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@ Process for producing alloy steel powder.

@ A process for producing alloy steel powder, particularly,
low-oxygen, low-carbon alloy steel powder is disclosed. The
process comprises: preparing molten steel which contains at
least one easily oxidizable element selected from the group
consisting of chromium, manganese, vanadium, niobium,
boron and silicon; atomizing said molten steel by means of
an atomizing agent containing a non-oxidizing medium to
provide as-atomized alloy steel powder containing 0.2% by
weight or less of oxygen and 0.1% by weight or more of
carbon; decarburizing the resulting powder by maintaining it
in an atmosphere containing at least H; and H,0 gases under
specified conditions; and cooling the thus decarburized alloy
steel powder to room temperature in an inert or reducing
atmosphere.
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PROCESS FOR PRODUCING ALLOY STEEL POWDER

" Background of the Invention

This invention relates to a process for producing alloy
steel powder, particulafly to a process for producing low~
oxygen, low-carbon alloy steel powder, in which the oxidation
of easily oxidizable elements, such as chromium, manganese,
etc. has been suppressed effectively. ' i

Conventional processes for producing steel powder include
water atomization, gas atomization and oil atomization. - They
are all well Known in the art. However, they all present
problems as mentioned hereinafter when they are used for pro-
ducing alloy steel powder which contains easily oxidizable
elements such as mentioned above:

Water Atomization:

This process employs water as an atomizing agent.
Therefore, the contamination of the resulting powder with oxides
is inevitable durihg atomization. The formation of oxides is
so great that the addition of easily oxidizable elements to an
alloy system should be restricted. Thus, in designing the
alloy, the addition of easily 6£idizable elements is limited.

More particularly, when molten steel containing easily
oxidizable elements such as chromium (Cr), manganese (Mn),
vanadium (V), niobium (Nb), boron'(B), silicon (8i), étc. is
subjected to water atomization, these elements are oxidized,
and reduction of the thus oxidized steel powder will have to
be carried out at a succeeding step to lower the oxygen level
of the powder. However, it is extremely difficult to reduce

the proportion of dxygen in steel to a practical level, and it
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requires complicated processing.

For example, if, by specifically adjusting the atomizing
conditions and atmosphere, the oxygen level of as-atomized
powder is made as low as 0.5% by weight, it is necessary to
treat the as-atomized powder at a temperature higher than
1150°C for five hours or longer so as to obtain powder having
a practical level of oxygen. However, after such long time'
high temperature treatment, the resulting powder having the
intended level of oxygen is sintered and requires a heavy duty '
disintegration step. And, when such a strong disintegration
process is applied to the powder, the shape and size of the
resulting powder particles will differ very much from those
of the as-atomized powder, and theif'compressibility, compacti-
bility and sintering applicability will be impaired.

Another method of decoxidization of atomized powder has
been proposed, in which a substantial amount of carbon is
intentionally added to the molten steel prior to the water
atomization. In this meéhod the resulting atomized powder
contains a relatively large amount of carbon as a reducing
agent, which serves to remove the oxygen contained in the
atomized powder in accordance with the reaction shown by the
formula: C + O —» CO upon heating at a high temperature in
vacuo. However, this method also requires heating of the powder
at a temperéture higher than 1100°C for a long period of time
in order to reduce the amount of oxygen, resulting in the same
problems as mentioned in ‘the above.. In addition, since this
method essentially requires the presence of carbon in a pre-
determined amount in atomized powder, thé apparatﬁs and operatic

therefor become very complicated:making this method less prac-
tical. ' '

Gas Atomization: . /. -

This is a procéss'for producing'steelrpowdér by utilizing

~an inert gas such as N,, Ar, etc. as an atomizing agent. This

method results in less contamination with oxides. However,
with gés cooling the cooling rate of'the atomiéed powder is
small, and the resulting particles tend to become round. Round
particles are difficult to compact. It is, therefore, necessar:

to compaét such powder by means of canning compaction technique

BAD ORIGINAL
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through cold (or hot) isostatic pressing etc. However, the
compaction of this type is very complicated and is costly, so
this method is not often used.

"Furthermore, with gas atomization a large volume of gas
is requifed, so the operating cost of this method is 10 times
tha£ of the water atomization process.

