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This invention relates to an improved process for the 
production of an aromatic compound, and more particu 
larly relates to an improved process for the alkylation 
of an alkylatable aromatic compound with an olefin 
acting compound, and still more particularly relates to 
the alkylation of an aromatic hydrocarbon with an oleíinic 
hydrocarbon which may be in combination with other 
gases which are unreactive at the process conditions 
utilized. Further, this invention relates to a combination 
process including the steps of alkylation, trans-alkylation 
and separation. 
The principal object of this invention is to provide an 

improved process for the alkylation of alkylatable aro 
matic compounds with olefin-acting compounds in the 
presence of free and/or combined boron trifluoride. I 
have found that unusual problems are encountered in 
the commercial application of such processes due to 
trace quantities of Water encountered per se or as co 
ordination compounds of ‘boron tritluoride. These prob 
lerns are solved by the utilization of the process of the 
present invention, which process results in maximum 
yield of desired alkylated aromatic hydrocarbon and mini 
mum loss of alkylating agent, alkylatable aromatic hydro 
carbon and boron trifiuoride. A further object of this 
invention is to provide an improved process for the pro 
duction of ethylbenzene, a desired chemical intermediate, 
which ethylbenzene is utilized in large quantities in dehy 
drogenation processes for the manufacture of styrene, 
one of the starting materials for the production of resins 
and some synthetic rubber. Another specific object of 
this invention is to produce alkylated aromatic hydro 
carbons boiling Within the gasoline boiling range having 
high anti-knock value and which may be used as such 
or as a component of gasoline suitable for use in auto 
mobile and airplane engines. Still another object of this 
invention is a process for the production of cumene by 
the reaction of benzene with propylene, which cumene 
product is oxidized in large quantities to form curnene 
hydroperoxide Which is readily decomposed into phenol 
and acetone. Another object of this invention is to pro 
vide a process for the introduction of alkyl groups into 
aromatic hydrocarbons of high vapor pressure at normal 
conditions with minimum loss of said high vapor pres 
sure aromatic hydrocarbons and maximum utilization 
thereof in the process. Still another object of this in 
vention is an improved process in which molar excesses 
of aromatic hydrocarbons to be alkylated are utilized, 
and in which process the yield of monoalkylated aromatic 
hydrocarbon product is exceptionally high due to maxi 
mum consumption of polyalkylated aromatic hydrocar 
bon by-products in the process. The further »object of 
maximum boron triiluoride utilization as a catalyst in 
this process, along with other objects of this invention, 
will be set forth hereinafter as part of the accompanying 
specification. 
One embodiment of the present invention relates to 

an improved process for the production of an aromatic 
compound which comprises alkylating an allrylatable 
aromatic compound With an olefin-acting compound in 
the presence of a catalytic amount of boron tritluoride 
in an alkylation reaction zone containing a boron tri 
iiuoride-modified substantially anhydrous inorganic oxide, 
commingling the eñiuent of said alkylation zone with 
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effluent from a transalkylation reaction zone as herein 
after set forth, passing the thus commingled effluents 
to a separation zone, separating from the separation zone 
unreacted aromatic compound substantially free of boron 
compound impurities, desired monoalkylated aromatic 
compound, higher molecular Weight polyalkylated aro 
matic compound and boron trifiuoride, recycling at least 
a portion of said unreacted aromatic compound to the 
alkylation zone, removing desired monoalkylated aro 
matic compound as product from the process, passing 
said polyalltylated aromatic compound in admixture With 
at least a portion of said unreacted aromatic compound 
and boron trifiuoride to a transalkylation zone containing 
boron triñuoride-modiñed substantially anhydrous inor 
ganic oxide and therein reacting the polyalkylated aro 
matic ̀ compound with unreacted compound, and recycling 
the eii‘luent therefrom to said commingling step as afore 
said. 
Another embodiment of the present invention relates 

to an improved process for the production of an aro 
matic compound which comprises alkylating and alkyl 
a‘table- aromatic compound With an oleñn-acting com 
pound in the presence of a catalytic amount of boron 
triiiuoride in an alkylation reaction zone containing a 
boron trifiuoride-modii'ied substantially anhydrous inor 
ganic oxide, commingling the efliuent from said alkyl 
ation zone with effluent from a transalkylation reaction 
zone as hereinafter set forth, passing the thus commingled 
eíiluents to a first fractionation column, taking as bot 
toms from said column desired monoalkylated aromatic 
compound in admixture with higher molecular weight 
polyalkylated aromatic compound, passing said admixturc 
to further fractionation in a second fractionation column, 
taking as overhead from said ñrst column unreacted 
aromatic compound and boron triiiuoride, separating 
said boron trifluoride from said unreacted aromatic com 
pound, passing said unreacted aromatic compound to 
a stripper zone, countercurrently contacting said unre 
acted aromatic compound With stripping gas, passing 
stripped unreacted aromatic compound to a treating 
zone, treating said stripped unreacted aromatic compound, 
recovering unreacted aromatic compound substantially 
free of boron compound impurities, recycling at least 
a portion of said unreacted aromatic compound to the 
alkylation zone, passing the admixture of desired mono 
alkylated aromatic compound and undesired polyalkyl 
ated aromatic compound to a second fractionation col 
umn, removing overhead in said second fractionation 
column desired monoalkylated aromatic compound as 
product from the process, passing as bottoms from said 
second fractionation column polyalkylated aromatic com 
pound and mixing the same with at least a portion of 
said unreacted aromatic compound and boron triñuoride, 
passing said mixture to a transalkylation zone containing 
boron trifluoride-modiiied substantially anhydrous inor 
ganic oxide and therein reacting the polyalkylated aro 
matic compound with unreacted aromatic compound, 
and recycling the effluent therefrom to said commingling 
step as aforesaid. 
A further embodiment of the present invention relates 

