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Effect of nano clay and carbon nano-tube
on the mechanical properties of glass
fiber- epoxy hybrid composites

Foad Javdane!  Arman Sedghi?
Faranak Farhadinia’

1- Introduction

In recent years epoxy/fiberglass composite has
attracted much attention, due to its good properties and
low production cost. Relatively low flexural and
interlaminar shear strength are the two most important
weaknesses of this composite, which limit its uses.
One way to improve these properties is producing
hybrid composites by adding reinforcing particles to
the matrix. Carbon nanotube and nanoparticles of clay,
based on their good function as reinforcements have
attracted much attention for such purpose. Although,
adding these kinds of particles will improve the
properties of epoxy/fiberglass composite, generally
will increase its production cost, as well. The most
important challenge in the fabrication of epoxy-based
composites with nanoparticles is reaching the uniform
distribution of particles in the polymer matrix. The
uniform distribution of nanoparticles leads to achieve
the highest contact surface so that the stress is
effectively transferred from the weak matrix to the
strong nanoparticles. Effective stress transfer between
nanoparticles/polymers is the most important factor in
achieving improved properties in these types of
composites. Therefore, the production process, which
has a decisive effect on the structure and amount of
distribution of nanoparticles, will be one of the most
important factors affecting the properties of the
composite.

2- Exprimental Study

In this research, the effect of adding carbon nanotubes
to the matrix with and without clay nanoparticles has
been investigated. The raw materials used in this study
include epoxy bisphenol-A of medium viscosity type
as resin, baking agent HA205 as a crosslinking agent,
woven roving of type E glass, as well as, nano clay
and carbon nanotube as the reinforcements.

To make the samples, the resin and baking agent
were mixed in a weight ratio of 55 to 100, then
nanoparticles with different weight percentages were
added to the mixture. The final mixture was mixed
with a simple mechanical mixer at the speed of 400-
300 rpm for 1 minute. Then it is scrubbed on woven
roving of glass fibers which were placed on top of each
other. All samples were then baked for 0.5 hours at 70
° C at a pressure of 26 Kg/m?2.

Table 1- Sample coding

sample name Nano clay | Carbon nanotube
(w.t. %) (w.t. %)

0 0 0
5NC 0.5 0

10 NC 1 0
15NC 15 0

20 NC 2 0

25 NC 2.5 0
5NT 0 0.5
5NC-5NT 0.5 0.5

According to the ASTM D790 standard, The
dimensions of the specimens which were used in the
flexural strength tests were 12.7 * 12.7 * 3 mm. Also,
according to the ASTM D2344 standard, which was
used to evaluate the shear strength between layers, the
dimensions of the samples made for this test were 12
X40 x 6 mm.

3-Result and discussion

The results show that adding 0.5% by weight of nano
clay to the epoxy matrix in the epoxy/glass fiber
composite increased the flexural strength by 25% from
342 to 429 MPa. However, further increase of nano
clay has a negative effect, and flexural strength
decreases then remain almost constant. Also, adding
carbon nanotubes to the epoxy/glass fiber composite
or adding carbon nanotubes and nano clay both had a
negative effect on the flexural strength (Fig 1). It
shows that changing the adhesion of the substrate to
the glass fibers and the viscosity of the resin, will
change the optimal distance between the matrix and
the fibers.
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Figure 1. Flexural strength of samples

The interlaminar shear strength also increases with
adding nanoparticles. The interlaminar shear strength
of the sample containing 2% wt.% nano clay is the
highest and shows an increase of about 5% and

' Holder of master degree in material engineering, Saveh Azad University.
2 Corresponding Author: Associate Professor of Imam Khomeini International University. sedghi@eng.ikiu.ac.ir
3 Holder of master degree in material engineering, Imam Khomeini International University.
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reached 24.5 MPa. But with the addition of nanotubes,
a slight increase (2%) is observed due to the better
dispersion of nano clay particles in the matrix than
carbon nanotubes (Fig 2). Due to a greater tendency
to agglomerate, carbon nanotubes have bad dispersion
in the mixing method that used in this study, and they
will also increase the viscosity of the matrix.

24 23.66
_ 23.39
3 23.19
2 33 |
=
[=1]
g 22 -
v
£
g 21 20.7
<
=
I
£ 207
E
i
= 19 . . ;
-E Without SNT 5NC SNTSNC
Reinforcements

Figure 2- Interlaminar shear strength

In addition, the simultaneous adding of nano clay
and carbon nanotubes increases the mechanical
properties of the composite to some extent. However,
due to the tendency of the nanoparticles to
agglomerate, this increase is much smaller than the
sample only containing clay nanoparticles.

The sample with 5 w.t.% of nano clay shows better
elastic module (Fig 3).
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Figure 3- Elastic module of samples

The high adhesion of the matrix to the fibers causes
the deformation of the matrix around the fibers will
not happen during bending and prevent brittle
breaking. On the other hand, the low adhesion of the
resin and fibers means that the strength of the fibers is
not transferred to the matrix, in other words, the main
function of the composite, which is the simultaneous
use of good reinforcement properties and the matrix at
the same time, will not occur (or will not occur
enough). For this reason, proper and optimal adhesion
of the matrix and fibers can provide the best results.
This can be seen in the case of the SNC sample (Fig
4).
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Figure 4- Fracture cross section shows distance between
field and sample fibers SNC

4- Conclusion

The present study shows that the production method
studied in this research as an available and low-cost
method for large-scale production led to good
mechanical results. Therefore, by optimizing some
conditions (such as power and speed of mechanical
mixing, press pressure, time, etc.), the properties of
epoxy/glass composites are provided for many
industries with a reasonable price and only with a
slight addition of clay nanoparticles.
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Synthesis and Study of the pH Effect on
the Antibacterial Activity of ZnSe
Nanoparticles Against the Escherichia
Coli and Pseudomonas Aeruginosa
Gram-Negative Bacteria by Using
Disc-Diffusion Bioassay

Dariush Souri'  Saeid Mohaghegh Nejad ¥

Mehdi Ghabooli”

1. Introduction

Zinc Selenide (ZnSe) nanoparticles are [1-1V
semiconductors owing a direct bulk band gap energy
(~2.72 eV) and beneficial in several applications such
as lighting technology of LEDs, solar cells, sensors
and biological applications. Several preparation
methods such as  sol-gel, co-precipitation,
sonochemical, hydrothermal methods have been
introduced to synthesis of ZnSe nanoparticles.
Recently, aqueous microwave-assisted method which
employs the microwave irradiation (MWIR) as up to
down mechanism, is an eco-friendly synthesis
method, rapid, and tunable to narrow size distribution.
The present work aims to synthesis the ZnSe
nanoparticles by aqueous method at pHs of 8, 10.2,
11.2 and 12.2 and investigate their growth by
microwave irradiation at the times of 0 and 6 minutes;
also, to detect and discuss their antibacterial potential.
Antibacterial properties of nanoparticles were
investigated by using disc diffusion method (in solid
Muller-Hinton-Agar culture) against the Escherichia
coli and Pseudomonas aeruginosa gram-negative
bacteria in the loading volume of 140 pL of
nanoparticles.

