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II. CATALYST FOR THE SYNTHESIS REACTION
. {
The synthesis reaction has been carried out over two CATALYST
E o ‘ ' : | " FOR THE
types of catalyst: s S - SYNTHESIS
‘ ‘ : . ‘ REACTION
l. Highly active,_precipitated catalysts Intrd&ﬁktion'

2. iésB'QCtive, but more ruggéd catalysts
prepared by redggquq‘ofwfﬁggg oxides .
‘ 8

Fairly_qo@péghens;ve iﬁfoﬁmatidn has b§en‘presentéd fé-
garding the prepérétioﬁiqf"the ppecipitéted—cat?lysté,
especiélly that_ﬁsed'by ﬁuﬁfchééie. Véry‘little infor-
metdion was glven regarding the details ofkthe prep;ration
of thé less aétiveitype ofigatalysﬁs; ahd,ésla cénsequende
it will be noted that byifgr thevlargerwfortion.of the.
material i;‘thislsection dealing_w ith the-catalysts vas

A tha£ gi?éﬁ?by'éuhrdhemie.
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MANUFACTURB or SYNTHE‘SIS CATALYST
‘ ‘ ' BY RUERCHEMIE '

?t waa composed '

oi coba.lt kieselguhr, a.nd a metallic oxid.eﬁ Fo‘rhlerly,

‘thorla was used exclusively as the promoter, but’ more. re-

cently the thoria ha.s to a Jarge extent been repiﬁced, by

mgnesia. Not onl'y_was the mgnesia catalyst cheaper to

m ke origiﬁallﬁr, but the regeneration costs werec less and

the magnesia catalyst hg_d» cortain operational advantages

e
t

!

(51)

Cata.lysﬁ
Composition .

over 'ﬁlh’e“thoria catalyst; such as, awbility to a{connnoglféité‘("'** :

higher synthesis gas rates, less fsusceptibi\lity'to sintering,

lower methane production, .the. retent;ion of le;e w.a.x and a
. | ' f

t

longer active life.

-The change from thoria to magnesia in the‘catalyst'. was

'being mde slowly becauSe it wag desira.ble to exhaust ‘the

'\

'thoria. stock(gg ha.nd, una.\ ldQ:tO avoid, possible pla.nt

’»—— I il

‘mterrupt‘i cms du

vto'an a.brupt ch::.nge in the catalyst compo-"

sition. . . .

cobalt 5% thoria 6;% kleselguhr (00 0115Th02 2 .0 kiesel-

-

guhr) At the time the Holten pla.nt was visited, the cata-

_lyst_in_geneml_use_hasl_the compos 1tion 32% cobalt,
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2 5% mgnesia, 1. 5% ‘thoria and 6&% kieselguhr (Co:0.08Mg0: 0 O5Th02.\

2 o] kieselguhr), althcugh some of the synthesis chambers werei in

\

operation with a catalyst containing 32% cobalt 4% nagnesi&, 1%
thoria and 63% kieselguhr (Co:o0. 15Mgo 0.02Th05 :2 . o kieselguhr).
The' dried, formed but unreduced catalyst cantained about 24% cobalt
by weight, and the corresponding reduced catalyst, as mentioned

. , : , | .
abo_ve, about 32%mcoba1lt. The ap;arent dens ity of the reduced cata-
lyst was about 0.28 in the particular apparatus used for the '

- | . -
measurement . . S e

Catalysts with other ratios of promoters had been trepared and
‘tested in the laboratory. The thoria or magnesia could be varied
within the limits of 10° to 20% on the cobalt without affecting the
activity of the catalyst or the products formed. The use of an

