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the early part of 1945 as the Allied armies advanced, Germepn labora-
2nd plants became available for investigation. Since German develop-
k had been hidden from the eyes of the world by the Reich’s national
of secrecy, and by 5— vears of war, it was obvious that much might be
rom such 1nvest1gatlon. In partlcular this was true in the syn-

. an eGuivalent number of British investigators during 1945, and func-
: . ) h a reduced staff into 1946. German work in the synthetic liquid-

Eﬁeat deal of information possible of direct application, and much
o of a fundamental rature to help guide research work in this country

rs' was uncovered. Studies of the German industry are continuing,

sses far producing oil from coal, The related fields of coal
y oxygen production, alcohol mamifacture, lubricating-oil pro-

- the production of wexes and edivle fats, as well as a variety of
als were an inhersnt part of the 1nvest1gatlon.

ther parts of Europe by the Technical (0il Mission, operating
aluspices of the Ministry of Fuel and Power for Great Britain end
Administration for War and the Bureau of Mines for the United
18 being published in accordance with the policy of the United
eroment to meke available to the interested public the results of
igations of enemy research and industrial development.

We Ce Schroeder, Chief,

Office of Synthstic Liquid Fuels,
Bureau of Mines,

Washington, D. C.
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THTRODUCTION ' X

The principal equipment in the catalyst plants at Iudwigshafen-Oppau
Q%innspected and is presented in the form of flow sheets for the manu-
“ture of four of the principal catalysts. The equipment is in many cases
lg épecial design rather than stock items that was built by the company and
i®diried in the course of the growth of the high-pressure synthesis of hy-
arbons in Germany. It is believed that if the manufacture of catalysts
ere to be.undertaken elsewhere, the selection of equipment for the opera-
’gisﬂinvolved could be made successfully from the guidance furnished by
ather general report. Five additional catalysts are. described, also.

VCATALYST“5058 FRCM FRESH TUNGSTIC ACID . :

'Tn a supply tank of about 2,000 liters capacity, 500 kg. of tungstic
WO~,HéO)‘that conbains about 92-93 percent of WO, is dissolved at

09 ¢7 in 1,500 iiters of mother liguor. The solution is effected. by
“iing for about 1-1/2 hours, The mother liguor is obtained from a

yvious lot of catalyst and is first adjusted to a concentration of 13
%int IH. by paseing in gasecus epmonia. The solution is allowed to

A withdut stirring for 1 hour, then is pumped into the saturating ves-
-ough a cloth filter (three-quarters hr. to one hr.). The saturator
od with H,S and thereafter the solution, which has been cooled to
59C,, is heated in an atmosphere of hydrogen sulfide with stirring
ibout 70°C, This charge is slowly cooled to 509, and then more rapldiy
bout 20°C. (time of cooling 6-T hours). - :

The precipitate of yellow salt (N )oWS) is fed to the suction filter
Stirred. -

Nltrogen under pressure of 1/2 atm. is used in the filter. The mother

a collected In g stirred storage vessel and is used subscquentiy a3
ort ﬁqa_above. The decomposition of the yellow salt is carried cut in a
rew-conveyor furnace in a stream of hydrogen at 400-430°C, The black pow-
W?g) is cooled at the cnd of the furnace by a siream of nitrogen. The
ty of the furnace is 1.2-1.5 tons per day.  The black powder-is then
- in a harmer-mill until 70-80 percent passes through & 1CC-mesh
{Important not to grind too fine.) 10 mu. pellets are then mede
lian press flushed with nitrogen. The sharp corners of the pellets
ioved in a rotating screen drum, and the Tinished catalyst is packed
Ls that avce filushed with nitrogen.

8% 5058 from Rogencrated Tungstic Acid.

he"used catalyst is crushed to picces of about 2-5 mm, and calcined

volving oven that is heated externally. The product is ground and
Yod 'in the supply vessel in mother liguor that is then discharged in-
ttling vesgel, Further operations are the same 2s in the method of
on from new tungstic acid. The crushing strength of the pellets
300 kg, per S0. CH.
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Begeneration of Catalyst 5058.

