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PROCESS FOR MANUFACTURING ETHYLBENZENE OR CUMENE 

This invention· relates to petroleum refining and. petrochemistry, 

particularly to · a process for manufacturing ethylbenzene from a 

s composition containing benzene and another composition containing 

ethylene. Ethylbenzene is used commercially primarily as a raw material 

in the manufacture of styrene. This invention relates also to a process for 

manufacturing cumene from a composition containing benzene and 

another composition containing propylene. Cumene is used essentially as 

10 a raw material in the manufaeture of phenol. 

The known processes for the manufacture of ethylbenzene use the 

Friedel-Crafts reaction of alkylation of benzene by ethylene. Similarly, 

Friedel-Crafts reaction of alkylation of benzene by propylene is used to 

15 manufacture cumene. 

20 

The catalysts for this reaction are typically Bronstad or Lewis acids, 

including aluminum chloride, boron trifluoride deposited on alumina, or 

zeolites used in liquid or gas phase. 

One of the· difficulties encountered in using this reaction is that the 

ethylbenzene formed is more reactive than benzene with respect to 

ethylene, which leads to the production of diethylbenzenes, which are 

themselves more reactive than ethylbenzene, and therefore have a 
25 tendency to form triethylbenzenes. 

30 

35 

To limit these polyalkylation reactions, the prior art teaches the use 

~f a strong excess· of benzene with respect to the ethylene at the entry of 

the alkylation reactors. 

Thus, the benzene/ethylene molar ratio is generally between 2 and 

2.5 for the processes using aluminum chloride, and the ratio may· even 

reach a value between 8 and 1 s· for processes using zeolites in gas 

phase. 
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In spite of j the use of an excess of. benzene with respect to the 

ethylene to minimize the formation of polyethylbenzenes, such formation 

cannot be completely avoided. Thus, a typical alkylate. composition 
I ·. ·. • . . 

obtained at the reactor outlet is given in the publication Petrochemical 

5 Processes, Editio~ Technip, Vol. I, p. 400, 1985: 

10 

15 

Percent by;weight. of total weight: 

Benzene . 
i . 

Ethyl benzene 

Diethylben~enes 

Triethylbe~zenes 
Higher .. 

polyethylb~nzenes 
"·i . 

having mote than 3 ethyl 

groups 

38-40% 

41-43% 

12-14% 

2-3% 

3-4% 

In all kno\Jl)n processes, the polyethylbenzenes·, that is, the phenyl 

compounds which are substituted by at least two ethyl groups, are 

isolated before t.1ndergoing a transalkylation reaction by an excess of 
benzene accordirlg to: . . 

~+© (n+l.J (Q)J 
( Cli -ca ) In excess 

-2 3 n 

20 This react~on, catalyzed by the same catalysts as the alkylation 
I . . :· ·• . • 

· reaction above, ean be used in a reactor separate from the alkylation 

· reactor, or in the alkylation reactor itself, which functions with an excess of 

benzene to enco~rage the preponderant formation of ethylbenzene. 

25 A detaileQ description of these known techniques for the 

manufacture of ethylbenzene is included in Petrochemical Processes, 

mentioned above, or in the Encyclopedia of Chemical Technoiogy, 3rd 
i 

Edition, John Wil~y and Sons, Vol. 21, p. n2 and following. 

.-
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In all the known processes cited above, the benzene and the 

ethylene used in the alkylation reaction are each products of sufficient 

purity to lead to technical. grade ethytberizene, which can then be purified 

to the desired degree by distillation-rectification. 

Petroleum refining technologies and the principle products resulting 

from them have also been described in Encyclopedia of Chemical 

Technology, 3rd Edition, Vol. 17, p. 183 arid following. 

10 Thus, certain heavy fractions obtained by distillation of petroleum 

are catalytically cracked in fluid catalytic cracking (FCC) to yield lighter 

products, which are put on the market as high-octane gasolines. This 

cracking also provides· a certain proportion of so-called FCC gases, of 

which a light fraction comprises saturated hydrocarbons having two or 

15 fewer carbons and ethylene. This ethylene is present in a proportion by 

weight generally lower than 30% in this light fraction. The recovery of this 

ethylene by liquefaction followed by distillation is not profitable, and the 

use of this ethylene essentially diluted by methane and ethane has 

already been described, particularly in GB-1 013 268, us:.A-3, 131,230, 

20 US-A-3,200,164, and US-A-3,205,277. 

In the alkylation processes of these patents, the benzene/ethylene 

ratio is greater than 2 and is generally greater than the ratio used in the 

known processes involving practically pure ethylene, so that the ethylene 

2s present in this light fraction can be exhausted {see also: Process 

Economics Program, Stanford Research Institute, Report no. 33, October 

1986, p; 37). 

The resulting alkylate is preponderant in benzene and includes a 

JO small quantity of ethylbenzene and polyethylbenzenes. This involves a 

significant. cest for .separating the ethylbenzene from this mixture. Thus, 

the· light fraction of the FCC· gases is not generally valued economically 

for its ethylene content. 

THIS SHEET HAS BEEN 
REPLACED 

(!:::-~-;;;.~·---
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. The benze~e used in the prQcesses described above generally 

comes from sediorys out of the.vapor cracking element of a petrochemical 

plant, or from seCtions coming from the reforming unit of a crude oil 

5 refinery. 

10 

The head ~radians from a reformer may contain a significant 

proportion of benz.ne, and are, therefore, the sour~ of a .significant part 

of world benzene produdion. 

However, w~en the reformer is small with. resped to the refinery as 

a whole, or whe~ it is fed by fradions that are too heavy to yield 

significant quantiti's of benzene, fQr economic rei:1sons, the benzene is 

then left in . the g~~olines.. However, consid_ering the known toxicity- ·of 

15 benzene, its presence in gasolines poses problems in terms of current or 

future regulations fpr reformulated gasolines. 

It would ~e desirable to have a process to manufadure 

ethylbenzene from' dilute feedstocks, rather than having . to first recover 

20 both the pure bentene and the pure ethylene from dilute streams. For 

example, it would be desirable if a diluted ethylene stream, such as that 

from FCC gases, could be used as the ethylene feedstock, rather than 

requiring a pure ethylene stream as the feedstock to make ethylbenzene. 

25 At the sam~.time; it would be desirable to be able to economi~lly 

30 

remove the major;ity of the t>enzene from gasoline streams to meet 

environmental regulations, and also be able to use it as the benzene 

feedstock in the process to make ethylbenzene, rather than requiring a 

pure benzene stream as the feedstock. 

