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Investigation of the Deflection Behavior of CZ3000 Prealloyed Powder Beam Using
In-situ Bending Technique

M. Mousapour M. Azadbeh A. Mohammadzadeh

Abstract

The viscosity of the sample decreases with an increase in fraction of the liquid phase. Beam bending test
is the technique used for measuring viscosity. In this paper, an investigation of the deflection behavior of
Cu-28Zn beams at various temperatures and times ranging from 910 to 950 € and 0 to 90 minutes was
studied. The midpoint deflection was measured by in situ bending images. It is concluded that deflection
of brass beam as a function of temperature is linear and is nonlinear in the case of time. This is due to
zinc evaporation that effects the chemical composition and liquid volume fraction.

Key words Pre-alloyed Brass Powder, In-Situ Bending, Viscosity, Zinc Evaporation.
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One-Pot Synthesis of Hydrophobic Silica Nano Particles with Long-Chain
Alcohol 1-Octadecanol

M. Dargahi-Zaboli E. Sahraei B. Pourabbas B. Korgel

Abstract

In this work, one-pot synthesis of modified silica nanoparticles with long-chain alcohol 1-Octadecanol by stober
method at 70 < is presented. Hydrophobicity of particles increased dramatically by increasing the amount of 1-
Octadecanol up to 7 wt.%. Surface modification was completed during the first 90 minutes. Additional reaction time
had no further effect. The most possible modification was obtained when the reaction took place at pH=8. Successful
surface modification was confirmed by FT-IR spectroscopy, thermogravimetric analyses and contact angle
measurements. X-ray diffraction patterns indicate an amorphous structure which did not significantly change by
surface modification. Transmission electron microscopy images were used to investigate the morphology and
dimension of the silica particles.

Key words One-Pot Synthesis, Surface Modification, Silica Nanoparticles, Hydrophobic,1-Octadecanol,
Stober Method
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Effect of Welding Parameters on Dissimilar Friction Stir Spot Welded
Al-5083/St-12 Alloy Sheets

E. Fereiduni M. Movahedi A.H. Kokabi

Abstract

The present study investigates the effect of rotational speed and dwell time on the strength of Al-5083/St-12 friction
stir spot joints. The welds were made using a newly developed FSSW process in which the tool pin did not penetrate
into the lower steel sheet. Rotational speeds of 900 and 1100 rpm were applied in association with the dwell times in
the range of 5-15 s. Results showed that the strength was first improved and then declined with increasing the dwell
time. Furthermore, stronger joints were achieved at 900 rpm compared to the rotational speed of 1100 rpm.

Key words Friction stir spot welding, Rotational speed, Dwell time, Fracture load.
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Novel Procedure for Production of Duplex Martensitic-Ferritic
Plain Low Carbon Steels

M. Shaban Ghazani H. Shokrvash

Abstract

In the present study, plain low carbon steel with 0.033 wt.% carbon content was subjected to severe pressure during
continuous cooling from austenite region. The pressure was increased gradually and then suddenly released. As a
result, a microstructure composed of 80% lath martensite and 20% ferrite was produced. Results showed that the

martensite formation is not only a function of the cooling rate but also the hydrostatic pressure which effects the
austenite to ferrite transformation start temperature (Ars).

Key words Plain Low Carbon steel, Duplex Microstructure, Martensite, Cooling Under pressure.
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Investigation of Morphology and Corrosion Behavior of Electroless Ni-P Coating on
Mg-7Li Alloy with Different Pre-treatments

M. Ghaderi S.M. Monirvaghefi

Abstract

In this study, morphology, mechanical and corrosion properties of Ni-P electroless coating was investigated using
different pre-treatments on the Mg-Li (MA21) alloy. The results show that adding 125 g/l chromium trioxide and 110
ml/I nitric acid to the pickling solution can increase the uniformity of the intermediate layer and reduce the porosity
of the Ni-P electroless coating. The MgF, and LiF layer uniformity leads to the increase in the number of coating
nucleation sites and a fine morphology. The corrosion rate of the MA21 sample, Ni-P electroless coating sample with
125 g/l CrO; and 110 ml/l HNO; was 63, 87 and 4 mpy, respectively. The test results of Ni-P electroless coating
adhesion with pretreatment number 2 was double that of pretreatment number 1.

Key words Mg-7Li, Electroless Coating, Ni-P, Pre-treatment, Corrosion Properties, Coating Adhesion
Properties
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Evaluation of the Effect of Holding Temperature and Time of SIMA Process on the
Microstructure and Mechanical Properties of Aluminum Alloy 2024

P. Raiesi Gojani M. Alizadeh

Abstract

This study aims to investigate the effect of holding temperature and time of semi-solid SIMA process on the
microstructure and mechanical properties of aluminum alloy 2024 and to compare it with T6 heat treatment. The
results of scanning electron microscopy, EDX analysis and metallographic techniques showed that an increase in
holding temperature and holding time would first lead to an increase in sphericity and then a decrease is observed.
This process led to an increased formation of continuous eutectic microconstituent in the grain boundaries and also
more cavities. The optimum cases represented an increase of 116% in elongation and 44% in toughness, and a
decrease of 3.7% in strength and 5.5% in hardness in comparison with T6 heat treated sample. The results indicated
the positive effects of SIMA process on the mechanical properties.

Key words Aluminum Alloy 2024, SIMA Process, Mechanical Properties.
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In-situ Composition of Al/Alz;Mg, on Al-1050 Surface by Friction Stir Processing

M. Mosalaeepour Sh. Arshadi Rastabi

Abstract

In order to improve the structural and mechanical properties of Al-1050, Al/Mg composite was processed
on the surface of this alloy by using friction stir processing. Structural studies showed that one pass FSP
on the as-received aluminum substrate changed the grain shape from stretched grains to equiaxed.
Microstructural studies by scanning electron microscope equipped with EDS spot analysis and X-ray
diffraction phase analysis revealed the formation of AlsMg, intermetallic compound in the 4-pass FS-
processed sample. Microstructural studies revealed the significant effect of number of FSP passes and
using of Mg particles on the grain size of the FSP area, i.e. grain size in this area changed from 5010
um in the FS-processed sample with one pass and without Mg particles to 6+2 um in FS-Processed
sample with four passes and Mg particles. Tensile strength test showed a 70% improvement of tensile
strength of the composite compared to that of the base metal.

Key words FSP, Composite, Al, Mg, Hardness, Strength.
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Investigating the Mechanical Strength and Degradation of Bone Scaffold
Fabricated from Hydroxyapatite and Polyurethane Foam

M. Javidi A. Jolagah

Abstract

The fabrication and characterization of bone scaffold which was produced from hydroxyapatite and
polyurethane foam were investigated. Thermal and mechanical properties of the scaffolds were studied
via X-ray diffraction, scanning electron microscopy, and compression test and thermogravimetry
technique. Also, hardness test, three-point bending and investigation of biological behavior were
employed. The fabricated scaffolds showed high compressive strength with favorable percentage of
porosity. Thus, it might be concluded that the polymer foam fabrication technique can be appropriate for
producing bone scaffolds. By increasing the weight percentage of hydroxyapatite from 45 to 65, the
density of the scaffold increased from 1.37 to 1.57 g/cm® and compressive strength increased from 0.82 to
1.7 MPa while the porosity decreased from 57.8 to 34.39.

