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Abstract. This study presents a comparative investigation of the density, phase composition, magnetic, and mechanical proper-

ties of isotropic powder metallurgy alloys Fe–28Cr–15Co and Fe–32Cr–22Co doped with 2 wt. % titanium introduced either as 
conventional titanium powder (PTS-1 grade) or as titanium hydride powder. The sample fabrication process included powder blend 
prepa ration, compaction, vacuum sintering, quenching, and heat treatment aimed at developing magnetic properties. The use of tita-
nium hydride powder resulted in an increase in residual porosity from 2 to 4 %. A significant difference in the phase composition 
of the alloys after sintering was observed: the structure of the Fe–28Cr–15Co–2Ti alloy consisted of a BCC α-phase solid solution 
and tetragonal σ-phase inclusions, while Fe–32Cr–22Co–2Ti exhibited a σ-phase solid solution matrix with FCC γ-phase inclusions. 
After heat treatment, all alloys deve loped a BCC α-phase solid solution structure. In the samples containing titanium hydride, minor 
traces of an impurity phase – most likely a hydride of a titanium–chromium intermetallic compound – were also detected. Samples 
prepared using PTS-1 titanium powder exhi bited higher residual induction values (Br up to 0.84 and 0.82 T for Fe–28Cr–15Co–2Ti 
and Fe–32Cr–22Co–2Ti, respectively) compared to those containing titanium hydride (up to 0.80 and 0.79 T, respectively), which is 
attributed to diffe rences in residual porosity. On the other hand, samples with titanium hydride powder showed higher coercivity values 
(Hc up to 41.1 and 57.2 kA/m for Fe–28Cr–15Co–2Ti and Fe–32Cr–22Co–2Ti, respectively) compared to those with titanium powder 
(up to 38.4 and 49.2 kA/m, respectively). The maximum energy product ((BH)max ) reached 11.0–11.5 kJ/m3 for Fe–28Cr–15Co–2Ti 
and 14.0–14.5 kJ/m3 for Fe–32Cr–22Co–2Ti, with virtually no dependence on the titanium source. The compression stress–strain 
curves for alloys with different titanium sources were nearly identical. Alloys of the Fe–32Cr–22Co–2Ti composition exhibited higher 
yield strength values (σ0.2 = 1200–1400 MPa) compared to Fe–28Cr–15Co–2Ti alloys (σ0.2 = 1000 MPa). All materials studied in this 
work demonstrated ductility. 
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IntroductionIntroduction
Hard magnetic alloys are among the most important 

materials in modern manufacturing, and the demand for 
them continues to grow. However, the majority of such 
alloys have high production costs due to the expensive 
components they contain, such as rare-earth metals and 
cobalt. Fe–Cr–Co-based hard magnetic materials con-
tain less cobalt and therefore represent a more economi-
cal alternative. These materials exhibit a sufficient level 
of magnetic properties, although they are inferior in this 

regard to many other magnetic systems [1–3]. The main 
advantages of Fe–Cr–Co alloys include the highest duc-
tility among all hard magnetic materials, high strength 
and corrosion resistance, thermal stability, and a wide 
operating temperature range [4–8]. Recent studies on 
Fe–Cr–Co alloys have increasingly employed various 
approaches, primarily based on powder metallurgy and 
additive manufacturing technologies [9–18]. There is 
also ongoing research into the characteristics of mag-
netic films based on these alloys, which are used in non-
contact sensors for various devices [19; 20].

  fcbneo@yandex.ru
Аннотация. В работе проведено сравнительное исследование плотности, фазового состава, магнитных и механических 

