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COMPLETE SPECIVICATION

Improvements in or relating to Hydroearhon Synihesis

I, Arrmor Harown SreEVENS, a DBritish
Subject, of the Firm of Stevens, Langner,
Parry & Rollinson, Chartered Patent Agents,
of 5-B Quality Court, Chancery Lane, London,
W.C. 2, do Bereby declare the nature of this
invention {(comnmunication from Hydrocarben
Research, Ine., a Corporation organised under
the laws of the State of New Jersey, United
States of America, of 115 Broadway, New
York 8, State of New York, United Stutes
of America), and in what manner the sane
is to be performed, to be particulatly des-
cribed and ascertained in and by the following
statement -—

The present invention relates to the
synthesis of hydrocerbons end oxygenated
hydrocarbons, particularly those having a
molecular weight greater than that of carbon
monoxide by the catalytic reduction of carbon
toonoxide with hydrogen, in the prescnee of
a. catalyst in fluid condition.

In accordance with the present invention
there is provided a process of synihesizing
hydrocarbons, oxygenated hydrocarbons and
mixtures thereaf by {he catalytic rednction

of carbon monoxide, with hydrogen in the.

presence of an iron catalyst maintained in
fluidized condition, wherein a stream of
reactant gas containing a substantial pro-
portien of hydrogen and carbon monoxide
is passed in coutact with said catalyst under
predetermined conditions of reaction, in-
cluding an elevated temperature efective fo
form. such products of reaction, a substantial
portion of the carbon monoxide fed is con-
verted, and the products of rcaetion are
withdrawn from contact with the catalyst,
characterized by regulating the time of
contact between the said reactani gas and
said fiuidized catalyst so that the withdrawn
streatmn of reaction products contains betwean
ghout 1 and 3% by volume cof carbon
menoxide, and recavering the reaction
products from the withdrawn stream. Where
the reaction is casried beyond the point
where thers 15 about 1 mol per cent of carben

[Price 2{3]

monoxire in the effluent products, finidization
is impaired and the process tends to become
economcally irgpractical.

More specifically, it has been discovered
that the fuidized catalyst in question tmusl
maintain raore or less uniform finidizing
characteristics if good and consistent fiaidiza-
tion is to be held over any reasonable period
gn streztn under reasonably constant reaction
conditions. Thus for any predetermined con-
tact between a feed gas, and a fwidized
catalyst mass of selectec% depth and character,
the catalyst must not vary materially in
respect to Its optimum seitling ratc or
kindred plhysical characteristios. Otherwise
fluidization may be impaired or unfavorably
attered. Where the settling rate of the
catalyst increases, the mass tends to become
relatively more dense at any predetermined
upfiow of reactant gases. On tﬁé other hand,
with {he more frequently encountered de-
crease in sctiling rate, the catalyst tends to
hecome progressively more and more aerated
ut a fized rate of reactant feed until vltimatcly
it will tend to Al the reactor and pass out
with the products of reaction. This difficulty,
which has been hitherto experienced in the
case of typical catalysts operating at
relatively high temperaiurcs, has been re-
ferred to as loss of the catalyst bed and
obviously présents a serious impediment to
the cconomic operation of tha otherwise
highly advantageous production of hydro-
carbons in the presence of a fluid comiact
Imass. :

In accordance with the present invention,
it has further been discovered that loss of
catalyst Ded and the related progressive
variation from initial, optimum operation of
the process can:be overcorae by terminating
the Teaction : that is, by withdrawing the
gasiform reaction effiuent from contact with
the catalyst, while containing et least about
1, preferably not less than about 2 meol per
eent and not more than 3 mol per cent of
carbon monoxide. At ranges of carbon
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" monaxide content materaliy lower than the
foregoing, the gasifornm reactants so carbonize
the catalyst as to causc & lowesing of overall
ﬁatalyst density. Presumably, ander such

5 conditions there is a progressive formation

- of a relatively Light or low density carbon

on and abont the particles of catalyst which.

-progressively reduces the apparent edtalyst
density and sccordingly the sefiling rate,

10 wuntil ultimately the entire mass tends-te—uiie ia the reactani gases with the result

become excessively aerated by the flow of

L :Teactant gases and pass parfly or completcly
out of the reactor,

While it 1s to be understood that the fore-

15 going explanation is purely theoretical and

.eonjectural and not ixtended as limifation-

herein, nevertheless when operating in accord-
ance with.the present inventicn, it is possible
to maintain the catalyst af, or reasonably
approximating, predetermived conditions of
density and settling rate over protracted
- periods of operation. On the other hand,-in
"° pne case, for example, an iron catalyst having
an initial fluidized density in the neighbour-
hood of 701bs. per cubic foot after a com-
parable extended period of fluid operation
with a reaction affluent having a carbon
monoxide concentration substantially less
than ! mol per cenf, will have a finidized
density of 20 lbs. per cubic foot where the
linear velocity of the upflowing, fluidizing
gases remains constant. .