Key Words Scaffold, Polyvinyl Alcohol, Hydroxyapatite, Biodegradability, Bioactivity, Polyurethane
Foam
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Pool Volume Influence on Carbon Nanotube Dispersion in Cu-Cr Matrix by
Wet Ball Milling

M. Masroor S. Sheibani A. Ataie

Abstract

In this paper, the production of Cu-1wt%Cr-5wt%CNT nano-composites by wet milling process at three
different levels of milling energy and two different pool volumes was investigated. The structural
evolution and solid solution formation were evaluated by X-ray diffraction technique. The microstructure
was characterized by scanning electron microscopy. The mechanical properties were also investigated by
microhardness testing. The mean crystallite size was in the range of 44-94 nm depending on pool volume
of milling medium and milling energy. It was found that wet milling at higher levels of milling energy and
lower pool volumes of 10 ml can be a beneficial method of producing the nano-composite with the least

damage introduction on homogeneously dispersed carbon nanotubes. Maximum hardness of 88 HV was
obtained under optimum conditions.

Key Words Wet milling, Carbon Nanotube, Copper, Nano-Composite.
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weakened in the highest level of milling energy.
FESEM images showed that wet milling a high
levels of milling energy and less pool volume can be
considered as the most efficient way to reach
perfectly embedded CNTs. This result can be
attributed to the fact that this level of milling energy
is sufficient for dispersing of CNTs. Indeed, at low
and medium levels of milling energy, higher pool
volume can guarantee the dispersion of CNTS, but at
higher levels of milling energy the effect of pool
volume is weakened and it can be more effective on
having less damaged imbedded CNTs in the
composite matrix.
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Fig. 1 Changes of crystallite size as function of milling
energy for different samples

Fig. 2 shows the FESEM image of WM5 sample
with the best dispersion of minimum damaged CNTs
in comparison to other samples with different milling
conditions.

Fig 2 FESEM image of WM 5 sample

The results of microhardness test (Fig. 3)
corresponds to other results and the microhardness
result verifies the best dispersion of CNTs in WM5
sample since this sample has the highest hardness.
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Fig 3 Microhardness values of different samplesasa
function of milling energy

4- Conclusions

Cu-1wt.%Cr-5wt.%CNT nano-composites by wet
milling process at three different levels of milling
energy and 10 ml and 25 ml of ethanol were
fabricated. According to FESEM images which were
in agreement with microhardness test results, wet
milling at high level of milling energy and smaller
pool volumes is an efficient way for dispersing CNTs
while introducing less damage on them. Finaly, it
can be concluded that wet milling with controlled
milling parameters can be an effective way for
dispersing CNTsin Cu matrix composites.
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Pool Volume Influence on Carbon
Nanotube Dispersion in Cu-Cr Matrix by
Wet Ball Milling

M. Masroor S, Sheibani® A. Ataie®

1- Introduction

Copper matrix hybrid composites reinforced with
ceramic and metallic precipitates, have received
considerable interest in researches due to their
favorable properties, namely good mechanical
properties, high electrical and thermal conductivity.
Among copper matrix composites, Cu-Cr isan in-situ
composite. Chromium has a small solid solubility in
copper matrix because of its positive heat of mixing
which its formation results from decomposition of
supersaturated Cu-Cr solid solution. On the other
hand, carbon nanotubes (CNTSs) are good candidates
to be used as reinforcements in polymer, ceramic and
metallic composites due to their valuable properties.
So far, most of the investigations on CNT composites
have been focused on polymer matrix composites and
ceramic matrix composites compared to metal matrix
composites because of difficulty in homogeneous
dispersion of CNTs in the metal matrix due to their
agglomeration, density mismatch and weak interface
bonding with metallic matrices. Among different
approaches for fabricating hybrid nano-composites,
ball milling is a simple, low cost and high yield
method. Also, it is an efficient way for producing
CNT strengthened alloys due to the possibility of
dispersing carbon nano-tubes as reinforcement
elements in metal matrix composites. Despite these
advantages, agglomeration and defects introduced on
CNTs during ball milling have negative effects on
their morphology, mechanical and physica
properties. Wet milling in presence of aliquid phase
is an efficient method that can be used to enhance the
dispersion of CNTs in metal matrix composites. In
this study, the preparation of Cu-1wt.%Cr-
5wt.%CNT nano-composite by wet milling process at
three different levels of milling energy and two
different pool volumes was investigated and the
effect of pool volume on the CNTs dispersion and
mechanical property have been investigated.

2- Experimental
Starting materials used in this research were

1 M.Sc., School of metallurgy and Materials Engineering,
University of Tehran.

2" Corresponding author, Assistant professor, School of
metallurgy and Materials Engineering, University of
Tehran, ssheibani @ut.ac.ir

® Professor, School of metallurgy and Materials
Engineering, University of Tehran

commercialy pure Cu, Cr and multi-walled CNTs. It
should be mentioned that CNTs were sonicated in
ethanol for 90 minutes, to break up the CNT
agglomerates. Powder mixtures were mechanically
milled in a planetary high energy ball mill (PM2400)
with hardened steel vial and balls under argon
atmosphere. In the first step, Cu-1wt.%Cr solid
solution was prepared as the matrix phase. The ball-
to-powder weight ratio (BPR) and milling speed were
30:1 and 300 rpm, respectively. 1wt.% of toluene
was used as a process control agent. In the second
step, Cu-Cr solid solution alloy together with 5wt.%
of CNTs was wet milled for 5 h. The milled samples
were dried on hotplate for about an hour at 80°C to
evaporate the ethanol. Table 1 summarizes milling
conditions of different samples. The structural
evolution and solid solution formation were
evaluated by X-ray diffraction technique. The
microstructure was characterized by scanning
electron microscopy. Also, the mechanical property
was investigated by microhardness test.

Table 1 Milling conditions of different samples

Sample Rotation BPR | Pool volume(ml)
speed (rpm)
wM1 200 10 10
WM2 200 10 25
WM3 300 10 10
WM4 300 10 25
WM5 300 30 10
WM6 300 30 25

3- Resultsand Discussion

According to the XRD patterns and the calculation of
lattice parameter of Cu, it was concluded that Cu-
1wt.%Cr solid solution was formed after 20 h. Based
on the results of first milling step, 5wt.% of CNTs
were added to 20 h milled Cu-Cr solid solution
sample and milling was continued for 5 h in wet
milling medium. To have a detailed study on the
effect of milling conditions and pool volume on the
Cu structure at the same time, the Cu mean crystallite
size changes as a function of milling energy for
different samples were calculated and are shown in
Fig. 1. It can be seen that the mean crystallite size of
samples decreases as the milling energy increases
which is due to the formation of defects such as grain
boundaries and dislocationsin the structure. Also, the
presence of well-dispersed CNTs can be another
reason for this decrease. However, in wet milled
samples at higher pool volumes, less energy is
attributed to the changing in crystallite size which is
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simulated body fluid (SBF) under same conditions
and investigating the weight gain of the samples.

3- Resultsand Discussion

Fig. 1 shows the result of the thermogravimetric
analysis which shows burning of the polyurethane
foam at two temperature ranges of 180-320 and 360-
600 °C.
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Fig. 1 Thermogravimetry result for the scaffold

The results of the XRD analysis are shown in Fig. 2
which shows the compatibility of the composition of
the extracted hydroxyapatite and also the scaffold
with standard hydroxyapatite card.
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Fig. 2 Comparison of the XRD pattern of natural

hydroxyapatite and the studied scaffold with the

standard hydroxyapatite

T-082-1998

As can be seen from Table 1, the fabricated scaffolds
showed high compressive strength with favorable
percentage of porosity. By increasing the weight
percentage of hydroxyapatite from 45 to 65, the
density of the scaffold was increased from 1.37 to
1.57 glem® and the compressive strength increased
from 0.82 to 1.7 MPa while the porosity decreased
from 57.8 to 34.4.

