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1. 

This invention relates to the production of 
Organic compounds, especially hydrocarbons, and 
particularly branched chain hydrocarbons. The 
invention has, as its general object, the provi 
Sion of novel processes for the production of hy 
drocarbons from materials such as methanol or 
methane. Other objects will in part be obvious 
and in part will appear hereinafter. 
We have found, in accordance with our inven 

tion, that substantial amounts of recoverable hy 
drocarbons having at least four carbon atoms 
can be obtained by subjecting methanol or its 
anhydride, dimethyl ether, to dehydration and 
condensation conditions. The process may be 
carried out So as to obtain as conversion prod 
lucts both aliphatic hydrocarbons containing a 
Substantial proportion of branched chain hydro 
carbons and aromatic hydrocarbons. The proc 
eSS is preferably carried out by subjecting meth 
anol or dimethyl ether or mixtures of the two 
to the action of a dehydrating and condensing 
agent at elevated temperatures and pressures. 
We have found that, under the conditions of the 
present process, such an agent is effective to 
accomplish complete removal of a molecule of 
Water from methanol and condensation of the 
remainder of the molecule of methanol to pro 
duce hydrocarbons. 
We prefer to treat the material to be converted 

by contacting it, under conversion conditions, 
with a dehydrating agent which is preferably of a 
catalytic nature. We prefer to use a dehydrating 
agent such that very little, if any, of the water 
formed in the dehydration chemically combines 
With the dehydrating agent under the conditions 
of the operation. The invention includes the use 
of several different types of dehydrating and 
condensing agents such as those of an acidic, 
non-oxidizing nature or metal salts of the type 
exemplified by metallic polyhalides having a de 
hydrating action and being at most incompletely 
hydrolyzed in the process. Dehydrating agents 
of the former type include phosphoric acid, and 
acid metallic phosphates such as acid aluminum 
phosphate or acid magnesium phosphate, all of 
which may be supported on an inert carrier such 
as kieselguhr. Dehydrating agents of the latter 
type include metallic polyhalides that are at 
most incompletely hydrolyzed under the conver 
Sion conditions. The hydrolysis of these halides 
may be Suppressed, particularly when the inven 
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2 
tion is embodied in a continuous process, by the 
addition of Small amounts of gaseous halides, 
such as hydrogen halides, to the zone in which 
conversion is taking place, the amount of Such 
gaseous halides being sufficient to Suppress hy 
drolysis of the metallic halide but insufficient to 
react in any substantial amount with the mate 
rials being converted. Suitable halides include 
chlorides and higher atomic weight halides of 
metals such as zinc, cadmium, thorium, and the 
like, which may be supported on a suitable inert 
carrier. Especially effective results have been 
obtained with the use of zinc chloride and there 
fore we prefer to employ this catalyst. 
When the process is carried out at elevated 

temperatures, such as temperatures below 650° C., 
condensation is promoted by conducting the con 
version under super-atmospheric pressure con 
ditions. By proper selection of the conversion 
conditions as described herein, we can convert 
methanol and dimethyl ether to substantial 
amounts of recoverable hydrocarbons having at 
least four carbon atoms and avoid the forma 
tion of any considerable quantity of less useful 
products, such as methane, or non-recoverable 
materials such as very high boiling tars or car 
bonaceous materials similar to coke. We prefer 
to operate the process so as to obtain at least 
30% and preferably 50% conversion to recover 
able hydrocarbons having at least four carbon 
atoms, based on the amount of methanol or di 
methyl ether converted to such hydrocarbons. 
(For example, a conversion of four moles of 
methanol to one mole of isobutane is considered 
a 100% conversion of methanol to isobutane.) 
We have found that methanol can be con 

verted to hydrocarbon products comprising 
branched chain hydrocarbons at temperatures 
above 250° C. and below 400° C., in the presence 
of a dehydrating and condensing agent such as 
Zinc chloride with the concomitant formation of 
dimethyl ether, the relative amount of dimethyl 
ether decreasing with increase in temperature. 
At temperatures of about 375 C., the conversion 
to hydrocarbons is by far the predominating re 
action and at 425 C, there is little, if any, di 
methyl ether formed. It has also been found 
that dimethyl ether is similarly converted to hy 
drocarbons at the temperatures of above 375 C. 
It is therefore preferred, when recoverable hydro 
carbons are desired as the principal products, to 
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contact either methanol or dimethyl ether with 
Zinc chloride at temperatures above 375 and 
below 650 C., Such as temperatures not in excess 
of 500 C. In our investigations, we have found 
that the recoverable hydrocarbons may contain 
aromatic hydrocarbons. Due to the low hydrogen 
content of aromatic hydrocarbons, their forma 
tion is advantageous, particularly when saturated 
aliphatic hydrocarbons are concomitantly formed, 
since there is then no necessity for the formation 
of coke to maintain a material balance. 
The conversion may be carried out as a batch 

