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Abstract

The propan-2-ol dehydration or dehydrogenation over three simple metal oxides ZF®@ and CeQ) was carried out
in helium, dihydrogen or air flow, at temperatures in the (473-623 K) range.

Propan-2-ol decomposition on metal oxide surfaces has been used as an acid-base tegt. D@10 CeQ, it appears
that propene and acetone formation sites are not specific and it is difficult to deduce surfaces properties from activities
and selectivities observed. In helium and dihydrogen, for all the metal oxides, temperature increase always favours propene
formation. In air, the three metal oxides used are more active and their selectivity in acetone is more important than in helium
or dihydrogen.

The results clearly show that propanol transformation cannot be a simple test of acidity. Particularly, on ceria, results suggest
that redox property and the high lability of lattice oxygen contribute to products formations, involving oxygen vacancies.
© 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction of the metal oxides to establish relationships between
catalytic results and surface characterisation.

The acid-base properties of metal oxides play a  The aim of this study is to compare the catalytic ac-
key role in catalysis. They can be characterised by tivity towards propan-2-ol dehydration and dehydro-
different methods, in particular by test-reactions, like genation of three metal oxides: Ti(fanatase), Zr@
propan-2-ol decomposition. It is often admitted that and CeQ. They are oxides of the second row tran-
propan-2-ol dehydration into propene probes the cat- sition elements, the oxidation number of the cation,
alyst acid character, whereas its dehydrogenation to z, is equal to 4. Their acid character increases as the
acetone characterises its basicity [1-4]. However, re- ionic radius and/or the co-ordination number of the
sults are not so clear; for instance it has been reportedcation decreases, as experimentally shown by infrared
that additional redox ability promotes propan-2-ol spectroscopy using probe molecule adsorption [9]:
dehydrogenation [5-8]. Therefore, it is necessary to )
take in account both redox and acid—base propertiesCeQ < 2102 <TI0,

On the other hand, oxygen mobility of ceria, mea-
sured by oxygen isotopic exchange, is high [10],
* Corresponding author. Fax:33-2-31-45-28-22. explaining its redox properties [11]. Therefore, from
E-mail addresschambellan@ismra.fr (A. Chambellan). these considerations, a gradual change of dehydration
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to dehydrogenation is expected by changinglii@o
ZrO, and then into Ce@ To check if such a varia-
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3. Results

tion occurs, catalyst activities have been compared at3.1. In helium flow § N procedure)

different temperatures and under different gas atmo-

spheres (He, B air). Special attention has been paid

Total conversionfr and selectivity S strongly

to secondary products analysis. Reaction mechanismsdepend on the metal-oxide used. Fig. 1 shows that the
are proposed taking into account the surface proper- conversion increases from Ce@ ZrO; < TiO, for

ties of the three metal oxides used. The results will be all the temperatures. The first productZat> 473K
used to evaluate the potential use of propan-2-ol testiS always acetone, but propene then appears and
to determine the acid—base properties of metal oxides. becomes predominant in the case of Fiéhd ZrQ.

2. Experimental

Before the reaction, a flow pre-treatment of either
helium, dihydrogen or air was passed over metal ox-
ides for 2h at 623K (denoted & R, O like neutral,
reducing or oxidising pre-treatment). The propan-2-ol
transformation was performed on 200 mg of catalyst

In Fig. 2, conversion and selectivity are compared
for the three catalysts, after 1 h of reaction at three
different temperatures chosen in such a way that con-
versions are comparable. On Ti@nd ZrQ, selec-
tivities do not vary with time on stream. In contrast,
the amount of secondary products is quite important
on CeQ and tends to increase with time on stream at
temperatures lower 523 K.

For conversions lower than 30%, propene is the

main product formed on Ti@and ZrG. The relative
amount of acetone increases from 7i@ ZrO, «
Ce. On CeQ, secondary products, mainly unsatu-
rated GH19, CsH12 compounds and ketones seem to

(W), in a quartz microflow reactor at atmospheric
pressure in a helium, dihydrogen or air flow (N, R, O
process). The flow rate was 20 ml mih the contact
time W/F = 2.21kgmolh~! and the temperature
varied in the (413-673K) range [12]. occur when the acetone amount is large.

