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The present invention relates to the synbhasis of
valuable products from carbon monoxide and hydroéan. More
particularly, it perteins to the provision of a combination
of operating conditions whereby increased ylelds of oxygen-
ated organic chemiocala are obtained during concurrent pro-
ductlion of gasoline hydrocarbong.

While the reduction of ocarbon monoxlde with hydrogen
has generally been employed for the purpose of producing hydro-
oarbons bolling prineipelly in the gasollne range, the value
of such a process would be considerably enhenced if 1t were suss
coptible of being made more flexible with reapest to the nature
of the products obtained so that subatantially only economic-
ally attraoctive producta were produced at prevailing market
condltions. Aoccordingly, it is emn odJect of our invention to
provide an lmproved hydrocarbon synthesis process whereby
the production of inoreased quantities of valuable wafer-
soluble chemicals can be achieved. It.is a further object
of my invention to provide & method for effecting synthesis
of gasoline hydrocarbons and water-aolubls chemicals undsr
a bombination of operating condltions favorable to optimum
vields of both hydrdoarbons and chemicals.

Tt is known that liquid hydrocarbons as wall as
various oxygenated organic compounds can be synthesized by
reducing carbon monoxidé with hydrogen in the presence of a
fluidizéd alksli-promoted iron catalyst ab temperatures in
the renge of 550 to about 700°F and at pressure in the nelgh-
borhood of 150 to 350 p.s.l. PFPrior workers in thls field wereo
gconfronted with many & fficult problems in their effort to

conduet this reaction in a manner such that maximum yields of

desired products would be produced. In attempting to acoomplish
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this object various combinatioms and ranges of conditions
have been taught, however, the wide range of operatlng vari-
ables described in the prior art covers many conditions
under which it is extremely uneconomical ox undeslrable to
operate., In no single instance, of which I am aware, has
any worker in this field provided a specific combination
of conditions by which maximum yields of water-soluble
oxygenated organic chemicals can be obtained,

In accordance with the process of my invention the
quantity of water-soluble chemicals prodiced in such a synthesis

can be increased, if desired, as much as from 42,000 1bs. to
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about 53,000 lbs. per day, i.e., an increase of from about

12 to about 15 per cent over the production of water-soluble

e

chemicals normally expected. Baslcally, my inveniion in-
volveg the discovery that at total fesd carbon monoxlde con-
versions of the order of from about 70 to about 83 per cent,
and preferably from about 75 to about 78 per cent, maximum
ylelds of water-soluble chemlocals are obtel ned. #hile 1t
has been my observation that total feed carbon monoxide
convergionsg 1n the range nbove stated should be maintained
10 to achieve high selectivities to water-soluble chemloals,
this result cannot be sscured without simultaneously
utilizing specific ranges of pressures, hydrogen to carbon
monoxlde fresh feed ratios, and recycle ratlos. Thus, Yo
procure the desired seleotivity of total feed oarbon monoxide
to water-solubls chemicals, the following operating conditions

should be'anployed: temperatures of from about 600 to about

670°F, preferably about 650°F; pressures of from about 275
to about 400 p.s;i., preferably about 340 to 360 p.s.l.; =
ratio of hydrogen to carbon monoxide in the fresh feed of

20 from about 1.5 to about 2.0, preferadbly from about 1.7 to
about 1.9, =nd a recycls of tail gas in a ratio of from about
1.2 to about 1.7 or 2.0 volumes per volume of fresh feed
(FoF.). While it will, of course, be appreciabed that the
gpace velocity required for the procuremsnt of total feed
carbon monoxide conversions within the range desired varies

with the type of reactor as well as with the type of catalyst

employed, I have found that for a synthesis reaoctor having an
jnternal diameter of 8 in. and a hel ght of 20 ft. velocltles
of the order of 6.5 to about 12.5 SCFH €O (T.F.)/1b, of

