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II. CATALYST FOR THE SYNTHESIS REACTION
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MANUFACTURE CF_SYNTHESIS CATALYST

The oaﬁelyet .for” ‘the syritheé 19 reaction"wae compos ed

‘oi‘ colnlt > kieselguhr and. a metallio oxid.e. Fo;'merly,

'choria. was used exclusively as the promoter, but more re-

cently the thoria Ias to a large extent been repla.ced by

mgnesia. Not only was’ the mgnesia cata.lyst cheaper to

mke origina.lly, btut the regenera.t.ion coste were less and

the na.gnesia. ee.ta.lyet ha.d cerba.in operational advantagee

/ -

over the’ thoria oa.t.alyat HE uch ‘as , a'bility to accomnod.a.te

(26)

Catalyst
Composition

higher synthesis gms ra.tes, lese sueceptibility to sintering,

lower met.hane prod.uction, the retention of lese wax and a -

_‘longer active 1ife.

' The ’chéohge from thoria to mmgnesia in the catalyst was

being- made slowly hecaus,ei;_it.-.va.sv desirable to exhaust the

thoria st.ooks on hand, and also. to-avoid poasible pla.nt

interruptions d.ue to an abrupt change in the eatelyat oompo-

sition.

The composition of the ca.talyst fimt used was 32%

cobe.lt, 5% t.horie., 65% kieselguhr (Co o 15'1'1102 -2 0 kiesel—

g‘uhr‘)- At the time the Holten plant was vieited., _the. oata.-

. 1yst in general use had the compositian. 32% cobalt,
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2.5% nagnesia., 1.5%. ‘thoria’ and. 6'4-% kieselguhr (Co 0. OBMgO 0. 05Th02.
2. O k:leeelguhr) I although eome of “t.he syntheeis cha.mbere were 1n

: opera.t.ion with a. ca. lyst conta.ining 32% cobalt, l&% nagneeia ’ 1%

o[‘&

thoria, e,na. 63% kieselguhr (Co 0. 13Mgo o 02ThOp:2.0: kieselguhr). ,

- The dried. R formed but unred.uced ca.talyet ccntained about 24% cobalt .

-7

by weight » and the correqunding re&uced. cate.lyat y &8 mentioned
. )
Tﬁe a.ppé.rent dens ity of the reduced. cata~

above, about 32% cobalt.
1yst was about 0,28 in the part:lqular_, a.pparatue used for the‘
meaeurement.. ' ‘_‘ - S S

‘3

nnnnn

p— — I.__

-

: Catalysts w:!.th ot.her re.tioe oY promet.ere miibeen prepared a.nd :
teeted. in the ]abora.tory. .The thoria or ma.gnes:le. could be va.ried
within the limits of 10 1;0 20% on the cohe.lt withaut affect‘ing the »
activity of the;\cate.lyst or the prod.ucts formed.. The use of an
aniounﬁ of thoria ‘}'gr'ea‘.’ter than éo%yie'd. to an excess ive production of
soiid. hydrocarbons at the expense of liguid -hydrocareons, while the
use of 1ese than 10% thoria. ga.ve cata.lysts with inferior e.ctivity. .
The corresponding effects of changee in the mgnes ia concentration

had not _be_en d.efinit‘ely ascertained.
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Much of the infornation in regard to the catalyst

preparation was largely concerned with snall details « In

an effort to simplify the description of the preparation,

i

a brief summary of the~maJo‘r operations involved will be :

rgiven first » followed by a schematic flow sheet' of the

catalyst plant , and these general descriptions will then

———

be supplemented by a. more detailed outline.

Since the preparati'on of the oatalys‘t consisted

chiefly of the use of mteria.ls reclaimed. from spent cata-. o

lysts, the preparation of fresh s‘olutions will be omitted
from the summry. The procedure given will, of necessity,
be that follcwed at Holten, and this my not conform, 1n

certain instances, to the latest 4deas on catalyst prepa.-

mtion. “ . .

The spent cata.lyst from the synthesis plant was treated
in order to destroy its activity to the extent that it would

~no longer be pyrophoric upon exposure "to the ailr. The cata-

lyst was placed in a digester and treated with ni'tr:ic acid.

to dissolve ocut the cobalt » nagmesia and thoria and ‘thus

mke possible their separation from the ‘insolublo kieselguhr

“Under close control of ths temperature """ a uring solution o

practioally no nitric acld was lost throughn decompos ition

(28)

I .

-

- Catalyst
Breparation

Sumary of
Catalyst

Preparation
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to the gasecus oxides of nitrogen.. 'l‘he_ solutien ob‘rta.ine'd‘ from
filtration from theﬂkieseliguhr‘ contained mjpurities which it
was desira.ble to 'remove before us mg the solution in the prepa-
ration of a new ca.talyst. Any 1ron, ialuminum or nickael was :lre-
. | ,

moved by precipitation by partial neutraliza.tion of the solution |
'.-with soda . The thorla was simltaneously removed f‘rom the 80~

luticn at this po:!.nt and, consequently, the’ precipita.te was' sent

to the thoria recovery. -plant. The partia.lly purified solution ’

-

was treated with enough sodiunl fluor:lde to precipitate ‘the calciunm
completely, together with’ about half the megnesia. Since the
mgnesia. was 1nexpensive , 1t was disce.rded with the calcium
precipitate. The purified solution was transferred to an adjusting
vessel, where:ln the desired concentrations of each catalyst com-
ponent were regulated by the addition of fresh solutions -Soda
7_ solution was prepared 1in a sepere.tc vessel, transferred. to the :
precipita.tion vessel a.nd heated to boiling. A carefuily measured
anount of the adjusted cobalt nitrate solutlon was preheo.ted almost
to boiling and added to the hot soda eolution. Afte'r stirring for
about one minute, the kieselguhr (fresh, unused material) was
added, and the stirring continued for about one-half minute, where-
upm the precipita.ted mixture wvas filtered and washed as quickly

- as poss‘:lble. "It was rega.rded as highly important tha.t ‘211 opera-

tions be performed as rapldly as possible after mixing the two

soluticns untll the precipitate had been washed, in order to
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time in:which the kieselguhr was in contact with the

~ . e
e Lo . . RN

e R o

\’r~ed‘filter da.ke was mixed witlf’x seme of the 'dried
123, extruded., dried a.nd screened. | The finee from
2 were returned. to fresh, wet, washed catalyst. _'
+ized catalyst was transferred to smll vesse]s lmilt
;31' reducing the catalyst. The. ca.talyst was r\educed
TN at about 856"1-‘ (h50°c ) and transferred hot into
::,sport~vessel. " The eatalyst was cooled. 1n the tra.ns-

. by a strea.m of nitrogen, and when cool was treated

.._7.‘ 4

[iioxid.e to protect the catalyst a@.inst. oxida.tion by

1 L

n-air. The cagp.;_l,yst‘ could be poured. directly from the

:3sel into the synthesils react ion chamber .
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' Figure II represents a schemtic flcb( sheet - of the S “Cata.ly:ju;‘b
‘ - Plant '’
cata.lyst manufacturing plant » ehowing the various steps Flow Sheet

involved in t',he regeneration of epent ‘ca.talyst.-- The spent . Figure II
oa.talyst from a reaction chamber was first mildly oxidized

|

to render it "non-pyrophoric. . If the catalyst containe@. 1ess‘
than 25% by weight of selid paraffins it was next digested
with nitric acid. If the oatalyst contained more than 25%
‘solid paraffins, it was st.ea.m—extra.cted before being eent

