I.C. 7375
(E) Methods of Manufacture of Catalysts for Hydrogenatiun and
related processes,

1. Molybdenuerrude catalyst (for liguid phPse hvdrogenatlcn 3 heavv oils).

Cam9051tlon' “Grude _ 98% : e ,
: HUQ3 : .22 - . .

- Grude - containing 40-50%- ash (ubtalncd by‘uarncnleatlrn of brown
ccal in a Winkier generatcr) is treated with sulphuric acid to effect
90% neutralisatiocn -of its alkallnlty. The neutralisatiwn is made ne-
cessary by the fact-that alkeli poisons the melybdenum Catalyst The
Grude is impregnated with an ammonia molybdate solution to glve 2% McD

“in the finished catalyst. It is ihen dried at 140°C and ground to a 3
fine powder (60% thrcugh lO 000 mesh). The catalyst is used as. a 4L0%
paste in asphalt-free cil, ' o

Iron~-Grude Gétalyst (for liquid éhase hydfogenéfion of heavy oils).

- Composition: Grude ' - .- 90%
T FeSO,.?HéO 10“

thesised - o For thls catalyst the Grude is not neutrallsed ‘The - impregna~
acetone - tion with hot concentrated iron solution is carried out in a screw con-
dimethyl—- . Veyor. An amount of NaOH solution équivalent %o the iron is then added,

ow bo.glye The ecatalyst is drled to: an 18% water conbent and then pasted w1th oll.
tetramethyl _
5058:  Vapour Phase Saturatlon Cgtalxﬁt (also used An T T. H. process and

- formerly used in a combined saturation splitting process).

CompDSLtlon- Sy 100%

5@8 kg. szO 5. alkall and chlorlne free, is dlssoived in 1200 it~
res mother liquer in zn aaltator. - The mother liguor, from an eariier op-
eration, contains 9 - 10% NHa; - 12% H,8 and 2 = 3% WO, as (NH, ) WS,
in solution. Before adding he th » hoWever, the NH cgntent of the
mother liquor is brought up to 12 - iB% by addition of liguid ammonia.
Solution requires ca 13 hrs. at 150 mm Hg pressure.and 60-70°C, and gives
- a solution containing the-equivalent of 27% W0,, 3 - 4% W0, remains un—
dissolved and is flltered off as a sludge; the sludge. contains some silica -
and is returned to the H,W0, plant. The filtered soluticn is introduced
at 509.C to either of twd siturators whére it is gassed: with 1,5 under
200 mm. Hg pressure. whlle stirred, = During the first nalf—hour the tem-
peratire is rzised to 60°C and then maintained.at 40°C for 3i-5 hi rs, Af-
-ter a further 2 hrs. =t 50°C the solution is cooled to 200 G over, 22 hrs,
" being- stirred under H,S all the time. Yellow crystals of. (Nﬂh) 2 ’!.Szp
'separate and the flltered solution shows only hg“O /lOO cCS.

The yellow crystals are filtered off under O. 5 atm. nltrogenopres—
‘sure and after running off the filtrate a current of nitrogen at 607 ¢
is’ drawm through the cske., - The yellow salt is finally dried at 100-120°C
in nitrégen in a rotai: ng or stirred drier and tnen has the follow1ng com—
pesition: ' 9-10% NHg; 54% W, 36.8 - 37.0% S. g
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. _..The degcompogition of the yellow salt to U3 is carried out in’
scroll-type furnace which has two passesyezch 8 X long.- Ihé first pag
is electrically heated along the whole of its length, the second pass
along only half its length, the second half of the secend pass serving
as an atmospheric coocler. The meximum temperature of the hot ssction
of the furnace is maintained at-420-450°C and the residence time is ¢
hr. -A hydrogen rate of up to 100% in excess of the theorgtical require
ments is maintained through the furnace., The black powder has the fo
lowing ranalysis: 73-74% %, 25-26% S, ca 0.1% HZO’ OLl—O.E%fﬁzsoh; oo

' The powder is milled in & hammer-type ﬁnschlagkfeﬁzu) mill ta:t
following grading: - : : : S

* £

70 - 80% through 10,000 mesh

. 100%. - % ... 7,000 .
and is then pelleted, The last two operations.also are carried oub in
an Ny or CO atmosphere and, afier breaking off their edges in a rotar
sieve, the pellets are stored under Np in gas-tight drums, since oxide
tion by air results in =z loss of .activity which cannot be restored.

