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Abstract— The catalytic oxidative decomposition of CFC-113 was carried out on various metal oxides at atmospheric
pressure, S00°C, and CFC-113 feed mole percent of 0.5 using a tubular flow reactor. Acid catalysts such as aluminas, zeo-
lites, and titania-silica exhibited high decomposition activities, whereas the activities of Fe, 0., ZnO, TiO,, SiO,, and CaO
were low. TiO,-8i0, catalyst showed the best performance regarding retention of activity and high selectivity to CO, among
the acid catalysts investigated. However, it was found that deactivation of catalyst occurred because Si in TiO,-SiO,(Ti/Si=50/
50) reacted with inorganic halogens(fluorine and chlorine) which were reaction products. Solid superacid catalyst(Ti0,-SiOy/
SO/ : Ti/Si=50/50) modified with H;SO, was prepared for high durability against inorganic halogens. The acid sites dis-
tribution of the catalyst was measured by DSC. The result suggested that strong acid sites were active sites. This superacid
catalyst showed the highest activity and durability among the catalysts examined.
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B Aol 4] AL83%} o-alumina, y-alumina, Y-zeolite, X-zeolite ~7
2]31 ZSM-5 Z:ufi= Union Carbide Co.2] #)&-& AH4-314dc}. TiO,-
Si0,(Ti/Si=50/50) Z-v}= Imamura S[16]0] #}Z}F b o2 A =3}
9] c}. Titanium(IV) isopropoxide2} ethyl silicate(E3H2o] 2F 30g A
S )E ethanol 80 mlell 50|32, o] S48 B0°CollA 308 F<t 27
A]7)t}. Ethanol 100 ml¢} aqueous acetic acid(0.01 N) 200 m1¢} &3}
28 o G g ubg wWolmelwd sk A Ae] At o] A
A2 80°CollA] AxA}F) 1, 550°CollA 3A17L Hot 7|2 248
of Azalglon, vkgAFe] Fuje] AAFEET dAsy] 94
XRD(RIGAKU, D/Max-2500)2 3-433}<]c}.

w8, TiO,-Si0/S0 (Ti/Si=50/50) Zvi Sohn [20je] A|ekh
2754 Zvf ) 29 o)) ole} A Z2819]c). Titanium tetrachloride 2} so-
dium silicate®] EgFp-g-ool AF2o4 gtr]ol4=E pHBe] € o]
742 A71she 14 A ™oe] Azlch 2 A EE 54815, 100°Cel
A 24717} Fob AZAIAM TI(OH),-Si(OH), & 2HECH AEFel 9
o] Az% Ti(OH),-Si(OH), 2g& &4 ¢} F3 1N H,S0, 30ml
2 2-=up o g ol TS sulfate ion 2 g A28} o} & x4
71 & 100 mesh o]3}2] 7152 9HEc}, o] 715 pyrex glass tubeo]|
YT 500°CellA] 3417 Fak 24 sl sk TiO-Si0/S0,” & <
gem, Az ol FIIRZ 27020918 salshaick.
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DSCell sl S959) A ¥ ¥ &AL Summan 52 ¥HY
[21]e2 Fapsiaich A el FxEAdEe EfjodoRI(TEAYS
ARgatth 24 A7) o588 2 oF2] TEAS| whl @75}
7}, DSCE2 &:43l7] Aol 80°CellA 1417F A=:A|Zch MEZ
(sample cell}e} AdFv|F E7hels= TEAR A2d E0iE oF 10
mg Y12, 715 (reference cell)?] dF2ulE Erhle] 3 FA1¢
AR oo ZelE AYA 50°CHE] 20°C/min®] $EEHEEZ
600°Ce] HFELx7A] 2alsledch. 7]7]& PL Thermal SciencesAl
2] DSC-700-& ~Hg-shgich.

