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COMPLETE SFPECIFICATION.

An IYmproved Method of Temperature Control in Chemical Reactions
employing Powdered Catalytic Material,

(A communication from Swavparn O
DrvenopMeNT CoMPANY, a corporation
duly organized and existing under the
laws of the State of Delaware, United
States of America, having an office at
Linden, New Jersey, United States of
Ameriea). :

T, CoNrap ArNOLD, & British subject, of
29 Southampten Buildings, Chancery Lane,
London, W.C.2, do heveby dsslare the
nature. of this invention and in what
manner the same is fo be performed. to be
partioularly desoribed and ascertained in
and by the following statement:—

The novel features of the present inven-
tion relate to a method of controlling the
temperature in a fAuidized bed of powdered
catalyst in a reaction zone ard in particular
to a method of sbstracting heat from a
fluidized bed of catalyst contacting a gasi-
form material during an exothermic re-
action.

Many chemical reactions take place in
vapor phase, and in recent years there has
been developed a so-called ““fuid-solid
technique™ wherein when a vapor phase
reaction requires a catalyst the same may
often be utilized by suspending it in
powdered form in the gasecus reactants.
In spite of the faet that & dense suspension
of eatalyst may be employed in a relatively
slow moving gas in a reaction zone, excel-
lent mixing and substentially aniform
temperatures are maintained throughout
the mass of catalyst; nevertheless, in re-
actions when heat is liberated it is nsces-
sary to abstract the heat to maintain the
temperatures in the resetion zome within
desired limits. In particular, in the cata-
Iytic synthesis of hydrocarbons from ecarbon
monoxide and hydrogen performed in the
presence of a fluid catalyst, the reaction is
so highly exothermie that it is necessary
to resort to eooling means to prevent undue
temperature rises. Herefofore, and prior
to this invention, it was common practice
o eause a eirculating fluid to flow in heat

[Price 2/-]

exchange with the fluid mass of estalyst in
the reaction zone for the purpose of with-
drawing heat therefrom snd controlling
temperatures. One method resorted fo was
to jacket the reaction zone and to cause a
cooling fluid to How through the jacket
surrounding the reaction zone apd by this
means to withdraw heat. Other cooling
means involved the deposition of tubes

within the resction zone through which -

tubes water or soine other fluid was foread
in heat exchange relation with the fiuidized
catalyst, whereby hent was abgorbed and

. the temperature contrclled thereby. The

use of jacketed reaction vessels involves an
added expense of appreciable size when
emploved in conmection with a full seale
coanmercial veactor, and they ave therefore
undesizable from the stardpoint of
economy. And, of course, by the very
nature of this type of cocling, it is difficult
to maintain uniforin temperature through-
put the mass of catalvst when the reaction
zone has a digmeter of, gay, approximately
10 to 15 feet.  Of course. the actual cooling
effect takes place at the perimeter of guch
& reaction =zone, and fhere is an
appreciable temperature difference between
the center of the mass and those regioms
at the perimeter. in spite of the
fact that good mixing is provided by
the fluid stute of the ecatalyst, Anather
proposal involves the deposition of tubes
within the reactor, but these tubes zre apt

to interfere with the suceessful fluidization”

of the catalyst mass by physical hindrance
as a result of the piling up of powdered
catalyst on the tube walls or headers and
i= atherwise unsatisfactory.

According to the present improvements.

uniform temperatures are maintained with-
in the reaction zone without resorting to
jacketing vessels or cocling tubes deposed
within the reaction zone in a manner which
will presently be deseribed.

From the foregoing it is obvious that the
abject of the invention is to control the
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ternperatures prevailing in a vapor phase
resction where @ catalyst is suspended in
said vapors without resorting to the use of
cooling tubes or providing jacketed reaction
vesselz.

Other and further objests of the inven-
tion will appear in the following more de-
tailed description.

In the aecormpanying drawing, there is
shown diagrammatically a fragment of a
hydroembon synthesis unit employing the
Huid eatalyst technique, the drawing de-
picting the reaction zome and merely so
wch of the accessory appavatus as is
necessary fo illustrate the novel features of
the invention. .

