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‘The present invention relates ‘to ‘the ‘synthesis
of hydrocarbons from carbon oxides and hydro-
gen in the presence of a suitable iron ‘catalyst.
This invention relates more particularly to -the
treatment of a powdered catalyst associated with
an ‘oily hydrocarbonaceous and waxy ‘material,
wherein the:catalyst is-cleansed and valuable oily
and waxy materials are recovered.

The ‘synthesis of hydrocarbons ang dther
valuable products from gas mixtures containing
various preportions of hydrogen and carbon
oxides, particularly carbon monoxide, both in
fixed bed ds well-as in dense phase fluid catalyst
operation is ‘well known 4n the art. The chai-
acter and quality ‘of the ‘Synthesis produet ‘de-
pends largely on the temperatures, pressures,
H:!CO ratios of the feed ‘gas and the nature
of ‘the catalyst used, the latter being usually an
iron group metal catalyst ‘promoted with such
promoters as various alkali metal eompourds,
rare earth metal oxides, magnesia, alumina, ett.
in amounts of about 0.5-10%. Thus cobalt
catalysts promoted with thoria ‘and/or magresia
have been used at relatively low pressures ‘of
about 15-75 p.'s. i. g. and relatively low ‘tempera-
tures of -ahout 350° to 450° ¥ and high H."CO
ratio of 2 -or more to produce a substantially
saturated hydrocarbon material from which
valuable diesel fuels, lubricating oils, and ‘waxes
may be abtained. Iron-type catalysts, usually
promoted ‘with a suitable alkali metal ‘compound,
such as carbonates, halides, etc. of potassium or
sedium may be used in combination with rela-
tively high pressures up t0'600 to 700 p.s.i g.and
temperatures of 450° to 750° F., and lower Ha:CO
ratios generally not above 2, to produce pre-
dominantly unsaturated material from which
large proportions of high octane motor fuels may
be recovered.

While it has thus been possible to obtain high
octane motor fuels in good yields by this process,
it has also been found that operations under con-
ditions that favor good yields of useful . €.,
Cat-0il) products are aceompanied by excessive
deposition of carbon and carbonaceous material
upon the catalyst. This carbon deposition is a
serious problem, both when the catalytic opera-

tion is carried out by the fixed bed and the fAuig

catalyst technique, which latter, because of bet-
ter heat distribution, transfer and control and
because of the more intimate mixing and con-
tact of the catalyst with the reactants, is con-
sidered far supéerior to fixed bed processes for
effecting the eatalytic synthesis of hydrocarbons.
However, two problems that arise in conjunction
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with the fluid solids type of operation are the
fouling and consequent, inactivation of the’ cata-
lyst by formation and deéposition of waxy ‘mate-
rials and the tendency ‘of ‘catalyst particles ‘to
agglomerate as a resultof the wax formation’and
deposition. Wax deposition “diie ‘to catalyst in-
activation not only cuts down produdt yield but
causes poor fluidization of ‘the catalyst, poor tem-
perature control, sgglomeration and ‘conditidhs
Fequiring 'shut down of the plant. _

'The present invention is‘Particularly concerisd
with the removal of Waxy material from -a ‘cata-
Iyst used in ‘the synthesis of hydrocarbons in a
fluid solids type operation. L

As stated above, one of the principal problems
in the application of the fluid catalyst technique
to the synthesis of hydroéarbons from CO'and He
has been the accumulation of wax ‘'or heavy ‘oil
on the catalyst. In the fixed bed operation ‘this
was not a serious problem; becauss of the down-
flow, the wax -drains ‘off the catalyst, ‘and wax
could be ‘allowed to collect to the extent of 160
to 150% by weight of catalyst before activity ‘of
the catalyst was serfously impaired, and conse-
quently wax removal was required ‘only ‘at infre-
quent intervals such'as every 3¢ or 60 days. -Also,
particle motion was not important. Fowever,
in the fluid tybe of opération the aceumulation
of wax on the catalyst interferes with proper
fluidization of the catalyst long béfore the wax
content of the ¢atalyst is sufficient to interfere
seriously with the activity thereof. One of the
ways wherein wax interferes with fluidization is
by accumulation on any relatively ‘cold walls,
Fine cabalyst particles mrake contact witht this
wax, are wetted thereby, and the resultiniy ag-
glomerate falls into the reactor and causes poor
fluidization and/or coking and caking, Thus it
has been found, for example, in a fluid type op-
eration that only about 20 to 25 weight perceént
of wax can be tolerated on the catalyst before it
causes sticking together of the catalyst particles,
thus preventing proper eration and fluidization
which are essential for the operation of the finid
type process. » _

