Cobalt Catalyats

Coemozition,

The reascons for Ruhrchemie's decielon to changa the
comgosition cf the catalyst firom Co 100: ThO, 18: kieaelguhr
100 to Co 100: Th0, 15: kleselguhr 200 and s%hseqpﬁn%ly to
Co 100: ThO, 5: MF0 8: kieselguhr 200 have already been
discussed (se B, 1.0.5, Final Report No. 447, Ttem No. 30) but
ths following additional informetion was obtained, Ruhrchsmie
admitted that a Co 100: ThO, 18: kieselguhr 100 cetalyst -
mede with the kieselguhr S,ﬁg wee more active than subsequent
catalysts, and gave, in Pact, en averags yield of 120 2, /H.cu.m,
over the firat 4,000 hours of its life in the 'Rauxelerversuchsofen’
- the reactor in which the work was done on which the
guerentess given by Ruhrchemie to tho licensees were basai. But
in spite of this the clange wes meds to the present more dilute
catalyst not oply on acocount of the falluro of the supply of the
kleselguhr S,11 but also because the wore diluted catalysts are
easier to use in the present iype of reacters ard in general are
more suitable for these reactors then catalysts with lesa
kieselguhr or higher density., Thus if & sample of the present
catelyst is compressed and used for synthesis &t the same.
temperature and space velocity, it gives more methare than the
more dilubte normal sample even though the gems rate may be only
0.5 litre/g.Co/h, Rhezinprevssen, who had previcusly been in favour
of reteining the old catalyst with Its high cobalt density now
admit that the molern mixed catalyst is the mest satisfactory.
But they would like to have this prepared in a harder form on
aocount of troubles with dust during revivificaticn of the
catalyst by extraction with aclvents.

Brabag say that the real reason for abandoning ihe
Co 100: ThC. 18: kieselguhr 100 catalyst was lts sofinesa,
which would fict stand up to repeated extractions with polvent
but broke down to dust which czused blockzges awl geve trouble
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in emptying the resactor, The catalysts contalning magnesia

give poorer products - less wax and more methane - but their

mechanical strength was the factor which decided the issue in
thelr favour.

Ruhrchemle determined the effect of warying the amounts
of thoris and magnesia in the catalyst on the 1life and activ-
ity in the following wey.  Each preparation was run for 2,800
hours sterting at 185%., treating with hydrogen efter 700
hours and again at 2,200 and 2,30C hours.  The temperature
was Increasel to 152°C., at 95C hours, 193°%, at 1,900 hours,
and to 194°%, at 2,200 hours. The figures given in Teble 6
for cutput of products are the total cutput taken as a
porcentage of the cutput from the best sample, It is remark-
able how small an amount of thoria is sufficient to makes a
Co: ThOp: ¥g0: kieselguhr ecatelyst perform satisfactorily.

Table &,

Effect of Compogition on the Performance of the Catelvst

Catalyst Composition
Cutput of Products
Co ThO, ¥gO0 kieselguhr o
100 5 10 200 100
100 3 10 200 9%
100 2 10 2C0 99
1G0 g 10 200 235
100 0.5 10 200 95
100 - 10 200 92
100 | L - 15 200 92
100 15 - 200 9¢

As far as the present large scale catalyst menufacture
is concerned, the ususl varlation in composition is within
the limits.

Th02 ' 4,9 ~ 5,2 {on metallic cchalt)
E';go 7n e 80 5;

N
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The figure for Mgl is not critical, and anything from 6 to 104
would be satisfactory. But the Th(_ should be as rear 5/ as
possible because of its role as protéctor against impurities.
The same composition has been found to be best both for
atmespheric and medium pressure synthesis and Ruhrchemie supply
the same catalyst for both pwrposes,

Lieselguhr,

Runhrcheris consider that any kKleselguhr of sufficient
Durity, suiteble density eto. should be suifable for
catalyst marnufecture. The form of the individual diatoms is
not dmportant.

The two nmost lmportant impurities are iron and calclum,
The iren increaszes the production of methane end carbon
dioxide, and although it is the scluble iron that is most
harmfd , the insoluble iron can alse become activated by the
reduction so as to exert a bad effect in the seme direction.
It must be remembered however that the iron ls omly one of -
the wvarious factors wnlch determine methare formation.

