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Corrosion Behavior of Electrodeposited Nickel Coatings on AZ91 Mg Alloy
A. Zarebidaki M. R. Aboutalebi H. Mahmoudi kohani

Abstract

In this study, nickel was electrodeposited onto the surface of AZ91 Mg alloy and its corrosion resistance
was compared with those of AZ91 Mg alloy and pure nickel using polarization and electrochemical
impedance spectroscopy (EIS) experiments in a 3.5 wt.% NaCl solution. The structure of coating was
investigated by means of X-ray diffraction, and the specimen’s morphology and the coating's chemical
composition were analyzed using scanning electron microscope (SEM). The results showed that the
coating has a nano-crystalline structure with the average grain size of 95 nm. The results of corrosion
tests showed a decrease in the corrosion current density from 2.5x 10 A.cm? for the uncoated sample to
1.5x 10°° A.cm™ for the coated specimen, aswell asan increase in the corrosion potential.

Key Word AZ91 Mg alloy, Nickel Electrode position, Corrosion, Electrochemical Impedance
Spectroscopy (EIS), Polarization.
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Investigating the Effect of Nano-Silica on Wear Behavior of UHMWPE Based Composite
Reinfor ced with Short Carbon Fibers

A. R Khavandi M. A. Sattari M. R. Naimi-Jamal

Abstract

In this study, the wear behavior of UHMWPE based hybrid composites reinforced with short carbon
fibers and silica nano-particles at room temperature were investigated. The composite samples were
fabricated by melt mixing process using the paraffin oil in order to overcome high viscosity of the
polymer matrix. Finally, the wear tests were performed. The results of wear tests showed that the weight
loss of the composite decreases noticeably in the presence of carbon fibers. It was also shown that the
effect of nano-particles depends on their weight percent. The surfaces of the composite samples after the
wear tests were investigated using a scanning electron microscope (SEM).

Key Word UHMWPE, Wear, Nano-Silica, Carbon fiber, Composite, Three components,
Manufacturing, SEM, Paraffin oil, Polymer, Fiber reinforcement, Particle reinforcement.
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Synthesis of Nanocrystalline AlsZr Intermetallic Compound by Mechanical Alloying and
Heat Treatment

E. Pourkhorshid M.H. Enayati F. Karimzadeh M.H. Paydar

Abstract

According to the recent technological developments in modern industries such as automotive and
aerospace industries, the use of materials which can retain their mechanical properties at elevated
temperaturesis essential. Considerable developments which have been made on intermetallic compounds
and their applications show that such industries need to use these materials. Nowadays, Zirconium tri-
Aluminide intermetallic has attracted much attention due to its good thermal stability and high specific
strength. In this study, Al;Zr compound was produced by mechanical alloying. The results showed that no
new phase is produced in the powder mixtures after 50 hours of mechanical alloying. After heat treating
the mechanically alloyed powder at 600 °C for 1 hour, the Al;Zr compound was formed. The grain size of
the AlsZr compound was measured to be 32 nm.

Key Word Mechanical alloying, Intermetallic compounds, Al;Zr, Heat treatment.
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Analysis of Thermodynamic Factors Affecting the Formation of Nanostructured
Supersaturated Solution in Mechanical Alloying of Cu-Fe System

M. Mojtahedi M. Goodarzi M.R. Aboutalebi

Abstract

In this study, the thermodynamic factors with effects on the formation of non-equilibrium solutions in
mechanical alloying have been investigated. The analyzed factors were the interface energy, the interface
curvature and the stored energy of amorphous phase. For this purpose, a geometrical model with
statistical considerations was first developed in order to investigate the dual-phase nanostructured
systems. The mechanically alloyed Cu-Fe samples with the same weight percents were then prepared. The
results of experimental XRD and TEM investigations were combined with those obtained from modeling.
A comparative study was conducted for the effects of the mentioned factors. It was shown that the high
solubility limit in the Cu-Fe system can be obtained by the continuous formation of amorphous
nanometric regions and their subsequent transformation to solid solutions.

Key Word Mechanical alloying, Thermodynamics, Supersaturated solid solution, Interface, Amorphous
phase.
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The Study of Wear Behaviour of Alumina-Titania Composite Coating Produced by
Plasma Spraying Technique

M. Gheirati M. H. Fathi A. R. Ahmadi

Abstract

Wear and erosion are the main reasons for destruction of many industrial components. In many cases,
ceramic coatings produced by plasma spraying technique improve wear and erosion performance of
industrial components. In this study, it was attempted to design and prepare an optimized composite
coating of Alumina-Titania via plasma spraying technique using various parameters of plasma input
power, and to study the influence of morphology, microhardness and elastic properties of prepared
coatings on their erosion behaviour. Characterization of prepared coatings was performed using X-ray
diffraction (XRD) technique and scanning electron microscope (SEM). The elastic properties of coatings
and the porosity and gamma alumina phase in their structure were also investigated. Vickers hardness
test was performed in order to measure the microhardness of coatings. The results showed that the elastic
properties have the greatest influence on the erosion performance of coatings. It was also shown that the
input power of 28 kW causes an increase in both the microhardness and elastic properties of coatings
simultaneousdly.

Key Word Erosion performance; Plasma sprayed coatings; Alumina—Titania; Microstructure; Elastic
properties
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Sequence and M echanism of Reactionsin IImenite and Aluminum System
R. Khoshhal M. Soltaniech M. A. Boutorabi

Abstract

In this research, the first step of reactions in ilmenite-aluminum-graphite system for the formation of
AlL,Oz-TiC/Fe composites was investigated by the study of the binary system of aluminum and ilmenite.
The milled and pressed samples prepared by the synthesized ilmenite and aluminum powders having the
molar ratio of 1:2 were heat treated at the critical temperatures obtained from DTA analysis. It was
found that a transient Fe phase is formed along with TiO,. The spherical shaped Fe,Ti phase was then
formed in the matrix consisting of TiO, and Al,Os.

Key Word Ilmenite, Aluminum, Fe-TiC/Al,O; Composites.
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The Study of Surface Morphology and Thermal and M echanical Properties of Polyamide
6-Gamma Alumina Composite M odified with Ethylene Octene Copolymer Grafted by
Maleic Anhydride

F.S. Hosseini  S. Sameie M. R. Vaseghi Jahromi  E. Ahmadloo

Abstract Polyamides are engineering plastics that have many applications in different industries. Using
mineral fillers, the thermal and mechanical properties of these plastics can be improved. This research
has been conducted in order to improve the properties of polyamide. In this paper, Polyamide 6-y-Al,0;
modified with ethylene octene copolymer and grafted by maleic anhydride was synthesized using a
double-screw extruder. The weight percents of alumina powder were considered to be 5, 10 and 15%.
The mechanical and thermal properties as well as the morphology of the composite samples were
examined. It was observed that the tensile strength and impact resistance of polyamide 6-gamma-alumina
are improved using the gamma-alumina and EOC-g-MAH, respectively. The study of morphology of the
composite samples with scanning electron microscope (SEM) also showed that there exists a favorable
distribution of alumina particles in the polyamide matrix so that this homogeneity was considered to be
due to the appropriate mixing stage which was conducted within the double-screw extruder with the
application of high shear stresses. Thermal properties of the composite samples were investigated using
TGA thermal analysis and the results showed that the resistance and thermal degradation of the samples
increase with an increase in the amount of alumina used.

Keywords Polyamide 6, y-Alumina, Ethylene Octene Copolymer, Mechanical properties, Thermal
properties, Surface morphology.
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An Investigation of the Strength Properties of Aluminium-Based Composite Foams
Produced by Powder Metallurgy Method

S. Niksirat M. Rangi A. R. Mojtahedzadeh

Abstract

In this research, aluminum foams reinforced by alumina and silicon carbide particles (5, 10 and 15%wt.)
containing sodium chloride as the space-holder component were produced by powder metallurgy method.
Strength properties of composite foams (yield strength and elastic modulus) were significantly increased
compared with aluminum foams. The presence of ceramic particles within the foam cellular structure
caused the compressive stress to be transferred into the ceramic particles and led to an improvement of
the strength properties. The aluminum foams reinforced with 10%wt. silicon carbide among all the
composite foam samples showed the best mechanical properties (i.e. the yield strength of 11.85 MPa and
the elastic modulus of 0.617GPa).

