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The present invention relates to improved
means for contacting fluids with solids and par-
ticularly to the preparation of contact masses
such as catalysts, solid treating agents, absorb-
ents and the like, to be used for the treatment of
gases or liquids. More specifically, the present
invention relates to an improved method for
charging a treating vessel or reactor with a solid
contact mass in the form of a fixed bed of high

porosity, great mechanical strength and high

stability. The invention may be applied to great-
est advantage in charging fixed bed reactors with
a contact mass, particularly a catalyst mass, con-
taining a constituent such as iron which will
sinter, that is undergo a surface and/or structural
deformation and shrinkage when subjected to
high temperatures below its fusion point.

Prior to the present invention fixed bed-type
reactors for contacting fluids, particularly gases,

with solids, have been charged with the solid con- :

tact mass by preparing the contact solids outside
the reactor in a particulate form such as lumps,
pills or powder, filling the reactor with solid par-
ticles to the desired height and holding the con-
tact mass in place by mechanical means such
as screens, grids or the like. Unless tedious and
rather expensive specific means are employed in
the preparation of the solid particles they are
not of uniform size and shape, which gives rise
to channelling in the contact mass during use
and thus to a relatively ineffective contact be-
tween fluid and solids. In addition, the con-
tact mass changes in porosity and height during
continued use due to the stresses of frequent
temperature changes and erosion of fragmen-
tation caused by a relative motion of the par-
ticles in the high veloecity fluid streams, which
cannot be entirely avoided even if the contact
mass is initially packed so tightly that it is seem-
ingly immovable.

The present invention eliminates these difficul-
ties and affords various additional advantages as
will be fully understood from the detailed de-
seription given below.

Tt is, therefore, the principal object of the pres-~
ent invention to provide improved means for con-
tacting fluids and solids.

A more specific object of the invention is an
improved method for charging treating vessels
with solid contact masses of constant porosity
and high stability for the treatment of gases or
liquids.

Other objects and advantages will appear here-
inafter.

In accordance with the present invention the
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treating space of the treating vessel is substan-
tially completely occupied by an integral porous
sinter of a solid contacting material. It has been
found that such sinters of excellent porosity and
highest mechanical stability may be prepared in
situ as follows. o

A contact mass in particulate form containing
a constituent capable of sintering at high tem-~
peratures in intimately mixed with a non-volatile
carbonaceous fuel of low ash content such as
coke, coal, or the like, and the mixture is charged
to the treating vessel wherein it is supported by
some permeable supporting means such as a per-
forated grid or the like, to fill the reaction space
to any desired height. A combustion-supporting
gas such as air is passed, downwardly through
the relatively loose solids charge, the top layer
of the charge is ignited by a flame passed prefer-
ably over the entire upper surface of the charge
and thereafter the air feed rate is so confrolled
that the combustion zone travels downwardly
through the bed and causes the latter to sinter
into an integral porous mass of high porosity and
stability. The total charge, prior to sintering, is
preferably moistened with a small amount of
water, say about 3-10% by weight of the solids,
which serves as a binder permitting air to pene-
trate the charge and also serves to control the
rate of carbon combustion. After sintering, the
treating vessel may be used for either upflow or
downflow feed streams.

In order to prevent packing of the charge
prior to sintering the solids mixture may be
charged to the treating vessel through a screen or
sieve taking care that sufficient coarse material
is present to prevent plugging of the holes of the
supporting grid and passage of solids mixture
therethrough. The supporting grid may also he
covered with a layer of relatively coarse par-
ticles of contact material or any other refractory
material. .

The height of the charge is limited to some ex-
tent by its tendency to pack under its own weight.
Therefore, if the desired height of the contact
space is considerable it is preferable to charge
the reactor in separate layers of limited height,
each layer being charged and sintered separately
in acecordance with the procedure outlined ahove.