Effluents were analysed online, every 15min, by ~ The selectivity depends upon temperature, forever,
gas Chromatography using a FID detector and a CP- the three oxides examined, temperature increase al-
WAX 52CB column. Some products were collected Ways favours propene formation in such a way that
at liquid dinitrogen temperature to identify secondary Propene is the only product formed on Fi@t 523 K
products by coupling gas chromatograph and massand on ZrQ at 598 K. On Ce@ (Fig. 3) some ace-
spectrometer. When an accurate identification is tone is detected even at 623K and the conversion of
not possib|e, the Secondary product was named by propan-2-ol into acetone reaches its maximum (about
its stoichiometric formula deduced from its mass 20%) at 550K.
spectrum.

Ce provided by Rhéne Poulenc had a high spe-
cific BET area, 120rhg~?, including a 60g™?
equivalent area in microporosity. It contained less
than 0.5% lanthana [13]. The acidity and basicity
were measured in oxidised and reduced states by use 0 T
of probe molecule adsorption studied by FT-IR spec-
troscopy [14]. TiQ and ZrQ were prepared by hy-
drolysis of the corresponding propylates, followed by
calcination at 823 K. Their surface area was Zaym
and their porous volume 0.15¢ém L. Their X-ray
diffraction spectra showed rather broad peaks as-
signed to anatase in the case of Ti@hd to quadratic
and monoclinic structures in the case of 2r{5].

Their acidic and bgsic properties using sp.ecific probe Fig. 1. Propan-2-ol conversion in helium flow vs. temperature on
molecules adsorption were also reported in [15]. TiO,, ZrO, and CeQ.
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Fig. 2. Propan-2-ol transformation in helium flow on Bi(ZrO, and CeQ. Variations of conversionff) and selectivity with time on
stream (h) at 433, 473 or 523 K. P: propene; IPE: isopropyl ether; A: acetone; SP: secondary products.

The activation energieB; (P) for propene forma-  than 473 K. They consist of Zcompounds formed
tion on TiO,, ZrO; and CeQ have been estimated to  from condensation, accompanied by a low amount of
121, 110 and 125 kJ mot, respectively (in 423-473, light products (methane, butene).

473-523 and 473-533 K temperature ranges). These On TiO, only traces of isopropy! ether have been
values are very close to those reported by Gervanisi found at 473 K and of an ethylenic compoungHz2

et al. [16] on TiQ (130kJmot?t, 437-477 tem- (probably (CH)2C=C(CHzg),) from 523 K.

perature range) and ZpQ(112 kJmot?, 455-499 K On ZrO,, traces of isopropyl ether are also detected
temperature range). at low temperature (473K), whereas the amount of

For reaction temperature >473 K, secondary prod- unsaturated hydrocarbondB;2) and dienes (gH10)
ucts are formed, for all metal oxides, at reaction higher is more important. The propan-2-ol conversion into

473 K 523K 5713 K 623K
; 4

100 F3aies e

—— f % I ] PE ] a By sp

Fig. 3. Propan-2-ol transformation in helium flow. Variations of conversig) &nd selectivity on Ce®with time on stream (h) at 473,
523, 573 and 623 K.
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secondary products is 1.5% at 523K and reachestion. Secondary products are more important; in con-

a maximum (5.5%) at 573K. From 523K, traces trastthe conversion into acetone decreases. At 623K,

of ketones are also formed as ethyl-methyl-ketone, propan-2-ol conversion is complete and the amount of

diethyl-ketone, isobutyl-methyl-ketone (BMC) and acetone formed is then very weak.

mesityl-oxide (OM: 4-methyl-2-one pent-3-ene). It is important to note that if the dihydrogen flow
On ceria, conversion to secondary products is much is replaced by helium during the test, activity and

more important and reaches a maximum (15%) at selectivity change into those observed under helium,

550 K. All the products observed on TiGnd ZrQ irrespective of the reaction temperature.

are found, GH12 and GH1g are largely predominant.