An approach to. the problems discussed above is disclosed in WO 

93/20029. Howev$r, in most of the examples provided, aluminum chloride 

ethyl chloride catalyst systems are used for the· alkylation and 

transalkylation readions. These systems are known to have a humber 

35 undesirable char~deristics specifically due to the chloride catalyst 

systems. These qatalyst systems are extremely corrosive to equipment, 
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requiring ceramic lined vessels and expen$ive alloy materials of 
construction for most of the process · equipment and creating many 

operational problems. Additionally, there is a significant environmental 
disposal problem associated with the use of aluminum chloride catalyst 

s systems in benzene· alkylation and transalkylation processes. The 
aluminum chloride catalyst operates in a once-through mode, and 
therefore the effluent from the process contains residual aluminum 
chloride and is often difficult to dispose of in an environmentally 
acceptable manner. 

10 

In one example in WO 93/20029, a. small-pore mordenite with the 

aluminum removed, and a Si/Al ratio of 25, is used as the catalyst for the 
alkylation step, but not the transalkylation step. A large amount of 
mordenite relative to the benzene is required to effect the alkylation 

15 reaction, possibly because mordenite ha$ been reported to rapidly lose its 
activity during the alkylation of benzene by ethylene. 

Accordingly, it would be desirable to discover an alkylation catalyst 
system capable of functioning in the regime of impure ethylene and 

20 impure benzene described above and without the corrosion, 
environmental, and activity problems associated with the catalysts 
identified in the prior art as being efficient for this purpose. 

25 

30 

35 

SUMMARY 

This invention provides a process for manufacturing ethylbenzene 
from a first stream containing benzene and a second stream containing 
ethylene, comprising: 

a) reacting said first stream with said second stream in 
an alkylation reaction of benzene by ethylene with a 
supported heteropolyacid : or a Y zeolite catalyst. to 
obtain. a third stream consisting of an alkylate stream 
containing mono- and poly- ethylbenzenes in which 

the benzene ring to ethyl group moiar ratio, including 
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c) 

d) 
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the unreacted benzene, in the alkylate stream, is 

equal to or less than 1.5; 

subje~ing this third stream consisting of an alkylate 
I . . 

stream to at least one distillation/rectification to obtain 

a fodrth stream which is a distillate containing poly­

ethylt!>enzenes; 

trans•lkylating this fourth stream consisting of the 

distill~te with a fifth· stream consisting of benzene 
! 

with ~ supported heteropolyacid or a Y zeolite catalyst 

to obJain a sixth stream consisting of a transalkylate 
! 

rich ii'l monoethylbenzene; and 

subjepting this sixth stream . consisting of a 

transalkylate to at least one distillation-rectification to 

obtain a seventh stream consisting of ethylbenzene. 

In anoth~r embodiment, the heteropolyacid comprises 

20 phosphotungstic a~id on a silica support. In yet another embodiment the 

Y zeolite catalyst i$ in the acid form. The poly-ethylbenzene component 

includes di-, tri".", tetra- penta-, and/or hexa~thylbenzene. 

In another embodiment, the benzene I ethylene molar ratio in the. 

25 alkylation reaction :is between 0.3 and 1. In yet another embodiment, the 

benzene I ethylene molar ratio in the alkylation reaction is equal to or less 

than 1. 

30 

In another embodiment the first stream is a light reformate. 

In another $mbodiment, the second stream also includes saturated 

hydrocarbons to the exclusion of. unsaturated hydrocarbons other than 

ethylene. In yet another embodiment, the second stream is a distillation 

fraction of a fluid catalytic cracking gas including hydrocarbons with 2 or 

35 fewer carbons . 

. THIS SHEET HAS BEEN 1\. 
REPLACED 1:1 

.) 
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In another embodiment of the. process, the. fourth stream, which 
comprises the distillate of step b) also contains monoethylbenzene, and 
this fourth stream undergoes at least one distillation-rectification to obtain 
an eighth stream comprising a · . head fraction containing 

s monoethylbenzene and a ninth stream · comprising a tail fraction 
containing poly- ethylbenzenes. 

In another embodiment of the process, the eighth stream 
comprising a head fraction containing monoethylbenzene is recycled to 

10 step a) to cause alkylation of this · monoethylbenzene ·into poly­
ethylbenzenes. 

In another embodiment of the process, a tenth stream comprising a 
gasoline fraction consisting of saturated hydrocarbons and with a majority 

15 of the benzene removed is recovered by an additional distillation- . 
rectification. 

20 

The above embodiments may be modified to produce cumene by 
substituting propylene for the ethylene. 

DETAILED DESCRIPTION 

The production of· ethylbenzene from dilute ethylene and dilute 
benzene is accomplished in three steps. First, the benzene feedstock 

25 stream, containing benzene, is alkylated with the dilute ethylene feedstock 
stream, containing ethylene, to form ethylbenzene along with 
polyethylbenzenes {PEB) which· includes a mixture of di-. and 
triethylbenze.ne that . may . also contain tetra-, penta-, and 
tiexaethylbenzenes~ Second, the product· of the first step is distilled to 

Jo ·remove the unreacted· benzene and other unreacted material. Some of 
the ethylbenzene is recovered by distillation. In a third step, the polyethyl­
benzenes are transalkylated with excess pure benzene to form product 
ethylbenzene. The product ethylbenzene may be recovered by 

distillation. 
35 ' 
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The. alkylati~n catalysts· used in this invention are supported 

heteropolyacids, orY zeolites used in liquid.and/ or gas phase. 

The benzene· feedstock stream may be pure benzene or diluted 

5 benzene containin~ at least 1 O wt % benzene. The stream preferably 

contains at least 20 wt.% benzene and most preferably at least 30 wt.% 

benzene. 

Advantageo~sly, the alkylation readion is industrially feasible with 

10 the use of a be~zene feedstock stream also eontaining saturated 

hydrocarbons diluting the benzene which is present. ( 

Advantageo~sly, the benzene feedstock stream containing diluted 

benzene in .the sat~rated hydrocarbons is a light reformate coming from a 

15 crude oil. refinery. trhe possibility of using these generally abundant light 

reformates and eliminating their benzene content makes available 

gasolines which best fulfill current regulations. 

The ethylene feedstock stream may be a distillation· fradion of the 

20 gas from fluid cat$lytic cracking, c;>r from a steam cracker containing 

hydrocarbons having 2 or fewer carbons~ The ethylene ·feedstock steam 

may be pure ethylene or diluted ethylene containing at least 1 O wt % 

ethylene. The stream preferably ~ntains at least 20 wt~% ethylene and 

most preferably at l~ast 30 wt.% ethylene. 

25 

Advantageoll!sly, the· ethylene feedstock stream contains ethylene, 

which is diluted in saturated hydrocarbons, with the exception of 

unsaturated _hydro¢arbons other than ethylene. Thus, the absence of 

propylene, for exa~ple, simplifies the composition of the alkylate obtained 

30 ·and allows an easy separation of its constituents, parti~larly by one or 

more distillation-rectification operations. 

When the benzene feedstock stream is a light fradion of reformate 

available in a refinery, we then see the benefit of the process according to 

35 the invention, which makes it possible to process most of the ethylene 

.. 
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contained in the FCC gases from the refinery with all the benzene 

available in the light reformate. 

