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(Second article. Reeults of study of waterials
of a RussSian Cpmmission for the study of svnthetic
©  fuels in Germany, July, 19¢5§ _
: The imporuance of the cat alvst is except 1onally great in the
produotion of syntnetic fuels and o*ls T - .

: A knowledge of mata. ystsapd of %the conditic <7383 fo‘*‘the'iw use
is liks having a key to -unlock production secrets. of the synthetic
fdel_manufacture, whicn_has_peen uidely used in Germany. - e

, It is difficult.to hide from an observer $ eye the 18 w con-—
verterss sizes of furnaces or the different equipment, which eare-
integral parts of the synethtic plants while when telling about
catalysts secrets are ezslly kept, which makes it not impossible,
thet the information_given us by the German specialists will ccn—
tain aome inaccuracies and omissions. -

| CATALYSF FOS THE HYDROGENATION OF COALS -AND-
B ~OF THE PRODUCTS OF THEIR THERMAL - s
— e © TREATMENT. ~ ' o

- The preparatior of catalyst° re31stant to poisoning with sulfur,
to be used in the hydrogenation of coal &nd cf the products. of: their
" thermal decomposition, was the turring pcint in the development

of synthetic fuel wmanufacture &after which the development of Industrial
hydrogenation, was qulckly brought to conclusion. It has, however,

been found necessary to forego thé hydrogenation in one single '
step, ‘because of the necessity of working with very low partial =
pressures of the material (and therefcore also with small ylelds of -
the finished product) in order to avoid the poiscrning of.tihe _
catalyst with asphaltic products. This has caused the treaking

2p of the process into two steps, the liquid phase and vapor .

phase gxgrqgenation~

Heavy oil_ (i&i’t b.p. 3% 36o°c~y wag hydrogmtetdn—the _

and at pressures of 275 - 700 atm. CoaL in a p&ste form*~va8
hydrOgenated under similar conditions. .The used-up iron catalyst
was .continuocusly removed from the cycle and.neplaced_xith_ﬂneshA
catalyst. The catalyst was not regenerated S
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yTddie oil, b.p. 200 - 350°C was hydrogsnated in the vapor
prhase, The hydrogenation temperature was 420 - 450°C, with 300
atm. pressure and & fixed bed catalyst (tungsten sulfide).
_Catalysts used in the hydrogenstion were principally prepared
in two main factories, which belonged to the I.G. Farbenindustrile
A.G. One of these was locsted in Ludwigshafen, the other ore in
the town of Lsuns near Merseburg (Leipsic}). . : oo ]

These factories made néw, and rcgematated old catalysts re- .
turned by the hydrogenation plants in exchange for nev. In addition
to these two-catalyst factories there were two others -located :
near the plants in P8Iits and-Schwarzheide. - These latter. two
factories furnished catalysts only for their ocwn.plants, . .

DCL.

the technical per-

. Detch o) IR oa O o -' r—it—oRe 88 %0
P511itz-was made daifficult by the sbsence oOf
sonnel and the accouniing office. C

> -

A, Liquid Phase.Cstalysts.

: ""Cetalyst I". Bog irom ore, or other material containing
dispersed iron oxide, such as the lauta mess. (a by-product of the
Bayer's method cf manufacture of =mlumina,; contalzing =b
iron oxide), the ash from Winkler gas producars working on powdered
fuel, etc., were used as catalysts in the liquid phase- hydrogens. -
tion. This was designated as Kontaki I and 9% of it by weight oY
coal used was added. S S . S

O - “"Catelyst #10927, or "XKontakt II". Yhen tar was hydro-
.  zenated, a carrier coanslsting of iron oxide satiurated-with hydrated
ferpic oxide was used as catalyst. - Carriers were substances used .
as ‘"Kontakt I". Saturation was.done by wetting with a solution of
j}ggx&ngulfa;e~and—sod%um—hydrvxtdej’tﬁkéﬁiiﬁ*éQuivalent amounts,
in & way to produce 5% precipitsted hydrated oxide of irom— -
{es metallic irom). Such a catalyst was listed as #10927,- also
kxgown as "Knotakt II", - ' ~ ) R S
The fresh catalyst was introduced as a paste;, in an amount
of 0.2 - 0.5% of the weight of the tar. The total proportion of the
catalyst paste and tar, used during hydrogenation, was considerably - -
higher: 3 - 4 mw” of paste was used for 20 - 25. ,/hqgg_gf tar, the
paste contéining 30% of the dry catalyst powder., -~ 1.

