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The inventlon relates to the reasctivation
of catalysis which are puspoended and mainisined in
suspension in a medium which ls liquid under the

reactlon eonditions, and particulsrly to catalysts

for the hydrogenation cf the oxides of carbon,

Catalysts susponded in liguid media cceesionally
tend to lose their effectivencss suddenly and ¢ a
substential degree after a perinrd on stream, such
sudden loss of effectiveness or sctlvity being additional
t0 the normael, gradual reducticn in activity
which 1s 1n most cases substontially egualized by
raising the temperature slightly or‘by any other
sulitable meens, It is known to reogenerate dry
catalysts used in ges reaction processes by means
of hydrogenation, oxidation, and extraction,
However, the effect of these known regenerating
meens is in most cases unsatisfactory when applicd
to catalysts suspended in & liguid medium, More
offective are those means by whﬂﬁh the chemlcal and
physical structure cf the catalyst are at intervals
cpmpletgly changed, Regenerating processes of

this latter kind somstimes resemble the processes

.for the preparation of catalyst, both wlth respect

$+0 the chomlcal and physical phenomena as well as with .
rospect to the cost involved, particularly in thoee
cases in which the raw materisls from which the
catalysts are produced are cheap as compared with

the e¢ost of production, as is, Por example, the

case with iron Qatalyats.

1t has now been found that the activity of
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catalysts which are suspended in & medium which iB

liguid under the operating conditions, and the

converslon performance of which tends to decrease
auring operation may be maintained in continuous

5 operation at an epproximately constant level of
effoctiveness by reduclng the catalyst content of the
sugpensions éa the operating time lnoreases, The
offoct obitained according to the invention 18
completely new and unexpected in go far as asccording

10 t0 the prior state of technical experience 1t was
accepted in the art that a reduction in the
guantity of an apparently exhausted eatalyst would
result in a further reduction in the yield of the
reaction products, and the trend has therefore been

15 to avoid ee much as possible a reduction of the cocntent
of motive basic ocatalyst metal in the reaction zcne,
It 1s conceiveble thet continuous chengos in the
oatalyst during the period on stream dissdvantageously
effect the distribution ¢f gas in the suspension, and

20 that this disadvantage-is remcved by diluting the
catalyst -suspension,

Congiderable changes may ooour in those

catalyst suspensions in which, in view of the nature of
the reaction, a separatiin of alementary carbcon cannct

25 be avolded, As this elementary carbon ocours in an

extremely finely-divided form and occuples a
relatively large vclume, 1t may impoir the quasi-
liguid cheracter of the suspension to & greator
degres than & comparable percentage by weight content

30 of the catalyst 1tself, The volume of the catalyst
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itself may alsc increase during the perlod on stream,
even when no or relatively little separation of

elementary carbon ogours,

: In those types of processes in which &

E 3 separation of elementary carbon may oocur, the carbon

' will adhers so firmly to the catalyst that it would

be disadvantagecus from a technical point of view

! to separate them completely from each other by

: mechanical means, According to the process of the

10 invention, in these cases the reduction of the
catalyst content is automaticelly combined with a
reduction of the carbon content in the suspension,
that 18 to say, in order to prevent the particularly
deleterious elementary carbon from increasing in the

| . 15 suspension beyond s maximum limit which may readily

be determined in each caee by observing the activity

of the catalyat, or to reduce the eontent of

elementary csrbon below this 1imit, it is sufficlent

to reduce the catalyst content of the euspenslon

during the period on stream,
waever, if it is desired to leave all of the
cotalyst in the reacticn zone throughout the period

on stream, without interrupting the synthesis or

reactidn for s short interval from removal of tha catslyst,
&5 the diluting of the suspension according to the invention
is effected by at firet charging only part of a
fresh suspension of conventional catalyst concentration
to the reaction chamber, and lncreasing the volume
: _ of the suspension during the pariod on stream oy
30 ‘ introducing additional liguid medium or by allowing
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reaction products which are ligquid under the operatlng
copditions to acoumulate 1ﬁ the reaction chamber.