process by heating methanol or dimethyl ether 
or both in a closed vessel in the presence of zinc 
chloride. Condensation of the methylene radical 
formed by the dehydration of the above materials 
to hydrocarbon products is favored by effecting 
the conversion at Superatmospheric pressures, 
which pressures, however, should generally be 
below 5000 pounds per square inch, such as pres 
sures in the range of 100 to 2500 pounds per 
square inch. The process may also be effected 
in a continuous manner; in which case, the 
vapors of dimethyl ether or methanol or a mix 
ture of both can be contacted with zinc chloride 
under conversion conditions which should in 
clude superatmospheric pressure such as pres 
sures in the above range. In any event, we oper 
ate so that the mol ratio of zinc chloride to the 
reactants, methanol or dimethyl ether, is not 
high, and thus avoid undesired side reactions such 
as the formation of methane or methyl chloride. 
We have obtained high conversion to hydrocar 
bons using mol ratios as low as below one and 
may obtain similar effects using ratios higher 
than one, such as ratios up to 20 to 1. 
In accordance with one phase of the invention, 

methane, which may be obtained cheaply from 
natural or refinery gases, is reacted With Sulfur 
trioxide to yield reaction products from which 
may be separated methanol and/or sulfonated 
products which yield additional methanol on de 
composition and the methanol so obtained con 
verted, under dehydrating and condensing con 
ditions as described above, to conversion prod 
ucts from which may be recovered substantial 
amounts of hydrocarbons having at least four 
carbon atoms and containing relatively large 
amounts of branched chain hydrocarbons. 
The reaction between methane and Sulfur tri 

Oxide described above is effected at reaction con 
ditions less severe than those under which meth 
ane is completely consumed by oxidation to the 
inorganic carbon oxides, carbon monoxide and 
dioxide, all as more fully described in our appli 
cation Serial No. 673,627, filed on May 31, 1946. In 
general, the reaction of sulfur trioxide and 
methane may be aided by a catalyst, preferably a 
catalyst of the type known as a sulfonation cata 
lyst. Preferred reaction conditions include the 
use of a catalyst comprising a metal or a sulfate 
of a metal of group II B of the periodic table, 
particularly mercury, although the reaction can 
be effected without the use of a catalyst; reac 
tion temperatures above room temperature, pref 
erably temperatures in the range of 100° to 450° 
C.; and a Wide range of reaction pressures in 
cluding atmospheric and superatmospheric pres 
Sures, the latter generally being below 5000 
pounds per Square inch. The relative amounts of 
the reactants, sulfur trioxide and methane, can 
be varied widely depending on other reaction 
conditions and the type of products desired. 
Methanol can be obtained from the reaction prod 
ucts of sulfur trioxide and methane as above or 
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4. 
Sulfonated derivatives of methane resulting from 
this reaction can be decomposed to methanol 
and Sulfur dioxide, such as by pyrolysis at ten 
peratures above 225 C., as described more fully 
in our application, Serial No. 673,628, filed on May 
31, 1946. Methanol from either or both processes 
may then be converted to hydrocarbon products 
Comprising branched chain hydrocarbons, thus 
obtaining valuable hydrocarbons from methane. 
Sulfur dioxide from either the reaction with 
methane or from the decomposition of sulfonated 
derivatives of methane may be appropriately 
processed and converted to sulfur trioxide, as by 
Oxidation using air, and the sulfur trioxide so 
obtained reacted with additional methane. 
By such a process, methane, which is primarily 

useful only as a cheap fuel, is converted to hy 
drocarbon products useful either directly as a 
motor fuel or as blending agents for high octane 
gasoline. A fraction of hydrocarbon material 
consisting at least principally of isobutane may 
be separated, as by distillation, from the reac 
tion products and thereafter used as a starting 
material for the production of other compounds 
as, for example, in the preparation of alkylate, 
a high octane blending agent for gasoline. Other 
branched chain paraffins can be similarly sepa 
rated from the reaction products and used for 
gasoline blending or as chemical raw materials. 

