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IMPROVEMENT OF THE OPERATIONAL
PROPERTIES OF SINTERED

COPPER STEEL THROUGH THE USE

OF AN EFFICIENT ALLOYING METHOD

Introduction. The alloying of powder steels, unlike cast steels, has a number of characteristic features due to the
specifics of their preparation. The method of introducing the alloying component into the charge has a significant
effect on the compactability, compressibility, structure and properties of sintered alloy steels.

Problem Statement. Existing alloying methods often do not provide a uniform distribution of alloying ele-
ments over the volume of the powder mixture, which leads to uneven density and a decrease in the strength proper-
ties of sintered steel.

Purpose. The purpose of research is to improve the technological properties of powder mixtures by using the
most ef fective method for alloying sintered steels with copper

Materials and Methods. As initial materials, we used sprayed iron powders of the IDKP 3.200.28 grade
(GOST-9849-86) and steel powder 70, which have low formability and green strength. A copper coating on iron
powder particles was obtained by internal electrolysis (chemical cementation) in an acidic aqueous solution of
copper sulfate with the addition of ferrous sulfate (I1). Mechanosynthesis was carried out in a planetary ball mill.
The technological properties of the powders were determined by standard methods: flowability 1SO 4490, bulk
density 1SO 3923, compressibility ISO 3927, green strength 1S03995.

Results. The research has been done in regard to the set of technological and physical properties of powder
materials, as well as the mechanical characteristics and the structure of sintered construction materials obtained
through the use of various technological methods of alloying with copper and carbon: mechanical mixing, mecha-
nosynthesis and copperizing (chemical cementation). A comparative analysis the properties of the materials ob-
tained has been carried out and the optimal alloying method has been determined. It has been established that
powder materials alloyed using the chemical cementation method have the highest level of technological and me-
chanical characteristics.

Conclusion. Chemical cementation alloying method can be recommended for the industrial production of
sintered construction copper steels, since the use of it provides a high level of mechanical properties of the mate-
rial and makes economic sense.
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The use of powder metallurgy methods in the crea-
tion of new materials makes it possible to provide
the optimal combination of the technology for
their production, structural and performance cha-
racteristics, as well as to reduce the metal and
product losses. Of particular interest is the powder
steel used in modern mechanical engineering; it
has high-strength level combined with good duc-
tility, toughness, low tendency to brittle fracture.

Further improvement of steel properties, in-
cluding powder steel properties, is achieved by
increasing the carbon content, plastic deforma-
tion, alloying, heat treatment, changing the mi-
cro- and submicrostructure.

The technological properties of powders and
powder mixtures are extremely important, since
they determine the technological parameters of
the parts manufacture. Powders with high com-
pactability make it possible to manufacture parts
of a more complex configuration and make them
more technological [1—4]. In this regard, the imp-
rovement of technological properties including
the compactability of powders and powder mix-
tures is a relevant objective.

Alloyed powder steel, unlike cast-steel, has a
number of characteristic features caused by speci-
ficity of its production. The following methods
are known to fabricate powder alloyed steel: pre-
paration of multicomponent mixtures from iron
powders and alloying elements with their subse-
quent processing [5, 6]; the use of alloyed iron
powders, to which, if necessary, carbon (usually
graphite) or other alloying elements are added
[1, 5, 7]; impregnation with liquid alloying metals
or diffusion saturation of frameworks sintered
from iron powder [8, 9]; mechano-alloying [10—
17]; chemical cementation of iron-based powders
[4, 18, 19]. Each of these methods has its advan-
tages and disadvantages. In such a way, steel, ob-
tained from the finished alloyed powders, have a
homogeneous structure, and the distribution of
elements in the alloy has a high degree of homo-
geneity. However, they have poor technological
properties — compressibility and compactability;
they are scarce and expensive.
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Copper alloying in the amount of 1.0—10 wt.%
increases the flow limit and temporary resistance
of the material sintered from the material alloyed
powder, but partly reduces its plasticity and
toughness [1—6, 19—22]. Copper alloying signi-
ficantly increases the resistance of the powder
material to atmospheric corrosion. Maximum ten-
sile strength is achieved with a mass fraction of
copper of 5—7%. Moreover, copper stabilizes the
shrinkage of the product during sintering, and
when the copper content amount to about 2%,
there is no shrinkage at all.

