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Introduction

The fellowing material deals with researches conducted by
the author from 1935 to 19LL. These notes were put down largely from
memory because very little data is 8till avalilable, Valuzble documents
such as laboratory books and diaries of the pilot plant were completely
lost. They were shipped for the most part to Hassmersheim near Heilbronn
to safeguard them from bemb damage and there they completely disappeared
in the war disorders, A small but very important part was lost in
February 1545 when the house of the author was completely destroyed by
bombs and fire. Also missing, unfortunately, are many of the abridged
reports, and often the most important, which were preserved at other
places. Much of the material was recreated by questioning former
collaborators who have been partly scattered throughout the comntry.

For, these reasons we are compelled to omit the once abundant
statistical materiai. Nevertheless, the following “escription of the
process should be sufficient. What could ne longer be verified was
omitted,

The first of the following synthesis processea that are
described, the gas cireulation, was reported in detail to the Standard

011 Co. of New Jersey, to Mr. Xelth of the Kellogg Co., New York, and

to the Shell Co. together with the pilot plant data.
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I. The Gas Circulation Process

The synthesis of hydrocarbons from carbon moncxide-hydrogen
mixtures with cobalt catalysts after Fischer is characterized by
gasolines with poor motor behavier and Diesel o°ls with good motor
behavior. Since the rredominsnce of gasoline motors resulted in a
demand fer good gasclines, the production of synthesis products was
based with this goal in mind. From 1935 onwards the experiments con-
ducted by the author also pursued this end. Orientation experiments
demenstrated that fundamentally better gasolines could be obtained by
the use of iron catalysts, but their use presents us with disproportion-
ately great difficulties. The solution of thess difficulties was still
to be discovered. These difficulties stem from the quite considerable
heat of reaction of the hydrocarben synthesls which necessitates an
extensive divisién of the reaction chamber for heat removal., This is
effected in the case of the cobalt catalyst, which works helow 200 degrees,
by a narrow bundle of tubes combined with a parallel set of plates. The
iron catalyst, however, offers us greater difficulties. Temperatures of
300 degrees and hizher and medium pressures must be used if it is desired
to produce a good grade of gasoline with the iron catalyst., However, this
is not possible with the Fischer apparatus hecause difficulties will srise
after a 1ittle while which will make continued operation of the reaction
impossible,

These difficultles consist of two deleterious reactions which

in principal may alsc occur with the cobalt catalyst if sufficient

care is not emvloysd. However, these difficulties cccur mare readily

and more intensely in the case of the iron catalyst. These are:
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Methane formation and decomposition of ;arbon monoxide to soot.,

_The more rigorous working conditions necessary for gasoline
production by means of iron catalysts promote the appearance of these
detrimental reactions. .

These difficulties, to which the iron catalyst is liable,
furnish the reason why this metal which is 50 important as a catalyst

In many reactions has heretofore not been employed in this synthesis,

The Reactions
The basic reactions of hydrocarbon formation are as follows:

(1)
1. €O +2HmCHy+ HO + 41,0 calories

2
2. 2CO + H, = CH, + C0, + 50.4 calories

Reaction 1 occurs almost exclusively when cobalt catalyst is
employed; reaction 2 predominates when iren catalyst is used.

The heat of reaction of 2 exceeds that of 1 by about 9 calories,
that is, by about 20 per cent. Tha heat of reaction when iron is used,
therefore, is appreciably greater than in the case of cobalt., Egquation 2
may be censidered to occur by equation 1 and the following water gas reaction:
3. H,0 +CO = Hy +C0, + 9.4 calories

At temperatures of 300 degrees and below the last equilibrium
tends almost entirely in the direction of carbon dioxide.

The detrimental reactions are as follows:

(1) The symbol CH, indicates that the CH, group is meant as a part of
a hydrocarbon molecule in an inpertag state, By energy of formation of
the group is understood the increase that the heat of formation of a
straight chain paraffin of n C-atoms undergoes if it is enlarged by
n -1(C atoms,
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be Co + 3Hy = CHh + 5,0 + L8.7 calories
. or 20042 Hpy = CH #00, & 58.1 calories
5, and 2CC 2C0, +#C ¢ 40.1 calories.

®ith rising temperature the hydrogenation veloclty increases
more markedly than the aggregation velocity with which the CH» radicals
are strung together in chains. Consequently, CH), formation begins more
and more to predominate with rising temperatures.

Reaction 6 which results in the formation of soot starts ab
temperatures upwards of 350 degrees as & result of the decomposition of
primarily-formed iron carbide.

