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i¥ moter and the stahdard boost pressure is 1,000 mm;‘abSolﬁtq.; Test results
are oxpressed in the form of a graph rolating air/fuei ratio to coniprossion

direct octanc s¢alc can be used in this casc

- This enginc was crployed at Leuna for official accoptance tests. Due,
gvover, to air raids, this onging had been dismantled and crated for erection
at. some other location, ‘The. tests were only carried out to obtain accechtance
of:the aviation fuel components since blending of the finished fuel was
carried out at the WIFQ;blending-stations, -Laboratory blendsfconformipg to
ﬁiﬁ official formmle werc prepared zad tosted. 'The engine operates at a’
gonstant compression ratio of 6.5 : 1 with variable superchargo. - Other
rating conditions arec 1600 r.p.m,, ignition 30°.B.T.D.C,, inlet air tor-
eraturc 1309C., air cooled snd direct injection. Tests arc carried out in
ormal marmer by plotting air/fucl ratio against M,E,P, Acceptance was

ted when the MUE,P. air fuel ratio curve’ approached: the standard.. .-
coeptance curve. : '

Tho following information on the deveiopmcnt of aviation gasoline was

ined from Dr. Esteor, chemist in charge of gasolinc guality control by
ne testing. L )

The necessity for manufacturing a fuel with high aromatic. contont was
e to the development by BMW and Daimler-Bonz of cngincs which had a mean
ective pressure of 294 psi at an air/fucl ratio of 0,75 for starting and
v and m.eip. of 147 “pai at air/fuél retio of 1.0 for cruising. The
era cngine, howover, was said to operate on 90 octanc fucl which was
eParedlfrqm hydrogenation gesolinc with 4.5 cc of TEL per gallon and
°sonts the normal grode aviation fucl (By). ~ Inspection of the lcan and
mixture curves indicated that iso-octanc would have been. the ideal fuel
he German engines. Sinée a fuel of this kind could not be obtained, it
Scessary to incorporatc 35-5% vol. of arcmatics into tho aviation fuel.
Fobentanc blonding was practiced and the components themsclves were
hilised to give o Roid vapour prossurc below 7.4 for the final blend.

The seurce of the blending component with a high concentration of aro-
fosee ¥a8 the hydroforming of the hydrogenation gesolinc (DHD process)
‘WlﬁiO;qu dbtained by dehydrogenction of n-butanc and conventional alky-

i_n,Of the resulting n-bubylencs with iso~butane,_using,céncentratcd
Phuric aeig s the catalyst. Isc-octarc is obtaided by hydrogenation of

Sobutylenc,

& Tightor gradec aviation fucl (03}‘ﬁas blendcd as foliows:

80% DHD gasoline
20% alkylate or ET 120 or mixturc of both
4.5 cc TEL/gallon
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‘The DED gasoline conteins 0.1% by volume of mixed cresols'as
inhibitor, This fuel was slightly better than engine-requirements-bﬁ
wa8 expected that engine design would very shortly make full use of 4

A1l German aviation engines are of the dirdct injection tyie
claimed that this arrangement results, among other things, in £o0d mj
dilstridution to all cylinders and the absence of difficulties by ice
tion, TIn order to increase the quantity of..aviation .fuel, tests have
carried out to prevare a fuel which would dispense with the DED Proce
operates with high gas nmake. Addition of 2% methylaniline and 7.5 g
gallon to hydrogenation gasoline and uge of this Tuel in conjunction®
methanol fvater injection as well as change of the injection cycle app
-to give the desired result. “The tests were carried out by Junkers
regular BMW test engine. ‘Deimler-Benz and BMW, however, claimed thai
could not get their maximum outout (2hO0 HP) with this type of Tuel
Seems desirable to mehtion that the Junkers motor JuMo 213A had an
2800 EP with the Tighter grade aviation fuel. o -

Nomencleture of Avistion Fuels:

The following nomenclature was used in Germany for the varioug grade
aviation fuel components and finished blends., This list does not includy
identifications for 21l German plants but only the code numbers obtaine
ing the interview with Dr. Ester. .

