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amounting to 38.8 million cubic feet/day comprises 
mixture having the following approximate composition: 

Percent 
Hydrogen ---------------------------------- 58.2 
CO --------------------------------------- 21.8 
CO2 --------------------------------------- 4.9 
H2O ----------------------------------------- 14.9 
The above mixture is passed through a scrubber-cooler 
whereupon it is cooled to a temperature of approximate 
ly 100 F. A gaseous mixture is recovered from the 
scrubber-cooler having the following composition: 

Percent 
H2 -------------------------- ???-------??????? - 67.5 
CO ---------------------------------------- 25.3 
CO2 --------------------------------------- 5.7 
H2O --------------------------------------- 1.3 
The aboxe mixture, which is at 15 p.s.i.g., is then con 

pressed and used for conversion to methanol. 
EXAMPLE II 

A total feed gas of 125,000,000 cubic feet/day, com 
prising a blend of 33,000,000 cubic feet/day of fresh feed 
gas and 92,000,000 cubic feet/day of recycle gas is 
charged to five reactors in series. The composition of 
the fresh feed and of the recycle gas feed, as well as the 
blend, is shown in the following table. 

Fresh Feed Recycle Blend 
Feed 

Bydrogen, Mol Percent.---------- 68.5 65.3 66, 1 
CO, Mol Percent----------------- 25.5 24.3 24, 6 
CO2, Mol Percent.---------------- 5.8 5.5 5.6 

The aforementioned blend is charged to the first reactor 
at a pressure of 4850 p.s.i.g. and a temperature of 630 F. 
A temperature rise of 85 F. occurs in the first reactor 
resulting in an outlet temperature of 750 F. The entire 
reactor product is passed through heat exchange means 
whereupon the temperature is reduced to 630 F. for 
introduction into the second reactor. A similar tempera 
ture rise occurs in each of the subsequent reactors and 
cooling is required between each of the reactors to 
remove the exothermic heat of reaction. The reactors 
contain zinc oxide-chromia catalyst and are charged at 
a rate of 15,250 gaseous v./v./hr. 
The total product issuing from the last reactor at 4550 

p.si.g. is passed to a separator after being cooled to 120° 
F. A gaseous stream comprising 3,500,000 cubic 
feet/day of bleed gas and 92,000,000 cubic feet/day of 
recycle gas is removed from the separator and a product 
comprising 2820 barrels/day of methanol containing 
1.5% dimethylether and 250 barrels/day of water is 
recovered as a bottoms product. 
jected to conventional distillation to recover 2770 
barrels/day of methyl alcohol of 99.85% purity. 
The present invention is of considerable importance 

and utility in that methanol is useful as a solvent and 
may be used in preparing high octane number motor 
fuels by blending the methanol with gasoline and other 
volatile components. m 
While the invention has been described and illustrated 

by reference to use of methane as the feed, it will be 
preferred to employ natural gas as the feed. Natural gas 
as produced usually comprises a major amount of 
methane and minor amounts of ethane, propane and 
butane. Accordingly, it is contemplated that mixtures of 
these several hydrocarbons having 1 to 4 carbon atoms 
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in the molecule may be used or the hydrocarbons in a . 
substantially purified form may comprise the feed stock. 

This application contains common subject matter to 
Serial No. 697,982, filed November 21, 1957, for Nick 
P. Peet, and entitled "Production of Synthesis Gas.' 
The nature and objects of the present invention having. 

been completely described and illustrated, what I wish 75 

.6 
to claim as new and useful and secure by Letters Patent 
S 

1. A method for producing methanol which com 
prises passing a first portion of an admixture of synthesis 
gas comprising carbon monoxide and hydrogen with re 
cycle gas in parallel through a plurality of serially inter. 
connected reaction Zones each containing a bed of con 
version catalyst at suitable reaction conditions to provide 
a conversion from about 5 to about 6 percent in each 
Zone and to produce in each Zone a product containing 
methanol and recycle gas, the total product from each 
reaction Zone passing in series to the next preceding re 
action Zone, removing heat of reaction externally and 
between each of said reaction zones from each of said 
products, introducing a second portion of said admixture 
into the last of said reaction zones, and recovering from 
the first of said reaction Zones the total products from 
said plurality of reaction zones whereby the amount of 
recycle gas is substantially diminished over that hereto 
fore required and increased conversions are obtained. 