‘amount of thoria @'eater than 20‘}: led to an excessive production of -

o

~~~~~~~~~~

-""solid hydrocarbons at the expense of - liquid hydrocarbons while the
use’ of"less than lO/a thoria gave catalysts with inferior activity.
The corresponding effects of changes in ‘the ma.gnesia concentration

had not been definitely ascertained .
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Much of the iniormation in regard to the catalyst ' . Catalyst
5Ereparation-
preparation'was largely concerned with small details - In o
an effort to simplify the description of the preparation,
1 1
a brief summary of the major operations involved will be
, , . !
given first, followed by a schemmtic iflow shdet of the .
catalyst plant, and these generai"descriptions will then
be'iﬁpplemented by a more detailed outline.
Since the preparatlcn of the catalyst c consisted ’ Summary of
Catalyst
chiefly of the use ofwmaterials reclaimed from spent cata- . ‘Preparation”

,,,,, lysts, the preparation of fresh solutions will be omitted

from the summary. The procedure given will of necessdty,

[

be that followed at Holten, and this my not conform, in
‘certailn instances, to the latest ideas on catalyst prepa-

ration. -

.The spent catalyst from the synthesis plant was treated
'in order to destroy its activity to the extent that 1t would
no longer be pyrophoric upon exposure to the air.  The cata-
lyst was placed in a digester and treated with nitric acid
to dissolve outA;;;_cobalt, mgnesia and thoria and thus
m ke possiple theilr separation from the insoluble kieselguﬁr.

Under close control of thevtemperatﬁré during solution,

practically no nitric acid wes lost through decomposition
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quthepgaseousuoxides of’ nifrogen. The solution cbtained»from '
"';,t : . . ) . t

‘filtraticn from‘the kieselguhr ccntainedliﬁp@ritiesmwhichlit |
‘ﬂlﬁﬁs;desir&ble”to remove before‘using‘the“solutionein~%h;~prepa-~
ration' of a new catalysﬁ. Any iron, aluminum or nickel was re-J
moved by precipitation by partial neutralization of the soluticn
with soda. The thoria was simltaneously removed from the so-
dution at this point and, consequently, the preciplitate was sent

to the thoria recovery plant. The partially purifiled solﬁtion

was treated with enough sodium.fluoride ‘to precipitate the calcium a
completely, together with about half the megnesia. - Sincemthe
nagnesia was inexpensive, it was discarded with the calcium
precipitate. The purified solution was transferred to an adjusting
vessel, wherein the desired concentratioce of each catalyst ccmr_-
fonent were regulated by the additicn of fresh eolutions. .Sodg
eolution was pfépared:in a separate véséel transferred to #he
’.precipitation vessel and heated to boiling. A carefgll§ measured'
amcunt of the ;djusted cobalt nitrate solution was preheated alnmst
to boiling and added to_the~cc; soda solution. After stirring for
”>abcut one minute, the kieselguhr (fresh, unused mterial) was

added, and the stirring contimued for about orie=half minute, where-
,upcn,the”pgecipitated mixture w&s;filtered andcweshed as quickly

as possible, It wee:regarded as highly important thet all opera-

tions be performed as rapldly as possible after mixing the two

' solutions until the precipiﬁate had been washed, in order to
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minimize the time in which the kieselguhr was in contact with the

soda solution. : ' - j
!

\ —

The washed filter cake was mixed with scme of the dried

and screened. The fines from

I4

/ B
catalyst fines, extruded, dried
the screenlng were returned to fmesh; wet, -washed catalyst.

\ - .
The dried, sized*catalysﬁ'ﬁas transferred to small vessels built -

eapeclally for reducing the catalyst. The catalyst was reduced.
with‘hydrogen'at about éSQ°F. (k50°C.) and transferred hot into
f?a*dérge pfansport §essél. ~The catalyst was cooled .in the trans-

 port vessel by a étreaﬂbe“nitregen and when cool was treated’

\

R

with carbon dioxide to protect the catalyst against oxidation by
contact with aIr.  The catalyst could be poured directly from the

transport vessel Into the éynthesis reaction chamber.
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'Figure IV représéntsmamschematic flow, sheet of the ... .. Catalyst
*Plant
ca’calyst manufacturing plant, showing the various steps Flow Sheet
I

involved in the regeneration of s'pent oat.alyst. The spent Figure IV,

|

| cat.alyst from a reac‘cion chamber was first ‘mildly oxidlzed

I
|

to render it non-pyrophoric If the oa.talyst contamed. less
than 25% by weight of solid paraffins it was next digested

with nitric acid. If the catalyst contained more ‘than 25%

1

solid paraffins, it was st.ea.m—extra.cted before being sent

A

to the digesters. The‘ digestion process consisted in the

solution of ;=cobalt,,ma.gneéia and ‘thoria from t.he re]:a"tively ‘

—ins oluble kieselguhr Due to the .severals impur»itie ,present

-in the - kieselguhr, a part of the latter was. sixmltaneously

o

d_issolved with the catalyst components which it wa‘s-.f desirable

to recover.

" The solution obtained from filtration of the digested

material was subjected to two purification steps . The first

?urif ic&tion step consisted in a parbial precipitation with

,s.od.ium_ carbonate. This left the des ired cobaILt and. .magnesia

N

and the undesired calcium in-solution, while the precipitate

Lcontained;‘;ﬂthe thoria, iron, aluminum, copper, etc. The
.'L,_XTA, i . . . !

precipitate was treated to recover the thorium. The partially

purified solution was then subjected to treatment with sodium

fluoride in a se_cond"'purification‘é'fep.”""Tho‘s*oluf ian from
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the 1atter step contained the cobalt and a part of the_me.gnesia,

. : IR ‘( 1

orth re_covery The solution

of cobalt and mgneeia« was ready for reprecipitation, after the

concentrations oi‘ —'axtalyet components ha.d. been adjusted. to the

deg ired 'ygrluee . y

;/-:- 7o o~

-----

[ .The ad.,justed solution of cfﬂnlt, nagnes ium and thorium was

- 7777“—"{ gyt
Lo

ith a slight excess of sodium oarbonate solution a.t

a tempera.ture near the boiling point. After the two above solutions
had. been mixed. together, the requisite amount of kieselguhr was

quickly added and the reeulting mixture quickly filtered and we.shed.. -

t

'I‘he waehed precipita.te was mde into a slurry with water

~ and the fines f' om the screening operation, refiltered, extrud.ed,

. a.nd ref ormed

e

and simulta.néous y d.ried. and. formed-_ The- aried” material was
separated into particles 1-3 millimeters in size and. fines.  The

fines were’ returned. to freshly precipitated. cata.lyst and. redried N

et

The sized particles of cata.lyst were Vre__uced. with hyd.rogen

" at about 81+0°F (h50°C ) in shallow beds. ‘A large part of the

Aeiguip;nent shown on the flow sheet for the reduction step had the

B e R
purpoee of purifying the. hyd.rogen which was to be recvcled. The
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' reduction reaction itself was very simply- accomplished, ‘tﬁf{.'—fhef

removal of all water and carbon dioxide from the recycled hyd.rogen
1

enta iled the use of cons id.erable equ 1pment

I \ i

~

T The _reduced.i catalyst was transferred to tr&nsportat.ionI ‘

vessels, cooled., treated. with carbon dioxide,: and. was t.hen ready;,‘ﬁ

to 'be placed 1n the synthesis react,ion chembers . e

With the precedmg brief sximmxar.x,m_:g;' appears that“the—gj‘]{:S«W_—-

sheet should be self-explanztory. All t.he de‘cails obta.ined in

R

connection with the cataiy‘s’t manufacture at Holten ha.ve been in-

" cluded on the flow.sheet-,'“
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The detalls regarding the catalyst manufacture will. Details of
] B | >| ’ Cat&lyst b
be outlined in the paragraphs immediately following. Manufacture
. B | \ [y i . '
The 'speé:ificatiorls for the raw materials to be used "Material
: l ’ ,  Specifications
in the‘Jprepa.'I'ation of the synthesis catalysts were not