t0 an improved process for the production of an aromatic 
compound ywhich comprises alkylating an alkylatable aro 
matic compound with an olefin-acting compound in the 
presence of a catalytic amount of boron trifluoride in an 
alkylation reaction zone containing a boron triñuoride 
modified substantially anhydrous inorganic oxide, corn 
mingling the effluent from said alkylation zone With efflu 
ent from a transalkylation reaction zone as hereinafter set 
forth, passing the thus commingled efliuents to a frac 
tionation column, taking as bottoms from said column de 
|sired monoalkylated aromatic compound in admixture 
with higher molecular weight polyalkylated aromatic 
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compound, passing said admixture to further fractionation 
in a second fractionation column, taking as overhead 
from said first column boron triiiuoride, taking as side 
eut from said first column unreacted aromatic compound, 
passing said unreacted aromatic compound to a treating 
zone, treating said unreacted aromatic compound, recov 
ering unreacted aromatic compound substantially free of 
boron compound impurities, recycling at least a portion 
of said unreacted aromatic compound to the alkylation 
zone, passing the admixture of desired monoalkylatcd aro 
matic compound and undesired .polyalkylated aromatic 
compound to a second fractionation column, removing 
overhead in said second fractionation column desired 
.monoalkylated aromatic compound as product from the 
process, passing as bottoms from said second fractiona 
tion column lpolyalkylated aromatic compound and mix 
ing the same with at least a portion of said unreacted 
aromatic compound and boron trifluoride to a transalkyla 
tion zone containing boron trifluoride-modified substan 
tially anhydrous inorganic oxide and therein reacting the 
polyalkylated aromatic compound with unreacted aro 
matic compound, and recycling the effluent .therefrom to 
said commingling step as aforesaid. 
A specific embodiment of the present invention relates 

to an improved process for the production of ethylben 
zene which comprises alkylating benzene with ethylene in 
the presence of a catalytic amount of boron triñuoride in 
an alkylation reaction zone containing a boron triiiuoride 
modified substantially anhydrous alumina, commingling 
the effluent of said alkylation zone with efiiuent from a 
transalkylation reaction zone as hereinafter set forth, pass 
ing the thus commingled efliuents to a separation zone, 
separating from the separation zone unreacted benzene 
substantially free of boron compound impurities, desired 
ethylbenzene, higher molecular Weight polyethylbenzenes 
and boron .trifluoride, recycling at least a portion of said 
unreacted benzene to the alkylation zone, removing de 
sired ethylbenzene as product from the process, passing 
said polyethylbenzenes in admixture with at least a por 
tion of said unreacted benzene and boron trifiuoride to a 
transalkylation zone containing boron tritluoride-modified 
substantially anhydrous alumina and therein reacting the 
polyethylbenzenes with unreacted benzene, and recycling 
the effluent therefrom to said commingling step as afore 
said. 

Other embodiments of the present invention will be 
come apparent in considering the specification as herein 
after set forth. 

This invention can be most clearly described and illus 
trated with reference to the attached drawings. While of 
necessity, ycertain limitations must be present in such sche 
matic descriptions, no intention lis meant thereby to limit 
the generally broad scope of this invention. As stated 
hereinabove, the first step of the process of the present in 
vention comprises alkylating an alkylatable aromatic com 
pound with an olefin-acting compound in the presence of 
a catalytic amount of boron trifluoride in an alkylation 
reaction zone containing a boron triliuoride-modified sub 
stantially anhydrous inorganic oxide. In FIGURE l, this 
first step is represented as taking place in alkylation re 
action zone 4 labeled alkylation. However, the mixture 
of boron tritiuoride, alkyltable aromatic compound, and 
olefin-acting compound must be furnished to this reaction 
zone. In the drawing, the boron tritluoride is represented 
as being furnished to reaction zone 4 through line 1. The 
olefin-acting compound is represented as being furnished 
to reaction zone 4 through line 2. The alkyltable aro 
matic compound is represented as being furnished to re 
action zone 4 through line 3. 
The olefin-acting compound, particularly olefin hydro 

carbon, which may be charged to reaction zone 4 via line 
2, may be selected from diverse materials including mono 
olefins, diolefins, polyolefins, acetylenic hydrocarbons, and 
also alcohols, ethers, and esters, the latter including alkyl 
halides, alkyl sulfates, alkyl phosphates, and various esters 
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of carboxylic acids. The preferred olefin-acting com 
pounds are olefinic hydrocarbons which comprise mono 
oleiins containing one double bond per molecule and poly 
olefins which contain more than one double bond per mol 
ecule. Monoolefins which are utilized as olefin-acting 
compounds in the process of the present invention are 
either normally gaseous or normally liquid and include 
ethylene, propylene, l-butene, Z-butene, isobutylene, and 
higher molecular weight normally liquid oletins such as 
the various pentenes, hexenes, heptenes, oetenes and mix 
tures thereof, and still higher molecular Weight liquid ole 
fins, the latter including various oleñn polymers having 
from about 9 to about 18 carbon atoms per molecule in 
cluding propylene trimer, propylene tetramer, propylene 
pentamer, etc. Cycloolefins such as cyclopentene, methyl 
cyclopentene, cyelohexene, methylcyelohexene, etc., may 
also be utilized. Also included within the scope of the 
olefin-acting compound are certain substances capable of 
producing olefinic hydrocarbons or intermediates thereof 
under the conditions of operation utilized in the process. 
Typical olefin-producing substances or olefin-acting corn 
pounds capable of use include alkyl halides capable of un 
dergoing dehydrohalogenation to form olefinic hydrocar 
bons and thus containing at least 2 carbon atoms per mol 
ecule. Examples of such alkyl halides include ethyl iiuo 
ride, n-propyl fluoride, isopropyl fluoride, n-butyl fluoride, 
isobutyl fiuoride, sec-butyl fluoride, tert-butyl liuoride, 
etc., ethyl chloride, n-propyl chloride, isopropyl chloride, 
n-butyl chloride, isobutyl chloride, sec-butyl chloride, tert 
butyl chloride, etc., ethyl bromide, n-propyl bromide, iso 
propyl bromide, n-butyl bromide, isobutyl bromide, sec 
butyl bromide, tert-butyl bromide, etc. As stated herein 
above, other esters such as alkyl sulfates including ethyl 
sulfate, propyl sulfate, etc., and alkyl phosphates including 
ethyl phosphate, etc., may be utilized. Ethers such as di 
ethyl ether, ethyl propyl ether, dipropyl ether, etc., are 
also included within the generally broad scope of the term 
olefin-acting compound and may be successfully utilized as 
alkylating agents in the process of this invention. 