2. Experimental procedure
To synthesis ZnSe NCs by aqueous method, at first,

Se ions source is prepared from the reaction between
NaBH4 and Selenium powder. Besides, zinc acetate
was dissolved in 150 ml of DI water and solution of
Zn ions source is prepared. At this stage, thioglycolic
acid (TGA) and NaOH solutions are used as capping
agent and pH regulator, respectively. Finally, Zn ions
source solution is added (injected) drop by drop to Se
ions source, and so the zinc selenide nanoparticles are
fabricated. Next, in order to detect the antibacterial
activity of ZnSe nanoparticles, Agar disc-diffusion
bio-assay is employed. In Agar disc-diffusion method,
to provide the solid culture, 4.2 g Mueller-Hinton-

Broth powder (MHB) with 3g of agar powder have
been dissolved in 200 ml of DI water; the obtained
solution was poured on the same petri-dishes at same
volumes. then, petri-dishes containing agar plates are
swabbed with a standardized inoculum of the test
bacteria of E. coli and P. aureginosa. Then, Wattman
filter paper discs feed with the desired volume (140
uL) of nanomaterial samples (ZnSe nanoparticles
fabricated at pH’s of 8.0, 10.2, 11.2 and 12.2) as
antibacterial candidates, are added on the agar surface.
Generally, antibacterial agent can penetrates into the
agar and inhibits spread and growth of the test
bacteria, resulting to a zone of inhabitation and
probably bactericidal effect with an obvious diameter;
then the diameters of inhibition zones are measured
and discussed. Inoculated petri-dishes were incubated
at 37 °C for 18 h. After incubation, the diameter of
inhibition zones around the discs were measured in
millimeter scale. Nanomaterial samples were tested
three times and the results were averaged. Finally, the
effect of pH of soultions containing ZnSe
nanoparticles on the diameter of inhibition zone was
investigated.

3. Results

In the present research, ZnSe nanoparticles were
synthesized by aqueous method at pHs of 8, 10.2, 11.2
and 12.2 and were grown by microwave irradiation at
the times of 0 and 6 minutes. Antibacterial properties
of these nanoparticles have been carried out by using
disc diffusion method (in solid Muller-Hinton-Agar
culture) against the Escherichia coli and Pseudomonas
aeruginosa gram-negative bacteria in the loading
volume of 140 pL of nanoparticles.

As shown in Figs. 1 and 2, by increasing the
radiation time from O to 6 min, bacterial growth
inhibition zone increased for Pseudomonas aeruginosa
bacteria in compare with Escherichia coli bacteria; the
highest antibacterial activity is devoted to the cases of
pH=10.2 and 11.2, and these samples can be
introduced as new agents in the field of nano-
biotechnology applications.

4. Conclusions

Results of antibacterial tests on the ZnSe nanoparticles
synthesized at pHs of 8, 10.2, 11.2 and 12.2 under the
MWIR times of 0 and 6 min showed that by
increasing the radiation time from 0 to 6 min, bacterial
growth inhibition zone increased for Pseudomonas
aeruginosa bacteria in compare with Escherichia coli
bacteria; the highest antibacterial activity is devoted to
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the cases of pH=10.2 and 11.2, and these samples can (A)
be introduced as new agents in the field of nano-
biotechnology applications.
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Figure. 1. Antibacterial sensitivity comparative plot of
nanoparticles grown at pH= 8, 10.2, 11.2 and 12.2 for
140 pl nanoparticle loading volume against E. coli, (A)
for MWIR time = 0 min and , (B) for for MWIR time =
6 min.
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The Desired Strength of Al-Si-Cu Alloy
Closed Cell Foam and Its Comparing
with the Strength of Ship’s Fresh Bone

Azin Alesafar Seyyed!
Mohammad Hossein Mirbagheri 2

1- Introduction

High porosity foams are superior to hard metal
foams when it comes to orthopedic implant
production which needs to withstand load. One of
the reasons that some metals such as Titanium,
Aluminum and Stainless Steel are commonly
used to produce implants is the higher toughness
of these bioactive metals than that of natural
bone. The large difference between the toughness
of metal implants and its surrounding natural
bone results in the reduction of load distribution
in the part where the bone is present and this
causes the bone to be reabsorbed after implant
placement. Another reason is that, metal foams
made of bioactive materials make the
physiological properties of the metal more stable
(such as bioactivity and high corrosion resistance
when exposed to body fluid). In addition, the
presence of semi-open porosities on the outer
surface of an implant made of closed cell foams
provides proper places for the bone regrowth. It
also allows blood circulation and the passage of
internal body fluid into the implant. One of the
main benefits of closed cell foams compared to
open cell foams is the higher toughness of them
as they undergo impact loading. Various impact
loads caused by accidents, falling, running, etc.,
affect implants. Closed cell foams typically,
show better energy absorption and impact
resistance. Nowadays, Aluminum-based metal
foams are amazingly evolving. One of the
research domains in this regard is the production
of artificial bone from these foams. Due to their
low density and by the means of medical
ceramics coating, they can easily reach natural
bone density and the porosities highly absorb
elastic energy, which prevents crack initiation.
Changing the chemical composition and alloying
elements of metal foams enables them to have
strength close to that of natural bone. Their
compressive strength can also be designed in a
way that values close to or slightly less than that
of the porous tissue of natural bone so that the

artificial bone damages and the natural bone stays
safe during an accident. Therefore, this study
aims to create metal foam with a compressive
strength and toughness close to those of natural
bone. These mechanical properties were achieved
due to the dissolution of Copper in Aluminum-
based alloy, which made the construction of a
closed-call metal foam and the proceeding heat-
treatment possible.

2- Experimental Procedure

The first step to make an artificial bone from
closed cell metal foam is to use A356 alloy to
which, 3 to 6% Copper has been added. Closed
cell metal foam was formed by adding Copper
metal to the molten alloy and using TiH, as
foaming agent. This new alloy, which is made by
adding this critical amount of Copper, is capable
of experiencing aging heat treatment. Next,
blocks composed of the aforementioned alloy,
with the dimensions of 25*25*15 centimeter
were prepared. Thus this research was conducted
in three stages: i-Formation of closed cell metal
foam, ii-Heat treatment of the prepared foam, and
iii-Prepare fresh and natural bone from sheep’s
shin.

After the provision of large blocks made of
A356-xwt. %Cu foam, prisms were cut with the
size close to that of sheep’s shinbone. These
prisms were then put inside the heat treatment
furnace and underwent aging treatments at a
temperature of 165 ° C and durations of 2, 7, 15,
24 hours.

In the third stage, the sample made of fresh sheep
shinbone was prepared. The artificial bone,
composed of both non-heat treated A356-x wt.%
Cu foam samples and heat treated samples, were
turned to fit the dimensions of a natural sheep
bone. All samples of metal foam (figurel)- as
representatives of artificial bones- and also fresh
sheep bones (figure2)- as representatives of
natural bones- were subjected to compression test
according to the ISO 13314-2011 standard,
which is specific to porous materials. Mechanical
data resulted from different sample tests were
reported and compared with each other.

! Graduate of Materials and Metallurgical Engineering, Amirkabir University of Technology.
2 Corresponding Author, Associated Professor at the Department of Materials and Metallurgical Engineering, Amirkabir

University of Technology. Email: smhmirbagheri@aut.ac.ir



46

Figurel- The process of compressive load barring of the
artificial bone used in the present study, during
different durations of uniaxial compression test

: !
198 s 213s 220s

Figure2- The process of compressive load barring of the
natural sheep shinbone used in the present study,
during different durations of uniaxial compression test

Results and Discussion: To determine the effect
of aging time on the foam morphology, the
metallic foam bone samples (with the size similar
to that of the straight and smooth part of a sheep
shinbone) underwent aging heat treatment based
on the cycles represented in figure3. The creation
of metastable and very small (nanoscale) phases
in the walls of the metal foam bubbles became
possible within different durations, at a

Seyyed Mohammad Hossein Mirbagheri, Azin Alesafar

temperature of 165 ° C. These phases present in
the walls of solid bubbles, as well as the plateau
regions (resulted from several metal bubble
collisions) can interfere the atomic plane
movements by locking the high-density atomic
planes. As a result, the hardness increases. For
this purpose, four aging cycles were conducted
(Figure 3):
1- abcd for 2 hours at a temperature of 165 ° C
and rapid cooling by blowing air.
2- abef for 7 hours at a temperature of 165 ° C
3- abgh for 15 hours at a temperature of 165 ° C
4- abkm for 24 hours at a temperature of 165 ° C
It should be noted that at the end of cycles 1 to 3,
artificial bone samples were rapidly cooled by
blowing air, but samples related to the fourth
cycle were slowly cooled inside the furnace.

