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This invention relates to new and useful im-
provements in the catalytic hydrogenation . of
carbon monoxide in ligquid suspensions of catalyst.

In the hydrogenation of carbon monoxide a
mixture of carbon racnexide-and hydrogen con-
ventionally termed synthesis gas is brought into
contact with a suitable catalyst and is reacted to
form aliphatic hydrocarbons of koth the saturated
and unsaturated type and also cxygensated deriv-
atives thereof. 'This synthesis has become generi-
cally known as the Fischer-Tropsch synthesis and
the general conditions of pressure, temperatures,
type and composition. of catalyst and of catalyst
additives essential for such synthesis are well
known and established in the art. _

When using a dry catalyst and particularly
when fluidizing the same, i. e., floating finely
divided catalyst (usually countercurrent) in the
synthesis gas within the synthesis reactor, the
heat evolved by the exothermic nature of the con-
version may cause g runaway ‘reaction leading
to difficultly controllable: increases in tempera-
tures beyond those desirable for satisfactory
yields. For the purpese of furnishing better con-
trollable conditions for the Fischer-Tropsch type
synthesis, the proposal has been made to suspend
finely divided catalyst material in a liquid medium
and preferably a hydrocarbon mixture such as
may be, for instance, obtained by way. of the
higher boiling components of
ucts. This suspension can then be subjected to
cooling to continuously remove therefrom excess
heat. One of the disadvantages of this proposal,
however, is that it permits only a relatively low
hourly through-put of synthesis gas. -Thus, for
instance, a ecatalyst oil suspension (hydroearbon
fraction boiling between about 250 and 300° C.)
containing from 10-509% by weight of base metal
such as iron in the catalyst is only capable of
utilizing an hourly through-put of synthesis gas
of from about 10-10¢ Ncbm per cubic meter of the
catalyst oil suspension. - With this relatively low
through-put of gas, the reactor is not used to full
capacity, as the maximum yield of synthesis prod-
ucts obtained in a twenty-four hour period is only
400 kilograms per cubic meter of reactor.

Cne object of the invention is sn improved
process for the catalytic hydrogenation of carbon
monoxide utilizing finely divided catalyst in liguid
suspension,

Another object of the invention is 5 high yield
process for the catalytic hydrogenation of carbon:
menoxide utilizing a catalyst fuspension and pref-
erably an iron catalyst suspension in a hydrocar=
bon oil material.

the synthesis prod- :
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The foregoing and still
invention will
description:

We have discovered that when maintaining: cer-
tain critical conditions in a catalytic hydrogena~
tion of carbon monoxide in the presence of .oil sus-~
pended catalysts and preferably iron type cata~
Iysts, considerable increases in yield per unit of
time and volume of reactor can be-obtained, while
at the same time appreciably increasing the yield
of the more valuahle or more readily marketable
products of the synthesis, both .on the basis -of
volume of synthesis gas put through the reactor
as well as per weight unit of catalyst employed.

Within the broad concept of the invention, syn-
thesis gas is continuously passed into. a- hydro~
carbon suspension of a carbon monoxide hydro-
genation -catalyst having a coneentration in the
order of magnitude of from 50~500 gram catalyst
per liter suspension, and. g catalyst: particle size
in the order of magnitude of from 0.002-1.0 mm.,
at ‘a rate of gas flow, - expressed - in N . liters

further objects of the
be apparent from the . following

. (N liter=1 liter at 760 mm. mercury pressure-and

0° C.) per hour per liter -of eatalyst suspension,
equivalent to about 10~30 times. the per.cent
weight of catalyst base metal in the said suspen-
sion. The catalyst suspension of the above con-
centration and particle size of catalyst into which
the synthesis gas is passed at the above-stated
rate of flow is maintained under a°'pressure of the
order of magnitude -of from 3-150 -atmospheres
(above atmospherie) whereby within these limitg
the amount of the applied pressure is adapted.to
the rate of flow of the synthesis feed gas in- such
& manner that the rate of flow of the compressed
synthesis feed gas is substantially maintained . af
a value per hour-of an order of magnitude of frem
5-100 liters gas under the -applied: pressure. per
liter of catalyst-suspension.

When proceeding in accordance with the inven-
tion and within the limits hereinahove stated; an
intimate mixture .of synthesis. gag and catalyst
suspension is obtained-having a, substantially cone
stant volume of about 40~100 per cent higher than
the volume of the suspension itself .and:substan-
tially independent of variations in the rate-of flow
of synthesis gas provided the same is ‘maintained
within the broad limits above specified. Under
these conditions, the two phases of oil and gas.will
form a. substantially stable system of exception~
ally homogeneous mixture as lustrated in Fig, 1b,
With a lower through-put of gag than. that pro-
vided in accordance with the invention (Fig. la),
the individual gas bubhles will move up the liguid
column separately and at different speeds. Their-



2,671,108

3

speed in this case is governed by such factors as
bubble size, differentials between liguid and gas
densities, viscosity, and surface tension of the
liquid. The system gas-liquid will then contain
2 maximum of nearly 10% by volume of gas. As
soon as a further increase in gas through-put,
however, reaches or exceeds the minimum gas
through-put above defined in accordance with the
invention, the volume of the system gas-liquid will
suddenly expand by at least 40-70% and in many
cases by 100% and remain constant even if gas
through-put is further increased (Fig. 1b). The
following observation is then made: the gas bub-
ples are all quite uniform in size, separated only
by thin layers or films of liquid and the speed of
their vertical movement is only a fraction of the
speed of the vertical movement of gas bubbles of
equal size in System (1g). The bubbles of System
(1b), however, are at the same time vigorously
torn aboui in a more horizontal direction. In
this state of expanded-volume in accordance with
the invention, 35-50% of the volume of the
system gas-liquid consist of gas bubbles. - The
catalyst suspension in effect then floats as
dispersion in between the gas bubbles.
The effect produced by this condition on the
hydrogenation of carbon monoxide is quite sur-
prising. TIts most conspicuous feature is that,
starting with low gas through-puts, the conver-

sion of CO is only moderate at first, until the criti- &

¢al minimum gas through-put is reached or ex-
ceeded, at which point the conversion will sud-
denly rise to nearly 160% and keep on this level
slthough the other conditions remain constant
and even though gas
increased to a multiple of its original value. Itis
4o be noted that the state or physical character-
istics of the exnanded volume gas-liquid suspen-
sion are distinetly different from those of a froth
state. Inthe former the shape of the gas bubbles
is still almost spherical, resulting in an irregular
thickness of the liquid layers or film between the

g fine

through-put is further is
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gas bubbles, and the two phases of gas-liquid are .

