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'UNITED STATES

PATENT OFFICE

. o ¢ 921 ;410
SYNTHETIC PRODUCTION OF ME’I‘HANOL

Ralph S. Richardson, Teaneck, N. J., assignor to
- Nitrogen Engineering Corpora.tlon. New York s
N. Y., & Corporation of New York .

Original applieation April 24, 1925, Seria.l No.
25,590, now Patent No. 1, 704 214. Divided and
~ this application December 12 1928 Serial No.

T 325,433
| 18 Claims.

This application is a division of my applica-
tion filed April 24, 1925, Serial No. 25,590 now
Patent No. 1,704,214,

My invention relates broadly to processes for
converting given substances into others having
different physical or chemical characteristics as
through the use of a catalytic agent. More par-

- ticularly my invention comprises novel processes
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- and control of the temperatures maintained in_

in the manufacture of” valuable products by di-
rect synthesis from their component gases which
are passed at high temperatures under pressure
over a catalyst mass, as for example, the manu-
facture of methyl alcohol or methanol (CHj3.OH)
from carbon monoxide (CO) and hydrogen. In
any instance the elements should be combined
in their respective proportions in the gaseous

mixture and then compressed to relatively high

pressures and passed under such pressure over
a suitable catalytic agent capable of stimulating
the combination of the two gases whereby sufili-
cient heat is produced to maintain the tempera-
tures required for satisfactory yields.
In the manufacture of methanol from a mix-
ture of one part of carbon monoxide and.two

parts of hydrogen by volume which is preferably -

passed under 300 atmospheres pressure and at
a high temperature (300° to 400° C.) over a cata-

lyst containing metallic copper and .zinc oxide

with recirculation of the uncombined gases, suc-
cess depends almost entirely on the regulation

- the catalytic chamber.

35
“ed from within, since variations of such tem-

40

- maintain the reaction, and therefore production -
of methanol ceases entirely. Under. ordinary -

45

" reaction unless the ingoing gas mixture is pre-

50

'In industrial operations many difficulties are

encountered in maintaining the catalyst at an
optimum temperature after being initially heat-

perature in either direction lowers the conver-
sion efficiency of the catalyst with decreased
yields. It has been found that too low tempera-
tures greatly decrease the activity of the catalyst,
-so that cooling takes place below that required to

conditions of operation the heat produced in the
catalyst chamber is insufficient to maintain the

heated either directly or by the hot outgoing mix-
ture after conversion through heat-exchange ap-
paratus either separately installed or arranged
within the catalyst chamber. -
Furthermore in industrial practice on 8 com-

" mercial scale, it has been found that the portion

55

of the catalyst which first comes in contact with

~ the gas mixture where the activity is more in-
tense, may become injured by overheatmg or

even poisoned by impurities in the gases.

second, and preferably the major,

"Even
though such heat is removed by suitable cooling
surfaces surrounding that portion of the catalyst,

yet local overheating ip likely to occur in the

catalyst mass. Hence it follows that the maxi-
mum life of a catalyst as well as maximum con-
version of the methanol products are largely de-

pendent. upon the temperature at which such

catalyst operates in producmg methanol as I
have stated.

Heretofore removal of the heat of reactmn has
been accomplished throughout the catalyst in
practice by use of heat transfer surfaces suit-
ably disposed within the catalyst mass, but such
system of control inevitably permits great differ-
ences in temperature in various isolated parts of

the catalyst mass, and especially allows no ade- .
quate control of temperature capable of being
varied with operating conditions to secure opti-

mum temperatures for maximum conversion.
“According to my invention I contro! the tem-

sections or zones by which the temperature in the

~major portion which is last to be reached by the
proper gaseous mixture is maintained closely to

1,921,776
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-perature throughout the catalyst mass in varying -

the optimum temperature for maximum methan-

ol conversion, since the greater part of the heat
generated through the reaction is liberated in the
lesser portion of the catalyst mass which ini-
tially comes in contact with the gas mixture en-
tering the catalyst furnace. The temperature
control may be attained by passing comparatively

