PATENT SPECIFICATION

No. 9317(52,

CAA13A3(T2: M.
COMPLETE

711466

Date of Application and filing Complete Specification April 1 0. 1952,

. Application made in Germanyon April 16, 1951,
Complete Specification Published June 30, 1954,

SPRCITICATION

Process for the Catalytic Hydrogenation of Carbon Monoxide

We, BUIMCHTAMT) AKTIENGESELLE CH AFT,
ot Oherhausen-Holten, Tlermeny, g Ger-
mon Company, and Loncl GESTLLACHATT
e WimunTECENIR o H., of Frank-

$ fnvt o M.—Heddernheim, {Germeny, 2
Cerman Company, do herehy declure {he
invention, for which we pray that a
patent may be granted to us, and the
method by which it is to be performed, 10

10 be particularly described i and by the
fnflowing statement ;—

The invenlion relates to a process for
the hvdrogenation of corbun monoexide in
the presence of u preeipitated irom catalyst

18 u1nd to o proecess for the production of the
catalyst.

It iz known that, on the ane hand, pro-
ducts  containing more or less large
quantiticy of oxygen-rontpining organic

20 comypounds, prineipally alcohols, and on
the olher hand products congisting almost
entively of hydrocarbons, may be obtained
hy the hydrogenation of varbon mouoxide
sartied out under atmospheric or elevated

25 pressure, and with the nse of eutalvsts of
yorious  composilions,  These catalysts
inelade fused calalysts, sintared catalysts
and precipitated calalysts, .

To the prnpa.mfi-un of the precipiluied

30 eatolyata, 1ron and, if necessury oT desired,
activafor metuls lo be added are in geveral
brought infe the form of their nilrote
salutions, The nitrales ure easily soluble
and, by preeipitation with alkali com-

35 pounds swch. for esample. as godinm
carbonate or potash, eive previpitates
which may be readily filtered, and wineh
deld very active catalysts after reduc-
tlon, Tt is one ol the advanmiages of the

49 150 of the nitrates that the residual alkali

remajuing in. the precipitoted ealalyst
mass ufter the preeipitalion. eonfains no
comtamninants which eannot casily be re
maoved hy eorefully washing with water.
A disadvanmtuge of the precipitated
cofalvats ig fhe high cost af the nitrate
calutions wsef for the precipitation, It is
alwaws necewsary o dissolve the corres-

[Price 2/8]

ponding metals in excess nitric acid which,
owing (v the high price of the nifrie neid
used, adds considerably to the cost of
cutalysts  of this © fype.  3Moreover,
apprecialla losses of nitrie aeid oeeur
durine the process of sotution itself, It
has been prapused io evaporite the moflher
liguor separated from the precipitate and
to recover the waluable nitrates vontained
thevein; such procedure, however, Is
espeusive,

It Lus now heen found that the vatalyfic
hvdrogenation of earbon mwnvxide may
he earTied out with the use of iron cutalysts
precipitated from sulphate solntians.
During the precipitution of these eatalyats,
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a part {apyroximately one (hird) of the &b

iron is converted nte the frivolent form.
The precipilate is washed with an aqueous
aclution of nmmonia, of an amMmoninm
sal or of an organic compound derived
from amumonin and in the form of an
aliphatic wmine, preferahly of 4 readily
soluhle compound of ammenia, end exida-
tion of the residual ivom Is curried out dur-
ine the washing ond principally daring
{be drving in sueh o wmanner that approx-
Imately 70% o B8% ol the tota] Te is
finally present in the frivalent form
(Fettly  Trom sulphate is ohinined as n
cheap waste product in varipus chemienl
processes, for example in  pickling
processes and  in the prodartion  of
titaninm white,

The impurities contained in the sul-
phute obtained from such sources are
nesligible und have no adverse effect.
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Arpcordine o the invention, u provess

[nr the eatalviie hwdrogenation of carbom
moennxide comprizes the uwse of an irom
patalyst obiained by the precipitation of
a solotion of iron sulphate in sneh munger
that from about 10% 1o 50% of the jron M
tlie precipitate is in the {rivalent form,
the step of washine the rrecipitate beinm
curpied oat with the use of an aquemms
solution of ammeonia or of »n ammonium

Ba

8h

sslt or of an aliphatic amine, preferably .