580

Solid Solution
Sequences of aging

b s © e g"t k

d f b, ,
aus (h)
Figure3- Solution annealing heat treatment and aging
cycle for closed cell A356+xwt%Cu alloy foam

In the next step, according to the
aforementioned conditions and standards,
compression test was conducted both on non-
heat-treated metallic foam bones and on the 4
other samples that were heat treated. For all the
samples, the stress-strain curves were plotted.
The comparison between the curves shows that
the strength of the sample which underwent a 15-
hour aging cycle (at 165 Celsius degrees) is very
much close to the strength of the natural bone
sample (slightly more). However, the sample’s
strength declines again as the aging process is
further  prolonged.  According to the
phenomenology of aging process, this is due to
the creation of stable phases of precipitates,
which have been converted from a metastable
phase with the maximum hardness, to a stable
phase with lower hardness. Based on this strain-
stress curve, the yield stress of the non-heat
treated sample is 9 MPa and 31 MPa for S3 (The
yield stress of S3 is highest among all).
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Figure4- Stress-strain curves of artificial bone samples
under the heat-treatment cycles shown in Figure 3

The Mechanism of increasing the strength of
artificial bones at the temperature of 165 ° C as
the aging time increases, is related to the
conversion of nanoscale copper-rich GP zones, to
metastable of 6’'and 6"  (with  lower
concentration of Copper). In non-heat treated
artificial bones, the distribution of Copper is so
low due to the absence of GP zones. During the

aging process, first GP zones then 6" and €'

regions and finally the stable phase of & (CuAl,)
precipitates due to the creation of metastable
phases. Consequently, the distribution of Copper,
highly depends on these metastable and stable

phases. As Copper joins the stable phase of &,
the strength of the metal decreases due to the
overage phenomenon. This is because the
distribution of Copper in the crystal lattice of GP

phase, 8" , €' are far different from that of CuAl,

or @ phase.

With the help of absorbed energy during the
deformation of artificial and natural bones,
plateau stress as an important characteristic of
porous structures, can be calculated. This
calculation showed that the S3 sample (22.7
MPa) was closer to the fresh natural bone sample
(19.8 MPa) in terms of plateau stress. Moreover,
the yield stress of the S3 sample and natural bone,
equate t030.7 MPa and 33.5 MPa respectively

3- Conclusion

In this study, closed cell metal foam was
successfully prepared by adding Copper metal to
the melted Aluminum-Silicon alloy (American
A356) using TiH, as foaming agent. Artificial
bones were constructed from these foams having
the exact same size of fresh sheep shinbone. All
the samples underwent heat treatment at the
temperature of 165 ° C at different durations.
Compressive strength and toughness of artificial

bones were measured during uniaxial
compressive loading. The comparison of the
obtained quantities is as follows:

1- The non-heat treated artificial bone, has
a lower strength than the fresh natural
bone. The yield stress of metal foam
bone made of A356+ xwt. %Cu without
the aging process and that of the fresh
bone were 9MPa and 33MPa
respectively.

2- S3 sample (15 hours of aging at the
temperature of 165° C), is the best
sample in terms of similarity of
mechanical behavior to the fresh natural
bone under compressive loading.

3- Plateau stress and yield stress for S3
sample are 227 and 30.7 MPa
respectively and 19.8 and 33.5 MPa for
natural fresh bone. This difference in
mechanical properties is less than 8%.

4- Toughness up to 60% strain during
uniaxial compressive loading, with a jaw
speed of 20 mm/min according to the
international standard ISO 13314 for
porous materials, is 11.9 MJ/m?® for
natural bone and 13.6 MJ/m® for S3
sample the selected artificial bone.

5- The Mechanism of increasing the
strength of artificial bones at the
temperature of 165 ° C as the aging time
increases, is related to the conversion of
nanometer Copper-rich GP zones, to
metastable of 6'and 6" (with lower
concentration of Copper).

6- Sample’s strength declines again as the
aging process is further prolonged. This
is due to the growth of nanoscale
precipitates converted to micro and
stable precipitates such as CuAl..

7- The presence of Copper in closed cell
metallic foam of A356+xwt. %Cu and
the aging process, provide this
opportunity to design artificial bones,
with the desired strength of medical
engineers. These artificial bones can be
suitable for bone replacements.
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1. Introduction
According to the literature review, it can be seen that

different researchers have studied different methods to
improve the mechanical properties of various
magnesium alloys. The effect of heat treatment
quantitatively (and not just qualitatively) by
regression method on the hardness of the specific
magnesium alloy under study is rarely found, which is
one of the innovations of the present study. Therefore,
in this paper, the effect of temperature and hardening
time in heat treatment on the hardness and
microstructure of AZ91 and AZ91+1%RE magnesium
alloys is investigated. For this purpose, 8 ageing
processes with different temperatures and times have
been performed on the studied materials. Then, the
microstructures were compared with each other and
the hardness test results were presented by the Brinell
method using sensitivity analysis (regression method)
in Minitab software and the effect of input variables
was determined.

2. Materials and Experiments

Brinell hardness tests were performed before and after
heat treatment on samples produced according to the
ASTM-E10 standard. Hardness test was performed by
Brinell method (with Copa universal hardness tester),
with a diamond ball with a load of 150 kg and repeated
up to 4 times at room temperature. The average
hardness values in terms of Brinell and the percentage
of hardness improvement were reported. After the
metallographic  process of the samples, the
microstructures of the material were examined by light
microscopy. This process included cold mounting,
sanding, polishing, and etching with a glycol-stick
etchant.

All heat treatment steps are performed in a CO;
gas-controlled tube furnace. The above heat treatment
furnace is of tube or tube type, model ATE1100L,
made by Excion company in Germany. The maximum
working temperature of this furnace is 1200°C and the
dimensions of the working area (pipe) include a
diameter of 10 cm and a depth of 90 cm.

3. Results

According to Figure 1, the effect of three variables of
ageing temperature, ageing time, and addition of rare
earth elements (cerium and lanthanum) on the
hardness of AZ91D magnesium alloy is investigated
in the standard effects diagram. Therefore, the
hardening temperature, the addition of rare earth
elements, and the ageing time, respectively, had the
greatest effect on increasing the hardness of AZ91
magnesium alloy. Moreover, it should be noted that
according to Figure 1, the effect of ageing temperature
on hardness was greater than the ageing time. The
addition of a rare earth element to the AZ91
magnesium alloy at ambient temperature also has
significant effects on mechanical properties. These
effects include a decrease in yield strength and an
increase in tensile strength of up to 4% each, an
increase in stiffness of up to 3%, and an increase in a
failure rate of up to 38%. Therefore, it is clear that the
addition of a rare earth element has slightly improved
the hardness. On the other hand, the curing alloy is
highly dependent on the temperature and the ageing
time.

Ageing Temperature (°C) Ageing Time (hrs) Materials

95
90

)\ VN7

70

Mean of Hardness (Brinell)

65

60
B0 200 220 2 4 6 AZ91  AZE9LL
Figure 1: Diagram of the effect of hardening
temperature, hardening time, and addition of rare
earth element AZ91 on the hardness of magnesium
alloy

The formation of discontinuous sediments causes the
formation and growth of cracks at the grain boundaries
and their weakening, which is the main reason for the
decrease in yield strength in the early stages of the
ageing process. The process of sediment formation
consists of three-time stages. The first stage involves
the initial times of the process that the difficulty does
not change. Then, in the second stage, the increase in
hardness begins and continues until the third stage
begins and the peak of hardness or overexposure
occurs, after which, with increasing ageing time, a
decrease in hardness is observed. Also, with
increasing ageing time, the length of sediments
increased and caused improper arrangement of
sediments, which was the main reason for the increase
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in hardness and strength. Regarding the effect of
ageing temperature, it can be said that increasing the
ageing temperature has caused the accumulation of
sediments at the grain boundaries, which has been
directly effective in strength.