in relative movement to each other. In a froth,
on the other hand, the
polyhedrons and are separated by liquid layers or

films of substantially uniform thickness which

move together with the gas bubbles in the sams

direction.

If gas through-put is
limits stipulated in the invention, the system gas-
liquid suspension is gradually destroyed as a
growing number of gas bubbles will join and rap-
idly break through to the top (bubbling) (Fig. 1¢),
resulting in stratification of gas and licuid. Gas
conversion will then suddenly drop back.

While the invention insures complete conver-
sion of gas independent of synthesis pressure and
catalyst concentration, the use of the higher range
of catalyst concentrations is coupled according to
the invention with increased gas through-put and
will allow, particularly when using increased syn-
thesis pressure, an appreciable ‘increase in the
time unit yield per cubic meter of reactor which
may reach up to 4000 kg. of synthesis products
in twenty-four Lours. = . . i

The benefits obtained on the basis of prolonged

agtivity of catalyst and high yields per unit base.
metal in the catalyst is for instance demonstrated.

by the fact that one ton of iron in the catalyst
will yield an average of 700 tons of synthesis prod-

ucts during the whole period of catalyst service of

about 90 days. . o o
Though attempts have been made at various
times of checking the formation of methane in

gas bubbles are forced into .-
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the hydrogenation of carbon monoxide such as by
using constant low synthesis temperatures, no
carbon monoxide hydrogenation process has as
yet become known which successfully solves this
problem. Previously known methods of synthesis
and particularly those conducted under condi-
tions seeking relatively high outputs produce
methane in considerable quantities. This, how-
ever, is not the case in the process in accordance
with the instant invention in which no appreciable
formation of methane takes place. This effect is
particularly new and unexpected inasmuch as the
many unsuccessful -attempts made to control the
undesirably high formation of methane as part
of the synthesis process have led to the general
assumption that the formation of large amounts
of methane is an unavoidable evil.

One of the advantages of the process inl accora-
ance with the invention. is the fact that the same
permits the utilization of higher synthesis tem-
peratures than are normally possible within the
limits required for relatively high output yields.
Ordinarily, temperatures above approximately
950° C. favor the production of methane and the
separation of carbon, thereby resulting in poorer
yields, and it is necessary that, in order to main-
tain a fair equilibrium in favor of the higher
mpolecular hydrocarbons or hydrocarbon deriva-
tives, fairly low temperatures be ordinarily used.

When proceeding in accordance with the inven-
tion, however, no such Jimitations exist, and the
reaction temperature may be generally kept ab
least 1070 degrees higher than is normally con-
sidered a safe upper limit for complete gas con-
version with a minimum of undesirable by-prod-
ucts. The upper limif of the temperature is solely
governed by the requirement thaf the particular
hydrocarbon or oil used for the suspension is not
deleteriously affected by cracking reactions, and
ordinarily a temperature of 368° C. constitutes the
limit beyond which danger of cracking may be
present. For best results, we find it of advantage
to use average synthesis temperatures between
200 and 360° C., and preferably between 220 and
390¢° C. It isthus possible by utilizing higher syn-
thesis temperatures to take advantage of in-
creased reaction speeds and to thereby favor the
formation of  predominantly low ‘molecuiar,
largely unsaturated and more heavily isomerized
hydrocarbons and without excessive formation of
methane or appreciable deposition of carbon
thereby making available practically the entire
yield in the form of desirable products. Thus the
ultimate output of synthesis products per unit
volume of synthesis gas used is still further
increased.

The drawings show a cross-sechional represen-
tation of a typical veactor useful in accordance
with the invention, the only difference between
Tigs. la, 1b, and 1lc being the differences in the
two phase liquid-gas system hereinabove referred
to, with Fig. le showing less than the eritical
limitations for gas through-put in accordance
with the invention, Fig., 1lc an excess of those
critical limitations, and Fig. 1b an illustration of
the two phase system when operating within
these limitations. The reactor as shown com-
prises the outer cylindrical wall 1 enclosing the
reaction zone which is charged with the catalyst
suspension. Cas inlet duct 2 is provided at the
bottom of the reactor and passes the synthesis
gas to and through a distributor 3 preferably
composed of 8 porous filter such as ceramic mate-
rial. The reactor carries the tail gas or exit duet
1 in cover 8 and is further provided with a with-
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drawal -duct 5. Suitable conventional tempera-
ture maintaining arrangement (not shown) may
be provided by a double Mmantle through which
a suitable heat exchange liquid is passeq which,
as is well understcod in the art, may serve either
as 2 heating medium or as g cooling medium as
the particular conditions of the reactor may
require at any given time. When the synthesis
gas is introduced into the reactor through duct
2, it will become distributed being dispersed into
the liquid by way of the porous bed or filter
member 3. The dotted line designated as 4 indi-
cates the normaj liquig level of the catalyst sus-
pension without gas being introduced into the
reactor. Line § indicates the level of the suspen-
sion-gas phases when operating within the eriti-
cal limits of the invention, The large bubbles
showing a breakdown of the homogeneous gas-
suspension phase are indicated as such in Pig. 1c.
It is understood that in a]l cases where the reac-
tor is to operate under g positive synthesis pres-
sure, suitable conventiona] arrangements for the
maintaining of such pressure (not shown) are
included.