Key Word Composite foam, Alumina, Silicon Carbide, Compressive strength
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The Effect of Phosphorouson Microstructure and Magnetic
Properties of Fe Based Alloys

S. Jafari A. Beitollahi B. Eftekhari Yekta T. Ohkubo
R. Gopalan G. Herzer K. Hono

Abstract

In the present work, the magnetic properties of Fe-P alloys were investigated. The investigations showed
that the magnitude of coercivity decreased by conducting two annealing treatments on samples. Samples
having the highest amount of Phosphorous exhibited the lowest resistivity. Microstructural studies
revealed that the prepared samples were free from Fe;P precipitate and the average grain size increased
with an increase in the Phosphorous content giving rise to the decrease of hysteresis losses. Furthermore,
amongst the whole prepared samples, Fe-1.1at.%P alloy showed the lowest hysteresis loss and eddy
current loss aswell as the highest magnetic induction.

Key Word Fe-P Alloys, Magnetic induction, Coercivity, Core loss, Microstructure.
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The Effect of Processing Parameter s of Borosiliconizing Treatment in H11
Hot Work Tool Steel

Z. karbakhs Ravari Sh. Mirdamadi A. khavandi

Abstract

In this study, a borosiliconized protective coating was deposited on H11 steel using the pack cementation
method. The effect of processing parameters on the formation and growth of borosilicon layers was
investigated at different conditions, i.e. the temperatures of 1000 °C and 950 °C for 3 and 6 hours,
respectively. The layers were characterized by means of optical and scanning electron microscopes and
X-ray diffraction in terms of their morphology and different phases formed during the treatment. Two
distinct regions were found in the coatings consisting of a compound region and a diffusion layer
containing undissolved carbides. The hardness numbers were in the range of 500 to 700 HV. An increase
in the process temperature and time showed an effect on the formation of undissolved carbides.

Key Words Diffusion coating, Pack cementation, Hot work tool steel.
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Microstructure and Corrosion Behavior of

Electrodeposited Nanocrystalline Nickel
Coating on AZ91 Mg Alloy

A. Zarebidaki'*, M. R. Aboutalebi’
H. Mahmoudikohani®

1- Introduction

Mg and its alloys have superior physical and
mechanical properties that make them excellent
choices for application in the automotive and
aerospace industries. Unfortunately low corrosion
and wear resistance of Mg and its alloys limit its
widespread use in many applications, particularly in
atmospheres contributing to pitting corrosion. The
most effective way to enhance the corrosion
resistance of Mg alloys is to cover them with a
barrier coating that can separate the base metal from
the corrosive  environment. Formation of
oxide/hydroxide layers on the surface of Mg and its
alloy in contact with air and water has a dreadful
effect on the adhesion and uniformity of the coating.
Many attempts have been made for nickel deposition
on Mg and its alloys via different methods such as
electroless and electroplating techniques [1-7].
Utilizing an appropriate pretreatment process is the
most critical step in plating of Mg and its alloys.
Developing a suitable under-coating is a key factor in
adhesion, corrosion and other properties of the top
layers. There are two main pretreatment processes for
Mg plating including zinc immersion process [8-10]
and electroless nickel plating [10-13].

The current work focuses on the development of an
effective protective nickel layer on AZ91 Mg alloy
and investigation of its corrosion resistance via EIS
and polarization methods.

2- Experimental Work

As cast Mg alloy, AZ91, was used as a substrate.
Specimens were immersed first in pickling bath, next
activation bath, next zincating bath and then Cu
electroplating bath. Nickel electroplating was
conducted as the final step. After each step,
specimens were rinsed using distilled water and
immediately immersed in the following bath.

The surface morphology and  elemental
composition of the coating were characterized by the
Scanning Electron Microscope (SEM) equipped with
an X-ray energy dispersive spectrometer (EDS).
Hardness of the coating, in the cross section, was
determined using a Vickers micro-hardness tester.
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Yazd, Iran. Tel.: +98 35 38243130
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Coating thickness was determined by observation of
a cross section of the specimen by SEM. Philips
X'Pert PRO type X-ray diffractometer (XRD) with
copper target was used for microstructure
determination. The grain size was estimated by the
Scherrer equation [18]. The corrosion resistance of
the specimens in 3.5 wt % NaCl solution with pH of
7 was assessed via polarization and EIS methods. For
more comparison, the corrosion resistance of the
AZ91 Mg substrate and pure nickel was measured.

3- Results and Discussion
Fig.1. shows the cross section image with line scan
analysis of nickel electroplated AZ91 Mg alloy.
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Fig.1. SEM image of cross section and elemental line profile
around coating-substrate interface of Ni electroplated AZ91
Mg alloy.

It can be seen that the zincate process and the
copper electrodeposition  pretreatments  have
developed thin layers of Zn and Cu on the substrate
that can enhance the adhesion of the nickel coating to
the substrate [19]. Regarding the thickness of the
coating, deposition rate of 30um/h has been achieved
from the current nickel bath.

The X-ray diffraction pattern of the coating is shown
in Fig 2.
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Fig.2. XRD spectra of nickel electroplated AZ91 Mg alloy.

Measurements carried out according to the Debye-
Scherrer equation revealed that the coating has a
nanocrystalline structure with the grain size of 95
nm. Micro hardness of the coating is about 204 HVs,
while the micro hardness of the AZ91 Mg substrate is
about 73 HVs. Figs 3, 4, and 5 show the Nyquist plot
obtained for the AZ 91 Mg alloy, pure nickel, and
electrodeposited nickel coating in 3.5 wt% NaCl
solution at their respective OCPg, respectively.
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Fig.3. Nyquist plot for the AZ91 Mg alloy in 3.5 wt% NaCl
solution.
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Fig.4. Nyquist plot for pure nickel in 3.5 wt% NaCl solution

6.0E+02
ANi-electroplated AZ91 Mg alloy
4.5E+02 A“ A
AA A
&
A
£3.0E+02 A A
¢ A
8
1.5E+02 A
A

0.0E+00 . : : : . A—t—

0.0E+002.0E+024.0E+026.0E+028.0E+021.0E+031.2E+031 . 4E+03

7' (Q.cm2)

Fig.5. Nyquist plot for Ni-electroplated AZ91 Mg alloy in 3.5
wt% NaCl solution

The EIS patterns show obvious differences between
corrosion behavior of the AZ 91 Mg alloy and the
nickel coated specimen. It can be seen that the
Nyquist curves appear to be similar with respect to
their shape, noticing the charge controlled reaction;
they differed considerably in their size.

An equivalent circuit model given in Fig. 6 has
been utilized to simulate the metal/solution interface
and to analyze the Nyquist plot of the specimens.
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Fig.6. Equivalent electrical circuit model used to analyze the
EIS data of the specimens.

The potentiodynamic polarization curves of the
specimens in 3.5 wt% NaCl solution are shown in
Fig.7.
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Fig. 7. Potentiodynamic polarization curves of the AZ 91 Mg
alloy, pure nickel, and Ni-electroplated AZ91 Mg alloy in 3.5
wt% NaCl solution.

4- Conclusions

It can be concluded from the present study that
depositing a pore-free nickel coating with average
grain size of 95 nm can be achieved by using proper
activation, zincating and Cu electrodeposition
pretreatment processes. The nickel layer developed in
this condition can effectively improve the corrosion
resistance and hardness of the AZ91 Mg alloy that
makes it more reliable for industrial applications. The
low corrosion resistance of the AZ91 Mg alloy
compared to the pure nickel and nickel electroplated
AZ91 Mg alloy is due to the formation of a galvanic
couple between [ and o phases in the structure.
Furthermore, CI” ions can deteriorate the protective
ability of Mg(OH), which is formed on the surface.
Nickel coating and it can increase the polarization
resistance of the AZ91 Mg alloy substrate and
decrease the corrosion current density of the AZ Mg
alloy from 2.5x 10*to 1.5x10°.
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Synthesis of Nanocrystalline AlsZr
Intermetallic Compound with M echanical
Alloying and Heat Treatment

E. Pourkhorshid'*, M.H EnayatiQ, F. Karimzadeh?
M.H Paydar*

1- Introduction

Modern aerospace systems demands new materials
which are stronger, stiffer and lighter than traditional
materials. Numerous investigations have been
performed to develop alloys suitable for the aerospace
industry. For some aerospace and automotive
applications, lightweight alloys which can operate at
high temperatures for long periods are required.
Intermetallic compounds and engineering ceramics are
the most important materials in this field. Intermetallic
compounds are relatively new engineering materials
that show unique features such as the ability to function
at high temperatures, good mechanical properties, high
strength to weight ratio and good wear resistance.
Among intermetallic compounds, aluminideshave been
focused on by many researchers due to favorable
properties such as low density, high specific strength
and high corrosion resistance. However, their inherent
brittleness at ambient temperatures limits  their
applications. In the meantime, Al;Zr has been used in
many different fields due to its unparalleled properties
such as high melting point, low density, high corrosion
resistance and thermal stability.

