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HOW PROCESSING VARIABLES INFLUENCE MECHANICAL 
PROPERTIES OF PM Mn STEELS? 

M. Sulowski 

Abstract 
Ni and Cu and in some cases Mo are the alloying elements which have 
traditionally been used in sintered steels. High performance of PM heavy 
duty structural parts made from Fe powders is reached mainly by the 
alloying of Ni. The use of Mn in Fe-base PM structural parts have been 
avoided because of the high affinity of this element to oxygen. It makes it 
difficult to sinter steels containing Mn, without oxidation, in industrial 
atmospheres. However, the powder metallurgy industry also follows 
possibilities in order to develop Ni-free sintered steels which render as 
high mechanical properties as diffusion alloyed Ni-containing sintered 
steels and further fulfil the requirements of health protection. In recent 
years Mn has been introduced as an alloying element in Fe based 
structural parts, on a laboratory scale and also for pilot scale production. 
In this paper the factors that contribute to the structure and mechanical 
properties of PM Mn steels are summarised. 
Keywords: sintered Mn steels, structure, mechanical properties, sinter-
hardening, heat treatment 

INTRODUCTION 
Most powder metallurgy steels differ significantly from their wrought 

counterparts. Ni and Cu, and in some cases Mo, are the alloying elements which have 
traditionally been used in high-strength sintered structural steels. Mn has a significant 
influence on hardenability but its use is restricted because of its strong affinity for O2. 
Consideration of Ellingham-Richardson diagram [1] indicates that the sintering of Mn 
steels is not practicable in endogas and, even in pure H2, the dew point requirements for 
sintering temperatures of 1120°C and 1250°C are –60°C and –50°C, respectively. While 
Ni, Cu, and particularly Mo additions are more effective than additions of Mn, their oxides 
are reducible during sintering in standard industrial conditions (1120°C, dissociated 
ammonia atmosphere, –30°C dew point). However, the PM industry follows possibilities in 
order to develop Ni-free sintered steels, which render mechanical properties as high as 
diffusion alloyed Ni-containing sintered steels and further fulfil the requirements of health 
protection [2].  

During the last 50 years sintered Mn steels have been in the interests of scientists 
from all over the world. The main topics of the research concerned the effect of Mn content 
and other alloying elements on the mechanical properties of sintered structural parts [3-7], 
the effect of alloying elements, allowing to create liquid phase during sintering, on the 
structure and mechanical properties of sintered Mn steels [7,8] and the elimination of 
expensive and cancerogenic Ni and heavy-recycled Cu by introducing in the sintered steels 
Mn and Cr causing an increase of the mechanical properties of PM Mn steels [9,10]. 

                                                           
Maciej Sulowski, AGH – University of Science and Technology, Faculty of Metals Engineering and Industrial 
Computer Science, Cracow, Poland 



 Powder Metallurgy Progress, Vol.7 (2007), No 2 81 
 

The first fully commercial sintered steel with Mn in excess of 1% was patented in 
1996 and produced by the Canadian company Stockpole. Commercial exploitation of PM 
Mn ferrous alloys appears restricted to < 1.5% Mn at sintering temperatures < 1300ºC. 
However, even these Mn contents require special processing procedures to minimise the 
oxygen level of the starting powders. With a tensile strength of 600 MPa, and acceptable 
dimensional stability, sintered Mn steels with a density ~7 g/cm3 find applications in the 
automotive industry. In Europe in recent years Mn has been introduced as an alloying 
element in Fe-based structural parts on a laboratory scale [11,12] and for pilot scale 
production [3], primarily in Germany, Slovakia, Poland and Bulgaria.  

In this study, the data was treated in three groups. The first group pertained to the 
influence of iron and ferromanganese powders grade on the mechanical properties of steels 
and had to do with observed variations in mechanical properties caused by changes in 
sintering temperature and the dew point of the sintering atmosphere. The second one dealt 
with the effect of cooling rate on the structure and mechanical properties of PM Mn steels. 
The third group of data was related to the influence of chemical composition of the 
sintering atmosphere and additional post-sintering heat treatment on the structure and 
mechanical properties of PM Mn steels. 

