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Improvements in or relating to the Production of Hydrocarbons
and Oxygenated Organic Compounds

We, T M. W. EKrprocy CoMPANT, o
corporation 01§amised under the laws of
the State of Delawore, Tnited States of
America, of Foub of Danforth Avenus,
Jersey City, New Jersey, Uniled Stales
of America, do herely declars the nature
of this invenlion and in whet manner the
sane is to be performed, fo be parbicu-
lurly described and ascertuined in and by
the following stetement ; —

This invention relates to an improved
wethed for hydrogenating carbon mon-
oxide and carbom dioxide to produce
hydvocarbons snd oxygenated orzgamic
ccmpounds. Primarily the improved pro-
vess involves reacting hydrogen and
carbon monoxide under highly efficient
vonditions (o produce hydrocarbons and
oxygenated organic componnds.

In goeordance with the present inven-
tion there is provided a proesss for hydro-
genaling carbon cxides which comprises
continuously flowing a us mixture
comprising hydrogen and carbon mon-
oxide or diexide wpwardly iz a reachion
zone through o mass consishing: essentially
of a fimely divided hydrogenating metal
catalyst to suepend the calalyst mass in
said stream, passing the gaseous mixture
through said catalyst mass at a feed rate
equivalent to at least 1.1 standard cubic
fest of said earbon oxide per hour per
pound of metel catalyst in the dense
fiuidized mass of catalyst, and withdraw-
ing seid gascoms mixbure from the ze
action zome effer passage thereof through
the dense eatalyst mauss and recovering re«
action products therefrom.

The s mixture is passed nypwardly
through the mass of catalyst at o velocity
effectiye o suspend or enfunin the cotalyst
mase in the gas stream. The velocity of
the gos stream passing through fhe re-
achion zone, is preferobly sufffclently low
tov maintain the ecatalyet maes in o gense,

fluidized, pseudo-liquid condition. Im

. this condition the catalyst mass may be

{Priog 3]-]

said to he suspended in the gus stremn,
but not entrained therein in the sense that
thers iz movemenl of . the catalyst mass as
such in the direction of flow of the gus
stroam, I} is preferred, Lowever, to
maintain the upward velocity of the gas
stream sufficienily high to waintain the
fluidized catalyst mass in a highly turbu-
lent condition im which the catalyst par-
ticles cireulate at a ligh rate in the
peeudo-liguid mass. Im this preferred
conditicn of operation a small propartion
of calalysl in the finidized mass may
bacome entrained in the gae streamn emerg-
ing from the upper surface of the fiuidized
mass whereby catalyst thus entrained is
carried away from the mass,

In the improved provesg it is preferrsad
o employ the hydzogen and the carbom
oxide in ratios such that thers is a sub-
stanlial excess of hydrogen. Therefare,
the charging rate in the improved prooesa
iy defined by reference to the rale ai
which the carbon oxide it charged, in
terms of standerd oubic feet, in the gas
forin, of the carbon. oxide, per hour per
pound of the metal catalyst in the demse
peeadocliquid mass of catalyst in the re-
aoticn gone. The improved process is
operated at » . minimum space velocity
equivalent o charging 1.1 standard cubic
feot of the carbon oxmide reagtant, per
hour, per pound of the metal cotelyst in
the demse catalyst phase. A standard
cubia foot of the carhon oxide is that
guaniity of 2 normally gaseous earbon
oxide which would ocoupy one cubic Ioot
at atmospheric pressura and 60°F. When
rencting carbon mencxide it is preferred
to employ still higher space velovilies, as
will be desoribed in more detail below.

* The catolyst employed in the present in-
ventlon is a finely divided powder consist-
ing of a hydrgﬁemﬁug metal, or hydro-
Eena.ﬁng me oxide, which is, or

seomes in. the reaction zone, a catalyst
for the reactiom, or & mixiure .of such
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mefal and metal oxide cutulytic materials.
Finely divided metallic from, or irom
oxide, or a mixfure of metailiec iron and
iron ¢xide, are representative examples of
the catalysts employed in this invention.
Other metals, and metallic oxides, may be
employed which are effective in cobalyzing
the hy enation of carbon monoxids,
such as cobalt and nickel, or their oxides,
Whila the catelyst powder consists essen-
tally of such catalytic metals and
metallic oxides it may inelude also a
minor amount of promoiing ingredients,
such as alkalies, alumine, silice, titunia,
thoria, manganese oxide and magnesia.
In the following description. and claims,
catalyst powders consisting of a hydro
genating metal andfor a hydrogenating
metal oxide smd containing ab most z
wninor proportion of promoter are referred
to as ¢ finely divided metal eatalyst,”

The exact chemical condition of the
catelysh in its most active form is not cer-
taiz. Tt may be that the active form is
present when the metal is in an optimuam
degree of oxidalion or carburization,
Consequently, the jowdered catalyst
which is in o substantially complelely re-
duced condition when first contocted with
the reactants, may reach its state of
highest activity through being oxidized
andfor carburized in the reaclion zome.
Therefore, in this specification and claims
the catalyst employed is described by
referenee to its chemical condifion when
first contucted with the reactanis.

The catalyst is employed in 2 fine state
of sub-division. Preferably the powdered
catalyst initielly containg no more than a
nmiinor -proportion by welght of materzal
whose particle size is greater than 250
microns. Preforably alse the greater pro-
portion of the catalyst mass cvmprises
material whose particle siza is smaller
than 100 microns, incleding ot least 25
weight per cent. of the material in parbicle
gizes smalier than 37 microns. A highly
desirable posedered catalyst comprises af
least 75 per cent. by weight of maleriol
smaller tﬁan 150 microns 1n particle size,
andl at lenst 25 per cent. by weight amaller
than 37 mierons in particle size.

In the preferred form of the Inventivn
the powdered catalyst mass i maintained
if o reactor substantially larger than the
volume cocupied by the cetalyst mass in

" the fluidized condition. Tn thiw operation

60

L]

all but o minor proportion of the catalyst+
masy is ocontained in the demse Huidized
psendo-liquid mass, which may be desig-
nated as tha dense phaze of {Ee catalyst.
The dense phase of the catalyst eecupies
the lower pazt of the reactor while that
part of the reaclor above the dense phase
15 vcoupled by a mizbure of gusss snd

powdered catalyst in which #he consen-
tration, of catalyst is much lower, and of a
different order of megnitude, thun the
concentration of tha catalyst in the dense
ﬂhase._ This diffuse phase may be said top TU
e a, disengaging zone in which the =olids
lifted above the demse phase by the gas
stream. are disengaged therefrom end re-
tarned to the demss phase to he extent
that such solids are present in the diffusc 75
phasy in excess of the corrying capeeity

of the pas stream pi the suparﬁuia velo-
city of the gay stream. The Iatter is the
velocity wt which the gas stream would
flow through the reactor in the absenes 80
of catalyst, In the dense phase the con-
centration of the catalyst in the gas
streum varies from a maximum near the
gas inlet to 4 minimum in the wpper part

ol this pluse, Tikewiss the concentra- B5
tion of catalyst in the diffuse phese varies
from a maximem near 1he upper surfacas

of the dense phase to 2 minimnm in the
upper part of the reactor. Metween the
dense phase of high averuye concentra- 80
tion ond the diffuse phass of low average
concentration there is o relutively narvow
zong In which the eoncentration of solids

in the gas strewan changes in a short space
from the high coneentration of the dense 95
phase to the low concentration of the
diffuse phase. This zone has the appear-
ancé of an interface between iwo visually
distingt phases,

Ap the improved method of operation 100
crdinarily involve: employmernt of cata-
lyst powders and gas velacities snch that
a portion, of the dense finidized cutalyst
mass is carried sway by entminment, it
is necessary to provide means in the re- 100
actor for separating such enirained cata-
Iyst und returning it to the dense phase,
or to provide meens externally of the re-
agtor to separate entrained catalyst from
the gas stream and reburn it {0 the re-110
achor, or ofherwise to recover catalyst
Irom the prodmet pas stream. When
vatalyst is permitted to pass out of the
reactor in enfreinment in the pas stream
i{ is necessary to return such eatalyshk 1o 115
the reactor, ar replace it wiilk frésh or
revivified catalyst, in ouder v maintain
the desired volume of fAuidized catalyst in
the reaction wone.

The improved mathod of operution, in 120
which the finely powdered vatulyst is em-
ployed in a form. consisting of the mefnl
catalyst, or its oxide, and containiag at .
most minnr proportions of promoting
agents, ‘provides very high catalyst con-125
centrations in the reaction zome. The
employment of the finely powilered metal
cadolyst in a flnidized hed with efficlent
cooling means also is & factor in permit-
tizg the use of high catulysi concentra- 150
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tions, sinee it facilitates the removal of

heat from the relatively concentrated re-

action zone. The iraproved operation,

employing the fluely divided metal cata~

5 lysi, Iﬁts in nitial catalyst concentra~

tions of ab least S0 pounds per cubic foot

of the fluidized dense catalyst phase,

while the preferred gos velocities result

in initial consemivations of 40 to 120, or

1 more pounds per cubic foot of dense phasa.

It will be understeod thet these fignres

refer te the initial average concentration

in, the densa phase. The accumulation of

reaction products on the eatalyst ticles

5 as the operation proceeds reduces the cata-

1yst density and increases the bulk of the
dense fluidized mass.

The temperature employed —may

approximate these employed with the

90 cadalyst in guestion in fixed cafalyst bed

operations, With the iron catalyst, tem-

peratures in the range of 350—750°¥, are

. employed, +while temperabures below

540°F. may be employed with tha coballi

25 catalyst. Likewise the pressures em-
ployed may approximate those previously
employed in fixed hed operations. With
the iron cafalyst, for emample, preSsures
between  atmospherie ]ir.iessure and ths

80 maximum pressure ab w. : «
is avoided may be employed. If ie desir-
able, however, to employ presvures of ai
least BO p.ei. ]

In this specification, preseures are ex-

85 pressed ay pounds per square inch (gouge)
and gas volumes as oubic feet measured
ut GO°F, and atmosplheric pressure,

The linesr velosity of the gas siream
passing upwardly through ™ the dense

40 phase is conveniently expressed in terms
of the superficial velocity, which is the
lnear volocity the chaaége gay stream
would pssume if passed through the re-
aetor in the absence of catalysi. This s

45 designated oither as initial swperficial

velueity or average superficial velocify,

the latter jaking into account the shrink-
e in volume cwused by the reaciion.