In the first step, the two feedstock streams are brought together, 

5 under effective operating conditions, which are well known in the art, for 

the alkylation of benzene by the ethylene. 

It is preferable for the benzene/ethylene molar -ratio to be between 

0~3 and 1 so that practically all the benzene put into reaction will be 

10 reacted with a sufficiently rapid rate of the alkylation reaction of benzene 

by ethylene. 

It is preferable for the distillation rectification operation(s) or step b) 

to be regulated so that said distillate of step b) no longer contains mono-

15 ethylbenzene, which is obtained by at least one distillation-rectification to -

obtain a head fraction with monoethylbenzene and a tail fraction with di­

, and tri-ethylbenzene and heavy elements. 

Preferably, this head fraction containing mono-ethylbenzene is 

20 recycled in stage a) to- bring about alkylation of this monoethylbenzene 
into di- and tri-ethylbenzene. In this way the alkylate ·coming from the 

alkylation reactor is richer in di- and tri-ethylbenzene than the alkylate 

obtained without recycling and the benzene contained in the benzene 

feedstock stream combines with a greater number of ethylene molecules; 
25 it is a better carrier of the ethyl group in the transalkylation of step c). 

Since the benzene feedstock stream is a light reformate, it is 

advantageous -to recover in step b), by another distillation-rectification 

operation~ a gasoline fractio~ formed of saturated hydrocarbons with a 

30 majority of the benzene removed. 

Transalkylation of step c) of the process according to the invention 

is performed according to known processes, however the proportion of 

material undergoing transalkylation is greater than in conventional 

35 processes. The feed rate of benzene used is then adjusted to conform to 
cu$tOi'na..Y ·ratios of benzene/ethyl groups. This transalkyla~ion can be 
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implemented on the same site where the alkylation of stage a) is 

conducted, or at another site where sufficient quantities of benzene are 

available. In the latter case, the polyethylbenzenes based on di- and tri-
; 

ethylbenzene can qe introduced into a classic alkylation unit at the entry 

s point of the alkylaticin or the transalkylation reactor. · 

This process1 utilizing dilute benzene feedstock may also be applied 

to the manufacture. Pt cumene, rather than ethylbehzene, by using a dilute 

propylene feedstoQI<. stream, rather than a dilute ethylene feedstock 

to stream. 

lS 

In addition to this description, the invention can be better 

understood with the following· examples. 

EXAMPLES 

Example 1 . 

This Exampl' illustrates the process of the invention for production 

20 of ethylbenzene usi'ng a supported phosphotungstic acid catalyst. 

Alkylation Catalyst preparation 

The supported phosphotungstic acid catalyst is prepared by the 

2s method of incipient: wetness as follows. The silica power (Davison 62) is 

calcined at 600°C overnight, an~ the phosphotungstic acid is .dried at 120° 

C overnight. The ~ried phosphotungstic acid (21.43 g) ·is dissolved in 75 

cc of water and this solution is added to the calcined silica powder (50 g). · 

The resulting matetial is first dried overnight at 120°C and then calcined 

Jo ·at 300°C for three hours. This results in a 30% by weight loading of . 

phosphotungstic acid on the silica. Before use, the catalyst was dried 

again at 200°C under vacuum overnight. 

( 
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First Step - Alkylation 

In a 300 cc magnetically stirred autoclave were placed dry benzene 
(40.4 g), dry hexanes (59.0 g), and a catalyst composed of 30% by weight 

s of phosphotungstic acid supported on silica powder (9.6 g) prepared as 

described above. The autoclave was sealed, purged with hydrogen to 

remove air, and then pressured with 50 psig of hydrogen. The autoclave 

was heated to 180°C with stirring and then an additional pressure of 15 

. psi of ethylene was added to the autoclave from a reservoir through a 

10 pressure regulator.· As ethylene was consumed in the reaction more 
ethylene was added from the reservoir to maintain the pressure in the 

autoclave. After 17 hours the ethylene supply was closed, the reactor was 

cooled and vented, and the contents were removed. The amount of 

ethylene consumed was not directly measured. 

15 

A second alkylation reaction was run in the same manner to 

duplicate the results and to make more product. The materials initially 

placed in the autoclave were dry benzene (41.0 g), dry hexanes (59.7 g), 

and 30% by weight of phosphotungstic acid supported on silica powder 
20 (9.7 g) prepared as described above. The reaction was run for 17.5 

hours. 

The catalyst was filtered from the product of each reaction, and the 

products were combined and analyzed by capillary column gas 
2s chromatography. The· combined product was found to contain 21.4 g of 

benzene and 62.4 g of ethyl~enzene and polyethylbenzenes with the 

following composition by weight: 

fill 
34.3% 

di-EB 

23.3% 

tri-EB 

13.8% 

tetra-EB perita-EB · hexa-EB 

6.8% 8.3% 13.4% 

30 Thus, 73. 7% Of the benzene was · converted. The mixture of 

ethylbenzene and polyethylbenzenes has a molar ratio of ethyl groups to 

benzene rings (Et/Bz) Of 2;2. The Et/Bz molar ratio in the entire product, 

including unreacted benzene, is 1.4. The only difference between the two 

11ilmi1i111llir . ' 
TH\S SHEET HAS BEEN 

REPLACED 
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ratios is the unreacted benzene. These molar ratios may also be 

expressed as Bz/Et of 0.45 and 0.7 respectively. 

Second Step - Distillation 

Distillation is: used to· first separate the hexanes and unreacted 

benzene from the ethylbenzene and PEB product, and then to separate 

the ethylbenzene , from the mixture of polyethylbenzenes before 

transalkylation of this PEB mixture to make more ethylbenzene. 

In this examp,le, distillation of the combined products removed all of ( 

the hexanes and ben,zene, and some of the ethylbenzene product (10.4 

g). A small amount .of diethylb~mzene was unintentionally removed (1.6 

g). After the distillation the remaining material (62.4 g) was dissolved in a 

1s small amount of benzene (28.3 g) and analyzed by capillary column gas 

chromatography. There was found 51.0 g of a mixture of ethylbenzene 

and polyethylbenzene with the following composition by weight 

EB 

9.7% 

di-EB 

24.9~ 

tri-EB 

19.7% 

20 Third Step - Transalkylation 

tetra-EB 

10.7% 

oenta-EB 

13.3% 

hexa-EB 

21.7% 

To a 300 cc magnetically stirred autoclave was added 22.0 g of the 

mixture of ethylbenzene and polyethylbenzenes remaining after distillation 

(with added. benz~ne), additional dry benzene (94.0 g), and a catalyst 

2s composed of 30% by weight _of phosphotungstic acid supported on silica 

powder (10.0 g) prepared as de~cribed above. Thus, the Et/Bz molar ratio 

In the reactants was 0.17 or Bz/Et = 5.9. The autoclave was sealed, 

purged with nitrogen to remove air, and then pressured with 50 psig of 

nitrogen. The autoclave was heated to 180°C with stirring. After 17.5 

30 hours the reactor was cooled and vented, and the contents were removed 

and analyzed by capillary column gas chromat()graphy. A yield of 15.5 g 

of ethylbenzene was found: Thus, transalkylation of the entire· mixture of 

ethylbenzene and! polyethylbenzenes remaining- after distillation would 

yield 63.9 g of ethylbenzene (EB), which combined with the EB recovered 

- THIS SHEET HAS BEEN 
REPLACED ~, ___ _........--

I 

[' 

i. 
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by distillation in the second step is 74.3 g EB. Those skilled in the art will 

recognize that both the remaining polyethylbenzenes in the transalkylation 

· product and · the · remaining excess benzene may be recovered and 

recycled to .·another transalkylation· reaction to yield additional 

5 ethylbenzene. 