Referring in detail to the drawing, 1
represents u hydrocarbon synthesis reastor
containing a fluld bed of eatalyst, say an
irm catalyst I powdered form having a
size of from 5 to 300 microus, A mixture
of earbon ionoxide and hydrogen enters
the system through line 3 and iz thereafter
foreed into the bottom of reactor 1 where
it passes upwardly through & grid or sereen
G und thenee into a body of fuid catalyst
maintained In  that state by limiting
the superfieial linear veloeity of flowing
gas  within  the range of, say, 025
to 8.0} feet per second, preferably about
th4 feet per second so that the cata-
fvst forms #x dense suspension in the re-

actants, which guspension will have a’

density amounting o 50 o 909, of ite free
seftling or buik density. By maintaining »
tewsperature of 530° to 650° F. within the
reaction zone, a pressure of O to 450 pounds
pet square inch, and a feed rate of from
HO0- o H000 Vol, of teed;/Vol. of catalyst)
Hr.. the veaction is caused to take place
with the formation of hvdrocarboens inelud-
ing thnse bniling in the sascline and gas
oil range. Up to this point, the deserip-
tion of the process iz the same as that
emploved prier to the present irmprove-
ments.,

The present improvernents, i brief, con-
sist of mixing with the ecatalyst a quantity
of inert solid powder cooled to a tempera-
ture not exceeding 335° F. below the re-
action temperature and preferably baving
a 1uch smaller particle size and preferably
a lower density than the cafalyst so that
it passes out of the reactor, is ecoled to a
ternperature as broadly defined above and
returned thereto, while the larger particies
of eatalyst remain in the reaction zone. TIn
order to ensure that an adequaté amount
of the finely divided inert material is en-
traingd in the vapers passing overhead, it
is desirable to use somewhat higher linear
velocities in the reactor than are used in
conventional fluid syathesis. For example,
the superficial linear velooity in the re.
actor may be from sbout 0.5—5.0 feet per

second, and preferably from about 1.0—2,0
feet per second. Tf the eatalyst is, say,
metallie jron and the superficial velociiv
of the vapors is 1.5 feet per second, the
catalyst will form a dense suspension hav-
ing an upper level aé some point 1. above
which the goncentration of active catalyst
in the vapors deereases: As indieated, the
iiner particles of inert material are **blown’
out of the reaetor or, more scientifieliy
speaking, they are vemoved by elutriation
and passed overhead through pipe 10 with
the gaseous produets info a solids-gas con-
tacting device § where at least a rough
separation of solid and gas is effected, the
solids passing downwardly through a stend-
pipe S, The standpipe 8, is provided
with taps 12 through which a gas may be
injected for the purpose of increasing the
fluidity of the downflowing inert diluents
therein, The standpipe is controlled by a
slide valve V, and the downflowing inert
powder is admitted in measived quantities
into a pipe ¢ containing flowing water,
Sinee the temperature of the inert solid
is about reaction temperature, upon eon-
tact with the wafer the latter is vaporized
and the steam thus formed serves to earry
the fine, inert solids via pipe 4 info a
second solids-gas coufacting device 13
wherein the steam ie separated from the
inert solids and the lattes are thersafter
returned by a second shandpipe S, info
the reaction zone 1 shown in the drawing,
But the eooling effect caused by contacting
the hot inert solids with water in line 4
decreases the temperature of the inert
solids and when ther are re-ntroduced into
the reaction zone they will. of eourse, lower
the temperatures therein prevailing. Im
the drawing there is shown three standpipes
5,. B, and S, connecting the hotforn of
separator 13 with the reacfor with said
standpipes discharging into different sce-
tons of veactor 1 in order o assist in main-
taining a uniform temperatiure within said
reactor. A greater or lesser number of
these standpipes could be used. The re-
turn of the cocled. inert powder %o the
reaction zone comprises a cooling cyele,
and by comtrolling the amount of solids
thus eirculating any desired temperature
can be maintained in the reaction zone.
The rate of circulation of the inert powder
caw be controlled to a sonsiderable extent
by the superficial linear velocity maintained
in the reactor,