Fig. 3 and Fig. 4 show the results of the
biodegradability and biocompatibility tests on the
studied bone scaffold (sample 7). As can be seen the
weight loss of the sample in phosphate buffered

sdline indicates the biodegradability and also the
weight gain of the sample in SBF solution proves the
biocompatibility of the investigated bone scaffold.
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Fig. 3 Weight loss percent (biodegradability) trend of
the bone scaffold sample 7 in phosphate buffered saline
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Fig. 4 Weight gain percent (biodegradability) trend of
the bone scaffold sample 7 in phosphate buffered saline

The porous structure of the investigated bone
scaffold is shown in Fig. 5 which indicates the
presence of macroscopic porosity in the range of 200
to 400 um and also microscopic porosity in the range
of 2-100 um which can promote bone ingrowth.
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-~ W i .
Fig. 5 SEM photomicrograph of the investigated bone
scaffold

4- Conclusions

In this study, the fabrication and characterization of
bone scaffold which was produced from natural
hydroxyapatite and polyurethane foam were
investigated. The fabricated scaffolds showed high
compressive strength with favorable percentage of
porosity. The biodegradability and biocompatibility
of the investigated bone scaffold were presented by
in vivo invedtigations. It can be concluded that
polymer foam fabrication technique can be an
appropriate technique for producing bone scaffold.
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Investigating the M echanical Strength
and Degradation of Bone Scaffold
Fabricated from Hydroxyapatite and
Polyurethane Foam

M. Javidi'®  A. Jolagah?

1- Introduction

Tissue engineering is the use of a combination of
cells, engineering and materials methods, and
suitable biochemical and physicochemical factors to
improve or replace biologica functions. In the
human body, bones have a great tendency toward
reproduction and thus is a subject of study in tissue
engineering. Small fractures in the human bone can
be healed by the healing process of the body.
However, bone grafting may be required in huge
fractures. In the last thirty years the use of artificial
implants in bone restoration has been attractive to
researchers. One of the key factors in tissue
engineering is the use of bone scaffold in the field of
improving the bone healing process. The scaffolds
should have similar mechanical properties as the
bone and also have appropriate biocompatibility and
bio-degradability in the human body during bone
healing. The properties of the scaffolds are mainly
affected by its materials and the main of these
properties is the porosity. The use of hydroxyapatite
as a material for bone scaffold has been studied by
researchers. Hydroxyapatite is a hiocompatible
material and because of its similar chemica
composition to the human bone has been mainly used
as material in orthopedic applications.

2- Experimental

In this study, the fabrication and characterization of
bone scaffold which was produced from natural
hydroxyapatite and polyurethane foam were
investigated. Bovine femur was chosen for extraction
of hydroxyapatite. The spongy bones were discarded
and the cortica bone was de-fleshed. The bone
marrow and all pieces of meat and fat were removed
and the bone pieces put in fresh air for 10 days. By
using a gas torch and applying direct flame to the
cleaned bone, organic components were burned for 3
hours at 400 °C. The product of this thermal process
contained some char due to burning of organic
components. To remove the remaining char, the
black powder (bone ash) was placed in an air furnace
at different temperatures between 800 °C for 2 hours
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and finally it was cooled inside the furnace.
Following this process, the black ash turned into a
white granular powder. The product which is natural
hydroxyapatite was then sieved via 230 mesh to
reach a powder particle size of under 65 pm.

For the fabrication of the bone scaffold, polyvinyl
alcohol was dissolved in double distilled water at
70°C and then hydroxyapatite powder was added to
prepare a dlurry with the chemical composition
shown in Table 1. slurry was mixed for 20 minutes.
Polyurethane sponge was used for the preparation of
the scaffold and the slurry was poured on the sponge
and after drying at 80 °C for 2 hours they were
placed in an air furnace and heated to 600 °C to burn
the sponge and then sintered at 1200 °C for 4 hours.
Therma and mechanical properties of the scaffolds
were studied via X-ray diffraction (XRD), scanning
electron microscopy (SEM), compression test and
thermogravimetry technique. Also hardness test,
three-point bending and investigation of biological
behavior were employed. The chemical composition
of the durry and also the mechanical properties of the
resulted scaffolds are presented in Table 1.

Table. 1. The chemical composition of the dlurry and
mechanical properties of the studied scaffold
sintered at 1200 °C

Slurry Composition .
V(Wt_%'))) Properties

2
© 2 T 2
s | g S 2 2
5|8 = | & | 2

2 H,0 | PVA 5E o 5

o £ e e

g o § o c,\C'

T © & =)
1 69 30 1 113 1.48 42.17
2 68 30 2 1.36 151 40.45
3 67 30 3 152 1.52 36.70
4 65 30 5 1.7 1.57 34.39
5 59 40 1 0.87 1.38 56.30
6 58 40 2 0.93 141 55.70
7 57 40 3 1.03 142 52.30
8 55 40 5 1.15 1.44 48.40
9 49 50 1 0.62 1.26 64.30
10 48 50 2 0.96 131 61.70
11 47 50 3 0.76 1.35 59.50
12 45 50 5 0.82 1.37 57.80

The biodegradability of the studied scaffold was
performed via considering the weight loss of sample
7 by putting it in phosphate buffered saline with
pH=7.4 a 37+1 °C for 7 days. Furthermore, the
biocompatibility was studied by placing sample 7 in
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Fig. 2 Effect of number of FSP passes on grain size of
different zones (a) 1st pass; (b) 4th pass

g

:

8

Intensity(arbirary unit)

g

o

30 2 5 P ) 50
Position (2Theta)
Fig. 3 XRD diffraction pattern of the 4pass FS-
processed sample

Microhardness results showed that maximum
hardness of samples without magnesium to be
27+3Hv and the maximum hardness of samples with
magnesium to be 60+5Hv, while the base metal had
a hardness value of 20+5Hv. Tensile tests also
indicated an improvement in strength from
55+3MPa in the base meta to 60+3MPa after
applying 4 FSP passes. Also, tensile strength
increased to 110+5MPa by adding magnesium
powder and 4 passes of FSP.

4- Conclusions

Friction stir processing was carried out successfully
to develop in-situ Al/Mg composite on the surface of
Al-1050 substrate. FSP with addition of magnesium
to the surface of AI-1050 substrate caused grain
refinement and formation of equiaxed gains in the
stirred zone. Evaluation of mechanical properties
indicated the significant improvement of hardness
and tensile strength of the FS-processed sample
containing magnesium particles.
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In Situ production of Al/AlsMQ,
Composite on Al-1050 via Friction Stir
Processing

M.Mosallaee" S. Arshadi®

1- Introduction

In general, aluminum aloys are used in industry
because of their low weight and good strength. The
properties of these materials are very important. The
FSP was developed in England in 1991 as an
efficient method for improving the properties of
auminum. In this method, a hard tool is used to
rotate on a piece of aluminum causing stirring and
severe plastic deformation and recrystalization
which results in better properties in the friction stir
processed zone. In recent years, many researchers
have focused on the procedure. They have redlized
that by adding ceramic or metallic powders, an alloy
can be obtained with better properties. In this project
it is intended to add magnesium metallic powder to
Al-1050 aloy and study the in-situ formation of Al-
Mg intermetallic to improve the mechanical
properties of the aloy.

2- Experimental
In this study, Al-1050 aloy with Al-0.25Si-0.40Fe-
0.5Cu-0.03Ti-0.05Mn  (wt.%) and <40pm Mg
powder were used as the substrate and secondary
hardening particles, respectively. Friction Stir
Processing (FSP) was carried out via milling machine
and H13 tool. The effect of number of FSP passes on
the structure and developed phases was studied.
Furthermore, FSP samples were subjected to post-
FSP heat treatment (1 hour at 360°C) to increase the
reaction between magnesium and aluminum.
Metallographic samples were cut perpendicular to
the FSP path and electro-etched after surface
preparation via 5™ HBF,+200™ distilled water at
15V for 180 seconds. Microstructural studies were
carried out by using optical and scanning electron
microscopes. The phases in the FSP area were
studied via XRD anaysis and their chemical
composition was determined via EDS analysis.
Micro-hardness and tensile tests were used to
evauate the mechanical properties of FS-processed
samples.

