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{571 ABSTRACT

Reacting mixtures of difficultly convertible aliphatic
organic oxygenate compounds, such as short chain
aldehydes, carboxylic acids or carbohydrates with eas-
ily convertible aliphatic alcohols, ethers, acetals and
analogs thereof over a crystalline aluminosilicate zeo-
lite having a silica to alumina ratio of at least about 12
and a constraint index of about 1 to 12, at elevated
temperatures, 0.5 to 50 LHSV and 1 to 200 atmo-
spheres to produce a product comprising water, full
range highly aromatic hydrocarbon gasoline and light
aliphatic hydrocarbon gases having an improved pro-
duction of Cg and C,; monocyclic aromatic hydrocar-
bons.

8 Claims, 1 Drawing Figure
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1
MANUFACTURE OF GASOLlNE

This application is ‘a continuation-in-part-of applica-
tion Ser. No. 387,224 ﬁled Aug 9 1973, now U.S. Pat.
No: 3,907,915 .

.This invention relates to the synthetlc productlon of
gasoline. It more particularly refers to an improved
method of converting simple organic chemicals, partic-
ularly certain mixtures thereof to hydrocarbons boiling
in the gasoline boiling range.

Gasoline, as such term is used in the instant specnfica-
tion, and as such term is commonly used in the petro-
leum industry, is a motor fuel for internal combustion
engines. It is hydrocarbon in nature being composed of
various aliphatic and aromatic hydrocarbons having a
full boiling range of about C; to about 280° to 430°F
depending upon the exact blend used and the time of
the year. Although gasoline is predominantly hydrocar-
bon in nature, various additives which are not necessar-
ily exclusively hydrocarbon are often included. Addi-
tives of this type are usually present in very small pro-
portions, e.g. less than 1% by volume of the total gaso-
line. It is also not uncommon for various gasolines to be
formulated with non-hydrocarbon components, partic-
ularly alcohols and/or ethers, as significant although
not major, constituents thereof. Such alcohols, ethers
and the like have burning qualities in internal combus-
tion engines which are similar to those of hydrocarbons
in the gasoline boiling range. For purposes of this appli-
cation, the term *“gasoline” is used to mean a mixture
of hydrocarbons boiling in the aforementioned gasoline
boiling range and is not intended to mean the above-
referred to additives and/or non-hydrocarbbn constitu-
ents.

Itis generally known that various specific hydrocar-
bon compounds or isomeric mixtures of hydrocarbon
compounds boiling in the gasoline boiling range can be
made by converting various appropriate organic chemi-
cals using specific processes particularly adapted to the
particularly desired conversion. Thus, for example,
acetone can be converted to mesitylene over many
different acid catalysts, including acid zeolites. Propyl-
ene can be converted to 2-ethyl hexane by a combina-
tion of hydroformy]ation, hydrogenation and Aldol
condensation, using a metal catalyst in a basic system,
through an aldehyde and/or alcohol intermediate (bu-
tyraldehyde and 2-ethyl hexanol). Similarly, acetalde-
hyde can be converted to iso-octane by Aldoling and
hydrogenolysis. Methanol can be converted to toluene
by alkylation of benzene using an acid zeolite catalyst.

It is clear, however, that all of the known processes of
this type do not produce a wide range of hydrocarbon
products, and do not even produce significant quanti-
ties of full range gasoline. U.S. Pat. No. 2,950,332,
Mattox, discloses the use of crystalline aluminosilicate
zeolites as catalysts to convert ketones to aromatics,
particularly acetone to mesitylene. In particular, rather
low silica to alumina ratio zeolites, such as Y, were
employed by this patentee. His reaction temperatures
were about 300° to 900° F. and he produced as much as
about 43% C,* aromatics from acetone at 500° F
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U.S. Pat. No. 3,728,408, Tobias, carried this conver-