When the reaction temperature increases, a behaviour3.3. In air flow (© O procedure)

similar to that observed on ZgQs noted. The amount

of CeH12 compounds continuously increases, whereas  |n air flow, the catalysts activated under oxidis-

that of GHi10 and oxygenated compounds reaches a ing conditions at 623K are much more active than

maximum near 523 K. Traces of propane and light those pre-treated in helium or dihydrogen flow. They

hydrocarbons are also detected. all present some activity even at 413K. In the range
_ (413-448K), when comparison is possible, at equal
3.2. In dihydrogen flowK R procedure) and low conversion, acetone selectivity is much more

important than under He orH

It has been found that propan-2-ol conversions and  In air, ceria is more active than other oxides (Fig. 5)
selectivities, on Zr@and TiQ,, depend neither on the  with the conversion reaching 38% at 448 K. Acetone
nature of the flowing gas (He orJinor on the condi- is almost the only product detected. Note that JiO
tions of the catalyst pre-treatment. It is observed that and ZrG selectivities are quite different. Tinainly
the use of dihydrogen as flow slightly favours propene gives rise to propene, whereas acetone is predominant
formation when the conversion is not complefe % on ZrQ,. The activation energy for propene formation
523K for TiOp, T < 600K for ZrQp). on TiO; (Ea(P) = 121kImot?) is similar to that

More important changes are noted on GeBigher measured under helium. In the same temperature range
conversions (Fig. 4) are observed in dihydrogen flow (413-455K), the activation energies for acetone for-
at 523 and 573 K, due to an increase in propene forma- mation Ea(A) are lower than 121 kJ mot. They can
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Fig. 4. Propan-2-ol transformation in helium or in dihydrogen flow. Variations of conver§jgnad selectivity on Ce®with time on
stream (h) at 523, 573 and 623 K.
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Fig. 5. Propan-2-ol transformation under air on Tj@rO, and CeQ. Variations of conversionf{) and selectivity with time on stream
(h) at 433, 448 and 473K.

be estimated to 6% 3, 73+ 10 and 8%+ 9kJmol?! sites or basic sites. Generally acid-base pair sites
for TiO2, ZrO; and CeQ, respectively. are formed, dehydroxylation by heating occurring
For reaction temperatures higher than 448K, through elimination of HO by recombination of
propan-2-ol conversions are more important and sev- neighbouring hydroxo groups. However, in the case
eral secondary products appear, not well identified. of TiO2, Lewis acid sites alone can be created from
The carbon balance is not maintained any more. molecular HBO desorption, without any coupled ba-
On ceria, at 473K, no product is detected showing sic sites [18]. Using different probes adsorption, it is
a complete transformation into GGand HO. On well established that the strength of the Lewis sites
ZrO, and TiG the total combustion occurs at higher decreases from TiD> ZrO, > CeQ [9,19] as ex-

temperature{ > 523K). Traces of gH1p without pected from the polarising power of the cation (charge
any GsHi» olefin are detected on ZgOfor reaction to radius ratio) [20]. As for the strength of the Lewis
temperatures higher than 473 K. basic sites, it increases in the reverse order, as shown

If air is replaced by helium under reaction con- by CO, adsorption [19,21,22], in agreement with the
ditions at 473K, the amount of acetone produced residual charges on the surface anions calculated from
drops and conversions and selectivities tend to thosethe Pauling compensation model (Table 1).
observed under helium in the same conditions. Ti*t, Zr*t, Cett cations and rare gases are isoelec-

tronic, so only oxidation reactions can be generated.
The concomitant reduction of the cation {M+ e —