- to the digesters. The digestim process consisted 1:; the

. solution of cobalt, magnesia and thorla from the rela'tive_ly_
inseluble' kieselguhr. Due to the several _Izllxpuri-ties. present
in the kieselguhr, a part of the latter was simultanecusly

-_dissolved with the catalyst components which it ﬁae desirable

- to recover. o R , e

The solutian obta.ined from filtxe.tion of‘- the' dig,ested
 material vas - sub,jected to two purifica.tion steps - ~The firs‘u
purifioation step consisted in a partial precipitation with

, ‘scdium carbonate. This left the des ired cotalt and mgnes ia |
and the undesired calcium in solution, while the precipitate
contained the thoria, :Lr.or_t,r aluminum, copper,,{etc. The
Precipitate was tree.ted to recover thej\'t..h.erlﬁx'n. The partially
purified solution was then ‘éurb’Jected.v to 'treatnéﬁt_»y;t‘iéieed-ium%

The solution from




155002346  (2)

L
!
!

the - la.tter step contained. the coba/.lt a.nd a part of the ma.gnesia »
while the precipita.te contained practically all the oa.loium,
together with a.bout half the ma.gnesia. The precipita.te was dls-
~carded since the magnesia was not worth recover&. " The solution
, of cobalt ‘and mgnesie was ready for reprécipitation, a.fter the
concentratiozns of catalyst components had been ad.Justed -to- the

d.esired. values . ] |
- The adJusted solution of cobalt, magnesium and thorium was
t*precipitated. with a al;ght excess of sodium oarbona.te solution at
\
a tempera.ture‘ near the boiling point. After _the tvo above eolutiorns
had been mixed together\ the requisite amount of kieeelguhr vas

3

quickly a.dd.ed. and the. resulting mixture quic%cly filtered and waehed.

‘4 .

The wa.shed. precipitate was mede into a slurry with Water o
a.nd the fines from the Screening opera.tion, refiltered, extrud.ed.,
and similtaneocusly dried and formed. The'dried'material was
separated into particles 1-3 millimeters in size and fines. The -
fines were retnrned to fre'shiy.precipite.ted catalyst and ]redfri,ed

and reformed. o S . ,

The sized particles of catalyst were reduced with hyd.rogen
at about 84O°F. (h50°c ) in shallow beds A large part of the
equipment shown -on the flow! sheet for the reduction step had the

purpose of purifying the hydrogen which was to be recycled. _ The
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reduction rea.ction itseli‘ was very sixhply a.ccomplisheqi » but the
|

"remova.l of a.ll water and- carban’ dioxide from. the recycled. hydrogen

: entailed. the use of considera.ble equipment.

i
1

! i ‘ . i - B . .
The reduced catalyst was transferred to tmnsportation '

1 |

vessels, cooled, treated with_-carbon‘ dioxigi,éi

- i wag ,;t.hen ready

to be placed in the éynthesis reaction chambers .
. . - N . . . ] N . - .
o ‘Zﬁ: -

With the preceding brief summry, it appears that the flo
sheet should be self-explanatory. All the details lobtained in
connecticm with the catalyst manufacture at Holten have been in-

cludep. on the flow sheet. -
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- The details regarding the catalyst manufacture will
be ocutiined in the paragraphs immediately following.

|
1

The specificaticns for the raw m.terials to bé used

| in the pr‘épa.mtion‘ of the éjfnthesis Cé.tal,&sts' were not '
very'i'iigid ,J since’ cgrta.iﬁ impurities werlt‘a incvitable,
some of which could be removed by simple pupificé.bion‘
pfodeduref-:»;ané. éthers could be tolerated to a.certain

extent .

i The materials found in technical cobalt metal were

divided into three groups: |

‘1. The non<harmtul me‘i',ga.'llic constituents were
cobalt and nickel. The cobalt s};ould'ammmy to at
~least 98%. No more than 0.7% nickel should be "ifef

sent . ' N : o

2. The'haz‘:'mﬁ_zl cqnstii;uents vwere all metals
other thAn_coiaait and nickel, in addition to sili’c‘a‘..
The total amouiﬂ; of ﬁhe cqnstituents o:E“ this ‘g'oup
should be less than ._'l.",é.5 The least desireble con-
stituents wvere copper, zinc-, andn lead. An analyéis

of the cobalt should show ‘_the”timmiﬁt;a"’ of iran,

mnganese, copper, zinc » lead, silver, aluminum,

calcium, mgnesie, and silica.

C

- (34)

' Détails of
" Catalyst
Manufacture

/Materia.l ‘

Specificutions

Coba.it
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3. Other constituents included non-metallic
mpﬁrities such as. oxygen, sulfur, carbon, etc., as
well as mterial \ir;soluble in nibric‘aciyd. The

constituents of this group should be kept at a minimum.

y
. Cobalt oxides which can be dissolved in nitric acid
may be used in ?hce of the meta.llic cobtalt. ~Similar

specifications were required for the cobalt oxides.

At first, chemically pure nagnesia was used; la.ter, " Magnesia
ma.gnesia of' medium purity, and. fina.lly nagnes:la. of a -
Atechnical grade. Frcm the stand.point of _the ca.ta.lyst '
activity there wa.s no choice as to~thé& source of the meg-
nesi?a Magneeia was avoid.ed. ‘which contained mter:lale

which did not d.rop out 1n the regeneration procedure. "The

~ most common 1mpurit.y to be avoid.ed wa.s ca.lciumvcarbonate,'

'S 1nce this substance was removed only with difficulty and
a la.rge loss of magnesia. occurred in the removal. - The
particle eize of the magnesia was of no consequence except
1nsofar as 1t affected the rate of solution in nitric acld.

Smll amounts of irom sulfate were not ha.rmful.

BRI S .
. The chief sources of. thoria. in. Germany .ive_re sulfete ' . Thoria

residues and consequently there was danger of sulfate

contamination. The difficulty with sulfate-impurities was
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the dep,ps'itioﬁ of double Sulﬁfé.t}es”of.t.hox"iu(m‘ and cla.icium‘
.(‘or s‘od.iuni)v in. the ’l'i'.ties :used.}i for preheé.ting. zthe. soluticp
fTor the "catalyst precipitai:io;f. No harm was done to.the
catalyst but there was a loss of thoria and a pla.nt
interruption, due to the necessity of ¢ clea.ning the lines.
| 1

- ‘The thoria used at Holten was bought as a pure basic
carbonate from\Auer. This ba.sic ca.rbonate ‘contained 70%
ThO,, and wa.s very readily soluble in nitr_ic acid. The
dry, norml thorium‘carbonate was very difficultly soluble
in nitric aciti._ ‘In the a.'bsencé of a nitric acid plant,
1t was reconnnended. that thorium nitra.te be bought in pla-ce
of the 'basic carbona.te. The presence of ceria. in the
thoria. was apparently'w‘ithout effect; u'ﬁon Vthe ccfalytic A
activity. When other impurities were present, the thoria.

was sub,ject.ed to a purirication procedure. The cost of

thoria was 18-20 RM ‘per kilogram, btased an ThO,.
The cheapest, purest (especially calcium-free) and Kieselguhr
N .
largest sources of the lightest kieselguhr of canstant?
quality were -s-oughf;‘.’ The selection -of the best kieselguhr
was still a.n art and. was largely done on an empirica.l basis.

s

, Two types of kieselguhr were available in Germny and both
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could be ‘used:
. _ - |
) .
1. Guhr, which had been heated to 1100°F.
, 1 ,
(600°c.).

!