85

cool gas at various points within the converter to =~
be circulated therein. Furthermore the tempera- -

ture in the first section or portion of the catalyst
mass is controlled partly by introducing part-of

the inflowing gas beyond a portion of the heat-

exchange surface usually attached to the cata-
Iytic furnace and partly by the transfer of heat
from the catalyst itself to the incoming flow of
the gas mixture, while the temperature of the
portion of
the catalyst mass is-controlled by the admixture

of cooler gas to that superheated gas leaving the

first section or portion of the catalyst.
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- According to another aspect of my invention,
the temperature and amount of gas mixture en-

tering the second or final portion of the catalyst

- mass are also controllable by a selective arrange-

ment or system for by-passing the inflowing gas

exchanger. Such method of temperature control

allows not only a closer regulation of tempera- -

tures for the final catalytic operation with the

| maxlmum yield of product but also permits less

105 -

~mixture partially or altogether from the heat-

110
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" expensive construction than the internal system
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for cooling the catalyst heretofore used.

In carrying out my invention the catalyst mass
is preferably separated into two or more separate
portions and are preferably arranged in tandem
within the catalytic furnace and coupled together
with one or more sectmns of heat-interchangers
also arranged in tandem so that all the inflow-
ing or entering gas mixture may go either in
series through the apparatus including the two
or more separate portions of catalyst or, if de-
sired, the entering gas mixture may be prede-
terminedly directed by separate connections and

regulating cocks with the gas supply that all or

any portion of the gas mixture may by-pass
either (1) g part or all of the heat interchanger
system; or (2) all or any portion of such gas
mixture may bv-pass all the heat-interchanger

-system and the first portion or section of the

catalyst mass, while maintaining a continuous
seireulation of the gas mixture through both
catalyst mass and heat-interchanger withh a sub-
stantial uniformity of pressure during the pas-
sage of the gas mixture from one portion -to

the next succeeding portion of the catalyst mass.

The accompanying drawing represents in verti-
cal section an apparatus adapted for carrying
out the process of my invention.

The catalyst furnace 1 is arranged in the upper
part of the cylindrical vessel 2 having the top 3

and bottom 4 strong enough to withstand the

high pressures employed. The furnace 1 is pref-
erably divided into two parts by the perforated
egrate 5 which is preferably localted somewhat
above the middle of the furnace 1 to form the
upper catalyst chamber 6 containing the catalyst
substance 7, with the lower catalyst chamber 8
containing the major portion of the catalyst sub-

~ stance 9 resting on the perforated grate 10 form-
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ing the bottom of the furnace 1.
arrangement of the two catalyst chambers 6 and
8 is preferably in tandem with the chamber 8
somewhat larger in content than the chamber
6 as will be hereinafter explained. The heat-

interchanger 11 is preferably located below the.
catalyst furnace 1 as shown; such interchanger
- comprises two sections 12 and 13 also arranged

in tandem, the head 14 of the section 12 having
the pipe 15 connected therewith and extending

upwardly through the furnace 1 and opening into .

the top of the chamber 6 above the catalyst 7.
The sections 12 and 13 each comprises a series
of vertically-disposed spaced-apart pipes 16 ex-

tending therethrough with the chamber 17 locat-~

ed between the two sections 12 and 13. The bot-
tom of the section 13 is formed with the head
18 connected by the pipe 19 extending through
the bottom 4 and connecting with the gas inlet
pipe 20 communicating by the cock 21 with the
source of the ingoing gas mixture flowing up-
wardly through the pipe-22. To by-pass and
control the volume of the inflowing gas mixture

from the pipe 22 to different portions of the

apparatus, the pipe 23 having the cock 24 therein
communicates with the chamber 17; also the pipe
25 having the cock 26 communicates with the’

head 14; while the upper end of the pipe 22 is
connected with the pipe 27 leading to the upper
part of the catalyst chamber 8, such pipe having
the cock 28 to control the flow of gas through

the pipe 27. - The top 3 is formed with the bore

29 connected with the gas outlet pipe 30. In the
drawing the arrows with the solid lines indicate
the path of the gas mixture going to and through
the furnace 1, while the arrows with the broken

As shown the

1,921,776

lines show the path of the gas ‘mixture after
passing from the catalyst furnace.

