HWAHAK KONGHAK Vol. 33, No.6, December, 1995, pp. 747-755
(Journa! of the Korean Institute of Chemical Engineers)

Pd/AlL,0:;2| Fluorination0| CFC-113a9] 43} d9i20|| D|x|= L&k

dys -

URE -

(L

ehgyr . Mg

Addgr Fode shehyes
*3t=7}3t7)Ed7) CFC A 7)&AlE
(19951 39 249 &S, 19954 7¥ 20 a4e)

Effect of Fluorination over Pd/AL,O; Catalysts on CFC-113a Hydrogenation

Kwang Su Kim, Jae Choon Yang, Byung Sung Ahn* and Yong Gun Shul'

Department of Chemical Engineering, Yonsei University
*CFC Alternative Technology Center, Korea Institute of Science and Technology
(Received 24 March 1995; accepted 20 July 1995)

2 ¢

CFC-113a9] 43} ug-o A Pd/ALO; o] 437} FojAd el vlAe F3E A3dch E2347)
F-Pd/AL,O; v 2} CFC-113a 445} 9H-¢ 2 3}-8-0) Pd/AL,O;2) A 3}-§- 1) =4 vielytcl F-Pd/ALOs7} Pd/Al-
050l Bl3] ubs 33Eo] Hold olf+= XRD} TEMO 2 &g Ad, 43}t Ao uks 529 deHid
AL "J"l‘% T olglen, gelg-e E4sld 23 Pd metal#} Pd-F AgE 343 218 XRD9} EXAFSE
%38lo] BAsldrh Pd-F= a2ke] 73} interactiond]l 2J3] ZebE9 sintering® WA 3l o2 Azb=c)
=3 FAE AR y-ALO:E BASt o AIRE ulFa vjEde] 7hide 28 #]lslgch

Abstract—The effect of fluorination over Pd/Al;O; catalyst have been investigated in the hydrogenation
of CFC-113a. Fluorinated Pd/Al,Os(F-Pd/Al;O;) catalysts showed higher conversion of CFC-113a than Pd/Al,O3
catalysts. Fluorination treatment, from the characterization of used catalysts by XRD, TEM and EXAFS, pre-
vented sintering of palladium particles during reaction and some parts of palladium formed a matallic state
palladium as well as fluorinated Pd(Pd-F) upon fluorination. The Pd-F bonding suggested strong interaction
with support which can decrease the sintering of Pd particles during reaction. Simultaneously, it was also
comfirmed that y-Al,O; phase changed to AlF; and the surface area decreased after fluorination process.
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Fig. 1. The effect of temperature on CFC-113a hydroge-
nation over Pd catalysts(3 wt% Pd, Hy/CFC=2).
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Fig. 2. The effect of temperature on products selectivity

over Pd/ALO; and F-Pd/ALO;(3 wt% Pd, Hy/
CFC=2, blank: Pd/Al,O;, Filled: F-Pd/ALOj;).
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Fig. 3. The effect of Pd loading on CFC-113a hydrogena-
tion at 150°C(H,/CFC=2).
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Fig. 4. The effect of Pd loading on the TOF of CFC-113a
conversion at 200°C(3 wt% Pd, Hy/CFC=2).

100 - —
80 |
S
< -
5 60
0
P
g
€ 40t ¥
O Reaction Temp.
® 150°C
20 - Y 250°C
®  350°C
0 1 | 1 1 1 1

0 2 4 6 8 10
Fluorination time(hr)

Fig. 5. The effect of fluorination time on CFC-113a hy-
drogenation at various temperatures(fluorination
temperature=350°C, 3 wt% Pd, Hy/CFC=2).
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Fig. 6. XRD patterns of Pd/ALO; and F-Pd/AlO; cata-
lysts(3 wt% Pd).
(a) Pd/ALO;
(b) Pd/Al,O; after reaction
(c) Fluorinated Pd/AlO,
(d) Fluorinated Pd/ALO; after reaction

Fig. 5= 243 A)7td] o& CFC-113a $43} 9%
A38& vehe ayelth o] o B43 252 350
CTE fR8ka BAaste 21718 0417 1417} 54173, 10
A|7ke g2 271X 4-E CFC-113a9] A shgo] Zr}sle
Ze & 4 gk vk 257} 150CY dis E43)e
A7kl w2 ub-g- A 3Hgo] shwtslA] Frbghc)

