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§ Claims.

Our invention relates to the praduction of sult-,

able metal catalysts from oxides, hydroxides,
carbonates of metals or other metal eompounds,
and more particularly nickel or mixed catalysts
5 such.as are used in the hydrogenation of organic
compounds Including fats, olls, hydrocarbons,
heterocyclic cornpounds, carbon monoxide and
the lke as disclosed in our application. Serial
No. 508,466, filed April 30, 1932, now Fatent No.
10 2,048,668, of which this iz a cont.inuation in part.

In the manufacture of such catalysts the fol-
lowing points are of importance:

1. The powdered catalyst material {o be re-
duced should he heated to reaction temperature

15 as rapidly and uniformly as possible;

2. The reaction period should be short, 1. e.
the surface of each particle should be presented
to the hydrogen. as instantaneously as practic-
able;

g0 3. The reduced particles should be removed
from the hot reaction chamber immediately, and
the flnished product should be cooled very rap-
idly.

It 1s an object of our invention to provlde

o5 means for producing catalysts which answer
the above conditions.

To this end we prefer proceeding as follows:

The powdered material, consisting .of oxides,

hydroxides, carbonates of metals, or other suit-

a9 able metal compounds, this material being, If

desired, deposited on & carrier substance, is fine-

ly distributed, for instance by means of & recipro-

cating distributor or the ltke, and passing through

a Zone filled with hot hydrogen, is reduced there-

35 In. The reduced particles descend under their:

own gravity through a cold gaseous medium such

as air in which they are rapidly cooled, and are
then collected.

‘The hydrogen and the reaction mateiial may

40 be made to pass through the apparatus In varlous

ways. For instance they may move in counter-
current, or at right angles to each other, or in
concurrent flow. In the last-mentioned case the
powder may be entrained by the hydrogen after
45 the manner of an injector. Obvicusly we may
also employ & combination of the several modes

of operation referred to. i
We thus fulfill the ahove mentioned condi-
tions and obtain the particular advaniage that

50 we can operate in a continuous manner so that’

only comparatively small quantities of reaction

material need be present in the apparatus the

size of which Is reduced in proportlon. s that

a high performance is obtained in a compa.m-
55 tively small spparatus.

1986, Serlal No. 67,172
May 5, 1931

(CL 23-—238)

We obtain the further advantage that the
finished catalyst .Is Immediately removed from
the reaction chamber without getting into contact
with unreduced material.

The hydrogen belng gradually consumed In
the reduction of the oxldes or carbonates under
formation of water vapour must be renewed and
this is best effected by setting up a slow flow of
hydrogén through the apparatus,

It is particularly imaportant that clogging or
sticking of the powdered reaction meterial in the
apparatus should be prevented. To this end we
provide reciprocating or otherwise movable
means for the reception and disiribution of .the
powder and means for shaking them,

In the drawings saffixed to this specification
and forming part thereof several types of ap-
paratus suitable for use in the operation of our
invention are illustrated dizgrammatically by
way of example, In the drawings.

“Figs. 1-5 lllustrate an apparatus having a tubu-
lar reaction and cooling chamber, with the hy-
drogen flowing in countercurrent to the descend-
ing reaction material,

Fig. 1 belng a diagmmmatic elevation of the-
complete apparatus, with the heating Jacket of
the reaction chamber shown in section, while

Fig. 2 is an elevation of the apparatus fllus-
trated in Fig. 1, partly in section,

Fig. 3 an end clevation of the apparatus illus-
trated in Figs. 1 and. 2, viewed from the right in
these figures, and

Flgs. 4. and 5 are sections on the lines IV—IV
and V—V, respectively, in Flg. 3.

Pigs. 68 and 7 illustrate an apparatus of whlch
the reaction and cooling chambers have rectangu-
lar cross sectlon, the hydrogen flowlng trans-
versely to the descending reacilon material,

Fig. 8 being an elevation of the apparatus,
with its reactlon chamber partly In- section, and

Fig. 7 a side elevation of the apparatus viewed
from the right in Fig. 6, also with its reaction
chamber partly {n sectlon.