In order to protect the reactor walls against
the high sintering temperatures the walls may be
provided with a refractory lining which has pref-
erably the form of an annular layer of porous
sintered contact material from a previous re-
actor charge. Most sintering materials have a
tendency to shrink at certain burning conditions,
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with the result that the charge will pull away
from the reactor wall during sintering. The pas-~
sage of fluid to be treated through the free an-
nular space thus formed may be readily pre-
vented by placing an annulus made of metal or
suitable refractory material on top of the sintered
charge to close the free wall space.

‘When charged in the manner described the re-
actor or treating vessel is ready for use. If the
operation involves the deactivation of the contact
material during use the sintered charge may he
regenerated in situ by conventional means such
as treatment with reactivating fluids at reacti-
vating temperatures or burning off "deactivating
combustible deposits such as-carbon, sulfur or
the like with air. The temperature of this re-
generating treatment should be so controlled that
no appreciable resintering occurs during the re-
generation period.

While the invention :is generally applicable to

~any-sintering ~contact - material ~soch - as. iron-

“aluminum-oxider spinels; iron silicates, calcium-
“gluminum silicates; zinc ‘silicates, zinezaluminum

«spinels; ete.,'its greatest utility lies in'its avplica-
“tiom tocontact materials containing or essential-

1y consisting of iron group metals or metal oxides,
“particularly.iron.and iron oxides proper. The
-most:ottstanding ‘of this group of materials are
~iron=type catalysts used in hydrogenation; hydrec-
“earbon and :ammonia: syntheses, iron-containing
~desulfurization ‘ggents,  reformation catalysts
containing-nickel suprortéd on difficulty redugi-

-‘ble oxides such 4s magnesia; silica and/or alumi-

na;reformer catalysts of theiron-chromate type,
ete.

“The proper proportions of:solid fuel and con-
“tactihg'material depend:on the sintering temper-
-ature of the sintering constituent:of the contact

“matberial-and:may: be reddily determined by pre-
liminary routine:eéxperiments. They should be

=50 ehesen that sintering oceurs without any ap-
preciable fusion taking place. In general, large
amounts of ‘fuel are conducive to excessive tem-
:peratures. “The preparation of proper solid mix-
“tures-suitable” for the purposes of: this invention
“Willtbe illustrated hereinafter for specific’ types
~of-contact materials.

s Having set forth its objects and general nature
"the. invention: will be best understood from the

“féllowing ' more detailed description wherein ref- ;

erence will be made to the accompanying draw-
“ing, the single figure of which:is a -semi-diagram-
“matical :illustration of: an-apparatus:suitable for
earrying:out-a: preferred embodiment of the in-
vention.

"The " system : 6f ‘the drawing is particularly
~gdapted to charging a reactor for fixed-bed cata-
“lytic operation. (Tt will be described with refer-
~‘enceto-an iron-type synthesis catalyst. It should
" be understood; however, that this and similar sys-

tems may be used in a substantially analogous

~manner for charging other contact materials to

treatinig vessels or reactors.

“Referring now in detdil to the drawing, the ap-
~paratus illustrated essentially comprises a verti-
‘cal ‘treating vessel or reactor 1 provided with a
‘perforated gas distributing  grid -3 ‘whieh also
serves as-a stipport for the catalyst charge. The
reactor has g removable cover 5 and.a gas line 7

“branching into pipes '8 and {{ provided with
- valves 13 and 15, respectively. Pipe ! is con-

‘nected to a blower T taking suction from pipe
14. :The reactor may be charged as follows:
“Raw iron catalyst, such as pyrites ash impreg-

