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Thie inventlion relates to Hydrogen-Carbon
Monoxide Synthesiéz l.e., to the reaotion of hydrogen with
carbon monoxide to produce hydrocarbons and oxygenated
organic compounds, and 1t pertains more varticularly %o
improved methods and means Tor effecting such synthesis
with fluidized oatalyst of the iroa type.

It is know that when hydrogen-carbon monoxlde
gas mixtures are contacted with fluidized 1lron catalysts
at temperstures in the range of 550*6?5°F. pnd pressures
1n the range of 150 to 350 pounds per square inch, hydro~
carbone of mors than two oarbon atoms per molecule may he
pynthesized along with a certain amount of oxygenated or-

ganic compounde; Many vroblems, however, have stood in the

‘way of the commercial fea®ibllity of such processes. For

some unexpldinable reason the oatalyst during a run was
found to "lose turbulence" or become defluldized and no
variation in vertical gas veloclty could resstablish the
‘desired turbulent fluidilzed oconditlon, The catalyet partl-
oles in such cages appearsd %o "get' and the upwardly:flow-
ing gas to channel, An important object of this 1nvention

1e to provide a method and means for preventing this losas

of flu;dizatiOn.

4 very important problem was that of direot-

.ing the synthesls reaotlon toward the formation of desired

products. An obleot of thise




1n§ent10n 18 to provide methods and means for preventing conversion
of oarbon monoxide to carbon dloxide, for promoting the formatlon

of water as an oxxgsnated product, instead of COz, for obtaining
liquid or condensible hydrocarbon products instead of methane, and
for avoiding exaegsive oarbonaceous deposits on the catalyst. A
further objeot is to produce from a given amount of methane (natural
gaa) meximum ylelde of gasoline components and materials readlly
convertible to high quallty gasollne by known auxlliary proosased
puch as polymerization, alkylation, catalytle refining, ete.

The hydrogen-ocarbon monoxide mixture employed for pynthesls
conversion, i,e., the so-ocalled esynthesis gas or "make gas®, may be
produced in a wide varlety of ways from a wide warlety source of
maeterials. An oblect of this inventioen is to provide an improvad
correlation between the synthesls gas preparation and the synthesis
operation per 86 Whereby maximun utilization can be obtalned. of
both the hydrogen and sarbon monoxide contents of the synthesls gae,
With methane as a source of the carbon component, the objlect ls to
react 1t with oxygen fto produce a maximum yleld of hydrogen and
carbon monoxide in asbout a 1,8:1 %o 2:1 ratlo and to utllize this
charge substantially quantitatively in the syntheslis oonverslon
step, Other objlects will be apparent as the detalled description
of the inventlon procesds.

In praoctloing the invention undue amounts of nitrogen in
the synthesls gas may be aveolded by using relatively pure oxygen
instead of alr for effecting the synthesis gas production. By
peparately prehaating the'oxygen and methane streams to at least
about 1000°f. and then effecting direct partisl combustlon under
a pressure in the range of about 200 to about 300 p.e.i. and at a
temperature of at least about 2200°F,, and by using about 10%
excesse oxygen 1in the éombustibn stop a synthesls gas can be ob-
tained of which 90 to 95% oconsiets of hydrogen and carbon monoxide
in the ratio of about 1.8: 1 to 2:1, the balance, exelusive of

nigrogen, being chiefly unconverted methane and carbon dloxide {the

water formed being removed from the synthesls gas by a gerubbing
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‘1;;ynthesis gag can of course be obtalined from known reformer over—

: atlons or by any other known procesges employing such raw materials

as ocarbon, oarbon dloxide, hydrocarbons, steam, and other materlals
containing carbon and/or exygen,

It hae bsen found that if synthesis gas containing about
30 to 35% carbon monoxlde is charged to the synthesls step as pro-
duced, an actlve syntheésls catalyst bscomes defluildized and the pro-
cesds, 1s rendered practicéily inoperative. Unexpedtedly it hae been
#lscovered that by properly limiting ths oarbon monoxide cecontent of
the gas charged to the synthesls atep, the catalyst does not become
defluldized but on the contrary remains remarkably e ffeoctive for long
pafiods of ﬁime in producing the desived results, The limiting of
the carbon monoxlde content is best effected by admixing with the
make gzas 6ertain amounte of one or more inert gas dilnants, prefer-
ably by redycllng certaln materials such ag tail gas recovered from
other parts of the eyestem, The total gas charge introduced at the
base of the'synthesia reactor should contain less than 15 mol per
cent and preferably not more than about 12 mol per cent of carbon
moncoxide during normal operation., When etarting up with very amotlve |
catalyst 1t is essentlal that the per cent of carbon monoxide in :
the total inlet gas be relatively small; for such ocatalyst, 1t ia
beat to etart with a gas contailning only about 2% of carbon monoxide
and then to gradually inorease the carbon monexide content over a
peried of hours until the limiting value of about 10% is mached /al-
though?this 1imiting value in some cased may EE%&B low ag about B or