The life of the catalyst depends on the nature.of the middle roll
but normally extends to two years. then used in the T.T.H. prodessy th
life depends on the ash content of the chargs. Although the activity
sometimes 'be restored by ‘grinding and re-pelleting, it is eventually
necessary to regenerate by irossting pellets to Wiy in air.andfrepeatiné
the whole prepzration via the yellow salt. '

64,3, ¢« Vapour Phase Splitting Catelyst (has ocdaéionally been used direct
on petroleum {120-3259C) and brown coal tar middle oils).

CdmpésitionE.-Terrana (Fuller's earth) = 90%

ifot all Fuller's earths are catalytically active and it is necess
ary to-test each particular sample for activity. 200 kg. earth,
of ‘107 HF and sufficient tungsten solution to give 10% WS,, in the fin
ished ‘catalyst are introduced into an Eirich mixer =nd the mixture kneat
© ed for half an hour. The tungsten solution is prepared by dissolving ' -
yellow salt in mothsr liquor to give a solution. containing 75 - 80 g
: W03/1.°'Th§*slurry From the mixer is dried in an L.P. steam~héated stir-
red pan at 120° C. _After .cooling, the product is coarsely milled and -
then sulphided in‘the 5058 seroll-~type - furnace ~temp, 425°C; residence
time 1 hr, atmosphere Hy4HoS. “The sulphided powder is cooled in’'a nit-
rogen stream, kneaded with 206 of water in a small Eirich mixer and
then pelleted damp. The pellets are first allowed to dry in the air

for 3-4 hours and then .dried at 120-130°.C in an inert atmosphere. Fin~
211y, thé psllets are heatedin'H, to 80°C for =z day, to 120°C for 2
days, to 450°C for 12 hours and +8en cooled off in a stream of Np.
Packaging and storage are on the same lipes.as for 5058,
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"5, 3510 : Vapour Phase Aromatising Catalyst - now suspended by D.H.D.
Process, {has been used as a saturatlon catalyst and as catalyst in the
T.T.H. Process) i .

Comp051t10n- MoOg . 53.5%
Zn0 30%
Mg0 16.5%

21,6 kg. of MoO3, 12.15 kg. of 7Zn0 and 6.75 kg. of Mg0 are mixed
dry in a mixer for 5 minutes; 15 - 17 1. of water are added and further
mixed for about 20 minutes, The paste is spread on trays, aliowed to stand
for 2 - 4 hours, cut into pieces and further dried for about 12 hours at
120 - 140°C, After drying, the catalyst breaks up into separate pieces
which, after sieving, are used as catalyst. . The sieving is carried out
on an 8 mm, mesh screen and gives 7 - 10% flnes, whlch are added to the raw
materials for the next batch. ,

If required in the pelleted form, dry cake is ground in a hammer
mill, 8,8 kg. of the powder is mixed with'1.2 kgy of raw materials which
have been previously mixed in the correct ratio and then 8 - 10% water- -
added in an Eirich mixer.. The moist material is then suitable for pellet-
ing. As freshly prspared the catalyst 1s not sen31t1ve to oxygen.