30 catalyst are generally gatlgfactory. With a glven reactor,
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fallure to employ the aforesald combination of - nditions
within the ranges specified results in a lower :elaetivity
to water-soluble orgenic chemlicals. 'hus, with recyele
ratios less than 1,2:1 the selactivity toc water-soluble
chemicals falls off even though the other operating con-
ditionz are held within their respectlve preferred ranges.
Although recyols ratlos In excess of 1.7 to 2.0 may be usad,
the beneficlal sffect obtained by so doing 1s inglgnificant
in comparison to the expenditure reguired for the auxiliary
equipment necesgary at such recycle ratios. Also, I have
found that it ig important to carry out the synthesis at
temperatures in the range’ of 600 to 670°F. I have made the
further observation that within this temperaturs range,

seleotivity to water-soluble chemlcals is relatively 1little

efrected at a given total feed carbon monoxide conversions

| level. At tamperatures below 6000” the resaction rate

diminishes and fluldization problems frequently oceur, while

at temperatures in excess of about 670°F the activity of the

. catalyst decremses rapidly. Thus, for example, in a2 runr in

which a temperature of 680°F was employed, total feed carbon
monoxidé converaion declined from a high of 87 per cemt to
70 per cent, whils in a gecond run in which all conditions
were identical with those employed in the first lnstance with
the exception of temperature which was 650°F, total feed
carbon monoxlde conversions decreased from 87 per cent to
only 77 per cent over the same period of %ime.

One of the most important features of my invention
regides in the faect that conversion levels in the range

previously specified ghould be achisved in order to obtaln

optimum yields of water-soluble ohemmlcals. The relationshlp

543666
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of gpace veloolty to water-soluble chemicaly product is

only secondary. Thus, if the total feed carbon monoxide

y- conversion is chenged wlthout a corresponding.ohange in
space velocity, e.g., by changlng the reactor design, the
seleotivity and yield of water-soluble chemicels wlll vary
with oonversion and not with space velooity. Aocordingly,
at the desired total feed oarbon monoxide conversion, le.
from sbout 75 to about 78 per cent, maximum ylelds of weter-
gsoluble chemlicals can be obtalned while the space velocity

1c employed %0 geoure such results may vary with the reactor,
the ovatalyst, or with other factors of secondary lmportance.

Although & preferred embodiment of my invention

consists chlefly in the provislon of a particular combination
of operating condl tlons for hydrocarbon aynthesis whereby
1t ig rendered possible to secure a 12 to 15 per cent 1lnorease
in the production of water-soluble chemicala over the ylelds

norﬁally obtained, the proceas of my invention cen also be

operated ln a manner such that optimum conditions are pro=

vided for the production of both water-soluble ochemlecals
20 anﬁ gasoline hydrocarbons. Thus, this objeect can be accom-
plished by effecting the synthesis in two stages, the first
stage, or'reactor, employing the conditions taugpt herein
to produece optimum ylelds of water-goluble chemicals, while
the second resctor is operated at a temperaturs of from about
800 to about 670°F and at a pressure of from about 275 to
about 400 p.s.1. The spacs veloclty employed in this seccnd
reactor 1ssich that. the overall carbon monoxide oconversion in
Vthe total feed to the flrst reactor 1s in the range of 90 to
95 per cent, If desired, frash feed may bs introduced into
30 the sscond reaotor along wlth tall gas from the first so

that a synthesls gas having a desirable hydrogen to carboen
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monoxide ratlo is utilized glving %0 to 95 perdcent caTbon
monoxlde conversions, baged on the total feed to the second
Teactor.