9% and 1n.other cawes may be as high as about 15%, When starting up

with a relatively inactive catalyst the full smourit of carbon monoxide |
Y ] ‘

may be used 1n the synthesis gaa fnom the very beginning.
The nature of the dikupnt gas 1a. also of great’ 1mportanca

For optlmum convarsion the synthesia reaction should be substantially'

W
I . b

nGO ; 2nH2 ————m—n%} (GHz)n 4 nHQO
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‘Tt appears that the relation between CO, Hp, 002 and H20 from the

elimination of oxygen as (02 or Hpd, the addition of excess 0z or Hp

51793%

In other words, preduction of COR should be eliminated as far ae rossible.

gynthesis reactor is dictated by the water 'gas equilibriwa:

Hy + 60y ___, CO + HR0
> : 000} (En) = K = ca 25,
€0} (110

Thug, with o given conversion of (0 and a corresponding necessary

in the reactor foed will favor the Ia:t"oduction of Ho0 over €Oz, such that
no net conversion of CO to COp will rfasul:b.

The best source for such sxcess COp of Hz is the tail gas from
the synbthesis reaction and whether or not such tail gas predominates in
Ho or C0p depends to a considerable extent on the neture of the syn't.hesi
gas or make gas employed, With optimum meke gas containing an H»:C0 rati
of about l. 8 1 to 2:l, the diluent g,aa is chiefly carbon dioxide which
is preforable as e diluent because excessively 1 a;go amounts of hjclrop‘en
in the synﬁhesis reactor Lend Lo prowote ‘I:.'he formation of methane at the
expense of higher boiling hydrocarbons.

- TFor ;:optimum synthesis conversion it ls impordant to maintain
in the reector charge g ra.'l'htiar"‘jclose]:f defined H:00:002 ratio, This
ratio should be B.pproyimaPﬂy 3 J_ 2 aH.hou{rh it may vary wi bhln the rang
2.631:1-3, When the amount of hyﬂrog»’en is ralatlvel v larpe the mmount
of carbon dioxide may be relatively small and vice versa ‘and the relabt-
1onsh1p betueen such smounts and the amounb of carbon monoxlde nay be
oxpressed by the equation (H2)(C02) .. % where % has a numerical value o
about 6, l.e. within the ranégog% about 3 to 9. In other words, the mol
or iolume percent of s, GO and‘Coz in the tobal feed gas entering the
synthesis resctor ghould be in the rabio -of 2-H:1:1-3 and the amounts
should aléo be such as 'ho‘give_li value for 2 of approx;funately 6 in the

N

above egquation, As nbove indica_'hed, the velume or mcl percent of CO in

v
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the synthesis rescior cherge should be Bolow 15% and prei'crably not nore
than about 124 and with only a msall amownt of nitrogen present may bhe
of the order of about 10%, The 3:1:2 ratic will this mean that the
charge should contain approximately 304 hydrogen, 10% carbon monsxide and
20% carbon dioxide giving a Z mumber of ahout 6. It the charpe contains
60% hydrogen and 10% carbon monoxide it nesd only contain ebout 1(%
carbon dioxide for the same % mmber, It the charge contains only 254
hydrogen and 10% carbon monoxide it will have to conbain about 24%
carbon dioxide for a 2 nmumber of &, As above stated, the Z mmber for
opbimum operations should be within the range of about 3 +4o 9. The
balance of the make pas may be nitroéen, nmethane, ethane, etc. but such
nake gas ghould be substantielly free fram water.

The iobtal meks gas is passed upvardly through a fluidized mass
of iren catalyst at o tempersture in the range of 550 to &750%. Baflo
about 600°. at a pressure in the Tenge of 150 to 350 p.s.i., e.g, abous
250 p.a.i. and at a space volociby equivalent o charging aboub 5 So 15,
e.g. about 10 cubic feet of carbon menoxide ber hour per pound of iron
catalyat in the synthesis conversion zone. Yhroughout this specification
all gos volumes are those measured at atmosphorie prespure and G0°F, and
all pas pd%centugas unless obherwise specified are on a mol or volume
peréent bagis, |

The syntheais reaction is highly exothermic and it is important
that the temperature within the reaction zone be held within rather
narrow liﬁits. Vertical heat exchange tubes may be employed for removing
the bull of the heat of reaction provided that tho tube surfaces be
gpnced from-each other by about at least 2 op B‘inches {to avoia intar-
ference with catalyst fluidizetion and necessary turbulence) and provided
that the minimum temperagture of the tube surfaces be of the order of
500°F, At iaast a portion of the cooling may bo effected by contacting a

portidon of the eabalyst with incoming feed gases in order to preheat them
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to a conversion temperature, i portion of the cooling may be elfected by
introdueing a relatively coel inert gas at a plurality of points in a
synthegis zone or by spraying into said zone a vaporizable Iiquid such as
a hydrocarben product component whieh boils below conversion temperature
prevailing in the éynthesis gone., I such liquid is employed it should be
sprayed into the fluidized catalyst in very finely divided form so that
minute droplete may be suspended in the upflowing gas sbream in much the
same way as cabalyst particleg ere suspended therein; the catalyst
particies quickly collide with and are partially wetted by the liquid
droplets and there ghould not be m sufficient mass of liguid at any point
to cause catalyst agglomeration by an undue wetting of the catelyst
particles.

