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ABSTRACT: Two specific characteristics of grey cast iron, i.e. good machinability, as well as, high
vibration damping, results in widespread applications in industry. In this research the grey cast iron
powder which was fabricated via machining was utilized as raw material for producing foams. The
porous structures were manufactured by powder metallurgy method were subjected under two major
industrial destructive processes, i.e., corrosion and vibration, in a continuous and parallel manner. To

demonstrate the degradation potency and comparison of these two destructive factors, changes of porous
phase orientation as a result of energy absorption was measured. It was found that the amount of energy
absorption, which was associated with the most changes in the porous phase orientation, is dependent
on porosity volume, the type of destructive processes and the priority of corrosion and vibration. In
the case of applying two destructive media successively, the corrosive atmosphere which induced less
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microstructural changes is the dominant mechanism. If destructive processes were applied in parallel,

a sample with a mean value of 42% porosity can absorb the maximum energy, in which vibration is the ~ Orientation of porous phase

dominant mechanism for this case.

1. Introduction

Among different types of porous materials, i.e.; metal,
ceramic and polymer, structures based on metal are
numerous applications for noise controlling system in various
industries [1]. High capability of sound and noise absorption,
as well as, the potential of mechanical and electrochemical
energy absorption, are consequence of porous media [2].
The amount of vibration damping and corrosion resistance
in porous structures depend on type of materials, chemical
composition and the microstructure of the raw material [3].
Vibration is a kind of wave, which alter the microstructure
due to its energy. In the case of corrosive media, the effect
of destructive condition is different compared to vibration.
Definitely, the microstructure of foam materials under
corrosive atmosphere is being affected via the stress induced
by corrosion products [4]. The microstructure alteration due
to destructive media depends on the operation condition,
and the type of material. For instance, grey cast iron is a
good candidate for vibration damping due to the presence of
graphite flakes, which scattered the waves [5]. In the case of
fabricating grey cast iron in the form of porous structure, it is
possible to obtained both high vibration damping and specific
strength, simultaneously. Casting [6] and Powder Metallurgy
(PM) are two routine methods for producing porous grey cast
iron. Although fabricating foam based on liquid state results
in structures with proper controlling on gas phase geometry,
the final product of porous materials may be reduced using
PM method compared to liquid one. Indeed in solid state it
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is possible to utilized swarf of machining process as a raw
material, which reduce fabrication costs [7].

In this research, grey cast iron swarf, without any post
processing, was utilized as raw material for fabricating
metal foam based on PM method. Considering corrosion and
vibration are two main destructive condition in industrial
applications, these two situations were considered as
catastrophic factors which might changes microstructure.
Meantime, to obtain the magnitude and the importance of
the subversion mechanisms, the effect of the sequence and
coincidence of two destructive processes of corrosion and
vibration on microstructure changes was investigated.

2. Methodology

In this research, the annealed grey cast iron was used
for machining at 250 rpm. As was reported in Table 1, the
chemical composition of this material was the same as GG25

It is notable that, contrary to previous studies [7, 8], in
this research, the GG25 swarf without any post processing
method, was utilized as a raw material. The size distribution
of GG25 chips, as well as, the apparent density of these
flakes were studied using sieving method and Hall funnel,
respectively. Porous samples fabricated by uniaxial cold

Table 1. Chemical composition of grey cast iron used in this
study

Element C Si Mn P S Fe
wt.% 2.9 1.8 0.5 0.2 0.07 Base
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Table 2. Symbols used in this study

Condition Symbol

GG Grey cast iron (GG25)
GG185 GG25 pressed under 185 MPa
GG250 GG25 pressed under 250 MPa
GG350 GG25 pressed under 350MPa

Exert vibration after applying salty
S corrosive media
Exert salty corrosive media after