EXPERIMENTAL PROCEDURE 
Two commercial Höganäs iron powders have been used in the investigation: 

sponge iron powder grade NC 100.24 and atomised iron powder grade ABC 100.30. The 
manganese was added in the form of ferromanganese powders. Two ferromanganese 
powders were used: high-carbon HP III grade (79 wt.% Mn, 6.35 wt.% C), supplied by 
Huta Pokoj and low-carbon Elkem grade (77 wt.% Mn, 1.3 wt.% C), supplied by Huta 
Baildon. The ferromanganese powders are characterised in Tab.1. Additions of ultra fine 
graphite were made to all materials. 

Tab.1. Elkem and HP III ferromanganese powders particle size distribution. 

Weight distribution 
[%] 

Cumulative 
[%] 

Weight distribution 
[%] 

Cumulative 
[%] 

Stokes’ 
diameter 

[µm] Elkem ferromanganese powder HP III ferromanganese powder 
0–10 16 16 7 7 

10–20 63 79 4 11 
20–30 10 89 13 24 
30–40 4 93 15 39 
40–50 3 96 17 56 
50–60 3 99 23 79 
60–70 1 100 21 100 

 
Eight different compositions of powders were prepared by blending iron, 

ferromanganese and graphite powders in a double cone laboratory mixer (60 min, 50 
rev./min). Following powder mixing, the test bars were pressed unaxially in steel dies. Two 
types of compacts were pressed: 5x10x55 mm transverse rupture test bars and tensile 
strength test bars (ISO 2740). The green densities of specimens were in the range 6.85 – 
7.17 g/cm3 and 6.70 – 7.06 g/cm3 for rectangular and ISO specimens, respectively. 
Sintering was carried out in a horizontal laboratory furnace with the regime presented in 
Tab.2. The ranges of as-sintered densities were 6.70 – 7.07 g/cm3 and 6.60 – 7.04 g/cm3 for 
rectangular and ISO specimens, respectively.  



 Powder Metallurgy Progress, Vol.7 (2007), No 2 82 
 
Tab.2. Sintering conditions of PM Mn steels. 

Sintering parameter First stage Second stage Third stage 
heating rate [°C/min] ~75 
sintering temperature 

[°C] 
1120, 1150, 1180, 

1200 1120, 1250 

sintering time [min] 60 

sintering atmosphere H2
H2, mixture of H2-N2, 

N2
sintering atmosphere 

dew point [°C] from -40 to -60oC -60 below -60 

cooling rate [°C/min] 
3.5 and 60 (controlled 

in the range 1100-
550°С) 

from 3.5 to 67

67 + tempering at 
200°C, 300°C and 

400°C for 60 minutes in 
H2 and H2

 
Tensile tests were carried out for as-sintered or sintered and tempered steels on 

dogbone tensile specimens with a MTS 810 testing machine at a crosshead speed of 0.5 
mm/min, according to PN–EN 10002–1 standard. The resulting stress-strain curves were 
analysed to identify the 0.2% offset yield strength (R0,2 offset), tensile strength (UTS) and 
tensile elongation at fracture (At). Transverse rupture strength (TRS), impact test and 
surface hardness were determined on rectangular specimens according to the PN-EN ISO 
3325, PN-EN 10045-1 and PN-EN ISO 3878, respectively. All tests were performed on 
between 10 and 20 specimens per material. Metallographic examinations of sintered steels 
included light-optical microscopy and microhardness using the Hanemann microhardness 
tester (HV 0.02).  

MAIN RESULTS 
The following section will compare the effect of sintering temperature, sintering 

atmosphere chemical composition and the sintering atmosphere dew point on density, 
hardness, UTS, TRS, tensile elongation, and impact energy of the various materials and 
processing techniques. The test program examined two principles: alloying with Mn to 
improve hardenability of the steel and processing to attain high sintered mechanical 
properties.  