It will be noted that the operating conditions
herein set forth, and whieh L regard as critical in go far
as concernsg optimum gelesctivity of total feed carbon monoxide
to water-soluble chemicals, apply in general to iron~type
hydrocarbon synthesis oatalysts. However, I have noted these
conditions to be particularly suited to the procurement of
substantially inereased yields of water-soluble chemloals
when employing the catalyst commonly deslgnated as mill scale
deseribed and claimed in U. S. Patent No. 2,485,945 granted
October 29, 1949 to 3. W. Walker, This catalyst 18 prepared
from the oxide scale or layer obtalned by rolling iron or

various alloys thereof at elevated temperatures, for example,

_Wln the range of 1,000 to 1,50000.. Microgoopic examination1

of the scale or oxide layer thus obtained when ground to =a
fineneas of the order of 325 mesh indicates that 1t still
retains its characteristic plate~like atructure.

My invention wiil be more clearly understood from
the accompanylng graphs, the curves of which are based on
sctual synthesis runs employing mill scale catalyst. Such
graphs further demongtrate the important and close relatlion~
ships existing between total feed carbon monoxide conversion,
ag well ag other operating conditions, and the optimum
gelsotivity to water-asoluble chemicals,

Fig. 1 is a graphic representation of the effect
of recycle ratio and space velooclty on total feed oarbon
monoxide conversion.

Fig. 2 1s & greph {1lustrating the effect of recycle

-ratio on per cenb total feed carbon monoxide oconversion to



10

20

30

e

543666

-y

Cs and heavier hydrocarbons and the per cent coﬁversion to
guch a fraction which might be expected when operating in
the total feed carbon monoxide conversion range taught hsrein
for optimum selectivity to water-acluble chemlcsla.

rig. 3 1llustrates the relationship of water-
goluble ohsmicals produet and total feed ocarbon monoxide con-
version at reaoyele ratios of 1.0, 1.5, and 2.0.

Tigure 4 graphlicallyillustrates the effect of

" pressure on water-soluble chemicals yleld at a fixed con-

version and at a constant recycle.

Figure 5 demonstrates the sffect of Hp:iCO ratic on
water-goluble chemicals yleld at a fixed conversion and at a
constant recycle.

The mill scele catalyst employed in the runs on which

~ the above-mentioned graphs are based was promoted wlth from

about 0.5 to about 0.7 per cent Kg0 based on the weight of
the iron. Other alkali promoters may be employed although
potagaium pompounds are generélly preferrsed. in all cases

the mill soale was ground to a screen size of about 100 mesh
and promoted with potasslum carbonats in the usual fashlon.
The promoted base material was then reduced with hydrogen at
700°F and 250 p.s.i., until evolution of water could no longer
be detected after whieh the catalyst waas subjeected to an aoti-

vation period of twenty hours under the following condltions:

Fresh feed Hp:C0 ratio 1.85-1,9
Presgsure, Dp.d.1. . 400
Recyele to fresh feed ratlo 1.8o
Temperature - 550°F
Space velocity SCFH CO (F.F.)/1b.

of iron catalyst 4.0 - 6.0

These conditions are essentlally those of synthesis except

that the recycle ratio is higher than that normally employed.

Linear veloeity is not orilticel, fluldization being maintained
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at veloclties as low ag G.25 ft, per second; however, heat

transfer is improved at higher veloclities. 3ome catalyat

carry-over depending, of course, on catalyst mesh size is
experienced at 0.75 ft. per seond, but any veloolty may be
used which ia compatible with adequate fluidization and
regsonable oatalyst recovery by a cyclone or squivalent system.
L0 the runs on which the curves in Flg. 1 are based

the followlng conditions were establighed:

Fresh feed Hp:CO ratio 1.85
1¢ Pregsure, p.2.1. 400
: Recyole ratlio 1l to 2
! . Space veloclity 2,5 to 11,1

Trom the ourves in Flg. 1 1t will be seen that the total

foed conversion 1s lower st the higher reoycle ratio. Fresh
fead conversion, however, is slightly higher. In the deaired
total feed carbon monoxide sonversion renge, i.s., 70 to 80

3

per cent, it will be observed that for the particular

.
A o e st e et
B s Fiiin

reaetbr and cﬁtﬁiyst employed spaée velocitiea of from about
© 8.5 to about 12.5 SCFH CO0/Lb. of catalyst were satlsfactory.
20 - Veloclties substantially above or bslow this particular range
result in & departure from the desired conversion levels and
hence  cause a decrease in yield of water-soluble chemicals.

