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-‘Thgmﬁnesent invention relates to a catalytlc proceas
for reducing the oxides of carbon in the presence of hydrogen,
resulting in the formation of hydrocarbons and oxygenated
hydrocarbons. In particular, this inventlon relates to carry-
ing out the foregolng syntheals 1n the Presence of a fluldized
bed of powdered iron catalyst under conditions such that good
ylelda of desired producta are obtainad and at the same time
dlsintegration and fragmentation of the powdered iron catdyst,
comprising a fluldized bed thereof, 1ig materially reduced.

At the present time, considerable research is beling
conducted in thes field of hydrocarbon gynthesls emnloylng flula
catayset technique. The catdyst 1s iron containing promotional
amounts of known activators guch as K50, KF, and others. The
reactlon between the hydrogen and the oxldes of carbon is one
which resulte in catalyst dlsintegration or fragmentation due to
tﬁé depoasltion of carbon in some form thereon. The powdered iron
should not contaln a oreponderance of cataiyat particle fines,
and, in fact, should not contain more than about 20% of catalyst
having a varticle size from 0 to 20 microns, since a matgria;ly
greater quantity of finee than that indicated renders the catalyst
ndn-ad@ptable for good fluidizatlon. It can thus be seen that the
physlcal disintegrati~n of the catalyst lg a hlghly undsairable
result. _ |
' ‘In brief compass, the present improvements involve
retarding or delaying the deposition of carbonaceous material on
the catelyst end thereby retarding or delaylng its physlcal
disintegration, by first pretreating the catalyst in the reaction

zone (or outstide 1£) with a feed gas contalning relatively large
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quantities of hydrogen wlth respect to the carbon monoxlde, and
thereafter reducing the ratio of hydrogen to carbon monoxlae when
the catalyat has acquired registance to fragmentatlon. During the
pfeconditioning of the catalyst with a synthesis gas containing

a relatively high ratio of hydrogen to carbon monoxlde, even
though the vrocess 1es operated under aynthesls condlitlions of
temperature, pressure and contact time, the ylelds are relatively
low; but after the aforesald preconditioning treatment of the
cataelyst has been asccomplished, the ylelds of desired materials,
such ag normally llquld hydrocerbona and oxygenateﬁ’ﬁ}drocarbons,
1a increased to a satisfactory level by reduclng the ratlo of

" hydrogen to carbon monoxide in the synthesis gms. During the
preconditloning veriod a high hydrogen partial pressure is
maintained in the reactlon zone, but thls 1s lowered by lowerlng
the ratio of hydrogen to carbon monoxide in the fresh feed iln
ordefwto obtain high ylelds after the precondlitloning period 1s
ever.

The maln object of the present inventlon, therefore, 1s
to operate a hydrocarbon synthesle process employing the fluid
catalyst technique under such conditions that fragmentation of
the catalyst 1s repressed.

Other and further objects of the invention wlll appear
herelnafter. -

Before setting forth a detalled descriptlon ol the
geverd runs which were made in connsctlon with the present
inventlion, 1t 1ls deened advlisable to deflne some of the terms to
Pbe used in connection wlth the sald descrlption.

In the first place, by "rluld catalyst technique® that
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type of operatlon in which a gasiform material 1s cauged to
flow uowardly in the catalyst zone containing a powdered
catalytlec material at such a flow rate that the catalyst in
powdered form is maintained 1n the form of n dense, ebullient
turbulent suspension is referred to.

As herelnafter used, the ternm "syntheals gas' refers to
the fresh feed gse to the reactilon zone, and the moat importat
conatltuents thereof are hydrogsn and carbon monoxlde, although
1% may contaln minor amounts of normally gaseous hydrocérbons,
someé water and even gome nitrogen. In operating this process,
1t has been found that 1t should contaln only a small amount of
carbon dioxide, preferably 2% or lees.

In the accompanylng drawiﬁg, dlagramngtically, sn ap-
paratus in which a preferred modiflecation of this invention
'may be carrled into effect hae been ahown.