2. A method for producing methanol which comprises 
passing a first portion of an admixture of synthesis gas 
comprising carbon monoxide and hydrogen with recycle 
gas in parallel through a plurality of serially intercon 
nected reaction Zones each containing a bed of conver 
sion catalyst at suitable reaction conditions including a 
temperature within the range from about 630 to about 
715 F. and at a pressure within the range from about 
2,000 to about 6,000 pounds per square inch gauge, to 
provide a conversion from about 5 to about 6 percent in 
each Zone and to produce in each Zone a product con 
taining methanol and recycle gas, the total product from 
each reaction Zone passing in series to the next preced 
ing reaction Zone, removing heat of reaction externally 
and between each of said reaction zones from each of 
said products, introducing a second portion of said ad 
mixture into the last of said reaction zones, and recover 
ing from the first of said reaction zones the total products 
from said plurality of reaction zones whereby the amount 
of recycle gas is substantially diminished over that here 
tofore required and increased conversions are obtained. 

3. A method for producing methanol which comprises 
passing a first portion of an admixture of synthesis gas 
comprising carbon monoxide and hydrogen with recycle 
gas in parallel through a plurality of serially intercon 
nected reaction Zones each containing a bed of zinc oxide 
chromia conversion catalyst at suitable reaction condi 
tions to provide a conversion from about 5 to about 6 
percent in each Zone and to produce in each zone a 
product containing methanol and recycle gas, the total 
product from each reaction zone passing in series to the 
next preceding reaction Zone, removing heat of reaction 
externally and between each of said reaction zones from 
each of said products, introducing a second portion of 
said admixture into the last of said reaction zones, and 
recovering from the first of said reaction zones the total 
products from said plurality of reaction zones whereby 
the amount of recycle gas is substantially diminished 
over that heretofore required and increased conversions 
are obtained. 

4. A method for producing methanol which comprises 
passing a first portion of an admixture of synthesis gas 
comprising carbon monoxide and hydrogen with recycle 
gas in a ratio of 3 parts of admixture per part of recycle 
gas in parallel through a plurality of serially interconnected 
reaction Zones each containing a bed of conversion cata 
lyst at Suitable reaction conditions to provide a conver 
sion from about 5 to about 6 percent in each zone and 
to produce in each zone a product containing methanol 
and recycle gas, the total product from each reaction zone 
passing in series to the next preceding reaction zone, re 
moving heat of reaction externally and between each of 
said reaction zones from each of said products, intro 
ducing a second portion of said admixture into the last 
of said reaction zones, and recovering from the first of 
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said reaction zones the total products from said plurality 
of reaction zones whereby the amount of recycle gas is 
substantially diminished over that heretofore required and 
increased conversions are obtained. 

5. A method for producing methanol which comprises 
passing a first portion of an admixture of synthesis gas 
comprising carbon monoxide and hydrogen with recycle 
gas in parallel through a plurality of serially intercon 
nected reaction zones each containing a bed of conver 
sion catalyst at suitable reaction conditions to provide a 
conversion from about 5 to about 6 percent in each Zone 
and to produce in each zone a product containing meth 
anol and recycle gas, the total product from each reac 
tion zone passing in series to the next preceding reaction 
zone, removing heat of reaction externally and between 
each of said reaction zones from each of said products 
to maintain the temperature in each reaction Zone sub 
stantially constant and equal, introducing a second por 
tion of said admixture into the last of said reaction zones, 
and recovering from the first of said reaction zones the 
total products from said plurality of reaction zones where 
by the amount of recycle gas is substantially diminished 
over that heretofore required and increased conversions 
are obtained. 

6. A method in accordance with claim 5 in which five 
reaction zones are employed and the temperature in said 
zones is within the range between about 630 and 715 
F. and the pressure in each zone is within the range be 
tween about 2000 and about 6000 pounds per square inch 
gauge. 

7. A method for producing methanol which comprises 
passing a first portion of an admixture of synthesis gas 
comprising carbon monoxide and hydrogen with recycle 
gas in parallel through a plurality of serially intercon 
nected reaction zones each containing a bed of zinc oxide 
chromia conversion catalyst at Suitable reaction condi 
tions including a temperature within the range from about 
630 to about 715 F. and at a pressure within the range 
from about 2,000 to about 6,000 pounds per square inch 
gauge to provide a conversion from about 5 to about 6 
percent in each zone and to produce in each Zone a prod 
uct containing methanol and recycle gas, the total prod 
uct from each reaction zone passing in series to the next 
preceding reaction zone, removing heat of reaction ex 
ternally and between each of said reaction zones from 
each of said products, introducing a second portion of 
said admixture into the last of said reaction zones, and 
recovering from the first of said reaction zones the total 
products from said plurality of reaction zones whereby 
the amount of recycle gas is substantially diminished over 
that heretofore required and increased conversions are 
obtained. 

