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VIII, CATAIYTIC CRACKING.‘

. Cataelytic cracking was not being employed on any appreciable scale in
Germany. Brxperimentel work was being carried out at Leuna on a catalytic pro-
¢ess similar to the TCC process, using a sillca alumina catalyst, and there
wos o pilot unit of 20 litres catalyst capacity which could process 1z litres
of oil per hour., A larger unit {(at Deuben near Zeitz) was essentially com-
plete, and wes designed to process 1,000 litres of oil per hour. The Deuben
2lant hes not been in operation, however., It was 2lso planned to duild a

emmercial unit as pert of an underground aviction gasoline plant near Nord-
hausen. A skatch of the provoged resctor-regenerator set up ig otteched as
Fig« XV- 3 -

Recction Conditions

- The regenerator is mounted above the reactor so that the regenerated
atalyst is fed to the reactor by gravity. ©Opent cotalyst from the bottom of
he reactor is elevated to the top by means of an open bucket clevator. The

in regeneration zone congists of an air-catalyst exchanger dovice where the

r for regencration passes through the inside of roactangular plate sections

end.1s prcheated by the catalyst passing on the outside. The preheated air
cm. this scction then passes up to the top of the regencrator in an outside
‘duct, ‘and then passes down through the catalyst znd leaves tho regenerator
rough a collecting device pelow the air preheater. section. - The object of -
he air preheater section, in addition to that of heat cconomy, 1s to control
temperature of regeneration so as not to cxcced =50°C, Boclow the regener-
ng zone, the catalyst ie cooled with recirculated inert ges and then passes
‘through & foeder into the reaction zone. Oil onters the reactor about the
dle of the reactor through a distributor and vasses upward through the top
alf of the catalyst bed and leaves through o collecting device, In tho bot-
som half of the reactor, the catalyst is stripped with inert gas and then
ischarged through a sccond foeder similar to the one located between the
generator and the reactor; No steam stripping is uscd anywhere in the
tem os it was thought to be detrimental to catalyst activity.

. The catalyst foeder mechanism or velve conslsts of concentric cylindeors,
%Q inner cylinder being rotated so that on cech revolution, the cylindor is

gd with cotalyst in an lupward position, and the cataliyst discharged in a
Zyaward positien. Apparently, this feeder hed not boen used on ony commer-
91%1 unit and it was not kmown what trouble would be cencountered with crosion
¥:the catalyst dust. A detail drawing of this feeodor wog obtained, A cross-
8ection is attached as Fig, XVI. : :

The catalyst used ig & silica alumina caﬁalyst; nine parts of silica to
2 part of alumina. The catalyst porticles arc white Lo ycllow round
u;ﬁs wita an appsrcent domsity of 0.7 and o crushing strength of 10-30 kg.

The alumina for the cotalyst is prepared by dissolving technical aluminum
n 25% sodiwr hydroxide sclution in the proportions of 1 mel. of AlpOz
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+to 1.5 mols of NapC. The solution'contéins”500 gr. of Alp0s per litre, .

is added to the solution equivalent %o one-third of the Tinal total volume
To this solution is added 45% nitric acid vhile meintaining a pH of 6-7 ax
mony electrode. The temperature‘during'the'precipitation is zlloved to rigg
abowt 50°C. The precipitate is filterdd and’ the cake is washed either in‘
filter press or by decantation until the wash water ig clear of nitrate ion
The alumina is then aried to a 3% water content by heating a% 120°¢. -

Silica gel is prepéred by mixing a water glass solution containing 27%
Si0p with:a specific weight of 1.333 with 2N sulphuric acid at a pH of 3=

and a temporature of 10-15°.
The silica gel is then produced by heating to 70-60°C. The gel'is théd
broken into pieces of 3-5 cm. aize and washed with water by decantation unti
the wash water is free of gulphate ion. The wesh water is elither distille
water or gteam condensete with 2-3 degrees hardness. 100 kg. of gel requing
approximately 40 cw.m. of wash waler. The gel is then dried et 120°C: tel 30
water content, powlered in a vibrating mill to a particle size of 60% throys
s sieve having 10,000 openings per square Ci. o T

The aluminum hydroxide is ¥neaded with gufficient water to preoduce.a
plastic nzss containing 50-60% solids, end then peptized with gufficient 459
nitric acid to convert 10% of the material %o aluminun nitrate. The-gilica
gel is then added to this peptized aluminum hydroxide and the mass kneaded -3
for. 6-10:-hours. . . The catalyst is then pressed and transferred to a candy—:yg

making machine (Frankoma) and Formed into spheres of apout 1-lt inch diamete
The spheres are dried at 120°¢, and then calcined at 450°C, for 4 hours,’
_An-alternétiﬁé'method of catalyst preparation congists of mixing the:
gels, both containing about 30% water, in a mixer and then kneading them wi
water for.l to 3 hours. MNo nitric acid is used in this vreparation to pept
the aluminum oxide. - : '

~ Ths catalyst is said to be amorphous since X-ray pictures show a gencr
dark field with a few weak and unclear lines principally from erystalline
aluminum.oxide.,‘If the catalyst is calcined for o longer pericd of time at
550°Q.,“the X-ray pictures show definite evidence of recrystallization of °
the alumipa. . - SN

Products o : : S
oA typicel pilot plamt operation cracking 2 light Hamnover gas oil-bi_lé

350°C. bolling range ot & space velocity of 0.6 volumes cf oil per‘volume-of?

catalyst per hour, and a residence time of one hour gave the following resulis,

Dry go8 3
C3-CL 1
>
5

.

