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Irmprovements in or relating to Hydrogenation of Carbon Oxides
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We, Tur M. W, umiose Comeany, a
covporation organized nnder the laws of

the State of Delawnre, United States of

America, of Foot of Danforth Avenue,
Jersey Clty, New Jersey, Unitad States of
America (Assignees of Hrwpy GmoRuE:
McCramn, LouTees Ravoorey Hims,
Joszrn Wakrsy Jewern, end Wirriay
Bemenicr Jomwsox), do hereby daclare
the natare of this invention and in what
manner the same 13 to be performed, fo be
particularly described and ascertained in
#nd by the following sintement :—

This invention relates to an improved
method and apparatns for hydrogenafing
carbon monoxide or diexide to produce
organic compounds. Primarily the ire-
proved process involves reacting hydrogen
and carbon monoxide or dioxide under
highly eofficient couditions o -produce
hydrocarbons andfor oxygenated organic
compounds, In the following description
of the invention the hydrogenation of
curhon monoxide will be specifically de-
seribed buf it will be understood, how-
ever, that the prosedure described is sube
stantially the same for carbon dioxids.

"Ii has been known for some time that
Lydrogen and carbon monoxide may be
made o react ezothermically in the pre-
semce of certain catalysts sud wnnder
specific reaction conditions to form hydro.
verbong having more than one carbom
atom  per molecule and oxygenated
arganic compounds.” In general, the syn-
thesis of hydrocarbons by the hydrogena-
tion of sarben monoxide is accomplished
in the presence of » metal or an cxide of o
metal, stch as one chosen from Group

40 VIIX of the Periodic Table, as a catalyst

46

at pressures below about 500 pounds per

sguare inoh gage and af femperatures
below abeut 750° F.

Varions methods have been practioed to
effect the reaction of hydrogen and carbon
moenoxide to produce organic compounds,
Ammong these metbods are those known. as
fixed-bed catalyst operations and fluid-bad

catalyst operations. The fived-bed opera-
tion eomprises passing a reaction mixbuze 54
of bydrogen and sarbon monoxide through

a stotionary bed of catalyst in a reaction
zone, and the fuid-bed operation comprises
Pasging a reaction mizture through g
finely divided cpiadyst mass suspended in 55
the reaction mixturs in the reaction zone
wader conditions suck that 2 so-called
peeudo-liquid dense phase of solids is
formed. Characteristically, certain re-
action couditions are necessary for each xp
of these processes and for the pazticular
entalvat used.

The synthesis feed gas or reaction mix-
ture comprises & mixture of about 1 to 5
mols of hydrogen per mol of carhon mon- g5
oxide and may be prepared by various
means invluding the eatalytic comversion
uf natural gae, steam, and carbon dioxide,

The most recent development in the
synthesie of organic compounds from g
hydrogen and carbon monoxide has been
in, the fluid-bed type operation. This type
of operation has had several apparent
advautages over the fized-hed operation
and has yielded organic compounds of 75
high quality and in larger guantity per
poand of catalyst. (Jperating ot a tem-
peratmre of shoul 600° F. and ot super-
otmiospheric pressures wsing o fluidized

. iron catalyst, conlraction of reacting 80

gases of about 41 per cemt to about 70 per
cent and a ecarbon monoxide disappeaz-
ance of about 86 per cent to about 100 per
cent have been observed. The seleclivity
of the reaction is dependent on the concen- B5
tration of reactants butwith relatively low
H,:CO ratio about 25 to about 40 per
cent’of the (0 is comverted fo C0,, and
oil and water yislde of shout 100 ig-130
ce. par onhic meter of fresh feed and 90
about 60 to 120.ce. per subie meler of
fresh feed, respectively, ars obiainable.
Even in view of the relativaly good .
results obtained by the fAuid-bed type
oparation, certain 1nherent disadvantages 95
have been found. In such flwid-bed opeza-
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“tiuns in which the calalyst is suspended in
the reaction mixture to form & pseudo-
lignid dense_phase of solids, classifica-
tion of the sohids often ocours vausing par-

9 tial deaeration of the catalyss beﬂg and
channeling of gas. There is alsa a tend-

. eney for tha fmid-hed to seltle afier-ex-
tended use of {lie catalyst as a result of
the agglumeration of the catalyst particles

10 sansed by the presence of ralatively high
molecular weight organie compounds and
earhonaceous deposits accumulating on
the catalyst particles, This aceumnlation
of such deposils on the estalyst also re-

15 duces the available active surface and

consequently the conversion. Tt also re-

duces the density of the catalyst mags
thereby requiring s greater volume for
the same weight of eatalyst.

20  Diffoulty is also encounterad in the ye-
woval of the axothermie hegt of reaction
from the fluid bed. The rate of reaction
in the kydrogenation of carbon monoxide
varies with femperaturs and there is com-

20 siderable change in the production distri-

bution in the higher range of operating.

temperatures -8 compared ‘to the lower
range of operating {emperatures, The
lower range of operating temperotures is
30 more favourable to the produckon of
higher-hoiling produsts’ which buve =
tendency fo condense om fhe catalyst
varticles. 'Fhe condensed material on, the
catalyst. particles may rconse agglomera-
85 tion and 15 potentinl eoke, and, if the tem-
parature jnerceges above certain Limits
within the reaction sone, the formation of

coke upon the céxtaf‘yst particles s

ancclerated. Temperatures low enough to
40 condense the relatively high-boiling pro-

ducts, and femperatures high enough to -

coke the condemsed mafertal can offen
oeenr-in different parts of the Juid-bed.
In a reactor with the fuid-bed of catalyst

45 on the outside of the cooling tubes, the
desion: space between the fubes must be
made st[rﬁt that the catalyst particles wilt
pot o bo cooled below the minimum allow-

. able temperature or such that the catalyst
60 particles will not be heated fo un exces-
sive {emperature at any particular time.
Howaver, to insure conling and at the
same time to prevent overcuoling of the
catalyst; the tube spacing must be as close

b5 ns mechanically praetical and the eoolant
temperature must. closely approach the
catalyst bed temperature, Such a design
obvicusly résults in an expensive unit, On
the-other hénd, if the finid-bed of catalyst

80 is inside the tubes, a velocity which will
- permit internal recycling or fuid-bed
opergtion within the tubes will Tesnlt i
such a low-velocity in the zones under ynd
above the fube sheet that the residence

85 time of the reactants in excessive and gvears

. eathen ‘monoxide in whic

heating results. The overherting causes
coke formation. It is desirable, therefore,
{0 devign or provide a system fo overcome
the fendency of uvereouling or overheat-
ing Huid-bed systems. (]
Amother inherent disadvantage of fluid-
bed operation is the faet that the catalyst
concentration in the flyid-bed cannot be
controlled to any great extent since a con-
siderabla ehange in the gus feed volwmne is TE
required tv change the catalyst concentra-
tion in the fluid bed, Changes in the fuid-
bed concentration may oeenr bhut usnally

.do net oceur at will but ceeur as 2 result

of aceumulations of deposits fhereon or &
from loeal partial deaeration.

Biill a further disadvantage of the
fluid-bed iechnique is the fac} that the
catalyst ig retained in the fluid-bed for an
extended and prolonged length of time. g
If a portion of the catalyst is continuonsly
or jnlermittently withdrawn for cooling
and regeneration, purposes, it follows that
& portion remains in the fluid-bed in the
reaction zone ulmost permanently, Tha g
prolonged residence time of the catalysi
in the reaction zome results in consider
able deactivation and changes in density
of ihe catalyst as o resnit of such factory
a8 the aconmulation of carbonaceons de- 95
posits thereon, ete. Another disadvaniage
of uneontrolied residence time is that the
high rate of sccumulation of dsposits on
the catalyst limits the ratio of H,:€0 o
uneconnmically high ralivs, Tt is, theres 1
fore, much to be desired to provide & syn-
thesis reactor and process in which the
gas residence time, the catalyst residence
time, and the temperature of zeaction are
under full and positive control. 1

It is an ohject of this.invention to pro-
vide apparatus and a process for preveni-
ing or minimizing the sbove difficulties
epepuntered with fluid-bed synthesis
operaticas. 114

It is another object of this invention to
produce hydrocarbons and for oxygenated
organic compounds by the inferaction of
carbon monoxide in the presence of a
in the presence of & catalyst. 115

Another object of ‘this invention is to
provide an improvement in the synthasis
of hydrocerbons from hydrogen end
eurbon manoxide in - the presence of 2
finely-divided fluidized catalyst, 12

Btill & further object s 4o frn-vide &
method for the synthesis of hydrocarbons
using a zrelatively low feed malic of
bydrogen to carbon menoxide.

Siill snother object is to. provide u 125
fluidized process for the hydrogenstion of

i the catalyst
life is extended and prolonged.

Anolher object is to provide un effec-

: tive putalyst stripping zone to remove the 18(
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oceumulation of high molecular weight
organie compounds before the ecataiyst
contacts fresh feed gos.
Yot sucther objeet is o provide 1 posi-
5 tive mixing sone where relatively cold
feed gas can be contacted with relatively
hot; catalyst and imsure preheating of the
gas to the reaction temperaiyrs.

Various other ohjects and advantages .

10 will become apparent to those skillad in
- the art from the uccompanying deserip-
lipn and diselosure. :

The proeess and apparatns of this in-
vention provides a method for controlling

15 the residence fime of a finely-divided
‘Huidized hydrogenation catalyst in 2 re-
action zone for the hydrogenation of a
carbon uxide, According fo this juvenfion
.8 gasedts mixture comprising hydrogen
20 und carbon mgnoxide or dioxide iz flowed
at g velocity of at lenst five feet per nacond

in contuct with a finely divided hydro-
genating ratalyst of such size that said

- catalyst is moved in the direction of flow
25 of seid gaseous mixiure in o relalively
dilute condition. The operation of the
%n'esenﬁ proeess is such that all of the eata-
t{st particles are continnously moved in

¢ direction of fow of the gases fhrough”

80 tha reaction zone by entrainment in con-
st {o being held in. suspenmsion in a
pseudo-liquid dense phase of sclids aceord-
ing to conventional operations. In the
conventional operation in whick the sus-

36 pended solids form a so-called Ezl;eudo-
liguid denss’ phase; the finely divided
solid particles are in z turbulent condition
and are circulated or reaycled wilhin +he
dense phass itgelf. If any of tha haavisr

‘40 particles in dense phase operation are
cizenlated thromgh the resction zome, they
are dons so only. by virtue of the humping
offect of the lighter particles which. force

_ the heavier particles through the reaction
4H zome and the residense of such particles
ir indefinite.

In order io achisve continudéus circula-
tion of the catalyst parlicles through the
reaction zone by entrainment in' accord.

