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Goal & Approach
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VOCs decomposed by discharge plasma

EE o F T = ppr] | FREEE(4] e 7 T, = [opm ] | BREEE ]
A CH, 113~1,000 | 15~80 | |F¥L 2 o—m—p-) CeHe(CHaro 2~200 100
AFILTILO=I CH,OH 400 55 IF)L~Ey CgHgCoHs 0.2 100
R AP TER HCHO 40~100 97 AFL CgHEC 2H3 1,000~5370] >80
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Experimental apparatus, conditions & procedure

> The initial concentration of acetone
is approximately 230 ppm.
Diffiusion |_J Rotary

Pump Pump > A background gas 1S nitrogen‘

DC Power
Supply
| |

Digital Multimeter

oxygen mixture and the mixture
PC |LabVIEW Digital Vacunm Gauge ratios (%) are_N, /O, = 80/20, 90
I /10, 95/5,98/2 and 99.8/0.2.
Digital Storage Baratron
Oscilloscope Manometer > Initial gas pressure in the
: discharge chamber is atmospheric
ealns F®H 5 il | rramform pressure.
CH2 > Infrared .
Spectrophotometer > Applled VOltage :+25to 27 kV
QP » A gas sample is taken from the
0,| |N, = Ty discharge chamber prior to and
[\ — Pump following the discharge, and the
CH,COCH, concentrations _of acetone and
products in the corona discharge
Discharge chamber Multi-needle electrode Plane electrode are measured by a FT-IR.
197mm _in inr!er diameter Thi_rteen needles of ¢4 x 45mm #80mm
gg?rr:l]?sslzns?ee;?h ls\ltZ:andklees zslt(;a:rl: #50mm (brass) stainless steel
Needle density : 0.66/cm?
Purity Gas Cell

Acetone: 99.5%
Nitrogen:  99.99%
Oxygen: 99.5%

(Infrared Analysis, 10-PA)
Optical path length: 10m
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Infrared absorbance spectra after 30min discharge (N,/0,=99.8/0.2)

20 ) ) ) ) I ) ) ) ) I ) ) ) ) I ) ) ) ) I ) ) ) ) I ) ) ) )
—— prior to discharge CH HCN CO,

— —— after 30min discharge (15kJ) accetone%L 4 \N
= or < [ HCOOH | | 7]
o accetone CO
S 10 s —
: CH N
) 4 ii] 03
2 05 —
© HCHO

OO ] | 1 T&l ] ] 1 1 l ] 1 1 1 1

3500 3000 2500 2000 1500 1000 500

-1
wavenumber [cm ]

» Absorbance spectra of acetone decrease after 30min
discharge, and those of CO,, CO, CH,, HCHO, HCOOH and
HCN, regarded as products from acetone, are newly observed.

» Spectra of N,O, NO, and O, are also observed, and these are
probably produced mainly from the background gas.
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Concentration variations of acetone with input energy

250 - I - T - |
_. B CcH,coCH,:cCstr
£ 200 (1213~1220cm ')
o
S 150 N, : O, (%) .
= § —» 80 :20
o -% 90 :10
€ 100 ¢t +~ 95 -5 |
;- N 98 : 2
c : - .
S ol & e = 998: 02| _
O .
o 1 S SE—
0 20 40 60 80

input energy (kJ)

» Concentrations decrease to Oppm at about 40kJ in almost
the same manner.

> The oxygen concentration has little influence on the
decomposition of acetone.

» Namely, oxygen species make few contributions to the
acetone decomposition.
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Concentration variations of gaseous products with input energy

input energy [kJ]

input energy [kJ]
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@ produced only at low oxygen
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@ minor intermediate product
@ produced only at low oxygen
concentration



Chemical reaction

k
IA+mMB+nC—1'A+~m'B'+n'C'

r =k[AT[B]"[C]"

rate constant : k (cm3/s or cm®/s)
Reaction rate : r (cm™/s)- concentration: [A], [B], [C] (cm=3)

order of reaction : I, m, n

p
CH, + O, - CH;0, + H (1) |

r, = ky[CH,][O,] 1046~1044 cm3/s
k, =2.9%<1077 cm3/s

CH, + O, - CH; + HO, (2)

k, = 1.5%<10°°% cm3/s ‘ r, = kp,[CH4][O,] 10-19~101 cm=3/s

CH; +e - CH; +H +e (3)

ks = 2.5>10716 cm3/s = r; = k3[CH,][e] 1013—10%* cm—3/s

‘ The values of reaction rate indicate principal reactions.
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Decomposition process of acetone

»NO

20

CH3 %
1 €
2_(6) cﬁz(lﬁpﬂ HCOOH
(12)1_>
—H OH > HO
cHlONO HCOO
>~NO (5|03
N <«—1—>H (13)| e
olpy 48
neod2 Ifo r?o?
N2 1 H

No.

reaction formulae

rate constants:k

(@)
®3)
(4)
(5)
(6)
()
(8)
9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)