свойств изотропных порошковых сплавов Fe–28Cr–15Co и Fe–32Cr–22Co, легированных 2 мас. % титана в виде обычного 
порошка титана ПТС-1 и порошка гидрида титана. Процесс получения образцов состоял из приготовления исходной смеси 
порошков, прессования, спекания в вакууме, закалки и термической обработки для формирования магнитных свойств. 
Использование порошка гидрида титана привело к повышению остаточной пористости образцов с 2 до 4 %. Было отме-
чено существенное отличие фазового состава сплавов после спекания: структура образца Fe–28Cr–15Co–2Ti состояла из 
твердого раствора ОЦК α-фазы и включений тетрагональной σ-фазы, а Fe–32Cr–22Co–2Ti – из твердого раствора σ-фазы 
и включений ГЦК γ-фазы. После термической обработки структура всех сплавов представляла собой твердый раствор 
ОЦК α-фазы. В образцах с гидридом титана были также обнаружены малые следы примесной фазы, которая, вероятнее 
всего, является гидридом интерметаллического соединения титана и хрома. Образцы, в которых использовался порошок 
титана ПТС-1, имели более высокие значения остаточной индукции (Br до 0,84 и 0,82 Тл у сплавов Fe–28Cr–15Co–2Ti 
и Fe–32Cr–22Co–2Ti соответственно) по сравнению с образцами, содержащими гидрид титана (до 0,8 и 0,79 Тл соот-
ветственно), что связано с разницей в остаточной пористости. С другой стороны, образцы с порошком гидрида титана имели 
более высокие показатели коэрцитивной силы (Hc до 41,1 и 57,2 кА/м у сплавов Fe–28Cr–15Co–2Ti и Fe–32Cr–22Co–2Ti 
соответственно) по сравнению с образцам, содержащими с порошок титана (до 38,4 и 49,2 кА/м соответственно). 
Наиболее высокие значения максимального энергетического произведения (BH)max составили 11,0–11,5 кДж/м3 у сплавов 
Fe–28Cr–15Co–2Ti и 14,0–14,5 кДж/м3 у Fe–32Cr–22Co–2Ti и практически не зависели от типа введенного титана. Кривые 
деформирования при сжатии сплавов с разными источниками титана были практически идентичны. Образцы состава 
Fe–32Cr–22Co–2Ti имели более высокие значения предела текучести (σ0,2 = 1200÷1400 МПа) по сравнению со сплавами 
Fe–28Cr–15Co–2Ti (σ0,2 = 1000 МПа). Все исследованные в работе материалы оказались пластичными.  

Ключевые слова: порошковая металлургия, термическая обработка, Fe–Cr–Co-сплавы, легирование, пористость, магнитные 
свойства, механические свойства
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In Fe–Cr–Co hard magnetic alloys, spinodal decom-
position occurs at temperatures around 650 °C, during 
which the body-centered cubic (BCC) α-phase sepa-
rates into two BCC phases, α1 and α2 , differing in che-
mical composition. During heat treatment – specifically, 
slow cooling from ~650 °C – ferromagnetic α1-phase 
particles become uniformly distributed in the weakly 
magnetic α2-phase matrix, leading to the develop-
ment of magnetic properties in the alloy [21–23]. 
The parameters of the heat treatment process require 
careful control, as prolonged annealing or slow cooling 
can result in the formation of an equilibrium nonmag-
netic σ-phase with a tetragonal crystal structure [24].

The properties of Fe–Cr–Co alloys can be modi-
fied by introducing various alloying elements, such as 
Mo, Si, W, Ti, and others [25–28]. When using powder 
metal lurgy methods, a number of additional factors 
must be considered for alloying additives, including 
their solubility in the solid solution of the base ele-
ments (Fe, Cr, and Co), their reactivity with oxygen 
from the air trapped in the pores of the green compacts, 
and the characteristics of the initial powders. As shown 
in our experiments, the properties of the resulting mate-
rial depend on the form in which the doping elements 
are introduced into the initial powder mixture [29].

The present study focuses on a comparative inves-
tigation of the properties of isotropic powder metal-
lurgy Fe–Cr–Co alloys doped with titanium introduced 
either as conventional titanium powder or as titanium 
hydride powder. Dehydrogenation of the latter begins 
at approximately 450 °C and is expected to occur 
du ring the heating stage and throughout the sinte-
ring process. The study was conducted on alloys with 
the following compositions (wt. %): Fe–28Cr–15Co 
and Fe–32Cr–22Co, representing medium and high 
cobalt contents, respectively. Each alloy was doped 
with 2 wt. % of the above-mentioned titanium pow-
ders. The density, phase composition, as well as 
the magnetic and mechanical properties of the resul-
ting compositions were investigated.