Recently, many efforts have been made to improve
the ductility of intermetallic compounds. The strength
and ductility of polycrystalline alloys can be increased
by micro structural refinement.

Nanocrystalline materials can be expected to exhibit
aset of unique properties such as high strength,
hardness, and impact resistance. To produce
nanostructured materials, very different methods such
as CVD, PVD and MA have been presented.
Mechanical alloying (MA) has attracted much attention
because of the simplicity, practicality and no need of
carrying out extensive instructions. This method is
highly used because of its ability to produce new alloys
and non-adherence to restrictions of phase diagram.

The aim of this work was to produce nanostructured
Al;Zr by mechanical alloying (MA) and subsequent
heat treatment and to investigate the microstructure of
the intermetallic powder.
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2- Experimental Work

Commercially pure aluminum and zirconium powders
were used as starting materials.

MA experiments were performed in a planetary ball
mill at ambient temperature. The Thermal behavior of
milled samples was studied by means of differential
scanning calorimetry (DSC) analysis (Seta ram model)
at a heating rate of 10 °C/min and under argon at
atmosphere.

The structure and phase compositions of the sample
were analyzed by using X-ray diffraction with a copper
target (1.5405 °A wavelength) at 40 kV. XRD patterns
were recorded with a step size of 0.05° at a time step of
Is.

The microstructure was investigated by the scanning
electron microscopy (SEM-Philips-XL30) at an
acceleration voltage of 30 kV.

The grain size was evaluated from the XRD line
broadening by using the Williamson—Hall equation:

Kk
B CosB = q + 2Ae Sinb

where £ is the peak breath at half-maximum intensity,
Ois the Bragg angle, 1 is the wavelength of the X-ray
(0.15406 nm), D is the average grain size, and ¢ is the
mean value of the internal strain.

Results and Discussions

Fig. 1 shows the XRD patterns of powder mixtures of
Al;5Zr25, after different times of mechanical alloying.
After 10 hours of mechanical alloying only the peaks of
pure zirconium and aluminum are observed. MA
caused peak weakening and broadening as a result of
grain refinement and straining during the milling
process. No new phase diffraction peak was observed
after 10 hours of milling which indicates that
intermetallic compounds were not formed after 10
hours of MA. With increasing MA time to 20 hours, a
meta stable compound formed and remained
unchanged up to 50 hours with no traces of stable
Al;Zr compound. Production of this metastable
compound prevented producing stable Al;Zr.

Al:
. zr:
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Fig. 1. XRD patterns of AlssZr 5 after 50 hoursof MA.
In order to form the desired compound, a mixture of
powder was heat treated after 10 hours of milling. Fig
2. shows the XRD pattern of the sample after heat
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treatment at 600°C for 1 hour. As seen in Fig.2, after
this heat treatment stable Al;Zr with tetragonal
structure was formed without any indication of
metastable compound.

heat treatment

AlyZr: ®

Tntensity

Fig. 2. XRD patterns of AlssZr 5 after 10 hours of
MA and heat treatment at 600°c for 1 hour.

To determine the grain size of the produced
compound, the Williamson—Hall method was used. The
grain size of Al;Zr is presented inFig.3. Fig 3. shows
the Williamson-Hall relationship based on X-ray
diffraction of the final produced Al;Zr. On this basis,
grain size is estimated to be 32 nm.
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Fig. 3. Williamson-Hall relationship based on X-ray
diffraction of the final AlsZr.

To evaluate the accuracy of the method, the particles
of the powder were observed by transmission electron
microscopy (TEM).Fig 4. shows the image of TEM of
the final product. As it can be seen, the grain size of the
product is in the range of 3548 nm, which is in a very
good agreement with the result of the Williamson-Hall
relationship.

Fig. 4. TEM image of final AlsZr.

5- Conclusion

In this study, nanocrystalline Al;Zr was successfully

fabricated by MA and subsequent heat treatment of

elemental powders. The conclusions are summarized in
the following points:

1- Due to the formation of the metastable phase, stable
Al;Zr was not produced until 50 hours of milling.

2- By using the MA for 10 hours and then heat
treatment at 600°C for 1 hour, stable Al;Zr was
produced.

3- The grain size of the final product was measured to
be 32nm.
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Analysis of Thermodynamic Factors
Affecting the Formation of Nanostructured
Super Saturated Solution in Mechanical
Alloying of the Cu-Fe System

M. Mojtahedil*, M. Goodarzi?, M.R. Aboutalebi’

1- Introduction

Synthesis of nonequilibrium materials is one of the
various applications of mechanical alloying.
Different viewpoints are available about the reasons
for the formation of supersaturated solid solutions
(SSSS) via mechanical alloying. Firstly, Schwarz
stated that the formation of an amorphous phase
causesa change in the place of tangents of Gibbs free
energy curves, and also changes the stability regions
of the phases. Afterwards, Suryanarayana claimed
that the formation of SSSS is due to the accumulation
of structural defects and their energy. On the other
hand, Yavari mentioned the formation of sharp points
and the effect of curvature. Dorofeev also declared
that synthesis of inter-metallic compounds can act as
a transition thermodynamic stage for the formation of
SSSS. Finally, Kaloshkin stated that the process of
dissolving occurs via the transformation of high
energy amorphous phase to solid solution at grain
boundaries.

It can be seen that a comparative study about the
potential reasons for the formation of the solution is
needed. In this study, a geometrical-statistical model
of the grains and their interfaces is developed. The
simplifying assumptions of previous studies are
somehow corrected and the model is more similar to
reality. Afterwards, supersaturated solid solutions in
the Cu-Fe system are synthesized and the various
reasons of dissolving are evaluated in a single
system.

2- Experimental Work

The elemental powders of copper and iron were
mixed at the same weight proportions. The
mechanical alloying process was done in a planetary
ball mill under argon in earth's atmosphere. The ball
to powder weight ratio and speed of rotation were set
at 20/1 and 370 rpm, respectively. One percent of
stearic acid was also added. The milling times of 6,
12, 24, 48 and 96 hours were applied.

The microstructure and phases of the prepared
samples were studied using X-ray diffraction.
APHILIPS—X pertapparatus with 1.789 ACOKnt
radiation was used. The instrumental broadening was
corrected via Halder-Wagner method. Afterwards,
the crystallite size is calculated via four diffraction
analysis methods of Scherrer, Williamson-Hall,
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Rietveld and Kiejser. On the other hand, a Tecnai
G2HRTEM was applied for observation and
examination of the microstructure. Finally, the
calculated crystallite sizes were used for the
determination of the proportion of interface. For this
aim, the crystallite sizes and interface energies were
applied in the geometrical-statistical model.

3- Calculations

Firstly, the Gibbs free energy of solution and
amorphization of the Cu-Fe system was calculated
using Miedema method. The resulting curves are
presented in Figure 1. After wards, a model is
developed for the calculation of the proportion of
interfaces. For this purpose, the shape of A and B
components were assumed as a truncated octahedral
(Figure 2). The 3D interfacial volumes can be seen in
this Figure by considering triple junctions and vortex
points.

One mole of the mechanically alloyed materials is
assumed as the system under inspection. The total
amount of grains in the system is shown by n"®which
is equal to:
nTO:n:°+n;° 1)

For calculating the quantity of A and B grains, the
volume of components should be divided by the
volume of a single grain. On the other hand, three
kinds of interfaces of A-A, B-B and A-B are present.
Moreover, as illustrated in Figure 2, there are four
shapes of interface volumes which are shared
between adjacent amounts of grains. The quantity of
grains in one mole of material is equal to the division
of molar volume (V™) by the sum of the volume of a
grain and 1;[05 related interfacial volume.

