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SR O N PROVISIONAL SRECIFICATION.

Method of Qperating with Gases Contuining Carhon Monoxide at
Elewated -Temperatures. '

I, Javes Yare Jomwsox, o British Sub-
.'t])e:i:, of 47, Lincolp’s Inn Fields, in the
-County of London, Centlzan, do hereby
declare the pature of +his invenlion
(which hes baen communicated to me from
abroad by I1.'G. Farbenindustrie Aktien-

gesellschaft, of TFrankfort-on-Main, Ger-

many, a Joint Stock Company organised
under the Laws of Germany) to be es
follows :

A process has already been proposed in

- Specification No. 231,285 for produging

oxygenated orgenic compounds by . fhe

vetalylie reduction of carbon monexide -

with hydrogen ai an elavated temperaiure
and under pressure, the operation being
carried. oab in appatatus in which the
parts coming into contaet with carbon

monoxide are lhed, coated br made of
or dheir -

alloys, or special steels having a large .

popper, silver or  wlumininm,
content of chrombmmn, menganese, tong-
sben, vanadium or molybdenum, or ere
provided with cosfings of chrominm,
raanganese, bungsien, vanaditm or molyb-
denuin. At the sama time, less selractory
metals, such as tin, zine, lead or the lika
may be employed for the less hot or cold
pacts of the apparafus which come info

contact with the carbom monoxide, or-

vesistant non-mctallie coatings may e

eployed in smch parts, The object of -

thess precantionury measires s to pre-
veut, a8 Iar as posible, the formation of

irom carbonyl, as otherwise paisoning of -

the catalysts, deposition of fron from. the
_ g iron carbonyl ab wunde-
sired places, obstruetions, and deposition

My foreign corrcspondei;ts ‘have mow
fornd that these precautiomary measures

are not ahaohitely essential In the csse .

of thuse pasts of the apparatus, which
have 6 comparatively hipl
sich as from 300 to H00 degress Centi-
grade and also the cold parts, becausc al
these temperatures iron is only ocorroded
by cazbon monoxide, with the formation

of iren earhonyl to a negligible exbtent,.

and, wnder ocrfain cirenmstances, the iron
j& not attacked at all, whereas the said
measures &pe neoessary for those parts
wwhich have s medium femperature, as for

[Py

temperaturs, |

example from 180 to 200 degress Centi-
grade. Hence, the highly heated parts of
.ihe apparatns may be of ironm,
parte ag are sl -femperaturés of from 180
¥o 200 degrees Centigrade and which come
_into contach with the gases countaining
cathon monoxide, mmust in any event be
made of some other material than
carhonyl-forming ‘iron, and of ome which
1s able to resgst carhon moenoxide, such as

copper, aluminiwn or highly alloyed
_ special steel, or else must be Lined with
_ such material,

Tn order to emsure more zeliable work-
ing, and especially when operating with
_ high partial pressure of carhon monoxide,
it is advisable to broaden the range of
. gemperature - within which no earhony!-
forming iron. may- be used, beyond the
limis of frem 180 to 200 degrees Centi-
grads, namely I[rom 150 to 250 degrees
Uentigrade.

Phe method of worldng according to the

mesent invention iz wpplicable to opera-
tions with high temperatures, with gases
containing cerbon monoxide, as  for
example in the synthesis of methanel and
other organic coripounds or in the destrue-
tive hydrogenstion of coals, tars, mineral
oils ond other earbomaceous maberials,
ginee, in these cases the gases are always
admitbed to snd discharged from the heat
exchangers, Teaction vessels snd the like,
ab low temperatures, so that the said
gases wush traverse gones having medium
femperatures in which no carbonyllorm-
ing iron should e present. Consequently,
accopding o the presenl Dnvention, in the
eatalytic trebizient of pased confaining
garhon ~ menozids” especially in  the
synthesis of mellianol and other orgamic
compounds’ eertain ‘parts of the apparabus,
which ate at *témperatures bebween 180
and, 200 degrgus’ Centigrade, or better still,
hetween 150 ‘and * 850 dugrees Centigrade,
should be constructed of other, ingenaibive
materials, and nof of ordinary iron.