4- Conclusions

In this article, the effects of the ageing temperature and
the ageing time in the heat treatment have been
investigated on the hardness and the microstructure of
AZ91 and AZ91+1%RE magnesium alloys, using the
sensitivity analysis with the Minitab software. For this
purpose, 8 ageing treatments with different
temperatures and times were performed on AZ91 and
AZ91+1%RE magnesium alloys and then, results
related to the Brinell hardness and the microstructure
of the optical microscopy were compared. Based on
the results of the sensitivity analysis, the influence of
the ageing temperature on hardness increasing was
more than the ageing time. Moreover, ageing at 215°C
for 3 hours enhanced the hardness of the AZ91
magnesium alloy about 57% and ageing at 215°C for
5 hours increased the hardness of the AZ91+1%RE
magnesium alloy about 47%. In addition, ageing
converted a large part of continuous precipitations to
needle-shaped precipitations on the alpha phase and
also reduced the number of precipitations around the
Mgai7Al12 phase in the microstructure of both alloys.
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Investigation of microstructure and
mechanical properties of dissimilar joints
between AISI 321 stainless steel and X65

high-strength low-alloy steel

Mahmood Sharifitabar'  Sahar Khajeh Mahmodi 2

1. Introduction

The chemical compositions of high strength low-
alloy steels (HSLA) and stainless steels are
completely different. So, controlling the reactions at
their dissimilar joint interface and evaluation of
microstructure and mechanical properties of the joints
has a great importance from technical point of view.
API 5L-X65 micro alloy steel is used to make oil and
gas transportation pipelines thanks to its outstanding
high strength. This alloy has a ferritic-pearlitic
microstructure and the presence of minor constituents
of Ti, Al, Nb, and V in its composition results in the
transformation of austenite to fine-grained ferrite. On
the other hand, 321 stainless steel belongs to the
austenitic stainless steel group. The addition of small
concentration of Ti to the composition leads to the
stabilization of carbon and eliminates the grain
boundary corrosion at high temperatures between 550
and 790 °C. The dissimilar joining of these steels will
be a solution to overcome some limitations in
selection of engineering materials in chemical,
petrochemical, oil and gas, industries.

2. Materials and methods

In order to join 321 stainless steel to X65 HSLA steel,
plates with the dimensions of 12x100x300 mm? were
cut. Then they were cleaned and joined together by
shielded metal arc welding process using E308H and
E309L stainless steel electrodes with 4 mm diameter
as the filler materials. Finally, optical emission
spectroscopy, X-ray diffraction analysis, optical
microscope, scanning electron microscope equipped
with energy dispersive analysis and hardness and
tensile tests were employed to characterize the
welded joints.

3. Results and discussion
X-ray diffraction patterns of weld metals extracted
from dissimilar joints between X65 HSLA steel and
321 stainless steel made by 308 and 309 electrodes
are shown in Fig. 1. Austenite and ferrite were
identified in the structure of both joints. However, the
peak intensity of delta ferrite is higher for 309
electrode weld metal that indicated the higher volume
fraction of this phase in the microstructure of the
joint.

The micrographs of 308 and 309 weld metals in

the last welding pass are illustrated in Fig. 2(a) and
(b), respectively. A dark gray phase with worm-like
and layer morphologies was distributed in the light
gray matrix as shown in Fig. 2(a). Fig. 2(b) shows that
this phase has a skeletal morphology in the case of
309 electrode weld metal. Moreover, the volume
fraction of this phase was considerably higher. The
EDS results confirmed that the concentration of Cr
was higher in the dark gray phase than the matrix.
Since Cr is a ferrite stabilizer element, it was
concluded that the dark gray phase was ferrite
distributed in the austenite matrix. Figs. 2(c) and (d)
show that reheating significantly altered the
morphology and the volume fraction of delta ferrite
in the weld microstructure.

o O Austenite
O Ferrite

Intensity (a.u)

e M n 1 N 1 1 J
20 30 40 50 60 70 80

2 theta (degree)

Figure. 1 X-ray diffraction patterns of dissimilar joints
between X65 HSLA steel and 321 stainless steel welded
with 308 and 309 electrodes.

Figure. 2 Different morphologies of ferrite at the
microstructure of the joints for the last pass and the
reheated region made by (a) and (c) 309 electrode and
(b) and (d) 308 electrode.

! Corresponding Author, Associate Professor, Department of Materials Engineering, University of Sistan and Baluchestan,

Zahedan . Email: msharifitabar@eng.usb.ac.ir

2 M.Sc. Department of Materials Engineering, University of Sistan and Baluchestan



86

The interfaces between 309 electrode weld metal
with both X65 HSLA steel and 321 stainless steel are
shown in Fig. 3. An interface layer was detected
between the weld metal and X65 steel as shown in
Fig. 3(a). The distribution of alloying elements across
the interface is shown in Fig. 3(b). Putting the
composition of the interface layer on the Schaeffer
diagram proposed the formation of martensite phase
in this layer. On the other side, the interface between
the weld metal and 321 stainless steel was free from
any defect in Fig. 3(c) and the TiC particles were
detected at the heat affected zone of stainless steel as
illustrated in Fig. 3(d).

Figure. 3 Micrograph of the joint interface (a) between
309 weld metal and HSLA steel, (b) distribution of
elements across the interface, (c) joint interface
between 321 stainless steel and 309 weld metal, and (d)
heat affected zone of 321 stainless steel.

The distribution of hardness across the welded joints
are shown in Fig. 3. The weld metal hardness values
for 308 and 309 electrodes were respectively 30% and
38 % higher that the HSLA steel. Moreover, the mean
hardness of 309 electrode weld metal was slightly
higher than the 308 electrode weld metal.

Mahmood Sharifitabar, Sahar Khajeh Mahmodi
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Figure. 3 Distribution of hardness across the dissimilar
joints between X65 HSLA steel and 321 stainless steel
made by 308 and 309 electrodes.

Tensile test results showed that the strength of the
joint set up using 309 electrode reached 562 MPa that
was 1.5% higher and its maximum elongation was
18.7% that was 26% lower than the joint made by 308
electrode. In all specimens fractured occurred at the
interface between the weld metal and the low alloy
steel. A mixed ductile-brittle facture mode was
observed on the fracture surface of tensile test
specimens.

4. Conclusion

In the present study, dissimilar joints were established
between X65 HSLA steel and 321 stainless steel by
shielded metal arc welding. 308 and 309 stainless
steel electrodes were selected as the filler materials.
Then, structure, microstructure and mechanical
properties of the joints were investigated. Results
showed that the formation of higher delta ferrite
content in the 309 electrode weld metal increased its
strength, while decreased elongation considerably.
Meanwhile, the formation of a martensitic interlayer
at the weld metal/HSLA steel interface concentrated
the fracture to this region. Finally, 308 electrode was
proposed as the proper electrode to joint these
materials.
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Synthesis and Characterization of
Bentonite-SnO2 Nanocomposite in
Supercritical Water Environment

Morteza Golmohammadi ! Hadi Nasiri 2

1. Introduction

Metal oxides are very popular due to their many
applications, including catalyst for a wide range of
catalytic reactions, adsorbents for adsorption of
various pollutants, water and wastewater treatment,
energy production and storage, and etc. Reducing
particle size to nanoscale can improve particles
performance in various applications by increasing their
specific surface area. Over the past decades, various
methods for the production of nanoparticles have been
implemented, including chemical methods such as sol-
gel, co-precipitation and combustion. Green methods
like synthesis in the presence of plants’ extracts, and
hydrothermal methods in supercritical water. Among
these methods, supercritical water has been considered
by researchers in recent decades due to its simplicity,
high synthesis rate and minimal use of chemicals.