15 - N

Energy(kJ/mol)

Fig. 1 The enthalpy and free energy of formation of solid
solution and amor phous phasesin the Cu-Fe system at 350 K

—_—

Fig. 2 Schematicillustration of truncated octahedral grains
and 3D interfacial regions

If the length of each octahedral side and the
thickness of the interface between hexagonal faces
are denoted by s and m, respectively, then the
quantity of grains can be calculated by:
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n°=V" /832 s+ m/f6)’ Q)

In order to calculate the interfacial volume which is
adjacent to each grain, the number of each interfacial
region should be multiplied by its volume and also to
the proportion of it that belongs to each grain. In this
way, the volume of interface for each grain can be
calculated as equation 3.

V1003382 m63/35°m+3 2663 3m’s+4/372 Q)

Finally, the stored interface energy in the A-B
system will be calculated as:
AH =V X[ (110) H +(85°) Hyp @6 H, | (4)

where Haa, Hpg and Hap are interface energy per
unit interface volume for A-A, B-B and A-B
interfaces; fATo and fBTo are ratio of the amount of
A and B grains to the total amount of grains in the
system ,respectively.

4- Results and Discussion

Different crystallite sizes for FCC and BCC phases
were calculated using four XRD analysis methods.
The maximum and minimum of calculated sizes were
used for each sample. In this way, the maximum and
minimum possible amounts of the interface volume
and the stored energy in it were obtained. According
to the available literature data, the thickness of non
equilibrium interfaces in mechanically milled
samples is assumed to be 0.8 nm.

The interface energy is composed of structural and
chemical parts. The formation of solid solution can
remove the chemical part and thus it results in
decrease of the stored energy. In this way, the
maximum and minimum of the released energy are
calculated due to the formation of solid solution
(Table I). By comparison of Table I and Figure 1, it
will be revealed that the released energy is one order
of magnitude smaller than the energy of solid
solution formation.

Tab.1. The minimum and maximum released ener gies (J/mol)
dueto the elimination of the chemical proportion of the
interface energy
Milling time (h) 6 12 24 48 96
Minimum energy 446 596 602 435 349
Maximum energy 730 878 849 644 549

The effect of interface curvature is also studied. If a
spherical particle with a radius r which is rich in B
atoms (P} phase) is located inside o matrix, the change
of solid solubility limit can be calculated via equation
).

In X 1 X3 (09) 21y / RTr 5)

where X (r) is the solubility limit of B in @ in the
vicinity of the sphericalp particle with radios r, and
X (o) is the equilibrium solubility limit of B atoms.

The equilibrium solubility limits of Cu and Fe at
350K were calculated by extrapolation of the
literature data. The calculations show that the
solubility limit increases up to experimental values
only if the radius of curvature decreases to less than 1
nm. It can be concluded that sufficient effect of the

curvature factor is limited to a few points of the
material.

In the next step, the effect of formation of
amorphous phase at the interface on the increase of
solubility limit is investigated. In this case, the
formation energy of amorphous phase is used as the
interface energy. The stored energy at the interfaces
of one mole of Cu-Fe powder is calculated and
exhibited in Figure 3. The assumed crystallite sizes
of 7 and 5 nm are used for FCC and BCC phases,
respectively.

When the interface thickness is increased to 2.6 nm,
the stored energy is improved up to the solid solution
formation energy; but in this condition about 70% of
the material should be located at the interfaces.
Therefore, a sufficient amount of amorphous phase
cannot be actually produced. On the other hand,
amorphous regions with size of a few nanometers
were detected in HRTEM images, such as Figure 4.
From the thermodynamic perspective, transformation
of these regions to solid solution is rational.

Energy(kJ/mol)

