
JOURNAL OF CATALYSIS 105, 469-477 (1987) 

Hydrogenolysis of Ethylbenzene over a Supported Nickel Catalyst 
Derived from Nickel Hydroaluminate 

C. HOANG-VAN, B. L. VILLEMIN,' AND S. J. TElcIfNER 

Lahoratoire de Thermodynamique et CinPtique Chimiques, UA 231 du CNRS de Catalyse AppliquPe rt 
CinPtique IIbtProgPne, UniversitP Claude Bernard Lyon I, 43 Bd. du II Novrmbre 1918, 

69622 Villeurbanne Cedex, France 

Received December 3, 1985; revised January 2, 1987 

The hydrogenolysis of ethylbenzene at 280-400°C ha5 been compared to the hydrogenolysis of 
toluene previously studied on the same catalyst. The rate of the first demethylation of ethylbenzene 
(into toluene) is significantly larger than that of the second demethylation (into benzene) and of the 
rupture of the aromatic nucleus (into methane). The apparent activation energies for these three 
reactions are 36.1, 52.8, and 56. I kcal mol-‘, respectively. The rates of the second demethylation 
and of the ring opening for ethylbenzene are of the same order of magnitude as those previously 
observed with toluene. These results are interpreted by the presence of two types of sites, one 
operative in dealkylation (nickel atoms) and the other active for ring opening (nickel atom 
ensemhles). For the overall reaction of ethylhenzene-Hz a reaction scheme of the “rake” type is 
proposed. 0 1987 Academic Pres\. Inc 

INTRODUCTION 

The catalytic reforming process of oil 
produces large quantities of alkylaromatics. 
The dealkylation of these compounds is an 
important industrial reaction for the pro- 
duction of benzene (1-3). The hydrodealkyl- 
ation of toluene as a model molecule has 
been the subject of many studies (I, 2,4,5), 
whereas research concerning the deal- 
kylation of other alkylbenzenes was mostly 
done in the 1960s (6-4, in particular in 
Prague (7, 8) on Ni/A1203 catalysts. The 
main conclusion of this work was that the 
alkyl groups are demethylated stepwise by 
formation of an alkylbenzene with a shorter 
chain which undergoes further splitting in a 
similar manner. The kinetic data gave the 
best fit for the Langmuir-Hinshelwood- 
type model in which the rate-controlling 
step is a surface reaction of molecularly 
adsorbed alkylbenzene with hydrogen. The 
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authors could not specify the form of this 
reactive hydrogen, whether adsorbed mo- 
lecular or atomic or molecular by impact 
from the gas phase. In order to observe the 
very first step of the degradation, the con- 
version was maintained below 10% and in 
the kinetic data initial rates (by extra- 
polation) were involved. In the case of 
ethylbenzene it was considered that at 
350°C there was a minimum contribution of 
the cleavage of the terminal bond to total 
conversion of 69% (giving toluene), 
whereas the 31% contribution (giving ben- 
zene) may suggest a pnrmllel cleavage of the 
nonterminal bond. The sequential reaction 
of demethylation of toluene was not in- 
cluded in this second fraction. More re- 
cently Duprez et al. (9) also concluded in 
favor of a predominant chain-end rupture in 
hydrodealkylation of alkylbenzenes in the 
presence of supported Rh catalysts, and 
therefore of the adsorption of the hydro- 
carbon via terminal chain carbon. The rup- 
ture of the aromatic nucleus, which is a 
minor reaction, would proceed via a r-ad- 
sorption of alkylaromatic followed by its 
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dehydrogenation and o-adsorption through achieved without any concentration gra- 
adjacent carbons of the ring on two neigh- dient. The increase of the conversion with 
boring metal atoms. the contact time, for a given partial pres- 

