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4‘This invention relates to the manufactureof chemicals. 
More particularly, this> invention relates to the ymanu 
facture of alkylated aromaticV hydrocarbons. ̀ ' 

In accordance with one embodiment this invention re 
lates to the recovery of straight chain oleñnic hydrocar 
bons from gaseous streams containing the same and the 
utilization of the recovered'straight chain oleñnic hydro 
carbons for the alkylation of aromatic hydrocarbons. 
In accordance with another embodiment this invention 
relates to a unitary process for the recovery of normally 
gaseous straight chain oleiinic hydrocarbons and the man 
ufacture of alkylated aromatic hydrocarbons wherein 
the recovery of the normally gaseous straight chain ole 
ñnic hydrocarbonsand the manufacture of alkylated aro 
matic hydrocarbons is carried out substantially simul 
taneously. ` 

Accordingly, it is an object of this invention to provide 
a process for the manufacture- of alkylated aromatic hy 
drocarbons. a - ' V 1 ~ ' 

Still anotherV object of this invention is to provide an 
improved >process for the manufacture ̀ of alkylated aro 
matic hydrocarbons such as ethylbenzene, cumene, iso 
cumene, xylenes and the like. 

Yet another object of this invention is Vto provide a 
process for the recovery of normally gaseous oleñnic 
hydrocarbons such as ethylene and propylene and the 
n-butenes, or mixtures thereof, such as occur in petroleum 
reñnery streams and the. utilization of the recovered 
straight chain oleiinic hydrocarbons‘in an alkylation op 
eration for the alkylation of- hydrocarbons, such as aro~ 
matic hydrocarbons. t t > - 

`I-Iow these and other objects of this invention are 
achieved willbecome apparent in the light of the ac 
companying disclosure made with reference to the ac 
companying drawings wherein Fig. 1 schematically illus 
trates one embodiment of the practice of this invention. 
directed to the manufacture of an alkylated aromatic hy 
drocarbon and wherein Fig. 2 schematically illustrates 
another embodiment of the practice of this invention 
directed to the manufacture of an alkylated aromatic 
hydrocarbon. . 

In accordance with this invention it has been dis 
covered that alkylated hydrocarbonsl such as alkylated 
aromatic hydrocarbons are advantageously produced byV 
employing an aromatic hydrocarbon as the desorbent or 
desorbing mediumI in the desorption of adsorbed straight 
chain oleiinic or unsaturated hydrocarbons from an ad 
sorbent containing the same, and‘then employing the re-> 
sulting desorption efñuent comprising desorbent (aro 
matic hydrocarbon.) and the desorbed straight chain ole 
iinic hydrocarbon under conditions such that the straight 
chain oleñnic or unsaturated hydrocarbon reacts with the 
desorbent (aromatic hydrocarbon) to form the corre 
sponding alkylated aromatic hydrocarbon. 
By straight chain oleñnic hydrocarbon is meant any 

aliphatic or acyclic or open chain unsaturated hydro 
carbon which does not possess side chain branching. 
Representative straight chain oleiìnic hydrocarbons are 
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ethylene,`propyle_ne, the n-butenes, the nr-pentenes, the 
n-hexenes, the n-heptenes, the n-octenes and` the like.y 
Other straight chain oleiìnic hydrocarbons may also be 
suitably employed in the practice of this invention. These 
other unsaturated straight chain hydrocarbons- include 
butadiene, pentadiene and the like as well as the straight 
chain acetylenic hydrocarbons. 
The selective adsorbent employed in the practice of> this 

invention for the adsorption of straight chain unsaturated 
or oleñnic hydrocarbons include the natural or synthetic 
zeolites or alumino-silicates such as a calcium alumino~ 
silicate which exhibit the property of a molecular sieve, 
that is, matter made up of porous crystals wherein the 
pores of the crystals are of molecular dimension and 
are of substantially uniform size. In general, the zeolites. 
may be described as water-containing alumino-silicates 
having the general formula (R,R’2)O.Al2O3.nSiO2.mH2O 
wherein R may b_e an alkaline earth metal, such as cal 
cium, strontium or barium, or even magnesium, and 
wherein R’ is an alkali metal suchV as sodium or potas 
sium or lithium. Thesematerials, after the removal of 
substantially all of the water therefrom, retain their 
crystalline structure. ' 