.very rigid, since certain impurities were inev%ta‘ble,
. \ .- N
sqme of which could be removed by simple purification
procedui'es, and others could be tolerated to a certain
‘ . ‘ ‘o .
extent . 4 !
i - . ’ ! - j
_The materials found in technical cobalt metal were . Clobalt
divided into three_ groups: T, |

[ o
1. Theln,on--harnrful metallic constituents were
cobalt and nickel. The cobalt should amount to at
least 98%. No more than 0.7% nickel should be. pre-
e - _

‘sent’.
) ~N

2 ' The harmful constituents were a.ll metals
Sther than cotalt end nickel, in addition to eillca.
The tota.l amount of the constituents of this group
should be less than 1%. » The least desirable con-
stitﬁen’ts wére copper, zinc, and lead. An ana.lysis_

_ of the coba.lt 3hould show the a.mounts of iraon, .
mn@nesercopper—,—zinc—lead——silver‘alummum, '

calcium, mgpe;ia, and silica_..,»
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3. "Other constituents included non-metallic

impurities such as oxygen,-sulfur, carbon, etc., a8
well as meterial insoluble in nitric aaid.. The

constituents of this group should be kept at a minimum.

Cobalt oxides which can be dissolvf:d in nitric acid
\ ,
mey be used in place of the metallilc cobalt. Similar

_specifications were required for the cobalt oxides .

2%

At first, chemic&lly pure nagnesia was used; ].ater,

‘magnesla of medium purity, and finally mgnesia of a
technical grade. From the standpolnt -of the 'oata.lyst 3
activity there was no choice as to the source of the mg-
nesia. Magnesia was avoided which- contained mterials
.which did not drop out 1n the regeneration procedure. The
most common ixhpurityvto’f'-ﬁe avoided was caﬁlcium’ oarbenate »
since this substance was removed only with difficulty and

a large loss of nngnesia occurred in the removal.. The‘_ e
particle size of the mgnesia was of no consequence_ -except-

Vinsofar as 1t affected the rate of solution in nitric acld.

“Sie 1l amounts of ircdn sulfate were not harmful.

. The chief_sources of thoria in Germany were sulfate

residues and consequently there was danger of sulfate

contamination. - The difficulty with sulfate impurities was

(60)

Thoris -
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the depos ition of clouble sulfates -of thorium andblcalcium

(or sodium)gin thewli.nes used. for preheating the solutlon

‘for the catalyst precn,pitation. No harm was done to the
. -

catalyst, but™ there was a loss oi thoria a‘nd a plant

interrupt‘ion,‘ d'ue to the necessity of cleaning the lines.

The thoria used at Holten was bought as a pure be.sic
rcarbonate from Auer.L This basic carbonate contained 70%
ThO,, and was very resdily soluble in nitric acid. The
dry, normal thorium ca.rbonate was very difficultly soluble
in nitric acid. In the absence of' a nitric acid p]ant,
it was recommended that thorium nitrate be bought 1in _place
ofthe basic carbonate, The presence of ceria in the
thoria wasﬂ'apparently'Without effect upon,the catalytic
act‘i‘vity’. 'When other impurities"‘we're I;resent , the thoria
was su'b,jected to a puriiication procedure . ‘The cost of

thoria was 18-20 RM per kilogram, based on ThOo.

The cheapest ,.purest (es pecially calcium-free) and Kieselguhr

largest sources of the lightest kieselguhr of constant

quality were sought. The selection of the best kieselguhr

~was still an art and vas largely done on an empirica,l basis.

T i A -

Two types of kieselguhr were avallable 1n Germa,ny and both



could‘be}usedﬁ

1. Guhr, which had been heated to 1100°F.
(600°C.) .

A

. R e , ‘ s
2. Guhr, which had been heated to 2200°F.
h P — . ,.

(1200°C.) -

| . ! | - . E
The latter type was treated with hot gases 4n'a rotary

iy st

furnace and Ruhrchemle preJerred this type

v oo

) The apparent

density of the:guhr was onlyfof 1nterest in that the
lighter the guhr the easlier it was to handle. Send - in

the guhr was to be avoided.

Lo

. - . : b -
D¥. Roelen offered. to glve his opinion.as to the use-

fulness of any American kieselguhr if a 10-liter sample

‘were sent to him. - , o

—
7 oi

The chief Ampurities avoided in the selection of soda

were chlorides and sall&,cs.

were detrimental to the catalytic activity, but ‘the chlorides‘

Nelther chlorides nor sulfates

gave a vefy corrosive acid solution, and the sulxates, as

mentibﬁed"previously, caused the precipitation of thoria

complexes in the prehcator lines.
. i L4
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A digeStion vessel of about llOO cubic feet (52 cubic UPreparation
B - of Fresh
meters) capacity was- about half filled with cobalt nitrate .- .Cobalt_.
Solution.

solution and coba.lt and nitric acid (50%) added in such
proportions that there was 5% excess acild in the SOlution.
Additional cobalt was «dded in 200 pound batches, followed
by ad justment of the nitric dcid concentration until the

digestion vessel was fllled w1th solution. At the end of the

digestion the PH of the solution was usually about 4. The pH
'of the solution was raised to 6. l bJ the addition of soda solu-
tion and the sclution filtered to remove iron and copper and
sent to cobalt nitrate storage. The desired temperature'”
for the digestion wsszléo to 175°F. (70 to»80°Ct)7‘althoﬁgh
some variation in the temperature was inevitable. In the
"absence. of. higher temperatures, the reaction in the soluticn
step was a displacement of the hydrogen of the nitric acid

by cobalt. Side reactions acccunted for a loss of nitrogen
of the order of L. Oﬁ tor & carecfully controlled digestion..
The time required for the preparation otleOO-cubic feet

(28 cubic meters) of solution, containing from 160 to 180

The rate of solution waas affccted, to some extent, by the

particle form in which the cob&lt was added.

The above description was for the use of pure cobalt.

When impure cobalt was used, the cobalt was added to the
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| :
\
digestion mlxture in which the spent catalyst was being

extracted. "In the latter instance, fresh— cobalt- would
underge the usual puriﬁ}cgt}on steps for the solutions re-

claimed from the spent catalyst. When especlally large-

| " | . - ) . Y
amounts of copper were present in the cobalt, the solution

was passed through a tower filled with snall particles,,,w

of cob&lt, whereupon the copper was dlsplaced frcm the
|

' solution and plated out on: the cobalt packing. The sSame
" end could be accomplished by having an excess of cobalt

present at the end of the digestlon step.

Solutions of magnesiﬁm and'thorium nitrates vere Preﬁaration

_ of Fresh '
prepared separately by the respective +reatment of the : "Sclutions

of Magnesium
and Thorium

oxide and carbonate with nltric acid (50%). The mag-

nesium.nitrate solutlon was mde up to ccntain 120 grams

of magnesia per liter and the thorium.nitrate solution to

1

contain 150 grams of thoria per liter &
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- As w1ll be described under the heading "”ynthesis _ Treatment
| e of Spent
an catalyst which had reached the end of’ its useﬁul life' 3 Catalyst
\ \ '
was subjected £o one of the several possible treatments
i
. Ty /
'ﬁor removal of the solid paraffins accumulated on the
catalyst.
‘ When the. spent catalyst was still pyrcphoric after Deactivation
B — of the
the removal Bf the solid paraffin, it was deactivated by _ Dewaxed
' . ‘Catalysts

a mild oxidation. Catalyst containing thoria as & pro-

_.moter had to be mich more carefully handled in the oxi-

f

dation step than catalysts containing magnesia as a pro-

-

moter .

The . thoria”promoted catalysts were usually deactivated Deactivation

of Thoria
by treatment with. steam.for a period of about one day, in  _Catalysts

much the same manner as in the renmval of the solid paraf-
fin. The thoria catalysts could also be deactivated by

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

— ————
- —_— T P e e

ture did not exceed 500°F. (150 C.).. If the temperature
exceeded the above limit “the thoria was very difficult’ to
extract Trom the kieselguhr in the subsequent digestion step.