2. Guhr, which nad been heai',ed to 2200°F,
| o
(2200%.). |
The Jatter type was trea.ted. with ‘hot gases in a rotary
furnace and Ruhrchemie preiez_'red. this type. The apparent
density of the guhr was only of iptereslt in that the
- lighter -t‘he‘ guhr the eaeiei' it was to handle. S_a.n(ll in

the guhr was to°be avolded.

Dr. Roelen offered tvo give his opinion a.s to the use-

— !

fulness of any Amerioan kieselguhr if/a 10-liter sa.mple

were sent to him.

1 i \

' The chief impurities avoided in the selection of soda " Soda
|

were chlorides and sul;'a-rc-ei Neither chlorides nor sulfates
gave a very corrosive a.cid solu“bion » a.nd the sulxat.es , &8s
mentioned previous 1y,  caused the precipitation o;f' thoria

A ‘_oomplexes in‘-the prei;eatep riines .
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- "A»'digestion ves'sel of'ab\out 1100 cubic: feet (32 ‘cublc Preparation'
; of Fresh
meters) ca.pacitg was about half-filled with cobalt nitrate:" Cobalt
o~ . Scytion
solution* a.nd cobalt and—n—:&trie—acia. bﬁ@%) added in guch ~ '

- _:-": -

‘proportions that t.here was 5% exhess a.cid in the solution
Additional cobalt. was a.dded :Ln 200 pound. bat.uhes, followed

by ad,justment of . t.he nitric acid concentrat.ion until t‘ﬂe

digestion vessel wa.a filled. with solution. At the end of the
digestion ;he"pH—of—%heﬂelutim-was usually about L. The pH.
of f.he solﬁtioﬁ' was raised to 6.1 by the addition of sols solu-
“ tion and" the solut.ion filtered. to remove iron‘and copper and.
sent to cobalt nitra.te storage. The: desired. temperature

for the digestion was 160 to 175°F. (70 to 80°C ), although

s ome- variation in the tempera.ture was ‘inenrit.able-_ In the

iy =

absence of higher temperatures ) the rea.ct.ion in the solution

- T - .

rst.ep was a d.isplacement of the hydrogen ‘of the nitric acid
by cobalt-_ ‘Side reactions e.ccounted. for a lns~3 of nit.rogen
of the order of L.0% for & oe.reiully cont.rolledqdigestion. .
The time required. for the - prepara.tion ‘of 1000 cubdic feet |
(28 cubic metersf) of solution, containing from 160 to 180
gra.ms ot cbbe.lt per liter of SOIution, was 12 to 135 hours.

: 'I‘he rate of so,lution was affected, to same extent, by the

particle f 'm in which the

—~——— e -

cobalt was - a.dded.

- '>

= The abeve~¢es cription was\ for_th “‘\Ise—of
M&-
~-When impure cobalt ‘was used. ,”the cobalt was ad.ded to the
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digestion mixture in which'thé"épent catalyst was being
. extracted. In ‘the latter instance, “fresh cobalt would

u,ndergo the usual purificaticn steps for the solutions re- ..

cla.imed. from the spent catalyst. When especlally la.rge :

a.mounts of copper were present in t.he cobalt » the solution
was passed thrcugh a tower ‘filled with smll particles

of cobalt, whereupcn 'che copper was disp]aced from “he

solution a.nd plated. ocut on the cobalt packing. The samne

end could. be accomplished by having en excess of co'ba.lt

p‘resent at the end of the digestion step.

. Solutions of nag:xesiuin&nd thorium hitmtés were.  FPreparation

o ' ' ' of Fresh
»prepared separately by the respective treatment of the . Solutions
. o of Magnesium
oxide and carbanate with nitric acid (50%) The mag- -~ -and Thorium

nesium nitrate solution was made up to cant.a.in 120 gra.ns

of nagnesia per liter and the thorium nitrate solution to

—~

Qon‘oain 150 grams of‘thoria per liter.
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'As will be described und.er ‘the heading "Synthesis",  Treatment
of .Spent
a. oatalyst which had rea.ched the end of 1its useful life ‘ Catalyst
| -,'"\'fv.'.
was subjected to one of the several possible treatments
for removal of the solid pa.ra.ff:lné accummlated on the
catalyst. ' R
. When the spent catalyst was still pyrophoric after Deactivation
. ‘ : of the
the removal of the solid paraffin, it was deactivated by Dewaxed
. Catalysts

‘a miM oxidation. Catalyst contalning thoria as

a pro-

moter had to be much more carefully handled in the oxi-

dagion step than catalysts conta.ining magnes ia as a pro-

moter. :t'.»__.«, '

The thoria. promoted. oa.talysts were. mmlly deactivated. Dea.ctiva.t.ion

" of Thorila

by treatmant with steam for a period of about ane da.y, in _Catalysts

mich the same manner as in the removal of the solid paraf-

fin. The thoria catalysts could also be deactivated by

oxidation with diluted air, care belng taken that the tempera-

ture did not exceed 300°F. (150°C.). If the temperature

exceeded~the above limit, the thoria was very diff‘ic‘l\ll‘b to

extract from the kieselguhr in the subsequent digestion step.

- The deactivation with steam required about 35 pdﬁnd.s of

high pressure steam per pound of cobalt, while the air de-

activation required the circulation of about 65 cubic. feet

of gas per pound of cohﬁitf(*k?’OO*d\ibrc‘mét‘;m“'o:'

of cobalt).

“gas per ton—
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The magnesila oa.talyets, or the mixed catalysts con= Deactivation
) of Magriesia
“'ta.ining large amounts of magnesia in rela.tion-to the Ga.talggts

i
thoria content, were deactivated by cxidation with alr.

_ \ B _
Practically no temperature control was necessary during
the oxidation and the deactivation could be .completed in

‘ { . . :

-a period of“about 10 hours.

At the time the plant was visited, a system was being
i.nsta.lled.l to handle the pyrophoric cata.lyst withcut the
necessity of the oxida.tion step. The spent cata.lyst vas
to be transferred from the transport vessel, in & stream of
inert gas, to a mixing vessel wherein the spent catalyst
was to be made into a pumpable slurry with cobalt nitrate
solution. This slurry would then. be pumped directly to

the digesters.
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The .spent, dewaxed, non-pyrophoric catalyst was Digestion
' i . _ S of Spent
placed in a digester, stirred with cobalt nitrate _Catalyst
. ‘ i . ‘ /
solution and nitric acid add.ed., with stirring, at such

a rate that a.bout 5% free nitric acid was in the solution.
The digester vas started at 130 °F . (55°C.), but the heat

- of the reaction raised. the temperature of the so‘lution 3
which was not allowed to exceed 200°F (95°C. ) The re-

‘ actions ocgggr;ng in the digestion of the spent catalyst
‘were the same, as rega)rds the cotalt, as those given
under the preparation of fresh cobalt solg__}t_;l_ﬁon...l ...The
Isolut:!.on of the magnesia and thi:ria were s.imple:d.oub.le

decomposition reactions.

-

The digestion was carra.ed to a point where less
'd

than O. l% cobalt rema.ined on the insoluble kieselguhr-
- The digestion.required about 211_-“ hours treatment per ton
| of cobalt in the spent catalyst. Ruhrchemie had 10

-‘digesters for the treatinent of aspent cutalysts, ea’ch with

a capacity of 1100 cubic feet (32 cubic meters) and ca.pable

of digesting an amount of oa.ta.lyst equiva.lent to one ton

\ e~

of coba.lt .