The analysis was performed by sorting the steels into 8 processing groups. It can 
be noticed, following results presented in work [13], that ABC 100.30 iron powder has 
better compactibility (ISO 3927) than NC 100.24 iron powder. The specimens made of 
ABC 100.30 and Elkem or HP III powder mixtures reached the green density 7.17 g/cm3 
and 6.99 g/cm3 for rectangular and ISO specimens, respectively. The specimens made of 
NC 100.24 and Elkem or HP III powder mixtures had a green density not exceeding 7.01 
g/cm3 for rectangular and 6.82 g/cm3 for ISO specimens. The results of mechanical testing 
are presented in Tabs.3-7. Tables 3 and 4 show the results of mechanical investigations of 
Fe-3Mn-0.8C and Fe-4Mn-0.8C steels. In general, the UTS and TRS of the Fe-3Mn-0.8C 
PM steel slightly increase with decreasing the sintering atmosphere dew point, which is 
presented in Tab.4. The data indicate that the effects of Mn, the sintering atmosphere dew 
point and cooling rate on the mechanical properties of the investigated alloys are relatively 
predictable.  
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Tab.3. Mechanical properties of sintered manganese steels based on different iron and 
ferromanganese powder grades; 100% H2; -60°C dew point. 

Sintering 
temperature 

[°C] 

Cooling rate 
[°C/min] Specimen UTS 

[MPa] 
TRS 

[MPa] HV10 KC 
[J/cm2]

R0,2 
[MPa] 

At 
[%] 

1.5 467 1176 148 10.06 313 1.76 
60 3A 320 799 242 2.99 ND 0.18 
1.5 479 1136 151 7.39 343 1.21 
60 4A 256 646 341 1.90 ND 0.11 
1.5 456 880 153 6.97 318 1.48 
60 3B 340 795 195 4.07 ND 0.31 
1.5 491 922 157 2.80 335 1.09 

1180 

60 4B 286 459 227 2.66 ND 0.28 
3C 421 919 184 5.56 290 0.35 
4C 312 597 215 3.75 280 0.26 1200 60 
4D 289 788 242 2.12 ND 0.14 

3A – ABC 100.30+3Mn(Elkem)+0.8C, 4A – ABC 100.30+4Mn(Elkem)+0.8C, 3B – ABC 
100.30+3Mn (HPIII)+0.8C, 4B – ABC 100.30+4Mn(HPIII)+0.8C, 3C – NC 
100.24+3Mn(HPIII)+0.8C, 4C – NC 100.30+ 4Mn(HPIII) + 0.8C, 4D – NC 
100.24+4Mn(Elkem)+0.8C, ND – not defined 

Tab.4. Mechanical properties of Fe-3Mn-0.8C PM steels based on NC100.24 and Elkem 
powder grades, sintered at different temperature in H2 atmosphere with a different dew 
point. 

Sintering temperature 
[°C] 

dew point 
[°C] 

UTS 
[MPa] 

TRS 
[MPa] HV10 KC 

[J/cm2] 
R0,2 

[MPa] 
At 

[%] 
-40 452 1036 150 8.17 400 0.66 
-50 492 1189 150 8.23 380 1.24 1120 
-60 433 1291 179 7.36 330 0.47 
-40 385 1253 179 5.82 ND 0.37 
-50 490 1161 156 8.27 395 0.62 1150 
-60 427 1312 181 8.15 410 0.40 
-40 401 845 157 2.72 ND 0.25 
-50 423 1046 184 4.46 470 0.29 1180 
-60 583 1354 166 6.78 490 0.74 
-40 469 1280 211 3.01 ND 0.39 
-50 527 1186 217 4.87 ND 0.60 1200 
-60 445 1194 187 3.43 ND 0.39 

ND – not defined 
 
The cooling rate has a strong effect on the UTS, TRS, KC and apparent surface 

hardness, which was shown in Tab.5. Decreasing the cooling rate to 5°C/min in some cases 
increases mechanical properties by a factor of up to ~ 2. Slow cooling rates favoured 
plasticity, which ceased to be significant for cooling rates above ~40ºC/min. When slow 
cooling is employed, the plasticity of the specimens increase, and At is up to 3.8% (Tab.5). 
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Elongation increased with increasing sintering temperature and density and decreasing 
cooling rate and the sintering atmosphere dew point. The increase in both Mn concentration 
and sintering temperature raises plasticity in PM Mn steels. In both cases – sintering at 
1120°C and 1250°C - the specimens with the highest tensile properties are found for the 
alloys cooled with cooling rates from 9 to 30°C/min (Tab.5). The highest UTS and TRS 
values, are not found in those specimens exhibiting the highest hardness values but in the 
moderately cooled specimens.  