The deactivation with steam required about 35 pounds of

+

high pressure steam.per pound of cobalt, while the air de- 7

activation required the circulation of about 65 cubic feet
 of gas per pound_of cobalt (4200 cubic meters of gas per ton
of cobalt).
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1
' 1
3

'f%e,msgnesiutcstslysts, opmthé;mixed catalysts con- '.‘Deactivsti%nﬁ
1 S T o o AR . of Magnesia
taining large amounts of magnesia in relation to the - L Catalysts

thoria content, were deactivated. by oxidation with alr.

Practic&llylno-temperature“control was necessary during
i . 1

+the oxidation and the deactivation could be completed in
a pericd of about 10 hours. ' . _

|

At the tilme the plant was visited, a system was being

1

-1nstallea—tﬁ~hardie—thesﬁyrophoric catdlyst without the

necessity of the oxidation step. The spent catalyst was

(5 mem s

el be‘trdnsferred frcm 1‘he: trdnsport vessel 1n,a»stream.6f

| - - - Rt

inert gas, to a mixing vessel wherein the spent catalyst
was” to bemade into & pumpable slurry with cobalt nitrate

solution. This slurry would then be pumped directly to

[ S

the digesters.
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The spent dewaxed non- pyrophoric catalyst was Digestion
!

—

S ) o oi’ Spent
lplnced in a digester,‘stirred with cobalt nitrate ‘ Catalyst

!

‘~solution and nitric acid added, with stirring, at 3uch

. b
— r

a rate that about 56 free nitric acid was in the solution.

1
|

The digester was started at 150°F. (55°C.), but the heat
of the reectlon'raised the temperature of-the solution,
which was: not allowed to exceed 200°F. (9) C.). The re-

actlions occurring 1n uhe dlgestion of the spent catalyst
|
were the same, as regards the cobalt, as those given

under*bhe——preparat ion of fresh coba lt ‘s olut fon. The.

solution of the magnesia and thoria were simple double

3

L
Lt i L
-decomposition reactiuns EE Y y ;Ufwffw7

fv Sl

G e it‘__:.‘.;

_. o T L
B :_/’/. ,L\‘

The digestion was arfled to a point here less -

ey

. than O l% cobalt remained on the insolable kieselguhr

ir

of cobalt in the spent catdlyst. Ruhrchemie had 10

( \

digesters for the treatment of spent catalysts, each with «

a cdpacity of 1100 cubic feet (32 cubic metcrs) and capable

of digesting an amount of catdlyst equivalent to one- ton

:

of cobalt. emﬁ;.‘ﬂ , . e

——————Whenéthefdigeetion was complete the mixture wae Separation

of Digested

filtered by means of a filter press, and therebdy - Materials

.geparated into a solution which contained the catalytic
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The precipitate was washed with ordinary tap water, until]

H

Df

combined filtrate and wash, water contained 50 to 60 grams;

r-. I «5\

mtll

cobalt per 1iter of solution. The washing was continued""

the kieselguhr was practically free from oobalt the 1atter
I 1
wash water being kept se;arate. The second wash waterewas'

treated with soda solutlon £ precipitate the small amount of

cobalt present and the prccipitated cobalt carbonate was re—

BRI

RINAAE

turned to the next dléebbr' charge mIn this way e% of theEd&

r

»total cobalt requirement was c1rculated .around the- digesters.

'

The time required for the washing and filtration of one

digester charge (one ton of cobalt) was about L- 1/2 hours, using

two iilter presses. The fllter elementSAWere cotton cloths on

—~ L I

wooden spacers, the average life of & cloth being about 6 months.'

. —_— )
_The kieselguhr leaving the filter press contained 60 to 65%

water and was & rather viscous fluid. The kiesrlguhr was partlally

3

dried in order to facilitate handling, and then thrown away. When

completely dried and pulverlzed or briquetted thc.spent kieselguhr

could be used as thermal insulator.‘

, Ircn
~Purification

The first purification step served to free the solution.

from the digestion from thorium, 1ron, aluminum, copper ana

nickel, together with a part of the magnesla. The filtrate
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from the digestion was heated to 1hkO to 160° F (60 to T70°Ch) amd.
added,continuously with the soda solution (containing lOO grams‘"
Mof soda per liter) to a 70 cubic foot (2 cubic meter) wooden
mixihg yessel.' Tge mixing vessel was provided with a stirrer

rotating at 150 R.P.M. - The relative amounts of soda solution

and impure cobalt nitrate solution were so adjusted that the
. ‘
pH of the-solution after mixing was about 4. The soda solution

had to be introduced in such a manner that local*EEEessés“ofﬁ
alkali did not precipitate the covalt. The soda used in this

step amounted to 15 to 20% of the total soda consumption
: i : :

Precipitation sccurred immediately in the mixing vessel,
. but the’precipitated‘ndxture was run continuously to large
tanks, and neld there at aboﬁt‘l}O F. (55°C~)-and sgirred at.

26 R P. M for two to five ‘hours. The purpose of the latter \
treatment was to permit growth_ofvcrystals. The ease of

ﬁ?iltration”depeﬁded upoﬁ the crystal siée, whicﬁ, in turn,
depended primarily apon the rate of mixing, and secondarily
upon the temperature and the rate of stirring in the large

vessel. After about one hour's stirring in the large vessel,

soda solutioh was added to bring the pH from 4.0 to 5.8-6.0.

——————?he—preeipitated mixture was filtered on a filter press

ot

(although it was stated that, a drum filter could readily be used)

ahd,washed—with water which was alkali and iron-free. dThe'wash
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"water used here was 'so sqall that it was added directly to the

“'filtrate. ' The cobalt coﬁcentration decreased in this step, on

1 [ |

the average, from 55 to 43 grams per liter. The amounts of iron,

- copper, etc.,’allowable in the final catalyst could not be stated
! !

in weight per cent, but only in terms of catalytic activity. The ’

presence of 2% or more of 'iron (based on cobalt) in the solution
i

before precipitation reduced the activity of the catalystgslight-

ly. 20% iron gave a gompletely 1nact1ve_cahalyst4;;lt;ﬁesfthcught

that lﬁ iron was, safe, buu at Holten the iron content averaged

|

0. l to 0+15% (on the cobalt) This rather complete removal of the

2

iron wasudone forctwo reasons :

1. To prevent bﬁilding up iron concentration in repeated
<,regeneratlons of the spent catalyst

2. The iron pre01pitation step as carried out removed 90%
of the undesirable organic matter in. the spent catalyst

R

This org;hic mtter may have arisen from:

(&) resins on the catalyst, or
(b) from the oxidation of the solid paraffins by the

nitric acid used in the digestion of the spent
cabalyst

The presence of the organic matter was very harmful to the catalytic

actlivit Y. . . . ‘ .

When working with_cepalysts with high thoria contents, the
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precipitate was ddssolved as sodium thorium carbonate

and precipitated as- thorium hydrocarbonate. ,,,,, ‘When only

small amounts of‘ thoria vere present in the catalyst,

the precipitate was SOld to firms specializing in thoria'

refining.

This purification step removed practicallj allﬂthe - Calcium

) PR Purification
-calcium together with about one-half the magnesium. The T

-source 'of the calcium, as well as the impurities removed
in the firSt'purification step, yas in the kieselguhr-'L
" The pH of the soluti'on from the previous purifica‘tioxi |
step was lowered. to 4.0 by the addition of nitric ‘acid,
and the temperature held around 85°F. (30° c. ) The

temperature contx_'vo‘l' here was necessary in order to obtain

a‘crystal size which could be flltered.

|

éodium fluoride was very difficult to ‘dissolve in water,
but could be added .as a slurry. The sodium flu.oride slurry
was .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 1n this step and there was "S“c’:arc';ely
any charrge in the cobalt concentration since only a smll "’

L

amcmnt of sodium fluorid.e slurry was used.-

For the particular kieselguhr being used at Holten, 200 to
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260 'pO\undS (100 to 120 Kilcgrams) of sodium fluoride was required-