Referring egain to solids-gas contacting
deviee 5, the gases or vapors exit from 5
vie line 19 and thence pass through =
plurality of centrifugal separators 20 for the
purpose of removing entrained fines which
are returned to the svstem through dip
legs 21 and thereafter the product iz de.
livered by line ¥2 to purification and re-
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dovery equipment (not shown) where the
desired produets sueh as gasoline and gas
oil are recovered by fractionation andjor
sondensabion according to known metheds.
in like manner, the steam separated from
the solids in gas-contacting device 13 issues
through line 30 and passes through one
or more centrifugal separstors 32 wherein
entrained solids are separated and the
stesm substentially freed of solids issues
from the present system through line 85
snd the separated solids are returned
through dip legs 81. The steam, of course,
may be utilized in a waste heat boiler or
other eguipment (not shown) to recover
at least a portion of its energy content.
Furthermore, in order to maintain the
gysbermn in balance with respect to pressure,
the pressure control device 40 is provided
and suitably connected, preferably through
olestrical means, with valves 42 and 44 dis-
posed in lines 85 and 22, respectively.

Ag inert material there may be used
powdered alumina, fuller’s earth, eclay,
silicn gel or uny other inert maberial of
relatively low density which ean be pre-
pared in finely divided form. As indieated
previously, the -inert material is used in
more finely divided form than the catalyst
so that by differences in both particle size
and density, the cataiyst is selestively re-
tained in the boftom part of the reactor
while the inert material is concentrated in
the upper part of the reaction zone. A
suitable partiele size distribution for the
nert material is from 1 to 50 microns when
used with a catalyst having an average
partiele size from about 50 to 300 micerons.
preferably from 150-—250 mierons. The
proportion of inert material to catalyst may
be from ubout 209 to 2009 by weight of
the catalyst, this proportion being lower in
the case of non-supported type catalysts
which are generally of relatively high
density than for supported type catalysts
which are generally of lower density. Also,
instend of contacting the inert material in
line 4 with water, some other cooling
medium may be used such as & vaporizable
hydrocarbon, say a light naphtha fraction.
Any inert material and any coolirg fluid
may be used, provided they do not reaet
with each other, are not highly corrosive,
nnt too expensive. nor otherwise undesir-
able. T desgired indiveet heat exchange
us in the tube type heat exchanger may be
used in place of direst heat exchange by
contaet with & wvaporizable liguid.

To recapitulate briefly, the present in-
vention relates to & convenient, effective
and inexpensive wethod of contrelling tem-
peratures in the reaction zone containing
5 body of Huidized powdered catalyst sus-
pended in vaporous reacients. The inven-
fion contemplates mixing a finely divided

catalyst for an exothermic reaction with an
inert finely divided solid of smaller average

partiele size than the catalyst so that the .

particles of inert material under the condi-
tions of operation contintously pass cub of
the reaction zone with the produet, are
separated theveirom, cooled by contact with
a waporizable liguid, and after separation
from the last-named wvapows, refurned to
the reaction zone. :

To illustrate the operation of the present
invention a fluid type hydrocarbon synthesis
regetor confaining 100 eubic feet of an iron
catelyst having a densify of 150 pounds
per cubic foot utilizes 435,000 cubic feef
par howur of a synthesis gas confaining 459
ecarhon monoxide, With 959 convergion
of the ecarbon monoxide the heat lberated
amounts to approximately 2,640,000 BTU
per hour. VWhen clay with a specific heat
of 0.25 iz used as the diluent for the cata-
Iyst, it is necessary to cireulate approxi-
mately 34,000 pounds per hour of clay
between a temperature of 600° F. in the
resctor and a temperature of 250° F. in the
cooler for the inert material to transfer
all of the heat of reaction to the waporized
liguid. If the jron catalysi is mixed witk
259 by weight of the clay, the desired
amount of cooling is obtained by eireulation
of the elay approximately nine fimes per
hour in a complete cyele through the
cooling system.