Copper alloying of powder sintered materials
can be done in different ways. Copper can be int-
roduced into the mixture in the form of copper
powders, iron-copper ligature, copper-containing
alloy (for example, bronze), in the form of cop-
perplated graphite [1, 5, 6]. The methods of me-
chanical mixing of powders are most often used
in the production of powder products for the pre-
paration of the mixtures. The compactability and
compressibility of the powder mixture obtained
in these cases is not high enough and chipping or
spilling of separate parts of the compact can oc-
cur in the manufacture of parts of complex shape
or at low extrusion pressure. It is difficult enough
to achieve the absolute uniformity of the compo-
nents distribution by the volume of the powder
mixture during mechanical mixing, especially
with a low content of one of the components.

The information considered in the literature
on the properties of sintered steel and methods
for its alloying is disparate; this complicates the
application of sintered steel in the development
of new types of powder materials and their imple-
mentation into production. Research has been
conducted in this regard to study the methods of
alloying iron powder with copper and their influ-
ence on the properties of sintered powder steel.

The aim of the research is to improve the tech-
nological properties of powder mixtures based on
the iron-copper-carbon system, which will sig-
nificantly improve the set of mechanical and phy-
sicochemical characteristics of sintered steel. The
authors have proposed the alloying method, which
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involves application of a copper plating on the
particles of steel powder by chemical deposition.

The objective of this Paper is to study the inf-
luence of the copper alloying method on the tech-
nological properties of powder mixtures and me-
chanical characteristics of sintered copper steels.

The dispersed iron powder and powder of steel
70 with low compactability and green strength
qualities have been used as the target of research.
This limits their usage in the manufacture of
products of complex shape.

Copper plating on the iron powder particles
has been obtained using a method of internal
electrolysis (chemical cementation) in an acidic
aqueous solution of copper sulfate with the ad-
dition of ferrous sulfate (II). The required cop-
per content on the iron powder has been provi-
ded by adjusting the ratio of the volume of the
reacting solution of constant composition and
the mass of the original steel powder. The reac-
tion has been carried out until complete copper
ions deposition. The end of the reaction has been
determined visually by discoloration of the res-
ponding solution.

After copper deposition, the powder was sub-
ject to cold-water rinsing, stabilizing in a special
solution to prevent oxidation, repeated washing
and drying with a stream of warm air at a tem-
perature of 55—60 °C.

The plating quality has been controlled both
visually, by color, and by optical microscopy.

The set of technological properties has been
determined after obtaining the finished powder;
this set of properties includes the following: green
strength, bulk density, compactability — by the
methods established in accordance with the
standards.

The mechanical properties of the sintered ma-
terial Fe 5% Cu 0,5% C, which corresponds in che-
mical composition powder steel grade PK50D5
to that obtained from sprayed steel powder, have
been investigated. Three alloying methods have
been used: mechanical mixing of the initial pow-
ders, mechanosynthesis and copperizing of steel
powder. Mechanical mixing has been carried out
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drum mixer type «<umbling barrel»; mechanosyn-
thesis has been carried out in a planetary ball mill;
copperizing of steel powder 70 has been carried
out in accordance with the technology developed
for iron powder copperizing [18].

The iron sprayed powder brand PGR 3.200.28
(GOST 9449-89) [23], the copper electrolytic
powder brand PMS-1 (GOST 4960-75) [24], the
sprayed steel 70 powder and the graphite pencil
grade GK-1 (GOST 4404-78) [3] have been used
to develop the preproduction models.

