14 16 124,980

( 16 37,700
6FDA-BAAF
6FDA-BAAF
500 550
N2/SFe 60,000
1% SFe 100%
N2-6%SFs 99% SFs 85

HFC-134a(CH2FCFs3)-N2

SFs
HFC

AlIPO4
HFC
TiO2 HFC

0.23kWh/mol
94%

MnO2 TiO2-SiO2
MnO:

AlIPO4



PFC(Perfluorocarbon) SFs

90%

1%

NF3

1)

1,2)

PFC

PFC SFe

HFC(Hydrofluorocarbon)

1%

CVD(

1997 12
(COP3)
2010

NF3

PFC CF4

PFC

1995



PFC SFe

N2 N2/PFC
PFC
SFs

3.
Q) PFC

(PDMS)( )

(PPO) N2 N2/PFC 6FDA
2,2-bis(3,4-dicarboxyphenyl)- hexafluoropropane dianhydride

(6FDA) 2,2-bis(4-aminophenyl)hexafluoropropane(BAAF)
6FDA-BAAF 6FDA 2,4,6-Trimethyl-1,3-phenylenediamine (TMPD)
6FDA-TMPD 1-1

CF4 s
' ] G
6FDA-BAAF R N o U iV am e
: 6
1-2 6FDA-BAAF

CF
I ’ Q CHs  §
S Sy S S
| CF4| N N
L s e T
JhsC CHa )
6FDA-TMPD

1-1 6FDA

N2/PFC
6FDA-BAAF PPO



500 550
(1-1)
(Permeability:P) (Perme-
ance:P/l)
Q=8s(m-n) (1-1)
Q
Pi S
I A/B

(Ideal separation factor : ISF)

(2)
SFe

(
2)
SFs
SFs
mol/sec)
30
40atm

| {6FDA-BAAF - 29wt%
DMAc:31wt%

Acetone:40wt%}

| { No (15 )
HO0 (5 )
HyO0 (20 )}
{ (12hr)}
{12hr}
{ (30min)}
{24hr}

— |

{2wt%-PDMS
| n-Octane

— 5

6FDA-BAAF

(latm 30 SFe:0.1 10mol%

¢ 1-3)
s )
ISF
SFe



—dq = %dS x—Pry+L*{1—x—Pr(1—y)}] (1-2)
) o
—qdx = PAap”dS(x —Pry)+ xdg (1-3)

pressure stream

Pr: pressure ratio (p,/p,)

gy feed flow rate

P,: permeability of component A
Pg: permeability of component B
o*: ideal separation factor(P,/Pg)
S: membrane area

8 : membrane thickness

X,y : mole fraction of N, in the high- and low-

ISF 50 200(N2/SFe) SFe
( ) ( 1-4) 2
( 1-5)
(SFs 1 0.1%) SF,
( ) ( )
)
1-1 1-6
1-7 1-6
( 1-4) 1-7
1-1 SFs
permeance 3.00E-09 1 00E-08 3 00E.09
[mol/m2.s.Pa]
ISF [(_N]Z/SF 6) 50 200 25,000
cost
[Yen/m2] 10,000 20,000 50,000

(ISF: ideal separation factor)



source

recovery

1-4 SFs

source
recovery
1-5 SFes
source *l I_. ( ; a
SF 6,N 2
1 atm, 30 h )
1 [mole/sec] Hoam B
recovery

1%SF 6

1-6 SFs

source
SF 6,N 2

E 40 atm 15

recovery

1 atm, 30
1 [mole/sec]

1%SF 6

o SFe

(1) PFC



N2 CFy SFg

H €Oz
(PDM |9H2 Oy CHy C3Hg CaHg
S) (PP 1e-11 L L, . e
O) 6FDA-BAAF e b O O |:|_
6FDA-TMPD W 0o O
o e o d
w  1E-13 —:U O ]
o
50 Ii 1E-14 'O ° 05
1-8 Nz CFa S B © O PDMS
PDMS T 115 F Bg O ppoO
N2>CF = © BFDA-TMPD
2 * § 1E-16 F B 6FDA-BAAF
PDMS £ 6]
N2 S g 50 E
PFC 1E-18 . (ON .
PEC 50 100 150 200
Ve: Critical volume [cm3 mol '1]
1-8 6FDA
3 N2/CF4
100 PPO
N2
6FDA
6FDA PFC
N,
6FDA-BAAF
(SEM) 1-9 x1. @k BE19
€
700
>0 50um
1-9 6FDA BAAF
SEM
1-10 N2

