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ABSTRACT OF THE DISCLOSURE 

In a recently discovered process, a feed of ole?ns, naph 
thenes or a mixture of these with or without para?ins 
and/or aromatics are aromatized in good yields by con 
tact, in the absence of added hydrogen, with a ZSM-S 
type of zeolite catalyst at elevated temperatures, relative 
ly low space velocities, and generally severe conditions. 
There is disclosed here an improvement in this process ob 
tained by ?rst oligomerizing the ole?n content of the feed 
to higher molecular weight ole?ns by contacting such with 
a ZSM-S type of zeolite catalyst under much milder con 
ditions than the aforesaid aromatization conditions and 
then, if desired, feeding the liquid product of this oligom 
erization to an aromatization stage. Both stages are op— 
erated in the absence of added hydrogen. 

This invention relates to manufacturing gasoline. It 
more particularly refers to improved techniques for up 
grading relatively low octane number feed stocks to prod 
ucts of substantially higher octane number and therefore 
of substantially greater economic value. 
There are several unit processes in a petroleum re?nery 

which produce gas phase products or byproducts which 
contain, to a greater or lesser extent, ole?ns in the C2 to 
C5 range. There may be admixed with these ole?ns more 
or less paraf?nic material. It has recently been proposed 
to convert these ole?nic and paraf?uic materials to aro 
matics, thereby converting a stream which has essentially 
fuel value at least in part to a high octane number gaso 
line blend stock which is highly aromatic in nature. 

Application Serial No. 153,855, ?led June 16, 1971, 
now US. Pat. 3,760,024 the substance of which is incor 
porated herein by reference, discloses such as aromatiza 
tion process for a feedstock comprising ‘C2 to C4 para?ins 
and ole?ns by contacting such feedstock with a crystal 
line aluminosilicate of the ZSM-5 type at a temperature 
of about 200 to 1400u F., in the absence of added hy 
drogen, at pressures of about 0 to 1000 p.s.i.g., and space 
velocities equivalent to about 0.1 to ‘500 WHSV. The par 
ticular combination of these individual operating param 
eters suited to use with any particular feedstock is to be 
chosen so that a signi?cant yield of liquid product, which 
is substantially aromatic in nature, will be produced. 

Application Serial No. 253,942, more recently ?led on 
May 17, 1972 now Pat. No. 3,756,942, whose disclosure 
is also incorporated herein by reference, discloses a simi 
lar process to that of aforesaid Application ‘Ser. No. 15 3, 
855 now Pat. iNo. 3,760,024 in that it is directed to con 
tacting a feedstock having a boiling range of C5 to those 
fractions wherein at least 50 volume percent boils no 
higher than 250° F, with acrystalline aluminosilicate 
zeolite of the ZSM-S type at a space velocity equivalent 
to about 1 to 15 WHSV, a pressure up to about 35 atmos 
pheres and a temperature of about 650 to 1500° F. The 
particular combination of these individual operating pa 
rameters suited to use with any particular feedstock is to 
be chosen so that at least 30 grams of aromatics will be 
produced per 100 grams of aromatizable content of the 
feedstock. 
The catalyst used for this known process has been 

stated to be a ZSM-S type of catalyst which includes 
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ZSM-5, ZSM-8, ZSM-ll and other zeolites having sub 
stantially the same crystalline structure. 
ZSM~5 is disclosed and claimed in copending applica 

tion Ser. No. 865,472, ?led Oct. 10, 1969 now 'Pat. No. 
3,702,886; ZMS-S is disclosed and claimed in copending 
application Ser. No. 865,418, ?led Oct. 10, 1969 now 
abandoned and ZSM—11 is disclosed and claimed in co 
pending application Ser. No. 31,421 ?led Apr. 23, 1970‘ 
now Pat. No. 3,709,979. 
The family of ZSM-5 compositions has the character 

istic X-ray diffraction pattern set forth in Table 1 herein 
below. ZSM-S compositions can also be identi?ed, in 
terms of mole ratios of oxide, as follows: 

wherein M is a cation, n is the valence of said cation, W, 
is selected from the group consisting of aluminum and 
gallium, Y is selected from the group consisting of silicon 
and germanium, z is from 0 to 40 and b is at least 5 and 
preferably 15-300. In a preferred synthesized form, the 
zeolite has a formula, in terms of mole ratios of oxides, 
as follows: 

0.9 1 0.2M 2 o : A1303: 15-100810, : Z1120 

'5 
and M is selected from the group consisting of a mixture 
of alkali metal cations, especially sodium and alkyl am 
monium ions, especially tetraalkylammonium cations, the 
alkyl groups of which preferably contain 2-5 carbon 
atoms. 