Little if uny catalyst is removed Irom the
reagtor according to the present process
because of its greater size and density, and
thereiore it is desirable as a best operation
to seleet an inert solid vorying considerably
in particle size and density from the cata-
lyst. A sintered or fuged iron catalyst is
porticulurly desirable for this type of opera-
tion begause of the large differential in
density between the iron and the ecmmon
inert maoterials such asz clay, silica gel and
other silicesus materials. OFf course, i
ghould be pointed out fhat in the hydro-
carbon synthesis it may be necessary to
remove the catalyst as well as the inerd
solids periodically to wash the same for
the purpose of removing wax eontaminants,
When this is required the catalyst may be
withdrawn from the boftom of the reactor
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through a stundpipe (mot shown in the

drawing), treated by conventionsl means
for removal of contaminanis, and returned
to the reactor. The catalyst withdrawn
in this manner will be admixed with only
relatively small amounts of the inert
diluent.

Tn Specification No. 583,180 which al-
though not public at the date of the present
Application vet bears an earlier date, there
is claimed a process for contasting solids
with solids which comprises continuously
feeding to a vessel a first partieulate solid
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which is inaintained in the fluid state by
the upward passage through it of a ‘gas
and/or vapor, the particulate solid mov-
ing relatively to a body of & second particu-
late solid in the said vessel in paths sub-
stantially parallel to the flow of the gas
and/or vapor used to maintain the frst
particulate solid in the fiuid state, and
continuously removing the first particulate
solid from the vessel at a point remote
from its entry. There is further claimed
o process wherein a partieulate solid within
a vessel is heated, cooled or maintained at
a desired teraperature by introdueing into
the vessel the other particulate sold at a
suitable temperature, both particulate solids
being maintained in a fluidized state.

Having uow perticularly deseribed and
ascerfained the nature of the said invention
and in what manner the same is to be
performed, as corumunisated to me by my
foreign eorrespondents, I declaze that what
I claim is:—

1. A method of condrolling temperaturs
in u bed of Huidized powdered eatalytic
material, adiived with a gasiform material
undergoing an exothermic reaction in a
reaction zone, whick comprises continuously
adding to the said bed a powdered inart
materal cooled to a temperature not ex-
ceeding 330° F. below the reaction iem-
peraturve, in an smount suffieient fo main-
tain the reaction temperature at s desired
level, the said inert material heing added
at least In part to a lower portion of the
bed of catuiytic materisl whereby heat
is abstracted frum the said bed of catalytie
material in o vegion of maximum heat
iberation,  eontinuously  removing by
elutriation powdered hieri material sub.
stantially free from eatalytic materials from
an upper portion of the said bed of catalytie
material, cooling the thus removed inerd
material to the extent indicated and reburn-

ing the latter o the said bed of eabalytic
material.

2. A method as seb forth in Clam 1, in
which the inert material withdrawn is
eaoled by contact with a vaporizable liquid.

3. A method as set forth in Clajm 1, in
which the said inert material is of smaller
size than the said eatalytic waberial,

4. A method as set forth in Clam I,in
which the inert material has a lower speoi-
fic gravity then the said catalytic material,

3. A method as set forth in Claim L
which the withdrawn inert material is
eooled by contact with water.

B. A method as set farth in Claim 1,
in which the inert material is cooled by
contaet with water causing vaporization of
the water, and is retwrned sugpension
in the steam thus formed to a zone in
communication with the said bed of cats.
Iytie material,

7. A method a3 set forth in Claim 1,
in which the amount of the cooled inert
material returning o the fluidized bed of
catalytic material is from 20—2009%" hy
weight of the latter.

8. A method as set forth in any of the
preceding claims in which the catalyst is
powdered iron and the exothermie reaction
is the synfhesis of hydrocarbons from g
tnixture of hydrogen and earbon monexide.

2. A metkod as set forth in any of the
preceding olaims, wherein the reackion
temiperature is 600° F. and the inart
material withdrawn from the reaction zZone
is cooled to 250° F. and then returned to
the reaction zone.

Dated this 28vd day of August,rlg-lﬁ.

D. YOUNG & co,,
29, Southampion Buildings,
Chancery Lane, London, W.C.2,
Agents for the Applicant.

Abingdon : Printed for His Majesty's Stationery Office, by Burgess & Son.—1949,
Published at Tha Patent Office, 25, Southampton Buildings, London, W.0.2, from whieh

copies, price 2a,.0d. each {inland)

Zg, 1d. {abroad} may be obbained.
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[This Drawing is a mproducéion of the Original on a reduced, scale,]
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