These superficial velovitics proferably are

in the range of from 001 to 10 feol per

gecond, bub higher velocities may be used
without departing from the scope of this
invertion. :

In a preferred modification of the in-

55 vention a metallic iron powder, having
the preferred distribution of particle eizes
and having combined therewith o small
aanount of ﬁmmters guch as alkalies and

80

non-reducible oxides, is employ el under
60 gpecial conditions operation to effect
ratey conversion noet proviously

" attalned. :
© The improved provess is carried out at
_ space velocities substantially greater than
8b those previously smployed. reactants

ch condensation:

are passed into and through the reaction
zone ah o space velocity equivalent to af
least 1.1 standard cubic feet of the carbon
oxide per hour per pound of metal cain-
Ersct in the denss eatalyst phase. In the 70

ydrogenation of carbon. monoxide with
{ho iron catalyst it is preferred to operate
at @ space velocity eguivaient o ab least
2.% standard cubic fect of carbon. mon-
oxide per hour par pound of iron catalyst 75
in, the demise catalyst phose. The charg-
ing rate is defined by reference to hhe
carbon, monoride reactant, since the ratio
of the hydrogen reactant to the carbon
monoxide reactant in the charge gas may B0
very within wide limiis. In the improved
process, however, this ratio will be in ex-
pesss of 1:1 and preferably at lesst 2:1.
Af the 1:1 ratio the preferred charging
rate of hydrogen and carbon monoxide 85
would, therefure, be ab least 4.4 standard
oubin fest per hour per yound of iron cata-
lysh in. the dense catalysh phase. Af the
211 raio this preferred rate would be 6.6
standard cubic feet of hydrogen and S0
carbon monoxide.”

The vwlume of reactants, psr hour, per
volume of dense catalyst phuse depends

upow charge rate and alse upon the
density of the demse phase, the latter 985

hding affected by ¥he conditfon of the
catalyst and the mas velocity. At the pre-
ferred gas velocities mentioned &, and
when employing the iron catalyst, the
minimum spuce’ velocity moy be defined
as 100 volumes of corbon monoxide
(measured ab standard conditions of tem-
perature and' pressure) por hour per
volume of the demse catalyst phase.

Thoe volume of dense caialyst phage is 10h
thab ocoupied lry the catalyst when fluid-
ized in o fresh comdition by tha charge
gas ob the reaction velocity. The ahsohite
space_velocity of the charge gos is detes-
mined by dividing the earbon mwnoxide 110
spaes valocity by the volumetyic fraction
of the cherge gas represented by carbon
monoxide. Thus when employing a
sharge %'i;; consisting entirely of hydrogen
and carbon moucxide in a 2:1 ratio the 113
above minimuw space velocity would be .
30G volumes of *such 2 mas per hour per
volune of dense catalyst phase. Neces-
sarily, the abeclute space velocity of the
charge gas i affectsd by the hydrogen: 120
varhon monexide ratio as well ag by the
presence of other constituents which are
relatively inert under {he conditions for
reacting earbon. monoxide, such o nitro-
gen end hydrecarhon gases.

The reactiti gos mixture may censist
gntirely of hydrogen-and carbon monaxide
but may inclade, in addition, ofher rela-
tively nom-reactive ingredients such as
nitrogen and -hydrocarbon goses sueh as 130

101,

125
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wethane, ethane and propane.

The operation is cerried out with' a
charga gas oontaining hydrogen and

carbon, monexide in a ratio substantially:

5 greater than the ratio in which these com-
pounds are converfed to other compounds
in the reaction zone. Previons imvesti-

gators have noted liftle advantage in the
use of hydrogen:carbon monoxide ratios

10 greader than L:1 in conneetion with iren
calodysts.  In this improved pocess it
has been discovered, however, that mate-
rial advantages fullow the wss of hydro-
gon : carbon. wenoxide ratiog greater then

15 about 1.2:1, preferobly greater than
about 2:1, The presence of excess hydro-
gen ip the reaction zome favonrably
afiects the guality of the product, im-
proves the selechivity of the reaction

20 minimives the formation of carhon and
thus facilitates operation et high tem-
perature levels, lessens the formation of
carhon divxide, and winimizes the need
for revivification of the catalyst.

24 In comnection with the present inven-
Hon it has been discoversd that the con-
version. operufion rarried out in the
manner described above can e extended
substantially indefinitely without the

30 necessity for catalij_‘rst regeneration by
careful control of the ratie of hydrogen
te carbon monoxide. In the forepoing
operation the metal catalyst ascumulates
varbonaceous deposits  including terry

356 metezial, waxy materials, hydrocarbon
liguids and oxygensied compounds of
high molesular weight. Tt is found that
thesa deposits somtinue to acenmulate on
the mtaf;st 2t 2 ratg and to a final per-

40 centage which is affected by the tempara-
ture and the ratic of hydrogen to carbon
monoxide in the charpe gos mizture. It
has been found, when operating at fem-
peratures effective for a high conversion

49 rote, that the lower the ratio of hydrogen
to carbon monoxide in the charge gas
mizture the wmore rapid will > the
aceumulation of carbonacesus deposits on
the catalyst surface and the higher

50 will he the percentage of the
catalyst mass represented by carhon-
aceous deposits when equilibrium condi-
tions are reached, More specifically, it

_hag been found that if tha mol radic of

50 hydrogen f¢ carbon wmonoxide is main-
tained greater than 5:1 the acoumulation
of carbonaseous deposits is gtabilized at o
zeledively low pereentage of the tolal cata-

o L¥St mass whereby the aciivity of the cata-

60 lyst under such stabilized conditions of

operation is sufficiently high to conlinue
tﬁs operation, indefinifely without the
necessity for revivification trestinent of
the ecatalyst. More speeifically, it has
- 6D been found that the operation can be con-

tinned indefinitely without catelyst re-
géneration if the {Lydmg&n : carbon. mon-
vxide ratie ia maintained grester than
#:1, for example about 10:1, or greater,

Conveniently, the high hydrogen: 2
carhon, monoxide rafio may be mpintained
in the charge gas mixture by the corn-
bined offect of supplying a fresh feed gas
nixture containing hydrogen and ua-rg?n
monnxide in a relntively high ratie snd 7
recyeling unconverted gases to form g
conrposite charge gas mixture having the
desived ratio of hydrogen to carbon mon-
oxide. By tha hydrogenation of carbon
monexide in the mavner desoribed above 8
the carbon monoxide content of the charge
gus mixture is su Hally completely
reacted during the passage of the charve
gas through the reaction zone.  Conse-
quenily, the unconverfed gas contains g
hydrogen in 2 hydrogen : carbon monoxide
ratio. substandielly greatsr than in the
charge ges. By recyeling such uneon-
verfed gas in combinwtion with . fresh
feed containing hydrogen and curbon g
monoxide in o lower rativ than that
desired in the charge gus o composite
chapge gas mixbure having the desired
rutie may be prepared.

The gases: to be rveycled may be g
obtained from the reaction, product by a
simeple preliminary cooling of the product
which separates only the mwure readily
separable Jiquid reaclion producte, or the
recycle gases may be obfained from the]g
Emdtct gas ufter exfensive condensation

reatment to remove substantially ol con-
densable hydrocarbons and ozygenated
componnds. The volumetzric ratio of re-
oycle gas to fresh feed gas is preferably U
bebween about (.5:1 and shout H:1, but
other ratios may be used if desired. For
exam%:le a composite charge gos mixiure
may be formed ;tl;; conthining a fresh faad
wixture having an  hydrogen:carbon 1]
monoxide rabio of about 3:1 with o 1o
cycle gas shream. containing essentially no
carlon monexide to produce o composite
feed containiug hydrogen and ecarbon
mdgioxide in o retic of about 12:1. The 1
eibon monoxide in this ecomposite feed
is~ substantially co-mpleteli reacted 1in
passing the mixture through the reaction
zone, A povtion of the unconverted goses
ig discarded from the system to prevent ys
the accumulation of inert gases, such as
nitrogen, ond the remainder may be re-
eycled in an amount effective to produce
the desired ratio in the composite charge
gag. .1

The principal effect of o high hydro-
gen:earhon. monoxide rotio om the re.
aclion produet.is the substential elimina-
tion of carbon dioxide @s a product. Tn
previdus operations employing hydrogen: b

¥
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carbon monoxide patios heretofore con-
gidered desirable about 40 per cent. of the
carbon. monoxide converted appeared in
the product 2s carbon dicxide. In the
D practice of this invention it has been
ibie to avold any production of cazbon
ioxide and even effect consumption of
carbon, dioxide in the fead gas.
. The improved operation is preferably
10 carried out of temperziure levels which
are relatively high as compared to: those
which would be permissible in fixed cata-
Iyst bed operaticus under eomparadle
operating conditions. 'This resulte from
15'the excellent heat transfer capacity of the
fuidized moass of finely divided ron on
iron oxide and the effect of exoess hydro-
gen in minimizing carbon formatien. li
is preferred to operate at whatever tem-
20 perutura level, in the range of 650°F. to
T50°F,, is necessary to effest high or sub.
stantially eomplete conversion of carbon
monoxide when tzeating a gas charge con-
taining more hydrogen than carbon
20 moooxile, at space velovilies equivalent
. to 2t least 1.8 stendard cubic feet of
carbom, moonoxide per hour per pound of
iron catelyst in the dense phass.
br% invention, t?,ell be desoribed f_lﬁr&eﬂ:
a0 reference fo the accompanying draw-
ing which is & view in elevation, partly
in seclion, of a relatively small reastor
employed in carrying out the present in-
vention, and by releremce 1o specific
35 examples of operations embodying the
present imvention and carvied oub in
apparains exemplified by the drawing.

Leferring to the drawing, reactor 1 con-
sists of a len of extra, heavy 2-inch

40 steel pipe which is 153 inches lomf; and
has imside and outside diemebers of 1.94
inches and 2,48 inches reapeciively. Re-
actor 1 is connected by & comical section
2 to an inlet pipe 8 made of extra heavy

45 half-inch steel pipa h.avmi on inside
dismeter of (.55 inches. eactor 1 ia
conaected af the top, by means of conical
section 4, with an enlarged conduit 5 com-
prising a leng_-th of 6-inch exire, heavy

0 steel pipe having an inside diameter of
6.78 mﬁe&. {omical section, 4 and com-
duit & constitute an enlorged extension of
reactor 1 which facilitates disengagement
of cobalyst from the gaa stream after

D passage of the latter through the dense
catalyst phase,

Conduit 5 is connected by means of
manifold 6 with conduits 7 and 8 which
cumprise other sections of extrs heavy 6-

0 inch steel pipe. Condwits 7 and 3 contain
filters 9 and 10 which are consfructed of
porons materin] which is permeabls to the
gas end vepours € ng from the Te-
Hom zone but impermeable to the catalyst

) particles cawrried by enfrainment in the

gas stream.  Filters § end 10 are cylin-
drieal in shape and closed at the bottom
e¢nds. They are dimensioned in. relation
to conduits ¥ and 8 1o provide a substan-
tial annular space betwesn the filter and 70
the inner wall of the enclosing conduit for
the passage of gases and vapours and
entrained catalyst wpwardly ebout the
outer surface of the filler, The upper
ends of filters 9 and 10 ave mounted iz 75
closore means 11 and 12 in & manmer
wherehy the gases and vapours must pass
through either filter 9 or filter 10 to reach
€xit pipes 13 and 14, Each of filters 9
and 10 iy approximsfely 86 imches long 80
and 4.5 jnches in ouiside diameter, the
filter walls being approximatsly 0.75 of
an ineh fhick.,

The greater part of reactor 1 is enclosed
in a jacket 15 which, extends frum 2 point 85
aear the fop of renctor 1 to 2 point sufi-
ciently low {0 enclose the 8-inch lengih
oI conical seckion 2 and approximetely b
inches of pipe 3.  Jackel 15 comprises a
longth of extra Leavy d-inch steel pipe 90
having an inside didgmater of 4.83 mches,
The ende of jacket’ 15 are formed by clos-
ing the ends of thé 4-inch pipe in any
suitable manner, as ghown., Acoess tothe
interior of jacket 15 is provided by sn 96
opening 18 in the top thereof thraugh =
Z-iuch steel pipe. Jacket 15 is adapted to
contain a body of liguid for temperature
control purposes, sach as water, or & mix-
tore of diphenyl and diphenyl oxide. The 100
vapours which are evolved by tha heat of
reaction are withdrawn at 16, sondenscd,
and returned to the bedy of temperature
condrol fluid in jacket 15, The conden-
sate retorned to jacket 15 may be intro. 105
dueed through line 16; or directly at o low
point, adjacent pipe 8, by an inlet means
not shown. The temperature control
fluid in. jacket 15 is maintained under o
pressure ab which the lignid beils aé the
temperature desired 'in jacket 15, Heat
ing coils, not shown, age provided in. con-
nection, with jacket 15 to maintain the
temperature control fuid therein ab any
denired temperature ‘when it is desired to 116
heat the conbents of reactor 1.