sion over into the use of high silica to alumina ratio
zeolites, such as dealuminized Y and ZSM-5. Tobias
insisted upon a minimum silich to alumina ratio of 10
and showed a 25% conversion of acetone to mesitylene
and mesityl oxide using a 17 to 1 silica to alumina ratio
ZSM-5 at 200° C. (392° F.). The ratio of mesityl oxide
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to mesitylene in Tobias’ product was. reported to be 9
to. 1. This calculates out to a yield of 2.07% (by wt)
mesitylene based upon acetone feed. As noted in the
prosecution of the above-referred to parent applica-
tion, consideration of the gas chromatograph of Tobias’
product fails to show the production of any aromatic
hydrocarbon, or in fact any hydrocarbon, other than
mesitylene.

U.S. Pat. No. 2,456, 584 is'also worthy of note, for
reasons which will become apparent below, because it
discloses the conversion of dimethylether to hydrocar-
bon gasoline using a silica alumina catalyst. This refer-
ence indicates that while dimethyl ether by itself is
poorly converted to gasoline, in admixture with isobu-
tane, the mixture converts very nicely to aromatic gaso-
line.

With all this prior art at his disposal, the routineer in
the chemical arts still does not known how to convert
relatively simple hetero-atom containing organic chem-
icals directly to hydrocarbon gasoline, particularly full
range gasoline, of commercial quality and in commer-
cial quantity.

It is, therefore, an object of this invention to provide -
an improved means of converting relatively simple
organic compounds to gasoline.

It is another object of this invention to provide a
novel means of converting certain lower, aliphatic car-
bonyl containing organic compounds and carbohy-
drates to gasoline.

It is a further object of this invention to provide a
novel means of converting organic chemical streams
containing carbonyl compounds to hydrocarbon gaso-
line.

Other and additional objects of this invention will be
apparent from a consideration of this entire specifica-
tion including the claims hereof.

In accord with and fulfilling these objects, one aspect
of this invention resides in a process comprising con-
tacting a mixture of a difficulty convertible lower ali-
phatic organic chemical containing oxygen and an eas-
ily convertible lower organic aliphatic organic chemi-
cal containing oxygen with a catalyst comprising a
crystalline aluminosilicate zeolite having a silica to
alumina ratio of at least 12, a constraint index of about
1 to 12, and preferably a crystal density of not substan-
tially below about 1.6 grams per cubic centimeter;
under reaction conditions of elevated temperature of at
least about 500° F, low space velocity of about 0.5 to
50 LHSV and a pressure of about 1 to 200 atmo-
spheres,

It will be appreciated that within the ranges of oper-
ating parameters recited will exist certain combinations
of conditions which will direct the conversion toward
specific types of products.

Therefore, it is appropriate to indicate that in addi-
tion to the temperature specified above as a critical
variable, there is also a critical variable in the severity
of operation as well as a preferred critical variable in
the mode of operation. Within the operating parame-
ters specified above, there are a number of combina-
tions of temperature and residence time, sometimes
reported as space velocity in a continuous system,
which in combination ‘define the severity required to
achieve a given desired result. Since there is no gener-
ally accepted unit or numerical designation for sever-
ity, it is believed appropriate in this situation to define
severity in terms of product composition; that is that
combination of temperature, pressure and contact time
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which:will yield a product in; which the major propor-

. tion, based on the carbon contained in the feed, of the

carboris in the form of hydrocarbons, the preponder-
ant components of which are C¢ to C,, monocyclic
aromatic hydrocarbons.

Consideration of the data presented in this specifica-

4

represent, as closely as possible, the ratio in the rigid
anionic framework of the zeolite crystal and to exclude
aluminum in’the binder or in cationic or other form
within the channels.-Although zeolites with a silica to
alumina ratio of at least 12 are useful, it is preferred to

- use zeolites having ‘higher ratios of at least about 30.

tion indicates that a wide variety of hydrocarbon com-

pounds are produced by the process hereof and that
some if not most, of them are not predictable from the
specified reactant by any classical chemical conversion
theory or mechanism.

