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Abstract. Stainless steel powders are among the most widely used raw materials for the production of small, high-precision engi-
neering components by metal injection molding (MIM), a process that combines metal powders with molten polymer binders.
This study focuses on the development of feedstock composition and processing parameters for MIM production using domes-
tically sourced components: a martensitic stainless steel powder grade 09Cr16Ni4Nb, a polyoxymethylene-based binder, and
processing additives including stearic acid, beeswax, and low-density polyethylene. The starting stainless steel powder had
a spherical morphology with a predominant particle size range of 8-23 um. Scanning electron microscopy, melt flow index (MFI)
testing, and helium pycnometry were employed to investigate the microstructure, rheological behavior, and physical properties
of the resulting feedstock granules. Dependencies of MFI on the feedstock composition, metal-to-polymer ratio, type and content
of additives, and particle size distribution of the metallic phase were established. The optimal feedstock formulation was deter-
mined experimentally. The microstructure and physical properties of sintered samples produced from the developed feedstock were
evaluated and compared with those made from imported Catamold® feedstock. It was demonstrated that standard heat treatment
modes are suitable for MIM-fabricated parts, as the phase transformation behavior of the studied steel does not differ from that of
conventionally processed materials. The results confirm that components manufactured from the in-house feedstock comply with
relevant regulatory standards and match the performance of their imported counterparts.
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AHHOTauMﬂ. MeTananueckue TOPOIIKHU Hep)KaBeIomeﬁ CTall SBIISIOTCS Hanboee pacnpoCTpaHEHHbIMU UCXOJAHBIMU MaT€pUualaMu,

MIPUMEHSIEMBIMH ISl TIPOU3BOACTBA MAI0Ta0apUTHBIX BEICOKOTOUHBIX MAIIMHOCTPOUTETIBHBIX JE€TaNEH 10 TEXHOIOTUH HHKEKIH-
OHHOTO (pOPMOBAHUS METAJUIMUECKHUX HOPOLIKOB ¢ paciuiaBamu mnoiauMepos (MIM-texnonorun). Hacrosimas padora nocssimneHa
pa3paboTKe cocTaBa M TEXHOJIOTHUECKHX PEKUMOB M3TOTOBJICHHSI HCXOJHOTO CHIPhS (TPaHyIsTa) IS MPOU3BOACTBA JIeTajieil mo
MIM-TeXHOIOTHH U3 OTEYECTBCHHBIX KOMIIOHEHTOB: MOPOIIKAa HepiKaBerolleld ctanu MapreHcuTHoro kinacca 09X16H4b, cessy-
IOILIETO Ha OCHOBE MONU(OPMaIbJIEIHa U TEXHOIOTHYECKHX 100aBOK (CTEApUHOBOM KHCIIOTBI, TUSIMHOTO BOCKA U MOJIN3THIICHA
BBICOKOTO IaBieHHs). McXOmHBIN MOPOIIOK HepskaBeIomiel cTamu mMen cdeprdeckyio (GpopMy 4YacTHIl C pa3MEepoM OCHOBHOM
Macchl 4acTHIl B 1uana3oHe oT 8 10 23 MkM. C mpUMEHEHHEM CKaHMPYIOIIEH SIEKTPOHHOW MUKPOCKOIINH, METOAA OTPEIEICHUS
MOKa3arelisi TeKy4eCTH paciuiaBa TepPMOILIACTOB U MUKHOMETPHUYECKOTO METO/Ia HCCIIE0BAINCH MUKPOCTPYKTYPBI, PEOJIOTHYSCKHE
n puznuecKue CBOMCTBA IOyYEHHBIX IPaHyIATOB. YCTAaHOBIICHBI 3aBUCHMOCTH ITOKa3arelst TeKydectr pacmuiasa (ITTP) ot comep-
JKaHUSI HICXOAHBIX KOMIOHEHTOB IPaHyNATa, COOTHOUIEHHS METaJUTHUECKON U MOTMMEPHOI yacTeil, KoTUIecTBa M BUa TEXHOIOTH-
YeCKHX J00aBOK, TPaHyJIOMETPUYECKOTO COCTaBa METAIIMYECKOil yacTH. ONBITHBIM ITyTeM OIpe/eieHa ONTHMAJIbHAS PeLenTypa
rpanyssTa. [IpuBeieHb! pe3ybTaThl HCCISI0BAaHUS MUKPOCTPYKTYPHI U (PH3UIECKUX CBOUCTB OIBITHBIX 00Pa3I0B, H3TOTOBICHHBIX
no MIM-TeXHONIOrUH, B CPABHEHUU CO CIEUEHHBIMH 00Opa3laMm M3 MMIOPTHOTO rpanyisita Mapku Catamold®. TTokasano, uto
JUTSL M3JIeIUH, TToy4eHHBIX 1o MIM-TexHoIoru, 11e1ecoo0pa3Ho UCTIOIb30BaTh THITOBBIE PEXKUMBI TEPMOOOPAOOTKH, HOCKOJIBKY
cXeMBI (pa30BBIX MPEBPAIICHNI HE OTINYAIOTCS OT TPAJHIIHOHHBIX JJIs JAHHOTO BU/IA CTAIH. YCTAHOBICHO, YTO 00pas3Ibl U3 pa3pa-
60TaHHOTO TpaHy/IsATa COOTBETCTBYIOT TPEOOBAHUSIM HOPMAaTUBHBIX JOKYMEHTOB Ha MPUMEHAEMbIH MaTepuall U HE yCTYMaloT 10