Catalyst particles are separated from the gases and vapors in
the "upper part of tlic synthesis reaction zorne and the substantially

catalyst—free gases and vapors are then cocled to cffect at least partial

condensation of product fractions which are substantially higher boiling [

than water. The wncondensed portion of the reactor effluent stream may
then be fractionabted in any conventional manner to separabte aqueous from
hydrocarbon produgts and to remove unreacted hydrogen, carbon dioxida,
methane, ebtc. ag a tall gas a po;tion of which is vented for effecting a
nitrogen purge end anobher portion of which {subgtantially. free-Lfrom: .
water) ig preferably recycled to form a component of the total gynthesis
gas charged %o the synthesis converaien zone. The optimum amdunt of gas
thus fecycled may be about twice the amount of fresh synthesis gas produc
by partial oxidation Ef methane with pure oxygen as hereinabove describeq
The invention will be more clearly understood from the following
description of a sﬁecific example thereof read in conjunction with the
accompanying drawings vhich form a part of this specificetion and in whic]
Figure 1 is a greph illusbrating possible reactlons in the

methane oxidation step and the eguilibrium product composition obtained;

e
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Flgure 2 is a graph showing the net oroduetion or congumption

of CO02 us a function of the CO sontent of a total synthesis gas feed,
said CO content belng varied by adjusting the recycle ratio of tail
gas {containing Hpy, COp and methane) to fresh feed gas;

FPigure 3 1a a schematio flow dlagram of a commercial syntheala
Plant for producing sporoximately 4000 to 5000 barrels ver day of liquid
and oondensible'hyarocafbons:

Referring first to Figure 1, the greph thereby presented shows
the sorrelation between- the per cent conversion of methane and the
ratlo of oxygen and methens in the feed geses to a combuation chamber,
Extensive investigation has shown that the primary reaction in the
combuslon ia:that 1llustrated by curve 11 and that oxygen reacts pre~
ferentially with methane in the presence of hydrogen and carbon
monoxide. Complete combustion indlcated by curve 12 i1s substantially
avolded by effecting the combustion with an amount of oxygen which 1s
only alightly, e,g. about‘loﬁ, in excess of that requlred to produce
only carbon monoxide and hydrogen as shown_in'@@rve }3. By effeoting
the ocombustion at a temperature of the order of 23000F. soma of the
water producsd by the reaotion of curve 11 evidently reacts with meth-
ane to glve one mol of carbon monoxlde and 3 mols of hydrogen., From
equllibrium ocurve W it willzhb ssen that for maximum methane ocon-
varslon to-Hé and GO, the oxygén:methana fsed rdlo should be from about
.5 to about .6 so that for practical purposes a ratio of about .55
ghould be used, this corresponding to about 5? mols of oxygen per'100
mols of methane. The resulting partial oxidat;on producte after re-
moving watef will constitute sbout 90 to 95% hydrogen and carbon
monoxide in the ratlo of about 1.8:1 to 2:1.

In Figure 2 the relationghip 1s shown between the mol per cent
of carbon monoxide in total synthesls gas feed and the net consumpiion
or production of carbon dioxide, The fresh feed component of the total

feed 1n the example 11lustrated by Figure 2 was produced by reforming

Ia ‘
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methane with stesn and carbon dioxide and it contained sbout 5% C0p, 174
€0, 713 Ep, 5% CHy and 2% Hp. It is known that with a hipgh mol percent o
carbon monoxide in the total foed, e.g. an amount of the order of 20 %o
30%, almost as much of the earbon monoxide is converbed to carbon dioxidg
as is converted into useful preduets. As the mol percent of carbon
nonoxide is decreased rom about 174 down to about 12% by recycle of mord
and more tail gas containing large amounts of Hz and CO, but relatively
emall amounts of GO and Hp0, the conversion of CO to CO2 1ln the symithesis
zone decreases from about 22 to (¢ with a corresponding increase in the
conversion of €O to hydrocarbons. When the ecarbon monoxide content of thg
total synthesis reactor feed is still further lowered, there is actual
conversion of 602 to hydrocarbong. Conversion of COp is undesirable
bacause of its unduly high heat of reaetlon and its excessive consumption
of hydrogen, Conversicn of (O to COz is mndesirable because it decreases
the totel yield of hydrocarbons from a glven synthesis gas containing
Ho and €0 in a ratlo of at least sbout 2:l.

In prenersal the optimum conditions include (1} the use in the
tobal synthepis gas foed of an amownt of carbon monoxide sufficiently
amall to prevent defluidizetion difficulties and to provide for maximum
conversion to hydrocarbons, (2) an Hy:00:C0; ratio of about 33l:2 or
within the range of 2-631:1-3 and (3) a % number of approximately 6, l.ol
within the range of about 3 to 9. The precise amount of carbon nonoxide
in the totel synthesis gas for optimm conditlons will depend to a con-
siderable extent on the nature of the fresh feed gas or make pas which
ig ovailable. If sueh fresh feed gas contains Hp and GO in s ratio below

about 1,8t1L go that there is an actual hydrogen deficiency for meximmm

conversion to hydrocarbons, then the optimum mol percent of carbon monoxi

in the total synthesis gas feed may be somewhat greater than 12%, e.g.

sbout 13 to 15%. If such fresh feed gas contains I and €GO in a rotio
of 4:1 or more ac that there is a deficiency of CO for maxlmon conversior
to hydrocarbon products, then the optimm mol percent of carbon monoxids

in the total synthesis gas feed may be lower than 12% and even ag low as

e
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specified define the optimum tobal charging stock conmposition.