4. Discussion M3+t) increases their nucleophilic character, partic-
ularly the basicity of the metal oxide. It can occur
4.1. Surface properties under flow of reactants or products, or after a reduc-

ing pre-treatment. Standard reduction potentials [25]
Some bulk properties of the three metal oxides used, reported in Table 1 show that Ce@an be easily
denoted as “ionic basic oxides” [17] are gathered in reduced into Cg3, due to its high oxygen mobility
Table 1. [10]. Reduction of TiQ into Ti,Os is much more dif-
Their surface, after activation, presents: (i) co- ficult and occurs through the formation of, D, —1)
ordinatively unsaturated (cus) cations acting as Lewis intermediate phases (Magneli phases) [26]. Zirconia
acid sites, (ii) cus anions, acting as Lewis basic sites, does not present any stable sub-oxide, which does
(iii) residual hydroxy groups, acting as Brénsted acid not exclude any surface reduction. Under hydrogen,
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Table 1
Some physical and chemical parameters
xm (eV)R lom @ CatiorP R(N) (pm)® Structure nanfe  § (e} MO2/M,, 02,1 E (MOy)/
E(lvlnoanl)f
Ti 1.54 70% TitV (6) 74 TiO, N=6 TiO2/Ti30s —0.60
o' (3) 122 Anatase (t) Ti(OH)0-33
Rutile (t) Tip(OH) 1033
Ti20—0.66
zr 1.33 72% ztV (7) 92 G N=7 2r0/Zr, 0001 ?
o' @® 122 Baddeleyite (m) Zr(OHP43 ZrOu/Zr —1.55
o () 124 Zp(OH)*014
Zr3(OH)+0~71
Zr,0~086
Ce 112 77% cev (g 111 CeQ N=8 CeQ/Ce03 +1.56
o (4) 124 Fluorite (c) Ce(OHY3
Cey(OH)™®
C%(OH)*QS
CeO !

aMetal electro-negativity Xm) and metal-oxygen bond ionicityd—) according to Pauling [23].
b The values in parentheses indicate Meoordination.

CR(N): ionic radius of theN-coordinate cation according to Shannon and Prewitt [24].

d Crystal lattice: tetragonal (t), monoclinic (m), cubic (c).

€Residual charge of surface oxyge){ according to Pauling [20].

f E(MO2)/E(M, 02,_1): standard reduction potentials (in volts) according to Pourbaix [25].

a partial surface deoxygenation can occur leading to acterised by ESR or IR spectroscopy [14,34]. Such

creation of anionic vacancies: species have also been observed on2Tj8b] and

0" +Hy - Vg"‘ H,0 ZrO, [36].

where Vg is a neutral oxygen vacancy (a vacancy 4.2. Catalytic tests

having two electrons). Their formation explains the

n-semi-conductor properties of Ti(J26,27], Zr& Catalytic results show that both the activity and

[26,28] and Ce®@[26,29] and thus, checks the weak selectivity of Ti®, ZrO, and CeQ in propan-2-ol

reduction of the Zr@ surface. They are able, by elec- decomposition strongly depend on the reaction tem-

tron transfer, to reduce cations. If the question about perature and the nature of the flowing gas. Therefore,

the detection of T ions using CO adsorption [30]  the effect of both parameters is discussed.

is still open [31], C&" can be easily differentiated

from C&* by CO or methanol adsorption [14,32]. 4.2.1. Propene and acetone formation

Zr3* ions have been evidenced by EPR either under |t is worth noting that the first product detected

reduced pressure or in presence of dioxygen [33]. The by increasing temperature is acetone, for all the

formation of such anionic vacancies can also explain, metal oxides and the flowing gas. In our experiments,

on zirconia, the formation of F centres under oxidising propan-2-ol is first introduced at 413 K on the catalyst

atmosphere and even its semi-conducting properties activated at 625 K and then the temperature is progres-

under Q at 625 K. Note that oxygen vacancies could sjvely increased. At low temperature, several infrared

pre-exist, notably, on ceria according to: studies of alcohol adsorption on TiJ37], ZrO,

o - vo4 1o, [38] and CeQ [32] have evidenced the formation of
o"2 alkoxide species either by dissociative adsorption on

