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Isomerization of n=pentane has been Studied in a continuous-flow reactor 
at atmospheric pressure on Pt/Al203 catalysts modified by adsorbed bismuth 
and palladium. Lower activity and higher selectivity have been obtained 
on a catalyst modified by bismuth. Both activity and selectivity have de- 
creased on a catalyst modified by palladium, After oxygen treatment the 
Pd-Pt/A1203 catalyst showed the most pronounced change in catalytic 
properties and its stability was lower than that of the unmodified Pt/AI203 
catalyst. 

H3oMeprmauH~ H-HeHTaHa 6Mna Hccne~oBaHa B peaKTope HenpepMBHoro HOTOKa, RpH 
aTMocqbepHOM ]~aB/IeHHH H Ha KaTanH~aTope PtlAI 2 03,  MO/l~l~HttepOBaHHObl a~cop611- 
pOBaHHbIM BHCMyTOM H lla.rlJlaln4eM. IIOHH~eHHa~ aKTHBHOC'rb H IIOBblllleHHa$1 CeYleKTI4B- 
HOCTb Ha63110~a.~HCL ~ KaTaYIH3aTopa, MOKH~HIIHpOBaHHOPO BHCMyTOM. KaK a ~ -  
HOCT],, TaK H ce~IeKTHBHOCT~ yMeHbman~Hcb B cHytlae KaTanli3aTopa, MO~H~pHKHpoBaH- 
HOFO rla.rma~4eM. Hocne o6pa(SOTKH KHCYlOpO~IOM CaMble 3HatH4TenI,Hble H3MeHeHH~I B 
i<aTanwaecKHx CBOI~CTBax Ha6nio/lanHcs ~ i<aTanH3aTopa Pd-Pt/A12 03 H e r o  era6Hnb- 
Hocrb 6I, tna Mere, me, qeM KIL~I HeMO~Ltl~HtlJ4pOBaHHOrO KaTaJIH3aTopa PtlAl 2 03. 

INTRODUCT ION 

Bimetallic and multimetallic catalysts are generally prepared by impregna- 

tion of the support. However, bimetallic catalysts containing platinum can be pre- 

pared by adsorption of a second metal on platinum/1/, The 'adsorption of metal 

on platinum via ionization of adsorbed hydrogen allows the preparation of supported 
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platinum catalysts modified by adsorbed meta ls /1-3/ .  Both the adsorption and 

catalytic properties of platinum are changed by adsorption of the second me ta l /4 / .  

The modification of Pt/A1203 catalysts by metal adsorption may have a different 

effect on the properties of "fresh" and "used" catalysts and may affect also the 

stability of the catalysts. Therefore. parallel to our study using a pulse technique/5/ ,  

isomerization of n-pentane on Pt/AI203 catalysts modified by bismuth and palladium 

has also been studied in a continuous-flow reactor. 

EXPERIMENTAL 

preparation and treatment of the Pt/A1208 catalyst as well as the modified 

Bi-Pt/Al203 and Pd-Pt/A1203 catalysts were carried out as described e l sewh~e/5 / .  

The experiments were perfon'ned under atmospheric pressure in hydrogen stream. 

An electrically heated quartz reactor with an O.D. = 8 ram, was applied. The gas 

effluent from the reactor was connected to the G, C. via a s/x-way sample valve, 

1.8 g catalyst (0, 31-0.63 mm fraction) was used, n-pentane (putiss.) w as purchased 

from Fluka, The hydrogen was deoxygenated on a Pt/Al203 catalyst at 400 ~ 

The hydrogen and oxygen used for regeneration were dried over Linde 4A molecular 

sieve. A gas mixture with a hydrogen to n-pentane ratio of 3:1 was used. 

RESULTS AND DISCUSSION 

The results obtained on different ca talysts under selected experimental con- 

ditions (t = 400 ~ w = I .  0 g/g h) are show n in Fig. 1. As can be seen, there is 

a marked difference between modified and unmodified Pt/AI208 catalysts. The 

activity of Pt/AI208 and Pd-Pt/AI203 catalysts, naturally, exceeds the activity 

of 8i-Pt/Al203 catalyst, due to the effect of bismuth (catalyst poison) which 

diminishes catalytic ac t iv i ty /6 / .  Therefore, the Pt/AI203 catalyst modified by 

bismuth is often used in selective dehydrogenation of saturated hydrocarbons/7, 8/.  
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Fig. I .  Comparison of the Pt/AI@O 3 and mod/fled catalysts 

The BI-Pt/AI@O 8 catalyst showed the highest selectivity to i-peatane format/on. 