50 ance with the feachings of this invention,
2 velocity of at least 5 preferably sbove 8
feet per second must he used., Svﬁll more
preferably, the velocify is above ahout 8
or 10} feet per second and may be as high

85 0540 feet per second or higher, The actnal
velocity will depend uwpon the chemienl
and physical properties of the finaly
divided solid material and also upon the

. size of the solid particles. When a con-

80 tinuous catalyst phase of circulating cata-
lyst particles is formed at the velocities
doserabed in accordance with this inven-
tiem, the oconcentration of the finely
divided. catalytic material fu the reactinn

85 zone is’ gemerally below shbout 25 ponnds

per cubie foot of gas at operating condi-
tions of temperature and pressurs. The
residence time of the raseous reactantsand
conversion products in ‘the reaction zome
should be suflicient to abtain the optimum 70
vield of hydrocarbons andfur oxygenated
organic compounds, 'The residence fime

of the eatalyst may vary o a considerable
extent and at very high velocitiesmpy be
substantially the same as -the residence 76
time of the goses and reactants ; however,
the resideace time of the catalyst is com-
paratively short with regurd to flnid-hed
operyiions, being » matter of seconds with .

& pressnt operation, as compared to a 80
matter of minutes or hours with fluid-bed
operations and is under operating conirol
over a wide rauge, - )

en a enntinunous ealalyst phase of

cireulating catalyst’ particles is formed 85
ot the velocities desoribed in accordance
with this inveniion, the concentration of
the finely divided eatalytic muberial in
fthe reaction zone is 9 function of actual
velocity and characteristios of the vaper 90
(such as density and viscosity) and is also
& function of the average sise, ramze of
size, and physical characteristics of the
cafalyst and will vary between u Sgure
proportional to the feed rate and a figure 95
propozrtional to several (4—8) times the
feed rate. By variation in cross section
of the reaction gone in diffsrent sections
thereof, cuncentration of catelyst may ba
varied in such seetions. . By varying tho 108
feed rate of the catalyst to any particular
high velocity section of the cireuit, the
concentrations of catalyst in that section
mey be controlled. At any given fresh
feed rate the concentration of catalyst 106
may be varied by usine more or less To-
sycle vapor to change the velocity within
the limits of the particular design.

n.eomrventional fuid-hed $ype opern-
tions the fingly divided catalysh furms a 110
co-called pseudn‘-liquid dense phase of
catalyst tn the reaction zons, The velocity
of the gas stream passing through the
pseudn-liguid dense phase of catalyst is
sufficiently low to maintain the catalyst 115
mass in the so-called dense fAnidized con-
dition and yet sufficiently high te main-
taix the finely divided cetalyst in a tur-
bulent eondition in the dense phase. Tu .
this ‘condition. the catalyst mess may bes 120
said to bs suepended in the gas strepm but ]
nak entrained therein in the -gense that
there I8 confinnous movewent of the finely
divided catalyst particlss inthe direvtion

of flow of the was streare. Ju the fuid-hed 125

typs eperstion & small proportion of the
finely divided catalyst in- the Auidired
mass may become entralmed in the gas
stream: emerging from. the upper sarface

of the fluidized mass, Aocjuslly, therefore, 130 -
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two phases ave formed in the reaetion
gone; o dense psendo-lignid catalyst phase
in, the lower portion of #he reaction zone,
and a dilute catalyst phase in the apper
& porilion of the reaction zome. The concan-
iration of the catulyst in the so-called

Jense phagé is nsnally at least 25 pounds -
Ei_c fout of gas and ggnemlly he~

JeT cu
iween about 63 and about 120 pounds per
10 eubic fool of gas., The smount of cafalyst
in the so-called dilute phase is generally
less than about 0.01 pounds per cubie fook

of gads, .
Tgha'catalyst employed in the present
15 jnvention is a finely-divided powdered
catalyst of o metal or metal oxide whick
is or becomes in the reaction zune 2 cata-
lyst for the hydrogenating reachom.
Finely-divided metallic iron o iren or o
20 mixéure of metfallic iron and irom oxide
are an example of the catalyst employed

in this inventfon, Preferably, a metallio

iron catalyst is used in the finely-divided
form. Other metals and metal oxidey may
25 he emploved which are effective in aatalys-
ing the hydrogenation of ecarbon mon-
oxide, such as cobal?, nickel, and other
metals of Grroup VIIT of the Periodic
TPable. While the catalyst powder usually
30 consists of such catalytic metals or fheir
" oxides, it may also inglude a minor
amount of promoting ingredients, such ag
alkalies, zlumina, silica, titemia, fthoria,
manganess oside, and magunesia, - Also,
35 the calalyst may be supported on a suit-
able support, such as a bentenite type
clay, the product known by the Regis-
tered Trade Mazk, * Super-Filirel,”
siliea gel, alumina, and mixtures of these
4G supports. In the following deseription,
catalyst powders comprising a metal andf
vr o metal oxide and contaming ab most u
minor proporticn of promoiers ars
referred to as finaly-divided metal hydro-
4b genabion catalysie, .

The exact ci.emical “eondition of the
catalyst in ite most active form is nob cer-
tain. Tt may be that the aclive form s

resent when the metal is af an optimum
50 'Eegree of oxidation and for ecarhurization.;
consequently, a melallic iron catalyst
whicl is in a radueed condition when first
contacted with the reactants may reach
its etate of highest aclivity through being
55 oxidized and/or carbnrized in the reac-
tion zone. Therefore, in this specification
and olajms, the catalyst employed is de-
seribed by reference fo its chemieal com-
position when first contacted with the

60 reuutants. :

The catalyst is employed in a fine shate
of subdivision. Preferably, the powdered
catalyst inditially vontaine no more than a
miner propuriiod by weight of moterial

65 whose gverage particle diameter is greater

that 25¢ mierons, The greater %mportion
of the eatalyst mass, preferably, com-
prises a matcrial whose aversge particle
diameter iz smaller than 100 microns in-
nluding at least 25 woight per cent of the 70
material io a particle size smaller than, 40
microns. Ap example of a desitable
powdered catalyst s one which comypriscs

at least Th per cent by weight of maderial
smaller than 150 microns and at leagt 25 75
por cent by weight of materials smaller
than 40 mdicrons,

The temperature of reaction for the
hydrogenafion. of carbon, monoxide is
generally between obout 300° F. aud 8D
about 7al* ¥, With a metallic iron cata-
lyst, temperatures belween 450° F. and
750° F. are usually employed. With a
cobalt catalysl usually a temperature
balow 450° F, ig sufficient for the hydro- 85 -
genpling reaction. However, within the
broad range of temperatures it is a neces-
sity to mantain the temperature within u
close range, at some level, for optimum
seleetivity for any given reaction and a 9
change in tempezrature may be desirable

_ a8 the concentrabion of reackanis changes,

etc. Pressures employed are somewhat
ahove atmospherie und renge from sbout
10 pounds @0 28 much as 600 pounds per g5
equare inch gage, preferably bebween
abuut 80 pounds and abeut B00 pounds
per squaze inch gage.
In effecting tﬁ‘e reaction it may often
haeome mecessary to cool the reaction sone 150
to maintain the reletively constuni tem-
perature necessary. Various methods of
evoling the reection zone ilscll, sueh as by
external cooling means or hy injection nf
a cooling medium, such as a vaporizable 105
liguid or u gus, directly into the reachion
mizinre, may be practiced without de-
arting {rom the scope of this invention.
‘urthermore, it may often hecome neces-
sary to preheat the renction mizture prior {10
iy entry into the reaction zone, and. alse
the catalyst may be preheated before
introduetion in the reaction mixture.
However, the rooling and preheating are
factors which will he characteristic of the 116
partioular apparetus being vsed and the
particular conditions under which the ye-
action, is effected.
According to a preferrsd embadiment
of this invention, a fresh fesd gas having 190
o hydrogen to ecarbon monoxide ratio
ligher than the ratie in which these com-
pounds are converted fo other compounds
is employed and the ratio of hydrogen fo
carbon monsxide in the resction zone it~ 195
self may be inereased above the ratio in
the fresh feed gpas and to a desived value
by recyoling a portivn of the unconverted
pas from the reeetion zune, after removal
of u part ¢ ull of the normally lguid pro- 180
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ducl by rondensation, & ratic of hydrogen
1o carbon monoxide in the fresh feed gas
1s used in whick only & portion of the
- hydrogen is converted to products of the
5 process. A portion of the effluent afier re-
moval of the major proporlion of the
liguid product is recyeled to the reaction
#ong in o volumetric rabio of recycle to
“fresh feed gas of about G.6:1 to abomt
W 10:1, generally about 1:4 to about 5:F
or G:1. However, depending on, $he char-
acter of the available feed mas or on the
character of the desired produet, it may

ur may not ba desirable to recycle the non-

& condensed portion of the reaction effiuent,

and, tliereiore, once flirough or single

pass operations are within the scope of
this fnvention.
Por efficient operation it is usually de-
94) sirable to have a higher ratio of H,:CO
in the fresh feed then the ratio of con-
sumption in the reactor. Tlis insures
sufficient sorplus hydrogen to permit in-
creasing the concentrafion- by reoycling
25 whicli 1n turn insures the ability to attain
economic conversion of the carbon mon-
oxide. . .
The liahility to -accumulation of de-
Dosifs. on the eotalyst which is character-
d istic of the fluid bed reactor is seriously
aggravated, by low H,:C0 ratios in the
reacior feed, necessifating high recycle
rates which sharply increase the cost of
the equipment and the operation; The
35 Tatio of hydrogen to carbon monexide in
the reactor feed is uswally about £.7:1 e
about 3;1 and secording 4o this prosess
mn.r%r be maintained bebfween abouf 0.7:1
and sbout 1.5:1 withont detrimental
40 effect om the synihesis reaction. The retio
of hydrogen to carbon momnoxide im the
frash feed ilself may be considerably
lower then din the reaclion =zone or fodal
feed and may range from about {L7:0 to
45 about 2Z:1 at relatively low comversions
Per pass.s
The linear velocity of fhe gaseous reac-
tion mixbure passing upward through the
seaction zona is conveniently expressed in
h8 terms of pupcaficial velocity, which is the
‘linear velocity the feed streaws would
assmme if passed through the reactor in

{be absence of catalyst, and iakes into-

aceonnt the shrinkage in volume eaused

55 by hydrogenstion peaction. :
The coneentration of the eatalyst in the
gaseons reaction mixture in-the reaction
zope ig less than about 18 pounds per
anbie foot. of gas at operating condilions
B0 for best operations, and at ths preferred
operating conditions with an ivon cadalyst
is bhetween sbout 8 poynds and about 1@
pounds per cubie foot. Coneemtrations as
low as one ponnd per cuble fool miay be