A particularly suitable solid adsorbent for straight 
chain- unsaturated hydrocarbons, indeed for all straight 
chain hydrocarbons, is a calcium alumino-silicate, ap` 
parently actually a sodium calcium alumino-silicate, man 
ufactured by Linde Air Products Company and desig 
nated Linde Type 5A Molecular Sieve. The crystals 
of this particular calcium alumino-silicate have a pore 
size or opening of about 5 Angstrom units, a pore size 

‘ sufficiently large to admitstraight chain hydrocarbons 
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such as ethylene, propylene, the n-butenes and the like, 
to the substantial' exclusion of the non-straight chain 
hydrocarbons,Í e.g., naphthenic, aromatic, isopara?nic 
and isooleiinic hydrocarbons. This particular selective 
adsorbent is available in various sizes, such as in the 
form of 1/s,” or 1/16” diameter pellets, or as a finely divided 
powder having a particle size in the range 0.5-5.0 mi 
crons. Also suitable as a selective> adsorbent for the 
selective adsorption of gaseous straight chain unsaturated 

_ hydrocarbons is an alumino-silicate, apparently actually 
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a sodium alumino-silicate, manufactured by Linde Air 
Products -Company and designated Linde Type 4A Mo 
lecular Sieve. The crystals of this particular alumino 
silicate have a pore size of about 4 Angstrom units, a 

' pore size sufficiently large to admit relatively low molecu 
ylar weight unsaturated hydrocarbons, such as ethylene 
and propylene, to the substantial exclusion of the higher 
molecular weight straight chain hydrocarbons, such as 
n-pentane, the n-pentenes and the like. 

In the practice of this invention solid selective ad 
sorbents such as zeolites which have a rigid threev di-V 
mensional anionic network and interstitial dimensions suf-v 
ñciently large to adsorb straight chain unsaturated or 
oleñnic hydrocarbons but sutlìciently small to exclude the 

, v non-straight chain hydrocarbons are suitable. The natu 

60 

65 

rally occurring zeolite, chabazite, exhibits such` desirable 
properties. Another suitable naturally occurring zeolite 
is analcite NaAlSi2O6.H-2O which, when dehydrated, and 
when all‘V or part of the sodium is replaced by an alkaline 
earth metal such as calcium yields a'material which may 
be represented by the formula (Ca, Na2‘)Al2Si4O122H2O 
and which, after suitable conditioning will adsorb straight 
chain hydrocarbons to the substantial exclusion of non-y 
straight chainV hydrocarbons. Other naturally occurring 
or synthetically prepared zeolites such as phacolite, 

4 gmelinite, harmotome and the> like, or suitable base ex 
change modifications of these zeolites, may be employed 
in the practice of this invention. 

Referring now to the drawings and particularly to 
Fig. 1 thereof which schematically illustrates one em 
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bodimentvof the practice of this invention directed to the 
manufacture of an alkylated aromatic hydrocarbon, a 
gaseous stream such as apetroleum refinery stream, 
containing straight chain unsaturated hydrocarbons such 
as ethylene and propylene is introduced >via line 11 intol 
adsorber 12 wherein itis contacted with a suitable _ad 
sorbent which p_»referer‘xtially` adsorbs straight chain ole 
ñnic hydrocarbons over lnon-straight chain hydrocarbons.l 
There issues from adsorber 12 via linel 14 a gaseousV 
efñuent stream now having a reduced amount of straight 
chain oleiìnic hydrocarbons therein. When the adsorbent 
material within adsorber 12 has become substantially 
saturated with straight chain oleñnic hydrocarbonsnthe 
introduction of the gaseous stream containingstraight 
chain olefinic hydrocarbons via line 11 is halted and there 
is introduced into the adsorber 12 via lines 15, 16 and 
11î an aromatic hydrocarbon as a desorbing medium or 
desorbent. The thus-introduced aromatic hydrocarbon 
is employed to heat the selective adsorbent therein and 
to desorb the adsorbed straight chain oleñnic hydro 
carbons from the adsorbent material Within adsorber-12. 
As a result of the above-indicated desorption opera 

tion there is recovered from adsorber 12 via line 18 a 
gaseous desorption eilluent comprising the aromatic hy 
drocarbon (desorbent) and the resulting desorbed straight 
chain oleñnic hydrocarbon (desorbate). The desorption 
eflluent is then introduced via line 18 into alkyla-tion re 
actor 19 wherein it contacts a suitable alkylation catalyst 
and wherein the unsaturated straight chain olefinic hydro 
carbon serves to alkylate the aromatic hydrocarbons 
associated therewith. 
vFrom reactor 19 there is recovered via line 20 an 