In. order fo show all the essential parts
of the veactor and :associaied catalyst
separailon means on. o single sheet a large
vroportion of the appazaius been 120
eliminated by the breaks at 17 and 18. :
For o clear understanding of the relative
proportions of the apparatus reference
may be had to the over-all lemgth of the -
apparatus, from the bottom of jacket 15 125
lo exit pipes 13 and 14, which 1= 224
inches. In each of brenks L7 end 18 the
portion of the apperatus eliminuded is
identical with. that porlion shown imme-
diately abdve snd béldw each break. .

110

180
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In operations carried out in this appar.
alus (he catalyst recovery means, compris-
ing filters 9"and 10, are efectiva tn sepas.

ate substantially completely entrained -

an

eatalyst from the outgoing stream of gases
and vepowrs. The disengagement of
volids from the gas stream is promoted by
the Jowered velocity of the gas siveam in
conduit § and remaining solids are separ-
10 ated on the outer surfaces of filters 9 and
10. The latter are employed alternatively
during the operation so that the stream of
goses add vapours and entrained solids
Pusses from conduit 5 throagh either the
5 left or right brancheg of manifold 6 into
vonduit ¥ or conduit 8. During the alter-
nate periods the filter whick is not in nse
is subjected 1o z back pressure of gas
which is introduced at a rate sufficient to
20 dislodge catalyst whick hes aecumulated
on the ovter surface of the filter during
the active peried.
und dislodged catalyst fows downwardly
in the conduit enclosing the filter and into
25 manifold 6, in which the blow-back gay is
vomnbined with the reaction mixtnre flow-
ing upwardly from conduit 5. The
greater part of the catalyst thus disledged
seftles downwardly inie the reactor and is
30 thus returned for further use.

The amount of catalyst charged to the
regclor initially is reguluted, with refer-
ence to any preliminary tregtment of the
cotalyst in the reactor and the mas velo-

35 city o be employed, whereby the upper
level of the dense phase is substantially
lower than the top of reactor 1. During
the operation the acoumulation of
deposited reaction products on the cata-
Lyst particles may cause an expansion of
the dense phase and a rise in the height
of the demse phase. In certain of the
operations discussed hereinafter the dense
phase became extended up into members
45 9 and 6, and in other operntions a portion
of the eatalyst was withdrawn to control
the volume of the dense phase,

In. the operation of the apparetus of the
iawing the desired quanlity of powdered
catalyst is infroduced directly into the re-
acfor through a suitable connection, not
shown, in conduit 5. After any desired
preliminary getivation treatment the tem-
perature of fhe floid ia jacket 15 is
55 adjusted, by the heating means mentioned

above and by the pressure control means,
to the temperniure desired in jocked 15
during the reaction. After the catalyst
mogs has reached the reaction temperature
60 the intreduction of the reaction mizture
through. pipe 3 is initiated. During the
reaction. the ligmid in jacke: 16 ia.main-
tuined ui the desired temperature by con-
trolling Hs pressure. The reaction mix.
65 ture may bs preheated approximately to

50

Suchk blow-baek gas -

the resction temnparature prior to its intro-
duction threugh pipe 3, or the reactants
way be heated to the reaction temperatura
through the passage thereof through that
portion of pipe 8 which is cnclosed by 70
jacket 16 and by comiact with the hot
catalyst, In most of the operatioms
described hereinafter it was preferred to
prehead, the reastion mixture to tempera-
tures of ab least 350°F. 7

Pipe 3 is dimensioned with respect to
reactor 1 and the desired superficial velo-
oity whersby the velocity of the goses
passing through pipa & is suffiviently high
to prevent the passage of solids down- 80
wardly into pipe 8 against the incowing

rags siream. A baﬁ check-valve, moi

own, is provided in pipe § to prevent
solids from passing downwardly out of the
reactor when fhe gae stream iz not being 8h
introduced info pipe 8.

Tu this apparatus operating runs were
made o test the eficacy of the pProcess in
the. treatment of a gas charge containing
hydrogen and carbon, monoxide o convers 90
these “reactants to hydrocarbons and
uxygenated compounds. In each pparat-
g run conditions were varied to test the
cieet of various combinations of operating
conditions, The results of ench operating 95
i ‘bre represemted the resulis
observed duting o stabilized period of
operation under a given combination of
operating conditions, The conditions of
operation and the results obiained in these 100
operating runs are deseribed helow in the
following axamples.

In the following more detailed deserip-
tion references ta linear velocity in the
reaclor are based on, the eross-sectional 108
aaen of the straight portion of the reactor,
ignoring the effect of the presencs of the
catalyst, The inlet velocity is calculated
from the gas rate entering the hottom of
the' redetor, with corrections for tempera. 110
ture and pressure existing at the hottom
of the reactor, The average superficial
linear wveloeity is caleulated from. the
arithmetic average of the gas rate at the
hotitony of the reachor a;nrlgat the top of 115
the reactor. The latter i arrived af by
correcting the outlet gas volume for water
and hydrocarbons condensed in  the
receivers, with corrections for pressure
and -d%erage catulyst temperature. Con- 120
tact Hmes referred to below ava the super-
ficlal the, in seconds, that the ras taloes
in passing through the dense phase of the
catalyst bed, Tt is caleulated by dividing
the dense bed height by the average super- 125

ficial veloeity,
Exsypre T, .
The eatalyst for usa in this operation

was prrepared from an ammonie synthesis
catalyst which had heen prepared by 130
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fusion. of alumina and potassium oxide in
molten, irnn oxide to produce o mixture of
iron oxide, alumina and potassium oxide.
This material cousisted principally of iron
oxide and comtained 2.9 pereent alumina,
1.7 percent jpofassinm oxide and 65}.6
percent iron. To prepere this material
fur use in bhis Lmproved process it was
first ground to a 6—20 mesh sige (1.8,
Btandard Sieve) and then subjected fo
leaching with water to remove potassiuvm
vxide. This treatment reduced the potas-
sium oxide content from 1.7 percent to
0.35 percent. The laached material was
then dried at 210° F, and reduced in a
stream of hydrogen,

Tu the reduetion treatment s heated
strean of hydrogen wns pessed through a
granular mass, treated to Temove water
formed by the reduction reaction, and
then recirculated. The temperature was

‘raised gradually and the reduction resc-

tion was initiated at about T00-—800° F.
The temperature of the catalyst mass was
then raised to about 1215° ¥, in 2 hours
while continning the flow of thehydrogen
stream. During the next 4 hours the tem.
perature was raised for approximately
1285° F., during which time the reduction
was substantially completed, as evidenoed
by the practical cessation, of water forma-
tion,

The reduced catalyst was ground in an
atmosphera of carhon dioxide, first in o
hand grinder and then in a ball mill, to
produen a powder having the following
sereen and roller analyses: —

ROLLER ANALYSIS

Particle Size
0—10 Mivrons  11.0%
10—20 16.45%:
20—40 20.6%
40—60 22,29
60+ 19.8%:;

SCREEN ANALYSIS

U.8. Standerd Sieve
+40 mesh  Trace
4050 Trace
60-—80 .6%
80—100 0.59,
160—120 Trace
120140 Troce
140--200  13.6%
200—Pan  B84.5%

11,316 grams of aatalyst tlus pranared

were charged into veaclor 1 throuph an
inlet (not shown) tn section 5. ]%ming

thig operation the catalyst was maintained
in the atmosphere of carben dioxide and a
small stream of 1 or € ra. 5. of carbon 60
dioxide per hour was passed. uﬁﬂr&ly
through reactor 1 fo prevent packing of
the cafalyst, Affer the catalyst was
charged to reacior 1 the carbon dioxide N
strgam was ieplanad with o stream of 65
Lhydrogen which was passed upwardly
t]g'ruugh reactor 1 at the rale of 15 to 20
cw, I, per honr.  The reactor was then
heated externally while Lydrogen was
passed upwardly through the reacior at 70
this rate. "'When a temyperature of 530°
F. was reached the hydrogen stream was
replaced by mhma? ]{l)i gynthesis fas Cf;{}nr
alsting essendially of hydrogen and carbon,
monoxide in the ratio of about 2:1. The 75
synthesis gas was passed Tupwardly
through reactor 1 at the rate of 32—48 cn.
tt. per hour. At the same time the outiel
Lressure on the reactor was inereased to 15
pounds, After 8 hours at this condition 80
the flow rale was raised to 60 cu. £ per
hour and the pressure was raised o 80
pounds. After 5 hours longer the flow
rate was raised to 90 cu. #4 per hour and
the pressure was raised to 60 pounds, 85
After 5 hours of operation at the Jlagh-
mentiomed condition the flow rate was
inereased {o 120 cu. ft. per hour and the
Presgure was ralsed to 100 pounds. A%
that condition the desired comversion of 80
hydrogen and carbon monoxide to hydro-
carbons was soon achieved and subse-
quently the pressure was reduced to 20
pounds to control the rate of reaction,
Becanse of the exireme rapidity of the 95
strongly exolbérmic reaction between
rogen and ¢arben mopoxide velative to
the rate of mixing at the rather low linsar
velocities employed, the initial period of
operation, may’ be considered ag a catalyst 100 -

. aclivation conditioning, or induetion

operation temperafure conditions were
observed to ¢ somewhat different from
thoso observed subsequently. Following 106
this preliminary’ conditioning pori d, the
activity and composifion of & catalyst
b?more or Itiss st?bﬂizeélu,n E%e rate
ol being largely o on of
operating conditions, ¥ 110

period. During the first several days of
e

This cperation was continued for a total
run langth of 812 hours, at which 4ime the
oparation was ferminated volundarily to
frea fhe apparatas for another wperation.
During the operating run various com- 115
binations of “operating conditions were
tested. The results ohserved in periods of
%ta.gli;ai operation are set forth in