While - the presesit invention is, in -its
broadest sense, applicable to the treatment
of feed gases comtaining carbon monexide
and hydrogen in varyiug proportions, never-
theless in accordance with the preferred
embodiment it is advantageous to operate

" with a total reactor feed of cartain preferred
40 characteristics. For example, best results

are secured where the total-mcl perccatage

of carhon- monoxide in the feed is not sub-
sianiially greater than about 15% of the
. total gas feed entering into contact with the
catalyst.” As will be obviots from the fore-
going, the Teactant feed will necessarily con-
tain an amount of carbon monoxide fn excess
of the mintmmm requisite in fthe reactor

‘effluent and preferably not less than about

5% on the molar basis.

In view of the frequent occuiTence of water
vapout in hydrogen-carhon, monoxide feed
gases of the present character, it is pertipent
to point out that the water vapour content
of the feed
low as posmible ; in any event not greated
than 3%, on a molar basis but preferably as

" low as can be attzined by condensation and
separation at, for example 70 to 50° F., and
80 at pressure of about 200 Ibs. per square inch
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gange ; in other words, about 0-019 to 0-1%. .

" Moreover, the preferred total feed com-
© position includes s mnolar propertion of
hydrogen 1o the carbon monoxide substan-

- best comprises gases whic

should advantageously hé as

tially greater than 2-5: I In 'short, the mel

ratio’ of Ha:CO is advantageously well above
2511, preferably above about 31, as for
example 4:1, 5:1 or higher.

The reactant feed desitably comprises &
substantial proportion, preferably upwards of
about 15%, of carbon dioxide, which tends
to control the reaction by suppressing net
formation of carbon dioxide and which
permits a lower hydrogen to carbon monoxide

70

75
that the production of light gaseous hydro-
carbons such as methane:and ethane is ™
decreased.  Obvionsly excessive production’
of the latfer gases may be quite disadvan-
tegeous when operating for the production
of normally lignid hydrocarbons. More-
over- the net production of carbon dioxide
usually, heyond reasonable limits, roprescuts
an uneconomical ntilization ef carbon.

The remainder of the gaseons Teed, if any,
ch are inert or whick
-af laast do not tend fo fmpair the course of
the reaction. Thus even when opefating with
relatively pare reactant gases, the feed may
ontain normally gaseaus hydrocarbons. This
is part[cula_rly tree In the case whefe a
portion of the total reactant feed, at least
comprizes product gases recycled from the
effinerit of the reactor.

. The reeyele of preferably normally gaseous.
reaction products is of advantage in that
it readily permits maintepance of the optimum
conditions defined above in conmnection with
the composition of the total feed, aflords a
ready source of desired carbon dioxide for
the feed, and permits return of the normally
gaseonhis hydrogathons to the reaction zone
where unsatwrated gases tend to be copsumed
in' the' course of tha reaction.

Operation of the process with a feed gos
‘meeting the requirements of the preferred
embodiment bas numercus practical advan-
tages, Thius in additicn to snppression of.
carbou dioxide and maethane formation the
‘provess enubles the efficient production of 110
predominantly liguid hydrocarbons in the
motor gascline beiling range with an iron
type of catalyst.

in @ typical operation at a temperature of
650°F. and a pressure of 200 pounds per 115
sguarc inch gauge, and with a reactor feed
containing abont 65%,.of hydrogen, about
82% of carbon monoxide, and abont 1%, of
carboen dioxide in a total volume theorctically
sufficfent te prodmes ‘one barrel of liquid 120
hydrocarbons, the carbes monexdde con-
centration will fali to about 2%, when only
0-7 of A barrel of oil has been synthesized.

To corry the readtion further entails the
disadvantages of forcing a reaction at ex- 125
tremely Inw reactant comcentration as well
as the aforementioned deposition of Hght
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-élemental carbon on the caialyst. Moreovez

the e’ﬁluent withdrawn at this- slege nay
oompnsu almost 289, CO» repmscntmg 2 1Ub.'1 150
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of carbon monoxide to an undesired by-
product.

Under the same conditiens but with about
20%, of carbon divgide, a carbon menoxide
content well below 15% and a hydrugen-
carbon monpxide vatio of over 3:1, there is
usually no or only negligible net production
of carbon dioxide, Mareover, the carbon
moenoxide consumed is converted predomin-
antly to desired Liquid hydrocarbons.