In a preferred embodiment of ZSM-5, W is aluminum,’ 
Y is silicon and the silica/alumina mole ratio is at least 
15, preferably at least 30. 
Members of the family of Z‘SM-S zeolites which in 

clude ZSM-S, ZSM-8 and ZSM—11 possess a de?nite dis-. 
tinguishing crystalline structure whose X-ray diffraction 
pattern shows the following signi?cant lines: 

TABLE 1 

iInterplanar Spacing d(A) Relative lIntensity 
1l.110.2 ______________________________ .._ S 

10010.2 ______________________________ __ S 

7.410.15 ______________________________ -_ W 

7.110.15 ______________________________ .._ W 

6310.1 _______________________________ .. W. 

6.04101 ______________________________ __ W 

59710.1 ______________________________ __ W 

55610.1 ______________________________ __ W 

5 0110.1 ______________________________ __ W 

4 6010.08 _____________________________ __ W. 

4 2510.08 _____________________________ ..... W 

3 8510.07 _____________________________ __ VS 

37110.05 _____________________________ .. S 

3.641005 .Q. ___________________________ _.. M 

30410.03 _____________________________ __ W 

29910.02 _____________________________ __ W 

29410.02 _ ____ W 

These values, as well as all other X-ray data were deter-I: 
mined by standard techniques. The radiation was the‘ 
K-alpha doublet of copper, and a scintillation counter 
spectrometer with ‘a strip chart pen recorder was used. 
The peak heights, 1, and the positions as a function ,of 2 
times theta, where theta is the Bragg angle, were ready 
from the spectrometer chart. From these the relative 
intensities, 100 N10, where ID is the intensity of the 
strongest line or peak, and d(o_bs.), the interplanar spac 
ing in A, corresponding to the recorded lines, were cal 
culated. In Table 1 the relative intensities are given in 
terms of the symbols S_'—_-strong, M=medium, MS=me 
dium strong, MW=medium weak and VS=very strong. 
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It should be understood that this X-ray diffraction pat 
tern is characteristic of all the species of ZSM-5 com 
positions. Ion exchange of the sodium ion with other 
cations reveals substantially the same pattern with some 
minor shifts in interplanar spacing and variation in rela 
tive intensity. Other minor variations can occur, depend 
ing on the silicon to aluminum ratio of the particular 
sample, as well as if it has been subjected to thermal 
treatment. 

Zeolite ZSM-S can be suitably prepared by preparing 
a solution containing water, tetrapropyl ammonium hy 
droxide and the elements of sodium oxide, an oxide of 
aluminum or gallium and an oxide of silica, and having 
a composition, in terms of mole ratios of oxides, falling 
within the following ranges: 

TABLE 2 

Particularly 
Broad Preferred preferred 

OH'ISiO: ...................... _ . 0. 07-1. 0 0. 1-0. 8 0. 2-0. 75 
Rafi-[(11401t + Nat) - 0. 2-0. 95 0. 3-0. 9 0. 4-0. 9 
1O " ....... ._ 10-300 10-300 10-300 

Yon/W101- - - ..-.---- 5-100 10-60 10-40 

wherein R is propyl, W is aluminum and Y is silicon. 
This mixture is maintained at reaction conditions until 
the crystals of the zeolite are formed. Thereafter the 
crystals are separated from the liquid and recovered. 
Typical reaction conditions consist of a temperature of 
from about 75° C. to 175° C. for a period of about six 
hours to 60 days. A more preferred temperature range 
is from about 90 to 150° C., with the amount of time at 
a temperature in such range being from about 12 hours 
to 20 days. 
The digestion of the gel particles is carried out until 

crystals form. The solid product is separated from the 
reaction medium, as by cooling the whole to room tem 
perature, ?ltering and water washing. 
ZSM-S is preferably formed as an aluminosilicate. 