T . .
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_precipitate into the trivalent form, wash-
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an agueons solution of a readily seluble
ammonium  compound, whilst [urther
oxidation of the izen in (he preeipifute
from the bivalent o the trivalent form is
offecled during e washipy and drring
of the preciptiated masy by means of a
wascous oxidising medivm so that mors
Chan 0% of the iron iz in the ipivalsnt
form npon completion of the drying.
According to the invention further-
more, y provcss for the produclion of an
tron ratalyst for use in the hydrogenalion
af earbon monoside ineludes the steps of
precipitaling an  agueons solution  of
fervous sulp?m-fe hy mesns of an aguecns
solution of au alkali-mctal hrdrozide.
earbonate or hirarbonate al a temperatare
within the range 50°-—100° €. whilst
sessing nir thronel the mizture tn con-
Yert from 107 to 50% of the iron in the

ing the precipitute sn hslantindlr free from
sulphale ions, the washing heing effected
ot lenst in part, by means of a sniution of
o reedily soluble amrmonium componni
and drving the preeipitated catalyst mass
in n streum of healed air to buing morc
(han 70% of the iron in the muss info the
trivalent form,

(tare las to be taken in the
of catal with (e use of ron sulphate
that practically no sulphur in the form of
sulphate is eontaine«l‘l in the finished
catalyst since, during the reduction of the
eainlyst, sulphide would Snrpy and the
hrdrogen suiphide produced would im-
Jnediztely poison the eatalyst.

Tt is required in the process fnr (he pro-
Jduction, of catalvste with {he use nf 1ron
snlphate that of least o part of the
hivalent iron is converted fnin the trival-
ent form. In the pref‘ipitn’rinn praferably

95- 35% of {he iron s in ’rhra_h-_ivaleni'
stale. For earrying out the precipilation,

& 1he iron sulplate ix dissolved in hot water

ar the solutinn of iren snlplate is healed.
The ronrentration of the Fe! sheuld he
hetween 5 und 100 grams, preferably
Tetween 20 and 60 grams of Fe per litve.
The solution is heated with the addition.
if pevessary or desired | of activators surk
for example, 83 cOpPER. cilwer nr raleium,
The alkali snlution io he userd for the pre-
cipitation, for cyample, un agneous sulu-
tiom of an alkali-mefal hydroxide. eurbo-
nate or biearbomale, is likewise Jicated.
Immediutely hiefore starting the proeipita-
fion, an oxyren-conlaining  gas. for
example, y nowerful siveum of atr, is
Mawn through ihe ot solution of the
alkalianelal  eompound. for example.
wodinm earbonate, - The purpose of this
step 15 to_convert af least part of the
ferrous hvdrvoxide formead during rerini-
jaiion inte ferrie hidroxide, he flow

productinn -

yate of the air which, if desired, iz first
passad throngh o prohenter to heaf it tn
temparatures of hetween 88° C, and I00°
.. should be surh fhot upproximatele it
{6 50, preferably 20 to 30. cubic mefres of
air per kilogram of iron are hourly blows
through  fhe  solution. Fmediatelr
therentter, the presipitativn s ravricd omt
in Lnown monner br adding the healed
sulphate selntian ¥ the Lot o Tt aaliito
and the peecipitation Iz eompleled in
approsimately 2 to G minutes. Dinring the
whole time the sirenm nf air s blown
throngh at the wale mentioned wheve, In

this wmnnner, approsimaiels 2370 40 857 BO

of the iren 3 obleined in +he frizalent
foem in the mrecipitstel eatalysl mess.
Turing the precinitation the temneratures
ape alwmi 30° C. o 1007 C., proforably
6n° . to 957 (. ; .
Decessary, however, for the alkpli and
iron solations to he al the same tempern-
tires.

