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ABSTRACT

Fracture toughness of sintered iron-based alloys under the forging procedure is investigated in the current study.

Experiments show that the fracture toughness Kc of conventional sintered iron-based alloys range from 13.1 to
18.2 MPa\/m with the associated density of 6.44 to 6.78 g/cm®. Powder forged iron-based alloys nevertheless

display significantly larger fracture toughness of 24.4 to 28.9 MPa\/ﬁ with the increasing density of 7.27 to

7.37 glem®. The density or porosity possibly dominates the fracture toughness of the alloy. That the sintered
specimen with density of 6.44 g/cm® under the forging process has a large increase in fracture toughness might

be due to high degree of deformation or flow in this subsequent procedure.
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1. Introduction

Manufacturing of mechanical parts via a powder
metallurgy technology has advantages of high
precision, high efficiency, and less cost. The process
is therefore widely applied into various fields.
However, residual porosity generally exhibits in the
sintered alloy. These voids are regarded as defects
the
properties such as strength and toughness

detrimental  to corresponding  mechanical

[1-11]

Powder metallurgy with following forging was then
proposed to improve the weakness described above.
The further process is anticipated to reduce the void
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volume fraction and hence to elevate the mechanical
properties of the sintered alloy. Numerous studies
related to the typical mechanical properties and
processing conditions of powder-forged iron-based
alloys were reported in the past *?. Based on the
authors’ understanding, the fracture toughness of
such alloys has not been systematically presented yet.
The fracture toughness of powder-forged alloys with
Fe-Ni-Cu-Mo powder, commonly used in the powder
metallurgy industry, is then examined here.

2. Experimental Procedures

Powders of Fe - 1.75w/oNi - 1.5w/oCu - 0.5w/oMo
were mixed with 0.7w/o of zinc stearate and 0.5w/0
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graphite in a mixer. Green compacts were then
pressed uniaxially with a floating die body. The
compacts were sintered in a dissociated ammonia
atmosphere at 1100°C. Three compacts with different
densities, 6.44, 6.55, and 6.78 g/cm®, were obtained
and respectively designated as the material A, B, and
C hereafter. The CT-type specimens shown in Figure
1 for the fracture toughness testing and rectangular
dimensions of
standard  specimen

specimens with

10x15x55mm  (un-notched
according to ASTM A327M) for the impact testing
based on three materials were then shaped. Figure 1
shows detailed dimensions of the CT-type specimen
as well. The above compacts were subsequently
processed under a close-die forging. Another three
densities, 7.34, 7.27, and 7.37. g /cm® (with respect

to the material A, B and C) were obtained and
respectively designated as the material AF, BF, and
CF hereafter. The CT-type and rectangular specimens
based on the powder-forged alloy were also prepared.

Ultimate strength, impact energy, and hardness
of both sintered and powder-forged alloys were
evaluated in the experiments. Ultimate strength was
measured using an Instron tensile testing machine,
while impact energy was obtained via a Charpy
impact testing machine under the room temperature.
Hardness was probed at seven different locations on
the specimen utilizing a Brinell hardness tester.
Maximum and minimum values were excluded while
the remaining five values were averaged as a
hardness value. Each testing was conducted three
times for all six materials, and mean values were
calculated as listed in Table 1.

The fracture toughness assessment was carried
out based on the specification ASTM-E399. The
pre-cracked C-type specimen was eventually ruptured
under an Instron universal testing machine, and
conditional fracture toughness Kqwas then estimated.
According to ASTM-E399, this value of Kq should
further equal Kic under the plane strain conditions
due to the width of the CT-type specimen being 15

mm. Microstructural characterization of the ruptured
G 5537w

specimen was then performed on a scanning electron
microscope (SEM). Moreover, an optical microscope
was employed to determine the crystallographic
phases of the polished specimen.