The composition can be prepared utilizing materials 
which supply the elements of the appropriate oxide. Such 

- compositions include, for an aluminosilicate, sodium alu 
minate, alumina, sodium silicate, silica hydrosol, silica 
gel, silicic acid, sodium hydroxide and tetrapropylam 
monium hydroxide. It will be understood that each oxide 
component utilized in the reaction mixture for preparing 
a member of the ZSM-S family can be supplied by one 
or more initial reactants and they can be mixed together 
in any order. For example, sodium oxide can be supplied 
by an aqueous solution of sodium hydroxide, or by an 
aqueous solution of sodium silicate; tetrapropylammo 
nium cation can be supplied by the bromide» salt. The 
reaction mixture can the prepared either batchwise or 
continuously. Crystal size and crystallization time of the 
ZSM-S composition will vary with the nature of the reac 
tion mixture employed. 
ZSM-8 can also be identi?ed, in terms of mole ratios 

of oxides, as follows: 
0.9 :l: 0-2M2O 2 A1103 2 15-300 Sio: 2 EH20 

E 
wherein M is at least one cation, n is the valence thereof 
and z is from 0 to 40. In a preferred synthesized form, 
the zeolite has a formula, in terms of mole ratios of 
oxides, as follows: 

0.9 =1: 0.2M22O : A1201 : 15-60 SiOg : 2 H10 

11 

and M is selected from the group consisting of a mixture 
of alkali metal cations, especially sodium, and tetraalkyl 
ammonium cations. 

Zeolite ZSM-S can be suitably prepared by reacting a 
water solution containing either tetraethylammonium 
hydroxide or tetraethylammonium bromide together with 
the elements of sodium oxide, aluminum oxide, and an 
oxide of silica. 
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4 
The operable relative proportions of the various ingre 

dients have not been fully determined and it is to be 
immediately understood that not any and all proportions 
of reactants will operate to produce the desired zeolite. 
In fact, completely different zeolites can be prepared uti 
lizing the same starting materials depending upon their 
relative concentration and reaction conditions as is set 
forth in United States 3,308,069. In general, however, it 
has been found that when tetraethylammonium hydroxide 
is employed, ZSM-S can be prepared from said hydroxide, 
sodium oxide, aluminum oxide, silica and water by react 
ing said materials in such proportions that the forming 
solution has a composition in terms of mole ratios of 
oxides falling within the following ranges: 

SiO2/Al2O3--from about 10 to about 200‘ 
NagO/tetraethylammonium hydroxide—from about 0.05 

to .020 
Tetraethylammonium hydroxide/SiO2—from about 0.08 

to 1.0 
l-izO/tetraethylammonium hydroxide-—frorn about 80 to 

about 200 

Thereafter, the crystals are separated from the liquid 
and recovered. Typical reaction conditions consist of 
maintaining the foregoing reaction mixture at a tempera 
ture of from about 100° C. to 175° C. for a period of 
time of from about six hours to 60 days. A more pre 
ferred temperature range is from about 150 to 175° C. 
with the amount of time at a temperature in such range 
being from about 12 hours to 8 days. 
ZSM-ll can also be identi?ed, in terms of mole ratios 

of oxides, as follows: 

0.9 :1: 0.31120 ; A110; : zuso s10, ; z H20 

5 
wherein M is at least one cation, n is the valence thereof 
and z is from 6 to 12. In a preferred synthesized form, 
the zeolite has a formula, in terms of mole ratios of 
oxides, as follows: 

0.9 :i: 0.3M2 : A1203 : 20-90 s10, : z H20 

3 
and M is selected from the group consisting of a mixture 
of alkali metal cations, especially sodium, and tetrabutyl 
ammonium cations. 
ZSM-ll can be suitably prepared by preparing a solu 

tion containing (R4X)2O, sodium oxide, an oxide of alumi 
num or gallium, an oxide of silicon or germanium and 
water and having a composition, in terms of mole ratios 
of oxides, falling within the following ranges: 

Broad Preferred 

YOz/WO: ............ -- 20-90 

NazO/Ym. - 0. 05-0. 40 
(R4X)20/Y0 - 0. 02-0. 15 
H=OINa¢O - - -_ loo-e00 

wherein R.,)( is a cation of a quaternary compound of an 
element of Group 5A of the Periodic Table, W is alumi 
num or gallium and Y is silicon or germanium maintain 
ing the mixture until crystals of the zeolite are formed. 
Preferably, crystallization is performed under pressure in 
an autoclave or static bomb reactor. The temperature 
ranges from 100° C.—200° C. generally, but at lower tem 
peratures, e.g. about 100° C. crystallization time is longer. 
Thereafter the crystals are separated from the liquid and 
recovered. The new zeolite is preferably formed in an 
aluminosilicate form. 
An embodiment of this catalyst resides in the use of a 