Fig. 3 illustrates the yield.of water-golubls

-
ol

cheéicals in terms of atoms of carbon per 100 moles of Hz % CO
at recycle ratica of i.O, 1.5, and 2.0 and again indicates
¥ that meximum yields of water-soluble Ehamioals can be obtained
in the total feed carbon monoxide conversion level of 70 to
80 per cent. These daﬁa were secured at 650°F and at 400
p.s.l. pressure, utlilizing a freah.feed having a Hp:CO ratio
30 of 1.85,
From the curves it will be noted that at racyqle

roatios of from 1.5 0 2.0 the optimum ylelds of water-goluble

S-J,'{:: A o A G R e e e
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chemicals vary with the total feed carbon monoxiu» conversion
level. Also, the desired broad range of total feed carbon
monoxida_convarsion at'a given recycle ratio 1s alightly
different. Thus, at a recycle ratlo of 1.5 the carbon
monoxide conversion may vary from about 70 to about 83 per
cent, while with a recyele ratio of 2 sonverslons of from
about 70 to 80 per cent ghould be achleved.

Mg. 4 showa the sffect of pressure on yileld of
water-soluble chemicals at temperatures of from 850 to 660°F,
total fTeed carbon monoxidé conversion of 75 per-cent, and a
recycle retio of 1.8 with a fregh feed having Hp:CO ratio of
1.9 to 2.0. It will be seen from the graph that very little,
if any, increase in water-soluble chemicals yield is achieved

at pressures above 360 to 400 p. S.1. and that the yleld of

gt cded

' chemicals drops off rapldly at pressures much below 273 %o

300 p.sa.l.

In Fig. 5 the effect of Hp:CO ratio in the fresh
feed on water-séluble chemiocals yield is shown under the
following conditions: 1.8 recycle ratio; pressure of 400

s.l.; temperature 650°F, and a total fesd carbon monoxide
conversion of 75 per cent. From the curves presented it is
apparent that meaximum yields of water-soluble chemicals can
be secured at fresh feed Hp:CO ratios of from about 1.8 to
about 2.0. | '

From the foregoling degeription, as well as from the
graphs presented, 1t will be gesn that an extrémely close
relationship axists between the comblnation of relatively
narrow operating conditlons taught herein and the conversion
of carbon monoxlide maximum yields of water-goluble chemicals

in the aynthesals of hydrocarbons by the reduction of carbon
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monoxide with hydrogen in the presence of a\fluidized catalyst.
Morsover, it has been demonstrated that a d;parture from the
recommendsd range of any single set of operating conditionsg,
i.e., pressure, rscycle ratio, per cent total feed carbon
monoxide, etc., cauges a substantlal reduction in the ultimate
yield of water-soluble chemlcalsy, In addition, I have shown
for the first time the important relationship existing between
per cemt total feed carbon momoxide conversion and gselectivity

to water-soluble chemicals.
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The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined-és follows:

1. In a process for the synthesis of hydrocarbons
and chemicals by passing a mixture of carben monoxide and
hydrogen into a reaction zone containing a finely divided irom
catalyst to obtain increasged ylelds of water-soluble chemicals,
the steps which comprise effecting said reaction at a total
feed carbon monoxlde conversion of bet ween about 70 and about
83 per cent by coentacting said catalyst with a fregh feed gas
containing major proportions of hydrogen and carbon monexide
in a ratio ranging from about 1.5 to about 2.0 at a temperature
of from about 600 to about 670°F. and at a pressure of from
about 275 to about 400 p.s.i. to produce gaseous and normally
liquid hydrocarbons and oxygenated organic compounds, with-

drawing from said reaction zome an effluent comprising gaseous

" and normally liquid hydrocarbons, water—soiuble organlc

chemicals, carbon dioxide, carbon menexide, and hydrogen,
separating said water-soluble organic chemicals and the nor-
mally gaseous constituents,from saiﬁ effluent, and recycling

a sufficient quantity of the normally gaseous constituents

to said reaction zone to maintain in the total feed to said
zone from about 1.2 to 2.0 volumes of recycle gas per volume of
fresh feed.

