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THE MANUFACTURE AND REGEIERATION OF FISCHER-TROPSCH C~TALYST
CARRIERES-KULHMAY PLANT, HARUES, FEAXCE.

Introduction.

The manufacture of cetalyet is one of the most difficult end
important features of the Fischer-Tropsch process. Except for
sulphur removel in the feed gas, 1t is the operation vhich has
the grectest effect on good plant operstion. Along with this
step, goes the regeneratlon of spent catalyst which is ecually
important. :

211 #2odern Fischer-Tropsch units have a special departuent
for menufacturing and regenerating cetslyst. This department
ie staffed with well trsined chémists who have at their éisposal
the most modern control eguipment. For this Teason, the invest-
ment and operating costs of the catelyst department form & sizeable
pert of the totsl plant instellation. )

A% the Barrieres—Kuklmann plent ot Harnes, the Fischer-
Zropsch unit employs 120 men as operating personnel. This plant
should be able to produce 350 bbdls. of totsl liquid deily. Of
the 120 men,. U0 are employed in the catelyst menufacture and re—
genergticn. There are glso 80 men, not jncluded in the 12C totel,
doing full time maintensnce.

Description of Haw Materlals.

- The Taw materials used at Harnes afe pure cobalt netzl, mag-
pesium oxide, thorium oxide, and kieselguhr. These produce new
cetelyst as oprosed to the regeneration of old catslyst which is
= sepzrzte operation. Their percentage by weight of the finished
cetelyst (in the non-hydrogenstec rornd is as follows:

Co 18.0 %
kel 1.8
ThOp 0.9~
Kieselguhr 79.3
100.0 $



It must be stressed that the above analysis ig in the unre-
duced form prior %o hydrogenation, as after the catalyst is hydro-
genated 1t 15 extremely pyroforic and can not be analyzed.

Other chemical agents used are nitric acid (36 Be) and
godium carbonate'(lo',% strength) . The exsct. quentities of these
used can not be defin tely stated, bub is approximatelyﬁo—so Kz~
of H X0z and 90 Eg of Nao 003 to produce 100 Xg of finished
catalys%.

Purity of Raw Materials.

The raw meterizls uged must be extremely pure. Small traces
of impurities will poison the catalyst, €.8s Ca0 & Fe.

: mast be at least 99% pure. The remsining 1% is
- rickel. Before the ‘war the Kuhlmann Co. obtain-
+ f=cm the Belgian Congo. This ore, in 1its
patural form is known as Katanga. Since the war, this supply
has been cut o azd snother source ijn North Africa was used.

The latter w=s not as pure as the Katangae and had to be concen-
trated by a process similar %o the Parks process. The ore ig dis—
golved in nitric acld and passed over a ped of vure cobalt. The
pure cobalt displaces the covper and nickel in the pitrate solu-
tion. The twec latler elements settle %o the bottom while the
_cobalt nitrate is removed from the top.

ed thelr cooe-

s ]

The thorius oxide can not contain traces of lesd or phosphorus.
Ths celcium oxide content must be less than 0.2% by welght.

The kleselgu®T used most be of 2 certzin type. It must not
contaln iroxn oT ime. The Si0p content must exceed 92%. The
sand content can not exceed but a fev percent. All organic
matter must de ~emoved by roasting at 8C0°C. but this temperature
mast not be zreztly exceaded, as the structure of the particles
will be destiT<y ed.

‘fhe Gerzen rieselguhr from Kieselguhr Industrie- Hannover, .
Yo0.120, 1s oze of tre vest. It contains some impurities but has
,e_xce_llent size proverties.

The Johns-Manville WPi{ltracel will work well. Its chemicel
comnosition is purer than the Germen, nwat its size is not &8 aCcu-
rately controlled. :



The French are currently getting their kieselfuhr from the
central part of Frence - (Murat). It is not as good as elther of
the sbove but will work reasonably well. The greatest difficulty
is apparently in air blowing the material in such dway as to re-
move the sand and not incur great losses.

Finelly, the nitric gcid used must Dbe made from distif{éd
water in order to avold all traces of CaO.