B Fuels ' hydrogenation gasoline, leaded
C Fuels high efficiency fuel
ET 110 - +technical isc-octane {96 octane no.}
ET 120 alkylate A
VT ofo2 hydrogenation gasoline from Leuna + h,ﬁ'cc,'
: TRL/gal. (90 octane no.) o
VT 705 hydrogenation gasoline from Scholven,; leaded
o as above, ' ‘ :
VT 706 kydrogenation gasoline from P8litz, leaded o
as -ebove. ' a
¥T 708 hydrogenation gasoline from Gelsenberg, leaded
: as above. : : ' !

i

VT 810 * hyd¥ogonation gasoline from nglen, leaded as abdve
. n " .

VT 812 . n Bm n L i
VT 342 - hydro-formed hydrogenation gasoline (DD gasol
B 1000 ure igo-octane reference fuel.

- -The sulphur conteént for all aviation fuels and components was specff
to be 0.005%. & stabllity test was included .n the specification accordi
to which 200 cc, of gasoline were kept at 103 1bs. (7 atm) oxygen Dregsur
~and 212°F for 2 hours; the gdsoling was Dassed without further testihg

bressure drop took wnlace during this bericd. In case of a pressure drop the

gun formod was determined and the permissible gum content was set at 5 mgl

cc of gasoline. o T K
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XIV{ OXO PROCESS.

ntroduction:
Inurodn-h Vo

The OXO0 Process consizte of the reaction of olefines with water gas in
He presence of Fischer Tropsch catalyst to give aldchydes according to the

“neral eqguation
"""CHE"CH=CH.CH2 ———— HE+CO

3y  ===(Hp-CHp-CE-CHp -=~
CHO

aldchydes are hydrogenated to alconole in a subsegquent sted.

The basic reaction was discovered by Ruhrchcmis but the lerge-scale
development of a continuous process resulted from a co-operative gffort by
hrchemio and the I.G. The Chemo-Gosellschalt was a development organisa-

on formad by these two companies on a 50/50 participation basis. The
css was later licensed to the operating company - the 0X0 Gesselschaft.

Extensive research on the process was carricd out at Leuna where a
dant of 100 T /month design capacity operated for “13-2 - years, The actual.

uetion was, however, only 40/50 T/month because of shortage of the pre-
d raw material. - Kogasin. Leuna processed a certain amount of "Gelbol™,
lefinic by-product of the higher alechols procoss to supplement thelr
in supplics but it was stated that 1t was an inferior raw material.
resent report is limited to information obtained at Louna. Details of
hemis work arc given in other reporis, notably that on the Rubirbenzin
Target No. 30/5.01,

enistry of the 0X0 Process
The first stop in the process appears to consist of the addition of CO
“olefinc according to the equation - T

“nC-C=C === 4 €O —————y -=-= G0

%iermediatc product camnot be isolated because 1t is hydrogenatod
dlately to give aldehydes as follows: '

--=C-C-C=-~ . 4+ i ————>  -==C-C0-C---
—_— A\ / ‘2 v 1
o . CHO
i
o or’ ~==C-(-Cr=-
§

CHO

'i. . . -
gﬂ i on the point at which hydrogen ontors the molocule.
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Further hydrogenation, mainly'carried”out in a scparats reaction‘staéé
-yiclds the corresponding primary alcchols,

It will be seen thet oven in the simplest case, the OXO Process
mixture of aldchydca or aleohels. This tendeoncy towards a mixed Prodygd
further increased by isomerisaticn of the olefine under the OXO Proces
conditions, thus:

+ H2+CO + H2+CO
T : ™~
a2~ . B Rpeé .
T ' . . 1 : . o T .
.. G~0~C~C-CH 08 | C-C=C-CHAOH ~ C-C-C-CES0H ...
. ) _ . o

The reaction involving the least steric hindrance predominatoes. -ﬁhu;
using isobutylene as the olefine :

C | | c .
1 . . - .
C-C-C-CHROH is obtained in greater quantity than G-C-CEAOH.
. . N . C

Similérly,when using trimethylpentencs obtained from polymcrisataon.of‘iso
butylene, the nain 0X ‘prﬁducts are thosge dorived from the C-C-C~é=C i5omer
ag distinct from ' ' “

_ C—g—C:C—C.