Olefin hydrocarbons, particularly normally-gaseous hy 
drocarbons, are olefin-acting compounds for use in the 
process of this invention and for passage by means of line 
2 to reaction zone 4. The process of this invention may 
be successfully applied to and utilized for complete con 
Version of oleñn hydrocarbons when these olefin hydro 
carbons are present in minor quantities in various gas 
streams. Thus, the normally gaseous olefin for use in the 
process of this invention need not be concentrated. Such 
normally gaseous olefin hydrocarbons appear in minor 
quantities in various refinery gas streams, usually diluted 
with gases such as hydrogen, nitrogen, methane, ethane, 
propane, etc. These gas streams containing minor quanti 
ties of oletin hydrocarbons are obtained in petroleum re 
fineries from various refinery installations including 
thermal cracking units, catalytic cracking units, thermal 
reforming units, eoking units, polymerization units, dehy 
drogenation units, etc. Such refinery gas streams have in 
the past often been burned for fuel value, since an eco 
nomical process for the utilization of their olefin hydro 
carbon content has not been available, or processes which 
have been suggested by the prior art utilized such large 
quantities of alkylatable aromatic compound that they 
have not been economically feasible. This is particularly 
true for refinery gas streams known as ofi-gas streams con 
taining relatively minor quantities of olefin hydrocarbons 
such as ethylene. Thus, it has been possible to catalytical 
ly polyrneirze propylene and/ or butenes in the various re 
finery gas streams, but the olf-gases from such processes 
still contain the utilizable olefin hydrocarbon, ethylene. 
In addition to containing ethylene in minor quantities, 
these ofi-gas streams contain other olefin hydrocarbons, 
depending upon their source, including propylene and 
butenes. A reiinery off-gas ethylene stream may contain 
varying quantities of hydrogen, nitrogen, methane and 
ethane with the ethylene in minor proportion, while a re 
finery off-gas propylene stream is normally diluted with 
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propane and contains the propylene in minor quantity, and 
»a refinery off-gas butene stream is normally diluted With 
butanes and contains the butenes in minor quantities. A 
typical analysis in mol percent for utilizable refinery off 
gas from a catalytic cracking unit is as follows: nitrogen, 
4.0%; carbon monoxide, 0.2%; hydrogen, 5.4%; methane, 
37.8%; ethylene, 10.3%; ethane, 24.7%; propylene, 6.4%; 
propane, 10.7% 4and C., hydrocarbons, 0.5%. It is readily 
observed that the total olefin content of this gas stream is 
16.7 mol percent and the ethylene content is even lower, 
namely, 10.3%. Such gas streams containing olefin hy 
drocarbons in minor or dilute quantities are particularly 
preferred alkylating agents within the broad scope of this 
invention. It is readily apparent that only the olefin con 
tent of such streams undergoes reaction at alkylation con 
ditions of the process, and that the remaining gases free 
from olefin hydrocarbons are vented from the process. it 
is one of the features of this invention that the gases which 
do not react may be utilized in the separation zone as here 
inafter described, or they may be vented from the process 
with minimum loss of boron trifiuoride and alkylatable 
aromatic compound due to their vapor pressure at the con~ 
ditions of temperature and pressure utilized for ventmg 
the non-reactive gases. _ 
The olefin-acting compound, acting as the alkylating 

agent, combines therewith in alkylation zone 4 alkylatable 
aromatic compound from line 3 with boron trrfiuonde 
combined therewith from line 1 as will be set forth here 
inafter. Many aromatic compounds are utilizable as 
alkylatable aromatic compounds within the process of 
this invention. The preferred aromatic compounds are 
aromatic hydrocarbons, and the preferred aromatic hy 
drocarbons are monocyclic aromatic hydrocarbons, that 
is, benzene hydrocarbons. Suitable aromatic hydrocar 
bons include benzene, toluene, ortho-xylene, metaxylene, 
para-xylene, ethylbenzene, ortho-ethyltoluene, metaethyl 
toluene, para-ethyltoluene, 1,2,3-trimethylbenzene, 1,2,4 
trimethylbenzene, 1,3,5-trimethylbenzene, normal propyl 
benzene, isopropylbenzene or cumene, normal butylben 
zene, etc. 
drocarbons are also suitable as starting materials and 
include aromatic hydrocarbons such as are produced by 
the .alkylation of the aromatic hydrocarbons with olefin 
polymers. Such products are frequently referred to 1n 
the art as alkylate, and include hexylbenzenes, nonyl 
benzenes, dodecylbenzenes, pentadecylbenzenes, hexyl 
toluenes, nonyltoluenes, dodecyltoluenes, pentadecyltol 
uenes, etc. Very often alkylate is obtained as a 
high boiling fraction in which the alkyl group at 
tached to the aromatic nucleus varies in size from 
about C9 to C18. Other suitable alkylatable aromatic 
hydrocarbons include those with two or more aryl 
groups such as diphenyl, diphenylmethane, triphenyl, 
triphenylmethane, fluorene, stilbene, etc. Examples of 
alkylatable aromatic hydrocarbons Within the scope of 
this invention utilizable as starting materials and con 
taining condensed aromatic rings include naphthalene, 
alkyl naphthalenes, anthracene, phenanthrene, naphth 
acene, rubrene, etc. When the selected alkylated aro 
matic hydrocarbon is a solid, it may be heated by means 
not shown so that it passes as a liquid through line 3 
as hereinafter described. Of the alkylatable aromatic 
hydrocarbons for use as starting materials in the process 
of this invention, the benzene hydrocarbons are pre 
ferred, and of the benzene hydrocarbons, benzene itself 
is particularly preferred. 
As stated hereinabove, boron trifluoride is added to 

alkylation zone 4 conveniently by passage through line 
l. Boron trifiuoride is a gas, boiling point _101° C., 
melting point _126° C., and is somewhat soluble in 
most organic solvents. It may be and generally is utilized 
per se by mere passage thereof as a gas through line 1 
so that it dissolves at least partially in the allrylatable 
aromatic compound passing into allrylation zone 4 via 
line 3. The boron trifiuoride may also be added as the 