Figs. 8 and 9 are partly sectional elevations ¢f
apparatus in which the reaction material is en-
trained by the hydrogen, )

Fig. 8 showing an apparatus in which the mix-

.. ture of material and hydrogen 13 injected at the

upper end of a descending pipe or reactlon cham-
ber while
- Fg. 9 shows an spparatus in which the mixture
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is Injected at the lower end of a rising pipe whose

upper end 1s connected to the upper end of a de-
scending pipe, both these prlpes forming part of &
reaction chamber.
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Referring to the drawings and first o Figs.
1-5, [ is a hopper for the reception of the dry
and powdered reaction material, 2 is & screw con-
veyor in & casing 3 to which the hopper is con-
nected at one end, and # i a discharge pipe ex-
tending downwardly from the casing 3 at its
other end. .

B is a caster which is mounted to reciprocate
in a box  below the conveyor casing §, with the
discharge pipe 4 extending into its upper end, and
T is & screen at the lower end of the caster 8.
The caster Is reciprocated axially by means
which will be described below, so that the powder
descending through the screen T is distributed
very finely. 8 is a short pipe surrounding the
lower end of the caster §, § Is & chamber sur-
rounding the lower end of the pipe §, and (0is a
vertical reaction pipe which i3 connected to the
chamber 9 at its upper end and to the casing I
of a second screw conveyer 2 at its lower end.
{3 is @ discharge pipe on the casing 1l for eject-
ing the finished catalyst. #4 is & heating jacket
here shown as an electric resistance heater, which
surrounds the upper portion of the reaction pipe

10, and I8 s a cooling jacket surrounding its’

lower portion. The pipe 18 may be subdivided
into an upper heated, and a lower cooled portlor.
I§ is a hydrogen supply plpe which iz arranged
below the lower end of the heating Jacket 14, and
{71 1s a discharge pipe which iz connected to the
chamber § for removing the mixture of hydro-
gen, water vapour, oxygen and carbon dioxide
resulting from the reaction of the hydrogen with
the powder. The hydrogen may be heated be-

5 fore belng admitted to the pipe I10. The heated

particles descend through the pipe (8 and are
cooled by the cooling jacket [5 In which a suit-
able cooling liquid, normally water, flows, I8
being the inlet and I8 belng the outlet pipe Tor
the cooling lquid. ‘The cooled and finished cat-
alyst is delivered to the casing {1 at the lower
end of the pipe {0 and ejected through the pipe

" 13 by the conveyer (2.

The means for reciprocating the caster ¥ will

3 now be described. 24 is a cam shaft which is

mounted to rock in the box 8, 2 is a cam on the
shaft, 22 is & fork which is secured on the rock-
mg shaft 20 at one end, while ilz arms engage
trunnions 23 on the caster . 24 is a shaft
which Is mounted to rotate in the box 6, and 2§
is & cam on the shaft 24 which, as the shaft ro-
tates, strixes the cam 21 once per revolution,
alternately raising and releasing the caster §.
27 is a seating face on the caster and 28 is a

»3 seat at the upper end of the pipe 8. It will be

o0

understood that when the caster § has been raised
in the manner described and is then released by
the cams 21, 28, it will return to its seat 28 with
s Jerk by gravity so that the powder ix agliated
and distributed in the caster and clogging of the

~ screen 1 is prevented.

