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COMPLETE SPECITICATION

Hydrocarbon Synthesis

We, Stawpann Umn DeverorMssT Cou-
vaxy, 3 Corporation duly organized and
existing under the laws of the State of
Delaware, United States of America,
having an office at Elizabeth, New
Jersey, United Stafes of America, do
hereby declare the nature of thiy inven-
ton ond in what manner the same ig 1o
be performed, to be particularly deseribed
and ascertained in and by the following
statement ;—

The present invention relates %o im-
provements in the ar{ of synthesizing
hydrocarbong and oxygenated hydroear-
mg from g gaseous mixfure containiag
earbon monoxide and hydrogen, Tn par
ticular, the present improvementy relate
to improved cooling means for controlling
temperatures in the highly exothermic
reaction wherein carbon monoxide is re-
duced by a hydrogen-containing gas.

The synthesis of hydrecarbons, includ-
ing normally liquid hydrocarbong such ag
gasoline, hag recently aequired a new and
1mpertant status in the petrolevm indus
try fur the reason that the provable crude
oil reserves in the uwifed States of
America have reached o foreseeable ex-
haustion in the not too distant future.
In that situation, therefore, the industry
has turued to other possible sources for
maintaining the required supply of com-
mercial gasolines, Many petroleum
technologisis are of the opinion that the
natural gas resources of the United States
are. of such an extent that it is possible
that, if a commercially feasible process
can bs found for converting this natural
oas into gasoline and other normally
lignid hydrocarbons, then the concern
regarding the exhaustion of the erude oil
resources would be very greatly allevi-
ated. At the present time, therefore, the
industry iz conducting research dirscted

45 toward producing gasoline from natural

gas as a starting material, with the
fervent hope that the gasoline may be so

prodarced at a price comparable to gaso-

lie produced from crude petroleum oil,
Of course starting materials otlier than 50
natural gas are being investigated, For
example, the possibility of gasifying
some of the bituminous and low grads
voals to form mixtures containing carbon
monoxide and hydrogen, as feed gases fo a 6D
hydrocarbon synthesis operation ig being
simulianeously investigated and studied,
In general, theréfore, the problem gf
maintaining the tremendous quaniity of
gasoline requived through the fubure 60
Years is a real problem and one {p which
the petroleum industry iy certainly giving

o great deal of attention at the presem
time.

The present invention has to do with 65
improvements in the synthesig process
itself, and does not particularly have re-
gard to the manner in which the syn-
thesis gas, so-called, is produced—that is,
the gaseous mixture coniaining carbon 70
monoxide and hydrogen whick is:charasd
to the hydroearbon synthesis reaction
zone; and therefore, the present specifica-
tion and claims ure restricied to that par-
ticular phase of the overall problem. - 75

Prior to this invention, others had syn-
thesized hydroearbons, mmeluding nerm-
ally Iiquid hydrocarboms. I} is under-
stood that the firgt work in thig field was
done phroad, Perhaps the firsy commer< 80
cial operation in which hydrocarbons,
including gasoline, were synthesized by
the reduction of carbon monoxide with
hydrogen was the so-called ¥ischer-
Tropseh process. Thiy process, according 85
to the Iterature, was conducted in the
presence of a catalyst in which the active
component was cobalt and was carried out
in a rase or reavtor containing ome or
more stationary beds of catalyst. Affer 90
that, it wag found by others that iron,
preferably activated with a velatively
small amount of a substance suck as
sodium fluoride vr catbonate, alse was an
active catalyst in the hydrocarbon syn- 95
thesis reacrtion. 8til] later, the so-called
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* fluid catalyst techuique,” employing

iron as the catalyst, was used in synthe-

sizing hydrecarbons by the reduction of

carbon, monpxide, the cafalyst being pro-
8 moted iren. At the preseny time, it is
helieved that iron is » more satisiactory
eatalyst than eobalt, principally because
the gasoline fraction obtained from the
iron-nsing process is very definitely
superior in antj-detonation. guality to
that formed in the older cobalt-cafalyst-
using Process. .

