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The present invention relates to the catalytic
conversion of carbon monoxide and hydrogen into
hydrocarbpn_s, oxygenated hydrocarbons and
mixtures thereof, and is more particularly con-
eerned with maximizing the yield of desired prod-
ucts in operations limited to a feed gas which is
relatively rich in carbon monoxide and corre-
Spondingly poor in hydrogen.

Yet ‘more particularly, the invention contem-
plates the divect catalytic produetion of the de-~
sired produects from feed gases comiaining hy-
drogen and carbon monoxide in a molar ratio .of
less than 1.0, breferahly inthe range 6f 0.4 t0 0.9;
that is to say, a synthesis gas typical ef the gagi-
fication of coal, coke and other solid earbenaceous
materials, as well ag heavy lquid i drocarbons,
as for example, fuel oils and residual oils. As is
known, the yield of desired produst fractions,
basis carbon monexide supplied in the fresh feed
828, is usually relatively low where tha Ieed gas
available is thus deficient in hydrogen as :cotm-
pared ‘with the synthesis gas epmpositions nor-
mally considered desirable,

In accordance with ithe present invention, how-
ever, it has been discovered that, within the fore-
going critical range of fresh feed composition, the
proportion of fresh feed carbon moenoxide con-
verted into the desired hydrocarhon products
may be materially increased by continuously re-
cycling to the inlet of the reaction zone a sup-
stantial stream of the normally gaseous sfiuent,
after separating the normally liquid product frac-
tions, and simultaneously supbiementing ‘the total
feed stream (i. e., fresh feed plus vecycle) with &
substantial but limited propertion of swater vapor
50 that the water vapor content of the total feed
stream is generally less than aboui 30 mol per
cent, on the basis of the hydregen and earl
monoxide of the fresh feed stream. It has finy
thermore been discovered that removal af by~
product carbon dioxide from the recyele stream
being returned to the reaetion zone permits reali-
zation of a substantial additional improvement
in yield.

Accordingly, the present invention involveg the
continuous introduction of fresh feed synthesis
gas containing hydrogen and carhon menoxide in
a molar ratio of less than 1.0 inte a reaction zone
containing synthesis catalyst under veaction eon-
ditions, including an eievated reaction texopera~
ture and superatmospheric pressure, to affect
substantial eonversion into the desired hydrocar-
bon and/or exygenated hydrosarhon producis.
The effluent products of reaction are continueusly
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&

10

15

20

25

30

35

40

50

desired products of reaction, including the -oily
-and water-soluble constituents and gaseous prod-
ucts. Part of the vesulting hormally gaseous res-
idue is continueusly recycled into -admixture with
the fresh feed :and repassed through the reaction
zone, .

Simultaneously, 4 stream of water vapor is in-
corporated in the total feed in a regulated pro-
bortion below about 80 mol per cent and prefes-
ably below about 20 mol per cent, on the basis of
the hydrogen and carbon monoxide of the fresh
feed, advantagepusly being correlated with rela-
tive preportions of hydrogen and carbon mon-
oxide in the fresh feed stream such that maxi-
mum improvementin yield is noted.

Preferably, the recyele stream is treated for the
removal -of -contained product earbon dioxide to
as great -an extent as practicable so that the re-
cycle stream reaching the reaction zone is of sub-
stantially deereased carbon dioxide content as
contrasted with that proportion which would
ofherwise he present,

In general, the completeness ‘with which the
carben -dioxide remeoval is effected is veflected in
the magnitude of the improvement in yield.

It has hitherte been proposed to ingorporate
various diluents, including water vapor, in the
reactor feed for the puspose of preventing iscal-
ized .overactivity and, aceordingly, localized over-
heating -of the catalyst. Such expedients, insafar
as 4s known, have always caused 2 substantial de-
Crease in yield as compared with operation under
Rroperly controlled temperature conditions, with-
out a «diluent. ‘The present invention is partie-
ularly advantageous in that it involves the corre~
lated regulation of ‘water vapor addition simul-
taneously with modifieation 0f the recycle stream
sueh that .2 materially increased Pproduction .of
desired ‘products is realized on the basis of the
feed carbon-supplied.