They can be evidenced by oxygen adsorption, through acid—base N ... Q' sites or by alcohol condensa-

the formation of @~ superoxide species, well char- tion with the residual surface hydroxo groups with
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water formation [39]. On heating, the disappearance As for the acidity of residual OH groups, it has been
of the isopropoxy species so formed would lead to found that only some of them on Tire able to pro-
acetone, as already reported on Ji@nd ZrQ [40] tonate 2,6-dimethyl-pyridine, evidencing their Bron-
and on CeQ [5]. Note that several papers reported sted acidity. The catalytic results reported here are
that thermal desorption of adsorbed methoxy speciesin good accordance with those expected from acidic
on ceria leads, under vacuum at 473K, to formate properties.
species. This transformation is accompanied by a Use of dihydrogen as a flow gas increases propene
cé¥ — cé" reduction. Therefore, it is possible that formation on ceria af' > 523K (Fig. 4). It is gener-
even under helium, some cerium ions are reduced ally assumed that ceria surface reduction under flow
even at relatively low temperature [14]. of Hy begins atT > 523K and is well observed at
Desorption of isopropoxy species generates the T = 623K [32,41]. Surface rehydroxylation occurs,
surface active sites for propanol-2-ol decomposition. followed by dehydroxylation, involving the concomi-
On TiO, and ZrQ, near 473K, under helium or tant reduction of C¥ into Cé". Adsorption of probe
dihydrogen, propene is mainly detected with a se- molecules has been used to compare the acidity of ce-
lectivity higher than 95 and 75%, respectively. On riain oxidised and reduced states. The acid strength of
Ce(Q, propene is a minor product (selectivity >10%). cerium ions is weak and it decreases upon reduction
Whatever the metal oxide, under helium, temperature as shown by adsorbing weak Lewis bases as CO [42]
increase always favours propene formation, in agree- and CHCN [43]. Therefore, it is difficult to explain
ment with the value of activation energies, higher for the increase of propene formation under dihydrogen
propene than for acetone formation. by an increase of surface acidity. We prefer to invoke
It is generally proposed that propene formation redox reactions as shown in Fig. 7.
involved either surface Bronsted (Fig. 6a) or Lewis One can think of this mechanism as the reverse
(Fig. 6b) acid sites, leading to hydrogen bonded or Mars and Krevelen mechanism, the first step corre-
co-ordinated propan-2-ol species, respectively. spond to the oxidation of the catalyst with propan-2-ol
A concerted mechanism then occurs involving a that looses one oxygen and the second step has to be
hydrogen atom of a methyl group (Fig. 6). Since, the the reduction of the metal oxide [44]. Note that the
strength of the Lewis acid sites decreases frompTHO last step of this scheme is the reverse of the oxidation
ZrOy > CeQ, propene formation should decrease in of reduced ceria by yO which has been observed at
the same order if such sites play the role of active sites. 573 K.

CH; CH;
AN/ LA /H
H;C O] HzC\) Kol
6a | T
| — H v H H
H /
7/ H ;\/ 0 \ >c=c__
® Ox H CH;
\.If\\ M_.-' AN
11\\,71 11\\//1 v v + HO
H
6b o
3 CH, /H / = \-I;\\
N M- M
Hv (‘I/CH3 v v
4
2y S
/i~ O/H
AN &1
NNy
v v

Fig. 6. Propan-2-ol dehydration: ‘acid—base’ model.
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Fig. 7. Propan-2-ol dehydration: redox model.

As mentioned above, the mechanism of acetone for- an acid amphoteric oxide, Zgas a basic amphoteric
mation on metal oxide could involve alkoxy species oxide and ceria as a pure basic oxide. This expected
as intermediates (Fig. 8a). However, other interme- classification is quite different from that deducted from
diates as hydride species have also been reported [8]reactivity measurements obtained under helium or di-
(Fig. 8b). The first mechanism mainly involves the hydrogen at higher temperature. In such conditions,
basicity of the 0" surface sites, the second one, the all catalysts appeared much more acidic.
reduction properties of the cation. Since, both basicity In air, the carbon balance is not checked when
and redox properties of three metal oxides used in- the reaction temperature increases. This suggests that
crease in the following order: TiD< ZrO; < CeQ, some propan-2-ol oxidation then occurs, leading to
acetone selectivity is expected to increase in the CO,, not detected by gas chromatograph equipped
same order under helium, as observed. Note that thewith a FID detector. The first step of the complete
amount of secondary products is important when a oxidation can be acetone.
large amount of acetone is formed, which strongly
supposes that secondary products mainly arise from (CH3)2CHOH"2%(CH3),CO + H,0
acetone transformf_mon. T_herefore, the amount of (CH3)ZCO+H20—>4HZO+3COZ
acetone detected is certainly lower or even much
lower, than that actually formed. This is in agreement with Gervasini et al. [16] who