The mixed alcohols obtained from the 0X0 Process arc.mainly uscd aftor
sulphonation for dotergent manufacture. For this purpose the mixed ale
are said to be better raw matorials than singlec compounds, -

Process Conditions:

The first stage of the procoss is carricd out at about 200 ats. pres
and 150° - 160°C in the liqui@ phase. Finoly divided Fischor Tropsch cata
lyst is susponded in the liguid feed in a concentration of 3-5% by woight
Most of the catalyst is rocycled and the make up roquircment is said to b
vory small. Normally, whon using Kogasin a2s the olefinic foed, the reacti
time required ie of the order of 20 minutes. Iower olefins reactod very 4
readily. In the casc of low molecular weight olefincs, they have to be us
in solution in a liquid mediuwm. :

A number of side reactions oceur in the OXC stage, Aldehydes polymOIﬁl
‘to give "Dickol" which comprises up to 20% of the crude product. About ong
third of the-aldchydes initially formed arc also hydrogonated to the
corresponding alcohol. It is thus not practicablc to isolate aldehydes frad
the crude product obtained in the Tirst stage of the process. If these

products are reguired, it is congidered preferable to complete the hydro-
genation in the sccond step, scparatc the alcohols and oxidise them to the
corrogponding aldchydes. : ‘

1128 - 88~
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This second step of hydrogenation, in additicn t¢ converiing the alde-
‘hydes in the alcchels, breaks down about 50%-of the Dickol to alcohels of
the same composition as are derived from the corresponding aldehydes. The
hydregenation is hindered by the presence of CO. It is therefore nccessary
40 let down to atmospheric pressure the crude product from the first OXO
stage and to carry oitt the hydrogenation in a separate step. This stage
is carried out at about 200 ats and at a temperature of 170-195° ¢. The same
“catalyst 28 used in the Tirst stege can be employed, or, alternatively, this
‘gatalyst can be filtered out of the first stage crude and it can be replaced
by the more readily available copper chromite., When Fisher Tropsch catalyst
is employed, scme carbvon monoxide is formed in the hydrogenation reaction as
8 result of reduction of cobal® carboenyl. 1In order to keep down the con-

ehtration of carbon menexide in the circulating hydrogen, the exit gas is
treated over anm iron catalyst to convert. cerbeon monoxide to methene. The
hethane content of recycle gas can be as high as 10% without adverse effect
on the reaction. This concentration is meintained by bleeding off the
requisite amount of gas from the clrculating system,

- The first step of the 0X0 Process is not affected by the presence of
lphur compounds in the raw materials but these impuritics do hinder the
seguent hydrogenation step if carried cut with Fischer Tropsch or copper
chromite catalyst. When dealing with sulphur-containing olefine raw material,
cfore, it is neocessary to filter off the rirst-stage catalyst and to
%hrry,ouﬁ the hydrogenation cver fixed nickel tunzsien sulphide catalyst.
is necossary to carry out & partial hydrogenation of the crude Tirst-
stage product pricr to filtration in order to convert any cobalt carbonyl
into cohalt. '

cune Ogeration:

" The process, as originally worked out by Rubrchemie, was a batch pro-
€8s and the pilot plant at Holten consisted of 18 units originally intended

batch operation. Work at Louna showed thot congiderably higher through-
Uts were obtained from continuous cperations,

