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Abstract— The activities, selectivities and stabilities of bimetallic Pt-Re clusters supported on 7-alumina were
evaluated in the n-hexane reforming reaction. Reaction temperature and calcination temperatures were varied at
300-500°C and 400-500°C, respectively. Reduction was performed at 500°C. Pt-Re/alumina catalysts were prepared by
coimpregnating the aqueous solution of HyPtClg and HReO4. When the amount of Pt supported on alumina increased,
the selectivity towards benzene increased, but the selectivity towards Cg isomers decreased. Pt-Re/alumina was more
active in the hydrogenolysis reaction at 400°C than Pt/alumina, resulting in the higher selectivity towards C,-Cs com-
pound. However, Pt-Re/alumina produced less C,-Cs compound and more benzene above 450°C than Pt/alumina. The
activities and selectivities of Pt-Refalumina were varied with different calcination temperatures, indicating that the for-
mation of Pt-Re bimetallic cluster is dependent on the calcination temperature. The addition of Re on Pt improved the
maintenance of activity by decreasing the deactivation rate.
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Table 1. Product yields of Pt/7-Al,0, catalysts

Products {mol%)?
C-Cs Cgisomer MCP Benzene Conv. (%)

Catalysts®

Pt(0.5/%Al,05 176  17.8 236 411 7.0
PH1.0)7-Al,05 147 147 248 458 10.4

@, The data were obtained at 400 °C and 155 min.

6. The catalysts were calcined at 400 °C and reduced at
500°C.
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Fig. 1. Product distributions of Pt(0.5)/alumina.
(Pretreatment calcination T =400°C, reduc-
tion = 500 °C; Data is obtained at 155 minutes)
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Fig. 2. The conversion of Pt(0.5/alumina with
reaction time.
(Pretreatment calcination T =400 °C, reduction
T =500°C)

7}8he ok 4= 9k, o] AL wk32-5 7} 500CE F7te}
w4 cracking activity 7} 24 F71sled B2 500C,
-C; 3atgol A4z| wFolrt,

.l.

3-2. Pt-Re Z0l2| WS4

3-2-1, Re %48 % hg2= el dhE 24 ol
A= w3}

Re o] sh#|2kS 0.25wt%, 0.5wt%2 3wl Zvie]

HWAHAK KONGHAK Vol. 27, No. 6, December, 1989



732 ol e o4 -

50+ -110

=

S S
E =
] 2
< 7]
5 )
3 &
- - (o]
g, 25¢ 458

L 1 -

|
400 425 450 475 500
Reaction temperature (°C)

Fig. 3. Product distributions of P0.5) Re(0.25)/
r-ALQ,.
(Pretreatment calcination T =400 °C, reduction
T =500°C, Data is obtained at 155 minutes)
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Fig. 4. Product distributions of P#0.5)Re(0.5)
AL,
(Pretreatment calcination =400°C, reduction
T =500°C; Data is obtained at 155 minutes)
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Table 2. The selectivities of Pt, Pt-Re, Re cata-
lysts supported on 7-Al,0,

Rxn. Temp.  Catalysts® Products (mol %)
(°0) (wt%) Cy-C5 Cyiso. MCP Ben.
400 Pt(0.5) 176 17.8 236 41.1

Re(0.5) 58 41.1 256 215

Pt(0.5)Re(0.25) 16.7 17.0 24.0 42.3
Pt(0.5)Re(0.5) 23.3 180 21.7 37.0
450 Pt(0.5) 322 146 109 453
Pt(0.5)Re(0.25) 184 155 145 51.6
Pt(0.5)Re(0.5) 20.1 16.8 11.6 515
500 Pt(0.5) 36.1 126 7.8 436
Re(0.5) 723 151 7.1 5.5
Pt(0.5)Re(0.25) 350 11.7 74 459
Pt(0.5)Re(0.5) 33.2 120 6.7 48.1

2. The data were obtained at 155 min.
® The catalysts were calcined at 400°C and reduced
at 500°C.
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Table 3. Thermodynamic data on reactions of C;
hydrocarbons [1]