In accordance with one illustrative example,
a typical fluid reactor is provided with a
charge of iron catelyst comprising sub-
stantially pure iron powder into which abont
1-0% of potassium oxide {Ki0) and about
2%, atumina (AlyOs) have been incorporated
as promoters. The catalyst powder all passes
a (U.S. standard) mesh screen with abont
859, passing a 325 mcsh screen. The latter
fraction has a particle size distribution of
fairly broad range.

1e feed gas comprises about 30-6%; carbon
monoxide and about 64-3% hydrogen, lhe
remainder being carbon dloxide, methane and
g very small proportion of nitrogen. The
reactor is maintained at an internal operating
temperature of 650° F. and a pressure of
250 pounds per squarc inch. During opera-
tion the aforementioned temperature is con-
trolled by appropriate cooling surfaces im-
mersed in the reaction zome.

The feed ges is passcd upwardly through
the mass of catalyst at a linear gas velocity
of 1-2 feef per second sufficient to maintain
the powdered contents in o state of
unifdrm dense phase fuidization.

The level of catalyst in the rteactor is
adjusted so that the effluent gases withdrawn
from centact with the catalyst contain abont
2:3%, carbon monoxide, on the molar
hasis.

The fresh catalyst is first subjected to a
peried of conditioning by passing in fresh
feed gas, under the foregoing conditions, for
a perind of about 2 days until settled opera-
tion has been reached with a constant yield
of liguid hydrocarbons. At this time the
fluidized density of the catalyst is betwcen
40 and 45 povnds per cubic foot. Thereafter
vperation is continved, the gaseous products
of reaction being withdrawn fromn the upper
surface of the catalyst, separated from en-
trained solid particles in a cyclone sepatator,
and subjected to condensaiion and separation
at a temperature of about 70°F. and a
pressure of 250 pounds per square inch gauge
yielding a liquid hydrocarbon layer corrcs-
ponding to about 65% of the carbon mon-
oxide consumed. About 60%, of this hydro-
carbon layer comprises products boiling in
the motor gascline range. Operating in this
manner, contact time is approximately
25 seconds.

It is particularly significant to note that the
bed of catalyst remains faily constant at a

per cubic foot over an operating period of
four hundred hours.

In accordance with a parallal eperation
outside the scope of the claim carried out
under the same conditions for the geS
of comparison, except that the bed depth
and contact fime is spbstantially increased
so that the effluent reactor stream contains
only about 0-7% carbon monoxide by
voluine, thereis amaterial decreasc in catalyst
bed density. More specifically, within a
IEle:riod of operation of only 200 hours, the

midized bed density is decreased progres-
sively to about 25 pounds per cubic foot.
Moreover, the mass of catalyst swells more
or less Inversely to its decrease in density
and the overall yield of hydrocarbong boiling
in the motor gasoline range decreases quite
materially. .

In accordance with another example,
otherwise the sarhe as the foregoing illustra-
tive example, a portiop of the effwent
reaction products, affer cundensation and
separation of the normally liquid compounds,
is recycled to the incoming fresh feed and
passed through the reactor in admixture
therewith at a'liniear velocity of 1-% feet per
second, in the Tatio of about 1:1, and the
reactor eflluent "withdrawn at carbon mon-
oxide concentration of about 2 mol per cent.
The catalyst density similarly remains at
4045 pounds per cnbic foot after 400 hours
of operation. The reeydde feed is rclatively
rich in hydrogen and light gaseons hydro-
carbons and contains a material proportion
of carbon monoxide greater than the carbon
monoxide content of the fluid reactor
effluent gases by virtue of separation of the
normally Iiyuid constituents. Obviously,
with a fesd of this type therefore, the total
fced will contain a smaller proportion of
hydrogen and carbon monoxide than in the
previous. examjle, the feed incunding, for
example, approximately the following :—
About 149 CO; aboui 20% CO2; sbout
35% hydrogen ; ° the remainder being the
aforementioned {fduents,

- Obvigusly the carbon monexide content
in the effluent stream from the reactor is.
dependent upon & number of factors including
the type of catalyst, reaction conditions,
contact time and feed composition, Essen-
tially, however, with any given reactor nnder
predetermined  conditions of reaction, the
carbon monoxide content of the effluent
reaction products is determined by contact
time which in turn depends on such factors
as the rate at which the gases pass through
{le reactor, and the depth of the catalyst bed.
While the lincar internal rate of gas flow may
usualiy be varfed somewhat without adversely
affectivg the operation nevertheless for any
substantial regulation of contact time, it is
uspally supenor, io select an eppropriate
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catalyst bed depth wsually by appropriate

experiment. .

Advantageously the operation is controlled
to obtain a carbon monozide conversion
equal to at least 85%, and wsually 90-85%
of the carbon monoxide in the fresh feed, -
the yvield of C; and heavier hydrocarbons
corresponding v 78-80% of the converted
carbon monoxide.