' porous matrix together with the ZSM-S type family of 
zeolite previously described. The zeolite can be com 
bined, dispersed, or otherwise intimately admixed with. 
the porous matrix in such proportions that resulting prod 
ucts contain from 1 to 95% by weight and preferably 
from 10 to 70% by weight of the zeolite in the ?nal 
composite. 
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The term “porous matrix” includes inorganic compo 
sitions with which the zeolites can be combined, dispersed 
or otherwise intimately admixed wherein the matrix may 
be catalytically active or inactive. It is to be understood 
that the porosity of the composition employed as a matrix 
can be either inherent in the particular material or it can 
be introduced by mechanical or chemical means. Repre 
sentative of matrices which can be employed include met 
als and alloys thereof, sintered metals, and sintered glass, 
asbestos, silicon carbide, aggregates, pumice, ?rebrick, 
diatomaceous earths, alumina and inorganic oxides. Inor 
ganic oxide compositions, especially those comprising 
alumina and those of a siliceous nature are preferred. Of 
these matrices inorganic oxides such as clay, chemically 
treated clays, silica, silica alumina, etc. as well as alumina, 
are particularly preferred because of their superior poros 
ity, attrition resistance and stability. 

Techniques for incorporating the ZSM-S type family 
of zeolites into a matrix are conventional in the art and 
are set forth in United States 3,140,253. 

It is to be noted that when a ZSM—5 type zeolite is 
used in combination with a porous matrix, space velocities 
which may be set forth as parameters for this process are 
based on the ZSM-S type zeolite alone and the porous 
matrix is ignored. Thus, whether a ZSM-S type zeolite is 
used alone or in a porous matrix, the space velocities in all 
cases refer to the ZSM-S type component. 

It is known that zeolites, particularly synthetic zeolites, 
can have their composition modi?ed by impregnating cer 
tain metals thereonto and/or thereinto. The composition 
can also be modi?ed by exchanging various anions and/or 
cations into the crystal structure of the zeolite, replacing 
more or less of the ions originally present upon produc 
tion of the zeolite. 
The ZSM-S type family of zeolites have been found to 

be especially active for aromatization if they have at least 
a portion of the original cations associated therewith re 
placed by any of a wide variety of other cations according 
to techniques well known in the art. Typical replacing cat 
ions would include hydrogen, ammonium, and metal cat 
ions, including mixtures of the same. Of the replacing 
cations, preference is given to cations of hydrogen, am 
monium, rare earth, magnesium, zinc, calcium, nickel, 
and mixtures thereof. Particularly effective members of 
the ZSM-5 type family of zeolites are those which have 
been base exchanged with hydrogen ions, ammonium ions, 
zinc ions or mixtures thereof. Most especially zinc ZSM-S 
is the best presently known catalyst for aromatizations as 
set forth. 

Typical ion exchange techniques would be to contact 
a ZSM-5 type of zeolite with a salt of the desired replac 
ing cation or cations. Although a wide variety of salts can 
be employed, particular preference is given to chlorides, 
nitrates and sulfates. 

Representative ion exchange techniques are disclosed 
in a wide variety of patents, including United States 
3,140,249; 3,140251; and 3,140,253. 

It is also within the scope of the aromatization process 
to which this application is directed to incorporate a de 
sired metallic component onto the ZSM-5 type family of 
zeolites by techniques other than ion exchange. Thus, for 
example, it is possible to impregnate a desired metallic 
component, such as zinc, platinum or palladium, there 
into by conventional impregnation techniques, as well as 
merely depositing the elemental metal onto the particular 
zeolite and in some cases, such as with zinc oxides, to in 
corporate the metal by physical admixture of the zeolite 
with an insoluble metal compound. 

In any event, following contact with a salt solution of 
the desired replacing cation, the zeolites are preferably 
washed with water and dried at a temperature ranging 
from 150° to about 600° -F. and thereafter heated in air 
or inert gas at temperatures ranging from about 500° F. 
to 1500" F. for periods of time ranging from 1 to 48 hours 
or more. It is noted that this heat treatment can be car 
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6 
ried out in situ, i.e. while the particular aromatization 
reaction is taking place, but it is preferred to carry it out 
as a separate step prior to carrying out the aromatization 
reaction. 

In furtherance of development of the aromatization 
processes referred to and generally described above, it has 
been found that some re?nery streams which should be 
suitable feedstocks for these aromatizations have an ac 
celerated aging effect upon ZSM—5 type of catalysts due 
to components therein other than those de?ned above, e.g., 
those containing steam. It has also been found that many 
of the re?nery streams containing the desired feedstock 
are gaseous in nature and are, singularly or collectively, 
of insuf?cient volume to sustain large scale ef?cient 
aromatization. This situation raises the difficulty and in 
convenience of storing gases until a suf?cient quantity of 
feedstock is accumulated to process through aromatiza 
tion. Another dif?culty which has been found is that many 
re?nery streams which should be suitable for aromatiza 
tion processing according to the disclosures of the above 
identi?ed patent applications have an unduly large paraf 
?n content thereby necessitating aromatization under quite 
severe conditions which leadslto rapid catalyst aging and 
even, in some cases, premature catalyst deactivation at 
least as to aromatizating certain components of the feed 
stock. 