alkylation reaction eñluent comprising unreacted aromatic 
hydrocarbon and the resulting alkylated aromatic hydro 
carbon. This alkylation effluent is introduced via line 
20 into fractionator 21 wherein it is fractionated into an 
overhead stream via line 16 containing the unreacted 
aromatic hydrocarbon which is recycled to adsorber 12 
via lines 16 and 11 to eifect the desorption of additionall 
straight chain olefinic hydrocarbons. There is also re 
covered from fractionator 21 as product a bottoms frac 
tion, via line 22 comprising the resulting alkylated aro 
matic hydrocarbons.y 

Referring now to Fig. 2 of the drawing which sche 
matically illustrates another embodiment of the practice 
of this invention and wherein the same reference numerals 
employed in connection with Fig. 1 are employed to 
designate similar pieces of equipment, a gaseous stream 
comprising a straight chain unsaturated or oleñnic hydro 
carbon is introduced via line 11 into combination ad 
sorber-reactor 12. Adsorber-reactor 12 contains the ad 
sorbent which preferentially or selectively adsorbs the 
non-straight chain oleñnic hydrocarbon and also con 
tains a suitable alkylation catalyst. The special adsorbent 
and alkylation catalyst may be admixed together to~form 
a substantially homogeneous admixture in the form of a 
fixed bed or a iluidized bed or a falling bed, or the ad 
sorbent may be maintained separately from the alkyla 
tion catalyst within the adsorber-reactor 12 as two sepa 
rate beds. 
When the gaseous eñluent removed via line 14 fromv 

the adsorber-reactor indicates that the adsorbent therein 
is substantially saturated with straight chain oleñnic 
hydrocarbons a suitable aromatic hydrocarbon is intro 
duced thereinto via lines 15, 16 and 11 and the condi 
tions in adsorber-reactor 12 adjusted so as to eiîect sub 
stantially simultaneously desorption of the adsorbed 
straight chain olelinic hydrocarbons from the adsorbent 
therein and alkylation of the thus-introduced aromatic 
hydrocarbon by the resulting desorbed straight chain 
oleñnic hydrocarbon. The resulting alkylation reaction 
ellluent is recovered via line 18 and introduced into frac 
tionator 21. From fractionator 21 there is recovered an 
overhead fraction via line 16 comprising unreacted aro 
matic hydrocarbon which is recycled to adsorber-reactor 
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1-2 via lines 16 and 11 to etîect desorption of yadditional 
straight chain oleiìnic hydrocarbon. Also, there is re 
covered from fractionator 21 via line 22 as product a 
bottoms fraction comprising the resulting alkylated aro 
matic hydrocarbon. 
The adsorptive separation vof kthe straight chain un 

saturated hydrocarbons yfrorrfthe hydrocarbon fraction 
or petroleum refinery stream containing the same may 
be carried out in the liquid or gaseous phase and at any 
suitable temperature and pressure. -It is desirable, how 
ever, to _coordinate-theA adsorptive separation conditions, 
e.g., temperature and pressure, with the desorptive sepa 

. ration conditions, „more .fully described" hereinafter, so 
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‘I ‘ as to effect the most economical useof the materials em 
ployed and for ease of control. 
The adsorptive separation or adsorption of the straight 

chain oleñnic or unsaturated hydrocarbons by the solid 
selective .adsorbent may be carried out at any suitable 
temperature, such as a temperature in the range 50°-800° 
F., and at any suitable pressure, such as a pressure in 
the range 040,000 p.s.i.g. and higher, the temperature 
and pressure> being adjusted withl respect to the hydro~ 
carbon fraction undergoing treatment depending upon 
whether or not it is desired to-maintain the hydrocarbon 
fraction undergoing separation in the liquid phase or in 
the vapor or gaseous phase. Liquid phase adsorption 
may be carried out by simply slurrying or contacting the 
solidselective adsorbent with the hydrocarbon fraction 
being treated, followed by separation or decantation of 
the treated hydrocarbon eñluent, now substantially free 
of or having a reduced straight chain hydrocarbon con. 
tent. Liquid phase adsorption may also be carried out 
lby percolating the liquid hydrocarbon fraction to be 
treated through a bed of solid adsorbent material. 