Higher molecular weight alkyl aromatic hy- _ 
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solution of a gas in a suitable organic solvent. However, 
in the utilization of such solutions, care must be exercised 
so that the selective solvent is unreactive with the alkylat 
ing agent or normally gaseous olefin hydrocarbon uti 
lized in the process. Furthermore, boron trifluoride com 
plexes with many organic compounds, particularly those 
containing sulfur or oxygen atoms. These complexes, 
While utilizable as catalysts, are very stable and thus 
will interfere with the recoveiy of boron trifiuoride in 
the separation zone hereinafter set forth. Therefore, 
further limitation upon the selection of such a solvent 
is that it be free from atoms or groups which form com 
plexes with boron trifiuor-ide. The amount of boron 
trifiuoride which is utilized is relatively small. lt has 
been found that the amount necessary can be conveniently 
expressed as grams of boron trifiuoride per gram mol 
of olefin-acting compound, preferably olefin. This 
amount of boron tritluoride will not contain more than 
1.0 gram of boron tririuoride per gram mol of olefin 
utilized. When the amount of boron trifiuoride present 
in the alkylation zone is within the above expressed limit, 
substantially complete conversion of the olefin-acting 
compound is obtained even when the olefin-acting com 
pound is present in what might seem to be minor or dilute 
quantities in the gas stream. Furthermore, a portion 
of boron triñuoride then carries over from the alkylation 
reaction zone to the transalkylation reaction zone as here 
inafter described wherein that amount will be utilized 
again, or in combination with further added boron tri 
fiuoride, to cause the transalkylation reaction to go for 
ward. Thus, double use of the originally added quantity _ 
of boron trifiuoride is obtained in this process. 

Prior to passage to the alkylation zone, unreacted aro 
matic compound substantially free of boron compound im 
purities is combined with the alkylatable aromatic com 
pound via lines 9 and 3 as hereinafter set forth. Recycled 
unreacted aromatic compound is available in the process 
since it is preferred to utilize a molar excess of alkylatable 
aromatic compound over oleñn-acting compound, prefer 
ably olefin. This, as disclosed in the prior art, has been 
found necessary to prevent side reactions from taking place 
such as for example, polymerization of the olefin-acting 
compound prior to reaction thereof with the alkylatable 
aromatic compound and to direct the reaction principally 
to monoalkylation. Any molar excess of alkylatable aro 
matic compound may be utilized, although best results are 
obtained when the alkylatable aromatic compound to ole 
fin-acting compound molar ratio is from about 3:1 to 
about 20:1 or more. It is one of the features of this in 
vention that unreacted aromatic compound substantially 
free of boron compound impurities is available for re 
cycle to the aikylation reaction zone. 

Alkylation zone 4 is of the conventional type with a 
boron trifluoride-modiiied inorganic oxide disposed there 
in in the reaction zone. The alkylation zone may be 
equipped with heat transfer means, baflies, trays, heating 
means, etc. The alkylation reaction zone is preferably 
of the adiabatic type and thus feed to the alkylation zone 
will preferably be provided with the requisite amount of 
heat prior to passage thereof to said alklation zone. As 
set forth hereinabove, the alkylation reaction zone is 
packed with a boron triiluoride-modified inorganic oxide. 
The inorganic oxide with which the zone is packed may be 
selected from among diverse inorganic oxides including 
alumina, silica, boria, oxides of phosphorous, titanium di 
oxide, zirconium dioxide, chromia, zinc oxide, magnesia, 
calcium oxide, silica-alumina, silica-magnesia, silica-alu 
mina-magnesia, silica alumina-zirconia, chromia-alumina, 
alumina-boris., silica-zirconia, etc., and various naturally 
occurring inorganic oxides of various states of purity such 
as bauxite, clay (which may or may not have been previ 
ously acid treated), diatomaceous earth, etc. Of the above 
mentioned inorganic oxides, gamma-alumina and theta-alu 
mina are most readily modified by boron trifiuoride, and 
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thus the use of one or both of these boron triñuoride-modi 
fied aluminas is preferred. The modification of the inor 
ganic oxide, particularly alumina, may be carried out prior 
to or simultaneous with the passage of the reactants con 
taining boron tritiuoride to the reactor. The exact manner 
in which the inorganic oxides are modified by boron tri 
ñuoride is not completely understood. However, it has 
been found that the modification is preferably carried out 
at a temperature at least as high as that selected for use 
in the particular zone, so that the catalyst in said Zone 
will not exhibit an activity induction period. If the inor 
ganic oxide is modified prior to use, this modification may 
be carried out in situ in the reactor or in a separate cata 
lyst preparation step. More simply, this modification is 
accomplished by mere passage of boron trifiuoride gas 
over a bed of the inorganic oxide maintained at the de 
sired temperature. If the modification of the inorganic 
oxide with boron tritiuoride is carried out during the 
passage of the reactant thereover, the catalyst will exhibit 
an induction period and thus complete reaction of the 
alkylating agent with the alkylatable aromatic compound, 
and transalkylation of the recycled polyalkylated aromatic 
compounds will not take place for some hours, say up to 
12 or more. 
The conditions utilized in reaction zone 4 may be varied 

over a relatively wide range. Thus, the desired alkylation 
reaction in the presence of the above indicated catalyst 
may be effected at a temperature of from about 0° or 
lower to about 300° C. or higher. The alkylation reaction 
is usually carried out at a pressure of from about substan 
tially atmospheric, preferably from about 15 to about 200 
atmospheres or more. The pressure utilized is usually 
selected to maintain the alkylatable aromatic compound in 
substantially liquid phase. However, within the above 
mentioned temperature and pressure ranges, it is not al 
ways possible to maintain the olefin-acting compound in 
liquid phase. Thus, when utilizing a reñnery off-gas con 
taining ethylene as the olefin-acting compound, the ethyl 
ene will be dissolved in the liquid phase alkylatable aro 
matic compound (and alkylated aromatic compound as 
formed) to the extent governed by temperature, pressure, 
and solubility considerations. However, a portion there 
of will always be in the gas phase. The hourly liquid 
space velocity of the liquid through the alkylation zone 
may be varied over relatively wide range of from about 
0.1 to about 20 or more. 
When the alkylation reaction has proceeded to the de 

sired extent, preferably with 100% conversion of the 
olefin-acting compound, the products from the alkylation 
zone which may be termed alkylation zone effluent, pass 
from alkylation reaction zone 4 via line 5 to a commingling 
step, hereinafter described, to separation zone 6. 