B

In order to prevent the sticking of particles to
the pipe 18, means are provided for tapping the
pipe. 29 {s an annular anvil which is shown as

5 mounted on the pipe (8§ near the lower end of

the heating facket [4 but may be arranged in
any other suitable position, and 38, 38 are a pair
of hammers adapted to atrike the anvil 29. Each
hammer, Fig. 5, Is secured to one leg 31 of a
bell-crank lever which is fulerumed at 32, with
its other leg 31 projecting Into the path of a
cam 34 on a shaft 35. 3§ is & spring which tends
to pull together the legs 3l of the two levers so
a5 to apply the hammers 38 to the anvil 29. The
other bell-crank lever, with its cam 34, is an

. | -
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2,119,648 .

exact duplicate of the lever and cam which have
been described, but the camming members of the
cams are pitched at an angle of 180 degs. as
shown In Fig. 3.

When the shaft 35 rotates, its cams 34 alter-
nately move the legs 33 of the respective beil-
crank levers toward the pipe {8, at intervals
corresponding to angles of 180°, putiing tenslon
on the spring 3§ which as scon as the corre-
sponding leg 33 has been released by its cam,
applies the corresponding hammer 30 to the an-
vil 29 with a sharp blow.

‘Preferably the drlving mechanism is so de-
signed that the operation of the apparatus is
periectly automatic and it requires only recharg-
ing of the hopper | for its operation, 37 (Fig. 3)
is a source of power here shown as an electiric
motor, 18 1z a pulley which is rotated by the
motor at a reduced rate through the medium of
s belt 18, 40 is & pulley of smaller diameter on
the shaft &1 of pulley 38 and 42 is & helt which
extends from the pulley 40 to a pulley 43 on a
driving shaft &4, Obviously any other means
than the belts snd pulleys illustrated may be
provided for rotating the driving shaft 44 from
the engine or motor 31 at the required velocity.
48 is & sprocket on the driving shaft 44 which is
connected to & sprocket 48 on the hammer shaft
35 by a chain 47, 48 18 & second sprocket on the
driving shaft 44 from which a chain #9 extends
downwardly to & sprocket 50 on the shaft of the
helical conveyer [2 at the discharging end of

-the apparatus. §1 is a third sprocket on the driv-

Ing shaft 44 on which a chain 62 extends to &

sprocket 53 on the cam shaft 24 for reciprocat- |

ing the caster 8. §4 is a second sprocket on the
shatt 24, and 86 is a chaln extending from the
sprocket 54 to s sprocket 58 on the shaft of the
charging helical conveyer 2. By these means the
operation of the apparatus becomes quite auto-
matic, i ‘

Referring now to ¥gs. 6 and 7, these illustrate
apparatus designed substantially on the lines of
the apparstus described with reference to Figs.
1-5 and operated in a similar manner, but in
which the hydrogen Instead of flowing in coun-
tercurrent to the powdered material flows trans-
versely to it. The pipe 10 is here replaced by a
chamber 51 of rectangular section, and four
casters B, each supplied from a discharge pipe 4,
are arranged side by side at the upper end of the
chamber §1. Obvlously any number of casters
may be provided instead of four, and we are not
fimited to chambers of rectangular section.

The hydrogen supply pipe 16 and the gas dis-
charge pipe 11 are here connected to headers 58
and 59, respectively. 68 are distributing pipes
extending from the inlet header 58 o the cham-
ber 51, and 61 are corresponding pipes extend-
ing from the chamber 87 to the discharge header
59. As the volume of the gas is larger at the dis-

_charge than at the Inlet side, the discharge

header B9 has & larger inside diameter than the
header 58, and more pipes 61 are provided than
there are pipes 60.

The operation of the spparatus Is the same as
described with reference to Figs. 15, but by caus-
ing the hydrogen to flow transversely to the de-
scending powdered catalyst, an even more inti-
mate mixture of the hydrogen and the catalyst
particles {s effected than by the countercurrent
flow in the apparatus illustrated in Figs. 1-5.

