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The volume of the reacted gas has increased by 1.25 as compared to the:
“Fsed. The dehydrogenated gas is cocled to 266 to 300°F by heat exchang
to about 100°F by indirect water cooling. It ig then pasged through a pg
filter to remove high bolling hydrocarbons, mainly aromatics, as well
dust. The filter contains 251 cu.Tt. coke ané can be cperated for 3-6 mop:
The gas is finally cooled indirectly to about 77°F and passed into = gad
holder for intermediate storage.. ) ‘

Catalyst Regeneration:

The spent catalyst contains gbout 3 - 4% carbon and 15 regenerated at
1,040-1,076%F to give & regenerated catalyst containing 1 - 2% carbon. Thé
regenerator consists of & circular firebrick-lined vertical shell of about’
diameter and 12° length, The catalyst is fed from a hopper over a conical
distributor to the anmular space formed by meial screcne around & hollow
centre duct. The catalyst space ends.in 8 tubes which are provided with
-pame type of pocket valves for flow gontrol as used in the reactor. The 1
gas enters with a temperature of 932°F, passes through the catalyst where
heat of reaction raises the temperature t0'150h0713076°F,'f10ws'into the ¢é:
tre duct which acts as dust separator and, by means of vertical slots, ents
e collecting ring from where it leaves 'the reactor. The flue gas 1s circ
lated by meens of a blower at a rate of 1,4C0,000 - 1,700,000 c.f./hr.  The
catalyst receiver and top hopper of the regeneratcr are equipped with motor
drivenjsliée‘valées of the same design as the corresponding valves on the
dehydrogenation furnaces. The catalyst hopper on top of the reactor is D
vided with vibrating screens for the removal of fines., The catalyst recel
is egquipped likewige. A photograph of the control panel for one of the -
regengrators is shown in Fig, XXI. 4 detailed flowsheet of the dehydro~
genation procéss 1s given in Fig. YVITI. Tt should be noted that this flo
gheot has been prepared with the aid of design drawings for the dehydro--

. genation of iscbutane since these were the only cnes avallable. The dimen
- sions of the eguipment used in actual plent operation are asomewhat different
' fhe data end dimensions given in the descriptive part of the report are -
actuel Figures for the plant as operated at Leuna. '

Catalyst Manufacture:

.. The_catalyst, waich consists of activated alumina impregpated with 8%
© CrOz and 1 - 2% K20, is propered ag follows:- o - o

. Activated .alumina.is obtained by the precipitation of sodium aluminate
with HNOz, ' The precipitete is filterod, washed cerefully and drisd at about -
220°F. ‘?tcig then mesded with HNOy in a stainless steel knecading maching,
dried mgain and heated to 788-8i2°F. The material so obtained is mixed with
such an amount of KzCr0j, thet the mixture contains 8 Cr0, and 1 - 2% KOM. -
sufficient water is sdded to obtain a plastic mass which és pressed and sub-
sequently formed inte spheres of about 1/4" diameter on a candy menufacturing
machine (Frankonia mechine), The spheres arc dried in alr, further dried in
& stoam chest and finally heated to 752 - B42°F, Tho finished catalyst is
classified and only the material representing spheres is wged; plugging of
the catalyst tubes, which results in excesslve carbon formotion, is thercby
prevented. '
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I.C. 7370
preparation of Alkylation Feed Stock:

The exit gas from the dehydrogenation is picked up from intermediate
storege and compressed to 118 psi. It 1s then cooled indirectly with water
o' about 77°F and subsequently cooled with brine fo 41OF, The meterial

jquefied mnder these conditions is stored and represents the olefin feed stock
or the alkylaticn. The composition of thig butene-butylene mixture is as
*ollows:. . . . L .

22% by wt. butylenes
75.% by wt. n-butane
2,56 " "  propane

ﬁﬁooﬁdenéed,portion of the‘gés is passed into an absdrber'and washed with
at 118 psi, and 50°F, '

The composition of the non-sbscrbed gas is as

Approx. 80 - 85% by vol. Hp
12 -15% " v cR,

" 3 - 5%_v' “ Cp hydrccarbons

gorber ie jJacketed and is cooled by circulating brirve of 41°F through

Jackets . The gas stripped from the fat absorption oil'is retwxmed to the
mpressor and recycled. High pressure steam (175;220 psi) is used for heat-
the absorption oil regensrator. ' ‘ N

The mixture of butanes, which is the starting point for alkylate manu-
agture, is furnished by the high pressure hydregepation plant. This mixture
nlaing an excess of normal butane and a portion of this excess, separated
m; the alkylation effluent, is lscmerised to iscbutene in the isomerisation
Nt discussed in enother secticn., The materiel bélance of Fig. IVII does
tke into consideretion the cperation of an isomerisation unit, sirce it
small propertion of the circulating normal butane, LT -

lation:
=) :