(1)I/I3I/I'-IeCKI/IM TOoKas3aTeJIsiM IrpaHyJisiTaM UMIIOPTHOI'O IPOU3BOJICTBA.

Knirouesbie cnoBa: MIM-TexHOIOTUsI, HHKEKIIHOHHOE (POPMOBAHHE, TUTHE MO AaBICHHEM, TPAHYJIAT, QDUICTOK, TOPOIIOK HEPIKABLIOIIeH
CTalu, cBs3yolee, noMpopMabierusl, ClieKaHue, COCTaB, CTPYKTypa

Ana yntupoBanus: [lapxomenko A.B., Amocos A.IL., [TactyxoB A.M. Pa3paborka rpanyisita Ha noianpopMaIbIerHIHOM CBSI3YIOIEM
Ha OCHOBE Mopotika Hepkaseromiei ctamu 09X16H4b mis MIM-texnonoruu. Mzeecmust 6y306. [lopowkosas memaniypeus u (hyHK-
yuoHanvHwie nokpvimus. 2025;19(3):15-24. https://doi.org/10.17073/1997-308X-2025-3-15-24

Introduction

The metal injection molding (MIM) process inte-
grates the principles of powder metallurgy and polymer
injection molding. This method involves the prepara-
tion of feedstock —a homogeneous mixture of fine metal
powders and polymer binders — followed by injection
molding of green parts, subsequent binder removal, and
sintering to produce fully dense metallic components.
MIM-produced parts combine the geometric comp-
lexity and dimensional precision typical of polymer-
molded products with the mechanical strength inherent
to metals [1]. A key advantage of MIM technology lies
in its capability for high-volume production of small,
intricately shaped components that generally require
no further machining.
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In metal injection molding, the starting material is
a feedstock — a composite granulated material consist-
ing of fine metal powders uniformly mixed with a poly-
mer binder. Optimization of the feedstock composition
is a critical step in ensuring the quality and efficiency
of the MIM process. The typical volume fraction
of metal powder in the feedstock ranges from 50
to 65 %, although it can be increased to 80 % or higher.
However, increasing the metal powder content leads
to a rise in the feedstock’s viscosity, which may nega-
tively affect the injection molding process [2; 3].