In the cataéytic cracking of hydrocar-
bon oils, the fluid catalyst technique bas
proved highly successiul. This is due fo
many desirable attributes, ineluding the
fact that the finid bed of catelyst can be
maintained in a substanfially homo-
geneous thermal condition due fo the
thorough mising which the agitated
particles in the fluidized bed q.ifox_'d, to
ihe economieg invelved in continuity of
operadion, to the possibility of maintaio-
ing catalyst activity af a high level by
withdrawing catalyst as desired and re-
generating the catalyst and returning it
fo the reaction zome, and numerous other
advantages. . .

In spite of the esperience which the
industry gained as a result of the develop-
ment of Huid catalyst cracking, the
application of this principle tor hydrocar-
bon. synthesis reaetions was not accom-
plished .without difficalties. This, of
course, I3 rveadily explained because,
sinee cracking oil is ome thing and sym-
thesizing = hydrocarbon, .'Emm the inter-
mediates, carbon monoxide and hydro-
gen, iz guite another chemical process, it
is not surprising that each would have 1ts
own peeulinr problems. While the erack-
ing of gas oil to form a cracked gasoline
is an endothermic reaction, the reduetion
of carbon monoxide with hydrogen is
45 highly excthermic. The adaptation there-
fore of the fluid catalyst fechnique for
hydrocarbon synthesiy Was econfronted at
the omtset with a new heag _control
problem.

The answer to the problem "is not
merely the disposition of cooling coils
within the reactor, or surrounding t]_.le
reactor - in. lLieat exchange relutionship
therewith, “In sach an arrangement, the
heat fransferred from the fluidized bed
per unit ared of cooling surface is directly
proportional t¢ the temperature differ-
ance betiveen the bed of catalyst and the
cooling medium and to the overall heat
tronsfer coefficient between the catalyst
bed and fhe cooling medium. In order
to conserve heat transfer s:urfa-_—t'_. it is
desirable to operate at the highest rate of
heat transfer from the bed fo the cooling
coils per umit area and a maximum fem-
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perature differencs shoul] exisi between
the bed of catalyst and the cooling med-
jumm. But it hag been found, for example,
that when the femperature of the cooling
medivm jg maintained within the range 70
of trom aboud 5258° F. o 580° F. or below
thut, the heat transfer coefficient is
markedly redueced, which in turn of
course teduces the heat transfer rate per
unit area of cooling surface. This i true 75
when using a powdered iron catalyst and
operating ag pressures within the range

of from 200 to 00 pounds per square inch
and_ particularly for pressures between
3t0° and - 400 pounds per square inch 80
{optimum pressure condttions jp most in-
starices) and where the catalyst bed is at u
temperature of from 625° ¥, 10 778° F.
As will bhereinafter more fully appear,
experiments demounstrate that fhere is u
critical temperature range of the eireu-
lating cooling medium for mosg efficient
heat transfer, and that iz the essence of
the present improvements in the hydro-
carbon synthesis process.

The object of the present invention,
therefore, is to vontrol the temperature
of 4 fuidized bed of caialyst during the
hydrocarbon synthesis proeess jn a man.
ner which is more efficient than these 95
previously used.

Another object of the invention is o
keep the temperature of a fluid bed of
irgp, catalyst eonstant throughout during
the hydrocarbon synthesis process by 10
regulating the pate of heat flow, per unit
areq, from the bed of catalyst to g coul-
ing surface in heat exchange yelationship
therewith.

Another object of the inventign is tol05
maintain a fuidized bed of irom catalyst
employed in the hydrocarbon synihesis
reaction at a substantially vniform tem-
perature {hroughout with a reduced
amount of cooling surface In hea; ex-
change relationship with the fluidized bed
of catalyst. .