Materials and methodsMaterials and methods
To prepare the initial powder blends for the 

Fe–Cr–Co alloys, elemental powders of iron (carbonyl 
iron, grade VS), chromium (grade PX-1M), and cobalt 
(grade PK-1) with particle sizes of d < 25 µm were 
used. Titanium was introduced into the system in two 
forms: titanium powder (PTS-1 grade) with d < 45 µm, 
and titanium hydride powder obtained by hydrogenat-
ing titanium sponge (grade TG-100, GOST 17746–96), 
followed by milling to a powder with d < 45 µm. 
Depending on the alloy composition (Fe–28Cr–15Co 
and Fe–32Cr–22Co) and the titanium source, the mate-

rials are hereafter designated as Kh28K15T_H, 
Kh28K15T_P, Kh32K22T_H, and Kh32K22T_P, where 
the subscripts “H” and “P” indicate titanium hydride and 
titanium powder (PTS-1), respectively. The powders 
were mixed in a Turbula shaker mixer C2.0 (Russia) 
for 300 min. For every 100 g of powder blend, 200 g 
of 3 mm diameter steel balls were added to the mixing 
container. Cylindrical green compacts weighing 20 g 
and measuring 13.6 mm in diameter were formed using 
a Knuth HP15 hydraulic press (Germany) under a com-
paction pressure of 600 MPa. The compacts were then 
sintered in a ShSV-1.2.5/25I1 electric vacuum furnace 
(Russia) at a pressure below 10–2 Pa and a temperature 
of 1350 °C, with an isothermal hold time of 2.5 h. After 
sintering, the density of the samples was determined 
using the hydrostatic weighing method in distilled water.

Subsequently, the alloys were heated to 1300 °C and 
quenched in water. After quenching, heat treatment was 
performed in a tube furnace to achieve a high-coerci-
vity state. For each sample, four heat treatment modes 
were tested by varying the initial temperature (t1 ). 
The heat treatment process consisted of the following 
three stages: 

1) isothermal holding for 40 min at t1 = 630÷655 °C;
2) cooling by 60 °C from t1 at a rate of v1 = 20 °С/h;
3) cooling to 500 °C at a rate of v2 = 8 °С/h.
No external magnetic field was applied during the 

heat treatment.
Microscopic investigations were conducted using 

a TESCAN VEGA3 scanning electron microscope 
(Czech Republic). Elemental composition was ana-
lyzed by energy-dispersive spectroscopy (EDS) with 
an X-Act microanalyzer (Oxford Instruments, UK). 
The phase composition of the samples was examined 
by X-ray diffraction (XRD) using a Difrey-401 diffrac-
tometer (Russia) with CrKα radiation, in the 2θ range 
of 35 to 125°. Magnetic hysteresis properties were mea-
sured using a Permagraph L hysteresisgraph (Magnet-
Physik, Germany). Compression tests were performed 
using an Instron 3382 testing machine (Instron, USA) 
at a loading rate of 1 mm/min. For testing, cylindri-
cal samples were machined to a diameter of 7 mm and 
a height of 15 mm.

Results and discussionResults and discussion
Table 1 presents the density values (ρ) of the tita-

nium-doped powder Fe–Cr–Co alloys after sintering, 
as measured by the hydrostatic weighing method. 
The theo retical density (ρt ) was calculated based 
on the principle of additivity: the density of each alloy 
component was multiplied by its respective weight 
fraction, and the results were summed. Based on these 
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data, the relative density (ρrel ) and residual porosity 
of the sintered samples were determined. 

The results revealed noticeable differences in 
the density of the samples depending on whether tita-
nium powder or titanium hydride powder was used for 
doping. According to the measured ρ values, the use 
of titanium hydride powder as the titanium source 
leads to an increase in porosity – up to 3.0–3.5 % for 
Kh32K22T_H samples and up to 4 % for Kh28K15T_H. 

According to our previous studies on powder Fe–Cr–Co 
alloys under the same sintering conditions, the relative 
density ρrel typically reaches approximately 98 % [11]. 
When titanium powder is used, the alloys exhibit a rela-
tive density of approximately 98–99%. 

Fig. 1 shows the results of phase composition 
analysis of the alloys doped with PTS-1 titanium 
powder and titanium hydride immediately after sin-
tering. Fig. 2 presents, as an example, microstructure 
images of the Kh28K15T_P and Kh32K22T_P alloys, 
along with the results of elemental concentration mea-

Table 1. Density measurements of the investigated alloys 
with different titanium sources after sintering

Таблица 1. Результаты измерения плотности  
исследуемых сплавов с разными источниками титана 

после спекания

Alloy ρ, g/cm3 ρt , g/cm3 ρrel , %
Kh28K15T_H 7.45–7.48 7.77 95.9–96.3
Kh28K15T_P 7.59–7.68 7.77 97.7–98.8
Kh32K22T_H 7.53–7.59 7.81 96.4–97.1
Kh32K22T_P 7.66–7.74 7.81 98.1–99.1

Fig. 1. X-ray diffraction patterns of Fe–Cr–Co alloys doped  
with titanium powder (a) and titanium hydride (b)

