CIPO - Patent - 360194 Page | of 2

Bl oy e Canada

/m\ Strategis Index: PO S SRR
strategis.gc.ca | . ST S O

Canadian Patents Database
12192001 - O8:27:50
{12} Patent: (117 CA 360194

{54) CARBON MONOXIDE CONVERSION

{54) CONVLRSION DU MONOXYDE DE CARBONEL

(72) <o (Country): FRITZ HANSGIRG (Not Available)
(73 0 (Country): THE AMERICAN MAGNESIUM METALS CORPORATION
(7 (Country):
74)
(45) Sep. 1, 1936
(22)
(43)
(52) 23/355
(31) N/A
No

30y . ) ) None

N/A

Unknown

#** Note: Data on abstracts and claims is shown in the official language in which it was submitted.

View or Download [mages :

(] N

@ Cover Page Image
Abstract [mage

« Claims lmagc

«

Disclosures Image

Drawings lmage

http://patents|.ic.ge.ca/details?patent number=360194&language=X 1271901



| "
a
Jettog

Thia invention relates to the catalytic decomposi-
tion of carbon monoxlde wWith steam.

1t ias an object of the present invention to provide
s aimple and economisal process for producing hydrogen
and more partiocularly hydrogen low in carbon monpxide.

Another object is to device a process for eliminat-
ing carbon monoxide from water gas oI from gaseous mix-
tures of similer composltion.

The'conve:sioﬁ of carbon monoxide {or gases ocontain-
ing same) by steam is intended, according to the squat-
ion:

00 + H0==——=200, + E,+ 10400 cal

of the so-oalled watergas equilibrimm, to yleld carbon
dioxide and hydrogen as the end products, The values of
the equilibrium constants for the temperature range of 300
to 10000, are known., These values show that, at lower
temperaturea, carbon dioxide and hydrogen, and at higher
tempe ratures carbon monpxide and steam, form the most stable
constituents of the watergas equilibrium, In prectioce, 1t
has always been the aim to eifect the conversion at the
loweat poseible temperature when the production of hydrogen
was desired., However, inasmuch as the attainment of the
equilibrium conditions 18 progresgively protracted as the
temperature falla._until guch attainment fails %o eventuate,
1t 1g necessary to sccelerate ithe reaction ocatalytioally.
Even under these condlitiona however, 1t has not been fLound
practicable, in large scale operation, to reduce the temper-
ature below about 400°C., at which limit an emount of about

10% of carbon monoxlde is s5t111 stable in the eguilibrium.
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This is the reagon for modifying the procedure

80 that - in additior to using eatalysts by which only the
attainment of the equilibrium conditions can be assisted -
the position of the equilibriwm itself is dlgplaced, thai

5 ds to.say, the pereentage ratio of the reaotion components
in equilibrium is ehanged. Thig objeet can be attained by
operating with a large excess of steam. Wevertheless, if
it were degired to reduce the carbon monoxide content, in
this manner, to such an extent that only small quantities

10 are s=table in the aquilibrium, thig would necegsiltate such
a considerable excess of steam, even at relatively low ten-
peratures, as Lo put such & process out of congideration, .
for soonomical reagong. The position of the equilibrium
can be displaced, in a different manner, by lowering the

15 tension of the carbon dioxide. In known prbcesses of this
kind, the carbon diloxide 1s continuously removed from the
eguilibrium by combining it with lime., Thils method of
operation also makas use, in general, of the catalytic
acceleration of the reaction. COatalysts of the iron group

20 were amployed at firsf, but it was afterwards proposed to
employ magnesium oxide as catalyst, furnaces ohargsd with.
dolomite being used in carrying out the prooess in vractice.
In this way the same carbon monoxide content can be obtained,
with & little more than the theoretical gquantity of waeter,

25 as in operating with a large excess of steam but without
abgorption of c¢arbon dioxlde. Iowever, in procegses of this
¥ind, the lime, or the lime oontent of the delomite, takes
part in the reaction in stoichiometrical quantities, for whieh
roagon 1t ig necessary 0 regenerate the resulting calejium

30 carbonate to oaloium oxide, by burning between each two
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gasification steges, and to re-cool the furnace to reactlon
temperature afterwards,

According to the present invention, the conversion
of the carbon monpoxide by steam is effected under s presaure
incresged over that of the atmosphere by enploying & mlxture
of megnesium oxide and carbon or alkall carbonate, or of
magnesinm oxide, carben and alkali carbonate, (more part-
ioularly potasaium carbonate) as catalyst.

Since the total number of molecules on sach side of
the equilibrium eguaticn is the seme, the water ges eguilibrium
is independent of pressure. However, the practice has al-
ready been adopted (U.3.A., Patent No. 1.157,669) of catalyt-
1cally converting carboia monoxide by steam under preasurse
(4 to 40 atmospheres end over), ln oprder to sconomise réact-
ion space and Steam.