05-165%0. ¢ 1030-3
Coke ' et
Residue h5-L8%
The Cz-Cl froction contains 60% Cx and. 10% Gy, 75% of the C) cut being
isobutane. Tne C5-165OC. gasoline frattion contalned 5-& wt.% olefins, 25%

1128 . = 50 -
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aromatics and 67-70% paraffing and naphthenes.i~The cctane. number of this
fraction with 0.12% by volume of TEL was 90-92 MM,

Céfalyst Life

_ Catalyst 1ife tests in a 1.2 litre catalyst testing apparztus indicated
that the catalyst life decreased -from e yileld of 30% C5-165°C. fraction to-a
256 ‘yield in 6-9 months. The oil used for these catalyst life tests was a:-:
200-400°C. mixed base ges oil from the Viemna disirict, = =

»- Pilot plant tests were 2180 made on crscking a browd codl.middle oil ‘&nd
& hard coal middle oil. The highest rich-rating gasoline was made Trom HHrd
coal middle oil, The lowest rating was obtained from cracking gas oil, and

the brown coal middle oil gave an intermediate resuli. . - .. D o EDR

~ Experiments were conducted in the laboratory on hydrogenating the resi-
ue from the catalytic cracking unit using = catalyst comtaining equal mole-
ular proportions of nickel oxide and tungstic acid at-a temperature of 400 C.
der 200 atms. pressure with 2000 }itres of hydrogén pér litre of charge. A’
cond catalyst was also tried which contained 10% tungstic acid on activated
2 at 450°C,, but this catalyst produced considerable cracking. 5-8%.
oliné with 4 low octane mumber was obtained. With the nickel oxides
gstic oxide catalyst, no cracking was obtainéd. The catalytic cracking-of
8" hydrogenated residuz, vhich was more paraffinic than the criginal charge,
cd results similar to those obtained on the fresh charge.,
- Some work hes been done cn the cracking of pure normal decane, normal
ne and decalin., It was found that decalin was the easlest to crack,
rmal decane being the most difficult and normal decone intermediate, . There -
dittle difference in the refracgtivity of the normal decene and the decalin,

£Dparently the Germans had not been doing any work on a fluid type
Ytic .cracking Process, and are not, at the nrescnt time, very familior
hapdling any sort of catelytic nrocess in which the catalyst is used
£ short periods and thon regener'ated. The preposed catalytic cracking unit
l‘ordhauscn is apparently the first aitempt by them to employ a catalytic
83 of this type. It is doubtful if anything new is to be learnt from
Germans on catalytic cracking of gos oll, with the prosumable exception
elr low-temperature regencration of catalysts, The low temperature
“ration apparently gives considersbly longor catelyst life, but this of
5¢ has not been proven by commercial Yperation. -

-
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1X. DEOYDROGENATION OF BUTANE - ALKYLATION.
Introduction:

In the course of the visit to Leuna, informaticon on catelytic buis
drogenation and alkylation of the resuliing butchPes was obtained fram T
Giescn, Dr. Honisch and Dr. Stratz. - Dr.Gissen is in overall charge of '3
manufacture of organic chomlculs, alcohols and lubricating oils; Dr, Hani.
superviscs the monufeacture of methanol, iscbutyl alcohol, amines, esher g
synthetic lubricating oils and &lﬂ"iate, as well as the manufecturs of
lysts. Dr, Stritz is in charge of the butenc dehydrogenation and ulkylg
“plants,

Swmary of 0pordtiona:

The alkylation plant produced an averzge of 888 pbls. of Tinishea
iate per day, together with 20 bbls. of heavy clkylete and 72 bbls. of ‘pH
Pone. The necessary amount of n-buiylenes was obtained by charging 2,6&
bbls. /doy -of n-butane (95%) to the dehydrogenation reactor yielding, ~ft
Proper. s»puratlon 2,510 bbls. of o but%ne/ovtylene mixture {533 bbis.
butylencs, 1,905 bbls n-butane, 72 bbls, propane) as alkylation feed sid
The total amount . of igo-butane (85p) charged to the alkylation step wes
5 797 bnls /ﬁaJ. The doily requirements of fresh gos to supplement th
cle ges were 558 bbls, of n-butane and 760 bbls. of 1sobuthne. The isob
olefin ratio was about 6: :1, the hydroﬂarbon‘ cid ratio was 1:1, and the
consumption ﬁmounted to 1. 2 1lbs. of 965 HoS0y per gollon of flnlshed gliy
(45,700 1vs. of acidfday). The alkylotion acid was discarded when the o
‘centration had decreascd to 90% EabOn. 4 summnory flowsheet of theseiope'
is given in Fig. XViT,