When the digestion was complete the mixture was . Separation
- - _of Digosted
.filtered by means of a filter p:ress » and thereby . . Materials

separated into a solution which contained the cata.lytic
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. materials and a precipitate which consisted of the kieselguhr.”
The precipitate was washed wit.h ord.inary tap waﬁer > until the‘
combined. fliltrate and wash wa.ter contained 50 to 60 grams of

voT

) coba.lt per liter of solution. The washing was cont.inued. until

~ the kieeelguhr was practically ;ree ;rom- ;o%alt, t.he latter.
wash water being kept separate. The second wash weter was
tr_ea.twewd.wwith soda soly.tion to precipit.ete the small amount of
cobalt present and. the pre.cipitated cobalt carbonate wa‘s— z::
turned to the next digester charge. In this ﬁey' vp of the
total cobtalt requirement was circulated around the digesters.

The time required for the vashing and filt.ration ol one
: digester charge (one fon of co‘t;ult) was about 4-1/2 hours, using

two filter presses. The f:l.lter elements 'were cotton cloths wn

wooden spacers, the average life of a cloth being about O months .

The kieselguhr' leaving the filter press contair;eﬁ_o _te 65%
vater and was a rather viscous fluid. The xiesclguhr was partially
d.riea., in order to fa.c.ilitatc handling, and then thrown away. When
completely dried and pulyerized or brique;ted thu spent kleselguhr

could be used as therme.l insulator.

The first purification atep served to fre.e the solution Iron
Purification

~ from the digestion from thorium,. ;1ron’*—a:1uminum;>-copper -and

nickel, together with a part of the mugnesia.. The filtrate
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f‘rom the p.igestion was heated. to 140 to. J.60°F (60 to 70°C. ) and
dded cantinuously with the sode. solution (containing 100 grams
of soda per liter) to a 70 cubic fodt (2 cu'bic meter) wooden
m:bcing vessel. The mixing vessel vas provid.ed with a stirrer
rotating at 150 R.P.M. The relative amounts of soda solution
and impure coba.lt nitrate solution were 30 adJjusted tha.t the |
PH of the solution after mixing was a.bout L. The soda solution
pad to be introduced in such a manner that local excesses of

alkell d4d not precipitate the cobalt. The soda used in this

. atep amounted to 15 to 20% of the ‘tota.l soda consumptian.

Precipitation occurred immed.iately in the mixing veasel,
but the precipitated. mixture was run continuously to large
' tanks, and held there at abost 130°F. (55°C.) and stirred at-

i
26 R P M. for two to five hours. The purpose of the latter

Co——

treatment wae‘ to permit growtih of crystals. The ease of
filtration depended upon”the crystal size, which, in turn,
. Adepended prina.rily upon the rate ‘of- mixing, and seconda.rily

upon the temperature ‘and the rate of stirrit{g in the large

vessel. After about one hour 8. stirring in the large vessel,

sods. solution ‘va.s adq.ed. to bring the pH from 430 to 5.8-6.0.

_____ _ The preci’pitated mixture vas filtered. on a filter press

(although 1t was ‘stated that a d.rum filter could readily be used)

and washed with water which was alkali and. iron-f'ree . The wash .
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water use.d. here was so amall that it was added directly to the

filtrate. The cobalt concentration decreased in this step, on'

|

the average, from 55 to LhE gra.ms\per liter. The amounts of ironm,

| ! ! ‘

copper, etc., allowable in the final catalyst could not be statégi
in weight per é‘ent, but only in t;erms of catalytic activity. The
presence oi“ 2% or more of iron (vased on cobalt) in the alolut:l.on
before precipitation reduced the actlivity of the catalyst s'light‘-
1ly. | 20% irqn 'ga.vé a ;:ompletely :mact‘,Aive‘ catalyst. It was thought
that 1% iron was safe, but at Holten the irén content averaged

0.1 to0' 0.15% (on the cobalt). This rather complete removal of the,

. .. J
iron was done for two reasons:

‘1. To prevent-bﬁild.ing up iron concentration in repeated
regenerations of the spent catczlyst
. e

5. The ipon precipitation step as carried out removed 90%
of the undesirable organic matter In the spent catalyst
- i ) ’ | \\

This orgdinic matter may have arisen from:

(a) resins on the catalyst, or

(b) ' from the oxidation of"f.Th"e solid pé.rafﬁns- by the
nitric acid used in the'digestion of the spent

- d¢ -

—The presence -of- the. organic mEtter was very harmful to the 09-*«"?;1313}9
activity. -

-

‘When working with catalysts with high tﬁof-ia{.frcontetits, .the
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precipita.te was dissolved as sodium thorium ca.rbona.te
a.nd precipitated as thorium hyﬁrooarbonate{ When only
small a.mounts of thoria.'“were present in the ca.ta.lyst,
'the precipitate was sold to firms speciallzing in thor-ia.
refining. - _ | i !
This 'purifica.tion step removed practically 'all'the * Calcium

‘ Purification
ca.lcium together with a.'bout one-ha.lf the mgnesium. The‘ R

1
|

source of the calcium, as welil.r as ‘the impurities removed
in the first purification step, was in the kieselguhr.
The pH of the solution from the previous purifioation
step was 1odered to 4.0 by the addition of nitric acid.
.and the temperature held. a.round. 85°F (30’0 ). Thez,:
temperat.xre control here was n?cessary in order to obt.a.irx
a crysta.l gize which could be gi—;ered.. o

Sod.ium ‘fluaride was very aifficult to dissolve 1in water s
‘but could be added as a slurry. The sod.ium fluorid.e slurry
-:;wa.s added over a period of half an hour to the solution in
_a 'vessel provided with a stirrer rotating at 18 R.P.M. No
premixing was necessary in this step and there was Scarcely‘
‘any change in. the co‘balt concentration since” only a ema.ll

-amount of- eodium fluorrid.e slurry was used

. For the particu]a.r kieselguhr being used at Holten, 200 to .
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260 pound.s (lOO t.o 120 kilogre.ms) of sod.ium fluoride vas required.
per ton of cobalt. The ‘solution after the first purifica.tion 'zlva.s
ca.ref"ully analyzed for calcium and nﬁ.gnesia , and the quantity of
sod.ium fluoride necessary to preclpitate the calcium completely
and to precipita.te 50% of the nagnesia. , was calculated._ Such a

procedure mint.a.ined the calcium concentration below 0.2% of the |
cobalt. |

The raw German kieselguhrs 'cantelr;ed. about 20% organic ma.tter
" which had to be ﬁurned out. It was thought possible that with
~ the mch purer sources of kieselguhr availa.ble in the United. States
the above ce.lcium purification step might 'be elimina.ted or e.t least
minimized. Only actual tests Vould determme_.t,he necessary treb.'b-
msnt 11‘1' the regenemtion of a catalyst supporueu on‘American |

kleselguhr .

The m:thure was stirred for a.bout. seven nours after the
"sod.ium fluoride addition, by which time the calcium had been °
completely precipitated. It was helpful to add mgnesia at this
point ,‘s"ir‘xc'e the magnesia aided in the precipitatian of the
calcium. The smeller the cslcium concentration, the greater
shctrl;d: be the quantity of mgnee:la added. 'Whenthe mgnesia con-
,tained ]a.rge a.mounts of 1ron, 1t was preferable to add the nagnesie.
before the flrst purifice.tion step. A smll amount of fresh.

kieselguhr--never more than 0.25% of the solution--was added as a
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filter aid. At the end of seven hours, soda solution was added to
bring the pH from 4.0 to about 5.8, and the stirring continued for
- .

a.bout one hour.