The high selectivity of the B/-Pt/AI20 a catalyst can be explained by the blocking 

of active sites due to hydrogenolys/$ on adsorbed bismuth. Thus, the extent of 

hydrogenolysis and coke formation on the metal component of the catalyst is loweaed. 

Selectivity and activity are Iower in the case of a Pd-Pt/AI203 catalyst treated 

in hydrogen, than for an unmodified Pt/AlgO 3 catalyst, whereas these values are In 

agreement with the results obtained on a Pd-Pt/Al203 catalyst prepared by impreg- 

na t /on /9 .10 /and  on a Pd-l>t alloy film catalyst /11/ .  The extent of s/de reactions 

CI-S) (via. hydrogonolys/s, coke formation) is higher on a Pd-Pt/AI203 than on a 

Pt/AIgO 3 catalyst. Tlds can be explained by the increase in activity towards de- 

hydrogenation/12/and by the increase in hydrogenolys/s se lec t iv i ty /9 ,11/due  to 

the pallad/um content. Formation of methane was especially extensive on "fresh" 

catalym 191. 
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The results of our further experiments are summerized in Table 1. No change 

could be observed in the trend of the results when the spece velocity was altered. 

Comparison of the data in Fig. 1 and Table 1 show that a 50% decrease in space 

velocity results in a 50% increase in conversion and i-pentane yield. For all three 

catalysts, the selectivity was increased slightly. After regeneration with oxygen, the 

Pd-Pt/AI203 catalyst showed the most significant change in catalytic properties, 

both the conversion and yield of i-pentane increased, whereas the selectivity was 

lower. The same phenomenon, although not so pronounced, could be observed 

using a Bi-Pt/AI203 catalyst. 

If the reaction temperature was raised to 450 ~ after I hour of reaction, the 

conversion was lower than at 400 ~ Because of the faster aging process, a 

decrease in i-pentane yield and selectivity could also he obtained. If the catalyst 

was modified by bismuth, however, not only the selectivity but also the yield was 

higher than on an unrnodidied Pt/A1203 catalyst. This can be explained probably 

by the fact that the desorption of bismuth (in the form of Bill3) is more pronounced 

during pretreatment at 450 ~ than at 400 ~  In this case the activity of the 

modified Bi-Pt/A1203 catalyst approached the activity of the unmodified Pt/A1203 

catalyst. The lower activity towards hydrogenolysis and coke formation may be 

attributed to the residual amount of bismuth on the modified catalyst. Even in ex- 

periments carried out at 450 ~ the effect of oxygen regeneration resulted in a 

much higher conversion, higher yields of i-pentane as well as higher selectivities. 

The yield and selectivity appeared to be most substantial on the Bi-Pt/A1203 

catalyst, while the extent of side reactions was highest on the Pd-Pt/AI203 catalyst. 

Based on our experimental data, it may be concluded_that modification of the 

Pt/A1203 catalyst by adsorption of bismuth and palladium followed by hydrogen 

treatment resulted in only minor changes in catalyst stability. The aging process on 

Pd-Pt/AI203 was found to be faster than on the unmodified Pt/AI203 catalyst. 

After p r e t ~ t m e n t  by an oxidation-reduction procedure, the change in catalytic 
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Table 1 

Test of different catalysts in the isomerization 

of n-pentane in a continuous-flow reactor 

2 a 

3 b 

4 a ,  b 

Parameters 

t (oc) w (g/g h) 

400 O. 5 

450 1.0 

Catalysts 

Bi-Pt 

0,36 

0,30 

0.83 

0.29 

0.28 

0,97 

0.44 

0.35 

0.80 

0,39 

O. 37 

O. 97 

0,38 

0.13 

0.34 

0.52 

0.32 

O. 62 

Pd-Pt 

0,45 

O. 31 

O, 69 

0,34 

0,29 

0,85 

O, 62 

0.39 

O, 63 

O. 56 

0,45 

0.80 

O. 57 

0,22 

0.39 

Pt: Pt/AI203, Bi-Pt/Al203, pd-Pt/Al203 
C - conversion, Y - yield of i-pentane, S -selectivity (S=Y/C), 

aAfter regeneration, bAfter I h reaction time 
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properties was more pronounced on the Pd-Pt/Al203 catalyst. This behavior of the 

Pd-Pt/AI208 catalyst can be attributed to a change in the composition and disperslty 

of the metal as a consequence of segregation in the platinum and paUadium corn- 

ponents/14/. This segregation phenomenon is probably due to oxygen treatment, 

which may also be involved in the change of the catalytlc properties. 
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