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Catalyst system and procedure for selective alkylation of toluene

The invention concerns a catalyst system and procedure for selective
alkylation of toluene.

There are two main methods to industrially produce alkylbenzene.
One is Friedel-Crafts alkylation, which has the drawback that it
tends to lead to polysubstitution (ring substitution) and, thereby,
to difficult separation problems.

The other method uses base catalysts, such as Li, Na or K metals
in the reaction between arcmatic hydrocarbons and olefines. It is
usual practice to use e.g. a Ko00; carrier. An efficien, side
chain alkylating catalyst is obtained when metallic sodium is
dispersed on the surface of dry potassium carbonate. aAn alkali
metal catalyst produces a smaller mumber of different iscmers than
a Friedel-Crafts catalyst. The drawback is the camparatively low
selectivity of the alkali metal catalyst to aromatics and its
tendency to produce various isamers of alkylbenzene, which are
hard to separate. Aliphatic dimers are also formed, although these
are easily separated from alkylbenzene by distillation.

The selectivity of an alkyl metal catalyst is lowered at the prep-
aration stage by oxygen and water residues in the K;CO3 carrier,
whereby oxides and hydroxides are formed from part of the active
metal. It is for this reason necessary to dry the carrier well at
120-150°C in vagmm for 10-20 hours ard to prepare the catalyst in
an inert atmosphere or in vacuum.

The x-ray diffraction spectrum run on urused catalyst reveals the
presence of the following phases on the surface of the catalyst:
Nay0, K0, Kx(03, K, and only a minor quantity of metallic Na and
liquid, amorphous Na/K alloy, although the diffraction fram the
latter camnot be cbserved. Thus the catalyst has to be prepared in
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inert conditions in order to avoid oxidation. The alkali metal
should be added in single doses as small as possible with the aid
of a sodium press, or dispersed in an appropriate solvent; adequate
dispersion is ensured in this way.

For improving the activity and selectivity of the Na/Ky005 alky-
lation catalyst, various organic promotors may be used, such as
butadiene, anthracene, graphite, heterocyclic nitrogen compounds
(methylpyridines) and "acetylenic hydrocarbons", and oxygenous
hydrocarbons. The effect of organic promotors has been said to be
based on formation of a complex between metallic potassium and the
pramotor, and this complex would have higher activity than the
alkali metal alone. The stability of such a complex in the reaction
corditions applied (> 150°C) is however unlikely. Various, better
results have been achieved using inorganic pramotors: for instance
metallic copper, cobalt, titanium and ground steel have been tried.
It is clearly observable that promotors of various characters
exert an effect on alkylation and dimerisation.

Catalysts like the catalyst of the invention are known in the art
from other connections. As state of art is cited U.S. Patent No.
3,260,679, in which a catalyst system is disclosed which contains
metallic sodium on an aluminium oxide carrier. As pramotor for the
metallic sodium serves a transition metal compound, advantageously
an oxide. In the preparation of this catalyst, the sodium is added
onto the aluminium oxide carrier, the carrier being first heated
in a dry atmosphere to about 200-6000C. The sodium is added in
fine powder form. The mixture is then agitated, whereby the sodium
disperses on the surface of the aluminium oxide carrier. For tran-
sition metal oxide, in the reference iron oxideFe;03 is used. The
impurities present in the catalyst have to be removed in order to
attain sufficient life span of the catalyst. Use of these catalysts
has been reported e.q. in conversion of l-alkenes into 2-alkenes.

The cbject of the invention is a procedure by which the base cata-
lyst used towards alkylating toluene with propylene is modified in
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order to improve the activity, or yield, amd selectivity of the
catalyst. More specifically, the aims of the irwvention are:

to increase the proportion of the desired product IBB (iscbutyl-

benzene) in the reaction

CH3

e

CHs CHy - CH\
/et / CH; (IBB)

G, =CH-CH + © - ©
G‘iz_CHz_Q‘Iz_CE‘% (NBB) (|:H3

+ © + CHp—CH,_CH,_CH-CHj

4-Me-1-Pe

at the expense of the principal by-products 4-Me-1-Pe (4-methyl-1-
pentene) and NBB (butylbenzene).