The aceompanying drawing shows
Hlow plan representing g faid ecatalyst
hydrocarbon synthesis plant, the drawing 115
depicting the system partiallv diagram-
matieally and partially in sectional view.

Referring in detail to the drawing, {1)
represents a cagse or reactor having a
cylindrical main pertion and a epnieal 120
base. Disposed within the reactor in the
lower portion of the cylindrical sertiog Is
g foraminous member (2). Disposed
within - the reactor iz a bank of cooling
tubes 18) terminating in headers gr boiler 125
plates 4 und (3) and throngh which is
caused to cviretlate a fluid cooling med-
ium. Tn addition. However, the reactor
(1} 'is provided with a jacket (B) which
surrounds the major portion of the main 180
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saction of the reactor, us shown, amd
through which jacket o cooling fluid iy
vaused to eirculate,

In, operating the process, fresh feed
enters the system through line (7). This
feed contawing  hydrogen and curbon
monoxide buf may alse contain some car-
bon dioxide and some water and also
other inerts normally present in syu-
thesis gas. . The feed is compressed in a
pump (8) and thence forced through a
valved line (2) info a heater (10). If the
gas pressure ip Hne (7) 3y sofficiently
high, of course, the fresh gas may by-
Pags the compressor as indicated in the
drawing  The fresh gas feed is with-
drawn Irom the the heater (10) through
line (11) and discharged info the conieal
section of reactor (1) where it passes up
through the grid or screen () into con-
tact with the catalyst (0). The vatalyst

" in the preferred modification of the in-

vention is powdered iren having 5 particle
size within the approximate limits nf

25 from 20 to 200 mierous, with over 50%
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having a particle size of from 40 to 100

microns, The gasiform material iz caused
to flow upwardly in the reaction zone ap
a controlled rate, say w superfieial velo-
city of from } to 3 feet per second, The
result of the slow gas dow rate in con-
junction with the particle size is to form
a densé, turbulen, ebullient mass which
bhas come fu be knowu as the fluidized
bed. Depending on the amount of
vatalyst present in the bed, the same will
have an upper dense phase level ag (1i).
Above the dense phase level is a dilute
phase ip which the concentration of
catalyst decreagey upwardly. )
The process so operated atffects  separa-
tion of the main bulk of the catalyst with-

- in the reactor and only entrained fines
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pasg overhead with the exiting product
stream, Usually, there ure disposed in
the upper portion of the reactor a plur-
ality of solids separating devices such as
cenfrifugal separntors (8) through which
the issuing gasiform material iz forced
for the purpose of sepurating substan-
tially the last fraces of entrained catalyst
and returning the same to the dense
phase through o plerality of dip pipes (d).
The product stream is withdrawn from
the reactor through Line (12), cooled in
(13) and delivered to o purification and
recovery system. Tt will not he necessary
o describe in detail the method of epoling
and collecting the gasoline and other

60 desired products, - sinee this may be

accomplished by conventiona] methods.
It should be pointed out, however, that
unreacted carbon monoxide and hydro-
gen, with perhaps soms of the carbon
dioside and .waler, may be returned io
the reaction zone threugh a recycle line
(14), 2 pump (15) and o heater (16).

. As stated, the improvements relate to
mnpreved meany for controlling fevipera-
fure within the rewction zpne, and to this
end, therefore, a cooling wedimn such as
water, diphenyl, mixtures of diphenyl
and diphenyl oxide, suituble hydrocar
bou fractiong or other material having a
sutisfactory boiling temperature range,
enters the system through line (17}, then
15 pumped by pump (18) inty g beiler
drum {20) via line (19, where heat is
extracted from fhe circulating cooling
finid by evaporation of a portion thereof,
followed by utilization of the vapors to
generate power (in means nop shown), A
portion of the vapours in line (21) may
be condensed in cooler (22) and refurned
to droaw (200, Pressure on the cocling
system is controlled by any conventional
pressurs control insfrument. The cooled
fuvid is withdrawn from the boiler drum
(20} by line (28} and discharged into
beader (9), and thereafter forced through
the bank of tubes (3) through which i
passes in heat exchange relationship with
the fluidized bed of catalyst, extracting
heat from the latter ungd being withdrawn
through a valved line (%%) and refurned
to the boiler drum (20} for the removal
of heat. Axnother poriion uf the circulat-
Ing cooling medium ip line (28} is passed
via line (25) intop Jacket (6) at a bottont
portion thereof, forced upwardly there-
through in heat exchange relationship
with the fluidized bed of catalyst, with-
drawn at on upper portion of said jacket
through line (26), and refuried vig line
(24) to the hoiler drum (20),

