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In this work, the effect of pressing technique on the microstructures and tensile behaviors of powder metallurgy
(PM) steel with different composition were investigated. Weighed powders for the desired chemical composition
were mixed in an industrial conic mixer for 1 h and then cold and warm pressed at 700 MPa with a die. The pressed
PM steels were sintered at 1400 ◦C. PM steels with different pressing technique were analyzed in terms of micrstruc-
ture and tensile test. Results indicated that PM steels with warm pressing technique showed the highest values in
yield strength (YS) and ultimate tensile strength (UTS).
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1. Introduction

The steels are manufactured in different specifications
according to the purpose of use of the industry. AISI 4140
steel is a commercial medium carbon low alloy steel and
widely used in manufacturing of tools, gears and bolts.
The mechanical properties of the steels vary consider-
ably depending on the alloying elements in the chemical
composition, their construction, the grain sizes and the
heat treatments applied [1]. Alloying elements in prod-
ucts affect mechanical properties [2]. The main alloying
elements of tool steels are carbon and carbide forming el-
ements like Cr, Mo and Al [3]. Molybdenum prevents the
grain growth and increases the strength of steels when it
presents in solid solution or as precipitate particles. Jun-
hua et al. [3] investigated the effect the Mo content on
the microstructure and mechanical properties of pipeline
steel. It was concluded that, the amount of Mo content
increased, which resulted in an increment in yield and
tensile strength. While chromium is a strong carbide for-
mer element, it is cheap, common and, it increases cor-
rosion resistance, especially to intercrystalline corrosion.
It increases hardenability and improves high tempera-
ture strength [4]. PM varies greatly between metal pro-
cessing technologies is a production technique [5]. Cer-
tain studies on microstructure or mechanical properties
of PM steels are available in the literature. For instance,
Erden studied the Nb-V microalloyed steel with the PM
method. The sintering process was carried out at 1150,
1250, 1350 and 1400 ◦C. Yhe results confirmed that yield
strength and tensile strength increase as Nb and V ratios
(0.1%– 0.2%) increase. The mechanism was the forma-
tion of precipitates like NbC(N) and VC(N) during the
sintering and post-sintering cooling period [5].
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In the present study, AISI 4140 PM steel has been
transformed into the targeted compound by adding dif-
ferent proportions of alloy elements into Fe matrix with
the powder metallurgy method. The mechanical prop-
erties have been compared with cold and warm pressed
AISI 4140 PM steel specimens prepared with the same
method.

2. Experimental procedure

In this study, the AISI 4140 PM steel samples
(0.4 wt%C, 1 wt% Cr, 0.25 wt% Mo, 0.075 wt% Ni,
0.075 wt% Al, 0.25 wt% Cu, rest Fe) were produced
in the desired compositions with the PM method. Be-
fore the mixing process, the powders were prepared by
weighing on a digital precision scale of 0.0001 g precision.
The mixing process was conducted without ball using a
Turbula T2F mixer for 1 hour. Having mixed homoge-
neously, the powders were pressed with cold and warm at
150 ◦C under 700 MPa unidirectionally with a Hidrolik-
san press of 96 ton pressure capacity according to ASTM
(E8M) standards of powder metal material tension test
sample. The pressed samples were sintered at 1400 ◦C
for 1 h in argon atmosphere. Tensile test was made at
0.5 mm/min crosshead speed with Shimadzu tensile de-
vice that has 50 KN capacity. The tensile strength and
elongation of the tensile test samples were determined.
After sintering, density were measured. Microstructure
examinations were carried out with Nikon Epiphot 200
brand optical microscope. Density of the samples was
measured with the density measurement tool according
to Archimedes principle.

3. Results and discussion

Figure 1 shows the stress-strain diagrams of the sin-
tered samples. In Fig. 2 the mechanical properties of Al-
loy 2 and Alloy 3 are compared. C, Ni, Al and Cu ratios
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Fig. 1. The stress-strain curves for the PM AISI 4140
steel at different percentages of Cr and Mo content:
(a) Alloy 1 with cold pressing, (b) Alloy 2 with cold
pressing, (c) Alloy 3 with cold pressing, (d) Alloy 1
with warm pressing, (e) Alloy 2 with warm pressing and
(f) Alloy 3 with warm pressing.

Fig. 2. SEM images of (a) Alloy 2 and (b) Alloy 3 with
corresponding EDS of the indicated points.

are kept constant and the effect of Cr and Mo contents is
examined. The mechanical properties of Alloy 3 is better
than that of Alloy 1. For example after warm pressing ul-
trahigh tensile strength (UTS) and elongation of Alloy 1
is 620 MPa and 14%, vs. 1019 MPa and 12% for Alloy 3.
In addition, the mechanical properties of warm pressed
samples are better than that of cold pressed samples and
the warm pressing of the samples increased the density of
the samples. For example, while density of Alloy 1 after
cold pressing is 7.3418 g/cm3, that with warm pressing is
7.3876 g/cm3. It affects mechanical properties positively
(see Fig. 1). Cr and Mo elements form precipitates during

the sintering process. It improves the tensile strength
due to the mechanisms like precipitation hardening and
grain size refinement. Anther studies also support these
results [6]. The values of UTS increase remarkably af-
ter warm pressing due to grain refinement and predom-
inantly attributed to the grain boundary strengthening,
formation of microstructure and decrease porosity.

The EDS measurements show that Cr, Mo and Al ele-
ments exist in the solution as precipitates (Fig. 2). SEM
micrographs of various Cr-Mo compounds in Fig. 3 (next
page) reveal precipitates of different sizes. Erden [5] had
investigated the precipitates behavior in low carbon mi-
croalloyed steel containing V and Nb. The results showed
that both VC(N) and NbC(N) precipitate in the austen-
ite, forming VNbC(N) precipitates when Nb-V is added
to the steel. The EDS point analysis of the precipitate
detected Cr, Mo and Al and the amount of C and N was
clearly higher in comparision with the EDS point analysis
taken from the matrix (see Fig. 2). Comparision of the
EDS point analysis results at this study to that of older
works [6] suggests, that the precipitate is Cr,MoC(N) and
AlC(N).

The microstructure of the samples is shown in Fig. 3.
Cr and Mo elements promote the formation of hard
phases such as pearlite, bainite and martensite. As can
be seen, the microstructure of Alloy 1 (AISI 4140) is
mainly ferritic-pearlitic, Alloy 2 (AISI 4140-3Cr) samples
are mainly pearlitic-bainitic in structure, whereas Alloy 3
(AISI 4140-3Cr-3Mo) samples are mainly martensitic-
bainitic.

4. Conclusion

Results indicate, that Alloy 3 (PM AISI 4140 steels
with 3 wt% Cr–3 wt% Mo) show the highest values of
yield strength (YS) and ultimate tensile strength (UTS).
PM steels obtained with warm pressing technique show
ultimate mechanical properties.
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Fig. 3. Micrographs of the PM AISI 4140 steel at different percentages of Cr and Mo content: (a) Alloy 1 with cold
pressing, (b) Alloy 2 with cold pressing, (c) Alloy 3 with cold pressing, (d) Alloy 1 with warm pressing, (e) Alloy 2 with
warm pressing and (f) Alloy 3 with warm pressing.