Methane formation, like soot formation, is markedly promoted by
pressure. They appear whenever heat accumilation and, as a result, over—
neating occurs due to deficient heat removal. Tn this connection 1t must be
noted that a certain amount of methane'formabion occurs at all temperatures
where carbon monoxide reduction takes place and that its percentage propor=
tion in the total production of the hydrocarbons drops in accordance with
the drop in synthesls temperature. Hydrogenation always occurs to a limited
extent whenever iron catalysts are used. Also a small amount of saturated
hydrocarbons, possegsing more thah one C atom, are obtained with progressive
inerease of the degree of saturation toward the larger molecules.

When iron catalysts are used‘the products contain a 1little
oxygen. The occurrence of this oxygen 1is attributable to the Oxo
reaction which also occurs with the same catalysts at 120 degrees
under pressure with olefins, CO ahd Hoy, aldehyde groups =CHO being

added to the double bond. Since the double bond, as is shown by the

cases investigated, 1is terminal, elther gtraight-chain aldehydes or
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| aldehydes with a CH3 group in alpha position will be formed, depending on
whether the aldehyde group is terminalior at the next to the last C atom.
Since the reaction conditions under which the synthesis takes place are not
optimaledr the Oxo reaction, only a partial formation of Oxo products occurs,

éﬂ;h the aldehydes being hydrogenated to alcohols for the most part. In addition,

ﬁ‘% the Oxo reaction is paralleled by the acid formation by addition of CO and

H20 to olefins discovered by Renpe. Occurrence of Canizzaro acid formation

i ?; from the aldshydes formed by the Oxo reaction by disproportionation into

; alcohols and acids is also conceivable. The ketones that occur are probably

g':' formed from the acids, the esters from the écids and aleohols or, according

;- to Reppe, by addition of €O and aleohols. It must be noted in this connection

gﬂ: that, under the prevailing conditions, the higher alcohols readily split off

%%1 : water and turn into olefins,
!

‘I ‘ Catalyst Conditions

;
;15 The Fischer Synthesis takes place at temperarures below 200 degress
: and is largely conducted at ordinary pressure. At these temperatures the
higher bolling products are separated out on the catalyst in a liquid state,
They form a protective film on the catalyst which acts as a brake against
the appearance of harmful reéactions on the catalyst.

When pressure is employed the propertion of higher-hoiling
products in the total product grows. The fidm of liquid on the catalyst
is thereby reinforced zand a counterinfluence is created to the appsarance
of detrimental reactions promoted by pressure.

Higher temperatures and pressure must be used if iron catalysts

are employed for gasoline. Ve begin to approach more closely conditions
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at which soot formation can cccur. The iron is obtained in a pyrophoric,
i.e., highly dispersed state, in the reduction. The synthesis reaction
proceeds with a teﬁﬂency toward the fbrmation of COp, the heat of reaction
rising as much as 20 per cent as compared with the CO catalyst. The content
of higher-boiling products decreases the higher the synthesis temperature
selected. Consequently, the conditiona for the presence of a satisfactory
film of liquidron the iron catalyst are not favoerable. Moreover, the
reaction density, i.e., the amount of product and the production of heat
in the time unit pro velume unit, is appreciably greater than in the Fischer
Synthesls. Hazards are thereby considerably increased.

If the circumstance does occur in which these violent reactions
take place, they will hanpen in the following mamner: Somewhere in the
catalyst there is a narrow, as it were, point-sized, highly active area

where a markedly heightened reaction welocity prevails., In that spot

the production of heat is extraordinary, but the heat removal, for some
rsason or other, is not satisfactory. The temperature rises, the reaction
thereby proceeding even more vlolently and, consequently, the temperaturs
becomes even higher with a progressive increase in the formation of methane
and soot until these are produced exclusively.' The scot acts as a heat
insulator. The overheating reaches over to the neighboring catalyst sectiona
and leads to the identical result. In spots temperatures may occur which are
geveral hundred dsgrees higher than the requisite temperature. In short, the

reactor must be shut deown and the catalyst removed.

Experiences in Small-Scale Bxperiménts

These were the conditions at the time the first fundamental
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experiments were conducted on a small scale in tube reactors with a
di ameter o_f".‘ 15 mm which wers placed in an electrically heated aluminum
core with automatic temperature cmtrol,

Since the reactor cutput was too 1ittle without pregsure, a
pressure of 10 atmospheres was applied. In time this was raised to
20 atmospheres and this pressure was maintained.

A CO:Hy=L : 5 mixture, as it occurs in water gas, was
used as gas. This gas composition roughly corresponds to the ratio
at which CO and H2 are consumed in the catalysis with iren. Conversion
of CO with H20 therefore permits a saving of H2. The nitrogen content
was largely I - 2 per cent. There was no carbon dloxide of any importance.
Sulfur was removed from the gas to about 1 mg. per cbm,

To retain any iron carbonyl which might be present sinece it
decomposes to ferm a highly active catalyst in the reactor which forms
soot, the gas was run into a vessel containing activated charcoal. After
that it was passed through a dust filter.