Beferring again to the boiler drum
20%, the liquid level is controlled by any
Inown instrument (27) adapled to control
the rate of addition of fresh or reeycled
cooling medium,

Thus, the operation of an improved
hydrocarbon synthesis plant embodying
the improvements hag been describizd as
to the flow of -reactants fherethrough,
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and in particilar as te the flow of thelld

temperature-controlling Huids,

As-tc operating conditions in reactor
(1), good results are obtained employing
the fullowing: -
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Temperature - s . = -
Presgure -l - . -
_FreSh Feed fo the Reactor - -

il Total ¥eed Including Recyele -

As previously stated, the juvention has
to do with efficient temperature conirol.
It will be apprecisted that the disposi-
tion of cooling coils reduces the capacity
of a given reactor in amcoung related to
the space oceupied by the said cooling
woils, and consequently a definite advant-
age accrues fo a cooling systerm which
operates satisfactorily employing the
minimum amount of cocling tube sur-
face. It has been found that a high heat
transfer rate can be maintained and that
the amount of cooling surface reguired
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RBun No,

Day

Ranctor Pressure, psig.

Avg. Cat, Bed Temp., "X,

Tenp, “F, of Cooling Medium

Heaf Trans. Coef. Btu/Hr.[Sq.
e [°F. .

36

The foregoing data show that, ag the
cooling medium temperature way reduced
fo below the 3%5° ¥, to 530° I'. range,
the heat transfer coefficient decreased
muarkedly. However, when the tenipera-
ture was again raised above 330° ¥. the
coeffieleng wag increased. Consequently,
these data show that cooling medium
temperatures below 325—350° F. are not
advisable and that beiter results are ob-
tuined employing a lesser temperature
50 differentia) between the evoling medium
and the bed. Atfention is directed to the
fact thet the foregoing operation +was
conducted wnder a resctor pressure of
about #H} pounds per syuare inmch.

Any cooling medivm may be used in
which fentperature can be controlled, Ab
pressures in the range of from 500 to 300
pounds per square inch, and operating in
the same temperature range given in the
foregoing talle, namely, from about G23°
T. to about T73° F., the cooling medium
should not be maintained below the ap-
proximate rauge of from 600° ¥ to
B30” I :

On the other hand, for pressures below
206 pounds per square inch, say from 100
to 200 pounds per square inch, and oper-
ating so that the bed hay n temperature
genetally within the range set forth
above. the cooling medinm should be at
a temperature within the range of about
J00—450° B
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80-—780" F.

150-—800 ths, fsq. in,

5—250 standard eun. ft. per pound of
catalyst In reactor

3—300 stundurd eu. it. per pound of
catalyst in reactor.

canr be very substantially redueed. 30

It has been found, for example, that
during a certain run in the fluid hydio-
carbow synthesis plant operating during
the ecourse of some 13 days, I which
operation the catalyst was powdered. iron 25
and the cogling medium was a liguefied
mixture of diphenyl and dipheuy] oxide
{a well-known temperature contrel fluid),
under the conditions further stafed below.
the following conditipns of temperature 80
und heat transfer prevailed:

