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11 Claims.

This invention relates to the production of alkyl
aromatic hydrocarbons and relates more particu-
larly to the production of monoalkyl benzene by
the alkylation of benzene from a dilute benzene

- stream with propylene.

Monoalkyl benzenes and particularly the lower
boiling monoalkyl benzenes such as butylbenzene
and isopropylbenzene (cumene) have been found
to be valuable constituents of aviation fuels be-
cause of their very high octane number, particu-

" larly under ‘supercharged”
amount of monalkyl benzenes present in ordinary
refinery streams of petroleum hydrocarbons is
comparatively negligible and even in the products
from such processes as catalytic or thermal crack-
ing, catalytic aromatization and the like, the ul-

timate yield of low bhoiling alkyl benzene aro- .
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conditions, The ~
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matics is comparatively low. Higher boiling aro- -

matics, such as xylene, are obtained in much
figher yield by thermal cracking, catalytic crack-
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ing, or hydroforming. However, the paraffins -
contained in such fractions have relatively low -

octane numbers and should be excluded from
aviation gasoline in order to reduce the cumene
requirements to a very minimum.

- It has been known for some time that these:

-desirable alkyl benzenes can be synthesized by
the alkylation of benzene with olefins in the pres-
ence of suitable catalysts. The above processes
give rise to some benzene but the actual volume
is low and the benzene is present only in low con-
centrations. Concentration of all of the dilute
benzene by various means such as by:azeotropic
distillation, fractional condensation, solvent ex-
traction, adsorption, and the like has not been
vracticable. Consequently dilute benzene hasnot
been an economical source of benzene for alkyla-
tion which heretofore has required concentrated
benzene derived from coal tars, for example.
timum cleanup of benzene from dilute benzene
streams by simply alkylating to form- the desired
monoalkylbenzenes, however, is not the solution

 since the recycling of the unreacted benzene to
the alkylation is not fea51ble because of the inert
diluent.

It is an object of this invention to provide an
improved process for the economical alkylation of
an aromatic from an aromatic-containing dilute
stream with olefinic hydrocarbons. Another ob-
ject of our invention is to provide an improved
process for the production of monoalkyl benzenes
from dilute benzene-containing streams wherein
the necessity for concentrating the Benzene is
reduced to a minimum.. A still further object of
our invention is to provide an integrated process
wherein hydrocarbons valuable for aviation fuels
are prepared from a dilute benzene stream by a
combination of steps. Further objects and ad-
vantages will become apparent as the description
of our invention proceeds.
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Briefly stated our invention contemplates a
unltary process including the “alkylation of a
dilute benzene hydrocarbon stream with an ex-
cess of olefing by contacting in the presence of
an alkylation catalyst at temperatures within the
range of between about 400 and about 600° F
When propylene is the olefin the benzene is al-
kylated from the stream to produce cumene and
polyisopropylbenzene. Another step in our uni-
tary process is subjecting the alkylate compris-
ing polyalkylbenzenes to disproportionation in
the presence of added benzene and the alkylation
catalyst, such as solid phosphoric acid, at a higher
temperature above abouf 450° F. . within the range
of between about 500 and 700° F, to produce addi-
tional monoalkyl benzenes by a dealkylation-
alkylation. A recycle benzene fraction and a
polyalkyl benzene fraction can be returned to the
disproportionation to form additional monoalkyl
benzenes.. When the benzene content of the re-
cycle benzene from the disproportionation step
becomes diluted it may be recycled to the dilute
benzene alkylation step to produce additional

.polyalkyl benzenes.

When operating with dilute benzene it is neces-
sary to employ propylene-benzene mol ratios
higher than one in order to remove most of the
benzene., Only by using excess. olefins can the
benzene cleanup exceed about 50%. When 50%
of the total benzene is alkylated approximately
75% of the alkylate is cumene and 25% is poly-
isopropylbenzene. By increasing the propylene-
benzene mol ratio, the benzene cleanup can be
increased to 75% under which conditions the al-
kylate contains about equal amounts of cumene

and polyisopropylbenzene. Thus the use of a

molar excess of olefins to effect high benzene

. cleanup from dilute streams produces higher boil-

ing polyalkylbenzenes unsuitable for use as motor -
or aviation fuel. The latter product can be dis-

proportionated with concentrated benzene at
somewhat higher temperatures, i. e. about 500° F.
as compared with 450° ¥, for alkylation, both for
example in thé presence of phosphoric acid cata-