PDMS
1-10



1000 T T T T
. g hollow-fiber o
s ]
o
25 N2/CFa &= 100 ¥ g PDMS coated m;
= —fi ]
250 PEC 3 hollow-fiber ® OF ]
= ]
= 10 - -
Y
e (|
~
8 O C3Hg
PDMS X tr ]
z - %\,  CaHe
> -
I; () 0.1F C02 E
-
5 £
PDMS 2 S 25
v © He
N2 w = 0.01 PR BT BT RS TR RS
0.01 0.1 1 10 100 1000
1-11 N2 Selectivity (Ny/gas) of dense film [-]

1-10 6FDA BAAF

N2/CF4 250 N2/SFs

400
1E-06 T T T 1250 T T T
| No
Non-coated o CFy O Ny/SFg
B SF Non-coated
6 O N»/CF
2744
| = N2 |
1607 PDMS coated © CRy 1000 PDMS coated ©
— B SFg [
- —
& -
— S
'» 1E-08 F 1 8 7ot -
N &
IE -
= 2
= [E
o 1E-09 | A E ;5;_ 500 F i
I 7]
S -
5 g
o o
16-10 F G\S\W E 250 | 1
- \2\:
1E_1l M 0 I I I
0.0026 0.0028 0.003 0.0032 0.0034 0.0026 0.0028 0.003 0.0032 0.0034
T k1] uT k1]

1-11 6FDA-BAAF (A) (B)



6FDA-BAAF

500 550
N2
5%10710 5>109 mol m-2
st Pal N2/CF4>
1000 N2/SFe>5000
500 1-12
1-12
50 100 2
550
1-13
Knudsen
1E-06 T T '
o N
Non-coated e} CFy
iz ] SF6
m No
1E-07 | PDMS coated ) CFy ]
—_ 3 SF6
; o
T 1E-08 F E g
o &
s 1E-00 A 1%
: 2
g 3
1E-10 F 6\\6\62 1
1E-11 -\'._ ' '

0.0026  0.0028  0.003  0.0032  0.0034
uT [ kL]

3 G6FDA-BAAF

0.53mm
25 100
N2
1250 T T T
O  No/SF
Non-coated 27°6
O  Ny/CFy
1000 | [ ) 1
PDMS coated
|
750 | N
500 R
250 1
O L L L

0.0026 0.0028 0.003 0.0032 0.0034

uT kL]

(A) (B)



100 N2/SFe
60,000 N2/CFs N2/ HFC-134a 4,000
500 550
10
N2 N2/PFC
Fe
PPO
PPO
PFC
CFs SFs PFC
6FDA-BAAF
N2/PFC
390 260 15cm 150
1.58cm
94%N2-6%SFs ( /
)
1/10
1-14
94%N2-6%SFs 99% SFs 85
1-15
1-4 1-5
Pm( ) 1-6
2
_qu) idi)z(zx_Pry (1'4)
ds PmdS
dl(1-x 1 d*(1-x) 1
Jdlexl LX) Ly by )
ds Pm dS a
2
| u.z
pme— d 1 _Peld g Nowz  pe = (1-6)
NDAC,22B,p,  SP,p, D,



1 1 ]
=) ©
LL — Calculated 7]
= 0.87 ¢ Experimental v 0.87
B
§ 0.6 & 0.6
) +~
Q Q
& 0.47 S 0.4- .
W 4 — Calculated
© 0.27 2 . -
5 o 0.279 o Experimental
= =
0 ! ! J 0 T T T
0 0.25 0.5 0.7 1 0.7 0.8 0.9 1
Stage CUT [-] Recovery of SFg [-]
1-14
SF, N,/SF 76
| 1 dZ
i [‘_'1 C: concentration of permeating component
| A,: cross section area of high pressure stream
N D: mutual diffusion coefficient
| Z: Z axis distance
ag [ mol / si ] I: membrane thickness

x,y : mole fraction of N, in the high- and low-

pressure stream
Pr: pressure ratio (p/py,)

q;: feed flow rate
P,: permeability of component A (N,)
Pg: permeability of component B (SF)

o*: ideal separation factor(P,/Pg)