As exsmples of how such total Teed gas can be obhained hy
recycling tail gas operations employing relformer f{resh Teed and parbial
combustion fresh feed respectively, (assuming absence of nitregen), the

following tables are illustrative:

Operatlon With Ho-llich Reforamer Irrosh Fedd

fregh Ileed Tail Gag :legoyele Total Foed
{1.2:1 recycle)

Ho 68 57 62
co 20 . 3 10+
GO»o 7 15 11+
GHJP atec, 5 25 17
,300:60, ratio Beb:1:0.35 19:1:5 611sl
% number” L.2 95 6,8

TEr

Operation With Partial Combustion Trosh Fee
fresh Feed Tail Gas Total Peed
{2:1 recycle)

Ho 62 A a7
CC 33 3 13
COo : 3 35 24
CHy, ote. 2 38 26
Ho3C0:C0o ratio 1.2:1:0.% 21lsl2. 3:l:2
2 mmber 0.47 94 5

Iigure 3 schematically shows alflow diagram of a sﬁﬁéhol unit
degigned to produce aboub 4000 to 5000 barrels per day of ligquid and
condengible hydrocarbon produéf. n this gystem the raw materials are
natural gas frog gouroe 20 and air from mource 21, About 175,000,000
cublc feot peor dey 6f gir is compressed by compressor 22 to about 75
pounds per squere inch and passed kthrough an oxygen productioﬁ sysbem 23
of the modified Linde~Frankl type for producing about 26,000,000 cubic
feet per day of relatively pure oxygen, the nitrogen being vented from tE
system through‘line 24. Briefly the air is passed through a hest exchange
and cooled to about —275°F. by indirect countercurrent contact with cold
About four-fifths of this cold air is efficiently fraction

product gases.

ated at very low semperature to separate cxygen Lrom hitrogen, tho reflux

or cooling necessary for offecting this fractionation being supplied by

oy o
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expanding about one-fifth of the cold air at low pressure throurh an
efficient air exchanger. The final exygen product sireanm as well as
nitrogen and expanded air are used in the initial countercurrent heat
exchanger for effecting ‘he regencration and the directicn of #lov through
the heat exchanger 1s periodically reversed so that any impurities which
night condense oubt on exchanger tubes are blown out with nitropen and
exlt goses. By thls mesns about 28,000,000 cubic feet per Gay of pure
.oxygen can he produced. It should be understood that this reletively
pure oxygen may be produced by any other known process and since this
step per se forms no part of the present invention it will not be
described in further detail,

The 23,000,000 cubic feeb per dey ol oxygen is passed by com-
pressor 25 through prehester coils 26 in furnecs 27 to nozzle 28 which
mey be jacketed at its disehorge snd or made of refractory material in
combusbion chamber 29, Similarly abeut 50,000,000 cuble feet per day of
methene is ‘in’c.roduced by line 30 through preheating coils 31 to nozsle
32 which extends into combustion zono 29 adjecent nozzle 28 and which is
likewine jacketed ot its discharge end or congiruched of refractory
moterial. The methane, when obbtained as a natural gas, mey already be
at the deslred pressure of about 250 to 300 p.s.i., ~ otherwise a com-
pressor will raise it to such pressure, If the methane contains sub- ’
stantinl amounts of sulfur it moy be pretreated by knowm -Jmea.ns for -
"eulfur removal. In the preheating step both the methane and the oxygen
| ere raised o a temperature of approximately 1000°F. or more, i.e. to
temperatures as high as are feasible in available e'quipment without
impairing either the charge materials or the equipment.

The combustion zonme 29 may be o hollow vessel provided with
a refractory lining of zirconia or other suitable meterial heavily ine

sulated and preforably water-jacketed. Fartial combostlon of the
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meshane with the oryzen tokes place in tihe uppor porilon of the caabustion
sone and in the lower portion thersof, below baffles 33, heat exchange
tubes 34 may be employed for converving water in%o hirh pressvure stesm or
for any other purpose. Ii combusticn chanber 29 is heated for cxemple

by electrical means to maintain the temperature therein above 2200°T.

gnd preferably at least ebout 2300°F, no preheating of the gases will

be required btut it is important in the absence of catalyst that the
comtustion be effected ot a temperature of at least 2200°F. in order to
obbain the desired H2:C0 ratioc and to aveid formetion of carbon or coke.
The temperaturs of the partlal combugbion zone 29 may be materially
lowered by employing suitable catalysts in the combustion zone and
elthough mony such catalysts are Imown to the art, such as nickel mounted
on firebrick, experience has shown that they are subject to fouling by
carbon deposits or otherwise so that the thermal process now appears most
sdvantagsous. The composition of the paseous stream leaving combustion
chamber 29 may be approximately as followa on a yolume or mol percent

basle (exeluding nitrogen and after condensation of water):