2. The process of claim 1 in which the reaction is
ceffected at a total feed carbon monoxide conversion of from
about 75 to about 78 per cent.

3. The process of claim 1 in which iron mill scale
is employed as the catalyst.

4. In a process for the synthesis of hydrocarbons
and chemicals by passing a mixture of carbon monoxide and
hydrogen inte a reactien zene containing a finely divided iren

catalyst to obtain increased yields of water-soluble chemicals
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the steps which comprise effecting said reaction at a total
feed carbon monoxide conversion of between abéht 70 and about
83 per cent by contacting said catalyst with a fresh feed

gas containing major proportions of hydrogen and carbon
monoxide in a ratio ranging from about 1.5 to about 2.0 at a
temperature of from about 600 to about 670°F. and at a pressure
of from about 275 to about 400 p.s.i. to preduce gaseous and
normally liquid hydxocarbons and oxygenated organic compounds,
withdrawing from sald reaction zone an effluent comprising
gaseous and normally liquid hydrocarbons, carbon dioxide, carbon
monoxide, and hydrogen, separating the normally gaseous con-
stituents, and recycling a sufficiemt quantity of said normally
gaseous constituehts to said reaction zome to maintain in the
total feed to 84§d zone from about 1.2 to 2.0 volumes of
récycle gas per volume of fresh feed.

5. The process of claim 1 in which the effluent
gases from the yggctien zone not consumed as recycle gas are
intreduced inuﬁﬁassecond reactien zone, contacting said un~
consumed effluent gases containing carbon monoxide and hydro-
gen with a finely divided iron catalyst and effecting a
conversion of cagbon monoxide in sald unconsumed gases at a
temperature of from about 600 to 670°F. and at a pressure of
from'ﬁbouthJS te about 400 p.s.i., said conversion being con-
ducted in_é manner such that the overall carbon menoxide con-
v;i:sion, based on the total feed to the first reaction zone,
is of the order of 90 to 95 per cent.

" 6. The process of claim 1 in which the éffluent
gases from the reaction zome not consumed as recycle gas are
mixed with a sufficient quantity of a gaseous mixture con-
taining a major proportion of hydrogen and carbon monoxide

to yield a final feed mixture containing hydrogen and carbon
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3 monoxide in a ratlo ranging from about 1.5:1-to about 2.0:1,

s introducing said mixbure intoc & second reaction zone and con-

; tacting the former with a finely divided iron catalyst, con-
ducting the reaction at a total feed carbon monoxide conversion
level of from about 90 to about 95 per cent at a tempersturs of
from sbout 800 to 670°F and et a pregsure of from 325 to 485
PoSel., withdrawing from said second reactlon zone an sffluent
comprising gaseous and normally liquid hydrocarbons, carbon
dloxide, sarbon monoxide, and hydrogen, separating the nor-
mally geseous constituents of said effluent from the normally
liquid components thereof, and recycling a sufficient quantity
of seid normally gaseous constituents to ssid second reaction
zone to maintein in thé totel feed to sald zone from about 1.2
to about 2.0 voluwmes of recycle éas per volume of fresh feed

to said second reaction Zone,

7. The process of cleim 1 in which ths catalyst
35 consists eszsentially of alkall-promoted mill scale.

8. The process of claim 1 in which the following
operating conditicns are eatablished:

MLi1l scale catalyst promoted with an alkali-
primoted metal sompound

Temperatures of from about 800 to 670°F
Pregaures of from.about 340 to about 360 p.s.l.
Hy:CO ratio in fresh feed 1.7 to about 1.9

Q, Recycle ratio of about 1.5.
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