N: number of hollow fiber membrane
Pm: mixing parameter

1-15

1-14

N2/SFe 76 6FDA-BAAF
(200 )



(2) 500
6FDA-BAAF
25 N2/
CF4 (ISF) 250 D N
400 =
=} ““x,\
(ISF=50 ) ki b\
o
o
(ISF) N2/SFe 50 8 ““\,\(
& 300 -
w N
i 0O
ISF 50 200 1-4 =
1-5
200
0.1 1 10
Source conc. of Sk [%)]
ISF =200 1-16 90
10% 88.9%(0.025
kWh/mol.SFs) 0.1%
86.2%( 2.6) ISF =50 79.5%( 0.028) 71.2%( 3.2)
ISF ( 93 )
SFs 90 ISF 10 280(0.0245 kwWh/mol)
0.1 470( 2.53) ( 1-16)
ISF=50 0.1
ISF=200 500
1_2 SFG
source SF6 ISF power recovery energy
conc. [%] [-1] [kw] [%0] [kwh/mol]
10 50 14.2 96.4 0.0410
5 14.9 95.2 0.0868
1 115 95.0 0.337
0.1 16.4 95.9 4.75
ISF=200 10 200 11.9 99.1 0.0335
10%  99.1%(0.033 5 14.9 98.9 0.0837
kwWh/mol.SFe) 1% 1 10.1 98.4 0.284
98.4%( 0.284) 0.1 16.4 99.1 4.60
ISF=50 10% (ISF: Ideal Separation Factor)
96.4%( 0.041) 1% 95%( 0.337) ( 1-2)

ISF



ISF=200 99% ISF=50
4.8kWh/mol
(ISF) 50
200
500
3
ISF
93% (13 no
recycle) SFs
1-6)
1%SFe
84%
96% 100%
( 1-3 recycled)

0.1

96% 4.6
6FDA-BAAF
SFe
0.1
SF6 N2/SF6
6FDA-BAAF
550 60,000
25,000 ( 1-1)
( )
1-3
(D
< recycled >

membrane 0] | sFe 01w 1% 10%

50 78 84 90

200 94 96 97
25000 ~100 ~100 ~100

200+25000 99 99 99

< no recycle >

megg;a”e o] | SFe 0.1% 1% 10%

50 71 75 80

200 86 88 89

25000 93 93 93

200+25000 92 92 92




(ex. Feed rate: 1 mole s, 99%N,-1%SF;)

membrane ISF recovery power energy membrane area membrane cost
type [-] [%] [kw] [kWh/mol] required [ m? ] [ x10° Yen]
50 83.5 8.19 0.272 390 3.9
200 95.6 8.21 0.239 120 2.4
25000 ~100 8.21 0.228 400 20
200+25000 99.1 8.19 0.230 79+130 1.6+6.6

(ISF: Ideal Separation Factor)

1-5 SF
<recycled > <no recycle >
90%> 90%>
source SF6 source SFe
conc. [%] conc. [%]
0.1 X X O o) 0.1 X X O O
1 X O O 1 @) O
10 O O O O 10 X X O O
95%> 95%>
source SF6 source SFe
conc. [%] conc. [%]
0.1 X X O o) 0.1
1 @) 'e) 1
10 X O (@) o) 10
99%>
source SF6
conc. [%]
0.1 X X (@) o
1 X X (@) o
10 X X (@) o
ISF
( 1-7)
99
3% 4 ( 1-4)
90 95%

SFs

SFe 1-5



25 N2/CF4
(ISP=50 )
SFs

0.28kWh/mol
SFe
6FDA-BAAF

6FDA
6FDA-BAAF
6FDA-BAAF
(ISP) 250
ISP=50 200 90
1ISP=200 1% SFs 98%
SFs
500 550
N2 5%1010 5x

10°mol m-2 st Pal
550

N2/CF2>1000 N2/SFe>5000
100 N2/SFe

60,000 N2/CFs N2/CoH2F4(HFC-134a) 4,000

SFe
ISF=25,000
0.23kWh/mol
0.28kwWh/mol
6.
ne )
(PFC
2)
3)

