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- Application ﬁled December 13, 1926. Serial No. 154,634,

My invention relates to an improvement in
the process of producing synthetic methanol
by the reaction of hydirogen and carbon diox-
1de at elevated temperatures and pressures
under the influence of suitable catalysts.
More particularly my invention relates to a

ot

process 1 which the interacting gases are
properly proportioned to obtain a maximum

yield of methanol and a minimum yield of

10 undesirable by-products. '

As is well known, methanol may be pro-

duced by the interaction of hydrogen with
- carbon monoxide, or carbon dioxide, or mix-
tures of the two. -

I have now discovered that, in the case of
the interaction oi carbon dioxide and hydro-

gen catalytically at elevated temperatures

and pressures to produce methanol, optimum

results are obtained only when the carbon
dioxide is present in extremely small propor-

tion, that is, in a proportion to the hydrogen

- present which is far less than the correct
- theoretical proportion. -_ )
The combined reaction by which it has been

~ bon dioxide is one of the fourth order and is
expressed as follows:

3H,;+ C0O,2CH,0H +H.,0

Some persons have further assumed that this
combined reaction might be separated into
two simple equations, thus:— o

CO+2H,=CH,0OH.,

If the true reaction is assumed to be the simple

oo

reaction above shown, it follows from theo-

retical reasoning that the rate of reaction
should be at a maximum when theoretical
proportions of carbon dioxide and hydrogen
are present in the gaseous mixture. ,

In connection with my experiments on the
production of methanol from mixtures of

29

gases contalning various proportions of these
ingredients over suitable catalytic agents at
temperatures of 300-500° C., and at pressures
in excess of 50 atmospheres.  All of the gases
present are not reacted during one passage

%0 over the catalyst and hence it is the practice

assumed that methanol is produced from car-

hydrogen and carbon dioxide, I have passed

to recirculate the residual gases over the cata-
lyst in cyclic fashion, nothing being removed
from the process except the water and meth--
anol which are formed. To maintain the
volume of gas, which is continually dimin- g
1shed by the reaction, fresh gas is constantly
added to the system. @ -
The method of manufacture of methanol
from mixtures of carbon dioxide and hydro-

- gen may be more clearly described with ref- go

erence to Fig. 1 of the drawing which shows
a suitable apparatus in cross-section. The gas

“mixture to be reacted is supplied to the proc-

ess at the desired pressure through the “make- -

up” gas pipe A by the compressor (not 65

shown). This gas mixes with the gas of the
circulating system at connection B, and the

mixed gases pass upward into the internal
passage C of heat exchanger D. While pass-

ing through the heat exchanger the gas is 70
heated by thermal contact with the hot gas
from the methanol reaction which passes'in
reverse direction through the annular space

E between the inner and outer walls of the -
heat excbanger. From the exchanger the 75

warmed gas passes downward through pipe

- F into the converter (catalyst bomb) G. The

gas passes downward in the annular space be-

tween the inside wall of the converter and the
~wall of the catalyst basket H then rises up- 80

ward through the catalyst J and J’ through
the perforated plate H’ forming the bottom
of the basket H. .
The drawing shows the catalyst as sepa-
rated into two sections, J and J’. Section J 86
1s designied te act as a “pre-catalyst” or puri-
fier, to destroy or absorb any catalyst poisons |
which may be present in the gas, and thus to
preserve the catalytic activity of section J’
for the methanol reaction. The elevated tem- 20
perature in the converter G is largely main-
tamned by the heat of reaction, but supple-

‘mentary heat is provided for by means of elec-

tric heating elements K, K’, embedded in an
insulating jacket L. which surrounds @, 9°
As the hot gas passes through the catalyst
the methanol reaction occurs, though all of
the carbon oxides present in the gas are not re-
acted at one passage. The hot gas discharged 106
from the converter through pipe M containg "
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‘and hydrogen. This gas passes

methanol vapors, (water if carbon dioxide
is present) and any reaction by-products
formed, as well as unreacted carbon oxides
through the
annular space B of heat exchanger D giving
up most of its heat to the incoming gas.