For the preparation of a highly active
cotalest wifh the gse of T
it i fmporlant that the alkali adsorhed an
the jren hvdroxide shomld be remeved as
eompletely as possible, which alkal I now
nresent in the form of wlvhate, Wash-
inm fhe mweinitated eatalrat pess el
Lot candensate water. saeh as jo effectod
when emuloving iron nitrate solutions.
will not_be snfiicient for this ymrpose. T
js ueressary 1o provile ammenin. an

Tf iz not chaalutely: 8D

wrons snlphate. 80

8t

ammonbny <)t or an aliphalie amine o HiY

enlntian in the eondensote water used for
Hha washine in order {0 stain o consider-
phlv engier removal of tha sulvhate inns
br jom evchange, For exumnle, smmoniom

compounds of the type of A moninm 108

esarhomate  and

nitraie,  ammeninm
nricad to he

ammoninm  arefate have
sartienlarie affesvp, bt camiome ather
eaaily salaakle  mmmnsium oIt
are alse weefnl for thiz nuronse, NI i=
alen auitable depending an the kind of fhe
ratalest,

.Tf ic advantageons o have nof ton
Tieh o coneeniration af {he smmonia,

ammonium enmparmd ar oliphate amine 119

in the ropdensate water nsed ai 1he
hesjnning. sinee in fhe fivst nhase of the
washing wmeh of ihe ol sudnhale
adsorhad en fhe iven hydreoxide ean he
rematved b washine  with
water alone, Omlv m the last ar lafor
phase or nhases of the oashine 1= it
necpssary 0 add or iperease the gquantify
of the nmmonin, ammeonivm compmnd T

110

sondensate 120

alinhatie amine, for exemple, mpmoninm 125

cerhanata or nitreie.  The concenfration
of -[‘.]':o ampionia. ammenicn, emnhound or
amiine in the wash waler may range
hetwesn 0.27% and 2077 ¢ the wa<hing e

prefernbly efferted with wash waters con- 158



taining spproximately 0.2% to 2% of

ammonia, ammonium compound or amine,

The preferred wliphatic amines are

primary amines,

B 4 sulphur content in the catalyst of not
mmore than 1.19% . particularly below 0.5%,
hias heen {ound to have no adverse effect.

The further steps in the preparation of
“the catalvst from iron  sulphale, ave
10 jryctically the samie as those known Im
the art when the catalyst iy produced frem
a sohilion of irom nitrate. The ecarefully
wached ratalyst mass may be impregnaled
in gecordance with the particular knd of
syathesis in which it it to be used,
monlded, if neccasary or desired. und
dAried at femmperaturcs of ahowt 1007 —-
110° €. to give a finished eatalvet having
4 water eontent of approximately 5—5%.

Tt ian essential, however, that some or
2!l of these steps he rorricd ont in the
presence of an  abundant sepply  of
oxidising medin, preferably air. Much
uly may be used af elevated temperature
when Blowing the washed eatulyst mass
dry tn the filter press. and the finnl dry-
ing ip the drier muy likewise he carried
out with an abundamt fow of air, wherchy
at the emd more than T0%. preferably
more than 80% of the total iron is preseat
in trivalent form {Fe?). Wlhen prepar-
Ing the catalyst in small guantities with
the uze, for example. of a suction filler. o
gnnd ovidation is obteined hy Altering
86 gnd wathing the precipitaled catalyst mass
in thin layers, .

The jyrepered catalvsi particles are
freed from dust and splintered aralns by
sieving angd mav then be reduccd with the
use 0f liydrogen, earbon  mounogide, ov
thetr miztures with nitramen. The redie-
lion temmperatures ave in the range 150°—
250° (.. preferably in the ramge 220°—
990° . A high flow rate of the rednetion
4B wases of more than 0 centimetrea per

spennd, preferably of more than 1 metre

per second, is gemerally advaniageous.

15
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The hickness of the Taver of ratalyst dur~

ine the reduction may be Jess (han 30 em..
bt is preferahly between 30 cin. and 100
em. s it mov. however. be rongiderably
greator. Tf desived. the rednetion may
even be enrried nut in the synthesis reactor
itsalf The catalvets in accordanre with
{ha ivventinm wmav also eontain  deter-
mined wmantitien” of carrier suhslances
wich . {ar examule. as kieselovhr. ALD,,
Tonsi}., artivated blenching sarths
fuiler's enrth. .
T has heen found that in eareving oud
the synthesls [or the produetinn  of
nxyoen-containiny  organic  compeunds,
partirnlarly aleobols catulysts prepared
in sepordanee with the invention shauld
65 containn al least 50%, preferably more