The caleiwm by itself is wnot harmful, bur during the
catalyst preparation in the factory it becomes precipitated
as sulphate, This iz reducad to sulphide when the caialysi
is reduced and this polsons ths ceaialyet,

The only purification that is donme on a large scale is
caleination In 2 rotary furmece, This glves a denser profuct
than caleinstion in the laboratory, which lattier treatment
therefore yields & superior kieselguhe,

Purified Cuhr' mears kieselguhr that hes been boiled
with 54 nitric 2ci? and then calcined at 5009C. (boiling the
vreviously heated kieselguhr with the nitric acid gives
worse results). Results onthe large plant do not justify
the expense of thia treatment on the large scale.

Ruhrchemie c¢btained their kieselguhr from the Verzinigte
Deutsche Kieselgurwerke, Hsnmover, ard flxed the specifica~-
tions given in Tsble 7 for it,
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Tha K, W.I. consider that the only function of the
kleselguhr is to Increase the surface area of the catelyst
and to allow the wax formed in the synthesis to drain eway
more easily,

¢

Praenaration,

The method used at ths Ruhrchemle facicry has alresdy
been described (see C,I1,0.5. Report, Item Yo, 30, File No,
XXVII - 69) but the following 2dditional details were
-cbtalined., Previouszly the used catalyst was carsfully
oxidized before grinding to a paste with hot water, but
nowadays the oxidetion is cmitted, The pulping is done
with a high-spsed s=tirrer but it 1= consldered that a
ball=mill would be better,

For the actual precipitation the amount of sodium
~carbonate was so chosen that the mother liquor, after
precipitation is finished, contains 1 - 2 g, Na CO_ litrw
ard 6 - 8 g, NaHJO}/litre, 23

_ The Wintershall catalyst factory used essentially the
same method as Ruhrchemie, but &t the Brabag factory the
following procedure was adopted, They dissclve the used
cetalyst in nitric acid, filter off the kileselguhr,
precipitate the iron and calcium, and then pracipitate the
whole of the cobalt with Na GO The cobalt carbonate
is redisaclved in nitric &wéﬁ émd the right amount of
magnesia and thoria added Although this method of working
reqguires twice the amuuyt ¢f nitric acid that the Ruhrchemie
method employs, the Brabag consider that their method of precipi
teting the whole of the cobelt is superlor as it removes
organic impurities., A comparative test done at Ruhrchemle on
the two methods gove inconclusive resulis.

Ruhrchemle developed a method of prepsring catalysts by
precipitation fram solutions of suiphates { see Cerman Patent
Application R.,104,999 15,1V, 39} and they said that these
catalysts wers n«r;ect;y satisfactory provided the preclpitate
was washed carefully with dilute alkall, They had not
developed this method for thelr own use, but thought that
firms who had no chesp source of nitric acid might be
interested in it, )

Forming the Catalyst,

Normally Ruhrchemie prepared soms 2074 of their catalyst
in 1 - 2 mm., grarnuies and ths rest in 2 - 3 mm. granuiss.



The smaller zize waz preferred by Essensr Steinkohle. For
atmoapheric pressuve resctors either size, or a mixture of
the two may be used, but for medium pressure double tube
reactors & mixture is bad since the diffsrent sized
narticles tend to become segregsted.

Fuhrchemie have investipgated a rnumber of other ways of
producing the catalyst in pieces of o svitable sige and shape,
fererring to the *Birichkorn' catalyst {see B.1.C,S5, Fimal
Report No. 447, Item Wo. 50} thay said that this was too donse
end formed too much methane.,  Since it was very bard it
bteheved sxesllently in She plant, but there was a rather
serious difficuity about the preparation, mamely thait it
could never be prepsved In & close vange of sizen,

Hormally only B0 falls in the 2 - J om, range.

As far as thread catalysts are comarred, 1t was siated
thst there is very grest Alfficulty in preparing fine threads,
of the order of 2 ma, dlameter, on the large scsle as the
fine holes of ths praess get blocked with blts of cloth, wood,
etc, , from ths L£ilters,  Ruhrchemic thought it Impracticable
to make threed finer than 5 - 6 mm,  Wintershell trled to
overcems the difficulty by using & deviez for clearing the
holes with an arrey of plungers, but thils wms reot very
suacessful.