The partially cooled gas then passes from

-

' the heat exchanger D via pipe N to the con-

10

16

~ sidual gas from the receiver

20

denser O where it is cooled. The methanol

thus obtained in liquid form together with

any water present 1s deposited in the receiver

P, from which the liquid may be removed

through drain P’.
gas rises through
culating pump R.

The circulating pump

" The residual, unreacted,
pipe Q and passes to cir-

R withdraws the re-
) P and combines
it with the make-up gas at connection B. In
operating the process, the circulating pump R

serves to circulate the gas through the sys- PeI¢
' “was 3500 pounds..

tem and to overcome pressure drops due to
friction in the pipes and catalyst chamber.
There is of course a constant diminution 1n
the pressure of the system due to the reaction
of the gases to form methanol. To sustain

the pressure in the circulating system and to

replace the gases consumed by the reaction,

make-up gas is continually supplied under

‘30
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~ carbon monoxide formed in reaction 2 may

05 advantageously to produce carbon (Reaction

pressure through pipe A. -

I have discovered that
produced from a mixture of theoretical pro-
portions of carbon dioxide and hydrogen, and
oven when less than the theoretical propor-
tion of carbon dioxide is employed there is a

in the circulating gas mixture and, further

that free carbon is deposited in the appa--

ratus. Also, the proportion of water found
with the methanol when the mixture 1S re-

moved, by condensation, from the apparatus, .

is much greater than that that
formed by the methanol reaction.

From the results thus attained it appears
that there are a number of primary reactions
occurring at different rates, rather than one
or two simple reactions. _

The group of reactions which occur .in
varying degrees is believed to be as follows :—

(1) 3H,+ COQ’@—"HQO +CH,0OH;
(5) CO+2H,=CH,0H;
(6) CH,+CO,+ H,22CH,0H;

It is thus seen that the deSired course of

should be

the reaction—i. e. methanol production—is

attained by the advantageous reactions 1, 9,

and possibly 6. On the other hand reaction

9 produces carbon monoxide and water. The

react advantageously with hydrogen to pro-
duce methanol-according to reaction 5 or dis-

when methanol is

‘hours and should be

1,875,714

7) or methane (Reaction 4). Such carbon as
is formed 1s,
cess and Reaction 7 is practically irreversi-
ble. The reactions, advantageous or disad-
vantageous, which produce water are. also
largely irreversible since water 1s constantly
removed from the process together with the

condensed methanol formed -as the desired
product.

As illustrative of the conditions prevailing
when it is attempted to react carbon dioxide
and hydrogen in theoretical proportions the
following typical experiment is cited.

A gas mixture comprising theoretical pro-
portions of hydrogen and carbon dioxide (1.
e. approximately 25% carbon dioxide) was

of course, removed from the pro-

0

5

80

circulated over a methanol catalyst contain-

ing a mixture of zinc and chromium oxides

for a period of 12 hours. -The catalyst tem-
erature was 420° C. and the gas pressure
After passing over the
catalyst, the gases were cooled and the mix-

ture of methanol and water formed by the re-

action was condensed under pressure and re-
moved from the system. The residual (unre-
acted)
and recirculated. Under these conditions
there was produced 1.5 liters of liquid per
hour per liter of catalyst, the liquid showing
609 methanol on analysis where theoreti-
cally it should contain 70% by volume. An
analysis of the circulating gas after 12 hours

of reaction showed the following composi-
tion :— | - ,
formation of methane and carbon monoxide -

- - Percent
Carbon dioxide _..21

. Carbon monoxide. 12

' ' 5.2

It should be noted that this a;nalysis of the

gases circulated over the catalyst was madé
after the process had been in operation twelve
further remarked that
prior gas analyses showed that a practically

~ static condition had been reached. In other

80

80

gases were supplemented by fresh gas

100

105

110

words, the proportions of methane and car-
bon monoxide found in the system were no

longer increasing. The lowered yield of
" methanol in the condensate is attributable

only to the disadvantageous reactions pre-

‘viously mentioned, which, on account of

oreater rapidity or selective action permit the
decomposition of carbon dioxide and of hy-
drogen without a corresponding methanol
production. ,

