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The conversion of pentane has been studied with the mixtures of aluminum chloride and 
cupric chloride as catalysts at 28-44.5”C. In vapor-phase conversion the main product is iso- 
butane, while in liquid-phase conversion the main product is isopentane at the early stage of 
the conversion. The mixture shows its highest activity with a composition of 407, AlCl,. The 
catalytic activities of mixtures of aluminum chloride and other halides have been also examined, 
and a combination of aluminum chloride and titanium trichloride (AA) has been found most 
active. 

INTRODUCTION 

Isomerization of saturated hydrocarbons 
has assumed great importance in recent 
years because of the increased need for 
high-octane branched hydrocarbons. 
Friedel-Crafts catalysts such as a com- 
bination of aluminum chloride and hydro- 
gen chloride are known to be effective for 
t’he isomerization (1-3). To improve the 
catalytic properties, some modificat’ions of 
aluminum halide catalyst,s have been 
attempted recently. Lalancette et al. have 
reported t,hat aluminum chloride inter- 
calated in the lattice of graphite is a milder 
catalyst than aluminum chloride it,self and 
gives less polysubstituted reaction prod- 
ucts in the alkylation of aromatics (4). 
Magnotta et al. have reported that a 
catalyst synthesized from aluminum 
chloride and sulfonic acid resin has the 
catalytic character of super acid as shown 
by conversion data for cracking and 
isomerization of hexane at 85°C (5, 6). 
Schmerling and Vesely have claimed that 

mixtures of aluminum chloride and met’al 
chloride have an activity for the conversion 
of cycloalkanes and paraffins at room 
temperature (7’). One et al. have found 
that mixtures of aluminum halide with 
metal sulfate are more active than those of 
aluminum chloride and metal chloride 
(8, 9). 

In thi? work, the synergetic effect of 
aluminum chloride-cupric chloride mix- 
hures for the conversion of pentane has been 
studied. The catalytic activities of the 
mixtures of aluminum chloride and other 
metma halides have been also studied. 

Reagent and catalyst. Pent,ane from Kant,0 
Chemical Co. Inc. was distilled and dried 
with sodium wire. Aluminum chloride and 
zirconium tetrachloride from Wake Pure 
Chemicals were purified by sublimation. 
Cupric chloride was used after evacuat,ing 
anhydrous cupric chloride at 200°C. Two 
types of titanium chloride were obtained 
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FIG. 1. Change in gas-phase composition with 
reaction time. Catalyst, CuCl* (7.5 mmol) + AlCl, 
(7.5 mmol); 44.5”C; pentane pressure, 150 Torr; 
(0) n-G, (A) i-G, (0) i-G, (a) CG 

from Toho Titanium Co. Tit,anium chloride 
(AA) is prepared by reduct,ion of titanium 
tetrachloride by aluminum and is supposed 
to have the composition of TiCl,. 5 AlC13, 
while titanium chloride (HA) is prepared 
by reduction of t,itanium tetrachloride by 
hydrogen. Hafnium chloride and tantalum 
chloride were used as received. The other 
metal halides were evacuated under vacuum 
to remove the water of crystallization 
and/or adsorbed water. 

The catalysts were prepared by kneading 
the mixtures of aluminum chloride and a 
metal halide in a procelain mortar for 10 
min in a nitrogen atmosphere. 

Apparatus and procedure. The conversion 
of pentane was carried out both in vapor 
phase and in liquid phase. For vapor-phase 
conversion, the mixture catalyst was placed 
in a glass vessel attached to the constant- 
volume gas-circulation system (dead 
volume, 260 ml). The transfer of the 
catalyst to the glass vessel was done in a 
nitrogen atmosphere. After evacuating the 
circulation system, pent,ane of 150 Torr (1 
Torr = 133.3 N m-“) was introduced. A 
small amount of the gas was withdrawn 
periodically and analyzed by gas chroma- 
tography. For the liquid-phase conversion, 
the mixture catalyst and 10 ml of pentane 
were sealed in a glass ampoule and shaken 
in a temperature-controlled bath. The 
product mixture was analyzed by a gas 

chromatography with a hydrogen flame 
d&~&r using a 6-m column packed with 
VZ 7 operating at, 35°C. 