The synthesis gas usable
the invention is the conv

in accordance with
entional gas mixture gen-
erally applicable to the synthesis of hydrocarbon
products in accordance with a carbon monoxide
hydrogenation procedure of the Fischer-Tropsch
type. Such synthesis gas may include a gas
product obtained for instance also by a typical
water-gas reaction or may have heen generated
in any other suitable manner well known in the
art for this type of reaction. The cil used for

the suspension of the catalyst is preferably a *

hydrocarboen oil product of a boiling range which,
under the conditions of temperature and pres-
sure at which the particular carbon menoxide
hydrogenation is to proceed, will not appreciably
volatilize.
hydrocarbon oil product fraction having a boil-
ing point generally somewhat higher than the
highest reaction temperature that is to be used
in the synthesis. Within the general scope of
invention, hydrocarbon product oil fractions boil-
ing between 250 and 360° C. are normally satis-
factory., Within the preferred embodiment of
the inventicn, however, I find it of advantage to
use for the suspension of the catalyst an oil
product as it is obtained in the synthesis itself
and having the requisite boiling range.

The catalyst useful in accordance with the
invention may be any suitable catalyst conven-
tienally -employed for
genation in accordance
type synthesis. Such catalysts contain, as it is
known, metals of the 8th group of the periedic
system of the elemeants, like iron, nickel, cobalt
or ruthenium. In accordance with the preferred
embodiment, however, it is preferred to use an
iron catalyst. Iron type catalysts, as is well
known, may be, for instance, obtained from fer-
ric oxides obtained or Processed from cther types
of iron compounds such as iron salts under par-
ticularly careful manufacturing conditions in
accordance with well-known practice. Such type
iron catalysts obtained from ferric oxides are of

xceptionally high activity. As is well known,
the catalytic material is frst introduced into the
reaction zone in the form of the metal oxide or
other reducible metai compound and is then sub-
Jected to a reducing reaction. 'This may be done
either in the dry state or preferably by suspend-
ing the oxidic or other reducible catalyst material

Thus, for instance, I prefer to use a

carbon monoxide hydro- .
with the Fischer-Tropsch
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5 further increase in activity,

6.

in the oil to be used as a carrier and subjecting
the material therein to a reducing reaction such
as for instance to the action of a synthesis gas
to thereby convert the catalytic material into its
active form. Active ferric oxide catalyst mate- -
rials have the advantage that the active catalytic
material obtained therefrom will catalyze car-
bon monoxide hydrogenation to hydrocarbons
even at comparatively low temperatures.. How-
ever, in order to prodiice low poiling synthesis .
products that are rich in olefines and ischydro-
carbons, the process in accordance with the
invention may utilize higher temperatures of the
280 to 320° C. range. Catalysts especially suited
to synthesis at such increased temperatures on
account of their relatively low sensibility to such
temperatures are, for instance, represented by
the following technical raw materials: hammer
scales, residues of ferric oxide derived from the
alkaline disintegration of bauxite, iron powder
and iron filings. Natural iron compounds, i. e.,
compounds of mineral origin that may be used
for catalytic purposes in accordance with the
invention, may also inelude magnetic iron orve,
red (oligiste) iron ore, brown iron ore (limonite),
needle iron ore, goethite, ruby iron mica, bog-
ore, iren spar, and similar type materials.

To the extent that the catalysts employed for
the synthesis. in liquid medium in accordance
with the invention are completely free from ac-
tivators or practically consist of metals of the
8th group of the periodic system or their com-
bounds only, it is desirable in accordance with
the practice of our invention to add suitable
activating substances conventionally known and
used for synthesis of the Fischer-Tropsch type.
Employing iron catalysts, the quantity of thess,
however, should not exceed 1% by weight of the
iron contained in the catalyst. Copper, for ex-
ample, is such adtivating additive, Cobailt or
nickel catalysts may be activated by addition of
Th, Mg or Cu or their compounds in quantities
of not more than a few per cent of the catalyst
basic metal contained in the catalyst. For a
alkali compeunds
may be added to the catalysts, governed by the
desired quality of the synthesis products.

A preferred conversion broceeding in accord-
ance with our invention, of the aforenamed
oxidic catalyst materials, especially oxidis iron
catalyst material into its active form, comprises
its treatment in particled subdivision (preferably
ball mill ground) in the hydrogenation reactor
in the presence of oil and DPreferably as an oil
dispersion in suspension ‘at temperatures about
10-50° C. in excess of thoss applied in the sup-
sequent  synthesis, with carbon monoxide or
gases principally containing carbon monoxide,
under pressures of 1-10 atm. in excess of atmos-
pheric pressure and preferably 2 atm. in excess
of atmospheric Dressure, employing an hourly
rate of gas flow within the reactor of more than
100 Nebm of gas per cubic meter of catalyst
suspension. With this kind of treatment, high
activity and = fine, uniform dispersion of the
catalyst owing to particle bursting is reached.
If iron catalysts of low temperature sensibility
are used, it is not necessary to increase the con-
version temperature above the temperature of
the subsequent synthesis in the designated de-
gree. In consequence of the “higher reaction
temperatures of these particular iron catalysts
the conversion with carbon monoxide can al-
réady be operated-at the same temperatures as
those of the reaction.



