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ABSTRACT

CFC12 difluorochloromethane has been widely used as a
refrigerant for cars due to its high chemical stability,
but production had been prohibited in 1996 because of its
high ozone depleting potential and green house effect. In
this research ,experiments on photo-decomposition of CFC12
bubbled in alkaline alcoholic solution were carried out in
a photochemical reactor irradiated by a 32W low-pressure
mercury lamp. We found that decomposition rate of CFC12
was proportional to square root of light intensity, 1.5
power of part of pressure of CFC12 and concentration of

NaOH.

Chain reaction mechanism was consistant with the

experimental results.
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2.1.1
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Fig2.1 Naming convention of chlorofluorocarbons



2.1.2

1928 GM

1930

1974

1980 EC 30

1995 CFCs

1985.3
1987.9
1992.11
1995
1996.1

1996.9 2600 k ( x1.9 ) 97.8.19
1997.4 30%

20 6.2%

10 3.3% 0.9% 0.4% 0.1%
1998.4 2%
1998.6 26.1ppm 98.7.1
1999.9 9/3 15

2155 k 98 2724 k
6292 98 8324  +533

2000.3 NASA

93 Cc02 -78
2000.9 2830 k ( ) 00.9.5
2001.4 NASA 4.20
2001.9 2493 k ( )
7264 00 9622
2002.8 02 10
2003.9 NASA 03.9.1
9960 2868 k 15 20km /
10.8
2003.11 20km 25km 3 (



2.1.3
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7)
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Fig2.1 Examples of CFCs, HCFCs, HFCs and others
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Table.2.1 Environmental assessment of CFCs, HCFCs, HFCs and others

[ ] [ ] ODP®@ GWP®)
CFC11 CCI2F 23.8 46 71 1 1

CFC12 CCI2F2 -29.8 95 154 0.87 1.0 2.90 3.50
CFCs CFC113 CCI2FCCIF2 47.6 79 117 0.76 0.89 1.40 1.50
CFC114 CCIF2CCIF2 3.6 197 319 0.56 0.82 4.50 5.40
CFC115 CCIF2CF3 39.1 393 690 0.27 0.45 8.20 13.00
HCFC22  CHCIlF2 -40.8 12.7 20 0.032 0.071 0.29 0.49
HCFC123 CHCI2CF3 27.6 1.2 2.1 0.013 0.0270.015 0.026
HCFCs HCFC124 CHCIFCF3  -12 5.3 10 0.013 0.030 0.08 0.145
HCFC141b CCI2FCHS3 32 5.8 11  0.065 0.1400.073 0.120
HCFC142b CH3CCIF2 -9.8 151 28 0.035 0.077 0.29 0.51
HFC125 CHF2CF3 -48.5 19 43 0 0.42 0.84
HFCs HFC134a CH2FCF3 -26.5 125 24 0 0.22 0.39
HFC143a CH3CF3 -47.6 40 73 0 0.63 0.97
HFC152a CHF2CHS3 -25 1.3 2.7 0 0.024 0.045

Others CC10 CCl4 77 40 73 0.95 1.20 0.36
HCC140a CH3CCI3 74 4.7 7.8 0.092 0.2000.022 0.026

(a) Ozon Depletion Potentials: CFC11

(b) Global Warming Potentials: CFC11
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2.2.2
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2.4.2

UNEP 1985
, 1987

Table.2.2 Enforce a restriction of CFCs, HCFCs and others

@ 1996
® 1994
CFC© 1996
1996
1,1,1- 1996
HCFC@ 1996 © 100
2004 65
2010 35
2015 10
2020
HBFC 1996
1995

(a) CFC-11, 12, 113, 114, 115

(b) Halon-1211, 1301, 2402

(c) CFC-13, 111, 112, 211, 212, 213, 214, 215, 216, 217

(d) HCFC-21, 22, 31, 121, 122, 123, 124, 131, 132, 133, 141, 142, 151,
221, 222, 223, 224, 225, 226, 231, 232, 233, 234, 235, 241, 242, 243,
244, 251, 252, 253, 261, 262, 271

(e) =HCFC 1989

+CFC 1989 > 0.031

12



2.5

2.5.1

( : 253.7nm) Table2.3

Table.2.3 Products of chlorofluorocarbon photodecomposition
using low pressure mercury lamp