It is therefore an object of this invention to provide a 
novel process for upgrading C2 to C5 ole?n-containing 
pertoleum re?nery streams. 

It is another object of this invention to provide an 
improved process for aromatizing gaseous feedstocks. 

It is a further object of this invention to provide an 
improved process for upgrading the octane number of 
certain gaseous petroleum fractions. 

Other and additional objects of this invention will be 
apparent from a consideration of this entire speci?cation 
including the claims and the drawing hereof. 

Understanding of this invention will be facilitated by 
reference to the accompanying drawing in which: 
FIG. 1 is a schematic ?ow diagram of an embodiment 

of this invention; 
FIG. 2 is similar to FIG. 1 showing an alternate ?ow 

sequence; and 
FIG. 3 is similar to FIGS. 1 and 2 showing another 

alternative flow sequence. 
In accord with and ful?lling the above objects, one 

aspect of this invention resides in a process comprising 
feeding a gaseous C2 to C5 ole?n-containing stream into 
contact with a ZSM~5 type of zeolite in the absence of 
added hydrogen, at about 550 to 850° R, up to about 
800 p.s.i.g. and about 0.5 to 50 WHSV under such com 
bination of conditions, dependent upon the exact feed 
composition, to produce a product having a liquid por 
tion consisting principally of C5 to C9 ole?ns which may 
have minor amounts of para?ins and/ or aromatics and/or 
naphthenes admixed therewith. This liquid product has 
a substantially improved octane value as compared to 
the feed and can be used directly as gasoline blend stock. 
Of greater importance, howeber, is the fact that this 

liquid product is exceptionally well suited to use as the 
feed to an aromatization unit process ofthe type referred 
to above as having been described in U.S. Patent Applaca 
tion 253,942. Under there conditions, that is that this par 
ticular C5-C9 ole?ns stream is the feed, this aromatization 
will utilize a ZSM-S type of catalyst, preferably Zn ZSM 
5, a temperature higher than that used in the ?rst, or 
oliigomerization, stage of about 800 to 1200° F., a pres 
sure of about 1 to 10 atmospheres and a lower space 
velocity equivalent to about 0.1 to 10 WHSV. The aroma 
tization takes place in the absence of added hydrogen. 
The particular combination of conditions chosen for this 
second, or aromatization stage is of course dependent upon 
the exact composition of the liquid feed thereto as well 
as upon the composition of the product desired therefrom. 
The product of the aromatization stage is partly liquid 
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and partly gas with the liquid being substantially all, at 
least about 90%, aromatic in nature and the gas being 
principally paraf?nic C; and hydrogen. 

If desired, the gas product streams of either the ?rst 
or the second stages or both can be recycled for feeding 
to the ?rst and/or second stages to extinction. These 
streams or one of them can be taken oif and used as fuel. 
One or both of these streams can be fed to a pyrolysis 
unit in order to make more low molecular weight ole?ns 
for charging to the ?rst stage oligomerizer. 
The ?rst and second stage catalysts have been noted 

to be zeolites of the ZSM—5 type. These catalysts can 
be in particulate form of a size su?icient to be in a ?xed 
or ?uidized bed. The catalyst bed, and in fact the reactor 
itself, may be designed for down?ow or up?ow of raw 
material feed therethrough. The catalysts may be the same 
or diiferent in each stage. For example, it is preferred to 
use HZSM-S in the ?rst stage and Zn ZSM-S in the second 
stage. The zeolite in the ?rst stage may be exchanged 
and/or impregnated with nickel, zinc, copper, platinum, 
palladium, calmium, silver or mixtures thereof. It is with 
in the scope of this invention to utilize a zeolite of the 
erionite, mordenite or ferrierite type in the ?rst stage 
oligomerization but not in the second stage aromatization. 
The ?rst stage catalyst is subject to substantially less 
severe operating conditions than is the second stage cata 
lyst and therefore there can be used in this ?rst stage a 
zeolite catalyst which has been partially deactivated 
through use either in the second stage of this process or 
in another process, such as cracking or hydrocracking. 
_ The feed to the ?rst stage of the process described here 
in may be all or part of the gas product stream from a ?uid 
or thermofor catalytic cracker (FCC or TCC) or it may 
be the gaseous byproduct from a riser cracking unit. This 
type feed will generally contain hydrogen, hydrogen sul 
?de and C5_ ole?ns and para?ins. 