2An influence can also be exerted on the dimerisation reaction

cat (|:H3
2 (CH~CH=CHp) ==> CHpCH-CHp CH~CH3
4-Me-1-Pe

by modifying the catalyst of the invention and by using the correct

amount thereof.

The catalyst system is mainly characterized in that it contains
metallic sodium-on a K,003 carrier, and a transition metal oxide

as promotor.

The transition metal oxides used in the invention are advantageously

cerium, dysprosium and iron oxide.

In the procedure of the invention the promotors increase the selec-
tivity to isobutylbenzene or, on the other hard, to 4-methyl-l-
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pentene and the activity of the catalyst. Promotors of the invention
are transition metal oxides, advantageously CaO; Dy,0; and FeyO3,

The catalyst has for instance been prepared in a Schlenk glass
vessel, in which case vacium and nitrogen flushing may be used in
aid. In this case only relatively small catalyst quantities at a .
time can be safely manufactured.

The problem has been how to provide efficient agitation in the
glass system; and use of high enough temperature is necessary. The
most efficient catalyst was ocbtained when the temperature was 200-
250°c. '

For this reason catalyst was also prepared in a steel mixer, in
which at a time about 500 g of the catalyst could be mamufactured,
ard vwhich had efficient mechanical agitation.

The pramotor is advantagecusly added to the catalyst at the reactor
charging stage.

The alkylation reaction may be implemented as a charge, semi-charge
or continuous process at temperature 100-200°C, preferably 140-
160°C, and pressure 10-100 bar, preferably 40-70 bar. High pressure
favours dimerisation of propylene. The proportion of olefine and
arcmate input may vary in the range from 10 to 0.5, preferably
from 6 to 2. Higher ratios favour dimerisation of olefine, while
lower ratios accelerate the quantity of alkylbenzenes. The semi-
charge process is carried ocut under constant propylene pressure,
and continuous propylene input to the reactor is provided. The
reaction takes place in the aqueous phase. It is thus understood
that the total pressure is constant and it is maintained with
propylene.

The diffraction spectrum run on the catalyst shows that the sodium
dispersed on the surface of K500 is almost totally bound as Na,0
and as Na/K alloy ard no presumed ion exchange K5003 to Naj004



&
0

WO 88/04955 PCT/FI87/00174

10

15

20

25

30

35

5

takes place, at least not on the catalyst surface; the cbserved
free K metal rather seems to originate in decomposition of carrier.

The following examples illustrate the procedure more closely.

Examples

With glass equipment, a basic catalyst was prepared, utilizing
Schlenk technique. 50 g K;003 were weighed into a 250-ml Schlenk
flask, kept in vacuum at about 230°C over night about 16 hrs and
stored in a nitrogen chamber. Sodium pieces, washed with dry tol-
uene, were weiched and added upon the potassium carbonate, in
nitrogen atmosphere. Heating to about 200°C and dispersion of the
molten sodium with the aid of a magnetic stirrer. In all trials
sodium was added about 5% of the Ky(03 quantity.

Basic catalyst mamufactured in a steel mixer was prepared 500 g at
a time. Efficient mechanical agitation was provided in the vessel.
Vacuum could not be used in this instance, but nitrogen flushing
of the vessel could be arranged. All catalysts were immediately
upon manufacturing transferred into a nitrogen chamber for storage
and charging into the reactor. Sodium was used about 5% of the
KoC03 quantity. When the sodium was added to the carrier with the
aid of a sodium press and contirnuous mixing was maintained at
about 250°C, and a long reaction time was used, a catalyst was
cbtained which was highly efficient, but the catalyst formed a hard,
campact cake, which was difficult to manage, owing to different
metal proportion of the K/MA alloy. In reaction conditions, how-
ever, the catalyst is in molten state.

20 g of the catalyst were charged in a one-litre Parr reactor, in
the nitrogen chamber. Thereafter, 213.11 g of water-free toluene
and 115.18 g propylene were weighed into the reactor. The molar
proportion of propylene and toluene was 1.19. Reaction temperature
was 164°C and duration of test, 19 hrs. The pressure in the reactor
was 43 bar at the begimning and 26 bar at the end.
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In the examples, all promotors were added prior to charging the
reactor with the catalyst.