Description of the Catzlyst Manufacture.

All of the raw materials, except the kieselguhr, are placed in
one of three mixing tanks. These tanks are so arranged that two of
them can quickly and simultaneously dump their contents into the
third. Along with the raw materials in the first tank is oput the
required quantity of (36 Be strength) nitric acid. Mechanical . ’
agltation is used to assist the reaction. Distilled water, up to
1000 liters, is also added. The gecld quantity is 20% in excess of
that required theoreticallv to nitrate the magnesium and thorium
oxideg, and the cobalt.

The reactions in fis operation are:

TnO, 4 ¥HNOy ——-—----3 Th(NOz)yd 2H0
Mg0 4 2ENO; —------ 3 Mg(NO3), 4 HO
Co $ 2HNOy  —----m- 3 Co(N03)p + Hp )

In the second tank is put 10% strength sodium carbonate and up
ts 1000 liters of distriil=d water. The contents of this tank and
the nitrated products of the first, are now quickly and simultaneous-—
1y dumped 1nto a third larger tank. This tank has mechanical agi-
tation and is heated up to 1009C. The pH of the resulting mixture
is 7.2, slightly on the alkaline side.

This is most important, as under no circumstances must the
formation of bicarbonates occur. The boiling temperature also aids
in releasing COp(especially with the cobalt salt) so that the
final reactions are!

CO(NO}) 2+ NaZCOB— XHZO - ----- > GO(OH)z 4 302 4 2Nan03 =3 ‘(x—l) 320
Hg(NOS)a + NB.EGO3 - e > HgCOB ) 211aN03
Th(N03)h + 238.2003 ————— > Th(003)2 + lm.;}No3
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The kkselguhr, meanwhile, has been heated cerefully to 800°C.
to remove all organic material. It is now added to the mixture
jp the third tank and thoroughly stirred and agitated. The pres-
ence of any bicarbonates would tend to destroy the efficiency of
the kieselguhr as a8 supporting medium, and for that reason all the
1stter must be removed before the kieselguhr enters the third tank.

The slurry is now sent through a serles of washes with dls-

- tilled water. The first 1s through a plate type filter press. It
is most importent that this f1ltration be done very qulckly. At
Harnes there ere two of these in mr=llel. Kext, the slurry
enters a horizontal mixing tank with a screw type agltetor. More
distilled water is added here. After puitable stirring, the
slurry is fed into an Oliver rotary type filter where the extrsn-~
_eous water is removed. Following this, the slurry enters an
extruding type tress (celled "Strangpresse® by the Germans). Here
the wzter conteni is reduced ;’to,60‘,fb. It then passes through a .
dryer vhere ze water content is reduced o 658%." The dryer-is™
gtesm hest ed zni mainteined at a temperature of 120°C. The cata-
lyst rests on zoving belts in the dryer. The time of passzge is
2 hours.

The catslyst is now ready for sizing. The optimum size is
that of a pea. It is vut into a unit with a screen bottom, U4 mm.
mesh size, and a sweeping broom device which forces the catalyst
through the Besh. It f211s onto a vibrating inclined screen
vhich removes the dust and flnes. Thess are collected and re-
turned to the norizontel mixing drum for reprocessing. The
gsized catalyst pariicles are now ready for reductlion by bydro-
» genation. ’ ’ ’

The pellsts are plzced in a specizl type of container, having
conicael ends pired uwp to a closed hydrogen circuit. The pellets
rest on a screer trsy and can hence be easily exposed to the hot

4]

&
gos. The hyd-ozen is heated up in a furnace to 350°C (in Germany
4000C.) before entering the container. Since the reduction of
the oxides =né carbonates produces water, the exlt gas must be
dried. This i3 done by passing successively through water cooled
coils, ammoniz codled coils and finally silica gel, returning to
the hydrogen heatsr for recirculstiosn. This step takes aporoxi-
mately 1/4 hour. :
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The reactions here arel

Co(OH), # By =" > Co'4 2HO (70%
Co(OH), + 1/2 Hy -—-——"73 Co0 + ExD (30%
2Mg(CO3) 4 2Bp  --—-C > 24g0 + C0p 4 20
Th(coq), + 2, > Tho, % 200, § 2Hg0

When the reaction is complete, the reactor is cooled and filled
with COp. The contents are trensferred to a closed bucket contalner
and placed 1n the reactor, still in a oo atmosphere. If alr comes
in contact with the reduced catalyst, a violent fire will occur as
the material is extremely pyroforic. The COp is purged from the
.- gyatem as soon as the hydrocarbon feed entere the reactor.