The result of “the Foregoing considorn~
tion is that it is.advisable that the said
appozstus for operetions with gases con-
taming carben monoxide, as for axample
in the
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hested from a temperature lying below
the mean banned tempepature range or
eooled from. a bemperature above the said
rangs to a temperature below the said
5 range in the presenca of carbon monoxide,
but cnu}izin the presence of other gages, in
parbic
the confact of carbon monoxide with iron
within the banned Tange of tempersture.
The following example will foxbher
illnstrate the nadure of the said invention
_which however is mot limited thereto.

10

Exanrrm.
The repction wessel for the synthesis of
18 mefhanol from u pgaseous mizture, con-
sisting of 20 per cent of carbon monoxide
. and 80 per cent: of hydrogen, at o pressure
of 200 atwaospheres, consists of a high-
pressure tube composed entirely of iron
and hested to 400 degrees Centigrade by
internal mesns, The resction gases are
subjected to a mutual exchange of heat
" by admtting the incoming gases inta.the

20

Leat exchanger at 2 temperabure of .

25° Qentigrade snd dischorging theve-
from with a temperature of about 280°
{lentigrade wherenpon they are led into
the reaclion vessel divect, The pases issu-
*-ing fram the reaction vessel enter the beat

30 " exchanger with o tempersture of 400°

-Centigrade and leave it with a tempera- -
tnre of about 100° Centigrade. The heat -5
exchanger is wholly construeted of man-

COMPLETE

‘hydrogen, in order to preveat

ganese copper, whilst all other parts of
the apparatus ecspecially the conmections
hetween the heat exchanger and the reae-
tion vessel which Thave tempersturcs.
hetwoen 280 and 400 degrces Centigrads,
are. of iron, as are also the cirenlation
pipes, with, temperatures up to 100° Centi-
grade, and the reaction vessel itself, which
is maintained at 400° Centigrade.

The employment of o cafalyst contain-
ing zine and chromium enables a good
yield of very pure methsnol fo bs 45

40

- ohtained in a continuous manmer and

without intermption due to deleets in the
plant. ¥, on the cther band, the man-
ganese copper heat exchanger of the
apparatns be replaced by one of ivon,
troubles beecome apparent in a short time.
The iron parts of the heat cxchanger are
attacked by earbon wmonexide, with the
formation of iren earbonyl, and the fubes
of the heat exchanger ure ruined, in = "85
shorber or lomger period depending on

their thickness, Moreover, the upper parb

of the catalyst becomes eomtaminated by

lozge deposits of iron, giving rise tv lhe

deposition of carbon and formation of 60

"‘methans, the oatalyst being gradually

spdiled completely.

- Duted this 30th day of December, 1927,
CU T T JOIINSONS & WILLCOX,

“47, Tinctiln’s Tnn Fields, London, W.C, 2,
N C Agents,
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SPECIFICATION.

Method of Operating with Gases Containing Carbon Monoxide at
' Elevated Temperatures.

I, JamEs ¥aTm J oﬁﬂso:w, a British Suh- .

, jeet, of 47, Lincoln’s Inn Fields, in the
- 65

declare the -nature of this

" gescllsehatt, of Wrankfort-on-Main, Ger-

: 70 many, a Joint Stock Compeny organised -
-under the Laws of Germany) and in what .

manner the sams is to be performed, to be

.particularly described end ascertained n
end by the following statement:— = =

A process has already been proposed in

. Bpecification No. 231,285 for producing
oxygenated organic compounds by the

--75

catalytic reduction of carbon monoxide.-
: with hydrogen at an elevated temperaturs -
* 80 und under pressure, the operation being.

