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1
METAL POWDERS

The present invention relates to carbonyl nickel pow-
der and to production of carbonyl nickel powder by
thermal decomposition of nickel carbonyl vapour in
the hot free space of a decomposer.

The production of carbonyl nickel powder by ther-
mal decomposition has been carried out on an indus-
trial scale for many years. The form of decomposer
commonly used consists of a substantially cylindrical
vessel with heated walls mounted with its axis vertical,
the carbonyl vapour being introduced at the top and
the powder falling into the bottom, where it is collected
and discharged. The carbon monoxide formed during
the decomposition, together with any other gases intro-
duced with the carbonyl, also leave the decomposer at
the bottom. These gases carry with them some very fine
powder in suspension which is separated and returned
to the bottom of the decomposer.

It is well-established that according to the conditions
of temperature, the concentration and feed rate of car-
bonyl, and the presence or absence of diluent gases,
e.g., carbon monoxide, the powder produced may as-
sume one of two forms. These are the so-called A car-
bony! nickel powder, which consists of discrete parti-
cles, and the so-called B powder, which consists of ag-
glomerates of interlocking filaments or chains of inter-
connected (aggregated) particles. B powder has a low
bulk density, generally less than 1.5 g/ml, and a micro-
scopic appearance of small spongy flakes. The size of
the aggregates of particles making up the chains can
vary widely.

The present invention relates only to processes in
which B powder is produced.

The use of low rates of carbonyl input and relatively
low decomposition temperatures leads to the formation
of A powder while at higher input rates and higher de-
composition temperatures B powder is obtained, the
bulk density of the B powder decreasing as the input
rate or decomposition temperature is increased. The
higher the rate of carbonyl input or the decomposition
temperature, the higher must be the wall temperature
of the decomposer, particularly in the upper portion
where most of the decomposition occurs, in order to
introduce the requisite quantity of heat for the decom-
position. This leads to difficulties when B powder of
very low bulk density, e.g., less than 1 g/ml (grams per
millilitre) or even less than 0.8 g/ml, is required, since
at high wall temperatures part of the large amount of
carbonyl introduced tends to decompose near or even
on the walls, so that a layer of fluffy powder builds up
on the walls. This interferes with heat transfer through
the walls, and the plant must be periodically shut down
in order to remove it. This is an inconvenient, dirty and
time-consuming procedure.

In accordance with the present invention, B powder
having a given low bulk density is obtained with a lower
carbonyl input or decomposition temperature, and thus
a lower wall temperature, with a carbonyl decomposi-
tion process wherein the fine particles suspended in the
exit gases from the decomposer are kept separate from
the main product.

This is surprising, since in B nickel powder a low par-
ticle size has been associated with a low bulk density.
On this basis the fines fraction having a lower Fisher
particle size than the main product would be expected
to have a lower bulk density, and thus it would be ex-
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pected that removal of this fines fraction from the sys-
tem would raise the bulk density of the product. How-
ever it is surprisingly found that the fines, although hav-
ing a lower Fisher value, have higher bulk density than
the main product and that their removal from the sys-
tem correspondingly decreases the bulk density of the
remainder of the powder. This in turn means that a
main product (less the fines) having the same bulk den-
sity as that hitherto obtained with incorporation of the
fines can be obtained at a lower carbonyl input rate
than hitherto.

In the process of the present invention for the pro-
duction of B type nickel powder by the thermal decom-
position of nickel carbonyl in a decomposer with or
without the presence of a diluent gas, the rate of input
of nickel carbonyl, the decomposition temperature,
and the amount of any diluent gas introduced are cor-
related to provide that fluffy nickel powder is not de-
posited on the heated walls of the decomposer, and fine
nickel powder suspended in gases leaving the decom-
poser is recovered separately, c.g., by filter, from the B
type nickel powder settling at the bottom of the decom-
poser.

Operating in this way not only enables B nickel pow-
der to be obtained with a larger particle size for a given
bulk density, but also enables powders having unusu-
ally low bulk density, i.e., less than 1 g/ml, e.g., 0.8
g/ml, or less than 0.8 g/ml, preferably less than 0.5 g/ml
and even as low as 0.3 g/ml or less, to be obtained on a
practical industrial scale. It is also found that at any
given bulk density the powder produced exhibits sub-
stantially less shrinkage on sintering than the powder
hitherto produced. Generally speaking, the fine parti-
cles recovered from the gases have a Fisher particle
size of less than 2 um, (microns) e.g., from 1.5 to 1.9
pm, and amount to from 10 to 17%, e.g., about 15%, by
weight of the total amount of powder produced.

