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Vapor-phase dehydrogenation/dehydration of cyctohexanol has been inves- 
tigated over a bifunctional platinum-alumina catalyst. The products of the 
reactions are eyclohexane, eyclohexene, benzene, cyclohexanone and phenol. 
Studies using the poiscns CC, H2S and NH 8 have been made in order to 
elucidate the nature of the sites responsible for the formation of the various 
products. 

rlapo~a3Hbie ~ermxprtpoBaHHe/RerrtapaTatU, m tmKnOreKcarlona 6bimi Hccne~oBanbi Ha 
KaTa.rm3aTope gmaTHHbI Ha OKHCH aJIIOMHHHJI C ~BOI~'IOI~I ~yHHI.I,HOHa2II~OCTbIO. npo- 
~yKTaMH pCaKKHH ~IBII~IIOTCH m~KnOreKcaH, KHKYIOreKCeH, 6eH3OYl, U~IKYIOFCKCaHOH H 
~peHOn. Hccne~oBaHi~ IIyTeM oTpaBnCHl~I CO, H 2 S H NH 3 6blnH IIpOBe~CHbI C I~Cnlo 

BbI~ICHCHH~ HpHpo~bI UCHTpOB~ IlpHBO~HIRHX K o6pa3OBaHHIO Da3nW4HbIX IIpO~yKTO~. 

IN TRODUCT ION 

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 au thors /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 
Cyclohexanol , 

(dehydration) 
metal sites 
(dehydr ogenati on) 

Cycloh exanone 

Phenol 

metal sites 
cyclohexene :- ~ cyclohexane 

"~ydrogenat ion ) /  

metal J s i t e s ~  metal / 
(deydro .[.genation} 

V ~ (dispropor tionation) 
B~nzene 

EXPERIMENTA L 

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 ehloroplatinic 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-act ivated 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 2 through the catalyst bed at the reaction temperature, and then the 

poison flushed out with pure H 2 at the same temperature; (2) the poison was passed 

but no flushing was done; (8) 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. 
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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 cyclohexene, which is itself produced through dehydration over the acid 

Sites. The sum of the products cyclohexene, cyolohexane and benzene may be 

taken as a measure of the "total dehydration". Phenol and cyclohexanone are the 

products of dehydrogenation over the metal  s i t e s /9 / .  

~_zS and CO poisoning. Carbon monoxide and hydrogen sulfide are known to be 

poisons for Pt. The operations involving CO and H2S (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 H2S is a stronger poison than CO. 

Also H2S poisoning is much less reversible than CO poisoning, as indicated by the 

effect of flushing with hydrogen (operations/3 and E). The yield of cyclohexanone 

is increased by operations 8,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/8 / .  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 A1208-0.6O/o HC1 itself dehy- 

drates only 36% of the feed cyclohexanol under the same reaction condit ions/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%)'A12C)~z~ at 250 oc  

Code 

A 

B 

C 

D 

F 

G 

H 

Poisoning operation 1 

Nature of 

operation 

No Poison 

CO passed, 

H 2 flushed a 

CO passed b 

CO and H 2 

passed c 

H2S passed, 

H 2 flushed a 

H2S passed b 

No poison 

NH 3 passed, 

H 2 flushed a 

NH 3 passed b 

NH 3 and 

H 2 passed c 

Conversion Product distribution (mol%) 

(tool %) C- anone 

70.6 

70,6 

69.5 

19.6 

60.6 

16.5 

63.8 

57.5 

44.6 

28.4 

21.6 

43.3 

47.9 

4.3 

44.5 

0.6 

31.5 

28.9 

22.6 

2.9 

Phen 

9.3 

8.0 

5.2 

0:4 

0.0 

0 o 0  �84 

13 .1  

9.9 

6.1 

19.3 

C-ane: Cyclohexane; C-ene: Cyclohexene; B: Benzene; C-anone: Cyclohexanone; 
Phen: Phenol 
A-F: Feed rate 0.05 m o l ' h t ' l g ' l ;  atmospheric pressure 
G-J: Feed rate 0.06 tool h r ' l g ' l ;  atmospheric p~e~t~re 

1All poisoning and flushing operations carried out at 250 ~ 
apoison passed along with H 2 (partial pressure 0,1, flow rate 8 1 hr -1) for 30 rain 

and then flushed with H 2 for 2 hrs (flow rate 3 i hr "1) 
bpoison passed along with t42 (partial pressure 0.1, flow rate 3 1 hr "1) for 30 rain 
Cpoison and H 2 passed along with feed (10% of total feed; poison to H 2 ratio 1/10) 
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surface decreases the yield of cyclohexanone. Thus, the formation of cyclo- 

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. 

N__H 3 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 (of. yield of total "dehydration products") during 

operations H and I, and very strong poisoning during operation I. 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 I), 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 cyclohexanone 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 

passed along competes with ammonia for the metal  surface, but does not so for the 

alumina surface (acidic sites); (3) the water produced in dehydration converts the 

adsorbed ammonia molecules into NH~ ions, which do not poison metal  s i t e s /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. 

Acknowledgement. Thanks are due to the authorities of Loyola College for their 

cooperation and help when the above work was carried out. 

REFERENCES 

1. S. Sivasanker: Ph. D. Thesis, Univesity of Madras, 1970. 

2. Y. Yamamuchi, S. Yada, S. Kudo: Abstract from Shokubai; L Catal., 5, 

198 (1966). 

3. I.P. Kutanov, M.A. Syadzeltsova, B.G. Udarov, Yu.A. Eltekov: Vestsi Akad. 

Navuk B. SSR, Set. Khim. Navuk, (3), 84-8 (1965); C.A. ,  64, 11902E 

(1966). 

4. E.B. Maxted: Adv. Catal., 3, 129 (1951). 

172 