7846 Vapour Phase Saturatlon Catalgst (flrst substltuted fcr 5058
later superseded by 8376). ’

Comp051t10n- A1203 ...'-. 87%v‘
- S Hoog S 10%
3

le 3%
: The caprier is an alumlna that is prepared frcm technlcal alumlna
containing 60% A1,03 and 4OF water.. This alumina is dissolved in HaOH,
and reprecipitated with nitric acid, the acid additions being made as
quickly as possible at a pH of 5.5 — 6.5 at a temperature not exceeding.
50°C, The precipitate is filtered through a filter press and washed with
. water for a short time.-: ‘After re~slurrying with water, the alumina is
- again filtered 8nd washed with water until alkali-free., The filter czke
is dried at 200°C and then powdered, After peptizing with about 2% HNO3,
_the paste is spread:on aluminum trays, partially dried, cut into cubgs of
1~ 2 em, sides, slowly dried and then caleined at 400 - 500°C. The cubes
aré washed with 5% ammonia solution and again ignited. They are then
oaked with an ammoniacal molybdlc acid solution, dried, soaked with a sol-
ution of nickel carbonate in acetic acid,and finally 1gn1ted at 500 ~ 600°
C. If sulphuric acid is used in place of nitric acid, NiSQO, is converted to
NiS in the presence of H2 at LOOSC.

3376 Vapour Phase Saturatlon Catalyst (has alse been used for the T,T.H.
Procesa, for reduction of higher alcchols and for hydrogenation of di-iso-
butylene, Sometimes known as 7846, 250).

Composition: Al 03 70%
WS 27%
NiS 3%
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-The alumina_used-as carriar is prepared from technical alumin-

jum sulphate containing 16% M,0.. The raw 81, (80,)3 1s dissolved -in

water at 50-70° C. to give 2 -Z13t10n conteinifig 10 =712 A0 and is ©

then precipitated‘with.a 20% ammonia soiution. A slight excess” of, am-"

monia is used, the quantity being such 2t 2C riltrate is eguivals
vate is washed with a

ent to 10 cc of N/10 sulphuric seid., The precipit
tion until free from sulphate.s The £ilter cake is dried

0.1% ammonia solu

to an ignition loss of 15 - 20%. After édditionoof 1% graphite, the mix-

ture is pelleﬁed and the pellets calcined at 450 C. 7 ' :
The pellsts are saturated with am ammonical solution of WO, and”

Ni80, , dritd in‘an 2ir stream at 14,0°C and then converted te the %ulphid

in =n H,5 stream at 400 -~ 450°C. The pellets are then powdered, the pows

der repsllieted and the pellets agaln trested with H,S. B

3. 561?;; Vapour Phasé Saturation Catalyst. (specially applicablé torﬁydrba*-
genation of di-isobutylene. Has also been ased, for reduction of higher

alecohols and improvement of lubricating oil.)

Composition: WSy © 85%
’ - o R 1 R L

100 parts by weight of HyWO, is mixed dry.with 24 paris of nickel
carbonzte in a ball mill for one. hour.-and then pasted in arstipred-vessé;
with 100 parts water. The paste is dried for sbout 6 hours and the dried
nass pulverized. The powder 18 sulphided to & 28 - 30% sulphur content

in the scroll-type furnace used for 5058, The sulphided powder is pellet
ed in the same way a8 5058. An altsrnative method of manufacture, giv—
ing 2 catalyst referred to as £718, involves the mixing of the correspond-
ing amounts of ammonium sulpho—tungstate and nickel carbonate in a ball

mill. The mixture is then conver ne sulphide ab 4,50°C, =nd pel-

ted into t
leted as described in the preparation of catalyst 5058.

ferred to as 5436) - ' )

9. 7360 . D.H.D. Catalyst. ‘(also-re

"ﬁqmposipiop:' A1o0 Q0%

' Mo0q 10-12% - )

red from commercial alumina contalning 50%
Cubes- of alumina are prepared and ignited
The cubes- are soaked with an amroniaczl

ne finished catalyst contains 10-12%
ot 1400C and ignited ab 1,00°C

recned and packed.

.- An alumina’ carrier prepa
A0 and LO% water, 1s used.
as dzseribed under Catalyst 78kb.