86 employed without departing from the

scope of this invention. The actual econ-
centration required in the above range
will depend to & cerfain exient uwpon the
amount of inert gas in the reaction sone
snd also upon the seenmulation of earbon 70
snd wax on the catalyst particles ss the
operation proceeds, The accumulation of
wax and sarbhon on the catalyst deereases
the purticle density and hence the weight

of catalyst per cubic foot of gas at any 76
given velocity. The above values repre-
sent the usual lmits but the values may
vary in accordance with the character of
the caialyst and operating coudifions,

Although the invention has been de- 80
soribed with reforence to au upward-flow-
ing gageous siream of reactants and cofa-
Lyst, it should be understoed that the cafa-
lyst and reactanis. may flow togsther
downward, horigontally, or even angu- 85
laxly, through a reaction mone without
departing from the sco&)e of this iuven-
tiom: It has been found that by wpward
flowing of gas through s substantially
vertical reaction zone the weight of pata- 90
Iyst per cubie foot of gas and the resi-
denee time of the catalyst can be von-
tzelled conveniently and acewrately and
for that reason is the preferable method of
eperation. It should beundersiood that the 96
Taaction continnes i the down-flow opera-
tlD]:Ils although the vatalyst concentration
15 less, o )

In operating = symthesis process under
set condilions within the limits of this 100
invention with an iron catelyst and &t =
{emperutuzre between sbout H50° F. and
-about 630° F. at relatively low super-
atmospheric pressures, a contrpction of
the catalyat gas of about 25 to about 85 105
per cent has becn observed, The earbon
monoxide disappearance is about 70 per
cent to abont 88 per cent end the sclec
tivity of the remcfion illustrated by ihe
conversion of carbon momoxide (o 110
carbon | dioxide iy abont 15 per
cent to sbout 80 per cent. Con-
densed oil ond water vields of abous
50 to sbout 160G and-about 80 to sbout 175

ve.s per cubiec meter of fresh feed mas, 115 _

respectively, are cblained by operating
acearding to the present process snd roay
eontain apprecipgble guantities of orpanis
chemicals, R '

The inventica will be described further 190
Ly reference to the asccompanying draw-
ings which are views in elevation, partly
in cross-sechion, of suitable apparatas for
carrying out tha process of fhe present
invention, Fig. 1 of the drawings iz ak 195
elevational view diagramrastically illus-
trating a- renction zome and switable
auxiliary equipment nesed for carrying ont
vne embodiment of the presemd invention,
Figures 2, 8, and 4 of the drawings are 150
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other reactinn chambers embodying the

essemtinl features of the present invention

and may be substitnted for the reaction

chamber shown in Tig, 1 of the drawings.
5 In Fig. 1 of the drawings a synthesis
gas -comprising hydrogen and carbon
monoxide present in & railo between about
0.7:1t and about 1.4:1 is obtained from
any suitable souzrce. For example, a suit-
able source of hydrogen and carbon mon-
oxide is the conversion of steam, vurhon
diexids, and methane in the presenoe of o
suitable catalyst, such as nickel., The re-
gilting mixiure of such 2 conversion usu-

10

15 elly contains sulphur and sulphur com--

pounds, and the gas is preferably purified
to remove such compounds therefrom. I#
a sulpbur resistant eatalyst is used the
purificetion step is unnecessary. Afier
purification in conventional manner
known to those skilled in the art, the miz-
ture of hydrogen and earbon monoxide is
introdneed tnto the lower end of a 26 foot
" length conduit or tubing 8 of Fig. 1. Con-
26 duit 8 is a curved condwit whick has u
m@'&r portion thereof positivned substan.
ially vertically and is made of exira
‘heavy 1 inch steel tubing having an in-

20

side dizmeter of 0.95 inches and an ouf- .
side diameter of 1.81 inches. Conduit 8 is .
ulss lugged with about & inches of heavy

a0

lagging. The vertical section of conduit 8
is about 19 feet in length. The gaseous re-
eetion misture s passed upwardly
through conduit § and catalyst from a
standpipe 10 is introduced into the flow-
ing maseous stream in the lower portion

11

of conduit 8, as shown. The velocity of .
the gas in conduit 8 is maintained above.

40 5 feet per second in the vertical section in

arder to prevent the formation of o

paeudo-liquid depse phase of eatalyst in
the vertical section of the condmit, bt
instead to form a continuous cafalysh
Phase of relatively dilute concentration.
The velocity of the gaseous stream in con-
duit 8 may Dbe between about 12 and
about 40 fest per second and af such velo-
cities the calelyst is eutrained in the
guseous siream snd passes overhead into
the upper pertion of standpipe 10 with the
gaseous stream ilealf, Since a continuous
- catalyst phase is present in conduit 8, the
amouxt of cabalyst taken overhead into
85 the standpipe iz approximately equivalent
0 the amount of catalyst introduced into
the lowsr portion of conduit § from
standpipe 10 .
. S{andpipe 10 comprises fwo substan-
tially vertical, comecemtrie, cxira heavy

50

€0

mately 4 inches in diameter and an in-

side tubing 10 having an inside diameter
_ of 1.95 inches and an ouiside diameter
85 of 2.5 inches, The outside 4 inch pips 11.

steel efipes; an vutside pipe 11)of approxi--

iz welded at its ends to the inside tubing
10 to form an enclosing jacked which may
be filled with a liquid as a cooling or keat-
ing mediom. This jacket extends about

.20 feet of the total length of 23 fest of 70

tubing 10. The cooling or heating medinm
fs introduced intothe annular spave formed
by iwo conceniric pipes through line 12
and may be withdrawn therefrom through
lire 15, In some instances the cooling or
heating medium may bs introduced
through line 15 and removed through line
12, if desized. In -another embodiment
where the ligquid introduced into the
annular space is evaporated therein and

76

B

* the latent heat of evaporation iz used to

cool the catalyst, liquid is imtroduced
through Iine 12 2ad vapors are removed,
alsp through line 12.

Catalyst passes from conduit 8 info s
eonieal section 14 which has 2 larger dia-
meter then conduit 8 and thereby the
velocity of the gases are diminished and
the eatelyst separates from the gaseous
slresm and flows downwardly inic con-
duit M. A slida valve 13 in the lower por-
tion of standpipe regulates the flow of
catalyst from condnit 14 into conduit 8,
The upper end of eonduit 10 i connected
by means of a comieal section 14 to an en- 95
larged conduit I6 comprising a length of
B<inch extra heavy steel tubing huving
an inside dianmeter of ahout 7.63 inches.
Conduit 16 facilitates the discngagement
of the catalyst from the ges stream afler 100
the pessage of the latter into conieal seo-
tion 14, Condutt 16 ie connecled by meany
of manifald 17 with conduits 18 and 19
which comprige gther scetions of exira
heavy 8-inch steel tubing. Conduits 8
and 19 confain ceremic filters 20 and 21
which are coustructed of porous material,
guch as alnndum, permeable to the gases
and vapors emerged from conduit 8 but
impermeabls to catalyst *° fines ' en-
{rained 1n the gaseous effivent, Filiers 30
and 21 are cylindvical and are closed at
the hotiom ends, A subsiantial snaular
space is provided hetween the wall of the
filters and the wsall of the enclosing con- 115
duif for the passage of gases and vapors
and enfrained catelyst upwardly Through
the arpular space between the filters and
condnits 18 and 28. The upper ends of
flters. 20 and 21 ars mounted inside com- 190
duits 18 and 19 by means of enclosure
means 22 and 28. The pases and vapors
mugt pass through eitber or both filter 20
arql filter 21 to resch omtlet conduity .
and 26. Bach of the filters 20 and 2], iz 125
approximately 36 inches lomg and 42

a0

105

110

- inches in vulside diamster, the flter walla

being approximaiely § of an ineh thick.
Taion of the various canduits in the
upper portion of the standpipe 10 is made 130



656,560

10

i5

20

25

50

by welding. . -
‘When using a metailic iron catalyst in_
a finely-divided state, wusually heiwesnt
abott 40 and about 150 microns, the etn-!
perature of reacltion in condnit 8 is be-:
ween 680° T, and about 650° T, A pres-i
sure of about 80 pounds per square iner
gage has besn found o be quite satisfac-h
tory. However, various pressares abov
ond below this may be used without de-
pariing from the secope of this invention.
With a veloeity greater than 10 feet per
second in conduit 8 the reaption time is
less than 3 ssconds per pass, O%Ja'ating
at a ges velocity of about 16 feet per
second. in condwit 8 o laading of ahout i
pounds of catalyst per cubic foot of mas
eutering conduif § will produce p concen-~
tration of about 12 pounds of catalysh per
subje foot of gas in the vertical section
of comduit 8. Similaily, if the loading is
cut to about 4 pounds per cubic foot of
gas the concentration of cadalyst in the
variical seetion of conduit 8 is about B
pounds per cubie foot, Inm all cases fhe
velocity of the gas passing throngh con-
duit 8 is mointained above 5 feet per
gecond in order to. prevent ¢ formution of
a dense pseudo-liquid phase of catalyst
and to assure a continnous phase of cala-
Iyst in condwit §. Im operating at such
high velocities the eatnlyst is enfrained
in the gassous mixture and flows from tha
lower portion of conduit 8 fo the wpper

g5 porbon thereof and seftles or sepazates

fyom the gaseous mixture in comical ges-

-ion 14 and enlarged eomduil 16. The

gaseons porticn of the mixture from con-
duit 8 flows npwardly through the Aliers

40 20 and 21 and into the respeciive autlet

15

50

conduits 24 end 28. Separated catalysi
fows downwardly through condult 160 and
by the regulation of valve 13 is introduced
in the conduit § at the desived rate. The
density-of the iron cutalyst in condnit 1(
i usually wbout B0 pounds to 110 pounds
per cubic foot of volume.