If the temperature and pressure of the water exceed
its critical state (T. = 374 °C and P, = 221 barg), it
becomes a supercritical fluid. Supercritical water has
different properties than liquid water or steam. These
properties can be differed by changing pressure and
temperature. For example, density and viscosity
change near the critical point, intensely. Due to its
unique properties, supercritical water has a number of
technical advantages. it uses as a suitable environment
for the production of nanoparticles, as well as a wide
range of chemical reactions, for example reactions for
the destruction of toxic chemicals, upgrading of heavy
oil, hydrogen production by biomass gasification, and
etc. One of the attractive applications of supercritical
water is its use as a medium for the production of
various nanoparticles. The high reaction rates and
environmental friendliness are the most important
advantages of using supercritical water.

One of the challenges of using nanoparticles in
different heterogeneous catalytic reactions is their
dispersion in the reaction medium and the difficulty of
recovering them. To overcome this problem,
nanoparticles are usually immobilized on a support.
Materials are suitable for catalyst support that possess
a large surface area, high chemical and physical
stability. In addition, the chemical and physical
properties of the support’s surface can affect the
performance of nanoparticles and thereby improve the
properties of the supported catalysts. In laboratory and
industrial studies, various catalyst supports have been

studied and used, the most important are silica,
alumina, titania and some mineral soils like bentonite
and kaolin.

Among these supports, bentonite has attracted
many attentions in recent years due to its abundance,
cheapness and satisfactory morphological properties.
Various nanoparticles such as tin dioxide, zinc oxide,
silver oxide, and etc. have been immobilized on
bentonite by different methods. Moreover, their
performance in different reactions has been
investigated. According to the researchers, the use of
nanocomposites including metal oxide nanoparticles
and bentonite compared to solitary nanoparticles
improves catalytic performance and facilitates the
recovery of catalysts. They attribute this performance
improvement to the properties of bentonite.

2. Materials and Method

Tin (1) chloride (Sncls.5H20) with high purity of 98%
was prepared by Merck. High purity modified
bentonite was purchased from one of the mines of
Birjand, South Khorasan province. Double distilled
water was used in all experiments.

A batch reactor with capacity of 20 ml was used to
synthesize bentonite-tin dioxide nanocomposite. In
order to synthesize nanoparticles, a solution of 0.1 M
tin (I1) chloride was first prepared. Then 6 ml of this
solution together with 1 g of bentonite powder was
poured into a beaker and mixed for 15 minutes on a
magnetic stirrer. The reactor was loaded with mixture
and placed in a furnace with temperature of 480 ° C for
2 h. After reaction time, the reactor was removed from
the furnace, submerged in cold water and the
precipitated nanoparticles were separated from the
solution by wusing a high speed centrifugation.
Afterward, the nanoparticles were washed three times
with distilled water to eliminate any impurities on the
surface of the nanoparticles. The final precipitates
were dried at the room temperature for 24 hours.

3. Results and Discussion

The XRD pattern of bentonite and bentonite-tin
dioxide nanocomposites is shown in Fig. 1. According
to the pattern of pure bentonite, it can be concluded
that quartz, cristobalite and montmorillonite are the
main components of the bentonite.

ICorresponding Author, Assistant Professor, Department of Chemical Engineering, Faculty of Mining, Civil and Chemical
Engineering, Birjand University of Technology, Birjand, Iran. Email: golmohammadi@birjandut.ac.ir
2 Assistant Professor, Department of Materials Engineering, Mechanics and Materials Engineering Faculty, Birjand University

of Technology, Birjand, Iran.
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Figure. 1- XRD pattern of: (a) pure bentonite, (b)
bentonite-tin dioxide nanocomposite.

Fig. 2 shows SEM images of bentonite-tin dioxide
nanocomposites at two magnifications of 5000 and
10000.
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Figure. 2- SEM images of bentonite-tin dioxide
nanocomposite: (A) 5x magnification, (b) 10,000x
magnification.

From these images, large bentonite particles with a
sheet structure act as a nanocomposite support on
which tin dioxide nanoparticles were dispersed. TEM
image of the nanocomposite is displayed in Fig. 3. In
this figure, due to the image scale (100 nm) and the
smaller tin dioxide nanoparticle size, the successful
synthesis of tin dioxide nanoparticles and their
immobilization on a bentonite support in the
supercritical water environment is observed.

Morteza Golmohammadi, Hadi Nasiri

100 nm

Figure. 3- TEM images of bentonite-tin dioxide
nanocomposite.

4- Conclusion

In this paper, the possibility of synthesizing bentonite-
tin dioxide nanocomposite in supercritical water
environment was investigated. The results of various
analyses such as X-ray diffraction (XRD), scanning
electron microscopy (SEM) and transmission electron
microscopy (TEM) confirmed the immobilization of
tin dioxide nanoparticles on bentonite in the
supercritical water medium. The synthesized
nanocomposite had suitable catalytic properties such
as proper particle size and high specific surface area
and pore volume. Overall, the results showed that the
supercritical water method is a suitable and simple
method for synthesizing of various nanoparticles and
nanocomposites.
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Evaluation of the morphologies and
formation mechanisms of ZnO and CuO
nanoparticles synthesized via the co-
precipitation method

Narges Johari! Faezeh Zohari?
Fatemeh Rafati?

1- Introduction

One of the crucial parameters to tune the various
properties of nanoparticles, such as mechanical,
physical, optical, magnetic, electrical, and biological
properties is their structure and morphologies. In
recent years, nanomaterials have received much
attention due to the high surface-to-volume ratio they
have, as this property has led to the determination of
the different properties of these materials, including
their electrical, chemical, mechanical, physical,
optical, and magnetic properties. Zinc oxide
nanoparticles are used as additives in food and
medicine. In the present study, zinc oxide (ZnO) and
cupric oxide (CuO) nanoparticles were synthesized
via the co-precipitation method with the same
protocols. The phase structures and morphologies of
the prepared nanoparticles were investigated using an
X-ray diffractometer (XRD) and scanning electron
microscopy (SEM), respectively.

2- Experimental

2-1 Production of zinc oxide nanoparticles. Zinc
oxide nanoparticles were fabricated by the co-
precipitation method. Based on this, two different
solutions called solution A and solution B were
prepared. To prepare solution A, zinc nitrate (Zn
(NO3)2, Sigma-Aldrich) at a concentration of 0.5 M
was added to distilled water and mixed at 60 ° C.
Solution B is a 2 M solution of sodium hydroxide
(NaOH, Merck). Solution B was then slowly added to
solution A, mixed at 60 ° C, at a rate of 15 drops per
minute.

2-2 Production of copper oxide nanoparticles. Two
solutions, C and D, were prepared to make copper
oxide nanoparticles using the co-precipitation method.
Solution C and D were 0.5 M copper sulfate solution
(CuSOg4, Merck) and 2 M sodium hydroxide solution,
respectively.  To  synthesis,  copper  oxide
nanoparticles, solution D were added to solution C the
same as the protocol used to synthesize zinc oxide
nanoparticles described in Section 2-1. The color of

the dried copper oxide nanoparticles was dark brown
to black.

