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5 Claims. (Cl. 75—-.5) 

This invention relates to the production of nickel 
powder by thermal decomposition of nickel carbonyl 
and, particularly, to the production of nickel powder 
having an extremely small particle size. _ 

This application is a continuation-in-part of our co 
pending application Serial Number 198,031,, ?led No 
vember 28, 1950, and now abandoned. 

Nickel powder having a very small particle size, espe 
cially below 6 microns, affords considerable advantages 
in powder metallurgical applications. The ?ne powders 
sinter at low temperatures, and sintered articles are pro 
duced which, unlike sintered articles made from coarser 
powders, can be transformed without difficulty by pres 
sure methods, such as hammering or rolling, into semi 
?nished products without the formation of undesirable 
cracks. The ?ne powders markedly facilitate the forma 
tion of alloys with other metal powders, enabling the 
rapid production of homogeneous alloys and, where de 
sired, a high pore volume. 
The principal object of this invention is to provide an 

improved method or process for producing nickel powder 
having a particle size which does not exceed 6 microns 
and, particularly, to avoid the special measures which 
were previously required and provide a very simple 
process which markedly increases the quantity of ?ne 
powder produced. Preferably, more than ‘about 80 per 
cent by weight of the particles do not exceed 5 microns. 
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- the decomposition space, 
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Part of the heat required may be supplied directly in 

and at least part is supplied 
through the wall of the decomposition chamber. The 
heat supplied through‘ the wall of the chamber is sup 
plied in such a manner that the temperature of the inner 
surface of the wall is above the decomposition tem 
perature of the carbonyl but not substantially higher 
than the decomposition temperature of carbon monoxide. 

Prior to the invention, processes have been proposed 
for producing?nely divided nickel from carbonyl vapor, 
wherein vaporous nickel carbonyl was introduced into a 
chamber externally heated to temperatures above the 
decomposition temperature of the carbonyl, the decom 
position taking place substantially in the hot free space 
of the chamber at a distance from the hot walls of the 
chamber. In this manner, nickel was produced having 
a particle size predominantly between 2 and 10 microns, 
with a considerable proportion larger than 5 microns. 

, To produce the powder not greater than 6, preferably 
not greater than 5, microns in particle size as desired 
for various purposes, several methods have been pro 

’ posed. For example, one method involved the dilution 
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of the carbonyl vapor with thirty or more volumes of 
carbon monoxide. In this manner, there was an effect 
on size due to dilution and the gases passed through the 
decomposition chamber at 30 or more times the speed 
of the gases when carbonyl vapor alone was supplied to 
the chamber. Another method involved applying re 
duced pressure from the chamber exit, for example, 
down to 20 millimeters of mercury, which correspond 

_ ingly increased the speed of passage of the materials 
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The invention is particularly concerned with the pro-U 
duction of nickel powder by thermal decomposition of 
nickel carbonyl vapor in the hot free space of a decom 
position chamber or vessel. In accordance with the in 
vention, the surprising discovery has been made that 
nickel powder in which the particle 'size'of substantially 
all of the particles does not exceed v6 microns, and in 
which the particle size of more than about 85 percent by 
weight of the particles does not exceed 5 microns isv 
produced by decomposing more than 37 kilograms per 
hour of metal carbonyl per cubic meter of decomposition 
space. The decomposition temperature is maintained 
within the range of 200° C. to 300° C. In this manner, 
the quantity produced is much greater than by prior, 
methods. . 

In the same manner, nickel powder in which the par 
ticle size of at least about 95 percent by weight of the‘ 
particles does not exceed Sqmicrons is obtained by de 
composing at least about 43 kilograms per hour- of 
nickel carbonylper cubic meter of decomposition space. 
A further decomposition rate and particle size maximum 
are about 49 kg./hr./m.3 for 3 microns maximum._ By 
reference to “substantially all” of the particles is meant 
at least about 95%. 
"The temperature in the decomposition space is main 
tained within the range of 200° C. to 300° C., to pro 
duce the desired low carbon content and other desirable 
properties. Preferably, the decomposition temperature 
is maintained within the range of 230° C. to 280° C., 
and it is further preferred to carry out the decomposition 
at about 260° C. to 270° C. 
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through the chamber. Also, it was proposed to limit 
the time of the metal particles in the decomposition zone 
to 20 seconds. These measures, while producing ?ne 
particles, are limited by the low quantitative production 
of metal powder. They also require special measures 
for carrying out the decomposition, for recovering the 
metal powder, and for purifying the metal powder, espe 
cially when undecomposed carbonyl remains. 
The process, of the invention may ‘be carried out in an 