Unreached methane 2%
Carbon dloxide 3%
Hy 62%
co 33%
Ho:00 ratio 1.9

The row synthesls gas is then passed by line 35 o scrubber 36
wherein it 1s eerubbsd Wy water introduced through line 37 for condens-
ing and removing the water produced in the partial combustiop step and
for removing any carbon particles which mey be entrained in the gas. The
net water production is removed through line 38 and water is conbinuousl
recycled by pump 39 in cooler 40 back to the top of the tower. Lf the
charging stock for the combustion zone was not substantially free from

sulfur the dried gases may be desulfurized at this stage in the process

by any known means for sulfur removal.

L
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The rew synlhesis gas fren the top of scrubber 36 is passed
by line 41 to reactor feed line 42 and into the reactor {eed line a
diluent gas is introduced through elther line 43 or line 44. In starting
up the process with o very active catalyst the total feod gas should have
a very low concentration of carbon monoxide, Tor example about 1 to Be
This low concentration may be obtained by changing econditions in com-—
tustlon zone 29 'bd‘-;;‘r_iak'e moke gas of low carbon monoxide content and high
Ch2 ccintent or by ;J.’c;.ding g diluent gas, such as carben diexide, from guch
external point as line f4. The carbon monoxide content of thwe tobtal
reactor charge may be gradually increased from about 2% to about 12F
over & period of 2 to 20 hours or more. During normal opscation however

the symthesis gas step is operated under conditions sbove described and

approximately 2 volumes of diluent gas is introduced by recycle in the

synthol system per se, The total reactor charge will tlus be approximately

ag follows on a nitrogen-free basis:

Hol percent in:

Gompeonent Fresh lleed kecycle Total synthesis feed
Hydrocarhon 2 38 .26
COa 3 35 24
Ha 62 24 37
Go 33 3 13

This totel synthesis feed is passed upwardly through a
.i‘luidized dense-phage turbulent mess of finely divided liron cabalyst
particles in reactor 45. Tﬁc iron catalyst may be prepored in any known
menner, for example, pure lron may %o burned in a stream of oxygen, the
oxide (Fel304) may be fused, ground to deéired particle size, I.'qelgucad and

[
W

used ag such, Promoters mzy be a_dded.ff;:,.’bo‘ the mass undergoing fusion such

'l

for example a8 a small amouwnt of $ilicon, alumina, titenis, or alkell
metal.

A preferred method of cu.ta.lysb‘preparation is to admix hematite
(F8203) with about 2% or more potassiun carbenate, heat the mixbure to a

temperature above 1000°C., i.e. to effect incipient fusing or simtering,

=] 3
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and to convert the iron oxide to ifo30,, exbract cxcess potassivm from

the sintered mese with water so that only about 1 to 2%, e.,g. cboul .5%

potassium will remaln, reduce the ie3Q; conteining the residual potassium
. by treatment with hydrogen for a pericd of hourg at a bowperature of aboub

5 || 600 to about 1000°F, and grind the reduced particles o desired particls

3 :

% size. Alternatively the grinding step may precede the reduction step and
8 the reduction may be effected while the solids are iluidized in an up—

]

bt

5; flouwing hydrogen stream but in this case the reduetion temperature should

not exceed about 700 to 800°K, and for sufficient reduction it may require
180 | a pericd of 10 to 30 hours or more. It is unnecessary that the catalyst
be completely reduced and in fact complete reduction or long contact with
hydrogen appears to result in chemically adsorbed hydrogen which renders
the catalyst exiremely active and which makes it even more necessary to
initiate the reaction with a low carbon monoxide content in the enter-
18 ing gas stream. Although the precise chemical nature of the catalyst
particles cannot be defined with precision it appears o be a mixture of
roduced e and ¥Fe0 and in the gynthesis zone a portion thereof is con~
verted to FenC. Potassiwn stabilizes the state of reduction of the iroﬁ
and moy be initially added as a carbonate as above described or os a

20 )
fluoride cor other salt or oxide such, Ffor exemple, as K", When sodium

ig employed instead of pobepasium ns a stabilimer it should be used in

much mwnller mmounts, usially about 1/10 as much as in the case of

ir,

;,_:-'-‘S RN T <P S S

. potasgivm, Small amcunts of other moterials or metal oxides moy be

i

employed with the casalyst in menners and for purposes well known bo the
25

G

art.

b

It is Iimportant not only thet the catalyst be of proper chemical
composition and structure tut alse that it be of a physical form which
will cnable fluidizmation, The particle gize of the catalyst should be

chiefly in the range of about 1 to 200 microns and preferably in the range
30
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of about 2 to 100 microns and for optimum results the particles should
be of indescriminate or different sizes rather then uniformiy sized.