It has been proposed to remove catalyst from
the reactor and to treat it with a solvent t6 re-
move the materials contained therein. Not only
Is this an expensive operation, but it is im-
possible to reiove completely the deposit from
the catalyst by solvent extraction. It is also pos-
sible to burn the deposit from the catalyst, but in
this case the catalyst must be reduced before re-
employment ahd it frequently suffers deteriora-
tion during the cycle. Beside the association of
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the catalyst within the synthesis reactor with
heavy oil and waxy materials, another part of
the catalyst is also closely associated with heavy
oil in the catalyst recovery system. When up-
flowing synthesis gas is contacted with a dense
bed of turbulent fluidized catalyst particles, the
product stream comprising reaction products, un-
reacted gases and catalyst fines generally pass
in the upper section of the reactor through a gas-
solids separator, such as a cyclone, wherein the
greater part of the catalyst fines and entrained
catalyst particles is removed from the gas stream
and returned to the catalyst dense bed. How-~
ever, a minor portion of the catalyst is not re-
moved by this means, and to prevent such cata-
lyst fines that remain suspended in the vapors
leaving the gas-solids separator from contami-
nating the liquid produet, it is customary to con-
tact the product vapors with a circulating oil
stream to scrub out the remaining eatalyst from
the product stream. The resultant slurry is then
settled or concentrated by some conventional
means, such as thickening, and the thickened
material usually discarded.

As a result therefore, of the formation of waxy
deposits on synthesis catalyst within the reactor
and of the product vapor scrubbing process
wherein catalyst is scrubbed from hydrocarbon
synthesis product vapors, there is lost not only
catalyst but also a significant proportion of prod-
uct oil—i. e., that associated with the catalyst
within and without the reactor.

It is therefore, the main object of the present
invention to separate oily or waxy material from
finely divided hydrocarbon synthesis catalyst,
simultaneously purifying the latter and recover-
ing valuable oily material.

Another object of the invention is to recover
a high quality diesel oil from the hydrccarbon
synthesis process.

Other and further objects of the invention will
appear from the following more detailed de-
seription.

The present invention discloses a method of
simultaneously removing the waxy material from
catalyst and the oil from fines by hydrogenation.
The catalyst from the two sources, the reactor
and the recovery system is mixed as a slurry
with high-boiling (400+° F.) synthesis product

in a reactor and subjected to low pressure hydro- :

genation. This operation consists of passing the
slurry with hydrogen through a reactor at pres-
sures in the order of 150 to 750 p. s. i. and tem-
peratures of about 500° to 800° F.

Not only are the olefinic constituents of the
oil phase of the slurry hydrogenated and oxy-
genated materials converted so that an excellent
diesel oil in the order of 60 to 70 cetane number
is obtained, but also the heavy oil and the wax
are removed from the catalyst. Furthermore,
the catalyst is also partially reduced in case it
was oxidized in the reactor. Under the condi-
tions specified, the hydrocarkon synthesis catalyst
itself acts as the hydrogenation catalyst and no
other catalyst need be added for the desired re-
action. Inasmuch as a hydrogen manufacturing
plant is almost invariably a part of a synthesis
plant to reduce the feed catalyst, such plant is
readily adaptable to furnish the hydrogen for
use in accordance with the present invention.

Having set forth the general nature, advan-
tages, and objects of the invention, the latter will
best be understood from the more detailed de-
scription hereinafter in which reference will be
made to the accompanying drawing which is a
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diagrammatic representation of a system suitable
to carry out a preferred embodiment of the in-
vention.