It is remarkable that when carrymg_out the process of
this invention under any given set of reaction condi-
tions, it does not seem to particularly matter what reac-
tant or reactant mixture is chosen, the product slate
seems to be just about the same, e.g. ethyl acetate gives
just -about the same products as does acetone. This
appears to be a qualitative fact, that is that the product
slate produced is substantially equivalent. There are
differences in proportion of individual constituents of
the product slate as a function of the particular reac-
tant conditions chosen, but the product slate appears to
remain substantially unaltered. In fact, it would appear
that the product slate is not a function of any specific
reactant. Under equivalent operating conditions, sub-
stantially the same product results regardless of which
specific reactants are used.

The special zeolite catalysts referred to herein utilize
members of a special class of zeolites exhibiting some
unusual properties. These zeolites induce profound
transformations of aliphatic hydrocarbons to aromatic
hydrocarbons in commercially desirable yields and are
generally highly effective in alkylation, isomerization,
disproportionation and other reactions involving. aro-
matic hydrocarbons. Although they have unusually low
alumina contents, i.e. high silica to alumina ratios, they
are very active even with silica to alumina ratios ex-
ceeding' 30. This activity is surprising since catalytic
activity of zeolites is generally attributed to framework
aluminum atoms and cations associated with these
aluminum atoms. These zeolites retain their crystallin-
ity for long periods in spite of the presence of steam
even at high temperatures which induce irreversible
collapse of the crystal framework of other zeolites, e.g.
of the X and A type. Furthermore, carbonaceous de-
posits, when formed, may be removed by burning at
higher than usual temperatures to restore activity. In
many environments, the zeolites of this class exhibit
very low coke forming capability, conductive to very
long times on stream between burning regenerations.

An important characteristic of the crystal structure
of this class of zeolites is that it provides constrained
access to, and egress from, the intra-crystalline free
space by virtue of having a pore dimension greater than
about-5 Angstroms and pore windows of about a size as
would be provided by 10-membered rings of oxygen
atoms. It is to be understood, of course, that these rings
are those formed by the regular disposition of the tetra-
hedra making up the anionic framework of the crystal-
line aluminosilicate, the oxygen atoms themselves
being bonded to the silicon or aluminum atoms at the
centers of the tetrahedra. Briefly, the preferred zeolites
useful as catalysts in this invention possess, in combina-
tion: a silica to alumina ratio of at least about 12; and
a structure providing constrained access to the crystal-
line free space.

The silica to alumina ratio referred to may be deter-
mined by conventional analysis. This ratio is meant to
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Such zeolites, after activation, acquire an intracrystal-
line sorption -capacity ‘for normal hexane - which is
greater than that for water, i.e. they exhibit “hydropho-
bic” properties. It is believed that this hydrophobic
character is advantageous in the present invention.

The zeolites useful as catalysts in this invention freely
sorb normal hexane and have a pore dimension greater
than about 5 Angstroms. In addition, their structure
must provide constrained access to some larger mole-
cules It is sometimes possible to judge from a known’
crystal structure whether such constrained access ex-
ists. For example, if the only pore windows in a crystal
are formed by 8-membered rings of oxygen atoms, then
access by molecules of larger cross-section than normal
hexane is substantially excluded and the zeolite is not
of the desired type. Zeolites with windows of 10-mem-
bered rings are preferred, although excessive puckering
or pore blockage may render these zeolites substan-
tially ineffective. Zeolites with windows of twelve-
membered rings do not generally appear to.offer suffi-
cient constraint to produce the advantageous conver-
sions desired in the instant invention, although struc-
tures can be conceived, due to pore blockage or other
cause, that may be operative.

