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Abstract—The effects of supports and 1B group metal addition have been investigated in a hydrogenation
of CFC-114a. Among the supports, alumina and titania supported palladium catalysts showed higher activity
and selectivity for HFC-134a than those on active carbon and silica supports. The reactivity patterns are
in good correlation with the amount of strongly adsorbed CFC reactant, as evidenced by the TPD experiments.
Bimetallic catalysts(palladium and 1B metal; Au and Ag) supported on alumina showed some increase in
activity and selectivity. It is presumed from hydrogen chemisorption, TPD and EXAFS that the role of 1B
metals is to increase the dispersion of palladium crystallites.
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Fig. 1. Schematic diagram of reaction apparatus for hy-
drogenation of CFC-114a.

1. On-off valve 9. Furnace

2. Molecular sieve 10. Washer(NaOH
5A trap aqueous solution)

3. Oxytrap 11. Drier(CaCl; granules)

4. Filter 12. Bubble flowmeter

5. Mass flow controller 13. Three-way valve

6. Mixer 14. 6-Port sampling

7. Pyrex reactor valve

8. Temperature 15. Gas chromatograph
controller 16. Integrator
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Fig. 2. Effect of temperature on the CFC-114a hydroge-
nation over 1 wt% Pd/C catalyst.
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Fig. 3. Comparison of conversion and HFC-134a selectiv-
ity on the CFC-114a hydrogenation over Palladium
catalysts of different supports at various tempera-
ture(CFC-114/114a=50/50).
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Fig. 4. Comparison of conversion and HFC-134a selectiv-
ity on the CFC-114a hydrogenation over palla-
dium-1B group bimetallic catalysts at various tem-
perature(CFC-114/114a=50/50).
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Fig. 5. CFC TPD spectra of palladium catalysts of differ-
ent supports(Heating rate=10°C/min, CFC-114/
114a=150/50).
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Fig. 6. CFC TPD spectra of palladium-1B group bimetal-
lic catalysts(Heating rate=10°C/min, CFC-114/
114a=50/50).
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Table 1. Chemisorption data of palladium catalysts

Catalysts Dispersion d(nm)
1 wt% Pd/C 0.20 5.6
1 wt% Pd/TiO, 0.12 9.3
1 wt% Pd/SiO, 0.10 111
1 wt% Pd/ALO, 0.14 79
1 wt% Pd-Au/AlOs 0.58 19
1 wt% Pd-Ag/ALO; 0.38 29
12
2.75
—— 1 Pd/Al,0,
10 | —— : Pd-Au/AI0,
8
T 6
4 b
2 -J\ U(\ s
/N
0 1 1 i
[¢] 1 2 3 4 5 6 7 8

Fig. 7. k-Weighted Fourier transforms of EXAFS func-
tion of Pd/AL,Q;, Pd-Au/ALO; catalysts.

A8 FFol dhet 4R, AFoI, eekol, Wt
WA Eu)e) £o2 gasidch oAFE Fele 2
Fol w9 gelg Fohel wla) BAEs 959
Fokch olsh RE WAL 1BE F5o] Heje) g
9AE Ay weeyel ARusE HIA e
9 BAEE 27H47)7] WEolehn deiA slehz].
AP AT o UFE Fo)S) F§ 0845 HFC-
134a8) AR} Fohabltd, 2 ol W3
o2 Agatt B TAEs} F7be) Wz
ARk Asge] 7ol mhe} AdEs} S
olft el F&sielEe] C-Cl AgeldAst CF
Ageizel gelel a4 CFC-114a7} whgol o]
shl 7)) HFC-134aol 4} o) Bt of whgo] 21
g =lofol A== HFC-143ax C-FATE #7171 o
W7 weel  AAEA G o2 44ee) me
Wshiro) Z71ehd HFC-134a8) A9S7) 27baicka
A7,

3-4. EXAFS A#
Fig. 7ol EXAFS 4% 9] raw data® Fourier trans-

siata s 31 He& 1993A 128

|
[+ ]

k(A7)

Fig. 8. Inverse Fourier-filtered transforms of the range of
2.0 to 3.0 A for each corresponding radial distribu-
tion function in Pd/AlLO; catalyst, and their curve
fittings.

Table 2. Summary of EXAFS studies for monometallic
and bimetallic Pd catalysts

Pd-Pd distance(3) CN for Pd-Pd A&%(A?)

Pd foil 2.75 12.0 -
Pd/ALOs 2.81 10.2 0.0045
Pd-Au/ALO; 2.80 78 0.0053
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Aug /M A% ArlelA) ¢ AS-Eoh 44 2e-S
#alg 4 ok o]2HE Fir]go] Aug AHrIskd
gejofgo] Faterl F71EE 4 5 Utk

Pd/ALO; Zv]2] EXAFS spectrum-$ Fourier-fil-
tered transform¥ ZA3}E Fig. 8ol vlehyigic) oz
FA1%l data: EXAFS A3 Ao|n, do2 HA)xl
datat computer package®] Z#}E fittingdt ZHolth
ad8o)A] B5o] o} F fittinge) & HUL-S & 5 Uk
ol fittingAF 2 o}F FRF ARE J& 5 &
2 AxE A})ste] Table 2o bl s}
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7€) =tel7t ¢igdth. Pd foil®c} Pd-Pd 727} 71



Fejt]4 ZmE ©]83 CFC-114a8] 243} whgo] A% A7 837

o]+ $47t bulk Belr]E ZeAE Fgo R
A)7t F7hshs 22 o4# A glvH10]. CN+ Pd/AL-
0; v 9] 7% 1029 2.1, Pd-Au/ALO; Zr& ol R}
yA e 780130}t o2 e Sy Ade} 2
< gejr] gl 1B 344 Aug A1 24$ B4t}
Z713¢ &+ Ut

4.8 £

geio] & B, dF0Y, A7 9 Eelole
Gt Az FolF AFo FA| By Fe)r}
A Ad s} 7ha Eghon, elefol @a] Zujs}
2 ogolgieh ol AR Aejst FA] Fofolf s
o-Fulvie} elebo} &3] Zof 7} CFC Hh-g-E-o] 7431
statgAtshe o] AdAeR B dEYE %
A AR HAT 5 U

7Hg ukg g4 o] Held HAal kFuivtel s &
g &3 1BE F4(Au, Ag)& 37 A3 o|deS
Zof 7} Febr) 3 FAE 7R 9 e xrt &
7hstgich ole FaFAAY, 2934 o EXAFS
AP AT HE gepolged 1BS 4549 Ay, AgE A
Vg A% Mo E s gEdEe BAETL
Z74sl7] dges wdEsch

#Z A
2 d7E B SQATIHA AFH Ao
o)Zoig onl, EXAFS 24| £4¢ 74 #3343
£ & § 257 =P,

ARBY|Z

CFC  : chlorofluorocarbon

HCFC : hydrochlorofluorocarbon

HFC hydrofluorocarbon

CFC-114 : 1,2-dichioro-1,1,2,2-tetrafluoroethane
CFC-114a : 1,1-dichloro-1,2,2 2-tetrafluoroethane
HCFC-124 : 1-chloro-1,2,2,2-tetrafluoroethane
HCFC-124a : 1-chloro-1,1,2,2-tetrafluoroethane
HFC-134 : 1,1,2,2-tetrafluoroethane

HFC-134a : 1,2,2,2-tetrafluoroethane

HFC-143 : 1,2,2-trifluoroethane

HFC-143a: 1,1,1-trifluoroethane

CN : coordination number
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