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Vapor-phase dehydrogenation/dehydration of cyclohexanol has been inves-
tigated over a bifunctional platinum-alumina catalyst, The products of the
reactions are cyclohexane, cyclohexene, benzene, cyclohexanone and phenol,
Studies using the poiscns CO, H_S and NH, have been made in order to
elucidate the nature of the sites responsible for the formation of the various
products.

MapodasHsie meruapupoBaHie/NerHAPATALMSA LHKIIOTEKCAHONA GHUTH HCCTENOBAHE] Ha
KATaU3aTOpe [UIATHHBI HA OKHCH aJIOMHHHA C JBOMHON QYHKIMOHABHOCTEL. IIpo-
AYKTaMH pPeaKLU¥M ABJIAIOTCA HHKIIOTEKCaH, IMKIIOreKCeH, GeH3011, IMKIIOIeKCAHOH 1
¢eHon. Uccnenosanua myrem orpasienusa CO, H, S u NH, 6binu HpOBEAeHB] ¢ HEMO
BBIACHEHUA APUPOLEI LEHTPOB, IPHBONALIMX K 06pa3soBaHMI0 DA3MYHBIX NPOOYKTO 3.

INTRODUCTION

Platinum on alumina is a bifuncticnal catalyst; the metallic function brings
about hydrogenation-dehydrogenation reactions, while the acidic function initiates
isomerization, cracking and dehydration reactions. The reactions of cyclohexanol

over platinum supported on a moderately acidic alumina have been investigated by
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the authors /1/. The influence of various poisons on these reactions are reported
in this paper.

Cyclohexanol undergoes numerous transformations on a Pt-alumiha catalyst.
Cyclohexanol undergoes partly dehydration on the support and partly dehydrogena-

tion on the metal, The following reactions take place:

acid sites metal sites
Cyclohexanol —————— == cyclohexene -
(dehydration)

metal sites
(dehydrogenation)

> cyclohexane

{hydrogenation)}

metal | sites
(deydro |genation)

Cyclohexanone
(disproportionation)
Phenol Benzene

EXPERIMENTAL

The catalyst used was prepared by impregnating a commercial alumina (BET
area 80 m2/ g, obtained from Sarabhai Merck Co., India) with the required amount
of a solution of chloroplatinic acid to yield a material containing 0.6 wt. % Pt.

The reactions were carried out at atmospheric pressure in a vertical flow reactor
made of pyrex glass. The liquid reactant was fed through a motor-activated syringe,
Before introduction of the feed or the poisons, the catalyst was always reduced at
250 ©OC for 6 hrs,

Three types of poisoning experiments were performed: (1) the poison was passed

along with H_ through the catalyst bed at the reaction temperature, and then the

2
poison flushed out with pure H, at the same temperature; (2) the poison was passed
but no flushing was done; (3) the poison (along with H2) was passed together with
the feed.

Analysis of the reaction products was carried out using a Perkin-Elmer Model

90 P3 gas chromatograph.

168



SIVASANKER, YEDDANAPALLI: EFFECT OF POISONS

RESULTS AND DISCUSSION

Table 1 gives the product distributions obtained after various poisoning opera-
tions. The products benzene and cyclohexane are formed on metal sites mostly
from cyclohéxene, which is itself produced through dehydration over the acid
sites. The sum of the products cyclohexene, cyclohexane and benzene may be
taken as a measure of the "total dehydration”. Phenol and cyclohexanone are the
products of dehydrogenation over the met\al sites /2/.

H.,S and CO poisoning. Carbon monoxide and hydrogen sulfide are known to be

poisons for Pt, The operations involving CO and HZS (code named B, C and E) lead
to losses in the yield of benzene, cyclohexane and phenol, indicating poisoning
of the metallic function, The data reveal that st is a stronger poison than CO.
Also H28 poisoning is much less reversible than CO poisoning, as indicated by the
effect of flushing with hydrogen (operations B and E), The yield of cyclohexanone
is increase& by operations B,C, and E, which can be considered to have effected
mild poisoning of the metal. However, when strong poisoning takes place (opera~
tions D and F), there is a drastic fall in all the dehydrogenation products including
cyclohexanone. In all cases, the yield of cyclohexene increases due to a build-up
consequent to poisoning of the sites responsible for its being converted into cyclo-
hexane and benzene, In the absence of poisons, the metallic function acts as a
scavenger converting the less easily desorbable cyclohexene into the more easily
desorbed products benzene and cyclohexane. The ease of desorption of the three
products on an alumina surface has been shown to follow the order; cyclohexane>
benzene>cyclohexene /3/. The scavenging action of Pt explains why a total of
nearly 40% of dehydration products is formed on Pt-alumina (case A), in spite of
competing dehydrogenation reactions, even though A1203—0.6% HCL itself dehy-
drates only 36% of the feed cyclohexanol under the same reaction conditions /1/.
Also, when the yield of benzene and cyclohexane is lower, there is an increased

production of cyclohexanone (operations B, C, and E). Strong poisoning of the
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Table 1
Effect of poisons on the transformations of cyclohexanol over
Pt(0. 6‘%)—A12 O3 at 250 °C