()S) applying vibration

”s) Simultaneously applying vibration and

salty corrosive media

press under different pressure; i.e. 185, 250 and 350 MPa,
to produce green samples having discrepancy in porosity. It
is noteworthy that, there was any cracks on the surface of
green discs having the dimension of 2.5 mm height and 17
mm diameter. To prevent oxidation on the surface of samples
sintering stage was not performed [9]. In order to applying
vibration condition, the frequency of 50 Hz, which is the
half of wave amplitude in the most destructive industrial
application [10] was selected. The wave was applied in one
direction for 15 minutes. To simulate other catastrophic
state, the green samples were exposed for 15 minutes under
seawater atmosphere, which is the most prevalent corrosion
media [11]. To examine the effect of subversion processes
on microstructural changes, the design of the experiment
has been done based on the sequence of two destructive
processes, as well as, the concurrency of them. The symbols
used in this study were presented in Table 2.

3. Results and Discussion

The angular and elongated shapes of GG25 swarf
were shown Fig. 1. Considering this micrograph, the size
distribution of chips was widespread.

Apparent and green density of swarf and green compact
were examined using hall funnel and Archimedes method,
respectively. While the density of powder was 2.11 g/cm’,
the density of compact specimens increased via rising load of

Fig. 1. Scanning electron microscope image of produced grey
cast iron powder
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cold pressing. Green density for GG185, GG250 and GG350
were 3.55, 3.83 and 5.88 g/em?, respectively. It is notable
that, considering the low height of samples (less than 6 mm),
no gradient of density inspected in green compacts [12].

Considering destructive condition alter the microstructure
owing to induced stresses, the microstructure of all samples,
including green specimens, as well as, discs exposed to
vibration and salty atmosphere were investigated using
Clemex software. The results of this image analyzing process
were illustrated in Table 3. According to this Fig., the
orientation of porous phase changed due to applying vibration
and corrosive media compare to primary states.

Considering Table 3, the relative orientation changes of
porous phase compared to primary stages can be found. Fig.
2. Demonstrated this variation for (¥)(S) condition.

According to this Fig., the cold pressure enhancement led
to further variation of orientation changes in (¥)(S) condition
compared to green discs. It is noteworthy that, in sample
with more porosity, the amount of corrosion product, which
prevent the microstructural alteration, increases. Therefore
the relative disparity of (¥)(S) samples compared to green
disc lessened.

Not only the number of destructive steps influenced
on orientation of gas part, but also the sequence of theses

Table 3. Analyzed images of optical microscope by Celmex
software

185 MPa

250 MPa

Condition 350 MPa

Green
Compact
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S

s

TR

60
= Relative disparity of GG(VIS)
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m Relative dispasity of GGVI(S)
Comparative to GG{V)

40

30

% Relative disparity

185 250 350
Press Pressure (MPa)

Fig. 2. %Relative changes of porous phase orientation
compared to green material and (V)(S)
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compared to green material and (VS)

subversion conditions dominated the energy absorbed by
solid phase. This matter was displayed in Fig. 3.

Three effective mechanisms, such as: the content of
mother/solid phase, the corrosion product, and the un-locked/
un-filed porosity, which can damping the vibration wave,
determined the variation represented in Fig. 3.

In other cases, the role of applying vibrated/salty
atmosphere on the alteration of porosity orientation was
investigated in parallel manner (Fig. 4).

Comparing the results of Fig. 4 with Figs. 2 and 3, it was
found that, the microstructural modification was highlighted
in the former case, due to the overlapping effect of two
destructive media at the same time.

4. Conclusion

1- The green compact discs fabricated based on GG25 swarf.

2- The density of green discs enhanced by increasing the
pressure applied during cold pressing.

3- The microstructure of porous samples changed due to
the presence of vibration and corrosion, which alter the
orientation of gassy phase.