CH,CO + O, - CH;0 + CO,
CH;0+ 0O - CH; + 0O,
CH;+e - CH,+H+e
CH,+e - CH+H+e
CH,+ 0O, — CO +H,0
CH,+H - CH,
CH; + HNO - CH, + NO
CH,+e - CH;+H+e
CH, + OH - HCHO + H
HCHO + OH -~ HCOOH + H

HCOOH + OH — HCOO + H,0

HCOO+e -~ CO,+H+e
HCHO +H -~ HCO + H,
HCO+0O; - CO,+0,+H
CH+NO - HCO+N
CH + N,O - HCN + NO
HCN+ O - H+ NCO
NCO +NO - CO, +N,
CO +0O(*D) - CO,

4.7><1013 cm?/s
1.6><101! cmd/s
7.7>%<10° cm?/s

3.2%<10°cm?/s

4.0<1013 cm3/s
2.4>101° cmd/s
9.0<10?*? cmd/s
2.5><101% cmd/s
3.0<101 cmd/s
2.0<1013 cmd/s
3.2><1013 cmd/s
1.1><10 cmd/s
5.7><101 cmd/s
8.3<1013 cmd/s
1.3><10* cm?/s
1.3><101 cm3/s
5.0<10* cm3/s
2.0><101 cmd/s

8.0><101cm?d/s

iﬁl Muroran Institute of Technology



Acetone decomposition

CH3COCH3
|
|
|
Y
202 K)Ne) 7)) H
CH3CO u—» CH30 CH3a <= CHy
o2 ()] H' ° 0O
H e
1 11
H2 0«92 ©) CHz% HCHO )%H >| HCOOH
(5) H o (14) no (12
e H H H2 OH H20
I:":l (16) NO
co w—;—» HCO HCOO
(17) N
N20 > NO 15)| 03
HCN 02 «——>H (13)| e
20)lo(lp) (18)
(20)|0(*D) 3 H
S A
nco LANO ren,
A 4
N2 ' H

250 M 1 M 1 M 1
. CH,COCH, : C-C str
E 2007 (1213~1220cm™)
Z
S 150t ‘{\_ N, : O, (%) -
= v - 80 :20
S t -% 90 :10
c 100- @t 2 95 :5 | ]
§ X 98 2
5 50 o -m- 99.8: 0.2

0 20 40 60 80
input energy (kJ)

» The decomposition process  of
acetone has little dependence on the
oxygen concentration.

» Acetone is assumed to be
decomposed mainly by electron
collision.

CH,COCH, + e
- CH,CO + CH, +e
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CO production

CH3COCH3

@)L

(8) HNO

Y

O l
cH3co &22 chzo BLO, o

H

(20)

odp) (3

(1) H

oZ(ﬂ
H<de

(5'1: (14)1_) M
H2
(]—r>6) NO , 1ico

(15)
02«

(17l
N20

HCN
)

NCO

> CHg4

3« +e

(9)

(10)OH

HCHO

11)OH

>NO

HCOOH

v

N
NO

H
(19)NO

N2

CO2

03

— H

12)]
OH 1—>H20

HCOO

13)| e

-
<

350
300
250
200
150
100

concentration (ppm)

509

N, : O, (%)
—o— 80
-% 90
— 95

98
-#- 99.8:

120
110
. 5

2
0.2

40
input energy (kJ)

60

» The concentration of CO increases with
the increase of oxygen concentration.

» Following reaction is suggested as CO

production.

CH,+ 0, — CO + H,0O
k=4.0><1013 cm3/s
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CH, production

CH3COCH3 50— N .O.
— 210, (%)
£ 200} CH4 -e-80 :20 |4
% -# 90 :10
g 150 98 : 2 |4
3 % - -#- 99.8: 0.2
—2>CH30 O E 100} '." ) ~.----l_\-. -
§ ]’I-
02 8 |
H20 <« HCOOH a —-
(12) 0 20 40 60 80
OH H20 input energy (kJ)

HCOO
» CH, is probably produced by
CH;+H - CH,, k=2.4><1010
(13)] e cmd/s
CH; + HNO - CH, + NO,
k=9.0><10"12 cm3/s.

» HNO radical is produced by
NO+H+M -

(20)

-
<

T

HNO + M (M:a third body)

The concentration of NO increases at
low oxygen concentration.

CH, produced this process increases at

. low oxygen concentration.
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CO, production

600 r T T T . r

= 500 7 .

% ) At ,-‘ﬂ

~ 400} -

S NZ:Oszo(%) 20

= R - : _

© 300 -% 90 :10

= + 95 : 5

0 200F 98 : 2 |7

c ) -@- 99.8: 0.2

(@) .

o 100f 7, v 1]
%" CO, : Anti str(2300~2380cm ")
" 1 " 1 " 1 "

0 20 40 60 80
input energy (kJ)

» CO, may be produced
at high oxygen concentration
CH,CO + O, - CH,0 + CO,

|
|
|
(20) :0( D)
|
|
|
|

k=4.7>101% cm?¥/s
CO + O('D) - CO,,
k=8.0><101lcm?/s
at low oxygen concentration
—— HCOO +e - CO,+H +e,
k=1.1><10-'2 cm?/s
HCO +0O; - CO,+ O, + H,
> Further study is needed for a quantitative k=8.3> 1013 cm?3/s
understanding of the independence of the oxygen NCO + NO -~ CO, +N,,
concentration for CO, concentration. k=2.0><1011 cm3/s
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Predicted products