2,671,108

A
By way: ofzalternative procedure for the:con-
version of oxidic catalyst material into its active
form, a dry process. may be used. -In this case
the. particled material and preferably ball mill
ground material in-dry form is subjected to &
suitable  reducing agent. This may be accom-
plished. in a reactor type -chamber, it being de-
sirable, however, in this. case to use a synthesis
type gas mixture rather than carbon monoxide
or hydrogen alone.. Contrary to the conversion
in the presence of an oil medium in which posi-
tive pressures. are used, ordinary atmospheric
pressure-is preferable and in fact higher pres-
sures are detrimental to the conversion reaction.
Rates of gas flow in the reactor down to about
50 Ncbm for each cbm-contact volume are use-
ful.: By reason, however, of the shortened reac-
tign period required -for conversion and the rel-
atively high activity of the catalyst, it is desir-
able to treat the. dry catalyst material to be
converted with a gas mixture at a rate of flow
preferably-in excess of 600 liters per liter con-
tact material per hour of flow at temperatures
between 230 and 500° C. and in the case of oxidic
iron catalysts preferably between 300 and 350° C.
and at normal atmospheric pressure or even re-
duced pressure. In some cases slightly increased
pressure may be used. .. Pressures, however, of
the order of magnitude prescribed for the ail
contact conversion method- above described, are
to. be avoided: It is further possible to conduct
this type of dry catalyst material conversion
with the recycling-of-tail gases or af least a por-
tion thereof in volume proportion of one part

fresh : gas for” each one +40- thirty parts-of tail :

gas  with or without yemoval of -carbon dioxide
in the gas mixture. After the conversion; the
activated catalyst material obtained in this man-
ner is then ground with oil or otherwise dis-
persed in the same -and-is-then ready for use in
accordance with the invention. When using the
dry material -conversion -method, the catalyst
material of the oxidic type need not necessarily
be present in finely: subdivided form. Itis possi-
ble to obtain the conversion
ent in relatively large pieces. In-fact, it is prac-
tically easier. in many casesto-grind or other-
wise subdivide the reduced oxidic catalyst ma-
terial as compared with the non-reduced oxidic
material. It is furthermore possible in accord~
ance with conventional ‘and~ well-known - prac-
tice  to obtain oxidic “catalyst: material such as
oxidic iron catalyst. material by ‘suitable precipi-
tation in the form of very fine powder up to a
finely granular material without the necessity of
erinding larger particled pieces. In this case,
the reduced or activated catalytic material is
obtained in -dry form if sufficiently subdivided
particles to be relatively easily dispersed in the
oil in accordance with-the invention. = ° -

Tt is s well-known® phenomenon that carbon
monoxide  hydrogenation’ synthesis requires pro-
gressively increasing temperatures commiensurate
with the progressive exhaustion of the catalystin
substantially continuous operations. Ordinarily
these increased temperatires are necessary for in-
creased reactivity or rather to make up lost ré-
activity of the catalyst due to- its partial ex-
haustion. -On ' the - other hand, the increased
temperatures give rise to the formation of un-
desirable by-products. - When proceeding in. ac-
cordance with our:invention, however, the _in-
creased. temperatures. do_not ‘give rise .to such’

formation ~of - undesirahle ‘hy+products. = It is.

thus possible to gradually raise the:temperature

with materials pres- .
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withinrthe reactor and still ‘fiot’ materially’ inter-
fere with the synthesis or its yields and actually to
compensate thereby for any Josses that a partially
exhausted catalyst may entail. It is thus pos-
sible in accordance with the invention to sub-
stantially maintain- the beneficial results and
yields even after 5 “considerable time of opera-
tion and even though a portion of the catalyst
may be exhausted. On the other hand, the
possibility of raising the temperature without
interfering with the reaction mechanism or equi-~
librium in favor of undesirable by-products per-
mits the maintaining of a temperature range
about 10-50° C. in excess of that ab which the
synthesis was commenced and at which conver-
sion of oxidic catalyst materials can be success-
fully effectuated. It is in this manner possible to
add, once the temperature of synthesis is at the
desired level at which oxidic catalyst material can
be converted to activated catalyst, in a continu-
ous or periodic operation, finely divided catalyst
material in its oxidic form and preferably such
catalyst material already suspended in an oil of
the type within the reactor at the time of the
addition of the catalyst suspension. Such addi-
tion should be preferably made from the gas en-
try side of the reactor and may be either con-
tinuously or periodically effected with a corre-
sponding continuous or periodic removal of used
catalyst suspension from the gas exit side of the
reactor. In this manner, a substantially con-
tinuous synthesis operation is possible substan-
tially unlimited in time, and constancy in output
can be achieved. Instead non-activated, i. €.,
oxidic catalyst material, activated or spent and
regenerated catalyst material may be used.
When proceeding in accordance with our in-
vention in its application to a reactor in which a
predetermined alkali or range of alkali content
is to be maintained, and utilizing in the pre-
ferred embodiment of the invention substantially
continuous operations including the confinuous
addition or periodic addition of catalyst mate-
rial with commensurate removal of spent sus-
pension, it is desirable for best results to sub-
stantially maintain the alkali content constant
within the reactor. This may be accomplished
by adding to the catalyst material to be freshly
introduced or adding together with such material
a somewhat higher alkali content than is ordi-
narily contained in the catalyst material within
the reactor at that time. This will make up for
the loss in alkali which occurs when removing
suspension from the reactor and aids in keeping
substantially constant the percentage of hydro-
carbons in excess of Cs in the total vield. The
predetermined range of alkali content lies be-
tween 0.1 and 109 calculated as K20 in relation
to the catalyst metal content of the applied cata~-
lyst. Suitable alkali compounds are the oxides,
hydroxides, carbonates, hydrocarbonates, phos-
phates, silicates and borates of sodium and po-
tassium, furthermore their formiates, acetates
or the salts of higher organic acids, such as soaps.
The quantity of the alkali compounds to be in-
troduced together with fresh eatalyst suspension
must be so large that at least the loss in alkali
is replaced which has occurred by removing sus-
pension from the reactor. If the formation of &
larger quantity of higher poiling synthesis prod-
ucts is desired which:can be obtained by increas-
ing the alkali confent of the ecatalyst suspen-
sion, a correspondingly larger amount of alkall
compounds are to be introduced. - o ’
Within a further embodiment of the inven-
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_tion, we find it possible to so adjust the con-
ditions that our novel DProcess may be adapted to
any particular synthesis mixture whether the
same be on the one hand rich in hydrogen or be
on the other hand rich in carbon monoxide,
When utilizing in the iron contact synthesis a
8as mixure rich in hydrogen the water pro-
duced in the reaction enters with part of the
carbon monoxide into a water gas equilibrium
reaction in accordance with the formuls,