The mixture'wa.s filtered on a filt-er'press, the fillter elem‘enté.
consisting of the usua.l cloths, together with a filter paper, the ’
purpose of the reper being to retain i:he finely divided preci‘pitate |
Very little wash water was used; barely sufficlent to remove the

coba.lt from the preciplbate. |
' | . i ' - 1

. When magnesia was-the bjenlﬂy: promoter used, the sodium fluoride ”
slurry could be added to the firet purification mixﬁui-é%efore
filtra.ticm , and the two precipitates filtered sinmlta.neously. The
two purificatim steps could not be combined when thoria was used
as a promoter, since the Jatter was extreme_ly- difficult to recover

from the fluoride 'precipita';te.



155002363,

(ug)
The purified cobalt solution was taken to a large Ad justment
’ W of -
adJusting vessel-—lhoo cubic feet (40 cubic meters) Concentrations

cq.pacity—-whcre final concentra.tions of the ca.talytic

' mterials were adJustei. The cobalt ,,concentra.ticn_ was
ad,justed. to hO grams of cobalt per liter of s-olut‘-ic‘n' by
the a.d.d.ition‘of concentrat‘ed cobalt solution (from the
solution of fresh cobalt) or by t.,he'additimi cf :wa.t;.er,
depending upo’p whether the cobalt concent.ré.t.i.onvin the
pur_ified. sol(;t ion was gréater or less thé.n the desired
Ioﬂfg;am per liter. This fixed concentration of coba.ltz
was naintained more in order to facilitate the subse-
quent soda and kieaelguhr add.:ltions than for any effect
it might have had upon the catalytic activity. For 4t_he
catalyst being madé at the time the Holten Plant was N
visited, the magnesia and thoris ccncentra.ticps ‘were L
and 2 grams _Arcspcctively, per liter of solution. About

- 20% of the magnesia was 165«-. in tile precipitation step
(through the solubility of magnesium cicarbonate) 80 that
the final catalyst was made up of Co:0.08Mg0;0.05Th02:2.0
kieselguhr. The free acid in the adjusting vessel had to
be 10 to 20 grams of free nitric acid per liter of solu-

tion when preparing the thorie catalysts, but the solution

could be nearly neut?al--pﬂé’l-:ﬂen the magnes ia céta.lyst

vas being prepared.
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The adjusted solution was ‘yassed through a tubular Messuring:
/ ana
preheater, wherein the temperature was ra.ised to a.bout : Prehea,ting
Solutions

lhO°F. (60°C ) wit.h :Lndirect steam, to a storage vessel
near the ceiling of the building in which the ca.talyst -
preparation was made. From this storage vessel the
solution f}‘f&med. to a measuring tank. 750 to 800 1itez:s
of_ thp ‘edjueted solution ;lere measured at lhO’Ff (60°C.)
and after measuring, hee:tedlwith,;_;l_irect-« and _indirect
steam to 185°F. (85°C.). The adjusted solution then
paesed' “through[preheating coils where its temperature
was raised almost to the boiling point. Soda 'seluti'.von
was made up which contained 103-104 grams of*éodi;m""
carbonate 'per lit..er of so}ut.ion, and th_is solution was
stored in a large vessei‘l.. nea.r the ceil;!.ggQ N 7550‘11‘1';ers
of the soda solution were measured. and run into the
precipitat:lo:n vessel where 1t was heated to boiling .-
with direct steam. A pair of measuring tanks, one each
for eoda _soiut.ion and cobalt sélution,- was proviged for
each precipitaticn vessel. .

~

"To the boilihé soda .solution in the precipitation = Precip:l_ta.t!‘.’on
vessel (750 liters:) the measured, hot, cobalt solution

(750 to 800 liters) b;ee,afd'_,&ed over a one to two minute

1nterva.l and the mixture stirred for 30 seconds after
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’tbe a'ddition had been'compﬂ.eted. 62 kilograms of kieeelguhr were bhen
adq.ed over a 1-1/2 minute interval and the mixture thereafter stirred
fOI‘ 30 eeconds . Thereupon the mixture was pumped (through open screw
type pumps ) to the filter press, 2- 1/2 minutes being required for
filtration. The precipitate was waehed with condensate water _a'b lS?"F.
(85°C.) until the concentration of eodlinm in the washed oat.al&et was

as-—-low as at least 0.015% an the oobalt, averag;l.ng 0-009%-

The precipitation vessel vas provided with a large bladed stirrer
rotating at 930 R.P.M. It was 1mperative that the mixing be done
thoroughly and rapidly. It was alsc necessary that after all t.he k
] naterials had been m:!.xed, all operations be done as quickly as possible,

‘until the completely washed oatalyst had been obtained. v

'fhe catalytic activity was not affected by adding the soda solu‘-‘;‘,
vtion to the cobalt solution, nor by adding the two to the precipitation
Avessel einmltaneously. Likewise the k:leeelguhr could be added at the
.same time as the eolutione, provided there was no great exeeee of sodlium
carbonate present, but preferably it was added shortly ai‘ter the mixing
of the two solutions, with the ob,ject of minimiz:\.ng the time in which

~ the kleselguhr was in contact with the allnline solution.
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In each precipitation the following ﬁnt-eriais were used:
1 ‘ ' ’l
750 liters soda solution 103 to 104 grams sodium carbonate
! - per liter

1

750-800 liters cobalt solution 39 to 40 grams cobalt per liter
: D 4 grams magnesia per liter
2 grams thoria per liter
5 to 7 grams sodium nitrate
: . . i ; per liter

62 kilograms kieselguhr
The preciliplitate contained:

68.2 pounds (31 kilograms) cobalt
5.5 pounds (2.5 kilograms) magnesia
3.3 pounds (62 kilograms) thoria .
136.5 pounds (62 kilograms) kieselguhr

The filtrate contalined, per liter of solut;on:

2 grams sodium caxr bonate
6-7 grame sodium bicarbonate and mgnes fum bioarbonate
70 grams sodium nitrate

'I'he sodium nitra.te concentration might be as high as 80 graus per

liter of filtrate without harmful effect upon ~the activi‘by of the

cata.lyst .« e

At Helten, two precipitation vessels were used with one

filter press. The precipitatims vere 80 timed. that Just at the

moment tha.t me—precipita‘bion mixture he.d 'been mmd to the

ooon

TN

filter press, the precipitaticm mixture in the second preoipita

tion vessel was ready to ‘be pumped to the same filter press.
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‘i‘he capacity'"of‘:”i;.he ‘fi]‘.ter-- press was tlms.t\.wo precipitaﬁion\

chdrges, or'a catalyst quantity equ'ivalent to 62'kilolgrans of

cobalt per press filli.ng- This amounted to about 31& cubic

feet (960 liters) of catalyst which required 250 to 300 cubic

feet (7 to 9 cubic me,tersj) of wash water. L

i

Eighteen such charges were filtered per"press per day.
Four presses were in use at the time t.he-~~piant was—visited,
and: this . corresponded to .72 charges per day, or a total
catalyst cutput (dry and reduced) of 33, 000 to 35,000 pounds
(15-16 tons) per da.y. Five minutes were required for filter-
ing one filter press charge (two precipitation charges) »
fifteen minutes required f'or the first wash and ten minutes»

‘required for_ the second wash.