No. reaction formulae rate constants:k
(2) CH,CO+0, - CH,0+CO, 4.7=<10®cm’s
(3) CH,0+ 0O - CH;+ 0O, 1.6><101! cmd/s

L NO (4) CH;+e - CH,+H+e 7.7><10° cm?/s

(5) CH,+e - CH+H+e 3.2><10° cm?/s
+0, - + 01013 cm?®/s

(6) CH,+ 0, - CO + H,0 4.0=1013 cm?/
+H - 4>101° cmd/s
(7) CHy+H - CH, 2.4><10"1° cmd/
(8) CH; + HNO - CH, + NO 9.0<10?12 cm?d/s
H2(Ilf<92 HCOOH (9) CH,+e - CH;+H+e 2.5><10 cm?/s
(‘;ﬁ o (10) CH; + OH — HCHO + H 3.0 10" cmd/s
=====(11) HCHO + OH - HCOOH +H  2.0=<103 cmd/s
|COI HCOO
e (12) HCOOH + OH — HCOO + H,0 3.2><10"%3 cm¥s
(13) HCOO +e - CO,+H +e 1.1><10 cmd/s
(13)|e (14) HCHO +H - HCO + H, 5.7><101cmd/s
20) (15) HCO + O, — CO, + O, + H 8.3><1013 cm¥/s
(AHNO [ (16) CH+NO - HCO +N 1.3<10" cmd/s
NCO - > COp

I*Tz £ i-’I (17) CH+ N,O - HCN + NO 1.3><1016 cm3/s
(18) HCN+0O - H+ NCO 5.0<1018 cm?d/s
(19) NCO+NO - CO, + N, 2.0<10 cm?d/s

(20) CO + O(*D) - CO, 8.0>10-1cm?/s
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VOC Benzene, Toluene & Xylene
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Concentration variations in N,-O,-C;H,

concentration [ppm]

concentration [ppm]
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Reactions for benzene

Benzene

Reaction T [K] k(T) [cm3/molecule s] Number
Benzene + O - Products 300 3.16x10°14 [1]
Benzene + O - Adduct 300 1.85x104 [1]
Benzene + O, - Products 298 2.03x10%? [2]
Benzene + N,(A32,*) - Products | ----- 1.6x10710 [3]
Benzene + NO, - Phenyl + HNO, 600 — 1100 4.15x101° exp(-177/RT) [4]
Benzene + NO, - Products 298 3.01x10Y [5]
Benzene + OH - Products 300 1.28x10*? [6]
Benzene + OH - Adduct 296 1.3x1012 [7]
Benzene + OH - Phenyl + H,0 300 4.73x10°14 [8]
Benzene + Phenyl - Biphenyl + H 300 8.14x10716 [9]
Benzene + Phenyl - Products 298 3.01x10°%° [10]
Reaction T [K] k(T) [s7] Number
Benzene - Products 1200 — 1500 8.99x10%° exp(-450/RT) [6]
Benzene - Phenyl + H 1520 — 2500 4.57x10%2 exp(-372/RT) [11]

eReaction coefficients between electrons & benzene ?
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Reactions for toluene

Toluene

Reaction T [K] k(T) [cm3/molecule s] Number
Toluene + O - Products 300 7.91x10-14 [1]
Toluene + O, — Products 298 4.53x10-2 [2]
Toluene + NO, — Products 295 2.09x10-20 [12]
Toluene + NO, - Products 298 6.79x1017 [5]
Toluene + OH - Products 300 6.12x101? [13]
Toluene + OH - Adduct 300 6.93x1012 [6]
Toluene + OH — Benzyl + H,0 298 6.96x10-12 [14]
Reaction T [K] k(T) [s7] Number
Toluene — Products 1090 - 1190 1.23x1013 exp(-315/RT) [15]
Toluene - Benzyl + H 1000 - 2500 7.75x101 (T/296)°%8 exp(-373/RT) [16]
Toluene — Phenyl + CH, 1000 - 2500 2.24x1018 (T/296) 173 exp(-436/RT) [16]

eReaction coefficients between electrons & toluene ?
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Reactions for xylene

p-Xylene

Reaction T [K] k(T) [cm3/molecule s] Number
p-Xylene + O - Products 300 2.37x10°13 [17]
p-Xylene + O, — Products 300 1.54x10% [2]
p-Xylene + NO, — Products 298 4.53x1016 [5]
p-Xylene + OH - Adduct 300 1.4x10-1 [6]
p-Xylene + OH - Products 300 1.52x10 [13]
Reaction T [K] K(T) [sY] Number
p-Xylene — Products 949 - 1030 3.79x107 exp(-284/RT) [20]
p-Xylene — Methylbenzyl + H 1100 - 1900  1.78x10%6 exp(-369/RT) [19]
p-Xylene - Benzyl + CH, 1210-1380  9.29x10'? exp(301/RT) [21]
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Conclusions

VOC fragments by-products

by-products

10 VOC
VOC
VOC
-VOC
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