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Redustion and Revivification

Reduetion,

Ruhrehenmle consider that slthough the top of & catlyst
bed is beiter reduced than the botiom -~ there is a differ-
ence of 3 - 5% in the reduction value - this will not affect
the activity, They base this view on the gensrel opinion
that oxidstion-relduction equilibrims is reachked in the
catalyst during synthesis, During the first 14 days
synthesis in the full scals resctors the yleld incroesses to
a maximm and this is ssid to be due to an increzss in the
reduction walue,  After this the yield drops slowly 2nmd so
deos ths reduction walue, the latter decreasing from zoms
55% to 35 - 404,

N In cenformiiy with the shove point of view, the
redugticn valus iz no longer considered ms glving any
Indication of the astivity to be expecisd from & cetalyst
excent insofar aw it shows whether a catalyst has been
redvuced too much, IP this is so, apd the reduction valus
s wvery high, the activiiy of the catalyst is good Initially
but rapldly falls off, It is always botter to start with a
modaraete activitys

It is gerperally stated that the reason for carrying out
the reduction with hydrogen that has besn carefully freed
from water-wapowr and carbon dloxide and which is passed at a
high rate, is to get reductisn cumpleted as quickly as
possible =0 as 4o avold sinterinmg. Dr. Michesl, of I.G,
Ferben considored that ths sintering Iz due not mo much to
the mere effect of temperaturs as to a recrystallizstion
caused by alternats exldation ard reduction of the catalyst
saused by molst hydrogen.

For reducticn on the large scele, Brabag ussd 93:‘5
hydrogen ard hénce use lower texperstures, 360 -~ 370°C.,
than Rubkrchemie, who uss 40090, and 754 %,, Although it is
sonedimss stated that the reduction fempereture at Ruhrchoemls
is 420 - 450°C. 1% must bte enphasized that this only refers
o the temperaturs of the hot hydrogen smtering the
raeduction vesssli,

After reducticn, Nuhrchemie cool the catalyst by
circulating nitrogen.,  ¥intershall drop the hot catalyst
into s box Tittsd with cold water pipes and cocl it in this
wey walle maintsining a slow cirgulation of nitrogen,
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Reducibility,

The effect of the catalyst coupoesition on the reducibil-
ity was investigated by Rubrchemie by redueing samples for
3, 5, 10, 15, 30 minutes at 400%, wish 300 litres/h, of gzas
comsisting of 75% H_ and 25% N5, using a 10 on layer of catalyst
in & tube of Qiametdyr 21 =R, , &nd measuring the {raction of the
covalt reduced to metal., The veroulis, glven in Table 10, show
that for Co: Thl,: kissslguhr and Co:r ThO,: Mzl
kieselpmihr catalySts the redncibility f2lls To a minimum as
the kieselguhr content is imeressed frow 100 to 1,000 peris
per 100 parts cchalt, '

Teble 10.

Redueibility of Catalrsis

Time of | Cchalt
Catalywsy .1 Heductiom, reduced to
Co: ThOn: MeO: Kieselgunr Himutes metal, %
100 1 45 ¢ -~ 2 109D 5 T3
204 73
600 47
1,00C 28
2,000 36
00 : 5 10 : 200 i5 738
600 70
1,000 _ 25
2,000 | 33
W0 -1 1E 100 15 64
iy 64
&00 “ 6%
1,000 52
2,000 5%

or To: ¥gl: kieselguhr catalysts, howevsr, the
reducibility is unchanged over this mmnge of kieselgubr
gontents, Por catalysts with a constant emcumt of
kisseiguhr the reducidbility varies with the promotsr,
incressing in the order ¥gd, 5’:30-%‘31%2 : ThO,. In
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In genseral, the reducibilliy iz wvary sensitive to the pres-
ence of impuwrities, particulsrly nlckel and copger, which
facilitate reduction, For thiz reason very pure xleselguiva
give catalysts which are wery difflicult o reduce.