Referring in detall to the drawing, (1) represents a
reactor provided as shown with a grid or screen {G) and contain-
ing a body of powdered iron catslyat (C) in the form of a fluldized
masgé or bed. Synthesis gas enters the system through line (2)
and is dlacharged into the bottom of reactor (1) where 1t pasaes
upwardly at a sufficliently low superficial veloclty to form the
dense, fluidized mass previously referred to. This fluldized maas
or bed will have an upper dense phase lsvel at some point (L),
depending upon the superficlal gas veloclity and the actual weight
or amount of catalyst in the reactor. Preferably there ig a
substantial dlstance between the upper dense phage level (L) ana
the top of the reactor in which the more qllute phase of catalyst
exlatas and which 1n effect operates as ? catalyst disengaging

space, for it 1s the purpose of so operating such a proceas as %o

.
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effect a separation of the msin bulk of catelyet from the re-
actor before the crude resciion produzia or vapors exit from
the eald reactor, To effect & further geparation of cetslyst
from vapors passing out of the remctor, 1t 1a good practice
to dispose in the top of the reamctor a plurality of solids
separating devices (U4) which may be, for example, cenirifugal
separators through which the vapors or geses are forced for
the purpose of sevarating additional quantitles of entralned
catalyst and returning them through dip-plpee to the dense
phage level, The product vapors are then withdrawn through
line (5), discharged usually into a cooler (6), where they
are cooled below tne condengation temperature of water and
then withdrawn through line (7) and @l escharged into a product
purification and recovery system (&) wherein desirea products
such as gasocline, gas otl, various oxygenated compounds and
the 1lke, mey be subjected to fractionsl dlstilletion and
recovered according to known procedure. It should be pointed
out, of course, that the process results in the production of
water and oxygenated compounds wnich sre soluble in the water,
There are other oxygenested compounde which are soluble in, or
~-aspociated with, tne oil, but the recovery of theese oxygen-
ated hydrocarbons may be accomvlighed accordlng to known
means, and since the present improvementas do not go to that
vhase of the operation, it wlll not be necessary to describe
such-product recovery in detail herein,
Referring agaln to the recovery apparstus (8), at
least a portion of the uncondenged gases are recycled vip

line (9) to 1line (3) for further use in the procees, In
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other words, the gases 1n line (9} may, and usuamily do, contaln
some unconverted hydrogen and carbon monoxide, It ia, of course,
desireble to return this material for economical reasons to
the reactor to secure complete converslon of unreacted meterial.
The recycle gas will aleo contaln normally gaseous hydrocarbons,
Set forth below are several runs which were mede, or
rather several pheses of the game general run, in order to test
the utility of thie invention. In these runs a synthetic
ammonia- catalyet (fused magnetite) promoted with 0.7 welght
ver cent of potassium carbonate reported as KEO was employed.
During the various periode cr phases of the run which are about

to be described, the temperature was malntalned at about 650°F,

., and & total pressure of 400 pounds was maintalned in the re-

action zone. During the periods, a "superficial" gas velocity

of about 0,5 feet per second was malntained in the resctlon

zone 1n all but one of the periods.
Period A

During this period, which covered a period of 198 houre,

the?¥reah feed gas, the gas in line (2), had a hydrogen to car-
bon monoxide ratio of 3.1 to 1, whereas the total feed had a

nydrogen-to carbon monoxide ratlio which varied during the runl

fyrom 6 to 10 mols of hydrogen per mol of carbon monoxide, The

" ‘recycle ratio, that ias, the ratlo of the volumes of gas fed to

the reactor from line {9), compared with tnose entering through
tresn feed line (2), was 2 té?lég'ln other words, for every 3
volumes of gas entering the re&%&or, 2 of these volumes was

materlal recycled through iine {9}. The hydrogen partial pres-

sure of the gas entering the reactor was 273 pounds absolute,
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During Period A, 0.21 grams of carbon was formed on the catalyst

per cublc meter of carbon monoxide and nydrogen consumed, At
the end of this perlod a representative sample of the catalyset
wae removed from the reactor and 1t was found that 1t contained
5.3 weight per cent carbon based on the catalyst, that the
density of tne catalyst was virtually unchanged, the fresh
catalyst charged to the reactor having & denslty of 2.4 grams
per cc., while that removed at the end of tne period had a
density of 2.35. There wes, tnerefore, no expansion of the
catalyat and tne upper dense phase 1evel {corresponding to
(L) in the drawing) d1id not rise, indicating that tnere was
virtually no fragmentation of the catalyst, tnat the iron

caﬁalyst remalned in a well-fluidlzed condition and that the

" process operated satiafactorily. While the ylelds of desired

product were low, namely 119 cuble centimeters of Cu+ nydro-
carbona per cublc meter of hydrogen and carbon monoxide con-
varted nevertheless the process was deemed to have operated
satisfactorily during this initial stage{-for the purpose