Similarly olefins, either normal or branched, 
may occur in the conversion products and may 
be used, in an impure or in a relatively pure state, 
in polymerization, alkylation or similar proc 
esses. It is one of the advantages of the pres 
ent invention, that the ratio of branched chain 
hydrocarbons to normal hydrocarbons is un 
usually high in the reaction products and hence 
hydrocarbon material of high octane value Inay 
be prepared from such reaction products. 

In order to illustrate processes embodying the 
present invention, but not to be construed as 
Etitions thereon, the following examples are 
given: 

Eacample I 
Several runs were made in which methanol 

and zinc chloride (in amounts equal to a mol ratio 
of ZnCl2 to CH3OH of 0.6) were placed in a ves 
Sel, the vessel sealed and then heated to 4250 C. 
for about 1.5 hours. The maximum preSSure, 
based on the amount of methanol, the tempera 
ture and the size of the VeSSel, Was approximate 
ly 2440 lbs./sq. in. The vessel was cooled before 
opening it to investigate the reaction products. 
The reaction products were separated into a 

fraction volatile at 25° C. and atmospheric ples 
Sure, and a liquid fraction. The volatile fraction 
from. One run was analyzed with the following 
results: 
T 

Mol per cent 
Conversion of 

roduct CH3OH to 
products - 

listed 

Methane----------------------------------------..... 1.0 .0 
Ethane----------------------------------.....I ... 4 Ethylene.------------------------........III .3 
Propane. - - - 4. () 6.7 
Propylene 1.0 
Isobutane- --- 19.6 
n-Butane--------- ... 5 
Butenes-------------------------.............I. 0.7 
Branched chain pentanes- 4.1, 34.9 
n-Pentane.-------------- 0.1 
Hexanes (volatile at 25°) 4.3 
Hexenes (volatile at 25°)------------ 4.6 

It is to be noted in the above results that branched 
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chain hydrocarbons constituted at least 90% of 
the C4 and C5 hydrocarbon material. 
The liquid fraction of the reaction products 

from two runs contained about 20% (on the same 
basis as the above) of recoverable hydrocarbon 
material boiling between 25° C. at atmospheric 
pressure and 85° C. at 1.5 mm. of Hg pressure 
(about 246° C. at atmospheric pressure) and 
about 30% of higher boiling material. From the 
higher boiling material, hexamethylbenzene was 
separated and identified, in an amount corre 
sponding to about 18% conversion of methanol. 
No dimethyl ether was detected in the reaction 
products and less than 2% of the methanol was 
converted to non-recoverable carbonaceous ma 
terial. 

Eacample II 
A run was made, using the technique of Ex 

ample I, except that dimethyl ether and zinc 
chloride were reacted, in amounts equal to a 
mol ratio of ZnCl2 to dimethyl ether of 1 to 16, 
at a temperature of 400° C. for 1 hour. The 
maximum pressure, on the same basis as Ex 
ample I, was approximately 1050 lbs./sq. in. 
Approximately 70% of the reaction mixture 

was volatile at 25° C. and 550 mm. of Hg pres 
Sure. The composition of this volatile material 
was as follows: 

Per cent of 
conversion of 

Product, dinnethyl 
ether to prod 
ucts listed 

Methane. 13, 9 3.9 
Ethene-- 2.8 
Ethane--- 21.4 
Propene-- 9.3 
Propane---------------------------------------------- 4.4 
Isobutane-------------------------------------------- 23.0 
n-Butane.------...--- 2.9 
Butenes----------------- 1.7 
Branched chain pentane 1.0) 30.9 
n-Pentane-------------- 1.2 
Pentanes------------- - ... 4 
Benzene--------------------------------------------- 7 
Dimethyl ether (recovered).-------------------------- 4.3 4.3 

The amount of material higher boiling than 
the above was about 30%. 

Eacample III 
A run was made using the technique and mate 

rials of Example I except that the mol ratio of 
ZnCl2 to CH3OH was 1 to 10, the temperature 
390° C., and the time 2.5 hours. 