2ble T, o
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Pagrs T
A B ¢ n n
Operating Conditions
Reastor Temp.—Ave—°F, .
1 12 ft. above pipe 3 535 828 524 581
2 10.5 5. above pipe 3 lii] 54b 638 549 543
3 8.8, . o» o 562 556 562 581 558
4 6.5 ,, “oon om 566 BT8 672 o87 594
5 O 587 598 828 614 620
6 250 s o 584 9532 806 588 580
7 O 561 B72 612 878 bd6
& 0.5, 4, 4 479 364 372 408 484
L} Feoed Gag Temp.—°F. 438 441 425 455 438
10 Reactor Outlef Pr—PRI a8 A0 Rl 80 a1
Gas Thronghputs—SOR /Hr, "
it Gas Entering Catalyss Bed 132.2 146.4 133.7 162.9 215.1
12 Gas leaving Catalyst Bed 70.7 8.7 73.0 87.8 107.5
13 Bilow Back to Filter 29.7 33.4 19.9 25.0 24.2
Analysis—Gas Entering Bed .
14 % Hydrogen 632.7  62.5 63.9 63.8 63.1
15 % Carbon Monoxide 32.8 33.0 30.4 31.2 85.2
16 % Carbon Dioxide 1.7 - 1.6 1.6 2.1 1.4
17 % Hydrasarbens and Inerts 2.8 2.9 4.1 2.9 2.3
18  H;C0—Gas Entering Bed 1.91 1.8 2.0  2.04 1.90
19 Inlet Velocity—Fi, /See. 0.42  0.48 048 0.5  0.76
20 CO/Hr./Tb.Fe—S8.CR 1.8 2.1 1.8 2.2 3.7
Yields {bagsed on fregh feed)
21 Vol. %, Contraction 45.1 41.9 4.1 44.5 48,9
23 Cy's €.¢. /eu. meber 82
23 Cls n o on 8
24 Cy's 2 1 on i
25 Light Naphtha v oa gy 11 20 b3
28 Heavy 0il » s g b4 48 41 42 49
a7 Tot. Liq. Mydrocarbong,, ,, ' 163
23 Water w o gy 50 40 69 64 58
29 Tot. Lig. Hydrocarbong—
Galp. Dy /Lb. Fe 0.21
30 Oxygonated Comp'ds In Watber— :
ee. fon. meber 7 & 7 B 7
31 % H, Disappearanee 47.7 48,2 62.0 b1.7 85.5
32 % CO 100.0 10600 100.0 3100.6 100.0
33 H,:CO0 Reaction Ratio 0.91 0.9% 1.09 1.08 1.65
CO Distribution |
84 % to GO, . 89.0
35 o to CH, 12.2
36 9 to C8 6.8
87 9% to Cyg's and heavier 38.8
38 % to Oxygenated Compounds 3.4
39 % to Ogs and heavier 26.3
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Tapre I
G H J K L M N
540 540 543 580 849 611 600
532 845 635 572 649 bog 698
545 559 547 b70 850 . 815 609
549 litix b4 568 651 614 610
A8l 582 866 572 664 622 617
b6a b8b bog - 569 61 620 613
548 H88 572 BT0 662 622 619
518 587 671 569 644 816 616
449 449 Bo7 568 616 bdd b05
80 81 148 52 49 80 80
.1 283.3 311 406.4 201.7 204.8 202.7 194.8
.8 168.5 165.8 186.2 214.0 96.9 153.5 81.8
A 3.7 = 31.2 18.4 22.56 22.8 26.6 17.9
.6 62.4 62.0 6L.8 62.9 62.1 62.6 4.5
T 3.4 31.6 31.2 28.6 32.6 31.0 38.8
N -1.1 1.8 2.9 2.5 1.8 1.2 0.9
.0 2.1 3.8 4.5 6.0 3.5 5.2 5.6
i.gl 2.00 1.97 2,13 1.91 2.02 1.41
1.08 1.21 0.96 1.45 1.06 1.18 0.81
8.8 5.2 6.7 4.8 3.8 1.8 1.0
41.3 50.0 52.8 24.4 i1.3 46.1 49.8
23 34 44
Ll 12 13
2 1 - . 11
18 23 13 19 28 27
42 47 62 13 19 20 40
1060 127 144
42 67 79 21 74 70 69
.28 0.38 0.27
B & 10 2 b i 3
56.3 44.8 53.5 62.0 3.7 63.5 7.3 65.9
00.0 85.6 104.0 100.0 57.0 100.0 38.8 100.0
1.05 95 1.10 1.22 1.12 1.21 1.17 0.98
4,2 37.9 30.4 37.8
9.2 10.1 10.8 10.4
8.0 6.4 9.3 8.3
44.0 42.6 47.1 - 42.7
4.6 3.0 2.4 1.8
31.7 29.4 33.0 28.3
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TavrE I (continued)
A B H D E
Heagvy il Inspections
414 Gravity—°A.P.1. bd.6 52.1 51.5 51.8 51.8
ASTM Distillation-—°F.
41  LB.P. 150 185 136 166 121
12 3% 185 297 138 202 178
13 i LA 281 245 210 221 196
14 3004 208 302 a 2806 264
45 HILRA 300 385 337 316 333
16 0% 524 497 443 457 445
47 800, 705 722 646 698 644
43 059 722 crkd. 785 erkd. 738
43 E.B.P. 747 af 92.8 VA5 at 93.5 orkd.
30 o4 Moxo-olefing 34.9 59.8 69.3 64.8
Absorber Naphtha Inspections
ol Graviby—"APT - 84.1 B50.8 80.3
ABTM Distillation—°F,
52 LE.P. 82 &0 35
53 5%, 94 93 93
54 109 98 98 102
53 3097 109 134 113
a6 a0 %5 123 134 181
a7 T0% 145 172 1546
53 9097, 212 234 219
5 059, 284 200 251
60 EB.P. 297 306 202
81 Reid Vapour Pressure—PEL 15.8 -16.4 5.0
83 % Monp-olefins 39.6 65.9 70.2
83 Howrs on Cendifion i3 12 13 18.3 24
G4 Total Operating Hours 46 58 130 143.3 214
The dutn in Table I are arranged te  line 20, since some of the catalysi would
present the results ohsersed in 13 perdods De retained on the sloping surfaces of the 2
of slabilized opevation during this operat-" apparatus ot £ and € 2nd out of affectiva
ing run. Before and after each of these contact with the stream of reactants.
b jeriods of stabilized operation there were ILikewise some of the eatalyst forms o per-
short periods of operation in which manent mat on the filter surface. A the
orerating conditivns were being changed. beginning of the operation of Table I, the 9
Results observed during these periods of aeration of the eatalyst bed rosulted in an
unsetiled operation are not presented, as average density of the pseudo-liquid
10 ther would be withont significance, In fluidized dense phase of over 100 pounds
affect, therefore, each of the periods of per eubic foot and the upper level of the
operation for which data are presented in  dense phase was approxiimalely 10 feet 3
Table I represents an indeperndent run  above pipe 3. However, neccummnlations
whuse 1'95!3’&1 are comparable with the of carbonzeeons deposit op the entalyst
15 reaulis of the other Tuns, execept far  particles, which doubled the weight of the
changes in the condition of the eatalyst. catalyst mass and reduced the density of
The saperficial contact times employed in  {le calalyst particles. reduced the density 4
these pertods ranged from 33 {o 85 of the fluid bed whereby the upper level
seeonqds.  The dain in line 20 ure based of the demse phase rose substantially
20 on the fuial guantily of ivon in the cata-  higher than 10 fast abave pipe 3 to levels

Irst indtinlly charwed to the reactor. Tha
effectitve charoe tates would, therefore, be
somewhat hizlier than the ficuves given in

in manitold 6, The density of the dense

phase was redueed also by the snbeequent 4
“Tneveases in the inlet veloeity of the gas
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TARLE I (continued)

F G H J K L M N

53.4 50.0 55.2 56.9 45.8 35.8 2.2 62.9
152 164 180 134 171 208 144 140
179 206 190 180 233 261 188 180
197 298 206 196 257 283 210 206
984 291 264 256 328 350 273 264
331 371, 332 324 420 439 337 338
445 470 430 483 580 569 439 449
670 696 682 665 737 744 679 646
arkd. erkd. erkd. erkd. orkd. arkd. erkad. 732

at 04.5  at 959 erkd.

66.1 5.7 70.7 61.2 55.8  66.9 B5.2

83.9 81.5 82.2 80.6 77.8 79.4 82.0
80 83 83 87 84 83 83
86 96 94 104 99 93 95
59 160 97 110 108 102 98
97 111 107 198 125 116 108
112 123 120 143 148 . 132 120
132 144 140 158 176 166 139
188 201 120 189 206 197 187
250 246 194 204 221 216 208
307 300 219 234 244 258 280

20.2 16.5 15.5 13.6 13.6 15.2 14.9

78.8 0.6 74.1 70.3 76.6 73.0 72.4
17 12 72 30 . 94 24 42 46
281 266.5 407 608 662 737 787

454.5

16

15

stream. The combination of theue effects
reduced the density of the dense phase o
about 40 pounds per embic foot and
increased the velume about four-fold,
During the whole operation of Tabls I
the flow of the reaction mixiure out of the
reachor was alternated hetween filter G and
filter 10 every 15 minules, and the off-
stream, filter was blown back with feed gos
at the rate necessary to clear fhe filter of
adhering catalyst.
During ihe run of Table I the resction
g;uduct& were recovered, for the mest part
conling the reaclion mixture to room
temperature, or lower, to obtain 2 con-
densate, and then passing the remaining
gas through an adsorbent. The conden-
sete comprised both heavy oil and water
produet frackions, The heavy oil fracton

20 contained a small quantily of oxygenated

compannds and. the wader product fraction
contained subsfanfial amounts of axy-
genated compounds. The adzorbed pro-

duct was recovered b{l shearn distillation,
whick produced a light naphiha fraction
condensate water and a gas fraction. The
condensate water comiained additipnal
oxygenaled vompounds. The ras fraction
was almost entirely hydrocarbons having
3, 4 or b carbon atoma per molecule. The

iclds of the various fractions were

ebermined by measnremeni of the con-
denged product and Ty absorptiom snd
combustion snalyses of the gas from the
condenser.