3- Results and discussion

The X-ray diffraction pattern of the nanoparticles of
copper oxide has been shown in Figure 1. CuO
monoclinic phase with relatively wide peaks was
detected in mentioned XRD pattern, which is in
accordance with the standard phase card number of
96-101-1195. On the other hand, no additional peaks
representing impurities in the nanoparticles were
observed in the obtained X- ray diffraction pattern.
Figure 1 shows the X-ray diffraction pattern of ZnO
nanoparticles made with hexagonal phase structure,
which is in accordance with the standard phase
reference card number of 96-901-1663. Figure 1
shows the comparison of the X-diffraction pattern of
both ZnO and CuO nanoparticles that the resulting
peaks of CuO are wider than ZnO. That is, the
dimensions of the synthesized CuO nanoparticles are
smaller than the ZnO nanoparticles.

CuO ’
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Figure 1: X-diffraction patterns of CuO and ZnO
nanoparticles.

Figure 2(a) shows the SEM image and morphology of
ZnO nanoparticles with a diamond-spherical-like
structure. Further, figure 2(b) shows the SEM and the
morphology of CuO nanoparticles with a flower-like
structure. The difference between the crystal
structures of zinc oxide and copper oxide
nanoparticles is related to the different electrostatic
interactions between the anions and their polar
surfaces, which ultimately lead to their different
structures.
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Figure 2: Scanning electron microscope images of a)
ZnO nanoparticles, b) CuO nanoparticles.
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4- Conclusion

In the present study, ZnO and CuO nanoparticles were
fabricated by co-precipitation method with the same
protocols. The phase structure and morphology of the
fabricated nanoparticles were evaluated and it was
found that the nanoparticles were fabricated without
any additional impurities. The morphologies of these
nanoparticles were completely different. The ZnO
nanoparticles had a diamond-spherical- like structure,
however, CuO nanoparticles had a flower-like
structure which was consisted of nano-sheets stacked
together.
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Investigation on Efficiency of Analytical
Relations to Predict the Properties of
Reinforced Nanocomposites

Sina Mosalman' Samrand Rash-Ahmadi”

1- Introduction

In order to improve the mechanical behavior of
materials by adding different reinforcements, several
studies have been performed. Beside experimental
studies, analytical studies also have gotten attentions.
In these studies, the focus is on analytical models
which can predict behavior of composite with
different percentage of reinforcements. These models
are presented by considering parameters such as
shape, size and type of particles of base and filler
material. The use of these relationships is to reduce
practical experiments and to reduce waste of time and
consequently financial costs.

Since in previous studies there was no
comprehensive comparison between the existing
analytical relationships, it was decided to study and
evaluate the effectiveness of the existing relationships
in comparison with each other. At first, different
analytical models are introduced. Then the effects of
different volumetric percentages of titanium dioxide,
silicon dioxide and aluminum oxide nanoparticles on
the mechanical properties of polymethyl methacrylate
polymer are studied. Finally, the experimental results
are compared with the results of the analytical
relationships to determine the most accurate model or
models in estimating the mechanical properties of
reinforced polymer nanocomposites with the
mentioned oxide nanoparticles (Table 1).

Table. 1. Density, volume fraction & results obtained
from experimental tests samples

- Modulus | Change
Specimens ‘g g Vi of compared
P 32 " | Elasticity | to pure
=~ (MPa) | sample (%)
Pure PMMA 1.180 2913.77

PMMA + TiO,0.5wt % | 1.189 | 0.0015 | 2949.00 1.21

PMMA + TiO, 1.0 wt % | 1.193 | 0.0030 | 3022.90 3.75

PMMA + TiO,2.0 wt % | 1.202 | 0.0060 | 3111.50 6.79

PMMA + Si0,0.5wt % | 1.183 | 0.0025 | 2860.90 -1.81

PMMA + SiO,1.0wt % | 1.186 | 0.0050 | 2964.60 1.74

PMMA + Si0,2.0wt % | 1.192 |0.0100 | 3024.20 3.79

PMMA + Al,030.5wt % | 1.184 | 0.0015 | 3032.60 4.08

PMMA + Al,O;1.0 wt % | 1.188 | 0.0030 | 2698.90 -7.37

2-Analytical Models

Models designed to explain the behavior of a
substance are known as theoretical models. The
purpose of presenting these models is to derive a
relationship that can be used to predict the behavior of
materials ~ without  requirement of  practical
experiments.

The models studied in this study are: Manera
Approximation Model, Modified Density Function-
Pan’s Model, Christensen and Waal’s Model, Hirsch’s
Model, Modified Halpin-Tsai relation, Lavengood
and Goettler relation, Einstein’s Model, Voigt and
Reuss bounds, Hashin and Shtrikman bounds.

3-Experimental Steps

The samples were prepared in several steps as
described below. In the first step, the reinforcing
nanoparticles were combined with the polymer (which
had already been dried in a separate device for
dehumidification) at the desired mass percentages and
turned into granules. Polymethyl methacrylate was
selected as the base matrix and titanium dioxide,
silicon dioxide and aluminum oxide nanoparticles
with a particle size of approximately 20 nm were
selected as reinforcement. Next, the ZSK-25 twin-
screw extruder (manufactured by the German
company Caprion Werner and Floider) was used to
melt and combine the material. The nanocomposite
granules were obtained in the desired mass
percentages. The specimens were prepared by
injection molding of granules into molds.

4-Results & Discussions
The results obtained from experimental tests indicates
that the effect of titanium dioxide nanoparticles on the
base matrix was more than other nanoparticles.
Examining the results of experimental experiments
and comparing them with the results extracted from
the analytical relations revealed interesting results. All
specimens containing TiO, nanoparticles improved
the modulus of elasticity of the base polymer. By
adding 0.5, 1 and 2 weight percentage of TiO;
nanoparticles to polymethyl methacrylate, the
modulus of elasticity increased by about 1.5, 4 and
7%, respectively. The modulus of elasticity for 0.5, 1
and 2 weight percentage of SiO, nanoparticles
reported -2, 2% and 4%, respectively, and for 0.5 and
1 weight percentage of Al,Os, reported 4% and -7.5%.
Except for two cases (0.5 wt.% of silicon oxide and
0.1 wt.% of aluminum oxide), in all other cases,
increasing the weight percentage of the nanofillers
resulted an increase in the modulus of elasticity of the
material. The reduction of the Young's modulus for
composites with 0.5 wt.% silicon oxide can also be
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2 Corresponding Author; Associate, Department of Mechanical Engineering, Urmia University, Urmia, Iran .
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due to the lack of uniform dispersion of the
nanocomposites.

The results obtained from the analytical relations
(FIG.1to 3 for TiO, 2.0 wt.%, SiO, 2.0 wt.% & Al;,03
1.0 wt.%) show that the theoretical models correctly
predict the trend for all samples except the sample
with 1 wt.% of aluminum oxide, and in some models,
they present the result with high accuracy. In fact, it
can be said that the relationship between Lavengood
and Goettler estimates all the results with an
approximate difference of 23 to 33% compared to the
experimental results, due to the low weight percentage
of nanocomposites in this study. The upper and lower
bound models of Voigt and Reuss or Hashin and
Shtrikman provide a suitable interval for estimating
the Young's modulus of composites. Pan's 3D model
and Christensen and Waal's 3D models predict the
Young's modulus more accurately rather than their 2D
models. With examining the output of the models and
comparing them with the experimental results, it can
be said that the Pan's three-dimensional model
predicts accurate values with a small difference for the
majority of results. Noteworthy, which occurs with
increasing the weight percentage of the amplifier, the
accuracy of the results for values greater than 0.2 wt.%
of the amplifier. In this case, with increasing the
amount of amplifier, the clumping effect occurs,
which due to the lack of this effect in the analytical
relations, the above results cannot be invoked with
certainty. With increasing amounts of nanoparticles,
the clumping effect occurs. Due to the lack of this
effect in the analytical relationships, for a higher
percentage of weight of the reinforcing nanoparticles
the results cannot be cited with certainty.
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Fig. 5 Comparison of analytical results of young’s modulus with
experimental results (for samples containing 2.0 wt % TiO2)
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Fig. 8 Comparison of analytical results of young’s modulus with
experimental results (for samples containing 2.0 wt % SiO2)
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Fig. 10 Comparison of analytical results of young’s modulus with
experimental results (for samples containing 1.0 wt. % Al20s)

Finally, the most suitable models can be
summarized in terms of reinforcing particles as
follow:

1) The use of different weight percentages of
reinforcing nanoparticles to improve the
mechanical  properties of  polymethyl
methacrylate generally led to an increase in
the modulus of elasticity. This increase
depends on the type of reinforcing particles.

