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The 01l Circulation Process

l. General Comments on the 0il Circulation Process

In the smthesls of hydrocarbons from carbon menoxide and
hydrogen, large quantities of heat are evolved which must be conducted
amay from reaction chamber in a sultable manner.

This problem had heretofore been technically sclved in the
Fischer=Tropsch process by dividing the catalyst into relatively thin
beds and by charging it into narrow tubes and pockats, The reaction
heat is thersby indirectly conducted away b:r' water under pressurs.

The use of iron instead of cobalt catalysts poses greatsr
problams of heat removal because iron catalysis only react at temperatures
higher than those of cobalt catalysts, the danger of spontanecma carben
monoxide decomposition conseqﬁently becoming appraeciably greater. In
addition, the knomn iron ¢atalysts react prineipally at elevated pressures
thus further mromoting formation of methans and carbon monoxide decomposition.

Thesa consideratiens led to the developmant of the oil eircula-
tion process. This process (discoversd by F, Duftschmidt, E. Linckh and
F. Winkler) end developed by the Fritz Winkler expsrimental tea.m. since
1935 at the I. G. Farbenindustiie at dppau is differentiated from the
Fischer-’fropsch. process principally by the fact that the quantities of
heat evolved ir this markedly exothermic reactien are directly taken up

. and removed by a liquid medium located in the reaction chamber.

It should be mentioned at this point that a second process
wag later develeped by the I, G. Farbeninduatrie at Ludwigshafen by Dr.
Wichael in which work was alsa done in the 1liquid phasa with clrculation

of oit. This is tha so-called foam procass, which is most clearly
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differentiated from the ofl circolation process dealt with here, by the
fact that finely divided catalyst suapended in a cirenlating o1l is
gmpluyed in the foam process. This process was devaloped in Ludwigshafen
gince abeout 1940, These two processes embody differing viewgoints in still
dnether respect. The Oppau oil circulation process employs oll evaporation
for the removal of the regction heat and is therefore characierized as

& synthesls in a boiling liquid. The Ludwiéahafen foam process, however,
substantially features a non-evaporating liquid medium, thereby represent-

ing a further development of the principle already proposed in 1928 vy

the I.0,.Parbentndustria A, G, (M. Pler) of conducting the synthesis in a
nigh-bolling, non-evaporating liquid medivwm,

The I. 3. Farbenindustris interests, and in particular the
BASF works, immediately obtainad ths bawic rights and also acquired
technical leadership in this field by the development of the two processes.

Tha prasent report deals only with the oll circulation process
since the foam protesa has received separate treatment.

The oil circulation process operates with a fixed granular
catalyst. As a result of the immediate removal of the heat 1t 1s possible
to do without division of the catalyst into thin beds. The synthesis
reactor congsequently acquired z much simpler shape without the neceasity
of any built-in instatlations. In the indirect beat removal process the
qrantities of heat conducted 'through the wall of the catalyst chamber per
u.nit. of tims are quits limited. Hewever, this limitation is largely done
away with in the direct heat removal method of the oll cireulation process.
A8 a result a greater capacity can be achieved in the ofl circulation

process with regard to time and reactor space. Also, powsr consumpiien




in operating the oil circulation i3 slight and posaes®s hardly any importance
in determining production costa,

In 1935 and 1937 the process was developed to a semi-commercial
stage {200 liter reactor), and run under high pressure (100 atm. gage).

In 1538 it was developad into a wedium pressure process {15-20 atm. gage)
and worked out as & twop-stage process similar to the Fischer synthesis,
The first stage of the medimm pressure process was tested in a 1.5 P
ragctor for S menths with an output of 9 ton/menth. The second stage was
succeasfully trisd for a period of cna month in a makeshift ¢.2 m3 reactor
(unfortunataly & complsta two-stage pilet plant was unavailabls),

The process was thus proved to be practical and safe. The
robustness of the catalysts 1s charagteristically indicated by an experiment
with the afore-mentioned 1,5 n’ reactor in which the catalysts were usad
wlthout harm after the reactor had baen in disuse for two yaars,. the apeut.
catalyst lying in the o0il residus of the reactor during this time,

Past experimental results, however, justified plans of a resctor
hneight of about 1B meters or large-scale units. It was also planned to

conduct the synthesis in one stage.