€y ( )

1% SFe 100%
ISF=200
ISF=200
()
) (2002)

No. 2, pp. 22-25 (1999)
14 (2) , pp. 116-122 (1996)



Y. Suda, |. Fujiwara, K. Haraya, Transactions of the Materials Research Society of
Japan, 29, 3275 (2004)
““Gas Permeation Properties of Iron Containing Carbon Molecular Sieve Membranes”
M. Yoshimune, Y. Suda, |I. Fujiwara, K. Haraya, Chemm Lett, (in press)
““Novel Carbon Molecular Sieve Membrane Derived from Poly(phenylene oxide) and its
Derivatives for Gas Separation”
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25  (2003)
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HCFC-142b
2.
14
15
16

1995 CFC-11
HFC-245fa HFC-134a

HFC SFe

HFC-134a

14 15 HFC-134a-Nz2

HCFC-141b

HFC-134a



3.1

2-1
SUS 200cm3

0.02K (Hart Scientific, 1502A)

0.025%( ) (Druck, PDCR902, 0-5MPa)
(Druck, DP1145) 20pL

(Rheodyne, Model 7010)
(Eldex) (Shimadzu, GC-14B)
SM-6 TCD
(1SCO, 500D)
HFC-134a (HFC-134a 10, 20, 40, 60, 80%)
Mili-Q

g

1. Ecuilibrium zell 6. Gas cylinder

2. W ater bath 7. [Data acquisition system

3. External heat exchanger 0. [ligh preszsure metering pump
4. Vacuum pump 9. Gas chromatograph

A, Syringe pump 10.5ampling valve

2-1



3.2

50cm3
5K
0.5K/h
GP-1B
H-Lw-V Lw-V
H-Lw-V 3
H-Lw-V 3
24
0.005MPa
1000rpm
3.3
HFC-134a 10 20 40 60 80% HFC-134a-N2- 3 H-Lw-V
275-285K 0.1-2.7MPa
2-2 HFC-134a-N2- H-Lw-V
Nz- 2 3 HFC-134a- 2 3 N2
HFC-134a
HFC-134a
N2
HFC-134a
HFC-134a-N2
HFC-134a
2-3 278.15K 282.15K HFC-134a-N2- 3 p-X
3 ( ) 3 (HFC-134a N2 )
2
2-2
2-2 2-3
HFC134a HFC134a
50% HFC134a 278.15K 94%
282.15K 87% 278.15K 0.24MPa
282.15K 0.6MPa HFC134a

HFC134a

90%



HFC134a

278.15K

Composition of HFC-134a in the Vapor Phase (mole %)

Pressure (MFa)

M, +HFC-134a (20%)
: /

o @ # 4 P

Ternperature (K)

2-2  H-Lw-V

0.4MPa

278.15K
2-4(b)

HFC-134a

B0 -
40w
20 I
0 . \ . .
o 20 40 B0 a0 100

Time {min}

2-4(a)

)
Jui]
o

HFC134a

HFC134a

3.0

Pressure (MPa)
o

—m— 28215 K

‘wl '.\ e v \\\ Hoy
1l AN b LN
A T #
. e R
Ly e s RN
0o : '
0 20 40 =t} an 100
Compos 13a %y

2-4(a)

0.4MPa 0.8MPa

H-L-V 3

=in]

20 30

Composition of HFC-134a in the Vapor Phase (rmole %)

—a— 0.4 MPa
—a— 08 MPa

2-4(b)

20 40 &0 a0 a0

Tirme (min)

60
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HCFG142b
N,
0,

Compressor

Heat

Nz
O,

2-5

4.1

exchanger chamber
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Regression

HCFC142b

Formation Separator

van der Waals-Platteeuw
MHV2-UNIQUAC

UNIQUAC

MHV2-UNIQUAC

HCFC142b

e
l—‘ > Molecular
properties Model
—

H.0

Prediction
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van Der Waals-Platteeuw