The characteristics of metal powders have a signifi-
cant impact on the properties of final parts produced
by the MIM process [4]. One of the key requirements
for such powders is low surface energy, which facili-
tates effective mixing with the binder. This requirement
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is best met by powders composed of spherical particles
with diameters up to 50 um, preferably in the range
of 1 to 5 pm. For example, a granulometric analysis
of BASF’s Catamold® 42CrMo4 feedstock revealed
that it consists of fine spherical metal powders with
particle sizes ranging from 1 to 5 um [5].

Other important powder characteristics include
particle shape, particle size distribution, and surface
morphology. Particle shape affects the rheological
behavior of the feedstock and the dimensional sta-
bility of the molded part during thermal processing.
Irregularly shaped particles can enhance the mechani-
cal strength of the part after binder removal, but they
reduce packing density and increase feedstock visco-
sity. This, in turn, requires a higher binder content and
may lead to excessive porosity in sintered components.
The same applies to spherical particles with rough
surfaces featuring protrusions and indentations [6].
Smooth, spherical particles are considered optimal for
MIM technology due to their high packing density and
low flow viscosity, although they may result in reduced
strength of the debound parts. The most favorable per-
formance in MIM is often achieved using mixtures
of spherical and irregularly shaped particles [7; 8].

The average particle size of the powder is another
critical parameter in MIM technology. Fine pow-
ders tend to agglomerate more readily, which makes
them particularly suitable for MIM applications [9].
However, the minimum particle size is limited
by the flowability of the powder—binder mixture:
at elevated temperatures, smaller particles reduce
the flowability of the feedstock, which negatively
affects the injection molding process. The maximum
particle size, on the other hand, influences the den-
sification of the sintered component: larger particles
decrease the likelihood of achieving high final den-
sity [10]. Improvements in the microstructure of sin-
tered parts can be achieved by using powders with
a bimodal particle size distribution, combining coarse
and fine particles to reduce porosity by filling the inter-
stitial voids between larger particles. As shown in [11],
a broad particle size distribution enhances packing
efficiency but complicates feedstock homogenization,
thereby impairing uniform powder—binder dispersion
during molding. By carefully controlling the shape
and size of both spherical and irregular particles, it is
possible to achieve high packing density and tailor
the properties of the final components [12].

The range of metals used in metal injection molding
is diverse and includes low-alloy steels, heat-resistant
and corrosion-resistant alloys, as well as materials
based on copper, nickel, cobalt, and titanium. In addi-
tion, intermetallics, magnetic alloys, carbides, and
borides are also employed [13]. Unlike conventional

metalworking methods, where up to 80 % of the mate-
rial may be lost as machining waste, the MIM process
achieves a material utilization rate of approximately
99 %, which is particularly advantageous when wor-
king with high-cost metals such as stainless steels and
titanium alloys. Recent international studies frequently
report the use of spherical 17-4PH martensitic stainless
steel powders [14-21]. For example, in [19], a gas-
atomized 17-4PH stainless steel powder with particle
sizes ranging from 4.8 to 30 um was employed. In [20],
a water-atomized 17-4PH powder with near-spherical
morphology was used. The authors of [21] utilized four
different 17-4PH stainless steel powders varying in
both particle size and morphology.

The binder plays a critical role in the metal injection
molding process, as it must ensure low viscosity at high
powder loading and remain chemically inert to facili-
tate effective mixing. Commonly used binders include
low-molecular-weight polymers or waxes. Additives
are often incorporated to adjust the binder’s properties.
One of the essential requirements for the binder system
is its ability to provide sufficient viscosity to enable
the molding of components with complex geometries.
Another mandatory property is its ability to adequately
wet the surface of the powder particles to optimize mix-
ing and ensure proper shaping of the final part. To this
end, surfactants such as titanates, silanes, phosphates,
and stearates are introduced into the process to reduce
the viscosity of the feedstock and increase solid loading
by promoting interfacial adhesion between the powder
and the binder.