When using the form of apparatus as illustrat-
ed, the procedure of controlling the direction and

volume of ingoing gas mixture to different parts
of the apparatus from the pipe 22 is determined

by the selective manipulation -of the several

cocks 21, 24, 26 and 28. The essentials of the
arrangement shown comprise the two separate
portions of catalyst substance 7 and 9 with one
or more sections 12 and 13 of the heat-inter-
changer set up in tandem so that all the inflowing
gas mixture may go in series through all the
equipment including the two catalyst portions 7
and 9, or if so desired, by means of the separate

pipe connections and cocks connected with the
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gas inflow in the pipe 22, such inflowing gas may

be so directed that all or any portion thereof
may by-pass (@) a partv or all of the heat-inter-
changer 11, or (b) the entire interchanger sys-
tem and the catalyst chamber 6. 'The separate

gas inlet connections through the pipes 20, 23,
256 and 27, each with its suitable cock, also per-~

mit the gas to enter the interchanger 11 at one or
more points, as well to the two catalyst cham-
bers 6 and 8.

95
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One advantage of having the upper and ini-

t1ally-contacted catalyst 7 of less content than
the final catalyst 9, is that the temperature in
the larger portion 9 of the catalyst mass may be
held closely to the optimum, since tl;le greater
part of the heat reaction is liberated in the cham-
ber 6 throughout the catalyst 7. Furthermore

the temperature in the catalyst mass 7 may also

be controlled partly by by-passing part of the
heat-interchanger surface and partly by trans-
fer of heat from the catalyst mass to the incom-
ing gas. The temperature of the catalyst mass 9
in the chamber 8 may also be controlled by the
admixture of cooler gas to theigas leaving the

upper catalyst 7, and the tempera.ture of gas

entering the final catalyst 9 is also controllable

by the selective arrangement for by-passing part.

or all of the interchanger system 11.

Neither the size, shape or arrangement of the
heat-interchanger and catalyst chamber is es-
sential; a convenient form, as shown, locates the
interchanger in the lower part of the containing

cylindrical vessel 2 with two separate catalyst
bodies in series above the mterchangers and w1th- '.

in the same vessel 2.
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The gas mixture mtroduced into the c1rcula:t- |

ing system as hereinbefore described refers to the
unheated carbon monoxide and hydrogen mix-
ture having some methanol therein that is passed
into the circulating gas flow before reaching the
catalyst or any part thereof.

I wish it to be understood that the mventmn
is not to be confined to the method shown for ef-
fecting the improvements, as such method may
be varied in many ways without departing fmm_
the nature of the invention and mthout sacrl-
ficing its chief advantages.

I claim as my invention: | |

1. In the process of producing methanol by

passing a gaseous mixture of carbon monoxide

prises introducing gas in predetermined amounts
to separated portions of different content of the
catalyst mass while maintaining a continuous cir-
culation therethrough.

120
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- and hydrogen over a catalyst mass at hlgh tem- -
peratures under. pressure, the step which com-

145

2. In the process of producing methanol by -

passing a gaseous mixture of carbon monoxide and

hydrogen over a catalyst mass at high tempera- 150
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tures under pressure, the stép which comprises

introducing gas at a lower temperature in pre-

 determined amounts to separated portions of dif-

10

15

20

20

30

39

40

45

o0

09

60

ferent content of the catalyst mass while main-

taining a continuous circulation therethrough.
3. In -the process of producing methanol by

passing a gaseous mixture of carbon monoxide

and hydrogen over a catalyst mass at high tem- -
peratures under pressure, the step which com-

prises varying the amount of inflowing gaseous
mixture to separated portions of different content
of the catalyst mass while maintaining a contmu-

ous circulation therethrough.

4. ITn the process of producing methanol__ by
passing a gaseous mixture of carbon monoxide

and hydrogen over a catalyst mass at high tem-.

peratures under pressure, the step which com-
prises varying the amount of inflowing gaseous
mixture at a lower temperature to separated por-
tions of different content of the catalyst mass
while maintaining a contmuous clrculatmn there-
through.

