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T, DIHYPROGENATIGN (F BUTANE - AIEVLATIGN,

Lntrotnotien:

In the ocurss of the vimlt to Leuns, infarmetion on catelytin
tutane delgdrogenetion and alkylsticn of tha ra#alting Tutylenes
wae obtained from Dn, 3 emwn, O, Handeeh snd D, Secktz, I, Ciesen is

in overall charge of tht mamfacture of organin cheoals,

aloohels and lulrisating odlmy Dy Hanisch supervisss the mamifactrs

of methanol, lecbutyl sacobol, amines, eeter oils, synthetic

lubricating oils and alkylate, 29 well an the mamfacture of cotalysi

Ir.Srdtz is in charge of the butane dehydrogenstion amd allyIation
plmtn-

Summary of Operations:

The alkylation plant roduoed an averags of B85 hls, of
Tinighed slkylate per day, together with 20 bhls. of heevy sllylate
ed 72 bols, of mrapane. The nscesssry emount of nebutylenes woa
ohtained hy sharging 2540 bhla. Aday of ‘n-tutane {564) to the
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delrdrogenation reastar yielding, after mroper separation, 2510 bhla.]

of a butens/tutylens mixture (533 bols. n-tutylenes, 1505 bbls, n-
Tutans, 72 Bls. propane) a3 alkylatlon fesd sptock, Tha totsl
amount of Lleo-butane {855 charged to the alirlatien step was
A797 thla,/day. The daily requiremsnts of fresh gas to supplement
the recyole gaa were 558 bhla. of mebutane and 760 bhls, of
iectutane. The lsctutsne-clefin ratic was about 6:1, the igdre-
cortop-acid ratio was 111, apd the asid consunpiicn sacmted to
1.2 lbe. of 3% Hpso, per gallcn of fini=had allylate (45,700 1ba.
of acld/day]. Tha aﬁ:rlatinn aoid was discarded when the
conaentration had decrensed to 504 E SJ#. A wmoery Flowshest of
iheme gparabtlons 18 glven in Pig, XVIL,

Dalydreogenation:

The catalytic butane detpdrogenation wae garried syt at
Leuna in 7 reactor's of which 5 were operatod simul tanecusly miule
cre wad inspected and repairsd and ona wee hald in rosecve, The
catalyst was regenerniad in 4 regenerstors. The resator conssata
of 2 wertical firebrickelined civoulsr Purnace ecntaintng &
catalyat tube bupdles with 16 tubes sach. The tube bundles ore
arranged around an snnular cembral heating spsce which is brdicka
lined in =uch & way a2 to fom & Venturi tube which pasasa the
heating gae into the upper part of the fumace from which it fMlows
downwards around each of the rescter tube tundles, Heating gos
ia cbtained by burning weste gax in a chembsr =ituatsd below the
central part of the furmace. The cambustion gasss are collected
in a firetrick ring eod thence leave the reacticn charber, Befors
leaving throngh the steck the coglustion gases are usod to reheat
the n-tutare foed, Ihs flow of catalyet, nebutene snd combiatieon
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gasea ip concurrent, as illustrated in Fig. XVIII. 20