Rather than attempt to judge from crystal structure
whether or not a zeolite possesses the necessary con-
strained access, a simple determination of the ¢ ‘con-
straint index” may be made by continuously passing a
mixture of equal weight of normal hexane and 3-meth-
ylpentane over a small sample, approximately 1 gram
or less, of zeolite at atmospheric pressure accordmg to
the following procedure. A sample of the zeolite, in the
form of pellets or extrudate, is crushed to a particle size
about that of coarse sand and mounted in a glass tube,
Prior to testing, the zeolite is treated with a stream of )
air at 1000° F for at least 15 minutes. The zeolite is then
flushed with helium and the temperature adjusted be-
tween 550° and 950° F to give an overall conversion
between 10 and 60%. The mixture of hydrocarbons is -
passed at 1 liquid hourly space velocity (i.e., 1 volume
of liquid hydrocarbon per volume of catalyst pet hour)
over the zeolite with a helium dilution to give a helium
to total hydrocarbon mole ratio of 4:1. After 20 min-
utes on stream; a sample of the effluent is taken and
analyzed, most conveniently by gas chromatography, to
determine the fraction remaining unchanged for each
of the two hydrocarbons. Co

The “constraint index” is calculated as follows: ‘

log,p (fraction of n-hexane rer’naining)\ ) "
loge (fraction of 3-methylpentane remaining)

Constraint Index =

The constraint index approxnmates ‘the ratlo of the
cracking rate constants for the two hydrocarbons, Cat-
alysts suitable for the present invention are those which
employ a zeolite having a constraint index from 1.0.to
12.0. Constraint Index (CI) values for some typical
zeolites including some not within the scope of this
invention are:
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CAS

ZSM-5
ZSM-11
ZSM-35
TMA Offretite
ZSM-12
ZSM-38
Beta
Z8M-4
Acid Mordenite 0.5
REY 0.4
Amorphous

Silica-alumina 0.6
Erionite 38

commwamoe | O
~Sgw

The above-described Constraint Index is an impor-
tant and even critical, definition of those zeolites which
are useful to catalyze the instant process. The very
nature of this parameter and the recited technique by
which it is determined, however, admit of the possibil-
ity that a given zeolite can be tested under somewhat
different conditions and thereby have different con-
straint indexes. Constraint Index seems to vary some-
what with severity of operation (conversion). There-
fore, it will be appreciated that it may be possible to so
select test conditions to establish multiple constraint
indexes for a particular given zeolite which may be
both inside and outside the above defined range of 1 to
12.

Thus, it should be understood that the Constraint
Index value as used herein is an inclusive rather than an
exclusive value. That is, a zeolite when tested by any
combination of conditions within the testing definition
set forth herein above to have a constraint index of 1 to
12 is intended to be included in the instant catalyst
definition regardless that the same identical zeolite
tested under other defined conditions may give a con-
straint index value outside of 1 to 12.

The class of zeolites defined herein is exemplified by
ZSM-5,ZSM-11, ZSM-12, ZSM-21, ZSM-35, ZSM-38,
and other similar material. Recently issued U.S. Pat.
No. 3,702,886 describing and claiming ZSM-5 is incor-
porated herein by reference.

“ZSM-11 is more particularly described in U.S. Pat.
No. 3,709,979, the entire contents of which are incor-
porated herein by reference.

ZSM-12 is more particularly described in U.S. Pat.
No. 3,832,449, the entire contents of which are incor-
porated herein by reference.

U.S. application, Ser. No. 358,192, filed May 7,
1973, the entire contents of which are incorporated
herein by reference, describes a zeolite composition,
and a method of making such, designated as ZSM-21
which is useful in this invention.

U.S. ‘application Ser. No. 528,061 filed Nov. 29,
1974, the entire contents of which are incorporated
herein by reference, describes a zeolite composition
including a method of making it. This composition is
designated ZSM-35 and is useful in this invention.