Tn some instamees, the heat of reaction
mey be removed by cooling the catalyst
and using the sensible heat of the catalyst
as o means for cooling the resslion mix-
ture in the roaction zone. To accomplish
this cnd, tke eatalyst in this particular
upparatus may be cooled in conduit 10 hy
introdueing o liyuid, such as water or that
Ingwn by the Repistered Trade Mark
** Dowtherm,” through condnit 12 jnle
the annular space hatween concentric con-
duife 10 and 11. The evaporation of the

60 water or “ Dowlberm * in the anuular

space rotuoves a large portion of the heat
in the catalyst, The cooled catalyst is then -
introdueed into condnit 8 for zecyeling
throngh the reaction rone oz conduit 8,

85 Conduit 8 may he eooled: directly itaelf by

indireet heat exchange {not shown) with-
cut departing from the seope of this in-
vention. Various other methods known
to those skilled in the art may be used to
cool either the resction mixturs in -con-
duit 8 or the catalyst in condnit 10 with-
out departing from the scope of this in-
veniion, o
Since the pressure differential between

‘just below slide valve-13 and the upper

portivn of reaction rone & may vary to a

. considerahle extent, it is nevessary to con-

tral slide valve 13 io oompensate for the
pressure differential in order to obtzin o
constani flow. of catalyst from standpipe
10 intn condnit 8. This conlzol of slide
valve 13 Is obizined by cohmecting a
differential pressure recorder 28 hy means
of econduil 27 and 81 40 the upper and
lower portions of standpipe i, as shown,
end fronsmitling changes -in  pressure
differential to elide valve 18 so that when
the pressure differential is increased velve
13 is closed slightly and when the pres-
suré diffeventiol is decreased valve 13 is
openid slightly. The concentration of thie

7

i

86

90

catalyst per cubia foot of gas in the -

verfiral seotion of condult § may be deter-
mined by connecting -a pressure differan-
tal recorder (not shown) on the vertical
section of eonduit Band ealibrating thers-
corder réadingsin tevmg of concantration of
oatalyst. The gassous sfluent from either
conduit 18 or 19 is passed throngh &lters

i

20 and 21 inio onilet conduit 24 and 26, 100

respectively. Usually only one outlet con-
dwit is used at a Hime: Thus, for exaaple,
ihe gaseous efffuent passes through outlet
conduit 24 to condnit 38, througk con-
denzser 34 where the efllyent is cooled to
about 407 I, at operating pressure and
then passed to peonmmlator 36. In acou-
wulator 86, “gasecus components are
separated from diguid components of the
cooled effluent. Uncondensed
of the efflnent, such as hydrogen, varbon
moxoxzide, methane, propylene, butylena,
light naphtha, and uvrganic oxygenated
compounds, are recyeled by means of cou-
duits 38 eand 44 and a compressor or
blower 45 to the lower portion of somdnit

8 in a ratio of about 1:1 to about d or 6: 1

of volumes of recycle to volumes of fresh
synthesis ‘gas. The amonut of unrescted

ydrogen zod carbon monexide in the re-
eyele gas determines how much the ratio
of earhon monoxide and hydrogen in the
reachion zone itself will deviate from ths
Tatio in the fresh feed. As shown, the re-
aycle gas is lntroduced into the fresh feed
before the catalyst is infroduced into the
gaseous mixture, Jhowever, the recyele
mey be introduced into the gaseous mix-
ture after the eatalyst is introduced into
the feed stream or flie feed gas may be

105

compongnta 110

11&

120

125

130
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introduced into the gaseous mixiure uffer
the introduetion of the cafalyst without

departing from the scope of {hiz inven~ -

t1om.

T

through fiter 2 for a time, the filter ba-
comes egated and elegged with eatalyst

fines whith have nol setiled out from the
gaseous efffuent, In order to remove these-

10 fines from the catalyst filters so as o en-
gure continuous passage of the gaseous
effluent through the fillers and so” as 1o
recover the catalyst, the course of gassous
efffuent i& chorged to flow ﬂn\oug*i filler
16 <1 and conduit 26 and 2 portion of the un-
condensed effluent is passed from, accumn-
lator 86 by mesns of conduit 88, ecom-
prassor 41, and conduit 24 to filler 20.
The pressure of the gas blows the fines
from the filter into conduit 18, The fines
then getfle in condait 18 {o standpipe 10

- Other gases than the uneondensed afftuent
may be used to remove the fncs from fhe
filter and may be introdneed through lne
a5 42, if desired, : .
- Liquid condensate in aconmulator 88 is

- passed through conduit 39 fo scparating

means 48, which may represeant various

separating wunits, such as distillation

eolumns, abgorption wuails, extraction
units, and the Iike. In separating means
48, water is separated from’ organia com-
pounds and removed throngh line 49;
oxygenated organic compounds are sepaT.

30

53
41l; end hydrocarbons are separated and

removed through line 52.

Uincondensed gas from aecumulator 36
not used for reeycle, ate., is removed from
tke system through condnit 40 and pagsed
to il and sliemical recovery equmipmaent
not shown.

It has besn found that operating 2 syn-
thesis process according to this invention,
in whick the synthesis gas is passed
through a reaction zone at a high velocity,
good yields of products sre realized.
Ordinarily ore would believe that insuffi-
cient vatalyst for accomplishi
sitad reaction would be carried by the

.2as at such high velocities, but it has been
found that within the range indicaled
sufficient eatalyst is eorried %;r the gas in.
effect the reaction betwaeen hydrogen and

85 earhon. monoxide. If desived, the syn-

thesis gas enfering conduit 8 may be pre-

40

B

heated; but it has been found that pre-
heating the gas is unnecessary in most.
instanees and that the contact of the hot
60 calalyst from-standpipe 10 with fresh’

faad gases entering conduvit 8 does not
eouse buling or agglomeration of the cafa-
Iyst mass. It has also been found, as pre-
vipusly mentioned, that the wax and
69 carben content of the ratalyst with ex-

-Alter passage of the gaseous effluent -

“for heat) the reaction mixbure ag it pastes
‘upwardly through tuhes 71. Tubes 71

ated therein and removed thwough line

the dl?-‘_'_ .

tended use is mueh less than that observed
in the conventional fluid-bed operations.
Fig. 2 of the dzawings is anofher
arrangement of apparatus suitable for
carrying out this invention. The appa-
ratns shown in Fig. 2 may be substitutad
for conduit 8 and standpipe 10 of Fig. 1.
The filter scetions of Wigures 1 and 2 are
#he same. Accordingly, a synihesis gas
comyprising hydrogen and carbon mon- 75
oxide is passed into a reaction zome 70
through » line £8. Reaction zone 7 com-
prises a hundle of substantially vertieal
tubes 71 through which the gases pass up-
wardly into a cylindrical section 74 of a
larger cross-sectional area than the total
cross-sectional ares of fubes T3. The
guter surface of fubes 71 are sealed off to
form an amnular space 72 habween the
inner surface of tha outer shell of reaction 85
zone 70 and the outer surface of tubes 71,
A cooling {or hezting) fluid mey be
passed through annular space 72 to cool

70

90
correspond to conduit 8 of Fig. 1. Upon

-regching enlarged section 74 the velocity

of the gasecus mixiure is decreased fo
such an exiant that the catalyst seitles
from the effluent and passes down throngh 895
a standpipe 78 inte the lower portion of
reaction mone T4 where the catalyst falls

or is drawn into a high velocity gasecus
giream passing wpwardly inde tobes Y1.
e Jower portion of reaction zone 70 and 100
tubes 71 are of such a cross-sectional area
that {he catalyst iz enfrained iz the -
gaseons siream.

The cooling mediam 1s introduced indo
the annular space 72 through line 76 and 105
is withdrawa therefrom through line 77.

The reaction effluent from reactor 70
passes upwardly through conduits 17, 18,
and 19 of which the latier iwo contaln
filters as previously discussed with refer- 110
eace o Fig. 1. Condaits 17, 18, and 19

- are the same as conduits 17, 18, and 19

of Big. 1. The gaseous efffuent passes from
conduits 18 and 19 through outlet con-
duits 24 and 26 to conduit 33, The efiluent 115
in conduil 83 of Fig. 2 is condensed and

-separated according to the description of
‘Fig, 1 amd a portion of the uncoudensed

gases may Le recycled (not shown) to
conduit 68, if desired.

., The cross-seebional avea of condunits 71
with respect to the quantity of gases flow-

120

‘ing therethrough is such that 1le velocity

of the gases ig greater than ahout & feeh
per second, while the cross-sectional aren
of enlarged pection 74 is such that the
velocity of the gases ig below nbout § fest
per second so that.the catalyst may sefile
from the gaseons effiuent. In seetion 74,
the catalyst may forin a dense psendo- 130

125
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Liqiid catalyst phose having a concentbra-
iion of catalyst greater than abouwt 20
pounds or 25 pounds per eubie foob of gas.
1n such a case, reactor 70 hes two renction
gections, tubes 71 i» which the gas flows
at u relatively high velocity and with a
relatively low concentration of catalyst
and enlarged section 74 in which the gas
Hows at o relatively low velocily and with
a relatively high concentration of cata-
yst. The same effect may be achieved in

the apparatos of Fig. 1: of the drawings -

by extending the length of section 16 and
adjusting the cross section thereof such
that the weloeity af the gases thevein is
X - - .
appropriate for the formadion of » dense
psendo-lignid * catalyst phass. In this
manner; & high velocily confinuors cata-
Iyst phase will exist fn conduit 8 and a

- dénse pscudo-liguid catalyst phase will

exist in section 18,

"A movable valve 69 is provided at the
lower end of sfandpipe 78 to confrol the
flow and dispersionr.of the eatalyst into
the gasdous stremm.” Vaive 60 mey cause
an agpiration effect by the deflection of
the gpasés passing by and as & result of
which the catalyst is drawn inlo the
gazeons stream. . :

Fig, 3 gives a diagrayomatic illustra-
tion in elevation of another arrangement
of apparatus for the synthesis of hydro-
carbons sccording o the present inven-
tion, The apparetus in ¥ig. 3 is very
similar in éperation to the sapparaims of
Fig, liond Fig. 2 and thus only o brief
discuzsion of 1ts operation will be Ih-
cluded. A synthesis gas passes through a
coriduit 104 to a reaciion chamber 106.
Reactivn chamber 106 comprises a bondle
of reastion tubes 107 surronnded by a
ghelfl I08 to form an annular space 100 he-
twaen the omiside diametsr of tubes 107
and sliell 108. Annular space 109 is for
the circulation of cooling Huid around re-
artion tubes 107 In order fo maintein the
temperature of reaction substentially con-
stant. Tle cooling fluid, such ag ‘“ Dow~
therm,’” enters anmular space 109 through
conduit 113, The - pressure in anrular
space 109 iz such that the ** Dowtherm
boils Below the desived temperature of re-
action in tubes 107, The vaporized * Dow-
thetm ** passes from ammular space 109
throngls condnit 112 4o sn accumulator
114, TFrom accumulator 114 vapors pass
through ling 115 to a condenser 116'in
which gsubstantinlly all of the * Dow-
therm **
from condenser 116 passes to acenmiilator
114 throngh condnit 118. From accumu-
lator 114 liguid *° Dowtherm ** ik recyoled
to annmlar space 109 threongh conduit 118,
Any vneondensable vapors are removed

85 from the system through conduit 117.

vapor 15 condensed, Condensate

A reaction effusnt cuﬁlprisijg reaction
products and finely-divided catalysh en-
trained in the reaction effluent is passed

to a setiling and accumulaiion chawler -

120 throngh eonduit 111. Chamber 12
comuprises an epper settling chamber 121
and a lower accumulator chamber 128.
The crosssectionel area of sobtling
chamber 121 is guch that substantially

of the oatalyst separates from the gaseons
effluent and flows downwardly through a
funnal-shapsd septuwm 127 into the lowsr

portion of sccumulaflon chamber 128."