The tulk density of the compacted catalyst porticles mey be about 100 to
150 pounds per cubie foot Tut when fluidized by the upward Passage of
pages at the rate of about 1 to 3 feet por second, preferably 1-1/2

to 2 qeet per second, the fluidized density is below about 90 pounds per
esuble foot and moy range from about 25 to 75 pourds or of the erder of
50 pounds per cubic foot. With extended use the cetalyst particles appeaj
to pick up carhon or carhonaceous deposits which markedly decrease their
aensity. In expressing space velocities, the term "eatalyesi" iz uzed to
refer to the iron content thereci regardless of any carbon deposits that
ney be carried thereby. tnder properly controlled conditions a catalyst

nay be operated for long periods of time without regenevation but iff and

when the catalyot becomes innctive or becomes coated with excessive amouny

of* carbonaceous material it may be regenerated by oxidation to remove thg
major portion of the carbonacecus material followsed by hydrogenation to
reconvert the catalyst to its original atate, Such regeneration may be
effected continuously or intermittently either in the reactor itself {ty
interrupting charging sbock flow) or in exbernal vesgels provided for
this purposo.

The reactor itself may be of various designs but in this case if
consists of o oylindriecal vessel about 24 feet in diameter and about 40
50 faet in height, the upper portion thereol being preferably enlarged tq
expedite the setiling of catelyst particles from ascending gases. 'To
provide for heat removal 3-inch outside diameter tubes A7 may be secured
at their upper enda in header plate 48, the tubes being closed at thelr
lower end and open at their upper end. Those tubes may be seometrically
arrenged throughiout the cross-séctional area of the ressbor on cenbers
of at least 6 inches so that the tube surfaces will be about 3 inches

apart; if heat exchange surfaces are too closely spaced proper fluidizati

LB

o




10

15

20

25

30

~ which vaporizes at a temperatdrc below but within 50° of the desired

517932

and turbulence is intorfered with ond Gifficulsies are cnocountered in
proper operation of the unit. wubes 49 may be aboub 1-ineh I and shey
encbond eoncentrically downwardly in tubes 47 o o point adjscent the
olosed ends thereof. The upper ends of tubes 49 are sccured by welding or
otheryise to header plate 50 and the tep 51 of the reaghion vessel lorme
with header plate 50 a distribubing roservolir for coolinmy £1id which
posses dovmwerdly throuph tubes 49, then upwardly throurh Hubes 47 {rna
around tubes 49) to the space betwoen headers 48 end 50 and thence through
line 52 to vessel 53. The cooling fluic mey be a Jigquid such as Dowbherm
conversion tamperaiure bub it is preferred to simply introduce water
under controlled pressure for the geneéaiion of gteam, Water may be pre-
heated by reactor affluant and introduced through line 34 %o vessel 53.
Hot water passes through line 55 to various portions of the reservolr
betysen header 50 and vessel top 51, Steam is digcharged through line 56,
Tt should he understood of course that other methods of romoving heat
mey be @nployed‘;ith6u$ departing from the invantioﬁ;

A distributor grid 57 may be cmployed atﬁgﬁ; base of the re-
actor suificiently below the bottoms of tuhes 47 bo allow for thormal
expansion and this distributor grid may be provided with openings of
such size and shepe ac to prevent the cabalyst particles from passing
downwardly therethrough egeinst the upfloving pasec. Baffles 58 may be
enployed in addition %o bhe grid for effecting gas distribution, Alter-
natively the distributer grid may bo omitted, the cooling tubes may
extend to approximately the base of the reactor and the incoming gases
mey be introduced at spaced points at the base of the reactor for ohbain
ing proper disbtribution.

The synthesis reaction in this particuler case is cffected ab
a tempersture of about 600“?. and & pressure of about 250 pounds per

aquare inch, To handle about 400,000,000 cubic feet per doy of total gas
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charged this rescior mey have a Giemcber of approximately 24 Teet so thad
it will have a cross—sectional area of about 450 square fect which allow-
ing about 20% for cooling tube eroa gives an effective cross-sectionzl
area of about 360 square feet. Under conversion conditions this will pive
a vertical zas velocity to the reactor of about 1.6 feet per second ihe
emount of catalyst in the reacbtor based on iron content should be one
pound of iren eatalyst for each 5 to 15, e.g. about 10 cublc feet per
hour of carbon monoxide charged so that in this case the reactor will
cohtain approximately 200,000 to 250,000 pounds of catalyst., The fluidized
density of the catalyst meay be about 55 pounds per cubic feet so that the
depth of the dense phase fluidized bed may be approximetely 10 feeb.
Initially the fluidized suspénded dense catalyst mass may only be 7 or &
foot in depth and after the catalyst has decreased in dengity because of
carbonacaous accumulations thereon the depth of the flwidized dense phase
catalyst may be 15 or even 20 feel or more, the important considerations
being that catalyst at 211 times remain in a dense phase turbulent
fluidized condition and that the amount of iron catalyst being within the
range above specified,