In air, the three metal oxides used are more active reported in air, the marked activity towards acetone
(some activity is noted as low as 473 K), whereas their formation at low temperature of &®3; and MoQ,
selectivity in acetone increases. At 433 and 458K, se- usually employed as active phases in various oxi-
lectivity results show that Ti@ can be classified as dation reactions. The basicity of these three oxides

H3
_~H
< \
/
-1 O\\ N7
d CH; CH
C
H—C, H |+ H
O % (0]
RN 8b (N
-\
N \ HyQ /O: / e M
VRN < wT Ty
v H;C (;H . \
RN \O/
| \
M M
v v

Fig. 8. Acetone formation: ‘acid—base’ model.
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cannot explain their activity in acetone formation,
since, none of them is not enough basic to adsorb
CO» [45]. Trovarelli recently reviewed the catalytic
properties of ceria [46], oxidation reactions account
for the majority of uses of ceria-containing materials
in catalysis. The redox properties of ceria and the
high lability of lattice oxygen are among the most
important factors which contribute to its reactivity in
oxidation reactions, however, total oxidation reactions
generally occur. In agreement with these results, we
propose that a part of acetone formed on ceria under
air results from direct propan-2-ol oxidation.

Several authors have shown that oxygen adsorption
on activated ceria leads to the formation of superoxide
02~ species, which could be involved in the forma-
tion of anionic oxygen & co-ordinated to surface
cationic sites.

e te
02ads= 0™ 2ads—= 0 2ads
—e e

N
+2e
20 Jattice = 207 surf ﬁz 20 ads
—2e

The formation of @~ species involves the presence
of defect sites, such as anionic vacancies [46]. Such
species are not observed on ZrGexcepted when
ZrOy is activated by a ‘quick’ treatment [36]. This was
explained involving surface reduced defects resulting
from the first decomposition of surfaces impurities
upon thermal evacuation.

The side-one co-ordinated O species could
participate to the following mechanism (Fig. 9).

Acetone formation increases as the strength of the
MV ...0™" bond decreases, which is in agreement

=
0, M
10—,
M M
v v
HsC 133\
/O\H
(CH,),CHOH
10! Tof —
- T _H0
M

v v

161
HsC
CH N /CH3 (CH3pCHY |
Hs CLH .
HC—Co 7 30 O
C—C ™ 30, /
o 4? ‘ (CH3),CH
H é —> HO0
N N
o Ao
M T M M M

v

Fig. 10. Propan-2-ol intermolecular dehydration.

with the oxidising properties of &, Zr*+ and TP
cations.

Finally, it has been reported that acetone is one of
the main products formed when TiGs reduced by
propene at 773K [47], this suggests that the surface
oxygen mobility could also be involved in acetone
formation from propene,

CsHg + O " — CH3COCH; + V3

which could occur primarily on ceria.

4.2.2. Secondary reactions

They are mainly detected at reaction temperatures
higher than 473 K under helium or dihydrogen. Their
nature does not strongly depend upon the metal oxide
used but their amount increases in the following order:
TiO, < ZrO; < CeQ. They can be classified into
four families.

4.2.2.1. Isopropyl-ether. It is formed by an inter-
molecular dehydration (Fig. 10).

=
M
i ‘goz
/N
O,
i
M M
v v
HC CH; %
77 CH,),CO
-IO’ \\O>..I ( H3)2
M M

Fig. 9. Direct propan-2-ol oxidation under air.
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Fig. 11. Isopropyl-ether dehydration.

Such a reaction needs acidic OH groups explain-
ing why more isopropyl-ether is formed on TiO
than on Zr@, whereas it is not detected on ceria.

