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Abstract
The effect of processing parameters on the structure and mechanical properties of structural alloyed steels based
on Astaloy LH (Fe-0.9Ni-0.9Mo-0.2Mn) and Distaloy LH (Fe-2Cu-0.9Ni-0.9Mo-0.2Mn) iron powders with
addition of 0.4%C and 0.8%C (added in the form of ultrafine graphite) were investigated.
The mixture of powders was prepared in Turbula T2F mixer for 30 minutes. For the investigation, from each
chemical composition, batches of 10 samples were prepared in accordance to PN EN ISO 2740 standard. Singleaction pressing at 660 MPa resulted in green densities in the range of 6.53-6.60 g/cm3. Sintering was carried out
at 1120ºC and 1250ºC for 60 minutes in atmosphere consisting of 5% H2-95% N2. Heating and cooling rates were
75ºC/min. and 60ºC/min., respectively.
Following mechanical and microstructural investigation the effect of sintering temperature on mechanical
properties of PM steels was observed. Additionally, the positive effect of increasing carbon concentration on the
properties of investigated steels was visible. The best combination of the microstructure and mechanical properties
was recorded for steels containing 0.8%C sintered at 1250°C, irrespective of their chemical composition.
Keywords: powder metallurgy, pre-alloyed PM steels, properties, microstructure

Introduction
The development of new materials and low-cost processes are two very important factors that
contributed to the growth of PM during the last decades. Sinterhardening is one example of
such material and process development [1-3]. This technique is a one step process it combines
good manufacturing economy with the ability to achieve a unique combination of mechanical
properties.
By controlling the cooling rate after sintering process, the microstructure of PM parts can be
manipulated to form the required amount of martensite. It means that the desired mechanical
properties can be achieved. By increasing the hardenability of the material, large amounts of
martensite can be still obtained at lower cooling rates using for production of PM parts alloying
elements promoting hardenability such as Mo, Cr, Ni and Cu. In recent years there has been a
dramatic rise in raw material costs of especially Mo, Ni and Cu. Therefore, there is a
continuously growing interest to utilize more cost-effective alloying elements such as
chromium and leaner Ni/Mo alloyed steels [4].

Experimental
The following starting powders were used: Höganäs iron powder grade Distaloy LH (Fig. 1a),
Astaloy LH (Fig. 1b) and ultra-fine (C-UF) graphite powder (Fig. 1c). The chemical
composition of base iron powders is presented in Table 1.
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Fig. 1. The starting powders: Höganäs iron powders grade Astaloy LH (a),
Distaloy LH (b) and c) ultra-fine (C-UF) graphite

Table 1.Chemical composition of iron Astaloy LH i Distaloy LH powders
Chemical composition, wt.-%
Astaloy LH (ALH)

Fe

Cu

Ni

Mo

Mn

98.0

-

0.9

0.9

0.2

2,0

0.9

0.9

0.2

Distaloy LH (DLH) 96.0

From starting powders, the mixtures with the composition containing 0.4 and 0.8%C were
prepared in Turbula T2F mixer for 15 minutes. For the investigation, from each chemical
composition batches of 10 samples, ALH and DLH respectively, were prepared in accordance
to PN EN ISO 2740 standard (Fig. 2).

Fig. 2. Test piece for tensile testing

After pressing at 660 MPa, green compacts were heated (heating rate 75 K/min.) to sintering
temperature 1120 or 1250°C, sintered in the atmosphere consisted of 95%N2-5%H2 for 60
minutes and cooled with cooling rate ~66 K/min. Finally, samples were mechanically tested
and metallographic observations were performed.

Results
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The sintered steels were physically (green and as-sintered densities) and mechanically (tensile,
3-point bend and apparent hardness) tested at room temperature. Green and as-sintered densities
were calculated by the geometrical method. During tensile testing, on a MTS 810 instrument,
according to 10002-1 standard the cross-head speed was 1 mm/min. The 0.2% offset yield
strength was determined from the engineering stress-strain diagram. Elongation was measured
using geometric method. Transverse rupture strength (TRS) was measured using WDW-Y300D
testing machine, following PN-EN ISO3325 standard on test samples parallel to the pressing
direction. The load was applied to the surface on which the pressing punch contacted.
Vickers hardness was measured on an Innovatest machine. Ten data points were taken on the
length of the cross-sectional surface of the sample. Following mechanical tests, metallographic
(LOM) investigations were carried out using Leica DM 4000M on areas etched with 3% Nital.
The results of tensile strength tests and hardness of investigated materials are summarized in
Tables 2 and 3, respectively.
Table 2. The properties of Astaloy LH-based steels
Sample description
AL01 –ALH_10 ALH_11 – ALH_20 ALH_21 – ALH_30 ALH_31 – ALH_40
carbon content [wt.-%]
0.4
0.8
sintering temperature [°C]
1120
1250
1120
1250
green density [g/cm3]
6.73±0.04
6.73±0.05
6.77±0.08
6.74±0.04
as-sintered density [g/cm3]
6.72±0.08
6.74±0.05
6.72±0.04
6.76±0.06
UTS [MPa]
382±64
422±50
459±67
516±41
Rp0,2 [MPa]
190±19
213±8
220±9
230±13
A [%]
3.37±0.81
3.92±1.07
3.42±1.02
4.36±0.69
TRS [MPa]
704±116
856±102
798±133
986±168
HV 0.05
192±45
197±58
278±52
223±46