Examole2 

10 This Example illustrates the production of ethylbenzene using a Y 
zeolite catalyst in-the acid form (LZY-84, UOP)for both reaction steps. 

Alkylation Catalyst Preparation 

This catalyst was received as 1 /16 inch extrudates. Before use it 

15 was crushed to a powder and dried under vacuum at 200°C overnight. All 

other procedures except for the catalyst preparation are the same as in 

Example 1. 

First Step ;. Alkvlation 

20 In a 300 cc magnetically stirred autoclave were placed dry.benzene 

(42.2 g); dry hexanes (62.4 g), and a Y zeolite catalyst (LZY-84, UOP, 8.8 

g) prepared as described above. The autoclave was sealed, purged with 

hydrogen to remove ai~. and t~en pressured with 50 psig of hydrogen. 

The autoclave was heated to 180°C with stirring and then an additional 

25 pressure of 15 psi of ethylene was added to the autoclave from a reservoir 

through a pressure regulator. As ethylene was consumed in the reaction 

more ethylene was added from the reservoir to maintain the pressure in 

the autoclave. After 17 .5 hours the ethylene supply was closed, the 

reactor was cooled and vented, and the contents were removed. 

30 

35 

A second alkylation reaction was run in the same manner. The 

materials initially placed in the autoclave were dry benzene (43.8 g), dry 

hexanes (60.5 g), andYzeolite catalyst(LZY-84, UOP, 7.8 g) prepared as 

described above. The reaction was run for 17.5 hours. 

1

. THIS SHEET HAS BEEN 
. J R~P~. ~~D . 
'-.:.:::::----
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The catalyst:was filtered from the product of each reaction, and the 

products were an~tvzed: by capillary column gas chromatography. The 

combined product was found to contain 20.5 g of.benzene and 68.8 g of 

ethylbenzene and .pplyethylbenzenes with the following composition by 

s weight: 

EB 

50.1% 

di-EB 

23.0% 

tri-EB 

12.5% 

tetra-EB oenta-EB hexa-EB 

6.6% 5.8% 2.1% 

Thus, 76% :of the benzene was converted. The mixture of 

ethylbenzene and ~olyethylbenzenes has a molar ratio of ethyl groups to I 
10 benzene rings (Et/Bz) of 1. 7 or a Bz/Et ratio of 0.59. The Et/Bz molar ratio 

in the entire. produCt (including unreacted benzene) is 1.2 which may be 

expressed as Bz/Et of 0.83. 

lS 

Second Step - Distillation 

Distillation of the combined products removed all of the hexanes and 

benzene, and some of the ethylbenzene product (19.0 g). A small amount 

of diethylbenzene was unintentionally removed (1.7 g). After the 

distillation the. remaining material (66.6 g) was rinsed out_ of .the distillation 

20 pot with a small .amount of benzene (4.9 g) and anal}lzed by capillary 

column gas chromatography. There was found 48.1 g of a mixture of 

ethylbenzene and polyethylbenzene with the following composition by 

weight: 

2S 

EB 

29.9% 

di-E§ 

29.9~ 

tri-EB 

18.2% 

· Third Step - Transalkylation 

tetra-EB 

10.0% 

penta-EB. 

8.8% 

hexa-EB 

3.2% 

To a 300 cc magnetically stirred autoclave was added 26.1 g of the 

mixture of ethylbenzene and polyethylbenzenes remaining after distillation 

Jo (with added benzene), additional dry, benzene (109.0 g), and a Y zeolite 

catalyst (LZY-84, UOP, 10.2 g) prepared as described above. Thus, the 

Et/Bz mol~r ratio ir;t the reactants was 0.18 or expressed as a Bz/Et molar 

THIS SHEET HAS BEEN 
REPLACED 
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ratio of 5.6. The autoclave was sealed, purged 'with nitrogen to remove 

. . 
air, and then pressured with 50 psig of nitrogen. The autoclave was 
heated to 180°C with stirring. ·· After 20. 7 hours the reactor was cooled 

and vented, and the contents were removed and analyzed by capillary 
s column gas chromatography. A yield of 33.0 g of ethylbenzene was 

found. Thus, transalkylation of the entire n:tixture of ethylbenzene and 
polyethylbenzenes remaining after distillation would yield 90.6 g of EB, 
which combined with the· EB recovered by distillation in the second step, 

is 109.6 g EB. Those skilled in the art will recognize that both the 
10 remaining polyethylbenzenes in the transalkylation product and the 

remaining excess benzene may be recovered and recycled to another 
transalkylation reaction to yield additional ethylbenzene. 
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CLAIMS: * C L M S * 

1. A process for manufacturing ethylbenzene from a first stream 
containing benzene and a second stream containing ethylene, 
comprising: · 

a) 

b) 

c) 

d) 

reacting• the first stream with the second stream in an 

alkylation reaction of benzene·· by ethylene with a 

supported heteropolyacid catalyst to obtain a third 

stream consisting of an alkylate stream containing 

mono- and poly- ethylbenzenes in which the benzene 

ring to ethyl group molar ratio, including the 

unreacted benzene, in the alkylate stream, is equal to 
or less than 1.5; 

subjecting this third stream consisting of an alkylate 

stream to at least one distillation/rectification to obtain 

a fourth stream which is a distillate containing poly­

ethylbenzenes; 

transalkylating this fourth stream consisting of the 

distillate with a fifth stream consisting of benzene 

using a supported heteropolyacid catalyst to obtain a 
sixth stream consisting of a transalkylate rich in 

monoethylbenzene; and 

subjecting this sixth stream consisting of a 

transalkylate to at least one distillation-rectification to 

obtain a seventh stream consisting of ethylbenzene. 