MOy so;utioﬁ (20% Nﬂg) so that t
Mo0n, After impregnation,'they are dried
to Pemove ammonis, The catalyst is then-sc

10.7935 : Improved D.H.D. Catalyst. (

y better yield.thén 7360,
b reguires shorber cycle timesje , o

gives siightl

- o Composition: A1203 ‘ 85% - .
o0y 15% o
from technical aluminium sulph-

The carrier is an alumina prepared
1'is brought into & concentrated

ate containg 18% Al503. This raw materia
- 35 -

1199




- P - Jppy . .-

solution at 50-70°C. and precipitated with 20% ammonia solution at
92-959, filtered hot and washed. The Filter cake is dried to a con~
tent of 80% b1,505, pelleted and the pellets cdleined at 450°C. The
pellets are then soaked with an ammoniacal MoOs3 selution, so that

the final cztalyst contzins 15% MoQ After impregastion, the pellets

are dried at 140° end calcined at EOQQ’ until the ammoniz’ is removed.

7019 : Aromatisation Catalyst. . s ?":,-t'_ B

- Compositions - Activated charcoal 80%
Chramic Oxide - 15%
‘Vanadium pentoxide - 5%

inthracite coal, peat and bituminous coal tar pitch are finely
ground, mixed in the ratio of 100:10:40, drisd with stirring.2 hours.atl -
llOO, ground and pelleted. The pellets are lightly sintered in a drying '
chamber at 100-120°C., then ‘carbonised in a rotating kiln at 500°C, and
finally activated in a wvertical-pipe furnace with steam at 800-900°C.
The activated pellets are sosked: first with a saturated (6%) aqueocus
solution of ammonium vandate, andﬁthen with a L0-50% aqueous soclution of
chromic zcid, the pellsts being dried after each impregnation. The
smounts of the sclytions arc.so controlled that the finished catalyst
contains 15% Crz03and 5% V20s5. The ¢catalyst has good mechanical strength
and cannot be broken by handy - - - oo '

¥ethane Stean Catalyst.

... o Composition: NigOq . 25%
S . Cement . - . 28%: .
L 3 - . Kaolin © I 33%-

C..~ . Metallic nickel is dissolved in 40° Be mitric zcid, The resulting
solytion, which is somewhat alkaline from bhe ammenia formed, is precipi-
tated at 60°C with sodium carbonats and ‘the filtered nickel carbonate is
‘washed free from sodium nitrate. The nickel carbonate is mixed with
- sulphur~free Mg0 and kaolin and healed on aluminium trays in an electric
oven. at LOGOC. ' It is then ground to 0.4 mm. size and diked with sulphur-
free alumina cement., After the addition of 15% water, the material is
rapidly pesllieted in a small Kilian press. The pelléts are broken without
delay into 1-2 mm. granules and the granules formed into Raschig rings in
a Wilkinson press. e ‘

Water Gas Shift Catalvst ~ Brown Oxide.

Composition: Fe,0q about-SB%
Crg04 w 15%

Details of preparation not obtained.
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I.C. 7375
14. 6448 + Bubane Dehydrogenation Catalyst.

. Composition: 41,0 90%

22.5 kg,"fingly.powdered'activéted.alumina, 2 kg. water-soluble
slumina, 1.5 kge KOH, 1.6 kg. Crg03, and 2.7 1., 62% nitric acid are
kneaded for about 40 minubes in = kneadér lined with stainless steel..
During the process, 7-9 1. of water are added. The plastic mass is
extruded and then formed inbto spheres on & special-stainless steel
mechine. The spheres are dried at 150°C for 16 hours and then ignited
at 45000 until nitrste-free.’ K0 has proved to be the most suitdble’

alkali for inclusion in this catalyst.

Poiymérisétion (*atalyst.