5. In the process of producing methanol by
passing a gaseous mixture of carbon monoxide
and hydrogen over a catalyst mass at high tem-
peratures under pressure, the step which com-
prises introducing gas in predetermined amounts
to separated portions of different content of the
catalyst mass while maintaining a continuous cir-
culation therethrough and a substantial uniform-
ity of pressure during the whole of the operations.

6. In the process of producing methanol by
passing a gaseous mixfure of carbon monoxide
and hydrogen over a catalyst mass at high tem-
peratures under pressure, the step which com-
prises varying the amount of inflowing gaseous

mixture to separated portions of different con-

tent of the catalyst mass while maintaining a con-
tinuous circulation therethrough and a substan-
tial uniformity of pressure during the whole of
the operations.

7. In the process of producing methanol by
passing a gaseous mixture of carbon monoxide

and hydrogen over a catalyst mass at high tem--

peratures under pressure, the step which com-
prises introducing gas at variably lower tempera-

tures in predetermined amounts to separated por-
tions of different content of the catalyst mass

while mamtalmng a contmuous mrculatmn there-
through.. . ~

8. In the process of pro‘ducmg methanol by
passing a gaseous mixture of carbon monoxide
and hydrogen over a catalyst mass at high tem-
peratures under pressure, the step which com-
prises varying the amount of inflowing gaseous

mixture at variably lower temperatures to sepa-

rated portions of dlﬁ‘erent content of the catalyst
mass while mamtammg a continuous c1rculat10n
therethrough.

9. In the process of producmg methanol by
passing a gaseous mixture of carbon monoxide

E and hydrogen over a catalyst mass at high tem-

perature under pressure below 400 atmospheres,

) the steps which comprise passing the gas mixture
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into direct reaction contact with a portion of the

catalyst mass, and then introducing additional,.

comparatively cooler carbon monoxide hydrogen
mixture to the reacted gas flow from said portion
in controllable amounts before such combined
flow is passed through other spaced-apart por-
tions of the catalyst of variably greater content
from said first catalyst portion for further re-
action while maintaining a continuous c.u'cula-
tion therethrough.

10. In the process of producmg methanol by

passing a gaseous mixture of carbon 'monoxide

3

“and hydrogen over a catalyst mass at high tem-

perature under pressure below 400 atmospheres, -

the steps which comprise passing the gas mixture

into direct reaction contact with a portion of the
catalyst mass, and then introducing. additional

comparatively cooler carbon monoxide-hydrogen .

mixture at a substantial uniformity of pressure to

the reacted gas flow from said portion in con-

trollable amounts before such combined flow is
passed through other spaced-apart portions of

the catalyst of variably greater content from said
first catalyst portion for further reaction while

maintaining & contmuous circulationi there--
through.

11, In the process of producmg metha.nol by

‘passing a gaseous mixture of carbon monoxide

and hydrogen over a catalyst mass at high tem-

perature under pressure below 400 atmospheres,

the steps which comprise passing the gas mixture

into direct reaction contact with a portion of the
catalyst mass, and then introducing variable
quantities of compara.twely cooler carbon mon-

oxide-hydrogen mixture to the reacted gas flow

from said portion in controllable amounts before

such combined flow is passed through other

spaced-apart portions of the catalyst of variably
greater content from said first catalyst portion
for further reaction while mamta.uung a con-
tinuous circulation therethrough.

12. In the process of producing methanol by

passing a gaseous mixture of carbon monoxide
and hydrogen over a catalyst mass at high tem-
perature under pressure below 400 atmospheres,
the steps which comprise passing the gas mixture
into direct reaction with a portion of the catalyst
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mass, and then introducing variable quantities

of comparatively cooler carbon monoxide-hydro-.
gen mixture at a substantial uniformity of pres-
sure to the reacted gas _flow from said portion in
“controllable amounts before such combined flow

115

is passed through other spaced-apart portions of -

‘the catalyst of variably greater content from said

first catalyst portion for further reaction while
maintaining a contmuous circulation there-
through.