In separation zone 6, unreacted aromatic compound 
substantially free of boron compound impurities, desired 
monoalkylated aromatic compound, higher molecular 
weight polyalkylated aromatic compound and boron tri 
fluoride are separated as hereinafter described with refer 
ence to FIGURES 2 and 3. At least a portion of said 
unreacted aromatic compound substantially free of boron 
compound impurities is recycled via lines 9 and 3 to 
akylation zone 4 and via lines 9 and 10 to transalkylation 
zone 13. Desired monoalkylated aromatic compound is 
removed as product from the process via line 15 from 
separation zone 6. Boron triiiuoride recovered from sepa 
ration zone 6 is removed via line '7 where at least a portion 
of said boron triliuoride is returned to the separation zone 
and the remainder or net amount is passed via line 3 to 
lines 1 and 12 as hereinafter set forth. Polyalkylated aro 
matic compound is passed to transalkylation zone 13 from 
separation zone 6 Via line 11. 

Transalkylation zone 13 is of the conventional type 
with a boron triñuoride-modified inorganic oxide disposed 
therein in the reaction zone. The transalkylation zone 
may be equipped with heat transfer means, baffles, trays, 
heating means, etc. The transalkylation reaction zone is 
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8 
preferably of the adiabatic type and thus feed to the 
transalkylation zone will preferably be provided with the 
requisite amount of heat prior to passage thereof to said 
transalkylation zone. As set forth hereinabove, the trans 
alkylation reaction zone is packed with a boron triiiuoride 
modified inorganic oxide. The particular boron triiluo 
ride-modified inorganic oxide is generally selected so that 
the same material is utilized in both the alkylation reac 
tion zone and the transalkylation reaction zone. Since 
the conditions necessary for transalkylation are generally 
more severe than for alkylation, one effective means for 
increasing severity is by utilization of a bed of boron tri 
iiuoride-modiñed inorganic oxide in transalkylation zone 
13 of greater depth than was utilized as in the alkylation 
zone 4. By the utilization of such greater bed depth, one 
effectively decreases the liquid hourly space velocity of 
the combined feed therethrough and thus increases reac 
tion zone severity. As was the case with the conditions 
utilized in the alkylation reaction zone, the conditions 
utilized in transalkylation reaction zone 13 may be varied 
over a relatively wide range, but, as set forth hereinabove, 
are usually of greater severity than prevail in the alkyla 
tion reaction zone. Various means other than increasing 
catalyst bed depth and decreasing liquid hourly space 
velocity may be utilized for increasing this reaction zone 
severity. For example, the mol concentration of boron 
trifluoride in transalkylation zone 13 may be greater than 
for alkylation zone 4 by passage of additional boron tri 
fiuoride thereto via lines 1 and 12. Also, when the 
alkylation reaction zone and transalkylation reaction zone 
are separate as shown in the drawing, one may effectively 
increase the temperature by proper placement of heating 
means before each reactor. The transalkylation reaction 
may be effected at temperatures of from about 50° to 
about 350° C. or higher and at a pressure of from about 
substantially atmospheric, preferably from about 15 to 
about 200 atmospheres. Here again, the pressure utilized 
is selected to maintain the alkylatable aromatic com 
pound and polyalkylated aromatic compound in substan 
tially liquid phase. Referring to the alkylatable aromatic 
compound, it is preferable to have present in the trans 
alkylation reaction zone from about 1 to about 10 or 
more, sometimes up to 20, molar proportions per molar 
proportion of alkyl group in the polyalkylated aromatic 
hydrocarbon introduced therewith. The hourly liquid 
space velocity of the liquid through transalkylation zone 
13 may be varied over a relatively wide range of from 
0.1 to about 20 or more. The alkylatable aromatic corn 
pound to polyalkylated aromatic compound ratio in the 
transalkylation reaction zone can be varied independently 
of the alkylation reactor rates. When the transalkylation 
reaction has proceeded to the desired extent so that a suf 
ficient quantity of polyalkylated aromatic compounds are 
converted to monoalkylated aromatic compounds by 
reaction with alkylatable aromatic compound, the gas 
free products from transalkylation zone 13 are withdrawn 
through line 14 and commingled with the gas-free effluent 
from alkylation zone 4 via line 5 and passed to separation 
zone 6 for recovery of the desired components therefrom. 
By the utilization of the commingling step, the unreacted 
aromatic compound, monoalkylated aromatic compound 
and polyalkylated aromatic compound are fed directly 
to the separation zone for separation into the desired 
components as hereinabove described. 
A preferred embodiment of the process of the present 

invention is shown as FIGURE 2. Line 20 contains the 
commingled etiiuents from the alkylation-transalkylation 
zones described hereinabove with reference of FIGURE l. 
The combined feed passes to fractionation column 21, a 
conventional fraetionator-distillation column or tower. 
In addition, recovered boron triñuoride from the process 
may be introduced via line 22, if needed, into the column 
below the feed deck. This is utilized when boron com 
pound impurities, hereinafter described, tend to form and 
accumulate on the trays of the column and in the re 
boiler tubes. The column is operated so that the desired 
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monoalkylated aromatic compound in ladmixture with 
higher molecular weight polyalkylated aromatic com 
pound passes via line 23 to further fractionation and 
recovery in, for example, a second fractionation column. 
The recovered unreacted `alkylatable aromatic compound 
passes overhead from column 2l in admixture with boron 
rifluoride through line 2d to overhead separator 25. 
Separator 25 is operated at conditions of temperature 
and pressure so that the boron trifluoride in admixture 
with the unreacted alkylatable aromatic compound may 
be removed via line 27 and passed to line 3l as herein 
after described. The unreacted alkylatable aromatic 
compound is Withdrawn from separator 2S through lines 
26 :and 2S. Line 26 provides reflux to fractionation zone 
El and the remainder or net amount of the unreacted 
alkylatable aromatic compound passes via line 2% to 
stripper 29. 

