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Gag Circulation Procesg
(For Gasoline Produotion)

The gas circulation process was develqped to overcome
the peculiar difficulties of the CO-H; synthesis with 1ron
catalyets which requires a very careful heat regulatlon. Tem—'
peratureé of 300%° and above, which must be used for the pro;
ductlon of high anti-knock gasolines, can no longer be obtalned
in tubular or plate reactors. | ‘ /

In the gas circulation the heat of the reaction is
not led away through the wall but by the reaction gas'itselr
and led to a waste heat beller outsldeithe reactor where 1t
is cocled to 506 below the reaction temperéture; the waste
heat boiler can be maintained relatively small in size because
of the large éifference in temperature. No compilcated insets
have to be bullt inslide the reactor. The temperature interval
inside the reaction space 1s llmited to 10° by the absorption
by:tne gases of the heat of the reactlon, and the makeup gas
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must be circulated about 100 tlimes between the reaction space
and the waate'haat poller 1in order to leave ths circuit with
a 75-80G% conversion. iIn-additlon to ths above bot circult,
there is a cold circult with a circulatlon 1nsida the cold
circuilt of about three times. Its purposs.la the removal of
water by cooling to the témperature of the cooling wé;er and
the depositlon of the'high 2olecular welght regction products
whilch éaulﬁ otherwisé clog the catalysts. The gas which
finally leaves the system 1s cooled to about *&0°G,‘and the
1ight gasoline and the greater part of the gasol are also
condensed. ’

The carbon dioxide 1s now removed and the gas led

through & second slage which 1s about four times smailer,

and the total converslon is increased to over 90%.
Catalyste

A catalyst of very high mechanlcal sirsngth is regulrsd
because of the great gas velccity (the time of residence of the
gas 1ln the catalyst bed Ls less than one second}. Cperations
up to 300° with sintered carbonyl iron and a small amount of
- borax have been feund aatisf&ctorl. Thils catalyst shows no
tendéncy for “going tnfougb“. Its heat conductivity is eo
good that no local temperature rises de#elop due %o overheat-
ing. The llfe of thié catalyst has been found to be around

4 1/2 months in gmall scale tests.
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The pressing of the catalyst powders must be done‘
with very vigorous shaking, since only in that way can a
homogeneous catalyst graln be obtalned, and the catalyst

would otherwise show a tendency to scale during operation.

Operating Condltléng

High-teat gasolipe 1s obtalned by operating at a tem-

- perature of 300°C or over. The bresking down of CO to carbon

is prévented by not permitting the'temperature to exceed 330°C.

A pressure of 20 atm has been selected, Thé efficiency at
‘smaller pressures is lower, while at higher pressures the Cc
content 1s higher. The gpace/time veloolty in the first stage

is 0.8 and 0.6 1in the seccnd stage. The gas mixture has fhe

game proporiticn of CO:Hy; &8 in water gas, namely 4:5 and even
closer to'lzl. A high content in inerts slows down the pro;
duction., The gaé production with oxygen is therefore recommended.

The sulfur content must be below 2mg S per cublic meter.

Finighed ngductg
(ethylene 8%) 15 polymers 7% ethylene

(propylene 9%) gasoline or lubricant
Guses {except 30% (propane 3% 35 alk. benz. 8% propylene
me thane and (butylene 52 (5% izo utens)  lubricant
ethane) (butans 2% 7% lso octane
Gasoline, -200°C 4£74%, refined 4%, o.n. 84 44% motor gaso-
line

Middle o1il,
200-350°C 15%, cetane number about 50 15% Diesel o1l
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_ Finlshed Productg
Paraffin, +350° 1~2% ‘ _ 1% paraffin
Aleohols in watsr {558% ethanol

of reaction 7% {20% propencl 7% alcohols
. - (Bglance: butanecl, ace~
" taldehyde, ace-
tone and acids.

S ———

1008

18-20% gasification {metbane -+ ethane) to 80-82 parts of
ths above products ' :

Refining of Gasoline

The crude gasolins contains 3-4% O and must be refined;
| This 1s done by paaslng at atmospheric preasﬁre over alumina

at 380° and finally over bleaching earth at 200°C. The loss

of material amounts to 5-G. The octane'number:or the crude
gasoilne i1s thereby increased from 70-79 to 84 (reaaaréh
method), with 50-55% boiling below 100°C after refining. The
refined gesoline 33 stabllized with alpha naphthol, and has
shewn a atorags atability of £ 1/2 years in a special storage

test,

The Unggturated Cagsg

The olefines can be used ln a variety of waye; the
butylene fraction contalns 62% 1so-compounds and can be used

for the production of %echnical grade lso-octans; propylens
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and ethylens c¢an be uced for the production of alkylbenzols

as well as for the production of aviation lubricants.

Dlesel Oilg

The middle o011, 200-350°C, contains 1-1 1/2% oxygen
and can be used as a Diesel o0il without any pretreatment The

cetane number is 50, the pour point -28°C.

Lubricants from Middle 011

The middle oll produces with 503 66% of refined pro-
ducts which will form 60% motor oll obtalned by polymérization
with AlCls.