wag to condition the catalyst so as To make 1t resistant to

physical disintegration and the formation of subetantial

qnantitles of fines.
Period B
In this period, the samé recycle ratlo was employed
ag in Period A; and furthermore, the samé condltions of tempera-
ture &and pressure were malntained in the reaction zone. The

retio of hydrogen to carbon monoxide 1n the fresh feed was

‘2.6 mols of hydrogen per mol of carbon monoxide and from 5 1o

6.5 mols of hydrogen per mol of carbon moncxide were maintained
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in the total feed in thls period, A hydrogen partial pressure
of 226 pounde ebsolute prevailed at the point where the gases
entered the reactor, The length of this perlod was 176 hours,
It was noted that the production of carbonaceous materlal on
the catalyst was even lower in thle perloed than in Period 4,
for analysis showed that 0,11 grams of carbon per cublc meter
of carbon monoxide and hydrogen consumed were formed on the
catalyat;__lp wgﬁ‘also noted that there was virtually no
expansion of the.rluid?Catalyst bed, that is to say, the up-
per dense phaae.leveiihid not rise, and that a sample of the
catalyst withdrawn.frbm the reactor st the end of the run

- had a density of 2,27 grame Der cuble centimeter. Analysls
showed that the catalyst cortained & welight per cent carbon-
aceous materisl based con the catalyst. The yields during
thie period show an lmprovement, namely 129 cublc cehtlu
meters of Cu+ hydrocarbons and oxygenated hydrocarbons {ex-
,elusive of water phase) were obtained,

l'JﬁgérIod c

‘ ln this period, the smme recycle ratio, namély 2:1,
was employeﬁ, the temperature and pressure were also the

same @8 in Periods A and B. But 1n thiég run the molecular
ratio of hydrogen to carbon monoxlde was reduced, the fresh

: feed having:a ratio of 2.1 mols of hydrogen per mol of carbon
: monoxide, whereas the total feed had from 3.7 to 4,3 mole of
hy&fogen.,‘The hydrogen partial pressure during this perlod
'ﬁaa aémewhat lowef, being 187 pounds per sguare inch absolute,
During thls-perlod, 9.15 grams of carbon per cublec meter of

carben monoxide and hydrogen converted were formed on the

Lo
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ecatalyset, A yleld of 174 cublc centimeters of O+ hydrocarbonsg
and oxygenated hydrocarbens {exclusive of water phase) were
formed during thie Period C, which extended for 244 hours,
During this period, there was a 30% expansion 1in the depth
of the bed, that 1s to s8ay, the upper dense phase level rose
to that extent. An gnalyels of the catalyet showed that 1%
econtained 13.3 welght per ecent carbon based on the catalyst
and that 1ts density was 1.9.
Period D

In Period D, the same recycle ratio, same temperature,
geme pressure and virtually the same guperficial gas veleoelty
in the reactor were maintained as in the prior periods, but
here tneahydrogen to carbon monoxide ratio in the fresh feed
was reduced to 1.9 mols of hydrogen per mol of carbon mon-
oxide: and 1in the total feed, from 3 to 3.5 mola of hydrogen
per'mol of carbon monoxlde were present, The hydrogen partial
presgure was 170 pounde per square inch sbsolute, Durlng this
period, which extended for 203 hours, 0.24% grams of carbon
per cublc meter of carbon monoxide and hydrogen consumned wWere
formed oﬁ the catalyst., The yield was 178 cublc centimeters
of Cy+ hydrocarbons per cuble meter of carbon monoxide and
nydrogﬁn consumed, A sample removed et tne end of the run
from the reactor'and analyzed showed that the same contalned
2%.9 welght per cent of carbonaceous material on catalyst, that
the density of the catalyst as removed was 1.4 grams per cublc
centimeter. During this perlod, the denege phess gsuspension

or fluldized bed expanded 50%,
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Period E

In Periocd E, tne same recycle ratlo, same temperature,
same preseure, and virtually tne same superficlel gas veloclty
in the reactor were maintained as in the prior perlode, but
here the hydrogen 1n the fresh feed was 1.5 mols of hydro-~
gen per mol of carbon monoxide; and in the total feed from
2.1 to 2.3 volumes of hydrogen per volume of carbon mon-
oxide. The hydrogen partial pressure during thls perlod was
129 pounds perrsquare inch. During this perlod, which ex-
tended through 210 hours, 0.28 grams of carbon per cublc
meter of hydrogen and carbon monoxide consumed were lald down
on the catalyst. The yield wes 188 cc, of Cy+ hydrocerbons
per cubic meter of hydrogen and carbon monoxide congumed. At
the expiration .of this period, the catalyst contalned L2
welght per cent cerbonaceous material, that 18 to séy, carbon
1n.aﬁ extractable form, carbon in the form of iron carblde,
and carbon which was neither extractable nor in the form of
iron carbide, . .
Period F