Analysis of material volatile at 24° C. and 
1025 mm. of Hg pressure indicated the following 
compounds: 

Per cent con 
version of 

Products CH3OH to products 
listed 

Methane---------------------------------- 0.5 
Ethane.-- - 0.1 
Ethene-- - - - 9, 5 
Propane-- 5.8 
Propene--------------------------------------------- 3. 6 
n-Butane-------------------------------------------- 2. 
Isobutane-- 25.0 
Butenes---- 17 
n-Pentane ----- 0.6 4.1.1 
Branched pentan 7.2 
Pentenes-------- - 0.4 
Hexanes----------------------------------- 2.9 
Hexenes--------------------------------------------- 0.6 
Dimethyl ether-------------------------------------- 14.5 14.5 

By the techniques described above, it is 
apparent that, among other phases of the in 
vention, we have furnished means for the Con 
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version of methane to useful and recoverable 
higher boiling hydrocarbons, such as branched 
chain aliphatic hydrocarbons, using, in effect, 
atmospheric oxygen to accomplish the trans 
formation. Moreover the combined techniques 
described may be opereated integrally to yield 
Valuable hydrocarbon products as a final product 
or valuable intermediate products may be with 
drawn at various points in the integrated process. 
Obviously many modifications and variations of 

the invention as hereinbefore set forth may be 
made Without departing from the Spirit and scope 
thereof and therefore only such limitations should 
be imposed as are indicated in the appended 
claims. 
We claim as our invention: 
1. The process which comprises contacting di 

methyl ether with zinc chloride at conversion 
conditions including temperatures above 375 C. 
and below 650 C. and at Superatmospheric 
preSSures. 

2. The process which comprises subjecting a 
mixture consisting essentially of a metallic poly 
halide at most uncompletely hydrolyzed under 
the conversion conditions and at least one conn 
pound selected from the group consisting of 
methanol and dimethyl ether to conversion con 
ditions including a temperature in the range of 
250° to 650° C. and thereby forming substantial 
amounts of recoverable hydrocarbons having at 
least four carbon atoms. 

3. The process which comprises subjecting a 
mixture consisting essentially of a zinc halide and 
at least one compound selected from the group 
consisting of methanol and dimethyl ether to con 
Version conditions including a temperature in 
the range of 250° to 650° C. and thereby forming 
Substantial amounts of recoverable hydrocarbons 
having at least four carbon atoms. 

4. In the production of hydrocarbons, the 
process which comprises contacting at least one 
compound selected from the group consisting of 
methanol and dimethyl ether with a zinc halide 
at a temperature in the range of 250° to 650° C. 
and at superatmospheric pressures in a conversion 
Zone, the concentration of water in said con 
Version Zone being such that substantial hy 
drolysis of said zinc halide is avoided, and thereby 
forming Substantial amounts of recoverable 
hydrocarbons. 

5. In the production of hydrocarbons, the 
process which comprises contacting at least one 
compound Selected from the group consisting of 
methanol and dimethyl ether with zinc chloride 
at a temperature in the range of 375 to 650° C. 
and at superatmospheric pressures in a con 
Version Zone, the Only Water present in said 
conversion zone being water formed in the re 
action, and thereby forming substantial amounts 
of recoverable hydrocarbons having at least four 
carbon atoms. 

6. In the production of hydrocarbons, the 
process which comprises contacting methanol 
with zinc chloride at a temperature in the range 
of 250 to 650 C. and at a superatmospheric 
pressure in the range of 100 to 2500 pounds per 
inch in a conversion Zone, the only water present 
in said conversion being water formed from said 
methanol, to form substantial amounts of re 
coverable hydrocarbons having at least four car 
bon atoms. 

7. The process which comprises subjecting a 
mixture consisting essentially of methanol and 
Zinc chloride to conversion conditions including a 
temperature of approximately 4.25° C. and a 
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pressure of approximately 2500 pounds per UNITED TENTS 
Square inch for a length of time sufficient to STATES PA 
convert at least 30 percent of said methanol to Number Name Date 
recoverable hydrocarbons having at least four 1,949,344 Woodhouse --------- Feb. 27, 1934 
carbon atoms. 5 2,328,059 Craig -------------- Aug. 31, 1943 

ARISTD W. GROSSE. 2,334,565 Lieber ------------ Nov. 16, 1943 
JOHN C. SNYDER. OTHER REFERENCES 

REFERENCES CTED Ipatieff et al.: J. A. C. S., 66, i627-31, 
The following references are of record in the 10 

file of this patent: 