The results of the experiment
while the use of a gas mixture of theoretical

115

120

-sh.ow- that

proportions of carbon dioxide and hydrogen _
in the methanol process does not produce a 125

‘theoretical quantity of methanol, still a more
‘or less static condition is set up after a time

in the circulating system. This is desirable,
since it permits operation without constantl;
changing the proportions of the “make-up”

L]
Il

130



1,875,714 3
gas to maintain a definite proportion of gases
- in, the circulating system. @ = _
* By experiment, I have discovered that
when the proportion of carbon dioxide to
& hydrogen is greatly decreased the percentage
of methanol in the condensate approaches
more closely the theoretical figure, (approxi-
mately 70%), which indicates that by the
use of such proportions the undesirable side
reactions are partially or wholly inhibited
and the waste of gasesis thus avoided. I have
discovered that when the gas mixture passing
over the catalyst comprises 1-5% carbon di-
oxide and 99-95% hydrogen, the most favor-
able results are obtained. .
While the supplying of gases to the process
in these "favorable proportions produces the
desirabie result mentioned, it is-obvious that
difficulties would be encountered on the con-.
tinued operation of the process. If a mix-
ture of 3% carbon dioxide and 97% hydrogen
is constantly supplied to the process, all of
the carbon dioxide will be converted to metha-
nol but a great excess of hydrogen will re-
main unreacted. If the “ make-up gas” sup-
plied to the process to maintain the pressure
is of the same composition, the result occur-
ring on continued operation will be a gradual
~diminution in the percentage of carbon di-
80 oxide in the system until it reaches an infini-
tesimal figure at which practically no metha-
nol will be formed. . |
In the practice of my invention this difii-
culty may be easily avoided. To adjust the
process so that a gas of any desired propor-
tion of carbon dioxide will be present in the
- maxture passing over the catalyst, the circu-
latory system in which the process operates is
- filled with substantially pure hydrogen gas at
40 3 pressure comewhat below the pressure de-
- sired for operation. The circulation of this
gas through the system naturally produces
no reaction of any kind. When this adjust-
ment has been accomplished a change is
made 1n the gas supplied under pressure to
the system and instead of pure hydrogen, a.
mixture of carbon dioxide and hydrogen in i - .
the proportions theoretically required to make | Analysis of gases Sirculating | |
methanol 1s supplied to the system. This gas | Yielas| Purl- | Opera.
blends with the pure hydrogen in the system H e
and at the point where the gases pass the . ' -
catalyst, the percentage of carbon dioxide is ; 1
very small. '
Since under the favorable reaction con- 42770 '
ditions thus effected the carbon dioxide is '
converted almost entirely to methanol, the
amount of carbon dioxide disappearing from
the system 1s directly proportienate to the
amount of hydrogen disappearing. Conse-
60 quently if the gas mixture of theoretical pro-
portions 1s constantly supplied as make-up

mains unchanged. - In this manner a most
desirable “static condition” is set up in which
a gas of one unvarying composition remains
in the circulating system and another gas of
a different but also unvarying composition is
supplied to the system at the same rate at
which the theoretical mixture of methanol
and water is formed. @ . -
Instead of filling the circulating system
with pure hydrogen at a pressure approxi-
mating the pressure desired for the reaction,
the gas placed in the circulating system may
contain some carbon dioxide. This may be
accomplished either by filling the system at
the pressure of operation with a gas con-
taining a predetermined quantity of carbon
dioxide, or by passing pure hydrogen into
the system until only part of the pressure
desired for operation has been attained; and~
then adding a gas containing theoretical pro- g3
portions of carbon dioxide and hydrogen, un- .
til the desired pressure has been attained. .
In this manner it is possible to adjust the
gas 1m the circulating system to any desired
ratio of carbon dioxide to hydrogen. Then,
to operate the process, the “make up gas”
of theoretical proportions is supplied to the
system and a similar static condition may be
attained. | o N
However 1f this adjustment produces a cir- 93
culating system gas which contains more
than 5% of carbon dioxide, a loss of gases
will occur.on account of the undesirable reac-
tions previously described. ILarge quanti-
ties of methane and carbon monoxide will be
built up in the system and while continued
operation of the process will finally produce
“a static condition in that the composition of
oases In the circulating system becomes un-
changing 1in composition, the vield of
methanol will be much lower than that theo-
retically obtainable. R - '
Typical results obtained by this method of
operation are indicated in the following tab-

ulations :—
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- * Liters of condensate per hour per liter of catalyst. | o