‘nated with:-about: 0.5-3 %: of potassium carhonate
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or a similar promoter and ground to a particle
size of about 3% in. to 14 in., is intimately mixed
with about 5-15% by weight of coke of a similar
particle size and about 3-10% by weight of water
based on total solids. An annular layer {9 con-
sisting of carbon-free previously sintered iron
catalyst of-any desired particle size, such as %
.in. to 3 or 4 in., is formed on the reactor wall.
Any combustible or readily vaporizable binder,
such as wax or heavy naphtha, may be used to
hold layer {9 in place during the charging stage.
Layer {8 may be ahout 2 to 4 in. thick and about
10 to 257in. high. Another layer 21 of previously
.sintered iron catalyst having a particle size larger
~than the.perforations of grid 3 may be placed
over grid 3 in a thickness just sufficient to pre-
vent solid fines from entering the holes of grid 3.
Layer 21 may or may not contain carbon.
-After reactor i is so prepared the mixture of
raw catalyst, coke and water is charged to the

.reactor from ahove. A sieve, screen or.any other

suitable distributing device may be .used for this
purpose to.accomplish even. distribution and pre-
vent packing of the charge in reactor §. The re-
actor is filled with the solids mixture to form a
charge. 23 having an upper level preferably not
exceeding the height of layer 19. Valve 3 is
closed, valve 15 is opened and blower (7 is started

“to draw air from above through solid charge (8,

the air leaving reactor [ via pipe 1I.

Now, charge 23 is ignited by passing a.flame
from any suitable, preferably portable, burner
over the entire upper surface of charge 23. When
the surface is ignited the flame may be removed

5 and the air flow is adjusted to a linear velocity of

about 0.15-1.5 ft. per second within the reactor
based on-empty. reactor space. The. actual air
velocity through solids charge 23 is substantially
‘higher and may reach: 50 to. 100. ft. per second.
.As a result of ‘the air flow, the flame front travels
.downwardly ‘over the entire eross-sectional area
of the charge. . At the conditions described the
maximum temperature. of iron catalyst lies he-
tween about 2000° s3nd. 2500° F. and the carbon

:flame moves at a speed of about 0.5-2 in. per-

minute downwardly through the charge. Since
each stratum of the charge is cooled by air im-
mediately upon exhaustion of its fuel content no
portion of the charge is exposed to sintering tem-
peratures for more ‘than about 1 minute.

“'This efficient localization of the sintering treat-
ment .at any given time is. due in a large measure

-to.the: presence. of the water added to the charge.
“This-water controls: excessive radiant and con-

wvective “heating of. layers not.yet:subjected to
sintering by distilling. from the combustion zone
into. lower: zones and redistilling from the latter
under the influence of the combustion taking
place above.

‘When the carbon content of. charge 23 is
substantially completely . consumed combustion
ceases and the charge is cooled by the continu-
ing air stream. 'The charge now forms a highly
porous integral sinter of high mechanical
strength extending in height substantially over

. the entire height of layer {9 and occupying the

cross-section of reactor [ substantially complete-

- ly. "If the charge has shrunk sufficiently to leave
- an open annular space around .the reactor wall,

70

a metal ring- 25 may be placed directly on top

- of charge 23 which “fits closely the inside of

75

reactor { or layer 12, depending on the height

.of charge 23, and which covers the free annular

space completely, thus preventing any reaction

:gases_ from:passing through.the: open -annular
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space during subsequent use of the reactor for
catalytic process purposes.

If charge 23 is sufficient for the desired cata-
Iytic operation, cover 5 may now be secured to
reactor I, valve 15 may be closed and valve 3
opened. The reactor is then ready for use in
upflow or downflow operation. If a higher cata~
lyst bed is desired a second charge 30 or any
desired number of charges may be prepared and
placed on top of charge 23 substantially as de-
scribed in connection with the preparation,
charging and sintering of charge 23. The cata-
lyst may be reduced in situ by admitting suitably
preheated hydrogen to the charge either via pipe
9 or through cover 5, in a manner obvious to
those skilled in the art.

During regeneration periods, air may be drawn
through the charge by means of blower 11 to
burn carbonaceous deposits; or steam and/or
hydrogen or any other regenerating gas or liquid,
such as a solvent may be passed over the charge
by way of pipe 9.