3. Results and Discussions
3.1 Sintered Alloys

Figures 2 and 3 display the microstructure of the
material A and B, respectively. All figures show that
ferritic and pearlitic phases are formed in the
corresponding matrix. Differences of void numbers
among these three materials (A, B, and C) are not so
evident. However, void shapes of the material C with
high density approach circle as shown in Figure 3.
Table 1 shows that ultimate strength, hardness, and
the fracture toughness of these materials rise along
with the increasing density (decreasing porosity) as
expected. On the other hand, impact energy based on
these three materials is not sensitive to the density
within this specified range (6.44 - 6.78 g/cm®).
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Figure 1 Dimensions of the CT-type specimen

Figure 2 Microstructure of the material A (x50)
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Table 1 Mechanical properties of sintered and powder-forged alloys

. Densit Kic Ultimate Strength Impact energy Hardness
Material (g/cm3))/ (MPa ) (MPR) 9 absorbed per unit area " (\\py
J/em)
A 6.44 13.1 263 47.8 104
AF 7.34 24.4 705 46.2 292
B 6.55 15.9 277 46.7 114
BF 71.27 27.1 557 47.4 253
C 6.78 18.2 332 46.4 127
CF 7.37 28.9 532 48.1 229

Figures 4 to 6 show the ruptured surface of the

material A, B, and C, respectively. All three figures

demonstrate dimple structures representing typical

ductile fracture.

Figure 3 Microstructure of the material C (x50)

Figure 4 Ruptured surface of the material A (x2000 )
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Figure 5 Ruptured surface of the material B
(x2000)

Figure 6 Ruptured surface of the material C
(x2000)

3.2 Powder-forged alloys

Figures 7 and 8 display the microstructure of the
material AF (7.34 glem®), and CF (7.37 glem®)
respectively. The matrix also principally consists of
ferritic and pearlitic phases as shown in the figures.
Fewer wvoids and finer grain sizes in the
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powder-forged alloys are viewed comparing to those
in the associated sintered alloys. Ultimate strength,
hardness, and the fracture toughness of these
materials are functions of the density similar to those
of the sintered alloys. Nevertheless, as listed in Table
1, the material AF has the highest ultimate strength
and hardness even though it does not have the
largest density. A possible reason for causing such
phenomenon is that the material AF has the
maximum material flow under the forging process as
the corresponding density is changed from 6.44
g/lecm® to 7.34 g/cm®. The powder-forged alloys have
about 1.5 times higher fracture toughness than the
sintered ones. That the density or porosity dominates
the fracture toughness could then be concluded.
Impact energy based on the material AF, BF, and CF
is also insensitive to the density and almost the same

as that based on the material A, B, and C.

Figure 7 Microstructure of the material AF (x100)

Figure 8 Microstructure of the material CF (x100)

Figures 9 to 11 show respectively the ruptured
surface of the material AF, BF, and CF, and dimple
structures can be also observed in these figures.
HPERE 37 EFE

Figure 9 Ruptured surface of the material AF
(x1500)

Figure 10 Ruptured surface of the material BF
(x1500)

Figure 11 Ruptured surface of the material CF
(x1500)

4. Conclusions

®  Crystallographic phases of ferritic and
pearlitic are presented in both sintered and
powder forged iron-based alloys.

®  Ultimate strength, hardness, and the fracture
toughness of the sintered alloys rise along with
the density.

® The sintered specimen with density of 6.44



Feng, H. P, Liao, K.-C., and Cheng, C. D., Fracture Toughness of Powder Forged Iron-based Alloys

g/cm?® under the subsequent forging procedure
has a large increase in fracture toughness.

®  Ultimate strength, hardness, and the fracture
toughness based on the powder-forging are
dramatically larger than those based on the
sintering. Moreover, ultimate strength seems
to be strongly dependent upon the material
flow as explained in the article.

® Impact energy value is not sensitive to the
density within the prescribed range from 6.44
to 7.37 glem®
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