U.S. application Ser. No. 528,060 filed Nov. 29,
1974, the entire contents of which are incorporated
herein by reference, describes a zeolite composition
including a method of making it. This composition -is
designated ZSM-38 and is useful in this invention.

The x-ray diffraction pattern of ZSM-21 appears to
be generic to that of ZSM-21 appears to be generic to
that of ZSM-35 and ZSM-38. Either of all of these
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6

zeolites is considered to.be within the scope of this
invention. ‘

The specific zeolites described, when prepared in the
presence of organic cations, are substantially catalyti-
cally inactive, possibly because the intracrystalline free
space is occupied by organic cations from the forming
solution. They may be activated by heating in an inert
atmosphere at 1000° F for 1 hour, for example, fol-
lowed by base exchange with ammonium salts followed
by calcination at 1000° F in air. The presence of or-
ganic cations in the forming solution may not be abso-
lutely essential to the formation of this special type
zeolite; however, the presence of these cations does
appear to favor the formation of this special type of
zeolite. More generally, it is desirable to activate this
type zeolite by base exchange with ammonium salts
followed by calcination in air at about 1000° F for from
about 15 minutes to about 24 hours.

Natural zeolites may sometimes be converted to this
type zeolite by various activation procedures and other
treatments such as base exchange, steaming, alumina
extraction and calcination, alone or in combinations.
Natural minerals which may be so treated include ferri-
erite, brewsterite, stilbite, dachiardite, epistilbite, heu-
landite and clinoptiololite. The preferred crystalline
aluminosilicates are ZSM-5, ZSM-11, ZSM-12, ZSM-
21, ZSM-35 and ZSM-38, with ZSM-5 particularly
preferred. :

The zeolites used as catalysts in this invention may be
in the hydrogen form or they may be base exchanged or
impregnated to contain ammonium or a metal cation
complement. It is desirable to calcine the zeolite after
base exchange. The metal cations that may be present
include any of the cations of the metals of Groups I
through VIII of the periodic table. However, in the case
of Group IA metals, the cation content should in no
case be so large as to substantially eliminate the activity
of the zeolite for the catalysis being employed in the
instant invention. For example, a completely sodium
exchanged H-ZSM-5 appears to be largely inactive for
shape selective conversions required in the present
invention.

In a preferred aspect of this invention, the zeolites
useful as catalysts herein are selected as those having a
crystal framework density, in the dry hydrogen form, of
not substantially below. about 1.6 grams per cubic cen-
timeter. It has been found that zeolites which satisfy all
three of these criteria-are most desired. Therefore, the
preferred catalysts of this invention are those compris-
ing zeolites having a constraint index as defined above
of about 1 to 12, a silica to alumina ratio of at least
about 12 and a dried crystal density of not substantially
less than about 1.6 grams per cubic centimeter: The dry
density for known structures may be calculated from
the number of silicon plus aluminum atoms per 1000
cubic Angstroms, as given, e.g. on page 19 of the article
on Zeolite Structure by W. M. Meier. This paper, the
entire contents of which are incorporated herein. by
reference, is included in “Proceedings. of the Confer-
ence on Molecular Sieves, London, April, 1967, pub-
lished by the Society of Chemical Industry, London,
1968. When the crystal structure is unknown, the crys-
tal framework density may be determined by classical
pyknometer techniques. For example; it may be deter-
mined by immersing the dry hydrogen form of the zeo-
lite in an organic: solvent which is not sorbed by the
crystal. It is possible that the -unusual sustained activity
and stability of this class of zeolites is associated with its
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high crystal anionic framework density of not less than
about 1.6 grams per cubic centimeter. This high density
of course must be associated with a relatively small
amount of free space within the crystal, which might be
expected to result in more stable structures. This free
space, however, seems to be important as the locus of
catalytic activity.