3- Results and Discussion
Al-1050 is non-heat treatable, and therefore, we have
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tried to improve its surface property via developing
an Al/Mg composite. Al/Mg composite was
successfully formed on the surface via FSP. Optical
studies from the stirred zone (SZ) showed that by
applying one pass FSP without magnesium, the
column structure of the base metal changed to fine
equiaxed grains with a diameter of 50+10um. The
grain size of the SZ decreased by number of passes
(32+4pm in the 4Mpass FSP samples).
Microstructural studies showed that the addition of
magnesium resulted in further grain refinement of the
SZ down to 6+2um after the 4 FSP passes with Mg

(Fig. 1).

& 200um
Fig. 1 Optical images of the microstructure of (a) base
metal; (b) SZ of 4-pass FSP sample, (c) SZ of 4-pass
FSP sample with Mg particles; arrowsin (c) indicate
onion rings

Grain coarsening occurred in TMAZ with
increasing the number of FSP passes (62+10um after
first pass to 78+14um after 4 passes), as shown in
Fig. 2. This could be related to the increased heat
input by increasing the number of FSP passes.

Scanning electron microscopy with EDX studies
showed the formation of intermetallic AlsMg, after
applying 4 passes of FSP. XRD phase analysis also
confirms the formation of this phase in the sample
(Fig. 3).
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Fig. 2 Optical microscopeimagesrelated to the
microstructure of the sampleswith 60% strain and
temperature of 575 °C; a) 5 min; b) 10 min; c) 15 min;
and d) 30 min

Based on the results mentioned in Table 2, we
witness a 44% increase in the optimal toughness
mode relative to T6 state, which suggests the positive
impact of the SIMA process on increased toughness.
Although the optimum tensile strength of the aloy in
the SIMA process has slightly decreased compared to
T6 sample, the significant increase in elongation and
toughness also represents the positive effect of the
SIMA process on tensile properties of the aloy.

Table 2 Results of SIMA sampletensile test

Sample
Summary of
operations
Yield stress
(Mpa)
Tensile
strength (Mpa)
Elongation
percentage
Toughness
(Mpa.m*?)

40% strain at
ambient
temp, 5min 280 460 20.7 74.7
of holding at
575° C

S575-

40% strain at
ambient
temp, 5 min 300 472 26.7 26.2
of holding at
595° C

S595-

40% strain at
ambient
temp, 5 min 320 485 228 233
of holding at
610° C

S610-

40% strain at
ambient
temp, 10 min | 265 462 275 26.7
of holding at
575° C

S570-
10

40% strain at
ambient
temp, 15 min | 240 386 51 33
of holding at
575° C

S570-
15

55 min of
solution
making at
500°C,
guenchin
cold water,
aging at
190°C

T6 450 513 12.7 52

Results of hardness test have been presented in Fig.
3. At a specified temperature, the hardness has
increased with increasing holding time or
temperature. Thus, regarding the 2024 aluminum
aloy, an attempt to spheroidize the microstructure by
increasing temperature or time has led to increased
hardness.
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Fig. 3Hardness chart of SIMA samples. a) I n constant
strain and time; b) In constant strain and temperature

4- Conclusions

1. With increasing semisolid temperature,
sphericity isfirst increased and then reduced and
the grain size first decreased and then increased.

2. With increasing holding time, the grain size
showed an increasing regime. By increasing the
holding time, the rate of sphericity increased but
the grain boundaries became thicker and
intermetallic compounds on the grain boundaries
became more interconnected. However, after
long holding times, the rate of sphericity has
decreased.

3. SIMA process has reduced the overall strength
but has had a positive effect on elongation and
hardness.
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Evaluation of the Effect of Holding Temperature
and Time of SIMA Processon the Microstructure
and Mechanical Properties of Aluminum

Alloy 2024

P. Raies Goojanit M. Alizadeh?

1- Introduction
To produce homogeneous semisolid materials with
proper structure, SIMA method is the best option
since in this method, the semisolid material is easily
accessible in addition to inexpensive eguipment. Due
to limited research on the impact of SIMA on
mechanical properties and microstructure in 2024
aluminum alloys, attempt has been made in this study
to address this important issue and examine the effect
of semisolid process specifications (temperature and
holding time at this stage). The obtained results are
compared with mechanical properties resulting from
T6 standard operations in order to evaluate the
efficiency of the process.

2- Experimental

In this study, SIMA process includes one stage of
applying strain followed by one stage of retention at
semisolid temperature. To apply strain, the samples
were rolled to 40% at ambient temperature. The
samples were then placed in a furnace with an argon-
controlled atmosphere at different times and
temperatures within the temperature range of the
semisolid. In this research, 2024 auminum sheet
with a thickness of 4.85 mm and chemica
composition stated in Table 1 was used.

Table 1 Chemical composition of 2024 aluminum alloy

obtained through emission spectrometry method

Al Cu Mg Mn Fe S
Base | 4.8 13 0.6 0.30 | 0.30

To check the hardness of the samples, Vickers
microhardness test was employed. To assess the
mechanical behavior of the samples, uniaxial tensile
test with the strain rate of 2.6x10° was applied. For
metallography, samples were etched in chlorine
solution (2 ml of HF (40%) + a3 ml of HCI (38%) +
5 ml of HNOs (70%) + 190 ml H,0). Microstructure
images were prepared using optical microscope and
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scanning electron microscope (SEM) at different
magnifications.

3- Resultsand Discussion

Optical microscope images related to the samples
kept for 5 minutes at different temperatures of 575,
595, 610 and 620 °C are presented In Fig. 1. As can
be seen, increasing the temperature up to 610 °C
caused an increase in the rate of sphericity, but at
620 °C, sphericity dightly decreased. Additionally,
with increasing melt fraction, the grain size is
reduced up to 610 °C and then increased. At
temperatures above 610 °C, in addition to decreasing
the shape factor and increasing the grain size,
destructive effects including the thickening of the
grain boundaries and separation and porosity in the
microstructure are observed. The optimal state of
microstructure in this section is reported to be
obtained at 610 °C.

Fig. 1 Optical microscopeimagesrelated to the
microstructure of the sampleswith 60% strain and time
of 5 minutes; a) 575 °C; b) 595 °C; c) 610 °C; and d) 620

°C

To better evaluate the effect of holding time within
the semisolid range, four holding times of 5, 10, 15
and 30 minutes were chosen. Optical microscope
images of these four different times at 575 °C are
presented in Fig. 2. With increasing holding time, the
rate of sphericity has dramatically increased. At very
high holding times (30 minutes), the rate of
sphericity decreased.