T \ :

p‘er §011 of cobalt. The soiu_tién after l_’t;he first kburifica’.’t’ior} was
carefully analyzed 'for calcium and magnesia, and the quantity of'
sodium fluoride: ne'ces\;sar:y‘j,to,ﬁrecibitate the calcium completely
anq !to,precipi_tate 50% of the mgnesia, was calculated. Such a

procedure maintained the _calcEium concentration below 0.2% of fhé
! 1

’

cobalt. e

i

" The raw German kieselguhrs conte ined about 20% organic matter

which had to be burned. out. It was thought poss ible *ha.t with

the much purer sources of kleselguhr avail&ble in the United. Std.tes‘
the above calclum purificauion step might be €éliminated or at least

_ minimized. Only actual tests wculd determine the necessary treat-

ment in the regeneration of a catalyst supported on American

kieselguhr.

Mg, == -
£

The mixtuf;é v.va;s stirred for about, ‘seven hours after the’
sodium fluoride addition, by which time the c&lcium had been
completely precipitated. It was helpful to add nagnesia at this
point, s 1nce the mgnesia aided in the precipitati ,\Df the
calcium. The smller‘the calcium concentration, the greater
should be the quantity of mgii’és'ia.ad,ded'. When the magnesia con- - '
tained large amounts of iron, 1t wasg preferable to add the - magnesia

_”before the™ first—puriﬁv&t—ien—s%epv—A—s na-l—l—amount_of_fmah__

kieselguhr--never more than. 0.25% of . the aolution--was a.dded. as a
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fllter &ld ‘ At the ‘end of seven “Hours, soda solubion w&s~&dded to

bring bhe pH from 4.0 to about 5 8. ana the stirring contdnued ﬂor

|
.about-one hour. . ‘ ‘

| b 1
|

The mixture was filtered on a filter press, the ‘Tilter elements

| o o . f

comsgst}ng'of the usual cloths,‘together:with a filter paperj the
: ! .
‘purpose of the paper being £0 retain the.finely'divide?_ﬁreoiplﬁgpe.
Very little Qaeh water was-used; barelj sufficient to remove the
e”cobalp from,tﬁe.p;eoipitote:* A - -

thn nagmeaiaawaaibe omnly promotcr-used the sodium fluoride
— i a S
PR [

: elurry could be added to the first purification mixture before
filtration, and the two precipltates flltered simultaneously. The

two purifioation steps could not be combined when thoria was used
es a promoter, since thc latter was exbremzly difficult to recover

from the fluoride preciplitate.
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The purified cobalt solution was taken to aliargev
! o . _

adjusting vessel--1400 cubic feet (4O cubic meters)

cap&city——whereﬁiinéi—concentrations of‘the catalytic

" materials were adjusted. The'cobélt ccncentraticn wés
S .
adjusted to 40 grams of cobalt per liter of solution byi
the addition of concentruted cobalt solution (from the
solution of fresh cobalt) or by the addition of water,‘
depending upon whether the cobalt concentration in the
purified solution was grcater or less than the desired
46 graﬁé_ter liter. This fiked conccntration of ccbalt
was maintained more in crder to faclilitate the subse-
quent soda and kieselguhr additions than for-any'effect
it might” have had upon the catalytic activity For the
catalyst being made at the time the Holten Pléct was
f_vi31ted the magnesia and thoria concentrations were h

Cand 2 grams “espectively, per liter of 3clution. Abcut

20% of the’ nagnesia was lost in the precipitation 3tep

(through the solublility of mgnesium bicarbonate) so that
the final catalyst was made up of Co:O.OBMgO'O.OSTh02:2.O

kieselguhr: The free acild in the adjusting vessel had to

be 10 to 20 grams of free nitric acid per liter of“solu-

(7i)

|
Adjustmeﬁt'
' of ,
Concentragions

' tion.when'preparing the thoria catalysts, but the_solution

could be nearly neutf&l-;pHé'l——when the magnesia catalyst

vas being prepared..
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The adjustedmsolution waS‘passed through_g £ubu1ar - " .- -Measuring
, gnd
preheater, wherein the temperature was raised to about Preheating

Solutions
- 1h0° F (60 C.) with indirect_ sbeamr_toea storage vessel '

near the ceiling of che building in which the catalyst
preparation\was nade. From this storage"vessel the_
selution.flowed to a me&suriné tank.. 750'to 800 liters
of the adjusted solution were measured at 140°F. (60 C. )
'and after measuring, heated with direct and 1ndirect

~

‘ste&ﬁwto 185°F. (85°C.). The aajusﬁéd’§blution then

passed through preheatihg eeils where iﬁé temperature
was raised almcst to the boiling peint. Soda solution
was- made up which contained'lO§—th grams of sodium

carbonate per liter of solution, and this solution was

- .

stored in a large ves3el near the ceiling. 750 liters

Of'the’soda'solution were measured and run into the

pS
o

: preﬁipitation vessel wherc it was heaued to boiling
" with direct steam. A’ pair of measuring tanks, onm
for :soda solutionvandwggkgltzsolution, was provided for

each{precipitation vessel.

To the boiling soda solution in the precipitation Precipitation
vessel (750 liters) the measured, hot,cobalt solution
(%50 to 800 liters) was added over & one to two minute-

—intervaland—the—mixture stirred fer 30 seconds after
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~the addition had been rompleted 62 kilograns of kieselguhr were then

added over a l-l /2 minute interval and the mixture thereafter stirred

for.50fseconds. Thereupon the mixture was pumped (through open screw
type pumps) to the filter press, 2-1/2 minutes being required for
filtraﬁion.k"The precipitate was washed with condensate water at 185°F.'
(8550.) until the concentration of sodium in the washed catalyst was

as low as at least 0.015% on the cobalt, averaging 0.009%.

The precipitation vessel was provided with a large bladed stirrer
rotatihg at 930 R.P.M. Tt was imperative that the mixing be done
,thoroughly and rapidly. It was also neceSsary that after all the
14

meteriels had been mixed, all opcrations be done as quichly as possible,

until the completely washed catalyst had been obtained.

The catalytic acti&ity-was not affected by adding.thevseda solu-
”tion to the cobalt solutlon, nor - by adding the two to the precipitation
vessel simultaneouslv Likewise the kieselguhr could be added at the
same time as the solutions,’ DlOVided there was no great excess of sodium
carbecnate present, but preferably it qgs(added-ehortly_after the mixing
'ef the ﬁwo solutions, with the objebt_bf minimizing the time in which

the kieselguhr was in Géntact with the alimline solution.
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In each precipitation the fellowing materiqls weré used :

750 ‘liters soda solution 103 to 104 grams sodium carbonate
. per liter

750-800 liters cobalt solution. 39 to 40 grams cobalt per liter -
o &7 0 7 4 grams magnesia per liter
v _ . -2 grams thoria per liter
- ’ om0 5 to T grans»sodium.nitrate
Rl T ... per liter -

62 kilogram kieselguhr
The precipitate cdntained:f

€8 .2 pounds (31 kilograms) cobalt
5.5 pounds (2.5 kilograms) nmgnes ias
3.3 pounds (62 kilograms) thoria
136.5 pounds (o2 klloo amp) kieselguhr

~,-:«

The filtrate contzined, per—liter -of solution:

2 grams ‘sodium ca~bo;1ate e o
6-7 grams sodium bicarbonate and magnesium bicarbonete
~ 70 grams  sodium nitrate

F—

_The sod ium nitrate concentration might be as high as 80 grams per
liter of f'lltrate without harmful effect upon the activity of the

catalyst.

At'Hblten, two precipitation vesseISjwere?uSed ﬁith oﬁé

filter press. The precipitations were so timed that. just at the

——

moment that onévprecipitation mixture had been pumped to the

filter press, the precipitation mixture in the second precipita=

tion vessel was ready to be pumped to the sume filter press.
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% s S o |
lter, press was thus two precipitation

- The capapiﬁy of theyfi

charges, Or,éﬁcgtalﬁst quantity equivalent to &2 kildgfams of

cobalt per press filling. This amounted to about 34 cubic
feet (960 liters) of catalyst which required 250 to 300 cubic

feet (7 to 9 cubic meters) of wash water.

Eighteen suchAcharges_Were filtered per press per day.

Four presses were in use at'the;time the "plant was visited,