The tube bundles, which represent the reaction space proper,
consist of 16 Sicramal-8 tubes {(about 8% Cr, 1 - 25 8i) each of
which has a diameter of 2.3/4" and a length of 26'3%; the tubes are:
arranged in a circle around a centre core which is dead space, The
total catalyst capacity of each reactar is 81 cu.ft. The oatalyst
is introduced at the top of the reactar and distributed to the
individual tube buniles by means of a cone, The catalyst moves
downwax-dly through the tubes and the flow is controlled by means
of 16 horizontal cylindrical pocket walves connected with bevel
gears and driven simulteneously by an electric moter. A vertically-
slotted tube {about 18" long) is placed between the reactar tubes
and the pocket valves to permit separation of the reaction products
from the catalyst, In the beginning catalyst flow was checked
audibly by letting the catalyst drop on tuning forks and listening
to the sound so produced by means of a stethoscope held to the
outside of the reactar. This practice appears to have been found
wmecessary and has been abandoned. The cylinders are filled with
catalyst in the top position and are emptied by rotation to the
bottam position, The catalyst is discharged into a catalyst
recelver equipped with motor-driven slide valves at the inlet and
outlet, The catelyst tubes are kept completely filled with
catalyst by contimuously replacing from the top hopper the catalyst
discharged into the catalyst receiver. When the receiver is filled,
the top slide valve comnecting it with the reactar is closed and
similtaneously the connection between the top catalyst hopper and
the reactor is closed, The flow of catalyst through the tubes is
therehy stopped but gas contimies to flow through the reactar tubes
which, of course, are full with catalyst, fThe catalyst in the
receiver is stripped fram hydrocarbons with nitrogen and transferred
to the regenerator by means of a bucket conveycr and the tgp
catalyst hopper is refilled in the same way with regenerated catalyst,
The operation of the slide valves on the catalyst receiver and
hopper are controlled by means of a photooell indicating when the
catalyst receiver hasg been filled, The residence time of the catalyst
in the reactor is 4 hawrs, during which time the catalyst moves for
3.5 hours end remains stationary far 0,5 houra; the time to transfer
spent catalyst to the regenerator and aimultenecusly refill the
fresh catalyst hopper consequently is 0.5 hours. Tiree catalyst
charges of a total of 2,3 cu.ft. per reactor are kept in the
dehydrogenation-regeneration system during operation and a catalyst
make-up of 367 lbs,/day/reactar is required,

In Fig.XX is shewn a photograph of the tops of two
dshydrogenation reactors, The side arm, through which the catalyst
enters a tube bundie, can be clearly seen in the fareground. In the
background can be seen the inlet lines for the hot butane vapours.

liquid n-tutene (965 by wt. n-butane, 3 isobutane, 1
Pentanes) is veporised with indirect steam at 210°F and hrought
tc a temperature of 932 - 1,022°F by heat exchange with the
335¢
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product gas froam the reactor and with carbustion gases leaving

the reactar. The preheated gas enters the resctor tube at .the

top and is heated to 1,040-1 +076°PF by cambustion gases el about
1,472°F, The rate of gas flow is 680 au.ft, of gas/cu.ft. of
catalyst/hour. The conversion of n-butane amounts to 20-25¢

by wt. of which 85% is n-utylene (6% “\~butylene, 4O A-butylene).
The composition of the effluent gas is given as follows:=

74.2% by wt. n-butane
2 1 1]

1.2% n-butylene

O0.7% "™ " hydrogen

0.8% " " pethane

0,9% " " Cp hydrocarbons
2. 2% "o oo 3 L]

The volume of the reacted gas has increased by 1.25 as compared to
the n-butane feed. The dehydrogenated gos is cocled to 266 to
S00°F by heat exchange and to about 10QSF by indirect water cooling,
It is then passed through a coke filter to remove high boiling
hydrocarbons, mainly aromatics, as well as dust. The filter
contains 231 cu.ft. ccke and can be operated for 3-6 months, The
gas is finally coocled indirectly to about 77°F and passed into a
gas holder for immediste storage,

Catalyst Regeneration:

The spent catalyst containa about 3 - 4% carbon amd is
regenerated ut 1,040-1,076°F to give a regenerated catalyst
containing 1 - 2% carbon, The regenerator corisists of a circular
firebrick-~lined vertical shell of about 9' dismeter g 12t length,
The catalyst is fed from a hopper over a conical distributor to the
anmilar space formed by metal sareens around & hollow centre duct,
The catalyst cpace ends in 8 tubes which .re provided with the

to 1,040-1 »O76°F, flows into the centre duct which acts as dust
stparator and, by means of wvertical 8lots, enters a collecting
Ting from where it leaves the reactar, The flue gas is circulated
by means of a blower at a rate of 1,400,000 ~ 1,700,000 cu.ft, /br,
The catelyst receiver and top hopper of the regenerator are
equipped with motor-driven slide valves of the same design as the
Corresponding valves on the dehydrogenation furnaces, The catalyst
Dopper on top of the reactor is provided with vilrating screens for
the removal of fines. The catalyst receiver is equipped likewise,
A rhotograph of the control panel for one of the regenerators

is shown in Tig.XXI. & detailed flowsheet of tho dehydrogenation
Process is given in Fig.XVIXI. It should be noted that this
flowsheet has been prepared with the aid of design drawings for
the dehydrogenation of isobutane since theze were the only ones
8vailable. The dimensions of the equipment used in actual plant