Tab.5. Mechanical properties of Fe-3Mn-0.8C PM Mn steels based on NC 100.24 and 
Elkem powder grades, sintered in H2 and cooled at room temperature with a different 
cooling rate. 

Sintering 
temperature [°C] 

Cooling rate 
[°C/min] 

UTS 
[MPa] 

TRS 
[MPa] HV30 KC 

[J/cm2] 
R0,2 

[MPa] 
At 

[%] 
5 478 1272 174 17.22 380 3.04 
9 506 1230 183 10.86 414 3.08 

16 568 1195 185 11.06 461 3.26 
30 557 1124 197 8.22 516 2.76 
47 559 1100 202 5.84 478 2.51 
55 535 954 213 5.24 518 2.01 

1120 

67 475 1066 206 4.68 528 1.90 
5 595 1327 189 11.50 461 3.80 
9 614 1311 189 9.92 477 2.87 

20 583 1210 192 7.66 511 2.42 
32 586 1193 204 9.38 545 2.22 
41 521 1080 218 4.59 442 1.96 
57 491 1087 229 4.92 404 1.62 

1250 

64 458 1060 210 5.04 477 1.46 
 
Specimens sintered at 1120°C and 1250°C and cooled at 67ºC/min and 64ºC/min, 

respectively, were also tempered at 200°C, 300°C and 400ºC (Tab.6). Significant 
improvement in properties was attained as a result of the 200ºC stress relief. Results were 
similar for the 400ºC temper and there was an indication of temper embrittlement at 300ºC, 
more severe for the specimens sintered at 1250ºC. 

Tab.6. Mechanical properties of Fe-3Mn-0.8C PM Mn steels based on NC 100.24 and 
Elkem powder grades, sintered in H2 and tempered at different temperatures. 

Sintering 
temperature [°C]

Tempering 
temperature [°C] 

UTS 
[MPa] 

TRS 
[MPa] HV30 KC 

[J/cm2] 
R0,2 

[MPa] 
At 

[%] 
200 740 1745 250 12.08 412 3.91 
300 740 1507 238 10.40 430 3.43 1120 
400 744 1462 233 11.51 460 3.45 
200 830 1479 247 10.10 474 3.69 
300 798 1448 252 4.87 472 3.03 1250 
400 854 1755 257 15.69 499 3.71 

 
The results of tensile and bend tests carried out on the Fe-3Mn-0.8C steels, sintered in 

atmosphere with different H2 content, show (Tab.7) that it is possible to achieve high properties 
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of PM Mn steels during sintering in a N2 atmosphere. For this atmosphere the highest values of 
UTS and TRS were recorded. It means it is possible to produce PM Mn steels in something 
other than a hydrogen-rich atmosphere without decreasing their mechanical properties. 

The impact properties of investigated steels are shown in Tabs.3-7. It can be seen that 
the toughness is high particularly in view of the strength level involved. As might be expected 
the impact toughness in slowly (1.5°C/min) cooled conditions is superior to that of the 
convective cooled condition. The impact strength of the –40°C dew point atmosphere sintered 
specimens is somewhat lower, probably because of oxides introduced during alloy preparation. 

Tab.7. Mechanical properties of Fe-3Mn-0.8C PM Mn steels based on NC 100.24 and 
Elkem powder grades, sintered in atmosphere with different H2 content; tempering 200°C. 