" earried ewt in apparafus In which. the

© parts coming iuto comtect with carhon |
- monoxide are Hned, coated or made of.
or their.

copper, silver or aluminjwm,
‘85 alloys,” or specisl “stesls- having a Jurge

- gonterdr of whromium, ianganese,. fung--

County -of London, Gentleman, do heceby

invention -
{(which has heen communicated to rae {rom. -
abroad by I. (. Farbenindustrie Alfien- .

stén, vanadium or wolybdenum, or are--
provided with coatings of vhromium,
manganese, tungsten, vanadium or molyb-’
denun. . Ab the same time, less refractory 90
metals, such as tin, Zme, lead or the like
may he employed for the less hot or cold |
parts of the apparatus which come into
contact with the curbon monoxide, or
resistant uon-metallic coatings may be 95

employed in such parts. The object of

these precantionary mcasures is fo pre-;
vent, as far as possible, the formation of

iron carbonyl, us ofherwise peisoning of
- the catalysts, deposition of iron from the 100

gases containing iron carbonyl at unde-

‘ired places, obstruetions, and deposition .

of carhon may oceur. A process has
fither been proposed for manufacturing
formaldehyde by the interastion of ecarbon
monoxide and waber in which the reaction
vegsel is provided intemnally with anm .
alomininm or other inerb metal casin%knr
e,

105

.18’ conatructed of aluminium and the

reaction temperatuces of 320° and 346" 110
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forther been proposed ~to- manufacture
formaties by the setion .of earbon monoxide
"OF gases conbaining the same on solutions
of sodinm or potassmm hydroxide or on

suspensions of the hydroxides of .valvinm,

bariom or strontivm in.wafer under pres-
-sures of more than 300 stmospheres and at
“teraperatures of abouf 400° Ceotigrade in
.reaction vessels the inner wall of which is
_oonsbracted of copper and the pressure
bearing wall being construeted of iron ox

-nmickel steel. 1t has further heen proposed

to produce formaldehyde or methyl
alcoho!  from  carbom  menoxide and
hydrogen in n reaction vessel ponstenesed

. ol copper, iron ar iron. provided with stone
- or potiery or lined with platinum or other
- contact

20

substanes, - fernperatures of
between zbout 1007 and 250° to 300°
Contigrade. being mentioned =s suitable

- for the process. _

My foreign ocorzespondenis have now
- - Jound that these precavtionary measnres
25 .

are not absolutely cssentinl in-the case of
those parts of the apparatus which have a
comparatively high temperature, such as
from 850 to -500 degrees Centigrade and
also the cold parts, beoause at thesé tem-
poeratures iron is only -corroded by carbon
monoxide, with -the formstion of iron
carbonyl to & negligible extend, and,
under -certain eircumstances; —the-iven- is
not attacked st afl, | whepess the: said
megsures aré necessary -for those parts
which have & mediwn tempezntore, as for
example from 180 to 200 degrees Centi-
grade. Henoe, the highly heated perts of
the apparatns may be of irom, but such
barts as are at temperatures of from 180
to 200 degrees Centigrade and which come
into confact with the gases ocontaining
carbon monoxide, mush in any event be
made of some ofher malerisl than
carbonyl-forming iron, and of one which
ig able to Temist carbon monoxide, such as
copper, aluminfum or highly alloyed
spenial stecl, or else mush be limed with
such maferial.
In oréler to enl.?ure ]:z:mre relizble work-
ing, and especially when operating with
high paJ‘bialP;ressgm of car%lfm J:flm;ioxide,
it is advisable to broaden the range of
temperatuze within which no carbonyl-
ing iron may he used, beyond the
limite of from 180 to 200 degrees Centi-
grade, and according to this invention the
limite somprise 150° o 250° Centigrade.
The method of working according to the
present invenfion is applicable to opera-
tions with high temoperatures snd under
pressure, with geses containing carbon
monoxide, as for axample in the synthesis
of methanol and other organic compounds,
or In the destroetive hydrogenation of

bonaceons materials, aince, in these cases
the gazes are always admifted to end dis-
charged from the heat exchangers, Teac-
“tion vesrels and the Tike, at low tempera-

0

tures, so that the sald gases mush traverse -

‘zones having medium lemperatures in
‘which no earbonyl-forming iron sheuld be
present.  Consequently, according to the
_present invention, in the catalytic treat-
ment of gases containing carbon monoxide
copedially . in the synthesiv of methanocl
‘and ather organic coripounds certain parts
of the appatatus, whieh are at tempera-
tores hetween 180 -and 200 degrees Centi-

Th

30

. grade, or belber gbill between 150 and 250 - -

degress Centigrade, should ba construeted
of other, insenstive materials, and not of
“ordinary fron. '

. - The result” 6f the foregoing considera-

tions is that it is advisable thai the said -~

‘appatatus for operations with gases con-
. baining carbon - monoxide, as [or czample
" in tha synthesis of methanol, in zo far ag

the hot parts consist of jron, sheuld not be ,

" heated from a temperaturs lying below -

. the mean hanned temperature range- or
. eooled from a temperature above the said
-range to a tempersture below the said
_-rangg in the présencé of cathon ‘monoxide,

i

‘but only in the presence of other gases; in -

particular hydrogen, in order fo prevent
- the contach-of earbon monoxide with iron
within ike-hanned rsnge of temperature.