This ?rst stage feed may be a Car cut from the gaseous 
overhead leaving a cracking unit. Such feed will also con 
tain signi?cant amounts of hydrogen and perhaps ‘some 
hydrogen sul?de. Similarly the gas stream from a coking 
unit, a pyrolysis unit or an unsaturates plant can be used 
as feed. The C5- cut from cracked gasoline also serves as 
an adequate oligomerization feed stream. 

In any and all of these cases, the feed contains par 
a?ins as well as unsaturates of the Cf, C3=, 04:, n—C4, 
i—C4, (if and mixed C5 types. These various gas streams 
can be mixed together and jointly fed into and through 
the oligomerizer to produce a mixed gas-liquid product. 
The liquid product can be stored, accumulated, blended 

into gasoline or some mixture of these three. It can pref 
erably, however, be used as feed to a second stage aroma 
tizer. In this regard it should be noted that the liquid 
product can be used partially as feed to the aromatizer 
and partially as gasoline blend stock. 
The gas product evolved from the oligomerizer is a 

highly paral?nic stream which is principally Cf, al 
though it may save some C5 paraf?nic material therein. 
This gas may be recycled to extinction in the oligomerizer, 
however, it is quite dif?cult to work with para?ins and to 
oligomerize and dehydrogenate them under the mild con 
ditions of the instant ?rst stage. It is therefore preferred 
to utilize at least part of this gas product stream as feed 
to a pyrolysis unit, perhaps the same one feeding the fresh 
feed to the ?rst stage, or perhaps to a methanization proc 
ess for making synthetic natural gas. If needed, this gas 
product, which may comprise up to about 50% of the 
product evolved from the ?rst stage, can be used as fuel 
in this process or in other parts of the re?nery. 
Where the feed to the oligomerizer is rich in higher 

molecular Weight compounds, e.g., Q; with some C6 and 
higher, the gas product will usually contain signi?cant 
quantities of iso—C5 para?ins which are good blend stock 
for combining with cracked gasoline. 
The second or aromatization process is made consider 

ably more e?icient by having its feed limited to the liquid 
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8 
phase product of the ?rst stage oligomerization. This is 
mainly ole?nic and possibly slightly naphthenic-With per 
haps some small quantity of varomatics which were formed 
in the ?rst stage. The parai?ns in the original feed have 
mostly gone overhead and out of the picture at least as far 
as the direct production of aromatics is concerned. This 
aromatization stage, however, produces a gas/liquid mixed 
product of its own of which the liquid is the'more valua 
ble, highly aromatic, high octane portion. The‘gas by 
product will amount up to about 50% of the total prod 
uct from the aromatizer and will be principally composed 
of hydrogen and C; para?ins. 

It will be noted that on a once through basis, the origi 
nal C5“ gaseous feed may be converted to aromatics to 
an extent of only about 25% (about 50% converted to 
liquid oligomers in the ?rst stage and about 50% of that 
converted to aromatics in the second stage). Therefore, 
it is most important to the economic viability of this proc 
ess to utilize the gas product streams to their greatest 
advantage. The least advantageous use of these gas streams 
is as fuel. However, it should be recognized that a petro 
leum re?nery is delicately heat balanced. Since certain re 
?nery operations are endothermic (e.g., reforming), it 
may be necessary to use part of the gas byproduct hereof 
as fuel to make up this heat requirement. 
On the other hand, the gas byproduct contains suf?cient 

quantities of crackable para?ins to make it an excellent 
feed to a pyrolysis unit. In the case of the initial Cs‘" 
feed being from a pyrolysis unit, the gas byproduct should 
be used at least in part as a recycle stream to the pyrolysis 
unit. In this regard, hydrogen should be stripped from the 
gas byproduct before recycle. Accumulated hydrogen sul 
?de should be separated from the gas byproduct. 

It is also within the scope of this invention to resolve 
the gas byproduct, without recycle or fuel use, in order to 
recover the propane and butanes for LPG use. Methane 
can be recovered and used. 

