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COMPLETE SPRECTFICATION

Hydrocarbon Synthesis

.We, Sravoarp O  DEeveLOPMENT
Comeany, a corporation duly ormanized
and existing under the laws of the State
of Delaware, United States of America,
having an office at BElizabeth, New Jersey,
United BStates of America, do hereby
declare the nature of this invention and
in. what manuer the same is o be per-
formed, fo be particularly described and
ascertained in and by the following state-
ment :— . .

This invention relates to improvements
in the art of synthesizing hydrocarbons
and woxygenated hydrocarbons frem
‘synthesis feed gas eomtaining hydrogen
and carhon-monoxide and, in particular,
it relates to improvements in the arh of
carrying out such a process employing
the fluid catalyst technigue.

Haretofore, and prior to the present
invention, others have synthesized hydro-
carbons and oxygenated hydrocarbons by
contacting a mixture containing carbon-
monoxide and hydrogen at elevated tem-
peratures and sometimes super atmo-
spheric pressure with a catalytic material
in a reaclor case containing a fixed or
stationary bed or beds of such catalytic
material In the form of pills, pellets,
granules, ete. Insofar as is known in the
earlier work in this feld, the catalyst

employed was cobalt carried onm a sup-+

port such ag Kieselgnhr and promoted by
an activator such as thoria. After that,
it was disecovered that iron also in the
proper physical and chemieal state, wasg
an active catalyst for promoting the fore-

_ going reaction, the temperature, however,
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required when using the latfer eajalyst
being substantially higher than ‘where
the catalyst is cobald.

And then still a later development in
the chemical arts known as the fluid-
solids technigune was invented and de-
veloped commereially in which vapor
phase reactions were carried out in the
reaction zone containing a bed of fluidized
cafalyst. Fluidized eatalyst signifies o

- powdered solid catalyst su’spended V_in the

1

particle size of the mixture can be con-

vapors or gases to form a dense turbulent 50
ebullient suspension. This type of opera~
tion has been used commercially with
great suiceess in the catalytic cracking of
oil and provides numerous advantages
é)_ver the older fixed bed type of opera- 55
10n, '
. The improvements relate to the fluid-
ized cafalyst type of operation, and, in
Particular, to improving the fuidizin
characteristics of the catalyst uved in syn. 60
thesizing hydroearbons,

It is known that certain active and
selective iron caialysts employed in the
hydrocarbon synthesis ave broken down
into extremely fine parficles in a very 65
short time (25—100 hours) when brought
into contact with various mixtures of

‘H, and CO employed in the synthesis.

Furthermere, the iron in this fine state of

subdivision 1s in its most active form 70
and most selective to liquid hydrocarhons.
But in this state it hecomes very diff-
cult to fluidise in a.fluid catalyst system.
It is proposed. to dilute the fine catalyst
with coarser iron particles having a range
of particle diameters between 80—200
microns, . ‘depending wpon the average

particle size.of the extremely fine active

catalyst. Tn this manmer the average: 80
trolled in the region in which flnidiza-
tion characteristics are the hest, Also

“the continual breakdown' of the larger

iron particles caused by the reaction-

4C0 +8Fe - - - Fe,0,+40 (and also 85

“caused ‘by other influences) will gerve to

replenish the supply of active catalyst as
it is lost from, the reactor, .
In the accompanying drawing, thers -
iz shown disgrammatically an apparatus 90
in whieh a preferred modification of the
invention may be carried out into effect.
Referring in detail 4o the deawing, 1
Tepresents o reactor case which in the
llustration shown is a cylindrical vessel 95
having a convex dome and a conieal
bottom and confaining therein a fluidized

bed of powdered iron catalyst. This
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catalyst has a pariicle size of from 0—200
mierons in the fluidizable state, that is
to say, when the catalyst will form a
dense turbulent suspension having depth
from a grid G o a level at say L. In the
operation of the provess, a mixture of
synthesis gas containing hydrogen and
carhon monoxide enters the system
through line 3 apd then is pumped by
pump 4 into the bottom of reartor 1 and
thereafter passes upwardly through the
grid + into the main body of the reactor.
By fixing the linear velooity of the gas