and this caf;'éspondec?. to 72 charg;s per day, or a total
catalyst output (iry aﬁd fé&uced) of 35,0bdvth55;6bO pounds
(15-16 tons) per day. Five minutes weie-reqUired for filter;
ing one fiiter press charge (two precipitation chgrges),.'": 
fifteen minutes required for”the };fst ;ash,and ﬁen minutes
}eqq;red fér the sécénd wash.

VThe thickness of ghe filter-cake varied from 22-25
millimeters; When such a cake was washed under the above
conditions witgmfresh water,-BO @allons of écndenséte water
were required per pound of cobalt (250 cubic -meters_water
per ton dobalt). When the washing was done in stages, the

waterlrequirément was about 17 gallons per pound of cobalt

(140 cubic meters per ton cobalt).

, The‘wa.she‘gl but still moist catalyst was transferred _Ad justment
' ' ' - , » of Water
to a mixing vessel and thoroughly mixed with a water slurry Content
_ B oo for
of the-fines from the screening of “the dried catalyst. The Extrusion
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catalyso ooming from. the filter breSS'oonbgiheé 62% water
and-38% solids. The water coﬂtent"was*raised”to 83% in
* the mixture of thé fresh catalyst and the\ fines ffom.the ]
screening. This slurry was tra.nsferred continuously to
a rotary vacuum filter where the water content was re-
duced to about 65%. 1A centrifugal filter was un&esirablo ‘
at this point for two reasons: . |
1. The abraziveness cf the kieselguhr would
quickly wear out the filter
2. The f‘ilter cake from the centrifugal filter
would not be homogeneous : ’
The fines which had to be reincorporated with the wet
fil;c,éf cake amount to 30 to k5% of the total catalyst strea.fn.
At the time the plant was VIé'i%éd,’ ,thi'é‘d;ustbamognted. to 3‘8%
of the total catalyst. The addition of the fines to the
fresh catalyst ‘served the purpose of hardening the 'fina.i
dried ca}:alyst.’ Attempts_were made to mix the dry fines

with the filter cake, but it was found better to make a

— S

‘slurry of the—fines—and-water, separately, and then to in-

corporate the slurry with the filter cake.

The catalyst fell from the rotary vacuum filter direct- Extrusion
1y above Vthe centrifugal dryer end was so oriented with

respect to the radius of the dryer that radial distribution
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‘of -the extruded material was obtained directly from the
extruder. The catalyst was extruded in the form of 6
millimeter, ,?st from 1 to 4 inches in length, averaging

,‘about 2 inches. The rods were quite soft and pfa.sty,I

~having only sufficient body to support, on the average, -
a 2-inch length of rod. A mof:é d.etla‘.‘iled_ description of

\_the extruder will be found in the section deallng speci-

hY
f c
S

—fically with-equipment. -

Thé preceding descriytion was' of the method of ex-
~ trusion in use commercially.. .Cn a ‘sma]:l‘er scale it had.
‘beén" found thé.t f,he catal&st could be extruded in 2 |
millimeter rods from a piston type extruder. The ex-
trudéd rods fell onto ;a convéyor belt, which was covered
with a fine mesh screen (2 millimeters) a.ndnwas surface

dried on _‘che belt-‘—th_e water content reduced from 65 to

60%. In f&liing -énto the screen, the rods were nicked,
and after the preliminary drying the rods broke at the 7
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 handled untlil completely dried.

The dryer was of a centrifugal type, the trays bear- Drying and

Forming
ing the catalyst rotating against fixed brushes, which e
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transferred the catalyst from higher to lower trays. The

catalyst' was fed into the top of the d}yer by the extfuder;
l ‘ —

and left the dryer at the bottom. The dryeér was provided

. 1 . :
with high pressure steam coils on the outside shell and hot

. f :
air was circulated over the trays, fresh alr being intro-

. 1
duced at the bottom of the dryer and discharged from the

A

top;thhe temperaturesmwére soﬁadJustedmthat“phe”catalyst

in the top of the dryer was never hotter than 200 to 212°F.
' |
(95.t6°100°C.), and the catalyst temperature leaving the
’ |
bottom was not higher than 250°F. (120°C.). The passage of
— V |

'phe catalyst through the dryer required about two hours .
oo ‘ y :

The . catalyst entering the dr&er contaihéd about 65% water,

and that leaving the dryer contained 10% water. The cata-

lyst was not compleﬁely_driéd,%éince’ﬁﬁe presence of about .

10% water facilitated temperat;re control in the reduction

step; - |

The capacity of éach_dryer wa3 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 operated at full capaéity. It

might be mentioned that the design of the dryers has to take

care of the recirculated fines, that is, it mst be 30 to 45%

t1gzgéffthaﬁ—éaicuiatéa—ﬁﬁ‘the‘dry~cataiystffmtputT——{t—was—
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s?ated that any type of dryer might be used,in which the
. | . N ‘

temperature could be.contqolled, and in which the. catalyst
- . . [
“would not be subjected to too rough a treatment.

l Py B e . 1 b
The material from the dryer was separated into three Sizing

!
L] .
rarticle sizes: . |

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

Iarges 8 to 10 millimeters ' L5%

The fines were made into a slurry with vater and mixed with
' tﬁe fresh, wet fiiter ééke éﬁd aééin é;gruded; dfié&;'éﬁé.
The larges were pressed through a screen and ré-screengd{ﬁ
The useful size cathlyst was placed ‘in papegﬁbags,for;tranq;;_

fer to the reduction plant.
|
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The fines from the SCreening ope“ation could be f;-ormedml__'&_F‘*ornLing
' Method for
into a .more desirable particle by a very intcresting process. Small Size
A Catalyst

The dry catalyst -fines werg placed in an Eirischmischer,
which consisted of an upright cylinder about 6 feet in diam-

\

eter, prov1ded with a rotating bottom and with two scrapers

and two rakes, _each rotating in a direction oppos ite to tha.t‘

R -\__.V

'of the bottom of the mixer. The rakes and scrapers were sSo
. [ i

AN

ad Justed as to have e minimim clearance between‘the sldes of

the cylinder and the bottom. The bottom of the mixer was

rotated .at a speed of 5 R.P.M., and the rakes and scrapers

at a speed of 60 R.P.M. When' the mixer had been started a
quantity of water equivalent to about half the weight of
the catalyst 'i‘ines was sprinkled over the top of the cata-
.lyst being stirred. Arter some time the speed of the revo-
lutions of the bottom and of thev rakes was doubled, exa ct-

time figures not being a.vailable, since the appara’"tus was’”™

e

still in an experimenta.l stage. Apparently the qua.ntity

of sized mterial was a function of ‘the time of mixing and

of the clearance between the scrapers and the bottom of the

cylinder. It was st&ted that up to T70% of the charged. cata-

lyst—fines could. be recovered as round»’calls with the diam-

. eter of about 1 millimeter.

T o

The above apparatus was developed In an effort to, de-

crease the pa.rticle size of the cata’lystj‘S'ince"jit"'was'*'thought

T e
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that a éreater catalyst surface waslﬁénéficial to the qctivity..
From the standpoint of activity, the smaller the rarticle size

‘the better the catalyst, but physically there was a 1limit to the
‘ B | ‘ ‘

i

. . i
varticle size, goncomitant with the necessary mechanical strength.

Two or three commercial chambers had been filled with the round
btalls of catalyst, about 1 millimeter in diameter, and were under-
going tests at the time the plant was visited. There was appar-

enﬁly no changevin the products. with change in the particle size,

'and no detrimental effect upon catalyst life was anticipated.

oy
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The sized catalyst was transferred from.bags to re~ ‘

i

duct\ion chfa.mbers, which he_ld about 21 cubic feet (600 liters)

of cataliét. The reduced catalyst from seventeen reduction
chambe?s yas suffic?ent for filling one com@erciél syn£hesis
cha@ber.\LHydrcgen at 840°F. (450°C.) was passed through |