The reducibliity was also investizated »y reducing the
extalyst for a Pixed time (exmet pericd not tated, probably
1 hour) at & series of different tewperatursa and
reasuring the fraction of the cobalt reduced. Thus for the
Co:400: Thd 5 L,g(} 10: kiesei.guhr 200 ca‘talys t, 1575 was
reduced ay 300° , 45% at 225Y ana 755 st 350 C, of 2 wvery
largs mabsy cf preparations tesied, the most readily
reducible was go 10¢:  Th,, 15: aabﬁstcs 200, which was 509
reduced at 2500, mpd the most difficuit was Co 400: Mgl 15,
¥g2 75 (mgres;a &s promoter precipitated on %o migmesia as a
earrier) which was only 2474 reduced at 450°C.

Catalysts that are 4ifficult fo reduce usually have a
Llong life, but In comparing activities 1% musi be remenbeored
that initia.lly 2 catalyet with low reducibility and hence
low degree of vreductlion will sppesr less active than one
which is more completsly roduced, It may take s long lims,
10 days or more, for the degree of reduction of a catalys
of low redusibility to incrsazme up to the egullibrius wvalue,

Hvdroegen Hevivification,

This is done on the large scals with & gas rate of

1,000 cu.m /reactor/h, A6l 1s continued for 7 - 10 houru at
a temperzture either 5% higher than the last synthesis
icmﬁra’mr& {Rubhrchemie) or elways at 200°¢, (Besener
Steinkohle)., Ruhrchemie found that the reaction is
inhibited by pressure and also by small emounis cof carbon
wonoxide, and hence recommended that pure hydrogea shouwld
be used., Rhelmpreussen, however, say that a little ecarbon
monozlde has noe bed effect and Essea& Gteinkohie only us:

865 nyldrogen,

This treatmsnt does not remove as much wax from the
catalyst az is removed by extraction with a suitable solivent.
The orzanic material not removed, called ithe 'Hesthelsdung’
can be rocoversd by exiraction m the laboratory vna.?‘
benzensz, It ie s dark brown solid, of mp. c&. a0 C
which smells eas If it contained mr.;ggsn compounds,
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If the amount of Restbeladung present in a catalyst is
plotted against the time of synthesis, the cuive is convex
to the time axis, whereas if the same curvs is plotted for
the total smount of wax, it is convave, The main Pactors
vhich affect the amount of Restbslsdung sve the mature of
the kieselguhr and the compositicn of the catalyst,

The products obtained by this hyirogen treatment
depend, as far as their composition is concerned, on the
emount of hydrogen used, and for the normel lerge scale
treatment 50 - 605 consists of methane and the rsst boills
below 200°C, and is completely saturated, It is thought
that the first methane preduced comes from branched chain
wax, and this Is in accord with the conclusions of Brabag
about the presence of branched chain hydrocarbons in
catalyst wex,

There is no evidence that the revivificatlon produced
by hydrogen is due to any cause other than the removel of
wex, DBrabag say that the improvement in activity is short
lived, since less wax is removed than in the case of

aclvent extraction,

Essener 3teinkohle add the hydrogen that has been used
for this treatment, and which, therefore, contains methane,
to the synthesis gas going to Stege IT to increase its
H_/CO ratic, Or if there ls a shoriage of ccke-oven gas
1% may be added to the synthssis gas for Stage I. .

Solvent Exiraciion,

The original method recommended by Rubwchemis was to
£i11 the entire reactor with Diesel oil and leave 1t for 24
hours, This, however, allowed dust to sstile and omuse
blockages, and in bad cases 1t tock wesks of work to smpty
the reactor. Brabag tried fto overcome this trouvble by
dlstilling the Diesel oill direcily into tlm reactor and
subsequently they introducsd the technique of spreying i%
in which is now generally used as the normal method.
Basener ‘teinkohle use a continuous extraction method in
which the ¢il is distilled into the top of the reactor, the
solution of wax flows out at the bottom into & small
portable still, where it is distilled ard ths oil wapour
re -introduced into the top of the reactor., The temperature
is kept at 100°C. and the process continued t111 no more
wax is removed. For a block of four remchtors about 60 cu.m.
oil are in circulation. They use o0il of boiling range 80 -
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200°C. but most of it boils from 180 - 200°C., Brabag
stress the polnt that ths oil used for the extraction must
be purified before use or the catelyst Is 1isbls to be
damaged. For this reason the same oil is used over and over
again as the repeated distilletions purify it and kesp it

in a sulfteble degree of purity.