Gu
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than 604, of thelr vontent of ivon in the
torm of metallic iron. TFor the produe-
tion of oxygen-contuining organic com-
prundg furthermare, the catalysts advan-
tagecusly vomtain from 2% o 16%., pre-
ferably from 4% to 12%, of alkali
{measured ns K.Y in the form of o
hvdroxzide, an oxide or 2 carbanate or_ of
a anlt of another wvolutile decomposable
acid, haszed om the total iron present In the
catalyst,

On the other hand, a higher content of
hydrocorbuns in the synthesis produets
may he ohisined when wsing catalysis of
corresponding eomposivion prepared In
agrordancs with the invention, and main-
taining the content of fres drvom im the
reduced catalvet below 50%, prefersbly
helow 30% of the tofal irom content.
Catalysts of this kind are ndvantapeously 85
imapregnuted with an alkali-metsl sali of
a nom-volatile aeid, such as horie acid,
plhinsphorie aeid, yiliele aeid or twopstie
acid, the content of the acid ecomponent
{(measured as 310,) in the eatalyst being BO
more than 1%, prelerably more than 10%
by weight of the total amount of iron in
the eatalvst, and the quantity of alkalt
{measured as E,0) heing from approxi.
mately 1% to 10%. preferably from 1% 95
to 7%, by weight of the total amount of
iron present in the catalyst.

When wsing the eatalysts in aceordance
with the invention. the svathesis may he
carried out in sither single-stage or multi. 100
stage nperation snd with eithor omee-
throueh passage of the gns or gas ve-

7O
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ceyeling, In mulbi-stage operation, purtial

removal, hetween the 1adividual sfaces, of
the earbon dioxide formed is of advant- 105
age. ''he synthesis pressures should be
from 1 to more than 100 atmosphercs,
prefevaldly From 20 {o 40 almospheres.
The synthesis temperatures are between
appruximately 160° . and 300° €. The 110
gas Inad may he varied within wide limits,
from approximately 10 volumes of eas
per volume of eatalvst per Lour o mure
thun 500 volumes of gas per volumé of
patalyst per hour, The gas mav eontain [13
hetween 01L5 and 2 valumes nf hiydrogen,
and more, per volume of earben menoxide,
The catalyst laver depths muy, for
example, be 5 metres; they may. how-
ever, ha more than 5 metrea, for example, 120
np to 19 metres approximately,

The invention Is illustrated by the
fnHawing examples, |

Examerw 1.

A boiling solutien ronsisting af jren sul- 125
phate and copper sulphate, eontaining 5
parla of eopper for every 100 parts of iron
and flaving o conceniration of 4% purts of
iren in 1000 parts of water, was precipl-
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frted by powring it info a sodium
rmrbonate soluiion, the femperature of
whiel was 80° (., contajuing 20 grams of
Na, (0, per Titre. During the precipiia-
§ tiou, a strean of air was blown through
the precipitation appatalus, the guantity
of air being 60 litres for every, 25 arams
of irem, the blowing time being 3.5
mingtes. Tmmediately thereaffer {he
10 precipitated catalyst mass wis freed from
[he mother Hquer by subjeeting 11 fo sue-
fipn Hltration and was then washed tice
with o quaulity of boiling condensate
water correspondine to twelve timesq the
guantity of irom  present. Pinally, the
calnlyst mass was washed three times by
suspending it In an agueots asmonium
cnrbonate solution conta tning 3—10 yrams
of gmmonium earbonate distulvad in 1504
o, {1300 co. of washiing solution for every
@ prams of iron were used 10 each of the
Three washings. Affer the last washing.
tlie sulphur content of the finished calalvst
was only 0.02%,. 28%of the tolal amomni
of irom wus now prezeat as Tet?t, the
balapes being Fe'. The catalyst mass
was then impregmaled with a potussinm
eavhonnte sohution i sueh manner that
a parts of allall, measured or cateuluted
ag K,0, for every 100 parts of irou were
contained in the mass.
The ecatalyst muss
houra ot a femperature

15

8

40
24
witl

was dried Yor

of 110° (.

