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PROVISIONAL SPECIFICATION
Improvements in or relating to Catalysts for Gas Reactions

We, Noxmax Boorm, LesLe JoHN
Toriey and Jomn Anrmum Tesporm, all
British subjects, and ol of the Fuel Re-
search Slalion, River Way, Blackwall

b Lane, Hast (Fresnwich, London, 8.E.10,
do herehy deaclare the natnre of this inven-
tion to be as follows t oo )

This application relates to catalysts for
gas reachons and especially those reac-

10 tions involving carbon memexide, hydro-
gen, carbon dioxide, sfeam and eliphetie
hydreoarbons, These reactions include
the synthesis of hydrocarbons and the
watlei' gas ghilt reaction, In paviicular the

L6 application relates' to catalysty for the
synthesis of methane. _

The synthesis of methane from guses
coninining curbon monexide and hydro-
gen proceeds by ome or hoth of the re-

20 actions:— . -

dH.,+ CO=CH,+H.0
2H, +2C0=CH, + C..

At the same time there is a tendency for
carbon to be deposited by the side reaction

: 200=00, +0

Suitable catalysts for acceleraling the
methane forming reactions eomsist of
nickel or cobalf supported en kieselguhr,
and promoted by theria and /oy magnesia,

30 Using catalysts of this type almost com-
plete conversion of the earbon mongxide
to melhune can be effectad at temperatures
of 800~-400° C. and pagy rates as high ag
4000 wolumes per volume of catalyst space

86 per hour, or even higher.

" The propottion of the carbon monoxide
whieh decomposés to give carbon is rela-
tively small, i.e. less than one per cent.
The result of eontinved deposition of this

40 carbon hawever is to obsiruct the pesmge
of the gas, and ultimately it bacomey im-
possible to pass gas ihrough the catalyst
vessel at the demired rate without an ex-
cessive pressure drop, With gases of low

456 hydrogen {o earbon monaxide rotio, such
as blug water gas or meodified blue wuter
#as, the hlockage of the valalyst tubss
may oceur long before the end of the use-
ful life of tho catalyst. Tf a pas of higher

50 hydrogen 1o carhon movoxide ratio is
used, = longer time elapses belore bhlock-
‘age OCCUIS. : -

According #p the preseni invention we
incaorporate a small amount of phosphorus

[Price 11-]

%Jreferab,lv in combived form in the cata- Bb
yot.  We have found that the rate of de-
position of carbon is thereby vediced con-
siderably. The phosphorus may be added

in the form of orthophosphate, pyrophos-
Phate or meliphosphate, bwt metaphos- 60
Thate iy preferred sinee the pestling cata-
lyst bag a longer useful life. Tha follow-
ng exgmple ilustrates one way in which
the preseut fnvention may be applied.

A calalyst consisting of mickel, thoria 85
aad  kieselpuhr in the . propuerticns
100:22:100 was prepsred In the follow-
ing way. Nicke] and thorium nitrates in
the eorreet proportions were made into a
solution and putassivm carbonate solution 70
was added with constant stirring, When
about four fiiths of the amount of carbon.
ate required to-precipitate all the nickel
and thorium had besn added, a suspension
of kieselgubr in water wag added, and 75
then the remainder of the polassinm carh-
onate solution. .- The precipitate was fl-
tered, woshed, fdried, erushed, sized and
fimgliy reduced in hydrogen of 400° C.

. Turther batches of cafulyst were mads 80
in the same manncr, except that a small
amouni of phosphorus in the form of
orthophosphate was_added to the potas-
giui  carbonate soluHom prier to use.
Thesa catalystz wore used in standard ex- 85
periments in which a watersgas or hydro-
gen to carbon monoxide ratip of 1.0 g 1
was passed over at a temperalure of 850°
C. and & space veloeity uf 3700 volunies
af gas per volume of catalyst per hour, 80
The earhon deposited was determined by
burning it off and measuring fhe carban
dioxide formed.  The effect of additions
of varying amonnds of phosphorus in re-
ducing the earbon deposition is shewn in 95

the fnllowing table.