8. A method for producing methanol which comprises 
the steps of dividing a natural gas feed stream into a 
first portion and a second portion, contacting the first 
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portion in admixture with steam and carbon dioxide ob 
tained in a later step at an elevated temperature in a con 
version zone with a catalyst to produce synthesis gas, 
burning the second portion to provide said elevated tem 
perature and to form a combustion gas containing sub 
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reaction zone passing in series to the next preceding reac 
tion zone, removing heat of reaction externally and be 
tween each of said reaction zones from each of said prod 
ucts, introducing a second portion of said admixture into 
the last of said reaction zones, and recovering from the 
first of said reaction zones the total products from said 
plurality of reaction zones whereby the amount of re 
cycle gas is substantially diminished over that heretofore 
required and increased conversions are obtained. 

9. A method for producing methanol which comprises 
the steps of dividing a natural gas feed stream into a 
first portion and a second portion, contacting the first 
portion in admixture with steam and carbon dioxide ob 
tained in a later step at an elevated temperature within 
the range between about 1100 and 1850 F. in a con 
version zone with a catalyst to produce Synthesis gas, 
burning the second portion to provide said elevated tem 
perature and to form a combustion gas containing Sub 
stantial amounts of carbon dioxide, cooling the combus 
tion gas with water to generate steam and reduce the tem 
perature of the combustion gas, recovering carbon di 
oxide from the cooled combustion gas, admixing the 
steam and recovered carbon dioxide with the first por 
tion, recovering said synthesis gas comprising carbon 
monoxide and hydrogen from the contacted admixture, 
passing a first portion of an admixture of said recovered 
synthesis gas comprising carbon monoxide and hydrogen 
with recycle gas in parallel through a plurality of serially 
interconnected reaction zones each containing a bed of 
conversion catalyst at suitable reaction conditions in 
cluding a temperature within the range from about 630 
to about 715 F. and at a pressure within the range 
from about 2,000 to about 6,000 pounds per square inch 
gauge to provide a conversion from about 5 to about 6 
percent in each zone and to produce in each zone a 
product containing methanol and recycle gas, the total 
product from each reaction zone passing in series to the 
next preceding reaction zone, removing heat of reaction 
externally and between each of said reaction zones from 
each of said products, introducing a second portion of 
said admixture into the last of said reaction zones, and 
recovering from the first of said reaction zones the total 
products from said plurality of reaction zones whereby 
the amount of recycle gas is substantially diminished 
over that heretofore required and increased conversions 
are obtained. 

10. A method for producing methanol which com 
prises the steps of dividing a methane-containing feed 
stream into a first portion and a second portion, contact 
ing the first portion in admixture with steam and carbon 
dioxide obtained in a later step at an elevated temperature 
in a conversion zone with a nickel catalyst to produce 
synthesis gas, burning the second portion to provide said 
elevated temperature and to form a combustion gas con 
taining substantial amounts of carbon dioxide, cooling 
the combustion gas with water to generate steam and 
reduce the temperature of the combustion gas, recovering 
carbon dioxide from the cooled combustion gas, admix 

60 
stantial amounts of carbon dioxide, cooling the combus 
tion gas with water to generate steam and reduce the tem 
perature of the combustion gas, recovering carbon diox 
ide from the cooled combustion gas, admixing the steam 
and recovered carbon dioxide with the first portion, re 

and hydrogen from the contacted admixture, passing a 
first portion of an admixture of said recovered synthesis 
gas comprising carbon monoxide and hydrogen with re 
cycle gas in parallel through a plurality of serially inter 
connected reaction zones each containing a bed of con 
version catalyst at suitable reaction conditions to pro 
vide a conversion from about 5 to about 6 percent in each 
Zone and to produce in each Zone a product containing 
methanol and recycle gas, the total product from each 
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ing the steam and recovered carbon dioxide with the 
first portion, recovering said synthesis gas comprising 
carbon monoxide and hydrogen from the contacted ad 
mixture, passing a first portion of an admixture of said 
recovered synthesis gas comprising carbon monoxide 
and hydrogen with recycle gas in parallel through a plu 

covering said synthesis gas comprising carbon monoxide 
rality of serially interconnected reaction zones each con 
taining a bed of zinc oxide-chromia conversion catalyst 
at Suitable reaction conditions to provide a conversion 
from about 5 to about 6-percent in each zone and to 
produce in each zone a product containing methanol and 
recycle gas, the total product from each reaction zone 
passing in series to the next preceding reaction zone, 