CO-+H20=2C02--Hs

which results ina, partial removal of carbon mon-
oxide from the synthesis gas thug withdrawing
the same from the hydrocarbon synthesis and
causing in this manner lower yields of synthesis
products. We have discovered that it is bossible
within the conditions critical for our invention
2s hereinabove outlined to- substantially elimi-
nate th's disadvantage and- to effectuate, even
with gases. rich in hydrogen, g practically: com-
blete utilization of the carbon monoxide with g
meaximum yield of synthesis products per cubic
meter of synthesis gas used. This result is ob~
tained by effecting a reduced gas-catalyst contact
period which may be obtained by so adjusting
the rate of flow of the synthesis gas through the
suspensions that the same remain in individual
contact therewith for only a relatively short
beriod of time., The suspension of catalyst, how-
ever, is then repetitiously contacted with the
synthesis gas whereby each individual contact
is at a relatively high veloeity or rate of feed
through the suspension while the aggregate of
the contacts per time unit fall within the gen-
eral rate of gas flow limitations herein specified
in accordance with the invention. Thus for
instance gases rich in hydrogen (for example
2H2:1CO) are run at g velocity or rate of flow
through the suspension up to fifteen times as
high as that employed: for gases rich in carbon
monoxide (for example 1H2:2C0O). This fifteen
times velocity applies to each individual con-
tacting, and the gases, having passed the sus-
bension at that rate of flow, are. then- recon-
tacted with catalyst Suspension for a sufficient
number of times within the general aggregate
limits of rate of flow in accordance: with. the
invention until substantially all of the carbon
monoxide is effectively utilized; This repetitious
contacting may be done by either recycling the
emerging gases. in each cage: through the same
suspension at the higher rate of -fow mentioned
or by passing these gases into and through: suc-

cessive stages of a multiple stage synthesis unit..

When recycling part or all of the tail gases in

accordance with this

synthesis gas to the mixture. Depending upon

conditions affecting the conversion ratio Hz:CO-

such as pressure, temperature, nature of cata~

lyst and rate of fresh gas feed, we have found. it
of recycle. or tail
5.times as high ag

of advantage to select the ratio
gas to fresh feed gas about. 2 to
the volume ratio Hz:CO in the: fresh: feed: gas.

We have also sometimes found: it.of advantage.

brocedure, we have found:
it of advantage to add 3 certain amount of fresh.
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to add a suitable additive affecting: surface: ten- .

sion of the oil in the catalyst suspension. This
additive may be one of the. surface tensjon: re-
ducing type or the. surface. tension increasing
type. Suitable surface tension modifying agents
useful in accordance: with. the invention are for

instance the fatty acid.salts of alkali metals and:

of aluminium and preferably:sodium or aluminum
Stearate, palmitate or oleate: Also useful in: this

75

5 process in order to reduce the

190

connection are, for example, pyridene, -higher
boiling esters preferably those of inorganic acids
such as phosphoric acid esters.

When using multiple stage synthesis, the proc-
ess involves a passage of the catalyst suspension
irom stage to stage to meet in each stage fresh
synthesis gas.

In the process as. deseribed in the invention,
between 180 and 195 g. of hydrocarbons are
formed out of the normal cubic metre of applied
CO--H>, the properties of which are variable
within a wide margin, depending on operating
and catalyst conditions pbermissible within the
scope of the invention. For instance, products
can be produced which predominantly consist of
Cs-Cs olefines with 5 considerable percentage of
isohydrocarkons, or hydrocarbons bredominantly
solid at normal temperature both with a high
and low degree of branching and both with a
high and low olefine ccntent,

In the process according to the invention, car-
bon dioxide is produced in large quantities as a
by-product in the synthesis. It is expedient to
re-use the carbon dioxide in the gas generating
carbon dioxide to
carbon monoxide. This improvement is espe-
cially of imporitance for the production of syn-
thesis gases in which the CO content is to exceed
the Hs content,.

Erample 1

In g vertical reaction tube, 20 cm: in diameter,
with a mantle surface of 700 cm. in height which
can be cooled and heated, 10-15 Ncbm per hour
of a gas of the composition 3CO:2H: are passed
through a suspension of a catalyst containing
19 kg. of iron, 40 g. of Cu and 100 g, of K2CO3
with a particle size of 0.05 mm., in 90 kg, of
synthesis oil of the 300-320° C. distillation range,
for 20 hours, at 280° C. and under a gas pressure
of 12: atmospheres in excess of atmospheric pres-
sure,

Towards the end of this period, a vivid syn-
thesis of hydrocarbons sets in. While the use of
synthesis gas of similar composition is continued,
conditions are adapted to synthesis operation: by
reducing temperature to 285° C., increasing gas
bressure to 25 atm. in excess of atmospheric pres-
Sure and raising gas throughput to 25 Nebm of
fresh gas per hour. The catalyst-oil suspension
will then form, together with the gas bubbles ris-
ing at a comparatively slow rate, a stable three-
phase system, the volume of which is about 60%
higher than that of the Suspension without any
bassage of gas. Under these conditions, 96-799,
of the carbon monoxide-are converted. 183 g. of
synthesis produects are formed out of the normal
cubic metre of applied carbon monoxide and
hydrogen.