Per cent - Per
of phosphorus in eent of ingoing -
potassium carbonate,  carbon deposited,
a -, G4v7e 100
0.3 - . ga3ele
65 3 0.192¢
0.75 0.0464
1.0 0.0237
1.25 0.0192 106
L2180 280k

03
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Daied the 30th day of Nevember, 1948,

H. E. WARR-LANGTORN,
Agent for the Applicants.

COMPLETE SPECLFICATION

Improvements in or relating to Catalysts for Gas Reactions

e, KNonmaax Boorm, LEsir Jomx

Jorrxy and Jorrx Anrmck TEsserH, all’

British subjects, and all of the Fuel Rea-
vepreh Station, River Way, DBlackwall

" B Lane, East Greenwich, Lo-ll.riuu, 5.E.10,
_de hereby declare the nature of this iuyen-
tion and-in what manner the same is to
be performed, to be purficularly desexibed
angd ascertained in and Dy the following

10 statement :— : .

This inveniion velates fu gas reactions
catulyzed by promoted mickel ecatalysts
and involviag conversion of ecarbon mon-
oxide into other produtts, such as conver-

15 sion of carbon monexide with steam to
sroduce hydroren and carben  dioxide,
}Jereinafter referred to-as the waler gas
ghift reaction, and, particularly, the syn-
thesis of methane. - - -

20 The syvnthesis of methane from gases
containing carbon monoxide wamd biydro-
gen proceeds by ome or hoth of the re-

avtons. - e

BH,4 CO=CH, 4 H,0
2H, 200 = CH, + 0.

%%

At the same time there is'a tendency fov
varhon fo be deposited by the side ve-

qetion. -
200=C0,+0C.

30 A suitable catelyst for accelernting the
methane forming reactioms _consis{ of
niclkel intimately mixed with s suppord
such as kieselguhr; and prowoted by the
neorporation, as & minor ingredient, (:»f

85 cns ar more difficelily peducible inetallic
oxides such as thoria andfor magnesia.
Using a catalyst of this {ype aliost cowme
plete conversion of the earbon’ monoxide
tv methane ean be efferted at temperatures

40 of 800—L00° C. and ghs rates as high as
4060 volumes per velume of catalyst space
per hour, or even higlier. A entnlyst of
this e ia also suitahle for other gas re-
actions “invelving earbon monoxide, such

49 us the water gans shift reaction,

Thae proporiicn of the carbun monexire
_which decomposes fo give carbon iz rela-
tively small, i.e, less than one per ceunt.
The result of continted deposition of this

50 carhon however is 1o obstruet the passage
of the gas, and vltimately it Lecomes im-
nossible fo pass mas threugh the valalyst
vessel at the desired rate wiilignt an ex-
_cessive pressure drop. With gases of fow

hydrogen to earbon monoxide rafio, such 55
as blueg wuler gos or molified blue water
gas, the blockage of (he catalyst tubes
may ocenr long before the eng of the use-
ful life of catalyst. If a gas of higher
Lijdrogen fv carbon mownoxide 1ntio is
used_, n longer time elupses bafore block-
age Qceurs,

Aceording tv the present mvention we
carry out the reaction with a eatalyst
which Incorporales w small amount of 86
phesphorus. We have found that the rate
of depesition of carbon is thereby re-
duced ¢onsiderably. The plosphorus may
be added m the form of orthophosphats,
pyrophesphate or  metaphosphate  but 70
metaphosphate s preferred since the re.
sulting ecatalyst bas o longer useful life.

The cainlyst used in the invention may
corvenienily be prepared by depositing
the nickel and the prometer frem u solu-

60

70

o of soluble salis (hereof, for example

the nitruies, by meams of a -sahution of
alkali carbouate also eomtaining o small
proportion of phosphate, - The support
niay be intreduced during the additivn of 80
the carlotiate solution, )

" The Tollowing example: NMusfrate how -
the present invention can he applied.

S Fxawery 1.

" A cagtolysi consisting of wivkel, thoria
and * kieseleuhr in  {he proportions
100:22:100 was orepared in the follow-
ing way. Nirkel snd thorinm nitrates in
the dorvect proportions were made iuto a
solution and potassivm corbonate solution
was added with constant stirring, TWhen
sbout four fifths of the amount of carh-
oniate raquired fo preeipitate all the nickel
and thoriwm had Dbeen added. a suspen-
sion of kieselgubr in water was nadded,
ang fthen the remainder of the potassium
curbonule solution. The precipitate was
filtered, washed, dried. crushed. <ized and
finally veduced in hydvegen at 400° O,

. Turther butches of catolyst were made

7]

Bo

85

100

in the sume manner, except thal a small

amount of phosphorus in the ~ form of
Lotassium orthophosphate was added to

-the petassinm earbonate selution pricr to

106

gse,” These catalystd were used in stan-
datd experiments in which a water gas of