Referring now in detail to the accompanying
drawing, 2 is a reactor preferably in the form of
a vertical cylinder with a conical base and an
upper expanded section, having a screen or grid
4 located in the lower section to effect good gas
distribution, and a catalyst withdrawal line 6
extending through grid 4. A synthesis gas feed
mixture of Hz and CO in synthesis proportions,
that is, & mol ratio of H2 to CO of about 0.7 to
1.8 to 1, is introduced into the reactor through
line 8 and flows upwardly through grid 4.

Within reactor 2 a mass of powdered iron cata-
lyst, such as alkali metal promoted sintered re-
duced pyrites ash is maintained in the form of
a dense fluidized bed, having particle size dis-
tribution such that less than 10% of these par-
ticles have diameters of 0-20 microns, and all of
the material is finer than 100 mesh. This cata-
lyst may be supplied to reactor 2 through line
i0 from catalyst hopper {2. The linear velocity
of the gases within reactor 2 is within the ap-
proximate range of 0.3 to 1.5 feet per second, and
under these circumstances the catalyst assumes
the form of a dense, turbulent mass, having a
well-defined upper level and an “aerated” density
of about 30-150 lbs./cu. ft. depending upon
fluidization conditions. The pressure within the
reactor may vary from about 250 to 750 p. s. i. g.,
and the reaction temperature, which may be con-
trolled with the aid of cooling coils (not shown)
located in the dense phase of the catalyst bed,
is kept uniform at about 450°-750° ¥,

The catalyst is preferably promoted with about
0.3 to 1.5% of an alkali salt, such as KaCOs3,
Na:C0Os3, KF, etc. Higher concentrations, par-
ticularly in the presence of catalyst fines in the
0-20 micron range favor formation of high boiling
and waxy materials. Furthermore, even when
the total promoter content on the catalyst is
within the above range, the presence of high con-
centrations of 0-20 micron fines is undesirable
from a wax forming point of view because the
finer catalyst usually contains the highest con-
centration of promoter which has been found to
increase wax accumulation. Also, fines are usu-
ally more highly oxidized than coarser catalyst,
and a catalyst oxygen content above about 15%
definitely promotes formation of wax deposits.

When entering the enlarged section of reactor
2 the gas velocity is sufficiently decreased so that
the gases no longer support any substantial quan-
tity of catalyst, and most of the coarser particles
entrained in the gas drop back into the fluidized
mass.

The volatile reaction products containing as
well varying quantities of entrained catalyst fines
and also finely divided organic iron compounds
are withdrawn through a gas-solids separator,
such as cyclone 4 equipped with dip pipe I8.
The bulk of the entrained catalyst fines is removed
in the cyclone and returned to the fluidized bed
via dip pipe {6.

The reaction products and the remaining cata-
lyst fines, ete. and undesirable synthesis product
contaminants, such as entrained iron salts of
fatty acids are passed from the top of reactor
2 through line {7 and may be partially condensed
in cooler {8. The reaction products and catalyst
fines are then passed into oil scrubber 20 wherein
the remaining entrained catalyst powder is re-
moved by circulating product oil in a man-
The temperature within
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scrubber 20 is preferably :above 175-250° . €6
that lighter:and lower boiling vapors:are nat:sub-
stantially scrubbed .out by the .oil. The -over-
head vapors and gases from scrubber 20, com-
prising -tail gas and reaction products uncon~
densed in :cooler ‘I8 and scrubber 20 are then
passed ‘through line 22 to .cooler 24 and partial
condenser 26. The latter are operated at such
temperatures that reaction products boiling above
400° P are substantially :condensed in 26 but
lighter reaction products pass overhead as vapor
through line:28, are substantially cooled in cooler
30 and pass to separator 32 wherein normally
condensible synthesis pproducts are withdrawn
and sent via line 34 to the liguid products re-
covery system. Non-condensible tail gas from 32
is removed -overhead through line ‘3§, a portion
sent back as recycle to reactor 2 via line 38, and
the balance ‘withdrawn through line 49, used in
the plant as desired, such as fuel, recycle to gas
generator, etc,

“The condensate in separator 26, comprising oily
synthesis products boiling above 400° F, is with-
drawn through line 42, and, as required, sent as
scrubbing oil to catalyst serubber 20 via line 44.
A portion of the condensate from 26 may be sent
to the Yauid products recovery system.

