: Report 3. Investigation of Catalyst Manufacturs
: and Recovery

§ Dats of Investigation: April 6 and 7, 1945,

f Personnal conducting Investigations

g Dr. V. Hasnsel, U.S., Petroleum Administration for War
Capt. J.H.G. Plant, British, Ministry of Fusl and

. ‘ Powsr ‘

Capt. C.C, Hall, oo

Personnel Interrozated:

Dr., Bléchsl
Dr., Hserbke

Reported by: Capt. C.C. Hall, British, Ministry of Fuel
and Power.

ihe Prsparation and Reduction of Cobalt Catalyst.

catalyst factory, was not available for interview but Dr,
BlBchel who was in charge of cobalt catalyst manufacture
end recovery and Dr, Herbke, in charge of catalyst -
reducsion, were present and gave full information in the ir
rgspective fields. ' ‘ '

i The compcsition of the standard cobalt catalyst
orepared at Sterkrads sng supplied to 211 Western-German
Fischer~Tropsch planis weas given as 100:5:8:180~-200 cobalt:
thorieimagnesiatkis =1

s
iguhr, This catalyst had bsen in uss
g¢d the formsr 100:15:200, cobalt;

To be suitabls for catalyst preparation, the
Kigselguhr must coniain less than 1% of iron (as tested by
refluxing a sample Por 1 hour with 25% HNOg) otherwise
8xcessive methane produciion occurs during the synthesis.
it must also contein less than 0.4% Alg03 in the rsw,
incalcined state, otherwise the catalyst tends to 'gel'.

Fo avoid the nscsssity for acid-washing, the kieselguhr
1z8d at Sterkrade 1 elected to meet the ebove conditions.,
obtzined from deposits near Hanover.
use, at Sterkrade, at 600-700°C.

¢ total volatile matter, including
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 -Dr. Gehrke, who was in charge of the Ruhrchemie




Dus to slight varistions in the density of
various batches of kiesalguhr, the proportion used in the
catalyst is varied over the rangs indicated above in ordsr
to maintain a constant cobalt contsnt of 80 gm./litre
unreduced catalyst granules.

) The various steps in the catalyst preparstion
are indicated in the diagram (fig. 5)¢ 750 1. of =
gsolution of the nitrates in the desired proportions,

100 Go ¢ 5 ThOg : 10 MgO (2 parts MgO are left
unprecipita?ed? containing 40/41 gm. Co./l. are heated to
100°C. in an overhead, stainless-steel tank (1). The
contents are run into the precipitating tsnk (2) fitted
with a direct-drive twin-screw stirrer and containing
750 1. of a solution containing 104 gm. NagCOz/l. also
maintained at 100°C. The mixture is stir¥ed for % minute
and then dry kieselguhr is added through the hopper (3)
and stirring continusd for a further 1 minute. The
slurry is pumped tc s standard-type filter-press (4) and
the cake washed with distilled water until the wash-water
is neutral as tested by the addition of nitrophsnol to
100 ml, wash water + 5 ml. 1/10 N.HpSOg4. Catelyst
equivalent to 64 Kg.Co requirss ca. 10m° wash~-water and
the -washing ocecupies 14-15 minutes. ‘

: ) The washed cake is then dropped into a “magher'
(5) situated below the press end is mixed with dust from
the screening plant. (64 kg. total Co gives 45 Kg. Co as
dust). The resulting cream is then pumped to a& rotating
suction filtsr (6). The thin cake scraped off ths filter
drum contains approximately 70% water and falls into the
extruder (7) where rotating arms force the rasts through
-3 nm. diametsr holess whenece it falls into the drying
chamber (8). The dryer is a cylindrical vesssl 7 m. in
dlemeter and comprises 20 super-imposed stages 20 cm. apart.
The catalyst is swept round each stage by rotating arms and
falls down the vesssl from stage to stage during a period
of 11~-2 hours. Drying is effected by steam hest and an
air blast. ’ : -

- FProm the final stage of the drysr the rough
granules containing 10% moisture are carried by a corveyor
to the vibreting screens (9) and separated into over 32 mn,. o
1-3 mm. (the desired size), fines, and a dust which is
sucked away in an air current. The air stream is filtersd
through & cloth filter (10) and then scrubbed with water
and steam (11). The fine catalyst recovered from the
scrubber is not returned to the masher for inclusion in ths
final catalyst because oxidation tends to convert carbonate
to oxide which renders reduction more difficult and bscause
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dirt and dust ars apt to becoms concsntrated in this
fraction.. This material, which only represenis 0,1 -
" 0+2% of the whole, is therefore sent to the catalyst
raegensration plant and treated as spent catalyst,

. The Pfines from the screens and cloth filters
are returmed to the masher,

The particles abova S mn. pass to & further set
of screens (12) where rotating arms forcs the granulss
through the 3 om. screen, The dust and fines from this
process are returned to the masher and the 1-3 mm., grads
is blendsd with the stream from ths original scrgensg (9)
and is baggsd for transport to the adjacent reduction
plant via a tsifep COnveayor.