The grestest success was obiainsd with the *Schiffchent
catalyst, so called becnuse the firal pleces were in the form
of littie boats., Thils wes made on a machins constructed by
winding lerge mebers cf skrips of iron, shapsd as shewm in
Figure 1 {&), round the outside of a drum of some 2 m. diameter,
Thsse strips ere separvated by uneerrated strips so that a
very lerge rumver of cells of vhe shaps showa in Figure 1 {v;
and of size 2 x 2,5 mm, ave formad, Catalyst paste is
squeszedl into these cells at the lower part of the drum, and

1 rotates sontinuously they mre zarrisd up, irisd
. top ard thenthe dry and formed pleces of cetalyst
fall ocut of ths cells, The serrated strips extend all the
way rourd the druw wheress the unserrated ones only exterd
wound the lower third of the cirewwfersnce ard they do nect
rotete with the drum, Az & result the cells containing the
catelyst are open at the sides during ihe Arying at the top .
of the drum. :

=
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The catalyst Tormed in this wey gives very little 3dust
eni is very herd. This is probably due to the fact thai
theve iz %0 little dust incorporeted in the catalyst past



because this iz one of ths main causes of mechanicsl softness
of the ordinary catalyst factory granules.

Rubkrehamie were so pleased with the ~ch1ff‘c.‘qer; catelyst
thet they were consideri*:g making 1t on the full zcale,
Ths plant necessary would be vary much fmﬂiie‘r and more
compect than the present drying end granuiaiing plant.

Fo go back to the normal Ruhrchemie method, they =aid
that the specification was always 133;.% dowm th&* the
finishad catalyst should contain & - §F molsture, There
is nec special merit in having this molsture present, and it
1z only specified s¢ as to discourage drying at too high &
temperature. If toc high a 'Lem peraturs iz ussd cchalt
oxide 1s formed and this cennct be reduced unier the normal
catalyst reduction con&itions‘ Por catalysis with 200 parts
kieselguhr, 120°, is a safe drying temperature, but
catalysts with less kiessligunr oxidize rore easily. This
1s perticulerly moticeable for the catalysts containing
only 25 parts of kieselguhr and having marnganese as
activator and these preparations regquire very careful ciry_ng
{see p.32)., But here the manganes¢ may catalyse the
oxidation by acting as an oxygen carrler,

The bulk density of the finished catalyst is a patter
of very great importance and Ruhrchemie said that this wes
influenced by a munber of Ffactors, Thus it depends on the
amouvnt of catalyat dust incorporatsd, increasing es the
emount of dust added is increased. 1t aliso depends on the
nature of the kileselguhr, calclned kieselguhr “2:9’ -
Glibar - giving & denser catalyst than RBstgur (see Table 7
and B,I.0.3. Final Repori Xo. &4-7 Item Ho. 30 for a
description of these kieselguhr s,.., Long contiousd mizing
before exirusion and dryving incroasss the denzity and so
does Squﬂe_,m, through the exirusion press. T
large cakes gives a very light cataiys The 1

_preparations of the Co 1b0~ Tﬂ@z + Mgl 8: klesﬂguh‘" 200
“catalyst made with RBstgur had a ensrtv of 330 g./litre
wnereas abo*-at{my preparatvions alweys had a density 10,5
less,

Pipsilv it way be montioned that whils marked
doterioration due 1o storage of unredused catelyst for &
period of years has been cbserved at the Fuel Research
Station, Greerwich, Ruhrchemie, szld they had newr
observed such an effect.
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In consblering cosils of velnlyst menufacture prepared
by Runrchomio it runt be repepbered that sach linensee
possessed a stock of cobalt metal which waz kept at ihe
catelyst faciory. As each batch of used catalyst w=s
mﬂmm&ﬁo+ﬁ1%cmm'ﬁvws~ﬁmﬂw§QQﬁm¢ﬂy,ﬁm
woight of cobalt ostimated, end any loss mede wp by

aadition of cobzlt frem tns stoek of the licensee Cﬁafarnvd
Herce no figures for 'loss’ gocur in the cest sheais,
setuslly, in the catalyst Pactory leosses occur both v ths
sxitraction of cobali anl thoris froam used catalzrats and in
yrg precaratisce oF Tmesn rztmived (Uom
- “romE
s sELE
TrE Torouris
given
Table E.
Losses of Cohalt and horium
Co fho
2
Loes during recovery 0, 94% 9.8
Loss during preparetion 2.36 0.2
Loss at the synthesis
vlants, ate, i.37 5,2
Total Losa 4 67 16,2
! J

In es +i~atip# zhe effect of these losses, the prics of
cobalt metal, 9%% Co, may be taken as R, 8. Dﬁyig yharia,
64 = €505 ¢nﬁq as RM. 18.00/kg. and kieselgubr as
Hel, Q,i"é/?f'"'.@

irboratory Tests of Catalyst aetiviiw,

The following routine tssi were carried cut by
wuhrchemie to decide whether the activity of s smmple of
catalvat was satisfactory. The %fests were sondusted st
185%, throvghout and with synthesis ges conbaining 8 -
2065 inerts,
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Por the first ¢ hours of synthesis a good catalyst
always Porms methane, with a contraction K = 607,  After
36 hours the methane "formation should come to a stop and
the contraction should hawe increased to 707,  For the
pext 200 hours the comtraction should not fall beliow 67 -
687, At this stego a bsd catalyst can be detected elther
by fallure to fom methene dwring the first few houwrs, or

by the contraction falling too rapidly.