2. The Principle of Heat Removal by Weans of 01l

The quantity of heat evolved during the conversion is computed
according to squations

2C0 + Hy

CHp + COp + 45.9 caloriss

co#s 3H, GHh + B0 (steam) + LB.9 calories
to roughly uoco ealeries per kilogram of liquid hydrocarben produced if it

is assumed that the conversion proceseds to 80 per cent according to the

first squation with 20 per cent methane formatiocn, i,s., 1f about 165-170
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grams of liquid hydrocarbons are formed, including liquifiable gas,r for
avery 1 m3 of cdnverted CO - Hp, which 1a the case in the procedure dealt
w:n;h here,

The principle of working in the liguid phass consismts in
collecting this evolved heat by the oil 1tself and removing 1t. This can
be sccamplished in various ways; by simply conducting gway thes heat in
the heated oil in the form of sensibles heat, or by removing 1t from the
reaction chamber by evaporation of the oil in the form of latent heat of
avaporation.

In the firat czae the .liquid medium consists of oil which is
not’ vaporizsble under the reaction conditionsj in the sacond case it
consists of oil contalning vaporizabla constituents under the conditions
of the reaction, or centaining an oil fraction which is vaporizable wnder
these conditions.

If the heat is removed only in the form of smsibla heat, a
rise in temperature within the reaction chamber will be the preco.ndition
for removal of the reaction heat.

The quantity of oil to be put into eireulation per Klogram
of made products is calculated simply from the equation:

845 4 26 4ra w )z po00

iféﬁuignifiea the temperature rise in the reaction chamber
29 e+ the final gas quantity necesssry for each‘l kg. product
ees the specific heat of the final gas
«ss the specific hsat of the oil
«+s the oll to be recirculatad for sach 1 kg. product

+++ the quantity of heat formed for each 1 kg. product

s oo

»es the specific heat of the steam,
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If the quantity of final gas G = 2,7 m> and the quantity of the
made water W = 0.23 kgs, for 1 kg. of product at 90 per cent conversien ars
included in the sbove equatims, the amowmts of oil to be circulated are

calculated as follows: .
] 9 = ke O1/kg product

s gO 1500
- 10° Boo
= 2g0 32
= 50° 156

The quantities of circulating eil are appreciably higher in this case as

compared to the second case since a part of the circulating oil 1% evaporated.
If the quantity of eireulating oil is divided into an evaporating

portion Ql and a non-avaporating portion Q2 s wa gat the following equatioen:

. A&(C?f‘f@:lw'fﬁ} Q)f“ A By = 400
The quantities of eirculating cil can be calculated on the basis of this

esquation, as was dons, for example, in the tabla for varicus 4 t and
various portlons of vaporizable oii,

Vapor{zable portion 011 circulaticn quantity in kg/k¥ product at a temparaturs

of the circulatien difference A4
oll in & - - ;
i 50 ‘100 250 50° . 60° ; 80°
10 532 | koo | 230 132 nz2 87
— % .l 26 | 280 150 os | sz
50 s - 135 | 12 (A -
75 W0 ;93 80 3 8, 51
1 1

The oil circulatio.;x process is carrled out by the following prbceduras:
(Dlagrams I and IT on pege 1330

In the procedure according tq Diagram I the circulsting oil is
cooled within temperaturs rangs ty - t; before being returned to tim reactarsy




Tals procedure approaches that of the above-mentioned procedure in that
the oil medium contains relatively few vaporizable constituents. The
extent to which this precondition is carried out depends on the temperatur
range ...t and the quantity of the final gas. It is evident that the boili
curve of the circulating oil cannot be freely chosen for even if relatlvel
high-boiling circulating oils are employed, the oll will acquire a specifi
composition by condensation in apnaratus K, depending on the werking pro-
cedure. '

The procedure according to Diagram IT, on the other hand, permit
ccoling in the cooling device K to the extent that hydrocarbons are con-
densed in a wider beoiling range, devending on the selection of temperature

t A lower limit for t, is substantially conditioned by the fact that

0
high«boiling paraffins are formed during the synthesis which naturally
enrich the ci%culating oil., It is expedient, in general, not to exceed a
temperature of B0 - 100 degrees in order to aveid obstructions in the tube
of the cooling device of the steam producer caused by solidifylng of thest
paraffins. It is also advantageous to cool below the strictly necessary
temperature for low-beiling hydrocarbons would ctherwise condense which
evaporate on being reheated te t; before enterine the reacticn chamber.
The heat exchanger, which is a section of the cocling device and is used
to reheat the circulating oil, would then be unnecessarily large. The
Oppau experiments which were conducted in order to develop tre oil circu-
lation process were always carried out according to the procedure shown
by Dlagram II. However, it‘was planned to revert to Procedure I for new
plant units, In this connection, provisicn was to be made for the
injection of lighter-boilirg fractions, which are removed from the final

gas in the form of condensates, into a supplementary circulation in the

reaction chamber, as is shown by Diagram II1:
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(Diagram TII on page 134)

3. Catalysts
After the gramular fixed-bed catalyst was proved to be prac-

ticable, the oil circulation process wag developed on this basis since
this procedure shows considerable simplicity and distinction as cowpared
with the catalyst suspended in oil.