15 104]7F A1#& ol CFC-113a2] Hsl8-& ub
E7}F Bl e 150Co A% 90% ol e o
e} 2Aaske] alzbe] 14170 w) 2507, 350C 9]
g 2xoMe AdEY Frpb ZA ez 2
ool W3trt HA vyepa glr). whepa] CFC-113
a2 43} Hhg A3he B4s Hxd o3 FoE
237l AP uet dH FEAA T3S v
Lin=

x
&
Q.
S

o br

A

3-2. BMEM MY

£23}71 CFC-113a2] 5431 yhgo) wjx]= o332
Asv 7] ¢jsl XRD, TEM, BET, NH,-TPD 59 &
AEAE FYEch WA B4 A4y whgd Fo
Pd q1zle] Wizgts #Es}7] ¢35t XRD, TEM A&
FYsiggony, Baslol 3 AHSE RF3}] Y8
NH;-TPDE +3)3}gict Fig 6& XRD patterng 1}e}
A Aelc). (a)2} (b)E Pd/ALO,(3wt% Pd)<] uh-g
A-¥9] XRD patterng ebd o)z, ()9 (d+=
F-Pd/AL,0;(3 wt% Pd)2] k& Z-3%2] XRD pattern

olth, (a)ell A y-ALO:S] B4 A3E & + U,
gelge] Bz 28 B4
@idch e} ukg-F datag)
B4 ze 23 $3 R Ay
A3zl A2 A7 AE B 5 gled, o)L s &
o= y-ALO;7} WH-g-E(CFC-113a) 3} ul-g-3te] AlF,&
ARt B 5 Qlr) =3 "gepge] 4 A3 vk
Aol v]sled 3] A e AL B 5 At OF
B Pd/ALOyE E4313-& of A 4dd AlF:9 54
a3zt A7)z, e 3§ 1AL metal el
54 92(20=40°) 9} PdF, §A =)=2(20=49.2°)7}
A vpehls 218 B 5 ok (D)9 9 F9] F-
Pd/ALO:9) 7% uk-3 A3} wlwald AlF9] Fo=a7}
Folre A ol9ol= & W37} gl A& & 4 9t
x3 (b (DellH u-g 9 "elF 5A peaks
vlws] 5 uhg A w)lwmste] Pd/ALO;Emdl A&
uk-S- Fol Pd metal ¥ =27} A AAste Feb52) sin-
teringe] @o| Aol AL & = ik wd, AlAd
£231 Hejs F-Pd/ALOsFol &= Zehge] $3¢] v
v]3lal PdF,¢] A% #)8j3-s g 5= g

Fig. 73} 8& TEM A3} o| Ao 2] & B}
F3# particle size distributiong lehd Ze|c).
(a) &) Pd/ALO;(3 wt% Pd) Zojjoll A uk-3- Ho| dalg
A =270 A7 658 A= Yehtx Slok e}
e 55 2 webEe] B0 Ax,
binodal distributiong A3tz A= 2 #HFE ¢
oldch. B3] 200-300 4] 2 IArEe] REsT gl
7o 2 Mol Pd/ALO:2] 7% ¥l Fdll sinteringol
A dojvhes AL & F ok whE (b) 9] F-Pd/ALO;s
(3wt% Pd) 2] A% whe A Webge] JFYARe= 604
HeZ Ba3l Fox o] =77t HE AxA &
ghoh R WES F9) QAR EME FF YAZ7)7}
110 A2 kg Aol wishad 27k A7) =2k Pd/Al-
Os0ll 4] whg F2] glatzrlell wiste] aA el
AL o 4 gk o] A2 XRD dataol| 4] B2hg particle
size2) W3te} Ao X7t

Fig. 9% NH; TPD spectra® el 2o}, Pd/ALO;
(3wt% Pd)-& 200C, 300C, 400C ZAolA t=ijo}
etato] doulir 600T oA o o] FatEE AL &
% gle}. F-Pd/ALO;(3wt% Pd)e] 7S 200Te) 42
Fmobe) wEteke] vld) BlwE ¥ X<l 300T,
400C el A1 o} &atae] 3] 2= AL
Horie[19] %9 ¢J3}H mordeniteZ &

o]
2
-0,
—~
Z
e
e
> i

i
=
o
Lo

by

»

®
2 o yo
o ot ¥

ol Eckx ¥ w32 it =¥ Kodamal 17] 5-& i
¥9o) pyridined F#3 IRAUEYE E3ko] Bronsted

HWAHAK KONGHAK Vol. 33, No. 6, December, 1995



752

AR FAE

Fig. 7. Transmission electron micrographs(TEM) of Pd/ALO; and F-Pd/ALQO; catalysts(3 wt% Pd).

(a) Pd/ALO;

(b) Pd/ALO; after reaction

(¢) Fluorinated Pd/ALO;

(d) Fluorinated Pd/Al,O; after reaction

Acidity 2} Lewis Acidity & &4 3}sic). o} =} Bronsted
Acidity7} CFC H2}& & Foll 73] st
g} o]g} zte] NHyo| &atepo] Folew AL £
stoll 9 Zwjo] Abdle] W F o] A=kt 7L F

2133 H33H Mes 1995 128

. Ags 4 5 ddck

23} Fof A7)+ Pd metal®} Pd-F AL &l
218l EXAFS 48 F83tdch Fig 10 350C
A% Pd/ALO(3 wt% Pd) o} ¥43 42 AR

me |

37
ol &

ot —



Pd/AlLOs2] Fluorinatione] CFC-113a¢]

50
W Fresh
40 [J After réaction
30
(a)
20
10 .
| 1
0 10 20 30
50
M Fresh
40 0O After reaction
30
(b)
20
10 D
r-] § mas | L 1

10 20 30

Particle size(nm)

Fig. 8. Pd particle size distribution of Pd/ALO; and F-
Pd/ALO;.
(a) Pd/ALOs, (b) Fluorinated Pd/AlLO,

25

—— PJ/ALO,
-—— F-Pd/ALO,

15+

10

Intensity(A. U.)