Thus, though the gas atomization method is practiced for
special purposes, it is rarely used for the production of steel
powder to be sintered or sintered-forged, which is the major

application in the field of powder metallurgical technology.
0il Atomization:

In this process for producing steel powder oil is used
as the atomizing agent. This process is superior to water
atomization in that the oxidation of steel powder does not occur,
i.e. the oxidation'of alloying elements does not occur. How-
ever, garburiéation of the resulting powder, i.e. diffusion of
carbon from the oil to the powder occurs during atomization,
and decarburization has to be carried out at a succeeding step.

If the alloy steel powder contains easily oxidizable
elements such as Cr, Mn, V, Nb, B, Si, etc., it is easier to
carry out decarburization than to carry out reduction on once
oxidized steel powder. HoWever, up to now to process has been
proposed for carrying out decarburization in an efficient and
continuous manner. _ .

As a decarburizing gas H,, H,0, CO-CO,, etc. are known
in the art. ©Of them H, gas is not practical, because the
decarburizing rate with H2 gas is very low. On the other
hand, although a decarburizing gas which contains an oxidizing
gas, such as 1,0, CO,, etc. can remarkably accelerate the de-
carburization, the oxidation of an element, such as Cr, Mn, V,
Nb, B, Si, etc. is inevitable under the decarburizing temperature
and atmospheric conditions under which the decarburization
proéeeds, because such conditions put these elements in an oxidiz-
ing region defined by thermo-dynamic equilibrium conditions.
Therefore, speciél care 1s necessary to control the decarburizing
conditions. '

For the above reasons decarburization of oil atomized alloy
steel powder has not yet been worked out. i
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The inventors of this invention have been unable to find any
report on the decarburization of alloy steel powder containing
Cr, Mn, V, Nb, B, 5i, etc., which are thought to be easily
oxidized in view of their equilibrium conditions, and being
comprised of finely divided particles which are very easily
oxidized because of its particulate,form.
Objects of this Invention

Thefefore, one of the objects of this invention is to
provide a process for producing low-oxygen, low-carbon alloy
steel powder by utilizing oil-atomization, in which the oxida-
tion of easily oxidizable elements such as Cr, Mn, V, Nb, B,
Si, etc. is effectively suppressed during decarburization.

Another object of this invention is to provide a process
for producing alloy steel powder containing one or more of the.
easily oxidizable elements of Cr, Mn, V,.Nb, B and Si, which
contains carbon in an ‘amount of 0.1% by'weight or less and
oxygen in an amount of 0.2% by weight or less.

Still ‘another object of this 1nvent10n is to prov1de a
process for continuously producing alloy steel powder through
decarburization of oil-atomized alloy steel .powder in a con-

tinuous manner.

Brief Description of the Drawings -

In the drawings: ,

Fig. 1 is a graph showing the relationship between
decarburizing temperature and changes in carbon and oxygen
content of steel ﬁowder with respect to treating period of
time;

Figs. 2 - 7 are graphs showing the relationship between
the PHz/Pﬂzo ratio of the atmosphe:e and the treating time at
the indicated temperapures, respectively, to illustrate the
criticality of decarburizing conditions of this invention;

"Fig. 8 is a graph showing the relationship between the
temperature and the adhesiveness of parficles; and

Fig. 9 is a diagrammatical view in section of a de-
carburization apparatus for carrying out the process of the
invention.

Summary of the Invention

The inventors of this invention found that it is possible
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to produce low-oxygen, low-carbon alloy steel powder by obtain-
ing as-atomized alloy steel powder containing oxygen in an _
amount as small as 0.2% by weight or less and a relatively large
amount of carbon through oil-atomization, and then finishing

the succeeding decarburization before oxidation of the above
mentioned easily oxidizable elements is initiated.

The inventors of this invention also found that the
decarburization can effectively be carried out when specific
decarburizing conditions are set under which the oxidation of
easily oxidizable elements is kept to as low a degree as possible,
and the inventors reached this invention.