Certain minimum requirements had to be met by the catalyst
with regard to firmess and durability when the oil circulation proce-
dure was adopted.

These requirements were fulfilled by the iron catalysts devel-
oped by Dr. E. Linckh, which were produced by melting iron with promoters
in a eurrent of oxygen into ammonia systheais catalysts in the form of
oxides (Fesoh).

The fused cakes thas obtained are broken up into 6-12 mm.
pleces and the catalyst is reduced with hydrogen at 450-500 degress for
the medium pressure synthesis, and up to ‘650 degrees for the high pressure
synthesis. Deficient reducticn of the pieces is to Be avoided because a
tursting of the nucleus, caused by a splitting off of carbon might occur.
The catalysts are substantlally composed of iron, with slight additions
of silicon, alkali, manganese, and titanium oxlde. The exact compesition
of catalyst No. 997, which is most often used as a standard in experi-
mental work, iz given in Part I, page 2 of this report.

The catalyst reduced in a reduction furnace installation apart
from the synthesis reactor is charged into the reactor after cooling in
the preserce of carben dloxide, or, particularly if the catalyst is reduced

at temperatures below 600 degrees and is very pyrophorie, 1t is discharged

from the reduction vessel inte oil in the sbsence of air and is charged lnt
the reactor.
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- The following figures are assumed in the plans for a catal
reduction installation:
Reduction temperature ....... 470 -~ 500° C,
Hydrogen current ..ees.evsss. 200 =« 300 liter per hour
: " kilogram cata
Bulk density of the oxidic cztalyst .... 2.5 kg./liter
Reduction time «i.vvvvsveenes b ~ 8 days
The hydrogen is recirculated in the reduction installatio
The hot hydrogen lssuing from the reducticn vessels is first conduc
into a heat exchanper in a countercurrent to the cold hydrogen whic
recyclad to the reduction wvessels. After passing out of the heat e
the hydrogen is cooled as far as possible and thern, after separatio
the condensed liguid, passad through az silica gel dryer for complet
drying before beirg returned te the reduction vessels.
¥oreover, the given conditions are dependent on the type
catalyst and its ease of reduction. The reduction temperature can
raised to 650 degrees for conducting the synthesis under hieh mress

A substantial shortening of the reduction time 1s therehy attained,

L, Procedure and Equipment

After granular, fixed-hed catalysts in the reactor proved
be feasible, the oil circulation process was developed on this basi
it offers a substantial simplification in contradistinction to the
susﬁended in oil.

An upright high pressure tube of 200 or 500 mm. internal

and a height of & meters served as the synthesis reactor, Apart fr
central tube for the thermo elements, the reactor had no bullt-in e

The empty reactor chamber was charged with catalyst. The
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synthesis gas runs through the reactor (S) from bottom to top along with

the circulating oil in a.direct cnrrént. The hot oill and gas leaving the
reactor surrenders its heat to thﬁ cold cifculating oil in a heat exchanger
{R). After passing out of the heat exchanger the oil 13 again cooled in a
condenser or a steam generater (K1) to abont 120 deg'reels'. At this tempera-
ture the final gas is separated from the oil in a separater (Al). The made
o1l excess and if necessary the reaction water is drawn off from the separa-
tor {R). The oil is again conducted to the reactor {S) via the heat exchanger
(R) and a supplamentary pre-heater (VW) by a cifeunlation pump, the oil in
the separator in the meantime being maintained at a specific level. The
supplementary pre-heater i3 merely uwsdd for starting. The final gas 1s
cooled to approximate external temperature in another cooler (K2), gasoline
as well as alcohol~containing water being separated in another separator.
If the operation 1s carrled out in two stages, then the final gas is con-
ducted to the second stage which is coordinated with the first atage. In
the secnd stage the final gas i3 either depressured and donducted teo the
activated charcoal plant (4K) or washed with oil without being depressured
so that the light gascline and Uy = C), hydrocarbong still retained in it
may be recovered.

(Dlagrams on peges 135 and 136)

The fresh gas 1s also pre-heated in 2 suitable manner and

admitted to the reactor from helow.