(lages containing o small smount of fine
cotalyst pass  upwardly in  setfling
chamber 12] into & eycloae separalor 122.
(#ases fromy eyclone separator 122 are re-
moved therefrom by conduit 133 and may
be treated in the manner hevetofore de-
seribed. Separated fine catalyst is re-
moved from cyelone separator 122 by
means of a condwib 124 and passed to
funnel-shaped septum 127, a8 shown.
Finely divided catalyst accumulates in
acenmulation chamber 128 to u lewvel

70

7%

80

90

above the end of the frnmel 127 in order -

to prevent the passoge of the gaseous
efffnent downwardly through funnel 127,
An aerntion gas, such as hydrogen or re-
cycle zag, 1s inlwoduced 1nde the lvwer
portion of accumuolation chamber 128
through conduit 182 and is injected info
the accumulated catalyst t‘]lerein hy
means of dispersion means 133 which may
comprise a perforated condnit or the like.
Acemmulator 128 may be maintained at o
substantially higher pressure than
seftling chamhber 121 by introduecing o gas
therein, through condait 131, il desirved.

95

10D

By maintaining the pressure higher in 105

chamber 128 than in chamber 132 passage
of gaseous effluent into the accumulated
patalyst is prevented. Tregsnring gas and
serebion gns mey be pesded; if - desived,
from chamber
conduit 334. Altermatively, aeration gas
may be passed from chamber IR8 to nom-
duit 131 if that conduit is not being used
for the introduction of o pressuring ges.

to chambar 121 through 110

Acenmulated catalyst in accumulater 115

198 pagscs fhrough ¢ stendpipe 120 to con-
dnit 104 to be mixed with fresh fzed.
s iCyclone separator 122 may be omitted
‘and in its place suother type of separat-
ing means may be used, such as the fiiter
means of Pigures 1 and 2. Various other
modificetions of Fig. 3 may become
obvipus fo those skillsd in the art-with-
out departing from the scope of this in-
ventron. PP
As&‘umi.ug& a rescior inlet gas volume of
25 000 stan

inside dipraster of 2 inches would operate

ndard cubic feet per hour, a re-
aotny consisting of four tnbes having en.

120

128

at % mazimum linear velocify of O feetl30
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per seeond. Tsing a tube length of 36

Leet, a velocity of & feet per second would,

eorrespond fo_ahout 4 secands of contact

e per pass; allowing for conirartion. A

3 reactor capable of a 40 fest per second

linear veloeity and 5 sceonds contact tima

Jrer pass syould involve a flow path of

about 200 feef in.lensth. Al single tule

heving-a € inch inside dizmeter might be

10 substituted for the four tubes having a 1

- inch inside diameter with substantially
the same velooity and throughput,

The invention will be deseribed further

by zeference to Wigure 4 of the accom-

15 panying drawings which is a view in ele-

vation partly in cross seotion diagram-

maﬁéaﬁ)

ing.-the hydrugenation of a carbon oxide

according to the present inveution for &

20 minimum eapacity of 19000 standard

rubie feet of gas per hour and for 2 mini-

. mumn veloeity of 7 feet per second nt re- .
action conditions in the vertiesl. upfiow -

scetion of the equipment. - :
25 In Figure 4 a synthesis feed 208 ¢oln~
. Prising hydrogen and - earbon monoxide

present in a ratio of wboub 2:1 is Intro-

duced into conduit 211. Tn condult 21
the gas straam-picks up finely divided,

30 hydrogenation vatalvst, such as reduced
iran, from standpipe 249, Conduit 213 -is

a standard 2 inch steel pipe and is ahout
2% feet in length from the point of intre-
fnction of the vatalyst. The catalyst load~

B ing into conduit 217 is reguleted by 2 con-
ventional siide valve 261, A% the mini-
mmm velooity of about-28 feet per second
in conduit 211, intimate mixing of finely
divided catalyst azd reactants is achieved
and reaction is effected immedistely. In
order fo prevent overheatng of the reee-

tion mixfure in condutt-217 as the resnlt

of the liberation of the emothermis heat
of reacHon: thertin, the residenco time of
45 the reactanis hetween the catelyst intrpa

duction and. the first cooler should be Jess .
than ahout 2 gecomds, preferably at the

minimum veloeity sbout 1.5 “seconds, - for
relntively high C{ concentrations, such as

0 above 30 per cent. While the hiydrogena-.
tion of the carbon oxide is progressing in. |

the gaseous mixturs of

reactents and products of reaction- are

conduit 21],

passed toa first cooler 216 through..u
58 standard 4 to 2 inch reducer 12 and o
standard -4 ~inch diameter - pipe 213.
Standard 4 inch diameter pipe 213 pro-
vides a. minimam velootty of abomt 7 feet
per second at reaction conditions for the
£0 design capaeity of 19,000 standard: cubic
feet of passing through per hour: Cooler
216 comprises a gylindrical shell sqr-
ronnding a bundle of suven standard one
ineh diameter.pipes 217. Pines 217 are-

86 held in place iy -tube sheels (not shown):

¥ illustrating appuratus for effect. -

ak exch end of cocler 218, Cooler 216 ju
conngeted {o condnit 213 by means of a
standurd redueing fithing 2i4 and to =
condnit 222 by a reduning fitting 221, Re-
ducer A2, conduit 213, and fitting 214 70
together aze about 10 faet 8 inches in
length. Couler 218 is approximately 17
feel in length. A cooling liquid, such as

* Dowtherm ** or other. snifable epolant,

is introduced into the annulur space be- 75
tween tubes 217 and the shell of cooler 218

by means of inlet conduit 218, or the
equipiment may be arranged as a boiler in
w%lich the flow of coolant is preferentially
upward. The ecoling medium Aotws down- 86
ward in indireet contact with the upward
flowing gascous reaction mixtare in tubes
217 and 15 emaved from the lower portion

of cooler 216 by means of outlel vonduit
219. Prior to entry jnio cocler 216 the 86
gaseous reaction mixturs is at the maxi-
mum temperaturs desired, about &K F.
While the reartion proceeds in cooler 216
the'rate of Lieel removal is in excess of the
Tate of heat releasc due to reaction; the 90
reaction mixture leaves the sooler gt 2 de-
sired lower temperature, about 50" .
The linear mas velocity in cooler 216 is
greater thon the linear gas velocity in
conduit 218 and is wsually above about 24 95
feet per second. A couvled reaction mixture

ab o temperature of ahout 500° F. and
contgining- antrained catalyst 15 passed
from cooléy 218 through redneer 391 inty

a stundard 4 inoh diameter pipe 2922 in 100
which pipe the reaction proceeds. The
tength of conduit 722 is such with regard

to the velacity of {he gasenas  shrean;
therein that the temperature of reaction
will not rise above the muximmnm tempera- 105
ture desired before entering o secomd
oooler 224.  Conduit 222 may contain o

- restricted section of about 2 inches jn dia.

meter to aid in mixing the catalyst and
gases, Tn the present desipm the Tength of 110
conduit 222 inclnding reducing fttings
221 and 223 is about 7 feeh & inches. At
the ontlet of conduit 222 the teraperature
of the guseous reaction mixfure 18 abowt
A00° F. The gaseous miziure ig intro- 115
tuced into the second eooler 224 through
reducing Atting 223. Cooler 224 3a similar
tn ronler 216 and comprises . eylindrical
shell surrounding a bundle of tuhes 296
through which the gaseous Teaction mix- 130
ture and entrained catalyst flow, A cool-
ing medium is introduced inta the
ennular spaces between tubex 226 and the
cylindrical shell of cooler 224 by meansof -
inlet conduit 227, Cooling medium passes 126
counter-currently and Tn  indiresi heat
exchange with the flowing gnscous mix-
ture in tubes 226. The enoling medinm is
removed from cooler 224 through outlet
eonduit 228, Cooleér 224 is approximately 130
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1% Yest 1n Jength, The reaction mixinre

in pnoler 224 is cooled from about GOD® F.
" {o an outlet tecmperature of shout 580° T
The cooled reaction mixfure contsluiuy
entrzined catalyet is removed fromr cooler
224 and passed through a standazd redve-~
ing fitting 228, a stundard 4 inch pipe
231, inic cotalyst separator- 232. The
gaseous mixture in condulh 281 achicves
a temperatnre.of ahout 620° F. hefore dis-
charging into separator 232, This vela-
fively high temperature aids in stripping
some of the unvaporized product com-
ponents | from the cabalyst. The {otal
length of cunduail 231 iz about 25 feet.
The horizonfal seetion of conduit 231 me:
be of @ smaller diemeter than the vertiea
section, for example about 2 inchey In dia-
nieter, in order to minimize or prevent
the tendency of the catelyst to settle in
the herizontal secifon. : )

Coolers 218 and 224 may ba indepen-
denfly operated such that the reaction

0

1s

effivent. may ba cooled to different. outlet

25 {emperabures. The outlet temperature of
the reaction effluent from ceoler 216 may
be lower than the outlet temperafure from
cooler 224; and, wvice wersa, the outlet
temperntnre from eooler 216 may be
30 higher than the ouflet temperature from

conler 224 without departing from the

scope of this invention. Jonveniently, the

cnu%ng medium from. conduits 21 and

228 and coolers 216 and 224, respectively,
26
{(not shown) comprising a conventional
indirect heat exchange unit. After cool-
ing of the cooling mediumt, the cooling
medium may be passed to an accumulator
{ot shown), and from thers recycled back
o coolers 216 wnd 224 threugh conduits
218 and 227, respectively. Altersaiively,.
covlers 216 and 224 may he independently

operated with separate cocling menns for

45 cooling the cooling madinm and with
separate acvamulators. Although connter-
current heat exchonge with the reaction
mixture bias been ghown. and deseribed,
coneurrent heat exchange way be em-
ployed without departing from the scope
‘of this invention. S :
- Beparator 282 comprises an upper en-

50

larﬁfcl eylindrical section 233, an inter-
mediate conicel seciion 284, and g lower,

. B5 proferably cylindrical, section 236, . En-
larged section 233 comprises a standard

24 inch pipe in which section a larger pro-

ortion of the catslyst is separated from
& reacilon efuent, Lor.ver section 236
g0 comprises a standard 10_inch pipe and

congtitutes - an - seoumulation zone for-
- separuted catalyst. A calalyst bed is main--

tined in aconmndator or lower seotion
236 ut a level indicated by numeral 244,

85 Conduil 281 preferably {erminates above

may be passed to o common conling wnit -

or-adijnesnt lo level 243 sudh ithel the
offluent gases issming therefrom. cause o
highly turhulent action in the cafalyst
hed in accummlator 286, This furbmlent
sotion caused by the efluenl geses from
conduit 231 prevents hridging or caking
of the eatalyst.in the accumulation zonc
286, which . caking or bridging would
hinder the fow of the entalyst downmward
inte sbripping section 246. A eonventional
cyclona saparator is positioned inside em-
largriecl section 238, Guses containing
finely divided entrained catalyst pass into
cyclone separator 238 wherein the finely
divided entrained catalyst is separated 80
from the gases. (Cetalyst passes from
cyclone separator 238 downward throngh
a standpipe 239 ato the lower portion of
soccumwlator 236, Stundpipe 239 comprises
a § ioch standard pipe and terminates
“helow the bed lavel 243. Gases subston-
tially -frce from emtrained solids are Te-
moved from cyclone separater 238
through conduit 241 and gate valve 24%.
Conduit 241 is a standard 1} iuch stesl g

