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The interaction of acetone with MoO 3. A1203 catalysts of low MoO 3 

content ( < 10 w/w %) yields mainly tri- and tetramethylbenezenes, as 

opposed to isobutane and COor CO 2 in lvloO3-richer systems. The variations 

in product distribution with composition appear to be interpretable on 

the basis of the gradually changing surface acidity of the catalytic system; 

there is no need to assume differences in molybdenum coordination for 

explaining the resuits. 

B3aHMO~eRCTBHe al~eTOHa C KaTa~HSaTopaMH MoO3"AI203 C MHSKHM 

co~ep~aHHeM Mo03 ( < 10 BeC.%) HpHBO~HT, B OCHOBHOM, K oSpa30- 

BaHH~ TpH-- H TeTpaM@TH~6@HSO~OB w B HpOTHBOHO~ORCHOCTb CHCTeMaM 

C 8OnbtUlIM co~epEaHHeM Mo03p HpHBo~I~IM K oSpa3oBaHH~ H306FTeHa, 

CO H C02. H3MeHeHHn B pacHpe~e~eHHH npOnyl(Ta C COCTaBOM MOXHO 

O~bRCHHTb Ha OCHOB@ nOCTeHeHHoro H3MeHeHHR KHC~OTHOCTH HOBepx-- 

HOCTH KaTaJIHTHqecKoR CHCTeM~. ~IR OObRCHeHHR pe3y~bTaTOB e T.O., 

OT~IIaeT HeoOxO~HMOCTb B Hpe~HO~OXeHHH pa3~HqHR B KOOp~HHa~HH 

MO~HO~eHa. 

Present address: Montedison Research Labczatories, Priolo, Sicily, 
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INTRODUCTION 

Previous reports from this Laboratory/I-6/on the solid state properties of a 

series of MoO 3 �9 AI203 catalysts (containing up to 30 w/w % MOO3) have indicated 

the existence of two structurally distinct regions of composition characterized by 

tetrahedral (up to 10% IvloO3) and octahedral (at higher contents) oxomolybdenum 

configurations. It has turned out to be possible to establish a specific correlation 

with catalytic activity in the case of the reaction with propylene as, in fact, dis- 

proportionation occurs in the retrahedral region and oxyhydratien to acetone at 

higher MoO 3 compositions. The active sites were indicated toJg~'Mo(V) pairs of 

the bis-molybdenyl typein the case of disproportionation and a/combination of Mo(V)- 

Mo(VI) in octahedral coordination in the ease of oxyhydration to  acetone.  

In this paper we wish to supplement our catalytic clam by a further example of 

specificity in the class of MoO 3 �9 A1203 systems, using acetone as a model reactant. 

In doing so, we aimed at studying whether the described differences in molybdenum 

coordination would affect the product distribution aiso in this case. Acetone was 

chosen as a reactant since it is known to form a great variety of products depending 

upon the nature of the catalyst/ '7/ .  

EXPERIMENTAL 

Catalyst preparation and catalytic activity experiments were performed using 

the procedures and apparatus described e l sewhere /1 -6 / .  Before use the catalyst 

samples (0.25 g) were activated "in situ" in a flow of helium (40 cm3/min) for 

2 hrs at 500 ~ Interaction with 2 I*l pulses of acetone was studied at 300 ~ with 

or without the simultaneous injection of water. To allow for identification of 

all possible products, a preliminary set of experiments was performed by linking the 
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gas-chromatographic unit (Ftactovap Mod. C)  to a mass spectrometer (Hitachi Perkin= 

Elmer RMU-.6E). Quantitative results were collected from chromatographic records 

using a Poropak T/FFAP 5~o column operated at 130 ~ 

RESULTS 

The mass-spectrometric analysis of the effluents is given in Table 1 and illus- 

trates the product formation. The results indicate the existence of two distinct 

regions, the first of which is characterized by  the presence of tri- and tetramethyl= 

benzenes, further indicated as polymethylbenzene (PMB); at compositions higher 

than 10 w/w % MoO 3, isobutene prevails together with CO . Besides these main 
x 
m 

components, there are minor amounts of methane, propylene, benzene, toluene 

and xylene. 