-~ . Cstalyst "Koatakt -III", We have found indications-in many

- 1 “lew sulfur raw material was hydrogenated, "Xontskt
III" wvas added,; vwhich contained sulfur eithersassodium-sulfide; -
or as elementary sulfur-{about 0.1 - 0.3% of the raw materisl). An-
insufficient sulfur-cotrtent in the raw material would cause & Iower-
ing of sulfur in the prehydrogenation catalyst, which would reduce
its sctivity. - =~ - 7 o ] ' T I
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~ Cstalyst 11002. Before the use—of catalysts I and II {(prior
to the outbresk of the war) a few of the plants hydrogenating.tar
.used a powdered molybdenum catalyst, listed as 11002. We- have not
succeeded in collecting informetion on 1its preparation, and we only-
know that its molybdenum content was low, 2 - 3%. Change from the
molybdenum to the iron cataiyst was caused by the difficulties of.
obtaining molydbdenum during the war. ,

B, Catalfgﬁg'fér the Vapor Phase-Hydfogeﬁation,

The . pre-hydrogenation catalyst #5058 was pure tungste
aulfide (WSp}. It replaced molybdenum sulfide because of its 4
times greater activity. . The amount_consumed was 0.09% of the
hydrogenated middle oll. a - N

: "- One converter charge, weighing 19 - 20 te was sufficiea®
for the production of 60,000 te of products. "The 1ife of the -catalyst
.was 200 - 400 days. The cost of the catalyst was RM 33,890 per te.

- . Preparation.-of the Catalyst. A mother liquor of ammonium
silfide was prepared {from 13Z solution of hydrogen sulfide and
12 - 13% ammonia water)  for ‘the solution of tungstic acid (called
the yellow earth=-in the preparation directions}. - 350 - %0C kg
"vellow earth™ is used for 1100 i+ emmonium sulfide solutlon.
The mixture was stirrred while heating to 70°C, and then settled
for two hours. The solution was filtered, sent to the satursator and
heated to 50°C.. Hydrogen sulfide was asxt bubbled throughs The
yellow salt {ammoniumasulfo-tungstatg) began then to precipitate

“during one half hour., The

and the tempersture was raised to 70
;§EEE£éE92_3éﬁ_Qax;_s1oma5;4xyghsgfﬁﬁffper~hvur?;—Wh1le-passingfhydro-
gen sulfide continuously, the pressure of the hydrogen sulfide belng
kxept 380 - 300 -mm Eg: The yellow salt kept Soming dowvn cortinuously.
The saturated solutlom was ¢ooled to 15 - 207C.

- Should the solution leaving the saturator contain an in..
sufficient amount of asmmonia, more smmonia was added to the

saturator, while cooling it with cold weter to avoid overheating.

_The solutilon must at 211 times zZontain 14% hydrogen sulfide
and 12% smmonia. 400 kg ."yellow earth” produces 500 kg yellow salt,
The saturator was opened after the salt had crystalilized and the
solution with-'the precipitate was suctiow filtered. The salt re-.
mains on the filter cloth, the soltuion was collected. The salt was
tnangferredkzrnmg;he_télter¢glgrh to a drier with e ‘atirrer and dried
for—three—hours-at—130°C. —Thedrier wss-heated with & stesm jJacket.’
Tﬁé’é§§ép1ﬁ“fg§§és‘{hydrogen“suiftﬁst—ammceia}ewerefabsorbedfinﬁ
——— R ; &<

: After drying the salt was dried to 20° (by water circulating:
through & cooling coil) and the 4rier emptiedinto & worm-driven
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furnace,. It_took the salt two hours to pass the furnace. VWater
gas §5~]~6*m3) was passed through the furmace. The worm was -
operated at the same speed ag with other catalystis: three 180 kg..
drums in eight hours. The salt which left the furnace was yellow-
1sh black. As soon as the drum was filled with the salt, it was
covered@ to prevent oxidation of the salt, When the powder was cold,
1t was sifted through's 1/2 mm screen and .ground in an atmosphere
of nitrogen. The ground powder was compressad into tablets and the

catalyst was ready for use., -

. _The preparation-of the catalyst 8376 was begun during the war,
becsuse of the shortage of tungsten. Its composition was: 188 -
tungsten, 2% nickel, 30% alumina (carrier). Its consumption amounted.
to 0.03 kg/te hydrogenated middle oil. The catalyst charge in the
converter is 6 = 7 te. The catalyst can hydrogenate up to 60,000
te middie oil. The cost of “the catalyst was KM I7,4327/te.. .