If a ligquld is used for a cooling or diluent effect, it should
boe sprayed inte the dense phase as vory swall droplets which may be aus-
pended in the upflowing guses in much bhe some wey as catalyst 1s sus-
pended’ therein and which almost instanteneously cause o partlal wetting
of the particles and a cooling thereol by vaporisation therefrom, Iu-
troductlon of @ large mass of liquid at one point showld be avoided since
this will lead to an undue wetting of the catalyst particles which in
turn mey disrupt the fluidization by ceusing agglomeration. lydrocarbon
liquid may be introduced through any one or more of lines 53-59''1 through
distributors H0-601!T the smount introduced at any point being determined
by the relative amsunt of reaction and consequent gas shrink;ga at that

point. &n inert cooling gas may be introduced through line 6l. Catalyst
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may be recycled through standpipe 6z with incoming charge to nreheat
said charge to approximately reaction samperoture and to promote catalyst
ci:culation. If a large proporiion of the heat is thus employed for pre-
heating the charpe gases, simple calculation wil]_L show that large amounts
of the eatalyst will have to be so circulated.

To minimize carry-over of catalyst solids from the reactor the

upper part of the reactor may be of lerger dismeter fo increase the

effectiveness of gravity seitling and cyclone separetors 63 may be
 mounted in this upper enlarged portion to Imock back the separated

solide through d;p.lét 64. In a reactor designed to operzte at super
atmospheric prgésufé considerable savings mey be effected by meunting the
eyclones inside the reactor and any mmber of such cyclones may be employe
Alternatively or additionally however such cyclones may be mounted outside
the reactor ag illustrated by cyvelone 65 and dip leg 66.

The effluent reactor stream after removal of catalyst solids
therafrom pesseds by line 67 to o partial condensing system 68 and
geparator 69, The partial condensetion may be effected in a water cooled
pxchanger or in a serubber wherein the product stream is countercurrently
gontacted with & cooled portion of the produet or other‘reiatively cool
serubbing liquid. For effecting condensation?iomponents substantially
higher boiling than water this condensed hydrocarbon fraction higher
boiling than wvator may be introduced through line 70 to a fractionator
71, the heayiest components may de withdrawm from the bose of this
fractionator through line 72 and any catalyst particles may be separated
therefrom and returned to the reactor by known means, The overhead from
the frecticnator is condensed in cooler 73 and introduced into receiver
74. A pert of the liquid from this receiver is retwrned by pump 75
through line 76 for reflux in the fractionator, a porticn may be with-
drawn threugh line 77 and e porticn may be introduced through line 78
to one or more of lines 59-591'! for injection into the dense cabalyst

phase as hereinsbove described.
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Uneondensed gases and vapors from separator €9 pass by line 79
and cooler 80 to second sepsrator 51 from which water and water—soluble
materials may be withdrawn through line 82 and condensed hydrocarbons
may be withdrawn through line 23. Uncondensed gmses and vapors from the
top of this soperator may be sorubbed with water in tower 84, with vater
and waber—recoverable materials being withdrawn through line 85, Gases
from scrubber 8/ pass elther by lines 86 and 87 to compressor 88 which
discharges into recycle line 43 or hy llnes 86 and 89 to absorber 90,

into the top of which absorber oil is introduced through line 91. Un-

of these gases 1z contimmously or intermibtently vented from the system
ﬁhrough line 93 as tall gag. A portion of the tail gas however may De
continuously recycled via lines 92, 94, compressor 88 and line 43 to the
reactor in amounts controlled by valve 95,

Kich oil frem the base of the absorber is paseed by pump 96,
{although a pump here may not be necessary) heat exchanger 97 and heater
98 to still 99 vhich is provided with a conventional reboiler 100. Lean
oll from the base of the still may be returned by line 91, heat exchanger
97, pump 96! and cooler 101 back to the top of the absorber 0.  Any
conventional absorber oll may be employed in this system the preferfed
0il being that actually produced in the system such for example es hydro-
carbons fram lines ¥7 or £3, or heavy hydrocarbon components introduced
thereto through line 89.

The overhead fram still 99 passea by line 102 to condenser 103
and recelver 104L. Gases from the top of thig receiver may be Tecycled
through line 105 to absorber 90. A portien of the condensate from receives
104 is returned by pump 106 and line 107 o serve as reflux in still 99.
The rest of the condensate may be withdrawn through line 108 or passed
by line 109 for admixture with hydroecarbons from lines 77, 83, ete. The
above frachtionation system has been schematically illustrated and it '

~1G—
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- . be understood that any conventional fractionation system may be

"'_“.gioyed. Hydrocarbons boiling in the gasoline boiling range may be

.aegregated in such system (or later separated) and contacted with a

sultable catalyet such ae silica alumlna cétalyat or bauxlte at a
temperature of about 800 to 1000°F,, at a pressure of about mtmospherlo
to 50 pounds per square inch and with a space veloclity of about 2 .to
20 ligquld volumea per hour per volume of catalyst to improve the octane
nunber of the produst and tb convert any oxygen compounds contalned in
such fractions into hydrocarbons. Also normally gaseous olefins from
the system may be polymerized or elkylated by known means to still
further augment the ultimate yleld of high quality gasoline. The
aqueous materials withdrawn through linee 82 and 87 contailn wvaluable
chemicals which may be separated by known meana or mesns now belng de-
veloped and which may eferve as valuable by-products of the synthol
operation,