Chlorinated Solvent
compounds Methanol + NaOH 2-Propanol + NaOH 2-Propanol
CFC11 HCFC21 HCFC31
CFC12 CHF20CH3 CHF20CH(CH3)2 HCFC22
CFC112 CCIF=CCIF CCIF=CCIF HCFC132
CHF=CCIF CHF=CCIF
CHCIFCF20CH(CHS3)
2
CFC113 CHCIFCF20CH3 (CH3)2CHOCHFCHF2 HCFC123a
HFC143
CFC114 Not reacted HCFC124a HCFC124a
CFC115 Not reacted HFC125 Not reacted
HCFC22 CHF20CH3 CHF20CH(CH3)2 Not reacted
HCFC123 HCFC133a HFC143a HCFC133a
CHCIFCF20CH(CH3)
2
HCFC123a CHCIFCF20CH3 (CH3)2CHOCHFCHF2 Not reacted
HFC143

HCFC141b HCFC151a HCFC151a Not reacted

13



2.5.2

Fig.2.2
1 2
HCF HFC
CFC — C —

Fig2.2 Development of alternatives for chlorofluorocarbons
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3.1

N, CFC12
1L 1000[mmH,0]
300[L/hr] ()
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[utw/7]eres moys °N

Scale of flow meter[-]

Fig.3.1 Calibration of N, flow rate at room temperature
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Scale of flow meter[-]

Calibration of CFC12 flow rate at room temperature
18

Fig.3.2



3.2 UV

CFC12 253.7[nm]

253.7[nm]

uv

5

uv
Fig.3.3
UVR-25(253.7[nm] TOPCON )
0.5[cm]
Fig.3.3
Fig.3.4 Fig.3.5
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[llumination photometer
Low pressure mercury lamp
Cooling jacket

Pump
Water+CuSQOy(Filter solution)

Water bath[56.0 ]

Fig.3.3 Filter solution on system
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Fig.3.4 Relationship between concentration of CuSO,4
and relative light intensity
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Fig.3.5 Relationship between concentration of CuSO,
and relative light intensity
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4.1

Fig.4.1 NaOH
CFC12 ( ., 501G)
32W ( UVL-32LB, 253.7mm)
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CFC-12 N, gas Flow meter Reactor
Glass ball filter Methanol+NaOH
Low pressure mercury lamp

Cooling jacket(Water or Filter solution)

Stirring magnet Water (0 )

Fig.4.1 Apparatus
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4.3 Mohr

Mohr
Mohr

CrO,> +H" <> HCrO,”

Ag20
2N-HNOs

2N-HNOs
0.1N-AgNO03(99.8[%]
1000[ml]
0.1[g] 10[ml]
5%
100ml
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1
2N-HNOs

0.1N- AgNOs

(K2CrOy)

pH 6.5 10.5

AgNOs(

1%

(12.5

AgCl
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Mohr NaCl

NaCl + AgNO, — AgCl | +NaNO,

AgNOs; x[ml] NaCl y[mo/l]
Mohr 5[ml] 2[ml]
12.5 25[ml]
NaCl 1/12.5 0.1N-AgNOs; 0.1[mol/1]
AgNOs  1[mol/l] NaCl 1[mol]
0.10mol /17x ML _ vrnor 1% 2 M
1000[mi] 12,5 1000[m]
NaCl ylmo/ll  AgNOs x[ml]

y[mol /1] = xx 0.25[moal /1]

26



CFC12
CFC12

CFC12
NaOH

27



5.1

CFC12 5kPa CFC12
-Qcreiz NaOH 500ml
20g(0.5mol/1) Fig. 4.1
Qa  2.0[/min] Qa

Qa 2.0[l/min]
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[ ]
04 &
® 4.5[L/min]
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= V20 .
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= 025 | ¢
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E 3
o 02 | L4
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O
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¢
O |
0 5 10 15 20 25 30
Time[min]

Fig.5.1 Effect of flow rate on NaCl production
(Qa=2.0[1/min],NaOH conc.=0.5mol/1)
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5.2 CFC12

2.0l/min CFC12
-Qcrciz
60g(1.5mol/1)
Fig.5.2 NaCl

Fig.5.3
Fig.5.4
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Fig.5.2 Effect of partial pressure on NaCl production
(Qa=2.0[1/min],NaOH conc.=1.5mol/1)
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Fig.5.3 Relationship between partial pressure
and initial reaction rate
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Initial reaction rate [mol/l mir