Stripper zone 29, labeled stripper is a countercurrent 
contacting zone, of conventional design, the size of which 
is varied depending upon the quantity of unreacted aro 
matic compound passed thereto and upon the quantity of 
stripping gas passed to a lower region thereof. In stripper 
29, the unreacted aromatic compound furnished through 
line 2d ñows downward in fa countercurrent manner to the 
ascending gases which are introduced thereto in a lower 
region thereof, for example, via line 3i). The unreact-ive 
gases and boron compounds with a iiuorine to boron mol 
ratio of at least 3.0 are separated from the unreacted 
aromatic compound and vented from .stripper 29 via line 
31 where the boron trifluoride recovered from separator 25 
and removed via line 27 passes in admixture to the reac 
tors as hereinabove described. The stripped unreacted 
aromatic compound substantially free of boron corn 
pound-s with a ñuorine to boron mol ratio of at least 3.0 
is withdrawn from the bottom of stripper 29 through 
line 32 and passed to treating zone 33, labeled treater. 
Many suitable inorganic oxides which are substantially 

but not necessarily completely anhydrous are utilizable 
as treating agents in the process of this invention. They 
may be utilized in the form of granules, grains, powders, 
particles, spheres, balls, tubular shapes, etc. These com 
pounds include such substances as alumina, silica, tita 
nium dioxide, zirconium dioxide, chromia, zinc oxide, 
magnesia, calcium oxide, silica-alumina, silica-magnesia, 
silica-alumina-magnesia, silica-alumina-zirconia, chromia 
alumina, alumina-boria, alumina-sodium meta-aluminate, 
silica-zirconia, etc. Of the above-mentioned inorganic 
oxides, substantially `but not completely anhydrous alu 
mina is preferred, and particularly, synthetically prepared 
alumina of a high degree of purity consisting of substan 
tially anhydrous gamma-alumina or substantially anhy 
drous theta-alumina is preferred. 

In accordance with the process of the present inven 
tion, the removal of the boron compound impurities with 
a tiuorine to boron mol ratio of less than 3.0 from the 
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As set forth hereinbefore, unusual problems are en 
countered in the commercial application of an alkylation 
transalkylation process necessitating the utilization of the 
process of the present invention. Trace quantities of 
Water are sometimes encountered per se or as coordina 
tion compounds of boron triñuoride including the hydrates 
of boron trifluoride including boron trifluoride monohy 
drate, boron triliuoride dihydrate, boron trifluoride tri 
hydrate, etc. In addition to the hereinabove mentioned 
compounds, other compounds comprising boron, hydro 
gen, oxygen and fluorine, may be present as aforesaid, 
such as, for example, B(OH)2F, B(OH)F2, etc. Inter 
mediate solid but volatile materials, such as (BOFL: 
polymers, where x may be from about 3 to 10 or more 
are also sometimes encountered. These com-pounds are 
also sometimes encountered in combination with each 
other, with water, or with boron tritluoride, as well as by 
themselves. It Will be appreciated by those Iskilled in 
the art that the foregoing list of compounds has by no 
means exhausted the total number of compounds that 
may form reversibly when water and boron halide are 
present in a îluid lorganic process stream. Such com 
pounds may be removed from the process by the process 
of the present invention. 
Another preferred embodiment of the process of the 

present invention is shown as FIGURE 3. Line 40 con 
tains the commingled effluents from the alkylation-trans 
alkylation zones described hereinabove with reference to 
FIGURE 1. The combined feed passes to fractionation 
column 4l, a conventional fractionator-distillation column 
or tower. ln addition, recovered boron triiluoride from 
the process may be introduced via line 42, if needed, into 
the column below the feed deck. This is utilized when 
boron compound impurities, hereinbefore described, tend 
to form and accumulate on the trays of the column and 
in the reboiler tubes. rîhe column is operated so that the 
desired monoalkylated aromatic compound in admixture 
with higher molecular Weight polyalkylated aromatic com 
pound passes via line 4T» to further fractionation and 

f recovery in, for example, a second fractionation column. 
" The boron compounds with a fluorine to boron mol ratio 

unreacted aromatic compound containing the same is_ 
effected by contacting said aromatic compound stripped of 
boron compound impurities having `a liuorine to lboron 
mol ratio of Iat least 3.0 with .a substantially anhydrous 
inorganic oxide at a temperature of from about 0° C. or 
lower to abort 300° C. or higher, and preferably from 
about 20° C. to about 250° C. although the exact tem 

t perature needed will depend on the particular aromatic 
compound to be puriñed. The treating step is usually car 
ried out at a pressure of from about substantially atmos 
pheric to about 200 atmospheres or more. The pressure 
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utilized is usually selected to maintain the particularly l 
employed unreacted aromatic compound in substantially 
liquid phase. 
The treated stripped unreacted aromatic compound, 

now substantially free of boron compound impurities, is 
removed from treater 33 via line 34; Where at least a por 
tion of said unre-acted aromatic compound is passed to 
the allcylation zone with the balance passing to the trans 
alkylation zone. 

of at least 3.0 pass overhead from column 4l through 
line dit to overhead separator 4S. Separator 45 is oper 
ated at conditions of temperature and pressure so that 
these boron compounds may be removed via line 47. 
Separator ¿i5 returns any unreacted aromatic compound 
carried overhead in admixture with said boron compounds 
through line 46. The unreacted alkylatable aromatic 
compound free of boron compounds with a fluorine to 
boron mol ratio of at least 3.0 is taken as sidecut from 
column 4l via line 48 and passed to treating zone 49, 
labeled treater. rfreater 49 is of the same type as treater 
33 described in reference to FIGURE 2 and may also 
contain a substantially but not necessarily completely 
anhydrous inorganic oxide treating agent as hereinabove 
described to remove the boron compounds with a tluorine 
to boron mol ratio of less than 3.0. The unreacted alkyl 
atable aromatic compound now substantially free of boron » 
compound impurities is then removed from treater 49 
through line Sti and passed to the reaction zones. 
The following example is introduced for the purpose 

of illustration with no intention of unduly limiting the 
generally broad scope of the present invention. The 
alkylation-transalkylation flow scheme Was modified so 
that the separation zone included those components as 
shown hereinabove in FIGURE 2. ln the alkylation of 
benzene with a refinery olf-gas containing a minor quan 
tity of ethylene utilizing a boron triñuoride-modiñed sub 
stantially anhydrous inorganic oxide, namely boron tri 
liuoride-modified substantially anhydrous gamma-alumina 
in both reaction Zones, the use of the stripper resulted in 
better than 90% reduction of the boron and fluoride con 
centration in the benzene stream to the treater. The 
boron level after stripping was reduced to 8 p.p.m. (Wt.) 
and the fluorine to boron mol ration to 1.6. The stripping 