In this modification, the space-time yield of reaction
products, based on the volume of suspensicn at the

end of the periocd on stroom, may be maintained
constant over the entire poeriod of operation.

Howover, mccording to0 the invention 1t 1s aleo
possible t0 maintain the volume of the suspension
constant from the beginning, by removing pert of the
catalyst suspension from the reaction zone during
the period on stream, and replacing it by a
corresponding volume of liguid medium, elther by
introducing the liguid medium, Or by allowlng a part
of the reaction products suitable for the purpose,
to meoumulate in the reaction 2zone,

The ocatalyst removed from tho rcaction zone 1e
at111 sufficiently sotive, for oxample to continue 1o
be used in a different reaction zone,

. By moans of the process sccording to the
invention, the yield obtained from the catalyst over

tne whole period of its cperation ie sppreciably greater
than what has hitherto been possible, The space
veloclty or gas throughput is not impaired by dilution
of the catalyst suspension as effected according to

the invention, bacause the relative space voldtolty
based on the catalyst metal, maey be increasced

approximately in accordance with the degree of

" ailution, whilst maintaining a constant end high degroe

of conversion of the gas,

Moreover, according to the process of the
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invention the diluting of the catalyst suspension
effects in the hydrogenation of carbon monoxlde an
improvement in the composition of the product, in
that the formation of methane and ethane, which 18
known to increase gradually as the operating time
incresses, 1s kept at a constantly low level, When,
at longer intervals, the diluting of the catalyst
suspension is carried out guddenty and to an increased
degree, the formation of 01 + 02 hydrocearbons is
likewise suddenly reduced as compared with the
conditions prevailing prior to the diluting operation,
The extent to which the catalyst

concentration changes during the period on stream

iz determined by the initial concentration and by the
manner of cperatlon, Catalysts which contain supperting
materials sre diluted to a lesser degree than are
unsupported catalyste,. Concentrated suspensione
ghould be diluted more rapidly end more strongly
than suspensions which are 1owerjigncentration

from the stert., The diluting may range between a
catalyst content of approximately 70% end 5% based on
the initial catalyst content.

The dlluting measures baken

" according to the invention may also be combined with

¥nown regeneratlng measurea suech a8 hydrogenation,
cxidation, or extraction,

A dscrease of the carbon content,
which carbon functions as a suspension thickener,
may be effected by ocentrifuging puspension withdrawn
from the resction zone, whersby the catalyst may be

separated to s certain extent into portions richer
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in carbon and ppriions poorer in carbon which
latter porticns, after again being suspended in the
l1iguid medium, arc returncd to the reasction zone,
Anslogously, it is possgible to utdlize the vary
good separating effect of a magnotic field,

Aceording to the 1nven§ion, the clementary
carbon formed during the resction should
preforably be maintained at or reduced to approximetely
below 6% by welght baged on the weight of the

suspension,

EXAMPLE,
6000 kilograme of a susponsion of an

unsupported iron catalyst containing 750 kilogrems
Fo in synthasis hydrocarbons which under normal
pressure had an initial boillng point above 30000,
were uged in synthesis for several hundred hours
with a synthesis gas containing carbon moncxide
and hydrogen, The synthesis was offected at medium
pressure and st temperatures in the range 25500 -
270°C, in @ pressure-resistant synthesie reactor
provided with internal cooling meens, the lead
being 1.5 normal cubic metres of CO + H, per
kilogram Fe per hour, During the inltial part of
the run, the CO + H, oconversion was appreximately
88% the conversion remaining at this level for
approximately LOO hours, = After thils time, the
€O + H, acnversion dropped within a few days to
spproximately 4o%, The conversion could not
thereafter be effectively incressed by raising_the
synthesis temperaturs or by changing the gas

load,
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When approximetely half of the suspension
was withdreawn from the reactlion space and replaced-
by an equal volume of the same hydroearbons as thet
used to form the original suspensilon, the CO + H2
ccnversion inereased to 90%, the conditions being
otherwise the same, The 370 kilograms (approximately)
Fe s8till present in the reactor were then lcaded with
almost three normal cuble metres of CO + H2 per
kilogram Fe per hour, After a further operating
reriod of 600 hours, the cantalyst suspension was
removed from the synthesis reactor and was replaced