the reducﬁion—chamber at the rate of 100,000 cubic feet (3,000

cubic meters) per hour. |
"It was calculated te%t the 'time required -for the re-

duction at the above temperatures and reteSQ‘was 18 minutes,

/but_actually‘BS to 50 minutes vere used fo?lthe pfeheating
and reduction-in -the plant at Holten. The average time sched-

ule for the varioué operations in the reduction step was gilven

agas: ' —

_ Preheating and'reduction 50 minutes

_ Changing connections - 10 minutes
Emptying T 5 minutes !
Refilling 7% 5 to 10 minutes

Making up Jjoints - - .10 minutes

,/Purging time was included in the time given for mking up
(econnections. -It was stated that the overall time required
for reduction could be reduced 50%\by the use of automatic

equipment .

The time required for preheating was not known. The

reduction vesael and the catalyst were cold at the start—

(85)

Reductlon -
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and were“heated,entirely by the hydrogen-entering at. 840°F.
(450°C-)- At the start, the temperature difference(bgtﬁeeni
\ :

the catalyst bed was 800°F. (425° c.), and at the end of the ]
reduction the temperature differenceiwas 175°F. (80°C~)~

The reduction tempereture; therefore, varled from 700°F..
(370° C ) for the bottom of the catalyst bed, to perhaps

840°F. (hSO C.) for the top of the catalyst bed.

i

The catalyst which was reduced at 575°F. (300°C.) was
I
more active, but the time of reduction was about four times

that_required at 84L0°F. (450°C.). The higﬂer the reduction

temperature,‘the leas gsensitive was the catalyst to the
presence of water and carbon dioxide in the hydrogen‘used‘
for the reduction.‘ If a temperature much higher than 8LO°F.

—(450°C.) was used, the resultlng catalyst was 1ess active.

, The gas used for the reduction at Holten consisted of

about 75% hydrogen and 25% nitrogen, with less than 0.1 grams

-

of water, and about 1 gram of carbon dioxide per cublc meter.

It was desirable to use foL the reduction, the purest hydrogen

.\‘ (f V. \.,‘{'

available. .
Any carbon dioxide present . in the nydrogen’ was reduced~" ‘ Carbon: - -
_________ | " Dioxide .
to methane upon contact with the reduced catalyst in the in Reducing

presence of hydrogen. In this reduction of the ocarbdn
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dioxide a large quantity of heat was developed which par-‘

tially deactivated the catalyst. The gas throughput could

1. .

ﬂbe'decreased‘by about‘l7%”whenwcarbon_dioxide=free*hydrogen——
. » O

was used. The carbon dioXide‘content,Of the gas was held

Zt"about one gr&m‘per cubic meter by passing the gases
. | :

1

from the‘reduction over 3pent synthesis catalyst at 480-
.570 F (250-300°C.), which served to convert most of the !

carbon dioxide and all thc carbon monoxide to the harm—

less methane.

Any'water which was present in the hydrogen tended Water in
~ ' ! ' S  Reducing
to re-oxidize the-reduced cobalt to the inactive cobalt Gas

oxide. Apparently the more reactive points on the co-

\

balt were oxidized first, and the harmful effects of-
'small amounts of veter were out of all proportion to the
'_ectuai quéntity>of-water present . The catelyst;couhi,*
not be reduced with hydrogen which contained as. much as
ph grams of water per‘cubicvmeter of hydrogen. Water was
removed from the reducing ges by a combination of low
' temperature cooling and sllica gel drying.
Nitrogen in the hydrogen was not nearly so injur- Nitrogen in

oo Reducing
.ious to the. catalyst as carbon dioxide or water. A _ Gas

change from O.1 to O 2 grams of water per cubic meter

of hydrogen nhad more effect upon the catalytic activity
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than &4lution-with 10%° _hitrggenf The éas throughput"
:couid not be reduced_p;pportionatelj when a nitrogen- -
J o . :
free hydrogen wag used, since a sweeping action was re-
‘ _
quired to remove the water and carbon dioxide as.ﬁrod—
ucts of the reduction. | o ’. : 1
‘ -

The gas rate (75%‘hydrogen’and 25% nitrogen) over “Gas Rates
the catalyat bed waé about 3900 cublc feet ;er hour per
square foot of catalyst surface (1200 cubic meters per
‘hour per square meter) or 100 OOO cubic feet (3 000 cubic
meters) per hour per reduction chamber. This gns rate was
about the limit with thcvparticula; distribution system,
since higher rates caused a turbulence which floated the
catalyét to Fhe outer edéés of the reduction chamber.
When pufe hydrogen was uged, eiéher the temperature or
the time of the reduction could be'redﬁcea; both of which

changes were beneficial to the ectivity of the catélyst.

The activity of the catalyst was affected by the " Depth of
- Reduction

. depth of the reducing bed. When the catalyst was com- Bed
pletely reduced in a deep bed, the top layer was par-
tially 1nactivated,duc*ﬁb toc long-a time at'the high

Atemperature. When the catalyst was reduced only to the

point where further treatment would have partially
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inactivated the top layer, the bottom of the catalyst bed

| o ) Lo . !
st1ll would hdve been unreduced. Furthermore, reduction
. \ ! ..

in a large bed was probably different from rcduction in a

smll diameter tube.

|

On a laboratory scale, in & tubé, & depth of 6 feet

et

(2 meters) of catalyst could be successfully reduced, but

this had never been duplicated commercially in large beds. -

Likewlse, on a laboratory ecale, the carbonates could -be
1

decomposed w1th hot nitrogen and this followed by reduction
with hydrogen, but again the results could not be dupli-

cated‘commercially in the large beds.

At Holten, 12 reduction chambers were available, but Holten Plant
Capacities

at the time the plant was visited only six were in use.
Fach chamber hed a daily capacity of about one synthesia
chamber charge--19067pouhde“(850 kilograms) cobalt . The
—8R8. used for thre reduction was recycled, about 10 000 to
18,000 cubic feet (300 to 500 cubic-meters ) of fresh gas
being added per hour, and a somewhnt smller quantity be-
.ing withdrawn. Before repdss&ge of the exit reduction
gases over the cdﬁalyst, the water and carbon dioxide‘con—
centrations were reduceddto 0.1 and 0.2 grams per cubic

meper respectively. The methane content of the reduction

w~gases.ﬁasAnaintained at 1 to 3% by bleeding off a part of
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the recyéle gas. Each ton of cotalt should hnve required

1

about 18,000 cubic feet (500 cubic meters) of the reduction

_gus (hydrogen plus‘nitrogcn) for reduction, but due to

losses the figure was near 50,000 cubic feet (1500 cubic
meters) per ton of cobalt. The depth of the reduction
. |
‘bed was 8 to 10 inches (200 to 250 millimeters) although
. 1 .

the reduction chambers were designed for a 14 inch (350

|
| i

millimeter) depth.
‘ .

Control teats on the rcduction of the catalyst wvere -
|

| .
'not of grent utility, actual testing with synthesls g:s

being the only reliable guide to the catalytic activitys —

At the end of the reduction, = ‘sample of the cotalyst

was taken to the laboratory and unalyzed for cobalt metal.

Thisvwas done by soluticn of the cobalt in sulfuric acid
and -measurement of the hydrogen evolved. When 70% of the
total cobalt content h:d beon reduced to the metzl, the

caetalyst was rcé&rdé&das'boing very well reduced-

- Th§*0atalyst wasg removed Trom the reduction chambers
while sti1l1ll hot and transfer ed to the transport vessel.
A large.transport vessel—-capacity of seventoen reduction

chamber charges--required five to étght hours cooling

time. - The smll transport vessel--capacity of four to

five reduction chamber-charges41requ1red”abcut—tﬁﬁ“hcurs——

'dooling And

(90)'

Cantpol
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Transference
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cooling time. The catalyst was cooled by the recirculation
I -t \

of nitrogen. | When the catalyst temperuture 'had fallen to

1;O°F. (L5°C. ), carb?n dioxide was ﬁassed over the‘cétalyst‘

for ten minutes to prevent oxidation of the cobalt upon ex-