In‘this period, the same conditions of temperature and
pressure were employed as in tte previous periods, but the
recycle ratioc was lnoressed up to 6 volumes of recycle material
| per folume of freash feed, The hydrogen in the fresh feed had
a mcl ratio of 2:1 yith respect to the carbon monoxide; and the
total feed, from Bfto 3,3:1, In thie periocd, the hydrogen
partial prégsure was 75 pounds, The space veloclty was some-~
vhat lower here, also being of the order of 0.38 feet per

second expressed as superflclal veloclty. During the run,

=10
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LA
1,4 grame of carbon was formed per cubic meter of hydrogen gnd

carbon monoxide consumed, The yield was 183 cublc centimeters
of C&+‘hydrocarbons, The duration of this period was 138 hours.
During this time, the expansion of tne dense phase suspension
or bed was 66%,

. In order to demonstrate the improvement attalnable by
'preconditioning the catalyst, consider the run made below
under the conditiona get forth below, comparable to Period F,
except that the catalyst was not preconditioned, &8 follows:

Operating with 1.91 Hp/CO in the fresh feed, 7/1 re-
cycle ratio, ahd 74 peig hydrogen partial pressure, the ylelds
of Gh+ hydrocarbona and carbon were 188 cc, Cy+ hydrocarbons
per cubic meter H2+CO consumed, and 7.5 grams carbon per
cubie meter H +00 consumed. It will be noted that more car-
bon accnmulated on the catalyst that had not been pre=

| conditioned (cOmpare 7.5 grams carbon per cublc meter H2+CO
.cpnagmed). In other werds, a catalyst that has been pre-
thdltlonéd can be used at the typlcally severe conditions of
-a‘pydgbpaﬁbén gynthesis reaction with less carbon formatlon
than ohe .which has not been s0 conditioned.

It will be noted that in tne immediately preceding run,

‘carbbnffdrmation wag 7.5 grams per cublc meter of Hp+CO con-
aumed wheraas in Period F, the carbon formation on the same
.H_basla wae merely 1,4, 1In other words, the preconditioning of
the catalyat as indicated in Perlod F, very definitely de-
creases rate of carbon formation on the catalysi.
N The'regults of the rune indicate tnat the hydrocarbon

gynthesias process may be 1hproved by subjecting the catalyst to

-11-
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a preconditioning trestment with gynthesis geses under syntheslz-
Ving condltions, the syntnesis ges, however, contalning a relative~
1y large proportion of hydrogen with respect tc carbon monoxide,
This proportion should vary from 2.5 to 3 mols of hydrogen per

mol of carbon moﬁoxide. The preconditioning perliod should ex-
tend from 10 to 300 houre, but prefersbly from 40 to 200 houre,
during which preconditioning period relatively low yields of
deeired products may be expected., Followlng tne preconditloning
period; however, more severe condltions are permigsible, that

18 to say, the ratio of hydrogen to carbon monoxide in tne total
feed may be reduced to the order of 2 mole of hydrogen per mol

of carbon monoxide or lower, and in this manner pne yields of
desirable productg such as Cy+ hydrocarbons wiil be increased,.
Gongequently, the data show that tne preconditionlng pericd
permite satisfactory operation of the process with high ylelds

of depired producte in the productive phase, with good reslstance
of catalyst to fragmentatlon and tne production of a gascline
‘fractfbn of high anti-detonatlon quality. An inspection of the
gasoline product during the periods below indicated 1s as

fbllows:

Period ASTM O N, ASTM+2cc.TEL Res.Clear Res.+2cc,TEL RVP

D ' 64,0 1.4 72.0 8.4 6.g
E 64,3 7&.3 4.8 83.6 6.
E 60.6 78. 72.0 82.8 6.4

By sultable treating, Ree, clear O.N. can be rdised to 90 or
better,

Another feature of thils invention ls that durling tne
peveral periods described, oxygenated hydrocarbons were formed,

For example, during Period A, oxygenated compounds were found in

-1 2=
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both the oil and water layers. During Period A , 13 cc. oxygen-
ated compounds (calculated as ethyl alcohol) per cublc meter of
Hp+CO consumed were found in tne water layer. 1In Period B, a
similar amount of oxygenated compounds were found, In Period

¢, 27 cc, ethyl alcohol were found; in Perlod D, 28 cc, ethyl
glcohol; in Period E, 22 cc.; and in Period F, 14 ce.

while improvements ln connection with a synthetic smmonia
catalyst have been described in detall, 1t will be underatood
that other forme of lron may be used, such &g pyrites ash, red
1pon oxide, precipltated lron, ete.