The present invention may utilize catalysts
containing eny typical modifying agenis in
the nsnai proporions. Such, for example,
are the so-called activating and premoting
additions of the type exemplified by titaninm
oxide, alkali metal oxades, allkbline earih
metal oxides, alumina, zirconia and many
others. The specific modifying agent amd
the proporfion in which it is included in the
catalyst, per se, form no part of the prescat

- invention and may follow conventional

ctice. On the other hapd it has besn
ound. that best results are obtained where
a substantial proportion, as for example,
1 to 29, of an allzali metal modifier, such as
potassintn  carbonate, is present m  the
catalyst. : -

So also, it is important to note that the
particular temperatires and pressures of
operation are apparently fully independunt
of the present invention and may follow the
typical procedure in the-art. In ether words,
temperatures and presgures will be character-
istic of those optimum for -the particular
catalyst selected and the predominant
product desired. For a typical iron catalyst
teraperatures will usuelly vary from about
550-700° F. at pressures above atmespherie,

. preferably at about 200 to 300 pounds per

square inch gauge. _

In: genieral reference above to hydrocarbons,
may be considered as applicable to the wsual
products of the reduction of carbon monoxzide
by hydrogen, including niet caly petroleum
biydrocarbons but also oxygen-containing
cornpoands, such as the numerons aliphatic
alcohols, orgamic acids, ketones, aldehydes
gud the like, which may be produced by the
present process. As is kmown, predeminantly
Hquid hydrocarbons resuli from operations
caried out with typical iron catalysts, under
the reaction conditions indicated in the above
exampla. At lower temperatuzes, semewhat
higher molecular weight compounds tend to
result while at higher temperatures the trend
istoward gaseous ydrocarbon produets. Pre-:
dominantly oxygenated compounds tend io
be produced at high operating pressures.

Heving now particnlarly describsd and
ascertained the nature of muy said invention,

‘as communicated to me by my foreign’

correspondents, and in what manner the
same is to be performed, T declare that what_
I ¢Jaim is —

L. A pmocess of synthesizing hydrocarbons,

oxygenated hydrocarbons end mixtures theve- 65
of, by the catalytic reduction of carbon
monoxide, with hydrogén in the presence of
an iron catalyst maintained in fnidized
condition, wherein a stream of reactanl gas
containing a swhstantial proportion of hydre- 70
gen and carbon monoxide s passed in contact
with said catalyst wnder predetermined
conditions of reaction, including an clevuted
temperature effective to form such products
of teaction, e substaptial portion of the 75
carbon monoxide fed is converfed, and the
products ‘of reaction are swithdrawm from
contact with the catalyst, characterized by
regulating the time of contact Hutween the
sard reactaut gas and said finidized catalyst BQ
so that the withdrawn stream of reaction
products containg between about 1 and 8%
by volume of carbon monoxide, and re-
covering the resction products from the
withdrawn stream. 85
2. A process according ta Claim 1, wherein
the time of contact hétween the said reactant
gas and said fluidized catalyst is regulated
so that the withdravm stream of reaction
products contains not less tham abomt 2%, 90
by volume of carbon. monoxide.
3. A process according to Claim 1, whetein
a ‘major proportion of the carbon moncxide

-fed is converted and the products of reaction

are withdrawn from contact with the catalyst, 95
the. time of comtact between sald reactant

gas and the fluidized caialyst being regulated

so that the stream of reaction products with-
drawn from contact with the catalyst con-
tains between about 29, and 8% by volume 100
of carbon monoxzide.

4. A process according to any one of the
preceding claims, wherun the reactor feed
gas comprises at least about 159, by volume
of carbon dicxide. . 103

5. ‘A process according lo eny cne of the
preceding .claims, wherein the reactor feed
gas counprises ydrogen and carban monoxide
in the relative molar rutio of at least 2-5:1.

6" A process according to any one of the 110
preceding cleims, wherein the reaction tem-
perature is in the range of about 850-700° F.

4. The process of synthesizing hydro-
carbons, oxygenated hydrocarbons and mix-
tures thereof substantially as hercinbelore 1156°
described.

Dgﬂ:ed the 9th day of June, 1949,

V. For: ARTBUR HAROLD STEVENS,

. .1 STEVENS, LANGNER, PARRY &

ROLLINSQN,
Chartered Patent Agents,
§-9, Quality Court, Chancery Lans,
London, W.C. 2,
and at
120, East 41st Stxeet, New York, 17,
. - New York, US.A.

{1018) Foxeter: Printed for Her Majes'lg"s Stutionery Office, dbg James Townsend & Soms, 1td.—1852.

‘Puhlizhed at The Patent Office, 25, Sontham:
coples

on Bulldings, Londom, W.C.2, fmm which

may be chiained.
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