75 

removing heat of reaction externally and between each of 
said reaction zones from each of said products, intro 
ducing a second portion of said admixture into the last 
of said reaction zones, and recovering from the first of 
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said reaction zones the total products from said plu 
rality of reaction zones whereby the amount of recycle 
gas is Substantially diminished over that heretofore re 
quired and increased conversions are obtained, 

11. A method for producing methanol which com 
prises the steps of dividing a methane-containing feed 
stream into a first portion and a second portion, contact 
ing the first portion in admixture with steam and carbon 
dioxide obtained in a later step at an elevated tempera 
ture in a conversion zone with a catalyst to produce 
synthesis gas containing approximately two parts of 
hydrogen to one part of carbon monoxide, burning the 
second portion to provide said elevated temperature and 
to form a combustion gas containing substantial amounts 
of carbon dioxide, cooling from about 50 percent to 
about 75 percent of the combustion gas with Water to 
generate steam and reduce the temperature of the gas, 
recovering carbon dioxide from the cooled combustion 
gas, admixing the steam and recovered carbon dioxide 
with the first portion, recovering said synthesis gas from 
the contacted admixture, passing a first portion of an 
admixture of said recovered synthesis gas comprising 
carbon monoxide and hydrogen with recycle gas in a 
ratio of 3 parts of admixture per part of recycle gas in 
parallel through a plurality of serially interconnected 
reaction zones each containing a bed of conversion 
catalyst at suitable reaction conditions to provide a con 
version from about 5 to about 6 percent in each Zone 
and to produce in each Zone a product containing 
methanol and recycle gas, the total product from each 
reaction zone passing in series to the next preceding re 
action zone, removing heat of reaction externally and 
between each of said reaction zones from each of said 
products, introducing a second portion of said admixture 
into the last of said reaction zones, and recovering from 
the first of said reaction zones the total products from 
said plurality of reaction zones whereby the amount of 
recycle gas is substantially diminished over that hereto 
fore required and increased conversions are obtained. 

12. A method for producing methanol which com 
prises the steps of dividing a hydrocarbon feed stream 
having 1 to 4 carbon atoms in the molecule into a first 

5 

O 

5 

20 

25 

30 

35 

40 

10 
portion and a second portion, contacting the first portion 
in admixture with steam and carbon dioxide obtained in 
a later step at an elevated temperature in a conversion 
ZOne with a catalyst to produce Synthesis gas, burning the 
second portion in said conversion Zone to provide said 
elevated temperature and to form a combustion gas con 
taining substantial amounts of carbon dioxide, cooling the 
combustion gas with water to generate steam and reduce 
the temperature of the combustion gas, recovering carbon 
dioxide from the cooled combustion gas, admixing the 
steam and recovered carbon dioxide with the first portion, 
recovering synthesis gas comprising carbon monoxide and 
hydrogen from the contacted admixture, passing a first 
portion of an admixture of said recovered synthesis gas 
comprising carbon monoxide and hydrogen with recycle 
gas in parallel through a plurality of serially intercon 
nected reaction zones each containing a bed of conversion 
catalyst at suitable reaction conditions to provide a con 
version from about 5 to about 6 percent in each zone and 
to produce in each Zone a product containing methanol 
and recycle gas, the total product from each reaction zone 
passing in series to the next preceding reaction zone, re 
moving heat of reaction externally and between each of 
said reaction zones from each of said products to main 
tain the temperature in each reaction Zone substantially 
constant and equal, introducing a second portion of said 
admixture into the last of said reaction zones, and re 
covering from the first of said reaction zones the total 
products from said plurality of reaction zones whereby 
the amount of recycle gas is substantially diminished over 
that heretofore required and increased conversions are 
obtained. 

13. A method in accordance with claim 12 in which 
five reaction zones are provided and the total conversion 
per pass is from about 25 percent to about 30 percent. 
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