eiveulation of air and eruzhed to w
36 purticle size of o4 ypm. Tha content nf
T2 was now  83%- Thereafter, the

eatalyst was rednced for ome hour af «
temperature of 300° (., nsing a gas mis-
iure consisting of 79% of hzdrogen aud
5%, of nitrogen at u Lineur gas veloeify
of 1.4 metres per secoti, nreasured in the
cold state, The reduetion value ot the
eatalyst, that s to say. the propertion of
ihe total iron content ¢f the cufalyst pre-
45 sent as Lree ivon, was 88%. -

This catalyst was then msed ‘in the
gynthesis ot a gynthesls pressure of 40
atmpspheres with a guas load aof 100
volnmes of water gas DeT voltlime Ot

50 catalyst per Lour. & conversion wite m
G0 €O+ H, was obtained af 4 {emigreru-
lurs of 2057 C. The melhane formation
wus, hetween 4.37% ang B9 ;111113’01cinm4;e1:.'.
The yield of paypren-coniing crgulioo

58 compountds wid 0% bated on o] Lipuid
produet.

Exauprs 2.

A solution copsisting or iron sulphate

anil cupper sulphate, contnining 2 parts
60 vf copper for every 100 yarts of irem ani
Taving a coneeniraiion nf 45 parts of 1von
for ovary 1000 parts ol watexr, was heated

o a0° ., and precipitated Ty ponring it
into a solution of sndium parbomate, [he
65 temperature of which was 79° O., and

which had o comeentration of 65 grams of
Xa,(0, per Iitre. The pH value during
the precipitution was T2 During the
precipitation, u stream ol air wus bluwn
through the precipitation apparatls using 74
G50 litres of air per 39 grams of iren and
o blowing time of 4.5 juinutes. Thereafter,
caleiwn carbonate in 2 yaanfity of 10%.
enlealated as CaQ and bused on tle iron
presen{, was added while vigorously
stiyring ihe mixinre. Litmedintelyr there
after the precipita‘(ed nHuss Wi sepurnted
frowm the mother liguor by subjeeting if o
caction Alzation and washed with
quantity of boiling vondensute  watsr 80
rorresponding to 12 fone; {lie Irem proseny

]FHnalfy. the catalyst mass was washed
Fiwice by suspending It m a solution of
apuzaonium carhonate containing al [ivst
4 wrams, and then 10 orams uf amnieniun
carbenate dissolved in Tl ev. of aodndinn.
The <ulphur conteni affer the last wash-
g was 0.05%. 28,35 nf [he tolad iron
was now presend_in the forw af Fe'', (he

yemaider being Feb. Bl

The catalyst was then jmyprepnate:!
willl u solution of potassium silirnle o
that % parte of K0 amil 7.6 parts of SI0,
for every 100 parfs of iron were containe]
therein.

The eatalysl mass was dried for 24
heurs with eireulating air al o fempera-
tare of 1057 (4 and eriashed fo 8 particle
dige of [.5—3 mim, The eonfent of JOT
was now 01%. Thereyiter. the catalvsr 100
was redueed fop 90 minutes af a tempera-
fnre of 308" .. using » pas mixtnre con-
sisting of 75% of H, gnd 2574 of Nyt a
lincar sas velocity of 1.4 mefres per
second (measured in tle cold state}. The 109
reduction value of the cafaiyst was 357

The evatadyst was nsed in 1l synthesis
at 3 svuthesis pressure of 10 atmospheres,
asing a gas load of 1080 valumes of walel
gus (€O ML —1:1.2) per valume of 110
eatalyst per hour. A couversion wate of
60 of CO+H, was obfained at a
temperaiure of 2137 C. The resulting
Ligmd product eomtained 4090 of hipdro-
carhans Loiling ahave 3207 1 OxFeeie
pputainine organic enmapouads were proes
senl only in small guantities. ’

What we olaim is:—

1. A prucess for the catalytie hxro-
wenntion of carbon monnxide with the uwse 120
of a4 preeipitated iron_ratalyst. in which
the ralalyst Js precipiteted from a solu-
fion conlaining iron sulphate in sueh
manner thal approsimately 109—50% of
the iron 10 the precipitate iz eonverted IR
into the trivalent form. the " step of
washing ilre precipitate being carried nut
with the use of an aquenus solution ol
ammoniz ar of g ammeniam <alt o of an
uliphatic amine, prefvvably an aguessi

76
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solution of a readily soluble ammoninm
compound, whilst further oxidation of the
irom in the precipitate from the hivalemt
to the trivalent form is effected during the

5 washing ond drying of the ]}rccipiszated
mass by means of a gaseous oxidising
redinm so that more than 70% of the iron
is in the frivalent form apon complefion of

- the drying.