Given that the MIM process is intended for manu-
facturing components with complex geometries, one
of the essential requirements for binder components is
adequate strength. High strength performance is typi-
cally achieved using polyoxymethylene (also known
as polyacetal or polyformaldehyde) in the binder for-
mulation. POM-based binder systems provide excel-
lent mold filling and ensure the dimensional stability
of molded parts. Components produced from such
feedstock exhibit high strength and hardness, favo-
rable fatigue properties, and minimal shrinkage upon
sintering [22—24]. One of the most widely used binder
systems in MIM technology consists of a composition
based on polyoxymethylene, low-density polyethylene,
and stearic acid. These components help preserve part
geometry and structural integrity, even under condi-
tions of increased porosity following polyoxymethy-
lene removal [4].

One of the most critical properties of MIM feed-
stock is its homogeneity, which is essential for mini-
mizing phase separation during injection molding
and for achieving isotropic shrinkage during debin-
ding and sintering. Inhomogeneous feedstock can
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lead to visible defects in the final sintered part, as
well as excessive porosity, cracking, and distortion.
To achieve the required level of homogeneity, various
types of mixers, crushers, mills, and screw extruders
are employed. Effective mixing requires uniform shear
throughout all regions of the mixing chamber. The most
efficient solution is the use of a twin-screw extruder,
which provides intensive shear combined with a short
residence time of the metal-polymer compound at ele-
vated temperatures [1].

To optimize the powder—binder composition and
to select appropriate additives and modifiers during
feedstock preparation, rheological tests are conducted
to evaluate melt flow behavior. The molten feedstock
is extruded through a die/nozzle of specified diameter
under standard conditions to determine the melt flow
index (MFI). This parameter characterizes the mate-
rial’s ability to flow into the mold cavity during
injection.

The aim of the present study was to develop
a domestically produced metal powder feedstock based
on stainless steel powder and a polyoxymethylene
binder for the fabrication of steel parts by metal injec-
tion molding. In addition, the study aimed to establish
relationships between the composition and structure
of the metal-polymer compound, its processing para-
meters, and the physical, mechanical, rheological, and
performance characteristics of both the feedstock and
the resulting sintered MIM components.

Materials and methods

To develop the feedstock, a spherical metal powder
of low-carbon stainless steel grade 09Cr16Ni4Nb was
used. The powder was produced by gas atomization and
supplied by Polema JSC (Tula, Russia). The selected
polymer binder was polyoxymethylene (POM) grade
Tekhnaset A-110 (TU 2226-020-11517367), manufac-
tured by Polyplastic Research and Production Company
(Moscow, Russia). The surfactants used in the for-
mulation included technical-grade stearic acid T-32
(GOST 6484-96), produced by Nefis Cosmetics (Kazan,
Russia), and natural beeswax (GOST 21179-2000).
To retain the structural integrity of the molded part
after binder removal, low-density polyethylene (LDPE)
grade 15813-020 (GOST 16337-22), produced by
Kazanorgsintez PJSC (Kazan, Russia), was incorpo-
rated as a backbone binder component.

The particle size distribution of the metal powder
was measured using an Analysette 22 Compact laser
particle size analyzer (Fritsch GmbH, Germany).
The microstructure of the starting materials and
of the feedstocks developed from domestically sourced
components was examined using a JSM-6390A scan-
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ning electron microscope (JEOL, Japan). The rheo-
logical properties of the feedstock were evaluated in
accordance with GOST 11645-73 using a Modular
Melt Flow 7026 instrument (Ceast S.p.A., Italy)
at a temperature of 190 °C and a load of 21.6 kgf.
Density and inhomogeneity were measured with
an AccuPyc 1340 helium pycnometer (Micromeritics,
USA). The hardness of sintered parts was measured
according to GOST 9013-59 using a WPM hard-
ness testing machine (WPM Leipzig, Germany).
Compression and tensile tests of sintered samples were
carried out in accordance with GOST 18227-85 using
an Instron 5988 universal testing machine (USA).