The pellets are ground, together witk the dust thav had been yq
by screening, and are calcined at 600~30C° in a stream of air in 3
heated furnace. The caloined material is »rocessed in the same way
ilow earth. )

IIT, -METHOD C PREPARATION OF CATALYST Ehzh

[
i

300 kg. of Terrana A extra (Deggendort) is etched with B4l kg,
percent hydrofiuoric ecid in a Stirred pen For abous 15-20 minuteg g
nary temperature, 500 liters of a 10 percent solution of yellow saj’
{armoninm thiotungstate} is alded slowly, end the pan is heated with
in 8—lO'hours, the charge is dry. During a further two hours, it is
The cooled product is broken up in a special hemmer-mill fitted Vith
wn, screen (Schlagkreuzmuhle) and 1s then deconposed in s gCrew~cony
furnace at L00-430°C, in the presence of hydrogen and hydrogen sulfi
The discherge end . of the fwrnace is cooled with aitrogen. The capas
the furnzce is 1-1/2 tons/fddy. The cooled product is again ground i
hammer-mill, passing out through a 1 mn: screen. the ground produc
wetted in an Eirich mixer, each 20 kg, of product receiving 6.2 to
of water, The mass ig then pressed through a 3 mm. screen, 0
is fed to the Kilian bress, where it is made into 10 pm. rvellets (capa
T00 kg. per day). The pellets are alloved to stand in the air for sey

“hours, are tumbled in a screening apparatus and then dried in a drying

oven or an electrically-heated vertical-furnace (up to 200°C. ). The
operation is calcining at 450°C, in = treating furnace in the presehge
hydrogen and hydrogen sulfide. The Finished catalyst is cooled with'n
gen and packed in drums under nitrogen. ' ‘

Regeneration of Catalyst &43k,

The used catalyst has boen regensrated only in a fow instances by
careful roasting at 550-600°C., impregnating with a solution of yellow.
(1 percent W85) end sulfurizing et %509C. The greater part of this use
ccatalyst (several hundred tons) was worked up ¢lecirothermally into T
tungsten at Bitterfeld, In this operation, the catalyst is roasted
then roduced electrotherﬁally, alone or afier admixture with ore.

IV. CATALYST 8376

Commercial alumimm sulfate (Ale(SOh) 18 E;0) that contains abow
bercent Al,0. is dissolved in watcr =% 50-70°C. to an almost saturated)
tion (about 10 percent alumins in the solution}. This solution is allo
to flow simultzneously with = 20 percent ammonia solution into a stean
Jacketed stirred vessel to Precipitate alumimm hydroxide, Solutions
50 added to the vessel that thoro is always a small cxcess of ammonia iD

the mixture, which is controlled by an an imony electrode (pE botween O
10)s 20 cc. of the filtratc rogquires about 10 cc, of N/10 E.S0,., The
cipitate is pumped frop = storage vessel into the Filter press and wash
sulfate-froe with woak ammonia solution (0,1 porcomt). Tho filter cak
{ahout 19 percent solids) is aried in. a drying oven or a rotating-tubé
dryer tntil tho ignition loss of the- product is 15-20 percent, The 4r

¥125 -e-~-
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1.C. 73583

'Kll“&ﬂ press. The pe_lets are calcldeé 1n,an electrlcal_y~heaued
icel furnace in the presence of air =% LsoCe,

The calcined pellets {800 liters) ore impresmated in a vessel that can
-Tlooded with sclution and can subseqiently (i,e. after discharging the
ess of the solution and dra,rlug) serve as a dryer An ammoniacal solu-

of WOE (20 percent) and WlSOh is used several tlme° with discharges of
ubion and drying between each opereiion. The number of gtages is deter-

d by the desired percentage of tungsten and nickel. The dry pelicts
nen sulfurized in an electrically- qeaued vertical Turnace through
& mixture of hyarogen and hydrogen sulfide is vassed at 400-450°C,

salfurized pellets are ground and reforwea in the An¢1an press, and
-su_¢u“1zed in the furnace,

eration of Catalyst E376.

ery 1little of this catalyst has been regenﬂrated. For regeneratlon

lysu tnat has had normal use, the pellets are carefmlly roasted at
1m9rugnated with 1 percent WOx and the corrcsponding guantity of

ptoke ) sulfate, and sulfurized to a salfur content of 9-10 percent in a A
srenn-of hjdrogen plus hydrogen sulfide. Small-scale experiments showved

regencrated materlal had - good actlvity -None, howsver, has been
a‘ commercial scale. -

the recevery of tungstic acid from ecatalysts that cannot be regener-
bne roasted product is ground and dissolved in concentrated sulfuric
The solution is diluted and filterod from the solid residue. - Tung~-
¢ acid is dissolved in ammonia or armonivn sulfide solution and is used
s for the prenaraulon of 90“8 or 0576 The alumlum sulfate solubtion
This recovery of