" entering at the point where it is just
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5 about to pass through the grid G within
. the range of from } to 1} ff. sec., prefer--
ably about 1 fi:/sec., there is formed the

dense suspension, or fuidized bed, pre-
viously referred fo. Depending on the
actual number of pounds of catalyst, and
the gas velocity, in the reaction zone, the
upper level of the dense phase is fixed at
T.. The distance from G to T may he 20—
30 feet. Tnder copditions which will be
more fully set forth hereinafter, the
desired reaction takes place and the erude
produet passes into the space between T
and the top of the reacter which may be
a matier of 8 or 10 feet. This space is
commonly referred fo as °° a disengaging
space ”’ for in it entrained catalyst settles
ont and gravitates toward the dense
phase, The gases and vapors continue up-
ward and are forced through a plurality
of solids-gas separating devices M where-
in catalyst sifll entrained -in the gases
and vapors is separated and permitted to
gravifate townrd the dense phase through
a series of dip pipes D.- The gases and
vapors containing fhe desired product,

finally exit thromgh the rveactor througl -

line 18 and usually these are passed
through one or more dust collectars 14 for
the purpose-of separating the last traces
of catelyst. Thereafter, the gases and

-vapours pass via line 15 infe-a purifica-

tion-recovery system 16, Since the method
of condensing, fractionating and recover-
ing gasoline and similar products is well
known, it will not be necessary for us to
deseribe in detail the methods of zecover-
ing gasoline, gas or leating oil, ete.
present as products in the ermde material,
The skilled engineer will also understand
that in the interest of good practice, 1t
may be necessary to.recycle to the re-
action zone, unconverfed hydrogen, and
carbon-monoxide. and possibly some of

‘the -water and O, formed, the latter

heing delivered to the reaction zone if

- necessary to-aid in maintaining the cata.

@5 disintegrate physically due to the deposi~ -

lyst in o flnidized eoudifion.

As has been indicated here&_uhefore. the
iron of fluidizable particle size tends io

by rapid rises 1In
“eatalyst bed, coarsely ground eatalyst is

tion thereon of carbon and carbonacenus
material as the reaction proreeds. The
undesired resnlts from thiz eatglest dis-
integration inclwde the following:

1. Instead of remaining within the
reactor, the catalysi passes overhead and
exits with the product vapors through line
13, This is ftrue pariicalarly of the cata-
lyst having a particle size less than 20
microns. Obviously this iz undesirable
beeause 1t overloads the rcyelones and
other solid =eparating devires and the
catalyst appears In large quantities in the
condensed [iguid produets.

.. 2. Poor flnidization ecpuses the finer
catalyst particles to appear in greater

quantity In the upper portions of the
flnidized mass, with the vesult that a very
substaptial and undesirable temperature
grodient will exist from the® hotfom io
the top of the veactor. oo

3. Temperature control will be difficult
due to improper miking of the catalyst, -

It has been discoveved that this condi-
tion may he alleviated and rorrected by
adding coarse eatalyst fo the reaction
zone. Referring ngain to the drawing, 20
represents the coarse eatalyst supply
hopper and 2] represents a transfer line
in communieation with the hopper in the
reaction zone, The transfer line 21 ix pro-
vided with a valve means 22, When it
Lecomes appareni that fluidizing eon-
ditions in the reastion zome are poor os
evidenced; for example, by a wide tem-
perature differenre between the fop amd
the bottam of the finidizable hed. by the
the appearance of unduly large quantities
of rafalyst fines in the exit line-13. and
temperature in the

‘caused to flow from supply hepper 20 into
reartor 1 by nperating valve means 22,

" Im order to explain this invention-more
fully, there is set ferth helow in the way
of 2 specific example the operating esn-
ditions and the results obtained when

_employing a powdered fron eatalyst in

the hydroenrhon synthesis speration, with
respect to the effect of . physical dis-
integration of the eataly<t as it becomes
rontaminated with carbonaceous deposits
anrd the means for correcting the fnidiz-
ing characteristics of the bed caused by
this eatalyst disintegrafion.