Highly active precipitated catalysts containing reduction-
resistant oxides as well as some alkali apart from iron wers used as catalysts.

It wag demonstrated that at temperatures of 300 degrees and
higher - such temperat_.ures were necessary to obtaln good gasolinas - catalyst
decomposition and soot formation occurred after a time, e.z., one day.

An attempt was made to counteract this difficulty by adding

all sorts of additions to the iron. Eowever, success was only achieved

with those additions which caused a decrease in output, i.e,, the
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"success' consisted only of the fact that the reaction was subdued and
thus the tendency toward uncontrolled temperature increass was diminished.
4As a result of the arbitrary arrancement of the catalyst
particles the gas dees not follow a strajght course in the Fischer tube,
but - as was shown by experiments with aerosols in Flass tubes ~ travels
from the center to the wall and then back, heat transpert cccurring
therefore not so much by radiation and conduction as hy convection,
There is naturally no regularity, It can therefore come about that
the gas in the tube axis may remain for a long period of time in the
middle of the tubs before again traveling to the wall to give up heat,
In such instances the temperature difference between center and wall
is higher thaﬁ.usual and may become dangerously high for the iron,

The circulation conditions naturally are improved 1f higher
flow velocities are used, gas turbulence being promoted in thié manrer,
At the same time, however, thers is increasing danger that any hot
points present may be fanned and thus be heated to a dangerously high

point, Just as 3z glowing spark may be fanned to bright heat by blowing,

The Iron — Sinter - Catalyst

At this point an attempt was made to eliminate the difficulties
by physical Mmeans, namely, in the following way. The catalyst was to
% te assured of good heat—conducting properties in all its parts until
B0 more isolated highly-active catalyst particles with too little heat,
fapacity existed. In this way any peint-sized overheatinz which might

eccur would be rendered imoessible by the removal of the heat.
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This effect was achieved by the reduction with hydrogen at
high temperatures of a catalyst prepared by precipitation. A temperature
of 800 - 850 degrees was found suitable at which reduction was conducted
for about 4 hours (File numbers 9131, 9261, German patent 729290; f1ile
nurbers 9919, 9960, 10189, 10190, German patent 763688). The catalyst
was sintered thereby and showed rounded corners and edges and the entire
text re became denser. The fine structure was coarsened,

This catalyst justified expecta;ions. It achieved the same
output as the unsintered catalyst and reaction conditions became sa
stable that for menths on end there were no difficﬁlties in the way of
operation.

Catalyst preparation was simplified by using iron powder as

starting material which was obtained by the decompesition of iron

' carbonyl in heat. It consists of iron globules of about 2 - § / u diamete:

and under the micrescope revealed a polished surface like that of drops of
mercury,

This powdered iron was pasted witr water containing about one
per cent dissolved borax, formed into flat cakes, and then cut intc cubes
with a lateral length of 1 em. It was then sintered in a eylindriecal
electric oven with many trays for several hours at B850 degrees in a
hydrogen atmosphere,

Catalysts which were prepared in the described manner met al.
requirements in regard to output and stability. Addition of third sub-
stances, such as alumina, ete. did not result in any improvement but,

if used to any great extent, caused a regression, and was therefore

omitted thenceforth,
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Also, the iron fused catalyst, as it is obtalned for the
ammonia synthesis by burning iron to FGEOB, introduction of alumina
and alkali into the melt and reduction with hydrogen, is suitable. It

is recoomendad, however, that it be azintered before use in order to

attain greater stability.

The Gas Circulatioen Process

In the case of the sintered catalyst an Investigation was
¢onducted to see 1f it might not be possible to use wider tubes in
order to cheapsn the design of the tube reactors. None of these
experiments, despite partial successes, led to any satisfactery
result so that a new method of heat removal was undertaken,

It consists of the following: The interval of time between
heating and removal of heat, which in the tube reacter is laft to
change, 1s now controlled. The gas 1s conducted from the catalyst to
the condenser in short regulatsd intervals, overheating thus being
avolded with certainty.