—m=0.8nm

~~~m=l.4nm
m=2.0nm

-~ -m=2.6nm |

0 0.2 04 . 0.6 0.8 1
“Cu
Fig. 3: Thevariation of stored energy at amorphous interfaces
by variation of theinterfacethickness

3 i
Fig. 4: Distortion of lattice order and formation of amor phous
phase after 48 hours of milling (top left region)

5- Conclusion

In this research, potential thermodynamic factors
which can affect the formation of super saturated
solid solution are investigated in the Cu-Fe system. A
geometrical-statistical model is developed for this
aim. It is revealed that the energy of the developed
boundaries in the nanostructured material cannot act
as the driving forceforsolution formation. Moreover,
the interface curvature can be an effective factor at
the initial stages; but it cannot be the main reason for
the notably extended solubility limit in the Cu-Fe
system. On the other hand, the extension of solubility
limits to the observed amounts can be performed
locally, via continuous formation and transformation
of the amorphous regions.
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The Study of Wear Behavior of Plasma
Sprayed Alumina - Titania Composite
Coating

M. Gheirati, M.H. Fathi?, A.R. Ahmadi®

1- Introduction
Plasma spray technology is one of the most versatile
coating technologies available today. Recent
technological advancements, including more efficient
equipment and improved production methods, have made
the application of plasma spray coatings practical. The
process is widely used in preparing surface coatings for
industry pieces; recent advancements have rendered the
repair and installation of industrial equipment timely and
cost efficient. This technology has been employed to
generate coatings that are more resistant to mechanical
wear, erosion, corrosion, or oxidation that can damage
metallic surfaces under avariety of external conditions.
In this study, it was attempted to design and prepare an
optimum composite coating of Alumina - Titania via
plasma spray technique using various terms of the
plasma input power, and study the influence of
morphology, microhardness and elastic properties of the
prepared coating on erosion behavior.

2- Experimental Work
In preparing the coating, a composite powder of
Alumina-Titania, with 3 wt. % Titania, was prepared
through mechanical activation. Commercialy available
Alumina spray powder, with particle size of about 50
microns, and a Titania powder, with particle size of
about 100 nm, were acquired for this purpose (Sigma
Aldrich). The composite powder was prepared using a
high-energy planetary ball mill (FretchPulverisette 5)
performing the mechanical activation for six hours.
Plasma spraying experiments were carried out using
an atmosphere plasma spraying (APS) system with
Metalization PS50M  (PoodrAfshan ~ Company
(PACO), Isfahan Science and Technology Town,
Isfahan, Iran) under operating conditions. stand-off
distance 115 mm and the powder feed rate of 20
gr/min. The primary plasma gas was Argon and the
secondary gas was Nitrogen with gas flow rates of 70
and 14 SLPM (Standard Liter per Minute),respectively.
Carrier gas for powder transport was
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Table 1. Operation condition for deposition of the Alumina-
Titania composite coating

Feedstock type Metallization PSS0M
Input Power, kW 24,28,32

Stand off distance, mm 115

Plasma gas, SLPM Ar, 70
Auxiliary gas, SLPM N,, 14
Powder federate, g/min 20

Torch transfer speed, mm/s 25

Argon. The input power was variable and the velocity
of the powder at the nozzl€'s outlet was 30 m/sec. Other
operation parameters utilized in spraying of the Alumina-
Titania powder arelisted in Table 1.

Microstructure and morphology of the as-sprayed
coatings were investigated using a VEGAWTESCAN-
LMU scanning electron microscope (SEM) (SEM
laboratory of Razi Metallurgicd Research Center
(RMRC), Tehran, Iran) equipped with an energy-
dispersive x-ray analyzer (EDAX). Prior to the SEM
study, samples were coated with a thin layer of gold.
Subsequently, images with a magnification of 500 times
were used to evaluate the surface morphology.

Erosion test on the coatings was performed using a
dlurry pot arrangement with 15% concentration of
alumina particles in distilled water. Alumina particles
with an average grain size of 60 microns were used for
the testing. The specimens were placed in the holder,
rotating at 700 rpm such that the coating surface comes
in contact with the erosive dlurry. The specimens were
ultrasonically cleaned and weighed after every 2 h of test
run. Weight loss of coated specimens during the slurry
erosion test was measured using an electronic balance
with a resolution of 0.1 mgr. The test was performed for
12 h. The erosion performance was evaluated in terms of
weight loss observed during the test.

3- Resultsand Discussion

As shown in Fig. 1(a),since the plasma temperature is not
high enough for complete melting of the particle at input
power of 24kW, the majority of the particles reaching the
surface are in solid and semi-solid states.The weak
adhesion of these particles causes deep holes and
porosity on the surface of the coating. For this case, most
pores and porosity are formed at the interface of
unmelted or partially melted particles. The porosity
provides a place for weakening the wear and erosion
performance of the coatings.
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Fig. 1. SEM micrograph of the surface of Alumina-Titania composite coating deposited at I nput power a: 24kW b: 28 c: 32

In Fig 1 (b) the presence of a small share (about 10%)
of semi-solid particles in the coating structure can be
seen. These particles are completely protected by the
split surrounding. Reported research papers show that the
appropriate amount of protected particles can inhibit the
growth of microcracks in the coating. For this case, the
presence of a high percentage of molten particles resulted
in the remarkable ability of the particles to flatten in
collision with the substrate. This flattening of the
particles increases the interface between the coating
layers, reduces the amount of porosity, and enhances the
coating adhesion and density. The increased coating
density induced by the presence of molten particles on
the coating surface can create compressive stresses in the
coating layers, which inhibits the growth of microcracks
and increases hardness of the coating. Furthermore, the
presence of these particles improves the fatigue behavior,
residual stress, and quality of the coating.

As shown in Fig. 1 (c), for the input power of 32 kW,
the majority of the particles reaching the substrate
surface had completely melted. In this state, the high
temperature of the plasma facilitates the complete
melting of the particles and the evaporation of a small
percentage of the particles reaches the substrate. The
remnants of evaporated particles increase the porosity
and decreases the density of the coating.The high
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Fig. 2. Dependence of input power of Alumina-Titania
composite coating with erosion behavior at a:24 kW b:28 kW
32 kW

temperature of the plasma and the rapid cooling rate of
the coating has resulted in the increased content of
gamma alumina phase for this case. The decreasing
coating density and increasing porosity, in turn,
introduce a problem for wear, erosion, and
microhardness performance of the coating. The increased
gamma phase, reduced microhardness, and increased
toughness of the coating have different impacts on the
performance of the coating.

Erosion test for ceramic coatings is a standard
procedure for estimating the lifetime of the coating.
Slurry erosion depends on the particle velocity, angle of
particles collison with the surface, texture of the
particles, and morphology of the coating. For small
collision angles, particles separate from the surface with
the friction mechanism, whereas for large anglesit is the
growth of microcracks and pores that can undermine the
erosion performance of the coating. For erosive wear in
the dlurry of aumina, collisions can occur at any angle.
Here, factors differentiating the performance of erosion
are microstructure, microhardness, and toughness of the
coating Dependence of the electrica input power of
Alumina-Titania composite coating with erosion
behavior is shown in Fig. 2. As shown in the Figure, it
was observed that the erosive performance of the coating
is improved by decreasing the amount of voids,
microcracks, porosity and solid and semi-solid particles.

4- Conclusion

In the present study, AluminaTitania with 3% wt.
Titania composite coating, as wear and erosion resistant
coating, was chosen to evauate the influence of input
power on the wear and erosion behavior and performance
of plasma sprayed coatings. The results showed that
elastic properties have the most influence on the erosion
performance of the coating. It was concluded that the
input power of 28 kW, caused an increase of
microhardness and elastic properties of the coating,
simultaneously.
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Sequence and M echanism of IImenite and
Aluminum System Reactions

R. Khoshhal,"" M. Soltanich,> M. A. Boutorabi’

1- Introduction

Al,O; - TiC composites are used as cutting tools and
adding a metal such as Fe can help to improve their
stiffness [1, 2]. These composites can be produced by
various methods [3]Among them, the combustion
synthesis method requires the least energy [4].
Several research works[5-8] have been performed
using ilmenite as a raw material, for the production
of AlOs;-TiC/Fe composites by the combustion
synthesis method, due to the higher price of titanium,
compared to ilmenite.

There are few papers available in this field [5-9].
Zou et al [5-7] investigated the mechanism and the
effect of the carbon source, additives (Mo, Cr) and
the preheating time applied on the FeTiO;-Al-C
system. The mechanism was based on the TiO,-Al-C
system. They proposed that at first, ilmenitebe
reduced to different valent titanium oxides and iron
by molten aluminum, including TiO,, Ti;0s, Ti,Os
and other unknown TiO, phases. When the Ti/O
ratio in the Ti-Al-O system comes to equilibrium,