T,

1 - . SR

The thickness of the filter-cake varied from 22-25
-mill—imeters-'. When suctrt_a cake was washed under the above
conditions with fresh water, 730'ga.lloms of eotndensate water
were required per pou.nd of cobalt (250 cubic meters water
per ton cobalt) When t.he washing was done in Gtagesy “the
-wate“r 'requireme‘nt was ab"out—i"? gallons per pound of . cobalt

(140 cubic,,, meters por ';;,bn colelt ).

The washed but-still miet catalyst was traneferred ------------ —_ Ad,justment

of Water- - -

to a mixing vessel and thoroughly mixed with a. vater slurry = - Content
B for
of the fines from the screening of the dried catalyst. . The- Extrusion



: ca.talyst coming from' the filter i preas tcontained 62% water

and 38% solids'. The wa.ter cohtent was raised to 83% in

T

the mixture of the fresh oa.talyst a.nd the finea- from the

|
screening. This slurry vwas- tranaferred continuously to

a rota.ry vacuum filter where thé water content was re-
duced to about 65%. A centrifugal filter was undesirable
at this point for two reasons:

l. The abrasiveness of the kieselgu.hr would. =
: -quickly wear out the filter

2. The filter cake from the centrifugal filter
would not be homogeneocus ‘

1 ' i
) The fines which had to be reincorporated with nhe wet
filter cake amount 'c.o 30 to ksg of the total oatalyst stream.
" At the time the plant was visited, this dust amounted to 38%
| of t.hetotal'cat.a.lyst._ The addition of the fines to the
o
fresh cdtalyst .served the purpose of hardening the final
dried catalyst. Attempts were maede to mix the ‘dry fines
W_with the filter cake, but it was found. better to make a
‘ Blurry of' Atihe fines and. water, sepa.rately, and then to in- -

corpora.te the slurry with the filter oa.ke.

The ca.talyst. f‘ell from the rota.ry va cuum filter ‘direct-  Extrusion
1y :Lnto the extruder.” The extruder was located immediate-
ly above the centrif‘u@l d.ryer and vas 8o oriented with

respect to the radius - of ’ohc~ dryer that- rad.ie.l d.iatribu‘c.icm
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iof the extruded material was obté.ined directly from the

t

extruder - The catalyst was .extrud.ed in the form of 6
millimeter rods from 1: to 4 inches in length, averéémg
~a-bclfut£‘»g---inch‘e's.. The rods w.er].ef._.quite soft and" ﬁpe.sty-,~« -
ﬁaving only sufficient body to support, on the average,
a 2-1nchI .}ength of rod. A»more detailed dqsciipbi@ of
“the extruder will be found in the s‘ection,d.ea.li'ng speci-

t

fically with equipment.

. The preceding description was of the method of ex-
trusion in use commercially. On a smller scale it had
been .found that-the catalyst could be extruded in 2.

millimeter rods f_‘r‘dﬁi a piston type extruder. The ex-

B

truded rods fell onto a ccmveyor belt, which was covered
with a fine mosh screen (2,m1111meter,s) and was surface
d:ried on the belt--the ﬁé.ter coﬁtent reduced from '6"5 to,
60% In falling onto the screen, the rods were nicked. 3
and a.ft.er the preliminary drying the rods broke at the |
»~.nicked_ point. From this point on'the treatment of the-

catalyst was the same as that to be described for the

commercial practice. The extruded material could not

be roughly ha.ndled umtil completely dried. .

g

'I‘he dryer wae of a centrifuga.l type ’ the tra.ys bear- - Drying and

ing the catalgst rotating a@.inet fixed. hruehes, _which
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~ transferred the catalyst from higher to lower. trays. The
catalyst was fed into the top of -the d.ryer by the extruder 5
and 1eft the d.ryer at the bottom The d.ryer was provid.ed.’
"*‘with high—pressure steam coils on the outsilde shelleand hot

air was circulated over the trays’; fresh. &ir being 1ntro-

e

" duced at the bottom of the dryer and discharged from the .

top. The tempena.tu‘res' were so adjusted that the cat.a.lyat

in the top of the d.ryer was never hotter than 200 to 212 °F.
(95 to 100°C.), and the oatalyst tempera.ture leaving the

bottom was not higher than 250°F. (120°Cc.). The_,passage of .

the ca.ta.lysf. ?through ‘the dlz;jei';equired‘ a.bogt“two“hours .
The catalyst entering the dryer contained about 65% water,

and that leaving the, di{yer corité.iﬁed_-l(}% water. The cata-

lyst was not completely dried,. since the presence of about
10% water facilitated temperature control in the reduction

_step.'

The capacity of each dryer was about 1100 pounds (500 -

kilograms ) of dried catalyst per hour. Three such dryers

" were in operation at Holten at the time the plant was visited,

although these dryers were not opera.ted. a.t full capacity. It

might be mentioned tha.t the d.esign of the dryers has to take

care of the recircula.ted. fines, th_at vie,' 1t must be '30 to 45%

larger than calculated on the dry catalyst output . It was

(56)
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_stated that any type of dryer mdght be used in which the

temperature could be controlled, and in which the catalyst

would not be subjected to too rough a‘treatment-
. . y X ) . I‘W L ! ) . - o
The material from the dryer was separated into three
rarticle sizes: |

[ R

" Fines 1 millimeter or less 35%
Useful .2 to 3 millimeters 20% -

Iarges 8 to. 10 millimeters hs% ,

The fines were nade into a slurry‘withswater and mixed with

- the fresh, wvet filter cake and again extruded, dried, etc.

I

- The larges were pressed through a screen and re-screened.
The useful size catalyst was placed in paper bags for trans-

fer to the reduction plant.

(57)

Sizing
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The fines from the screening operation could be formed
into a more kde_a'ira.brle pa.rtivclev by a very interesting process.
, :
The dry catalyst fines were placed in an Eirischmischer,

whichjconsisted of an uj_:right ‘cylinder about 6 feet in diam-

etei";""fgi‘évi.deq. vit_h a z"vétt'a.t:!.ngvbottom and ﬁith two scrapers
and two 'ra'.i:es'_, each rbta.ting in a.ditecf:.ion opposite to that
of ﬁhe bottom of the mixer. The rakes and scrapers were 8O
adJusted as'to have a minimm clearance between the sides of
the- cylindef and the bott§m. | The bot_tomr of the mixer was
rotated at a speed of 5 R.P.M., and the re.ises a.ndfécrap,_ers
at ra speed of 60 R.P.M. When the mixe;" hed been started, a
quantity of water equiva.le:it to about half the weight of
‘the ca.talyst fines was sprinkled over the top of the cata-.
1yst being stirx;ed'." Afvterl sdxﬁé time _the—s'peed. of the revo-
lutions of the ’,bottoni and of the rakes was doubled, exact
time .’fi"gures not being available, since the apparatus was
'st1ll in an experimental stage. Apparently the quantity

of sized material was a function of the time of mixing and
of the cleé.rance between the scrapers and thé bottqm of the
.cylinder. It was statéd. that up to 70% of the cha.rged'.ca'.ta.-'
lyst fines could be recovered as .round balls with the diam-

eter of about 1 millimeter. T

The above apparatus was developed in an effort to-de- |

(58)

F’om’iming

‘Method for -

Small Silze
Catalyst

crease the particle size of the catalyst , 8ince it was thought
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_that a greater eata.lyst surface was beneficia.l to the act.:lvity.
‘From the standpoint of activit.y, the snaller the particle size ‘
the better the catalyst, but physically there was a limit to the
pa"rt:lcle size, conccmitarit with the neceésary mechanical'strength.f
Two or three connnercial chambers ha.d t;en filled with the round
‘balls of catalyst, about 1 millimeter in d.ia.meter, and were under-
- going tests at t.he time the plant was visited. There waa appe.r-
ently no change in the products with change in the "I’nrticle size,

and no detrimental effect upan catalyst life was anticipated.



