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" COMPLETE SPECIFICATION '
‘Control of Carbon in Hydrocarbon Synthesis

. Wc, SranoarD O Deveroruant Com- emmiaini ca,.rhéﬁ 'ﬁunox:id'a, carhondi- f(

pany, a Corporapion duly- organized snd
existing undar the laws of the State of
Delaware, United States of America, hav-
ing: an office at Elisabeth, New Jerscy,
Tinited States of America, do héreby de-
olare the neluwre of this invention sad in
what manuner the same is t6 be performed,
to be particularly deserdhed and  ascer-
tained in end by the following state-
ment:— - - e
This invention relates to improvements
in the art of synthesizing hydrocarhons
from - carben .monoxide and hydrogen.
Prior to.thiz invention vthers have syu-
thesized hydrocarbons boiling in the gaso-
line and higher ranges by veaciing fo-
gether carbon monoxide and hydrogen 1z
the presence of-a suitable catalyst at reac-
tion temperatures and pressurcs.- Prior {o
this invention eobalt promoted with thoria
hes been used as o catalyst for promofing
the symthesis wherein carbon moncxide
- and bydrogen react to form hydrocarbons,
More recently, iron has heen smployed
as & eatalyst in the hydrocarbon synthesis,
employing sarbon oxide and hydrogen as
reactanis, - Tn the synthesis of hydrocar-
- hong from carbun-monoxida and Lydrogen,
o ratic of about one mol of earbon mon-
vxide to vne mol of -hydrogen bes hesn
employad whren the calalyst was iron. I
hey. alee been found .that this ratio of
hydrogen- to carbon monoxide using en
iron catalyst may be varied somewhal with
fmproved resuls, i.e., it is found that
bes} results are obtsined when the ratio
of ‘hydrogen to carbon: monoxide is at
least 1.5 mal of hydregen per mol of-car-
bon menoxide in the iresh feed because
thig higher ratio gives & hivher conversion
of the faed- pay to desirable.produets and
reduces’ cerbon depesition on the catalyat
fmd ‘physical disintegration of the eata-
vot, R - .
* The prosent- invention however com-
prises & process for the svothesis of hydro-
carbons  and- oxygenatsd hwdrocarhons
comprigsing contacting a gaseous ‘mixtura

[Pric

oxide and hydrogen with a fluidised bed of
powdered iron catalyst in a reaciion zome
at synthesig . femperatires and under
supersimospheric pressmre, the hydrogen
parkial pressere in the reaction zone
amonnting to at least 100 pomnds per
square inch and .the carbon dioxide par-.
tial pressure in the zone amouniing to at
least 125 pounds per square inch and pre-
ferably over 160 pounds per sguare inch.
. Prefarably the fotal pressure in the reac-
tion zone ghould be over 400 pounds per
square inch. : ' . :
This process results in higher yields of
normally liquid hydrocarbons and oxygen.
ated campounde, and fends to vepress the
formution of large guantities of carbon-
accous mnatarial on the catalyst. A preat
aid to the suceess of this process is the use
of .an iron catulyst sinfered in hydrogen
for such a catalyst ig resisbant to fragment.’
ation. . I% js highly importang tha the
average parbicle size of the powdared iron
catalyst . ba  maintained within certain’
limifs hereinafier set forth. Put carhon-
aceous deposite on the catalyst tend ty'
cuuse frapmentation or physical disintes-
ration thereof with the resulf thet the
powdered iron catalyst is reduced to o slatle
of fineness that it eannot be procured in a
flnidized statc. A catalyst * sintered
(i.e, heated to & temperature.of incipient
fusion) in. hydroger cxhilils a superior
strength {o cme sintered in air or oxzygen.
.In the accompanying drawing; a suit-
able apparatus im whiek s preferred modi-
fication of this inveation may be earrisd
inia effect J5 shawn, . .
Numeral 1 represents a hindered

settling reactor containing 2 body of iron 80

catalvst in the form of a powder having &
particle siza of from sbout 40 jo 80 microns
but with appreciable gumautities. say 25
per cent, of sizes leas than 40 microns. A

e of carbon monoxide, carbon di- 96

oxide, znd hydrogen is infroduced inta the
present. gvstem through Iine 10, the ratio
of hydrogen to earbon monoxide on g smull
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tw mol basis befng approximately 1.7 to 2
mols of hydrogen per mol of earhon mon-
oxide, the ratio of carbon dioxide to car-
bon menoxide in the feed being .2 to 0.4