. Exaverne :
- In an operation conducted in a finidized
bed -of iron eatalyst at 630 F, (bed tem-
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perature), 400 pounds per square inch--
pressure. a feed rate of 30} standard cubic 128

- feet per hour of hvdrogen plus -carbon

monoxide in fresh- feed per pound of
carbon and oxygen-free catalyst. 0.8 feet
per second superfielal velocity of total
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feed, the following conditions are found:
In Condition A, the particle size dis-
tribution of the catalyst is given hefore
the start of the foregoing run; Condition
§ B is the particle size distribution of the
eatalyst after vhysical disintegration of
the catalyst, vesulting in greatly lowered
heat transfer coefiicient fo the cooling
surface disposed within the bed; and

Beller Analysis

Condition O sels forth the particle size 10
distribution after 60 per eent by waight

of iron having a particle size of from 80

to 200 microns is added, It will be noted
that in Condition B the heat transfer
coefficient is very low whereas it is 15
restored to mnine-tenths of its former
value in C by the addition of coarse
material,

A B

20 ({-free basis) Weight Percent
0—20 mierons - - - - 116 38.2 28.9
20— - - . . - - 198 11.7 7.3
30 - - - - - - 219 33.2 20.7
Co80—-200 - - - - - o 487 16.9 48,1
25 Heat Transfer Coefficient
BTU[(Hr.y (Sq. ¥t} ("F.) 100 40 a0

"Not only does the physical disintegra-
fion of the catalyst fo the peint that
excessive fines are present {or insufficient
coarse material i3 present) camse poor
Huidization but alse it causes a lowering
of the density of the bed which, like poor
fluidization, tends o bring about poor
~ heat transfer and large temperature
39 gradients so that it is desirable from
many points of view fo maintain the
catalyst bed of fluidized iron so that the
particle size distribution is sueh that a
major proportion of the particles have a
particle size greater than 20 microns and
preferably such that there is less than 20
to 25 per cent of fines having a particle
size less than 20 microns. When the
particle size approaches a condition such
45 that, say, 30 to 40 per cent of the

material has a particle size of from 0 to
20 microns, sufficient coarse material (80
fo 200 micron size) should bhe added to
: maintain the desired particle size dis-
- 80 tribution., The amount of such coarse
material added may be 609 by weight
of the total weight of catalyst particles
presens. Tt is preferable that a major
proportion of the catalyst particles in the
- - 5B reactor should have particle sizes from
about 88 to 200 mierons,

To recapitulate briefly, methods have
heen described for improving the flnidiza-
tion of powdered iron catalyst in the fluid

60 hydrocarbon synthesis reaetor, In brief,

ihe improvements involve adding coarse
iron to the fluidized bed when it becomes
evident that, due to cafalyst disintegra-
tion, fluidizing conditions are not good
65 therein. Tt will be appreciated, of conrse,
that in an gctual operating commereial
plant, the operator will have to exhibit
good judgment, aud it {s impossible here-
© in fo predief every possible contingency

70 which may arise with respeet to the

physical disintegration of catalyst. There
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is offered by means of specific illustra-
tions sufficient information to feach and
guide those skilled in the art, the pro-
cedurs to be employed in effecting the 76
desired result,

Those who are familiar with this ot
will realize and appreciate that in operat-
ing the so-called fluid catalyst type of
operation, a good method is one in which 80
the catalyst may be withdrawn for one
purpose or another from the bhottom or
from the side of the reaction zone—in
other words, from the so-called dense
phase, These reactors are operated so that 85
there is hoth a dense phase and a dilute
phase in"the reacton zome. In other
words, the dense phase in a reacter lav-
ing o diameter, say, of 17 feet (internal)
may contain a fluidized dense phase bed 80
of catalyst 20 {0 25 feet high and above
that a dilute phese in a so-called dis-
engaging space which may have 2 height
of 10 to 15 feet. Im the dense phase {he
catalyst may weigh 125 pounds per cubic 95
foot or more while at the npper portion
of the dilute phase, or where the product
gases exit from the reactor, the same may,
and preferably does, contain only fraces
of ecatalyst fines, Furthermore, it should 100
be poinfed oub. that in operating these
fluid reactors provision is made for with-

. drawing samples of catalyst from the

dense phase, which catalyst may be
analyzed -and, in the present instance its 105
carbonaceous content defermined in
weight per cent, let us say, of the total
catalyst, Furthermore, the reactor is pro-
vided with a plarality of temperature
recording devices such as thermocouples 110
at spaced points in the. bed. By the
examination of samples and the observa-
tion of the temperature prevailing at
varions levels and, of course, also by the
appearance of undnly large gquantities of 115
catalyst fines in fthe gases issming from
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the reactor, the operator ean ohserve and
recard the contemination of the entalyst
by carhonaceous deposits, temperature
gradients, if any, throughont the bed,
5 and otherwise closely follow the opera-
tion of the process, Then, of course, as
is well koown, there comes a time when
it, is necessary to withdraw catalyst from
the reaction zone for the purpose of re-
10 generating it usually by burning off the
carbonaceous contominants. A good way
to restore the aclivity of the catalyst
following the burning of the catalyst
eontuminants is fo resinter the catalyst,
15 that is, to heat it to af least inciplent
fusion so that agglomeration occurs, at
Ieast of the fines, followed by grinding of
the eatalyst if necessary. Thus, the ecata-
lyst with a particle size of from 80 to
900 microns added to the fluidized bed
may be either freshly prepaved catalyst or
previcusly used regenerated and reground

20

catalyst, As to the catalyst composition .