Speration are somewhat aifferent, The data and dimensions given in
the deserivtive part of the revort are tho crtia? #5pemae Gom swn
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Tlamt aa cperatied at Leuna,
Ont t AQ t

Tha catalyat, which consiats of aoctivated alubins
jma;unhaﬂﬂth&?ﬁm'ﬂj and 1 - 2% Ko, is prepared as
follows; -

Aotivated aliumdna iz chtained by the presipitation of
eodive sluxinets with H03. The pesclpitate fa £11tered, woasbed
gurelully and drisd at aboat 2908, It 1 ther lmeaded with
CHHQ: in's stainieas steel dmesding mechine, doied again snd
herted to 788-342°F, The matarisl ao cobtained 1z mived with
such an ssamt of X that the mixturs containe B Ords
apd 1 - BL K@M, S ent watar is added to ebisdin a plastic
maes which ia prossed end mubsequently formed inko spherss of
ghout 1M diameter on A& candy Marmfasturing machine (Frenkonia
machine] . The spherss ars deisd in air, Purther dried in &
atzam chezt and finally heatsd to 752 = 2P, The Cipished
catalyet 1a clasaified and only the materlsl reprosenting spherss
is nasd; plugeng of the catelyst tubes, wndeh resulis in
prxoessive carbon farmation, is thareby prevented,

Preparetion of aljpylation feed aiock.

The exit gas from the dehydreogenntien la picked up frem
intermediata storags apl oompresaed to 115 pei. It is then
goaied indirectly with water o about 779F apd eubsecuently ocoled
with trine to L1199, The oaterial iiguefied nndsr theszs sonditisns
is starel and representa the njefin feed stock for the alkyistion,
The composition of this botane-botylens mxture s sz follows:

22% v wh. butylenes
75.5% " " n-butane.
2,8 " " propape,

The upcondensed partion of the gas i passed intc an abasrber and
wopbed with oll at 118 pod and 0%, The casponition of the nop=
dbmorhed gag 18 a3 followmy

@Fﬁl &: - Bﬁﬁ -hr ml Ha
L | 12 - 155; L L]
* 3~ g m {é;-khyﬂ:murbom
The abacorber is Jacketsd and is cocled Ty cirouiating beine of 5\1°F
throagh the Jecket, The gan stripped from the fat absorption eil da

returned to the compressor and reayaled, IHgh presmuze stean
(175-220 pei) im used for haating the absarption zil regenarator,
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The mixture af hutases, whiech im the starting oo for digylate
marufadtay is furnlahed by the high presare hydrogenation plant.
Thisr mixture comtalns an excesa of normel itsne ard a portlen of
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to isobutane in the isomerisation plant discussed in another
gsotion, The material balance of Fig XVII does not take

into consideration the operation of an isomerisation unit, since
it is a =mall proportion of the ciroulating norma) butane,
Alkylation:

The alkylation reactors are insulated wertical cylindrical
vessels, 11'6" high, with a capacity of 157 bhls. There wes a
total of 12 reactars, in two groups of six each, housed in
sdjoining buildings to proteoct them from bomb dammge. One group
has been destroyed by bembing but the other group is undamaged,

The volume of a reactor up to the emilsion cutlet is 61.5 bbls.,
and the reactor is equipped with a motor-driven atirrer with a
blade 32" long rotating at 420 r.p,m, The rate of feed iz 50 bbls.
of hydrooarbon and 50 bbls, of acid per hour., The feed is cooled
by heat exchange to 46°F and the temperature of the reaction
mixture is maintained at 32°F by evaporation of butene and
maintaining the pressure in the reactar at 7 psig. Abeout 230,000-
250,000 cu.ft,/lr, of butane are circulated for refrigeration.
Sulphuric ecid containing 96% HpSO), is used and the concentration
of the spent acid is maintained at 90% HpS0;, by periodic withdrawsl
(every 3 hours) of spent acid. The acid consumption amounts to
1.2 1bs. 96% acid per gallon of alkylate, The isobutane-olefin