5 mols of carhon dioxide per mol of earbon
monoxide. ‘The misture of hydrogen and
the oxides of carhon preheated. sey, io
about 200° to 300° F. or thereabouls, in
line 10 is discharged via line 11 into the
hottom of reactor 1, passes np through =2
foraminous member G und then contacts
the {uidized catalyst C. The catalyst is
formed into a fluidized mass iu the reac-
tion zone by regulating the superficial vel-
16 ocity of the gasiform material in the reac-
fion zone within the limits of from about
2 to 13 feet per second so 2s to form 2
dense, turbulent, ebullient suspension now
referved to in the arg as @ * fluidized *’
catalyst. The dense phase of the fluidized
catalyst has an upper level af L., above
which a dilute suspenvien exists. The
dense phase suspension ma weigh from
30 to 80 pounds per cubic foot while the
95 upper portion of the dilute phase contains
mostly catalyst fines. The denge suspen-
sion. from the foraminous member G fo
the level Tr extends a distance of from 15
+n 40 feek and above that, in a disengaz-
ing space from L to the top of the reactor,
the height may be from 10 tv 20 feet. in
~which latter space the bulk of the catalyst
separates from the gasiferm material and
descends by wravity toward the dense
35 phase suspeneion. Ordinarily, gus-solids
contacting devices 8 are disposed in the
upper part of geactor 1. Those gas-solidy
contaeting devices may be, for esample,
centrifngal separators and" are disposed

40 therein for the purpose of separetine en-
trained cotalyst from the gases. The crude
products issue from the reactor 1 through
Line 2 and, if desived, 'mav be pessed
throughone or more gas-liquid contacting

45 deviess, such.ws an-oil serubber 3, for the
purpose of removing suhstantially the last
{races of vatalyst fines. The nse of aw oil
geruhber to remove catalyst fines is, per s,
not novel. Tk has been previvusly used,

50 for example in catalyiic eracking opera-
fions, and operates to cause the gases con-
faining fines to comtact o high beiling oil
which may be one of ihe producis of the
reachion. For instance, the serubbing oil

55 may be a cold gas oil. . The amount of
scrlrhbinﬁ ofl and-the rate of jte circula-
+ion to the sexubber are such thatthe pro-
ducts -hoiling -above; say. * .. at
simospherio pressure are condensed while

60 the profucts boiling zp te 450> F. remain
vaporized. The final effect of the serub-

- bing trewtment is {o Temave substantiatly
the Iash traces of cafalvst from the gasi-
form majericl. as previously stated. The

85 veaction products fesme fram  the nil

10

30

scrubber 5 through line 6, uare further
ennled in o condenser 7 helow the boiling
point of water, and discharged info u
separater 8 from which normally liquid
hydrocarbons and waier are removed from 70
the hottom through line 9. The gasiform
fraction is led by line 13 info u second cold

0il serubber 14 from whieh light hydro-
carbons are removed, Ieaving undissolved
vesidual gases, ineluding carbon mon- 73
oxide, carbon dioxide, iydrogen, and nor-
mally gaseous hydroearhons, such  as
methane, which undissclved comstituents
are reeyeled vin line 20 to the reactor. The

il serubber 14 may be umitted and the 80
gasiform material withdrawn from separ-
ation drum 8 rvecyeled o the reactor via
ines 18 and 11, This latter type of oil
serubbing is well known tu petroleum Te-
finery engineers, and need not be deseribed 85
in detail. The main purposes. of course,

of the oil serubber, when used, is fo re-
meve hydrocarbons from vapors contain-
ing thewm.

As required, tail gas may be withdrawn 80
and rejeeted from ihe -system  through
valved line 21. The valve in line 21 may
alsobe operated to contrnl the gus pressure
sbl the system, As will more fully appear
héreinafter, the operation of the vaive in 95
line 21 is highly instrumental in mpin-
taining the process in operation according
tn the present invention, for, as previously
indirated, the desired pariial pressure of
bydregen and carbon dioxide in the sys-
tem hos Leen atfained hy means of the
composition of the reactants and for by im-
pasing suitalle fotal pressure on the
svstem,

As stated, the object of the invenfion is 105
to-opernte the hydrocarbon synthesis pro-
cess, in the presemce. of a - fluidized iron
cotalyst so as to obiein high yields of
hydroearbons, ineluding normally liquid
hydroearhons, und slso high yields of oxy-110
gengted hvdrorarbons, as well as fo sup-
pres=z earhonaceons deposition of the cata-
Iyst.- This is secomplished by maintain-
ing a high partial pressure of carbon di-
oxide in-the reaction zone, and also s high 115
hydrogen partial pressure in the reaclion
zone. .