The preproduction models have been obtained
by single cold pressing followed by sintering. The
pressing and sintering modes for all preproduc-
tion models under research were the same.

The following properties of preproduction mo-
dels have been investigated: volumetric shrink-
age; porosity; tensile strength; Brinell hardness;
bending strength.

STUDY OF THE COPPER INTRODUCTION
METHOD IMPACT ON THE PROPERTIES
OF IRON-BASED POWDER MATERIALS

Using the developed method described above, it
was possible to obtain a continuous plating on
the particles of iron powder and steel 70 powder
with a high level of adhesion. The plating thick-
ness with a copper content in the mixture of 5%
amounted to 1—2 um (Fig. 1).

The alloying method proposed makes it possi-
ble to obtain a powder mixture based on iron with
a copper content of from 1 to 5% by weight.

W "“;"".',’; : . P 2
Fig. 1. Microphotograph of the copperized steel 70 particles
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a b

Fig. 2. The view of the samples after testing the raw pressing
strength: @ — mixing; b — mechanosynthesis; ¢ — copperizing

’44

Fig. 3. The view of the samples after the test for compactabi-
lity: @ — mixing; b — mechanosynthesis; ¢ — copperizing

C

Technological properties of the materials, ob-
tained using method described, mechanosynthe-
sis method and using a multicomponent mixture
based on iron powder PGR 3.200.28 grade and
copper powder of PMS-1 grade have been listed
in Table 1. The copper content in all materials
amounted to 5% by weight.

As shown in Table 1, briquettes of copperized
powder have significantly greater green strength
(15—20% higher, Fig. 2) and significantly better
compactability (25—28% higher, Fig. 3), with al-
most equal values of the remaining technological
properties of the powder mixture studied.

THE STUDY OF THE STRUCTURE
AND PROPERTIES OF SINTERED
MATERIALS BASED ON THE SYSTEM
Fe-Cu-C, OBTAINED USING VARIOUS

ALLOYING METHODS

The results of determination the physical proper-
ties of studied materials are given in Table 2.

According to the results, the material obtained
alloying by mechanosynthesis has the best physical
properties (the least shrinkage and low porosity).

The Figure 4 shows the microstructures of the
investigated materials.

The results of determining of the studied mate-
rials mechanical properties are given in the Table 3.

According to the results, the material obtained
from copper-coated steel 70 powder possesses the
best mechanical properties. The strength charac-
teristics of sintered copperized St70 are much
higher, despite the higher porosity in comparison
with that obtained by means of mechanosynthe-
sis. This is due to the structure of the materials
obtained, the formation of which depends mostly
on the uniform distribution of the alloying ele-
ments. Carbon has been dissolved in steel powder
70, and copperizing makes it possible to evenly
distribute copper in the volume of the compact.
This makes it possible to obtain after sintering
the structure of alloyed ferrite with uniformly
distributed inclusions of perlite, which results in
a high level of mechanical properties.

Figure 5 shows microphotographs of the stu-
died materials structures, obtained through the
use of scanning microscopy.

Table 1. Technological Properties of Powder Mixtures Obtained Using Various Alloying Methods

Alloying method
Parameter

copperizing mechano-synthesis mixing
Bulk density, g/cm? 2.85—2.90 2.80—2.85 2.7-2.75
Angle of repose, ° 34—36 40—41 35—37
Flowability rate, s/50 g 38—40 32—-35 35-37
Green strength, MPa 280—300 250—260 230—240
The green pressing porosity at a extrusion pressure 700 MPa, % 7.6—8.0 7.5-7.7 7.4—17.6
The minimum density of the briquette, at which the surfaces do not
have cracks and shears, g/cm? 2.9-3.0 3.6—38 3.5-38
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Fig. 4. The microstructure of samples, obtained alloying methods ( 800): ¢ — mixing; b — mechanosynthesis; ¢ — copperizing