Preparation of the cataliyst. 200 liters water was poured.=
into & cooled container and 1500 kg aluminum suifate added. The-
salit vas stirred and heated to 6C - 70°C with live steam. After
settling for two hours the soclution was pumped over imto an '
other vat and from there into s mixer where ammonia was asdded while
heating to 90°C. The hydrated alumina was filter-pressed, vashed
for 8 - 10 hours ané transferred to driers where it was hested for
8 - 10 nours with high pressure steam. Yhen dry, the product wes
ground &nd sifted through &6 mm screens. The sifted—product—was
tabletted Lo a pressure resistance of 20 - 25 atm, B

. The gablets vere ignited in & vertical electric furnace at
_890:-- 902~. They vere next saturated with & solution of tungsten
and nickel and &ried st—86—90° The .saturation was doen three
times. The saturated-tabietls were reground and sifted through )

2 mm screens., The powder then entered a worm driven furnace with
_three compartments. Twoc of them were heated from the outside, the
third one was the cold zone of the furrace. The powder was kKept in-
the.furnace for 1 1/2 - .2 hours. Hydrogen sulfice and pure water
gas were then introduced while the worms roteteduniformly.and moved
the powder downwards. The gases were serubbed with sodium hydroxide
to ab=orb the hydrogen sulfide. The waste 1iquor_contained 6 -
nydrogen sulfide and up to 6% ammonia. - About 5 m? hydrogen-sulfide
Ka;BEun through in one hour, and somewhat less water gas (3.5 -~

—_ . The powder-must be pure black when finished, and was then’
transferred from_ the furnece -to the -tadblet press. — The—tabletted
cataiyst—ﬁas~once4m0fe—égaited;in;anuelectrical;yérticéliinrnﬁgg‘
at g20% C in & stream of hydrogen-sulfide. The- tablet machine
operated under & pressure of 50 - 60 atm. Three drums of 180 kg
each of the 8376 catalyst were made in 8 hours. ' ' _—

. _Hydrogen sulfide Vés,broﬁuced'in a special generator £rom

sodtum hydrosulfide—and—75% suifuric scid.- L



-5 _T-18¢6

Benzination catalyst &%3%. 1Its composition was 20% tungsten
and 80% carrier (RBavarian sctiveted sarth, cslled "Terrana”)}. - The
catalyst may be used for up to 3.5 monthis. The“amoqnt*consumed
was 0.07 kg/te gesolline. . T

'Method of preparation., 250. kg bleaching earth "Terrana”
was added to a mixer, then 300 liters diluted Aydrofluoric acld’

{160 kg aclad to 100G, 11i.;water).,  The mixture wvas mixed for 3C
zinutss and 600 1liters of the mother 1iquor of ammonium sulfo-
tungstate was added, whiie running the mixer and heating toc 80 -

G0%. ' The product was dried after §<_ g hours cf such treatment,

and then cooled tc 20 .  The product vad next transferred to a mill,.
ground, and sifted through & 5 mm screen. it was next .sent to &

worm-4riven furanace where it was heated in an atmosphere of hydrogen
sulfide {6 m”) and water gas (5 m°) to-e tempsrature of 920°C. The
exvopmal trestwent lasted-for 2 hours. The product was groundupon .
leaving the furnace, mixed with & small amount of water and -

- tadletted. The tableis were sifted, dried.in & furnace for -pre-
liminery treatment (at 320 - 4000} for about 2 hours. They vwere _ -
then recheated in a " vertical furnace to 1040 --1080°C in an atimosphere
of nydrogen sulfide (6 m ) and water gas (5 n>); This heat treat-
ment BTa0 lasted two hours. - " ' ‘

Catalysts for Hydrogenation Products.

The insufficiently high octane number of the hydrogenation:
gasoline, (F6 - 72 ), which was. the principal source of Germen aviation
_gasoline, has caused.the Cermen motor fuel industry to find mesns '
of raieing that number, This was done in_two ways: by means of cata-

1lytic aromatization(dehydrogenatidﬁ)'of the hydrogenation-gasoline .
{the so-called DHD instellations) and through the production of
4sobutane  {polyrerization of +gabutvlena and the alkylation of
f1sobutane with butyiene). ‘ '
. S v A ,
__ __The principal Testures ox both these methods were solved by
the use of catalysts. - - R a -

. Cétalyst;SGBB“vas*-used_for-%hefcatalyticwaromatiza;igg_g§~*
gasoline'to<raiae the octane- number of the hydrogenation._gasoline.
The catalyst wascomposed of 5% molybdenum_oxide@aﬁd'Qﬁﬁ'alumina
" (according to dats obtaided in-Leuna;-&ccord&ngeto—inﬁonmaﬁion )
from the town of Most, molybdenunm oxide formed G% of the catalyst.