2. A process· for manufacturing ethylbenzene from a first stream 

containing benzene and a second stream containing ethylene, 

comprising: 

' • 



W096/11175 

s 

10 

PCT/US95/13100 
-17 -

::. . ·1·'.> 
a) reacting the first stream with the siCbnd stream in an · 

b) 

alkylation reaction of benzene by ethylene using a Y 

zeolite catalyst to obtain a third stream consisting of 
an alkylate stream containing mono- and poly­
ethylbenzenes in which the benzene ring to ethyl 

group molar ratio, including the unreacted benzene, 
in the alkylate stream, is equal to or less than 1.5; 

subjecting this third stream consisting of an alkylate 
stream to at least one distillation/rectification to obtain 
a fourth stream which is a distillate containing poly­
ethylbenzenes; 

c) . transalkylating this fourth stream consisting of the 

is distillate. with a fifth stream consisting of benzene 
using a a Y zeolite catalyst to obtain a sixth stream 

consisting of a transalkylate rich· in 
monoethylbenzene; and 

20 

3. 
25 

d) subjecting this sixth stream consisting of a 
transalkylate to at least one distillation-rectification to 
obtain a seventh stream consisting of ethyl benzene. 

A process for manufacturing ethylbenzene from a first stream 
containing benzene and a second stream containing ethylene, 
comprising: 

a) reacting the first·stream with the second stream in an 
.· alkylation reaction of benzene . by ethylene with a 

30 supported heteropolyacid catalyst to obtain a third 

stream consisting of an alkylate stream containing 
mono- and poly- ethylbenzenes in which the benzene 
ring to · ethyl group molar ratio, including the 
unreacted benzene, in. the alkylate stream, is equal to 

35 or less than 1.5; 

111111111111111111111111111111 
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b) subj.ding this third stream consisting. of an alkylate 

stre•m to at least one distillation/redification to obtain 
a fot,rrth stream which is a disti!late .. containing poly­
ethylpenzenes; 

c) transalkylating this fourth stream consisting of the 
. . 

distillate with a fifth ·stream consisting of benzene 

. using a Y zeolite catalyst to obtain a sixth stream 
conststing of a transalkylate rich in 

10 monoethylbenzene; and 
' 

IS 

20 

2S 

30 

3S 

d) subj~cting this sixth stream consisting of a 
transalkylate to at least one distillation-redification to 

obtairi a seventh stream consisting of ethylbenzene. 

4. A process Jor manufaduring ethylbenzene from a first stream 
containing benzene. and a second stream containing ethylene, 
comprising: 

a) 

b) 

c) 

reading. the first strea~ with the second stream in an 
alkylation readion of benzene by ethylene with a . Y 
zeolite catalyst to obtain a third stream: consisting of 

an alkylate stream containing mono- and poly­
ethylbenzenes in ·which the benzene· ring to ethyl 

group molar ratio, including the unreaded benzene, 

in the alkylate stream, is equal to or less than 1.5; 

subjeding this third stream consisting of an alkylate 
stream to at least one distillation/redification ·to obtain 

a fourth stream which is a distillate containing poly-
ethyl benzenes; 

transalkylating this fourth stream consisting of the 
distillate with a fifth stream consisting of benzene 

using a supported heteropolyacid catalyst to obtain a 

THIS SHEET H.A.S BE:.:N 
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sixth· Stream consisting of a transalkylate rich in 

monoethylbenzene; and 

subjecting this sixth stre•m consisting of a 
transalkylate to at least one distillation-rectification to 

obtain a seventh stream consisting of ethylbenzene. 

A process according to claims 1, 3, or 4, wherein the supported 

heteropolyacid catalyst comprises a supported phosphotungstic 

acid catalyst 

6. · A process according to claims 1, 3, or 4, wherein the supported 

heteropolyacid catalyst comprises phosphotungstic acid on a silica 

support. 

7. A. process according to claims 1 i 3, or 4, wherein the supported 
heteropolyacid catalyst comprises approximately 30% by weight 

phosphotungstic acid on a silica support. 

20 8. A process according to claims 2, 3, or 4, wherein the Y zeolite 

catalyst is in the acid form. 

30 

35 

9. A process acc0rding to any of the preceding claims, wherein the 

poly-ethylbenzene component includes di-, tri-, tetra- penta-, and/or 
hexa-ethylbenzene. 

10. A process according to any of the preceding claims, wherein the 

benzene ring-to ethyl group molar ratio in the alkylation reaction is 

equal to or less than 1. 

11. A process according to any of the preceding claims, wherein the 

benzene ring to ethyl group molar ratio in· the alkylation reaction is 

between 0.3 and 1. 

12. A process according to any of the preceding claims, wherein the 

first stream also contains saturated hydro~agg'=-== 

THIS ~~E~ HA-~~~~Nl] 
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13. A process •ccorcling to any of the preceding claims, wherein the 

first stream is a light reforrnate. 

5 14. A process ~ccorcling to any of the preceding claims, wherein the 

second s~am also includes saturated hydrocarbons to the 

exclusion of• unsaturated hydrocarbons other than ethylene. 

15. A proc:ess ·4ce<>rding to any of the preceding claims, wherein the 

10 second stream is a distillation fraction of a fluid catalytic cracking 

gas including hydrocarbons with 2 or fewer carbons. 

16. A process 'ccording to any of the preceding claims,· wherein the 

fourth stream, which comprises the distillate of step b) also 

15 contains monoethylbenzene, and wherein this fourth stream, which 

comprises .the distillate undergoes at least one distillation­

rectification l to obtain an eighth stream comprising a head fraction 

containing monoethylbenzene and a ninth stream comprising a tail 

fraction containing poly- ethylbenzenes. 

20 

25 

30 

35 

17. A process according to any of the preceding claims, wherein the 

eighth stream comprising a head fraction containing 

monoethylb•nzene is recycled to step a) to cause alkylation of this 

monoethylb,nzene into poly- ethylbenzenes. 

18. A process according to any of the preceding claims, wherein a 

tenth stream comprising a gasoline fraction consisting of saturated 

hydrocarbons· and with the majority of the benzene removed is 

recovered by an additional distillation-rectification. 

19. A process for manufacturing cumene from a first stream containing 

benzene and a second stream containing propylene, comprising: 

a) reacting the first stream with the second stream in an 

alkylation. reaction of benzene by propylene to obtain 

a ttt'rcl stream consisting of an alkylate stream 
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containing mono- and poly- isoJ)ropylbenzenes in 
which the benzene ring to propyl group molar ratio, 
including the unreacted benzene, in the alkylate 
stream, is equal to or less than 1.5; 

b) subjecting this third stream consisting of an alkylate 
stream to at least one distillation/rectification to obtain 
a fourth stream which is a distillate containing poly­
isopropylbenzenes; 

c) transalkylating this fourth stream consisting of the 
distillate with a fifth stream consisting of benzene to 

obtain a sixth stream consisting of a transalkylate rich 

in cumene; and 

d) subjecting this sixth stream consisting of a 
· transalkylate to at least one distillation-rectification to 

obtain a seventh stream consisting of cumene. 



s 
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In all the known processes cited above, the benzene and the 
ethylene used in the alkylation reaction are each products of sufficient 
purity to lead to technical grade ethylbenzene, which can then be purified 
to the desired degree by distillation-rectification. 