1 – Kh28K15T_H, 2 – Kh32K22T_H, 3 – Kh28K15T_P, 4 – Kh32K22T_P 

Рис. 1. Дифрактограммы Fe–Cr–Co-сплавов, легированных 
порошком титана (а) и гидридом титана (b)

1 – Х28К15Т_Г, 2 – Х32К22Т_Г, 3 – Х28К15Т_П, 4 – Х32К22Т_П

Fig. 2. SEM images of microsections of alloys Kh28K15T_P (а) 
and Kh32K22T_P (b) after sintering,  

and EDS analysis results at points 1–6 (c) 

Рис. 2. РЭМ-фотографии микрошлифов сплавов  
Х28К15Т_П (а) и Х32К22Т_П (b) после спекания  

и результаты ЭДС-анализа в точках 1–6 (c)

Известия вузов. Порошковая металлургия и функциональные покрытия. 2025;19(2):5–14 
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surements obtained by EDS for different structural 
constituents. 

According to the obtained diffraction patterns 
(Fig. 1), the phase composition of the Fe–28Cr–15Co 
and Fe–32Cr–22Co alloys differs significantly immedi-
ately after sintering. The structure of the Kh28K15T_H 
and Kh28K15T_P samples consists of a BCC α-phase 
solid solution and inclusions of the tetragonal σ-phase. 
In the microstructure image of the Kh28K15T_P alloy 
(Fig. 2, a), the σ-phase inclusions appear as white 
bands within the gray α-phase matrix, mainly located 
along grain boundaries. This is consistent with nume-
rous studies indicating that σ-phase inclusions typi-
cally form at grain boundaries. The elemental com-
position of the phases is relatively similar, although 
the σ-phase inclusions exhibit a slightly elevated chro-
mium concentration. 

The structures of the Kh32K22T_H and 
Kh32K22T_P alloys consist of a σ-phase solid solu-
tion and FCC γ-phase inclusions (Fig. 1). No traces 
of the α-phase are observed in these samples, which can 
be attributed to the polymorphic nature of the α → σ 
transformation during cooling of Fe–Cr–Co alloys with 
elevated Cr and Co contents. It should be noted that 
the diffraction peaks in the patterns of Kh32K22T_H 
and Kh32K22T_P may also indicate the presence 
of two distinct σ-phases based on Fe–Cr and Co–Cr 
systems, which are compositionally similar, as well as 
two γ-phases. The peaks of these phases may partially 
or fully overlap, which complicates their identification. 

In the microstructure image of the Kh32K22T_P 
alloy (Fig. 2, b), in contrast to Kh28K15T_P, 
the σ-phase–based matrix appears as the brightest 
structural component, while all inclusions are darker. 
According to the EDS data (Fig. 2, c), the inclu-
sions show increased Fe content and reduced Cr 
content, which confirms the presence of the γ-phase 
in the samp le. All oxide inclusions observed in pore 
regions in both alloys are titanium oxides.

X-ray diffraction patterns of the Fe–28Cr–15Co and 
Fe–32Cr–22Co alloys containing different titanium 
sources after heat treatment are shown in Fig. 3, and 
their microstructure images are presented in Fig. 4. 
The structure of all samples represents a BCC α-phase 
solid solution (Fig. 3). The spinodal decomposition 
into α1 and α2 phases that occurs during thermal treat-
ment was not detected in the diffraction patterns due 
to peak broadening. In the patterns of Kh28K15T_H 
and Kh32K22T_H, diffraction peaks of a secondary 
phase are also present, which may correspond to iron 
or cobalt oxides. However, according to earlier EDS 
analysis and elemental mapping [30], all oxide inclu-
sions in the structure are titanium oxides. In addition, 

among the main components of Fe–Cr–Co alloys, chro-
mium is known to oxidize first. 

Additional analysis indicated that the diffraction 
peaks of the secondary phase may also correspond 
to a hydride of a Ti–Cr-based intermetallic com-
pound, which may partly account for the formation 
of the porous structure observed in the samples con-
taining it (Fig. 4, a, b). However, the initial amount 
of titanium hydride in the system is small. Hydrides 
of Ti–Cr-based compounds are also characterized 
by low stability, so it cannot be conclusively identified 
which specific compound is responsible for the sec-
ondary phase peaks observed in the obtained alloys. 
Notably, these peaks may already be present in the dif-
fraction patterns after sintering (see Fig. 1, b); howe-
ver, at positions such as 2θ = 66° and 100°, they are 
overlapped by the σ-phase peaks, which further com-
plicates their identification.