ÁIt is the usual practice, however, to carry out the ad 
sorptive separation operation in the gaseous phase, that 
is, to maintain l the hydrocarbon fraction undergoing 

1- treatment in the vapor phase during the adsorption oper 

40 
ation. _In such an operation any suitable method for 
effecting gas-solid contact may be employed, for ex 
ample, -a fixed bed, a moving bed or a fluidized bed 
or a gas-entrained mass of selective adsorbent may be 

‘_ employed during the gas phase adsorptive separation 
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operation. |After sufñcient time, the solid adsorbent is 
separated from the resulting treated hydrocarbon fraction 
and the resul-ting solid adsorbent is then subsequently 
treated in accordance with the practice of this invention 
to desorb the hydrocarbon content therefrom. 
The desorption of the adsorbed hydrocarbons (straight 

chain olefinic hydrocarbons) from the solid adsorbent~ 
material may be made at any suitable temperature and 
pressure. For example, the desorption operation may be 
carried out at a pressure in the range 0-10,000 p.s.i.g. 

` In accordance with the practice of this invention, how 
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ever, the desorption operation is carried out in the gaseous 
phase, that is, the gaseous desorbinlg lluid and the result 
ing desorbed hydrocarbons are both present in the re 
sulting desorption etiluent in the gaseous or vaporous 
phase. Accordingly, the desorption temperature and the 
desorption pressure are adjusted to maintain the desorbent 
and the desorbed straight chain unsaturated hydrocarbons Y 
in the gaseous phase. Generally a desorption pressure 
in the range 10-2,000 p.s.i.g. is suitable. `It is sometimes' 
desirable to carry out the desorption operation at a pres 
sure substantially lower than the adsorption pressure. 
Isobaric adsorption-desorption operations are advan 
tageous in some instances; however the pressure employed 
during the adsorptive separation operation is not determi 
native of the desorption pressure. 

Generally any suitable desorption temperature suñi 
ciently high to effect desorption of the adsorbed hydro 
carbons may be employed in the practice of this inven 

. tion. Usually a temperature in the range 40G-900° F. is 
employed during the desorption operation. It is general~ 
ly preferred, however, to carry out the desorption opera 
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tion at an elevated temperature in the range 425 °800° 
F. The desorption temperature employed, however, 
should not be excessively high, for example not greater 
than about 1100“ F., particularly in the instance wherein 
a material such as Linde Type 5A Molecular Sieve, that 
is, a calcium alumino-silicate, is employed as the selective 
adsorbent since these rather high temperatures are eX~ 
cessive and lead to the destruction of the adsorbent, pre 
sumably by collapse of the crystal structure, with re 
sultant loss of the selective adsorption properties of this 
particular adsorbent. 

Various aromatic hydracarbons may be employed in the 
practice of this invention to effect the desorption of the 
adsorbed straight chain oleñnic hydrocarbon. The aro 
matic hydrocarbon employed as desorbent is also at the 
same time alkylatable by the resulting desorbed straight 
chain oleñnic hydrocarbon. Suitable aromatic hydro 
carbons include benzene, and the monocyclic alkylated 
hydrocarbons such as toluene, the xylenes, ethylbenzene, 
mesitylene, hemimellitene and the like. It is preferred, 
however, in the practice of this invention to employ 
benzene as the aromatic hydrocarbon for the desorption 
of the adsorbed straight chain olefinic hydrocarbons. 

Various alkylation catalysts, liquid and solid, may be 
employed in the practice of this invention. Also, the 
alkylation reaction may be carried out in the liquid phase 
although gaseous phase alkylation is preferred. Suitable 
alkylation catalysts include chromia on HF-treated silica 
alumina and phosphoric acid treated kieselguhr. Other 
suitable alkylation catalysts for effecting the alkylation of 
aromatic hydrocarbons, such as benzene or toluene and 
the like, by reaction with a straight chain unsaturated 
or oleñnic hydrocarbon, such as ethylene and propylene, 
are known. 
The following example is illustrative of the practice of 