The invention will be further illustrated by
the following specific examples of suitable sinter-
ing compositions and procedures.

Example I

An amount of 784 grams of a sinter of iron
pyrites ash having a particle size of —1 in.,
250 grams of an iron material consisting of iron
pyrites ash and about 3% XK2CO0s, sintered and
ground to a particle size of —325 mesh, 262
grams of the same iron material, partially sin-
tered and ground to a particle size of —4 mesh,
82 grams of coke having a particle size of —14
in., and 24.3 grams of K2COs dissolved in 60 c. c.
of water were mixed well, charged through a 4
mesh sereen to a sinter pot and burned in a con-
ventional manner. After combustion ceased, a
solid highly porous body of high mechanical
strength was obtained.

Example II

An amount of 10,000 grams of a sinter of fine
pyrites ash having a particle size of less than
¥g in. in diameter, 850 grams of carbon ground
to less than %4 in. in size, 150 grams of K2CO0z
and 700 c. c. of water were mixed well, charged
through a 4 mesh screen to a sinter pot and sin-
tered as in Example T.

The product after combustion was highly
porous as in Example I. In porosity tests the
air velocities reached 300 ft. per minute super-
ficial velocity at room temperature with a pres-
sure drop of 10 Ibs. per 100 inches of bed depth.

Erxample III

An amount of 200 grams of an iron oxide con-
sisting of sinfered iron pyrites ash containing
3% K003 partially sintered and ground to less
than % in. in size, 776 grams of an iron pyrites
ash sintered less than % in. in size, 70 grams of
coke of less than 14 in. particle size, 24 grams
of K2CO; and 45 c. c. of water were thoroughly
mixed and the mixture was sprinkled by hand
into the sinter pot. The charge was sintered as
in Examples I and II. However, as a result of
the denser packing of the original charge because
of the manner charged, the density of the result-
ing sinter was approximately 10% greater than
the product resulting from burning charges made
through a 4 mesh screen. 'This demonstrates
the importance of controlling the charging tech-
niques to obtain uniform products.
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Integral sintered charges of high porosity and
mechanical strength may be formed in an anal-
ogous manner from other materials, such as iron-
aluminum oxide spinels, ete.

While the foregoing description and exemplary
operations have served to illustrate specific ap-
plications and results of the invention, other
modifications obvious to those skilled in the ari
are within the scope of the invention.

What is claimed is:

1. The method of preparing in situ in a cat-
alytic reaction zone a promoted iron-type cat-
alyst which comprises mixing a particulate cat-
alyst material containing sinterable iron in a
particle size of about s»-% inch intimately with
2 minor proportion of g potassium compound
as catalyst promoter and with about 5 to 15%
by weight of coke of g particle size similar to
said iron plus about 3 to 10% by weight of water
based on total solids, charging the mixture
formed into the reaction zone and simultaneously
charging thereto a parietal layer of previously
sintered catalyst of relatively large particles of
the same iron-promoter composition having a
size of about 14 to 4 inches in diameter, said
previously sintered catalyst particles being un-
mixed with coke and said coke-catalyst mixture
being charged loosely to prevent packing, filling
at least a substantial portion of the reaction
zone by this charge covering the entire cross-
sectional area of said zone, passing an air stream
downwardly through the charge thus formed,
igniting the fuel at a point close to its top and
controlling the air flow rate so as to maintain
combustion proceeding downwardly through said
charge at maximum temperatures of below about
2000° to 2500° F., whereby the catalyst is sintered
without fusion to form a porous integral block
of high mechanical strength and high porosity
throughout, said highly porous block occupying
substantially completely the cross-sectional area
of said reaction zone.

2. The method of claim 1 in which at least two
of said highly porous blocks are formed succes-
sively in the manner claimed therein, in a super-
imposed position within said vessel.

3. The method of claim 1 in which said par-
ticulate catalyst material consists of a pyrites
ash which has previously been at least partially
sintered.

DON R. MCADAMS.
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