The following": Example will further
illnszate how thie’ paid invention may be
carried info. pragftical effect but the said
invention is Dot restricted therebo.

Exawriz.

The resstion "véssal for the synthesis of
methano! from 'a gaseons wmixture, con-
sisting of 20 per cent of carbon monexide
and 80 per cent of hydrogen, aft a pressore
of 200 wimospheres, consists of a high-
pressure tnhe composed entirely of iron
and hoated fo 400 degrees Centigrade by
internal means. The reaction gases are
gubjected to a mwutual exchange of heat
by admitting the inecoming gases info the
heat exchanper at a temperature of
25 degrees Centigrade and discharging
therefrom with a femperature of abouk
280 degrecs Centiprade whexeupon they
ars lsd into the reaction wessel direct.
The gases issuing: from the reaction vessel
enter the heat éxchanger with a tempera-
ture of 400 dagreée Centigrade and leave
it with o ¥omperabiore of ahout 100 degrees
Centigrade) - The heat exchanger is wholly
copstructed of ‘munganese copper, whilst
all other parts of the apparains especially
the connectlons bebween the heat exchanger
and the reaction vessel which have tem-
peratures between 280 and 400 degrees
Centigrade, ara of frem, as are also the
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cireulation pipes,
100 degrees Centigrade, and the reaotion
vesgel iteelf, which is maintained at 400
~~  degrees Centigrade.

"% . 'The employment of a catalyst conbain-
ing zine snd chromium ena les a good
yicld of vexy pure mefhanol to be
tbtained jn & copkinueus munner and
without interruption dne o defects in the
plant. If, on the otber hand, fthe man-
-ganess aopl]_)ner host exchanger of the
.appexatus be replaced by ons of irom,
troubles beeome appatent in a shorb time.
-~ The ivon parts of the heab cxchanger are
15 gttocked by carbon monoxide, with the
formation of iron carbonyl, and the tubes

10

“of the heat eschanger.sre ruined, n & :

ghorter or Jonger period depending on
- _their thickness. Moreover, the u‘pp%m
“90 “of the catalyst becomes contaminated by
large deposits of iron,
deposition of carbon end formaiion of
methane, -the catalyst ~belng gradimily
spoiled completely.
1 am aware qf Specificasions Nos,
277,273, 249,160, "903,812, 247,217 and
240,955 snd do mot claim anything

giving rise to the

described or elaimed therein. I am also-
+-  uware of Specifications Nog. 286,010 amd ~ -

T80 300,294 end make mo olsim %o what is
. claitned therein. .

with, temperatures up 0

‘Having now particularly described and
ascertained the nature of my said irven-
tion and in what manper the same is
to be performed, T declaze that what I
claim is1— .

1. The process for operating with gases
“eonteining carbon monoxide at an
clvated temperature and prossure in paz-
ticnlsr in the production of oxygenated
organic compounds by, the eatalytie redue-
tion of carbon monoxide which consisis in
the exclusion of iron only from those parts
of the apparsins having teroperatnres of
hetween wbout 180° and 200° Centigrads

and preferably of between about 1507 and -

250" Centigrade.

9. A specific manner of carrying oub the
- proeess according fo cluim 1, which con-
- gists in the exe nsion of carbon monoxide

35

and preferably worldng in the presence of -~

hydrogen. when heating the apparatus up
- o the reaction temperature and rooling 1t
down, :
~_ 3. The process for operating with gases
containing carbon monoxide substantially
as described in the foregning Exzaniple.

Dated this TEh day of August, 1928,
. JOHNSOKS & WILLCOX,

47, Lincaln’s Inn Fields, London, w.C. 2,
_ Agenty,
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