Results and discussion

The starting 09Cr16Ni4NbD stainless steel powder
exhibited a particle size distribution as shown in Fig. 1.
The majority of the particles ranged from 8 to 23 pum in
diameter, which meets the key requirements for metal
powders intended for MIM feedstock production.

To determine the optimal ratio between the metallic
and polymeric components, eight batches of feedstock
with varying compositions were prepared. The feed-
stock was produced following a specific sequence
of component mixing: stearic acid (SA) or beeswax
(BW) was first added to the 09Cr16Ni4Nb stainless
steel powder, followed by low-density polyethylene
(LDPE), and finally polyoxymethylene (POM) was
introduced. The granulation process was carried out
under the following conditions:

Screw temperature, °C. .. ............... 160-180
Screw rotation speed, rpm . . .. ... ... ... 120-130
Pelletizer cutter speed, rpm . .............. 1100

The appearance of the resulting feedstock granules
based on 09Cr16Ni4ND stainless steel powder is shown
in Fig. 2.

The results of melt flow index (MFI) and density
measurements for the experimental batches of feed-
stock are presented in Table 1.

Beeswax and stearic acid were used as surfac-
tants. The compositions containing beeswax (formu-
lations 5-8) exhibited higher melt flow index (MFI)
values, which, in turn, resulted in lower feedstock
density. The MFI trends for the investigated feedstock
formulations are shown in Fig. 3.

The most promising feedstocks were formulations 2
(with stearic acid) and 6 (with beeswax), which are
recommended for further investigation.

Green parts of a component referred to as the “sub-
strate” were molded using feedstock 2. Fig. 4, a shows
the green part (left) and the sintered “substrate” com-
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Fig. 1. Particle size distribution of the 09Cr16Ni4ND stainless steel powder
Puc. 1. I'panynomerpudeckuii coctas nopoiuika Hepxaseromieit cramn 09X 16H4b
Injection molding of green

:

Particle content, wt. %

parts  using

the 09Cr16Ni4Nb stainless steel powder was per-
formed on a thermoplastic injection molding machine
under the following conditions:

—

Fig. 2. Appearance of the 09Cr16Ni4Nb feedstock granules

Puc. 2. BHetunuit Buj rpanyisita 09X 16H45

ponent (right). For comparative analysis, parts were
also produced from imported Catamold® Stainless
17-4PH feedstock. Additionally, standard test samples
were prepared for microstructural examination and
mechanical property testing (Fig. 4, b), with dimen-
sions in accordance with GOST R 59651-2021.
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Fig. 3. Dependences of MFI on metal powder content
in the feedstock

1 — formulations /—4; 2 — formulations 5-8

Puc. 3. 3aBucumoctu I1TP ot coneprxanust
METaJUTHIECKOi YaCTH B TPAHYJIIATE

1 — cocTaB rpaHynsToB /—4; 2 — COCTaB IpaHyIATOB 5—8

Table 1. Rheological and physical properties of feedstock granules based on 09Cr16Ni4Nb stainless steel powder

Ta6bnuya 1. Peostiornueckue u (pusnyeckue CBOIiCTBA rpaHy/IATOB U3 MOPOIIKA Hep:kaBewwleii crann 09X16H4b

Feedstock Component content, wt. % MF]I, Density,
formulation No. | 09Cr16Ni4Nb | POM | LDPE | SA | BW | &10min |  g/cm’
1 86.0 11.5 1.0 1.5 - 344 4.2
2 86.5 11.0 1.0 1.5 - 254 4.6
3 87.0 10.5 1.0 1.5 - 92 4.5
4 88.0 9.5 1.0 1.5 - 0 4.6
5 86.0 11.5 1.0 - 1.5 505 4.2
6 86.5 11.0 1.0 - 1.5 401 4.2
7 87.0 10.5 1.0 - 1.5 95 4.4
8 88.0 9.5 1.0 - 1.5 0 4.5
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Fig. 4. Appearance of samples made from the developed feed-
stock

a — green part (left) and sintered substrate component (right)
b — reference test sample
Puc. 4. Bremnnit Buz 00pasioB U3 pa3pab0TaHHOTO TpaHyIsITa

a — 3arOTOBKA (ClIeBa) U CIICUCHHAs eTallb «IIOI0XKKay (CIIpaBa)
b — 00pa3LpBI-CBUICTENN