3,200,163 

gas utilized was that unreactive part of the refinery off 
gas, that is, the olefin-free content of said off-gas. This 
stripping gas was then included with the boron trifiuoride 
recovered from the fractionation column and passed to 
the reactors with no harmful effect on either the alkyla 
tion or transalkylation reaction. A savings of 75% of 
the boron trifluoride normally utilized and a fourfold in 
crease in the treating agent life, namely, substantially 
anhydrous alumina, was accomplished. Conversion of 
the benzene to ethylbenzene was maintained at about 
100% until the run was completed. At the completion 
of this run, the alkylation-transalkylation iiow scheme 
was again modified so that the separation zone now in 
cluded those components as shown hereinabove in FIG 
URE 3. In the alkylation of benzene with a refinery 
off-gas containing a minor quantity of ethylene, utilizing 
a boron triñuoride-modiiied substantially anhydrous in 
organic oxide, namely, boron trifluoride-modiñed substan 
tially anhydrous gamma-alumina in both catalyst zones, 
substantial reduction of the boron and trifiuoride con 
centration resulted when utilizing the sidecut. The boron 
level of the sidecut benzene was about 5 ppm. (Wt.) and 
the tiuorine to boron mol ratio was about 1.0. This re 
sulted in a further decrease in boron triiiuoride consump 
tion and increased the treating agent life. The treating 
agent utilized was a substantially anhydrous alumina. 
ri`he conversion of benzene to ethylbenzene was main 
tained again at about 100% until the run was completed. 
As can be readily seen from both operations, the un 

usual commercial problems encountered were overcome 
by the process of the present invention and, in addition, 
due to the decreased consumption of boron trifluoride and 
increased life of the treating agent while maintaining the 
desired conversion to a kylated aromatic compound, the 
process became more efficient and more economical. 

I claim as my invention: 
1. An improved process for the production of an aro 

matic compound which comprises alkylating an alkyl 
atable aromatic compound with an olefin-acting com 
pound in the presence of a catalytic amount of boron 
trifluoride in an alkylation reaction zone containing a 
boron triñuoride-modiñed substantially anhydrous in 
organic oxide, commingling the effluent of said alkylation 
zone with efiiuent from a transalkylation reaction zone 
as hereinafter set forth, passing the thus commingled ef 
fluents to a separation zone and therein separating un 
reacted aromatic compound containing boron com 
pound impurities, desired monoalkylated aromatic com 
pound, higher molecular weight polyalkylated aromatic 
compound and boron trifluoride, stripping from said un 
reacted aromatic compound boron compounds having a 
fluorine to boron mol ratio of at least 3.0, then contact 
ing the stripped unreacted aromatic compound with a 
substantially anhydrous inorganic oxide to remove there 
from boron compound impurities having a fluorine to 
boron mol ratio of less than 3.0, thereafter recycling 
a portion of said unreacted aromatic compound to the 
alkylation zone, removing desired monalkylated aromatic 
compound as product from the process, passing said 
polyalkylated aromatic compound in admixture with 
boron tritiuoride and another portion of said unreacted 
aromatic compound free of boron compound impurities 
to a transalkylation zone containing boron triñuoride 
modified substantially anhydrous inorganic oxide and 
therein reacting the polyalkylated aromatic compound 
with unreacted aromatic compound, and recycling the 
efñuent therefrom to said commingling step as aforesaid. 

2. An improved process for the production of an aro 
matic compound which comprises alkylating an alkyl 
atable aromatic compound with an olefin-acting com 
pound in the presence of a catalytic amount of boron 
trifluoride in an alkylation reaction zone containing a 
boron triiiuoride-modiñed substantially anhydrous in 
organic oxide, commingling the efliuent from said alkyla 
tion zone with etiiuent from a transalkylation reaction 
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zone as hereinafter set forth, passing the thus commingled 
efiiuents to a first fractionation column, taking as bot 
toms from said column desired monoalkylated aromatic 
compound in admixture with higher molecular weight 
polyalkylated aromatic compound, passing said admixture 
to further fractionation in a second fractionation col 
umn, taking as overhead from said first column un 
reacted aromatic compound and boron trifluoride, sepa 
rating said boron trifluoride from said unreacted aro 
matic compound, passing said unreacted aromatic com 
pound to a stripper zone, countercurrently contacting said 
unreacted aromatic compound with stripping gas to re 
move boron compounds having a fluorine to boron mol 
ration of at least 3.0, passing stripped unreacted aro 
matic compound to a treating zone and therein con 
tacting said stripped unreacted aromatic compound with 
a substantially anhydrous inorganic oxide to substan 
tially free the same of boron compound impurities, 
having a iiuorine to boron mol ratio of less than 3.0 
thereafter recycling a portion of said unreacted aro 
matic compound to the alkylation zone, passing the ad 
mixture of desired monoalkylated aromatic compound 
and undesired polyalkylated aromatic compound to a 
second fractionation column, removing overhead in said 
second fractionation column desired monoalkylated aro 
matic compound as product from the process, passing 
as bottoms from said second fractionation column poly 
alkylated aromatic compound and mixing the same with 
another portion of said unreacted aromatic compound 
and boron trifluoride, passing said mixture to a trans 
alkylation zone containing boron trifluoride-modiíied sub 
stantially anhydrous inorganic oxide and therein reacting 
the polyalkylated aromatic compound with unreacted 
aromatic compound, and recycling the effiuent there 
from to said commingling step as aforesaid. 

3. The process of claim 2 further characterized in that 
said inorganic oxide is substantially anhydrous alumina. 

4. An improved process for the production of an aro 
matic compound which comprises alkylating an alkl 
atable aromatic compound with an olefin-acting com 
pound in the presence of a catalytic amount of boron 
trifluoride in an alkylation reaction zone containing a 
boron triñuoride-modiñed substantially anhydrous in 
organic oxide, commingling the effluent from said alkyla 
tion zone with eñiuent from a transalkylation reaction 
zone as hereinafter set forth, passing the thus commingled 
eliiuents to a first fractionation column, taking as bot 
toms from said column desired monalkylated aromatic 
compound in admixture with higher molecular Weight 
polyalkylated aromatic compound, passing said admix 
ture to further fractionation in a second fractionation 
column, taking as overhead from said first column boron 
triñuoride, taking as sidecut from said first column un 
reacted aromatic compound, passing said unreacted aro 
matic compound to a treating zone and therein contact 
ing said unreacted aromatic compound with a sub 
stantially anhydrous inorganic oxide to substantially 
free the same of boron compound impurities, thereafter 
recycling a portion of said unreacted aromatic com 
pound to the alkylation zone, passing the admixture of 
desired monoalkylated aromataic compound and un 
desired polyalkylated aromatic compound to a second 
fractionation column, removing overhead in said second 
fractionation column desired monoalkylated aromatic 
compound as product from the process, passing as bot 
toms from said second fractionation column poly 
alkylated -aromatic compound and mixing the same with 
another portion of said unreacted aromatic compound 
and boron triñuoride, passing the resultant mixture to 
a transalkylation zone containing boron trifluoride 
modified substantially anhydrous inorganic oxide and 
therein reacting the polyalkylated aromatic compound 
with unreacted aromatic compound, and recycling the 
efiiuent therefrom to said commingling step as afore 
said. 
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5. The process of claim 4 further characterized in that 
said inorganic oxide is substantially anhydrous alumina. 