70

5

8b

pipe. R

Catalyst whioh has separated from the
guseous effluent is passed to g stripping
scction 28 by means of 2 standaxd
reducer 244, _Shi}éping section 246 com-
prises a shandar inch steel pipe
approximately 2 feet In length. A sbrip-
ping gas, sucli as hydrogen,  carbon
dioxide, steam or reeyele gas, is infro-
duced inbo stripping section 248 through 100
conduit 247. The stripped finely divided
catalyst is passed from slripping section
246 by means of a standard reducer 248
into o standpipe 249 comprising a 2 inch
slandard pipe. A standard 2 imch slidel05
valve 251 ig provided in the lower por-
tion of standpipe 249 to repnlate the flow
of catalyst into conduis 2. o

Cold syathesis gas and jor recycle gas
may be injected into eonduif 222 and]or110
inte conduit 231 without departing from
the seope of this invention, The injection
of much gases into tho reaction aeeiic-n of
the apparatus alds in controlling the tem-
peratnre of reaction and also aids in con- 115
trolling the composition of the Teactign
effluent with regard to hydrogen, carbon
maongexide; and diluent gases.

The gaseons effluent comprising the
products of the hydrogenation reqetion 120
and wunreacted hydrogen andfor carbon
mowoxide is passed through conduit 24%
to conventional separation wunils (not
shown) for the sepszalion of the praducts
" o0f the process from the effluent, Tnreacted
regetants recovered in fhe separation unit
n}ag‘d be recycled to condnit 211, if de-

b

siTed, B - :
 With regard to temperature, vsing a
hiph velocity system; .as shown in thel3g

125
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drawings the ceoling suwrface Is ‘sweph
clean of catelyst particles with tle result
that none of the calulysi haes suffieient
Aime of contact to overcool, and with the
5 resulb.that the cooling surface is more
effivient. The relatively clean cooling sur-
face permits using a lower temperature

coolant without danger of overcooling ihe -
cotalyst as with conventiona] fluid-bed':
30 operations. Tuorthermore, with tempera-.

tures under full conirol the design mini-
wum god meximwn operating tempera-
tures can safely cover a relalively wide
range, without loeal excessive deviaiion

15 from. tlie permissible range of {empera-
fures. - ) .

The system of the present invention is
also mueh more flexible than conventional
fruid-bod systeras . hecause the catalyst

20 feed rate.and the coolant flow rate can be
changed independently. No preheating
of the synthesis gas is required in most
instances sinee the mixing of the reactants
and catalyst at the catalyst pick-uyp is so

25 efficient tisat all of the gases eome to the
theoretical mixing temperaturs almost
fustzuteneously.

The multi-stage cooline of fhe wppa-
radus of Wigure 4 has several distinet

a0 wdvanlages. By muléi-stage cocling In =
high welocity system, the btemperalure
ranga through the reaction zone cam be
kept relatively closer to an aversge or can

be varied at will. The divided capacity of m
.have not heen shown for o matier of con- 100

35 the cetalyst coolers also makes it possible
for fized fube sheet bundles . to be em-
ployed, which results in a decreade in cost
of apparatoms. The conical sections into
and out of the conlers ars highly efficiend

40 mizers at the veloeities of the present pro-

cess znd are, therefore, ideal reaction
gones for the most efficient ntilisation of
the catalyst. ' )

The ¢atalyst concentration in the reac-

45 tion zone, such as inconduits 211, 222, and
281 of Figure 4 may le acturafely con-
trolled according to this process
ing the catalyst losding rates through
slide valva 251, The concentration is a

50 Tunction of hoth the velotity and the load-
ing rate, except at the bhigher velocities
within range diselosed when the concen-
iraiion is 2 function primarily of the lond-
ing rabe.

1) Bl another advantnge of the prefent
system is the fach that the acowmulaiion
of unvolatilized organic componnds of
relatively high moleculor weight, such as
heavy polymers, on the calalyst, which

go compounds are potential eole, can he
mrinimized by siripping the civenlading:
catalyst in accimulator 120 of Fipnre 3
and in stripper 246 of Figure 4. Hince the
catalyst has o relatively short residence

85, tizee in the reaction zone in which it con-.

by vary-

1aely the hydrogen and carbon monexide,
the wax deposits thereon may he stripped
before the accumulations bernme exces-
sive and hefore coke is formed. The cata-
lyst is in the reaction zone in the present 70
gystem only a matter of zeconds hefors it
is  withdrawn, separated Irom the

‘reactants and reaction preducts, and then
-stripped of wax deposits, After stripping,
‘the calalyst is again returned-to the reac- 76

tion. zone. The intermediate stripping
operation maintains the catalyst at ifs
maximum activity and results in substan-
Hally prolonged life of the catalyst, The
combination of short residence time gnd 80
stripping enables the operation of the pro-
cess  without frequent intermitient or
continuous regeneration of tha catalyst by
oxidation and-or reduetion. The process
way be operated for prolonged periods 85
with substantially the sele source of cata-
Iyst to the reaction sone belng the stripped

regyele catalyst. A small amount of fresh

catalyst may be added to the system to
compensate for the loss of catalyst with B0
the reaction efffuent, such as through line
241 of Figure 4.

. Yarivus mincr modifications and altera-
tioms of the apparatus shown in the drawv-
ing may be practiced by those skilled in 95
the art without departing from the seope
of this invention. Varions coolers, con-
densers, distillation umls, aznd oither
meany [or treating the zeartion effluent

venicnee and simplicity but their presence
and usa will he obrious to those skilled in
the art. ’
The fellowing example is offered as &
means of better nnderstanding the appli- 105
calion of {he present invention to the
hydrogenation of carbon moncxide and
the spesific reeitation of certain Iimita-
tong therein is not considersd unmeces-
sarily limiting to the present inventivn. 116

: E.
" In accordance with this invention an

“iron eatalyst was prepared in the follow-

ing manwer. About 13,600 grams of
powdered Alan Wood Ore was mived with 11§
69 grams of Ti0, and 176 grams of KOI[
by Forming 2 solntion of the potassium
hydroxide dissolved in 1600 ml., of dis-
tilled water and adding the solution fo
the Alen, Waod Ore. The titeninm dioxide 120
was added fo the mixture of potassium

;‘hjfﬂl'oxide solution and the entire mix-
“tare thoroughly agitated for about 15 or

20 minvutes. The wet mix wos dried over-

. night in porcelain dishes at about 210° 1, 125

to about 220° F. The resnlting hard dey
cake was ground to sbout 20 mesh in a
dise mill. The finely-ground material was
fused zt 2 femperature of about 2B00° F.
to about 2800° T, After fusing, the 130
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= material-was brolen up-into large chunks-
d svound.again in a disc mill and pul-
veorized in a ball zaill, Co
The pulverized material was then
nelleted to about & inch to § inch pellets
and was reduced wifh hydrogen at abouk

later runs, the tempersture of the inled 6b
feed gas was decreased fo a relatively low
value to deterrvine the effect of comfact
between relatively Lot vatalyst and rele-.
tively cold gag and whether temperature
conditions vowld be maintained in the re- 76

1400° T. to 1500" T far aboub ten heurs:-actionzone, Thereaction elluentwas with-

After reduction of the pellets with

drawn from the reaction zons after a rela-

 hydrogen, -the pellets were repowdered in  tively short comtact fime with the cata-
10 a ball mill:- The redaction of the fuged -lyst. The catalyst separated by gravity

mixtive was carzied out in a. fsed-bed irom the effuent in ap enlarged section of 75

operation in which the catalyst formed a
stationary hed of pellefs in the repction
ZODE.

Alan Wood Ore comprises about 1 pex
oent to 2 per cent alumina, aboub [ per
cent silica; .and less than 1 per cent
Htaninm oxide, znd the remainder iron
vxides..The resulti:nﬁ catalyst conleins in-
addition to metallic irgm, alumina,
{itanium dioxide, and silica, sbout 1.2
per cent to aboul 1.4 per cent. potassium
" caloulated a5 the omide. The size of the
Ecepﬂreﬂ catalyst 15 shown in Table 1
% he . - -

low :

15

20

Taimls L.
POWIERED IRON CATAVYRT PARTICLE STZ%E.

80

Beroen Analysis ~ Weight Per Cent
- Mesh - . v .- :
-+ 4 —
- -.-401 1.00- 2.5
_ 100/200 B.1
LI 200 Pan 13.2
.3
100.0
Roller Axnalysis -
Microus C
= 16.2 -
0—R0 .0
0 2040 18.2
oAl B0 24.0
604 - 23.6
Recovery—% . 93.8
Density (basis water; ™ 6.8

40  Hawving preparsd a catalyst of the de-
gired properties and the regquired size, the
catalyst was introduced into o conduit;
gimilar to conduit 8 of Fig. 1 of the draw-
ings, in which & mixturs of hydrogen and
carbon monoxide was fowing upwardly at
o relotively high velocity. ’I%.Le ‘conditions
of reaction and the analysis of .the pro-
duet.is shown in Tabie 11 below. Tn sub-

50

the apparatus and passed by mcang of o
standpipe, such as conduit 10 of Fig. 1,
to the point of introduefion. of the eaba-
lyst info the synthesic gas stream. The
elllient passed through filters to separate B0
fine catalyst therefrom.. ‘The filters were
clesmed infermittently or continnansly by
flowing recycle gus back through fhom, as
previously explained with reféremcs 1o
Fig. 1 of the drawings, The efluent then g6 .
passed through 2 condenser at 40* F. and
at operating pressure and uncondenzed
gases wers recycled to a point just before
the first contact of catalyst and synthesis
pag, :

8 tatalyst in the slandpipe was. mein- 9
tained at about 800° F. by means of elec-
trical heating elements wound. around the
4 inech jacket surrpunding the 2 inch
standpipe, Varions predeterniined load- 0F -
inge of the catalysl inte the synfhesis gas
stroam wers used and thée tendency for
variation in loadings for suy partioular
run, cauged by variation in differeatial
pressure in the reaction zone was mini- 10

- mjzed: by controlling e slide velve on the
bottom of the stancpipe by a conveniional
difforential pressure’ Tecorder Tesponsive
to the differenitial pressure hetween ihe
top and bottom pf. the- standpipe. Thegs -
differential pressure recerder wag st ab
various readings of inches of waber de-
pending wpon the catalyst loading de-
gired; The concentration of codalyst n the

reaction zome or elongafed conduit was g

determined by the differential pressure in .

a 15.fgot vertical secton of the condait.