The nickel carbonyl vapour fed to the decomposer is
advantageously diluted, preferably with carbon monox-
ide or other inert diluent gas, so that carbony! concen-
tration is preferably in the range of 10 to 80% by vol-
ume of the total gas entering the decomposer. In addi-
tion it is advantageous to introduce as a diluent a small
amount of an agent for promoting solid nuclei forma-
tion for the powder, preferably oxygen, for the purpose
of reducing the shrinkage on sintering without substan-
tially changing the bulk density, as described in U.S.
Pat. No. 2,844,456. Preferably, oxygen is introduced in
an amount of from 0.01 to 0.06% by volume of the total
gas entering the decomposer, but larger amounts, up to
not more than 0.1%, can be used, though these tend to
lower the Fisher value of the powder.

By way of example, B nickel powder was produced
by the decomposition of nickel carbonyl vapour mixed
with carbon monoxide in a decomposer consisting of an
upright cylindrical vessel 2m (metres) in diameter and
10m high, the walls of which were externally heated
electrically. The internal temperatures were measured
by means of thermocouples mounted on a vertical axis
20.3 cm from the walls at various levels, and the wall
temperature was measured at various levels by thermo-
couples mounted in the walls, three thermocouples
being placed at each level 120° apart around the cir-
cumference of the wall.

Two series of tests were carried out. In the first series
the fine powder separated from the exit gases was re-
turned to the bottom of the decomposer. In the second
series, which are examples according to the invention,
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the fine powder was recovered separately from the
powder settling at the bottom of the decomposer. The
internal and wall temperatures measured as described
above were as set forth in the following Table [, the in-
ternal temperatures being the same in the two series of §
the tests but the wall temperatures in the upper part of
the decomposer being lower in the second series.

TABLE 1
Internal Waull temp (°C.) 10
Depth*  Temp. temp. Temp. Series Series Depth*
(cm)  paint. (°C.) puint. I 11 {cm)
132 T, 260-270 T; 480490 430-440 107
183 T, 240-250 Tk 480490 460-470 320
43 Ts 250-260 Ty 450-460  450-460 531
488 T, 260-270 Tw  420-430  420-430 747 15
S54 Ts 270-280 "
193 T, 260-270

*Below top ol decomposer

The operating conditions in each series of tests are >
set forth in Table Il infra, together with the bulk density
and Fisher particle size of the powder produced, which
in each case was B powder.

4
loosely filled into a covered graphite-coated mould,
flushed with nitrogen, and heated for 20 minutes at
900°C. under flowing hydrogen.

Powder produced by the process of the invention is
particularly useful for the production of sintered sup-
ports for the plates of nickel alkaline batteries. This is
due, inter alia, to the fact that separation of the fines
according to the invention reduces the linear shrinkage
of the powder produced according to the invention, on
sintering, resulting in high porosity values and reduced
sinterability.

Further, and of surprise, it was found that the fine
particles have a remarkably low carbon content, pref-
erably not more than 0.03% by weight and generally
about 0.02%, compared with 0.12 to 0.2% for the bal-
ance of the powder. The fine powder obtained with the
invention has a high shrinkage on sintering typically of
about 25%, and is particularly useful for making sin-
tered filters. The fine particles can be transformed into
flake form by mechanical treatment and in this form
can be used as a selective light reflecting means in
graphic displays actuated magnetically to provide visi-
ble patterns.

TABLE I
Series | Series I
Towl  Ni(CO), Bulk Fisher  Total Ni(CO, Bulk Fisher
gas conen? density size gas conen.? density size
flow (%t vol) {(g/ml}y {(am) flow (% vol) (g/ml} (pm)
(m*h) (m'h)
620 1418 0.52 233 S50 14-18 0.53 .87
o o 0.64 244 S50 " 0.62 .88
o o 0.76 2.8 S50 " 0.73 91
o “ O.87 2.65 560 ' (.90 07

In both series the input gases in each test included
0.06% by volume of oxygen.