Table 2 displays the results of engineering tensile
test. As can be observed, with the temperature rise
and subsequent increase in the sphericity, tensile
strength increases and elongation is first increased
and then reduced. On the other hand, toughness
decreases with increasing temperature. By increasing
the holding time, elongation first increases and then
decreases significantly. This indicates the sensible
effect of holding time on mechanical properties of
2024 alloy in the SIMA process. Moreover, with
increasing holding time, tensile strength is increased
and toughness reduced.
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Fig. 2 Cross-section mor phologies and EDX spectrum

of electroless Ni-P coating with different pickling: (a)
pickling #1; (b) pickling #2

Table 1 Dynamic parameters of the corrosion process
by liner regression

Electroless coating

Parameters substrate Picking #1 Picking #2
Eeor (V) -1.489 -1.344 -1.306
ior (A/cm®) | 0.0012 0.0044 0.0007
B. (V) 0.095 0.104 0.094
B.(V) 0.188 0.120 0.1
Corrosion rate 63 87 4
(mpy)
The electroless Ni coatings have excellent

corrosion resistance due to amorphous structure and
surface passivation film. The amorphous coating is
without grain boundaries, dislocation and other
defects, and exhibits relatively well corrosion
resistance. The dynamic parameters of the corrosion
process by liner regression are shown in Table 1.
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Investigation of Mor phology and
Corrosion Behavior of Electroless Ni-P
Coatingon Mg-7Li Alloy with Different

Pre-treatments

M. Ghaderi"* S. M. Monirvaghefi®

1- Introduction

Mg-Li alloys have the lightest density amongst all
metal structural materials. Their density is between
1.3-1.6 g/em’, and only accounts for 1/4-1/3 of
conventional Mg alloys. Magnesium-lithium alloys
have high specific strength, stiffness, excellent sound
damping capabilities and resistance to penetration of
high-energy particles. The application fields of Mg-
Li alloys have been limited because of the chemical
activeness, and poor corrosion resistance with micro-
electrochemical cell. Due to poor corrosion
resistance of Mg-Li alloys such as MA21 and certain
difficulties of Ni-P plating, two—step complex
electroless Ni-P plating process is carried out and
should be further investigated. In this work, NiSOy, is
the main salt for electroless Ni process on the surface
of Mg-7.5Li (MA21), and the influence of different
pretreatment processes on the coating structure,
micro-hardness and corrosion behavior in synthetic
seawater solution are investigated. The nickel
electroless plating is prepared on the surface of
MAZ21 alloys with different pickling processes.

2- Experimental

In this work, Extruded (EX) MA21 alloy plates
(15%15%2 mm) were used as the substrates, with a
nominal chemical composition (wt.%) of 7.5Li-2Al-
1Zn and balance Mg. Pretreatments before
electroless plating include mechanical sandpaper
polishing, cleaning in acetone, alkaline degreasing,
acid etching and HF acid activation. Using 125 g/L
CrO; (#2) and 110 ml/L HNOj then using 180 g/L
CrO; and 1 g/L KF (#1) during pre-treatment.

3- Resultsand Discussion

The result show that the MA21 alloy mainly consists
of («-Mg and f-Li) dual phase matrix, and the
content ratio of phases is approximately 1:1. A large
number of strengthening particles can be seen in the
lithium rich B -phase while « -phase is free of these
particles. The electrode potential difference between
a-Mg and fB-Li phases of MA21 alloy matrix is
large, which is not conducive to homogeneous
nucleation of electroless nickel coating. Pickling is
an important pre-processing step, aimed at forming a
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fluoride film on the surface of MA21 alloy to reduce
the difference in the electrode potential between « -
Mg and fS-Li phases, so as to be beneficial to
depositing on the matrix. The SEM image shown in
Fig. 1 reveals that the structure with metallic luster is
homogeneous, compact, bright and smooth, without
obvious defects such as peeling, pitting, cracking,
bubbling, delamination or nodulation. Cellular
structure of the coating is compact without apparent
porosity defects with pickling #2, so as to protect the
substrate well, which is shown in Fig. 1. A few
porosities exist on the boundary of coating cellular
with pickling #1.

Fig.1 Surface mor phology of electroless Ni coating with
pickling #2

Fig. 2 shows the cross-section morphologies and
EDX spectrum of Ni-P electroless coating. The
transitional pre-coating between the coating and
matrix is not very clear with pickling #1, and the
thickness of the coating is about 7 u m, shown in
Fig. 2(a). It can be seen from Fig. 2(b) that the P
content close to the substrate is very low, while the P
content of the coating surface is the highest.

Therefore, the coating and the substrate could be
adhered well with pickling #2.

The potentiodynamic polarization behaviors show
that the E ., of electroless Ni-P coating is greater
than that of the substrate, and the corresponding
corrosion current density significantly increases with
pickling #1, while it decreases a little with pickling
#2. The corrosion potential of the coating is
improved, and the corrosion current density with
pickling #2 is lower than the substrate. Thus, the
electroless nickel coating has good corrosion
resistance. Therefore, the MAZ21 alloy can be
protected effectively.
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lath martensite and light grain boundary phase is
ferrite. Hardness of the dark inter-granular phase was
measured as 320 HV and for the grain boundary light
phase this value was about 235 HV. The final
microstructure after water quenching is composed of
acicular and widmanstaten ferrite. Therefore, the
formation of 80% lath martensite in plain low carbon
steel with 0.033 wt.% C is surprising and could not
be attributed to the effect of cooling rate. For further
confirmation, a higher starting temperature
(Ts=1100°C) was selected and a ferrite phase was
obtained after processing (Fig. 2(c)). Martensite
phase is not observed in the obtained microstructure
with starting temperature of 1100°C. It is worth
noting that the cooling rate at 1100°C must be higher
than 930°C due to the higher temperature difference
between the die and specimen.

Fig. 2 Microstructures produced by cooling under
severe pressure at starting temperature of a) 650°C; b)
930°C; ¢) 1100°C; and d) 930°C color etching

The schematic representation of the mentioned
mechanism is shown in Fig. 3. In this process, y—a
transformation is suppressed due to decreasing
Ae;(P) temperature by imposing hydrostatic pressure
during continuous cooling. Then, hydrostatic
pressure is released suddenly at the end of process. If
the sample temperature (Ty) is lower than Ar; at the
moment of pressure release, full martensite will be
formed. Also, a duplex microstructure consisting of
martensite and ferrite phases is developed when the
sample temperature is between Ar; and Ar; (Fig.
2(b)). This condition is achieved at 930°C in the
present work. If the starting temperature is high
enough, the sample temperature (T;) immediately
before releasing the pressure will be higher than Ar;.
In this case, the final microstructure is 100% ferrite
phase (Fig. 2(c)). This case occurred at preheating
temperature of 1100°C. It is worth noting that the key
point in this work is a sudden release of pressure at
the end of the process. If pressure is released

gradually then there will be sufficient time for y—a
transformation to occur.
Initial conditions

Before releasing pressure After releasing pressure

Pg=0.1 MPa P=12GPa P= 0.1 MPa
fa)
T . T, .
Ae,=550°C| \ Aey=550"(]
» - ﬁ_
= PR | by ==
gETTN O Ao ®)=730°A[W,
§ (/(-_—
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A A=835°C QO Ar=T45’C Tr<dr=745°C
(&)
T=030°C T4=030°C
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£ Asy =130\ i
Ll O e

Adr,=835°C Qudr,=745°C
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T=1100°C

Ae;=880"C|
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Temperature

A Ar=835°C QAn=743"C

TrsAn=835°C

Time Time Time

Fig. 3 Mechanism of martensite formation in plain low
carbon steels by applying hydrostatic pressure during
continuous cooling from austenite region

4- Conclusions

In the present study, hydrostatic pressure was
imposed on a plain low carbon steel during cooling
from the austenite region. A mixture of 80%
martensite and 20% ferrite was produced at starting
temperature of 930°C. In contrast, a microstructure
consisting of 100% ferrite phase was developed at
1100°C. It was inferred that martensite phase is
formed not due to the effect of cooling rate but the
effect of hydrostatic pressure on the austenite to
ferrite transformation start temperature.
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Novel Procedurefor Production of
Duplex Martensitic-Ferritic Plain Low
Carbon Stedls

M. Shaban Ghazani' ~ H. Shokrvash®

1- Introduction

The y—a transformation start temperature (Ars)
decreases with increasing cooling rate. Then, at a
critical cooling rate corresponding to the nose of the
‘¢’ curve on a TTT diagram, transformation is
suppressed. In plain low carbon steels, it was
previously demonstrated that very high cooling rates
are required to suppress y—o transformation and
produce martensite phase. For example, in low
carbon steel with 0.05 wt.% carbon content cooling
rates higher than 10000 K/s is required to produce
lath martensite. These high cooling rates cannot be
achieved by normal quenching media such as water
and brine. Therefore, microstructures obtained after
water quenching always contain products of
diffusional transformation. Hydrostatic pressure is
another important factor that can affect y—a
transformation temperature. The Ae; temperature
decreases with increasing imposed hydrostatic
pressure. In other words, austenite phase can be
stabilized at lower temperatures compared with
normal conditions (P=0.1 MPa) by imposing
hydrostatic pressure. The Ae; temperature can be
measured using Equation 1:

Aes(P) =Aes(Py) -1100%(P-Py) (1)

where, P, is atmospheric pressure and P is the
imposed hydrostatic pressure (GPa).