The gverall length of the reaction wone

wus about 26 feet and 84 inches, i.e.,from

the point the catalyst was first contasted 115

with the synthesis gas and the pointwhere

the catalyst was separated from the re-
action efluent. = - IR

stantially all respects the appezatus used ~ The yelocity of the ges stream.was so

55 fox obtaining the data shown in Table I great that the catalyst was entrained in gag
was the same 83 the apparatis of Pig. 1 the synthesis gas stream throughout the ™
of the drawings. In obtaining daba. . resclion zone in a continuons phase with-
varicis gas velooities as well as concen- - ouk the formation ‘of the eonventional
trations of catalyet in the reaction zome . dense pseude-liguid phase of eatalyst,

60 (conduit 8) were used to dstermine their =  Gas bleads into fhe instrument lines
effect o tlie vesction snd product, Also ™ Were used fo prevent catalyst from clog-
it will he noted that the pressures wsed gi0g Iustrument.lines and instraments. .
varied from 80 to 150 pounds per square JIn some ocages résyole gas was nsed 28 the
inch gage. ¥n some runs, especially the bleed gas, in other instauces hydragen or
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’ 20 -fjjansin'y, 'B'.éF' o7 T o7 igp
Inn,VeIthx,F.PSO 64 0.4 0k
Reqotion Zome . } ST
. " Ael, Pemp, °F. in zing s B9 595
'_?Gas Tnlet Témp. °F. 512 591 618
25 I, Véldcity, F.PS, : -
) £Supcrﬁma11 15 15 19
- Cabalyst T.oading e
{mehas ok water) " 35 Ba b6
Goncentr&tion of Ga.ta;lyst, -
80 - POF. 3.5 . .55 5.9
Hosults ] . _
" Contragtion—% - -k
“"CO Disippeaiance. % . 19
* Observed Ofl, ca/ms S e
B85 - ".of .tnesh Foed - a0 . 0 80" - 19
Water, Gofim> of frosh foad 167 176 105
Sélectivity (00—00, 125 188 144
e . )

e

. fresh fead gas were used. L
The .-catalyst in the . standpipe was

10

i

aerzted. with Tec

GO0

e 285 or combined in-

leb gas 11|. most Ingtances, howevar other

Toon No. L

gases, such, as cmhon dioxide, hydrogen

zitrogen, and steam could have been s
if dﬂsn'ed

2

. TamE M—Part 1 - |

Hours on Run .

'.oiblﬁéiﬁg' 'c'.oﬁa'iﬁbﬁé'

Prassrma, P S.I

.o

AD

R:adnn nf. Bacyda io Fresh Feod 6. 0
)  Fresh _Faad, GF/‘.E[
- Gas: Batio, H00
st Fesd |

" Inlet to. Réaction Zone

-Shandpipe- - . .

Temp. °F. .~ .

sss

a0,
-;._5’_-?-
187

6.&

B

- 80

148

30

1.7

150

- bos

103

0.19

594
804

53

22.4

.18
80
166,
4.5
595

99"

b9y

603 .

£

50

93
54

31

20
16, 4.

3

s
e
It

84+
4 .

605

102
0.7 .

0.18

603:
805

.13

g

{
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10

15

80

fiun Fo. o T

Pabrm TEParh 2

S8 e 10 m 13
Hourss on Bun - 180 5 12 24. 18 %4 -
Operating Conditions ' : )
Pressure, P8I g0 150 - 180 150 ¢ 150 160
Ratio of Recycle to fresnfeed 4.92 4.9 47 5.0 T - 8.8
Frodh Peeil, CF/H - Sg5L - 93¢ 24 188 0 139 - 106
Gas Batio, HiCO '
- Tresh Teed ' S 3 2 2 ST V'
" Inlet to Resolion Zone' 49 4.8 3.8 3.3 2.5 3.0 -
Standpipe _ | _
Temp. °F:  Bw BB BT 602 BOT L 506
Dengity, 2.0.F. 108 5 87 88 - -S7 87
Lin. Velocity, F.P.8. 014 0.200 013 0% -0l 0ot
Reaction Zone _ _ )
Aver. Temp. °F. in zone 601 602 ° GO0 603~ - 602 600
Gas Thlet Temp. °F- 576 614 603 K96 - - 603 - 60U
Lin. Velocity, F-P.8.. _ . : S T
- (Superficial) - 143 C14.2°0 154 131 118 - 10.5
Oatalyst Loading o
‘(inches of wabor} - q0 70 10 T4 70 70
Concentration of Oatalyst, .. : .
P.GF. ° 84 7. 8.0 8.4 8.0- 8.7
Tesults | B
Contrachion—?, 85 41 37 36 . 95 35
00 Dismppearance 88T — 87 59 .39 %
Obgerved. Ofl, oo/m? - . - -
of fresh feed ag 20 41 46 o6- - 101
Water, co/m® of fresi‘feed 135 - oL 110 14 1% 165
~ Seleckiviby :
00—-00,% 13577 —  20.5  35.8 895 282
Leo—CH, . =T — - =

- 18




ig-  Ehp, b

Tinrg U—Parb 3

Bun No. E 18 14 15 16 17 18
Hours on Bom =, s 18 w24 . 1
Oporatiing Conditions _ _
&  Prossure PRI, 180 . .180 150 150 150 150
Ratio of Recycle bo fresh feed - 6.5 . 8.1 6.6 6.4 6-6 6.5
Fresh Feed, OF/H - o123 - 105 - 1m7 130- 138 135
Gas RBabio, H;:CO )
Fresh Feel ST4 T4, 14 L4 L4 1.4
16 _ Tolet to Reaction Fome 2.2 2.0 - 2.3 . -2.0 — 2.6
Standpipe
Temp. F. 89T o 601 6000 600 AOL: 604
Density, BOR. - - - 82 .- 80 . 78 90 - 2. . .69
Lin. Velocity F.B.8, 0.1l; - 0.08- 0.10  0.26- 049  0.10
16  Beaction Zone '
Aver. Ternp. °F. in zone -804 604 602 add. T o2 a0z
Gas - Tulet Tomp. °F. ... 600 - 6000 600 600 . 378 550
. Tdn, Velocity T.P.S. | | L
-, (Swperficial) - - S104 0102220, 10.2 7 10D 10.8
20 Oatalyst Loading o
. {inches of water) - ST W . 80 T4 1] 59
Conoontration of Catalyst, _— e :
- POF. 9.4 - 10.1 - 11,2 9.8 3.7 8.2
Regults _ o
25 Contraction—% S - T A I
0 Digappearancs - TE - - B3 — ‘ T8 —
Observed Oil, ec/m3 . )
_of fresh feed . B0 9 . 80 B 63
Watber, vo/m?® of freshvieed - 142 168 . 129 - .140. . 148 141
80 - Belectivity: L
. 00—C0% L AR R —“ 26.6 9.8 -17.4
- pO—CH, . . o148 — 17.8 118 ”f_ "12.9
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16

20

30

Tagre TT—Paxt 4

00—0H, T 128 7.4 —

Ran No. o 1 %0 21 22 2 s
Homs on Run 24 24 24 24 " 91 m
Operating Conditions |
Pressure, PiS.L . 150 50 150 150 150 150
Batio of Recyclo to Frosh Food 6.4 5.6 5.4 5.5 6.5 6.0
Frosh Food CF/H 128 145 . 146 144 . 15l - 126
Gas Ratio H,:00
Freih Fesd 14 14 14 L4 14 14
Inlot to Reaction Zone 2.6 1.7 2.0 2.6 . 5.0 2.1
Standpipe _ -
Temp. °4. 595 600 505 590 580 559
Density P.OF. e eT 6 68 60 5B
Lin. Velocity, F-P.S. 0.00  0.08 0.1 011 011 ¢ 0.10
Eeaction ¥one - ] | -
Aver. Terap. °F. in 7010 595 590 886 BTE &) 54D
Gas Infet Temp. °F. . 50D 450 400 350 300 150
Lin. Velpeity, F.P.&. . T
{Superficial) - 8.8 89 95 86 8.2 8.5
Calalyst Loading : ' L
(iriches of water) 5 - 59 58 57 58 BT -
Gon&éﬁﬁaﬁiun of Gataljst,. :
P.OF. _ 8.4 87 80 80 80 8¢
Regults ) |
Contraction—Y4, - 49  -49 - dd 63 83 43
00 Disgppearance 79
Observed 011, ae/me - - :
of frah faed - (! 69 — 56 65 50
Water—oc/m? of fresh fosd. 160 121 .. — 100 139 95
" Selectivity + : _
00—00,% = 1.4 W0 —  — 7.9
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TaprE [—FPart §
Hun Ne. 25 26 37
 Houws on Bun 24 24 18
Operating Oondiﬁc;ns-
5. Pressare, 1%8.1. . 180 150 150
Rutio of Reeyele to fresh feed 5.8 3.6 4.8
Froth Fead, CF/H S 17 o271 206
Gag Ratie, HaCO
¥rash Head 1.4 1.4 1.4
10 Standpips B
Teamp. °H, ot Be3 607
" Density, P.C.I. 48 43 49
Tin. Valocity, F.P.S. 0.12 0.13 0.11
Beaction Zone
15 Average Temp.°F. in zone 60z 393 (iI78
Cas Inlet Temp. °F. 615 610 604
Lin. Velocity, F.P.5.
{Superficial) 10.1 10.5 10.6
Conrentrafion of Oztalyst,
20 POF. . ) . 5.8 . 3.8 4.8
Regalis
Contraction—9% i 68 88
Observed Ofl, co/m? . . :
of iresh feed 93 70 17
25" Watar—aoe/m® of fregh feed 154 106 84

hit]

35

40

From the above data it is apparent that
the product and results in gemeral eom-
pare favourably with fluid-bed operstions
using a conventional dense phase of cata-
1)}/;‘51;. It should be noled thaé a consider-
ably lower ratio of hydrogem fo carbon
wonoxide in {the fresh feed gas is used
than iz usnally practiced in Avid-bed
operafions, - )

It is assumed that a catalyst slip of
ahout 50 per eent is present in the vertical

scetion of the reaclion. zome. Aclually, -

therefore, the catalyst loading of pounds
of catalyst per cubic foot of gas may be
anbout helf the concentration of catalyst in
the renetion zone. Thus, for & concenira-

iton of 8 pounds per enbic foot of gas, the

catalyst flow was caleulated to he about
1600 pounds per hour,

When
hydrogen to carbon monoxide, as in runs
12 to 23, with a recycle ratio of about 5: T
to 6:1 the gas inlet composition (inelud-
ing fresh feed and recycle gas) was nboul
18 per cent carhon monoxide and a ratio
of H;,: 00 of aboul 2:1 to 2.5:1 existed
in the reaction zomns.