This invention resides in a process for producing low~

~oxygen, low-carbon alloy steel powder, which comprises the

steps of:

' preparing molten steel which contains at least one easily
oxidizable element selected from the group consisting of chromium,
manganese, vanadium, niobium, boron and silicon;

atomizing said molten steel by means of an atomizing agent
containing a non-oxidizing medium, preferably a non—oxidizing
medium selected from mineral oils, animal 6ils or vegetable oils
to provide as-atomized alloy steel powder containing 0.2% by
welght or less of oxygen and 0.1% by weight or more of carbon;
' adjusting the amount of carbon of said as-atomized steel
powder by maintaining it in an atmosphere containing at least

H, and H,0 géses under either of the below-defined conditions

(A) or (B); and

. cooling the thus obtained alloy steel powder to room
temperature in an inert or reducing atmosphere.

Condition (A): ' .
Temperature (t°C): 600°%€ £ t £ 950°C
Atmosphere (Py,/PH,0): 0.5 £ Py,/Py,o0 £ 1000

Treating Time (6 minute):

. Pn
-3 13126 2 ,0.667
1.1 x 10 exp ( N TYACT VN )(TH'ZT-) )
. - PH, 1.341
6 S {0s101 +.(1.0 - 1.0038 x 10 3t)} ( By 2 ) 3
20

‘Condition (B):

Temperature (t°C): 950°C< t £ 1250°C
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Atmosphere (PH,/Py,0): Pyu,/PH50 2 0.5

Treating Time (0 minute):

P
3 13126 H2 . 0.667
**P (1ros7rer2m3)) o)

This invention also resides in a process for producing

6 2 1.1 x 10~

low-oxygen, low-carbon alloy steel powder, which comprises the
steps of: ) )

preparing molten steel which contains at least one easily
oxidizable element selected from the group consisting of chromium,
manganese, vanadium, niobium, boron and silicon;

atomizing said molten steel by means of an atomizing
agent containing a non-oxidizing medium to provide as-atomized
alloy steel powder containing 0.2% by weight or less of oxygen
and 0.1% by weight or more of carbon; )

continuously passing said as-atomized alloy steel powder
through an atmosphere containing at least H, and H,0 gases under
either of the above-defined conditions (A) or (B) to adjust the’
amount of carbon of said as-atomized alloy steel powder; and

cooling the thus obtained alloy steel powder to room
temperature in an inert or reducing atmosphere.

Thus, in one aspect, this invention is characterized in
that the oil-atomized élloy steel powder is subjected to a’
carbon-adjusting step'in an atmosphere containing H,0 and H2
gases under either of said conditions (A) or (B), and then is
cooled to room tempéréture in an inert or reducing atmosphere.
The "PHZ" means -a partial pressure of hydrogen gas and the
"PHZO" means that of steam.
Detailed Description of Preferred Embodiments

The reasons for defining the process steps of this inven-
tion as in the above.will be described hereinafter.

Regarding the step of preparing molten steel, the prepara-

-tion of molten steel may be carried out in any conventional

manner, and is not limited to a specific one. Since the molten
steel of this invention process contains at least one easily
oxidizable element selected from Cr, Mn, V, Nb, B and Si, the
prépa;ation of molten steel is preferably carried out in such

way that the oxidation of these elements is suppressed as
thoroughly as possible.
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In the atomizing step of this invention, as in the
conventional oil atomization, an atomizing agent which preferably
contains a medium selected from mineral oils, animal oils,
vegetable oils and mixtures thereof may be employed. Preferably,
according to this invention a non-oxidizing medium comprised
of an 0il selected from the above-mentioned oils may be employed
as an atomizing agent. An oxidizing agent such as water may
be incorporated in the atomizing agent so long as the resulting
medium is non-oxidizing in nature as a whole.

The o0ils employed in this invention include machine oil,
quench oil, turbine oil, whale oil, rapeseed o0il, soybean oil,
etc.

The oxygen content of the atomized steel powder obtained
in accordance with this invention is restricted to 0.2% by
weight or less. It may be 0.1% by weight or less, preferably
0.05% by weight or less. This is because substantially all the
oxygen of the atomized powder remains in the final decarburized
powder,_thohgh deoxidization to some extent can be effected
during the following decarburization step. The lower the oxygen
content the better. It is to be noted that it is possible to
reduce the amount of oxygen sighificantly by effecting the de-
oxidization of molten steel prior to atomization, and by pre-~
venting oxidation thereafter, particularly by preventing oxidation
of the molten steel as well as atomized powder during atomization, .
The carbon content of the thus obtained atomized steel po&der
is 0.1% by weight or more. Such a large amount of carbon comes
from carburization of the atomizing agent.