124 123 2B 1Zp e b
Ist 1th  10th  1Gth 12tk i3tk
294 100 496 344 L0000 399
636 i T 7064 G663 6da
Ty 4R 433 320 410 893

7l £2 14 12 13 35

Thus, where the syuthesis proceeds
under u pressure ip the general range of
100 to 800G 1bs, per square inch, the tem- 75
perature of the cooling medivm should be
in the range from H0—630" I, TFor
pressures of 200 tp 200 pounds per syuase
inch, the temperature difference between
the bed and the evoling medium should 80
preferably be not more fhan abour 1507

Te recapitulate briefly, therefore, it
has been found ihat when maintaining
the most efficient heat fransfer between 85
the cooling system end the Lot fuidized
bed of powdered iron catalyst in a hydre-
carhen synthesis operation. there iz a
critical temperature differeniia] between
e temperature of the cooling system and
the bed which provides a maximun rate
of heat transfer and thus has the desir-
able effect of redueing the mwmount of
equipment angd utilities necessary to effect
guod temperature comtrol. 95
" Huaving now particularly deseribed and |
ascertained the nature of our sald inven-
tion and in what manner the same i5 to
be: performed, we derlare that what we
elaim) 1s:e— 1

1.  An smproved hydrocarbon synthesis
process for the formation of hvdrecarbons
and  oxveenated hydrorarhons hy the
reduction of carbon monexide with
hydrogen in a reaction zone in thel0d
presence of a {fuidized bed of irm

80
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catalyst, wherein esecess heat is removed
by a cooling medinm maintained sy such
a temperature that the coeficient of heat
irausfer and the temperature differential
batween. the bed and the cooling medium
are correlated to give a rate of heat trans-
far in, the region of its maximum,

2. A hydrogarbon synthesis according
to Claim 1 for the formation of hydro-
carhong and oxygenated bhydrocarbons by
the reduction of carbon monoxide with
hydrogen under superatmospheric pres-
sure and in the presence of a fluidized
bed of powdered iron catalyst at tema-
peratures within the range 625° F. to
776" ¥., wherein heat is abstracted from
said synthesis reaction by causing o tem-
perafure contral fluid to circulate in heat
exchange relationship with sajd bed of
catolyst, a high -heat transfer coefficient
being maintained between the bed of
catulys;y and the cooling medium by
maintaining the temperafure of the cool-
ing medivm within the range of from
about 400° ¥, £ 650° F., where the syn-
thesiy proceeds under a pressure within
the range of from gbout 100 te 800 pounds
per square inech, the higher cooling wed-
iym temperafures being employed in con-
junction with the higher pressure,

3. The process according fo Cleim 2,

in. which the synthesis is carried out
unider a pressure of from about 100 o
200 pounds per square inch and in which
the cooling medinm g maintained gt a 35
temperature within the range of from
about 400° F. o 460" T,

4. The process according to Claim 2,
im which the synthesig iy carried out
under a pressure of from about 500 to 800 40
pounds per square inch and in which the
cooling medium iz meiotained at a tem-
Pperature within the range of from about
600° F. to 660° I,

5. The process according te Claim 2, 4b
in which the synthesis i3 carried out
under a pressure. of from about 200 to KOO
pounds per square ineh and in which the
cooling medium 1s maintained at g lower
temperature than the bed of catalysy but 50
at a temperatore not more than shout
150° F. helow the temperature of the bed
of catalyst.

6. The improved hydrocarbon gynthesis

process substantially as  hereinbeforé 56
described. .
Dated this st day of April, 1948,

DAVID T. CROSS,
Brettenham House, (Sizth Floor South),
Lancaster Place, London, W.C.2,
Agent for the Applicants.

Leamington Spa; Printed for His Majesty’s Stationery Office, by the Courier Preas.—1950.
Published =zt The Patent Office, 25, Southampton Buildings, Londen, W.C.2, from whick
eopies, price 2s. 0d. each (inland) 2s. 1d. (abroad) may be ohtained.
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