In certein runs, it was found that with
a cailalyst lozding represented by a
differential pressure of 80 inches of water
the flow of eatulyst in the reaction zone
was too preat to permit uniform settling
in the standpipe. Howevar, with a larger
diameter or lomger standpipe or bigger

operating at 1.4 rtatio of 45

B
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‘glide valve, loadings higher than thas

represented by B inches of water could be .

used satisfactorily, In run.24 a comhbined
salet gas tomperabure of 150% F.- was
msed. When aperating at a comhinad re-
gyele nnd fresh feed gas temperature as
low as 160* F. it was necessary to main-
tain the eatalyst temperature ub least 560°
F. "t ensure a sutfciently high reackion
temperature. The catalyst was mamtained
o sbout 560° T, in the standpipe by heat-
ing the palalyst electrically, as previously
digenssed. With the equipment used for
hese russ, the eatalyst could not he main-
tained to a hizh enough temperature to
permib u lower inlet gas temperaiure. An
inlet gas temperature ps low as 100° . or
lower could be used i1f the catalyst could
be maintained at §00* F. in the stond-
pipe.

In Runs No.’s 2D through 2% the selec-
tivity ‘appearsd 1o be goed with 21 per
cent GO—-CO, and a sumilar amount of
CG0—-CH,. Analysis of the produst of
run 20 indicated that aDout 40 per cent
of the condensed o0il comprised oxypeanated
eompounds of which” 5 per eent were
acids. The waber contained about 14 per
cent chamicals, approximately Ralf of
which were aczds. A yield of about 40
oo fm.* of fotal oxygenated eompounds
wids obtainad, '

Operations at 260 pounds-per sgnare
inch pressurs have proved to be successful
36 with results somewhat similar {o those at

lower pressures, ’ S
As will be noted, no’extérnal cooling of

i0

i5

o5

30

the reaction systemn was used during the
rqng for fhe hydrogenation of carbon mon-
oxide with the epparatus of Figure 1. In 40
faet, heat was added to the system through
the catalyst stendpipe by jectrical heate
ing coils around the jackest of the stand-
pipe which contained ‘“Dowtherm '
unider pressure. The reaction. zome was 45
beavily A and; slestrically wound to
produce substantlally adiabatie comdi- ©
tions in that zone, If the entire assembly
of apparatus had beesn ‘completely adia-
batie, and if the ruas had been carried
vut on a larger scale, cooling of the stund-
pipe or the redetion zone wonld have beexn
necessary. Such cooling could have been
carried- out by contact with a cooling
medium surrounding the reaction zoue,
smch as cooling with water or * Dow-
therm,” or by infroducing relatively cold
feed gas or eold recycle gas or both,
“Prior to run 12 an iron catalyst similar
to that previously described, but which
had been used i conventional dense-
phase, fluid-bed operation for about 400
honrs, was substituted for ths original
catalysl in carrying out the prosess. The
composition of this eatolyst prier to use in 65
the process is shown in column 1. of Table
I11. After the catalyst had been used for a
perind of two days, ive duys, and mine
duye, aualysis of the catalyst was made
to defermine the effeot of thiy fype of ve- 70
aotion on the carbon and oil content of
the catalyst, and also upon the catalyst
sige. This data ia shown in Table TIL.

30

83

[

The date of Table ITI indicates only a
slight change in chemieak rcompogition
90 and size of tht catelyst from the original
 meberial introduced at the bepinming -of

Tasre HI
% - ) CATAYLYST m,;:m'sxsi' )
Chemipal Analysis - Uha_arge.d 2 days 5 days QIdays"'
- Qi ¢ Wax 4.0 4.5 .5 5.2
Carbon : 3.1 258 26.4 24,0
_Total Tron B§.3 65,2 - 6a.4: 6.0
80 ' Holler Aualysis Weisht per cent
Microns " '
0—10 0.9 10 12
1026 8 R8 27
' T 0—4 T 75,102 128
85 48 © 824 B33 384
80, 8.8 527 44.8
Density 84 31 32

run 12, The wax content inereased ghout
(.5 per cent and the fixed carbon content
inereased aboul 8.8 per cent. A decrepse
of lesy than 2 per cent in the jofal irum 95
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was nofed. The particle size analysis indi-
cates that the catalyst became slightly
finer on use, From these results the cats-
lyst composition in. the circulating sysiom

B of fhe present invention wag probably

more stable than with the conventiomal
dense-phase operation using o fuid-bed.
This invention has been descrihed with
particulaz reference fo specific apparatns
1 and to specific conditions of operalion.
however, ‘various modifications of the
apparatug end varions operating condi-
- tions may be used within the limits dis-
closed without departing from the scope
15 of this inventinn. Essentially, the appa-
ratuy design itself must permit high velo-
oity of gases in at least a portion of the

- resction section. ’ :
- - Having now partieularly deseribed and
20 uscertained the nature of vur said inven-
tiom gnd in what manner the same is 1o be
performed, we declare that what we claim,

/1

~ 1, A process for hydrogenating carbon
25 monoxide or dioxide which comprises
flowing & gaseous mixture comprising
hydroger and carhon monoxide or dioxide
at & veloeify of ot least b fest per second
In confact with a finely divided hydro-
88 genating oatalyst of apprapriate particle
size guch that s2id eatalyst is moved iny
the direction of flow of said gaseous mix-
ture in a condition more dilute than the
condition of the catalyst iu e conventionsl
36 pscudo-liquid dense phase type of opara-

tion. under comparable conditions, :
2. A process according to elajm 1 in
which the gaseous mixbure ia combinu-
ously passed through a plurality of slter-

1!3 nate uncooled and ecooled Teachion zones.

and the finely divided hydrogenation is
continuously introduced into said gassous
miximrs,

3. A process according to clsim 2, in

46 which the residence iime of said eatalﬁﬁ_
ne

and said gaseous mixture between

point of introduction of catalyst and the.

. inlet to the first cooled reaction zone is
* Tess than about 2 ssconds.

.50 4. A provess according to claims 2 or

3 in which the gaseous mizture is passed
upwardly throngh ap elo
zone, pnd the finely divided hydrogenat-
tng ontalyst is entrained in said geseons

85 mixture Ip an amount less thap abont 25
pounds per sahbic foot of gas, suitable con-

- ditions of femperature and pressure for
the production of organic compornds be-
ing maintained in said remction zone.

60 5. A process according to clatm 4
which includes continuvusly withdrawing
from the upper portion of {he reaction
#me an effuent comprising -organie .com-

pounds produced therein and entrained

G5 catalyst.

. and abeut 600 pounds

ated reaction.

B. A process according to claim 5 which,
inclndes separating entrained catalyst
from the effuent, zecycling the separated
catalyst, and recovering organic com-
pounds fram said efflueat as prodmots of 79
the prosess, -

7. A process aceording v any of the
preceding claiig, in which said finely-
divided kydrogenating catalyst comprises
irox. [}

8, A process accarding to any one of
claims 1 ta 6 in which said finely-divided
hydrogenating cutalyst comprises cobmlt.

B A process according to any one of
claims 1 fo 6 in which said finely-divided BU
hydrogenating eatalyst eomprises nickel.

10. A process according fo any of claims
4 to 9 in which the gaseous mixture com-

rises hydrogen and earbon monoxide or
g.mm' ide in & mol. ratio of af least ahont 86
1:1 and a temperature and pressure of
reaction between abkout 800° ¥, and ahout
760* F. and between about atmospherie
er sgunare inch
guuge is maintained in the reaction zune, 90

11. A process according to any of
claims 4 t0 9 in which the hydrogen and
carbon monoxide or dioxide i a ratio be-
tween €.7:1 ond about 1.5:1 are infro-
duced into an elongated gubstantially 98
verival zone, the gaseous mizhure being
passed upwardly through suid reaction
zone at o veloeity hetween sbout 8 and
about 40 feet per seoomd. -

12. A process according to claim 11 in100
which the finely-divided. hydrogenating
catalyst comprises ivon having the grealer
proportion thereof of less than about 100
microns so that the catalyst is entreined

-in the gaseous mixture M an amount be-105

tween about 1 potend and about 12 pounds
per cubic foot of gas and 2 con- -
tinuous phase in the reaction zone.

13. A process according o claim 12
in which o temperatnre of reaction he. 110
tween about 450 and abuut 750% F. and »
pressnre between about 10 pounds and
about 500 pounds per sqare inch gauge Iy
maintained in said reaction zone.

14. A process zeceording o any one of 115
elaims 1 fo 7 which comprises introducing
the bydrogen and carbor momoxide or 4
oxide inte o first reaction, zone, passing
the gaseous mixture comaprising hydrogen
and carbon monoxide or diexide upwardly 120
through said Syst reantion zune, continyg.
ously introducing into the lower porkion
of said firzst reaction sone the finely
divided hydrogenating catalyst, conlinu-
ously withdrawing from said first a0~ 195
tion zone a guserns effluent eomtaining
catalyst thersin, introducing said gaseotud
efiuent containing catalyst into a secomd
Teaciion zone having a larger eross-see-
tiomal ares than seid first reaction zone 180
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such fhut the wveloeily of the gages
in  said secomd reaction zome is
less fhan the -veldeity "of the gases
i’ said - firzst. reaction zmome, passing

- sases upwardly through said second reac-

tion. zone at a velocity such that non-gon-
tinuous dense pseudo - lignid calalyset
phase is formed, withdrawing an. effluent
suhetantially free from oatalyst from the
upper porion of said second reactivn zome,

- withdrawing catalyst from the lower por-

tion of said second reaction 2one and re-
eyeling same to said first reaction zome,
and . recovering . ovganic compoundsy from
said eflueni from sald second reactiom
zone as produets of the proness,

15. A process according to any one of
claims 1 to 5, which includes eooling sind
eondensing the effluent and geparating re-

sulting condensaie Ifrom wuncondensed 20
vapors comprising unreacted veactants,
and resyeling at least a porfion of said
uncondensed vapors to the reaction zone
in g ratie of recyele gas to hydrogen and
earbon exide intruoduced into sald Teaction 25
zone between abont I': 1 and about 5 i

16. The process of hydrogenating
carbon oxiden substantially - as herein-
befora described. e
- Daled this 24th day of January, 1948,
For:
THE M. W. KELLOGG COMPANY,

Stevens, Langner, Parry & Rollineson,

- Chartered Patent Agents, -

55—, Quality Court, Chuncery Lane, -

' London, W.C.2, and gt

120, East-dlst Sireet,
Wew York, 17, N.Y., U.8.A.
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