Adter period L, hydrogen et & rate of
15 cu. It, per hour wuas subsiituted for
synthesis gas, Simulianeously the pres-
gure was reduced fo one aimosphere and
the temperature to 500° I, The hydro-
gen was kept in for nine homrs, after
which synthesis was reswmed. -

Immedigtely following period M and
after 737 huurs of operation, there
ceouryed o briel period of operatiom ok
relatively high temperature.  Following

80

40

45
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this high temperatnre operation, the cata,.
Iysb was subjected to & ravivification
treatment with hydrogen. Tn this lreat.
tent, the unit pressure was reduced to 30
& pounds per square inch and one Lour later
the synthesis gas was replaced with hydro-
en at about 26 oubic feet per hour and
the femperature was reduced to aboxt
500" F. Afterd honrs, fhe tempersture
10 was raised to about 515° F. over & period
of & hours. The pressure wag maintained
at 30 pounds per square inch for hoars
of the hydrogen treatment and then raised
t BO pounds per square inch for the

15 remaining 3 hours. T
Operating peried N, which imme-
diataly I{Eﬁ;wed the revivifieation treat-
ment, may he reforred to for an example
of the resnlts oblained dwring this operat-
20 ing run. TIn this period of 36 hours the
mixture of dipheny} aud diphenyl ethar
in jacket 18 was maintained undsr a pros-
gure of 20 pounds per square inch 4o pro-
duce a temperature in jacket 15 of §30° I,
25 During this operation the height of the
dense bed was approximately 15.4 feet
above pipe 8, whereby the upper level of
the dense bed was located in wmanifold 6.
The catalyst density in the dense phase
30 +was approximately 44 pounds per cnhic
foot ihereby the space  veloclty was
approximately 160 volumes of feed
gas Per hour per  volume of
‘dense phage. The quality of the
35 liquid Droducts obtained = {s indi-
cated In Table I. The gus  fraction

obtained from the adsorber camprised
ubout 75 percent. olefins, & gag from
the condenser contained no carhon, wmop-
oxide uot atiributable to the blow-hack 4
gas. This indicated complete eonversion
of carbon monoxide in the reactor o
hydrocarhans, oxygenated componnds gnd
carbon. dioxide. 'The amounts of, thase
products detected in the rexction prodect 4§
mixture accounted for 99 percent of the
carbon monoxide eharged ta the veactor.

or an example of the quality of the
produet made during the operating ron of
Tahie I, reference can be had ig deter- 50
minations made on the product obtained
in period H. These determinations weye
made on @ specimen Prepared by blending
the light naphtha and condensed oil,
debutanising the blend, apd distilling: it 56
to 800° T, end point, At the same time
a diescl oil boiling betwaen 338° and 650°
T. was obtained. The raw gasoline thas
ohtained was 65.1 percent of the intal of
the light naphtha and eondenged oil, The g0
diesel oil fraction acecunted for 3L.5 per
cent., and the remaining 8.4 Percent was

materia]l  hoiling  above  450° F.
The " -maw  gasoline  fraction had
an  aniline point of 83° F.. a6

gravity of 731 API and a Reid 4
yapour pressurae of 8.5 pounde Ter sqamara
inch. The diesel ol fraction had an
ASTM pour point of -~ 15° F. and a diesel
index of 61.5. The oclune number dater- 0
minations on the raw gasoline are given
in the first column of the following {able,

Raw 100% Pentane  Tokal
Glagoline Recovery Produei
75 Octane No. (ASTM) 69 71 74
Qctana Wo. (ABTM) -+ 3 co. TRLD 79 80 82
Octane No, (CFR—R) 7 80 84
o1 93 94 -

Qctans No. {CEFR—R) 4+ 3 co. TEL

In the foregoing table the octang

80 numbers given under the heading ¢ 1069,
Pontane Recovery *’ are bated on hlend-
ing, with the raw gasoline, all fha
pentane-pentens fraction not recovered in
the condeusate oil or in the light naphtha.

85 The oclane numbers nuder {he poluion
headed “ Total Produet ¥ are based on

0% pentane recovery, the addition of.

the bolymer product obtained by polymer-
izing the proplyene and butylene portion
9% of the product, and the addition of a anfhi-
cient proportion of the butane Troduct to
pruduce a gasoline having 2 Reid vapour
presstre ofmi‘ﬂ pounds per square inch,
A concentrate of low melevular wed ht
85 oxygonated chemicals was obtained
carelul distitlation of a blend of seversl
aquoous fraetions produeed of 20 pounds

ber syuare ineh, Originally, the water
layer contsined approximately 8 parcent
oxygenated compounds. The distitlation 5.0
was conducted in a bateh columny o uiva-
ient to about 10 theoretical plates, oo
commencing the distillation, u small
amount of caustic glkali was added fo the
still pot to neatralize the organic acids
present. Formaldehyde and acetaldehyde
Twere present in the original water solu.
tion, but the amounts were very small and
nob detf;-é:nine&. Tdhe confﬁutra.’ga of
OXyTeny compounds from the pPrimary 1,0
ﬂ_ishgllaﬁon was subseguently  vefrac.
tionated for identification purposes. Five
principal cufs were obiained +whi ch wera
predominanily acetone, methylethyl
ketone,  ethanol, a-propanol,  and 115
n-butanol, results for which appear helow,

105



The ecatalyst for use in this operation
was prepared from the same source
inaterial as the catalyst in Bixample I, and
by lhe same geperal procedure, In this
cose, however, the catalyst was leached
sufficiently to reduce the potassium oxide
content irom 1.7 {0 0.41 percent. The
leached granular material was dried ab
RGO° F., overnight and then reduced in a
streamn of gen in the general
manner described in Example I. Reduo-
Jon of the catalyst was initiated ab about
700" F. thersafter and the temperature of
the eatalyst mass was raised to about
1850° F, in 4 howrs, while continuing the
dow of the hydragen stream. This coudi-
‘ion was maintained for 2 hours longer,
during which time the reduction was sub-
stantially completed. The reduced mass
was then cooled to room temperature in
the hydrogen atmosphers,

The reduced cabalyst was then gronnd,
first in & hand mill and then in a ball mi]l,
io the desired degree of fineness.
Throughout this period the catalyst was
u{l)t permitted {0 come in tf;ontact mgtf]s‘h a-iz‘-i,
the grinding operations beine conducte
m. an atmosgphere of enrbofglpoxide. Tha
catalyst powder had the following soreen

. RPd roller analysas:—

ROLLER ANALYSIS
Particle Size -

0—10 Microns  17%
10—20 19.59%
2040 249
40—60 8%
60+ 7.5%
BCREEN ANALYSIS
or U.S8. Standard Sieve
+40 mesh Trace
4060 - Trace

0,080 grams of this catalyst wese then
ckarged into reactor L by the procedurs
deseribed in Pxample I.0 Afler sharting
the passage of hydrogen through the
reactor at the vate of 16—20 cubic feet
per bour the outlet prassure on the reastor
was then raised to 80 pounds and the tera-
Perature in the reactor was raiged to
approximately 450° ¥, by means of the
heating ovils aronnd jocket 15, The
bydrogen flow rate was then inereased to
50 cubic fast per_hour and the tempera-
ture was then raised 500° IF. Then the
hydrogen stream +was replaced with g
stream of synthesis gas consisting esgen-
tially of hydrogen and carbon monoxide
In the ratic of 2:1. The syuthesis gas
was passed upwardly shrough the reactor
ab the rate of 140 cubic feet per hour.
After ans hour the temperature wes raised
to 550° F. and the flow rate waa increased
to 200 cubic feet per hour. After 5 hours
lenger the temperature was raised to §20°
I8, and after 3 Lours operation ot 620° F.
the flow rate was inerensed to 525 cubic
feet {;er honr, A't'that peint conversion of
the hydrogen and carbon mounoxide to
bydroearbons started, and the temperature

" s reduced 1o B00° ¥F. Operation ab

these conditions was continued for 35
hours longer, at which #mg the DTeSSTTe
was raised o 100 pounds.

This operation was continned for g total
run length of 1166 hounrs, after which the
operation was terminated voluatarily te
free the apparatus for another operation.
During this period the superficial gos con-
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Yield on
Blend Vapour Principal Watler Content Concentrate
Number Temp.—°H, Constituent of Cut-—Wt. 9 Vaol. 9%
I 181—132 Agstone 9.5 18
I 162—163 Methyl ethyl ketona 7.6 7
11 71175 Ethanol 7.6 30
v 187—190 n-Propanol 27.7 15
vV 193200 n-Butbanol — 5
As the distillation progressed to a vapour G0—30 ‘Lrace
J temperature above 192° F., a condensate 80—100 Trage
consizting of two phases appeared., The 100120 Trace
upper and lower phases were principally 120-—10 Trace
#i-butanol and water, respectively, 140—200 8% $0
: Bxawrrr 11, RO0—-Pan 93.5%

65

70

75

80

85

a0

tzet times were vaziad befween 14 and 85100

seconds. Tle results observed in periods
of stabilized operation are set forth in
Table I1.
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TABLE 1T
A B C D it
Operating Conditions
Reactor Tenmxp.—Ave.—"F.
1 i2 ft, above pipe 3 540 HEHY 548 562 583
2 16.5 ft. above pipe 3 041 G548 348 961 876
3 854 4w 546 553 553 567 575
n 6.5 3 3 s e 550 559 561 576 578
5 £5 5 4w 560 573 552 594 587
6 28 0 s m 571 504 603 807 588
7 1.5, 4 g o 576 b9S [AE a09 386
8 0.5, N on 673 682 592 203 80
%  Feed Gas, Temp.—°F. 450 870 403 512 501
1¢ Reactor Outlet Pressure—PSI 102 143 150 248 | 250
{as Throughpuis—SCF /Hr.
11 Fresh Fead . 220.6 276,22 402.4 104.0 329.4
iz Gas Entering Catalyst Bed 310.2 4001 02,4 $20.9 670.3
13 Gas Leaving Catalyst Bed 165.1  209.7 1v6.3 343.2 448 4
14 Xet Produet Gas 98.3 37.0 176.3  141.7 1095
15 Blow Back to Filter 4.0 138.6 23.6 31.6 3.1
16 Recycled Gas: Fresh Feed .3 .5 0 .o 1.0
Analysis—Gas Entering Bed
17 % Hydrogen 60.6  36.3 89.7 88,1  45.2
18 %% Carbon Monoxide 24.1 24.1 55.0 22.9 18.7
19 % Carbon Dioxide 7.4 9.8 1.1 9.0 13.1
20 % -Hydrocarbons 7.8 10.1 1,2 10.2 13.0
21  HygCO0—Gas Entering Bed 2.5 2.3 1.7 2.6 2.8
Fregh Feed
29 Total H, and CO—9 95.1 85.3 8i.7 84.3 04.3
23 H,:CO Ratlo 1.9 1.8 1.7 1.9 1.8
24 Fresh Feed/Hr. /Lb.Fe—S0F 1.9 11.9 31.6 21.9 15.¢
25 Total Gas/Hr./Lib.Fe—3CF 16.7 21,8 21.8 33.9 37.¢
26 CO/Bx, /Lb.Fe—SCF 4.0 5.2 T 7.7 7.1
¥ields (Based on Fresh Feed)
27 Vol. % Contraction b7.7 63.6 56.2 65.0 G6.§
28 Cy's ¢.0. ¢n, mefar 30 26 33 35 36
29 CJs v oy gy A& 11 8 16 18
30 Cy's w on s 39 18 14 18 12
31 Light Naphtha wogr o 29 35 23 36 5
32 Heayy OL wos o 42 111 6L 65 68
33 Tot. Lig. Hydrocaxbons ,, ,, ,, 137 149 143 157 137
54 Ozygenated Compds ,, 4, , 14 1L i3 17 18
35 Total Liquid v 1 g 151 163 155 174 155
86 ‘Water Produced T 126 a3 119 138
37 % Hg Disnppearanco 64.4 i8.5 32,8 72.5 3.
38 9 CO . 100 100 100 100 100
30 H,:C0 Reaction Ratio 1.24 1.42 1.06 1.35 1.:
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Tarrm IX

bab 577 538 523 500 508 539 BT - U576 5565 530 530
580 574 bis 526 510 528 b47 562 877 563 b45 548
581 676 460 42 536 556 B4 B8 693 584 575 570
hsh 588 569 5h4 846 568 593 808 608 608 5oL 587
594 320 679 561 £68 587 611 618 618 613 810 604
506 589 b7g bb8 565 604 612 614 618 608 621 6L7
594 B87 577 554 556 606 606 612 620 GoT 823 618
591 576 573 544 539 587 583 598 610 578 B1T 615