10 2. & process according to elaim 1, in
which, the gasenus oxidising mediom is
aizr.

3. A proeesy according to claim 1 of
slaim 2, in which air is blown through the

15 mized solutions of irow sulpliale and pre-
cipifant during the agrecipitatinn.

4. A process according o any one of the
preceding claiwms, in which 25%--36% of
ihe irom in the preeipitate is in fthe

20 trivalent form.

5. A process nceording tu any one of the
preceding claims, in which more than
80% of the iron is in the trivalent form
upon completion of the drying.

6. A process aceording to any one of the
preceding claims, in which the concentra-
tioo of the ammonia or of the ammoninm
salt or of the aliphatic amiine in the wash-
water ig inereased Juring the courss of the

30 washing. _

7. A process gecording to any one of the
preceding cluims, in which the content of
the ammonia or of the ammonium com-
pound or of the slphatie amine in the

85 wusliowoter is in the rangs 0.2%-—20%,
preforably in the range r2u—2%.

8. A process according to any oue of the
preceding clalms, carried oub to gve 2
Ligh vield of oxygen-confaining organia

40 compounds in the synthesis products, in
which.the catalyst centaing 2%.—-15% of
alkali (measurcd as K0}, based on the
fotal irom conteni of the calalyst, in the
form of hydroxide, oxide or earbonate or

4h Ba]’iél of another volutile or decomposeble

eld.

9, A process accerding fo ¢laim 8, in
which the pontent of alkali (meusured a8
K.0Y ia within the range 4% —12%.

10. A procede according to any one of
the preceding claims, carried out to give u
high yield of oxygen-containing crganie
eompounds in the synthesis product, in
whinh nt least H% of the iron in the
catalyst is in the metallic state.

11. A process aceordiag to elaim 10, in
wlich af least 60% of the iron is in the
malallic state.

12. A yprocess according to any oue of
claime 1 o 7 earried out to give a Righ
vield of hydrocarbons in the synthesis
product, in. which the cotalyst  is
impregnated with an alkali-matal sult of
 non.volutile neid such, for sxample, as
©5 horic acid, phosphoric acid, silivic ueld or

50

1

tungstic acid, the content of the acid com-
ponent (measured as Si0,) in the vulalyst
Dbeing mors than 1% by welght o the iotal
amounnt of irou -in the ratalyst and the
quanlity of alkali (measnred  as K.U)
Being from 1% t0 10% by weight of the
tota]l amount of iron in the cafalyst,

13. A process according te claim 12, in
whiclh the content of the acid component
(moasured as $10,) in the cetalyst is more
than 10% hy weight of the tofal amount
of iron in the catalyst.and the quaniity of
alkall (messured as K.0) is in the range
19%—7% Ty weight of the tolal amount
of iron in the catalyst. 80

(4. A process according to any one of
claims 1 to 7 or according to claim 13,
carried ot o give a hish vield of hydro-
carbons in the synthesis product, in which
less thun 50% of the iron in the catolyst Rb
iz in the meiallic state.

15, A process according fo clmim 14, in
which less than 80% of the iron in the
calalyst i3 in the metallic staie.

18 A process according tu any one of 90
the proceding claims in which an agzeous
wolulion of wmmonimm  carbenate,
ammoeninm nitrais or ammenium aceiate
ig nsed in the washing of the precipitate.

17. A process according to any one of
the _preceding elaims, in which the
synthesia is eoffected at a temperaturs
within the range 150°—300° C. and at a
pressure in the renge 1—100 atmospheres.

18. A provess according to claim 17, in 160
which the svnihesis iz effected al o pres-
snre with in the range 20— atmos-
pheres.