18 catalyst is a mixture of vasic copper carbonzte, chromium oxide,
de, and bariuwm-oxide, which 18 very effective for the- hydrogenaulon

QwaeSters, aldehydes, and ketones to the corresponding alcohola.
OmPosltlon iaz- '

45 percent copper
.2 percent chromium
2 percent zinc
. 2 percent barium,
Contact ig charged in the uhreduced state -but is reduced durlng ‘the
‘Eenatlon. In its present state, it can be used only in the sump oven
25.%0 be removed from the Droduct after the hydrogenation. This can
,bﬁ" Tiltration, centrifuging or by deécomposition with acid. When
acids, its use is recommended in conjunction with magnesium axide,

-ﬁe Parts of product, 2 percent of contact and 1.8 percent of magnesium
required,

-3




I.C. 7368

The hydrogenaticn Wwith this catalyst is carried out at temperat
between 230 . and ETOOC. and at & bressure of 230 atm, of hydrogen.

The catalyst has the great advantege of not forming any paraff
even at higher temperatures,

Method'of_Prebaration of Cetelyst PH &4,

Materials for 100 kg. of catalyst:

105~108 kg. of sodium carbonste - .
56w59 . kg, of copper, eguivalant .to Lot kg, of Copper nitrat
: ‘solution containing 11,8 vercent of copper.
%.17 kg, 'of bariunm nitrate : :
3.5% kg. of zine nitrate (& mols of water of crystallizatics
293 kg. of chrcmium nitraie
15.5 kg, of sodium bicarbonate,
Procedure for 632 kg, or catalyst;: ) - o
. 10001, of sodiuwm carbonste sclution (12.5° Be!) is ailuted wit
in & stirred container to a sbecific gravity of 8,5° Bet (fipal volumie
about 1C,800 1.}, Into this solution is introduced (at room temperaty
3,150 kg. of copper nitrate solution {comtent of copper is 11.8 perc
The temperature should not be higher than 30°C., and the Ph between ¢
and 7.5 The mixture is stirred for about 30-40 hours (sic), until the
color changes to green. The precipitate is then washed by decantation
times with 10 n” of condensate) until diphenylamine skows the absence
nitrates, After settling,-about 5,700 1. of the clear solution is
. discharged, B '

‘The,barium'nitrate (26.3 xg.) is dissolved in a pressure vessel (2
cu.m. ) provided with a stirrer, in 854.1. of water, The zinc nitrate
kg.) is added to this sclution and after it has dissolved, the chromit
nltrate (37,4 kg, ) 4s added, The chromium nitrate used i
trice-purified grade,

... The solution of mixed nitrates is added through & filter cloth to.
stirred suspension of ‘copper carbonstc (5,700 L. ).

In the meantime, a solution of 100 kg. of sodiun bicarbénste in 1,008
1. of waterds put into a stirred vessel. This solution is added to the
ebove-named mixvturs of Copper carbonate and metai nitrates wntil no fur
ther Precipitate forms. The Tiltrate from the Tinished mixture is weakly,
alkaline, Washing‘by'decantation is carried out until dirhenylamine sh
the absence of nitrates (ebout eleven washings), The filtrate must be
neutral tovards litmus end phenolphthalein, Only when a sample is poile
should the filtrg?e‘turn‘litmus~blue and phenolphthalein‘red.;

_ ATter washing has Yoon find ho T

. and thé cléar liguid abovs the Precipitate
I8 centrifuged, and the sglid drisd at 1200, .
_hammer mill (SchlagkreQZmuhlc);” o

1125 | i -k -




1.6, 7368

 PREPARATION ‘OF METHANE-SPLITTING GATALYST * = *

ke catalyst splits methane' in'the prosence of steam at-about 700-750°C.
G COp, OO and Ha.- Its composition is approximately:- - . © - :

510, . 20-21 percent
Aly0; 17-18 rércent
F9285 5.0=5.5 percent
Kic 19-20 percent
Ca0 10-11 pércent
Mgl £.5-10 percent

ec¢ific gravity is shout 1.0,

or the preparation of the catalyst, 18% kg. of nickel powder as a
cent nickel-nitrate solution is diluted with 1,000. liters of water,
jdels  precipitated at 65-709C, with 340 kg. of sodium carbonate (2= a
_ﬁ%ﬁjercent solution). A slight excess of sodium carbonate should be
sents-The total contents of the precipitation vessel ig separated in a
3%& press and the cake washed free from carbonate and nitrate at about
e, HThé filter cake Is blown dry with compressed air for about 15 minutes.