The thus. obtained high carbon alloy steel powder is then
passed to the decarburization step of this invention, where it
is subjected to decarburizing conditions defined by either of
Conditions (A) or (B), which will be detailed hereinafter.

An atmosphere under which alloy steel powder containing
0.1% by weight or more of carbon can decarburized to a level of
less than 0.1% by weight will be considered. It will éasily
be théﬁght of to add as large an amount oOf H,0 gas as possible,
which are easily reacted with carbon in sfeel, in order tor
effectlthe decarburization of the alloy steel powder. However,

the addition of a large amount of oxidizing gas results in the
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oxidation of such easily oxidizable elements such as Cr, Mn, V,
Nb, B, Si, etc., which react more easily with oxygen than Fe.
On the other hand, without the addition of such oxidizing
gas, substantial decarburization does not occur and a relatively
long period of time will be required for processing the powder.

The inventors of this invention noted that though dry
hydrogen gas does not exhibit decarburizing effect, the addition
of moisture accelerates the decarburizing reaction. However,
as mentioned hereinbefore, steam itself is oxidative of these
oxidizable elements, so mere addition of steam means that de-
carburization as well as oxidation will occur.

The inventors of this invention found that when the ratio
of partial pressure of hydrogen to partial pressure of steam in
an atmosphere containing hydrogen and steam.is suitably adjusted,
efficient decarburization takes place without resulting in
substantial oxidation of the before—mentioned-easily QXidizable
elements or Fe, and the inventors carried out a series of
experiments to determine critical conditions thereof to arrive
at this invention. )

Fig. 1 is a graph summarizing the experimental data of
a series of decarburizihg~tests~with respect to decarburizing
temperature. In this series of tests, Cr-Mn low alloy steel
powder (Cr: 1.0% by weight; Mn: 1.5% by weight; C: 0.6% by
weight; oxygen: 0.09% by weight), which was obtained by the
conventional oil-atomization, -was packed into a étainless _
steel boat to a depth of 3 mm. The atmosphere comprised HZ'

H,0 and N,, the ratio gf PH,/Puy0 was 33.3 and Py, was 70%

of the total pressure of the atmosphere. The boat was heated
under the atmosphere to effect decarburization. Changes in the
amounts of carbon in powdered steel (C) and oxygen in powdered
steel (0) were determined with respeét to treating period'of
time at the indicated temperature.

.From the data shown in Fig. 1, it is apparent that
decarburization takes place efficiently as the temperature of
the atmosphere goes-up. It is to be noted, however, that
oxidation also takes place. Namely, according to the test
results shown in Fig. 1, it may Ee said that it is possible to
reduce the proportion of carbon to 0.1% by weight or less in
a short period of treating time. No significant degree of
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oxidation occurs. In addition, decarburization proceeds
rapidly as the temperature of the atmosphere increases, but
oxidation does not proceeds so quickly as decarburization.
Thus, it is concluded that it is an efficient treatment to
employ relatively high temperature and short treating time.

Next, sample steel powder the steel composition and
particle size distribution of which are shown in Table 1 was
packed into a stainless steel boat to a depth of 20 mm, then
heated and maintained at the indicated temperatures under pre-
determined atmosphefe to effect decarburization. The decarburized
powder was then cooled to room temperature in a dry hydrogen
atmosphere.

The test results of the series of experiments are
summarized in graph in Figs. 2 - 7-at the indicated teﬁperatures
respectively. | R i

The numbers on the abscissa indicate #he PHz/PHzo ratio,
and the treating time is on the vertical axis. The symbol "O"
indicates the case in which the carbon content has been reduced
to 0.1% by weight or less and the oxygen content to 0.2% by
weight or less. The symbol "X" shows the case where the target
values of carbon or oxygen content were not attained. Zone (I)
shows the area where the oxidation occurs, Zone (II) shows the
area of this invention and Zone (III) shows the area where de-
carburization is insufficient.