The present invention has particular applica-
tion to hyédrocarbon syntheses employing iren
catalysts at reaction ‘temperatures in the range
from about §50-700° F., usually under superat-
mospherie pressures in the range from about 150
to 500 p..s. i. “The precise temperature and preg-
sure used depend upen such facters as the prog-
uet Iractions desired and the individual character
of the catalyst.

The catalyst may comprise suitably reduced
and conditioned particles of jron, containing the
usual promoters and activators, such for example,
s the oxides of the alkali-inetal or alkaline earth
metals, titania, thoria, alumina and many others,
usually in ‘minor proportion, 'say, below 5.0 per
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cent by weight. The invention contemplates, al-
ternatively, the use of supported catalyst where-
in the catalytically active components are assd-
ciated with carriers, such as silica gel, fuller’s
earth, diatomaceous earth and the like.

Desirably, contact may be effected with the
catalyst maintained in a fluidized condition by
the upflow of reactants or otherwise, and dis-~
posed in heat exchange relation with suitable
cooling surfaces effective to maintain uniform
reaction temperature throughout.

As intimated above, it is contemplated that the
rate of recycle of the normally gaseous residue
be substantial; that is to say, the volume of re-
cycle should be at least equal to approximately
one-half the volume of the fresh feed synthesis
gas, and preferably at least equal to the fresh
feed volume, as for example, about 2 volumes of
recycle for each volume of fresh feed.

Under such conditions, the process reaches a
condition of settled operation with a substantial-
1y constant addition to the total feed of water
vapor at a rate such that improved yield is re-
alized. Removal of carbon dioxide from the re-
cycle stream may be continuously effected by
means of a suitable gas plant, preferably, for ex-
ample, an absorption system such as the Girbotol
process, wherein carbon dioxide is absorbed by a
stream of ethanolamine or the like. Desirably,
the carbon dioxide separation is effected by a
system which does not otherwise materially alter
the composition of the recycle stream.

Tt is important to note that the water vapor
addition effective for maximizing hydrocarbon
yield may vary, depending upon the extent of
carbon dioxide removal and the relative propor-
tion of hydrogen and carbon monoxide in the
fresh feed gas. For example, as intimated earlier,
the addition of water is generally below about 30
mol per cent and preferably, below 20 mol per
cent on the basis of the hydrogen and carbon
monoxide in the fresh feed, and frequently in
the vicinity of 15 per cent. With carbon dioxide
removal from the recycle stream, the water addi-
tion for optimum yield decreases somewhat and
with substantial absence of carbon dioxide in the
feed to the reactor, the effective proportion of
water vapor decreases substantially as the molar
ratio of hydrogen to carbon monoxide in the fresh
feed synthesis gas approaches the value of 1:1.

More specifically, as the molar H2:CO ratio
in the fresh feed gas is increased within the
critical range below 1.0, the water vapor addi-
tion required for maximum yield becomes pro-
gressively lower, in general approaching, on the
foregoing bhasis of addition, a minimum value of
about one mol per cent, on the basis of the carbon
monoxide and the hydrogen in the fresh feed gas.

For example, when the total feed gases are
maintained substantially free of carbon dioxide,
that is to say, when the carbon dioxide removal
is carried out to a practical operating minimum
below about 1 to 2 per cent, the optimum water
vapor, in mol per cent, based on the fresh feed
hydrogen and carbon monoxide, approximates
a value equal to one-half the difference between
the mol percentages of carbon monoxide and hy-
drogen in the fresh feed synthesis gas. Thus,
a fresh feed synthesis gas containing about sixty
mol per cent carbon monoxide and about forty
mol per cent hydrogen would, in a process as
ahove, evidence maximum yield of desired prod-
ucts with a water vapor content equal to about
10 per cent of the total fresh feed synthesis gas.
The foregoing use of the term “approximates”
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4
contemplates the calculated water vapor per cent
value +3%. Thus, with the calculated value of
10%, the indicated desirable range of water vapor
content is from 7% to 13%.

As an example, a synthesis gas is passed up-
wardly through a fluidized mass of iron catalyst
comprising finely divided particles of about 200
mesh or finer, prepared by reducing finely divid-
ed mill scale containing about 1.5 per cent of
potassium oxide (K20) and about 1.0 per cent
alumina (Alz03), and thereafter conditioning hy
passage of the synthesis gas under reaction con-
ditions until a state of settled operation has been
reached.