The following description of the latest methed of operation of the

2 plant wag obtainecd by W. A. Horne from Dr. Gemagsmer, whe was the
mist directly in cherge of these operations. It should be recad in con-
ction with Fig. XXX. ' - - '

The olefine or olefine-containing charge is mixéd with_5—5% by weight
atalyst, most of which is recycled materiel, This sispension is pumped
ho rate of 300 - 700 litros/hour and ot a pressure of £20-2h0 ots,

ough & heator which raises its temperature to approximately 150° C. The
g%gweated Teed enters the bottom of the first rooctor and passes upward
OhcUrrently with a steom of 60 MJ/hour of carbon monoxide end hydrogen

h has been separatcly proheated to 150-190° ¢ (meximum: 200° C). This

hesis gas 1s pertly reeyele gas from the process (40-50 M3 /houx): end

¥ -moke up zos whick consists of equal molecular proportions of hydrogen

bon mohoxide. The first reactor, which iz comstructed of carbon
Ly has an internal diametcr of 200 mm. and o length of 8 M, It contains
Ttical 21 mm, OD, 17 mm, ID, steel cooling tubes which are connccted to
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a water jacket Surrounding the reactor. Cooling by these tubes is yge
When very reactive olefines are charged and the heat release is high, -
thermocouple well extends the length .of the reactor and the temperatu-
the exit products ig romelly controlled at 150°C, Tme temperaturs gy,
rate depend on the concerntration and molecular welght of the oléfines 3
charge stock. As previcusly stated, lower molecular weight olefinesgé
more reactive, ILow concentration of olefines in the feegd necessitatesfﬁg
use of lower feed rates and higher temperatures in order to ensure that
action nroceeds *o the regquired extent, -Normally, roughly 70% of the
fines charged are converted in the first resctor,

I

The exit products from the top of ¢
of ‘the Second reaction vessel where the
60 M2 /hour of synthesis gas. The second reactor has
the first but is Fitteq with baffles to increass the efficiency of contag
No ccoling tubes are required, The normal opsrating temperature is 1769%:
Essentially all the remaining olefs: o

ines are converted and some 20% of th
hydes made are hydrogenated to alcohols, ‘

his first reactor Pass Lo the B
v come Into contact

The exit products firom the top of the ssco
a water cooler to a separavor from which
breheater, The liguid product ig let do
released dissolved g2888 are purged

nd 0X0 reactor ncw floﬁ‘uhr.
synthesis gas ig recycied to the
Wi to atmospheric pressure and the
after scrubbing with crude ‘second-siag
_product to Prevent loss of liguid by entraimment, The crude Tirst-stage:

product is oW -pumped. under a pressure of 200-250 ats, to the Second~stage
Preheater from which it passes To the bottom of the first reactor of the
drogenation stage, &0 ¥2 fhour of & mixture of nreheated fresh hydrogen

methaniseqd recycle gas is also introduced at the botbom of the reactor, o
reactor i identical vith the first reactor of the '
The exit product

an exit temperature of 1809,
hydrogenation reaction v

basses to the top of the gacond & 1.5 8¢
downvards counter-gurrent to an additional 40 Mﬁ/hour of réaction gas. The
exit temperature of this second reactor .is roughly EOOOC.‘ The draw-off of
liguid produet from the bottom of this converter is regulatod =0 ag to keep
the reasctor full of liquid, ' '
bressure szparator vessel for hy ‘lguild products. The hrdrogen ¢
taining some carbon monoxide *is water-cooled and nasses to g
scparation of condensed liguid which is returned to the h
Before being recycled to the hydrogenation rcactors
250°C over an iron cavalyst (similar to that-uscd 1
order to convert carbon monexide to methane.