13. In the process of producing methanol by

120

passing a gaseous mixture of carbon monoxide

and hydrogen over a catalyst mass at high tem-
perature under pressure below 400 atmospheres,

the steps which comprise passing the gas mixture
into direct reaction contact with a portion of the

catalyst mass, and then introducing additional
comparatively cooler carbon monoxide-hydrogen
mixture to the reacted gas flow from said portion
in controllable amounts before suich combined
flow is passed through other spaced-apart por-
tions of the catalyst of variably greater content

from said first catalyst portion for further re-

action while maintaining a continuous circulation
therethrough and a substantial uniformity of
pressure during the passage of said gas mixtures
successively through said spaced-apart portions
of the catalyst mass,

125
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14. In the process of ' producmg metha.nol by 140

passing a gaseous mixture of carbon monoxide

and hydrogen over a catalyst mass at high tem-
perature under pressure below 400 atmospheres

the steps which comprise passing the gas mixture .
into direct reaction contact with a portion of the

catalyst mass, and then introducing variable
quantities of comparatively cooler carbon mon-
oXide-hydrogen mixture to the reacted gas flow

- from said portion in controllable amounts before . -
such combined ﬂow is passed through other 150 h

145
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spaced-apart portions of the catalyst of variably
osreater content from said first catalyst portion
for further reaction while maintaining a con-
tinuous circulation therethrough and a substan-
tial uniformity of pressure during the passage
of said gas mixtures successively through said
spaced-apart portions of the catalyst mass.

15. In the process of producing methanol by

passing a gaseous mixture of carbon monoxide

and hydrogen over a catalyst mass at high tem-
perature under pressure below 400 atmospheres,
the steps which comprise passing the gas mixture
into direct reaction contact with a portion of the
catalyst mass, and then introducing additional

comparatively cocler carbon monoxide-hydrogen

mixgture to the reacted gas flow from said portion
in controllable amounts before such combined
flow is passed through other spaced-apart por-
tions of the catalyst of variably greater content

from said first catalyst portion for further re-
‘aetion, said controllable amounts being brought

indirectly into contact with said spaced-apart
portions of the catalyst, while maintaining a con-
tinuous circulation therethrough.

16. In the process of producing methanol by
passing a gaseous mixture of carbon monoxide
and hydrogen over & catalyst mass at high tem-
perature under pressure below 400 atmospheres
the steps which comprise passing the gas mixture
into direct reaction contact with a portion of the

catalyst mass, and then introducing wvariable

- guantities of comparatively cooler carbon mon-

385

oxide-hydrogen mixture of reacted gases, to the
reacted gas flow from said portion in controliable
amounts before such combined flow is passed
through other spaced-apart portions of the
catalyst of variably grester content from said first

45
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catalyst portmn for further reaction, said con-

trollable amounts being brought indirectly into
contact with said spaced-apart portions of the
catalyst, while maintaining a continuous circula-
tion therethrough. |

17. The process of producing methanol by pass-
ing a gaseous mixture of carbon monoxide and

tures under pressures below 400 atmospheres,
which comprises first passing carbon monoxide

hydrogen mixture through a separated portion of
the catalyst mass, then introducing variable
quantities of comparatively cooler carbon mon-
oxide-hydrogen mixture to the outflowing mix-
ture of reacted gases, and thereafter passing the

80

- hydrogen over a catalyst mass at high tempera- -

85
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combined gas flow mixture through another

tent than said first-mentioned portion with a
substantial uniformity of pressure -maintained
throughout s2id passage through said portions of
the catalyst.

18. The process of producmg methanol by pass-
ing a gaseous mixture of carbon monoxide and
hydrogen over a catalyst mass at high tempera-
tures under pressures below 400 atmospheres,
which comprises first passing preheated carbon

‘monozxide-hydrogen mixture through a separated

portion of the catalyst mass, then introducing
cooler carbon monoxide-hydrogen mixture to the
outflowing mixture and thereaiter passing the
combined gas flow mix tture through another sepa-
rated portion of the catalyst of greater content
than -said first-mentioned portion with & sub-
stantial  uniformity of pressure maintained
throughout said passage through sald portions of
the catalyst.
RALPH S, RICHARDSON,

- separated portion of the ‘catalyst of greater con- -
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