* "‘; P)ercetit by volume of methanol in condensate (remainder being
water). |

- *** Hours of nperation_at time of test.:

In the experiments above reported, a pres-
sure of 3500 pounds was employed, and the

125
“make-up gas” supplied to the process was

- gas at a rate which maintains a constant

pressure 1n the system, methanol and water
are continually produced, and the composi-
tion of the-gas in the cireulating system re-

a mixture of carbon dioxide and hydrogen
of approximately the theoretical proportions
required for methanol production. The tem-
perature employed was 420° C. in each case,

130
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M

. process. -

1)

13

and a ,s'pallce velt}citj. of 10'0,'0-00' -w_as" em-

ployéd.. - :I‘heh variance 1in _re§ults _ishlown . 1n ;

»

“present in the circulating system before the
methanol resction was started—that is be-

fore the make-up gas was supplied to the

Table 1 indicates thait_aé' the _p_ercelitage of
carbon dioxide in the circulating gases was
reduced from 11% to 2%,

The percentages of

result of the dimunition in carbon dioxide.
The fact that in Experiment 4 the percentage

~ of carbon monoxide in the circulating .gases

‘exceeded the percentage of carbon dioxide 1s

of no importance, for the "production of a
larger percentage of methanol in the conden-
sate than was obtained in the other experi-
ments indicates that disadvantageous side re-
actions were diminished in activity. Ap-

~parently the methane and carbon monoxide

l"-'l.
-l

" tion before a static condition in the circulat-
'  from the spirit thereof.

" bon dioxide in the circulating system, gave’

30

were formed during the first stages of reac-

ing system was attained.

While Experiment 2, employing 6.5% car-

the largest yield of condensate per hour, this

;s not the consideration of prime importance

in the economy of the process. Any desired

~ yield of condensate per hour may be obtained

U

by increasing the apparatus and the amount
of catalyst employed. The greatest economy
and efficiency of operation is attained when

~all of the gases removed from the process

49

Mt

enter into the production of the theoretical
fnixture of methanol and water, rather than
disadvantageous side reactions. Kor ex-

ample, the same volume of condensate per
hour as was obtained in Experiment 2 may
be obtained in Experiment 4 by merely

'doubling the amount of catalyst employed,

and modifying the apparatus accordingly.
Table II

L

Analysis of gases cireulating

) over catalyst - Time of
Expt o | Puri- g
No., |—————— Yield® | _t?"" t?c?lfﬁ'
OO:I CO
{ i DU
;S 11 16 2.45 63 12
i ST 7.2 13 1.95 85 12
v 3 ‘ 2.5 1.85 69 10

* T.iters of cdndansﬁte‘ per hour per liter of catalyst. -
es Percent by volume of methanol in condensate (remainder being

water). |
*** Hours of operation at time of test.

" In the experiments reported in Table IT a

pressure of 3500 pounds was employed and

- the “make-up” gas supplied to the process

65 tions required for methanol production. In

was a mixture of carbon dioxide and hydro-
oen of approximately the theoretical propor-

the per cent of
methanol in the condensate was increased

~ from 60.5% to 66%. : ‘
" methane and carbon monoxide present in the
circulating system are also reduced as the

theoretical proportions of methanol
- water, ' S

1878,714 .

) each case 8 'tlem erature of 890° C. and &

space velocity of 60,000 was employed.
Table I1 confirms

favorable effect obtained by employing a gas

‘mixture containing only a small proportion
of carbon dioxide. Since the temperature
employed (390° C.) -
‘the purity of the methanol thus produced -

is a more favorable one,

is greater; for example, Experiment 7 pro-
duced a condensate containing practically the

/

My process is in no way dependent on the
use of a specific catalyst. In general, any

‘catalyst suitable for synthetic methanol pro-

Table I in showing thé

and

70

duction may be employed 1n the process, these -

_catalysts ordinarily consisting of mixtures of
metallic oxides such as are described, for ex-

ample, in United States Patents 1,558,559 ;
1,608,643 ; and 1,609,593 ; and English Patents
929714 and 229,715.