This {s acecumplished by a rapid circulation hetween catalyst
space and cordenser. The scjourn in the reaction chamber is regulated
to 8o short a gpace of time that possible heating of the gas cannot
excesd a narrow temperature range, for exampls, 10 degrees. The gas
then passes to the condenser and i3 there cooled demm to 2 polnt
where it is the same as at the entrance to the catalyst space (file
nutber 10824}, {Drawing on page 166)

The sketch shows the system, If heating of 10 degrees is

permitted the gas must be recirculated for about 100 times until it

bhas finished reacting cr, what amounts to the same thing, 1 per cent




by -
1
.
;

i

T 78 74 - .t P TR A LA 2

———

98

of the circulating gas is constantly diverted and 1 per cent of make up

gas supplied in its stead. Consequently, nowhers in the system is virginal
gas found, and this fact alone renders it impossible for the reactor to get
out of control. Nevertheless, the capacity of the reactor is not inferior
to that of a tube reactor with an equal catalyst velume.

Contact time of the gas in the reaction chamber is only about
1/2 of 1 second. Appreciable gas velocities are necessary therefore, and
it is advantageous not to make the catalyst bed to high. In general,
measures should be taken to keep the flow resistance of the gas in the
catalyst arrangerent as low as possible,

The catalyst space can be enlarged as much as desired at right
angles to the gas flﬁw. Its shape is extremely simple, consisting of an
empty cylinder with one or more nets for the reception of the catalyst.

For reasons of economy the by-pass tube through which the gas
is recycled should be constructed more narrowly than the reaction chamber,
1 / 10 of the reactor cross section was selected. TIn this way the gas
velocity 15 stepped up tenfold., In its passage into the further catalyst
space with its ruch slower flow the shape of the space must be so chosen
that no hazardous eddies are created which might impair the required laminar
flow through the catalyst bed., However, laminar flow is necessary, far only
that guarantees that the gas will flow through the catalyst bed with uniform
speed throughout the entire cross section and will not stay too 1dhg in one
spot causing it to become too hot. Above all, as experience has demonsirated,
change in direction of the route of the gas and widening of the cross section

rust not coincide or viclent eddies will arise, rendering impossible a uniform

flow through the whole cross section. This will lead to local gas stagnatiocn and
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heat accumulation iﬁ case the catalyst bed is situnated directly under an
eddying area of. this kind. Such a case will be discussed later in describing
the experimental reactors. To keep the gas path as simple as possible an
exial blower in preference to a centrifugal should be gelected in order .to
maintain a laminar flow in the whole circulation system if possible. Iﬁ
carrying out this reactor system on a large scale it is advantagecus, for
the sake of better control and attendance, to place the motor on the cutside
of the pressure chamber and to pack the shaft leading into the gas chamber
by means of labyrinths. The motors in the pilot plants were placed in the
pressure charber to ensure simpliecity.

Apart from the above~described "hot" circulation a "celd circu-
lation" was also mainizined on a smaller scale, In this a small portion
of the recycle gas was cooled down to water temperature in order to separate
the water and the higher-boiling products from the recycle gas, It was
carried out in such a manner that, ocuiside of the one per cent of the
circulating gas which was supposed to leave the reactor constantly, three
more per cent was conductéd intor the product separator and there, after
cool;ng to the temperature of cold water, returned to the hot circulaticn
in a heat exchange with the ocutgoing gas.

The conversion in the reactor can be intensified if the carbon
dioxide is removed from the relurnirg gas after cooling., If the fresh
gas contains little inert gas, such as Na, CHh’ the gas in one stage
can be converted to considerably more than %0 per cent with eventual
intensification of the recycling. It would be more advantageous to

add another synthesis stage only if there were an increase 1n the content

of inert gas.
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Expenditure of Power for the Circulation

To obtain a picture of the amount of power requisite for the
recirculation it 1s expedient to compare it with the compression power,
If a mol of a gas 1is compréssed to 20 atmoéphares in two stages,
theoretical compression energy will amount to 2.8 watt hours, If the
shich is under a pressure of 20 atmospheres is subjected to a more
13¢ compression of 0.1 atmospheres ty the blower after completion of
:le in order to compensate for the loss of pressure, energy of the
» of 0.7 watt hours will be consumed, This will be increased to

ratt hours if a second stage is added.

The ratio: c¢irculation power
) compression power

1ts to about 30 per cent and dwindles to about half if the gas resistance
minished, that is, to 15 per cent. This is the case with the multi-
r reactor which will be described later. Additional savings of power
e effected by special catalyst arrangement as well as by increase of

emperature span in the reaction chamber.

The Steam Boiler

In the Fischer apparatus the}e is a temperature difference of
a few degrees between the extensively subdivided catalyst space and
urrounding steam boiler water. In the gas circulation process the
rence can be considerably increased, for example by 50 degrees,
is way itris possible to keep the heat exchange surface with the

ng water relatively small and to cheapen the steam boiler considerably
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without the stability of the temperature suffering, In this way the steam
temperature is lower but its temperature, as a result of the appreciably
higher reaction temperature in gasoline operation, is neverthelsss much

higher than in the Fischer Process. This is of use when it is employed

for power.