apparatus, such as that illustrated in the accompanying 
drawing. There, a decomposition chamber 4 is illustrated 
which isrheated by a hollow jacket 2 surrounding the 
chamber through which heating gases circulate. The 
heat necessary for the decomposition of metal carbonyl 
is produced in an oil or gasburner 5 into which oil or 
gases to be burnt are introduced through a pipe 7. The 
hot gases then are introduced into the jacket 2 through 
a pipe 8, and are led around the chamber by means of 
battle plates 3 and drawn off at the lower part of the 
jacket by means of a blower 6, from which the gases 
are recycled into the burner 5 in order to be heated 
again. The nickel carbonyl vapor is ‘introduced into the 
chamber through a pipe 1 and is decomposed into nickel 
powder and carbon monoxide. The carbon monoxide is 
withdrawn from the chamber through lines 9, 11 and 13. 
Particles of nickel powder which are entrained by the 
gases leaving the chamber are separated from the gas by 
means of a ?lter 12 and withdrawn through a valve 10. 
From the chamber the nickel powder is drawn oif through 
a valve 14. 

In the present invention, it is necessary to insure that 
sufficient heat be supplied to the decomposition space in 
the chamber to substantially completely decompose the 
quantity of more than 37 kilograms of nickel carbonyl 
per hour per cubic meter supplied to the chamber. In 
providing this large quantity of heat to the interior, to > 
effect the much greater quantity of decomposion, it is 
important that the inner wall of the decomposition cham 
her be at a temperature not higher than that which will 

_ produce carbon by decomposition of carbon monoxide. 
In other words, the temperature differential, or At, from 
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the inner wall to the interior of the decomposition space 
is not raised, ‘but the quantity of heat transmitted to the 
space is increased. This is‘ accomplished, for example, 
by supplying a greater quantityof heating gases to the 
jacket, but at no higher temperature. Alternatively, the 
heat transmitting surface of the chamber wall may be 
enlarged, or a more conductive material may be employed 
in the construction of the wall. 
An important advantage of the invention is that the 

decomposition may be carried out at about atmospheric 
pressure, that is, at the pressure existing in the system 
when the gases exit to atmospheric pressure with no ap 
plication of reduced or increased pressure. 
The following examples illustrate the invention and 

also illustrate the surprising and unexpected nature there 
of, but it is to be understood that the invention is not 
limited to the speci?c conditions and procedures set forth 
therein, which are only illustrative. 

Example 1 

A decomposition chamber, such as that illustrated in 
the drawing at 4, was provided which had an inner di 
ameter of 1 meter and a length of 5 meters, and which 
was surrounded with the jacket 2 for heating the chamber 
by the circulation of hot gases in the jacket. The hot 
gases came from the burner 5, recycling the cooler spent 
heating gases leaving the jacket to the burner by the 
blower 6. The temperature in the decomposition space 
was thus maintained at about 260° C. 

148 kilograms of nickel tetracarbonyl vapor were sup 
plied to the decomposition chamber per hour. This was 
equivalent to a throughput of about 37 kilograms per 
hour per cubic meter of decomposition space. The gases 
exited to substantially atmospheric pressure. 1200 kilo 
grams of a nickel powder having the following particle 
size distribution was obtained in 24 hours: 

50% ________________________ _. 3 microns and below. 

35% ________________________ _. 3-5 microns. 

15% ________________________ _. 5-6 microns. 

Example 2 

In the manner described in Example 1, 172 kilograms 
of nickel carbonyl were supplied to the decomposition 
chamber per hour. This corresponded to a supply of 
about 43 kilograms per hour per cubic meter of decompo 
sition space. The gases left the chamber to substan 
tially atmospheric pressure. The heating gas supplied 
to the jacket was at the same temperature as before, but 
the quantity of heating gas supplied was increased by 
about 15%, by increasing the delivery of the blower 6 
and the output of the burner 5. The temperature of 
the decomposition space was about the same as in Ex 
ample l. 

l400 kilograms of a much ?ner powder was obtained 
in 24 hours, having the following particle size distribu 
tion: 

72% _________________ _. 3 microns and below. 

25% _________________ _. 3-5 microns. 

3% __________________ _. Above 5 microns to 6 microns. 