5. - The 01l Circulatien
The oil produced in the synthesias itself is employed as circulating

o1l, In this procedure, as distinct from similar procedures, the use of

high-boiling fractions, which remain slmost completely liguid under the




reaction conditlons, is deliberately given up. It 1z desirable for
higher performance that vaporizable constituents be present in the cir-
culating oil under the reaction conditions if possible, The boiling of
the liquid in the synthesis reactor creates the conditlons, on the one
‘hand, for good centact of the éynt.hesis gas with the catalyst, thus
achieving a higher capacity, and, on the other hand, for favorable heat

removal and temperature regulation.

e rvht.ffxi-?ﬁ'ﬁm%mm:ﬁﬂﬁ'

The boiling range of the circulating oil may be regulated as
desired by the condensation temperature of the separator (4) placed in
the oll eirculation. Two examples are cited as typical for the boiling

range of the eirculating oil:

Boiling under normal Experiment st 100 Experiment at 25
pressure at atm. gage atm., gage

(Table on page I37)

The reaction can safely be kept at the desired degree of con-—
version and at the desired temperature by regulation of the quantity of

recirculated oil.
The quantity of circulating oil is increased with the charge rate

to the reacter. In the case of the plant units hitherto operated the
quantity of circulating oil was adjusted for 70 - 80 liters per hour per
Klogram of made product in the same period. In the case of larger units,
where heat losses are of less importance, the quantity of circulating oll
could probably be adjusted to a higher level, Future plans call for a

quantity of circulating oil of 120 - 150 kg./hour per kg. of product.
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&, FEvaluation of the Experimental Results of the Plans for a large Scale

Reagc tor

{(Graph on pagel3d®)

It is evident from the two curves representing the tempsrature
course and the distribution of the convafsion in the experimental reactor
that the procedure is especlally more -favorable for larger reactor units,
It is clear that the temperature ty in the lower part of the 6 meter long
experimental reactor was not very much in excess of the temperature at
the start of the reacticn, and that conversion in the lower part of the
resctor therefore sets in very slowly, increasing by degress with the
gradual rise in t,emp_eraturs as a result of the slight conversion, Thus,
the lower sector of the reactor was poorly utilized. Just as soon as
temperature t, (sic) is reached, conversion alsc attains a corresponding
increasa, After temperature t’y near the upper end of the catalyst bed is
passed, the conversion undergoes a similar rise with rapidly increasing
temperature. This means that the proportion of vaporizable fractions
present in the range of temperature is too gmall to conduct away satisface
torily the heat by evaporation, Since the boiling point distribution of
the circulating oil is not subject to any arbitrary influencing, the process
: hag therefore baen expanded to this end (x} so that vaporizable "cod) oil®
i_s fed to ty in order to check this undesirable temperature rise.

An experiment with a cold feed of this kind econductad in a 200 mm.
reactor achieved the desired success. S5ince another oil pump was unavail-
able, this operation could only be carried out by a makeshift brarching off

from the main o0il circulation with valve regulatioen. Tt was possible by

(x) English patent 515352, French patent BS5515.




e BN S AN A A AL i 2 o -

)

22

careful attention to arrest the undesired temperature rise in the urver

end of the reactor to the desired extent. However, only an aporoximate

c5 per cent conversion of the pas was attained because of the low

(6 meter) height of the experimental reacter.

In planning & large-scale reactor unit the improvement of the

process outlined in Diagram I1X, page 5 is offered, the temperature cou

being shown in the following chart:
(Chart on page 139)

The temperature range Z\t, which was previously maintained a

50 degrees, and often at 100 degrees, in order to attain a 50 per cent
reduced to 25 degrees to ing

With

conversion in the 6 meter reactor, can be

the same degree of conversion with a reactor héight of § meters.

reactor height of 18 meters it will be possible to carry out the entir

50 per cent conversion in one stage. It cannot be decided here whathe

the one-stage or the two-stage process is eccnomically more advantagec

for large scale production. The procedure which was conducted in the [

mversion only produced a specific vield of

yield of 165-170

plant up to 75 per cent ¢
11,0-150 grams in the second stage as compared with a

grams in the first stage. This difference in yield should have decre:

as a result of the equalization of the reactor temperature and the lo

peak temperature at the reactor exit which could be accomplished beca

of the better control of the process possible in a large-scale reacto

An increase in yleld can therefore be counted on in large-scale react

Hewever, in the following sections only those yleld figures are given

which ware actually obtained in past exreriments.




23

7. Synthesis Cas

In general a CO:H, ratio of 85:15 or 1:0.8 is necessary for the
gynthesis. Cases rich in hydrogen can also be used; however, they cause
a shift in the comoosition of the product with proportionate increase of
the hydrocarbons bolling in the gasoline boiling range and the 83 and
), hydroecarbons.

The following table assembles the results of comparative exper-
iments in which the CO:Hjp ratio was modified, conditlons in other respects

being the same., These comparative experiments were carrisd out in pregsures

of 15 to 20 atm. gage.