By gradual increase of hydrostatic pressure, the
Ae; and Ar; temperatures decrease progressively. On
the other hand, the specimen temperature decreases
with time. If the amount of pressure is enough
compared to the cooling rate so that the specimen
temperature remains greater than Ae;(P) during
process, the y—a transformation is delayed. If this
condition lasts up to the time that Ae;(P) and
specimen temperature become lower than Ar
(P=latm), then full martensite can be formed by
sudden release of hydrostatic pressure. This
procedure will be explained using schematic TTT
diagrams in conjunction with experimental results
confirming the claimed approach.

2- Experimental
The chemical composition of the steel used in the
present study was 0.033C, 0.12Si, 0.8Mn, 0.008S,

! Tikhchi Branch, Islamic Azad University, Ilkhchi, Iran.
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0.007P, 0.004N and balance Fe. Cylindrical samples
with 40 mm length and 14 mm diameter were cut
from as received plate. Specimens were heated to the
selected temperatures (650, 930 and 1000°C) and
then inserted into a channel of a cold die. Afterwards,
a punch was inserted into the channel and then
samples were subjected to severe compression until
the breakdown of ram under pressure. Samples were
cooled in contact with die after releasing pressure.
Optical microscopy was then used to reveal the final
microstructure of the samples. For this reason,
samples were cut into two halves and optical
micrographs were taken from the center of each
sample.

3- Resultsand Discussion

3-1-Normal transfor mation

Fig. 1(a) shows the initial microstructure of the steel
used in the present study. As it is seen, the
microstructure is composed of 95% ferrite with mean
grain size of 32pm and the remaining is pearlite. The
cylindrical specimens were heated to 930°C and
cooled in different medium after 20-minute soaking.
As shown in Fig. 1(b), the final microstructure after
air cooling is polygonal ferrite with grain size of
21pm. In addition, the microstructure comprising of
widmanstaten and acicular ferrite was developed
after water quenching from 930°C (Fig. 1(c)).

Fig. 1 a) Initial microstructure; b) Microstructure after
air cooling from 930°C; and ¢) Microstructure after
water quenching from 930°C

3-2- Transformation under pressure

Fig. 2 shows the final microstructure obtained by the
mentioned  procedure at  different starting
temperatures (Ts=650, 930 and 1100°C). As it is
shown, when the starting temperature is selected to
be 650°C, a microstructure consisting of polygonal
ferrite grains is produced similar to the initial or air-
cooled conditions (Fig. 2(a)). In contrast, a mixture
of 20% grain boundary ferrite and 80% lath
martensite is produced when the starting temperature
is 930°C (Fig. 2(b)). The dark phase in this figure is
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Fig. 3 Variation of thejoint failureloads as a function of
rotational speed and dwell time

Thejoint interfaces of 1100 rpm- 5's, 1100 rpm- 10
s and 900 rpm- 15 s samples were observed by SEM.
The associated microstructures are shown in Figs. 4(a),
(b) and (c), respectively. The joint interface of 1100
rpm- 5 s specimen was free of IMC while the samples
with the welding conditions of 1100 rpm- 10 s and 900
rpm- 15 s had IMCs with the thicknesses of 2.3 and 2.9
pm at their joint interfaces, respectively.

IMC free interface
e r ;
\ T 20, ST

5 pm

AL-S0ES

Spm’ |

Fig. 4 SEM images of the joint cross-section after failure for
specimenswith the welding conditions of: (a) 1100 rpm- 5, (b)
1100 rpm- 10 sand (c) 900 rpm- 15 s

The Al microstructure of the 1100 rpm- 15 s
specimen directly adjacent to the weld exit-hole, where
the final fracture occurred, is presented in Fig. 5. As
the general feature of the micrograph shows, very fine
and equiaxed grains have been formed adjacent to the
weld exit-hole which is the characteristic of the stirred
zone (SZ) and can be attributed to the dynamic
recrystallization (DRX). DRX occurred as a result of
the simultaneous effects of the pin stirring and
frictional heat during the FSSW process.

Microstructural analysis indicated the formation of
some relatively coarse grains distributed in a matrix of
finer grains which could be caused by abnormal grain
growth phenomenon.

Fig. 5 The microstructure of the aluminum region adjacent to
the exit-hole periphery of the 1100 rpm- 15 s specimen

The low fracture loads for the welds with the
processing conditions of 900 rpm—5 s and 1100 rpm-
5 s could be attributed to their IMC free interfaces
since a sudden change in the chemical composition
occurs at the joint interface by moving from the Al
sheet towards the steel side. As the dwell time
increased from 5 to 10 s at the rotational speed of
1100 rpm, a thin IMC layer with the thickness of 2.3
pm was formed at the joint interface and consequently
the failure load improved from 1830 to 3632 N which
was approximately twice as much. Achievement of
stronger joints under longer dwell times (10 s
compared to 5 s) may be attributed to the formation of
IMCs at the joint interface which was affected by the
following phenomena:

(i) A longer diffusion time was provided for Al and
Fe atoms to move through the joint interface and
form IMCs.

(ii) The maximum temperature at the joint interface
increased  with  increased  dwell time.
Consequently, the growth constant of the IMC
layer increased.

It is noteworthy that compared to the samples with
the dwell time of 10 s, the joint strength decreased
gradually for the specimens with the dwell time of 15
s. The sharp loss of the joint strength for the
specimens with longer dwell times may be related to
the formation of a relatively thick IMC layer at the
joint interface as well as the grain growth of Al sheet
adjacent to the weld exit-hole.

4- Conclusions

In thiswork, a FSSW process in which the tool pin did
not penetrate into the lower steel sheet was used to
join Al-5083/St-12 alloy sheets. The effect of the
rotational speed and dwell time on the formation of
the Al/Fe IMC layers as well as the joint strength was
explored. The results showed that the joint strength
first improved and then declined with increase in the
dwell time. The increasing trend in the tensile-shear
strength as a function of the dwell time was attributed
to the formation of IMC layers with the thicknesses
less than 2.3 um at the joint interface. The decreasing
trend was aso related to the formation of IMC layer
with the thickness of 2.9 um and the growth of Al
grains adjacent to the weld exit-hole.
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Effect of Welding Parameters on Dissimilar
Friction Stir Spot Welded Al-5083/St-12
Alloy Sheets

E. Fereiduni® M. Movahedi? A.H. Kokabi®

1- Introduction
Joining of aluminum (Al) to steel is of a great
technical interest since it provides the production of
Al/steel hybrid parts in a wide range of industrial
applications such as transportation systems and
aerospace industries. However, producing a strong
joint between Al and steel by conventional fusion
welding processes is a technological issue because of
the obstacles resulting from the major difference
between the melting points of Al and steel alloys as
well as the formation of thick and brittle intermetallic
compounds (IMC) at the joint interface. Compared to
fusion welding processes, solid state welding
processes seem to be more applicable for joining of
Al to steel mainly due to their lower heat input.
Friction stir spot welding (FSSW), a newly
invented solid-state spot welding technique, is
expected to be a more appropriate approach for
joining of parts made of lightweight metals due to its
advantages over the resistance spot welding (RSW)
including lower heat distortion and superior
mechanical properties.

