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facture of four of

drocarbons ‘in Germany,

equipment “1n the ‘catal

yst Il'alar’ﬂijsl ‘et Ludwigshafen<Oppan

was-inspected and is presented in the form of flow gheets for the manue.

, the principal catelysts.. < The ‘equipient ‘18 in' tany -cases
of special design rather thar gtock items that was ‘built by the company and
modified in the .courge. of the ‘groyth of t 3

were to be undertaken: elsevhere, the sele

he ,high—p:rzéssuré?‘synthQSiS;ﬁof_ hy-

It is beligved that if the-manufactire.of catalysts

ction. of ‘equifpmerit for tls opera~ .

tions involved could be made successfully from the guidance furnished by .-

this rather general report. Five additional catalysts are described, also,

- IL. CATALYST 5058 FROM FRESH TUNGSTIO ACID

In & SuPPiY.t@ﬁk:Qﬁ,aboutga}QQQ}liters;bapacity, 500:Kg.ﬂ9fftun35tic"

‘acid (W05 H,0) that
60-70° €7 in 1,500

brevious lot of cat;
percent NH5 by pass

_céntains about, 92

=93 .percent of WO, is-dissolved at

liters of mother-liguor. - THe SoltitTon is effected by
Stirring for about 1-1/2 hqurg.n,Thevmothéb_liquonjis&obtaiﬁéd‘ﬁrdm~a
aiyst-ﬁﬁd.is.f;rst*adjusted;xoyaaconcgntration of 13"

ing in gaseous. ammonis

stand withdut stirring for 1,hour, then 1 ,
sel through & cloth Tilter (threceguarters -hr'-tovone hrs ) ¢+ The  saturatop
and ‘thersafiter the. solution,. which: has been cooled to -
about 55°C,, 1is ‘heated in an-atmosphére of. hydrogen sulfide with stirring

1s purged with H,S'

to about 70°C, Thi

8 charge. is- slowly coo

+ »The 'solution’ is-allowed to
8. pumped: dnto the saturating ves- - -

1led to 50°; end then more rapidly

to about 20°C, * (time of cooling 6-7 hours),.

The precipitat
while stirred,

Nitrogen under pressure;\;of 1/2 v',-‘atﬁi'-.-

e of yellow salt ( (vm),

liquor is collected in a stirred storage -

mentioned above, T

he decomposition of th

J2HS). 18 £0d, to ths suction rilter

g et e v At i et

1s .used in '‘the filter, - The mother
vessel and: 18 uged ‘subsegquently &s
e, yellow salt 1s carried out in a

.. 8crew-conveyor furnace. in a- gtream; of - hydrogen at- §00-43090, The black pow-

. der (WS,) is .c00léd at the: end of-the: fu

....capacity of.the. furnace -ig 1,21 5 tons"p

Tmacs by a.stream of nitrogen, The . .

6r'day. "The black powder js then

o ground in a hemmer-mill until 70-80 Porcent . passes through & 100<mesh: -
screen,  (Important not to grind too fipe.) 10 mm. pellets are then made

in a Kilian press f

Vo

8re removed in a ro

lushed with nitrogen, .
P@’Cing“.=f.§.éro.en'e-di,'u'1n)iﬂ*‘?ain

. The sharp. corners of. the: pellets
~the ~finished eatalyst 1s packed

in'barrels that arve

R

- 1n & revolyin

flushed with nitrogen

prs St e e
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Wi

)
g

dssolved in'the g

0ut 215 mny and. calotned
:The ‘product’1s. ground and
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7 The‘pellets are-ground, together with the dust that had.been:removed =
by sereening,: and are caloined at 600-800° in a stream of air in a gas=— - |
heated furnace. The calcined .material is processed.--in-the.same way-as yels -
low sarth,. il i o L -

