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X, ISOMFRIZATICN OF NORMAL BUTANE

The isomerization of normal butane is carried out using aluminium
oride catalyst activated with HC1l, Thie is the only plant in Germany for
he isomerization of butane. The process, as used in Germeny, is similar to
ne variation used in the United States, ‘A simplified flow diagram of the
B2 Leog is attached az Fig, XXIIT and a photograph of the thres iscmerization

torg is chewn in Fig., XXIV,

Fach reaction vessel consists of 2 1 metre diameter cylindrical vessel
aving s cone bottom., The stralght section of the reacicr is approximately
' in length, Liquid normal butene of 95-96% purity is Tirst dried by wesh-
with 96% sulphuric acid, The dried feed 1s pumped under 18 aims, pressure
ugh a preheater where 1t is heated to 95°C and then mixed with 100-150
yim, of recycle HC1 gas for 1, 6 cu,m, of liquid feed to give a 10% concen-
Wation of HC1l in the reactor charge. The charge enters the base of the
ctor near the cone, Tlows upward through a 2 m, depth of Ragchig rings,
through a2 1 m, bed of lump aluminiwmchloride occupying a volume of
aagxox1mately 700 litres. Above the aluminium chloride, the material passes
ough an empty zone of 1- 1/2 m. in height to prevent aluminium.chloride
2y, over, The effluent from the top of the reactor is cooled to 25C by
§§dir ct water cooling, and passes to a receliver from which some sludge is
£ ed, The hydrocarbon-ECL mixture from the receiver is pumped through a
prcheater where the temperature is raised to 6£0°C and introduced near the top
HC1 stripping tower. The bottom temperature of the stripping tower is
tained at about 118°¢ to remove the butanes and .any propene formed s0
ropane does not build wp In the recycle HC1 streams Refilux is supplied
top of the colwm by means of a water-cooled condénger in the ratio of
@q:ts of veflux to one of overhead preduct. The recycle gas contains 80%
% propane, and’ 5% iscbutene. Make-up EC1l 1s added to this recycle
L and it is mixed with the feed to the reactor.

he catalyst employsd in the process is technical alwainivm chloride con-
a spall smount of Terric chloride as an impurity. The ferric chloride
$0 be essential Tor the reaction. The converslon of normal butane to
) ne per pass is 25 0% with an uvltimate yield of 95-97%. FEach reactor
e & 250- 500 kgs. of isobutane per hour. The censumption of aluminium
is. 1% by weight of the iscbutane produced., The consumption of HC1
0,3% by weight of the 1sobutane produced.

cordlng to ths persommel 1nterwogated, crdinary carben steel is used in

structlon of the reactor. It was reported thet no corrosion trouble
encbuntered with the-use of carbon steel, although thls appears very
since the glumirium ckleride sludge hag been found to be very

LVe in a similar type unit. Difficulty was encountered, however, with
on cf aluminiun chloride in the cooler at the outlet of the reactor.

t1y no effort wes made to remedy this troubls.

gbiﬁ Process has not reached the stage of developmsnt obtained elsewiere
is doubtful whether anything new is to be learned from the Germang in
%mg‘ﬁ-Of isomerization using aluminium chlorids, The isomerizaticn of
@ hexane has not progressed beyond the laboratory stage. :
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XT. SYNTHETIC LUBRICATING O MAWUFACTURE - LEUNA

Inforretion on this subject was secured at Leuna by inspectlon of
plans and by interviews with the Tollowing I.G. persomnel (Mey 8 15,

Dr. Giessén - in charge of crganlc chemicals manulacture,
Tr. Gericke - in charge of opératicon of the lubricating

’ . 0il plant and some smalier .chemical plénts,
Dr, Zorn - in charge of lubricating cil ressarci for
C the . pest 15 years. .

SUMMARY OF PROCESS:

. Ethyléne of 95% purity 1ls obtained by thermel. cracking of ethane in
admixture with oxygen. The ethylene is polymerized batchwise in the py

of a épecial alwmimium chloride catalyst. The polymerized 0il 1s separa

from the eluminimm chloride complex, steam dlstilled to remove light end

and given a final clay treatment before use. oL :

The plant was designed for the production of 200 B/CD (850 metric f
monith) finished lubricating oil from 1630 MCF/D (609F - 760 mm.) of ethand,
Actuwal production in continuous cperation was about 85% of this figure.
Yield of finished lube oil from original ethane was ebout 48,5 weight pe
cent. : T ) o

PROCESS DETAILS:

" The overall material balance for the plant is glven in Fig. XXV bas
en 170 B/CD (700 T/Mo)} lubricating oll production. "Details of processesiarn
given in Figs. XXVI - XXIX; based on design strean day cperation where
available. ' o ' ‘ : '