508 526 508 bG7 b45 489 a1 463 570 481 552 546
245 151 150 248 260 152 251 249 249 249 250 255

3561.6 281.5 277.3 304.8 220.3 $80.7 425.6 3522.3 467.3 285.7 207.0 210.7
656.7 404.8 403.0 636.7 636.0 380.7 687.3 866.6 001.3 5B85.2 424.0 410.7
407.5 230.6 216.5 400.0 478.0 202.7 B579.4 650.5 B27.5 418.3 275.1 289.0
104.4 300.8 90.1 &6.6 60.4 202.7 135.2 106.2 193.5 109.8 £3.9 70.0
28.6 28.7 16.0 10,4 10,9 15,8 14.9 15.2 17.0 12.8 19.2 5.5
8 4 4 9 1.8 0 1.0 1.6 9 1.0 1.0 .8
641 59.0 #9.5 56.2 50.4 68.3 B52.3 385 50.53 46.8 49.1 54.1
3.0 251 23.6 19.8 14.9 253 190.0 19.8 24.2  26.8 18.3 18.5
1.9 7.6 6.8 Ii.2 137 2.9 12.5 221 1.9 14.8 12.4 8.3
13.0 83 101 12,8 21.0 3.8 16,2 19.8 13.6 11.5 20.2 2L.1
2.8 2.8 2.5 2.8 3.4 2.7 3.8 2.0 2.1 1.7 2.7 3.3
5.4 94.7 95.0 905.8 94.9 93.6 O5.0 93.9 bé.l o6.4  93.8 91.9
1.7 1.8 1.9 1.9 2.0 2.7 1.8 1.8 1.5 1.3 1.9 2.1
19.9 16.3 16.3 18.4 15.6 83.1 39.0 32.6 .51.3 33.8 27.2 97.7
37.1 23.4 23.8 38.3 59.2 83.1 79.B 87.4 09.0 o8.8 F55.8 54,0
7.8 5.8 5.6 7.6 5.9 8.4 1.1 17.2 24.0 8.8 10.2 8.9

70.2 64,2 67.5 T71.6 72.6 46.7a 6B.0 67.0 53.6 61.6 7..6 66.8
88 36 34 32 38 a0 43 36 34 42 a3 85
19 13 i3 16 18 13 ia i3 22 20 12 10
2 15 20 13 i B B 20 i0 14 22 15
37 33 29 28 43 23 16 34 25 28 18 45
45 - 40 B2 b6 36 27 L] 39 33 38 84 28
160 137 148 146 1356 100 137 141 124 142 139 118
16 12 14 18 20 11 10 1 13 13 14 14
176 148 162 165 155 111 152 152 137 155 163 127
119 99 119 126 126 76 116 g0 a6 58 114 118

Bl 911 74.8 78.8 85.6 48.4 78.0 84.2 7i.6 7.1 84.3 78.3
100 100 100 89.6 100 95.0 100 95.4 92.5 93.2 100 180
141 1.30 1.43 150 1.67 1.3%8 1.37 1.18 1.13 1.12 1.59 1.25
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TArLE IT (contined)
A B a b B
00 Digtribution
40 % to 00, 211 24,9 39,1 19.3 993
41 % to CH 0.8 11.1 8.7 9.5 9.8
42 % fo Oys 6.6 4.7 8.6 8.5 8.2
43 % %0 C3'8 and heavier bl.6 45,6 49,1 58.1 ba. ¢
44 % to Oxzygenated Comp’dy 3.9 3.7 8.5 1.6 8.3
45 % to Ogs and heavier 42.0 44.8 377 as.e 87.5
46 % to HLO 4.8 481 85.5  §0.5  57.5
Ilagvy Oil Inspections
47 Gravily—°API 53.5  B8.8  pY.2 B63.0 7.9
ASTM Digtillation—°F,
48 LB.P. 131 14 106 110 105
49 59 187 158 153 146 144
50 10% 209 182 164 167 164
51 309, 272 248 256 235 234
52 509, 886 . 306 284 293 299
b3 709, 430 392 380 390 393
B4 909, 610 348 564 584 581
5b 85%, 706 630 685 crkd, T0%
G6 BB.P. 718 698 658 erkd,
57 % Mono-olefine 75.8 76.0 76.9 76.0 8.5
Absorber Naphtha Ingpectionn
88 Gravity—"AP.L. 76.9  70.6  82.0 8.7 70.4
ASTM Distillation—°F.
59 LB.P. 89 87 ) 86 114
60 59, 108 190 92 05 144
81 109 116 103 g4 108 156
62 309, 136 118 103 124 179
63 IR 156 185 116 142 202
64 7097 81 156 156 168 227
65 90%, 219 202 188 218 265
66 95, 235 228 225 241 265
67 BRB.P, -2h8 266 252 280 318
68  Reid Vapour Pressure~—PSI 12.6 136 17.6 13.9 6.6
69 % Mono-olsfing 77.0 8.1 78.8 5.4 4.0
70 Hours Or Condition, 43 48 4d 46 24
71 Total Operating Honrg 100 152 194, 24% 266

r
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maprE TI {continaed)
F ¢« H J K L M N P Q B S
218 92.9 =3.0 2.7 19.8 23.0 27.3 342 83.0 3L.8 ILB 18.9
f0s 102 b1 ‘4e ‘96 152 105 00 106 1L2 118 168
o% 91 87 64 106 1.3 91 8¢ 885 00 9.3 103
58 Bi4 577 59.7 8.7 46.8 50.3 45.6 43,9 469 G321 507
2% a4 4o 656 63 87 28 28 387 31 &8 43
30.5 38.3 42.2 43.7 34.9 20.8 32.1 82.8 26.8 98.12 38.6 33.5
s5.s 53.5 BlL.4 ©bA.8 B8.0 3.6 449 82.0 334 368 055 60.3
57.0 §5.3 B56.9 5.4 63,1 59.9 63.6 57.3 548 §e.8  63.1  89.2
106 116 - 116 117 118 113 94 167 11% 114 97 L8
i1a 114 — 1g4 163 ~— 119 140 176 154 128 153
164 194 1a9b 191 133 — 136 152 194 184 141 172
234 259 253 - 20656 263 299 188 284 288 266 191 231,
03 818 315 333 336 983 230 305 335 830 248 u97
393 418 408 534 441 359 330 400 440 434 334 368
ps1 619 530 648 707 18 BO6 803 666 T12-erkd. 529 539
705 700 688  crkd, orkd. 633 618 726  orkd. 667 669
crkd. orkd. 702 G40 628 orkd. arkd. 676
5.5 Tl 64.6 65.0 642 59.8 651 €89 690 67.5 3.4 501
76.6  79.4 (81.0) 79:8 7B.9 0.2 80.B 76.3 7.4 " 76.9 4.7 T8.B
&6 87 82 ]84 92 89 94 a0 94 92 a3 90
W04 . 97 95 101 104 101 105 104 132 107 108 102
190 0L a3 107 111 105 108 i10 118 113 113 109
130 113 110 121 126 117 117 129 135 128 138 121
52 134 122 136 145 13z 127 153 156 146 173 138
18 185 145 359 17l 1eo 145 171 183 175 223 186
242 228 205 207 215 221 197 253 238 240 275 230
264 238 244 243 241 286 243 291 296 284 311 276
292 900 274 974 978 284 980 325 a4 338 BHT 334
12.¢ 15.0 16.8 13.7 13.0 15.8 1?.3.8 J1z2.4 0 101 1.1 11.8 14. .4
5.6 7.2 73.8 72.3 70.4 68.9 (74) 72.8 2.3 63.4 683 64.5
s 68 48 T2 60 Bz 34 48 2¢ 24 18 5L
514 383 447 B19  B79 679 726 828 90 983 1063 1114
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" The dats i Pdble TT are arranged to
present the results obser in 17 perigds
of stabilized operation, during the operat-

g run. Throughout-this operating: run-

9 the frosh feed to the operation containad

" hydrogen and carbon monoxide in fatios

varying from 1.5:1 to 2.7:1. In most

of the periods of stabilized operation pra.

sented In Table 1T suificient, unconverted

10 gas was resyeled tn increass tha hydro-

gen:earbon monoxide ratic in the gas

-entering’ the eatalyst bed “substantiadly

above the corresponding figurs in, the

fresh feed. Tn the recyeling operations

15 the hkydrogen.: carbor monoxide ratio in

gas entering the catalyst bed varied from

-1.7:1 t03.4:1. Tn moest cases no uncon-

verted carbon monoxide was observed in

. the product mxture when operabting aven

0 ab relatively high space velucities, For

example, at a charge rate as high as 156.1

eubic feet of carbon monoxide per honr

per pound of fron complate disappearance

of the carbun monoxide was ohserved. At

25 the masimum churging rate employed,

24.0 oubic feet of carbon monoxide per

hour per pound of iron, only 68 Percent

of the varbon monuxide charwed to the

Teuctur was observed in the product mix-

0 ture. Thiy vccurred in period P, during

which time the total was charge entering

"the bed was introduced at the rate of 99.0)

cubie per hour per pouud of ,iron,

This eorresponded to = space veloeily of

35 1,915 volumes of gag entering the catalyst

bed per hour per cubie foof of dense cata~
‘Tyst phase.

During the operating run of Table II

the quaniity of iron cafalyst in the

40 reactor wes reduced periodically during

.the operation in order to obtain samples

for analysis, and in order to reduse the

volume of the catalyst mass in. the reactor,

» The accumulation rarhonacenus

45 deposits on the eatalyst particles increaged

the volume of the catalyst in the Teactor

as the operation proceeded so that the

upper level of the dense phase rose to over

14 feat abave pipe 3 ta a level in. manifold

80 6. Tn order to maintain all of the dense

. Phase in reactor 1 proper, and in order

to permit opemnfion af relafively “high

space velocities, the quantity of iron eata.