Attempts to establish a more quantitative estimate of the various products were 

hampered by a large fraction of acetone being chemisorbed on the catalyst, how- 

ever, an assessment of catalytic activity is still possible using values of conversion 

to observed products. Typical catalytic patterns are of the type illustrated in Fig. 1 

for the conversions and, Fig. 2 for the selectivities. As no great difference was oh= 

served as a function of the progressive number of slugs, the degree of reduction 

appeared to be irrelevant. Closer appraisal of the results collected in Figs, 1 and 

2 shows: a) a low MoO 3 region (up to 8-10 w/w % MOO3) characterized by a low 

overall activity and selectivities varying in the order: PMB > acetic acid > isobutene 

> COx; b) a MoO 3 -rich region (from 10 w/w % MoO 3 onwards) characterized by 

a sharp increase of.activity as a function of the composition and selectivities chang- 

ing in the order: isobutene > CO x > acetic acid, with PMB being almost absent. 
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Fig. i .  
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Molar conversion vs. composition (w/w % MOO3) for the first slug (for 

e x p e r i m e n t a l  cond i t iom,  see  text)  

Fig. 2. 
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Molar selectivities vs. composition (w/w % MoO) for the first slug (for 

e x p e r i m e n t a l  condi t ions,  see  text)  

DISCUSSION 

T h e  fo l lowing  results a r e  r e l e v a n t  to es tabl ishing a co r r e l a t i on  b e t w e e n  c a t -  

alyttc activity and solid state properties: 

(1) PMB is formed from acetone under the influence of strong acidic media, such 

as concentrated H2SO 4/7/; 
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(ii) Diacetone alcohol is obtained via condensation of acetone in the presence 

of a base, while mesityl oxide is formed from the former, product over bifunctional 

catalysts/8/ ;  

(iii) Acetic acid may derive from water and ke tene /9 ,  10/, the latter being 

obtained from mesityl oxide together with isobutene and from the reverse of the 

ketonization of acetic acid/11-13/; 

(iv) As will be shown tater/14/, the heat of immersion of MoO 3 " A12% 

catalysts in pyridine, hence the total acidity/15/, shows a fluctuating behaviour, 

with maxima (Max) an Minima (Min) as follows (theRrst figure is w/w % MoO 3, 

the second the heat of immerson in J/mg catalyst): 0, 3.1 (Max); 4, 0.6 (Min); 

8, 5.0-(Ivlax); 15, 0.7 (Min); 25, 2.8 (Max); 30, 1.6 (Min). 

(v) As suggested elsewhere/1-6/, variations in molybdenum coordination with 

concentration must also play a role in the exptanation of the behaviour of the 

MoO3-AI2% system (Fig, 1). 

We therefore derive the following picture, In the low MoO 3 region (< 8-10 

w/w % MOO3), Fig. 2, isobutene, acetic acid, PMB and CO x are present as signif- 

icant products. Formation of PMB may occur on strongly acidic centers (A) present 

at low MoO 3 contents /14/  

CH3 

HB0 / ~CH3 O~C~CHs HsC CHs 
Mesitylene 

l)isl)r~ ti~176 
Xylenes + Tetrttmethylbenzenes 

A: acidic site 
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The presence of the other products suggests that MoO 3. A1203 should accomo- 

date both basic (B) and acidic centers (A), with a base B removing H + according to 

the equation 
CH3COCH 3 + B ~ -CH 2COCH 3 + BH + 

resulting in the formation of a stabilized earbanion, which yields diacetone alcohol 

via attack of the carbonyl group of a second molecule of acetone. Further dehydra- 

tion leads to mesityl oxide and isobutene, acetic acid and CO2; the formation of 

acetic acid together with isobutene rules out the ketonization process as, in this 

event, only acetic acid is formed. The following Scheme summarizes the above 

findings. 

HSO~C--~O 4" H.CH~COCHa a H3C~ A ~- /C- -CH 2--. CO--OH, 
HsC-- HsO I -u~o 

OH 

Diaeetone alcohol 

HsC~ A . 
H 3 C / C ~ C H - C O - C H s  Cracking ~ H~C ~ C -~--O + Ha@--CH=-CH2 I 

0,~H CH~ Mesityl oxide jo 

COs HsC--C~O 
A: "ttcidic site; B: I/asic site \OH 

As mentioned above (point iv), in the MoO3-rich region ( > 15 w/w % MoO 3) 

acidic sites show a lower average strength than in the low MoO 3 region. Isobutene 

is the main reaction product without acetic acid and PMB. The larger fraction of 

CO 2 is probably indicative of some consecutive reaction involving ketene. In fact, 

apart from a reaction with water to giye acetic acid, ketene may be oxidized to 

C02; the ratio of the two products may be related to the state of hydration of the 

surface. 
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