-this invention.` A gaseous stream ysuch as is recoverable 
in a petroleum reñnery operation, comprising a major or 
minor amount of propylene, eg., in the range 5-70% by 
volume, is introduced into contact with a sodium calcium 
alumino-silica-te molecular sieve type adsorbent, such as 
Linde Type 5A Molecular Sieve. The propylene thus 
introduced into contact with the adsorbent is preferential 
ly adsorbed. After the selective adsorbent is substantial 
ly saturated with propylene it is contacted with a gaseous 
stream of benzene at a temperature in the range 300-700’ 
F., to eifect desorption of the adsorbed propylene. Dur 
ing the desorption operation it is desirable to employ a 
substantial molar excess of benzene such that in the re 
sulting desorption eñluent the benzene comprises a major 
portion thereof, e.g., benzene to propylene mol ratio in 
the range 4-20z1. 
A mixture comparable to the aforesaid >desorption mix 

ture, such as a mixture comprising 20,000 cc. of benzene 
and 1600 grams of propylene, was passed over -a solid 
type alkylation catalyst, chromia on HF-treated silica 
alumina at a temperature of 250° F. yand a pressure of 
about 500 p.s.i.g. and at a space velocity of 2.0 v./hr./v. 
(basis solution). The resulting alkylation reaction eñluent 
was recovered and stripped to 194° F. leaving 5675 cc. of 
a high boiling residue. This high boiling residue was 
further distilled to yield a distillate product which had a 
distinct cumene odor. Tests indicated that the bulk of 
the propylene was used up in alkylating the benzene ad 
mixed therewith. Similar results were achieved with a 
zinc oxide-zinc chromite on HF3 silica-alumina catalyst. 
As will be apparent to those skilled in the art in the 

light of the foregoing disclosure many modifications, 
alterations and changes are possible in the practice of 
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6 
this invention without departing from the spirit or scope 
thereof. 

-I claim: 
1. A method of manufacturing an alkylated aromatic 

hydrocarbon which comprises contacting a gaseous stream 
containing a straight chain oleñnic hydrocarbon and other 
hydrocarbons with an -alumino-silicate molecular sieve 
type adsorbent which selectively adsorbs straight chain 
hydrocarbons to the substantial exclusion of non-straight 
chain hydrocarbons to adsorb said straight chain olefinic 
hydrocarbons from said gaseous stream, contacting the 
resulting adsorbent, now containing substantially only 
straight chain oleñnic hydrocarbon adsorbed therein, with 
a monocyclic aromatic hydrocarbon under conditions to 
effect desorption of the adsorbed straight chain oleiinic 
hydrocarbon, contacting the resulting desorption effluent 
comprising said aromatic hydrocarbon and the resulting 
desorbed straight chain oleñnic hydrocarbon with an 
alkylation catalyst under suitable conditions to eiïect 
alkylation of said aromatic hydrocarbons by said straight 
chain oleñnic hydrocarbon. 

2. A method in accordance with claim 1 wherein the 
straight chain oleñnic hydrocarbon adsorbed by said ad 
sorbent is ethylene. . 

3. A method in accordance with claim 1 wherein the 
straight chain oleñnic hydrocarbon adsorbed by said ad~ 
sorbent is propylene. 

4. A method in accordance with claim 1 wherein said 
desorption operation and said alkylation reaction are 
effected Ksubstantially simultaneously. 

5. A method in accordance with claim 1 wherein said 
desorption operation and said alkylation reaction are 
eiîected substantially simultaneously by admixing said ad 
sorbent with a solid type alkylation catalyst. 

6. A method in accordance with claim 1 wherein said 
desorption operation and said alkylation reaction are 
effected substantially simultaneously by admixing said ad 
sorbent with chromia on HF-treated silica-alumina as a 
solid type alkylation catalyst. 

7. A method in accordance with claim 1 wherein said 
desorption operation and said alk-ylation reaction are 
effected substantially simultaneously by admixing said ad 
sorbent with phosphoric acid-treated kíeselguhr as a solid 
type alkylation catalyst. 

8. A method in accordance with claim 1 wherein said 
aromatic hydrocarbon is benzene and said oleñnic hydro 
carbon is propylene vand wherein said desorption operation 
and said alkylation reaction are effected substantially 
simultaneously. 

9. A method in accordance with claim 1 wherein said 
molecular sieve type adsorbent has a pore size opening 
of about 4 Angstrom units, a pore size opening suñiciently 
large to admit low molecular weight unsaturated hydro 
carbons such as ethylene and propylene to the substantial 
exclusion of higher molecular weight straight chain hydro 
carbons. 
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