45 yst.
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The accompanying drawmg diagrammatically-
illustrates apparatus suitable for carrying out one

preferred embodiment of our invention and it is

in the form of a simplified flow diagram.
Referring o the drawing a dilute benzene
stream, such as that derived from naphthas and.
cycie stocks by thermal or catalyti¢ cracking
thereof or preferably by hydroforming naphtha,
usually hydroforming straight run naphtha, en-
ters alkylator 10 by line f4. The dilute benzene
stream may contain between ‘about 16% "and
about 75% benzene. An olefin such as propyiene
is introduced by line {2 in-an amount such as
to maintain a mol ratio of propylene to benzene
within the alkylator {8 of between about one and




2 -
sbout five or higher, for example above about 2.5.
The combined charge is fed at the rate of hetween

0.01 to 1.0, for example below about 0.3 gallon -

per hour per pound of catalyst within the reactor
for maximum olefin and benzene cleanup. .Re-
setlion pressure affects the olefin and benzene
cleanup and a pressure of between about 50 and
about 300 P, S. 1. is contemplated.

The alkylator {0 can be any conventional re- |

actor for contacting hydrocarbons and catalyst
and suitably can be a tower containing a bed
of .supported catalyst, for example phosphoric
acid on kieselguhr, Other forms of catalytic con-

tacting apparatus such as so-called fluid catalyst
. systems wherein the catalyst is maintained in a
highly dispersed phase or in a dense, turbulent,

fluent phase may be used. 'The temperature

within the alkylator i8 is maintained within the -

range of between about 400 and about 600° F.,,
for example 450° F. If desired 0.5 to about 2%
of feed can comprise an alcohol, which may cor-
respond to the alkylating olefin, to maintain the
proper degree of hydration in the phosphoric
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tion & benzene cut“having 80 to 100.% benzene

.and to recycle the unreacted benzene fraction
- untfl the concentration becomes uneconomical at

which time it can be recycled to the alkylation
zonie 10 to be converted to mono- and polyalkyl-
benzenes. which are subsequently disproportion-
ated in the disproportionator 18 or withdrawn,

- concentrated, and returned via line 7. -
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aeld catalyst, and to supply part of the olefins. -

The alkylation product is withdrawn from al-

“kylator 10 by line {3 and introduced into frac-

tionator 14 wherein the reaction product is sep-
arated into an overhead cut Having a maximum
end point of about 220° F. which is withdrawn
by line i5. A monoalkylbenzene cut boiling up
to about 350° is withdrawn through line 24 and
a higher boiling polyalkylbenzene cut is removed
as bottoms by line (6. ‘ _

* The overhead cut boiling up to about 220° F.

. can be subjected to a catalytic conversion wherein

the inert diluent is removed and the more con-
centrated benzene is recycled to the alkylation.

36

Suitable catalysts are hydroforming and solid -

cracking catalyst. If Uesired the catalytic con-
version can comprise-the source of the dilute ben-
zene stream, i, e. a hydroforming or catalytic
aromatizing of naphtha. Thus the inert diluent

. and residusdl benzene is recycled to the source

which may suitably be hydroforming. Merely
recycling the diluent and unreacted benzene to

the alkylation would only further dilute the.

stream.

The predominantly polyalkylbenzene cut or &
fraction thereof in line 16 is then contacted in
the presence of an alkylation catalyst, such as
& supported phosphoric acid catalyst, with con-
centrated benzene introduced into the dispropor-
tionatioh reactor 18, for example, by line 17 and
recycled by lines 22 and 25. Concentrated ben-
zene sufficient for the disproportionation can be
recovered from a portion of the dilute benzene
alkylation feed withdrawn for example by line
23. Any desired means of concentration can be
used as, for example, an azeotropic distillation.
“When hecessary & portion of the recycle benzene
can be bled into the concentrator to remove dil-

"uents which might accumulate. -
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It is contemplated that the alkylator {8 and
the disproportionator 18 can be used alternately
for alkylation and disproportionation by provid-
ing the necessary conduits and valves. Thus one
can be used at 'a lower temperature with fresh
catalyst to effectialkylation and then used at the
higher temperature for disproportionation. Two
or more reactors can be used in stages, series or
parallel, )

The examples set forth in the following Table
I illustrate the importance of the use of the prop-.
er mol ratio of the reactants and low feed rates
in the slkylation. In each of the runs the csta-
lyst was phosphoric acid on kieselguhr.