U

IIL." METHOD OF PREPARATION OF CATALYST 6izk

s 300 kg. of Terrana A extra (Deggendorf) is etché
- percent hydrofluoric.acid i a stirred pan-for about 0 minutes at ord
nary temperature...500-1iters of“a 10 ‘percent solution of yell Wosalt
(attuoniim thiotungstate )4 ddded; w1y, and the pan is heated with steam.
- In .8~10-Hhours, the' charge:id'dryy - During a ‘further two hours, it is coolel,
- The cooled product is brgken-up in & special hanmer-mill fitted with,a 5
mn, screen (Schlagkreuzmuhle) and'1s then deconposed in a screw~conveyor
furnace at 400-430°C. in the presence of hydrogen and hydrogen sulfide.
The-ddscharge -end -of the’ fhrnace-iscooled with nitrogen. ~The’ capaCity. of
the furnace is 1-1/2 tons/day.  The ‘codled product is again grow d ina
. hammer-mill, passing out through'e 1l mm. Screen. The ground product is
-wetted in an Eirich.mixer,: eagh 20 kg, of product receiving 6.2 to 7 liters .
of vater. "The mass is then pressed through a 3 tm. screen. This proguét
is fed to the Kilien press,-where it i5 made into 10 mm. ‘pellets (capacity
700 kg. per-day).. The peilets-arelallowéd to stand in the air‘foriseve;a;
h@ur55Jarentumbled“in“a“scrcéning”gpﬁﬁﬁéfﬁS“éﬁi then "dried in"s drying =~
oven or an electrically-heated vertical FPurnace {(up <to 200°C,). The final
operation is calcining at 450°C, in & treating furnace in the presence of
hydrogen and hydrogen swlfide. The finished catalyst is cooled. with nitro-
gen end packed in dryms under nitrogen. ' ' ‘

Ropeperation of Catalyst 643k, -

The used catalyst has beon regenerated only in a few instances by very
careful rossting at 550-600°C., imprégnating with a solution of yellow salt
(1 percent, WSy) end sulfurizing at 450°C, The' greator part of this used
catelyst. (several hundred tons).was,ygpkodwﬁp;¢l§qpypphprmally;;n#gmfgpyqzﬂ
tungpton. at, Bitterfold.  In this operatiod;-the catalyst: is roas

then rodiced: olectrothormally, &lons or afior admiyturt i

o omesrens |

'-qrﬁACommérbial aluminumﬁsulfatd7(Alé(SQ%JilS“Hso)”thgﬁ“bgppg;nsdgbout};ﬁwwL“, .

" percentAlz03 J',iai“:d,_i'—5S’élﬁddﬁ{f‘i‘nﬁ(‘»wiitﬁi‘f”‘aiif‘-Sg;?OQCT*“E("S;fffééfﬂf,g iost Saturated molu-
¢77t?@nt&@bgutfiOTpErCéntTEIumiﬁEﬁtﬁzfﬁé;sdlution).¢iwhlsmsolutionnis~allowedwwwm-w

- to flow simultanecusly. with a. 20.percent .ammonia. solution nto ~ :

. jackoted stirred vessol to preéipitateialuhim :

50 &dded to th X th vayi
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product is then groundxwith 1, percent. graphitqcama}mns f£6, 10
in & Kilian press. The pellets are -calcined in an electrlcallJ-he ted
vertical fuimace in, the presence of eir.at h50°C

The calcined pellets (800 liters) are impr gnatedvin'a ﬁééselithdﬁ>can
be flooded with solution and can subsequently: {dye.. after. :discharging :the
excegs of the solution and dralning) serve ag a- dryer. An  ammoniacal solu-
tion of WO (20 percent) and leou 1 used several times, with. discharges of
gsolution ahd drying between each opora»ioh. The ‘Himber. afstages 1§ deter-
mined by the desired percentage of. tungsten and, nickel, The dny pollots
arc then sulfurized in an e¢ectrically-heated vertical furnace through
vhich a mixtiue of hydrogen and hydrogen sulfide is passed at 400-450°C.

Tho sulfurized pellets are ground and reformed in the Kilian press, and
agaln sulfurized in the furmace,

Rogeneration of Catalyst 8376.

Very little of this catalyst has been regenbratcd. For reééheratlon
of catalyst that has had normal use, tho pellets are carefully roasted at
600 C., impregnated with 1 porcent WO and the corrosponding guantity of
nickel sulfate, and sulfurized to a silfur content of 9-10 porcent inea.
stream of hjdrogen plus hydrogen sulfido. Small-scale exporimcnts showed
that the regencratod material had good activ1ty. Nono, howevcr has bocn
uged on e conmercial SC&lOA : . KR

For the recovery of tungstlc acid fromLcatuLysts that cannot be regenoy-
ated, the roasted product is ground and dissolved in concentratea sulfuric
acid. The solution is diluted and filterod from thé solid residue. Tung-
stic uoid 18 dissolved in emmoniu or ammonium sulfide solution-and is used
either for the preparation of 5056 o 8376. ‘he alumium sulfato solution
can-be used-for-the preparation-of activated aluminer -~ This recovery of
tungstic acid has not been made commercially.