Sintering 
temperature 

[°C] 

H2 content 
[%] 

UTS 
[MPa] 

TRS 
[MPa] HV30 KC 

[J/cm2] 
R0,2 

[MPa] 
At 

[%]  

100 642 1279 196 4.68 386 1.87 
75 640 1291 195 5.09 400 1.79 
25 650 1299 201 7.44 420 1.78 
5 657 1234 197 7.27 421 1.82 

1120 

0 655 1259 212 14.31 410 1.93 
100 717 1296 212 5.04 426 1.60 
75 749 1343 212 13.30 443 1.71 
25 778 1411 222 10.83 459 1.82 
5 725 1420 221 12.45 451 1.67 

1250 

0 776 1458 228 13.23 464 2.00 
 
Microhardness numbers of the phases observed in the investigated specimens is 

presented in Tab.8. It is evident that the investigated steels were inhomogeneous with 
respect to structural constituents. The range of hardness varies from 95 up to 960 HV 0.02 
for ferrite and martensite, respectively. The microstructure of Mn PM steels consists of 
ferrite, pearlite, bainite, austenite, martensite and mixtures thereof, e.g. ferrite/pearlite, 
bainite/austenite or austenite/martensite (Tabs.9 and 10, Figs.1-3).  

Tab.8. Microhardness of structural constituents present in PM Mn steel. 

Structural constituent Microhardness range, HV 0.02 
ferrite 95-160 

ferrite / pearlite 160-210 
pearlite 210-270 

pearlite + bainite / bainite 270-430 
bainite / austenite 430-450 

austenite 450-560 
austenite / martensite 560-590 

martensite 590-690 
 
Structural constituents observed in Fe-Mn-C PM steels are presented in Figs.1-3 and 

summarised in Tabs.9 and 10. The structure differences are connected with the different 
manganese content. A higher Mn concentration moves CCT curves towards longer times. Also 
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changes in the proportion between characteristic features in 4 wt.% Mn specimens cooled 
slowly - 5 and 9°C/min - and with the cooling rate ~40ºC/min were recorded. 

Tab.9. Structural constituents of PM Mn steels cooled from sintering temperature with 
different cooling rate. 

Cooling rate 
[°C/min] 1120 °C CR 

[°C/min] 1250°C 

5 5 
9 pearlite 9 pearlite + proeutectoid ferrite 

16 troostite 20 fine pearlite + feathery bainite  
30 feathery bainite + fine pearlite 32 acicular bainite + martensite 

47 acicular bainite + martensite+ 
Mn-rich austenite  41 

from 55 acicular bainite + martensite + 
retained austenite from 57 

acicular bainite + martensite + 
retained austenite 

  

  
Fig.1. Photomicrograph of Fe-3Mn-0.8C PM 

steel sintered at 1250°C; H2, slow cooled 
(5°С/min), mag. 430x; pearlite and ferrite. 

Fig.2. Photomicrograph of Fe-3Mn-0.8C steel 
sintered at 1120°C; H2, rapid cooled 

(>55°C/min), mag. 430x; bainite, martensite 
and retained austenite. 

 
Fig.3. Photomicrograph of Fe3Mn-0.8C steel sintered at 1250°C and tempered at 200°С; 

H2, mag. 830x; martensite and retained austenite. 
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The Fe-3Mn-0.8C alloy differs from the classical eutectoid Fe-C system regarding 
transformation to “pearlitic” and “martensitic” structures. Pearlitic transformation is slower 
in this alloy, and manganese austenite is far more stable with respect to transformation to 
martensite. Convective cooling resulted in much higher hardness. In the convective cooled 
condition (60°C/min) the microstructure of sinter hardened steel consisted of a 
bainite/martensite matrix containing some retained austenite. Slow, furnace cooling 
(1.5°C/min) from sintering temperature produced a significant decrease in hardness and 
increase in plasticity. The lamellar pearlitic microstructure then present was usually 
initiated at the pores present during sintering. The convectively cooled specimens showed a 
very heterogeneous microstructure consisting of martensite, upper and lower (coarse and 
fine) bainite, retained austenite and in some cases ferritic cores of the Fe powder particles. 
This is due to the poorly distributed Mn that decreased in concentration towards the centres 
of the powder particles. Carbon was retained in the Mn-rich areas, and interiors of the 
particles were thus mainly ferritic. Faster Mn diffusion and thus better microstructural 
homogeneity was achieved by sintering at a higher temperature.  