Expt, No. COtH, ratioc CO:H2 ratie CO:H_ ratic c3 and Ch 0ils over

j in fresh in conver-  -in esd gas  hydrocar- 180° of
j gas sion bons of total
L total product
‘ product

{Table on page 14D}

The table shows the decrease in C3 and Ch formation with rising
CC content of the synthasisrgas and the simultaneous increase in the forma-
tion of high-boiling producté:

The gas rish in CQ which is neceséary for the synthesis can be
directly produced by oxygen gasification in Winkler generators., The desired
CO:H2 ratlo can also be attained in the customary ¢yclie water gas produc-
tien from coke, if a part of the steam is replaced by 002. 4 gasification
medium consisting of 27 per cent by volume of carbon dioxide and 73 per
cent by volume of steam ls needed to attain a CO:H2 ratio of 55:45 or of

1:0.82 according to experiments with Pintsch-Drehrost (rotary grate) gener-
The water gas will then be compesed of 12.7 per cent COp,

ators.
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b47+7 per cent CO, 39.0 per cent H2 and 0,2 per cent CHy. The synthesi
itgelf p_raduces the 002 necessary for gasification 1f the residual gas
put through a CO, scrubber, This quantity of CO, is sufficient to pre
~ the necessary quantity of synthesis gas rich in CO.

4 final gas good for heating purposes is similtaneocusly obta
with the 002 scrubbing of the residual gas of the synthesis.

A gas rich in CQO can alsc be produced from natural gas by us
the carbm dioxide resulting from the synthesis process. Tt should be
mentioned at this point that most of our experiments were conducted wi
synthesis gas poor in inert gases (2% N,). However, we conducted a nu

of experiments with gases containing 2 higher proportion of inert gase
(13%).
In the following example the composition of the final gasges -

the two-stage procedure are given with a synthesis gas free of inert g

Fresh gas Final gas - First stage Final gas - secon

Quantity m3

(Table on page ILi1)

The composition of gases when gases containing inert gases a
used can easily be calculated from these figures if it is assumed that
inert constituents take no part in the cmversien,

The gynthesis gas must be purified from inorganic and organic
sulfur. According to owr experience the catalysts are not as sensitive
as in the Fischer procsss. Fine purification to a sulfur content of

L% mg/ru2 should suffice.
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8. Pressure

The medium pressure synthesis is conducted under 15-25 atm. gage,
The results obtained at this high pressure have besen cited in the indivi-
dual sections of this renort in comparison with the results of the medium
rressure synthesis. A4part from the high capacity attainable, however,
these results have little commercial significance since thé compressgion
costs cannot be compansated for by increased ¥Yields or by improvement of
the properties of the product.

Pressures up to 200 atm. gage are briefly referred to at the
conclusion of the report. These were used, however, in the formation of

oxygen-containing products.

9. Performance

The medium pressure synthesis is capable of a continuous hourly
cutput of 20-25 grams total product per liter catalyst.

The hourly output of the high pressure Process was stapped up

to 160 grams total product per liter.

10, TemEgrature

The temperature in.the reactor rises from the bottom to the top.
It is conditioned by the oil circulatien. A temperatuwre rise of 50 degrees
C. was established in general in the experiments conducted here so that the

folleowing temperatures were recorded with maximum reactor charge rate:

Reactor entrance Reactor exit

First stage

(Table on page 242)
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However, 2s was mentloned beforse, an extenaive temperature
equalization is poasible by using a more advantageous procedure, a
temperaturs difference of 15 to 20 degrees C. being possible with a

reactor unit temperature of 250-255 degrees C. in larger reactor units.

11. Yield and Conversien

_ .

148 - 150 grams of total product per ¥ CO - H, were obtained
on medium pressure reactors with = 90 per cent conversion in two stages.
This total product consisted of
13 - 15% liquifiable gaseous hydrocarbons
32 - 354 gasoline fraction, bsiling range to 175° C.
18 - 20% middle oil fraction, boiling rangs to 175 - 320° ¢
10 - 12¢ soft paraffin fraction, bolling range 320 - Lo0® ¢
16 - 1B% hard paraffin
5 — 6% water-soluble alcchols
The following page shows a chart glving conversions for two-s
corversion. The results are converted to an oxygen-free synthesis gas

{ideal gas).
(Chart on page 143)

12, Properties of the Product

The products have a marked olefinic character. The olefin ct¢
drops with increasing molecular size, as is shown by the table:
(Table at top of page Y44)
The oils also contain oxygen—containing constituents {aleohg?