aluminum does not have enough reducibility to
deoxidize TiOy, and for this reaction, low valent
titanium oxides react with C and as a result, TiC
phase is formed. Finally, the residual aluminum
combines with a-Fe formation which is a Fe-Al solid
solution. However,Zou et al [5-7] did not mention the
effect of the released Fe in the mechanism.
Furthermore, all of their claims were based on the
final product. Therefore, the intermediate steps were
not explicit to clarify the sequence of the reactions.
Zargaran[8] determined the effect of temperature,
heating rate, stoichiometry and pressure on the
similar systeSm (FeTiO;-Al-C).And the best
condition which had the most TiC as product was
determined. However, the reaction mechanism was
not determined.

Researchers showed that in the FeTiO;-Al-C
system, even where carbon is available, the reduction
reactions start after the melting of aluminum [5-7, 9].
However, there is no agreement on the product
phases and their formation sequence. Therefore, in
this researcha simplified binary system of FeTiOs-Al
was investigated to determine the ilmenite
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reductionreaction mechanism. Furthermore, in this
work, according to the previously published methods,
synthesized ilmenite was used instead of ilmenite
concentrate for preparing pure ilmenite[10-12] due to
the effects of the impurities available in the ilmenite
concentrate. The effect of these impurities on the
reaction mechanism is not known.Furthermore, in the
ilmenite concentrate, Fe2+ and Fe3+ coexist; but in
the synthesized ilmenite only Fe2+ is available.

2- Experimental Work

The synthesized ilmenite and aluminum with the ratio
of 1:2 were mixed for 20 minutes in a fast mill at 400
rpm with an alumina jar, including 16 alumina balls of
2cm diameter. The ball to powder ratio (BPR) was
6:1).

After the milling procedure, the mixed powder was
pressed in a mold under 500 Psi to obtain pellets of
lcm diameter and 5 mm height.

DTA analysis was used to determine the thermal
properties of the mixture.

Results and Disscusion

Differential thermal analysis (DTA) was performed on
the synthesized ilmenite and aluminum powder
mixture with a molar ratio of 1:2. 30 mg of this
mixture was loaded into an alumina crucible and was
heated under inert argon atmosphere to 1200°C at a
rate of 10°Cmin-1. As it can be seen in the DTA curve
(Figurel), no reaction is detected up to 649°C.
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Fig. 1. DTA result for the powder mixture of ilmenite and
aluminum (FeTiOgs: Al, 1:2)

After the melting of the Al powder, an exothermic
reaction starts at 740°C and at 883°C, an exothermic
peak is revealed.

Figure 2.a. shows the reacted ilmenite heat treated for
15h at 740°C. The Fe areas are distributed all over the
sample as a separate region alongside TiO,.The XRD
pattern of the sample heat treated at 740°C for 15h is
shown in Figure4. According to the XRD pattern, Fe
and TiO, are present in the product and there is no
trace of titanium sub-oxides such as: Ti,O;, Ti;O5 or
TiO.For this reason, it may be concluded that most
probably aluminum could not reduce TiO,during this
time.
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Figure 2: The SEM image of the sample heat treated for 15h at
540°C with an ilmenite: aluminum ratio of 1:2

Figure2. The XRD patterns of the milled and pressed samples with
an ilmenite: aluminum

Fig. 3: The SEM image of the sample heat treated for 24h at
540°C with an ilmenite: aluminum ratio of 1:2

The XRD pattern of the sample heat treated at 740°C
for 15h is shown in Figure 8.According to the XRD
pattern, the samples heat treated for 24h were porous
(Figure 3.a.) and according to Figure 3.b. there was a
globular phase in the matrix. An elemental map using
EDX analysis from the globular phase was prepared. It
can be seen that the circular shaped phase consists of
Fe and Ti. The XRD pattern identified this phase as
Fe,Ti. According to Figure 4, the white area in the
matrix consists of Ti and no Al is detected in
it.Therefore, this phase is TiO,, as approved by the
XRD pattern presented in Figure4.
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Fig. 4. The XRD patterns of the milled and pressed samples
with an ilmenite: aluminum ratio of 1:2 heat treated for 3, 12,
15 and 24h at 740°C.

The result of 72h is the same as that for 24h. The
Gibbs free energy formation of FeTi, Fe,Ti and Fe
increase, respectively. This means that FeTi has the
least Gibbs free energy formation; so it has the most
formation tendency; but in this study no trace of FeTi
was detected.

After the formation of Fe and TiO,, in the first step a
competition between Equation (1) and (2) determines
the final product. As it can be seen in Figure 6, the
formation of Fe2Ti has the least Gibbs free energy of

formation. Therefore, it has more tendency to
formcompared withFeTi.

3Fe + 1.5TiO, + 2Al = 1.5Fe2Ti + ALO; 1
1.5Fe + 1.5TiO, + 2Al = 1.5FeTi + ALO; 2

FaTiy + ZAl = 0.5Fa,Ti +0.5 THOZ + 0.6665A1,0, +0.0665A1

2004 = =~ FaTi0y « 241 = FaTi = AlyOy
as0d -+ L.t ts FaTIOy « 2A1= P+ THO, « 0131ALO, + 133341
2300 4

AGT(kJ)

T"C)
Fig. 5. The standard Gibbs free energy versus
temperaturefor different reactions calculated by HSC
software.
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Fig. 6. The standard Gibbs free ener gy ver sustemperature for
different reactions calculated by HSC software.

5- Conclusion

As a conclusion, it can be mentioned that if ilmenite
and aluminum are prepared with an ilmenite:aluminum
ratio of 1:2 according to Equation 1, and heattreated at
740°C which is the temperature in which the reaction
between ilmenite and molten aluminum starts,a
transient phase between Fe and TiO, will form at the
first stage. Subsequently, by the consumption of the
raw materials, there are more tendencies for the
formation of Fe,Ti. For this reason, Fe and TiO, react
with aluminum resulting in the formation of spherical
Fe,Ti in the TiO, and Al,O3 matrix.
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Study of Surface Morphology, Thermal
and Mechanical Properties of Composite
Polyamide 6-Gamma Alumina Modified
with Ethylene Octin Copolymer Graft
Maleic Anhydride

F. S. Hosseini,!" S. Samiei,’
M. R. Vaseghi Jahromi,’ E. Ahmadloo*

1- Introduction

PAs can be toughened by the addition of low
modulus impact modifiers. Elastomers such as
ethylene propylene-diene monomer (EPDM),
ethylene-propylene rubber, styrene-ethylene-
butylene-styrene, acrylate styrene-acrylonitrile and
ethylene-octene elastomers (EOC) are usually added
to PAs to improve their toughness. These types of
elastomers are generally grafted with maleic
anhydride (MA) groups in order to increase the
compatibility between the PA6 as a matrix and
elastomeric phase. Maleic anhydrides can react with
the amine groups of PAs, which can improve the
compatibility and dispersion state of the olefinic
phase within the PA matrix. Among the mentioned
toughening agents, MA grafted polyolefin elastomers
were evaluated to be the effective candidate in nylon
6 based ternary composites. A number of reports in
the literature studied  the  PA6-alumina
nanocomposite prepared via in situ polymerization.
Only a few studies focused on toughening of this
form of composite as well as the preparation of
composite with high powder loading of 10-15 wt-%
of alumina through melt blending. On the other hand,
fillers in nanoscale are quite expensive.So it seems
that further research is needed to prepare a toughened
polyamide composite with alumina powder on the
micrometer scale due to the cost. The purpose of the
present study is to synthesize toughened polyamide—
c-alumina composite which possesses sufficient
stiffness, toughness and thermal stability through
melting process as a result of many industrial
applications. The first part of the research focused on
the effectiveness of c-alumina as reinforcing filler,
and the second part investigated the influence of
maleated EOC (EOC-g-MAH) as an impact modifier
for PA6-c-alumina composite. Finally, the
morphology, mechanical properties and thermal
stability of the composites were studied using
scanning electron microscope (SEM), mechanical
analysis and thermogravimetric analysis,
respectively.

2- Experimental Work
2-1- Materials
In this work, the matrix material polyamide 6 with
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1.14 g/cm3 density and melt flow index (2.16 kg, 230
°C) of 4 g/10 min was used. The impact modifier,
ethylene octene copolymer (EOC) grade of Exact
0203 was obtained. Its density and melt flow rate
were 0.87 g/cm® and 3g/10min, respectively. The
compatibilizer, low density polyethylene grafted by
~1w% maleic anhydride (PE-g-MAH) was produced.
Its melt flow index was 1.7g/10min. The micron
AlL,O; powder (gamma-aluminia) grade of 101095
was a product of Merck Co., Germany. It was a white
powder with no surface treatment, having the
following characteristics: specific surface area of 120
- 190 m?/g; the average diameter of grain of ~ 63 pm
and density of 3.94g/cm’. All the pre-designed
compositions used in this investigation are listed in
Table 1.

Table 1. Compositional data in the following Table, PA, F, M,
and E stand for polyamide 6, filler of alumina, grafted maleic
anhydride, and ethylene octene copolymer, respectively.

PE-g-MAH Ethylene Octene | y-AL20s | Polyamide 6
Formulation of Specimens
(W) Copolymer (w%) (wia) (w%)
Specimen PA/FS - I 5 925
Specimen PAFI0 | = = T 90
Specimen PA/F15 | s 85

Specimen PAMSES 5 I 20

Specimen PA/MS/E10

Specimen PA/MS/E1S
Specimen PA/MS/E20
Specimen PA/FS/MS/ELS |

Specimen PA/F10/MS/E1S

LT T N T
e
-
A

Specimen PA/FIS/MS/ELS |

3. Results and discussion

Figure. 1 shows the effect of maleated ethylene
octene copolymer content on the mechanical
properties of neat PA 6. As it is shown in Figure. 1,
the impact strength was increased by intensifying the
EOC content. The increase in impact strength caused
better transformation of stress across the interfaces in
the blend. As it is found from this Figure, the
incorporation of the alumina filler in the polyamide
matrix up to 5 wt% resulted in an increase in value of