Crystal framework densities of some typical zeolites
including some which are not within the purview this
invention are:

Framework

Void
Zeolite Volume Density
Ferrierite 0.28 ccfec 1.76 glcc
Mordenite .28 1.7
ZSM-5, -11 29 1.79
Dachiardite .32 1.72
L 32 1.61
Clinoptilolite 34 1.71
Laumontite .34 1.77
ZSM-4 (Omega) .38 1.65
Heulandite 39 1.69
P 41 1.57
Offretite .40 1.55
Levynite .40 1.54
Erionite .35 1.51
Gmelinite .44 1.46
Chabazite 47 1.45
A .5 1.3
Y 48 1.27

It has been noted in the above-referred to parent
application that carbonyl containing lower organic
compounds in general convert according to the process
of this invention to products comprising aromatic gaso-
line. It has now been discovered that short chain alde-
hydes (1 or 2 carbon atoms), carboxylic acids and
anhydrides, glycols, glycerin, and carbohydrates, al-
though they do convert to highly aromatic gasoline as
described in the parent application, convert in a less
satisfactory manner with poorer catalyst cycle life. It
has been found, and it is a most important aspect of this
invention, that these difficultly convertible feeds can be
converted to desired product mixtures, particularly
highly aromatic full range gasolme in a synergistically
better manner if the conversion is carried out as afore-
said but with a mixture of these difficultly convertible
oxygenates and an easily converted oxygenate such as
alcohols, ethers, esters, long chain aldehydes, ketones
and their analogues.

The difficulty convertible oxygenate feeds seem to
fall into certain categories of organic compounds. This
categorization is empirical rather than theoretical. As
noted, carboxylic acids and anhydrides, carbohydrates
such as starch and- sugars, lower glycols, glycerin, and
other polyols and short chain aldehydes seem to be
difficult to convert to a desirable product with an ac-
ceptable catalyst life. Organic carboxylic acids of any
chain length are difficultly convertible.

Organic oxygenates useful in this invention have an
empirical formula which can be written:

C, Hpzp - pHO

where n is'the number of carbon atoms in the molecule,
p is the number of oxygen atoms in the molecule and m
is the number of hydrogen atoms in the molecule. Diffi-
cultly convertible oxygenates, as the term 1s used
herein, are those in Wthh the relation:

5

20

25

35

40

45

50

55

60

R=-T2p
n

is equal to or less than 1. Easily convertible oxygenates,
as the term is used herein, are those in which this rela-
tion R is greater than 1.

These criteria are separate and distinct, not cumula-
tive. That is if an aliphatic organic oxygenate is either
an acid or has value of R up to 1, it is considered to be
difﬁcultly convertible. Easily convertible aliphatic or-
ganic oxygenates are non-carboxylic acids having a
value of R greater than 1. These criteria are cumulative
in that the compound must satisfy both criteria. The
preferred embodiment of this invention requires the
conversion of a mixture of aliphatic organic oxygenates’
having a total cumulative value of R of greater than a
stoichiometric deficiency of carboxylic acids. In a pre-
ferred embodiment of this invention, monocarboxylic
acids are the difficulty convertible oxygenates and
monohydric alcohols are the easily converted oxygen-
ates. With a mixture of methanol and acetic acid, the
feed should have a mole ratio of the former to the latter
greater than 1, most preferably greater than 2.

Carrying out this conversion using a mixed feed as
aforesaid not only improves the catalyst cycle life and
yields of gasoline boiling range, particularly aromatic
products obtainable from the difficulty convertible
reactant, but it actually increases the yield of gasoline
boiling range, particularly aromatic products at the
expense of the C,~ portion of the product usually ob-
tained from the conversion of the desirable, e.g. alco-
hol; reactant. Put more succinctly in perspective, the
conversion of acetic acid at 500° to 1000° F over a
ZSM-5 zeolite will give a product which comprises in
the organic portion C,aliphatics and Cs* aromatics
and aliphatics. It also cokes and chars the catalyst in a
shorter than expected time. The conversion of metha-
nol or dimethyl ether under the same conditions gives
excellent yields of hydrocarbon products and exhibits
long catalyst life with little coke slowly building up on
the catalyst. The hydrocarbon products are predomi- .
nantly in the gasoline boiling range with some C4~ ali-
phatics.