By operating in the manner above described, the oblects of
the invention mey be accomplished, By meintalning the ocarbon monoxide
content of the total synthesis gas Teed to the reactor below 15% and
praferably not more than 12 mol per ocent, by maintalnlng an H2:00:002
ratio in sald total feed at about 3:1:2 or withln the'range of

2-6:11:1-3, and by maintaining (HA(GOE) at about 6 or withln the .-
00 - e . ‘_ ‘4 \ b
range of 3 to 9, the reaction 1s dlrected to spubstentially eliminate
converslion of carbon monoxide to carbon aloxlde in the conversion step,
maximum production of desirsd producte is obtalned, and the problem of
catalyst defluidlization is effectively solved., Catalyst 1life 1s enor-
mously lengthened, ylelds of wvaluable producte are obtalned far 1in

exocese of thosé heretofore belleved to he poasible. The synthesis

" procesg has been made practicable for commercial use,

Wnile the invention has been described in conneotion with a
5
speocific sxample 1t should be understood that it ip not limited thersto

and thet the example 1s merely illuetrative., Where the fresh meke gas
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conbains relatively large smounts of nitrogen, ghill lerger amounts of

TS

nitrogen may be recycled and the amount of O in the btotal symbthesis fee
gas may be relatively low. Where a cource of CO2 is ovailable, it may be

used as the fresh synthesls gas diluent (introduced through line 44,) and

in this case no recyele of tail gas may be necessary. This external cerbpn

dioxide may be obbtained from flue gases frem preheater 27 or from the

regeneration of catalyst employed for treating the hydrocarbon product.

(]

Highly active iron catalyg'bs nay require s somewhat lower carbon nonoxid
content than lesg active catalysts but in most capes undeor nermal
operating conditions the optimum total synthesis gas feed will be

a hereinabove delined. If the diluent or recycled gas required
for obtbaining the defined properticns is not suffieient to maintain
the vertical gas veloeities in the gymthesis zone at least as great
as about 1 foot per second, additlonal gas oT vaporizable liguid mey
be introduced into the dense catalyst phase in ordo;' o provent
defluidization. Various modirications and altornative opera‘ﬁing
procedures and opereting conditions will be apparent from the above
deseription to thoso skilloed in the art.

Having rogard to the foregoing disclosure, the patent of
which this specification forms a part, gonfers, subject to the con-
di’i:,iana described in the Patont Aok, 1935, the exclﬁsi\m right,
privil@‘g;s and Liberty of making, constructing, using and vending to
others to be used the invenbion as defined in clainmg submitted by the

patentee as follows:

-]
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The embodiments of the invention in whiech an exclu- -

elve property or privilege ls olalmed are defined as follows:

1. The method of effecting synthesis with a pro;
moted iron cataelyst of small particle size, which method comprlses
preparing a fresh synthesls gas charge having an Hp:C0 ratio in
range of about 1.8:1 to 2:1 and contalning only & minor amount of
002, steam, carbon and octher componenta, cocoling and scrubbing
8ald charge with watsr for removing steam and carbon, dlluting
gald charge with sqfficisnt recycle gas herelnafter described to
obtaln a total synthesis gas cﬁarge contalning approximately 10
to 15 mol per ocent CO and having an Hy:1C0:C0p ratio of about
2~6:1:1~3 and a Z number in the range of about 3 to 9 where the
Z number 1s the quotient of mol per cent Hp multiplied by mol per
cent 002 and divided by the equare of the mol per ecent CO, with-
drawing a large ptream of hot catalyat at subatentlally reaction
témperature from the reactlon zone, suspeniing sald hot catalyst
in sald cooled total gas charge to inorease the femperature of
aald ocharge and padaing sald oharge upwardly through a dense phase
fluldized suspenslon of sald catalyst partlcles ln a reactlon zone
at a temperature in the'ranga of about 5500F, to about 6759F, at a
preaaure higher than 150 pounds per sguare inch and at a rate for
maintaining the catalyst in fluidized condition and offecting synw
thesls,. centrifugally sevarating entralned catalyst particles from
gases in the upper part of the reaction zone and\returning the
separated particlies directly to said dense phaee, oooling the gases
from the centrifugal separatien gtep and removing most of the nor-
mally 1iquid components therefrom by condensation, scrubbing un-

econdensed gases with water, passing at least a part of the serubbed
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recycle gas Tor admixture with water-gorubbed fresh synthesis gas
charge whereby the total gae charge prior to suepending oatalyst
is at a low temperaturs so that s portion of the heat of reaction
which 1e storad in this ocatalyst se senslble heat 1s utlllzed in
heating the total charging stook glmost to. reaction t emperatures.

2, The method of :olaim: 1 which includes the atep of
withdrawing hot Fluidized catalyst from the upper part of the
dense phase in the reactlon zone. _

3. The method of olaim 1 whereiln the space veloeity
iﬁ the reactlon zone correeponde to about 5 to 15 abis feet of
carbon monoxlde per hour (measured at atmospheric pressurs at

6Q0OF, ) pér pound of iron catalyst in the reactlon .zone,

2.2
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