155002874
| 160)

| The sized cata.lyst'was transferred from bags to re- Reduction
duction chambers, which held about 21 cubic feet (600 1iters)
of ca.talyst.. The reduced. catalyst from seventeen’ reduction

chambers was sufficient :E'or filling one. commercial synthesis

chamber. - ‘Hydrogen at 8’+O°F (!+50°C ) was passed through o
the reduction chamber at the rate of 1oo, 000 cubic feet (3,000

—

cubic’ met.ere) per hour.

‘It was calculated that the time ‘required for the re- .
duction at the above temperatures and rates » vas 18 minutes,

tut actually 35 to 50 minutes were used for the preheating

and reduction in the plant at Holten. The average time sched-
ule for the various operations in the reduction step vas given

as: - .. o0

Prehe'e.ting»a.nd.. reduction 50 minutes "

Changing connections 10 minutes
Emptying = i 5 minutes
Refilling = ' 5 to 10 minutes-
_Making up Jaif;x.s,_,....,, g , 10 minute_s

xR

Purging time was includ.ed. :Ln the time given for naking up

connections It was stated. that the overa.ll time required
for”reducﬁiccn could be reduced 50% by the use of automatic
eéuipikent;

The time required for preheating was not known. The

:i'educticn vee_.e;;ell ‘and the ca.ta.lyst.“\éeré:colid.'e.‘i:."thefeita;:z#t
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and were heated entirely by the hydrogen entering at 84LO°F.
(h50°c ) At the start, t

WAt

the tempera.tur'e difference betweenl
the hydrogen Just before entering e.nd Just after leaving

) the ce.ta.lyst bed was 800°F (h25°c ), and at the end of the
: reductiotn the temperature d.ifference was 175'_'F. (80°C-)-
The reduction tempere.ture , therefore , pa.ried from 700°E;;' '
(370°C.) for the bottom of the caéalfét'béa,:to perhape

8hoPF,T(u5o°c.) for.the top of the catalyat“bed.

The catalyst which was reduced at S575°F. (300°C ) was
more active , but the time of reduction was about four times :
that required at 84O°F. (450°C.). “The higher the reduction
tempere.ture R ‘the ‘less 'sensitiré'was' the 'eatai'yst to:the' |
’presence of vater and oa.r'bon dioxide 1n the hyﬁrogen used.
for the red.uction. ]'.f a temperature mich higher than 840°F.

(450°C '.-) was used, the resulting ca.te.lpat was less a.ctive. B

_ The gas used for the reductitm at Holten cons ieted. of
‘about 75% hyd.rogen and 25% nitrogen, with less than O 1 grans
~of water ’ a.ndfaboutﬁ —gram- of oarbcm dioxide per_cubic meter..
It was des 1ra'b1e to use for 'the red.uction s the purest_h}gzg,}_fggen

avaimablé.

Any earbon dioxid.e present in the hydrogen was re&ueed
to mthe.ne upon conta.ct w.tth the red.ucecl ca.ta.lyst 1n the

presence of hydrogen. In thie re&uction of the. oarbtm

(€1)
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d:ioxide a large quantity of heat was developed which par-

t1ally deactivated the catalyst. The gas thrcug,hput could

be decrea.eed. by about 171» when carbon dioxide-free hydrogen

) ”was ueed.. The oarbcn d.iox:lde content of the @.s va.e ‘held -

at e.bout one gram per cubic meter by passing the gases

from the red.uction over e;pent synthesis ca.ta.lyet at 480~

570°F (250-300"0 ), which served to convert most of the

~carbon dioxide a.nd. all the carbon mcmoxide to the ha.rm-

less methane. 'v

|
I

| Any water which wae present.."i‘n the hydrogen tended
"to re-oxidize the red.uced cohe,lt to the inactive co‘na.lt
oxide'. Apparently the more reactive pointe on the ca~
‘balt were oxidized. fimt ) a.nd. the ha.rmful effects of‘
'emll amounts of wat.ler were cut of all proportion to the
actual quantity of wa.ter present. : The cata.lyet .could.
not be red.uced with hydrogen which ccm‘bained as much ds
4 grams of water ‘ér cubic meter of hydrogen. Water vas

removed from the reducing @s by a combination of low

TN

tempeméure cool.tng e.nd s:l.lica gel drying.

Nitrogen in the hydrogen was not nearly g0 in:jur- ‘

ious to the ca.ta.lyst as oar‘bon &ictx:l&.e or water. —TA"
change from 0. l to 0.2 gram of water pef cubie mter 4

of hydrogen had mare effecxt upon the ca.taly'bi.c activity

Water in

Reducing
Gas_

Nitrogen in
" Reducing -

Gas
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than dilution with 10% nitrogen. The gas throughput
, = . ,

could not be reduced proportionately when a nitrogen- |

free hydrq.ggnz%as used, since a sweeping action vas re-
quired to remove the water a.né. ‘carbon dloxide as; prod-

1
!

ucts of the reduction.

The jsasv mte‘ ‘(7§‘f»ihydrogen and 25% riitrogén),_over'y 5 w
the catalysllt‘:_-bed was about 390'0 cubic feet per hour fer |
square foot of catalyst surface (1200 cub1¢ meters per
hour per square meter) or 100,000 cubic feet (3,000 cubic
meters) per hour per red.uct.i,qn chamber. This gas rate was '
a.bout the limit with the particular E—istri;xﬁ‘tim system,

‘since higher rates caused a t.urbulence which floated the
catalyst to the outer edg:ésxo'f the i'édug{;ién‘chambe_r.-,;;i_"é
When pure hyﬂ.rbogen was used, éither thé tempera.ture' or
the time of the reduction could. be red.uced 3 ‘both of which
cha.nges were 'benefic:La.l to the activity of the catalyst. ------ :
The activity of the catalyst was affected by the o Del;thof

o Reduction
depbh of the reducing bed. When tl@e catalyst was com- Bed

e e -

~pletely reduced in a decp bed., the top layer was par-
t:!ally inactivated due to too leung a time at the high
‘temperature . - When the catalyst was’ reduced- cznly %o the

point where further treatment woum_lhave.parti‘ally
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‘ j

mactivated. the top la.yer, the bottom of the catalyst be

still would have 'been unred.uced.. Furthermore, reduction:

1n a la.:pge bed. was probably d.ii‘ferent from reduction in a

snall d.iameter tube.