Microstructural analysis of the samples revealed 
noticeable differences in the porous structure depend-
ing on the titanium source. As seen in Fig. 4, a, b, 
the samp les containing titanium hydride exhibit nume-
rous elongated dark inclusions forming a branched 
porous network, indicative of incomplete sintering. 
This type of structure is considered intermediate and 
may have resulted from incomplete dehydrogena-
tion of titanium during the sintering heating process. 
Rapid healing of open pores may have trapped hydro-
gen within the material, thereby impeding the removal 
of residual porosity and promoting the formation 
of elongated inclusions under internal pressure. 

Fig. 3. X-ray diffraction patterns of Fe–Cr–Co alloys  
doped with titanium after heat treatment

1 – Kh32K22T_H, 2 – Kh28K15T_H, 3 – Kh32K22T_P, 4 – Kh28K15T_P 

Рис. 3. Дифрактограммы сплавов системы Fe–Cr–Co  
с добавками титана после термической обработки

1 – Х32К22Т_Г, 2 – Х28К15Т_Г, 3 – Х32К22Т_П, 4 – Х28К15Т_П
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In the alloys with PTS-1 titanium powder, the pore 
structure is characterized by dark inclusions 5–10 μm 
in size, fairly uniformly distributed throughout 
the matrix, along with significantly smaller pores 
approximately 1–2 μm in size (Fig. 4, c, d). The alloys 
with titanium hydride (Fig. 4, a, b) exhibit a visibly 
higher number and volume of inclusions compared 
to those with titanium powder (Fig. 4, c, d), which cor-
relates with the lower relative density values measured 
for these samples. In addition, the smaller inclusions in 
Fig. 4, c, d tend to cluster, suggesting incomplete pore 
closure during sintering.

The magnetic property analysis revealed significant 
differences in Br , Hc , and (BH)max values depending 
on the titanium source. The heat treatment dependence 
of the magnetic properties is shown in Fig. 5. The use 
of titanium hydride led to increased maximum coerci-
vity (Hc up to 41.1 and 57.2 kA/m for Kh28K15T_H 
and Kh32K22T_H, respectively) and reduced resid-
ual induction (Br up to 0.8 and 0.79 T), compared 
to Kh28K15T_P and Kh32K22T_P alloys (up to 0.84 
and 0.82 T, respectively). The lower Br values are 
mainly attributed to increased porosity in the samples 
with titanium hydride. 

The temperature dependence of residual induc-
tion (Fig. 5, a, b) is nearly identical for all alloys: as 
t1 increases, Br values decrease monotonically, similar 
to the behavior observed in many other isotropic Fe–Cr–
Co alloys. The observed increase in coercivity is likely 
associated with a higher density of defects and inter-
nal stresses in the structure due to incomplete titanium 
dehydrogenation. The temperature dependence of Hc 
for all alloys exhibits a maximum at t1 ~ 645÷650 °C 
(Fig. 5, c, d). For both Hc and Br , even a 5 °C change 
in t1 can have a pronounced effect on their values, high-
lighting the sensitivity of spinodal decomposition and 
the final magnetic properties of the alloys to the pro-
cessing conditions. The (BH)max curves (Fig. 5, e, f) 
for alloys with different titanium sources are relatively 
similar, as the improvement in one magnetic param-
eter is offset by the decline in another. The highest 
values of (BH)max reached 11.0–11.5 kJ/m3 for both 
Kh28K15T_H and Kh28K15T_P, and 14.0–14.5 kJ/m3 
for Kh32K22T_H and Kh32K22T_P.

A comparison of the mechanical properties of the 
investigated Fe–Cr–Co alloys containing different tita-
nium sources was carried out. The samples with the best 
set of magnetic properties were subjected to compres-
sion testing. The experimental stress–strain curves are 

Fig. 4. SEM images of microsections of alloys Kh28K15T_H (a), Kh32K22T_H (b), Kh28K15T_P (c),  
and Kh32K22T_P (d) after heat treatment 

Рис. 4. РЭМ-фотографии микрошлифов сплавов Х28К15Т_Г (а), Х32К22Т_Г (b), Х28К15Т_П (c)  
и Х32К22Т_П (d) после термической обработки