4- Exposing green discs to destructive media can be
performed in parallel or serial states, which influenced on
microstructural alteration differently.
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1 Scanning Electron Microscope (SEM)
2 Energy-Dispersive X-ray Spectroscopy (EDS)
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Fig. 1. Green sample made of cast iron swarf
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Fig. 2. SEM image of produced grey cast iron powder
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Table 2. Symbols utilized for specimen fabricated in this research

ouw wloil us Olxusgs ST
GG185 JKLKNAL Lid cox pls diges )
GG250 JLKe YO+ Lad o als diges \f
GG350 IS YO Las cow pls aiges ¥
GG185(V) JSl K VAD JLad = olas | Cos diges A
GG250(V) JEbKe YO« jLid - olas )| o aige 0
GG350(V) JSallEe ¥+ Lad - 3las,| o digas $
GG185(S) JEbEe VAD jlad - (53,95 s digas 4
GG250(S) JSbKa YO JLad - 55,55 oo diges A
GG350(S) JSLlSe YO JLis — So)55 o digad q
GG185(V)(S) JSallEo VA JLid — 53,55 s il o it aiged Ve
GG250(V)(S) JElKa YO« Lt = (50,95 (s« 3lad )] o o] diges 1
GG350(V)(S) JSablSo YO+ JLas — 55,55 upms o5 ) S It dige X
GG185(S)(V) JSallS0 VA 5Lt — blas | uopas ¢ 50 y55 2o i aiged Wy
GG250(S)(V) JEbEe YO« jLid = alad ) o ¢ 5555 oo Iyl diged \f
GG350(S)(V) Ul ¥O- Lid = 3la5,) s 5055 o ] Ao Vo
GGI85(VS) JbEe VAD [Lad - lojer &gy ilad )| (58,53 o diges \#
GG250(VS) JSblSe Y0+ JLid = lojon o ygods 3l 5 55,55 o digas WY
GG350(VS) JSlle YO+ Lid — lojan oyt (5l 5 5955 Co digas \A

el 5 @ gl jogh -

AR um 5l eSS sloslasl lls oot adgs Sld Y Jgaz bl
1S o3ladl =251aS S lgs co oSl o3l ol jo Cdo b aiiius
(oo Pl 4S5 il a8 T 1S Ve um 5l eS oogae 0
Sldes jloslainl b olyd o3lasl a 395 (S0 S ey gbowss 5l
Ol 49l Sldes G5¥7e 0 Ojle 4 cwl 5,5 il
el 433,55 B y90 S il I Jol> glaosl 55,

el ool &l 398 Jeaz pl Seinns Jloges F SS o
Sl yos pguwie slcdl M, ] attin 4S5 4sSlen

vy

4 Cod SIS L 09 Sy doa (izres Sboo 0l
S Y] QulSen 5 6 pmad Slallhas 550 4y sl L o0
Fely g i ooz 0 392ee SlaS S ple 4 Ces sl
% Do b S Sy sy0m wses IUT 0 g oud s

sl 00 ooly lis (6 i

Py ol g slaydg ol oS et jslateay
ASTM B214-99 o, laibiwl olulpy S ygesl 51 e, miile
ol Jols ¥ Jgar LB o iolesl bt .l sos oolaiul!

grohl & S se sl hee p2 Ol 9 S e 302 3y



VIS B VY domiio ¥R Sl ¥ ojled Y 093 pusS pual (SlSlo pwtizs

0% 339 9 Gie dae bl Sl yg03l i ¥ Jgux

Table 3. Results of sieving test based on mesh number and powder weight
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Fig. 4. Particle size distribution of GG25 sample
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Table 5. The orientation changes of porous phase in the
GG18S5 (V)(S)sample relative to GG185
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Table 4. Raw density and percent of porosity in samples
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Table 6. The orientation changes of porous phase in GG185, GG250 and GG350 samples that vibrated and corroded
relative to the green sample (the numbers are average values)
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Table 7. Analyzed images of optical microscope by Celmex software
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Fig. 5. %Relative changes of porous phase orientation compared to green material and corrosive atmosphere after
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