Synthesis products include:

Percentage by weight

Methane+ethane ____________ "~ " 3
C34-Cs hydrocarbons (liquid gasy _________ 21
Liquid hydrocarbons upto180°C__.________ 55
Liquid hydrocarhons 180-320°Co__________ 17

Paraffin above 320° c___.______ T 4

The anti-knock quality of the 20° C.-150° C.
fraction is 72 octane numbers (motor method) .

80% of the liquid gas hydrocarbons are un-
saturated. The olefine content of the liquid
broducts amounts to 78-82%, the alcohol content
being 29%. )

If, on the other hang; considerably less than
10-Ncbm of synthesig’ gas are applied instead of
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25-Ncbm per hour, with the other operating con-
ditions: remaining unchanged, the three-phase
system of catalyst-oil-gas breaks down, being re-
duced-to the two-phase system of catalyst-oil
the volume of which is only a few percent higher
than without any passage of gas. ‘Together with
the decrease in volume, the conversion of carbon
monoxide drops below 709 while at the same
time .the percentage of Ci{-Ce hydrocarbons in
the -total products rises to T%.
: " Example 2

““Perric oxide produced by precipitation from
nitrate of iron (III) with subsequent washing and
rapid drying, containing 0.5% of copper and 0.8%
of KaCOs, is crushed to a particle size of less than
0,05 mpi’ in thé presence of the threefold weight
quiantity of ‘synthesis oil. This catalyst-oil sus-
petision is mixed in a tall- reaction cylinder ab
980¢"C. with such a quantity of synthesis oil of
the 300-340° C. distillation range as to produce
a suspension containing 209 by weight of iron.
AL the temperature of 280° C. this suspension is
treated for 16 hours with 100-200 Ncbm of car-
bon monoxide per hour per cbm of suspension
volume under a. pressure of 3 atmospheres. After
this activation, 300 normal cubic metres per hour
of synthesis gas containing 38% of carbon mon-
oxide and 50% of hydrogen are passed through
1 cbm of suspension at an initial temperature of
950° C. while the gas is kept under a pressure
of 20 atmospheres. Part of the exit gas is, with-
out expanslon and after removal of the reaction
products. which - are voluntarily separated at
30-50°. C., again passed through the reactor to-
gether. with fresh synthesis gas at the ratio of
3-yolumes of recycle gas per .volume of fresh
feed.gas. 9245 of the carbon monoxide and 87%
of the hydrogen are converted. One normal cubic
metre .of applied CO--Ha will yield 172 €. of
products .of -the following composition: 6% of
Ci—-Cs hydrocarbons; 74% of liquid gas and gaso-
line hydrocarbons with a distillation end point of
00° C.; and 17% of hydrocarbons boiling above

°.C. The gasoline and liquid gas hydrocar-
contain . between 76 and 84% of olefines.
order to maintain an average gas through-

DUL; 0L, 2 2best
from about 500 hours of operation, gradually re-

movyed from the. reactor and replaced;by corre-.

spondir rantities of fresh or regenerated cata~-
st uch @ rate that-the average stay .of-the
catalyst-in, the reactor is-aboub 900 hours. The

exchange of -the fluid
the same rate as that.of the catalyst, The cata~
lyst removed from the reactor is separated from
oil and can e re-used in the synthesis after sim-
ple. regeneration, e. g., by extraction.

The decrease in alkali content in the reactor
which will occur due to the removal of paxt of
the suspension. is made up for by providing for
the-catalyst to be freshly introduced an alkali
content which is correspondingly higher..

o 7 Exemple 3

_Active ferric oxide nearly roentgen-amorphous
is produced by -precipitation from a solution of
nitrate -of iron (IID), coutaining 5-10% of Fe,

with-soda, soda lye or ammonia with subsequent
thorough washing and rapid drying. If the natu-
ral.Cu content should be lower, such a quantity
of nitrate of copper is-added to the catalyst prior
to the precipitation as to obtain a final Cu con-
tent.of about 0.5-1% of the iron. Before drying,
0«15;% by weight of K2COs (in-relation to Fe) are

_of.at. least 80%, the. catalyst is, -beginning

medium proceeds at.about
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added to the ferric oxide.. The dry catalyst is
miked with synthésis oil of the 290-330° C. distil-
lation range atb the weight ratio of 1:3 and
crushed to a particle size of less than 0.01 mm.

This concentrated catalyst-oil suspension is
mixed in a reaction cylinder of 12 metres height
with synthetic oil preheated to 280° C. of the
240-330° C. distillation range at a ratio to obtain
a suspension. containing about 10% of Fe.

Undet a pressure of 10-15 atm. in excess -of
atmosphere pressure, this suspension is treated
without delay per hour with 150 Ncbm of syn-
thesis gas per cubic metre of catalyst-oil volume
af 270-275° C. 'The synthesis gas contains about
35% of CO and 55% of Ha, the rest consisting
of CO2 and Na. At the end of 5-10 hours, as soon
as 96-98% of the CO are consumed, the temper-
ature is reduced to 255° C. within about 5 hours,
the throughput per hour of synthesis gas is in-
creased to 220 Nchm per cubic metre of reactor,
and part of the exit gas, mixed with the fresh
synthesis gas, is passed again over the catalyst
at the ratio of 3.5 volumes of recycle gas per
volume of fresh feed gas, without previous ex-
pansion. Before re-introducing the exit gas into
the synthesis process, the gas is freed from the
synthesis hydrocarbons carried with it and depos-
ited at normal temperature, and from the syn-
thesis water. - . ‘

The average service life of the catalyst until
the drop in output to 90% of the initial value is
300-1200- hours approximately. Within this
period, the catalyst is gradually replaced by fresh
or regenerated catalyst without any interrup-
tion in operations, which will maintain the out-
put of the synthesis apparatus on a constant
level. The average synthesis temperature is
275° C. . o

The following results are obtained:

Hydrocarbons: 174 g. per Necbm of applied
. CO+Hz '

Composition:
C14-C2, 3.5% . _—
C34-Cs, 16%, olefine content 74%
Cs-Cs, 61%,.0lefine content 1%
Cio-+-higher, 19.5%

1 addition. 2.7% of water-soluble alcohols are
produced. ' ’ :

300-350 tons of Cz and higher hydrocarbons
are. produced. per ton of Fe. One cubic metre
of reactor will yield 800 kg. of Cs3 and higher hy-
drocarbons.in 24 hours. . - .