Yieldg

Two stage cperations with a total conversion of 91-92%
of llquld products (after polymerization of the gzasol) will pro-
duce 133 g without ethylene recovery, and 142 g with ethylene
recovery, (which requires a Linde plant), per ncbm of pure gas.

About 805 of the production is gasoline and 20% Diesel oil.

A

e Scgle Tegis

A circulation reactor which was originally planned for
800-1000 te/ann of crude products and had a layer of catalysts
60 cm deep has been used at 325°d for a long time with an inert-
rich off-gas of the butyl plant, with an adjusted CO content.
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.Fhe reactor operated as expected. It 1ndicated the desirability
of 1mproéeﬁents in one respect only. lThe cross section of the
gas circult changed up %o 1:10, and the veloocltles of the gas
strean could change correspondingly. They originated in the
turns in the gas path. Gas eddles were 1ocaliy produced which
interfered with the'pasalng through the catalyst bed. Dividlng
the catalyst bed into severel intermedlate spaces on aifferent |
levels and with small intermediate spaces was an_lmprovament.'

The new congtructions ere made with this in mind.

Foam Procesgssg

This is a process in the liquld phase with the fines%®
dlsperslon of a floating catalyst, and the gas mﬁgﬁ in this
process be dlstributed throughout the liquid in the form of
the minutest bubbles. Such a fine subdiviglon ls oblalned by
either intensive stirring or by using flne-pored foam plates.:
This method of operation offers tThe advanlages of avelding
any local overhsating ol the éatalyst which may lead to a high
methane production and to a depesition of carbon, and the gasi-
fication 1s lowered to an insignificant amount, In aadltion;
the catalyst is used in its simplest form and can be renewed
without interruption of operations. High boillng products of
the reaction are used as the suspension medlum, and principaily
the paraffins.

The Ioﬁm process was developed for the production of an

olefinic middle 611. The amount of higher boiling consgtituents
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~in the 1liquid phase 1g increased 1n this process, and when
operatlng for ths production of gasoline at 300°C and over, the
high boiling products are dlstllled over andvmust be retﬁrned.
The preferred pressure is 20 atm, 11ke,lh the gas ciroulation
. prbcess. : , | o
The foam 1s produced by means of stirring with a ver-
tical shaft mixer a short dlstance above the bottom of the
vessel. This arrangement has been found satisfactory in small
géale rﬁns, but still offera certain technlical difficulties 1n-
large 'scale operaticns. _
| The use of a foam plate in place dt a mixer 1a techni-
cally elmpler and may be readily lncorpérated 1hto large scals
operations. . | | o
The oatalyét sinks in the lléuid»phase in the course
"of time, and the total liguld muet be slowly moved upwards;
The gas and the liquid ere separated above in a catehpot and
the liquild again returned from below %o the reactor. The cool-
ing canvbe done during the return of the lliguid to remove the

heat of the reactlon.

Catalvat agnd Regetion Conditiong

A fTinely divided highly active iron catalyst is well
adopted for the process, e.g. a finely ground reduced preéipi—
tation oxide catalyst. Oxygen is excluded by grinding the
catalyst in olil.
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Ths space/time efficlency increases with the pressure,
betisr efficlency resulle in a éavlng of reactlon gpace, and
the equipment‘ccsts are kept low by operating at 20 alm pressure.
) When opératlng for the productlion of mlddle oil and
paraffin the synthesls 1s done in the temperature range of
£00-250°C, while in the processes for gasoline the temperature
range is around 300°C in order to obtain high octane numbers.

More GO than Ha is consumed in the reaction gaa; A

proporticn of CO:H,; between 55345 and 60:40 1s recommended.

Middle O1) Processg

The purpose of the middle oll process was the product-
ion of a maximum amouni of clefinee., Iron obtalned from red
iron oxlde, finely ground with a small amount of potaéaium
carbonate or potassium borate was used s a catalyst.

| fﬁe operating temperature was 240-250°C. The space/time
yield of the stirred raactqrs.wae 0.4, in the foam plate reactors
0.2, caloulated to the volume of the liquid phase. A certalin
choice is left in the product diastributlon by the proper select-

lon of catalysts. The preferred proportion of products was:

Gasoline, -200°C 31%
Middle oll, 200-350°C 30%
Paraffin, +350°C _39%

" 1003

In addition:

Gasol 2-4%
Ca, Ce &lcohols in the

water of reaction 4%
Gasificatlon less than 5%
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thd operatlicns are run in more sgiages, e.g. in three
stages, 1t s recommended to convert 50-60% of the CO-Hp mix-
ture present 1n every stege, wlth an lntermedliate removal of
GOz When'the cdntents of the ineris in the makeup gas are
low, operations can algo be conducted in one stage by return-

ing the gas to the circult after washing out the carbon dloxide.

Quality of the Products

The gasoline obtained in the process for middle oilg
“hag an octane number (R.M.) of 72 after refinlng.
The olefine content of the middle oll has been obtalned

by hydrogenatlon meassurements to be:

Fraction Olerlné Content
200-250°C 70%
250-350°C , 56%
300-350°C 44%

The olefine contenﬁ'of a 230-350°C fraction of one run
was found to be 60% average in splte of the low olefine content
of the hilgher fractions as found by the determination of the
hyérogenation nuxher.