A liquid stream .comprising scrubbing oil,
scrubbed catalyst fines, and other condensed,
scrubked, or entrained reaction products, such as
or~anic iron salts is withdrawn from oil scrubber
29 and passed through line £§ to slurry mixing
tank 48, preferably equipred with means of me-
chanical agitation. '

Returning now to reactor 2, a stream of cata-
lyst is intermittently or continuously withdrawn
from the dense bed through catalyst withdrawal
line 6, which may be provided with aeration taps
58 to aid in the moving of the catalyst through
the line. Catalyst is preferably withdrawn from
reactor 2 as wax accumulates, evidenced by de-
crease in fluidizability, and is passed to slurry
mixing tank 48. Catalyst and liquid stream from
20 are preferably so proportioned that the result-
ing slurry has a composition of about 1-3 lbs.
catalyst per gallon of oil.

The catalyst-oil slurry is now pumped through
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slurry pump 52 and line 54 to hydrogenation re- .

actor 56. This is a reactor of conventional de-
sign, which may be packed with non-catalytic
material, such as Raschig rings, pumice, activated
carbon, ete. to aid in the mutual contacting of
liquids, gases, and finely-divided catalytic solids.
Because of the nature of the synthesis catalyst,
no extraneous hydrogenation catalyst need be
added to reactor 56. Hydrogen from any con-
venient source, ag from the hydrogen manufac-
turing plant commonly associated with a syn-
thesis plant is supplied to reactor 56 through line
58. Reactor 56 is under pressure of about 50 to
760 p. s. i, preferably 300 to 500 p. s. i.,, and a
temperature of about 500°-800° F. TUnder these
conditions not only are the oxygenated organic
compounds present in the 400-° F. products com-
prising the slurry reduced, and the olefinic con-
stibuents saturated, but also the waxy constitu-
ents deposited on the synthesis catalyst are re-
moved partly by solution in the slurry oil, and
partly by being broken down to smaller molecular
fragments as a result of the hydrogenation. Also,
organic iron salts coming overhead with the fines
are reduced during the hydrogenation and thus
an increase in product yield is realized. Further-
more, any oxidized synthesis catalyst is partially
reduced. As pointed out above, this is of great
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advantage, ‘beeause “oxidized .synithesis -catalyst
favors wax formation.

‘Hydrogen may be withdrawn from reactor ‘56
and at’least inpart recycled through lines 55:and
63, and 68. Recycle hydrogen rates in the order
of 2000-10,600 cubic feet/barrel of oil are advan-
tageously employed, and the liquid ‘throughput
through reactor 56 is about 1 to 5.liquid volumes
per volume reactor per-hour.

Also withdrawn overhead through ‘line 55 -are
volatile decomposition products resulting from
the hydrogenation reaction, such as volatile ‘hy~-
drocarbons, water, etc. The-overhead exit stream
from 56 and withdrawn through line 55 may ad-
vantageously pass through cooler 57 and separa-
tor 61, wherein normally condensible material is
cooled and ‘separates out as'a liquid. This liquid,
comprising lower molecular weight hydrocarbons,
water, etc. may ‘besent to its own liguid products
separating and fractionation system ‘through
line: 65.

After ‘the desired conversion in reactor 56, a
slurry containing mnow cleaned reduced catalyst
and saturated oil with little or no oxygen con-
tent is withdrawn from 56 through line 60 and is
pumped to filter 2, which may be of -any con-
ventional type,'such as a rotary press, plate and
frame, ete. for removing solids from liquids. The
liquid product from filter 62 may be withdrawn
through line 69 and 'may be further processed if
necessary. Even without further processing it ‘is
suitable for wse :as ‘a diesel fuel, having high
cetane values of from 60-70,

Catalyst from which the bulk of adhering oil
has been removed during the filtration process
and which is substantially free of wax is with-
drawn from filter 62, and is conveyed by any
suitable means, such as conveyors, lock hoppers,
etc., through line 64 to catalyst hopper 12, for
reuse in the system.