" Mhere are of least two ways of attaining
the desired lydrogen 2nd carhom dioxide
partia] pressure ax follows:——.

1. By increasing the total pressare
the. syslen. . ]

2. By adding carbon dioxide from an
extranéous source and controlling the ratia
of racycled yus with respert to fresh feed. 126
both in conjunction with o hydrogen to
cerbon monnxide ratio in the fresh feed of
at least 1.5:1.

- To explain {1} ubove, it is helieved to be
elear +hat, by simply imposing o greafer 130

[a—

o0

120
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pressure on the gystem, in accordance with

Dulfon’s Law, the partial pressuve of

hydromen and the partinl pressure of car-

boen divxide will both be increased. For
9 ecxampls, if the tofal pressuve on the sys-
tem is 200 pounds per square inch sbsclnts
angd the partisl pressure of carbon dioxide
is 756 pounds per square inoh, the pertial
pressure of carbon dioxide becomes 150
pounds per squars inch when {he total
Pressurs on the system is jnereased to 400
pounds per square inch absolute. ¥n Iike
manner, the partial pressurs of hydrogen
will he increased.

With respeet to ifem (2) immediately
above, since, as the process is oxdinarily
cperated with carbor monoxide conversion
such that at least 909 of the carbon mon-
oxide feed is vescled, and sineca the pro-
cess 38 ordinarily operated so that at least
a portion of the tnil gas 1s recycled to the
reaction zome, and further, since the fresh
fced containg at lsast 5 volumes of

LI

15

hydrogen per volume of carbon divxide, -

25 but the reeycled tail gas contains about 3

volumes of earbon. diaxide per volwme of
hydrogan, the voiumnes of fresh feed gas
per volume of recycled gas pan be propar-
toned o give the desived partial pressuves
of carbon dioxide and hvdrogen in the re-
action, sone, it being understood that the
total pressure on the system must be suffi-
cient to mainfain heth the sarbey dioxide
and ths hydrogen at the proper pressure
3 levals.

30

T4 ig pertinent at this point to emphaaize

that the gus exiting from ke renction zone

approximates closely the composition of
the main portion of the gasiferm material

in the reaction zona, for due to ths inti- 40
mate mixing efforded by the fluidized bed
of calalysl, expericnce has shown that the
fresh remctants entering fthe reaction zone
are mainly converted in fhe lowermost
portion of +he said zane. )

By resorting te any of the foregoing ex-
padienty, the earbon dioxide parhial pres-
sure in {he reaciioR zone may be main-
tuined at the desired level, namely, at a
minimmn value of 126 pounds per square
inch partial pressure.

When the 00, partial pressure in the
reactor is meintained above 126 pounds
per square inch up to ahout 250 pounds par
square inch absolute, beiter yields of 56
hydrocarhons and * alechols ’ or oxygen-
ated” products are formed per volume of
0 and H, cnnsumt;d. hAlBo. it is Jz_xecesi
sary to maintain the hydromen partia
prgsure in the inlet gases at at leas} 100 60
pounds per square inck up to 750 pounds
per sguare inch absolute, to avoild carbon
formelion, and catalyst disintegration.
This is demonstrated in the following
data, the first set showing the " henefits 66
from increasing partial pressure of the H,
and {0, hy increasing the fotel pressure
and the geeond set showing the imprevad
yields gnd maintenance of catalvst size b
changing the 00, in the fresh feed and 70
altering the 00, iz the fotal feed by alter-
ing the reeycle to fresh feed volumetric

ratio.