Tab.10. The effect of processing parameters on the structural constituents of Fe-3Mn-0.8C 
sintered steels based on NC 100.24 and Elkem powder grades. 

Sintering 
atmosphere 

Tempering 
temperature/atmosphere 

[°C] 
1120°C  1250°C  

- martensite + retained austenite + bainite 
200/H2 tempered martensite + retained austenite 
300/H2 tempered martensite sorbite 100% H2

400/H2 sorbite + ferrite 

100% H2 coarse pearlite + bainite tempered martensite + 
retained austenite 

75% H2 
+25% N2  

pearlite; small amount 
of martensite 

bainite + tempered 
martensite + retained 

austenite; small amount of 
ferrite 

25% H2 + 
75% N2

troostite + pearlite; 
small amounts of 
ferrite, tempered 

martensite and bainite 

tempered martensite + 
retained austenite; small 

amount of ferrite 

5% H2 + 
95% N2

troostite; small 
amounts of tempered 
martensite, retained 
austenite and bainite 

tempered martensite + fine 
pearlite 

100% N2

200/N2

tempered martensite + 
retained austenite + 
bainite + troostite 

tempered martensite + 
retained austenite + bainite 

 
For sinter-hardened and tempered bainite/tempered martensite PM Mn steels, 

tempering transformation inducted plasticity has been examined as a means of obtaining a 
better balance of strength and ductility at more economically viable cost levels. It is now 
recognised that a not significant amount of Mn, a non-expansive alloying element which is 
required, plus tight process control to enable the phenomenon to be used in a cost-effective 
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manner, makes it possible to introduce PM manganese steels into practical production. 
Treatments - cooling rate 10-15°C/min - which will be compatible with a continuous 
sintering industrial line are designed to produce bainite in Fe-3Mn-0.8C steel. The amounts 
of bainite and martensite present in steels are increased significantly with the higher cooling 
rate thus resulting in increasing apparent cross-section hardness values. On the other hand 
the microstructure of Mn steels contains a significant portion of pearlite in a slow cooled 
(1.5-4.5°C/min) state. 

The consequent contrast in mechanical behaviour of these heat treatment products 
will now be considered. The stress-strain curves of these alloys in both a sinter-hardened 
and tempered condition were examined. The curves for sinter-hardened alloy, which 
transforms to bainite/martensite upon convective cooling, and the sorbitic alloy tempered at 
400°C represent two extremes observed. The uniform plastic elongation of the tempered 
alloy is much larger than that of the sinter-hardened alloy. The former is typical for 
annealed material whereas the latter is more typical of a hardened structure. The difference 
in stress-strain behaviour between these two alloys is a manifestation of the striking 
difference in their fracture microstructures (Figs. 4-6).  

 

  
Fig.4. Ductile fracture of Fe-3Mn-0.8C steel 

sintered at 1250°C and tempered at 200°C; H2. 
Fig.5. Brittle fracture of Fe-3Mn-0.8C steel 

sintered at 1250°C and tempered at 300°C; H2. 

 
Fig.6. Ductile fracture of Fe-3Mn-0.8C steel sintered at 1250°C and tempered at 200°C; N2. 

Sinter-hardened alloy fractured in a brittle manner with very little plastic 
deformation and tensile elongation approximately 0.1%. Most brittle fractures in these 
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alloys were transgranular. However, brittle fracture in sinter-hardened alloys occurred also 
in an intergranular manner because the grain boundaries contained a brittle film of oxides. 
In tempered alloys, ductile typical fracture occurred in a transgranular manner after some 
plastic deformation and tensile elongation was 3.03-3.91% (Tab.6). The fact that tempering 
improves the tensile properties as well as TRS of the Fe-3Mn-0.8C alloy is obvious. 
Martensitic transformation that is inducted upon cooling within parent and product phases 
has different densities and develops internal residual stresses. These stresses may be 
eliminated by a stress relief annealing - tempering at 200°C. The stress relief annealing 
temperature is relatively low, so that effects resulting from martensite transformation are 
essentially not effected. 