As is apparent from the series of graphs shown in Figs.
2 -~ 7, the ratio of PHz/Pﬁzov temperature and treating time
have their own criticality. ,

The critical range of each of these processing factors:
PHz/PHzo ratio, temperature (t°C) and treating time (6 min)
can be derived on the basis of the data given in Figs. 2 - 7 as
follows (wherein the treating time, 6, is a functicn of Pay/ PHYO)

The minimum treating- time required to reduce the carbon

content to 0.1% by weight or less at a temperature of 600 -
950°C can be given by:

0.667

-3 13126
g = 1.1 x 10 exp ( ) (Pyg,/PH,0)
. _ 1.987(£+273) | Hp/=H2

-.----(1)
The maximum treating time required to suppress the



0108175

- 10 -
oxidation of the powder to 0.2% by weight or less can be given
by:
® ={0.101 + (1.0 -~ 1.0038 x 10'3t)}(PH /Py O)l'341
maximm 2 2

eea (2)
Regarding the ratio of PHZ/PH20' as is apparent from
5 the graphs shown in Figs. 2 - 7, satisfactory results are not
obtained as long as the ratio is smaller than 0.5. On the other
hand, when the ratio is over 1000, decarburization to a satis-
factory level of carbon content requires a treating time longer
than several hours even when the atmosphere temperature is
10 raised. Thus, the purpose of this invention cannot be achieved.
. Therefore, one of the critical conditions of this inven-
tion can be shown as follows: '
.Conditions (a):
Temperature (t°C): 600°C £ t = 950°C
15 ¢ *. Atmosphere (Py,/Py,0): 0.5 £ Py,/Pg,o £ 1000
Treating Time (& min):

Py
-3 13126 2 ,0.667
1.1 x 107 exp (rgg7(erz73)) P, L
-3,c3 TH
< 08 £{0.101 %+ (1.0 - 1.0038 x 10 3t1k—§——5-)1‘341
H20

In case where the temperature is over 950°C, the follow-
20 ing critical conditions can be derived:

atmosphere (Py,/Pyy0): Pry/Pijo 2 0.5

Treating time ( 6 min):

8 21.1x 1073 exp (‘IT%g%%%17737°(“§izé ) 0667

However, when the temperature is excessively high,

25 weilding of the particles will occur. The temperature should
be limited to within a certain range.

Fig. 8 shows the realtionship between the temperature
and the adhesiveness of each particle. As is apparent from the
graph, when the temperature goes up beyond 1250°C, the adhesive

30 force between particles rapidly increases, resulting in welded
particles, in which'éase a strong disintegrating force is
required in a step following decarburization.

Thus, the following critical conditions can be definéd
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at a temperature range of higher than 950°C in accordance with

this invention:

Temperature (t°C): 950°C <t < 1250°C

Atmosphere (PH,/PH,0): Pu,/Pyy0 Z 0.5
Treating Time (6 min):

3

P
- H
6 2 1.1 x 10 ° exp 13126 2 ,0.667

(Trog7E+273))

In general, in a preferred embodiment of this invention
the treating time of decarburization may be restricted to less
than several hours, desirably less than approximately one hour
from a practical viewpoint.

The thus decarburized steel powder is then cooled to
room temperature in an inert or reducing atmosphere. The type
of atmosphere is not limited to a specific one so long as the
reoxidation can bé prevented, but it is preferable to employ
a dry hydrogen atmosphere. . ' i

- Thus, according to the process of this~invention, low-
oxygeﬁ; low~carbon alloy steel produced in an efficient manner
and in a continuous manner. The alloy steel of this invention
includes high alloy steel as well as low alloy stéél, as disclosed
in the working examples hereinafter described.

¢

It is herein to be noted that according to the process
of this invention the processing condition range where the purpose
of this invention has been achieved, e.g. Zones (II) in Figs. 2 -
7 regarding decarburizing temperature, PH2/PH20 ratio and treat-
ing time is wide. Therefore, according to this invention it is
possible to continue decarburization regardless of fluctuation

in processing conditions, which is usually experienced during

" operation. This means that a practical process for continuously

producing decarburized alloy steel powder on an industrial scale
can be provided in accordance with this invention.
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The apparatus which is successfully employed for
continuously carrying out the decarburization process of this
invention will be described hereinafter