Through . the use of a catalyst alkalized with
1-39 of K2COz while the high molecular paraffin
hydrocarbons accumulating in the reactor are
quickly. removed, e. g., by filtration of part of the
suspension to be-carried out continuously or-at
brief. intervals, /a.<synthesis . product is formed
which predominantly consists of ~hydrocarbons-
solid -at normal témperature: with 2a yield of
170=178 g. of Ncbm. .70%. of -this product have
a distillation .end .point above .320°.C., while the
C14-C2-hydrocarbons. drop. below. 2%. -

The yield of_the high. molecular hydrocarbons
boiling above 320° C. éan be increased to 150°g.
per Nckm of CO-+Hs and more by the eontina-"
ous feeding ‘into the. reactor of “corresponding
quantities of lower molecular hydrocarhons boil- :
ing below 320° C., these hiydrocarbons being sub="
ject to molecular-enlargement during synthesis.
For this purpose, paraffin hydrocarbons can be:
used as well as olefines: =2.o0 =% Gl LU
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. Ezample ¢

Ferriginous residue from the conventional
alkaline disintegration of bauxite, containing
about 60% of Fex0s3, is freed from the main quan-
tity of its Na2003-4-NaOH content amounting to
about 5-69% by washing with little water in the
heat, and mixed with about 2% by weight of
E:CO; in relation to the Te content. After dry-
ing, the catalyst is crushed in the presence of oil.
Operation can be started with CO at about 2 atm.
in excess of atmospheric pressure or with syn-
thesis gas containing CO and H: at 10 atm. in
excess of atmospherie pressure, as has been de-
scribed in Examples 2 and 3. .

In a suspension of the catalyst in synthetically
produced hydrocarbon oil of the 290-330° C. dis-
tillation range containing 50 g. of Fe per litre,
140 Nchm of synthesis gas are converted per hour
per cubic metre of fluid medium under the fol-
lowing conditions; Gas pressure 15 atm. in ex-
cess of atmospheric pressure, temperature 255-
310° C. synthesis gas containing 54% of CO and
35% of s, one single passage of gas. At a CO
conversion of initially $6.9, finally 88%, one
Nebm of applied CO-4-Hp will yield, on the aver-
age, the following products:

Total hydrocarbons : 182 g.

including C;+4C; hydrocar-

Moot a5 GO 38 L a5 otetmes.

gasoline (15-200° C.)______ 95 2. with 839% olefines,

gas oil (200-320° C.y______ 28 g. with 769 olefines.
g.

hydrocarbons above 320° C_ 7
water-soluble alcohols______ 5g.

Without regeneration, catalyst life is 600-700
seryiee hours which is equal to an output of 250~
280 tons of products (C: hydrocarbens and higher
hydrocarbons up to and including solid parafins)
per ton of iron contained in the catalyst.

Example 5

A cé,talyst produced by rapid thermic decom- - -

position of ferrie nitrate which contains 0.5%
of copper and 0.6% K20 in relation to the iron
content is ground in a ballmill with the three-
fold quantity-in-weight of a hydrocarbon oil pro-
duced during the synthesis and having the boil-
ing range of 280-320° C. and is introduced into
a reactor preheated to 280° in which there is
already a like amount in weight of the same syn-
thesis oil. The whole suspension contains ap-
proximately 20-22 per cent by weight of iron.
A quantity of sodium stearate equal to 2 per cent
by weight of the iron content is added to this
suspension. Instead of sodium stearate, other
salts of fatty acids of the alkali metals or of the
aluminium, pyridine or organic esters of phos-
phoric acid may be used, generally in amounts
between 0.1 and 4% by weight of iron in the
catalyst.

From the bottom of the reaction chamber,
synthesis gas (. e. fresh gas) with a content of
approximately 38 per cent by volume of hydro-
gen and 55 per cent by volume of carbon mon-
oxide is led through the suspension in a state of
fine distribution under g pressure of 20 atmos-
pheres with a space velocity of 400 (i. e, 400 nor-
mal cubic metres of _ synthesis gas per cubic
metre of suspension per hour). After 2-3 hours
96-98% of the carbon monoxide is converted.
Thereupon, the synthesis temperature is lowered
within 24 hours from 280° C. to 260 till 265° C.
Within 400 working hours an average of 93 per
cent of the carbon monoxide are converted and
within 700 hours an average of 90% CO are con-
verted. Each normal cubic meter of the applied
synthesis gas yields in the beginning an average
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of 182 grs, and over the whole working-time an

average of 174 grs. of hydrocarbon preducts with
mnore than two carbon atoms in the molecule are
formed with a content of exygen-containing or-
ganic compounds of about 4 per cent, The syn-
thesis products consist of 65 per cent of the hy-
drocarbon fraction 20-150° C., to 17 per cent of
higher boiling hydrocarbon oils and to 16 per
gent of Cs- and Cy-hydrocarbons (i, e. hydrocar-
bons with 3 and 4 carbon atoms in the molecule) ,
The proportion of the olefines on the entire syn-
thesis products amounts to nearly 82 per cent.