_ » \
posure to the air.

!

|
|

The catalyst was transferred to the! synthesis chambers
- ,
directly from the tx"ansport vessel‘ and was ready for lmme-

diate use.
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The preparation of catalyst on a semi-plant scale, .~ éemi-Plant
n Lo o 1 L ' Scale
that is, in batches of from one to ten kilograms, of co- . Catalyst
' ‘ Preparation

balt, was made in“equipmentlthat waSWaimOSteidentical

with th'z_it gsed in the. Jarge catalyst plant, except as
regards sizeé. The solutions were made up in 200 liter
vessels made of V-23 steel. The precipitation was made 1
in an\alloy steel barrel which was so mounted that it
could be turned raoidly end. over end. The filtration

was done in & standird filter press, which. contained

only a few fillter plates, or in scme instanceés, was car-
"ried out in an alloy steel 11ned box filled with filter' 
stones which, in turn, were covered with paper. This fil-
ter box was provided with a means for obtaining suction,
in order to filter the precipitated mixture rapidly- The
precipitated catalyst was transferred in thin plates
(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.)
'throﬁgh which warm alr was circulated. The dried.;etalyst
was screened to glve about 50% silzed particles and about
50% finee; The fines could be returned to a fresh wet
batch of washed catalyst precipitate, mixed, dried and re-
sized, but this method of operation resulted in a catalyst.

with very 1nferior mechanical etrength. Wheén the dust was
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returned to the wet catalyst it was fouhd preferable to
\

extrude the catalysb thlough a meut chopper, turncd on its
i

side, and then to dry the worms. The mechanical strength
1

_of the cat&lyst made by the latter method was equivalent

“to that of the catalyst to which no fines had been edded .
1
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' Catalyst mde from the chlérides in a manner iden-

—— |

’Pre iration.

i Of Catalyst
tiC@l to the manufacture from.the nitrates' had fully as From:

T Chlorides

{

i

high an activity as the best catalysts from the nitrates.

No difiiculties were<g;ggaﬁ£bred at“dny stage ‘of the

preparation. The use of chloridcs has certaln advant;gea

over thé use of nitrates:

1. Theuc&talyst regeneration wus mich simpler
| L . h
2. The solutions were mich more easily mede

!

About the only disadvantage of the.use of chloride was

the corrosiveness of all the acidic solutions.
o . - .

Ruhrchemie would use chlorides if:

1. They mnufactured hydrochloric acid -
2. The present catalyst mnufacturing equlpment

were sufficiently rcsiduant to corrosion.’ -
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~ The catarysts prepared from sulfates were being Preparation
"""" of Catalyst
_tested for‘activity and life at the time the plant was - 1 From

. Sulfates
r;visited and 1t was too early at that time to state ]

N

defipitely‘if sulfates could be used 1n place of ni-

tgatss. PSo far as the sxperimentallwork had gone, no

difficulties wvere encountered.

'

- - Cobalt-magnesia catalyst qguld be prepared from the

=

sulfates in the same manner as from the ﬁitpates. In pre-.

‘paring a cobalt—£horia catalyst, the.t#orium had to Ds
separately ﬁ;ecipitated fromls.nitrste solutlon, and this
washed precipltateladded_to the weF, washed-precipitats

cf cobalt (or cobalb-magnesia) from the sulfate :solution.
The precipitste frsm sulfate solution_rsquired a much more
thorough washing than that' from the chloride or nitrate
solution. The exact washing requirementsbhad nét‘been
;determlned accurately, but experiments éo that end were

in_progress. The completeness of the washing cguld be .

decided without carrying out the synthesis reaction by:

1. Testing the exit gas from the reduction

for hydrogen sulfide‘"

2. Testing the reﬁﬁced catalysts for
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It hydrogen sulfide was found in (1), the catalyst definite-
| ' ‘. ' -
ly had not béenvsufficiently“washed. If upon treating the

reduced catalyst Qith the mineral'gcid; appreciablg hydrqgéh

sulfide’wés evolved, thggcatalyst probably had not been suf-
ficiently washed, but 1if only trdces of hydrogen sulfide .was
evolved, it was neceéssary to test the gctivity of the cata-

1lyst towards the synthesis reaction in order to ascer?ain

1f the washing had been sufficient. At‘ the time, it was

not certain jﬁét what hydrogen sulfide evolution indicated

insufficient washing.
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MANUFACTURE OF,SYNTHESIS CATALYST
BY THE I.G. FARBENINDUSTRIE
Two types of catalysts‘had been preparéd:
1. iféﬁl(ammonié-ﬁypé) catalysts
. 2. Precipituted cobalt catalysts
The first of the iron catalysts described was toat - Iron
. . : Catalyst
used in the experiments wherein oil was circulated with Used With
- C _ 0il
the synthesis gas to aid in the removal of the heat of Circulation

reactidﬁ. The following materials were fused in a stream

of oxygen:

1000 grams iron powder
25 grams silicon powder
# 25 gram3 titanium oxide
50 grams potassium permanganate

a——

The fused coke was broken into 8-12 millimeter particles

and reduced with hydrogen at 850-1300°F. (450-700°C.) pref-
erably at 1200°F. (650°C.) . ; .

In addition to the Eatalyst with the above compo-
sition, which héd been used in most of the work reported,
it was stated that several other ammonia-type ca?alysts,‘

with various aétivating substances, could be uged for the

¢

synthesis reaction-'
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- The second 1ron catalyst was not,wfieggri‘bgd..‘ in any Iron
_ - : , Catalyst
:detail, the fqllowing‘being a summary of the inform- Used With
s ‘ L 4. Ges .
tion given: | ' ) Circulation
Iron oxide was reduced and sintered at 1650°F.
(900°C.). Any kind of iron could be used, but it appeared
that better catalysts. could be prepared from iron powder
cbtained from the decohpcsitibn of iron carbonyl. The
incorporation of small quantities of alkeli (less than
1% scdium carbonate) wes beneficialto the catalytic activ-
ity. The sized perticles from the fused catalyst cake
had & speciflc gravity of 7.5 and an apparent density of
2.5.
The method of préparation of the cobalt catalysts Precipitated
. . : Cobalt
was sald to parallel closely that used by Ruhrchemie , Catalysts

with”t'h'e posslible exception of the reductlion process.
.In contrust to the conclusion by Ruhfrche'miewtf,hatAthe '

1 cataiyst. mst be rec_luced. in a‘sh_allow bed, it was stated
that no essential d.ifi’er:encé had been found betyeen re-
ducti(;n in a éhé.llow bed at 65C-750°F. (350-1&OO°'C.)_ for a
short time and reduction in a deep bed at 390-570°F,

(200-300°C.) for a long time.
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7 MANUFACTURE OF SYNTHESIS CATALYST
BY THE KEIILOGG COMPANY

!

i

The preparation of the synthesis catalyst has been
m:de only upon a laboratory scale. The methéd followed
vas, in general, similar to that used by Ruhrchcmie, but

waes different in at least tﬁo”fé@ﬁéct34wﬂ~;~4

1. Potussium carbonate was used as the pre-:

cipitaznt instezxd of sodium caroonate

2. The precipitate was held much longer.

.n contact with the precipitating solution.

The nitrates of the catalyst conatltuents were

dissclved in an amoant of water sufficlent to e ke o

thick paste when stirred into the kieselguhr. The

paste of the nitrate solutions and kieselguhr-was quickly -

added to the boilirg potassium carbonate solution

(180 grams KéCOj per liter). The mixture was stirred
until uniform; brought to boiling aend boiied fof ;0-15
minutes with continuous stirring. The hot mixture was
‘filte;éarand washed with hot, distilled water, .the fil-
tering and ;ashing requiring about one hour. The washed

catalyst was dried, sized and charged to the reactors.

f‘llhe_ca'tél#st was reduced, in the reactor, qt depths -

“Prom one-half to three feeb (15 to 90 cm.) by treat-

N
mént with hydrogen for four hours at 800°F . (430°C.).

(99)
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