Mold temperature, °C . ... ....... 13010
Injection pressure, MPa . .. .. ... .. 120+ 10
Shot volume, cm?® . .. ............ 10
Temperature settings by zone, °C:
nozzle..................... 190+ 5
zone l .......... ... ... .. .. 175+5
ZONC 2 . it 180+ 5
zone3d ... 185+5
Aging in a press mould, s:
mold holding . ............... 5
mold cooling . ............... 10

Microstructural analysis of the green parts made
from the metal-polymer composite revealed that samp-
les produced from the imported Catamold® feedstock
(Fig. 5, b) exhibited lower homogeneity and contained
agglomerates of the metallic phase up to 15 um in size.
In contrast, the green parts produced from the domesti-
cally developed feedstock (Fig. 5, a) exhibited a homo-
geneous particle distribution.

Binder removal from the samples was carried out in
a catalytic furnace using concentrated nitric acid vapor.
The mass loss during debinding was approximately
7.5 %. The catalytic debinding parameters for green
parts produced from 09Cr16Ni4ND stainless steel pow-
der are listed below:

Temperature, °C . ............ 112+5
Purge time, min:
before thecycle . .......... 40
afterthecycle . ........... 60
Cycle duration, h . .. ......... 5
Acid feed rate, mL/min . . .. ... 0.8

Sintering of the samples was carried out under
vacuum at a heating rate of 5 °C/min up to a tempera-
ture of 1330 °C, with a holding time of 2 h.

20

Fig. 5. Microstructure of the green part made from the in-house
feedstock (@) and from Catamold® feedstock (b)

Puc. 5. MUKpPOCTPYKTypa 3arOTOBKH M3 TPAHYIISITa COOCTBEHHOTO
npou3BozaCTBa (a) u u3 rpanyisata Catamold® (b)

The microstructures of the central region and
the edge of the sintered 09Cr16Ni4Nb stainless steel
sample produced by the MIM process using the in-
house feedstock are shown in Fig. 6.

Metallographic analysis of the samples revealed
that the microstructure of the sintered part was hete-
rogeneous. The edge of the sample exhibited a mar-
tensitic structure, while the central region showed
a granular ferrite—carbide structure with isolated areas
of martensite. The presence of white regions indicated
retained austenite. Additionally, microporosity was
observed, which is characteristic of components pro-
duced by the MIM process.

Table 2 presents the physical and mechanical pro-
perties of sintered samples made from the in-house feed-
stock in comparison with those produced from imported
Catamold® Stainless 17-4PH feedstock, as well as
the requirements specified in GOST R 59651-2021.
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Fig. 6. Microstructure of the central region (a, b) and edge (c, d) of the sample
produced from the in-house feedstock after sintering

Puc. 6. MUKpOCTPYKTYypa LICHTPAILHOTO y4acTka (@, b) u kpasi (¢, d) obpasua
U3 IpaHy’IsTa COOCTBEHHOTO MPOU3BO/CTBA MOCIIC CIICKAHUS

The physical and mechanical properties of the sin- A subsequent heat treatment cycle was performed
tered samples were found to meet the requirements in accordance with GOST 977-88, using the following
of GOST R 59651-2021 for the target material and  parameters:
surpassed those of the imported equivalent. The sin-
tered samples demonstrate high strength and hardness,
indicative of increased brittleness. — tempering at at /= 600 °C (t =2 h) in vacuum;

—normalizing at#= 1050 °C (t = 30 min) in vacuum,;