Fig. 9 shows a diagrammatical view of a decarburizing
apparatus for carrying out this invention process, in which the
steel powdér 1 produced in the oil-~atomizing step is first placed
in a hopper 2 and then is continuously charged onto the steel
belt 3 actuated by means of rollers 4. The steel belt 3 is
successively passed through a decarburizing apparatus 5 which
comprises a pre-heating chamber 6, a decarburizing chamber 7
and a cooling chamber 8. While the powder passes through the
apparatus, the steel powder 1 is pre-heated, decarburized and
then cooled, successively. After passing through the apparatus,
the decarburized steel powder 9 is discharged out of the dis-
charge end of_the apparatus onto the chute.

A non-oxidizing gas (H2 gas, for example) is supplied
to the pre-heating chamber 6 and the cooling chamber 8 to keep
the atmosphere non-oxidizing. The dotted lines in %he drawing
show the supply system of the non-oxidizing gas.

Gases (Hp0 and H;) are supplied to the decarburizing
chamber 7 to adjust the atmosphere. If necessary N, gas may also
be supplied to the chamber through lines 1l. These gases, each
supplied through its respective supply system (not shown), will
be combined in a gas-mixing tank (not shown) to adjust the gas
compdsition prior to being supplied to the chamber. 'The-gas |
discharged out of the chamber through line 12 is collected in
a dust separator 13 where solids entrained with the gas is
separated. Carbon oxides formed during decarburization is removed
out of a gas-separator 14 through line 15. The recovered gas is
then supplied to the decarburizing chamber through line 11l. .
Further explanation on this gas supply system will be eliminated
since the above explanation will be enough to the person skilled
in the art. ' .

Thus, in another preferred embodiment of this invention,
the as~atomized alloy steel powder of this invention may be
continuously carried on a conveyer through a decarburizing zone
comprised of the decarburizing apparatus 5 where the as-atomized

powder is continuously decarburized to a level of 0.1% by wéight
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or less of carbon. The decarburizing zone may comprise a pre-
heating section, a decarburizing section and a cooling section.
The pre-heating and cooling sections are kept in an inert or
reducing atmosphere.

This invention will further be described in conjunction
with some working examples, which are presented merely for the
purpose of illustrating this invention, not for limiting it at
all. ‘

Example 1

In this example, Cr-Mn low alloy steel powder, which was
produced through atomization using mineral oil as an atomizing
agent, was subjected to decarburization using the decarburization
apparatus shown in Fig. 9. The chemical composition and particle
size distribution -of the as atomized steel powder are shown in
Table 2.

Decarburizing conditions are summarized in Table 3 and
the chemical composition and particle size distribution of the
thus decarburized steel powder are ‘shown in Table 4.

As is apparent from the data shown in Table 4, according
to the process of this invention it is possible to decarburize
the atomized steel powder, i.e. to reduce carbon content £rom
0.5% by weight to 0.02% by weight in a very short period -of time
without resulting in substantial increase in oxygen content of
the steel powder.
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Conditions

Amount of metal powder to

be treated

Heating temperature

Decarburizing gas

composition

Packed height

Treating period*

- 16 -

Table 3

(1]

0108175

2.0 kg/charge
850°C

H, -- 72.8% by volume
H,0 = 2.9% by volume
N2 -- 24.3% by volume
4 mm

5 min

NOTE: *

Residence time in the decarburizing chamber
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Example 2

This example treats a low alloy steel powder which contains
not only Cr and Mn, but also other easily oxidizable elements such
as V, Nb, B and Si, etc. The steel powder having a chemical com-
position and particle size distribution shown in Table 5 was
treated with the decarburizing apparatus shown in Fig. 9.

Decarburizing conditions are summarized in Table 6, and
the chemical composition and particle size distribution of the
thus decarburized steel powder are shown in Table 7.