Table 1

Example

Product analysis
Benzene cut]
Isolpropylbenzene cut....
Pol

yisopropylbenzens cu - 2 12 211 25
Benzene reacted......_.. welght per cent..} 19 49 551 8¢
IsoFkro ylbenzene, per cent of total )

alkylate.. 86 76 55 56

From the above Table I it is apparent that by
using a mol ratio of propylen¢ to benzene less
than one the benzene cleanup is insufficient to
establish an economical process since it is not

- feasible to recycle the unreacted benzene plus

“The temperature within the disproportionation -

zone is maintained within the range of between
about 500° F. and about 700° F., for example, at
about 650° P. The disproportionation product is

withdrawn by-line {9 and introduced into prod--
" uct fractionator 20. The desired monoalkylben-

zene cut is withdrawn from fractionator 20 by

- tine 21. A benzene overhead cut ordinarily Is
" recycled by line 22 either to the disproportiona--
tion reactor I8 or to alkylator 10. An unreacted

polyalkylbenzene fraction is withdrawn by line
28 and recycled to the disproportionator 18 by
line 18. . It is possible to use in the disproportiona-
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the inert diluent. When the propylene to ben-
zene ratios are low, the per cent monoalkylate
in the total alkylate produced is highest. How-
ever, the volume of isopropylbenzene per unit
volume of product is greater when ratios greater
than one are used. The importance of low feed
rates is shown in Example 4 wherein 80% of the
benzene was reacted without unfavorably affect-
ing the per cent Isopropylbenzene produced per
unit volume of praduct. '

The polyalkyl benzene produced in the alkyla-
tion is converted to the monoalkylbenzenes by
disproportionation over solid phosphoric acid at

_a temperature in excess of 450° F. The data set.

forth in the following Table II indicates the im-
portance of temperature in the disproportiona-

tion.
Teble I
Example
5 [ 7 8 9
AL o omimeveimemmceee °F, 655 | 4507 550 | eco
Temper{t.‘f’.’.:’. .............. 230 2507 50| 250 -
Rat6. o comceemocaan] gal./hr./ib, cat..| 9.12 | 0.08 0.05 '009 0.09%
Feed, welght per cent:
t-Butylalgh‘ol S 1.41 L4 L&
. Benzene..-c-.eceecaceecccmenn- 7221722 48.6 | 48.6 | 48.6
” Polyiisogro ylbianzene.--.iﬁ.__. 27.8 ] 27.8 | 50.0 | 50.0 | 50.0
0! o1 .
) zoeln:ﬁ? Hifpolyisapropy ¢ 4,0 4.06]209)|209]209
Product analysis, volume per cent: n o @ 5 "
5 23 3 18 36
24| 12| 65) 87| 28

i
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From the above it is apparent that the reaction
at 450° F. and below is negligible, but even at
these low temperatures the reaction is greater
with lower feed rates. At 550° F. the production
of monoalkylates is appreciable. At 660° P, the
reaction proceeds smoothly. The effect of pres-
sure is iliustrated in Examples 6 and 8 from
which it is apparent that at the lower pressures
the yield of monoalkylate is perhaps slightly re-
duced, but not to any appreciable extent.

A disproportionation similar to that illustrated
in Table II does not result when the substituent
alkyl group has but one carbon atom to the
molecule.
carefully removed was diluted with an equal
volume of benzene and passed over phosphoric
acid catalyst under pressure of 250 P, 8. I. for
3.3 hours at & rate of 0.10 gal./hr./1b. at both
550° ¥, and 650° F. Careful fractionation of
the liquid products gave no trace of toluene in
eithercase.

By our process large quantities of a very de-
sirgble product are produced from s material

heretofore considered wholly unsatisfactory for.

‘the purpcse. The necessity of concentrating
large quantities of dilute benzene is avoided and
the only benzene which need be concentrated is
that used in the disproportionation of the poly-
- alkylbenzenes. By controlling the mol ratio of
the olefin to benzene in the alkylation step, an
optimum amount of mono- and polyalkylbenzenes

Xylenes from which all toluene was
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is produced. 'The disproportionation of these -

polyalkylbencenes with concentrated henzene is
effected al low feed rates and in the presence
of & catalyst of the same composition as the

alkylation catalyst, but at a higher temperature.