Iyst in the reactor was progressively

59 reduced whereby the amount of iron cata.-

lyst in the demnse phase decreased from

a{out 16 pounds in period A to about 5

pounds in period 5. “The catalyst density

deorensad from am initial fizure of over 80

60 pounds per embic foot to about 40 poundy

in period P. The density alse was affected

by changes in tha veloeity of the gases
passing through the reactor.

During: the operation of Table IT tha

8p flow of tha reaction mixture out of the

"dénsate,

. Pounds sunh
L

reactor wos alternated between filker 9
and fiker 10 every 15 minutes, apd the
off-stream filter wits blown baelr with, feed

“g2s at the rates indicated in Table IT.

The reastion products were recovared 70

‘during the oparation, of Tahle 1T by eool-

ing the reaction mixture to reom tempera-
ture, ar lower, o ohtain a condensate and
then passing the' remaining gas ilwough
an adsarbent, - Heavy oil and water pro- 76
duet fractions were obtained from the con-
The heavy oil fraetion con-
ddition, oxygenated emin-
a8 butyl, amyl, bexy] ond
«ptyl alecohols. The water product frac. 80

tion  contained substontial amounts of

tained,

‘exygenated campounds such. g ellyl,

propyl and butyl aleohel, acetone g
methyl ethyl kefone. The adsorhed Pro-
duct was. yecuvered by steam distillation, 85
which produced a light naphtha fraction
condensate water and g gas fraction. The
condensate water yielded additional oxy-
genated compounds, The gas fraction
was almost cntirely hydrocarhong bavingy 90
3, 4 or 5 carbon atoms per molesuls, The
amounts of ather compounds iy the reac.
tion produet mixture was determined by
absurption, combustion and mass sprectro-
metry. 5

TForty-one hours after synthesis 298 was
introduced to the system bydrogon was
added for a short period of fime fo dilute
the synthesis gag aud improve the genors]
operation.  Just befors the addition of 100
hydrogen the maximum tewperature in
the catalyst bed was about 890° 17, After
period G of the operation of Table TT the
feed to the operetion was changed to snhe
stentially puve Lydrogen, At the same 108
tims the dipheu;rgdlphenyl oxide mixture
was removed from jacket 13 and the reze.
tion chamber wag heated by means of the
external heating coils to a higher tem.
i.:era.tui‘e to effect reduction uf the catalvst

y means of the hydrogen, In tﬂis
operafion " the hydropen 'wag passed
through the reactor at flow rates varying
from 18 to 87 cubie feel; per hour and the
tempersture of the catalyst was raised in 115
about 6 hours fo au average temperature of
approximately 930° ¥, "This rondition
wae maintained, with a mawimom cata-
fyst temperaiure of §72° ¥,, for approxi-
tiately 10 hours, after which time the
femperature of the catalyst was reduced in
7 _more hours to approximately 480° P
The temperatore was subsequently raised
{0 about 500-—550° F, and maintained for
a short thme,

The pressure during the hydrogen treat-
ment was held at atmospheric for 27 honrs
with hydrogen, onee throngh, then 1% was
raised o' 150 pounds per square inch and
then hydrogen recironlation was startod. 130

110

120

125
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L ﬂfhbiﬂléwhigfhydmgeﬁ,rééﬁes-ﬁﬁmin&*hﬁrewt-or.were?lsed:-— ol e
R B L
spdeey von - Proggape <75 st v el Hydvegew -« "+ iBate
+ .1 Abmosphets - - . - Oncethrough 987 Std. ou. £6./he
Lo v 150 {scflin?m ¢ Oncse-through . 20—65 Std. cu. Ih. /hr.
5 150+ # fsq. in, “+ .. ‘Recyoling 60—500 Std..en. 6, /hr.
The total time of hydrogen treafment was Test Designation N 8
4¢ homurs. Thsreaffer?g:‘;he feed to the Howson O ton 328 1114 60
reactor was ohenged to fthe syniliesis dgus - Preshwre— Eq' in. —250——
roixfure and the conversion reaction was - Fresh Feed/Hr.(Lb.Fe  32.6 1.2
10 resumed. Prior o this reduction treat- I,;:CO-—Gas Entering Bed 2.0 3.3
ment’ of the catalyst the contact mass eon- O Disiribution
tuined 186 pournds of carbon, 0.268 % to GO, 34.2 18.9 6b
pounds of oxygen, and 0.091 pounds of ¥htoCH, snd Go's - 174 26,1
oil and wax, per pound of iron. Affer — —_—
16 ihe treatment the-eontact mass contained * - Total 5l.6 - 4b.o

0.170. poundg of carbor, 0,070 pounds of

oxygen, and 0.001 pounds of oil and wax,
per pound of iron,

After this reduction treatmenmt of the
cutadyst and atter a short peried of vari-
ahle conditions period H of the operating
run was stacted. 'The improvement in
activily of the catalyst following the
reduébion freatment is shown bg a com-
pavison of the dota of periods G and H,
which show thet & lower temperaturas
afler reduetion provided the same rafe of
conversion of earbon mencxide &s was
reached previously at a higher tempara-
80 ture. These data show also an improved

Eield. of oil and raduced production of

ydrocarhon gmases.

Most of the operating periods of the

operating rump. of. Table TI. invelved

35 reoyoling of unconverted pas ab ratios of

recyuled - gas fo fresh feed. varying from

7: 0.8:1.040 1.8: 1.0.+ The rlef:frcling oiera,»

tong ordinarily- involved relatively high

hydrogen : carbon monomide yatios in the

40 gﬁ: entering the catalyst bed. Howeyer,

the data indireto that, other conditions

being equal, and ai the sams hydrogen:

oarbon, mongxcide ratio, the aperating Tuns

;- under recycling eonditions produced sube

46 stantially more oil per unit quantity of
Fresh feed. . R

» Ong of the beneficial effests of recycling

. liew in the great improvement in: the

selectivity of the synthesis reaction. This

Bl point- iy elcarly demonstrated hy com-

Jarison -af- periods salected affor §28 and

1714 hogirs: of operation. Recyeling was

employed - In each cuse; howsver, in fhe

former period the hydrogen-carbon mon-

b oxide ratic entering the renctors was 2.0

and in the latler cose, 3.8 A -few saljent

fﬁ'tms of each of these tests arc listed

W 2 e

L]

I

z0

Thug the conversion to carbon dioxide,
methene, ethylene, and ethane . was T0
materially lower at Condition S than at
Condition N. _
Varying amounty of hydeosarbons and
uvxygenated chemicals were reeyeled with
the fresh feed to the synthesis reactor. 75
The reeycle stream was taken after the
product gas had passed {hrough the
secondary receiver whith was ordin-
arily maintained, during the recyel-
ing tests, ut approximately 40™ F. 80
and reaction pressuye. During smme
of these operations the reeyele gas
was passed through the charceal
adsorber and siripped of the oxy- -
genated compounds present and of all but 85
the very lightest hydrocarbons. In other - -
aperations the stream was not adsorbed
and contained light oxygenated materials
and hrydrocarbons, predominantly olcfins,
through .. The reeycle siream was 90
taken - just. after, the secondary receiver
and after passing through or. by-pussing
the adsorbers the pressure was zeleased
and the gas fed to tho suction of the syn-
thesis wmpress};ir.h Wélenbthe :ﬁycledwas 8b
jiCE: through the adsorber product -
gassfvlég.; meraly vented tu the atmosphers
afler motering and sampling whereas dur-
ing & number of the operations whers the
recyele was-not adsorbed the adsorber was 100
on-the produet stresan,  When Conditions - -
A, B, D, F, G 4, J,.P. and Q@ were
obtained the recycle gas was taken affer
Possage vver activated carbon, and when
hondztions- K and 8 were chiained +the 105
recycle was passed over achivated carbon
for the greater part of the tests. .
. At the beginning of the operating Tun
of Table IT the reactor was filled with
catalyst to a cafalyst bed height ef about 110
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13 foot above pipe 8. A% an averago

catalyst was withdrawn and aarated with 10

superlicial velocity of ubout 0.76 feot per  inert gas ab 1.2 feet per seoond. The
sevond the dense phass had, in the lower catalyst density was 45.0 poumds per cubic
portion thereof, a density of about 38 foot. A eimilar test at 1166 honrs indi.
6 pounds per cubic foot., As the operation  gated a density of 41.5 pounds per eubic
proceeded {he iron became partially foot, Changes in the composition of the 15
ozidiged and the catalyst also accumu- eotalyst during the run are indicabed
lated carbon and deposits of oil and wax. below in the table headed “Catalyst Com-
Aftor 586 hours operation a sample of the position.*?
CATALYST COMPOMITION
20  Total Hours On Stream ¢ 245 383 383 445 586 040 1114 1160
Hours After 1I, Treat — —_ —_ Q 62 208 560 728 780
Catalyst Analysis
Carbon—W4, 9, 0 12.4 12.4 13.4 15,1 13.6 18.3 20.9 23.2
Oil + Wax 0 4.1 58 0.1 1.8 8.0 18.9 18.6 15.8
25 Fe a3 63.8 83.7 79.1 67.1 BY.B 47.4 45.0 46.5
A0, 4
K0 0.5
Iron Distribution
- 0, Wax and  Free
30 Fe 9.1 37.2 46.0
Fa Oxides 5.0 B7.1 37.0
Lbs. /100 Lbs. Fe ¢ 19.4 19.5 16.9 22.5 92.7 38.6 45.5 50.0
Tibs, Cat/100 Ihs, Fe 107 157 157 126 . 149 167 211 2922 215
The effect of the intermediute hydrogena- Eihyl Alecohol-%, 8
3 tion treatment of the catalyst is indicated Propyl Aleohol—9 9
in the two columns of 383 hours on. stream, Buty] Aloohol—% 13
The specific effect of this freatment on the Amyl Alcohol—%: 22
varigus ingredients of the cujalyst has Hexyi Aleohol—9, 22 65

heen indicated above. The overall affeot
can be seen in the forageing table in the
reduction of the weight of catalyst per 100
pounds of iron from 157 to 126.
Oxygenated chemicals were recovered
Irom synthol oil produced at 250 unds
per square inch by means of the fullewing
P ure. The oil product was fivst
caustio alkali-washed to remove ocrganic
acids and subsequently treated with a sol-
vent to obtain the remaining oxy-
60 chemicals. The condenssd oil fraction
subjecled o the exiraction step was found

40

%o contain 6.25 weight pereent of oxy-.

genated chemicals. Since a small amount
of corbomyl compounds aldehydes and
BB Lctones—wes produced, this extract
materiz]l was hydrogenated and fhen
redistilled, ‘The distillation indicated s
distribution of alecohols in._the hydroe-
60 fana_ted extraci from the oil shown ba-
ow,

Heptyl Aleohol—% 13
Higher Aleohols—9% .13

The aloohols produced in this operation
wera principally straight chain.