19. A prucese sccording to any one of
the precading claims, in which the feed 105
gas 1o the synthesis contains from (0.5 to
9 vulames of hydrogen per voluwe of
carhon monoxide,

20. A provess tor the praduction of am
iron catalyst for use in ibe hydrogenation 110
of earben monoxide, which includes tha

70
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steps of precipitating an annevus solution

of ferrous sulphate by means of un
aqueous solnbion of ferrous sulphate by
means of an aqueous sclubion of alkalt- ¥18
melul hydroxide, earhonate or biearbonate
af 5 tomperutura within the range H0°—
100° .. whilst passing air through the
Twigture to convert 1095—50% of iron in

the precipitate intn the liivalent form. 120
washing the precipitate substantially free
frpm sulphate ions, the washing being

cffected ot least in port. by means of =
solution of o veadily soluble wmmonium
compound, and thereafter dzying the pre- 125
pipitated catelyst mess in & stream of
Leated air, whereby wore than 70% of the
iron in the mass 1s brought info the fri-
valet form,

21, A process according lo eny ene of 130



6

the preceding claims,
anished catalyst contains
of sulphur.

9 A process

711,406

o ————

jn which the
Tess than G.1%

for the produciion of an

B iron natalyst, sihstantially as hereinbefors

desveribed,

28. A progess For the production of an
iron eabalysh, substeniially as hereinbe-

fore described
10 Example 2.

24, A process
carhon monnxide, 1In
cipitated iren
the ontalyst and the hydr

in Bxemple

o1 or

for the hydrogenation of
in the presence of 2 pre-
eatalyst, the preparation of

ogcnation of the

i

carhon monoxide helng curried oub sub- 16

stantially ay hercinhefore described in
Example 1 or ¥xample 2.

95  An iron ocatalyst obtained by the
process claimed in elmim 20, claim 22 ot
claim 23.

9. Hydrocarboss and oxygen-vontain=
ing organic compounds whenever ohtained
by the Iﬁrocess clasmed in elaim 24 or i
any of the claims 1 to 19,

EDWARD EVAXS & CO.,
14—18, 1kHgh Helhorn. Tondon, W.C.1.,
Agents for the Applicanis,

Leamington Spa: Printed
Publiched at The Fatent

jor Her

Majesty's Stationery Office, by the Couricr Press.—1954.

Oftice, 25, Scuthampion Buildings, London, W.C.2, from which
copies may he obtained,
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Page 4, lne 21, for
grams”

“2 grams” read “25
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{errous sulphate by means of an agueous

solution of®
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70

enrried owt under atmospherie or giessuae
26 pressure, and with the use of ratalysts of
Tarieus compnsitions.  These catalysls
include fused cotaiyats, sinfered patnlyats
antd precipitaled catalysia, o
In the preparation of the precipatated
30 cotalvsts, Teon and, 1F necessary or desired.,
activator metals fa be added are in genersl
Trousht inle the form of {heir nitrate
solutions. The nifrafes are easlly soluble
and, by precipitalien with alkali com-
36 pounds’ such, for example, as sodium
carbomate or petash, mive precipiintes
which may be zeadily filtered, and which
sheld very aclive catalysts affer redur-
Hou, It is one of the advantages of the
49 use of the nilrafes that the residual alkali
yomaining in the precipiiafed cotalyst
mass after tlie precipifation. contains Na
contaminants which eaunnot easily he Yo-
moverl Wy earefuliy washing s1th watfer,
46 A disadvanfame of the preeipifafed
cofalvets iz the Teh eost of the nifrate
anlutinns nepd Tor the preeipitation. Ttis
alwnys neeeasary to dissalve the covres-

[ Price 2{8]

tinn of the residual ivon is carried out aur-
ing the washing and principally during
{he drving in sueh o mavner fhut approx- TH
tmately 0% to 087% of the total T ix
faully present in the trivalent form
{Fe), ~ Trom sulphate 3s obtaimed ns n
cheay: waste product in various chemicn)
processes, for esample in  pickling 8)
processes awl in  the * production of
titanium while,

The impurities contained in the sul-
phate obfained from sucl sources are
negligihle and have no adverse effect. 85

According 1o the invention, q process
for the catalytic hydrogenation of earbon
monoxide comprises the use of an 1rom
patalyst abtained by the precipiiafion of
& solotion of iron swiphafe in such manner 95
that frow about 109, 10 507 of the fron in
the precipitate ia in the frivalent form.
the step of washing the precipitate being
rarried ot with the nse of an coweons
salntion of ammonin or of un ammouivm 88
salt or of an aliphatic amine, preferably

Fricg -4 i