Operation of a Gas Circulation Reactar on a Laboratory Scale

Circulating reactors of five liters capacity were constructed
with an "internal circulation” for laboratory purposes,

The gas circulation, as is shown by the attached diagram, (p 167}
accomplished by a centrifugal blower above the catalyst chamber., The
blower forces the gas through an annular catalyst chamber and sucks
it back through an axial hollow chamber, Regulation of the circulation
speed is accomplished by a throttle valve situated in the hollow space.
The motor is installed in a special chamber connected with the reaction
chamber. The driving shaft passes through the narrow connecting space
with so 1ittle play that the fresh gas flowing from the motor chamber
inte the reaction chamber suffices to prevent the circulating gases
from penetrating into the motor chamber. Water cooling was installed
at the constriction to protect the motor chamber from the heat of the
reaction chamber. The reaction chamber is surrounded by an annular
electr;c heater. Heat removal at this reactor size is accomplished by

radiation.

The reactor was equipped with autcmatic tempe rature regulation

80 that it was possible to mainﬁain the reaction temperature at the
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sawe point for months at a time. The motors were of the alternating current
type ﬁiih short circuit rotors. In one case one of these motors ran for
10 months without interruption.

The reactor gases were withdramn at the base of the reactor.
This was followed by a steam-heated separator for the reception of the
high-boiling products and the middle oil which would solidify at ordinary
temperature. After that for the recovery of the gasoline there came a
water—cooled separator after which préssure was let down, The let down gas
was then dried in a cloride of lime tower and then passed through a glass
separator to remove the light gasoline and the liquid gases., The glass
separator was cooled with a carhbon dioxide~alcohol mixturs. Beyond this
was situated the gas meter which measured the amount of the outgoing gas.
The quantity of the feed gas could be calculated from this, LILater the
quantity of feed gas was directly recorded by dry gas meters constructed
for pressure. The gases were frequently subjected to an additional cooling
with liquid air in order to recover completely the hydrocarbons - even to
the methane which was incompletely retained. The abundantly present carbon
dioxide was removed beforehand in order to avoid any difficulties with it.

As for the purification of the fresh gas, it can be stated that
it was receivad practically completely purified of sulfur {down to
1 mg/bm3). It was repeatedly sent through activated charcoal, caustic
potash and finally through cellulose wadding. The composition, which
correspended largely to that of water gas, namely, CO : Hy =L : 5,

was produced by mixing the pure gases or by admixture of CO to the
fresh gas of the isobutyl oil plant which was prepared in a CO t Hy =1 3 2

ratio. The nitrogen content amounted to about 1l =~ 2 per cent,



103

Operation of the Reactors on a Commercial Scale

In large scale operation we-depayted from the "internal circulation”

’ecause in an exterior circulation the individual parts of the spraratus could
38 contirollsed more clesely and are more readily accessible., The system, it
-3 true, will then require more space and the steel requirements in general
7111 be greater. On the other hand, the constructien of the individual
ipparatus parts becomes very simple. A cylindrical vessel which is resistant
0 pressure with one or more bvilt-in grates on which the catalyst can be
harged suffices as a reactor, ™e can manage with a relatively small tube
ondenser for cooling ourposes., This condenser must be designed for greater
team pressures as a result of the hizher working temperature., An axial
lower is recommended for maintanance of the g2as c¢irculation at a2 pressure
ifference of about 1 m. water column fer technical flow reasons.

The first pilot construction was a reactor for LOO liters of
atalyst. The arrangement of reactor, condenser and blowsr was the same as
* the schematic drawing of the gas circulation process. Just as in the lab-
ratory, the blowar motor was vlaced in the pressure chamber for the sake of
implicity. The fresh gas was conductad into the motar housing in order to
inder it impossible for the circulating gas to flow inte it. The catalyst
id a bulk height of B0 em. The gas flowed through the catalyst bed from top
» bottom. Where the gas from the clrenlation returns to the reactor violent
dies might be caused. For this reason various devices have been installed
. order to cause the gas to flow through the catalyst bed in a wniformly
minar marmer. (See the attached drawing.p. 168)

The fresh gas was added to the circulating gas in an amount of
ughly 1 per cent. The gas .entered the catalyst chamber at 320 degrees