Zxtraction of catalysis with solvernt on & large scale
usually reduces the wax comtent to 1 - 24, and is, thersfore,
more efficlent than treatment with hydrogen, which leaves
2 - 5%, But in spite of this, 1t is generally sgrsed that
the best revivifieation Is achieved and the wax and other
meterisls removed most rapidly by extracting the catalyst
with solvent ard then treating it with hydrogen, Aldhough
zolvent alone removes more waxy than hyirogen alone, Kassnar
Steinkohle regarded solvent extraction as the mildsr troat~
ment and used this slone durding the first part of the
catslyst life, Only when it ceased to respond to such
tresztment was the more vigorous combired irsatment nsed,
Details of this are given in Tabkle 15, in which connexion
4% should be stated that the rormel practice wes fo folliow
the extraction by the hydroger treatment immsdiately,
although in the example shown in Table 15 fwo days by synthesis
was done between -the two treatments <o see how far the
ectivity was restored by the sclvent alone. Ruhrchemis
steted that the only resson they did not follow solvant
extraction by treatment with hydrogen was thelr shortage of

hydrogen.

Catalyst Wax,

Using the standard large-scale catalyst, from 2 %o 2% &.
wax was recovered by each solwvent extracilon from one
reactor. it was realizsd, however, that ths amcunt of wax
produced depends on the catalyst composition, and Rubrchemle
investigated thiz as follows, The £irst pericd of synthesis,
see Table 11, was done for so many days &t a given
temperaturs, and’ the catalyst then treated with hydrogen,

The conditions are not glven, but in other experiments of a
sipilar type carried out at the seme Time, the hydrogen
treatment was done at 5 ~ 70, above synthesis temperaturs,
using & mixture of 757 hydrogen and 25 mitrogen, Ths .
products chtained gave the differsnce between the lotal wax
in the catalyst and ths Reztheledung, This latter was
determined by exitraction with benzsne, Another semple of
the catelyst was taken and the gbove treatment repeated up
to end including the hydrogen treaiment,  Synthesls was then
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Teble 12,

Effect of Promoters on the Formation of Catalyastl #ax

by

Welight of Wax/4 g.Co, 2.
Time, Thoria-
Period] hours Thoria magnesia Magnusia
Hest~ Rest~ Best-
Total: bela-; Totall hela-| Total | bala-
dung dung dung
1 11,5501 26,01 22,0} 19.8] 8.4 2.0 0.4
2 300{ 26,6 20,61 12,6} 5,6 2.4 | 0.4
3 4001 25,20 21,61 11.6( 6,0 2,6 0.8

Brabzg have found that the hard wex first formed on the
catalyst decomposes as synthesis proceeds and gives heavy
oil or sof't wax. Thus if a catalyst that has been used Jor
ayrthesis at 160°0, for 100 hours is extracted, it gives a
very herd wax, mp. oz 90°C. A catalyst that has been run
for 100 hours at 1B5%°C, gives & soft wax on extraction, but
by continuing the synthesls till 2,000 hours, high meiting
vax is zgain found on the calalysi,

A wax formed on the catalysi at any tegperature changas
ites composition if the synthesis temperature is alfered,

Tn addiiion to the war, Kubhrchemie say that if & uss
catalyst which has been exhaustively extractel with benzex
is then boiled with caustic soda solution, sodium salis of
fatty aclds -~ mainly of propionic acid - are obtained.
They think that these aclds were present in the used
catalyst as sodium salts and not as cobalt salts,

|
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In mediunm pressure synthesis cobeli selits of faity
acids are produced and appear in the wax, where they givs
rise to discoloration, Fubrchemie have a patent for
removing these aclids as they e&rs f’amawy wefore they reacit
further to glve cobelt salts, by coniinuous extraciion
with Diesel oll, which is spray#d aver the catalyst during
aynthesig, Thejf dc not recommend this procsess fo the
lzrge plent as 1t hes no cther good effect s it ¢




increase the yileld of products or the life of tho catalyst
and produces no great gooling ef:af-t i

The X, %, I, consider thet these fatty aclds are one of
the cawses of catalyst deterioration,