2) If the number of reinforcing particles is more
than a certain percentage, it leads to structural
defects. This causes to mechanical properties
of material remain constant and even reduce
rather to base matrix. In the present study, this
was revealed for Al,Os nanoparticles at 1
wt.%.

3) Among the proposed analytical models, the
Pan's 3D model (with the lowest mean
difference and the least standard deviation) is
the most suitable model for titanium dioxide
reinforcement nanoparticles.

4) The analytical model that provides the most
accurate prediction for the silicon dioxide
nanoparticles is the Pan's 3D model (with the
lowest mean difference) and the Pan's 2D
model (with the lowest standard deviation).

5) The analytical model that is suitable for
aluminum oxide nanoparticles is introduced
as the Hashin and Shtrikman's low bound
(with the lowest mean difference and the
lowest standard deviation).

As the final result, to choose a model for composites
reinforced with all three types of nanocomposites of
titanium dioxide, silicon dioxide and aluminum oxide,
the best option is Pan's 3D model which provides best
results for all nanocomposites.
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Microstructure and Mechanical
Properties of A283 Steel Coated by
Inconel 625 and 347 Steel Using GTAW

Farhad Ostovan'

1- Introduction

A283 alloy is a low carbon steel alloy which needs to
be surface treated due to its low wear resistance,
especially in the presence of high stresses.
Accordingly, increasing the surface resistance against
wear and dimensional reduction is of interest [1]. One
of the most common method for the surface coating of
steels, is GTAW [8]. A successful coating by the use
of GTAW demands an appropriate selection of filler
metal in order to reach the highest mechanical
properties and corrosion resistant [9]. As a Nickel
based alloy, Inconel 625 alloy has been used in
different applications. However, due to the
segregation of alloying elements at the weld metal and
HAZ zone, welding and coating of this alloy has been
found out to be challenging. 347 austenitic stainless
steel is also one of the most widely used materials in
the industry as the coating. Considering the high
efficiency of multilayer coatings [19,20] and
according to the fact that Inconel 625 and 347 stainless
steel are able to produce a high corrosion and wear
resistant coating layer [21,22,23], this paper aims to
investigate the microstructure and mechanical
properties of double-layered coating including Inconel
625 and 347 stainless steel on the A283 steel
substrates.

2-Exprimental

The base metal employed in this study was 10 mm x
15 mm x 8 mm plates of A283. 347 stainless steel as
well as Inconel 625 were selected as coating materials.
Type of filler material and the order of coatings layer
were the variables. Welding equipment of MILLER
was employed for GTAW with an electrode of
tungsten+2%thorium (2.4 mm in diameter) and in
DCEN mode. The microstructure of the weld joints
was evaluated by Metallux 3Leitz optical microscope,
MIRA3/Tescan and VEGA/Tescan-LMU SEM
equipped with EDS. The microhardness test was
performed for Vickers hardness by the use of
MICROMET machine according to E384-89 standard.
Wear test was performed according to ASTM G133
standard procedure.

3-Results and Discussion

The microstructure of the A283 base metal (the first
sample) is presented in Figure 1. A homogenous
ferrite-pearlite structure can be seen throughout the
microstructure.

LT R e

Figufe 1: Microstructure of A283 substrate‘éteel.

By moving from the zone far from the welding
heat towards the coating layer in second sample
(including a single layer of 347 coating), a decrease in
the concentration of pearlite microstructure can be
seen. Due to an increase in the temperature of substrate
in the regions close to the coating layer, the pearlite
microstructure gradually dissolves in the ferrite matrix
and pearlites can appear as narrow lines in o ferrite
grain boundaries [21].

Microstructure of the coating in the third sample
(including a layer of 347 and a layer on Inconel 625)
is austenitic with a dendrite morphology. Dendrites
are short in the first coating layer (347 stainless steel)
and are long in the second coating layer (Inconel 625).
The microstructure of the fourth sample (coated with
a single layer of Inconel 625) is austenitic with a
dendritic morphology, in the center of the weld zone,
along with carbide precipitates throughout the
microstructure.

The hardness test results are presented in Table 1.

A significant increase in the hardness of both coating
layers (in different samples) can be seen due to the
presence of complex carbides of Cr and Nb.
The weight loss results after wear test showed that the
first sample owned the highest weight loss. The weight
loss in the second sample was almost half of the first
sample, indicating a higher wear resistance of this
sample due to the austenitic microstructure and
carbide precipitates in the coating layer. The third and
fourth sample showed the less weight loss, indicating
the higher efficiency of Inconel 625 as coating layer in
increasing the wear resistance.

Table 1: hardness values at different coating layers.

Hardness (Vickers)
Sample substrate First layer Second layer
1 143+3 - _
2 14244 16913 -
3 143+2.5 179+1.3 202+2.2
4 142+2.8 202+1.9 -

Figure 2 presents the worn surfaces of the samples.
The wear mechanism in the first sample is abrasive. It
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can be seen that the wear paths are like abrasive paths
accompanied with squeezed surfaces which is
contributed to the ductile-like behavior of the material.

Figure 2: SEM micrographs of the worn surfaces of the
first to fourth sample respectively.

The straight path of the wear pin has been
disappeared in the second sample and a drastic effect
of detachments can be seen on the worn surface. The
wear mechanism is almost high stress three-body
abrasive wear. In the third sample, surface destruction
and wear products have been decreased, when
compared to the second sample. Finally, in the fourth
sample, the worn surface includes different scratches
which were resulted from the frequent effects of the
wear pin on the surface. Instead of squeezed areas, the
lamination of the worn surface can be seen in this
sample.

4- Conclusion

In this research, the effects of double layer coating

consisted of 347 stainless steel and Inconel 625 have

been investigated on the microstructure and
mechanical properties of A283 carbon steel substrate.

The results of this study are briefly as follow:

- Microstructural studies showed that after coating
process, during the filler rod melting, due to an
increase in the temperature of the substrate, the
pearlite structure was gradually dissolved in the
ferrite matrix and appeared as narrow lines in the
ferrite grain boundaries.

- EDS and XRD analysis confirmed the presence of
precipitates, mostly carbides, in the microstructure
of the both 347 and Inconel 625 coating layers.
These precipitates had then a significant effect on
the mechanical properties of the coating.

Farhad. Ostovan

- Hardness and wear test results showed that, the

Inconel 625 has the highest hardness. By applying
Inconel 625 coating, the hardness of substrate
increased by 60 Vickers. Also, by applying the 347
stainless coating layer, the hardness increased by
~25 Vickers. Wear resistance of the Inconel
coating was almost 3.5 times greater than that of
A283 substrate due to the presence of the
precipitates in the microstructure of the coating.
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Investigation of Fuel Type on
synthesis of ZnO nanostructure
by solution combustion method

Hadi Nasiri! Morteza Golmohammadi?
Milad Ghorbanzadeh 2

1. Introduction

ZnO particles are one of the most widely used mineral
particles that have been considered by industries due
to their suitable physical and chemical properties.
Among the special properties of ZnO nanoparticles, It
can be mentioned that high chemical stability, low
dielectric constant, high catalytic and photocatalytic
activity, absorption of infrared and ultraviolet light
and, most importantly, antibacterial properties. In
recent years, zinc oxide has attracted much attention
mainly due to its unique optical, electronic and
piezoelectric properties, and also its potential
application in solar cells, blue light emitting diodes,
sensors and dimmers.