Instead of asllowing the powder to descend by
gravity while the hydrogen flows in countercur-
rent or transversely to the descending powder
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particles ag shown in Figs, 1-5, and Pigs. 6 and 7T,
respectively, the particles may be entrained by
the fiowing hydrogen. Appant.us ol this type are
illustrated in Figs. 8 and 9,

Referriug first to Fig. 8, §2 1s a. uomle at the
upper end of pipe 19 to which nozzle the dis-
charge pipe 4 of the helical conveyer in the cas-
ing 3 is cotnected. Hydrogen Is admitted to one
end of the nozzle through pipe I8, entralns the
catalyst from the pipe 4 by injector action, and
flows down in pipe 10. The caster or casters §
have not been shown but may be provided if de-
sired for shaking the powder befars it is en-
trained by the hydrogen jet. The heating jacket
i4 and the anvil 29 with its hammers 3§ are
provided on the pipe 10, as and for the purpose
specified. The chamber 8 to which the gas-dis-
charge pipe 17 is connected, must in this system
obvicusly be arranged at the lower end of the pipe
{0. The cooling jacket [§ 15 placed on an exten-
sion 10’ of the pipe 10. The hellcal conveyer the
casing of which is indicated at i/ at the lower end
of the pipe extenslon 10’ Is provided as described
above.

Pig. 9 illustrates an apparatus in which the
mixture of hydrogen and powder first flows up-
wardly and thereupon downwnrdly ‘The pipe 10
and the parts connected to it aré arranged as
described with reference to Fig. 8, but the hydro-
gen supply pipe and the nozzle §2 with the sup-
ply hopper and the conveyer casing 3 are ar-
ranged below the upper end of the pipe 9. 64
is a rising pipe to the lower end of which the
nozzle 62 is connected, and 66 i3 & bend which
connects the upper end of the rising pipe §4 to
the upper end of the pipe 10. Heating lackets
66 and 67 may be provided on the pipes §4 and
on the bend 6%, respectively, In an apparatus

arranged as illustrated in Fig, 9 the effective

length is increased without increasing the overall
length,

The mechanlsm for operating: the apparatus
has not been shown in full detail in Figs. 6-9,
but it s understood that any suitable mechanism
may be provided and that the mechanism is pref-
erably automatic as illustrated in Figs. 1-S.

Instead of providing a single pipe or chamber
in which the reaction, the heating and the cool-
ing occur, as shown, we may provide separate
pipes or chambers for the heating and the reac-
tion, and for the cooling of the finished catalyst.
Nor is it necessary that the pipes or chambers
should be connected. For instance, in the appa-
ratus Illustrated in ¥igs. 6 and 7. we might pro-
vide an upper hox ot casing with an open bot-
tom for the reaction and another box or casing
with an open top for the recepticir and cooling of
the finished catalyst,

In practising our invention. we may for instance
proceed as follows:

Ezample 1.—Into a solution of 126 grams am-
monium bichromsate in 500 ccms. water are in-
troduced under stirring about 125 cems. of con-
centrated ammonis, until the orange color of the
solution has changed to yellow. After cooling
there is added a solution of 240 grams nitrate of
copper in 300 ccms. water. The metal hydrox-
ides formed in the reaction are filtered by suc-
tion, washed, dried at 100° C., are powdered,
sifted and carefully heated In a porcelain dish
until the powder Is capable of being shifted in
stirrinz after the manner of a thin fluld. After
cooling, the black powder 15 digested with & 10%
acetic acld solution, filtered by sucuon. washed
and dried at 100° C.

3

The finely sified metal oxides are now sub-
jected to reduction at 450° C. in an apparatus of
the kind described above, after the air in the ap-
paratus has been displaced by carbon dioxide
and this latter gas by hydrogen, After reduc-
tion and rapid cooling the catalyst is caught- in
a.vessel such as 2 Woulfe bottle airtightly con-
nected with the bottom end of the apparatus,
from which, after the reduction has come to an

end, the hydrogen is expelled by carbon dioxide.
Withdrawal of the catalyst from this vessel is
effected by adding to the catalyst the solutfon
to be reduced and washing the whole into the
autoclave in which the reduction shall take place.