In the previous contribution from this sure of the reactant, is linear for low con- 
Laboratory (4) a kinetic study of the hy- versions and less than proportional for 
drodemethylation of toluene in the higher conversions because of a more dras- 
presence of a Ni/A1203 catalyst, derived tic decrease of the partial pressure of the 
from a nickel hydroaluminate, was pre- reactant which is transformed into the reac- 
sented. A triangular reaction scheme was tion products. Another possible cause of a 
proposed for the system toluene-HZ con- nonlinear conversion when the contact time 
sisting of parallel (toluene + methane and increases is an inhibiting effect of the reac- 
toluene + benzene) reactions and a se- tion products. It was indeed observed that 
quential (toluene + benzene ---, methane) benzene is an inhibitor of the hydrodeal- 
reaction. It is of interest to compare the kylation of toluene (22, 13). 
same catalyst in the system ethylbenzene- The rates of formation of various prod- 
HZ in order to establish to what extent the ucts in the system ethylbenzene (EtB)-Hz 
parallel and sequential reactions are pro- are directly calculated .from their partial 
duced by the catalyst. pressures. These products are methane, 

toluene (T), and benzene (B), with a very 
EXPERIMENTAL small amount of ethane (representing less 

The details of the experimental than 0.5% of CH4 produced). The following 
procedure and the nature of the catalyst overall reactions of ethylbenzene may be 
and reactants used were given previously therefore assumed: 
(4, 10). We recall that the catalyst is ob- 
tained by thermal decomposition and then dealkylation (DA): 

reduction of a nickel hydroaluminate EtB + HZ+ T + CHJ (1) 
A1203, 2Ni0, nHzO (with n = 8.2). The 
total Ni content by weight is 53.5% (Ni/(Ni EtB + 2H2 --, B + 2CH4 (11) 
+ A1,OJ)). The catalyst is 63% reduced at 
500°C in H2. This represents 32% of metal- 

aromatic ring opening (AO): 

lic nickel, an amount close to that (41%, EtB + 11H2+ 8CH4 (III) 
degree of reduction not precised) in the 
catalysts of the Prague school (8). The BET 

The selectivities into toluene (ST), ben- 

surface area of the reduced catalyst is 218 
zene (Sa), and for the ring opening (S*o) 

m2 gg’. The diameter of Ni particles, deter- 
are calculated from 

mined by magnetic measurements, is of the 
ST = nrlAnEta (1) 

order of 7 nm (10). 
The kinetic measurements were per- SB = nB/fbZEtB (2) 

formed in the dynamic regime under at- 
mospheric pressure and the reaction 

SAO = i@CH, - (321. + 2dAn~t~ (3) 

partners were analyzed by gas chromatog- where nT, na , and ncu, are the numbers of 
raphy. A differential dynamic microreactor moles of toluene (T), benzene (B), and 
was used for small conversions (a few per- methane contained in an analyzed volume 
cent), whereas for higher conversions and determined by gas chromatography, 
(above 10%) the gradientless dynamic reac- and AnEta is the number of moles of ethyl- 
tor with recirculation was employed (4, II) benzene (EtB) consumed in the reactor. 
in order to avoid mass and heat transfer For the gradientless reactor (high con- 
phenomena. It is recalled that in this reac- version) this quantity is directly available 
tor the conversion up to about 90% may be by gas chromatography, whereas for the 
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FIG. 1. Total conversion and partial pressures of 
reaction products in a differential reactor at 353°C for a 
partial pressure of ethylbenzene of 12.4 Torr, as a 
function of the contact time (or the reciprocal of the 
flow rate). C, total conversion; M, pressure of me- 
thane; T, pressure of toluene; B, pressure of benzene. 

differential microreactor (low conversion) 
it is calculated from the product balance: 

An,,, = k(ncn, + 7nr + 6~) (4) 

RESULTS 

1. Hydrogenolysis of Ethylbenzene 

(a) Znfruence of the temperature. Prelimi- 
nary experiments in the differential mi- 
croreactor showed that above 280°C the 
hydrogenation of the aromatic nucleus be- 
comes negligible. The only reactions ob- 
served in the range 280-400°C are (I), (II), 
and (III). Although hydrogenation of aro- 
matic hydrocarbons is not thermodynam- 
ically favored above 280°C this reaction 
is fast and the saturated ring could be an in- 
termediate in the ring opening (12, 14, 15). 
However, a reverse scheme is preferred 
by Duprez et al. (9) who consider a de- 
hydrogenated diadsorbed aromatic ring as a 
precursor for the ring opening. Figure 1 
shows that at 353°C for conversions not 
exceeding 12% the partial pressures of 
products (benzene, methane, and toluene) 
are proportional to the contact time or to 
the reciprocal of the flow rate. For any 