* itself, the same may be made from spent
25 pyrites by roasting the same to remove
snlfur and convert the iron to iron oxide,
followed by reduetion with hydrogen or
some other reducing gas, but preferably
hydrogen, and grinding of the catalyst to
the proper parivle size, Another good
cafalyst may be made from the iron cata-
Iyst used in the synythesis of ammonia
from its elements. .
Tn the fluid catalyst provess of this in-
vention the preferred temperature within
the reaction zone is from 523 to 60° E.,
and the preferred pressure is from 250
{o 700 pounds per square inch. -
Having now particalarly described and
ascertained the nature of our said inven-
tion apd in what manner fhe same is to
" be performed, we declave that what we
claim is:— )
1. Tn the flid catalyst process for
45 synthesizing hydrocarhons and oxygen-
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ated hydrocarbons from 2 feed gas ron-

taining carbon-monoxide and lipdrogen in

which, the latter are forced into contact

in a reaction gone with a fluidized hed- of

"50 o powiered iron catalyrt maintained at
alavated temperature and pressure, f_he
improvement which comprises maintain-

. : ing the bed of catalyst in fluidized con-
difion as evidenced by a high heat frans-

55 fer coefficient by adding more coarsely
of catalyst than that contained therein
. responsive to the tendency of the pow-
_dered iron in the fluidized bed to dis-
60 integrate physically into particles of
smaller particle size. :

grouad iron powder to the fluidized hed

. 2. The process as claimed in claims I
in which the added powdered iron has a
particle size of from 80200 mierons.

3. The provess as claimed in claims 166
or 2 in which the flnidized mass of eata-
lyst is maintained in such a particle size
distribution that at po time does the
weight’ per cent of the 0 fo 20 micron
particle size catalyst exceed 20 to 25 per
cent.

4, The process as elaimed in claim 1
in whieh, responsive to a drop in the heat
transfer coefficient to the fluidized bed of
iron, 60 weight per cent of finidized iron
‘having a partiele size of from 30 fe 200
mierons is added fo the fluidized bed of
ratalyst. .

5. The process as claimed in elaims
1—4 in which a temperature of from 525°
to 650° T. is maintained in the reaction
zoite and in which a pressure of from 250
‘to 700 pounds per sguare ineh is also
maintained in the reaclion zone,

6. In the fluid catalyst process for 85
synthesizing hydroearbons and oxygen-
ated hydrocarbons from a charging gas
containing earbon monoxide and hydro-
gen wherein the said gas is foreed up-
wardly in a reaction zome containing a
bed of fluidized powdered iron, which
reaction zone is maintained at elevated.
temperatures and under elevated pres-
gures, the improvement which comprises
adding powdered iron having a pariiele
size of from 80 to 200 microns fo the re-
action zome as the deposition of carbon-
aveons deposits on the catalyst occcurs
during the synthesis to the extent that it
catses 2 physieal disintegration of the T
catalyst, the ameount of such powdered
iron heing such as to maintain the par-
ticle size distribution of the total rata-
lvst in the reaction gone such that it does
not contain in excess of 20 to 25- weight
per cent fines having n ‘particle size of
from { to 20 mierons, :

7. The process as claimed in elaim 0§
in which the particle size distributlon of
the powdered iron eatalyst is such that a 31
major portion thereof has a particle size
of from about 80 fo 200 microns.

8. The process for synthesizing hydro-
rarbons and oxygenated hydrecarbons as
hereinbefore described with particular 11
reference to the accompanying drawing.
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Dated this 2nd day of September, 1947,
DAVID T. CROSS, :
16, Charles IT Street, Haymarket,
Loundon, 8.W.1,
Agent for the Applicants.
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[This Drawing is a reproduction of the Original on a reduced scale]
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