Regeneration of Spent Catslyst.

The spent catalyst, contelning cobalt, cobalt oxide, magneslum:
oxide, thorium oxide, and kiegelguhr, is dumped into a tenk with
(36 Be strength) nitric acld. A emall guantity of sulphur will
also heve accumulated from imoure feed gas.

Thé reaction is apuroxiﬁateiy as féllowsi
Co 4 CoO & MgO + ThOp 4 MgSi 4+ S & ENO3 -----—-- ->
CO(IWB)Z $ Hg(N%) ot 'l"h(NOS)u 4 Ca(NO3)2 4+ HoS04

This eguation is not exactly balanced. XFurther, the quanti-
ties of magnesium and calcium silicate and sulphur are very small,
resulting from the decomnosition of the kieselguhr, but are very
important and must De removed. The guantity of pitric acid re-
quired is thet which will completely nitrate all the oxides and
silicate. It is found DY experimental procedure. As a test, the
‘nitrate materizl when roasted must appear gray and not black.
Otherwise the cobalt oxide has not been complet ely converted to
cobalt nitrate. Mechanical agitation alds the reaction.

The slurry is pumped through a plate type filter press, ¥#1,
where the bulk of the spent kieselguhr is removed. This 1e not
recover=d. The cake is washed by distilled water to remove all
valuable nitrates.



This solution, after leaving filter press #1, enters another
tank wlith mechanical agitation. ZEnough sodium carbonate is added
to result in a FE of 4.2.

- . The reaction.is aproximately as follows!
Co(N03) 5 4 Ca(NO3)p 4 T(NO3)y + Mg(NO3)p + Xiap O3
---— Co(0z), 4 Ca(NO03), 4 Th(CO3), + MgCO3 + XHapNO3 4
Fa;80), & traces of Te (om)

It should bz noted that the cobalt and calcium nitrates
are untouched ss long as the pH remains 4.2. This allows for
their separziicz from the imsoluble carbonates.

The msuli:zZ siurry now enters & plate type filter press ¥2,
z m and thorium carbonates snd the sodium sul-
phate is rezsvecd as spent ceke. The solution of cobalt and
traie then goes to 2 settling tank into vhich is pumped
a solution of sodium fluoride snd distilled water with the

The resul:i=z slurry goes to a final plate type filter press
#3 where the @lc:izx fluoride is removed and discarded. The puri-
1s pnow ready to use again as part of the re-

- .

genergted cataliyss.

¥

The spent czie from filter press #2, consisting of Fep(0H)E,
MgC0z, Th(C03) en2 Fep0), now goes to a tank with agltator and
1s nitrated wit: 35 3e M0z, From here, the slurry goes to
_another tank whers =z controlled quentity of sodium hydroxide,

. 20 grams/liter, is sdded. In so doing a double thorium salt is
formed, NaoSOy & S03TnG, which is soluble. The iron and magnesium
nitrates are conversed to insocluble hydroxides. The double-galt
will not decompose ai amblant temperatures.

Filter press #4 removes the Feo(OH) gand Mg(OH) 5. The solu-
tion of the douhle s=1t now goes to a steam heated tank where its



temperature is raised £boveg0° C. This causes the double salt to-
decom-ose into Th(OH) and Na,SCy. The former 1sremoved as spent
ceke and in filter press #5 and is ready to use again as part of
the regenerated catalyst. The sodium sulphate solution is die—
carded.

Fo attempt is made to recover the magn'esium hjd;-oxidé as
jte value 1s not sufficiently great to warrant the effort.

10th January 1945 R.C. ALDRICH,
lieut.,USNR (Navy ALSOS)
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