product, the rate of formation is therefore 
constant within the contact time range em- 
ployed. The chemical regime is thus well 
observed. The results plotted in Fig. 2 may 
be compared with those obtained for higher 
conversions in a gradientless reactor used 
as an integral reactor (see below). On the 
ordinate are plotted the conversions into 
the reaction products (T, B, and AO) and 
the total conversion is plotted on the ab- 
scissa. In this representation, the slope of 
these curves for zero total conversion gives 
the rate of formation of products in the 
initial conditions (in the absence of the 
reaction products). Table 1 gives the tem- 
perature dependence of the rates of for- 
mation of toluene (Rr), of benzene (Ra), of 
the aromatic ring rupture (RAo), and of the 
overall conversion (Rror). The initial par- 
tial pressure of the reactant (EtB) in the 
differential microreactor was in all cases 
12.4 Torr (1 Torr = 133.3 Pa) and the mass 
of the catalyst varied in the limits 4-12 mg, 
giving a conversion not exceeding 7%. 

The rates of Table 1 give linear Arrhenius 
plots and the corresponding apparent ac- 
tivation energies are listed in the last line of 
the table. The calculated selectivities are 
shown in Fig. 3. Toluene is always the main 

FIG. 2. The conversion into the reaction products in 
a differential reactor, for a partial pressure of ethyl- 
benzene of 12.4 Torr at 353”C, as a function of the total 
conversion. T, toluene; B, benzene; AO, aromatic ring 
opening. 
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TABLE 1 

Influence of Temperature on Rates of Formation of 
Reaction Products (Pa,, = 12.4 Torr) 

Temp. (“C) RT RB RAO RTOT 

288 0.502 0.033 0.003 0.538 
303 1.303 0.113 0.008 1.424 
321 3.789 0.473 0.040 4.302 
335 7.367 1.147 0.130 8.644 
352 17.170 3.985 0.445 21.600 

Activation 
energy 
(kcahmol) 38.2 52.8 56.1 41.0 

(10m6 mol g-’ ss’) 

reaction product but the selectivity into 
toluene [Eq. (l)] decreases when the tem- 
perature increases (curve T), whereas the 
selectivity into benzene [Eq. (2)] increases 
(curve B) (from 6 to 26%). Simultaneously, 
the aromatic ring opening reaction [Eq. (3)] 
becomes slightly more important (curve 

100 

REACTION TEMPERATURE (“C 1 

FIG. 3. The modification of the selectivities with the 
temperature of the reaction in a differential reactor. T, 
toluene; B, benzene; AO, aromatic ring opening. 

AO). The amount of ethane formed, prob- 
ably by the reaction 

EtB + H2 + B + C2H6 

and possibly in the reaction of ring opening 
(together with very small amounts of Cj, 
c4, f . .I, never exceeded 0.5% of the 
amount of CH4 detected. 

(b) Znjluence of the contact time. The 
results of Fig. 3 show that for small con- 
versions (less than 7%) Ss and S*o increase 
with the temperature but toluene is always 
a major reaction product. In the first ap- 
proach it is attractive to consider that the 
reaction proceeds by a stepwise degra- 
dation of the alkyl chain, EtB giving T, 
which in turn is hydrodemethylated into B. 
The rate of the first hydrodemethylation, 
which is initially predominant, increases 
less with the temperature than the rate of 
the second demethylation. Indeed, the low 
reactivity in the hydrodealkylation of to- 
luene compared with that of ethyl- or II- 
propylbenzene has been observed previ- 
ously (8). 

When the contact time is increased (in- 
creased conversion) at a given temperature, 
the selectivity into benzene should increase 
and that into toluene decrease because of 
the time allowed for the sequential hy- 
drodemethylation. Also, it is of interest to 
follow these selectivities for higher con- 
versions in the gradientless reactor. Table 2 
gives the results observed at 343°C with an 
initial partial pressure of EtB of 25 Torr and 
a mass of the catalyst of 70.6 mg, the 

TABLE 2 

Selectivities into Reaction Products for Higher 
Conversions at 343°C (&,a = 25 Torr) 

Contact Conversion S, $3 SAO RTOT 
time Pm (%) (%) (%) (10e6 mot g-l SK’) 

(lo-* s) 

3.13 16.2 55.0 32.9 12.1 7.4 
5.26 21.4 52.6 34.1 13.3 5.8 
9.22 30.0 52.1 34.3 13.6 4.1 

13.27 37.0 49.8 35.0 15.2 4.0 
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conversion depending nonlinearly on the 
contact time (II). 