Table 3. The properties of Astaloy LH-based steels
Sample description
DLH_1 - DLH_10 DLH_11 - DLH_20 DLH_21 - DLH_30 DLH_31 - DLH_40
carbon content [wt.-%]
0.4
0.8
sintering temperature [°C]
1120
1250
1120
1250
green density [g/cm3]
6.75 ± 0.11
6.73 ± 0.02
6.70 ± 0.04
6.78 ± 0.04
as-sintered density
6.72 ± 0.06
6.72 ± 0.02
6.69 ± 0.04
6.76 ± 0.02
[g/cm3]
UTS [MPa]
510 ± 76
546 ± 35
576 ± 66
693 ± 32
Rp0,2 [MPa]
261 ± 29
300 ± 7
309 ± 26
301 ± 19
A [%]
3.04 ± 0.89
2.88 ± 0.32
2.96 ± 0.90
4.49 ± 1.19
TRS [MPa]
919 ± 140
975 ± 105
979 ± 173
1122 ± 91
HV 0.05
216 ± 65
221 ± 50
285 ± 57
328 ± 37

Figures 3-4 and 6-7 present the characteristic microstructures of investigated steels.
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b)

a)

Fig. 3. Microstructure of Astaloy LH-based steel containing 0.4%C sintered at a) 1120C and b)
1250C, mag. 200 x, bainitic structure

a)

b)

Fig. 4. Microstructure of Astaloy LH-based steel containing 0.8%C sintered at a) 1120C
and b) 1250C, mag. 200 x, bainitic-pearlitic structure

Fig. 5. Microhardness of microstructural constituents presented in PM alloyed steels [2]
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a)

b)

Fig. 6. Microstructure of Distaloy LH-based steel containing 0.4%C sintered at a) 1120C and b)
1250°C, mag. 200 x, bainitic structure

a)

b)

Fig. 7. Microstructure of Distaloy LH-based steel containing 0.8%C sintered at a) 1120C and b)
1250C, mag. 200 x, pearlitic structure

The steel obtained from the alloyed iron powder of Astaloy LH is characterized by an almost
homogeneous structure (Fig. 3 and 4). The tested samples with a carbon content of 0.4% have
a completely bainitic structure. The formation of this structure is largely influenced by the
presence of molybdenum, which has a high diffusion coefficient to iron. The content of this
element delays the formation of pearlite in relation to bainite. This is due to the fact that at
higher cooling rates, the carbon diffusion rate, which controls the growth of ferrite, decreases.
the formation of pearlite and ferrite is suppressed by Molybdenum. Lowering the
transformation temperature leads to the formation of a finer bainite.
Increasing the carbon content leads to a bainitic-pearlitic structure. The microstructure and the
phase arrangement determine the mechanical properties of the steel. Fig. 5 shows the range of
microhardness that can be characterized by individual structural components of sintered alloy
steels. The obtained hardness results presented in Table 2 and corresponding to the data
presented in Fig. 5, were the basis for the identification of the microstructure components.
The sintering temperature had a slight effect on the microstructure of the tested ALH and DLH
steels, the influence of the carbon content was more visible. The samples with the carbon
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content of 0.4% were characterized by a bainitic structure, while the samples with the content
of 0.8% C were bainitic-pearlitic [2].
As can be seen from the data in Table 3, increasing the sintering temperature to 1250°C
contributed to obtaining sinters with much higher mechanical properties. The tensile strength
of the 0.4% C-containing DLH steels was 510 MPa and 546 MPa, after sintering at 1120°C and
1250°C, respectively. In the case of sinters containing 0.8%C, the tensile strength of the
produced sinters was 576 MPa and 693 MPa, respectively for steel sintered at 1120°C and
1250°C. Investigated Distaloy LH based steels were characterised by bainitic and pearlitic
structure (Figs. 6 and 7).

Conclusions
Based on the research and analysis of the obtained results, the following conclusions can be
drawn:
- The increase of sintering temperature from 1120ºC to 1250ºC contributed to obtaining
higher mechanical properties of sintered steels.
- After sintering at the same temperature, the sintered steels with a higher carbon content
are characterized by higher mechanical properties.
- From among the eight groups of Astaloy LH and Distaloy LH sintered steels, the most
favorable combination of strength and plastic properties was characteristic for steels
with the addition of 0.8% C, sintered at 1250ºC.
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