1) Thermal Cracking of Fthane

The ethane cracking .equipment consists of four parallel units, each
an ethane charge capacity of 617 MCF/D, Ethane (three volumes) and oxygen
(one volume) ere preheated separately at atmespheric pressure in gas-fired
tubular héaters to 1100 - 1200°F and T50CF, respectively. The heaters are
constructed of Sicromal (8-12% Cr). The hot gases are mixed during passage
through a refractory assembly ("tulip”) irn the bottom of the subgequent
ethane cracking furnace, The mixbure passes upward through the cracking
chaxber, which is filled with 1-1/4" dia, ceramic spheres. Cracking condis
tions are approximetsly 1616°F and 300-400 me. mercury absolute pressure..
The cracked géses are guenched by & water cocled heat exchenger and then by
direct injection of water. Vacuum is held on the cracking furnace by &
water sealed vacuum pump which discharges the cooled gases to the next stage
of the rrocsss, . : o ' '

Tt 1s interesting to note that the design capacity of four cracking
furnaces is.2470 MOF/D ethane, producing 1,200 MCF/D water-free cracked gas;
actual requirement (once through) Tfor -the 200 B/D lubricating oil production
is 1,825 MOF/D, indicating 2 75% stresm tims efficiency: The factor deter-
mining stream time efficiency is coking of the lower section of the ethane

1128 - . _ 6o .-
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%?écking furnace where oxidation ocours. A small amount of nitrogen (up to
54 of the ethane) is added to the sthane cracking furnace as a control of

o acking. b

The preducts of cracking are next washed with caustic soda in order to
emove organic acide and formaldehyde.

“Acetylene removal:

Acetylene is removed by hydrogenation over a nickel~chromium catalyst
temperature of' about 4COCF, atmospheric pressure znd a g3 space velocity
1,165 volumes gas.(a% standard condition)/volume catalyst/howr. Linear
: but veésel dimensions indicated
ove space velocity. The hydrogen required
+ hydrogenation ia already present in the cracked gas. Any coxygen present
thisg gas ig hydrogenated to water..

)Aftér hydfogenation, the four gas gtreams are combined in one gag holder.
om: this point the gas is coupressed to 220-26h psig. and undergoes four
ther purification processes at this pressure, '

011 Absorptions

The gas is passed counter-current to a middle 0il (from coal hydrogena-
for absorption of benzene ang higher hydrocarbong. The rich oil is
ed with stem in the usual WaY .. '

he gas is next bassed through towerg containing activated charccal
ded cubical pellets 13/64" diameter from Carbo-Norit Union, Leverkusen)
&r to remove the last traces of benzene. These towers are operated on
our absorption/?h-hour regeneration cycle., Regeneration is acccomplished
eeming at 37L°F followed by drying and ccoling. with nitrogen. The
lveness of the absorption is checked by cooling a gas sdmple down to

and noting whether there is any condensation,

Alkazid Washer:
=o2zid washer
is removed by counter-current wvashing with an alxa-
-amino propionic acid)}, . The alkazid solwtion is
The exit

*

Ur counter-current towers in serics are used, each circulating individ-
The last tower in the series is filled with new 10% caustic soda
)y and the caugtic solution is transferred stepwise to the preceding
0 the system.. The caustlc in the first tower is dumped when 90% of
¥21lable sodiwm hydroxide has been converted to the bicarbenate, The
scda is not regenerated, . )
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To ensure complete removal of carbon dioxide, a sample of exit 8as o (4) Th

continuocusly bubbled throuéh o bzr1um.Hydrox1de solutlon .. Re
“FHe PYE
7) Linde Low Temperaturce Fracticnation: T ' st f¢

This plant was designed by the Linde Company for the separation of th ' e) TF

waghed ges into four fractions. The gos is dried over silica gel, Precooicy: o] . 58T
and fed intc the first tower under pressure. The first tower produces ‘ L regut
methanc and permanent gases as overhesd product and ethylene znd heoavier a S

bottoms product. Reflux 1s seccured by & methons compression fefrlgbratlon ; ‘)_W:

cycle. The overheud yrodu t iz put to fuel gos, : : s in

The bobtoms from the first tower expand into the second tower at about
7 reig.’ This tower yiclds eth ylone and ethene' overhezd and propylone and’ : )0th
heavier hgdfocarbors are passed from the kettle to fuel ges. Reflux is wro the sar
vided by expanding ethylene directly intc the top of the towar. . '

< g) T
The ethylene 4+ cthanc overhead Traction passes to the tn1rd tower, wh tr
glves ethylene as an overhead product end ethenc as a bottoms product. Réﬁr ' Gfithe Tot
iz provided in the same manher 2z in the second towsr., The ethylenec is com'u gﬁ' proce
pressaed to 1200-1500 pzi for sgtorage and the ethene fraction is recycled %o
the othane cracking furnace. This recycle constitutes about 26.5% of the The
total feed to the furnace. Co i ‘coity ab 2c
o , | | B viscosity
Reboil keat 'is supplied indirectly to ell threc towers by relativoly emperatu

warm ethyleno from the discherge of the ethyleonc refrigeration compressors, the hi-
The general heat exchange arrangement is shewn in the attached flow shoot,”
Fig, XXVIIT.