In one embodiment of our invention, the residual
benzeneé and inert diluent recovered from the
alkylation step is recycled t{o the catalytic con-
version step which provides the dilute benzene
stream. ;

From the foregoine it will be apparent that we
have attained the objects of our invention and
have provided a new process for the production
of monalkylbenzenes from dilute benzene by a
combination of integrated steps.

Althoueh we have described our process, with
speclal referénice to one embodiment thereof it

should be understood that this is by way of {1-

lustration only and not by limitation and that
we intend to be limited only to the extent set
forth in the appended claims. Moreover various
details such as pumps, heat exchangers, auto-
matic control devices and the like have been
omitted from the drawing and the description
therecf for the sake of simplicity and clarity.

We claim:

1. A vroress for the production of isoprovyl-
benzene which comprises alkylating a dilute ben-
zene bydrorarbon mixture with vrovylene in the
presence of a phosphorie acid alkylation catalyst
under alkylation conditions at a temwverature
below about 450° ¥.. the mol ratio of propylene
to benzene beineg greater than one, recovering
a fraction of the aikylstion product having an
initial point above about 350° F. and contacting
the said fraction with added benzene at & tem-
perature in excess of about 450° ¥. in the presence
of a phosphoric acid glkylation catalyst whereby
at least a portion of the added benzene is alkyi-
ated.

2. A process for the production of isopropyl-
benzene which comprises contacting dilute ben-
zene and propylene under slkylating conditions
in the presence of a phosphoric acid catelyst, the
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ratio of propylene to benzene being about three
to one, thereby converting a substantial fraction
of the benzene to isopropylbenzene and polyiso-
propylbenzene, disproportionating the polyiso-
propylbenzene to isopropylbenzene by contacting
with added benzene in the presence of a phos-
phoric acld catalyst at a temperature substan-
tially above that maintained in the alkylation,
and at a feed rate of about 0.01 to 1.0 gal./hr./Ib.
of catalyst. :
. 3. A process for the production of isopropyl-
benzene which comprises contacting propylene
and a dilute benzene hydrocarbon mixture in the
presence of an alkylation catalyst under alkyla-
tion conditions at-a temperature not in excess of
about 450° PF., maintaining the mol ratio of.
propylene to benzene greater than one, subjecting.
& fraction of the alkylation product comprising
polyisopropylbenzene to a disproportionation, said
disproportionation being effected by ‘contacting
the alkylate with added benzene at a temper-
ature in excess of 450° F. in the presence of a
catalyst of the composition employed in the said
alkylation, thereby producing additional quan-
tities of isopropylbenzene. )

4. The process for the production of monoalkyl
aromatic hydrocarbons which comprises subject-
ing a mixture of concentrated olefin and dilute

‘benzene to alkylation in the presence of phos-

phoric acid thereby producing an alkylate com-
prising a mixture of mono- and polyalkylben-
zenes, subjecting the polyalkylate to dispropor-
tionation in the presence of phosphoric acid and
added benzene under conditions of temperature
and pressure more severe than employed in the
alkylation, recovering a recycle benzene fraction,
8 monoalkylbenzene fraction, and a polyalkylben-
zene fraction from said disproportionation, recy-
cling the polyalkylbenzene fraction to the said
disproportionation and flowing said dilute recycle
benzene fraction {o the said alkylation.

5. The process for the production of mono-

- alkyl aromatic hydrocarbons which comprises

45
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subjecting a mixture of concentrated olefin and
dilute benzene to alkylation in the presence of
phosphoric acid thereby producing an alkylate
comprising a mixture of mono- and polyalkyl-
benzenes, subjecting the polyalkylate to dispro-
portionation in the presence of phosphoric acid
and added benzene at a temperature above that
employed in the alkylation step, recovering a re-

" cycle benzene fraction, a monoalkylbenzene frac-

55
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tion and a polyalkylbenzene fraction from said
disproportionation, recycling the polyalkyiken-
Zene fraction to the said disproportionation, re-
cycling the benzene to the said disproportionation
step so long as the concentration of the bengzgene
therein is in excess of 60%, and flowing the re-
cycle benzene having g concentration below about
60% to the said alkylation step wherein the ben-
zene is alkylated to mono- and polyalkylbenzenes.