Известия вузов. Порошковая металлургия и функциональные покрытия. 2025;19(2):5–14 
Устюхин А.С., Зеленский В.А. и др. Сравнение характеристик магнитотвердых порошковых изотропных ...
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Table 2. Results of yield strength σ0.2 , compressive 
strength σc , and fracture strain εf measurements for the 
investigated alloys containing different titanium sources 

Таблица 2. Результаты определения предела  
текучести (σ0,2 ), прочности на сжатие (σc )  

и деформации при разрушении (εf  )  
исследуемых сплавов, содержащих  

разные источники титана

Alloy σ0.2 , MPa σc , MPa εf (100 %)
Kh28K15T_H 990 ± 30 >1580 >25.0
Kh28K15T_P 1000 ± 30 >1650 >25.0
Kh32K22T_H 1400 ± 40 >1850 >25.0
Kh32K22T_P 1240 ± 30 1850 ± 10 23.6

shown in Fig. 6, and the results of mechanical property 
evaluation are presented in Table 2. The tests were con-
ducted up to a strain of 25 % (ε).

Analysis of the stress–strain curves (Fig. 6) shows 
that all the titanium-doped alloys investigated in 
this study exhibit good ductility. With the excep-
tion of Kh32K22T_P, all other samples underwent 
deformation up to a strain of 25 % without frac-
ture. An increase in chromium and cobalt content in 
the alloys resulted in a rise in yield strength (σ0.2 ) from 
1000 to 1200–1400 MPa (Table 2). At the same time, 
the stress–strain curves of the alloys with different 

titanium sources show only minor differences, despite 
noticeable variations in porosity and magnetic proper-
ties (Fig. 6).

ConclusionsConclusions
Based on the results of this study on powder-pro-

cessed hard magnetic Fe–Cr–Co alloys doped with tita-
nium from different sources, the following conclusions 
can be drawn.

1. Doping with titanium hydride powder leads to an 
increase in residual porosity from 2 to 4 %. Phase com-
position analysis revealed the presence of a secondary 
phase, most likely a hydride of a Ti–Cr-based inter-
metallic compound. Microstructural analysis showed 
that the pore structure in the alloys containing titanium 
hydride is branched, which is typical of incomplete sin-

Fig. 5. Dependencies of residual induction (а, b),  
coercivity (c, d), and maximum energy product (e, f)  

on the heat treatment t1 for the investigated Fe–Cr–Co alloys 
containing different titanium sources

1 – Kh28K15T_H, 2 – Kh28K15T_P, 3 – Kh32K22T_H, 4 – Kh32K22T_P 

Рис. 5. Зависимости остаточной индукции (а, b),  
коэрцитивной силы (c, d) и максимального энергетического 

произведения (e, f) от температуры термообработки (t1 )  
исследуемых сплавов системы Fe–Cr–Co,  

содержащих разные источники титана
1 – Х28К15Т_Г, 2 – Х28К15Т_П, 3 – Х32К22Т_Г, 4 – Х32К22Т_П

Fig. 6. Stress–strain curves of the investigated Fe–Cr–Co alloy 
samples containing different titanium sources

1 – Kh28K15T_H, 2 – Kh28K15T_P, 3 – Kh32K22T_H, 4 – Kh32K22T_P 

Рис. 6. Кривые деформирования образцов  
исследуемых сплавов системы Fe–Cr–Co,  

содержащих разные источники титана
1 – Х28К15Т_Г, 2 – Х28К15Т_П, 3 – Х32К22Т_Г, 4 – Х32К22Т_П

Powder Metallurgy аnd Functional Coatings. 2025;19(2):5–14 
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tering. This suggests that the increased porosity is pri-
marily due to incomplete dehydrogenation of titanium 
hydride during the heating stage of sintering.

2. Magnetic property measurements demonstrated 
that samples doped with PTS-1 titanium powder exhi-
bited higher residual induction values (Br up to 0.84 T) 
compared to those doped with titanium hydride, which 
is attributed to lower residual porosity. Conversely, 
the titanium hydride–doped samples showed higher 
coercivity values (Hc up to 57.2 kA/m).

3. Compression tests showed that, despite diffe-
rences in density and magnetic properties, the stress–
strain curves of alloys with different titanium sources 
were nearly identical. The Fe–32Cr–22Co–2Ti samples 
exhibited higher yield strength (σ0.2 = 1200÷1400 MPa) 
compared to the Fe–28Cr–15Co–2Ti samples 
(σ0.2 = 1000 MPa). All titanium-doped alloys investi-
gated in this study showed good ductility, with most 
of them deforming up to 25 % strain without fracturing.
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