Dehydrogonation:

The ca atalytic bu zne dehydrogenstion was corried out at Leuna in 7
actors of which 5 werc operaoted simultoncouwsly while one was inspected
repaired and onc was held in reserve. The catelyst was regencrated 1P_4'
‘regencrators. The reactor consists of o verticzol firebrick-lined circul
furnaco containing 8 catalyst tubc bundles with 16 tubes cach. The tud
pundles are arranged around an anmular central heating space which is brie
lincd in such & way 29 to form & Venturi tube which passcs the heating gas
1nto,$hoiupp or- part. of the furnace from vhich it flows dowvaward around

“the reoactor tube bundles., Heating gas is obtained by burning waste ges
chamber situated below the contral part of the furnocce. The combustion
aro collectcd in & fircbrick ring and thence lecve the reaction chamber .
fore lcoving through the stack the combustion gases are used to preheat
n-butanc feed, The flow of catalyst, n-butanc ang combustion gases is
rent, ag illustrated in Fig, XVIII.

The tubc bundles, which represont the reaction space proper, coneis
16 Sicromnl-8 tubes (ubout 8% Cr, 1 - 2% S1) each of which has a diemeter
2-3/4" and o length of 26t3"; the tubos ore crronged in o= circle around @
centre corce which is dead spacc. The total catclyst copocity of each T
is 81 cu.?t The catalyst is introduced ot the tov of the reactor and i
buted teo thc individucl tubo bundles by msans of o cone. The catalyst mQ]
1126 [~
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FIGURE XVIL-BUTANE DEHYDROGENATION LEUNA WORKS  AMMONIAKWERKE MERSERURG.
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downwardly through the tudbes and the ficw is controlled by means of 1€ horizon-
tal oylindrical pocket valves connec ted with bevel gears and driven simultan-
sously by an electric motor. A vertically-slotied tube {about 18" long) is
laced between the reactor tubes and the pocket valves to permit separstion
of, the 1 eautlﬁn Jaroducts from the catalyst. In the beginnming catalyst flow
g checked audibly by letting the catalyst arop on tuning forks and listening
o the sound =0 produced by means of a stethoscope held to the outside of the
actor. This practice sppears ic have been found unnecessary and has been
abandoned. The cylinders are filled with catalyst in the top position and are
tied by roftation to the bottom position. The catalyst is discharged into
atalyst recelver equipped with motor-driven siide valves at the inlet and
pilet. The catalyst tubes are kept completely filled with catalyst by con-
mously replacing from the top hopper the catalyst discharged into the
talyst receiver, When the receiver ig filled, the top slide valve connect-
ng 1t with the reactor is closed and simmlteneously the comnection between
*top catalyst hopper and the reactor is closed. The flow of catalyst
ngh the tubes ig thereby gtopped but gas continues to flow through the .
r%actor tubes which, of course, are full with catalyst.  The catalyst in the
& er is strlpped from hydrOuarbons with nitrogen and itransferred to the
egen rator by means of a bucket ceoaveyor and the tep catalyst hopper is
761 lled in the seme way with regenerated catalyst. The cperaticn of -the
valv@s on the catalyst-receiver and hopper are controlled by means of a .
phgtocell. indicating when the catalyst receiver has been filled. The resi-
donce:time of the catalyst in the reactor is 4 hours, during which time the
r 3.5 hours and remaing stationary for 0.5 hours; the time
gubransfer spent catalyst to the regenerator and simultancously rerill the.
'rggh%caualjs+ hopper conscquently is 0.5 hours.  Three catalyst chargcs of .
~of 243 cu.ft. per reactor are kept in the dehydrogenation—“egenexatlon
‘dnrlpg operation and a catalyst LaPc-up of . 507 1ba, /day/”eactor is

Cr3,. The side urm, tpfough which the catalvst epters a tube bundle can
leerly seen In the foreground. In the background can be seen the 1nlet
63 for the hot butane vapours. '

The prehagtod gas enters the reactor tube
OP,and is heaucd to l ohC-1 ,OTE°F Dby combustion gases at about 1 hTE’F
Lo of gas flow iz 680 cu 5., of gas/cu ft. of catalyst/hour. ~The con-
o) f n~butenc emounts to 20-25% by wt. of which 85% is n-butyleqo (60%
Jlenc MO s B- butylene), The. comp031tlon of the effl ven* gas is given
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