It would, of course, be desirable to carry out this
conversion in such a manner as to increase the yield of -
gasoline boiling range hydrocarbons at the expense of
the lighter, C,~ products. It is truly an unexpected ad-
vantage of co-converting lower alcohols and/or ethers
etc. with acids, lower aldehydes and/or carbohydrates
that not only is the conversion of these latter com-
pounds improved, but the proportion of the hydrocar-
bon product which is gasoline as compared to lighter
hydrocarbons is significantly increased even with re-
spect to the already high yields of gasoline obtained
from alcohol and ether conversion.

It is an important feature of this aspect of this inven-
tion therefore to co-convert easily converted and diffi-
culty converted lower aliphatic organic compounds
containing hetero atoms in order to improve the overall

. yield of desired full range gasoline with respect to that

63

which is obtainable from either reactant type alone. In
this regard, it is an important feature to use mixtures of
single compounds, e.g. dimethyl ether and acetic acid,
as the feed to this process. It is also an important fea-
ture of this invention to use multi-component mixtures,
which contain more than one easily converted and/or
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more than one dlfﬂculty converted reactant. In fact;it
may be most preferred-to:use a-fully mixed feed such as.

that obtained by the controlled. partial oxidation of
propane;’ butane -or -naphtha~iri 'the  vapor or liquid

phases. Other sources of such mixturés of various light .
Fischer-Tropsch’ process

oxygenates - include --the’.
wherein synthesis gas; carbon'monoxide and hydrogen,
are catalytlcally :converted-to:a*mixture ‘of lower ali-
phatic organicioxygenated compounds mcludmg alco-
hols, ethers, aldehydes, ketones;etc,

These aspects of this invention: will be: lllustrated by

are by ‘weight unless- expressly-stated: to be on some
other basis. The follpwing Table sets:forth the results
obtained in four comparative tests run side by side
under substantially identical conditions. The tempera-
ture was 700° F; the pressure was 1 Atmosphere; the
space velocity was 1 LHSV; and the catalyst was H-
ZSM-5 with 35% Al,O; binder.

10,

. the following Examples in which-parts and percentages
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-continued
Butenes IR 1.13
‘i-Pentane. : L 2.76
n-Pentane ' 1.12
Pentenes o 0.31
Ce + PON o 4.25
. Benzene ’ 3.30
Toluene ) 16.48
Ethylbenzene . 2.53
Xylene 21.49
As . 15.36
Ave - : 7.59
At 1.00 .

TOTAL Cy+ 76.19
TOTAL AROMATICS - 6175

What is claimed is:

1. In the process of converting lower aliphatic oxygen
containing organic compounds of the empirical for-
mula C,H,,.2,.pH,O where n is the number of carbon