1 left at 330 degrees. In the subsequent condenser it was cooled
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down‘to 323 degrees, and by admixture with the cold fresh gas it lost another
3 deéfees, returning to the reaction chamber at 320 degrees, 1 per cent of
the circulating gas is constantly removed after the condenser and conducted
to the separators 1). The first separator was maintained at 100 degrees
with steam, the second at the temperature of cold water, and the third was
cooled with ammonia to =40 to -U5 degrees. Haovever, the steam was removed
from the exit gas with calcium chloride beforshand in order to aveid clogging
of the low temperature condenser by formation of ice. At this point the gas
was naturally not depressured before low temperature cooling as was the case
in the laboratory apparatus, For the exit gas was to be conducted to a
second synthesis stage or be recycled to the first reactor for the purpose
of complete utilization after removal of the carbon dioxide with a high
pregssure water wash,

In starting, the reactor was brought to the temperature in the
followlng manner: steam at a pressurs of 20 atmospheres was conducted through
the condenser - steam of higher presswrs was not available — and the circula-
tion was set in operation. The missing temperaturs span, up to the point
whare the reactien set in, was bridged by an electric heating element placed
in the gas circulation. Once the reaction was in ocperation and the cooling
regulated, the temperature remained steady and the entire system had so mueh
inertia that 1t took a few hours before a 8light regulation was needed, Gas
conversion ran to 78 - 82 per cent and the CO, content of the exit gas
30 - L5 per cent. The product obtalned per liter of catalyst space daily
amounted to 0.8 kg with anhourly aynthesis gas feed of 270 liters per liter

of catalyst spacae,

(1) In this way 1/3 of the reaction heat is lost. To avoid this in large-scale
operation the fresh gas is brought to reaction temperature in the heat
exchanger beforehand with the gas leaving the reactor,
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Occasicnaily a second synthesis stage was attached to see what

egree of conversion could be attained., To this end a pressure water wash

as attached in order to remove €O, and a 5 liter circulating reactor was

ressed into service for want of a suitable apparatus. 4 suitable gas stream

as branched off from the total exit gas. The total cenversion attained

ogether with this second reactor amounted to 92 - 93 per cent. The output
v liter catalyst space per day was only 0,6 kg product as a result of the

-gher content of inert gas. This is 3/l of the output of the first stags,

'@ exit gas consisted largely of €0y, CHh and Nz. The CO disappeared

most entirely. 157 grams of utilizable erude product was obtained per

rmal cubic meter of ideal gas (CO and Hy without inert gages) nassed

to the reactor,

Noticeable ahounts of gaseous olefins are present in the eirculating

s after intense cooling and these are lost in the water wash since the sol-

t1ity of these olefins in water is not inconsiderable; indeed, the larger

* molecule the greater the solubility. For this reason experiments with

;azid liquor were condricted, the alkazid liquor possessing a pronounced

ective solubility for carben dioxide. It can also te regenerated by heating.

quantity of water employed in this instance is so slight that no noticeable

ses of gasecus hydrocarbons can occur. The exveriment was conducted for

ut 8 weeks without noticing a drop in the action of the liquer,

Toward the end of a two-month operating perioed the catalyst generally
vod a distinct decline in productivity. Its surface had become coated with
irial which eould be extracted with hot benzol or xylol, whereby it recov-

1 1ts original activity, In oparation at 300° and lower temperatures this
Htion oceurred in a shorter time. On this basis the previously described
- recycle was incorporated. Thereby we succeaded in keeping the catalyst

‘ace clean for a much longer time,
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L Cbtm Reactor

~ As a further siap in approaching the conditions of large-scale
production, a reactor for L cbm catalyst was constructed., Its design,
which is shown by the attached diagram, was fixed by the viewpoint of the
best possible space utilization with the least gas resistance, For this
reason the reactor and the catalyst bed were so arranged that the catalyst
bed made up the bulk of the available inmer space., The height of the catalyst
bed was 80 ¢m., and the entire catalyst bed contained nd of catalyst.
It was assumed that the pressure difference existing betwsen the upper and
the lower side of the catalyst bed weuld cause a uniform penetration of the
catalyst bed in all its parts. Here too cooling was effected by water which
was supplied in a high pressure coll situated in the gas ecirculation.
Steam was produceﬁ at a pressure of 60 atmospheres. Heat control was
effected by regulation of the steam pressure. (Diagram p. 169)

In this operation provisicn was also made for a se-callsd cold
circulation which, as was already explained above, consists in a small
partion of the gases from the hot circulation being cooled dema te the tem-
perature of cold water in order to separate out water and high-boiling
products. During the contact time In the reactor system the gas was passed
about three times through the cold eirculation, In this manner the accumu-
lation of high-boiling products on the catalyst was greatly protracted.