Méthod of Menufacture. The technicsl’grade of aluminum oxide -
vas plasticized with water and nitric acid in- & kneadilng machine,
and shaped into cubes om & rorier press. The cubes -wers dried

1nﬁ%dﬁgﬂ¢ed—a£l#§eg»C,m,Ihe_cnhaﬁ_iEi§iEE§E£§E§9771fh*8*3°*&gaa*
; h o way as to leave 5% molybdenun —

ZXesigi{ode Q] £0 T LE & 336G &,

o - &R A
oxide in the:finished product. o e -

- catalyst 6%48 was usedfor -the debydrogenation of butane
into butylene. It was composed of}90%“§1umin§j’2% potassium

oxide and 8% chromium oxlde.
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. Hethod of mezufacture: 22.35 kg actlivated alumina {list
number 5780) 2 kg of an cther activated alumine (1list .number
5780-100), & calculated amount of potassium hydroxide, chromic
anaydride, as well as 2 1/2 liters of 62% nitric ecid and 7 - 9
liters of water were mizad for 30 minutes in a mixer, formed into
vells, dried for 16 hours at 150° aad ignited for & hours at 450° -
(to Gestroy -the nitrates). A S .

. The.polymerization of isobutylens iantc isooctylene was ~ -
made with ths help of catalyst 2730, coansisting of activated carbon
saturated witrh phosphoric ecid, and conslisting =f 25% phosphoric
‘acid, 60% carbom and 5% water. . T

. Method of Freparation: & kg of activated carbon were mixed
with 5.12 kg phosphoric.acid and 4 -liters of water.  The mixture
vas permitted tc gtaud until the carbon wis scaked through, and
dried at 80 - 100%s _ Co L L L

Catalyst 4821 was used for the pglymerizstion of isobutylene.
The catalysts comsistsd of asbestos saturated with pyzro-phosphoric
acid, {25% asbestos, T75% pyrgphosphoric acid). _Orthophosphoric = -
acid was concentrated at 260~ for theﬁconversionrinto—pyrophesphoric
cid; 16 liters of the pyrophosphoric acid were mixed with-8 kg. -
asbestos, the mizmture shaped and dried for 60 hours at 150°.°
Catalyst 3076:was used £or the hydrogenation of iscoctylene
and isococtane. It vas composed of 1 molecule of nickel sulfide
Bnd 1 molecule of tungsten sulfide. ‘

} A AN : _ L

Method of Preparations. 50 kg nickel Vere-&issolved ia 60%
nizrtec acid and precipitated with sods (90 kg). The carbonate was
filtered, washed; dried, ground snd-sifted. = S - -

, 50 kg tungstic_acid {EpW0i) was added to 25 kg mickel carbonate
and 25 kg of water, - The wixture was siirred smud evapcrated ‘to. 8 -
thick paste, dried counter currently for 12 hours and ignited at
X000,  The mixiure was next ground, affer nhaving about 1% graphite
edded to it, compresss&d, reground and compressed into 10 mm -

m;~54~ — - . B - . - .

CATALYST FOR THE FISCHER TROPSCE GASOLINE PROCESS
. 'Thé@caléulated ¢¢mpoaition cf the—cataiyst: for every 100 g.
metallic cobalt ithere was 5 g thorium dioxide e o
S A - 310 - 11 g. megpesium oxide-
e ————— 200 g Kieselguhr - -

The  raw materials were used in the farmfdf“nitratetmsjihe-
solutions were kept 'in separste containers. A mixture of the
three nitrstes was prepared-of the.  follovinz composition:

Co{NO3)o 40 g Co/lt’
_Tni{NO3}y 2.4 g ThOp/1i
big ﬁro.-j}2 ga = =7 ;.H .
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The mixture of the nitrates wes mixed to 100° snd poured -
rapidly intc & solution of scda {104 g/11}, also heated to 100°.
The volumes mized .were L.3-1.4 w’. The mixture was then vigorously
stirred for 3-4 minutes. _Xieselguhr was added nexi, and the
mixture re-mized. It was next filger-pressed, washed with distilied
water until 100 ml wash water weres ueutralized with 4 mis{sic}
0.1 N sulfuric scid. - T

The filtered sluége:wag'mixeé-wibh the dust reSiguéwéf,thef~
catslystobtained-previousliy and pressed in-a&-Wolf yotating press.

"7 The pmessed mess wes dried in e driler {at 95 - 10%°]) to &
water cortent of 4 - 5%, crushed and 3ifted into lumps 1 - 5 mm in
size., The catalyst was next reduced at #00° for 50 minutes im a
rapid stream of hydrogen. ' S ST

V.M. Sternberg
12/11/4%6