However, in operating with the catalysts nsuslly
employed, the advantages of employing elevated pressure are
offset by very oconsiderable drawbacks.

In the Tirat place, the deposition of carbon accord-
ing to the reversible reactlon 2800—=C + C0g, is increased
by positlve preasure. Since two molecules of starting gas
are reduced to one volume of resulting gas, this rssction is
dependant op pressure in the sense that the formation of
carbon increases with the pressure. As a matter of fact, when

ggﬁ causing carbon monoxide and ateam to regct at low temperatures
under pressure above atmospheric in the pfeaanoa of catal-
?;BGIS af the iroﬁ group, the deposition of earbon 18 so &X-

sensive that the gap passsges soon become clogged and the

catalyst useless, In contradistinotion thereto, when cat-
alysts with the composition {MgO + G} or (Mg0+ alkell carbon-
ate) or (MgO+ alkall carbonate? ¢) are employed, the depositlen

of carbon dopes not oceur:
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in gperation under positive pressure, even ai the temper=-
ature most sulitable for the converaion of the CO %o 002
and Ha.

In like manner also the formation of methane is fac-
ilitated by increased pressure. The formetion of methane
proceeds, with reduction in volume, both in the synthesis from
hydrozen and carbon monoxide, and in the synthesls from
hydrogen and carbon dioxide. Consequently a displacement
ot the equilibrium in favour of the formation of metheane
js theoretlcally to be expected. Aa & matter of fact, in
the catelitic waterzaes process employlnz metalllo catalysts,
the formation of methane, ln the temperature ranges most
guitaple for the conversion of carbon monoxlide with sieanm,
becomes excessive when the operation ls performed under
pressure. Thig inconvenlence also ie unexpectedly prevent-
ed, up to almost praeotiical compleieness, when the matd
mixed catalysts are employed., Thus, for example, with a
pressure of 4 to 6 atmospheres above the atmospheric preg-
pure, no Yormation of methane occurs, even at temperatures
below 400°C., Bo long a8 the temperature in the catalyst
remains constant.

Consequently, as the result of the combination of
the specisl catalysts with the condition of carrying out the
renction under & preasure higher than atmospherie, in the
gconversion of carbon monoxide by ateah a hitherto unat=~
tainéble technical result of consldersble importance ensues.
This combiration makes 1t pogsible to utilize to the full
the speolal property of the sald caialystis in respect
of the complete establishment of the equilibrium 1n the
temperaturs range from 40P C. dowa to 3200C., by counter-

acting, by means of increased pressurs, the ineviuable de-
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crease in thé velocity of reaction due to the low tewberat-
ure of worklng. In thls manner, pptimal results are obtain-
ed, even 1f the conversion snould proceed for the greater
part within the temperature range most favorable for the
watergas equilibrium, and consequeptly with maximum economy
in respect of steam consumptlon.

For this purpose, it is advisable to perform the
oonversios in two, or more, wWorking stages, the first 1in
a temperature range of 400 to 50000. and the seoond (or
188%) in a range of 400-320°C. In lerger pla s 1t ia of
advantage t0 ertect this two- (or more) stage converaion
in separate contact furnaces #5r each stage, with lnter-
posed heat exchangexs. By this means, the higher temper-
ature of the cayalysed gaseous mixture issuing trom the
tiret contact furnasce {or turnaces) can be utilized for
‘preheatlng the atarting gases, instead of allowing it to
be dissipated, 1in the torm of radiant heat, by progress-
ively cooling the furnace zones down to the lowest re-
asction temperature.

A type of plant that 18 well adepted for carrying
out the herelndescribed process 1s disgramatically illua-
trated ln the accompanylng drawing.

1 18 a stock vessel, from wiich the gbarting ges,
such as Watergas; is passed, by means of a compressor 2 .
into an irrigation tower &, charged with Raschig-rings,
atter which the gas, cnarged with 8team Irom the pipe 10,
f1lows through the wwo heat exchangers 4 and 5. When pre-
heated to the desired temperature, the mixture of water-
gas and steam enteras tne contaot furnace 6, where the first
atage of converalon 18 carried out at temperaturas bet-
ween 400°to 500%°0., This mixture, wWhich should contain

1.6 to 2 volumes of stoam per volume of carboun monoxlde
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in the starting gas, 1s passed lhto the top of the con=- o

tact furnace 6 at such a temperature tﬁat, as & result
of the exothermic reaction, the temperature of the coniact
ness is raised to about 500°C,

A typleal ocatalyst is compomed of caustio caloined
magnesia and finely ground calclioed potassium carbonate, in
the proportion of 3:1 to 5:1 end with 3 %o B units of wood
charooal to each unit of this mixture. The mixture, in a
finely ground condition, is granuslted by the aid of an
equeous emulsion of sephalt, end is heated %o 600 to 800°C.
out of contact with alr,

The cayalysed gaseous mixture iseuing from the
bottom of the contact furnace 6 passes into the heat eX-
changer 5 where 1t flows in the oppoaitp direction to that
of the starting gas introduced at the top of the heat
exchanger, and is cooled, to the desired inteke lemperas-
ture of the sesond contact Furnace 7, 8o that the contact
ness cen attaln & final temperature of about 320°C.