Fig. 5. The structure of the studied materials, obtained through the use of: ¢ — mixing; b — mechanosynthesis; ¢ — cop-

perizing

Accordingly, copperizing as the means of al-
loying with copper can be recommended for in-
dustrial production of sintered structural copper
steel. This not only provides high mechanical
properties of the steel, but also makes good eco-

Table 2. The Results of Determination
of Physical Properties of Studied Materials

. Volumetric shrink )
Alloying method © umZ\if\; (;)m age Porosity P, %
Mixing 3.7-39 10—12
Mechanosynthesis 1.2—1.5 3—4
Copperizing 1.6—1.8 4—6

Table 3. The Results of Determination
of Mechanical Properties of Studied Materials

Tensile Bending Brinell

Alloying method strength strength hardness
TS, MPa BS, MPa HB, MPa
Mixing 270—275 | 310—320 | 690—710
Mechanosynthesis | 310—320 | 460—470 | 790—900
Copperizing 390—400 | 520—530 | 720—730
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nomic sense, since copperizing will make it pos-
sible to discontinue the use of expensive and
scarce copper powder for alloying. Moreover, cop-
perizing makes it possible to significantly increa-
se the compactability of steel 70 powder (Fig. 3)
and use a simpler, from the instrumental point
of view, cold pressing instead of isostatic for its
formation.

CONCLUSIONS

1. The powder of St 70 has been obtained with a
stable set of properties and the ability to control
the content of copper therein.

2. The compactability of the copperized St 70
powder and its green strength are much higher as
compared with powder iron-copper-carbon in-
jection, which can be explained by a significant
increase in the plasticity of each particle separa-
tely and of the mixture as a whole due to copper
plating.

3. The obtained data enable concluding about
the possibility of more efficient usage of mixture
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alloyed by means of the developed method and
having increased compactability for the manu-
facture of sintered materials based on the iron-
copper- carbon system, with improved strength
of raw briquettes, which is especially important
for the manufacture of items with complex shapes.

4. The sintered materials obtained by alloying
through mechanosynthesis have the lowest shrin-
kage and low porosity.

5. The material obtained from the copperized
steel 70 powder has the highest mechanical pro-
perties: despite the higher level of porosity, the
strength characteristics are much higher in sin-
tered St70 alloyed with copper using the method

6. The proposed technology of alloying will
make it possible to discontinue the mixing opera-
tion and presumably will enable obtaining sin-
tered products with a more uniform distribution
of copper and carbon in the volume of the sin-
tered product and a more uniform structure of
the material. This, in turn, will significantly im-
prove the set of mechanical and physico-chemical
properties of the sintered products.

7. The use of chemical cementation of powder
for alloying with copper can be recommended for
industrial production of sintered structural cop-
per steel. This provides high mechanical proper-
ties of the material and also makes good economic

of chemical cementation.

sense.
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NIJIBULIEHHS EKCIIIYATAIIIMHUX BJACTUBOCTEN
CIIEYEHUX MIZIUCTUX CTAJEN

Beryn. JleryBaHHst IOPOUIKOBKX CTaJIEH, Ha BIIMIHY Bi/l INTUX, MAE PsI/l XaPaKTEPHUX OCOOIUBOCTEN, 3yMOBJIEHUX CIieui-
K010 ix orprManHst. Crioci6 BBeJEHHSI JIETYI040TO KOMIIOHEHTY Y IIUXTY BIUIMBAE CYTTEBO Ha 1l (HOPMOBAHICTD, IPECOBAHICTD,
CTPYKTYPY Ta BJIACTUBOCTI CIIEYeHUX JIETOBAHUX CTaJeH.

IIpo6aemaTuka. MeTtou JieryBaHs, 110 iCHYIOTb, 4acTO He 3a0e31eUyIoTh PIBHOMIPHOTO POZIIOILITY JIETYIOUUX eJIeMEH-
TiB 10 BCbOMY 06’€Mi TTOPOTITKOBOT IUXTH, 110 TIPU3BOAUTD [0 HEPIBHOMIPHOI IIITBHOCTI Ta, BIAMOBIZAHO, 10 3HUKEHHS Mill-
HOCTI CHleyeHoi cTauIi.