the tensile strength and modulus. It was also due to
filler particles oriented.

160

120 T— — — ) //
100 — P

80 — A

oy S— —i <

a0 PV S =

PE-g-MAH arafted EOC contant (%)

Figure 1. Effect of the maleated ethylene octene copolymer on
the neat polyamide 6 matrix.

Figure. 2 also indicates the effect of the alumina
loading on the modified and unmodified polyamide.
However, these properties were further lowered
because of the formation of agglomerations of
alumina powder which caused defects during the
tensile test. This also happened because of elongation
for exiting the unmodified polyamide so that alumina
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powder particles were not oriented in the flow
direction during the drawing process. But it was the
other way around for the modified polyamide blend
with filler content of higher than 5 wt%.
Fundamentally, ethylene octene copolymer is an
impact modifier which forms an elastomeric phase in
the matrix, which in turn prevents brittleness and
lowers modulus resulting in higher strain. On the
other hand, using a compatibilizer, i.e. maleic
anhydride, caused better binding between the
elastomeric phase of EOC and the plastomeric phase
of polyamide. Actually, this improved elongation
was due to breakage of the particle network and flow
of filler particles through the polymer matrix to form
layers of alumina between matrix structures.
Basically, elongation and also impact strength were
enhanced because of the dipole-dipole and hydrogen
binding that occurred between maleic anhydride and
end group of polyamide as well as the dipole—dipole
binding with alumina powder. This synergistic effect
of maleated ethylene octene copolymer improved
impact strength and elongation of the maleic
anhydride grafted polyamide composites so that these
values were at an acceptable level.

0 Tantila strangth of PA & (Mpa)
@ Tanila strangth of madifisd PAS '\\
(Mpa) "~ 9
w - tlongation of PAG (%) N —
e
w— slongation of modified PA S (%) ———— “H‘-““s-._\
—— Impact strength of PA G [Ufm) L4 . )
“
- Impact strength of madified PA 6 % . i
Hifm]
s 10 15 =)

Gamma aluming (%)
Fig. 2. Effect of the powder loading on the modified and
unmodified polyamide 6.

As it was mentioned previously, thermal stability of
the modified polyamide 6 filled and unfilled was
accomplished by thermo gravimetric analysis method
and the results are shown in Figure. 3. As can be seen
in this Figure. 3, the thermal stability and degradation
of the polyamide 6 composites were slightly
increased by incorporation of the alumina powder
and also by increasing of the powder loading.
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Fig. 3. Weight loss curves determined by TGA at a heating
rate of 10°C/min.

Enhanced decomposition behavior of the composites
may be related to the ceramic particle phase and also
impact modifier grafted by maleic anhydride which
caused a sufficient bonding between filler particles
and matrix phase, resulting in improvement of
thermal degradation of the composites. Figure. 4a
and b present the SEM micrograph of PA 6 modified
and toughened by ethylene octene copolymer grafted
with maleic anhydride. A homogenous character of
the morphology of the blend can be observed in the

Figures. It was due to sufficient miscibility between
maleated EOC and polyamide 6 so that holes are
elongated or distorted and the phase boundary is
almost indistinguishable. From the

Fig. 4. SEM micrographs of the modified polyamide 6
composites filled and unfilled. PA, F, M, and E stand for
polyamide 6, filler of alumina, grafted maleic anhydride, and
ethylene octene copolymer, respectively.

SEM photomicrographs, c, d, e, f, g, and h, it can be
found that alumina powders were well-distributed
and dispersed into the overall composites. In fact,
ethylene octene copolymer that was grafted with a
suitable content of maleic anhydride could make a
proper binding between alumina powder and
polyamide matrix, but it caused a reduction in the
interfacial tension of the blend. However, sufficient
mixing obtained by high shear force twin screw
extruder helped to form a homogeneous composite
blend.

4. Conclusion

The introduction of maleated ethylene octene
copolymer in PA 6 indicated that both strain and
impact strength of the polyamide 6 were increased
due to the fine interfacial bonding which occurred
between the major phase of polyamide and the minor
phase of dispersed particles of EOC. Also, by
increasing the content of EOC, tensile strength and
Young's modulus were lowered because of the lower
modulus of EOC compared with the polyamide 6.
Addition of alumina loading up to 5 wt% in the
polyamide matrix improved the stiffness of the
composite. This is because of the orientation of filler
during tension. In the case of more than 5 wt% of
powder loading in the matrix, breaking the particles
network and flow into the matrix as well as formation
of the agglomerations which prevent it from being
extended led to a decrease of tensile strength and
modulus of elasticity. The impact strength of the
modified PA 6 composites was at an acceptable level
which was related to the maleated EOC in the
composites. The thermal stability of the composites
was slightly increased by adding powder loading.
SEM photomicrographs showed uniform polyamide
composites so that EOC and alumina particles could
be properly dispersed in the polyamide matrix and
less agglomeration could be seen.
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An Investigation of the Strength
Properties of Aluminium-Based
Composite Foams Produced by Powder
Metallurgy Method

S. Niksirat'", M. Rangi’, A. R. Mojtahedzadeh”.

1- Introduction

Solid metallic foams are known to have many
interesting combinations of physical and mechanical
properties such as high stiffness in conjunction with
very low specific weight or high gas permeability
combined with high strength. For this reason, the
past ten years have seen an increased interest in these
materials.

Among cellular metals, aluminium foams have
received a considerable amount of attention in recent
years because of their extremely low density and
unique functional properties, such as impact energy
absorption and heat resistance. They have many
interesting applications in automobiles, sound and
heat insulation, heat exchangers, etc. These foams
are usually reinforced by different ceramic particles
in order to improve their properties.

There are many different ways to manufacture
aluminum matrix composite foams. Powder
metallurgy process is a new one. The principle of
this method is simpler and its operation is easier than
metal casting.

In the present work, two types of fine ceramic
particles, alumina (Al,O3) and silicon carbide (SiC)
were chosen as additions to enhance the performance
of Al foams. Various amounts of ceramic particles
were blended with Aluminium powder to produce
composite foams in powder metallurgical route.
Sodium chloride (NaCl) was used as a space-holder.

The microstructure, young’s modulus and
compressive strength of each of these foams have
been measured to investigate the effect of the amount
of reinforcement particles on Aluminium matrix
composite foams.

2- Experimental Work

The characteristics of the starting materials are
summarized in Table 1. The method consists of the
following four steps: mixing, compacting, sintering
and leaching. Firstly, the starting materials, i.e.
Aluminium powder and ceramic particles (5, 10 and
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15% wt) were thoroughly mixed together using a ball
milling system. Then, NaCl particles (50%wt) were
added. After the ingredients were mixed together
homogeneously, the mixture was poured into a mold
and compacted into green compacts 15 mmx30mmin
size.

Table 1.The specifications of theraw materials

Name Y5Purity Size (um) Producer
Al =00% =1 Merck

NaCl =00.5% <300 Merck

ALO; =00% 63-200 Merck
SiC =000 <43 Sd Fine

The green compacts were subsequently sintered
into composites at a temperature of 570°C under an
argon gas atmosphere for S5h. Thereafter, the
composites were placed into a hot running water bath
to leach out the embedded space holding particles
(NaCl), leaving behind an Aluminium matrix
composite foam with a porous structure.

Porosity of the foams was measured by equation 1:
p*=p/2.7 (1

In this equation,p is foam density that was

measured using mass and volume of the produced
foams and p* is its relative density.
Strength properties were calculated by the pressure
test at 1 s strain rate. Three specimens for each
sample were tested under the same test conditions to
guarantee the reliability of the results.

3- Resultsand Discussion

The microstructure of the raw materials is shown in
Fig.1. Fig.1.a shows Aluminium particles that are
irregular and flake like. Fig.1.b shows sodium
chloride regular and cubic particles. Fig .1.c and d
show Al203 and SiC particles with irregular and
spherical particles, respectively.

Fig.1. Microstraéture of raw materials. a)‘AIumlnium, b)

NaCl, c) Alumina, d) SiC.

Typical engineering compression stress-strain
curves of three different samples of each kind of
produced foams are shown in Fig 2. The curves show
the typical shape which may be divided into three
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regions: (1) linear elastic region, (2) collapse or
plateau region and finally, (3) a densification region.

As the porosity was nearly equal in all of the
foams, percentage of reinforcement particles is the
only effective parameter on the properties of the
produced foams. The compressive strength of the
composite foams strongly depends on the particle
content. The effects of addition of ceramic particles
are clear in Fig.2.

Table 2 presents the average amount of yield stress,
plateau stress, young modulus and densification
strain extracted from stress-strain curves.

In this Table, the yield stress is defined as the peak
stress at the end of the initial linear elastic region and
the plateau stress is defined as the stress level after
the initial drop. The reported value is calculated as
the average from the start of the plateau to the
densification strain. The densification strain is