The alkylation reactors are insulated Veftical'cylindrical-VESSélé,

high, with a capacity of 157 bYbls. There was a total of 12 reactors, in
Toups of six each, housed in adjolning buildings to protect them from

e, One group has been destroyed by bombing but the other group-is
d—-

2 The volume of & reactor up to the emulsicn outlet is 61.5 bbls.
*£h§-reactor 1s equipped with a motor-driven stirrer with a blade 32" long
ing at 120 r.p.m. The raté of feed ig 50 bblis, of hydrocarbon and 50
Of acid per hour. The feed is cooled Dy heat exchange to 46CF and the

ure of the reaction mixture is maintained at 32°F by evaporation of

: 2 and maintaining the pressure in the reactor at,j;péig. About 230,000-
22000 cu.ft, /hr. of butane are circulated Tor refrigeration. Sulphuric acid

ihing 96% HyS0), is used and the concentration of the spent acid is main-

at 9o HpB0)y by periodic withdrawal (every 3 hours) of spent acid.

-% consumption amounts to 1.2 1lbs. 96% acid per gallon of alkylate,
Obutane-olefin ratio is maintained at about 631, The residence time
reactor is 40 minutes. ‘ ' - - ‘ .

- 55 -




270

The composition of the reactor effluent is as followst:

_L42.8% by wt. iso-butene
k1.0% ¥ " n-butane
15.0% * ¥  alkylate
‘1.2% " " propane

The aCid hydrocafbon emuision - is aliowed to settle for 2 hour

about 157 Pbls, The hydrocarboen effluent then passes through 2 hes
where its temperature 1s raised to 59°F by exchange where the alkylatify
enters a final settler {capacity 630 bbls,). Subsequently, the hydsr
mixture 1s washed with caustic (10% NalH solption) and fracticnate
usual manner. The debutanlzer consists of a tower of about §' diamet
with Raschig rings to a height .of about 65'. The tower is operated
pressure of 59-99psi and a botiom temperature of 556°F obtained wit
steam, The reflux ratio is meintained at 0,L:1., The senava ion of n
and iso-butane itakes place in an 80 plate tower of 9' diameter and 13
The distance between the plateg is abbout 20Y, . This tower is cperatef
pressure of 118 psi and & reflux ratio of 4.531. The bottom product
sents. 96% n-butane, The overhead ig paesed into the depropanizer whi

2 packed tower of L' dlameter ard 20' of packed height, The packing:

in the upper section of Reschig rings of 1/2" diameter and in the YoWe
tion of rings of 1" dismeter. The operating pressure is 265 psi, THe af
product has the following compdsition:« )

85% by vel. iso-butane
h¥= B n-butane
‘3% " .  propane

The alkylate is distilled under vacuum in order to make it possib
use steam.(l75 220 psig). as heating medium, The distillation is carriedt
at a pressure of '11.6 psia and bottom temperature about 350°F in a Lower.
about 5'6" diameter and a height of about 65'; the tower is packed with

Raschig rings.

A flowsheet of the alkylation process ig shown in Fig. XIX.
of an.alkylation reactor is presented in Fig, XXIT,

Alkylete Quality:

The'alkylate_pfoduced has the followlng properties:

IBP | 185%F
80-85% o 248CF
E.P. 30207
_Reld vapour pressure below T b iws.
Cctane No, 93-94 '
(Research)

Alkylate Production in Germany:
The Leuha'alkylation plant wasa desigﬁéé for an annual production of
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I.C. 7370

0,000 tons (k45,000 to 533,000 bls) but the actual producticn averaged
Sy 36,000 tons per year (320,000 bbls.)

The only other German alkylaticn plant which was sompleted and in opera-
ton was &t Scholven. This unit operated only for 6 months in 104l and during
ig time ite rate of production was the same as +he actual rate of production
Leuna {2-3,000 tons/month, 17,800 - 26,800 bbls./month).

The Leuna plant started cperaticns In Spring, 19L2, and ceased cperation
Decenmber 19h4,. The butane dehydrogenation equipment has not heen exten-
Talf of the alkylatlion reactors, and auxiliary eguipnment
peen completely destroyed together with most of the tankage serving the
gmire unit. The fractionation section appears tc be intact.

i Data on energy and labour requiresments for butane dehydrogenation and
alkylaticn were provided by the foreman of the plant, Dr. Stratz, and are
given in Table VIII, The photographs were taken by J. F. Jenes.
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