Hydrogen to carbon monoxide rotiv of 1.5

to 1 wns passed over at a temperature of
850° C. .apd a space velovity of 3700
velumes of gus per volume of catalyst per 110




579,437 3
hour. The carbon deposited was deter- Per cent Per 50
mined by burning it off and measuring  of phosphorus.in. ceat of ingoing
the carbon dioxide formed, The effect of potassium eorbonate.  carbon depasited.
additions of varying emounts of phos- - — :
5 phorus in redueing the carbon deposition 0 0.5718
is shown in the following table. 0.5 (.0852
¢.8 0.018¢ il
Par cent Per 1.0 £.0383
of phosphorus in centb of inguing T s
potasgium carbonate.  carbon dspositeﬁ. It hus already been proposed to converd
viygen-containing orgamic ecotopounds of
10 0 Q4770 2 higher order tham methenol obtainable
0.25 0.3610 by the catalytic hydregenation of oxides 60
0.5 (11920 of carhon Info wolvurless produchs consist-
0.78 0, (64: ing substantially of higher alechels, by
1.0 - (.0237 treating sueh produmets while in . the
15 1.25 0.0192 vapour state with hydrogen free from

Exavers 2.

The eatolyst was prepored as in Ex-
ample 1 but Izcorporating sodium meta-
phosphate. The effect is shown in the

20 following table.

Per oent
of phogpherus in
votassium carbonate.

. fﬁﬁ' .
Cens o JII.gO]Il"
carbon deposited.

0 0ATTO
26 3,25 0.2843
0.5 (10188
0.6 0.0,

Exauren 3, )
The catalyst was prepared as in Fx.
30 ample 1 but using potassium pyrophos-

phate. The effert is shown in the follow-
ing tahle.
Per cent Par

of phusphorus in

cent of Ingoing
80 potassinmm carhomate.

carbon deposited.
0.4770

o
0.6 016540
0.3 0.05306

A catslyst comprising mnickel, thoria,
40 wagunesia wud kieselgubr in the propor-
tioms 100:6:12:100 was prepared as in
Example 1 excepi that the appropriale
amount of magnesia was mixed with the
suspengion of kieselmubr in' water and that
45 the previpitation was cerried out with an
equivalent amount of sodium carbonate in
solution, in which sedium metaphosphate
was incorperated. The effect of the phos-
Lhorus iy shown in the following tahle.

Procesa claimed in auy of Claimg I to 5.

oxides of ourbon ot en elevated tempera- 65
ture in the prezence of a hydroenating
cutalyst consisting of granulated pumics
stone, nickel carbonete end wlueminium
Phosphate bound together by means of
sotium- gilicate and water, and also con-
inining thovia, tungsten oxide or other
Like activating agenfs, -

Having now particularly deseribed and
ascertained the hatuze of gur said Jnven-
tion and in what manner the same is to
be performed, we declare that what we
claim 1s:— -

1. A process wherein a gas veaction in-
volving the nenversion of carbon mon-
oxide into other produchs is cutalysed by B0
a catalyst  comprising nickel intimately
mixed with u .support and promoted by
the incorporatiin of one or more difficnlly
reduetble mefallic omides as mivor in-
gredients, in which the catalyst alse in-
corporates a smull proportion of wphos-
phorus.

2. A procers according fo Claim 3 in
which the catelyst ineorporates a phos-
phate.

3. A procesy according to Claim 2 in
which the phesphate is = metaphosphale.

4. A catalytic ‘water gus shift process
aceprding to Clalm 1, 2 or 3.

5. A . catalytic ‘methane
according to Claim 1, 8 or 8,

6. A method of preparing the calulvsd
nsed in the process elaimed in any preced-
ing Clajm in which the mickel ang the
promoter are deposited from w solution of 100
solubls salts thereof by wmeans of a solu-
tion of alkali carbomate alse containing o
emall proportion of phosphate.

7. The product when prepared by the

10

({3

85

synthesis §5

100
Dated this: 1st day of Junuary, 1945,

H. E. WARR-LANGTON,

Agent for the Applicants,

Feamington SBpa: Printed for His Majesty’s Stationery Offes, by the Coarior Press.—1946, Publiched at
The Tatent Office, 25, Sowthampton Buildings, Tondon, W.C.2, from whick copies,
price g, Od. each {intund) 1s. 1d. (xbroad) may be abtained.
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