The overall rate (Rror) decreases when 
the contact time (and the conversion) in- 
creases because of (i) the decrease in the 
reactor of the partial pressure of the reac- 
tant which is consumed, and (ii) an inhibit- 
ing effect of aromatic products (toluene and 
benzene) (12, 13). An extrapolation for zero 
conversion gives RTOT = 11 X lop6 mol g-’ 
s-’ which is a rate close to that observed at 
a comparable temperature in the differen- 
tial microreactor (Table 1) for the partial 
pressure 12.4 Torr (between 8.644 and 
21.600 mol gg’ s-l). 

When the conversion increases from 16 
to 37% (Table 2) ST decreases, whereas SB 
and SAo increase. Such a behavior, as well 
as the results of Fig. 3, tend to show that 
the dealkylation of ethylbenzene into tol- 
uene precedes the dealkylation of toluene 
into benzene which in turn precedes the 
aromatic ring opening. The successive 
character of these reactions is better per- 
ceived for conversions close to 100%. For 
this purpose, the gradientless reactor was 
used without the recirculation of reaction 
partners. This procedure converts this 
reactor into an integral reactor. With the 
partial pressure of ethylbenzene of 17 Torr, 
conversions up to 90% may be registered. 
The results at 350°C are represented in Fig. 
4, in the same way as for Fig. 2. The 
conversion into toluene (the ordinate) goes 
through a maximum (curve T) for a total 
conversion of about 80% (the abscissa). 
Above, benzene becomes the major prod- 
uct (curve B). Simultaneously, the pro- 
duction of methane from the aromatic ring 
opening (curve AO) becomes accentuated. 
These results, and in particular the maxi- 
mum in the formation of toluene, confirm 
the successive character of the previous 
reactions. 

2. Hydrogenolysis of Ethane 

If ethane is formed directly by hy- 
drogenolysis of ethylbenzene into benzene 
it would not be stable (almost no ethane is 
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FIG. 4. The conversion into the reaction products in 
an integral reactor at 35o”C, for a partial pressure of 
ethylbenzene of 17 Torr, as a function of the total 
conversion. T, toluene; B, benzene: AO, aromatic ring 
opening. 

found) but converted into methane. This 
behavior would mean that a parallel step 
(EtB -+ B + ClH,) in the hydrodealkylation 
is added and that the cleavage of the ter- 
minal bond (to toluene) represents only, at 
low conversion, at, say, 352°C (Table I), 
80% of the total conversion, whereas about 
20% proceeds through the cleavage of the 
nonterminal bond. Also hydrogenolysis of 
ethane was tested in both reactors. 

(a) Differential microreactor. At 350°C 
the partial pressure of ethane in a flow of HZ 
is fixed at 0.65 Torr. This pressure is that 
which would result from the direct deal- 
kylation of ethylbenzene into benzene, in 
the conditions which lead to the results in 
Fig. 1. 

The observed rate of hydrogenolysis of 
ethane for a conversion of 2% (mass of 
catalyst = 15.8 mg, contact time = 0.33 X 
lo-* s) is 0.3 x 10m6 mol gg’ ss’. If, in the 
same conditions, a pressure of 17 Torr of 
ethylbenzene in addition to the pressure of 
ethane (0.65 Ton-) is established in the flow 
of reactants, the registered pressure of 
methane (1.2 Torr) can result exclusively 
from the interaction between ethylbenzene 
and hydrogen because the pressure of 
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ethane (0.65 Tot-r) is the same in the inflow 
and outflow. For pure ethane, the partial 
pressure of methane for 2% conversion was 
only of the order of 0.025 Torr. 