Reaction K?  AHg(Kcalmole)
Cyclohexanc-Benzene + 3Hy 6x10% 52.8
Methylcyclopentane-Cyclohexane  0.086 -3.8
n-Hexane-Benzene + 4Hy 0.78x10° 63.6
n-Hexane-2-Methylpentane 1.1 -1.4
n-Hexane-3-Methylpentane 0.76 -1.1
n-Hexane-1-Hexene-Hy 0.037 31.0

4. Equilibrium constant at 500 °C.
b, Heats of reactions.
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4»;

"TZ

S5 Fo0e B, A¥E 5 b el B AT 735

=0

shekn wbe Azt ofAl olfrl HuslA rh, ol
reforming 439l w]2A443 21l A
12| 23198 7) whfolnt,

Reforming uFgollA] o A A351e] fdqleg+
240] SAlolv} coked A Feolet @ 4 Ut 2
2lv} 2 Somorjai 9t Zaera[15]% eshAsigE
S Pt &9 x%FA7]"™ carbonaceous deposit o]
sy, o] ZulSo| oz} 23]ef uhgel Fulzt
28 she g% 3o 400C OI*LOIIHT‘:- F s
A9} ¢lx graphitic layer & Alslel Folfo] %‘é
2 Aok dusieich, A Fole] FAE &
a7 elME S5 F3E WY, coke o “é“é
L Fo|AL}f, & AWAH carbonaceous deposit |
graphite & #3tx] 2317 @l gk, Burch[13]&
Ptol 379l Ree| Re°, Re**Ael2 ZAslw Reot
Re*7} coke precursor & ool sl o4 #H=2
nprs Eejodgrs sl7u, Fe g zHgslod
carbonaceous deposit 7} graphitic carbon & ¥4
e e whoba] w|BAE v TaAlivkn B
0} 4ch. Bertolacini[16] 52 coke 9 &4 dal 5

o] shiz okedxl cyclopentane & naphtha feed of
MG w, Pt Zule] A% A} Az
Pt-Re Z=io} 79 Z4AT 7 gle-5 B3
a}z}A] cyclopentane o 213k #2438 Pt-Re T3
o el Z2 FUFHA 92 Retrolol oA
AR =y 228 4 glch, Carter 5[17]2 Pt-Re
zojo] coke MAdake Pt Zollol wls|A ZrAsA] o
gfor} 1 FR7h chacokm LZFond, Ludlum 2
Eischens[18]% Pt-Re Zvloll4+& carboxylic car-
bon & AAle] €Al Aeickn ¥ wakoict,

2 Ado4] Red %73t Pt-Re bimetallic cata-
lysts 7} 84427t £ A2 Reol vl3xislte] Il
o] e 4 A o%: AR Wl Fo = Azt

=

off, » Ay
Ol' r\o

2 ool ot e AEE A8 & sirh

1. Pt/alumina & 7% Ptel ekol 0.5wt%elA
1 w2 Zoatel whek WAl 4ol HE Alsst &
Fhsta ol 4k whgell ek AHEs ArAdE

2k Al .

2. Pt(0.5)/alumina &} 7% shg2E=7b F7el
wpzha] oAt wige] wWish= z:x] 9o} cracking
ulgo| Z7}sled C,-Cs 3HahEel wol QA=

3. Pt-Re/alumina | 7-% Pt/alumina 2t} hy-
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drogenolysis 8F-8 &7 4]17]7] wlfel C,-Cs 3¢&E
of that Adeisr} #H=|w] ©]71-& Pt-Re 2] bimetallic
cluster & &4fell 7]olsct,

4, Pt-Re/alumina o 7% 44250 ue} 42}
Az 7t Hled o2& bimetallic cluster ¢ &4
A Exol FakE | wifolnt,

5. ReS Pt/alumina Zvullell Hrlgt45 27t

& zhashatet,

°|
%7150 deactivation
Z__’F

Al

£ oode BE e
1988)0) 284 - =igiZc,

23] 7] 201 4] (1986-
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