As is apparent from the data shown in Table 7, according
to this invention it is possible to decarburize the atomized alloy
steel powder, i.e. to reduce the carbon content to 0.1% or less,
while keeping the oxygen content at a substantially constant
level of less than 0.1% by weight without- adversely affecting
the proportion of elements other than carbon, nor particle size
distribution. The atomized powder employed in this‘éxamplé was

produced through mineral oil atomization.
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Table 6

Conditions

Amount of metal powder

to be treated 2.0 kg/cha:ge

Heating temperature 990°C

(13

Decarburizing gas Hz ~- 98.0% by volume

composition
HZO ~~ 2.0% by volume
N, -- -

_Packed height H 4 mm

Treating period* : 10 min

NOTE : * Residence time in the decarburizing chamber
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Example 3
In this example stainless steel powder having chemical

composition and particle size distribution as shown in Table 8

was subjected to decarburization using the decarburizing apparatus

shown in Fig. 9.

The atomized steel powder employed in this example was
produced by using mineral oil containing 5% by weight of water
as an atomizing agent, and was characterized in that the carbon
content of the steel is less than that of the powder used in
Examples 1 and 2.

Decarburizing conditions are summarized in Table 9 and
the chemical composition and particle size distribution of the
thus decarburized stainless steel powder are shown in Table 10.

As is apparent from the data shown in Table 10, according
to this invention. it is possible to obtain stainless steel
powder the carbqﬂ content of which has been reducéd to 0.1% by
weight while holding the oxygen content at a level of 0.2% by
weight or less.
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Table 9
Conditions
Amount of metal powder to |
be treated : 2.0 kg/charge
Heating temperature : 920°C
Decarburizing gas ] H. —-= 97.0% b 1
composition : 2 . Yy volume
H,0 —- 3.0% by volume
N2 - =
Packed height : 4 mm
Treating period¥* :. 5 min

NOTE: * Residence time in the decarburizing chamber
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The principles, preferred embodiments and modes of
operation of this invention have been described in the foregoing
specification. However, the invention which is intended to be
protected is not to be construed as limited to the particular
embodiments disclosed. The embodiments are illustrative, not
restrictive. Variations and changes may be made by othérs with-
out departing from the spirit of this invention. Accordingly,
it is expressly intended that all variations and changes which
fall within the spirit and scope of this invention as defined in
the claims are to be embraced thereby.
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CLAIMS

1. A process for producing low-oxygen, low-carbon alloy steel powder,
which camprises the steps of:

preparing molten steel vwhich contains at least one easily
oxidizable element selected from the group consisting of chromium,
manganese, vanadium, niobium, boron and silicon;

atomizing said molten steel by means of an étomizing agent
containing a non-oxidizing medium to provide as-atamized alloy steel
powder containing 0.2% by weight or less of oxygen and 0.1% by weight
or more of carbon;

adjusting the amount of carbon of said as-atomized -alloy steel
powder by maintaining it in an atmosphere containing at ieast H2 and
HZO gases under either of the below-defined conditions (A) or (B); and

cooling the thus obtained alloy steel powder to room temperature
in an inert or reducing atmosphere. '

Condition (A):

Temperature (t °C) : 600°C £ t £ 950°C

Atmosphere (PHZ/PHZO) : 0.5 Hz/PH 0 < 1000

Treating Time (© minﬁte) :

P
H,
-3 13126 0.667
, .,
6 £{0.101 + (1.0 - 1.0038 x 10” w}(P293“
H,0 -
Condition (B):
Temperature (t °C) : 950°C < t £ 1250°C
Atmosphere (P /PH O) H2 HZO; 0.5
Treating Time (© minute) :
PH
6211 x 105 e 13126 0.667

P (3 987(t+273)) (5=

HZO



05

10

15

20

25

30

0108175

- 28 -

2. A process according to claim 1 in which the as-atomized steel
powder is continuously passed through the atmosphere containing Hz and
H20.

3. A process according to either of claims 1 and 2 in which said

non-oxidizing medium is selected from mineral oils, animal oils,
vegetable oils or mixtures thereof.

4, A process according to any one of claims 1 to 3 in which said
atmosphere is comprised of Hz and HZO gases.

S. A process according to any one of claims 1 to 3 in which said
atmosphere is comprised of Hz, H20 and Nz gases, -

6. A process according to any one of claims 1 to 5 in Whlc.h the
oxygen content of said as-atamized alloy steel powder is 0.1% by

¢

weight or less. ST

7. A process according to claim 5 in which the oxygen content of
said as-atomized alloy steel powder is 0.05% by weight or less.