0 100 200 300 400 500 600
Temperature(°C)

Fig. 9. NH; TPD spectra of Pd/ALOy(3 wt%) and F-Pd
/ALO(3 wt% Pd).
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Fig. 10. Fourier transform of EXAFS spectra of Pd cata-
lysts at Pd k-edge(3 wt% Pd).
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EAZE 243E A2 F(F-Pd/ALO) S 7%
XRD(Fig. 5)¢} TEM(Fig.6,7) 9 AzeA &2 4 9%
o] uhg Fol WetFe $3E WA F ol Wy,
Pd/ALO;9) 7% HHS Fo| FepEe] particle sizer}
# 2] CFC-113a¢] 43} uh-3 &4 #]3}9] fle] e}
Z22ju}, F-Pd/ALO:9 79 uhS- 21 5o Zelg particle
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size?] W3yl 24| gle o2 Mol E43 AHe
3 WAl A o), ZelE 7} oA (AIF,) 7)ol 337
31314 interactiong ¥ Adsto] gz A 4] 23& 8}
A sh=dl &y olzt Alggc) =3 volatile PdF,2)
redispersion®] -9 2 75 A& WA == glAE)
dubA o g e 3l Pt/Cl/ALOs2) 7-5-[22]9} vl msld
2 A 27(Hy/0p) 2 &2 71(500T-700T) 0] Abo)
33 53] £ AgLe A2(350C fluorination) ol 22
o] o] Hoeje} ¢t thuk B =3¢ Ane
e Ao FAAE F9E ¢ glong 3 wEe o
7} 48 Zolc) o} ¥4 s Zv| uk-g-e] TOF
data= BAFE) AAA wiskE Al 9lemg
P H o2 sdelEy A g she Adsates
A oloks AL AAbsta gk

oiR|ete 2 Zofo] oA 2 AMRE y-ALO,Y F27}
B35 B3l AR08 Walks 28 oF & Qik o] &
XRDE F5te] v-ALO:9] &4 F]=7) Alelx] 3 AlF,9)
E4 T3 YAFE Ao Bo}l o 4 9)9l, BET
5ol ols S5t Foll vlEw o] FaH ] AlF;9)
ZA 3} v2sfx]e AS 4 5 ALk Coqll6]
< CFC-129 w23t ubgellA ALO; W4l AlFyS
‘%*ﬂi ARE-Et S o vbg gAde] 1Rk ¥ wsbw
At w2t AR = w84 Z7le) 7]t 2
T olth 53] 74 FoE AL v 3 Bash)
& ALO;ZHE] AlF; A4 Foll o] F435 197
m?/gell A 25 m¥/g2 AstE T o] wf FAlel Falge

+AE U F ok Aot

olMd E43tEs B3t "elgy GFolus) WA
o wbg Fofl gelFe $3E WA & gk
0|5 CFC-113a 543} Whg W38 Hold &
FHAQ Ao vehta glon, ofA7lAlE of
A7F b F8F AR = B3hAel abgel 9)F
Ae AAQAE HAE 5 ek ey e g 24
TAH] A7 e g Aolch

EJ])I J

4.2 £

ZeH5-g EAaslste gk B
o] 85ty CFC-113a¢] $43} ¢
2l B8-S Fite] ohem 22 HEL Jdgctk

1) 2ases %a}w} W= F-Pd/ALO;S Pd/ALO;X.
o} CFC-113a9} 43} uk-goll A}A<l 7L el
T Atk

(2) E23E F3le] @25 Pd-F, Pd metalo]
PAEE AE FAstgdod g T $3e] d o
ouls & ek

Pd/ALO;3} Pd/ALO: S
g Sasiglon, of

35133 X333 mMes 19954 128

FE -

B4 - 482

(3) E43E E3lo a2 21239 ALOS AIF,2
kAo, Al AL MERH FAo BRI,

#@ Al

€ AFe F71edTAE Y A7) 216 28ty
o] Foi7l oA -9] d¥o|r, EXAFSE 2 A3l A
3] 34 KEK(Japan) 2} PLS(Korea)ol] 7A}=3 4},

ARBI|E

CFC : chlorofluorocarbon

HCFC : hydrochlorofluorocarbon

HFC : hydrofluorocarbon

CFC-12 : dichlorodifluoromethane

HCFC-22 : chlorodifluoromethane

CFC-113a: 1,1,1-trichloro-2,2,2-trifluoroethane

HCFC-123 : 1,1-dichloro-2,2,2-triflucroethane

HCFC-133a : 1-chloro-2,2,2-trifluoroethane

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

TOF :turn of frequence
3!
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