ydrogenation resctd
» the gas is rcacted at
n the Syndl Process) in

The liquid product is let dovm to a Pressure of 10 ats, to g separator
from which dlssolved gases are vented. The liguid from this soparator ig
charged under ite CWIL pressure to the Tilter system illustrated in Fig.
LT The liguid, in betonos of 700 litros, onters the Tilter vessel (whick
is pressured with nitrogen through Valve 1) ang 1s Tiltered through the
borous cerzmic tubes situated at the bottom of the Vosscl,  Thig operation
-requiros sbout 10 minutes with g now filter but can take wp to 30 minutes
vhon the filters are old. Wien filtrstion is complete, fresh olefine charge
is introdused through Valve 3 and passes in the reverge direction through
the filter therch- : The whole vessel is

J washing off the catalyst materisl,
rotated at 60 revs/minutc for 2-3 minutes. It is stopped in the inverted
- 90._'
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FIG XXX

OXO PLANT BATCH FILTER (FLLING posrrsou) '

DLEFIN INLET FOR - _ ALCOMHOL : & CATALYST
wasHING (ALST FROM HYDROGENATION

b}i@&E?)g | STEF’(NITRDG‘:EN NLET)
4-.‘I

AXIS OF
ROTATION,

o T : <
ALCOMHOL OWTLET. WASH OLEFIN AND CATALYST
I
TO FEED | MIXING TANK )
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position and the olefine catalyst suspension-is forced: out through Velve b
“ by nitrogen pressurce, nitrogen being introdiced through Valve 3, This Bug-
penslion is then transferred to the foed mixer of the CXO Procoss, The cycle

time Tor a completc oporation of the Filtor is onc hour per batch of 700
-litres of crude product. '

The treatment of the filtrated crude product depends on the type of
lefinic raw material used. IF this row matorial has initially a boiling
range not cxcceding 30°C, the alcchols can bo scparated from hydrocarbons by
simple distillation. If, on the othor hand, a roew material of wider beiling

range is empleyed, alcohols havs to be separated by the boric acid method
as described in Scetion XV doaling with the Synol Process.

A mmber of variatiocns of the cbove process had been tried out at Leuna,
The effect of introduction of liguid feed at the top of one or both of the
0X0 reoctors was triod, as wag also the cperation of the OXC Proccss with
11quid end gos flowing‘countor-currontly. The process was also oporated
ith only oneo rocactor in the 0X0. and hydrogenation stages, According to Dr,

Gemassmer, howovor, the method deseribod in dotail above was found to be the
nost satisTactory.

“An essential of any schome for operating the OXO Process is that the
ginthesis gas rate in bSoth the 0XO and hydrogenabion stage must be sufficient-
¥ high to cnsurec efficient $tirring and completc suspension of the cdtalyst,
large exceass of symthesls gos ig not recessary from the purely chemical

Standpoint. Rescarch corricd out by the I.G. suggests that the OXO stage
Zight be oncrated at 40 - 50 ata, pressure but under thesc conditions the
g@roughput would be lower and the temporature somewhat higher. Onc of the
difficultics somctimes encountered was that unless the conditions in the
§§0 stage are carcfully controlled, olefine polymerisation tekes placc. The
Olymers so formed, after hydrogenation in the sccond step, are difficult to
8rate from the higher boiling alcohol nroducts.

ilyst Prepraration:

“Tho Fischer Tropsch catalist uscd in the OXO Process was obtaincd from
catolyst plant of Ruhrchomic at Oberhauscn-Holton. It was reported +o
© the following cpproximnte composition:

30% Cobalt

2% Thorium Oxide
2% Mognesium Oxide
66% Kicsolguhr

Due to the scarcity of cobalt, the content of .this component of the
lyet hag lattorly boen decrossed. The last shipment contained only about
of cobalt, This aprparcently had 1ittle effcet on the process operaticn.

The catalyst in powder Fform is reduced with pure sulphur-frec hydrogen.
A¥drogen flow is contolled at o rate high encugh to prevent sottling of
Catalyst powder, i.c. the cotalyst’ is fluidiscd by the hydrogen stroam.
Beriod of roduction is 2-4 houwrs. '
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