15 2 25 3 35
Partial pressure [kPa]

Fig.5.4 Relationship between partial pressure
and initial reaction rate
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5.3 NaOH

[NaOH]

Fig.5.5
Fig.5.6

Fig.5.7
Fig.5.7

—Qcrei2

2.0/min CFC12 5kPa NaOH
2.5[mol/1] —Qcrci2
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—Qcrc12  NaOH
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Fig.5.6 Relationship between NaOH concentration and
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5.4

—Qcrci2 Fig.5.9
Fig.4.1
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Fig.5.10 Effect of light intensity on NaCl production
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6.1

CFC12
NaOH

A A
o/ o/

-0 —

CFC12 —

(6.1.1 Henry
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CFC12 —
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CFC12
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6.1.1 Henry

Henry
P_P_B_y (3.6)
X X G
P: [atm] pi: i [atm] i i [-]
Xi: i [[] Ci i [mol/l]
Hj: Henry [atm]or[atm/(mol/I)]
HCFC22  Henry Valentiner
Valentiner
b
Inx1:a+?+cInT (3.7)
T: [K]
a,bc
(3-1) (3-2) Henry
1 b' 1
InH=a+—=+c'InT (3.8)
a’,b’,c
Table.3.1 Valentiner coefficients
System a’ b’ c’
CFC12-methanol 94.805 -5869.633 -12.501
HCFC22-methanol 33.367504 -3825.818549 -3.539452
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6.2

CFC12

CClF,—™ >CCIF, +Cl -
Cl -+CH,OH —%—>CH,OH + HCl
CCIF, + CH,0H —%CHCIF, + C H,0OH

CCl,F, + CH,0H + NaOH —— CCIF, + NaCl + HCHO + H,O

2CH,OH —
CH,OH CH,OH
CFC12
CFC12
——d[Cgt'ze] = k,[CCI,F,][CH,OH]
%=¢Q—k2[CH30H][CC|F2]+kg[cuze][c H,OH]
L jo-kreromre
d[CCIF,]

SRl ken.onitci+ k,[CH,OH][CCIF,]

—k,[CCL,F,][CH,0H] - k,[CH,OH
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@ (6.1) CFC12
Q Ky Ky Ky Ky Ky

CCIF,,Cl,CH,OH
6.7 =(6.8) =(6.9 =0
[CHZOH]z(%
k4

6.100  (6.6) CFC12

dt

(6.2),(6.3),(6.4),(6.5),(6.6)

1/2
] Ql/ 2

_dICCLR] (iﬁj OV [CCLE]

4
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6.2.1

B J 0 [mol/]-min]
- Q [molqut/!-min]

Qcrei2
UV Lamp
Qcrei2
UV Lamp CFC12
q)CFClZ
253.7 [nm] UV Lamp 9.99><103 [W/cm?]
( 4.4 ) UV Lamp 4 [cml]
12 [cm] UV Lamp

9.99<103x<4><TTr><12 1.507 [W]

3.01><105+60><253.7><1.507 1.91>10* [mol qut/min]

500 [ml]

1.91><104+0.5 3.82><10* [mol qut/l min]

Qcrciz
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UV Lamp Qcrei2 4.2
CFC12 3 [kPal

Qcrciz 2.2>103 [mol/l min]
(0 30 [min]) Do, CFC12
5 [kPal]

-Q 22x107° . p
® = CFCLZ _ =51 [mol /molqut
CFC12 Qercss 3.82x10" [ qut]

UV Lamp
CFC12
UV Lamp
CFC12 E e

®crciz 1

CFC12
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6.3

Q Beer (Nishiumi, 1972,1973)
27R LI
Q=273 - expl- eCFC12]R, - )
To: V:
L:
CFC12
Taylor

V2
_d[crci2] _k{“”LRl(RZ ~R)es J 1¥2[cFc12f?[NaOH |
dt VK,
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NaOH CFC12
1) 1/2
(2) CFC12 3/2
3) NaOH
(4)
1/2  CFC12 32  NaOH
d[CFC12]

~Qererp=—— g 1¥?[cFc12P?[NaOH ]
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