The reactor was started by conducting 20 atm. steam into the

condenser and into an electric heater, The gas circulation was sat

going and in a few hours the apparatus reached a temperature at which
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the reaction hegan to set in, whereupon ths normal working temperature
was attained. The reactor produced ahout 3 tons daily, After 7 - 8
weeks the CH), content of the exit gas rose with simultaneous falling
off of the yield. A thermoelement showed abnormally high temperature.

The reactor was thereupon shut down and opened. At the lower
part of the catalyst bed, more toward the gas entry side, there was
discovered a pocket of saot which was encroaching more and more on the
surrounding territory. At the center of the heat development the catalyst
particles were found thickly encased in soot, the particles being
partially decomposed with formation of scale, It was evident that the
gas velocity in flowing through the catalyst bed was not uniform ayd
was so slight at the spot in question that the foressen temperature
rise of 10 degrees was far exceeded, As a result carbon monoxide decom—
position and marked methane formation set in in time. The soot which
was in process of formation remderad the gas stagnation worse and the
deleterious reactions began to spread to the surrounding territery, The
fellowing factors are of impottance in explaining this manifestation:

The passing of the circulation pipe line into the reactor caused
a tenfold increase of the flow cross section. Moreover, the gas was forcad
to chenge its direction at the same spot. The sudden retardation of velocity
evidently caused the “ormation of violent eddies which, promoted by the
Space arrangement, led to a marked disturbance of the flow in the catalyst
bed, An above-normal gas veloclty probably prevailed in one sector, whereas
the gas almost stood still in another part and became toc hot as a result,

To eliminate this difficulty baffle plates were installed to

curb the violent gas movements, Moreover, the catalyst bed was divided
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into 3 horizontal layers separated by thin empty spaces for pressure
equalization. Conditions wers bettered as a result but difficulties were
not entirely eliminated. #fter about two months of operation the begimmings
of local soot formation were again noticed at approximately the former spot,

It was therefore concluded that the farm of the reactor in use
was unsuitable in principal and that it musi‘;' be replaced by another which
would take into consideration the knowledge acquired, The following desigm
was contemplated: An upright cylinder to contain alternating layers of
catalyst and cooling elements, for example, 7 one upon another, or 7 systems
superimposed cne upon another in series, as is shown in the attached drawing.
In this way it is possible to use high and wide e¢ylinders and to maintain a
laminar flow. An irregular gas flow can only occcur at the top where the
recirculated gases enter. This hazard can be eliminated by installing
baffle plates. (Drawing p. 170)

Ancther way of carrying away the reaction heat would be to cool
with adwixed cooling gas, thereby surrendering the use of the heat of re-
action. Afier a temperature rise of 10 degrees about 3 per cent cooling gas
would have to be supplied and thorsughly mixed with the aid of baffles,
Since a temperature rise of 10° is equivalent to a gas conversion of about
1l ver cent, only one rer cent of the 3 per cent ccoling gas need be make-up
gas, The 2 per cent, which 1s withdrawn from the gas in process of conversion,
is cocled and again mixed into the hot gas.

Gooling by cooling gas can be combined with the gas circulatiom,
it being thus possible to omit the installation of cooling elsments

between the catalyst beds in mulii-stage reactors. The cooling elements




¢an be replaced by mixing baffles, In addition another sclution was

contemplated.” The catalyst could be used for a very shart time, with
drawn and regenerated, or replaced by a cheap catalyst. For this purpose
reactor designs should be used which would permit charging and removal

of the catalyst without interrupting operation. Attempis were made to
regenerate spent catalyst containing carblde and oxide by oxidation with
air and subsequent reduction (File number 11217, German patent 7566C%9).
Good results were attained insofar as the oxidation, which was carrled

out at 500 - 600 degrees, penatrated to the inmost core of the entire
catalyst particle, Otherwise the particle decomposed at once when it

was used again with attendant scale formation, An alternative proceduye
consists in burning the spent catlayst with purs oxygen with attendant
melting in order to produce a fused catalyst, such as is employed in the
ammonia synthesis., In every one of these cases the question must be inves-
tigated whether, in view of the cheapness of iron and of the moderate
requirements in regard to purity necessary if the contact time in the reactor
i3 kept short, it pays in general to regererata spsnt catalyst, especlally
if a cheap processing of compact iron represented by the fused catalyst

is contemplated.