atoms, 1 to 8, p is the number of oxygen atoms and m

Example No. 1 2 3 4
CH;OH (80) CH;OH (67) CH,OH (80)
S-Tri- Acetalde- Acetic
Feed (Mol %) CH3;OH(100) oxane (20) hyde (33) Acid (20)
Product Distribution .
Hydrocarbons (wt %) 45.66 38.02 46.29 38.72
Oxygenates 0.03 0.11 0.13 0.02
Water 57.76 50.62 50.40 55.72
Carbon oxides 0.25 11.20 2.36 444
Hydrogen 0.03 0.05 0.02 0.0t
Product Distribution
Hydrocarbon portion
Methane 0.42 1.99 1.03 1.15
Ethane 0.47 0.84 0.77 0.48
Ethylene ’ 0.45 0.56 - 0.66 1.18
Propane 15.50 16.46 9.73 5.64
Propylene 1.27 1.16 0.89 0.80
i-Butane 19.16 12.05 7.00 340
n-Butane 529 3.93 2.96 1.32
Butenes 1.21 0.77 0.87 0.63
i-Pentane 9.40 3.82 3.00 2.30
n-Pentane 1.34 0.66 0.75 0.42
Pentenes 0.19 0.13 0.29 0.33
Cs PON 6.02 2.19 2.70 2.47
C; + PON 1.78 0.63 0.98 0.86
Benzene 0.90 1.66 2.23 1.91
Toluene 7.34 10.32 12.92 11.05
Ethylbenzene 0.93 0.80 1.88 2.26
Xylenes . 15.57 22.13 26.05 25.64
Ag 9.72 14.45 18.69 26.01
Ay 295 493 6.58 10.29
At 0.09 0.54 - 1.86
Carbon Selectivity* 99.8 89.2 98.1 96.3

*Carbon in hydrocarbon product/carbon in feed X 100

In the following Example 5, a mixture comprising
57% C~Cg alkanols, 3% C;~C, alkanals, 11% Cyx-C,
alkanones and 29% C,-C; alkanoic acids was con-
verted to a mixed hydrocarbon product, as indicated,
using an HZSM-5 catalyst. Conditions were 1 Atm.
pressure, 1 LHSV, 700° F and 3 hours total time on
stream.

TOTAL PRODUCT, Wt%

Hydrocarbons 58.14
Oxygenates 0.03
H,0 39.55
CO, 2.93
co } 1.53
H, 0.03 -
102.21
HYDROCARBONS, W% .
Methane 0.11
Ethane . 0.68
Ethylene 0.89
Propane 8.74
Propylene 1.35
i-Butane 7.50
n-Butane 341
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is the number of hydrogen atoms in the feed, to a prod-
uct comprising water and hydrocarbons, said hydrocar-
bons containing a preponderance of the carbon of said
organic compounds, by contacting such feed with a
crystalline aluminosilicate zeolite catalyst having a
silica to alumina ratio of at least about 12 and a con-
straint index of about 1 to 12 at an elevated tempera-
ture of at least about 500° F, and a space velocity of
about 0.5 to 50 LHSV; the improvement, whereby
increasing the aromaticity of said hydrocarbon prod-
uct, which comprises providing as said feed a mixture
of a difficultly convertible organic compound having a
value of

R =220
n

of up to 1.and an éasily convertible organic compound

having no carboxylic acid groups and havmg ayvalue of

R of greater than 1, said mixture having a cumulauve
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value of R of greater than 1'and a stoichiometric defi-
ciency of carboxylic acid groups. ‘

2. The improved process claimed in claim 1 wherein
said feed mixture comprises a carboxylic acid and a
monohydric alcohol.

3. The improved process claimed in clalm 1 wherein
said product hydrocarbons consist essentially of C,~
light aliphatics and Cs* full boiling range, highly aro-
matic gasoline.

4, The improved process claimed in claim 1:wherein
said feed comprises as said difficulty convertible com-
pounds at least one member selected from the group
consisting of C, or C, aldehydes, polyhydric alcohols,
carboxylic acids, carbohydrates and carboxylic acid
anhydrides, and as said easily convertible compounds

3,998:898

4t least one member of the group consisting of alcohols,

--ethers, ketones;. esters of carboxyllc acids and C;* alde-

5
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hydes? o= i .

5. The- lmproved process c]almed in. clalm l carried
out at about 600%:t0:900%F. - - -«

6. The improved process claimed in clalm 1 usmg a
ZSM-5 zeolite as.the.catalyst...

7. The improved process claimed in claxm 2 wherem
said difficulty convertible material is selected from the
group consisting of acetic acid, acetaldehyde and a
formaldehyde moiety.

8. The 1mproved process claimed in claim 1 including
converting -a mixture of acetic acid and methanol to a
product comprising toluene.
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