I== bulk density of the granules is B20-350
ge/ls ThHs mmzimam daily output of the plant ig
sguilvalent %o < tonnss of covalt,

fne Tow-schems for catalyst reduction is
shown in Pig, S, which is bésed on a diagram prapared by
Dr. Herbke. The reduction vessel comprises 8 cantral
compartment of =quars cross—-gsction containing the -
$§ catalyst in a bed 20-35 cm. desp and 2.1 m© in arsa, with
§ Lop and bottom =:iiings i ths form of truncated pyramids.
A sheet-iron griiis {15 com. cubes) is plesced on top of
the catalyst bses 2nd ginks into it to = depth of about

10 em, . This devips serves to break up the gas stream
entering the top of the reduction vessel. . One chargs of
catalyst weighs =00-250 kg. and occupies 800 1. There
are § of these reduciion vessals. (See Fig, 7) :

09 3

iion is effected by passing dowmwards
2 & rapid stream of smmonis synthesis
gas (75% Hy + 25% X2) which is preheatsd to 460°C. in =n
tubular heater 2ire3 with coka-oven gas. The effluent
ggs 18 re~heated is 300°C. and the COg present (ca. 2 gm./
m°) is convertsd o methene by passags through & bed of ,
synthesis catalyst in another reduction vessel., The gas
is then cooled, drizd by refrigeration and passage

through silica gel znd is returned to the prehsataer for
the reduction whers it meets fresh-make~up gas.

through ths cata??Q

~ The redue
7St
2

: The ggsycla end fresh gas enter the raducery
at about 7000 z=S/ur. (8.V. 8800)s . The period of
raduction variss from 40 to 60 minutes, depending on the
8xact gas velpeity which variss according to the number
of reduction vssssls in use. The temperature is varied
according to ths %ime and ga2s velocity as shown below :
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Time - Temparaturs at Gas Velocity
inlet to raducsr

40 mins. 43590 8000 m>/hr.

60 mins. 4289C 6000 m3/nr.

The tempsraturs is controllsd to within * 20c. After
reduction is complats the catalyst is cooled to room
temperature in a stream of nitrogan, the nitrogsn then
displaced by COg and the contentz of the reduction vesssl
discharged into a klbel by rsmoving the top cover plate
and ianverting the vessel. Tha vassels were so balanced
that this inversion could be accomplished by a hand-
operated mechanism,

A total of 16 raduction charges are required to
11l ons kiibel.

In the reduction process 50-80% of the cobalt
is reduced to metal.,” 1If over 60% is so reduced & less
sultable catalyst vresults. The extent of the reduction
is determined by measuring the volume of hydrogen avolved
whan the reduced catalyst is treated with acid.

, ) The exact reduction conditions wers said %o
-~ depend on the naturs of the klesslguhr used in tha = -
catalyst preparation. Dense catalysts caussd
difficeunltiss’'in the reduction.

Regensration of Spent Cobalt Catalysts

. This subject was not discusssd in detail bud
» BlB8chel prepared a diagrammatic flow sheet (Pig. 8)
the rscovery of cobalt and thoriam. . The ragangrasion
ant had besen almest entirsly destroyed by bombing.

The Prepsration of Qther Catslysts

Nickel catalyst for ths methanisstion of coke-
¢ven gas, chromium-aluminiwn catalysts for dshydro-
cyclisation of heptans, wabter-gas shifi catalyst and
Feinreinigungsmasse were also prepared in ths catalyst
Tactory, but as these did not coma under Bl8chsl's
control no further information was obtainsd.

Plant similar in gsneral design to ths cobalt
catalyst plant was besing erected for largs-scals
manufacturse of iron catalysts. So far these catalysts
had only bssn preparaed on pilot-plant secals.
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The iron cataslyst preparation was carried out
directly under Dr. Gehrke's supsrvision but BlBchel
; understood that the catalyst which was to have beesn
§ prepared on a large scale had ths composition :—

100 Fe : 2.5 Cu : 10 Ca0 ; 15 kieselguhr

The precipitation was carried out with KOH and the nitrates
under conditicns generally similar to those used for cobalt.
BlBchel believed that the precise details of the o
precipitation were most important but he was not

acquainted with them. He understood that the best
reduction conditions were not fully established, but
veligved that Hp was used at 300°C. under conditions gen-
erally similis» to those used for cobalt.

Ssmples

Smaeil samples (2-5 1b.) of tested and approved
cnreduced and reducsd cobslt catalgst and kieselguhr were
obtained (under Bl8chsl's guidance) from the sample room.
A bulk sample {28.1b.) of kieselguhr was taken from the
8storgs adjacsnt %o the Pgad hoppsr on ths top floor of ths
cobalt-catalyat plant, , ) o o

el b inn 4 i s

"7 Semplss of reduced and unreduced iron CgtalystVJ
werg removad from Dr, Gehrke's laboratory.
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