By the term “wax” there is considered here
those deposits on catalyst which are soluble in
benzene and which are substantially composed
of hydrogen and carbon only.

If the quantity of fines in the slurry is such
that, when composited with the dewaxed catalyst,
it amounts to more than about 10% of the total,
the filtered material is preferably passed through
a classification zone 886, such as a screen or other
means of classification known in the art, to re-
move the fines prior to returning catalyst to
hopper 12.

The invention admits of numerous modifica-
tions apparent to those skilled in the art. Thus
mention has not been made of various accessory
equipment which normally would be used in a
commercial plant. Thus in the interests of good
heat economy, various heat exchangers and econ-
omizers would be employed to utilize whatever
heat is available in the most efficient manner and,
in order to control the process, pumps, compres-
sors, flow meters, ete. would be included in the
equipment.

The foregoing description and exemplary op-
erations have served to illustrate specific applica~-
tions of the invention. However, other modifica~
tions obvious to those skilled in the art are with-
in the scope and spirit of the invention.

- What is claimed is:

1. The process for producing valuable hydro-
carbons of high cetane value and simultaneous-
ly dewaxing hydrocarbon synthesis catalyst which
comprises reacting carbon oxides and hydrogen
in the presence of a finely divided iron-type syn-
thesis catalyst in a synthesis zone under syn-
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thesis conditions, maintaining a fluidized bed of
said catalyst in said synthesis zone, withdrawing
a portion of said fluidized caialyst from said syn-
thesis zone, continuously withdrawing gaseous
and vaporous products and entrained catalyst of
smaller than fluidizable particle size and solids
from the top of said reaction zone, contacting
said gases, vapors and entrained catalyst and
solids with oil to separate entrained catalyst and
solids in an oil scrubbing zone, withdrawing oil
and scrubbed out catalyst and solids from that
zone, forming a slurry comprising said withdrawn
oil and its entrained solids and catalyst and said
portion of fluidized catalyst withdrawn from said
synthesis zone, introducing said slurry into a
hydrogenation zone, subjecting said slurry to a
hydrogenation reaction with hydrogen under
conditions comprising 250-750 p. s. i. and 600°-
800° F., withdrawing a mixture of oil and cat-
alyst from said hydrogenation zone, separating
said withdrawn mixfure in a filtration zone into
catalyst and an oil product containing valuable
hydrocarbons of high cetane value, recycling at
least a portion of said catalyst to said synthesis
zone, and recovering said separated cil product.

2. The process of claim 1 wherein said serub-
bing oil boils above 400° F.

3. The process of claim 1 wherein said scrub-
bing oil is a product of said synthesis reaction.

4. The process of claim 1 wherein said cat-
alyst is subjected to classification to remove fines
prior to recycle to said synthesis zone.

5. The process for producing valuable hydro-
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carbons of improved cetane value and simulta-
neously regenerating hydrocarbon synthesis cat-
alyst which comprises reacting carbon monoxide
and hydrogen in the presence of a finely divided
iron-type synthesis catalyst in a synthesis zone
under synthesis conditions, maintaining a fiuid-
ized bed of said catalyst in said synthesis zone,
withdrawing gaseous effluent products contain-
ing entrained catalyst particles from said syn-
thesis zone, recovering a liguid oil from said
effluent products, scrubbing said gaseous effiuent
products with said liquid oil, forming a slurry
comprising said entrained catalyst particles in
said scrubbing liquid oil, introducing said slurry
into a hydrogenation zone, subjecting said slurry
to a hydrogenation reaction with hydrogen under
a pressure of about 500 to 750 1bs. per square inch
and a temperature of about 600°-800° F,, with-
drawing a mixture of cil and catalyst from said
hydrogenation zone, recycling at least a portion
of said withdrawn catalyst to said synthesis zone
and segregating an oil product from said with-
drawn mixture characterized by the inclusion of
hydrocarbons of improved cetane value.

CHARLES E. HEMMINGER.
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