8. A process according to any one of claims 2 to 7 in which said
as-atomized alloy steel powder is continuously passed through a
decarburizing zone camprised of a pre-heating seption; a decarburizing
section and a cooling section, said‘pre-heating and cooling sections
being kept in an inert or reducing atmosphere.

9. A process according to any one of claims 1 to 8 in which the
oxygen content of said as-atomized alloy steel powder' -i's 0.1% by
weight or less.

10. A process according to claim 9 in which the oxygen content of
said as-atomized alloy steel powder is 0.05% by weight or less.



0108175

/6

IN3LNOD O

(LHOI3M A8 %)

1Al

9l

(uiw) JNIL ONLVILL

174 A

-
oliol

2,008

2064

3,004

)

-]

140

009~

/

b)4

80

(LHOIEM AG %) INTINOD 3




0108175

2/ 8

02Hd /2Hd
000I 00l Ol. |
—r—r—r e T ()
(I)ANOZ
1g
3
{0l
5
=
0]
1S 1 4
=
m
o o - 102 W
() ANOZ -
(I1)ANOZ | .
0 -1G2
_ 0¢
0,006 1D

¢ bi4

O2Hd / 2Hd

08_.._00_.

___0O

(M3INOZ

. x :QQQ¥§§XE

(I1)INOZ

SOONNOMONNNNN
X

101
161
10<¢

16¢

2,008 1o

_mw &me

o¢

(UIW)INIL ONLLY3YL



0108175

3/ 6

0ZHd /2 Hd

0,00/ COl Ol

! T 0
X
(IH3INOZ
o o o 1c
o O o 101
o o o il
(L) 3INOZ
o 0 o 102
o o o o o} 1G<
Do OGOl 1D

G by

(uiuh) JNIL ONILVISL

O2Hd /2Hd
000 ool ol _
T 7 T 117 O
(IDINOZ
X X X/ . | NO 4 m
X o o 5 1ol
/]
Q 0 o o} OW. 1G1
. 2
0O O O © od x 10¢
\ (M3ENGZ - Am3anoz
o) o o o X X 162
o¢
20 0G6 1D

bl

(Utw) JNIL ONILYIL



0108175

4/8

/ bi

02 Hd /2Hd
0o 00l O _ o
(M3ANOZ ._
16
b O o 101
o o] o 1Gl
(IIYANOZ

o o o 102
162
0%

2.0G<2l 1D

(UiW) JWIL ONILV3IHL

000! _

0ZHd /2Hd

oo ol

(IDINOZ

(II) INOZ

2.06Gl11 10

9 DI

16

1S

O

101

10¢

4

¢

(ulu) 3INIL ONILYIHL



0108175

5/86

(Do) HNIVHIJIWIL IHIHISONLY

0,93 OON_ o0l o001 006 008 ‘002 Oom

\OllOIl‘-I.o lllllllll

N

O

O

9 o
T .M

o
O

g b1y

(ww/6y) SSINIAISAHAY



0108175

6/6

X
SRS ]

VIS TSI Y

/] 7 %)

—— p— — " e ——— — o

P
-



EPO Form 1503.03 82

)

European Patent
Office

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

0108175

Appiication number

EP 82 30 5820

Category o oo etovant pasasgse foment | heticanioN nt i )
B 22 F 9/08
X,¥Y| FR-A-2 500 483 (SUMITOMO METAL 1-10 B 22 F 1/00
INDUSTRIES)
* Claims 1,13-15,18; page 10,
example 1 *
b4 FR-A-1 582 424 (A.O. SMITH 2-8
CORP.)
* Whole document *
TECHNICAL FIELDS

The present search report has been drawn up for ail ciaims

SEARCHED (Int. Cl. %)

B 22 F

T4

of search Date of completion of trg §earch

HAGUE 30-06~1

Examiner

SCHRUERS H.J.

0O> <X

CATEGORY OF CITED DOCUMENTS

: particularly relevant if taken alone
: particularly relevant if combined with another

document of the same category

: technological background
: non-written disclosure
. Intermediate document

o O m-

: theory or principle underlying the invention
: earlier patent document, but published on, or

after the filing date

: document cited in the application
: document cited tor other reasons

: member of the same b'étent fa'mily; co'i'responding

document




	bibliography
	description
	claims
	drawings
	search report