6. The production of a super aviation fuel com-
ponent by a combination of processes including
alkylating a dilute benzene stream with pro-
pylene at a temperature at about 450° ¥. in the
presence of a supported phosphoric acid catalyst,

“contacting the polyalkylate with a second quan-

tity of a supported phosphoric acid cata!yst at a
temperature above about 450° F. and recovering -
from said contacting step a monoalkylate frac-
tion which predominates in isopropylbenzene.
7. A process for the production of isopropyl-

.benzene which comprises contacting propylene

and a dilute benzene hydrocarbon mixture in
the presence of a solid alkylation catalyst under




&4
_ alkylation conditions at a temperature not in ex-
cess of about 450° F., maintaining the mol ratio
of propylene to benzene within the alkylation
zone at a value greater thar ‘one, recovering a
light fraction from the alkylation having an end

point of about 220° F. and an isopropylbenzene -

cut, and converting the residual.alkylation prod-
uct including polyisopropylbenzene into isopro-
pylbenzene by contacting-the residual alkylate
with added benzene at a temperature in excess
of about 450° F. in the presence of a solid alkyla-
tion catalyst of the composition employed in said
alkylation. .

8. A process for the production of monoalkyl-
aromatic hydrocarbons in the gasoline boiling
range which comprises supplying an olefin-and a

10

15

stream of hydrocarbons including aromatics to )

an alkylation zone in a mol ratio of olefin io

aromatic of at least 1:1, reacting the said olefin
and aromatics in the presence of phospheric acid
alkylation catalyst within said zone under alkyla-
tion temperature, withdrawing reaction products
including polyalkylaromatics from said zone,
passing said reaction products together with ad-
ditional amounts of aromatics over & phosphoric
acid catalyst in & mol ratio of aromatic o poly-

alkylaromatic of greater than 1:1ina second con-

tacting zone, maintaining the temperature withiiz
said second contacting zone substantially above
that maintained in the alkylation zone, whereby
substantial proportions of said added aromatic
is converted to alkyl aromatic and substantial

proportions of said polyalkylaromatic is converted.

to monoalkylaromatic, withdrawing and separat-
ing the conversion products, and recycling un-
alkylated aromatics to said second contacting step.

9. A process for the production of monoalkyl-
benzenes which comprises supplying a mixture
of hydrocarbons including olefins and benzenes

to a first contacting zone; maintaining s mol ratio’

of olefin to benzene greater than one in the feed
to said zone, contacting said hydrocarbons with
a phosphoric acid alkylation catalyst within said
zone, withdrawing reaction products from said
zone and recovering the- polyalkylbenzene frac-
tion having an initial boiling point of at least

20

25
~alkylation catalyst at a {emperature substantially .
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350° F., supplying s2id polyalkylbenzene along
with added benzene to a second contacting zone,
maintaining a mol ratio of benzene to alkyl ben-
zene of at least 4:1 in the feed to said contacting
zone, contacting said polyalkylbenzene and added
benzene with a phosphoric acid alkylation cata-
lyst at & temperature in excess of 500° F. within
sald second contacting zone whereby & substan-
tial proportion of the polyalkylbenzene is con-
verted to monoalkylbenzene and a proportion of
the benzene is alkylated to monoalkylbenzene, sep-
arating the reaction products to recover at least
oné fraction including benzene and recycling the
benzene to the said second contaciing step.

10. A process for the production of isopropyl-
benzene whick comprises supplying propylene and
benzene diluted with other hydrocarbons to =
first contacting zone, the ratio of propylene tfo
benzene being at least 1:1, reacting the propylene
and benzene in said contacting zone in the pres-
ence of g phosphoric acid alkylation catalyst to
produce & mixture of isopropyibenzene and poly-
isopropylbenzenes, and contacting the polyisopro-
pylbenzene and added benzene in a second con-
tacting zone in the presence of a phosphoric acid

above that maintained in the first contacting zone,
the mol ratio of benzene to polyisopropylbenzene
feed to the second contacting zone being substan-
tially greater than 1:1. _ ' :

11, The process of making-cumene which com-
prises the steps of alkylating dilute benzene and
a molal excess of propylene in the presence of a
solid alkylation catalyst at a temperature between
about 400 and 600° F., and disproportionating di-
isopropylbenzene produced by said alkylation step,
disproportionating being effected at a tempera-
ture higher than the temperature of the alkyla-
tion step and within the range of between about
500 and 700° ¥. in the presence of a disproportion-
ation catalyst comprising & solid alkylation cata-
1yst of the composition employed in the reaction

~-which produced the diisopropylbenzene.

DON_R. CARMODY.
HAROLD E. HUBER.