The straight chain compounds of the individual frac-

tions have been found to be:

200-250°C | 69%
250-300°C 70%
300~350°C 74%

The amount of products 1s distributed approximately
8imilarly to that in the individuel mlddle o0ll fractions.
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A oareful cracklng of the paraffin at 400-420°C gave

Qlefine Content -

Gasoline, -20G°C 15%
. Middle oll, 200-250°C 15% 6
Middle oil, 250-350°C 55%

W

3

Regildue, 350°C 8 -
Coke 5% -
 Gas - | 1-2% -

only agbout one-third of the paraffin 1s of sufficl—
ently low molecular wgight to pernit 1ts direct use‘ror pafa-
£fin oxidation. 4 '

Uses for Middle O1l

.Detergantg .

A direct addition of HS0, to the olefines of the middle
011 of the 230-3560°C fraction brpdﬁces eu;fonatesvaccordihg to
the work done at the main laboratoryvof Luawigsbafen, and they
mey be consldered very high-grade detergents. The balance of
tne neutral 0il, unlese used as Dlesel oil, can be converted
into Mersol, an excellent deterigent, by esulfochlorination, or
into aryl sulfonates by condensation with benzol and sulfo-
nation.

Turkey red oilé, or leather olls, can be produced by
sulfonation of the unsaturated constituents (230-350°C) with
emulaification of the saturated constituents,

Leather olls can g2lso be made by oxidation of the niddle '

01l fraction 270-350°, and leather fate can be obtalned by oxi- -
dation of paraffins (Dr, Pfirrmann).
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Fatty aclids and socaps can be produced by the addition
of.carbén monoxide ahd water to olefines (230-350°C, Reppe
process). .

Aldehydes and alcohols can be obtained by the addition
of carbon monoxide and hydrogenation to the olefinss (oxo pro-
cess of the Rurhchemie).

Lubriecsnts gnd Fugig

The mere strongly branched mlddle o1l 6: the gasoline
process can produce lubricants with viscosity number of 105
which will meet all the spéeificatlbna by polymerizing with
aluhlnum chloride after purification with sulfurous acld.

The middle oil from the middle oil process is still better
suited for the production of lubricants because of the lérger
proportion of streight chaln compounds. The heavy naphtha, |
- +100°C, can be polymerized together with the middle oil. A

- Jubricant with the wviscoslity number of 114, and a vlacosity

of 2,0°E at 100° can be obtained with a 47% yleld. It meets
gll the requirements. The middle oll fraction 200-320°C has
a cetane number of 60 when used as Diesel oil. Its pour point
is -10° and is therefore not entirely satisfactory. It can,
however, be made to meet the standards by lower cut and by a’
llght cracking of the higher constituents.

Gggoline Procesg

Increasing the temperature to 310°C and returning the
digtillate to the liguid phase,'produces the following products:
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Gasoline, -200°C 60%
}¥1ddle oil, 200-350°C 30%
Paraffin . _10%
. 100%
Gasol ' 6%
Alcohols 6%

Gasiflication about 5%

The enrlched gasoline 80 obtained hag an octane num-»
ber (R.KM.) of 78, altexr refining - 90.

The gasoline process has not yet been tested experi-
mentally over a longer perlod of time. | ' ;

The Y.eld in Liquid and Solid Products 1s Higher
Becguse of the Lower Casificagiion

160;170 grams of liguld products can be readlily obtalned
per norﬁal cubic meter of the puﬁe gas, to wgich.gaaol will have
to be added. It is expected that ylelds of over 170.5 will be
cbtalined 1in the future.

Test for the Appliocation of the Sas Circulation and ths
Foam Proceas for the Production of Synol Productg

Tests with the synol ecatalysts of dlfferent size of par-
ticles have been run in the 4~liter gas oirculatlon rsactor.

Operationa were conducted for flve weeks at 1956°C with
a 3-5 mm particle size and the space/tims yleld of 0.4-0.5.
After five weeks the space/t;me yield decreases.suddenly. The
catalyst was plugged up with the products, some of the catalysts
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bécame acft and could bs ground up between the fingers. Reclr-
culation of the products with a 30% conversion produced only
one-half the alcohol yields agalnst ths Leuna synol procesa.
Oleflpes repleced the mixed aloohols. Conversion was then fﬁr—
ther reduced in order to reduce to one-third the residence
time with the catalyst. The products have not yet been studled
any closer. | :
Coarser particle of catalyst (12-15 mm) had a longer
1ife, but the space/time yleld obtelned with them was only 0.2.
| Operations could not yet be conducted by the foam pro-
cess at 195°C iith-tns finest size of catalyst, Dbecause the
space/tire yleld was too low., AT 210° tne'space/time yield of
0.12-0.15 hés been reached. Investlgations showed the”products.
to contaln 75-80% of the alcohol contents of the Leuna products.

The experilments are being contlnued.-

/s/ Michael