Dry Regeneration,

At the end of soms six to eight wonths synthesis the
catalyst can no longer be revivified by solvent or hydrogen
treatment in the weys described, as these processes nc longer
remove the wax and other arrsnic materlal which has gollected
on the catalyst, ard naturally, they cannot remove the more
aciive catalyst poisons such as free carbon or sulphur,
Ruhrchemie fourd that a catalyst in such a state could be
largely reactivated by their so~c2ll ed dry regsneration,
which was done wlth ?5/; hydregen, 254 nit“ogan at & rz'fgh gas
rate, az in reduction., The temperature is kept at 200%.
for 1.5 hours; then incressed stesdily to 450%C, during the
course of 2 hours and kept at that temparsture for s further
2 houra.

The effectiveness of tals treatment can be ssen from
the following exauple, A catalysu of compositicn Co 100:
ThO, 5: MeO 10: kileselguhr 200, which had boen used Fer

synthesis for 500 hours at 185° c,, contained 320 g,
deposit/100 g. ccobalt, n dry regenmeration 314 g. of the
deposit were removed end recovered, as foliows:-

0 g CH, and bigher hydrocarbons
2,6 " CO‘Z
1.4 7 GG

0" Wax

Before dry regeneration 50 of the cobalt was present as
metal, after regeneration 75 - 807,

The removal of sulphur by this tresimest iz shown by
the data in Table 13.
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Table 13.

Removel of Sulphur by Dry Heperneration

Salphur in Csatalyst Sulphur
g./ 100 g. Co Removed
Bafore After * |
12056 2" 7£‘" ?8
0,005 0,001 80

. The removal of carboen was glse proved by depositing
35 g. C/100 g. Co on a catalyst by the decomposition of
carbon mpnoxide. The caltslyst was thereby rendered inactiwvs,
Dry regeneration removed 75% of the carbon as wethsns and
restored the activity. Rubrchemie consider that ecarbon is
slowly formsd on fhe catalyst during normal synthesis and
gquote experiments on a Co 100 : ThO, 5 : Mglh, 135

catalyst fto support this. After synthesis, fthe catalyst

was extracted with solvent and then dissolved completely

in acids and the residue collected. This residus consisted
of carbon mixed with wax, and the amount of free carbon wes
estimated from an elementary analysis.  After 340 hours
synthesis at 185“C., (.30 g. carbon per 10D g, cotalt was
found, and aftsr 370 hours at 20090,, 1.7Z2 gZ. Tne KoWela
were careful to point out that although carvon formed on

he catdl yst by decomposition of carbeh monoxide is &

owerful poison, crdinary carbon mixed with the cataiyat

8 nota
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Although 1%t is realiisaed, in s general way,thati
dry regeneration can only be used for catalysts which are
resistant to sirtering, i.e. for those which are ¢ifficult
to reduce, there is liitle agreemesnt @ out the imporiance
of sintering 23 a facltor csusing lose of catalyiic
activity. Thus Fuhrchemie =zay, on the one hand, that the
so-calied hard reducticn, which is carried out at LO0C. for
2 hours, will show up ease cf sintering. Bub, on the other,
they say that sintsring dces not occour spprociably below 45090,
The KeWel. doas not think that sintering plsys any part in

the normal loss of patalyiic aciivity during symthesisz,

5



It should be emphasised that Buhrchenie have not yet
tried dry regeneration on the full scale for %wo reasons,
Firatly, shortage of* hydrogen, becsuse, unlike reductions,
dry regeneration cannot be done with recirculation of the
hydregen on ascount of the methane formed, 3econdly,
because after dry regencration the cetalyst needs screening
in an atmosphere of carbon dicxide and no srrengements for
Zoing $this were available.

They have not tried it, even in the lahoratory, for
catal ysts which have been used at zodlum pressures.

Regeneration by Oxidation

Ruhrchemie fcund one case, sccidentally, where
oxidation followed by re-reduction was very effective in
regenerating the catalyst. Further investigation showed,
however, that the method is in gemeral s bzd one, the
reason being that at the high temperetures reached during
the exdidaticn, the ccbalt owide goes over to a form which
is difficult to reduce successfully.
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