Poisoning operation!
) Conversion Product distribution (mol%)
N
Code ature of (mol %) C-ane | C-ene B C-anone Phen
operation
A | No Poison 70.6 9.6 8.1 | 22.0 21.6 9.3
B o d
CO passed, 70.6 0.2 | 18.6 | 5.5 43.3 | 8.0
| Hy flushed? '
C | co passed® 69.5 | 0.3 | 12.8 | 3.3 | 479 | 5.2
O and x :
D COand Hy 19.6 0.7 | 14.2 | 0.0 4.3 | 0.4
passedc
E | HyS passed, 60.6 59 | 9.5 | 07| 445 | 0.0
Hg flushed?
H,S passed? 16.5 0.2 | 15.7 | 0.0 0.6 0.0-
No poison 63.8 4,17 2.0 12.5 31.5 13.1
d
NH, passed, 57.5 4.1 | 2.6 | 12.0 28.9 9.9
H2 flushed?
1 NH, passed? 44.6 2.6 2.2 | 11.1 22.6 6.1
d _ :
I |NHgan 28.4 0.5 | 0.6 | 5.1 2.9 | 19.3
H2 passedC

C-ane: Cyclohexane; C-ene: Cyclohexene; B; Benzene; C-anone; Cyclohexanone;
Phen: Phenol

A=F: Feed rate 0,05 mol'hr"1g™1; aumospheric pressure

G—~J: Feed rate 0, 06 mol hr'lg'l; atmospheric piessure

1A11' poisoning and flushing operations carried out at 250 °C
Poison passed along with H2 (partial pressure 0.1, flow rate 31 hr~1) for 30 min
and then flushed with Hy for 2 hrs (flow rate 3 1 hr™1)
Poison passed along with Hy (partial pressure 0.1, flow rate 31 hr"l) for 30 min
Poison and H, passed along with feed (10% of total feed; poison to Hy ratio 1/10)
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surface decreases the yield of cyclohexanone, Thus, the formation of cycla-
hexanone may be attributed to mildly poisoned sites or to sites that have escaped
poisoning by virtue of their energetic weakness. Strong poisoning blocks all the
metal sites, leading to negligible production of cyclohexanone.

NH, poisoning. Ammonia is known to poison acidic sites responsible for dehydra-
tion reactions. The results presented in Table 1 indicate that there is mild poison-
ing of alumina sites by ammonia (cf. yield of total "dehydration products") during
operations H and I, and very strong poisoning during operation J. The lowered
yields of phenol due to operations H and I do indicate mild poisoning of the metal
surface by ammonia, But the poisoning effect (in the presence of hydrogen) is more
pronounced on the acidic sites than on the metal sites (case J), as shown by the
production of large amounts of phenol even though the other products are absent.
The large yield of phenol and the low yield of cyclchexanone indicate that acidic
sites are necessary for the formation of cyclohexanone and not for the production
of phenol,

The increased yield of phenol after operation J is attributable to the following
reasons: (1) more cyclohexanol is available for dehydrogenation; (2) the hydrogen
paésed along competes with ammonia for the metal surface, but does not so for the
alumiﬁa surface (acidic sites); (3) thé water produced in dehydration converts the
adsorbed ammonia molecules into NHY ions, which do not poison metal sites /4/.

4

CONCLUSIONS

Some reactions proceed on multiple sites arranged in specific configurations,
while some require only one or two sites. The greater the number of atoms involv-
ed in the catalytically active configuration, and the greater the requirement of a
specific configuration, the more susceptible the reaction is to poisoning. We find
that the susceptibility to poisoning increases in the order cyclohexanone>cyclo-

hexane>benzene>phenol. Consequently, the active sites required for the forma-
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tion of these compounds involve an increasingly greater number of multiple sites
and/or more stringent steric requirements. Cyclohexanone production occurs most
probably on single metal sites and is therefore unhindered by mild poisoning. The
reaction also seems to require an acidic site as evidenced by the poisoning effect

of ammonia.
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