Zinc oxide is biocompatible, safe and can be easily
used in medicine. ZnO nanoparticles have special
applications in UV absorption applications, including
burn ointments and sunscreens. In medicine and
health, it is used in baby powder, skin ointments,
sunscreen and other items.

Due to the mentioned importance for zinc oxide in
nanoscale, researchers have produced this material
through various methods such as: hydrothermal,
microemulsion, sol-gel and milling. Although each of
these methods have their own unique advantages, they
all have weaknesses that may not be suitable for large-
scale use. The sol-gel method results in homogeneous
nanoscale particles, but the raw material in this
method is expensive and takes a long time to
complete. The hydrothermal method is one of the cost-
effective methods from bottom to top, which requires
equipment such as a thermal reactor. This method
needs precise conditions control.

Solution Combustion synthesis (SCS) is a
relatively new method that takes place in aqueous
medium. The raw materials are solved in a solution
resulting in forming a very homogeneous distribution
of the materials, which ensures the homogeneity of the
structures. Also, the distribution at the molecular scale
causes the starting temperature of the combustion

reaction, which is called the ignition temperature,
decreases sharply less than 350 °C.

2. Materials and Method.
In this research, zinc nitrate (Zn (NO3 ) , * 6H; O)
with 99% purity, made by Merck Company of
Germany as a precursor for the production of zinc
oxide and from two urea fuels (CH, N, O) prepared
by Panrak Company with a purity of over 98% and
glycine (C; Hs NO, ) prepared from Merck
Company with a purity of over 99% were used as fuel.
Double distillation water was used in all experiments.
The following two equations show the combustion
reaction in the presence of two fuels, urea (reaction 1)
and glycine (reaction 2). The fuel stoichiometric ratio
for the both reactions.

5(NH,)2CO + 3Zn(NO3); =10H,0 + 8N, + 5CO, +
3Zno 1)

10C,HsNO;, + 9Zn(NO3), = 25H,0 + 14N, + 20CO,
+9Zn0 @)

Urea and zinc nitrate were mixed after weighing
and then water was added to them. To completely
dissolve the material in water, the mixture was stirred
vigorously to obtain a perfect homogeneous solution.
The resulting solution was then poured into a 50 cc
container. A hotplate was used for initial heating.
Initially, the hotplate was set at initial temperature of
300 °C. After reaching the desired temperature, the
container was placed on hotplate. At this stage, the
synthesis of zinc oxide nanostructure was not
performed in the presence of urea fuel. In the next step,
the reaction solution was placed in a furnace at a
temperature of 500 °C.

3. Results and Discussion

First, considering that the method of solution
combustion synthesis is based on rapid heating of raw
materials to their ignition temperature, and after that,
the energy required to perform the reaction is supplied
by the redox reactions of raw materials. To investigate
the effect of heating rate on the zinc nitrate
decomposition temperature, the DSC-TGA test was
taken at three heating rates of 10, 20 and 30 °C per
minute. The results are shown in Fig. 1 (a-c).
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Figure. 1 Results of DSC-TGA analysis for zinc nitrate

in air atmosphere at heating rates: (a) 10, (b) 20 and (c)
30 degrees per minute.

For both synthesized samples, the synthesis product
was sent for XRD test. The results are shown in Fig. 2
(a) for urea and 2 (b) for glycine. In both synthesized
samples, the XRD test showed successful synthesis of
zinc oxide.
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HH

I | ' | a

i | |

.__—--..__Jh/ Uy WLJ—JJMJ\JVW

10 20 30 40 50 60 70 80 9%
20 (Degree)

Figure. 2 Zinc oxide synthesized in the air by two fuels:
(a) urea and (b) glycine.

As shown in Fig. 3, the synthesized sample has high
porosity, which is due to the release of a very large
volume of gases during the reaction.
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Figure. 3 SEM image and EDX analysis of

nanostructured zinc oxide synthesized
by glycine fuel.

4- Conclusion

1-

Due to the difference between decomposition
temperatures of urea and zinc nitrate, the
synthesis reaction was not performed at 300
°C. So, for this reaction system, the initial
temperature was increased to 400 °C.

The reaction system of zinc nitrate-glycine at
the initial temperature of 300 °C was able to
synthesize zinc oxide nanostructure.

The size of crystals synthesized by glycine
fuel according to Scherer equation was 20.2
nm.

The SEM image of the synthesized sample
with glycine showed very high porosity,
which can be attributed to the release of gases
during the reaction.
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1- Introduction:

The Ni-NiO electrocatalysts are widely used for fuel
cells applications. The morphology, physical, and
electrochemical properties of the mentioned
electrocatalysts are highly influenced by the synthesis
method. Solution combustion synthesis (SCS)
technique is one of the specific synthesis methods in
which the occurrence of an exothermic and self-
propagating reaction during synthesis procedure
leading to the production of nanoscale powder(s). In
fact, this reaction happens between an oxidizer and a
fuel in a short period of time. In this work, the
synthesis of Ni and NiO via SCS was carried out with
two different fuels of glycine and urea, and the effect
of fuel to oxidizer (F/O) ratio on the properties of
synthesized powders was investigated. In addition, the
effect of adiabatic temperature on the particle size of
powders and composition of the final product was
assessed.

2- Experimental
To synthesize the Ni and NiO powders, the certain

amounts of Ni (NO3)..6H,0 and fuel (glycine and
urea) were dissolved in 5 mL distilled water and
stirred for 20 min. Afterwards, the solution was placed
on a hot plate to form a gel. After water was
evaporated completely, the combustion process was
ignited. When the combustion process was completed,
the final powder was rinsed with distilled water for
several times. Finally, the powder was dried at 60 °C
in the oven for 1 h.

3- Results and discussion

Fig. 1 shows the variation of adiabatic temperature
versus the F/O ratio for two different fuels of glycine
and urea. As it can be seen, the adiabatic formation
temperature of NiO is higher than Ni because of its
more negative enthalpy of formation. The maximum
adiabatic temperature is obtained at the F/O=1.11 and

F/O=1.667 for samples synthesized by glycine and
urea, respectively.

Figure. 2 shows the XRD patterns of the samples
synthesized by glycine in different F/O ratios. As
illustrated, the final product is Ni at F/O=1.11. The
reductive condition of synthesis by urea is less than
glycine resulting in the formation of NiO at F/0=2, 2.5
and 3. At F/O=3, Ni particles have formed. The
quantity of Ni increases by increasing F/O ratio.
Figure. 3 shows the particle size of samples
synthesized by glycine and urea at different F/O ratios.
As indicated, the minimum particle size has achieved
when the adiabatic temperature is increased. The
higher adiabatic temperature causes the higher rate of
combustion and thus the produced particles do not
expose to the enhanced temperatures for long time and
do not grow. Moreover, the rate of gas production
increases when the adiabatic temperature is high
enough. As a result, the particles are scattered and do
not agglomerate.

4-Conclusion

The powder mixture of Ni-NiO was produced by
solution combustion synthesis method using glycine
and urea as fuels. The composition and morphology of
the product was investigated. Calculation of the
adiabatic temperature and comparison of it with the
particle size results revealed that the particle size
decreases when the adiabatic temperature is increased.
Particle size of the samples synthesized by glycine
was measured to be less than the specimens
synthesized by urea, due to the relatively higher
adiabatic temperature. Increasing the fuel to oxidizer
ratio resulted in the formation of Ni particles due to
the more reductive condition.
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