It requires strongly reduced surface sites and is
probable only in the case of reduced ceria. Indeed, on
this metal oxide, we have detected more secondary

This intermolecular dehydration is easier than the products under dihydrogen flow than under helium

intramolecular one explaining why it occurs at tem- one.

peratures as low as 473 K. Finally, we could consider as a last possibility the
hydrogenation of g-dienes, their amount varying as

4.2.2.2. G-alkenes. They can be formed by cationic  that of Gs-alkenes, decreasing in the following order

dimerisation of propene but this mechanism requires CeQ > ZrO; > TiOx.

acidic sites. Since the amount o-@lkenes formed

is the highest on Cef) this mechanism is rejected. 4-2.2.3. G-dienes. They appear on ceria and zirco-

those described to form stiloene from benzylalcohol PY Propene. It has been reported that propene reduced
[48]. Starting from the ether (here isopropyl-ether) Surfacesat773K, giving rise to mainly hexa-1,5-diene
the species formed first would be the correspond- With small quantities of acetone and benzene
ing oxonium ion, then a carbene, giving rise after [47].

a Witting-type rearrangement to an alkoxy species 2CsHg + 0"
which would desorb as gzalkenes as shown in the
following scheme (Fig. 11).

— CgH10+ H2O + Vg

Such a reaction requires the mobility of surface oxy-
Since, more isopropyl-ether is formed on BiGve gens which is in agreement with the large amount of
expect from this scheme moreg-@lkenes compound  Cg-dienes observed on ceria. Another possibility is
on TiO, than on the other oxides, which is the reverse a variant of the acetone reductive coupling presented
of the observed results. just above.
A third mechanism is acetone reductive coupling
to Cg-alkenes. Such a reaction has been reported on2(CHg)2C=0+4M"" — CH,=C(CHz)-C(CH3)=CH;
partially reduced Ti@ surface [49]. +4MV 420, + 2H"

2(CH3)2C=0 + 4Ti"
— (CHg)2C=C(CHz)z + 4Ti" +20,~

4.2.2.4. Ketone products.As for the G-dienes,
ketone products arise from acetone condensation on

basic sites.
(o] (0] (0]
I} 1 QH 1} = HC, 9 H n
2 me-c-cn 2L HC-(-CHy C-CHy 2 " e=cnrC-cHy — 2 H;C-S'I-CH[C-CH;
CHy RC CHy

aldol oM BMC
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The aldol, by contrast to mesityl oxide (OM) and
isobutyl methyl ketone (BMC) has never been detected
in the conditions used.

5. Conclusion

In this study: (i) use of three metal oxides BO
ZrO, and CeQ@ with different acid—base and redox
surface properties, (ii) variation of reaction tempera-
ture and (iii) changes of gas flow allow use to deter-

mine the formation pathways of propene, acetone and

secondary products from propan-2-ol. If as expected,
propene formation generally involves Bronsted and
Lewis acid sites, results obtained on ceria in dihy-

drogen rather suggest, in such conditions, a mecha-

nism involving redox properties. As for acetone, its
amount in He or H decreases in the following order
TiO2 < ZrO2 < CeQ which can be explained im-
plying either basic or redox surface properties. In air,

oxidation reactions can occur, acetone being a possi-

ble intermediate in propan-2-ol total oxidation. Such
an oxidation reaction is probable on ceria, showing
the role plaid by its oxidising properties. Moreover, in
helium or dihydrogen, a part of propene formed can

reduce the surface of the metal oxide, leading also to

acetone; this reaction, which requires a high oxygen
mobility, can also occur on ceria.

It, therefore, appears that propene and acetone for-

mation sites are not specific. It is difficult to deduct
the surface properties of a given metal oxide from the

amount of propene and/or acetone formed. The best
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comparison of results obtained on several metal ox-
ides using either propan-2-ol and methylbutynol de-
composition as test reactions [50]. In our opinion one
of the best example that propan-2-ol dehydrogenation
is not specific to metal oxide basicity is relative to
Cr03, an acidic oxide [45] which gives acetone at
low temperature [16].
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