Ezample 2--1568 grams nitrate of nickel, 12.5
grams nitrate of cobalt and 74 grams nitrate of
copper are dissolved in two liires water and in the
solution heated to 70* C., the metal carbonates
are precipitated within about an hour under stir-
ring by adding s 10% sclution of carbonate of
soda. The precipitated carbonates are fltered
by suction, washed to remove all the acld, dried
at 80° C., ground and sifted. They are subjected
to reduction ‘st & temperature ranging between
250 and 300° C. in one of the apparatus described
above, and in the manner described with refer-
ence to Example 1,

Ezample 3—25 grams finely sifted silica gel
are suspended In a solution of 145 grams nltrate
of nickel in 500 ccms. water. The suspension is
heated to 70° C. and within eight hours there is
added under stirring a solution of 53 grams soda

"in 114 litres water. The carbonate of nickel de-

posited on the carrier substance is filtered by suc-
tion, washed with water of 70° C. to free it from
acid, and dried at 80° C. After grinding and
sifting it is subjected to reduction at 500° C. in
one of the apparatus above described for the
preparation of the catalyst.

We wish it to be understood that we do not
desire to be lmited to the exact detalls of con-
struction shown and described for obvious mod-
ifications will occur to a person skilled in the art.

We claim:—

1. The method of producing metal catalysts
.which comprises causing a material comprising a
metal compound capable of being reduced to
metal to pass, while being in a state of fine divi-
slon suspended in gas, throygh a zone of hot hy-
drogen in motion and in order to be cooled down
materially, in a freely falling manner, through
B cold gas. )

. 2. The method of producing metal catalysts

10

15

which comprises moving an oxygen compound of -

the metal, while being in a state of fine division
suspended in gas, in contact with a current of
hot hydrogen and causing the Teduced material,
in order to be cooled down materially to descend
in a freely falling manner through & zone of cold
gas,

3. The method of producing metal catalysts
which comprises moving an oxygen compound of

" the metal, while being in a state of flne division

suspended in gas, countercurrent to and in con-

tact with hot hydrogen and causing the material 85

thus treated, in order to be cooled down material-
1y to drop in a freely falling manner through a
zone of cold gas.

4. The method of producing a’'metal catalyst
which comprises reacting ammonium chromate
with nitrate of copper for the production of a
mixture .of the oxides of the metals, conducting
the oxides, while being in a state of fine division
suspended In gas, in contact with & current of
hot hydrogen and thereafter causing the mate-
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rial thus treated to drop in a freely falling man-
ner through s sone of cold gas.

‘8. The method of producing s metal catalyat
which comprises preparing a mixture of the car-
bonates of nickel, cobalt and copper, conducting
sald carbonates, while being In a state of fine
division suspended in gas, in contact with a cur-
rent of hot hydrogen and allowing the reduced
material to drop in s Ifreely falling manner
through & fone of cold gas.

.6, The method of producing a metal ca.tnlyst
which comprises depositing carbenate of nickel
on allica gel, conducting this material, while be-
Ing in & state of fine division suspended in gas,
in contact with a current of hot hydrogen and

- causing the reduced material to drop in a freely

falling manner through a zone of cold gas.
7. The method of producing metal catalysts

5,118,648

which comprises causing & maierial comprising
s metal compound capshble of being reduced to
metal to pass, while being In a atate of fine divi-
sion suspended In gas, through a zone of hot
hydrogen iIn motion and in crder to be cooled
down materially, in a frecly falllng manner,
through a cooling chamber.

8, The method of producing metal catalysts
which comprises causing = msaterial comprising
& metal compound capable of being reduced to
metal to-pass, while being in a state of fine di-
vision suspended in gws, through a rTone of hot
reducing gas in motion and in order to be cooled
down materially, in a freely falling manner,
throush & cold gas.

WALTER BARNBCH.
WOLFGANG ELAFPHAKE.
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