Bondi

Experimental
results

Equilibrium

properties

Specification
of the system




£*(au,)= 3 3 {log il 111 oo ik [}

2
i j=1

0", 0" MHV2-UNIQUAC

MHV2

Oy +0,0" = Z Xi (qu‘i0 + (120‘i02 )+ i X;log y; + ZC: X; log
i i1

C
i=1 i=1

MHV2-UNIQUAC
van Der Waals-Platteeuw
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H-Lw-V
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0
pAVZT + AVTE

@)
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o 2)

b.O
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A )z
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@ @ G (® Xur Xps Yor V1 (T,p, Xw,X1,yw,y1)
(7) 0 1
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2_1 HCFCl42b ® Experimental results
Calculated results
Care radivs 2 4 6020E—1 £
o |
Distance parameter o 41863E10 2
g
Depth of potential well =4 59990 -
10¢ : ; ‘
270 275 280 285
Temperature [K]
2-7

4.2

oy =1 +RTIN 5L (g)

In

290



dn, :
M _kamP @)
dt P
4
5.
HFC-134a
HFC-134a
5.1
2-8
5.2
2-9 HFC-134a
HFC-134a
3

800rpm

HFC-134a-N:2
HFC-134a



160
140
120
100
80
60
40
20
0

Nz Cylinder

3UNay Valve I i
H hd F‘}ish:n Pump TI
L L
1 (] !
- i PG P
Pl— ot s —1
SRR ]
(=N Y A
_I)_ L .
I_gljj_ [
T i -3 1
koAl o i NEE pey
AAaAM- = L M Hxgr |
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[ | E 3
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(
AIn—p
peq
06
1 0s
| s
Bl { 04
| B {
B 03
.'. . HFC-134a]| 02
. . HFC-134a]| 01
0

0:00.00 0:14:24 0:28:48 0:43:12 057:36 1:12:00 1:26:24
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2-10

0 0.01

Gas Chromatogr ap by

2-10

1.21><1023mol st m=2

0.03
Aln(f/feq)

0.02 0.04 0.05
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2000
2_
1e00 R =0.524 )
il
W 1zo0 |
forl
ﬁ% goo |
H
400 |
I:I 1 1 1 1
0 0z 04 oA 0.8 1
HF G )L 3 58

2-11 HFC-134a

2-11 1(
HFC-134a)
HEC-134a
HFC-134a
6.
HEC-134a SFe
( 2-2)

6.1 HFC-134a/

HFC-134a 70% 23% 6% 1%
20Nms3/h 281 K
HFC-134a 4.1bar
5.6bar HFC-134a 133.7kJ/mol
19.6kJ/mol 2-2
8.723kW(1kg HFC-134a 0.144kWh)

2.092Kw(HFC-134a 1kg 0.035kWh)



2-2 HFC-134a

[kw] [KW]
HFC-134a SFe
0.561 1.436
0.193 0.043
0.180 0.077
7.608 3.028
0.219 0.087
-0.038 -0.655
8.723 4.055
HFC-134a SFe
0.698 5.974
0.219 0.124
1.176 0.640
0 -1.972
2.092 4.766
6.2 SFe/
SFs 0.3
278K 5.3bar 17.7bar
SFs 124.2kJ/mol 166.6kJ/mol
1kg SFs 0.108kWh
0.128kWh HFC-134a
SFs
HFC-134a SFs
¢y ( )
( ) ( ): Proceedings of 4th

International Conferece on Gas Hydrates 2, 1012-1015 (2002)

“A Novel Separation Process of Hydrochlorofluorocarbons (HCFCs) and Hydrofluorocarbons (HFCs) by
Using Clathrate Hydrate Formation”

( ) ( ): Proceedings of GHGT-6

(2002)

“Separation Process of Hydrofluorocarbons (HFCs) by Clathrate Hydrate Formation”
F. Kiyono, H. Tajima, K. Ogasawara, A. Yamasaki, Prepr. Pap. -Am. Chem. Soc., Div. Fuel Chem. 49, 1,
paper#202 (2004)



“Measurements of HCFC-142b Hydrate Properties Relating to the Separation from its Mixture”