In the tests of Series I, nickel powder accumulated on
the heated walls of the decomposer as a fluffy deposit
and this powder appeared in the main product, whereas
with the examples of Series I there was no evidence of
fluff in the product and, by inference, not on the wall of
the decomposer.

Preferably, in the process according to the invention
the rate of nickel carbonyl input is in the range of from
70 to 117 m¥h (cubic metres per hour), that is to say
a total gas input in the range of from 500 to 650 m%/h
with the concentration of nickel carbonyl in the range
of from 14% to 18% by volume of the total gas entering
the decomposer, and the temperature of the inner wall
of the decomposer is in the range of from 400° to
500°C. and advantageously not greater than 470°C.

The diminished tendency of the powder to shrink on
sintering when the fine particles are excluded is shown
by the following results, in Table III, of comparative
tests for typical batches of nickel powder made without
separation of fines (contra to the invention) and with
separation of fines (examples according to the inven-
tion).
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Fines not separated Fines separated
Bulk  Fisher Bulk Fisher
density size Linear density size Linear
(g/ml)  (pum) shrinkage (%) (g/ml) (pam) shrinkage(%)
0.50 230 10 us 2.60 s

65

The linear shrinkage on sintering was measured as
the percentage reduction in length of a body of powder

Although the present invention has been described in
conjunction with preferred embodiments, it is to be un-
derstood that modifications and variations may be re-
sorted to without departing from the spirit and scope of
the invention as those skilled in the art will readily un-
derstand. Such modifications and variations are consid-
ered to be within the purview and scope of the inven-
tion and appended claims.

I claim:

1. In a process for the production of B type nickel
powder by the thermal decomposition of nickel car-
bonyl in a decomposer with or without the presence of
a diluent gas, wherein the rate of input of nickel car-
bonyl, the amount of any diluent gas introduced and
the decomposition temperature are controlled in corre-
lation to provide that fluffy nickel powder is not depos-
ited on the heated walls of the decomposer, the im-
provement comprising: recovering separately the fine
nickel powder suspended in exit gases leaving the de-
composer and maintaining the recovered fine nickel
powder and the B type nickel powder that settles at the
bottom of the decomposer separate from’each other,
and thereby providing a B powder product character-
ized by a bulk density less than one gram per millilitre
while avoiding deposition of fluffy nickel on the de-
composer walls and in addition providing a fine nickel
powder product characterized by a Fisher particle size
less than the Fisher particle size of said B powder prod-
uct and a bulk density greater than the bulk density of
said B powder product.

2. A process according to claim 1 wherein the nickel
carbonyl concentration is in the range of 10% to 80%
by volume of the total gas entering the decomposer.
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3. A process according to claim 1 utilizing a diluent
gas comprising an agent for promoting solid nuclei for-
mation for the powder.

4. A process according to claim 3 wherein the pro-
moting agent is oxygen in an amount up to 0.1% by vol-
ume of the total gas entering the decomposer.

5. A process according to claim 4 wherein the
amount of oxygen is 0.01 to 0.06%.

6. A process according to claim 1 utilizing diluent gas
comprising an inert gas, with or without a promoting
agent gas.

7. A process according to claim 6 wherein the inert
diluent is carbon monoxide gas.

8. A process according to claim 1 wherein the rate of
nickel carbonyl input is 70 cubic meters per hour to
117 cubic metres per hour and the temperature of the
inner wall of the decomposer is 400° to 500°C.
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9. A process as set forth in claim 1 for the production
of B type nickel powder by the thermal decomposition
of nickel carbonyl in a decomposer, with or without the
presence of a diluent gas, wherein the wall temperature
of the decomposer vessel is 420° to 470°C. and the rate
of input of nickel carbonyl is equivalent to 77 cubic
metres per hour to 100 cubic metres per hour into a
two metre diameter decomposer vessel.

10. A process as set forth in claim I having a diluent
comprising oxygen wherein the nickel carbonyl input
rate, the decomposition temperature, the amount of
diluent gas and the separate recovery of powder sus-
pended in exit gases are controlled in mutual correla-
tion to provide a fines product characterized by a car-
bon content up to 0.03%, a Fisher particle size up to
1.9 microns and a shrinkage on sintering typically
about 25%.

* % k% %