ItIGSULTS ANL, I>ISCUSSION 

Vapor-phase conversion. Pentane of 150 
mm Hg (2 X lo4 N rne2) was circulated 
over an equimolar mixt’ure of aluminum 
chloride and cupric chloride (7.5 mmol 
each) at 44.5”C, and the vapor-phase com- 
position was followed with time. A t’ypical 
result is shown in Fig. 1. In 2 hr, the half 
of pentane is converted, and isobutane is 
the main product, isopentane and hexane 
isomers being minor products. During the 
run, a small pressure increase was ob- 
served, and the material balance was 
found satisfact’ory. When only 7.5 mmol of 
aluminum chloride is used as the catalyst 
under otherwise similar conditions, the 
total conversion of pentane is 2.4% in 3 hr. 
The activity may be caused by the pres- 
encc of water, which cannot bc removed 
by sublimation. Cupric chloride alone has 
no catalytic act)ivity at all. Thus, the 
synergetic effect of the mixt’ure is obvious. 

The rat’e of pent’ane conversion was found 
to be first order with respect to pentane 
from the change in the molar fraction of 
pentane with the reaction time as well as 
from the dependence of the rate on the 
initial pressure of pentane: 

-dP/dt = kP, 

where P is the partial pressure of pentane 
and Iz is the first-order rate con&ant 
(hours-‘) for total amount of catalyst used. 
The t’emperature dependence of the con- 
&ant gave an activation energy of 57 kJ 
mol-‘. 

The effect of catalyst composition on 
activity is examined. The rate constants 
were determined from the change in the 
molar fraction of pentane with reaction 
time. Figure 2 shows the dependence of 
the amount of cupric chloride on the rate 
constant, Ic, with a fixed amount of 
aluminum chloride (7.5 mmol). The rate 
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Fro. 2. Dependence of the rate constant, k, on the 
amormt of &Cl*. AlCl, (7.5 mmol), 44.5”C. 

constant’ is proportional to the amount, of 
cupric chloride up to 10 mmol, indicating 
that the active centers are on the surface 
of cupric chloride. However, the activit,y 
falls sharply with further increase of cupric 
chloride to a Cu/Al ratio of 2. Figure 3 
shows the dependence of t’he amount of 
aluminum chloride on the rate constant, k, 
with a fixed amount of cupric chloride (7.5 
mmol). Catalytic activity appears only 
when the amount of aluminum chloride is 
over 3.75 mmol (Cu/Al < 2) and does not 
depend on amount when the amount is over 
4.5 mmol. The synergism of the mixture is 
clearly seen in Icig. 4, in which the dat)a in 
Figs. 2 and 3 are gat,hered, and the rate 
constants, lc, divided by the total moles 
of aluminum chloride and cupric chloride 
in the mixt,ure, are plotted against the 
composit,ion of the mixture. The activity 
increases with an increase in cupric chloride 
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FIG. 3. Dependence of the rate constant, k, on the 
amount of AlCI,. CuC12 (7.5 mmol), 44.5”C. 
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FIG. 4. Dependence of the rate constant on the 
composition of AK&CuC12 mixture; 44.5%. 

content up to GO’%, but a further increase 
in cupric chloride content makes the mix- 
t’ure less active, and over SO’%, t,he mixture 
shows no activihy. 

Conversion in liquid phase. The isom- 
erization of pentane is carried out in 
liquid pentane with suspended catalyst in 
glass ampoules. A typical example of the 
change in the liquid-phase composition 
with time at 2S”C is given in Fig. 5. In 
contrast with vapor-phase conversion, the 
main product’ is isopent,ane until a reaction 
time of 20 hr. Isobutane increases con- 
tinuously and becomes main product after 
20 hr. The conversion time curve shows that 
t’he react,ion is first order wit,11 respect’ t’o 
pent’ane, and t’he rate constant, is 0.073 hr-’ 
at 2S”C. 

Catalytic activities of various AK%metal 
halide mixtures. The catalytic activities of 

Time , hr 

FIG. 5. Change in liquid-phase composition with 
reaction time. Catalyst, CuClz (7.5 mmol) + AlC13 
(7.5 mmol) ; pentane, 10 ml; 28°C ; (0) n-G, (A) 
i-G, (0) i-CL, (A) Cg. 
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TABLE 1 mechanism is operative since the product 
Penbne Conversion with AlCla-Meld distributions are very similar to ordinary 

Chloride Mixtures’ Friedel-Craft)s hydrocarbon conversion (9, 

Cocatalyst Total Liquid-phase composition 
conversion 

n-C5 iso-Cs Cs iso-C4 n-C4 

MnClz 11,s 88.2 10.7 0.6 0.5 Trace 
CuCl* 11.4 88.6 8.9 1.1 1.4 Ti-ace 
CoCl* 8.8 91.2 7.7 0.6 0.5 TI%X 
NiClz 6.7 93.3 5.6 0.7 0.4 TEUX 
TiCls (AA) 31.3 68.7 29.7 0.8 0.8 0 
TiCln (HA) 0.5 99.1 0.5 0.3 0.1 0 
VCla 6.9 93.1 5.6 0.5 0.8 TE%Cl3 
BiCla 5.8 94.2 5.0 0.4 0.4 TEVX 
F&la 3.2 96.8 2.6 0.4 0.2 0 
ZrClr 0.8 99.2 0.2 0.6 Trace 0 
HfCls 0.2 99.8 0.1 0.1 Trace 0 
TaCls 2.4 97.6 2.1 0.2 0.1 0 
MoCls 0.6 99.4 0.4 0.2 Trace 0 