In the course of 700 working-hours, the syn-
thesis temperature is gradually increased up to
295° C. During the whole working-time, nearly
2000 kgs. of synthesis products are broduced by 1
kg. of iron contained in the catalyst. The aver-
age output of hydrocarbons with three and more
carbon afoms in the molecule amounts to 1530
kgs. daily per cubic meter.of catalyst suspension,

Similar results are obtained by employing
other suitable catalysts cenventionally employed
for carbon monoxide hydrogeneration, for in-
stance nickel, cobalt or ruthenium catalysts, the
breparation and activating methods of which are
principally the same as the cited methods for the
breparation and activation of oxidic iron cata-
lysts. )

The foregoing description is furnished by way
of illustration and not of limitation, and it is
therefore our intention that the inyention be
limited only by the appended claims or their
equivalents wherein we have endeavored to
claim broadly all inherent novelty,

We claim:

1. In the synthesis of hydrocarbon broducts by
carbon monoxide hydrogenation, the improve-
ment which comprises continuously passing a
synthesis gas into a hydrocarbon oil product sus-
pension of a ecarbon monoxide hydrogenation
catalyst having a concentration in ‘the order of
magnitude of from 50-500 g. catalyst base metal
per liter suspension and g catalyst particle size
of from .002-1.0 mm., at a rate of gas flow ex-
pressed in N liters per hour per liter of catalyst
suspension, equivalent to about 10-30 times the
ber cent weight of catalyst base meta] in said
suspension, maintaining saiq suspension under
a pressure between 3-150 atmospheres above at-
mospheric adapted to maintain the rate of flow
per hour of synthesis feed gas under pressure
within the suspension substantially at a value of
an order of magnitude of from 5-100 liters per
liter of catalyst suspension, to thereby substan-
tially obtain and maintain a mixture of syn-
thesis gas and catalyst suspension having g sub-
stantially constant volume of ahout 40-100%
higher than the volume of the suspension itself,

2. Improvement, according to claim 1 in which
said hydrocarbon oil produet corresponds in gen-
eral composition to synthesis oil having g dis-
tiélation range substantially between 250 and
360° C.

3. Improvement according to claim 1 in which
there is added to said suspension a surface ten-
sion modifying agent for said hydrocarbon oil
product.

4. Improvement according to claim 1 in which
the carbon dioxide produced as a by-product in
the synthesis is re-used in 2 gas generating
brocess to produce s synthesis gas rich in car-
bon monoxide for the synthesis.

5. Improvement according to claim 1 in which
at least a portion of spent catalyst is substan-
tially constantly replaced during synthesis by
active catalyst.
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. 6.~Tmprovement 'aiccording-to-claim 5:in which
said suspensior-within- said: yeactor -possesses 'a
predetermined-alkali ‘content, and-in- which said
alkali-content is-maintained- substantially con-
stant- by adding ‘together -with- said--replacing
catalyst material & cat_alysﬁv—baéed-péi!cent_ageof
alkali material higher than-that of-said -prede-
termined alkali content, - -0 et

- 7. Improvement according-to claim 1'in-which
said catalyst -suspension ;is~-imtially-~.prepa'redAbx
reaching -3 dispersion of -a-particled cO-reducible
catalyst material- being at least-one oxidic ‘com-
pound of -a-metal of ‘the 8th -group- of the per-
iodic-system- of the-elements «in--a hydrocarbon
oil product with-a-gas-at least-the major part of
which consists- of -carbon.- monexide, -maintain-
ing the dispersion at a temperature -about- 10-50°
C.-higher than synthesis- temperature for CO
conversion in the presence of such~cata1ysi;_~m’a4
terial, a pressure of 1-10 atmospheres in_excess
of atmospheric, maintaining- a- rate of ‘gas flow
¢hrough said dispersion in excess of 100 liters of
.said gas per hour per liter of ‘suspension. CT

8. ITmprovement ‘according o claim 1, iR which
at least a portion of said catalyst suspension is
prepared by reacting a dispersion in 3 hydrocar-
bon oil product of a particled CO reducible-cata-
1yst material being at least one oxidic compound
of a metal suitable as catalyst for-the hydrogena-

+tion of carbon monoxide with said synhthesis gas
during said continuous passing thereof. -
9. Tmprovement according te claim 8 in which

at least a portion of spent catalyst is substan-
tially constantly. replacéd during synthesis by
corresponding amounts of said oxidi¢ ‘compound.
10, Improvement aecording toclaim 9 in"which
spid suspension within said reactor possesses a
predetermined, alkali content, ‘and in which said
alkali content is maintained “substantially con-
stant by adding together with sgidrrepl,ac_ing._ox-
idic compound a_catalyst .based percentage .of
alkali material higher than that of sald prede-
termined alkali content. .. ... .- oo o e
" 11. Tmprovement . according. .to. claim- 1..in
which said synthesis:gas: contains. a larger -pro-
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portion of hydrogen ‘thai’of carbon monoxide,
in:which: the gas is repetitiously passed through
such catalyst suspension-with-each “individual
passage at a.velocity of flow per liter suspension
up o 15 times greater than said rate of gas flow,
and in which the aggregrate of the contacts per
time.unit of said repetitious passages fall with-
in the stated liraits of said gas flow. . LD
.12. Improvement according .to claim’ 11 =in
which the gas is repetitiously passed through
such ‘Buspension . by - repetitiously cycling the
same. T
13. Improvement according” to claim 11 -in
which the gas is repetitiously passed through such
suspension by passing the same through " the
stages of & multiple stage synthesis unit. -7
14, Improvement according to claim 13 in
which -the” gas is repetitiously - passed through
such suspension by repetitiously recycling part of
the tail gases through a stage of'a multiple stage
synthesis unit. : ) : ' L
15. Improvement according to -elaim - 11 -in
which the gas is repetitiously passed through
such suspension by repetitiously recycling part of
the tail gases through such suspension. L
16. Improvement according - to claim 15 in
which recycled tail gas is-mixed for each- pas-
sage with fresh synthesis feed gas usinga ratio
of recycle or tail gas to fresh’feed gas about 2-5
times as high as the volume!Tatio of I CO .in

the fresh feed gas. -

" HERBERT KOLBEL.
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