Sometimes the test 4s cerried on 3311 300 hours, at
which stage the comtraction should be at least 667 and the
yield over the whole pericd 128 - 130 mY, 1llquid preducts/cu.m,

synthasis gas.

These short tests Jorot allow 2 prediction of the life
of the catalyst to be made, and for that puwrpose ave to be
sxtended to 1,000 hours, AT thzt time the contraction must
rot be less than 60F for a satisfestory catalyst,

The above details rafer to the Cor TIO . uz0:
kiszelguhr catalysts. For catalysts contsifiing no magnesia
the test is run za daacrﬁ’aeﬁ up to 330 hours when ths
contraction should be 553,  Hydrogen reviwificetion le then
done, which should bring the contraotlon back to 70, The
test 13 then coniimued for a further 400 howrs, at the end
of which period the contraction ghouid not be less than 587,

Tf thesz tests ghow that 8 catalyst is upsatlisfactory,
the percentage of the total mmount of cobalt that is
Teduced to metal - the so-called reduction walue - is
detexmined, erd if this is normel & complets chemlcal
analysis 1s dome to mss whether any gross error has been
rade in the preparation.

Ruhrchemie consider that the perlormance of a catalyst
cannot be predicted with any ascuracy by measuwing the rate
of formation of wax, although there is a rough cerralation

between this and ths 1life,

Specilal Catalyats for the Productlon of HFax,

. Ruhrchexis foumd that cobalt catalysts with manganese
es activator profuced a particularly high preporilon of wax,
snd they found that ths best ccampositlion was Co 100: ¥n 15:
kieselguhr 12,5, This catelyst was prepared as Follows: -



A solution of ocbalt ard manganese nitrates con
25 g. Coand 3,75 g. ¥n in 500
and run qaickly JInto a boiling
sodium carborate in 750 nl. distilled woter, which is
stirred vigercusly,

Irrediately

o
la

afs

L

distilled water is boilsd
zolution of 62 g, anhydrous

er the precipitation

3.2 g. kleselguhr is stirred in, using preferably a

kieselguhr that hes been wsshed with hot nitric acid ard
The mlxturs is filtsred at

then heated %o 500 - 600%,

once and
activity

heater,

veloclity of 300
mixture of 757 hyd

yonthesis ls carried ocut at 10 sim, pressure with
ordinary synthesis gas, H_ /00 = 2 using a gas vate of
10 litres/h. /100 ml. catafyst,
veginning was 160°C,, but was incressed during 5 months to
4 yisld of 120 g./N. cu.m. was cbisined, correspond-
During this

175%.

ing to & comversion of carbon menoxide of 75%,
time the comsosition of the products changed as showm in

Table 9,

Teble 9,

The temperature at ths

washed with 3 litres hot distiiled w
cf the gtalyst 1s dim
temperature is used during drying and it is best to dry the
cetalyst at 60 - ?50(,‘4 in the cpen elr, using an electric
n is done at 200%C, for oue hour, wi
res gas/h, for 50 ml., catalyst,
open and 25 nitrogen.

B LT L,

tnishzd 47 too high a

using a

Froducts obisined using the Cobalt -
Meneanese Catalvst.

Time, hours, 155216621099 1 10991720 17202240
o7 o ol ) =
T ~ o -~
Benzin 200 OL 21,01 13,9 6.1 5,0
Diesel 011 200-320 C| 20.5! 16,0 14,7 6.7
Soft Wax "L 25,8 22,9 23.8 2.5
Hard Wax "3 7 47,2 55, 4 86,8
Total Wax "l 58.5{ 70.4 79, 2 78,4

~

This catalyst camnot, unfortumately, be irisd on a lerge

scale as iy is far
Invelve difficulties dus to its sens
tendency to form carbon at the ba
the precipitation ¢f manganess diox
ch would clog the filiters,

during drying, 1
of its life, a:
during re £

ion, W

too soft, and in addition, its uic
vity to overhsati]

n