(b) Gradientless reactor. A test per- 
formed in this reactor (with recirculation) at 
350°C with a mass of catalyst of 49.2 mg, a 
partial pressure of ethane of 2.1 Torr and a 
contact time of 2 x lo-’ s, gives the value 
of the rate of hydrogenolysis 0.8 x 10m6 mol 
g-’ s-’ for a conversion of 30%. This rate is 
of the same order of magnitude as in the 
differential reactor. If its value is higher 
(0.8 x 10e6 mol g-’ SK’ vs 0.3 x lO-‘j mol 
g -’ ss’) it is because of a higher partial 
pressure of ethane (2.1 vs 0.65 Torr). 
However, it is, at least, one order of mag- 
nitude smaller than the rate of the hydro- 
dealkylation of EtB at 352°C (Table 1) as- 
suming that it gives directly benzene (Rs). 
Therefore, the results of the hydrogenolysis 
of ethane at any conversion show that this 
reaction is slow and a direct hydrogenolysis 
of EtB into benzene cannot represent 20% 
of the total conversion (see above). This 
conclusion assumes that in the direct con- 
version of EtB into ethane the adsorption- 
desorption equilibrium of the generated 
ethane is established. This hypothesis 
seems reasonable considering that the ad- 
sorption-desorption equilibrium of the 
reactants seems to correspond to the 
kinetic data where the slowest step is the 
interaction of the adsorbed EtB with hy- 
drogen (7) and more arguments in favor of 
this are developed below. 

DISCUSSION 

The present results should be discussed 
taking into account previous results on the 
same catalyst concerning the hydrogeno- 
lysis of toluene and of benzene (4). 

1. Activity and Selectivity 

The dealkylation of ethylbenzene into 
toluene (and methane) is the main reaction 
observed at 350°C for total conversion not 
exceeding 80% (Fig. 4). Its rate observed at 
352°C in the initial conditions (low con- 

version, differential reactor) is 17.17 mol 
g-’ s-’ (Table 1). If toluene is the reactant, 
its dealkylation into benzene (and methane) 
in the same conditions is about 8 times 
slower (rate: 2.22 X 10m6 mol g-l SK’) (4). 
This lower reactivity of toluene was already 
observed previously (8). Assuming that in 
the hydrogenolysis of ethylbenzene the first 
reaction product is toluene (and methane) 
which then may be demethylated into ben- 
zene, the rate of formation of benzene from 
ethylbenzene would be very close to the 
rate of formation of benzene from toluene. 
Table 1 shows indeed that the rate of for- 
mation of benzene (Rs) at 352°C from EtB 
is 3.985 x lop6 mol g-’ s-’ which is very 
close to the rate of formation of benzene 
from toluene at 350°C (2.22 X 10P6 mol g-’ 
s-‘> (4). The slight difference between these 
two rates is not significant considering a 
slight difference in the reaction tempera- 
tures. The nonequilibrated adsorption- 
desorption of toluene produced from ethyl- 
benzene cannot be envisaged as toluene is 
the most abundant product in the gas phase 
and its rate of demethylation into benzene 
is smaller than that of EtB into toluene. 
Moreover, EtB is more strongly adsorbed 
on Ni than toluene (17, 18). Similarly, the 
rate of the aromatic ring opening (Z?*o) for 
ethylbenzene at 352°C is 0.445 x lO-‘j mol 
g-’ s-’ (Table 1) which is of the same order 
as that for toluene at 350°C (0.26 x 10m6 mol 
g -1 s-‘) (4). This tends to show that the 
precursor in the degradation reaction of the 
aromatic nucleus is the same (benzene) for 
both reactants, EtB and toluene. 

The difference observed in the reactiv- 
ities of ethylbenzene and of toluene is 
therefore related to the rupture of the first 
methyl group, which is much faster for 
ethylbenzene. This result is in agreement 
with the C-C bond energies which for the 
terminal methyl group are 63 kcal mall’ in 
the case of ethylbenzene and 87 kcal mall’ 
for toluene (16). Simultaneously, it is ob- 
served that ethylbenzene is more strongly 
adsorbed than toluene on the surface of 
nickel (17, 18). 
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Another argument in favor of the first 
demethylation of ethylbenzene into toluene 
may be found in the activation energies. In 
the case of toluene as reactant, the ac- 
tivation energies of formation of benzene 
and of the aromatic ring rupture are prac- 
tically the same (36 kcal mall’) (4). Now, 
this value is very similar to that observed 
for the first demethylation of ethylbenzene 
as reactant into toluene (38.2 kcal mall’, 
Table 1). However, the second demethy- 
lation of ethylbenzene into benzene and the 
aromatic ring opening present much higher 
activation energies (52.8 and 56.1 kcal 
mall’ , Table 1). This may be surprising if it 
is considered that the formation of benzene 
from EtB proceeds sequentially, through 
the initial formation of toluene. However, it 
should be recalled that EtB being more 
strongly adsorbed than toluene, the ac- 
tivation energy of the reaction of toluene in 
the presence of EtB reflects the heat of 
adsorption of this last reactant. The rate 
controlling step is very likely a surface 
reaction of adsorbed aromatic molecules 
and HZ (6, 7). 