6. An improved process for the production of ethyl 
benzene which comprises alkylating benzene with ethyl 
ene in the presence of a catalytic amount of boron 
triñuoride in an alkylation reaction zone containing a 
boron trifluoride-modiñed substantially anhydrous alu 
mina, commingling the eflluent of said alkylation zone 
with effluent from a transalkylation reaction zone as 
hereinafter set forth, passing the thus commingled eñlu 
ents to a separation zone and therein separating un 
reacted benzene containing boron compound impurities, 
desired ethylbenzene, higher molecular Weight polyethyl 
benzenes and boron trifluoride, stripping from said un 
reacted benzene boron compounds having a ñuorine to 
boron mol ratio of at least 3.0, then contacting the 
stripped unreacted benzene with a substantially anhydrous 
inorganic oxide to remove therefrom boron compound 
impurities having a ñuorine to boron mol ratio of less 
than 3.0, thereafter recycling a portion of said unreacted 
benzene to the alkylation zone, removing desired ethyl 
benzene as product from the process, passing said poly 
ethylbenzenes in admixture with boron triiluoride and 
another portion of said unreacted benzene free of boron 
compound impurities to a transalkylation zone contain 
ing boron tritluoride-modified substantially anhydrous 
alumina and therein reacting the polyethylbenzenes with 
unreacted benzene, and recycling the eñluent therefrom 
to said commingling step as aforesaid. 

7. An improved process for the production of cumene 
which comprises alkylating benzene with propylene in 
the presence of a catalytic amount of boron tritluoride 
in an alkylation reaction zone containing a boron tri 
ñuoride-modiñed substantially anhydrous alumina, com 
mingling the eil‘luent of said alkylation zone with ef 
fluent from a transalkylation reaction zone as herein 
after set forth, passing the thus commingled efñuents 
to a separation zone and therein separating unreacted 
benzene containing boron compound impurities, desired 
cumene, higher molecular weight polypropylbenzenes 
and boron trifluoride, stripping from said unreacted ben 
zene boron compounds having a ñuorine to boron mol 
ratio of at least 3.0, then contacting the stripped un 
reacted benzene with a substantially anhydrous inor 
ganic oxide to remove therefrom boron compound im 
purities having a íluorine to boron mol ratio of less 
than 3.0, thereafter recycling a portion of said unre 
acted benzene to the alkylation Zone, removing desired 
cumene as product from the process, passing said poly 
propylbenzenes in admixture with boron triñuoride and 
another portion of said unreacted benzene free of boron 
compound impurities to a transalkylation zone contain 
ing boron trifluoride-modiíied substantially anhydrous 
alumina and therein reacting the polypropylbenzenes with 
unreacted benzene, and recycling the eñluent therefrom to 
said commingling step as aforesaid. 

8. An improved process for the production of butyl 
benzene which comprises alkylating benzene with a 
butene in the presence of a catalytic amount of boron 
triiluoride in an alkylation reaction zone containing a 
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14 
boron trifluoride-modified substantially anhydrous alu 
mina, commingling the effluent of said alkylation zone 
with eñluent from a transalkylation reaction zone as 
hereinafter set forth, passing the thus commingled ef 
ñuents to a separation zone and therein separating un 
reacted benzene containing boron compound impurities, 
desired butylbenzene, higher molecular weight poly 
butylbenzenes and boron trifluoride, stripping from said 
unreacted benzene boron compounds having a ñuorine 
to boron mol ratio of at least 3.0, then contacting the 
stripped unreacted benzene with a substantially an 
hydrous inorganic oxide to remove therefrom boron 
compound impurities having a fiuorine to boron mol 
ratio of less than 3.0, thereafter recycling a portion of 
said unreacted benzene to the alkylation zone, remov 
ing desired butylbenzene as product from the process, 
passing said polybutylbenzenes in admixture with boron 
trifluoride and another portion of said unreacted ben 
zene free of boron compound impurities to a transalkyla 
tion zone containing boron triñuoride-modiñed substan 
tially anhydrous alumina and therein reacting the poly 
butylbenzenes with unreacted benzene, and recycling the 
eflìuent therefrom to said commingling step as aforesaid. 

9. An improved process for the production of ethyl 
benzene which comprises alkylating benzene with a re 
finery off-gas containing a minor quantity of ethylene 
in the presence of a catalytic amount of boron triiluoride 
in an alkylation reaction zone containing a boron tri 
iluoride-modified substantially anhydrous alumina, com 
mingling the etlluent of said alkylation zone with eñluent 
from a transalkylation reaction zone as hereinafter set 
forth, passing the thus commingled effluents to a sepa 
ration zone and therein separating unreacted benzene 
containing boron compound impurities, desired ethyl 
benzene, higher molecular Weight polyethylbenzenes and 
boron trifluoride, stripping from said unreacted benzene 
boron compounds having a ñuorine to boron mol ratio 
of at least 3.0, then contacting the stripped unreacted 
benzene with a substantially anhydrous inorganic oxide 
to remove therefrom boron compound impurities hav 
ing a lluorine to boron mol ratio of less than 3.0, there 
after recycling a portion of said unreacted benzene to 
the alkylation zone, removing desired ethylbenzene as 
product from the process, passing said polyethylbenzenes 
in admixture with boron triñuoride and another portion 
of said unreacted benzene free of boron compound im 
purities to a transalkylation zone containing boron tri 
iluoride-modiñed substantially anhydrous alumina and 
therein reacting the polyethylbenzenes with unreacted 
benzene, and recycling the effluent therefrom to said 
commingling step as aforesaid. 
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