V. CATAIYST PH 36 ’

This caldlyst do w wisbury ol st v oppse sbabiuabe, Slwondua wad

-l Oxlde, and basiww-uxide, wuicu is .very-effective for, the hydrogenatu.
ol acids, esters, eldehydes, and ketones to the corresponding alcohols.
Ite compowition is

L5 percent copper

2 perceént chromiwn

2 percent zinc

2 percent barium.

The contact is charged in the unreduced stame, but is reduced during the
hydrogenation. ,Inits. preSent state, 1t can,be used only in the sumn OVou
and has to be removed from the product after ‘the hydrogenation. This can

- be: donegby filmratlonw,centrifuging\or by decomposition with acid, Vhen

‘oxidé.aréA}équired.'“




The hydrogen&tgonvwith.thig-catalysy is carried out at temperatures |
between 230 end 270°C."and at a pressure of* 230 atm;, "of hydrogen. '

The catalyst has thé”gféat advantage cf'nbt forming any paraffin,
even at higher temperatures. ‘
Method of Preparapion of Catalyst PH 86..

Materials for 100 ké. of catalyst:

105-108 kg. of sodium carbonate : .
56-59 kg. of copper, equivalant to 497 kg. of copper nitrate
solution containing 11.8 percent of copper.

4.17 kg. of barium nitrate: )

. of zinc nitrate (6 mols of water of crystellization)
«9% kg. of chromium nitrate 0

1 kg. of sodium bicarbonate.

Procedure for 632 kg, of catalyst:

)

5
5
2
o

7000 1. of sodium carbonate solution (12.5° Be') is diluted with water
in & stirred container to a specific gravity of 8,5° Be' (final volume is
about 1C,800 1.). Into this solution is introduced (et room temperature)
3,150 kg. of copper nitrate ‘solution (content of copper 1s. 11,8 percent).
The temperature should not be higher than 30°C., and the Ph between 6.5
and 7.5 The mixture is stirred for about 30-40 hours (sic), until the blue
color chenges to green. The precipitate is then washed by decantation (12
times with 10 m5 of condensate) until diphenylamine shows ihe absence Jf
ultrares. Aftver soitling, about 9,700 1. of the clear solution is
discharged .

L VR SV Y AU T S O S pa BB Lot
. ) p.ovided vith a stlree, b ohy 1. of wacer  The zine altuat . { 2
2 ) 1o edded t this solution and after It Las diss,dved, th. chromlum
nite to (O ty ) 1o addod. aho  bromium nitrate used 15 Lhe auhydron.
bidve p ol flo. goate.

Lo w dae o O [ . by [ TR

coowodwspension on topp i wsaton te (5,(0 L.,

Lo bbo wosntiue w suluidon ol 10 kg oF soddu Llgalbo wto 3
o v.tor I8 put int | stirred ve.ser  lids solutt.n is added wo .n
o bamed mixluce ol cupper ¢a.bonute wud weial nitrates until o fur
tt v procip.tate fo.ms. The filtrate f.om the fiuished mixture .s .eak)
adiaddnes —Washiug-by-decantation 18 carrled out WAEIL dIpRoNylafiint SaoH..
the absonce of nitrates (sbout clevon washings). The filtrate wust bo
ncutral towards litmus and phenolphthalein. Oanly when a sample is Loil.a

Cl

should the filtrate turn litmus blue and phenolphthalein red.

After washing has becn finiSnod; the precipitete is qlluweuugg setia
aua the~clear T1quia BboTe ko precipitate 1s discharged. ‘The remainder
is centrifuged, -and’ thesglid dried at®120°; - The product: fsground in'a -
hammer mill (Schlagkrouzmuhle), . B R e

- = )

L ’
914 e ks | |
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SPLITTING CATALIST. .