Also, these improvemenis jneclude contlnuous adjusitment
of the Hy to CO ratio during tne syntneels process, that 1s
to say, conducting thne operation so that the Ho to CO ratlo
may be changed without interrupting the process.

7o recapitulate, this invention reletes to operating a
hydroccarbon synthesis procees in fluidized operaticn under
conditlona_such that good ylelds are obtained by the sgevere
conditions, that 1s high temperature (600°F, and above) and
' beiéfively jow ratios of hydrogen to carbon monoxide {below 2:1)
gnd at the same time prevent serlious phyelcal disintegration
of the powdered lron catalyst which 18 preferred to employ.

Numerous modificatlions of thls invention may be made
by those famillar with the art without depsrting from the

gpirit thereof,

13~




' OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

_ox&genated hydrocarbons from a feed gas contalning hydrogen and

" fluidized bed of powdered iron catalyst in a reaction zone during

518759

THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROFERTY

' " 1. The method of syntheslzing hydrocarbons and §
carbon monexlde, which comprises contacting said feed gas wlth a

a preconditioning period at elevated temperatures and &
Buperatmospherié total pressure and while maintaining a high
hydrogen‘partial pressure in said reactlon zone and also
maintaining a relatively high molecular ratic of hydrogen to
carbon monoxide until the catalyst is procured in a form
reaistant to fragmentation, thereafter lowering the ratlio of
hydrogen to carbon monoxide in the-feed gas so that it does not
exceed about 2 mols of hydrogen per mol of carbon monoxide while
maintailning substantially sald total pressuré whereby high
ylelds of desired products are formed, and recovering from the

reaction zone desired products.

i
2. The method of claim 1 in which a total pressure is
maintained in the reaction zone in excess of about 350 pounds '

per square inch, abaolute,

3. The method of claim 2 in which a hydrogen partial
pressure of about 150 to 270 pounds per aquare lnch absolute 1a
maintained in the reaction zone during the preconditioning

beriod of the operation.

4. The method of clalm 3 in which the catalyst ls

powdered fused magnetite.
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5. The method of synthesizing hydrocarbons and
oxygenated hydrocarbons from a feed gas contalning hydrogen and
carbon monoxide, which comprises contacting sald feed gas with
a filuldized bed of powdered iron catalyst in a reaction zone .
during a preconditioning perioed at elevated temperatures and
a superatmospheric total pressure and while maintaining a high
hydrogen partial pressure 1in sald reaction'zone and also |

maintaining a relatively hlgh molecular ratio of hydrogen to

carbon moncoxlde until the catalyst is procured in form reglstant
|
to fragmentation, thereafter lowering the ratic of hydrogen to |

|

carbon monoxlde in the feed gas whereby high ylelds of deslired

products are formed, and recovering from the reactlion zZone

desired products.

| 6. The method set forth in claim 1 in which the
nydrogen partial pressure ln the reaction zone is maintained
within the range of from about 70 to 170 pounds per square inch
absolute during the operations followlng the preccnditionlng

period.

7. The method of claim 1 in which the operatlon 18
conducted continuously and includes the step of continuously
adjuafing the hydrogen to carbon monoxide ratio responsive to
the requisites of substantially low carbon formation and high
ylelds, sald ratic belng inereased as carbon tends to form 1n
inordinately large amounts and reduced when the tendency to

form carbon on the catalyst is suppressed.
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1 8. The method of claim 1 in which sald relatively
high ratic 1s substantially above 2.

9. The method of claim 5 in which sald relatively
high ratio is substantlially above 2 and sald lowered ratioc is

not in excesas of 2.

10. The method of claim 5 in which sald preconditioning

period extends over at least 10 hours,

11. The method of claim 10 in which sald period

extends over 40-200 hours.
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Certified to be the drawings referred to

': ’ - "in the specification hereunto annexed, /
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