The three towers &re copper lined and 211 cquipment inside the towers i fore reac
wade of copper. * The three towers and pert of the heat exchenger system are
enclogcd ‘in an Insulated box. Two parallel plants arc used for this fractio 5 E=Teld
atlon at full load . ' o igh visc

8) Polymoriz tlon of Ethylene to Lubrlcutlng 0il: ‘ - : bon &

The roection is carried out in batck auntoclaves. The Leuna plant has he ethy
ten roactors, four of 400 cu.ft. eapacity each and six of 290 cu.ft, c@pa01tj corre
each, A batch can be run through a rcactor in 12-1k hours. . - . 4uipmer

" The prouedurc Tor polym&r121ng a-batch of ethylenc comprises the Tellow
ing steps: LT

{a) A slurry is made in the reactor by mixing eluminium chloriie (5-T% If the .
by weight on the finished lubricating oil) with light oil from the process. "
This slurry occupies 15-25% of the volume of the reactor and is kept in craper
suspension by the mixcr at the botiom of the autoclave, The aluminifm .- ' ‘scraped
chloride contains 4-6% ferric chloride, = . : may the

(b) The reactor is purged of air with ethylenc and then cldéed in.

(c) Ethylene is added to give 440 psi pressurc. ) . 2 £

ireg - 62 -
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{&) The autoclave is heated to 158°F by circulation of hot water in the
ket, Reaction immediately .sets in, the itemperature rises to about 356°F
the pressure to about 515 psi, The compound thus forhed represents the
lyst for the subsequent polymerizat o of ethylene.

e) The reaction'is quenched a% the sbove maxlmrm.point by circulating
A water in. the jacket. This procedure, from the first addition of ethy-
requires about fifteen minutes,

(¢) When the temperature is reduced to 230°- QHBOF., ethylene (at 882
i introduced and the temperature is held constant in tals range by
cooling. The polymerization causes 2 pressure drop in the reactor
the reactor is liquid full, At this point the temperature at the top
ttom of the autcclave are the same and the pressure in the. autoclave
he same as the ethylene line pressure,

g) When the autoclave iz liquid full, the ethylene supply line is
.the pressure on the reactor is vented down by ges release atv the top
reactor (to be descrlbed later), and the centents are ready for fur-
rocess%ng. :

tie above procedure refers to the preparation of an oil to a final wis-
at 220 S.8,U. at 210%F (6° Engler at 100°C). To produce an oil of
y 105 8.8.U. at 210°F. (3° Engler at 100°C), the pelymerization

g ture is controlled at 556°F .The yield of o0il from ethylens 1s.reduced
e hlgher:temperature. :

The first Leuna ‘autoclaves were made from steel containing 12-16% Cr
the 0il manufactured was of the desired high viscosity. Subsequently
actors were added, and these were menufactured from ordinary carbon
ith a 95% purlty cthylene from Leuna, these latter reactors gave a
osity oil (3-%° Engler) for 3 to L months, but subsequently.gave a
scosity oil. The plant at Schkopau (see following section), operating
gher-purity ethylene, had no difficulty moking a -high viscosity oil in
stesl reactors from the first., Gericke belisves that, .from thig and
dence, a high-purity cthylene is essentizl and:.that 1mnur1tles in
ene, ag well as reactor well maverial, may influence polymerization.
ion d¢ifficulties have been experlenced at Leuna as long as the
nt is kept absolutely dry.

lyst Seﬁ&ration.and Disposal:

contents of a reactor sre pressured into a batch separation vessel
1 and catalyst complex layers do hot readily separate, a small
Of hethanol is added. The total mixture then passes through a
FPG (schal) centrifuge, in which the heavier complex is continvously
l%? Tom the outer drum and retained Tor further processing. The cil.
AP pass through a Delaval centrifuge for further catalyst separation,
bl temperature for catalyst separation is about 1SLVF.

0il, stil11 containing a small amount of complex, next goes intc an
in which methanol (2% on oil) end lime dust are added, This treat-
eakg down the catalyst complex and neutralises the acid formed, Tre
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