- ratio is maintained at sbout é:;1, The residence time in the reactor

is 40 mimites,

The composition of the reactor effluent is as follows:

42,8% by wt, iso-butane

1,06 n n-butane

15,06 * ® alkylate
1.2% % " propans

The acid-hydrocarbon emulsion is sllowed to settle far
2 howrs in a seftler of a total capacity of 188 bbls, and a
capacity up to the overflow of about 157 bbls, The hydrocarbon
effluent then passes through a heat exchanger where its
terperature is raised to 59°F by exchange with the alkylation
feed and enters a final settler (eapacity 630 bbls). Subsequently,
the hydrocarbon mixture is washed with caustic {10% NaGH solution
and fractionated in the usual manner, The debutanizer consists of
8 tower of about 9' dismeter packed with Raschig rings to
2 height of about 65', The tower is operated at a presswre of
79-99 psi and a bottom temperature of 356°F obtained with indirect

| Steam. The reflux ratio i8 maintained at O.4:1, The separation

°f nwbutane and iso-butane takes place in an 80 plate tower of
?' dismeter and 130' height; The distance between the plates is
sbout 20", This tower is operated under a pressure of 118 psi
%d a reflux ratio of 4,5:1. The bottom Froduct represents 96y
M-butane, The overhead is passed into the depropanizer which is
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TABLE VIII

e ———

pressure |Low pressure | Fower high
Eigham (176- | steem (37 pei)| voltage KWH/

Operation 220 psi), 1ba/{1be/barrel of | barrel of
arrel of Alkylate, Alkyliate,
ate,
Dehydrogenation - 320 -

Cooprezsion of de-
hydrogenated gas and

absarption unit, 35 - 23.2
Alkylation, includ- M '

ing Refrigeration, 1,225 - -
Butane-isobutane

separation,

Depropanizer. - 1,100 -

Debutanizing of-

Akylate, distil-
lation of *®
alkylate, o2 382 18.5

TOTAL 1,562 1,802 417

¥ for butane refrigeration
# far water cireulation.
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o
a packed tower of 4' dimmeter and 20' of packed height, The -
packing consisis in the upper seotion of Raschig rings of 4
diameter and in the lower section of rings of 1" diameter,
The operating pressure is 265 psi. The bottom produot has the
following camposition:-

85% by wvol, iso-butene
120" " pbutane
gn o » propane, .

The allylate is distilled under vacuum in arder to make it
possible to use steam (175-220 psig) as heating medium. The
distillation is carried out at a yressure of 11,6 peia and bottom
temperature about 350°F in a tower of about 5'6" diameter and a
height of sbout 65%; the tower is packed with Raschig rings.

A flowsheet of the alkylation process iz shown in Pig,XTX,
A photograph of an alkylation reasctor is presented on Fig.XXTI,

Alkylate Quality:
The alkylate produced hag the Tollowing propertiess
IBP 185°F
80-85% 248°F
E. P, 392°F

Reid vapour pressure below 7.L4 1bs.
Octane No.93-9
(Research)

Al&late Ixoduction in Germany:

" The Leuna alkylation plant was designed far an ammal
production of 50-60,000 tons (445,000 to 533,000 bbls) but the
actual production averaged only 36,000 tons per year (320,000 bbis.)

The only other German alkylation plant which was completed
and in operation was at Scholven. This unit operated only for
6 months in 194} and during this time its rate of production was
the sane as the actual rate of production at Leuna (2-3,000 tons/
month, 17,800 - 26,600 bbls,/month),

The Leuna plant started operations in Bpring, 1942, and
ceased operation in December 1944, The butane dehydrogenation
equipment has not been extensively damaged. Half of the alkylation
reactars, and mudlisry equipment, has been completely destroyed
together with most of the tankege serving the entire unit. The
fractionation section appears to be intact,

Econamics of Leuna operation:

Data on energy and labour requirements for butape
dehydrogenation and alkylatiop were provided by the foreman of
the plant, Dr,Stritz, and are given in Table VIII. The photographs
were taken by J,P,Jones,
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