The selectivities in the rupture by hy- 
drogenolysis of various C-C bonds at 
350°C for toluene, as revealed at low con- 
versions, are illustrated by Scheme 1A (4), 
whereas for ethylbenzene in the present 
work (Fig. 3), they are illustrated by 
Scheme 1B. 

For toluene these selectivities are almost 
constant with the temperature (4) in the 
range 300-35o”C, whereas for ethylbenzene 
ST decreases and SB and SAO increase (Fig. 
3). This behavior reflects the differences in 
the activation energies in the demethylation 
and ring opening of both reactants, dis- 
cussed previously. For ethylbenzene SAo at 
350°C is markedly smaller (2%) than for 
toluene (10%). However, the ratio of the 
selectivity into the demethylation (the first) 
of toluene and (the second) of EtB and the 
selectivity of the ring opening, SB/SAo, is 9 
for both reactants (90/10 and 18/2). This 
brings another argument in favor of the 
sequential demethylation and hydrogenol- 

10% 2% 

A B 

SCHEME 1 

ysis of ethylbenzene. For this last reactant, 
a fast hydrodemethylation into toluene pre- 
cedes the reactions of the second demethyl- 
ation into benzene and, finally, of the ring 
opening. 

2. Mechanisms and Reaction Schemes 

The great selectivity observed in the se- 
quential hydrodealkylation of alkylbenzene 
over nickel [this work and Refs. (1, 4, 7, 8, 
19)] and over Group VIII metals (I, 5, 9, 12) 
suggests that these hydrocarbons are 
preferentially adsorbed perpendicularly to 
the metal surface by fixation of the terminal 
carbon of the alkyl chain (5, 9). The 
presence of hydrogen may favor the for- 
mation of such species by competitive ad- 
sorption of H2 and of alkylbenzenes on 
metallic sites (6, 9). The hydrocarbon 
molecules are forced to occupy a minimum 
metallic surface (9) and the o-adsorption is 
favored by comparison with the n-ad- 
sorption. Such a behavior also underlines 
that multiple hydrogenolysis is not liable to 
occur easily. The present work shows that 
the formation of toluene as a major product 
and the absence of ethane (which cannot be 
easily hydrogenolyzed into methane, see 
above) result from the sequential demethyl- 
ation of ethylbenzene. This is in agreement 
with the previous considerations concern- 
ing the preferential adsorption on nickel of 
alkylbenzenes through the aliphatic carbon. 
However, the aromatic ring opening im- 
plies species adsorbed with multiple bonds 
between the carbons of the ring and the 
metal. It has been suggested (9) that the 
precursors of these species are n-corn- 
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plexes, formed by interaction between the 
nucleus and the metal. The slow step of the 
ring opening is supposed to occur by the 
transformation of the rr-complexes into 
u-adsorbed species according to Scheme 2. 

Such a transformation requires sites for- 
med by a relatively high number of adjacent 
metallic atoms (>2), whereas the deal- 
kylation would occur on sites formed by 
one or two atoms (9). This hypothesis ex- 
plains also a higher selectivity in the steam 
dealkylation of toluene in the presence of 
small particles of Rh, rather than coarse 
particles (20), where the density of sites 
formed by one or two atoms only is higher. 
On the other hand, the same hypothesis is 
in agreement with the experimentally ob- 
served evidence concerning the same ac- 
tivity in the ring opening of various al- 
kylbenzenes during their conversion in Hz 
or in HZ0 vapor over Rh catalysts of the 
same dispersion (9). The overall rate (Error) 
depends on the nature of the alkyl group 
but the rate of the ring opening on multiple 
sites is the same for any alkyl group. 