" Tho catalyst éplits methane in the prosence of steam st about 700-750°C,
into COp, CO and Hp. It composition is appreximately:- - . . = ..

| 810, 20~21 percent.

| A1,05  17-18 percent .

| F6203 - 5.0-5.5 percent:

| NiG ~ ..... . -19-20 percent
Cal 10-11 percent = .
MgO0 8.5-10 percent =

The specific gravity is.abouf.}:b..ﬁ i

For the preparation of the catalyst, 184 kg. of nickel powder as a
© 14.5 percent nickel-nitrate. solution is diluted with 1,000 liters of water,
and is precipitated at 65-70°C, with 340 kg. of sodium carbonate (as a
10.5 percent solution). A glight excess of sodium carbonate should be
present, The total:-contents of the precipitation vessel is separated in a
filter press and the cake weshed free from carbonate and nitrate at about
40°c¢, The-filber.cakesis,blbwn,dry-withwdompressed alr for about 15 minutes,

“ le'about*Qneﬁfhird_of this-filter ¢ake'(about 360 kg.), in a kneading
machine, is-added.178 kg. of kaolin, .76 kg. of magnesium oxide and 36 kg
of 'nickel powder (as about a 15 percent solupion). After kneading, the
mass is spread about 20 mm. thick on plates and ignited for about 7 hours
at';QOQC,u'ThEWighited material is ground to powder, Fifty kg. of this
povder is mixéd with 25 kg. of aluming cement in a mixer, with the additlon
of 12 liters of water, screened through a 2 mm. mesh sieve and pressed ina
tabletting machine to Raschig-ring shapes (16-18 mm. diamcter and 12-14 nm.
1Qng). These rings are piled up end sprayed with water twice a day for threc
days to set the cement. They are then packed.
Vit, PREPARATION OF BROWN OXLLE CATALYST
brown oxldg 1s a Co~conversion catalystl aud wiale auctaddig o U
rqllowing gquation:- ’
CO : H0 = €O, 7 Hy »
|
1t contaeins approximately:-
\:..A. ﬁ02U3 - 86.6{ pé;lucut“"” et - R R ,.;.. -
Cro0z- T-7.5 percernt
Sodiim and Iron Sulfaté -~ Balance
(approximately 1 percent SO))
Specific gravity is about 1.17.
. The. proparation ofmthismcat&lyﬂt¢lﬂmgifidﬁdfiﬂtp%threefqper?tion57‘ .
UL ey Broparabton of the dren wids < U T
k 7l p) Preperetion of ‘tho chromiim nitrate: solution: -
\ N - .
|

¢) " The furthér working up of both products.

e e

N




‘50-55%b;' Quaﬁfi 68 ars a
end .of the precipitatior

cent), It is then dffé ) cdmposed in an annealing o
furnace. The iron oxide »ed'(about 95 percent, Fe05) should have a weak:
red glow on leaving the‘fu nace. It is then cooled in & screw-propeller

) : . !

The chrqmium nltrate SOlution is preparcd by dissolving a 5#-40 percent
wet slime of chromium oxide in nitric acid at about 70-90° c., ‘with stirring.
The nitrate solutlon should contaln e mlnlmum of. 15 percent Cr203

The further working up of tne catalyst oonsists in filllng a, kneading
machine with the proviously preparcd iron oxide .and: adding, with knéading,
enough chromiim® nitrate solution to give. the desired - cqmposition of .the
‘finished: eatalyst (86-87° percent FepOz, 774 ;ercent Crg0 e Thé product ‘
. from the Kneader is pressed into cake§. (10=12 s thick)qand ig roasted on .
‘plates in a tunnel kiln at 500-550°C. The dried cakes are broken in a cy-"*
lindrical. crushor., The fines (under 5-.mm. ) are screened out and the mater-
Slal above 5 m, size is. again ca101ned in a furnace at 55000 It ‘18 then
scroened.- 1ntq small-kernal sizo (5-lopmm.) and large kegncl“size (over 10
_mm, ) and packed in barrels. : Coon T

The- fines montioned above (under 5 mm. ) after a flne-grinding can be
used when knoading up a new batch.

VIII. .CATALYSTS.7955 AND 7360"
e C

The activated alumina is prepared as described for catalyst 8376, The
calcined pollets are treated in the combination imprcgnating and drying
appap§tus in batches of 800 1iters with ah ammonlacal solution of ‘MoO
_ (ebout 5 percent of ammonia and 12- -15_percent MoOz) until the finished

catalyst contains 15 percent MoO:. After drying ?n the apparatus at 190°
the cutalyst is calcined in an oioctrlcally-hcated vertical furnace in a
" stroam of ‘air hoated to 4OO°C,

Activatod aluminn ia proparod in the form of cubes by the aluminato o
process, and the cubes treated in+the 'same: way: as for catalyst 7935, until -
the finished catalyst: contuins 10—12 pcrcont M005 g

hggeneration of catalygts 7360 and ]955