Petroleum refining technologies and the principle products resulting 
from them have also been described in Encyclopedia of Chemical 
Technology, 3rd Edition, Vol. 17, p. 183 and following. 

io EP 0402202 is directed towards producing an alkytbenzene from a 
mono olefin in the presence of a dealuminzed Y zeolite. An objed of this 
invention is to improve. the alkylation yield in mono-alkylbenzene by 

reducing the proportion of polyalkyl-benzenes. 

is Thus, certain heavy fractions obtained by distillation of petroleum 
are catalytically cracked in fluid catalytic cracking {FCC) to yield lighter 
products, which are put on the market as high-octane gasolines. This 
cracking also provides a certain proportion of so-called FCC gases, of 
which a light fraction comprises saturated hydrocarbons having two or 

20 fewer carbons and ethylene. This ethylene is present in a proportion by 
weight generally lower than 30% in this light fraction. The recovery of this 
ethylene by liquefaction follov.-ed by distillation is not profitable, and the 
use of this ethylene essentially diluted by methane and ethane has 
already been described, particularly in GB-1 013 268, US-A-3,131,230, 

2s US-A-3,200, 164: and US-A-3,205,277. 

In the alkylation processes of these patents, the benzene/ethylene 
ratio is greater than 2 and is generally greater than the ratio used in the 
known processes involving· practically pure ethylene, so that the ethylene 

30 present in this light fraction can be exhausted (see also: Process 
Economics Program, Stanford Research Institute, Report no. 33, October 

1986, p. 37). 

The resulting alkylate is preponderant in benzene and includes a 
35 small quantity of ethylbenzene and polyethylbenzenes. This involves a 

significant cost for separating the ethylbenzene from this mixture. Thus, 
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the light fraction of the FCC gases is not generally valued economically 
tor its ethylene content. 
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b) 

the unreacted benzene, in the alkylate stream, is 
between 0.3 and 1; 

subjecting this third stream consisting of an alkylate 
stream to at least one distmation/rectification to obtain 
a fourth stream which is a distillate containing poly­
ethytbenzenes: 

c) transalkylating this fourth stream consisting of the 

io distillate with a fifth stream consisting of benzene 
with a supported heteropolyacid or a Y zeolite catalyst 
to obtain a sixth stream consisting of a transalkylate 
rich In monoethylbenzene; and 

15 d) subjecting this sixth stream consisting Of a 
transalkylate to at least one distfllation-rectification to 
obtain a seventh stream consisting of ethylbenzene. 

In another embodiment the heteropolyacld comprises 
20 pheisphotungstic acid on a silica support. In yet another embodiment the 

Y zeolite catafyst is In the acid form. The poly~thylbenzene component 
includes di-. ttJ.., tetra- penta-, and/or hexa-ethyfbenzene. 

In another embodiment, the benzene I ethy!~ne molar ratio in the 
1s alkylation reaction is between 0. 3 and 1. Jn yet another embodiment, the 

benzene I ethylene molar ratio in the alkytation reacUon is equal to or less 
than 1. 

30 

In another embodiment the first stream is a light retormate. 

In another embodiment, the second stream also includes saturated 
hydrocarbons to the exdusion of unsaturated hydrocarbons other than 
ethylene. In yet another embodiment, the second stre~m is a dfstilJation 
fraction of a fluid catalytic aacking gas including hydrocarbons with 2 or 

JS fewer carbons. 
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implemented on the same site where the alkylation of stage a) is 
conducted, or at another site where sufficient quantities of benzene are 
available. In the latter case, the polyethylbenzenes based en di· and tri­
ethylbenzene can be introduced into a classic alkylation unit at the entry 

s point of the alkylation or the transalkylation reactor. 

This process utilizing dilute benzene feedstock may also be applied 
to the manufacture of cumene. rather than ethylbenzene1 by using a dilute 
propylene feedstock stream, rather than a dilute ethylene feedstock 

10 stream. 

15 

In addition to this description, the invention can be better 
understood with the following examples. 

EXAMPLES 

Example 1 

This Example illustrates the process of the invention for production 
20 of ethylben%ene using a supported phosphotungstic acid catalyst 

Alkylation Catalyst Preparation 

The supported phosphotungstic acid catalyst is prepared by the 
2s method of incipient wetness as follows. The silica power (Davison 62) 1s 

calcined at eoooc overnight, and the phosphotungstic acid Is dried at 120° 
C ovemight. The dried phosphotungslic acid (21.43 g) is dissolved in 75 
cm3 of water and this solution is added to the calcfned smca powder (50 
g). . The resulting material is first dried overnight at 120°C and then 

30 cal~ined at 300°C for three hours. This results in a 30% by weight leading 
of phosphctun9stic acid on the silica. Before uee, the catalyst was dried 
again at 200°C under vacuum ovemight. 
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First Step - Alkylation 

In a 300 cm3 magnetically stirred autoclave were placed dry 
benzene (40.4 g). dry hexanes (59.0 g), and a catalyst composed of 30% 

s by weight of phosphotungstic acid supponed on silica powder (9.6 g) 
prepared as described above. The autoclave was sealed, purged with 

hydrogen to remove air, and then pressured with 345 kPa {SO psi) gauge 
of hydrogen. The autoclave was heated to 180°C with stirring and then an 
additional pressure of 105 kPa (15 psrg) of ethylene was added to the 

to autoclave from a reservoir through a pressure regulator. As ethylene was 
consumed in the reaction more ethylene was added from the reservoir to 
maintain the pressure in the autoclave. After 17 hours the ethylene 
supply was closed, the reactor was cooled and vented, and the contents 
were removed. The. amount of ethylene consumed was not directly 

u measured. 

A second alkylation reaction was run in the same manner to 
duplicate the results and to make more product. The materials initially 
placed In the autoclave were dry benzene (41.0 g). dry hexanes (59.7 g), 

20 and 30% by weight of phosphotungstlc acid supported on silica powder 
{9.7 g) prepared as described above. The readion was run for 17.5 
hours. 

The catalyst was filtered from the product of each reaction, and the 
2s products were combined and analyzed by capillary column gas 

chromatography. The combined product was found to conta;n 21.4 g . of 

30 

benzene and S2.4 g of ethylbenzene and polyethylbenzenes with the , 
following composition by weight: 

il 
34.3% 

gj:Sll 
23.3% 

tri..£8 

13.8% 
tetra-EB 

6.8% 
penta-EB 

8.3DA 
hexa-EB 
13.4% 

Thus, 73. 7% of . the benzene was converted. The mixture of 
ethylbenzene and poJyethylbenzenes has a molar ratio of ethyl groups to 
benzene rings (Et/Bz) of 2.2. J"he Et/Bz molar ratio In the entire product, 
incJuding unreacted benzene, is 1.4. The only difference between the two 
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ratios is the unreacted benzene. These molar ratios may also be 
expressed as Bz/Et of 0.45 and 0. 7 respectively. 