2- Experimental

In the present study, lap joining of Al and steel sheets
was performed using a newly developed friction stir
spot welding (FSSW) process in which the welding
tool tip did not penetrate into the lower steel sheet. The
thicknesses of AI-5083 auminum and St-12 steel
sheets were 3 and 1 mm, respectively. The base sheets
were cut with the length and width of 100 and 35 mm,
respectively. Prior to welding, the faying surfaces of
the sheets were wire brushed to develop a suitable
surface quality resulting in superior joining of the
sheets. The Al-5083 aloy sheet was placed on the St-
12 aloy sheet with an overlapped area of 35x35 mm?
and the welds were located at the center of the
overlapped area. Furthermore, a hole with the diameter
of 1.5 mm having a distance of 5 mm from the center
of the weld was drilled in the lower steel sheet to
record the temperature variation at the joint interface
during the process using a K-type thermocouple. The
length of the tool pin was 2.8 mm. Accordingly, as the
tool shoulder touched the upper surface of the Al sheet,
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a thin Al layer with the thickness of 0.2 mm was left
on the steel surface. The applied welding process
paved the way for the formation of metallurgical bonds
as well as intermetallic compounds at the joint
interface which subsequently resulted in the joining of
the shests.

The effect of the rotational speed and dwell time on
the joint interface microstructure and tensile-shear
strength of friction stir spot welded sheets was
investigated. The applied rotational speeds were 900
and 1100 rpm while the dwell times were selected in
the range of 5 to 15 sto weld the samples. Tensile tests
were carried out using an Instron tensile testing
machine under the crosshead speed of 5 mm min™. In
the tensile-shear testing procedure, the fixtures were
used to reduce the eccentricity of the loading path.
Interfacial microstructure, formation of intermetalic
compounds at the joint interface and the fracture
locations were studied using stereo, optica and
scanning el ectron microscopy (SEM).

3- Resultsand Discussion

Fig. 1 presents a typical cross-section of the weld
zone. As can be seen, the tool penetration depth was
controlled which resulted in the remaining of a thin Al
layer with a thickness of ~0.2 mm under the tool pin
and on the steel sheet.

Exit-hole

Fig. 1 Macroscopic cross-section of the FSSW
specimen

The maximum temperatures generated at the joint
interface for different welding conditions are presented
in Fig. 2. As can be seen, increase in the tool rotational
speed and dwell time led to an increase in the
maximum interface temperature.

440
3900 rpm
120 & 1100 rpm

340

320 é

5
Dwell Time/Second

Fig. 2 The maximum temperature at thejoint
interface

Max. Temp./C
2
=

The average failure load of the samples welded
with different processing conditions are shown in Fig.
3. According to the results, for both of the applied
rotational speeds, failure load first increased and then
declined with increasing dwell time.
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Fig. 2 (Top) Variation of contact angles; (Bottom)
Images of nanosilica, A) Unmodified; M odified for 90
min with, B) 2, C) 5 and D) 7 wt% of 1-Octadecanol

Fig. 3 shows FT-IR spectra for nanosilica

produced with and without the addition of 1-

Octadecanol. The observed peaks and related
functional groups are presented in Table 2.
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Fig. 3FTIR spectra of nanosilica, A) Unmodified,;
M odified for 90 min with, B) 5and C) 7 wt% of 1-

Octadecanol

Table 2 Functional groupsof FTIR spectra of silica

nanoparticles

Wavenumber Functional groups
700 Si-OEt
980 Si-OH
1150-1100 Si-O-Si
1700-1600 physical adsorbed water
2980-2915 C-H
3500-3150

Si-OH & physical ads. water

Table 2 indicates that the adsorbed water peaks

and silanol groups have been reduced significantly by
modifying the surface of the nanosilica, especially
with 7 wt.% 1-Octadecanol. It also appears to have
corrected peak levels of hydrocarbon bonds in the
spectrum, which confirms the correction of the

surface.

The results of TGA in Fig. 4 show two main
weight loss events corresponding to the evaporation
of absorbed moisture and trapped solvent below 200
°C and then silanol dehydration and pyrolysis of the
organic surface modifier above 400 °C. The first part
is related to the evaporation of moisture and solvent,
which is lower for the hydrophobic modified silica;
the second part is due to dehumidification of the
silanol groups and decomposition of 1-Octadecanol
indicating that higher 1-octadecanol concentration
led to more adsorbed organic surface species.
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Fig. 4 TGA datafor nanosilica, A) Unmodified;
M odified with, B) 5and C) 7 wt% of 1-Octadecanol

4- Conclusions

We have reported a straightforward single-step
synthetic route to produce hydrophobic silica
nanoparticles using 1-Octadecanol. TGA and contact
angle measurements show that for 90 min time of
reaction, the hydrophobicity of the nanoparticles is
increased systematically with increasing 1-
Octadecanol concentration used in the reaction.
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One-Pot Synthesis of Hydrophobic Silica
Nanoparticleswith L ong-chain Alcohol 1-

Octadecanol
M. Dargahi-Zaboli*
B. Pourabbas®

E. Sahraei®
B. A. Korgel*

1- Introduction

Nano silica particles, dueto their special physical and
chemical properties and high surface area, have been
widely studied and used: as a stahilizer in emulsion
systems,; as a concentration enhancer in the paint
industry; as filler in the rubber industry, etc.
Nevertheless, hydroxyl groups (OH) absorb moisture
on the surface of the nanosilica, causing them to
coalesce together and weskly disperse in the
environment which greatly limits their application.
For the vast majority of this problem, the surface of
the nanoparticles should be modified toward
hydrophobic  nature using various surface
modification agents. Surface modification by sol-gel
process has been extensively used due to simpler
operating conditions and low laboratory cost.

Here, we show that silica nanoparticles can be
produced directly from on-pot synthesis with tunable
hydrophobicity by adding long-chain alcohol 1-
Octadecanol. Particle characterization data from
transmission electron microscopy (TEM), Fourier
transform infrared (FTIR) spectroscopy, thermal
gravimetric analysis (TGA), and contact angle
measurements are presented.

2- Experimental

In the current work, fractional factorial experimental
design was used at two levels with two repetitions of
each experiment. The main variables are shown in

Tablel.
Table1 Main variables

High Low | Center
Level @ | @ | point
Concentration of 7 5 5
modifier [wit%o]
Time of reaction [min] 180 0 120
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Engineering,

2-1- Silica nanoparticle synthesis

Silica nanoparticles were prepared by hydrolysis of
TEOS in water/ethanol mixtures, similar to the
approach of Stober, but with the addition of 1-
Octadecanol as a surface modifier. All reactions were
carried out a few degrees below the bailing
temperature of the mixture (about 70 °C), with a
TEOS and NH4OH concentration of 0.25M and
0.5M, respectively and a water/TEOS molar ratio of
38. A range of 1-Octadecanol concentration and time
of reaction were explored (Table 1).

In a typical preparation procedure, a mixture of
water and ethanol is first mixed for 5 min. A solution
of water and NH4OH (0.5M) is then added to the
alcohol mixture under vigorous stirring. The reaction
mixture is heated to about 70 °C under N2
atmosphere followed by dropwise addition of TEOS.
For surface modification, the pH of the mixture after
15 min is adjusted at 8 by adding hydrochloric acid
1M followed by dropwise addition of 1-Octadecanol.
After 60 — 90 min, the resulting silica nanoparticles
were precipitated by centrifugation at 10,000 rpm for
10 min. The supernatant was discarded and the
nanoparticles were dispersed in water and EtOH with
brief sonication. This washing procedure was
repeated twice before dispersing the nanoparticles in
EtOH.