The fresh feed comprises a synthesis gas typi-
cal of that optained from the gasification of
coal in the presence of substantially pure oxygen
and water vapor and having a composition sub-
stantially as folows:

Per cent
2 o e 313
CO e 62.5
OO e e —————— 2.0
O e 2.4
N e 1.8

The fresh synthesis gas is passed upwardly
through the fluid phase of catalyst at a pressure
of 250 p. s. 1. and a temperature of 650° ¥. The
effluent gasiform products of reaction are con-
tinously withdrawn, condensed, and separated
at a temperature of 70° F., and the residual, nor-
mally gaseous fraction is recycled to the inlet of
the reactor at a fresh feed recycle ratio of about
2:1, standard volume basis.

Space velocity is maintained at an approximate
value of 50, basis standard cubic feet per hour
of fresh feed gas per pound of catalyst.

The following table compares in siz parallel
runs the variation in the yield of desired hydro-
carbon products in accordance with the propor-
tion of water vapor incorporated in the feed to
the reactor, and the extent of carbon dioxide
removal from the recycle stream,

Table

A B CID E F

Mol Percent Water Vapor
basis He and CO in
Fresh Feed .._.__._.... 2.66 ) 7.8

CO2 Separation from Re-
eyele Stream-_....._._..

Percent Fresh Feed CO
converted to Hydrocar-
bons or Oxygenated
Hydrocarbons.____._... 44,5 | 45.4

©

17.27 | 30.0 | 18.22 0.0

No | No Mo | No O] No

47.1 146.4 47.5 | 44.2

1 Substantially complete removal.

] Runs A, B and C show increasing yield with an
increase in the proportion of added watber vapor,
up to about 16-17 per cent. Run D indicates the
benefit of water addition is not ag great as it was
at 16-17 per cent. A comparison of run E with
run C illustrates the additional improvement
in yield resulting from extracting carbon dioxide
from the recycle stream.

In run F, both the fresh feed and recycle
stream are dried to substantially completely effect
water vapor removal, that is, to a level not exceed~
ing the vapor pressure of water at a tempera-
ture of about 100° I, and af the operating pres-
sure.

.En general, the magnitude of improvement in
yield experienced, as expressed on the basis of
fresh feed carbon monoxide converted to hydro-
carbons and oxygenated hydrocarbons, increases
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somewhat as the H2:CO ratio of the fresh feed
gas increases to a point approximately midway of
the eritical range. At the upper limit of below
& molar ratio of 1.0, the benefits correspond in
a general way to those given above.

Obviously, many modifications and variations
of the inventicn as above seb forth may he made
without depariting from the spirit and scope
thereof, and only such limitations should be
imposed as are indicated in the appended claims.

I claim:

1. In the synthesis of hydrocarbons, oxygenated
hydrocarbons and miztures theresf wherein a
synthesis gas comprising a mixture of hydrogen
and carbon monoxide ig Dassed in contact with
an iron-containing hydrocarbon synthesis cata-
lyst under an elevated temperature of 556-700° .
and superatmospheric pressure at which the re~
actants are substantially converted into said
desired products of reaction, the steps of mprov-
Ing the utilization of velatively hydrogen-oor,
fresh feed synthesis gas containing said hydrogen
and ecarbon monoxide in the relative molar pro-
portions in the range between 0.4:1 and 0.9:1,
which comprise continuously contacting saig
catalyst with a volume of sald fresh feed syn-
thesis gas in admixture with a greater volume of
a recycle gas hereinbelow specified and in furtheyr
admixture with a molar quantity of water vapor
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approximating one-haif the difference between the
molar percent of carbon monoxide and the molar
bercent of hydrogen in said fresh ieed synthesis
gas, withdrawing from contact with said catalyst
& gaseous effiuent of the products of reaction, and
separating normally lguid products of reaction
and carbon dioxide from said gaseous effiuent to
leave a gaseous rasidue which is utilized in parb
as said recycle gas.

2. The process according to claim 1 wherein
the volume of recycle gas is at least twice that
of the fresh feed synthesis gas.
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