esters). The oxygen content of the low-boiling gascline fractions up 1

100 degrees runs to about 1.5 = 2.0 per cent. However, it can exceed f
amount if the water-socluable alcohols produced are separated out in a
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concentrated form with the gasoline fraction, for the gasoline partially
dissolvas these water-solubls alcohols (CZES-OH). However, thess water=-
goluble alechols can be removed from the gasoline by treatment with water.
The oxygen content declines with rising bolling point to 0.5 per cent in
the fractions ranging from 200 - LOO degrees C.
The primary gasoline has an octane number of 68 (research) which
13 increased to 85 by addition of 0.1 per cent lead. After hydrogenatlon
the occtans nmumber suffers a considerabla drop.
The middie oil fraction yields Diesel oil directly. The cetane
number is 75 - 78. 4 middle oil test gave the following values:
Specific weight at 15° C. .ieeveenss 04809
Flash point v.veeeveesnen 66°c.;
Pour polot seevveceriecscssseerneres =9°Co
Viscosity at 20° C.  seeeevecrenenss 1,70 E°
Cetane number ....... traeseeesressss 795 (sic)
Conradson test eec.e... chernrieansrs 0.3 %
The hard paraffin has a melting peint in excess of 90° C. and
can be used for all practi;al purposes (emulsifying wax and the k=),

The hydrocarbon products are branched to a certain extent.
(Tables on pagesl45 and 146)

13, Results of Experiments with Synthesis Gases Having an Aopreciable

Exceas of Hydrogen

The influence of an appreciable excess of hydrogen on the carbon
monoxide has already been mentioned in the previous section on "Synthesis
gas", The results of the experiments will be dealt with here in greater

detail. Circulating depressured gases of the methanol or isabutyl alechol
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synthesis were used as the synthesis gas.

(Table folléws on page I47)

The cﬁrﬁon monoxide is extensively converted when these hy
rich gasesg are u;ed; however, the greater part of the hydrogen remail
the final gas.

The working up of such hydrogen-rich gases frequently obta
as residﬁal gases of other syntheses under pressure might very well
considerable commercial interest although the yields with respect tc
of fresh gas would be relatively low. However, since only the CO ar
portion of the Hp is withdrawn from the synthesis gas, the CHh conte
the final gas being increased, commercial application of the synthes
be assured in many instances if the residual gas is worked up In a 1
decomposition plant and again made avallable for other synthessas (N;
thesis). The yields.in the above table are given as specific yleld:
o3 of converted CO-H2, in order to facilitate comparative evaluatl:

It can be seen that water—soluble alcohols, conaisting of
per cent ethyl alcohol, are principally formed under high pressures
addition, the formation of Cy and Ch hydrocarbons is very great.

The formation of ethylene is not included in the ylelds c:
above although sthylene formaticen in individual experiments has rear
a point where it can no longer be neglected.

In the following the exampls of Exveriment 35a is subject

more intense consideration:

Procadure according to Experiment 35a

In the large-scale experiment conducted under a working p
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of 15 atm. gage (one-stage conversion), 1000 cbm. of isobutyl recycle gas,
containing 200 52 of CO and 6LO n of Hy, resulted in conversion of 130 n’
of CO and 165 m3 of Hy, with 770 m3 of residual gas containing 70 m of CO
and L75 m> of Hye

The composition was

12.5 % €0,

1.9  Cnlpn

9.1 % CO

61.L % 8,

9.0 % CnH,n#2

6.1 % N,

From this 56.1 kgs. of product were obtained, compoged of

7.8 % ethylene

12.9 £ propylene

6.8 £ butylene

19,5 % propane and hutane

15,0 ¢ light gasoline

30,0 ¢ gasoline and oil

5.6 % ethancl

2.} 2 methanol

The synthesis was carried out in one stage under medium pressure
of 15 atm. gage in such a manner that for 5000 m3/hour of iscbutyl recycle
gas & reactor unit with 12 n of catalyst space was used.

Catalyst 1ife was estimated at one year. Hot the slightest
evidence of catalyst fatigue was observed 1ln an experimental periocd lasting
one and one-half months, using hydrogen-rich synthesis gas under a pressurs

of 20 atm. gage.
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If 5000 mo/hour = 43.2 million myyear of isobutyl recyele gas
is passed through a synthesis installation of this kind, then 3840 m3/h
= 33.15 mlllion ma/year' of residual gas will again be available after the
syntheslis and removal of the producta in an activated charcecal plant.
This can again be worked up for the NHg synthesis according to the
dacomposition process of Dr, Sachss. M

From the sonversicn of the 1L75 m3/'hour CO-H, withdrawn from
the 1scbutyl recycle gas, 2L00 tons/year of the above-mentioned composi-

tion are obtained.,

Procedure according to Experiment 25¢

Experiment 25¢ can be treated similarly to the example of
Experiment 25a. A working pressure of 150 atm. gage was used, the other
working conditions remaining the same. If 1000 m3 gas containing
922 mBGO-H'E ares converted according to the oil circulatiom process,

777 n of residual gas are obtained.

The aimlysis follows:

12,9 % COp

0.9 % CnH,n

6.2 £ Co

72.3 £ Bp

L.7 % CnH ne2

3.0% N,

A product of L3.7 kg. was obtained, consisting of

17.70 kg, water-soluble alcohols (of which 12 kg, are ethyl alech

11.05 kg. Cy and ¢, hydrocarbons {about LO per cent olefinie)

1L.95 kg. oxygen-containing oils

Moreover 0.& per cent by volume, i.e., 5.8 kg. of ethylens are



contained in the residual gas which is not counted in the yield. .