Second Step - Distillation 

Distillation is used to first separate the hexanes and unreacted 
benzene from the ethylbenzene and PEB product, and then to separate 
the ethylbenzene from the mixture of polyethylbenzenes before 
transalkylation of this PEB mixture ·to make more ethylbenzene. 

In this example, distillation of the combined products removed all of 
the hexanes and benzene, and some of the ethylbenzene product (10.4 
g). A smaU amount of diethylbenzene was unintentionally removed (1.6 
g). After the distillatlon the remaining material (62.4 g) was dissolved in a 

1s small amount of benzene (28.3 g) and analyzed by capillary column gas 
chromatography. There was found 51.0 g of a mixture of ethylbenzene 
and polyethylbenzene with the following composition by weight: · 

~ 
9.7% 

di-EB 

24.9% 

tri-EB 

19.7% 

tetra-EB penta-EB hexa-EB 
10.7% 13.3% 21.7% 

20 Third Step - Transalkylation 

To a 300 cm3 magnetically stirred autoclave was added 22.0 g of the 
mixture of ethylbenzene and polyethylbenzenes remaining after distillation 
(with added benzene), additional dry benzene (94.0 g), and a catalyst 

2s. composed of 30% by weight of phosphotungstic acid supported on silica 
powder (1 o.o g) prepared as described above. Thus, the Et/Bz molar ratio 
in the reactants was 0.17 or Bz/Et = 5.9. The autoclave was sealed, 
purged with nitrogen to remove air, and then pressured with 345 kPa (50 
psi) gauge of nitrogen. The autoclave was heated to 1 B0°C with stirring. 

30 After 17.5 hours the reactor was cooled and vented, and the contents 
were removed and analyzed by capillary column gas chromatography. A 
yield of 15.5 g of ethylbenzene was found. Thus, transalkylation of the 
entire mixture of ethylbenzene and polyethylbenzenes remaining after 
distillation would yield 63.9 g of ethylbenzene (EB), which combined with 

JS the EB recovered 
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by distillation in the second step is 74.3 g EB. Those skilled in the art will 
recognize that both the remaining polyethylbenzenes in the transalkylation 

. product and the remaining excess benzene may be recovered and 
recycled to another transalkylation reaction to yreld additional 

5 ethylbenzene. 

Example2 

10 This Example iJlustrates the production of ethylbenzene using a Y 
zeolite catalyst in the acid fonn (LZY-84, UOP) for both reaction steps. 

Alkylatjon Catalyst preoaration 
Thia catalyst was received as 1.6 mm (1/16 inch) extrudates. 

i~ Before use it was crushed to a powder and dried under vacuum at 2ao0c 
ovemight. AU other procedures except for the catalyst preparation are the 
same as in Example 1. 

First Step - Alkylltioo 
:z:o In a 300 cm3 magnetically stirred autoclave were placed dry 

benzene (42.2 g), dry hexanes (62.4 g), and a Y zeolite cat~lyst (LZY-84, 
UOP, 8.8 g) prepared as described above. The autoclave was sealed, 
purged with hydrogen to remove air, and then pressured with 345 kPa {50 
psig) guage cf hydrogen. The autoclave was heated to 1 aocc with stlning 

2' and then an additional pressure of 105 kPa (15 psi) of ethylene was 
added to the autoclave from a reservoir through a pressure regurator. As 
ethylene was consumed in the reaction mere ethylene was added from the 
reservoir to maintain the pressure in the autoclave. After 17.5 hours the 

eth~lene supply was closed, the reactor was cooled and vented, and the 
30 contents were ·removed. 

A second alkylation reaction was run In the same manner. The 

materials initially placed in the autoclave were dry benzene (43.8 g), dry 
hexanes (60.5 g). and Y zeofite catalyst (LZY-84, UOP, 7.8 g) prepared as 

3' described ·above. The reaction was run for 17 .5 hours. 
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The catalyst was filtered from the product of each reaction. and the 
products were analyzed by capillary column gas chromatography. The 
combined product was found to contain 20.5 g of benzene and 68.8 g of 
ethylbenzene and polyethylbenzenes with the following composition by 

s · weight: 

~ 
50.1% 

di-EB 

23.0% 

tri-EB 
12.5% 

tetra-EB 

6.6% 
penta-EB hexa-EB 

5.8% 2.1% 

Thus, 76% of the benzene was converted. The mixture of 
ethyJbenzene and polyethylbenzenes has a molar ratio of elhyl groups to 

10 benzene rings (Et/Bz) of 1. 7 or a Bz/Et ratio of 0.59. The Et/Bz molar ratio 
in the entire product (including unreacted benzene) is 1.2 which may be 
expressed as Bz/Et of 0.83. 

15 

Second Step - Distillation 

Distillation of the combined products removed all of the hexanes and 
benzene, and some of the ethylbenzene product ( 19. 0 g). A small amount . . 

of diethylbenzene was unintentionally removed (1.7 g). After the 
distillation the remaining material (66.6 g) was rinsed out of the distillation 

20 pot with a small amount of benzene (4.9 g) and analyzed by capiflary 
column gas chromatography. There was found 48. 1 g of a mixture of 
ethylbenzene and polyethylbenzene with the fo!lowing composition by 
weight: 

25 

EB 

29.9% 

di-EB 

29.9% 
tri-EB 

18.2% 

Third ·step - Transalkvlation 

tetra-EB 

10.0% 

penta-EB 

B.8% 

hexa-EB 

3.2% 

To a 300 cm' magnetically stirred autoclave was added 26. 1 g of the 
mixture of ethylbenzene and polyethylbenzenes remaining after distillation 

JO (with added benzene), additional dry benzene (109.0 g), and a Y zeolite 
catalyst (LZY-84, UOP, 10.2 g) prepared as described above. Thus, the 
Et/Bz molar ratio in the reactants was 0.1 B or expressed as a Bz/Et molar 
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ratio of 5.6. The autoclave was sealed, purged with nitrogen to remove 

air. and then pressured with 345 kPa (50 psi) gauge of nitrogen. The 
autoclave was heated to 180°C with stirring. After 20. 7 hours the reactor 
was cooled and vented, and the contents were removed and analyzed by 

s capUlary column gas chromatography. A yield of 33.0 g of ethylbenzene . . 

was found. Thus, transalkylation of the entire mixture of ethylbenzene 

and polyethytbenzenes remaining after distillation would yield 90.6 g of 
EB, which combined with the EB recovered by disttllation in the second 
step, is 109.8 g EB. Those skilled In the art will recognize that both the 