about one-third of this filter cake {about 360 kg.), in a kneading
6, is added 178 kg. of kaolin, 76 kg. of magnesium oxide and 36 kg..
kel powder (as about a 15 vercent solutien}. After krneading, the
5 _spread about 20 mm. thick on plates and ignited for about 7 hours
0°Ci The ignited material is ground to powder. Fifty kg. of this
idor is mixed with 25 kg, of alumina cement in a mixer, with the addition
22 liters of water, screened through a 2 mm. mesh sieve and pressed ina
ing machine to Raschig-ring shapes (16~13 mm. diamoter and 12~1% m.
‘These rings are piled up and sprayed with water twice a day for tlree
O set the cement. They are then packed.

rowm, oxide is a CO-conversion catalyst and works according to the
Ving : : Co

GOy < Ho

_ F9205 86-87 percent
;”Creoi T~T.5 percent ‘
Sodilm and Iron Sulfate - Balance
(approximately 1 percent S0y, )
Specific gravity is about 1.17.

divided into three operatiocns:-

Preparation of fhe‘iroh‘oxide . ,
- Preparation of the chromivme nitrate solution
The further working up of both products.

5o




1:C. 7368 -

For the iron oxide DPreparation, iron sulfate (F6804 7 HEO) is
in water to give a 20-percent’ solution and the solution is pumped -
storage vessel, Sodium carbonate (10+12 percent solution) is put if

bitation vessel; and the iron sulfate is added vith stirring at
30-357C. Quantities are adjusted to give a slight excess slkelinity
end of +the brecipitation, Thc iron carbonate rrecipitate is allowsq
tle and 1s then well washed on a rotary filier with werm water (60~7
cent). Tt is thken dried in'a rotary kiln end decomposed in an anneg,
furnace. The iron oxide formed {about 95 percent FeeO } should have §
red glow.on leaving the furnace. It is then cocled in"a screw-propely
cooler and stored in bunkers, : :

The chromium nitrate solution is rreparced vy dissolving a 34~h0_"
wob slime of chromivm oxide in nitric ecid at about 70-90°C,, with st
The nitrate solution shouid contain a minimum of 15 pe:qent_0r205.;

The further working up of the catalyst consiste in filling = knez

machine with the previously propered iron oxide and adding, with kneg

- enough chromitm nitratc solution to give the desired composition of -tk

- finighoed catalyst (86-87 percent Feg0s3, 7-7.5 percent Crp0z). The Progi
~Trom the kneader is pressed into caked {10-12 mm. thick) eRd is roast
plates in a tunnel kiln at 500—55000.',The dried cakes are broken ina
lindricel crusher. The Tincs (undor 5 mm. ) are screencd out and the
ial above 5 mm. size is agein calcined in a furnace at 550°C. It is thé
screencd into small~kernal size {5-10 o, } and lerge kerncl-size (over:
mn. ) end packed in barrels. '

The fines mentioned above (under 5 m.) after a fine-gfinding caﬁ_
‘used when kmeading up a new batch.

VIII. CATALYSTS 7935 AND 7350
1533 _ 7

The activated alumins is breparcd as described for catalyst_BﬁTé?
calcined pellets are treated in the combination impregnating and drying
apparatus in batches of 800 litors with an ammoniacel solution of MoO
(about 5 percent of ammonia and 12-15 Percont MoOz) until the finishe .
catalyst contains 15 vercent MoCz. After drying in the apparatus at 19

the catalyst is calcined in an o ecirically-~heated vertical furnace in
stroam of air hoated to 400°G, : '

1360
Activoted oluminn is proparcd in the form of cubes by the aluminate

Process, and the cubcs treated in the same way as for catalyst 7935, until
the Tinished catolyst centodins 30-12 porcont M005. :

Begencration of eotalysts 7360 and 7935,

The uscd catelyst is roostod and ground. - The powder is then moistene!
end dissolved in concentrated sulfuric acid; the solution is dilutod and
saturated with hydrogen sulfido, The idmpure precipitate of molybdenum su
fide is filtercd, rocstod and dissolvaed in axmonium hydroxido.

1125 - -6 -