A breakdown of the principal acid-free T8
oxy-chemicals from this eperation, includ-

ing thosa chemicals recovered in the water

produet, is presentsd in the following
tabulation ;-
Acetone 8.6Vol. % 75
Melhyl athyl Letone 2.7
Ethyl aleohol 46.9
Propyl aleohol 26.8
Jutyl alcohol 8.8 .
Amyl alechol 1.4 80
Hexyl aleohal . 14
Heptyl and higher aleohols 0.9

1000
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A gmall amount of carbonyl compounds
yeoovered with the systhol oil hes not
been included. — .

ExAMPLE i

&  Thiy wos o stabilized perlod of opera-
in a relutively long operating Tun. carried
ang in the reactor whose consirugtion and
operation ave similar to that shown in the
drawing and described in Example I.

10 The catalyst, employed in & finely dividad
condition, comsisted principally of iron
and contained (.70 weight percent K.O.
The average operating temperaturs in the
reactor during this operaiing period was

16 351° F. The fresh feed to the operation
was 90 percent hydrogen. and caxbon nion-
oxide, the remainder being carbon
dioxide, nitrogen end hydrocarhon geses.

Lu the fresh feed the hydrogen:oarbon

90 monoxide ratio was 2:1. The fresh feed
" wag charged {o the operation ab the rate
of 8.8 standard cubie feet per hour per
pound of the original redueed cabalyst
Preseny in the reavtor. The tail gas from

25 tle operation was recycled fo the reaction.
zone 1n 8 raiiv of recycled gas to iresh
feed of 5.2:1. During the operation all,

or nearﬁli ali the carbon monoxide was
converted to products other than earbon

.30 dioxide, . Consequenily, the hydrogen: .

carbon, monoxide ratio in the total charge

gas wos 531 to 10: L.
TUndex, these vonditions of operation the
total hiquid hydrocarbon  production
85 (ineluding oil-solubie (ﬁﬁuniu compouids)
- equalled 104 o0, per cubic meter of fresh
feed gas. This product was obtained by
condensation al lee-water temperature and
250 pounds per squaze inch. This pro-
. 40 duct had an AP grawity of 65.1 and
contained 69.8 mol. percent momo-clefins.
At the sama time the production of water
Gueluding water-soluble organic . com-
pounds) equalled 198 c.c. per cubic meler
45 of fresh feed gas. The size of the water
production  indicated clearly that the
uxygen eliminsted from the system, in
forms other $han orgenie compounds, was
being eliminated largely as water. rather

50 than carbon diexide.

- Exaurnr IV,
_. This was a period of a relatively long
operating 1nn carried out in o reactar
.generolly similar to the reagtor employed
~ 56 i, Exemple (IY and under generally
gimilar condifions. The finely divided
ivon catalyst contained, per part of irem,
.0:01 poxrk- ALQ,, 0.011 part TiO,, 0.008
00 Dottt e e atire ¥ s
=80 operating D e termnperature varl

from 610° F. near the inlet to 597" -F.
near. the outlet, and a pressure. of -250
_pounds “was Taintained ¢n the reacior.
Fresh feed was‘charged to-the: operation
(%8B -at the rabe of 46.3 cubic fesh per Jowr per

pound -of iron in the cnfolyst in the
rencior.  Tail. gas was rcoyeled o the
operativn. in 2 ratio of recyvied gas fo
fresh feed of 2.8:1. The fresh feed gas
conjeined 75.2 mo}. percent hydrogen and 70
18.8 persent carbon moucxide, the
vemainder Dbeing carbon Qioxide and
kydrocarbon gases. The tutal gas charge,
inciuding fresh fesd and recycled gas,
contained 5.1 mel, percent hydzogen and 7
11.4 mol, percent carbon monoxide, the
remainder being carbon divxide and Hght
hydrocarhon guses. Under these condi-
tions 74.7 percent of the carbon monoxide
was rveaeted, including 2.3 percent eom- 80
verted to carbon diexide. This operafion
produced totel liquid hydracarbons o the
extent of 83 .c. per cubic meter of fresh
feed gas amd 21 c.c. of uxygenated eom.-
pouads per cubic mater of fresh feed gas. f7)

The seleclivity of the opevation was
excellent when these conditions were
employed, eg,, 66.0 pewvent of the
car woneside which reacted was con-
verted fo oil (propylene and higher hydro- 80
carbons) and oxygenuted chemicals, and
only 3.3 pevcent of the rsacled carbon
monoxide was converted e carbon
dioxide. To spite of the greater hydro-
genating activity of the catelyst as o 96
resuli of the relatively high concentra-
tion of hydrogen in the reaction gone the
G, fraction confuined 44 percent ethylene,
the O, fraction 86 percent propylene, and
the C, fraction 84 percent butyfrenes. The100
oil which was condensed from the reactor
cfluent at ive-water ltemperature and
uperating pressure contained nearly 39
percent oxygenated chemicals, largely
aleohols and acids.

TIn specification No. 591,989, which
although not published at the date of the
present application iy of prior date
thereto, there is slaimed u process for the
synthesis of hydroearbons of gaseling buil-
ing vange from. hydrogen and carbon
monoxide, wherein a limited weight of s
powdered Fischer-Tropsch catalyst is
charged to o vertical reaction zome, the
bydrogen and carbon wmonoxide being 119
ceused to fiow upwardly bhrough the
clerged catalyst in the reaciion zone at a
superficial velocity as heveinbefore defined
of from 1 to 10 £, per second whereby the

catalyst is maintuined im a highly 120

105

110

‘agitated, turbulent, ebullient state, an

elevated temperature and pressure being
maintained in the reaction. zone, and the
vaporous - reaction  preducts heing per-
mitted to pass fram the mass of catalyst
into an expanded disenpaging chember
whereby velocity of the _vnpours s
smfficiently reduced o permit gravitation
of entrained catalyst into fhe - reaction
gone, the Teackion products substantially 130
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free of cotalyst being recovered from the
top of the Teaction zune, and the tempaera.
ture of the reaclanis in the reaction zone
being maintained within u desired tem.
5 perature range by ceusing a hea} abstract.
ing fluid to How continvously in heat
exchanga relationship with said mass of
catalyst. Tha cotalyst used in that pro-
cess may he cobalt oxide on Kieselguhr,

10 Having now particularly described and
ascertained the nature of our said inven-
tion and in, whet manner the samo is 1o
be performed, we declare thut what we
elaim jgz— )

18 1, A process for hydrogenating earbon
exides which eawprises continuously fiow-
ing a gaseous mixiure wmdprmng bydro.
gen nnd eathon momoxide or  dioxide
upwardly in a veaction zome through a

20 mass consising essentially of a finely
divided hydrogenating metal catalyst to
suspend the catalyst mass in said stream
passing the gaseons mixbure through said
eatalyst mass at a feed rute equivalent to

25 al, least 1.1 standard cubic feet of said
carhon, oxide per hour per pound of metal
eatalyst in t]fe dense fluidized mass of
catelyst, and withdrawing said Fayeous
mixlure from fhe reaction zone afier pas-

30 sage thercot through the dense catalysy
mass and rerovering reaction products
thevefram,

2. A pocess acoording to Claim I
wherein hydrogen and the earbon oxide in

35 svid gaseous mixbure ave charged to said
Tedctlon zone in a mol. redip substantiaily
greaver than the mol. ratio in whish thess
reactants are converted to other com.
ponnds in the reaetion zone,

40 3. A process according fo either of
Claims 1 or 2, whercin catalyst deacliva-

tion, is minimized by limiting the mol,
percentage of said carbon oxide reactant
in the gas mixture passing through said

46 zone to an amount equivalent to a mol.
ratio of hydregen to said ecarhon exide
regetant greater than b:l, .

4. A process according to (laim 2
wherein the mol. percentage of sai

50 earbon oxide reactant in the ges mixture
passing through said zome is Lmited to an
amount equivalent {6 a mol, ratiy of
hydrogen to said carbon oxide reaclant of
ahout HF:1.,

56 5, A process aecording to any one of the
preceding Claims, wherein the catalys)

‘wass oonsists essentially of o finely
divided metal and contains a mujur pro-
portion by weight of material whose

80 partiels size is smaller than 100 microns,

6. A" process according to any one of
the preceding Claims, wherein the cata-
z_lyst mass cousists essentially of a finaly

ivided iron.,

66 7. A process acomrding to any ome of

the preceding Claims, wherein the with-
drawn gaseous mx{ure is treated o
separate reactlon produets thevefrom, and

ab least a porhion of the remainder inglud-
ing unreacted hydrogen is remcorporated 7g
in_ said fivst-wmentioned gaseous mrxture
prior to introduction thereof into the rene.
ton, sone, _

8. A process according to Claim 7 in
which . narbon monoxida is employed and
the withdrawn paseous mixtnrs is treated
10 separate reaction produets and a
recyele comprismng o substantial
proportien, of bydrogen in u hydrogen :
coxbon meonoxide ratip substantially 80
greater than the corresponding ratio in
gaxd fresh feed mixture, and said reeyelg
mixture is combmed with said fresh feed
mixtuve o form sajd first-mentioned
fassous mixture, 85

8. A prosess fur hydrogenating carbon
monoxide which comprises conhinucusly
flowing a gaseous mixture comprising
hydrogen and carbor monoxide upwardly
in 8 reagtion zone through a mass consist- 90
ing esseulizlly of a finely divided iron
catalyst to suspend the catalyst wmss in
said siream, passing said siream through
said mass af u velovity sufliciendly low to
maintain the mass in a demse fluidized 95
hseudo-lignid condition lwu sufficiently

gh to produce rapid circulation of tha
catalyst particles in the mags, passing the
gaseeus mixture through gald eatalyst
mmass af o feed rate equivalent to at least 100
2.2 standerd cubic feet of parbon mon-
oxide per hour per pound of iron eabulyst
in the dense fluidized mass of catalyst,
end withdrawing said paseous mixtare
from fhe reaction mome after passage 105
thereof through the dense catalyst mass
?d recovering reactlon products there-

om, .

10. A process aceording to any ong of
the preceding Claitus, which includes the 110
slep of cooling at least o portion of the
dense mass of catalyst to maintain the
mass temperature of 2 desired reaction
temperatire level.

11. A process according to any one of 116
Olaims 1 to 3, wherein a gaseous mixtars
of hydrogen aud ecarbon monoxide is
pussed upwazdly through g reaction gone
containing fnely divided iron catalyst to
suspend the eatalyst mass in said stream 120
ip a demse fluidized peeude-liquid condi-
tion af femperatures in the Tange of
850---750° F., a relatively high hydro-
gen ;earbon monexide rafic heing main.
tained in the fresh feed to the o eration,
separating unconverted gases and unecon-
verted gases being reoycled for passage
through the renction zona in mixture
with the fresh feed, the hydrogen : corbon
maonoxide ratie of the fresh feed being 130
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23

meinteined sufficiently high o ma.mtam
the hydrogen:carbon monoxide ratio in
the compos1te fend greater than H:1.
12. The process for hydrogenating
& carbon oxides substantially as herein-
hefore dmm-ed
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