Table 2. Physical and mechanical characteristics of sintered samples
made from 09Cr16Ni4Nb stainless steel powder

Tabnnya 2. PU3uKo-MeXaHUYeCKHEe XapaKTePUCTUKHU CIleYeHHBIX 00pa31oB
M3 MOpoIKa Hep:kaBelouleii craiu 09X16H4b

Material Ultimate tensile Yield strength | Elongation | Density | Vickers hardness
strength, o, kgf/mm? | o, ,, kgf/mm* | at break, % | p, g/cm’ (HV10)
Experimental
09Cr16Ni4Nb feedstock 162 106 8 7.87 440
Catamold®
Steinless 17-4PH 81-97 6676 >6 >7.65 264-301
GOST R 59651-2021 >110 >93 >8 >7.50 >330

21



DM v on

W3BECTUA BY30B

W3BECTUA BY30B. [TOPOLIKOBAA METANNYPTUA U GYHKLLIMOHANBHBIE MOKPbITUA. 2025;19(3):15-24
MapxomeHko A.B., Amocos A.T1., llacmyxoe A.M. PazpaboTka rpaHynaTta Ha nonndopmanbaerMaHOM CBA3YIOLLEM ...

Fig. 7. Microstructure of the sample after heat treatment

Puc. 7. MuxpoctpykTypa odpasiia mociie TepMUueckoi 00paboTKu

Table 3. Physical and mechanical properties samples of stainless steel powder 09Cr16Ni4Nb after heat treatment

Ta6nuya 3. ®U3UK0O-MeXaHHYeCKHe CBOICTBAa 00pa3L0B U3 NOpoLIKa Hep:kaBeromieii craau 09X16H4b
nocJjie TepMUYECKOi 00padoOTKH

Material Ultimate tensile Yield strength | Elongation | Vickers hardness | Density

atena strength, o , kgf/mm? | o, ,, kgf/mm* | at break, % (HV10) p, g/em?
09Cr16Ni4ND feedstock 127 107 9 355 7.69
GOST R 59651-2021 >110 >93 >8 >330 >7.50

— austenitizing with holding at # = 1050 °C (t = 30 min)
in vacuum, followed by cooling to 100 °C;

— cryogenic treatment at —70 °C (1 = 4 h);
— tempering at £ =300 °C (t =2 h) in vacuum.

Cryogenic treatment was applied to reduce
the amount of retained austenite and improve its stabi-
lity in the samples [24].

Microstructural analysis performed after heat treat-
ment revealed a tempered martensite structure with
a medium acicular morphology. Residual microporo-
sity was also observed, which is typical for samples
produced using the MIM process (Fig. 7). The micro-
porosity was not evaluated quantitatively, as the accep-
tability of parts is determined based on their physical
and mechanical properties.

The physical and mechanical properties of the samp-
les after heat treatment are presented in Table 3.

The results showed that heat treatment increases
ductility and reduces the hardness and brittle-
ness of the material by relieving internal stresses in
the samples.

22

Conclusions

1. Domestically produced feedstocks for MIM
technology were developed using a polyoxymethylene
binder and 09Cr16Ni4Nb stainless steel powder.

2. The effect of the ratio between polymer compo-
nents and metal powder on the rheological properties
of the feedstock was established.

3. The optimal ratio between the metal and poly-
mer components of the feedstock was determined.
The most suitable formulation is as follows, wt. %:
09Cr16Ni4Nb — 86.5; polyoxymethylene — 11.0;
LDPE — 1.0; stearic acid — 1.5.

4. The microstructures of the sintered samples
before and after heat treatment were studied. It was
shown that the application of standard heat treatment
modes is appropriate for MIM-fabricated parts, as
the phase transformation diagrams are consistent with
those of conventionally processed steel of this grade.

5. It was confirmed that steel components produced
from the developed feedstock meet the physical and
mechanical requirements specified in regulatory docu-
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ments and are not inferior to parts manufactured from
imported feedstock.
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