defined as the strain in the plastic region where stress
exceeds the compressive strength value.
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Fig.2. Comparison of compression stress-strain curves of the
produced foams.a) Al. foam. b) Al-Sic foams. C) Al-Al,O; foams.

All of the strength properties have increased in
composite foams comparedwith metal foams. This is
probably the result of high strength and hardness
Although 5% and 10% of the reinforced samples
showed higher strength properties compared with Al
foam samples, composite foams of 15% SiC and
15% Al,O; showed a brittle compression behavior.
The possible reasons ofthe brittle nature of SiC/Al
foams and Al,O3;/Al foams include the increasedd
stress concentration at the particle/metal interface,
the presence of brittle phase at the particle/metal
interface and high stress concentrations in the
regions of particle segregation.

The increased collapse stress of composite foams
over Al foams may be partly due to the modification
of the microstructure of the foamed Al metal, i.e.
increased hardness of the foamed metal in the
composite foam and partly due to the modification of
the cell morphology, i.e. reduced fraction of metal in
the plateau borders. However, the calculations of
foam plateau stresses based on the same yield
strength of the foamed metal in Al and composite
foams have shown that the latter effect is the most
likely explanation for the increased collapse stresses
in the composite foam.

Table 2. Strength properties of aluminium
matrix composite.

ropertics Yield Young Plateau Densification
tress(MPa) modulus(GP tress(MPa) strain
Sample Stress a 3.) stress| a
Aluminium 612024 0308001 | 52+0.17 0.055£0.007
[oam
AL
AIS%BALOs | 534403 03824011 | 6.17+0.09 0.065£0.009
Al- 9.110.37 0.50240.16 | 7.45+0.24 0.1620.005
10%A1,0; A10. 502+0. 450. 1620.
Al-
15ALO: 7.1240.18 0.337+0.008 | 5310.15 0.1420.005
AL5%SiC 8.5240.26 0.55140.007 | 7.23402 0.097:0.008
ALL10%SIC | 11.84+035 | 0.617+0.13 | 9.83+0.26 0.140.004
ALLIS%SIC | 7.1240.29 0.278+0.008 | 6.75+0.17 0.0840.006
4. Conclusion

The effect of the amount of Silicium Carbide and
alumina particles (5, 10 and 15%wt) on the
properties of aluminium matrix composite foams
produced by the metallurgy powder method is
investigated in this research.

The results showed that addition of ceramic
particles lead to improvement of strength properties
in all composite foams comparedwith metal
foam;since they are strong and brittle in nature.

Yield strength has increased in all composite foams
comparedwith aluminium foams. 5% of the
reinforced foams are still not strong enough and 15%
of the reinforced foams are too brittle; so their walls
tears easily.10%wt of Alumina and silicium carbide
particles was more effective than 5% and 15%.
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The Effect of Phosphorous on the
Microstructure and Magnetic Properties
of Fe Based Alloys

S. Jafari"**,A. Beitollahi®,B. Eftekhari-Yekta®, T. Ohkubo',
R. Gopalanl, Giselher Herzer’, K. Hono'

1- Introduction
Soft magnetic materials are used extensively in

transformers where high magnetic induction (B) is
one of the important requirements. Transformers
operate under a.c. conditions and hence apart from
high magnetic induction, it is also necessary to have
low eddy current losses. High saturation magnetic
flux density (B;) of about 2 T is obtained with Si
steels. However, still further reduction of the core
losses is demanded for Si steels to solve the energy
saving problem. It is already shown that core loss
decreases with increasing the silicon content but at
the cost of increasing the brittleness and reduction of
magnetization. In this respect, the effects of addition
of various elements have been studied. However, the
effect of addition of phosphorous on the core loss and
magnetization has not been explored in full details. In
the work presented here, an attempt is made to study
the microstructural and magnetic properties
relationship of the as-rolled and heat-treated Fe, Py
(x=0.36, 0.7, 1.1 at. %) alloys.

2- Experimental Work

Fe-P alloys were prepared by induction melting of
high purity Fe and Fe;P master alloy. As-cast
samples were hot-rolled at 900 °C, forged and then
cold rolled to a final thickness of 0.3mm to prepare
rolled sheets. The specimens were then heat treated
in an infrared heating furnace at 800, 900 and
1000°C for 1h in a vacuum atmosphere and then gas
cooled by helium. Second step annealing was
performed at 500 °C and 600 °C for 30 min in
vacuum atmosphere followed byfurnace cooling.
Magnetic properties of the ring samples were
measured using a B-H loop tracer by Iwatsu B-H/u
Analyzer SY-8285. Measurement of the losses were
done at 1T/400 Hz using a wattmeter. The electrical
resistivity of the sheets were measured by the
standard four-point probe technique. Micro structural
analyses of the samples were carried out by optical
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microscopy (OM) using a Nikon eclipse LV100 and
a Tecnai T20 transmission electron microscope
(TEM) at 200 kV.

3- Results and discussion

Table.l summarizes the magnitudes of coercivities
(H,) of the prepared samples. As it can be understood
from this Table, the coercivity values of the as-rolled
alloys were very high compared to those of the
annealed samples due to the large amounts of
dislocations in those samples. Fig. 1(a) illustrates the
optical microscopy image of as-rolled Fe- 0.36% P
sample with the elongated grains along the rolling
direction. In the TEM micrograph of this sample
(Fig. 1(b)) high densities of dislocations could be
seen. As it can be noticed from Table .1, increasing
the annealing temperature led to the reduction of H,
reaching to its lowest values at higher temperatures
i.e. 900 °C and 1000 °C. The decline of coercivity
with annealing at high temperatures is attributed to
the removal of internal stresses and annihilation of
dislocations already formed during the rolling
process. Also based on the H, magnitudes of the post
annealed samples, one could suggest that in general
H, decreased upon post annealing.

Further, Figs. 2(a-c) demonstrate the microstructure
of the samples FP106-0.36, FP106-0.7 and FP106-
1.1 obtained by optical microscopy which highlights
the existence of well crystallized grains. Fig. 2(d)
illustrates the variation of the average grain sizes
versus the phosphorus content. It is evident that the
average grain sizes were risen as the content of
Phosphorus increased.

Fig. 1. a) Optical microscopy as-rolled Fe-0.36% P sample. b)
TEM image the same sample. The inset show the SAED
pattern obtained along the [112] zone axis of the matrix o—Fe
(P) phase.



Tablel. Coercivity values for various Fe-P samples
prepared in this research

Sample H?otr:geizz?lzm Composition (A/m)
m“‘:;('m p Fe-0.36 at.%P 905
F8-0.36 800°C/Th Fe-0.36 at.%P 369
F9-0.36 900°C/1h Fe-0.36 at.%P 261
F10-0.36 1000°C/Th Fe-0.36 at.%P 238
FP86-0.36 800°C/1h +600°C/0.5h Fe-0.36 at.%P 345
FP96-0.36 900°C/1h+600°C/0.5h Fe-0.36 at.%P 261
FP106-0.36 1000°C/1h+600°C/0.5h Fe-0.36 at.%P 260
FP85-0.36 800°C/1h +500°C/0.5h Fe-0.36 at.%P 321
FP95-0.36 900°C/1h+500°C/0.5h Fe-0.36 at.%P 226
FP105-0.36 1000°C/1h+500°C/0.5h Fe-0.36 at.%P 260
As-rolled0.7 Fe-0.7 at.%P 798
F8-0.7 800°C/1h Fe-0.7 at.%P 323
F9-0.7 900°C/1h Fe-0.7 at.%P 228
F10-0.7 1000°C/Th Fe-0.7 at.%P 254
FP86-0.7 800°C/1h +600°C/0.5h Fe-0.7 at.%P 289
FP96-0.7 900°C/1h+600°C/0.5h Fe-0.7 at.%P 262
FP106-0.7 1000°C/1h+600°C/0.5h Fe-0.7 at.%P 246
FP85-0.7 800°C/1h +500°C/0.5h Fe-0.7 at.%P 328
FP95-0.7 900°C/1h+500°C/0.5h Fe-0.7 at.%P 244
FP105-0.7 1000°C/1h+500°C/0.5h Fe-0.7 at.%P 246
As-rolled].1 Fe-1.1 at.%P 662
F8-1.1 800°C/1h Fe-1.1 at.%P 324
FO-1.1 900°C/1h Fe-1.1 at.%P 243
F10-1.1 1000°C/Th Fe-1.1 at.%P 229
FP86-1.1 800°C/1h +600°C/0.5h Fe-1.1 at.%P 243
FP96-1.1 900°C/1h+600°C/0.5h Fe-1.1 at.%P 240
FP106-1.1 1000°C/1h+600°C/0.5h Fe-1.1 at.%P 189
FP85-1.1 800°C/1h +500°C/0.5h Fe-1.1 at.%P 351
FP95-1.1 900°C/1h+500°C/0.5h Fe-1.1 at.%P 202
FP105-1.1 1000°C/1h+500°C/0.5h Fe-1.1 at.%P 243

4 06 08 10
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Fig. 2. Optical microstructure of heat treated a) Fe-0.36P, b)
Fe-0.7P, ¢) Fe-1.1at%P. d) The relationship between
phosphorous content and grain size.

Fig. 3(a) shows the first quadrant of the B-H curves
of the FP106-0.36, FP106-0.7 and FP106-1.1
samples measured at 50 Hz/1T. Fig. 3(b) also shows
the effect of phosphorous content on Bs,. As it can be
depicted from Fig. 3(b), the magnitudes of Bs, and B,
values that were obtained for the annealed Fe-P
rolled sheets rose with increasing Phosphorous
content.The same trend could be also detected for
Wmax» and the measurements showed that .
increased from 4600 to 6200 with increasing
Phosphorus content from 0.36 at% to 1.1 at%.

Fig. 4 also compares three components of the core
loss: eddy current loss, hysteresis loss and excess loss
for the studied samples. As it can be realized from
this Figure, the magnitude of hysteresis and eddy
current losses decreased with increasing the content
of Phosphorous. However, this was not the case with
excess loss for which an increase was seen with
increasing the Phosphorous content.
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Fig.3. a) The magnetization curves of FP106-0.36, FP106-0.7,

FP106-1.1 measured by BH loop tracer at 50Hz/1 T. The inset

shows the low field area of magnetization curve. b) The effect
of P content on magnetic induction Bs,.
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Fig. 4. The effect of phosphorous addition on
three components of the core loss.

4- Conclusion

We investigated the effects of Phosphorous addition
on soft magnetic properties and microstructure of
Fe, <Py (x=0.36, 0.7, 1.1 at. %) rolled sheet alloys.
The obtained results showed that increasing the
Phosphorous concentration increased Bsy and pax. It
was also found that increasing the Phosphorous
content caused the decline of the eddy current loss
due to the observed rise of the electrical resistivity.
Also the grain size increased about 3 times with
increasing Phosphorous concentration, leading to the
decrease of Hysteresis loss.
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