85

My invention is in no way dependent, for

its operation, on' the employment of the
specific apparatus disclosed in the drawing -
and it is obvious that many manipulative

variations might be made without departing

My invention 1s not dependent on the

00 -

maintenance of a static condition within the .

circulating system whereby make-up gas of

theoretical proportions is passed into a sys-

tem of circulating gas originally composed
-of substantially pure hydrogen; this process
being

the subject matter of aprlication
Serial No. 154,635, filed December 13th, 1926.

For example, the favorable result attendant
‘on the use of a very small proportion of

carbon dioxide in the methanol synthesis may
be accomplished by passing a gas of the pro-

portion of 3% carbon dioxide and 97% hy-

05

100

108

drogen into the system under pressure, cir-

culating it to make methanol, gradually add-

ing carbon dioxide to the system to replenish

and, occasionally adding some hydrogen to

maintain the correct proportions of mate-

rials in the circulating gas. Or, alternative-

‘the carbon dioxide converted to methanol,

110

ly, the circulating system may be dispensed

with and a gas of the correct proportions .,

115

may be passed through a number of catalyst

beds in series, pressure being maintained in
the system, so that a preponderance of the

gas entering the system is converted to
methanol and water by one passage, the
residual gases being recovered for use in an-

other passage. = , -
Now having fully described my invention,

T claim the following as new and novel..

" 1. In the process of manufacturing meth-
anol by the interaction of hydrogen and car-

‘bon dioxide in the presence of a catalyst and

under the influence of elevated pressure and
temperature, the steps which comprise pass-
ing a gas consisting of 1-56% carbon dioxide

120

125
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- 1,875,714 I

and 99-95% hydrogen over said catalyst, -
- circulating said gas mixture to make meth-
anol, adding hydrogen and carbon dioxide
‘to the system to replenish that consumed, the
6 amount of carbon dioxide in said system
‘being always maintained below approximate-
- 2. In the process of manufacturing meth-
-anol by the interaction of hydrogen and car-
10 bon dioxide in the presence of a catalyst and
under-the influence of elevated pressure and
temperature, the steps which comprise pass-
Ing a gas consisting of approximately 3%
~carbon dioxide and 97% hydrogen over said
15 catalyst, circulating said gas mixture to make
~ methanol, gradually adding carbon dioxide
‘to the system to replenish the carbon dioxide
converted to methanol, adding sufficient hy-
- drogen to the system to maintain the correct
20 proportions of materials in the circulating
gas, the amount of carbon dioxide in said
System being maintained at approximately
3%. . . .
8. In the process of manufacturing meth-
23 anol by the interaction of hydrogen and car-
bon dioxide in the presence of a catalyst and
under the influence of elevated pressure and
temperature, the steps which comprise pass-
Ing a gas consisting of 1-5% carbon dioxide
0 and 99-959; hydrogen over said catalyst,
~adding to the residual gases hydrogen and
carbon dioxide in sufficient uantities to re-
Plenish the carbon dioxide an hydrogen con- -
sumed, the amount of carbon dioxide in sald
I ?ystem being maintained below approximate-
¥ 6%. - | |
4. In the process of manufacturing meth-
anol by the interaction of hydrogen and car-
bon dioxide in the presence of a catalyst and
% under the influence of elevated pressure and
temperature, the steps which comprise pass-
Ing a gas consisting of approximately 89
carbon dioxide and 979 hydrogen over said
catalyst, adding to the residual gases hy-
drogen and carbon dioxide in suflicient quan- .
tities to replenish the carbon dioxide and hy-
drogen consumed, the amount of carbon di-
oxide in said system being maintained at
approximately 8%, e
In testimony whereof I affix mv s;
WILLIAM J. ED%'IO

i

1ature.
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