5 The results are seen in Tables 1 and 2.
The tables reveal that, using the catalyst of the invention, one
achieves better activity regarding IBB, or better IBB selectivity,
campared with the reference examples. It should be noted that
10  better yield automatically entails poorer selectivity. The tables

also contain examples of how the promotor quantity affects the
result.

15

20

25

30

35



PCT/FI87/00174

WO 88/04955

6V 16°L vI°S 2T EL S'C Sot1 g (-39 o1
2884 LL L €0°9 12 €L (II °3eo0 OTseq) g (*329) 6

vo°v LE"L £v°S 69°2L S'Z susTeUdeN v (*3=29) 8

9z’s T1°8 6L°S 69°EL 'z Cou g (‘399 L

vv°9 69°L 69° ¥ 88°2L ST'T totia 4 9

G¥°9 ve's Zv°s 96°2L TAR Co=0 L4 g

LE*9 ze's T0"% 89°¥L ST'T+ S2°1 Zoon ‘Eotia L4 v

19°S 61°8 18°9 9T*E€L S2°T+ S2°T Coo0 ‘o 4 €

0S°L 61°8 AAR 8y 2L S €otia L4 2z

LY 9 TL°8 L9°S LL 2L S Co= \'4 1

[qe0 foy/feq] (%] (] [%] [%] '

‘Z[TATi0V ‘e30eTes  ‘t309Tes ‘t3oeTres  ‘AqTauend 3sit 3P0
q9d1 d4dN Sd-T-SN-¥ g1  JI030unid blealeiioh/ N -al-g) urgy

Io35eax OT[ (&3l Ut

T S1I9eL




PCT/F187/00174

WO 88/04955

66°S 6v°L 06"V eLUeL (*geo oTsed) ¥ (*3=29) 81
9L*S oc°s 8€°€ £9°¥L 09°0="ToL/*doag
3shTeqeo otsed M (°39d) LI
v vs L G9°g €T 2L susnToL |
- +oweTeudeN £ (Fod) o
L8° ¥ 50°8 zs v 6E° VL 0°S €otXq K ST
vz 9 2z L €9°7 ye oL G2 €otia 1 €1
£€6°G LS°L Ly v 8LVL G°2 totg A A
98° v 8L"L 09°G £0°9L G2 €otag k| TT
[qeo Bop/fef] (%] (%] [g] [%]
‘L3TATIOY ‘t3o9Tes  ‘c3oeTes ‘taoeres  ‘AjTauend 3sAT 9poD
agq1 gaN oJ-T-SR~¥ adar

Jo30W0Id JojouniId ~ejed uref

Jojoeax Sseb Ul podedaad S3sAiesed

(AN CEVA



WO 88/04955 PCT/FI87/00174

1 Claims

1. A catalyst system for selective alkylation of toluene with
propylene, characterized in that it contains metallic sodium on a
5 K003 carrier and transition metal oxide as pramotor.

2. Catalyst system according to claim 1, characterized in that
the transition metal oxide used for pramotor is a lantanide, ad-
vantageously CeOy or Dyp03,

10
3. Catalyst system according to claim 1, characterized in that
the transition metal oxide used for promotor is FeyO3,

4., Catalyst system according to claim 1, 2 or 3, characterized in
15  that the quantity of pramotor is 1 to 5% of the catalyst quantity.

5. System according to any one of claims 1-4, characterized in
that the quantity of sodium is 5% of the K003 quantity.

20 6. A procedure for selective alkylation of toluene with propylene
in the presence of a catalyst system, characterized in that the
catalyst system consists of metallic sodium on a Ky00; carrier and
a transition metal oxide as promotor.

25 7. Procedure according to claim 6, characterized in that for
pramotor is used a transition metal oxide, advantagecusly CeO;,
Dy203 or Fex0Os,

8. Procedure according to claim 6 or 7, characterized in that the
80 molar input proportion of olefine and arcmatic is 10-0.5, preferably
6-2-

9. System according to any one of claims 6-8, characterized in
that the promotor is added into the reactor at the charging stage.
35
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