by the catalyst suspension firet removed, the latter

“having first been dilufed wilith a liqudd modium to an

Pe content of epproximately 6% by welght, Synthesis
was then resumed under otherwlise the same conditions
for gpproximetely 600 hours, During the totsl time
of operation, approximately 88% of 2300 ncrmal

oubic metres of CO + I, werq converted cver 2 period
0f_1600 houralof opération per kllogram of the
catalyst which had apparently become inactive within
Loo hburﬂ,Aapprokimately 380 kilograms of hydro-
carbons having 3 or more carbon atoms in the molecule,
and oxygen—contaihing organic compounds, belng formed
in addition to approximately 28 kilograms of methane,

ethane, and ethylene,
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Tho embodiments of the invention in which an |

oxclusive property or privilege 18 claimed are
defined as follows:-

1. A process for maintaining the level of
activity of a catalyst employed in suspension in a
1iquid medium in a gaseous reaction, in which one of
the reactants contains caerbon, which comprises
decreasing the concentration of the catalyst in the
suspension during operation to maintain the content
of elementary cerbon in the suspension at a level
such that the activity of the catalyst is substantially
maintnined,

2 A process for extending the asctive 1iife
of & catalyst used in suspensiun in a liquid medium
in the hydrogenation of carbon monoxide, which
comprises lowering the coneentration of the catalyst
in the suspensicn during the oourso of the hydrogenation
whereby the ocontont of elementery cerbon present in
the suspension 1s maintalned at or reduced tc below
an amount which deactivates the catelyst.

L5, - A process for extending the active life
of a catalyst employed in suspensicn in e llquid
medium in the synthesis of hydrooarbons by the
hydrogenation.of carbon menoxide, whieh comprises
maintaining the content of elementary carbon in the
suspension below 6% by weight by lowering the
concentratioﬁ of the catalyst in the suspension
during the course of the synthesia, '

L, " A process according to eny one of claims
4 to 3, in which the catelyst concentration 18

lowered by the addition of a ligquid medium to increase




580258

=10~

the volume of the suspension.
5, A process according to any one of claime

1 t0 3, in whieh the ocatalyst concentration is

lowered by permitting reaction prcducts which are
liguid under the reaction conditions to remain
in the reaction zone to lncresse the volume of the
suspension,
6. A process according t© asny one of clgims

1 t0 3, in which the catalyst concentration 1s lowered
by withdrawing part of the suspension from the
reaction zone and replacing it by a2 liguid medium,

B A process according to any one of clsims
1 to 3, in which the oatalyst concentration is
lowered by withdrawing part of the suspension from
the reasction zone, the withdrawn suspension being
centrifuged td;aeparate the c¢atalyet into a portiun
pocrer 1in earbon and a porticn rieher in carbon, the
catalyst poorer in carbon being suspended in a liquid
medium and the suspension so formed being passed
toc the reaction zone,

L 8a A process according to any one of clalms

1 to 3,‘in which the satalyst concentration is
‘lowered by withdrawing part of the suspensicn from
the reaction zone, the withdrawn suspension belng
sottled snd decanted to separate the catalyst

therein into a portion richer in carbon and a portion
poorer in oarboﬁ, the portion poorer in carbon

being suspended in the liguid medium and fod into

the reactlon zZone,
v

9. A process according to any one of clalms
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1-3,in which tho catalyst comprises a forromagnetic
metal and the catalyst concentration is lowered by
withdrawing part of tho suspension from the reaction
zone, the catalyst in the withdrawn suspension being
separated into a portion richer in carben end a
poertion poorer in carbon, the portlon pocrer in carbon
being suspended in the liquid medium and fed intc the
reaction zone,

10, A proecess sccording to any one of claims
1 t0 3, in which the space velocity is increased
as the concentration of the catalyst in the suspension
is lowered, to maintain the spaca~time yield of

reaction products approximately constant,