Randomly chosen samples were also examined using Leco CS-125 and Leco TS-
336 analysers for the presence of C, O2 and N2. The results of investigations are presented 
in Tabs.11 and 12. 

Tab.11. Chemical analysis of PM Mn steels sintered in different temperatures in H2 
atmosphere with -60°C dew point; mean values for 9 measurement. 

Sintering temperature [°C] Carbon content [wt.%] Oxygen content [wt.%] 
Fe-3%Mn-0.8%C compact 0.766 0.229 

1120 0.616 0.216 
1150 0.537 0.146 
1180 0.507 0.144 
1200 0.469 0.117 
1250 0.522 0.150 

Tab.12. Chemical analysis of PM Mn steels sintered in different temperatures in H2, N2 and 
mixtures thereof; nominal C content 0.8%C [14]. 

Sintering 
temperature [°C] Atmosphere C content 

[wt.%]  
O2 content 

[wt.%] 
N2 content 

[wt.%] 
100%H2 0.634 0.310 0.0036 

75%H2 - 25%N2 0.711 0.452 0.0130 
25%H2 - 75%N2 0.730 0.497 00253 
5%H2 - 95%N2 0.749 0.489 0.0297 

1120 

100%N2  0.714 0.593 0.0332 
100% H2 0.519 0.148 0.0032 

75%H2 - 25%N2 0.580 0.325 00263 
25%H2 - 75%N2 0.569 0.325 0.0256 
5%H2 - 95%N2 0.620 0.283 0.0328 

1250 

100% N2 0.619 0.344 0.0324 
 
Presented in Tab.11, data illustrated that the decarburization effect increases with 

rising sintering temperature. Also the oxygen level in sintered steels decreases with 
increasing sintering temperature. Following the data presented in Tab.12 it can be seen that 
decarburization effect is smaller in steels sintered at 1120°C and 1250°C in a nitrogen 
atmosphere. On the other hand the level of oxides and nitrogen content in sintered steels is 
growing during sintering in a nitrogen atmosphere.  
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CONCLUSIONS 
The results indicate that the processing of the Mn alloy steels achieved its 

objectives. The benefits of improved hardenability are shown if comparing the properties of 
Fe-(3-4)Mn-0.8C steels with those of commercial PM Ni steels. Their properties were 
explained by the processing parameters in a relatively predictable manner. Thus it should 
be possible to design Mn steel structural parts to meet strength requirements. 

The various experimental facts relating to mechanical properties described in the 
present paper can be summarised as follows:  
• The optimum combination of mechanical properties appeared to be obtained with a 

total 3 wt.% Mn addition at 0.8 wt.% C level. The test data indicate that the tensile 
strengths of Fe-(3-4)Mn-0.8C compare well with those previously published for as-
sintered and rapidly cooled PM Mn steels. The results showed that UTS and TRS of 
the 3Mn-0.8C and 4Mn-0.8C steels were increased significantly by using a lower dew 
point sintering atmosphere.  

• The optimised chemical composition, alloying technique and processing of PM Mn 
steels result in high mechanical properties of the material, which can be improved by 
increasing sintering temperature and/or applying sinter-hardening. The need for a 
secondary quench-hardening treatment is eliminated.  

• Improved processing of low alloy steels containing Mn resulted in mechanical 
properties - UTS 500 MPa and elongation up to 2% for furnace cooled specimens - 
equal or superior to those of many conventional PM steels. The properties of the 
investigated PM steels, which were determined following laboratory sintering in semi-
closed containers are surprisingly good and belong among the best data available on 
comparable materials. The characteristics of this new class of steels suggest potential 
application in areas where high strength and hardness are desired, for example in 
manufacturing sintered gears. 

• It is possible to produce PM Mn steels in something other than a hydrogen-rich 
atmosphere without decreasing their mechanical properties. 
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