Referring now to the drawing and particularly to FIG. 
1 thereof, a gas stream 1 of C5- is admixed with a recycle 
C4“ gas stream 2 and fed as a mixed stream 3 into inti 
mate contact with a ZSM-S type of oligomerization cat 
alyst 4 in a ?rst stage reactor 5. A product 6 is produced 
in this ?rst stage which is passed through a gas-liquid sep 
arator 7 from which a gas C4“ product 8 is evolved which 
becomes part of the recycle stream 2 and from which a 
liquid product 9 is evolved. 
The intermediate liquid product 9 is fed into intimate 

contact with a ZSM-S type of aromatization catalyst 10 
in a second stage reactor 11. A mixed gas-liquid product 
12 is generated out of this second stage reactor 11 which 
is passed to a second gas-liquid separator 13. A gas prod— 
uct 14 is taken from the second gas-liquid separator 13 
which is wholly or partially recycled 15 for combination 
with the gas 8 evolved from the ?rst stage separator 7 from 
the recycle stream 2. If desired, a part of this gas 14 can 
be taken as product 17 for other uses (not shown). A liq 
uid product 16 from the second separator 13 is rich in 
aromatics and is the most valuable product produced in 
this process. 

Referring now to FIG. 2 there is shown a slightly modi 
?ed process for maximizing aromatics production from 
this process. A gas stream 21, of C5" is combined with an 
ole?n rich recycle stream 22 and the mixed feed stream 
23 is fed into intimate contact with a ZSM-S type of oli 
gomerization catalyst 24 in a ?rst stage reactor 25. The 
product 26 from this ?rst stage reactor is mixed gas 27 
and liquid 28 which are resolved in a ?rst separator 29. 
The liquid product 28 is suitably split into a gasoline blend 
stock and a feed 30 to a second stage aromatization reac 
tor 31. The feed 30 is intimately contacted in the second 
stage reactor 31 with a ZSM-S type of aromatization cat 
alyst 32 whereupon a mixed gas-liquid product 33 is 
evolved which is resolved in a second separator 34 into an 
aromatics rich liquid product 35 and a C5‘ gas product 36. 
The two gas products 27 and 36 are combined 37 and fed 
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to a pyrolysis unit 38 to convert paraf?ns therein to ole?ns. 
The product 39 of this pyrolysis is separated 40 into an 
ole?n rich stream 22 which is recycled as aforesaid and 
a paraf?n rich-hydrogen rich stream 41 is recovered. If de 
sired, the ole?n-parai?n splitter 40 can be omitted and the 
pyrolysis product 39 recycled in its entirety. 

Referring now to FIG. 3, a C5- feed stream 51 is inti 
mately contacted with a ZSM-S type of oligomerization 
catalyst 52 in a ?rst stage oligomerization reactor 53 to 
produce a mixed gas-liquid product 54 which is resolved 
in a gas-liquid separator 55 into a C4- gas stream 56 and 
a C5 to C9: liquid product 57. 
The gas stream 56 is passed through a pyrolysis unit 

57 to produce a product 58 comprising substantial quan 
tities of ole?ns. The ole?ns 59 are separated 60 from the 
rest of the product 58 and combined with at least part 61 
of the liquid product 57 from oligomerizer. A portion 62 
of this liquid product is shown being taken oil? as direct 
gasoline blend stock. 
The C5-C9= liquid product 61 from the ?rst stage 53 

and ole?n product 59 from the pyrolysis 57 are mixed 63 
and fed into intimate contact with a ZSM-S type of aro 
matization catalyst 64 in a second stage, aromatization re 
actor 65 whereupon a mixed gas-liquid product 66 is pro 
duced. This mixed product 66 is resolved in a second sep 
arator 67 into an aromatic rich liquid product 68 and a 
C4_, mostly paraf?nic and hydrogen gas 69 which is taken 
as a gas byproduct for such uses as have been outlined 
above or others. 
The pyrolysis product 58, after having the ole?ns con 

tent thereof 59 removed in the ole?n-paraffin splitter 60, 
also yields a Cf+hydrogen gas 70 byproduct which is 
mostly paraf?nic. The two gas products 69 and 70 can be 
combined or used separately as noted above as feed to 
pyrolysis, for methanization, as fuel or a source of LPG 
and hydrogen, or a combination of any or all of these. 

This invention is illustrated by the following Examples 
which are not to be considered to be restrictive of the 
scope thereof. All parts and percentages expressed in the 
Examples are by weight unless speci?cally indicated to be 
to the contrary. 

Example 1 

Propylene was intimately contacted with a nickel ex 
changed HZSM-S catalyst at 13.65 WHSV and 600° F. 
for 28 hours. The following Table 1 shows the product 
composition as a function of on stream time. No recycle 
was used. 