" On a ]aboratory scale, in & tube, a depth of 6 feet
(2 gneters )* of cata.lyst could. be successfully reduced, buj
this had never been d.uplica.ted commercially in large beds.
Likewise ; on a 1a.bora.tory scale, the carbonates could be
d.e‘compoe‘e‘d- with hot_: nitrogen and this followed by reduction
‘with hydrogen, but ega.ih the results’ could n'et be dupli-

cated commer‘cia.l-ly in th_e]a.rge beds .

o

At Hélten » ]2 red.uction cha.mbers vere availa.ble » bhut Heiten Plant
: Capacities
a.t the time the pla.nt was visited only six were 1n use.
BEach chamber had a 'd.aily capacity of about one synthesis
cha.mbar charge--1900 poinds (850 kilograms) cotalt. The,
ga.s used for the reduct.ion was recycled, about 10,0(,)5'11;0
18,000 cubic feet .(500 to 500.cubic meters ) of fresh gms
being added per hour, and & samewhat smller quantity be-
ing withdrawn + Before repassage of the exit reduction
gasee over the. eatalyat » the water and. carbon dioxide con:
K. centratims wers reduced to 0. 1 and. 0.2 @am per. cubic
_meter' respectively. . The methan_e cantent;of- the reduction

grses was mintained at 1 to 3% by bleeding off & part of
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" the recycle aas . Ea.ch ton of coba.lt shculd. h.a.ve required
about 18 000 cubic feet (500 cubic meters) of the reducticn

gas (hydrogen plua nitrogen) for red.uction, but. due to

meters) per ton of co'balt. The _dept_h of the reduction
bed was 8 to ?.O inches (200 to 250 millimeters) although
the reductian chambers were deaigned for a 1‘& inch k550‘
‘millimeter) depth. -
o .‘, o o
‘Control tests on the red.uction of the cata.ljst were . . Control
‘not of great util:lt.y, actual testing with synthesis eas . emte
being the cnly reliable auide to the catalytic activity. -
At the end. of the red.uction, & sa.mple of the ca.ta.lyst
wag taken to the ]a'boratory and o.na.lyzed f'or cobalt-metal.
This wes docne by solutlon of the cobalt in sulfuric acid
- and i:_xeasurcment of tﬁe hyd.roécn evolved. When 70% of the
total cobalt content had been reduced to the matcl_,' the
catalyst was regarded as ,beiﬁg very wellv reduced .
Thecatalyst-was removedéi!romA:he—reductim clxa.mbcrs - - Cooling-And-

, Transference
wvhile still hot and trznsferred to the tranaport vessel. Of Reduced
A large transport vessel--capacity of seventcen reduct:,.c:;‘ o '

chamber charges--rcq,uired. five to. eight hours.-cooling - ‘
time. The smll tmnspm vessel--capacity of four to

‘Pive reduction cham‘ber chnrges-nrequired a.bcut two hours
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cooling time. "The ca.talyst was. cooléd by the reéiréul&tion ‘

of nitrogen. When the cata.lyst t.emperat.ure ha.d fallen to

110°F (45°C. ), carbon dioxide was passed over the oata.lyst.

for ten minutes to prevent oxid.at:lon of the coba.lt upon ex-

posure ‘to'the air.

|
1

The catalyst was transferred to the synthesis chambers
diréctly from the .tx_'ansport_; vessel and was ready for imme-

diate use.

(66)
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The preparation of catalyst an & semi-plant scale,.
tha.t 15, in ba.tches of from one to. ten kilograms of co-
ba.lt. ’ vaa nade 1n equipment that was almoet’ mentical
vith that used. in the ]argé datalystm plant 3 except as.
rega.rds s‘ize‘._‘: The so]_.utions‘ wereﬁ:}_md.e up in 200A11ter_ .
vessels made of V-23 steel. The precipit,atim was made

. in e’.nba.ll‘py ’e‘tebe.“‘lv. ,ba;'rell which wavsb s'§ moﬁnted. thaf. j11; |

~ could Afbe turned rapldly end over end. The filtration
was done in a stan&aﬁ filter I;ress, which contained
only a few filter plates, | ori;:z 's.a;e”:l.nstance‘s, vas car-

" ried out in an alloy steel "lined box. £illed with filter
stones wl;i.Ch , in turn, were ¢overed uith‘“’fparar. This fil-

Cser box was provided with e means for obtaining ;;Actim,

"in order to f£1lter the Irecipitated mixture rapidly. The
prec;gipated. »eqatalyst. vas tzfansferred in thin pla.tes
(about 1 to ! 2 inches thick) to a drying rack which was
pushed into an oven heated. to 212 to 250°F. (100 to 120°C.)
through which warm a.ir was circulated. - ‘I‘he ‘dried oata.lyst

was screened to g:lve about 50% sized particles and about

‘batch of m-hed w.talyat ;precipita.te, mixe@. » d.r:led and™pe-

-""-’d'\,"' =

E—— u O et ....-~~..__ .-.,...A B

sizcaﬂ., 'bu:t this mthod of operation r@sulted. in a ee.ta.lyat

With very inf@rior _mecMn_ical atrength. When the dust was

en

Semi-Plant

" Scale
Catalyst

Ereparation
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returned to the wet ca.ta.lyat 2 it was fou.nd prefera.ble to

extrude the eata.lyst through a meat chopper ’ turned on. 1ts
)/éide ’ a.nd. then to d.ry the worms . The mecha.n:l.ca.l strengt.h

of ‘the catalyst mde by the la.tter method was equivalent

to that of the ca.t.a.lyst to which no finee had ‘been added..
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Catalys't mde from the ‘chlofid‘es in a xtna.nner iden-
tical to the m.nufacture from the nitrates had~ fully as
high an activity as the best catalysts from the nit.ra.tes .

No difficulties were encountered at any sta.ge of the

‘rreparation. The use of chlorides has cert'.ain advantages

over the use of nitrates: =
N .
'.I.‘he eatalsat resenera.tion was mch Simpler

2. The somtims were mch more eaa:l.ly made -

Abcmt the only dieadva.ntage of t.he uae of chloride wag

the con'osiveness of all the acid.ic ao..uticms
Ruhr_chemie would use chlorides if: -
1. They mamifactured hydrochlaric acid
: 2'. The present catalyat manufacturing equipment

‘were sufficiently resista.nt to corrosion.

(69°

Prepa:;a‘tim
Of Cata lyat
From -

_ Chlorid{gs
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(10)
The ca.ta.lyete prepared from sulfa.tes were being Preparation.
Of Catalyst

tested for activity and life e.t ‘the time the p]ant was - ; -From ..
Sulfates :

"visited , and 1t was too ea.rly at that time to etate

def'initely 1f sulfates could 'be‘ used in ple.ce of ni-

trates. So far as ‘the expezjimental work had gone, no

difficulties were[ encountered. |

o Cobalt-nagxeeia ca.talyst could be prepared. from the
sulfates in the same mnner as from the nitrates . In pre- ‘
_paring a cobe.lt-thoria ca.talyst » the thcrium ha.d to be -
"eepe.rate]:y precipitated from a nitrete solution, and ‘this
washed precipitate a.dded to the wet, washed precipitate

ofi‘. cobalt (or ‘coba.lt-magnesia.) from the ‘sulfate soluti'o'n.
The- precipitate from sulfate eolution required a mich moreﬂ
‘thorough washing than that from the chloride or nitrate
-_eoltiticn. : The exact washing requirements had not been !
,determined a.ccure.tely, but experiments ﬁo* that end were

in progress. The completeness of the ﬂwaehing could be

decided without carrying out the synthesis reaction by.

1} Testing ths exit gas from the reduction

for hyirogen sulfide

2° ‘Testing the reduced catalysts for

sulfides
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1 If hydrogen sulfide was found. in (1), the ca.t.a.lyst definit.e-»
ly had. not been suff:lciently washed. If upon trea.ting the,
red.uced catalyst wit.h the~m1nera.1 acid ,. a.pprecia.ble hyd.rogen

sulfide vas evolved., the catalyst pro'bably hacl not been suf—

ficiently washed, but if only traces of hyrlrogen' sulfid.e was
evolved, 1t 'was necessary to test the a.ctivity of "the cata-
lyat toward.s the syntheeis reaction 1n om'd.er to a.ecerbain_
-1f the waehing ‘had been sufficient.. At the time , 1t was
not certain Just what hydrogen sulfide evolution 1nd.1cated.

insuffic ient washing