Mera. [ligBunieHHS TeXHOJOTIYHNX BJIACTUBOCTEN CIIEUEHNX CTaJel MIJISTXOM JIETYBAHHS 3a/1i3HOTO MTOPOIIKY Mi/UTIO, &
caMe MEeXaHI4HOTO CUHTe3Y, MeXaHiYHOIO 3MIllyBaHH: Ta OMi/[HEHHS.

Marepianu it Mmeroau. Buximnumu marepiajamMu CJayryBajy po3nujeHi nopomku 3amniza mapku IIKP 3.200.28
(FOCT 9849-86) i nopomok crasi 70, siki MaIOTh HU3bKi IMOKA3HUKYM (DOPMOBAHOCTI Ta MIiI[HOCTI HecrieueHoi mpecosku. Mij-
He TIOKPUTTS Ha YaCTUHKAX 3aJIi3HOTO TIOPOIIKY OTPUMYBATIU METO/IOM BHYTPIIITHBOTO €JIEKTPOJIi3Y (XiMiuHO] IleMeHTaitii) B
KHCJIOMY BOZIHOMY PO3UWHI CipYaHOKWCJIOI Mifli 3 ofaBanuaM cipuanokucsoro 3amida (II). MexanocnnTes ta Mexaniune
3MINTyBaHHS 3/1ilICHIOBAJIN B TNTAHETAPDHOMY KyJIbOBOMY MJIMHI. TeXHOJIOTiIYHI BJIACTUBOCTI MMOPOINKIB BU3HAYATIN CTAHIAPT-
Humu Metogamu: Tekydictb ICO 4490, nacunna miispHicTs ICO 3923, npecosanicts ICO 3927, minHicTh HecnieyeHoi 1pe-
cosku ICO 3995.

PesyabraTu. /lociizkeHO KOMILIEKC TEXHOJMIOTTYHUX, (Di3MYHUX BIACTUBOCTEH MMOPOIIKOBUX MaTepiasiB, a TAKOXK Mexa-
HIYHUX XapaKTEePUCTUK i CTPYKTYPHU CIIeYeHNX KOHCTPYKIIIHHNX MaTepiasiB Ha OCHOBI 3a71i3a, OTPUMaHUX i3 3aCTOCYBAHHIM
PIBHUX TEXHOJIOTIYHUX MPUIHOMIB JIETYBaHHS Mi/IIO i BYTJIeIleM: MEXaHI9YHOTO 3MIlIyBaHHs, MEXaHOCHHTE3a i OMiJTHeHHS
(ximiuHOI TIeMeHTallii). BukoHano mopiBHAIBHII aHATI3 BJACTHBOCTEH OTPUMAHUX MaTepiasliB i BU3HAYEHO ONTUMAIbHNN
croci6 sieryBanHs. BetaHOBIIEHO, 1110 HANOLIBII BUCOKUM PIBHEM TEXHOJOTIYHUX | MEXAHIUHUX XaPaKTEPUCTUK BOJIOIIOThH
MMOPOIITKOBI MaTepiajiu, JIeroBaHi METOZ0M XiMiUHOI IleMeHTAIlii.

BucHoBku. 3a3zHaueHUil METO/I MOKHA PEKOMEH/LYBATH JIJisI IPOMUCJIOBOTO BUPOOHUIITBA CIIEYEHUX KOHCTPYKIIIHHIX Mi-
JICTHUX CTaJiel, OCKITbKY BiH 3a6e31euye BUCOKMIT PiBEHb MEXaHIYHUX BIACTHBOCTEN MaTepialy i € EKOHOMIUHO BUTITHUM.

Kntouoei croea: neryBaHHs, CliedeHi MiIMCTi cTasIi, MeXaHiuHe 3MilllyBaHHS, MEXaHOCUHTE3, OMi/IHEHHS.
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