I5 was not possible to undertake experiments with new reactor
designs as a result of wartime restrictions. WNoreover, thes requirements
of war, as will be explained below, directed the synthesis researches
intc new paths,

Special steels are not necessary as construciien material for the
reactore. Ordinary steel can be used as long as it possesses the tensile

strength necessary for the temperatures in question. Experiments which

extended over a period of years showed that neither carbonization or decarbon-
ization of the steel occurs under these conditions,
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Compesition of the Products of the Gasoline Synthesis

The products obtained in the synthesis showed certain variations

in their composition. The following table gives an average of the reactioen

conditions:
' Pressure: _ , 20 atm,
Mean temperature: 32g°
€O : H, = L:s
Output per day per liter catalyst space: 0.8 Xkg.
Catalyst: Sintered catalyst fy

carbonyl iron with
1% of sodium borate

Composition of the Useful Products {in percentages by weight)

( Ethylene : 8 %
(( Propane . 3%
Gases § Propylene g %
1' | E( Butane 24
{ { Butylens 8 % (of this 65 % isobutylene
Gasoline to 200° LB & (70 % olefins)
Middle oil 200 - 3250 1k £ (50 £ olefins)

Alcohols (in the product water)(l) 7%

s

a ' Product over 325° l-22%

i 100 ¢

1k (1) About 10 % vy weight of oxygen-containing products were found in the
X product water. In addition there was about 1 Z by weight of free acids.

j! The acid-free product had the following camposition:
i{f acetaldehyde 10 Z by weight
acetone ST mw
;; ethanol 55 now
g propanol 20 "o
;g:‘ butanol and higher “alechols 10 non

The presence of methancl could not be determined. Its absence indicates
that the oxygen-containing compounds are formed by the Oxo reaction,
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In addition there is a gasification (methane and ethane) to

the extent of 18 - 20 per cent (Total product counted as 100).

Deseripticn of the Preducts

The considerable yield of markedly unsaturated gases and the
not inconsiderable amount of iso-butylene is noteworthy. Polymerized
gasoline can be produced from the clefins, as well as isooctane from
the iso~butylene., The butane ¢an be used for alkylation.

li5 per cent of the gasoline constituents boil up to 100 degrees.
In the crude state it possesses an octane number of 70 - 75 and still
contains 2 - L per cent of oxygen in the form of alechols, acids, esters,
aldeﬁydes ;nd ketones. It needs refining before it can be used in a motor.
This is accomplished by passing the gasoline in the vapor phase over active

alumina and, in addition, passed over alumina (1) mixed with Crzo3 and

(2)

2Zn0 at 380 - LOO deprees’ 'in order to improve the oder, The oxygen in the

form of 320, CO and CO, can be removed leaving an ingignificant remainder of

2
less than 1/2 per cent. The loss of weight of the gasoline amounts to
5§ - 6 per cent.

By this treatment the octane number (Research) rose to 8L - 86
and the occtans rumber (Motor) to 75 — 78. Subsequent refining with
granosil at 20C degrees(B)and admixture with a stabilizer(h)produced
a2 satisfactory storage-stabllity which was confirmed by a two-year

peried of storage during which time 1t stood up to all tests.

(1) Active alumina was impregnated with 10 per cent Cr20 and 3 per cent
Zn0 in the form of their nitrate solutions and the nitrates thermally
decomposed.
(2) File number 11075 (German patent 735276)
1/l kg product were passed through hourly per 1 catalyst space
{both catalyst charges taken into account).

3) 1/8 kg of product were passed hourly per liter of granesil.

LY Naphtol.




The middle cil as Diessl oil had a cetane No. of 48 - SO,

Viscosity, Engler degrees at 20 degrees was 1.,16. The oxygen content
approximated 2 per cent. The small gquantity of high-bolling products

had the character of a mixture of paraffin and a light machine oil,

ITI. The Foam Process

After the outbraeak of the war a shortage of soaps and detergents
was soon felt which was caused by the falling off of imperts of fats and
vegetable cils.

To make up this shortage alcohol sulfonates were produced in
Leuna which possessed excellent detergent acticn and insensitivity toward
lime, The raw material was middle oil of the Fischer Synthesis which was
completely saturated by hydrogenaticn. It was subjected to sulfochlorination
in the presence of ultraviolet light., 1In this manner alcohol sulfonates
were obtained,

Since the middle oil obtained with the iron eatalyst is largely
unsaturated with the double bond terminal, as was shown by investigatioen,
an attempt was made at direct sulfonation with sulfuric acid., The
results were successful. Sulfuric acid esters were obtained which were
the squal of alechol sulfonates in regard to detergent action and, on the
whola, cheaper in price.

The gasoline process was not at all suited to the productiocn
of middle ¢il for this purpose, The yield is relatively low and

experiments demonstrate that the middle oil produced &t lowsr

temperatures is more straight-chained and therefore qualitatively




THE GAS CIRCULATIUN PROCESS.

Drawing referenced on page 97.
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GAS CIRCULATION.

Drawing referencad on page 101.
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Drawing referenced on page 106.
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Drawing referenced on page 108.
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