- 2.4 97.6 1.7 0.6 0.1 0 

0 Reaction time, 3 hr; temperature, 28°C; pentane, 10 ml; 
catalyst, AlCla (7.5 mmol) + metal chloride (7.5 mmol) except 
HfClr (5.4 mmol) and T&l; (6.1 mmol). 

the various mixtures of aluminum chloride 
and metal halides have been examined. 
Equimolar mixtures of aluminum chloride 
and metal chloride (7.5 mmol each) and 10 
ml of pentane were sealed in glass ampoules 
and shaken for 3 hr at 28”C, and the liquid- 
phase compositions were determined by gas 
chromatography. The results are sum- 
marized in Table 1. It is found that a 
mixture of aluminum chloride and titanium 
chloride (AA) is most active, and the selec- 
tivity for isopentane is highest with this 
catalyst. The high activity of the AlCls- 
TiC13 (AA) catalyst may be related the 
fact that TiCI, (AA) occludes AlCl, with 
the composition TiCI,. 5 AlC13. In fact, it 
was confirmed that TIC13 (AA) alone has 
some catalytic activity for pentane con- 
version in the vapor phase. All the mixtures 
of aluminum chloride and divalent and 
trivalent chlorides except tit’anium chloride 
(HA) show synergetic phenomena. Mix- 
tures of aluminum chloride and chlorides 
of tetra- or pentavalent metal cations, 
which are themselves known as active 
Friedel-Crafts catalysts, have no eatalyt.ic 
activity at all. 

Reaction mechanism. The product dis- 
tribution indicates that the carbonium ion 

3, 10, 11). It is known that pure aluminum 
halides have no catalytic activit,y and re- 
quires a promotor or cocatalyst such as an 
alkyl halide or water. As for the present 
catalytic systems, the mechanism of car- 
bonium ion generation is not clear yet. For 
example, it is not clear whether the active 
sites are Brgnsted acid sit,es or Lewis 
acid sities. 

The enhancement of the activity of 
aluminum chloride by cupric chloride has 
been reported in the alkylation of benzene 
by alkanes (Id) and also in the polymeriza- 
t,ion of benzene (13). The 2:l complex 
formation between aluminum chloride and 
various metal chlorides such as CuClz (14), 
MnClz (15), NiCl, (15), or CoClz (16) in 
the gas phase have already been established 
and t,he presence of the complex TiAl&% 
in the liquid phase is known (I?). It is also 
reported that the complexes between 
aluminum chloride and copper (II) com- 
pounds convert aromatic compounds into 
cat,ion radicals under conditions in which 
aluminum chloride alone has no such 
capacity (18). This may indicate that the 
complex formabion increases the Lewis acid 
strength of aluminum halides. 

The synergetic effect of the mixture of 
aluminum chloride and cupric chloride may 
be caused by complex formation between 
the two components during kneading. The 
proport#ionality of the activity to the cupric 
chloride amount suggests that the complex 
is formed at the surface of cupric chloride 
powder between the exposed cupric chloride 
and aluminum chloride on it. However, it 
is not clear yet why the activity falls when 
the ratio of CuClz to AlCI, is higher. The 
synergetic effect is probably not related to 
the chlorination properties of the met& 
halides, since mixtures of aluminum halide 
with metal sulfate are also very effective 
catalysts for pentane isomerization (8, 9)~. 

The formation of butanes and hexaneb 
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may be produced by the dimerization- 
decomposition mechanism (19, 20). The 
greater extent of decomposition to iso- 
butane in vapor-phase reactions than in 
liquid-phase reactions is probably due to 
the fact that the adsorbed products or 
intermediate ions are not easily desorbed 
from the surface t,o vapor phase, and the 
reactions proceed on the surface until 
isobutane is ult’imately produced. In liquid- 
phase conversion, the products of the sur- 
face reactions are more easily desorbed to 
the hydrocarbon phase, and isopentane is 
obtained as a main product. The time 
course of the reaction indicates that iso- 
pentane once formed is readsorbed on the 
surface and undergoes further reactions to 
form isobutane and isohexanes. 
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