For the nickel catalyst used in this work 
the rate of demethylation of ethylbenzene 
into toluene at 350°C is 8 times higher than 
the rate of demethylation of toluene into 
benzene [Table 1 and Ref. (4), see above], 
whereas the rates of the aromatic ring 
opening for ethylbenzene and for toluene 
are of the same order (see above). These 
results tend to show that on nickel, the 
aromatic nucleus opening also occurs on 
specific sites, as for Rh (9, 2U), which are 
different from the sites operating in deal- 
kylation. For benzene the rate of the ring 
opening is much higher than for ethyl- 
benzene or for toluene. This situation may 

result, in the case of alkylaromatics, from 
the competition in the m-adsorption of the 
nucleus and the terminal alkyl carbon cr-ad- 
sorption of the alkylaromatics (21). 

It therefore seems that as long as the 
alkylaromatic is not hydrodealkylated 
(eventually in steps) the nucleus cannot be 
open. Under comparable experimental con- 
ditions (35O”C, atmospheric pressure) pre- 
dominant stepwise degradation on nickel 
catalysts has also been reported for the 
hydrodealkylation of alkylbenzenes (7, 8, 
29) and alkylnaphthalenes (22). However, 
unlike in the present work, no fission of the 
aromatic nucleus was reported in these 
papers. This omission may arise from (i) a 
difference in the morphology of catalysts 
which imposes the distribution of the two 
types of sites, working respectively in the 
hydrodealkylation and in the ring opening 
(see above), and (ii) a small extent of ring 
opening could escape the investigation. 
Taking into account the assumptions pub- 
lished by the Bazant school (7, 8, 19) the 
reaction scheme for the hydrodealkylation 
of EtB would be of a triangular type, I. 

T 
ST 

EtB / 

4 Se 
B 

I 

At 10% conversion the authors reported 
the selectivity value Sr = 69% as a min- 
imum contribution for the terminal carbon 
cleavage. Sa = 31% was considered as 
evidence of the parallel cleavage of a 
nonterminal carbon. The results obtained in 
the present work suggest that all reactions 
of EtB are of a sequential type and that the 
triangular scheme should be replaced by II. 

EtB + T + B + CH4(or AO) 

E&(g) !(g) Big) C!L,(g) 

II 
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This “rake” scheme (23) accounts for the 
presence in the gas phase of EtB, T, B, and 
CH4 and practically the absence of ethane. 
The simultaneous parallel reactions 4, 5, 6 
in scheme III have very small probability of 
occurring, at least under our experimental 
conditions. 

CH4 (or AO) 

III 

CONCLUSIONS 

In the presence of an alumina-supported 
nickel catalyst, prepared from nickel hy- 
droaluminate, the interaction between 
ethylbenzene and hydrogen, at 280-400°C 
leads mainly, for conversions smaller than 
80%, to toluene. Benzene is a minor prod- 
uct and methane is obtained from succes- 
sive demethylations of ethylbenzene. Only 
very small fraction of this product comes 
from the aromatic nucleus opening. The 
rate of the overall conversion of ethyl- 
benzene is higher than that observed for 
toluene, reported previously (4). This be- 
havior results from the high rate of the first 
demethylation of ethylbenzene into tol- 
uene. The second demethylation (into ben- 
zene) and the aromatic ring opening 
proceed with rates comparable to those 
observed with toluene (4). This difference 
in the reactivity of ethylbenzene and of 
toluene may be explained by a smaller 
energy of the C-C bond for the methyl 
group in ethylbenzene than in toluene. 
Also, the adsorption strength on the nickel 
surface is higher for ethylbenzene than for 
toluene. The registered selectivities into 
toluene, benzene, and aromatic ring 
opening suggest that in the presence of 
hydrogen, ethylbenzene is adsorbed mainly 
by the terminal carbon of the alkyl group. 
Any fraction of the resulting benzene which 

would be adsorbed through the carbon 
atoms of the aromatic ring and would re- 
quire multiple nickel atoms sites is then 
hydrogenolyzed into methane (aromatic 
ring opening). A reaction scheme of the 
“rake” type is proposed to interpret the 
observed selectivities in the hydrogenolysis 
of ethylbenzene. 
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