K. Shigjiri, T. Okano, Y. Yanagisawa, M. Fujii, A. Yamasaki, H. Tajima, and F. Kiyono, Stud. Surface
Sci. Cat., 153, 507-512 (2005)

“A New Type Separation Process of Condensable Greenhouse Gases by the Formation of Clathrate
Hydrates’

Yongwon Seo, Hideo Tajima, Akihiro Yamasaki, Fumio Kiyono, Environ. Sci. Technol..38, 4635-4639,
(2004)

“A New Method for Separating HFC-134a from Gas Mixtures Using Clathrate Hydrate Formation”

F. Kiyono, H. Tgjima, K. Ogasawara, and A. Yamasaki, Fluid Phase Equilib., 230, 1-2, 90-9,(2005)
“Method to Determine Quadruple Points of a Two-component System Containing a Simple Hydrate
Phase and Behavior of the System near These Points”

@
35

35
Gibbs-Konovalow 2
43

Seo Yongwon - 36 (2002)
HCFC-142b
, 36 (2002)

F. Kiyono, Y.-W. Seo, H. Tgjima, A. Yamasaki, AIChE 2004 Annual Meeting, Austin (USA), 2004
“Phase Behavior of HFC-134a Simple Hydrates and HFC-134a+N, Mixture Hydrates”

F. Kiyono, Y.-W. Seo, H. Tgjima, A. Yamasak, ACS 227 National meeting, Anaheim (USA), 2004
"Measurements of HCFC-142b Hydrate Properties Relating to the Separation from Its Mixture’
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®)

(6)



4)
9
UNEP
14)

14

HFC-32

HFC

100L/min

10)

15)

3

HFC

AlIPO,

127mm

1)
6)

11)

16)

PFC HFC

15

4)

MnO, T|02'S| O,

(BaTiOs,

16

HF CO,

5,000,

(FPR)

2) 3)
7) 8)

1) 2) 4 5) 6
12) 13)

17) 18)
1)2)

HFC-32
HFC
(MnOy,)
(AIPO,)

8,000 80,000

15.4mm
100mm
13 mm

1mm)
1mm

(SDR)? 18.2



cm (1.2 turns cm™)
(SFR) 90 cm 11 mm 10
(PCR)®? HFC-32 HFC-23 PFC-14
(MnO,) (AIPOy)
HQA-12 (TiO,-SiOy) SDR SFR
1.18 1.70 mm 120
18 h
GC-MS
10 cm BaF, FTIR (Shimadzu Prestige 21)
FTIR GRAMS Data
(Trek Japan, Model 20/20C) (Agilent
30123) (SONY TEKTRONIX TDS 3054) FPR SDR SFR

[Reactor energy density, RED (kJ/L)=Reactor power consumption (kW)/

Gas flow rate(L/9)] PCR

[RED(J/L)=Average energy per pulse(W/Hz)>Pulse repetition rate(Hz)/Gas flow rate(L/s)]

RED
4,
(1)
1000 ppm (TCE) PFC-14
RED TCE PFC-14
FPR SDR
TCE PFC-14 SDR 50% FPR
30 % ( 31) NFs voC
SDR  FPR
SDR
TCE FPR PFC-14 200ppm
PFC-14  1,000ppm 14% PCR
TCE PFC-14 FPR SDR PCR
TCE PFC-14 TCE
TCE PFC-14



PCR
PFC-14 CO
CO,
COF,
(CF3CFy)
(CFQZCFz)
)
FPR HFC-32 HFC-23
PFC-14
HFC-32
HFC-23
C-F
(3)
HFC-32
HFC-32
FPR
3-2 TCE
HFC-32
HF
HFC-32

100

]

aga o ==
o O O
T T

N w
o o
T

HFC-32 conversion (mol%)
(S
T

=
o

o e

’p

In Ny, HFC-32 508 ppm

@)
O
. [
oW
Oom
[ ]

S E ® [ J -
S 80 e =
o) &
£ o
S 60 ®c =
52 5 A
o} ° A
£ 40 P A
o A A
3w
5 A
2 20 Oa A
e
o \E A | | |
0.00 0.50 1.00 1.50
Reactor energy density (kJ/L)
o FPR, TCE 0OFPR,CH3Br aFPR,CF4
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HFC-32