4h

&0

Case A B
75 Catalyst Tron (pyrites Ash42% K.CO, )
cxidized af 1000° ., reduced at
T00° F)
Temperatnre ‘F. . - . . . . 644 830
Total pressure per square inch, ahsolute - 442 229
B0  Ttresh Feed, H,JOO0- - - - . . - 1.92 1.98
c.f00 - - - - . 26 28
Recyele patle - - - . - - . . 2.0 1.2
Tolal feed analysis, %—C0y- - - - 34.8 28.6
oo - - - . . 12.8 - 16.1
85 H, - - - .- 31.2 41.0
Othar® - - - 21.2 14.3
Exit gus analysis, %—C0, - - - - 80.7 45.6
_ co - - - - 2.7 2.6
H, - - . = 18.5 74
op Other® . . - 30.1 24.9 .
Partia] pressure, per square inch, absolute
—C00, (ave) - -~ - - - - - 176 83
H, (indet) - - « -« - - = 129 94
Cbnversion—-—‘%' G0 + H, frech faad 96.7 a1
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Case A B
Tields —cc/M3C0 + H, Cons, **
¢, + Hydropwsbong - - - - - 192 163
Oxygenated products in water layer - - 34 3
5  Carhon formuiion—Lbs. G100 Ih. Fe in
reactor[160 hours - - - - - 44 89
: Gataljst disintegration - - = - - Satisfactory Very severe

# Nitrogen, methane, ethane, gto.

#%(tubie centimeters of G + hydrocarbons per eubic meter of (CO +H,) consumed,

10 The date clearly show that-_ when the
partial pressure of CO, s reduced from 178
te 53 pounds in the reactor, average of the

deposition yate from 44 fo 89 pounds car-

inlet and outlet partial pressures, the yield -

of ©C.+  |hydroearbons oo UO+IL
consumed decreased from 192 to 163
ee/M® of produwct. At the same time
there was a decrewse in waler
solublé compounds, expressed as ethyl
aleohol aquivalent of carhan in the water
20 layer, from 34 to 81 cofM I+ CO con-

sumed. The deerdase in inlet hydrogen

partial pressure from 129 fo 94 pounds per

squiate tneh ahsolute increased the carbon

15

earhons.

bon per 100 pounds Fe in reactor per 100 26
hours of operation, cansing very severe
rotalyst- disintegration and requiring
withdrawal of half of the calalyst iu the
reactor and replacement with new catalyst
cachk day fo mainiain eperalions.

The following experiments show the
effect of changing the CO, and H, par

30

-tial pressures by altering the feed composi-

tion and recycle ratios uf the same total
préssure, via.. 415 pounds per square Inch 35
absolute.

c D E
Catulyst—Hed iron oxide promoted with
0.0—1.0% K00,
40 Temperature "¥F. - - - - = - B3] 60 #a0)
Fresh Feed, H,jCO - - - = . 1.9 1.7 1.9
go,00 - - - - - 27 .83 0
Recyele Ratio -~ - - = - - - { 2.5 2.8
Total feed analysis—%--C0. - - - 5.5 42 16
45 - co - - - 3L.0 3 12
H - - - 60.0 24 27
Dther* - - 0.9 21 45
Exit gas analysis—%Hh—C0. - -~ - .- 38.0 58 22
co - - - - 8.3 5 4
1y Hy - - - = 43.0 11 13
Other* - - .- 12.7 28 GL
Partial pressure, pounds per square ineh
absalute '
: €0, (Ave) - - - =~ =~ = - 96 205 72
BB H, {Inlet) - - - = - - " - 250G 10 112
Conversion, % €O+ H,. fresh fead - - 70 96 a5
Yields—ee /M CO 4 H #5* .
Conz, (O, + Hydrocarbons -° - = .- L 18 163 149
Oxygenated products in water layer™™*= _ 34 43 30
&0 Ctarhon formation, - - - - = - about 10 1bs. earhon/100) 1k Fe
In reactorf100 hours
Cutalyst disintegratiom - - - - ™= Tow ——
# Witrogen, methane, ethane, ate. -
2% oo MY (10} + T, cubie centimeters of €, +hydrocarhons per cubie meter of CO
and H,, consumed,
a5 ¥%z% (uhie cenfimoters of oxygenated hydrovarbens on sane Dasis ms C, & hydro-
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Since the hydrogen partial pressure in
reaction some was 100 pounds per square
ineh or over and further since this entalyst
wag sinfered in hydrogen at 1600° F.,

b making it more resistant to disintegration

by carbon, the carbon formetion rate was
low and the catalyst resisted disintegra-
tion, an &00 hour run wag nade with no
severs catalyst disintegration.