The oatalysed gadeous mlxture passes from the
furnace 7, in & condition free from all but a very gmall
remainder of carbon monoxide, through the heat exchanger ¢
10 ecounterflow to the startlng gase, into the oooling tower 8
{charged with Raschig-ringez), in which the surplus stesm 1s
oondensed by injecting cooling water, thus furnishing water
with a temperature of 120° 4o 180°%C. asccording to the work-
ing predaure., This hot water is delivered by the pump 9
tnto the'irrigation tower 3, in which a prelimlnary gaturat-
1on of the starting gas with steam ls effected, so thal
only a portion of the steam required for the coanvaraion
hes o be introduced through the pipe 10. The hot water

under pressurs issuing from the condenser 8 may, howaver,
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be relieved trom pressure, the resulting steam being utlil-
{ged for the watergas producers or as boller feed water for
+he steam generator.

The entire plant is maintained upder a pressure
of 1 to 20 atmospheres, preferably 6 %o 7 atmosPheﬁﬁ.

I use the term magnesium oxide in the following
olaims to include not only preformed magnesium oxide, but
also magnealum compounds yislding magnesium pxide updsy
the temperature conditlons of the present process { susch
as Tor instance magnesium carbonate), and mixtures of
magnesium oxide with such substance8. The term carbon is

uged to include carbonacepus material.
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WHAT I CLAIM IS:

L. A process for convertlng carbon monoxide by
gteam by causing the carbon monoxide and steam %o react under
a pressure higher than atmospherie in the presence of a -mix~
ed catalyet of the group consisting {a) magnesium oxide
and carbon, (b) magnesium oxide and alkell carbonate, {e)
magnesiwm oxide, carben and slkall carbonsate.

2. 4 prooceas for converting carbon monoxlde by
steam bj csusing the carhon monoxide and steam to react under
a pressure hlgher than atmospheric in the presencs of & mix-
ed catalyst of the group econsisting of magnesium oxlde anpd
garbon, and of magnesium oxide, carbon and potassium car-
bonate.

3. A process ag deflined in ¢laim 1 in which the
conversion is ettected at reacting temperature within the
range of from 500°¢c to 220°¢,

4.- 4 proceas for converting carbon monoxlde by
gteam which aomprises causing the carbon monoxide and stsam
to react under a pressure higher than atmospheric in the
presence of a mixed catalyst ol the group conaisting of (a)
magnesium oxlde and ocarhon, (b) megnesium oxide and alkall
carbonate, (o) magneaium oxide, carbon and alkalli carbonate,
the conversion being effacted ln several working stages the
first of which proceeds within a temperature range of 4000
4o 500°0, and the lsst in a temperature renge of 400 o 320°¢,

be The process of removing carbon monoxide from
s gageous mixture containing the same, which comprises con-
tacting sald gaseous mixture, together with steam, at react~
ing temperature Within the range of 50D to 320°C and at &
presSure higher than atmospheric, with & mixed catalyst of
the group consisting of (a} magpesium oxide snd oarbon, (b)
magoesivm oxide and alzall carbonate, (c) megnesium oxide,

earbon and alkall carbonate.

- 9 -
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6a The process of removing carbon monoxlde from
8 gaseous mlxture ocntainlng the same, which oomprises con-
toaoting sald gaseous mixture, together with steam, &t react-
ing temperaturs within the range of 400 to 32090., and &
pressure higher than atmoapheric, with a catalyet of the
group consisting of a mixture of magpealnm oxide and carbon,
and of a mixture of megnesium oxide, carbon and potassium
carhonate.

T The process of removing carbon monpxide from a
gaseous mixture containing carbon monoxide and hydrogen,
which comprises conitacting sald gaseous mixture, together
with ateam, at reasctlng temperature within the range of
bOO to 52000. with a catalyst of the group consigting of a
mixture of magesium oxlde and cerbon, end a mixture of
magnesium oxide, carbon and potasaium carbonate, the decrease
in the velpelty of reaction due to the low temperature of
working being counteracted by applylng a pressure lncreased
over that of the atmosphers,

- 10 =
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