383 tons of product per year would be cbtained if 1000 m3 of

3 of residual gas of

synthesis recycle gas were worked up hourly. 777 m
tha above-mentieoned composition would be delivered hourly to the synthesis

decomposition plént for working up.

1L, Experiments in the Production of Oxygen-Containing Products

The experiments described in the above section lead to the
formation of oxygen-containing products.

When the researches of Ruhrchemie on the Oxe reaction became
known at the start of the war, the question was universally raised whether
such products could not also be obtained in the CO - Hy sdynthesis in one
operation.

In 19L0 we received the assignment from Dr. Miller~Conradi
of investigating the preparation of higher-molecular weight zlcchols by
the o0il circulation process.

At the same time investigations were initlated in the Leuna
Works which lead to the discovery of the Synol synthesis. The actual
circumstance that led to the Synol synthesis was the fact that a method
of treatment of fused iron catalysts was discovered which permitted
lowering of the synthesis temperature to 195-215 degrees. In this con-
nection 1t was shom that the low synthesis temperature was the declsive
factor in obtaining higher-molecular weight alcohols.

The experiments which we were conducting at Oppau at that

time assumed that elevated pressure and an excess of hydrogen in the -
synthesis gas was the most important factor in guiding the synthesis

toward the formation of oxygsn-containing products.
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The experiments dealt with in the preceding section confirm bt
canéeption to the extent that increasing yields of water-soluble alechol
are cbtained with hydrogen-rich synthesis gas and rising pressure. Bol
factors, however, forced the synthesis into the formatiocn of low-molecul
products,

We have already reported in the previous section that we obta:
products relatively poor in exygen when synthesis gas rich in carbon mor
ide was used. These were the conditions under which we initially devel
the hydrecarbon synthesis according to the oil circulation process at 1
atm. gage in 1935. We had already turned to experimentation with the o
circulation process at 200 atm. gage in a pilot plant at Leuna. The re
of this pressure rise tc 200 atm. gage was only a further shifting of ¢
products toward the short chain lengths and an increase in methane form
tion, Besides, a very rapid catalyst fatigue was observed at high pres
In 19 (illegible} we made the observation that we actually arrived at n
ed oxygen-containing compounds with gas rich in carbon monoxide under I
prassure if we reduced the fused iron catalysis at 450 - 500 degrees C.
instead of the previous 850 degrees for the high pressure procedure, a:
was already done in the medium pressure syﬁthesis.

The following considerations were adopted in our experiments
in the production of higher-molecular alcohols:

1. The reduction of the fused iron catalysts was to occur at the lowe
posaible temperature.

2, Conversion in the synthesis should be divided into more than two s
3. The catalyst space velocity should be kept as low as possible.

i, Overheating in the oil circulation mist be avoided to protect any
higher-molecular weight alecohols from decomposition.
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All -of th-ese four considerations attempt to lower the synthesis
temperature as much as possible in order to counteract the tendency toward
formation of lower-molscular weight compounds as the result of high pressure.

The application of these conditions had the desired effect, to some
extent, as is shown by the appended experimental data. It is beyond doubt,
nowever, that our results have been surpassed by the Leuna Synol process
and our experiments cutstripped. The progress of the Leuna process is based
on the fact that, with catalysts which can be used at 200 degrees ¢. and
middle pressure, the molecule-reducing use of high pressure can be aveoided,
since the formation of oxygen-containing compounds can alsc be attained at
these low synthesis temperatures without excessive increase in pressure.

The applicztion of this leuna know-how to the oll clrculatien
process was cbvious, An experiment was also conducted in which our fused
iron catalysts were reduced with a great excess of hydrogen according to
the experience of the Synol synthesis., However, it was found out that an
excess of hydrogen is not effactive in catalyst reduction if the particile
size exceeds 2-3 mm. In any cgse an experiment conducted with a particle
size of 8 mm, did not.have the desired effect of lowering the synthesis
temperature to sbout 200 degrees. It was not possible to conduct further
experiments because of the progress of the war.

In this connection we present the results of one of the many
experiments in the preparation of higher-molecular weight alcchols accord-
ing to the oil circulation process. In thls experiment the same catalyst

was used that was employed in most of the sarlier experiments in the

production of hydrocarbons.
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A report on experiments with other fused lron catalysts whi

according to the results of the investigators, is especially favorabl
the formation of oxygen—containing products, is unnecessary since the

results of the experiment are basically the same.

