,203 | 53.9
HAAd5z | 1 FEct=n} | CF4 | N2 KOH K 4.34 HzZ0 150 | 3,000 100 12,000 0.008 2.00 720 | 1,326 | 73.2
HAAHE5 | 1 ZEct=n} | CF4 | N2 KOH K 4.34 HzZO 150 | 3,000 100 12,000 0.008 2.00 800 | 1,461 | 91.3
HAAe5d | 1 ZEt=0b | CF4 | N2 KOH K 4.34 Hz0 150 | 3,000 100 12,000 0.008 2.00 840 | 1,525 | 97.0
A5 | 1 ZE2=0t | CF4 | N2 KOH K 4.34 Hz0 150 | 3,000 100 12,000 0.008 2.00 890 | 1,549 | 98.7
(3£ 0)
i & 7] A] 3 B 28 1, =8
. e oot - B E;(pp ) m;% ‘ T, | T (A8 52
= masw (w834 ama |Fl0aua | 9FA (ge o9 | B8 | ey | 2D | waw | O | © [@ ()
Z1A 121 e (sipm)| 17 EPN By
HAlAEE | 3 dZ2} =0} | CF4 | N2 ENO3 K 434 H20 150 | 3,000 68 10,050 0.006 1868 930 | 1,550 | 974
HAABT7 | 3 dZ8} =0} | CF4 | N2 ENO3 K 434 H20 300 | 3,000 68 10,500 0.006 1.75 950 | 1,670 | 98.7
HAGES | 3 A Zct=nt | CF4 | N2 ENO3 )i 434 HZO 600 | 3.000 68 9,900 0.006 1856 900 | 1,650 | 982
HAGE9 | 4 AZct=nt | CF4 | N2 ENO3 K 4.34 HZ0 150 | 3.000 63 7,500 0.005 1.26 920 | 1,670 | 972
Blud21 | 1 A Zct=nt |CZF6 | Nz - - | 1453 HZ0 200 | 3,000 - 7,900 - 1.32 520 | 1,050 | 634
HAGB0 | 1 A Zct=nt |CZF6 | Nz KOH K 4.34 HZ0 200 | 3,000 100 7,900 0.008 1.32 520 | 1,050 | 99.0
Bludzz | 1 4 Zet=0t SFe | N2 - - | 1453 HZO 200 | 3,000 - 7,450 - 1.24 630 | 1,130 | 68.0
Hidel | 1 g Eet=0t SF6 | N2 KOH K 4.34 HZO 200 | 3,000 140 7,450 0.012 1.z24 B30 | 1,130 | 98.2
Hlma23 ] CF4 | N2 - - | 14,53 |C3H8,02| 100 | 2,900 - - - ~B z0 N/A | 395
Arlde2 oA AH Y CF4 | N2 KCH K 4.34 |C3H8,02| 100 | 2,800 240 - 0.021 ~6 20 N/A 68.2
Hlmozd Zaloldol3a | CF4 | N2 - - 14.53 HZO 30 3,000 - 8,400 - 1.40 20 N/A 46.0
Arlde3 Zaloldol3a | CF4 | N2 NaOH Na | 5.14 HZO 30 3,000 190 8,400 0.016 1.40 20 N/A 805
Hlnel25 Hd35]H CF4 | N2 - 14.53 H20 60 | 3,200 - 19,850 - 3.10 20 1,130 | 214
A AlolBd Hd35]H CF4 | N2 KOH K 434 H20 60 | 3,200 | 450 18,460 0.035 2.88 20 1,130 | 55.3
AAdB5 Hd35]H CF4 | N2 KOH K 434 H20 60 | 3,200 | 2,250 12,900 0.176 2.02 20 1,130 | 98.7
Bl D26 Hd 3| NF3 | N2 - - | 1453 H20 60 | 3,200 - 19,850 - 4.14 20 800 | 925
HAHB6 HdslEl NF3 | N2 KOH )i 434 HZO 60 | 3,200 | 450 18,4680 0.0356 3.85 20 800 | 979

ul 5] 29 A Alof 1~823E] W87 9 27k A b ol wheh CF, o] ¥ 5§ o]
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