23, JEEN N U
CFC-113¢} 4hslEauhs-& o3 s gu-37|8 AteliA a3t
9o, BkSr)= 1/221 4] stainless steel tubeE ARESIAT ol &

2 1g& FA3ka Fvjde] FAINC] AAHNE x5l Hejen
B2 ee] A folahA| shsict whEal CFC113E 9%
7}2~(Union Carbide Co., 99.999%)% carrier gas 2 3}%] saturatorZ
ol 8gt X3Er|2 kg7l fiAlZe) olu) sawrator 25
coofing bath& AR&-3ted 0°CE A A Ach & wbg-Eal Absot
2+(Union Carbide Co., 99.999%)+- molecular sieve trap 5-2] & =}
AL AH 7% 5 EFES AAT F ukg712 frolsly) Sa-
turator ol ¥1-27] Q] F7txe] BE lineE-2 heating band &
ol &3] 120°CE A& 5lA -§-A A o). vhe5-9) AL CFC-113 0.
5%; O, 20%; He 79.5%% 1, & %2 100 mimin .2 3}gic). ut
L8 o vhe P EL S|4 G.C(Simadzu-14BYE on-line o &
Qs 25t on, oluf column %154 4] porapak Q& A}
S8t GC EF77hae G349 E FAAA 98458 A
AR F F=E B8 Y] Fo2 uEAZich
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Adolgl o, FA315HEQ Si0L; 714 AMEHEQl CaO+= #9f &
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Table 1. Decomposition of CFC-113 at 500°C*

30 min® 60 min 120 min
Catalyst Conv. CO, Conv. CO, Conv. CO,
% select. % %  select. % %  select. %
o-Alumina 8293 92.96 81.56 81.56 4917 10.30
y-Alumina 96.16 96.49 100 97.08 89.77 45.99

X-Zeolite 100 100 100 100 36.33 100
Y-Zeolite 100 100 90.79 100 2754  76.62
ZSM-5 100 100 98.66 R87.53 9282 6593
TiO,-Si0, 100 100 100 93.17 100 81.08
Fe,0, 30.63 7777 2540 7606 2196  72.87
Zn0 - - - - - -
TiQ, 7.85 100 - - - -
Si0, - - - - - -
Ca0 - - - -

“[CFC-113]=0.50% with O,+He; catalyst, 1 g, "Reaction time, ‘CFC-113
decomposed, “Selectivity of CO,.
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Fig. 3. Infrared spectra of TiO,-Si0,(A), TiO,-Si0,/SO,> (B), cal-
cined at 500°C for 3 br.
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Fig. 1. Decomposition of CFC-113 over the TiO,-Si0,; conversion
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Fig. 2. X-ray diffraction patterns of (A) TiO,-SiO, before the reac-
tion, (B) TiO,-SiO, after the reaction for 10h(anatase-type
TiO,).
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Fig. 4. Decomposition of CFC-113 over TiO,-Si0,/SO, ", conversion
(@); selectivity to CO, (=).
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2] 3} 1z|l 3‘570 At 208 A zsleict. 28ia o] FuiE FT-IR2
#Asted 27kl & gelsided 1 A3-E Fig 3o vebd
glt}. Fig. 32} (A)e TiO,-Si0, &0} ¢] spectra® SiO, ¥ =a%-& 3k
& 4 gl A, (By= A} A2l TiO,-Si0; 719 spectra® FAte] 2
o 2J& 3709 ¥4 band} 1220-1210, 1134-1130, z8}32 1060-
1050 cm ‘ol vtelgc}. o] bandi 500°CelA 3A12F Fob A%
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Fig. 5. DSC thermograms for TEA desorption from the acid sites of
the catalysts.
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Fig. 6. Effect of temperature on the decomposition of CFC-113 over
TiO,-Si0ySO,’ catalyst 1g(Composition of reactant gas, 0.5
% CFC-113420% 0,+79.5% He).
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Fig. 7. Thermal decomposition profile of CFC-113.
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