3- Results and Discussion

TEM images of the modified and unmodified silica
nanoparticles synthesized at various reaction times
(Fig. 1) shows this fact that during the first 90
minutes, surface modification has been completed
and continuing the reaction only resulted in
increasing the size of the nanoparticles. Considering
90 min time of reaction, with increasing 1-
Octadecanol concentration from 2 wt.% to 7 wt.%, in
addition to improving the dispersion of the
nanoparticles, the contact angle increased from 22° to
63°. These changes are highlighted in Fig. 1 and Fig.

2.

Fig. 1 TEM images of nanosilica, A) Unmodified;
M odified for 90 min with, B) 2, C) 5and D) 7 wt% of 1-
Octadecanol
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volume fraction of the beams increases with
increased temperature, which lowered the viscosity
and rigidity of the samples. For the most common
aloys, the beams failed at high temperature and short
time due to high fraction of liquid volume, but for the
brass, this did not occur even at high temperature and
long time. In fact, despite high deflection of the brass
beam which indicates high liquid phase content,
failure did not occur.

50 min

A

Fig. 2 In situ bending images showing beam
deflection at 920 °C and varioustimes

The mid-point deflection of the beam as a function of
time and various temperaturesis shown in Fig. 3. The
deflection increased with sintering time while the
deflection rate decreased at constant temperature.
This reduction continued until a specific time and
after that, deflection rate changes were negligible
(slope tends to zero). This behavior can be attributed
to zinc evaporation which directly affects the
chemical composition of the brass samples. It seems
that changes in the chemical composition due to zinc
evaporation influence the liquid volume fraction in
various zones of the brass beam which involves
viscosity of the sample. For better illustration of Zn
evaporation, the samples can be divided into: (a) core
region and (b) outside thin wall (rim) region.

In order to investigate both surface and core
regions, point analysis at the surface and core zones
of the samples (sintered at 920 °C for 50 min and
sectioned at mid-point of the beam) are shown in Fig.
4. Zn content in the surface zone is less than that in
the center zone due to zinc evaporation. According to
the phase diagram and lever rule, liquid volume
fraction decreases with increasing time and zinc
evaporation, and so causes an increase in viscosity
and rigidity, which finaly reduces the mid-point
deflection.

mid-point deflection, mm

—o- 950°C

0 20 40 60 80
time, min

Fig. 3 Mid-point deflection versustime during
sintering at various temperatures

Elements Tntensity Weight % | Atomic %
Cu K 0.9824 92.70 78.83
Zn K 0.9843 1.36 1.12

0K 1.2380 5.94 20.05
Total 100.00
(a)

Elements Intensity Weight % Alomic %
Cu K 0.9984 65.73 66.01
7n K 1.0010 34.09 3328

0K 1.1462 0.18 0.71

Total 100.00
(b)

Fig. 4 Point analysis from a) surface and b) core areas
of Cu-28Zn beam at 920°C for 50 min

4- Conclusion

Mid-point deflection of brass beam shows a non-
linear behavior with sintering time. The fracture did
not occur for brass beams even at high temperature
and long time periods.

The different deflection behavior of the brass beams
can be attributed to zinc evaporation. Changes in
chemical composition due to zinc evaporation
influence the liquid volume fraction in various zones
of the brass beam which affects the viscosity of the
sample, a more rigid “case” being formed at the
surface.
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Investigation of the Deflection
Behavior of CZ3000 Prealloyed Powder
Beam Using I n-situ Bending Technique

M. Mousapour* M. Azadbeh®
A. Mohammadzadeh®

1- Introduction

The formation of a liquid phase during sintering is a
common technique to enhance densification. A
variant to traditional liquid phase sintering (LPS) is
to use prealoyed powders, which are heated to a
temperature between the liquidus and solidus. The
liquid forms inside the particles and spreads to the
particle contacts during heating, resulting in capillary
force acting on the semisolid particles. This process
is termed supersolidus liquid phase sintering (SLPS).
Full density or near full density products using coarse
prealoyed particles can be obtained via SLPS. A
beam bending technique to measure the macroscopic
apparent viscosity of semisolid Cu-10Sn prealloyed
powder was first used by La and German. During
this test, they plotted the measured mid-point
deflection versus sintering time and found that the
slopes of curves (deflection rates) are constant and
apparently independent of time. This means that the
deflection is a linear function of the sintering time.
Investigation on boron doped stainless steel 316L
sheets showed different results. Here, the response of
the deflection rate as a function of time was
nonlinear. It seems that there are some factors such
as thickness, powder preparation conditions and even
type of aloy which directly affect the deflection
behavior. In order to investigate the effects of
chemical composition and type of material on the
deflection behavior, Cu-28Zn (CZ3000) was studied.
The chemical composition of the brass alloy is varied
by zinc evaporation during sintering. Recently, the
influence of zinc evaporation on sintering processes
and properties of brass alloys have been shown by
Azadbeh et al. In the present work, the effect of
sintering time and temperature on zinc evaporation,
and microstructure evolution were evaluated using in
situ beam bending test.

2- Experimental
Water atomized pre-alloyed brass powder was mixed
with 0.75 wt.% lithium stearate as lubricant in a V-
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shaped mixer at 65 rpm for a period of 20 min.
Rectangular test specimens, 55x10x10 mm® (DIN
ISO 5754) in size were fabricated from this mixed
powder. Compaction was carried out uniaxialy in
pressing tools with floating die at a pressure of 600
MPa.

42 mm
4+——>

m < Brass beam
¢ Alumina
support

Fig. 1 Schematic view of the bending beam on
supports

The compacted samples were used as beams for
beam bending test, the initial geometry during the
tests is shown in Fig. 1. The setup which consists of
rectangular beams on alumina support (95% purity)
with the span length of 42 mm, was placed in a
horizontal tube furnace (TFS/25-1250). In order to
monitor beam bending during sintering, a glass
window with 10 mm thickness was applied to the
entrance of furnace, and the in-situ images from the
samples were taken by a digital camera (Canon:
Power shot ELPH 135). The samples were heated at
the rate of 20 K/min from room temperature to 540
°C and dwelled at this temperature for 30 min for
lubrication removal. Brass beams were then heated at
10 K/min to the sintering temperature ranging from
910 to 950 °C, and the isothermal soaking time range
from 0 to 90 min. A flow of N, gas (technical
quality) of 2 I/min, was maintained throughout the
entire cycle. All of the compacts were quenched after
sintering by quickly pulling out the alumina support
and dropping them into the water to preserve the
microstructure.

The midpoint deflection of the beams at various
sintering temperatures and times was calculated by
Screen Ruler 2D software. The sintered specimens
were sectioned in parallel to the pressing direction,
polished and etched (8 g FeCls, 25 ml HCI, 50 ml
H,0). Microstructural examination of the etched
specimens was conducted using an optica
microscope (PMG3). In order to show the alloying
element content in the microstructure, point analysis
of the samples was performed using a SEM (CAM
SCAN MV2300) equipped with an energy dispersive
X-ray (EDX) micro-analyzer. In order to measure the
mass | oss, equation (1) was used:

Massloss=[(Mq- Mg) / M] x 100 (@)
where, My and M; are the mass of green and sintered
compacts, respectively.

3- Resultsand Discussion

The in-situ bending images of the brass beam at
920°C and various times are shown in Fig. 2. Beam
bending occurred during sintering since the liquid
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