10 remaining polyethylbenzenes in the transalkylatfon product and the 
remaining excess benzene may be recovered and recycled to another 
transalkyJatlon reaction to yield additional ethylbenzene. 
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1. A process for manufacturing (i) ethylbenzene or (ii) cumene from a 
first stream centaining benzene and (i) a second stream containing 
ethylene. er (fi) a second stream containing propylene comprising: 

a) alkytating the first stream with the second 

stream. to obtain (i) an alkylate stream 
containing mono- and poly- ethylbenzenes or 
(Ii) an alkyl~ stream containing mono- and 
poly- isopropylbenzenas 

b) subjecting the alkylate stream to at least one 

distfllation/rectiflcation to obtain a distillate 

stream containin~ (i) poly- ethylbenzenes or (ii) 
poly- isoprdpylbenzenes; 

c) transalkylatlng the distlllata stream with a 
benzene stream ta obtain a transalkylate 

stream rieh in (i) monoethyJbenzene or (ii) 

cumene; and 

d) subjecting the transalkylate· stream tc at least 

one distillation-rf'ct!fic~!on to obtain (i) 
ethylbenzene or (ii) cumene; 

characterized in that in step (a) the first and second streams 

are reacted in amounts such that in the alkylate stream the 
molar ratio of benzene rings (including those of unreacted 

30 benzene) (1) to ethyl groups or (if) to propyl groups is 
between 0.3 and 1; and in that, for manufacture of 
ethylbenzene, the alkylation step (a) and the tranaalkylation 

step (c) are carried out in the presence of a supported 

heteropolyacid catalyst or a Y zeolite catalyst. . 
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2. A process according to Claim 1 wherein the catalyst used in steps 
(a) and (c) for ethylbenzene manufacture is a supported 
heteropolyacid catalyst. 

s 3. A process according to Clafm 1 wherein the catalyst used in steps 
(a) and (c) for ethylbenzene manufacture is a Y zeolite. 

10 

IS 

4. A process according to Claim 1 wherein the ca1alyst used in steps 
(a) and (c) fOr ethylbenzene manufacture are supported 
heteropolyacid catalyst and a Y zeollte respectively. 

5. A precess according to Clafm 1 wherein the catalyst used. In steps 
(a) and (c) for ethylbenzene manufacture is a Y zeolite and 
supported heteropolyacid respec:tively. 

6. A process according to any of claims 11 2, 4, and 5, wherein the 
supported heteropolyacfd catalyst comprises a supported 
phosphotungstic acid catalyst 

20 7. A process according to claim e, wherein the catalyst comprises 
phosphotungstlc acid en a smca support. 

2S 

8. A process accorcllng to claim 7, wherein the catalyst comprise$ 
approximately 30% by weight phosphotungstlc acid on a silica 

support. 

9. A process according to any of claims 1, 3, 4, and 51 wherein the Y 
zeolite catalyst is in the acid form. 

30 1 o. A process according to any of the preceding claims, wherein the 
poly-ethylbenzene component Includes di-, trl-, tetra- penta-. and/or 
hexa-ethylbenzene. 

11. A process according to any of the preceding claims, wherein (i) the 
35 benzene ring ta ethyl group molar ratio or {ii) the benzene ring to 
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propyl group molar ratio In the alkylation reaction is equal to or less 
than 1. 

12. A process according to claim 11, wherein (i) the benzene ring to 
s ethyl group molar ratio or (ii) the benzene ring to propyl group 

molar ratio in the alkylation reaction is between 0.3 and 1. 

10 

13. A process according to any of the preceding claims. wherein the 
first stream also contains saturated hydrocarbons. 

14. A process according to olaim 13, wherein the first stream is a light 
reformate. 

15. A process according to any of the preceding claims, wherein the 
is . second stream also includes saturated hydrocarbons to the 

exclusion of unsaturated hydrocarbons other than (t) ethylene or (ii) 
propylene. 

16. A process for ethyJbenzene manufacture accordfng to any of the 
10 preceding claims, wherein the second stream is a distillatfon 

fraction of a fluid catalytic cracking gas inCludlng hyd~carbons with 
2 or fewer carbons. 

17. A process according to any of the preceding claims, wherein the 
2s distillate stream from step b) also contains (f) monaethylbenzene or 

(ii) monoisopropylbenzene, and is subjected to additional step 
comprising at least one distillation·rectlfication to obtain a head 
fraction containing. (j) monoethylbenzene or (ii) 
monoisopropylbenzene, and a tail fraction containing (i) poly· 

30 ethylbenzenes or (ll) polyisopropyl benzenes, which tail fraction is 
passed to step (c). 

18. A process according to claim 17, wherein the head fraction 
containing (I) monoethylbenzene ar (ii) monoisopropylbenzena, is 

35 recycled to step a) for alkylatfon of (I) this monoethylbenzene into 
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poly- ethylbenzenes, or (ii) this monoisopropyl benzene into poly­
isopropylbenzenes. 

19. A process according to any of the preceding claims, Wherein a 
5 stream comprising a gasoline fraction consisting of saturated 

hydrocarbons and with the majority of the benzene removed Js 
recovered by an additional distillation-rectificatlon. 

20. A precess according to claim 1 for manufacturing cumene from a 
io first stream containing benzene and a second stream containing 

propylen~ comprising: 

a) alkylating the first benzene stream with the second 
propylene stream in to obtain an alkytate stream 

is containing mono- and poly- isopropylbenzenes, the 
first and second streams being reacted in amounts 
such that in the alkylate stream the molar ratio of 
benzene rings (ineludtng those of unreacted benzene) 
to propyl groups is less than between 0.3 and 1; 

20 

b) subjecting the alkylate stream. to at least one 
distlllatlontrectification to obtain a distillate stream 
containing poly- Jsopropylbenzenes; 

c) transalkyfatlng this distillate stream with a benzene 
stream to obtain a transalkylate stream rich in 
cumene; and 

d) subjecting the transalkylate stream to. at least one 
30 distllJation-rectification to obtain cumene. 
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(57) Abstract 

The production of ethylbenzene from dilute ethylene and dilute benzene is accomplished in three steps. First, the benzene feedstock 
stream, containing benzene, is alkylated with the dilute ethylene feedstock stream, C;Ontaiiiing ethylene, to form ethylbenzene along with 
polyethylbenzenes (PEB) which includes a mixture of di- and triethylbenzene that may also contain tetra-, penta-, and hexaethylbenzenes. 
Second, the product of the first step is distilled to remove the ~ted benzene and other unreacted material. Some of the ethylbenzene is 
recovered by distillation. In a third step, the polyethylbenzenes me transalkylated with excess pme benzene to fonn product ethylbenzene. 
The product ethylbenzene may be recovered by distillation. This process utilizing dilute benzene feedstock may also be applied to the 
manufacture of cumene, rather than ethylbenzene, by using a dilute propylene feedstock stream, rather than a dilute ethylene feedstock 
stream. Catalysts used for the alkylation and transalkylation step are supported heteropolyacid catalysts such as phosphotungstic acid on a 
silica ~upport or Y zeolite catalyst in the acid fonn. 