The eflect of the OG, on the yields of
€44 hydroearbons and oxygenated pro-
ducts, {again ethy] alco]gfly eqluiva.lent of
carhon 1n waier layer), is elsarly shown in

the two sefs of data. When the CO, par-

15 tizl pressure was inereased frum 96 o 205
pounds per aquare inch, absalute, by using
2.5 recycle gus gas ratip rather than cne
pass operations, (eolumns & and D), the
vieldsof -0..+1]@r ‘rgearbonsineraased from.

20 109 o 168 ce/ M3 H, 4 00 consmmed and
the yiald of oxygenated products increasad
trom 34 to 48 cof M* H, + CO consumed.

- A CO, partial pressure increase by in-
vreasing the 0O, confent of the fresh feed

25 gas with, the same vecycle, teses B and D
where the (0,/00 ratio of the Lresh feed
was inerenged from 0 to 0.83 raising the
CO, partial pressurs in the reactor from
72 40 206 pounds per square inch, abselute,

80 zave an mereageinC, + yieldsfrom 14940
168 ee/ M* CO -+ H, consumed and the oxy-
genated products from 39 to 43 ocojM°
CO.+ H; consumed,

Varions processes have been propesed

385 for the production of hydrosarboms and
oxygenated hydrocarbons from gases con-
taining carbon monoxide and hydropen,
for exsmple, Specifieations Nos. 478,318
and 610,614 both disolose the presence of

40 subatantial amounts of carbon dioxide in
the reaction zome. However, neither of
them sugrest the use of Auidised catalysts
where the deposition of carbon on tha cata-
lyst is more severs.

45 Im the Speecification of our Patent No.
627,905, which, was net published at tha
date of application of the present case, is
cvlaimed an improved proccss for. the syn-
thesis of hydrocarbuns containing - three

60 and inuore carbon atoms in the moleaule
which comprises infroducing inke o syn-
thesiz reaction zene which may contain a
fluidised iron catalyst » faad mixture com-
prising carbon monoxide and hydrogen,

85 said [eed mixture heing characterized in
that the ratio of hydrogen to carbon mon-
oxide is nob less then 3 mols of hydrogen
per mol, of carben monoxide, said feed

mixfure also being characterised in that
the concentration of the carhon diexide is 60
maintained at a relatively high level so
that the mol. rutio of kydrogen minas
carbon dioxide over carbon monoxide plus
carbon dioxide js mot in excess of 2, and
maintaining said reaction zone af & tem- 65
Deraturs and pressure adapbed to produce
the desired syuthesiz Teaction.

Having now particularly deseribed and
aseertained the nature of our seid inven-
tion and in whal msnner the same iz to 70
be pecformed, we declare that what we
e motho of syath sizing hyd

. The method, of synthesiz ydro-
carbons aad oxzygenated hydrocarbons
which vomprises contacting o gaseous mix- 75
ture containing carbon monoxide, carbon
dioxide end hydrogen with a fluidized bed
of powdered iron catalyst in a reection
gbne at synthesis temperatures and wnder -
supez-pimospheric pressnre, the hydrogen 80
portial pressure i the remction wome
amounting {o at least one hundred pounds
Per square inch and that of the cerbon di-
oxide amounting to ok least 125 pounds per-
square inoh, dud recovering from said re- 85
action zone a hydroearhon preduct and
oxygenated hydrocarbons,

2. The method aceording to elaim 1 in
which o total pressare of over 400 pounds
Per squazre inch absolute is imposzed on the 96
renctants in the reaction zoue.

3. The method according to claims 1
and 2 in which the ratio of GO, to CO in
the total feed to the reaction zome is in-
creased by recycling to the reaction mome g5
normally gaseouz portions of the with-
drawn produoct,

4. The method acecrding to olaims 1 to
8 in which the catalyst is sintered in
hydrogen prior {o use in the process.

5. The method of claim 4 in which the
cutalyst is red iron omide sinteved in
kydragen at 160°'F,

6. The methed ap claimed in sny of the
preceding claims including the step of 185
maintaining &' carben dioxide partiad pres.
sure in exeess of sbout 150 pounds per
square inch ubscluie whereby increased
yields of oxygensted ocompounds ore
abtained. o 110

Dated this 20ih day of Pebruary, 1948.
DAVID T. CROSS,
16, Charles J1 Sireet, Haymarket,
London, §.W.1.
Agent for the Applicants.
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