Example 3 

In the manner described in Example 1, l96 kilograms 
of nickel carbonyl were supplied to the decomposition 
chamber per hour. This corresponded to a supply of 
about 49 kilograms per hour per cubic meter of de 
composition space. The gases left the chamber to sub 
stantially atmospheric pressure. The heating gas supplied 
to the jacket was at the same temperature as before, but 
the quantity of heating gas supplied was increased by 
about 15% over Example 2, by increasing the delivery 
of the blower 6 and the output of the burner 5. The 
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4 
temperature of the decomposition space was about the 
same as in Example 1. 

1600 kilograms of a much ?ner powder was obtained 
in 24 hours, having the following particle size distribu 
tion: 

95% _______________________ _. 3 microns and below. 

5% _______________________ __ 3-5 microns. 

0 __________________________ _. Above 5 microns. 

The invention thus embodies the discovery of a new 
phenomenon and condition in the production of ?ne 
nickel powder, that the nickel carbonyl be decomposed 
and nickel powder be produced in hitherto unknown 
quantities per unit of time and volume. The invention 
provides a great increase in the production of the very 
?ne nickel powders, by an exceptionally simple and very 
reliable method. The powders can be used without fur 
ther treatment for powder metallurgical and other pur 
poses. 
We claim: 
1. In the production of nickel powder by thermal de 

composition of nickel carbonyl vapor in the hot free 
space of a decomposition chamber, the improvement for 
producing nickel powder in which the particle size of 
substantially all of the particles does not exceed 6 mi 
crons which comprises supplying at least about 37 kilo 
grams per hour of nickel carbonyl per cubic meter of 
decomposition space to said free space, and substantially 
completely decomposing said quantity of nickel carbonyl 
therein, by maintaining the decomposition temperature 
within the range of 200° C. to 300° C. and supplying 
su?icient heat to said free space to produce said com 
plete decomposition within said temperature range. 

2. In the production of nickel powder by thermal de 
composition of nickel carbonyl vapor in the hot free 
space of a decomposition chamber, the improvement for 
producing nickel powder in which the particles size of at 
least 95 percent by weight of the particles does not ex 
ceed 5 microns which comprises supplying at least about 
43 kilograms per hour of nickel carbonyl per cubic meter 
of decomposition space to said free space, and substan 
tially completely decomposing said quantity of nickel 
carbonyl therein, by maintaining the decomposition tem 
perature within the range of 200° C. to 300° C. and 
supplying su?icient heat to said free space to produce 
said complete decomposition within said temperature 
range. 

3. In the production of nickel powder by thermal de 
composition of nickel carbonyl vapor in the hot free 
space of a decomposition chamber, the improvement for 
producing nickel powder in which the particle size of at 
least about 95 percent by weight of the particles does 
not exceed 5 microns which comprises supplying at least 
about 43 kilograms per hour of nickel carbonyl per cubic 
meter of decomposition space to said free space at about 
atmospheric pressure, and substantially completely de 
composing said quantity of nickel carbonyl therein, by 
maintaining the decomposition temperature within the 
range of 200° C. to 300° C. and supplying suf?cient 
heat to said free space to produce said complete decom 
position within said temperature range. 

4. In the production of nickel powder by thermal de 
composition of nickel carbonyl vapor in the hot free 
space of a decomposition chamber, the improvement for 
producing nickel powder in which the particle size of at 
least about 95 percent by weight of the particles does not 
exceed 5 microns which comprises supplying at least 
about 43 kilograms per hour of nickel carbonyl per cubic 
meter of decomposition space to said free space, and 
substantially completely decomposing said quantity of 
nickel carbonyl therein, by maintaining the decomposi 
tion temperature within the range of 230° C. to 280° C. 
and supplying suf?cient heat to said free space to pro 
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duce said complete decomposition within said tempera 
ture range. 

5. In the production 'of nickel powder by thermal de 
composition of nickel carbonyl vapor in the hot free 
space of a decomposition chamber, the improvement for 
producing nickel powder in which the particle size of at 
least about 95 percent by weight of the particles does 
not exceed 3 microns which comprises supplying at least 
about 49 kilograms per hour of nickel carbonyl per cubic 
meter of decomposition space to said free space, and 
substantially completely decomposing said quantity of 
nicked carbonyl therein, by maintaining the decomposi 
tion temperature within the range of 200° C. to 300° C. 
and supplying su?icient heat to said free space to produce 
said complete decomposition within said temperature 
range, at least part of the heat required being supplied 
through the wall of said chamber, the temperature of the 
inner surface of said wall being maintained not substan 
tially higher than the decomposition temperature of 
carbon monoxide. 
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