Composition: Si0 - 6.55%
© Fexd3 - 0.28%

11.09%

C0.1.%

. - 0.09%

Total : 65.73%

Free . 26.75%
1,23%

L6 kg. of phosphoric aeid (1,698 gravity, 8L%. Analysis 62 Jhh%
P05 # 2% HyPO2) is poured into 2 150 1. steel (VLA) pot, and &
suspension of 5.55 kg. magnesia® in 10.1,.Hy0 is slowly added to the
phosphoric acid., This is followed by rapid addition at 80°C of 3.32 kg.
of kieselgu (13% volatile matier content) suspended in 13 1. Hy0. To
this is further added 7 kg, of catalyst powder from a previous preparas
tion which is wetbted with 9 1. Hy0. The total water comtent is 36 l.,
4, 1, having been used to wash out the charging vesselS. The mass 18

*® Obtained_from'“Zillertaler'Magnesitwerka", the magnesia
hag the following composition:

' CaQ . 2.7%

AlQOE # Fez03 1%
Nax0 traces.
cl 0.036 % -
50, 1.9%
Mg0 . 387.6%-_ ,
HQO . 6 .21%: e
805 0.7%:.
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I.C. 7375
stirred and kept at 84-112°C for 22-27 hours. The viscous mass is

then poured on aluminium trays and dried at 120°C under a low vacuum
(40~70 mm.}. The catalyst is then cut into:cubes and dried for an addi-
tional 46 hours at-about 120°C. .The total weight of the recovered
material is zbont 52 kg. The cubes have 2 crushing strength of 7-13
kg/émz and an apparent density of 0.8. s -

6. 6752 : Catalytic,Cracking Catalyst,

Composition: 41503  33% L
510, 67% .

Commercial waterglass solution {263 Si0,) is treated with an excess
of concentrated (76%) hydrochloric acid to form a sol without gel precipi-
tation. To this Si0s— sol aluminium nitrate solution is added in propor—
tion to the desired final composition’ of cetalyst. . The acidic Si0,~Al,0
solution is precipitated at- 90 and. a pH of 5.5-6.0 (antimony electrode%
by continuously adding small amounts ‘of ammonia solution. -The precipitate
is filtered and washed with hot watéer until free from alkals and. chloride,
The filter’cake is then dried at lleoc,tgowdered; pelleted, and activated
"in the presence-of air by heating at 450° (2 hours to 450°, 6 hours at

1’500)‘ o " A IR

-

PR

This catalysiiis:leSSjsehsitiyé-téréteam and‘feﬁﬁefaﬁufé than érg
catalysts based on Fuller's earth,. e e

4

The catalyst can be used at temperatures up to 650°ég-but losasiéll'
:.activity on heating to 800°C. Catalyst based on Fuller’s earth can be used
only up to 550°C, R AR _ L

- - LI

VI. LUBRTGATING OIL - - -

, There was no commercial production of synthetic lubricating oil at.

Ludwigshafen, but 30-50 tons/day -of ‘crude oil was brought in frem Brileksel,
near Karlsmihe, ahd yas subjected  to conventional refining to products in—
cluding lube oils. The pleat capacity is 500 barrels of crude oil per day.

A flow diagram of the plant isl@itached gs'Eig,XVIII.-

DRRIE

5111 provided with two "side strieam draw~offs on the atmospheric tower

ahdvthrgé:afaWwoffs on the vacuum tower,

The crude oil is distilled in a two column atmospheric-vacuum tube

) Straight-run gaseline is taken overhead on-‘the -atmospheric tower,
ftreated{with.sﬁlphurié.acid,'neutralized;with caustic soda and water—
‘Washed. Kerosere is taken off the upper draw—off- oh the.atmospheric tower,
i treated with sulphuric acid, neutralized aid water-washed, Light gas. oil
. 1s taken, off the lower- draw—off on t he atmospheric tawer,: The reduced
rude from the bottom of the atmospheric tower passes through ‘a second
imdeWﬁtcﬂwN@mmi&au"--‘l” ] g S
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