Procadure according to Experiment 25

A specific yield of 195 grams of product per 1 Nm® of conve
product was obtained, using synthesis gas.(CO:H2 = 1,16), an hourly c
put of LO grams of product/1 catalyst and a degree of conversion‘ol ki
per cent of CO - H, in the first stage. Temperature 236 - 260 degree
pressure 180 atm, gage. The product consisted of

24.0 % C4 and C, hydrocarbons

21.6 ¢ oll beiling to 150 degrees

12.7 £ oil beiling at 150-250 degrees

9.0 % oil bolling aboves 250 degreas

32,7 % water-soluble oxygen compounds (CZHSOH)‘

A detailed investigation conducted by Dr. leithe led to the
follewing approximate composition of the total product:

8.5 2 methanol

21.0 £ ethanol

10.0 ¥ propanol

6.5 & alcohols Cy = Cqp

2.5 % alcohols Cyp = Coy

11,5 ¥ water-soluble fatty acids
5.0 % fatty acids Cg - Cqq

1.5 ¥ fatty acids Cy; = Cyy

26.5 ¢ hydrocarbons to 200 degrees
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3,5 % hydrocarbons 200 - 300 degrees)
} about half olafinic

3.5 % hydrocarbons over 300 degrees )

1ist of Patents for the 0il €irculation Proceas

Fused iron catalysts: German patent 708512, November 1hi, 1935 )
y E. Linckh
French patent 812290 ; F. Winkler
English patent L65668 Y

011 circulation process: German patent applisd Nov. 18, 1935;

French patent 812598 )

) E. Duftechmid
English patent L68L3L ) E. Linckh

) F, ¥Winkler
American patent 2159077 )
French patent 85L617 3 .

"

English patent 516L03 )
Fronch patent 855515 )

) = o»

)

English patent 516352
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DIAGRAM III (referenced from page 17)
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DIAGRAE (referenced on page 19)
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TABIE (referenced from page

20)
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GRAPH (referenced on page 21)
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CHART {referenced on page 22)
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TABIE (referenced on page 23)

Vera.|C:Es=varhdltnte Qo..m..uav.mwfnuwiw COslmVerncltnis (ien mesamtprogdiit engflelar

Nro | tm Friachgas um msate m Tncges n.Mm.m mwr ouf 3.&!«1
20 ¢

15 1:1,28 I 6,74 4% 9

35a > i 0.5 1 3.20 4] 1z

35 1 : 0,5 1 2,62 3 i2

37 1:0.72 1 : 1.5% 32 a2

2 L C.72 l; c.68 18 48




TABIE (referencéd on page 23)

Vera.| CC:Eo=VarhdltntsiCCiEp-Verhilt la |00: H-Verhcltnia Fen Sgsentpredudt ergrieler
&re | tm Frischges un Jnsatr tx niges a?{_f'gsﬁj% ot C1-ihar
" 130 o7
15 1 317 1,28 1 EM 4 9
35a) 1. 1.6 10,50 11 3.25 41 12
35% 1 : 1.58 1 0.%2 l: 2,62 is 12
37 1 : 1.15 1072 1: 1.58 32 22
3 1: 0,72 1 c.722 1 0.68 19 48
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TABIE (referenced on page 24)

Frisahgas Indgas 1.5tufe Endgea 2.5tufe
Nernge =Y 7 0.570 0.415
% c0, - 20,5 55.8
% Crfon - 2.0 0,86
% co 55 35,4 25,8
% Hp 44 58,1 25.0
L Gnilgmsd - 20 6,0




TABLE (referenced on page 25)

Cfen-Eingang Clen~dusgang
1.5tufs 240 °C 290 9%
2o " 270 °C 320 °C

1
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CHART (referenced on nape 26)
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T4bIE (referenced on page 26)

12, Produkteigensohayften.

Die Produkte haben einen stark olerinischen Charakter. Der Olefin— ¥
gehalt nimmt mit steligender WolekillprsBs der Kohlemwcsssratdffs ab, wie L
die Tobelle zeigt: 7
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‘S: L yom gaammrodu‘tt Qlefingshalt
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TABIE (referenced on page 27}

' Paraffine | Olcftncr- _
‘ % gerodkettig|® veraweigt|% geradksttig{% verzweigt
SADY L, CAnary RSl

Froktien 100-150° a 20 2% 25

p — 10 22 30 i 30
Fraktion 156-200° a) 35 n -~ 34 P

2) 36 16 19 29
"Praktion 200-250 a) n 37 0

b) b7 52 12 8
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TABLE (referenced on page 27)

Yergleloh der Ergednisae das lt#tcldruck- und Hochdruokuarfchrcmo

Comsfommte 9 +la Alrutls o WW St bl ptogurt frecesnte : )
_ 25 at : 100 at Jr‘{j
- ‘
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TABLE {referenced on page 28)
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