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Cyclohexanol conversion on oxide catalysts is proposed as a test for the acid-base 
properties of oxide catalysts. The quantity of cyclohexene formed reflects the existence of 
Broensted acid sites. The dehydrogenation to cyclohexanone might be related to basic sites 
if at least one proton is released from the organic molecule. In some cases dehydrogenation 
to phenol occurred. 
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1. Introduction 

The acidic and basic propert ies  of oxide catalysts are very important for the 
development  of scientific criteria in catalyst application. The methods for the 
determinat ion of  surface acidity were critically reviewed in [1]. Besides the 
non-aqueous  titration and IR  spectroscopy the authors consider also some 
model  reactions as xylene isomerization and cracking combined with poisoning 
experiments.  The r ecommended  unsurpassed IR  spectroscopy sometimes meets  
insurmountable  obstacles due to opacity and absorbance of the sample. In 
addition, different substances must be  used for the detect ion of acid and base 
sites. Model  reactions are r ecommended  [2] as the best  method for characteriz- 
ing industrial acid catalysts. 

The  microcalorimetric measurements  of  the heats of adsorption of ammonia 
and carbon dioxide have been  used to elucidate the acidic and basic propert ies 
of  a number  of  oxides [3]. The obtained results showed that the greater degree 
of covalency of the oxide expressed by higher value of  the cha rge / r ad ius  ratio, 
the more  likely acidity is to be  found. An oxide with a low value of the 
c h a r g e / r a d i u s  ratio is more  ionic in nature and will present  more  basic sites. 

As a measure  of the base s t rength of  metal  oxide catalysts, Davis [4] suggested 
the alcohol conversion selectivity. The amount  of 1-alkene produced by water  
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elimination was proposed to depend on the base strength. It was found that 
ZnO was a stronger base than CaO and MgO, and the oxides of Zr, In, Th, Y 
and Eu were stronger bases than ZnO. 

The amphoteric character of alcohols permits their interaction with acids and 
bases. Olefin formation results from the reaction of alcohols with Broensted 
acid sites. In the literature the ability of oxide catalysts to dehydrogenate some 
alcohols is also described [5-8]. Using cyclohexanol we have demonstrated the 
existence of acid and base sites in ZSM-5 zeolites [9]. The results are in 
agreement with tha t  of Dessau [10] o n  diketones cyclization over ZSM-5. 

Our studies on cyclohexanol conversion in the presence of different oxide 
catalysts showed that some of them are able to activate dehydration and 
dehydrogenation reactions simultaneously. We interpreted the dehydrogenation 
activity as related to existence of basic sites originating from the oxygens in the 
oxide lattice. 

2. Experimental 

2.1. CATALYSTS 

The oxides used were reagent grade commercial products (V205, MgO, ZnO, 
Fe203, La203, CuO) or obtained from the appropriate salts. Mn304, NiO, and 
Co304 were obtained from the basic carbonate salts by heating at 803 K during 
3 hours and identified by IR spectra [11]. Cr20 3 was obtained by decomposition 
of the hydroxide Cr(OH) 3 at 673 K. 

2.2. CATALYST TESTING 

The catalytic experiments were performed in a flow system on 2 g fixed bed 
catalyst. The catalysts were activated under air flow at 723 K and flushed with 
argon before the experiments. Vapours of reagent grade cyclohexanol were 
introduced using a calibrated syringe and evaporizer. The condensed reaction 
products were analyzed by GC using a 2 m column of silanized chromosorb W 
60-80 mesh with 15% DC 550 at 403 K. 

All the experiments were performed at 673 K and WHSV 2 hour -1. Some of 
the oxides (for instance Mn304) were inactive towards cyclohexanol below 673 
K. The results are summarized in table 1. 

3. Results and discussion 

The microcalorimetric investigations [3] permitted the oxides to be classified 
in 3 groups: acidic oxides A; basic oxides B; acido-basic oxides A-B. 
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Table 1 
Conversion of cyclohexanol on oxide catalysts. Temperature 673 K, LHSV 2 hour-1 
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Catalyst Products (wt.%) 

C-hexene C-hexanol C-hexanone Phenol 

MgO - 64.0 30.6 1.4 
ZnO 3.9 26.1 67.6 - 
Fe20 3 8.9 65.9 22.7 1.0 
Mn 304 3.3 75.0 18.0 1.2 
VzO 5 99.7 - - - 
Cr20 3 16.5 42.1 36.4 - 
CuO - 17.7 65.3 11.3 
Co304 11.7 50.3 26.5 4.3 
NiO 3.7 46.6 40.2 6.3 
La20 3 1.2 79.9 16.6 - 

Our  experiments with cyclohexanol showed that V205 was a typical acid, 
while MgO was a typical base. This is in accordance with the results in [3]. 
Taking into account the suggestion that heterolytic dissociation of  hydrogen can 
occur on MgO [12], the following hydrogen abstraction from cyclohexanol can be  
postulated: 

H + 
Mg----~O Mg 

> + 

H + H -  

M g - - d - - l V l g  

The metal  cation is acting as a Lewis active site. 
No Broens ted  acid sites were  found in CuO. NiO and Mn304 revealed small 

activity in dehydration. 
In accordance with the results in [3] V205 possessed only Broensted  acid 

sites, b e c a u s e t h e  only react ion product  was cyclohexene. Acid sites also occur in 
Cr203, C0304, Fe203,  ZnO,  Mn304,  NiO, and L a 2 0  3 in decreasing order of 
activity. 

ZnO is considered as a solid base [3,13], but  some acidic propert ies  have been  
also established [14]. The most active materials in dehydrogenat ion are Z nO and 
CuO. It is well known [15] that Zn- and Cu-catalysts find industrial application 
in dehydrogenat ion of  cyclohexanol to cyclohexanone at 673-723 K and atmo- 
spheric pressure.  In the conditions of  our experiments CuO and NiO dehydro- 
genated the cyclohexanol to phenol  as well. 

While the dehydrogenat ion of the alcohol hydroxyl group may proceed on 
hydrogen accepting sites with base character-oxygen atoms from the oxide 
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latt ice,  the d e h y d r o g e n a t i o n  o f  the  r ing seems to b e  r e l a t ed  r a th e r  to the  
t rans i t ion metal .  

In conclus ion  most  o f  the  me ta l  oxides  s tud ied  have  acid sites and  h y d r o g e n  
accept ing  sites, i.e. they  mus t  be  c o n s i d e r e d  m e m b e r s  o f  the  A - B  group  
(accord ing  to [3]). No t  only  the  me ta l  ions, bu t  also basic oxygen  a toms have  a 
h yd roge n  accep t ing  ability. T h e  cyc lohexanol  convers ion  is a s imple  and fast  
m e t h o d  to d e t e r m i n e  the  funct iona l i ty  of  an  oxide  catalyst.  
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