TABLE 1 

Time (hours) 

1. 00 3. 25 20. 50 27. 75 

Percent: 
Gas product ______________ __ 17. 3 22. 1 26. 6 30. 5 
C1 ............. __ ___ 0. 1 0. 1 __________________ __ 

1. 2 1. 0 0. 7 1. 0 
0. 9 0. 5 0. 4. 0. 5 
5.2 7.5 13.6 16.6 
2. 2 1. 9 1. 1 l. 1 
3. 8 6. 1 7. 3 7. 8 
2. 0 2. 2 1. 0 0. 8 
1. 3 2. 3 2. 3 2. 5 
0. 6 0. 5 0. 2 0. 2 

82. 8 78. 0 73. 6 69. 5 
Total product- 100. 1 100. 1 100. 2 100. 0 

The octane number of the liquid product at the end 
of the run was 96 clear RON. 

Example 2 
The liquid product of Example 1 was subjected to 

aromatization by contacting it with Zn ZSM-S catalyst 
at 1.0 WHSV and 950° F. The following Table 2 gives 
product distribution as a function of time on stream. 
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TABLE 2 

Time on stream (hrs.) 

3 9 17 25. 5 32 

Gas product, percent _________ _. 25. 3 22. 5 23.4 20 22.0 
Composition: 

0 5. 7 4. 4 5. 6 5. 5 5. 4 
1. 0 1. 0 1. 2 1. 0 1. 2 
6. 0 5. 6 5.7 5. 2 5. 3 
0.7 0.8 0. 9 0. 7 0. 9 

10. 5 9. 5 9. 6 6. 7 7.9 
0. 1 0. 1 .............. _. 0. 1 
1. 2 1. 0 1. 2 0. 8 1. 1 

0. 1 
Qs-_- ...................... __ 0.1 0.1 0.2 ______ __ 0.1 

Liquid product, percent ...... .- 74. 6 77. 6 75. 6 79. 9 78. 0 
Composition, percent: 

Para?ins _________________ __ 2.8 3. 0 3. 2 3. 1 0. 4 
11.1 12. 0 10. 9 11. 6 11. 5 
30. 1 32. 6 30.9 33. 4. 32. 8 
20. 8 21. 2 21. 4 22. 6 21. 7 
4. 8 4. 2 5. 1 5. 0 4. 1 
0.4 0. 4 0. 5 0. 4 3. 8 
3. 5 3.1 2. 6 2. 6 2. 5 
1. 0 0. 9 0. 8 0. 8 0. 8 
0. 1 0. 2 0. 3 0. 2 0. 3 

Other (by subtraction). -___ 0. 7 0. 7 0. 8 0. 6 0. 2 
Total product ________________ __ 97. 9 100. 1 99. 0 90. 9 100. 0 
Average aromatic molecular 
weight _____________________ __ 96. 9 96. 2 96. 7 96. 4 97. 3 

What is claimed is: 
1. A process which comprises contacting a C5- ole?n 

containing gas stream with a ?rst ZSM-S type of synthetic 
aluminosilicate zeolite catalyset at about 550 to 850° F., 
at about 0.1 to 800' p.s.i.g., at a space velocity equiva 
lent to about 0.5 to 50 WHSV and in the absence of 
added hydrogen under such combination of conditions 
to produce a product consisting of up to about 50% of 
a ?rst gas and a ?rst liquid comprising C5-C9 ole?ns; 
contacting at least a portion of said ?rst liquid product 
with a second ZSM-S type of synthetic aluminosilicate 
zeolite catalyst at about 800 to 1200° F., about 1 to 10 
atmospheres, a space velocity equivalent to about 0.1 
to 10 WHSV and- in the absence of added hydrogen 
under such combination of conditions, more severe than 
those speci?ed with respect to said ?rst catalyst, to pro 
duce a product consisting of up to about 50% of a second 
gas and a second liquid comprising at least about 75% 
aromatics. 

2. A process as claimed in claim 1 wherein said ?rst 
liquid product is at least about 70% of said ?rst product 
and wherein said aromatics are at least about 90% of 
said second liquid product. 

3. A process as claimed in claim 1 wherein said ?rst 
catalyst is HZSM-S and said second catalyst is Zn ZSM— 
5. 

4. A process as claimed in claim 1 wherein said second 
temperature is higher than said ?rst temperature. 

5. A process as claimed in claim 1 including subject 
ing at least some of said gas product to pyrolysis under 
conditions suf?cient to convert paraf?ns therein to ole?ns 
and feeding at least the ole?ns portion of the pyrolysis 
product in to contact with said ?rst catalyst. 

6. A process as claimed in claim 1 including subject 
ing at least some of said gas product to pyrolysis under 
conditions su?icient to convert para?‘ins therein to ole?ns 
and feeding at least the ole?ns portion of the pyrolysis 
product in to contact with said second catalyst. 
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