31 HFC-32
Waveform  Frequency (kHz) Applied voltage (kV) RED (kJ/L) Conv. (mol%)
Sine 3.0 8.00 0.89 17
Sine 5.0 8.00 1.19 29
Sine 8.0 8.00 1.47 56
Sine 10.0 8.00 1.25 52
Triangle 3.0 10.00 111 59
Triangle 5.0 10.00 1.26 63
Triangle 8.0 10.00 1.48 93
Triangle 10.0 10.00 1.32 52
Reactor FPR, 20/20C, 100 ppm HFC-32 in N,, Q = 0.1 L/min.
32 HFC-23
Waveform  Frequency (kHz) Applied voltage (kV) RED (kJ/L) Conv. (mol%)
Sine 3.0 8.00 0.87 7.9
Sine 5.0 8.00 1.20 13
Sine 8.0 8.00 1.49 26
Sine 10.0 8.00 1.23 24
Triangle 3.0 10.00 111 27
Triangle 5.0 10.00 1.24 29
Triangle 8.0 10.00 1.48 43
Triangle 10.0 10.00 1.33 24

Reactor FPR, 20/20C, 100 ppm HFC-23in Ny, Q = 0.1 L/min.
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SDR MnO,
33 HFC-32 MnO,
5 %
3 MnO, 14
3)
20/20C HFC-32
MnO, HFC-32
34 HFC-23 MnO,
HFC-32 HFC-32 HFC-23
C-F
3-3 SDR HFC-32 MnO,

0, (%) Catalyst  Frequency (kHz) Applied voltage (kV) RED (kJ/L) Conv. (mol%)
0 None 0.05Y 11.08 0.32 0.9
5 None 0.05% 10.92 0.33 2.8
5 MnO, 0.05% 10.92 0.33 42
5 None 0.05” 8.40 0.074 0.7
5 MnO, 0.05” 8.40 0.074 9.6
20 MnO, 0.05” 8.40 0.074 15
20 MnO, 5.0” 8.00 1.29 93
20 MnO, 10.0” 8.00 1.50 98
20 MnO, 20.0” 8.00 0.92 77

MnO, 6.60 g, 200 ppm HFC-32in N5, Q = 0.1 L/min.

a) Neon transformer, b) 20/20C.



3- SDR HFC-23 MnO,

0O, (%) Catayst Freguency (kHz) Applied voltage (kV) RED (kJ/L)

Conv. (mol%)

5 None 0.05 8.40 0.073 0.3
5 MnO, 0.05 8.40 0.074 45
20 MnO, 0.05 8.40 0.072 7.2
20 MnO, 5.0 8.00 1.28 47
20 MnO, 10.0 8.00 1.51 50
20 MnO, 20.0 8.00 0.94 38
MnO, 6.60 g, HFC-23 200 ppmin N,, Q=0.1 L/min.  20/20C.
(9)SDR  AIPO,
AIPO, 400
AIPO, HFC HFC
HFC-32 AIPO, 35
AlPO, HFC-32
3.7 20/20C AIPO,  HFC-32
HFC-32  AIPO,
HFC-32 C-F
35 SDR HFC-32 AIPO,
Catalyst Frequency (kHz) Applied voltage (kV) RED (kJL)  Conv. (mol%)
None 0.05% 7.85 0.15 4.2
None 0.05 11.08 0.32 6.8
AIPO, 0.05 11.08 0.32 25
AIPO, 0.05” 8.40 0.074 6.2
AIPO, 5.0” 8.00 1.29 80
AIPO, 7.0” 8.00 1.51 88
AIPO, 9.0” 8.00 1.74 94
AIPO, 10.0” 8.00 1.50 o1
AIPO, 20.0” 8.00 0.92 65

AlPO,4 2.43 g, 200 ppm HFC-32 in N, Q = 0.1 L/min. &) Neon transformer, b) 20/20C.

AlIPO, HFC-32
200 ppm 1000 ppm 5 1.74 kKJ/L
1.74 kJL 500 ppm

MnO, HFC-23 HFC-32 AIPO,
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