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Microstructure and Mechanical Properties of an Al-Zn-Mg-Cu Alloy Processed in
Semi-Solid State by Means of Twin Screw

S. R. Damadi R. Azari Khosroshahi M. Emamy

Abstract

In this study a super high-strength Al-Zn-Mg-Cu alloy was rheo- extruded by a co-rotating twin-screw extruder
with different solid fractions and rotation speeds. Nominal composition of Al-14Zn-9Mg-5.2Cu and process
temperature interval was thermodynamically determined. FESEM and optical microscopes were used to
investigate micro structural features. Optimized combination of strength and ductility was obtained at 0.6 solid
fraction and 450 rpm for screws. The mechanical properties of the rheo- extruded samples at these conditions
were: UTS of 682, 621MPa 0.2% proof stress and 10% elongation.

Key words Twin-screw extruder, Semi-solid, Thermodynamic, Rheo-extrusion, Super high-strength aluminum

alloy.
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Effect of Current Density on Properties of Ni-Cu/Al,O3; Composite Coatings

H. Safaei M. Alizadeh E. Salahinejad

Abstract In this research, Ni-Cu/Al,O; composite coatings were prepared by electrodeposition from a citrate-
ammonia bath; and the effect of deposition current density on the microstructure, hardness and electrochemical
corrosion behaviors of the coatings was studied. The results showed that the morphology and composition of the
coatings are changed with the current density. Also, by increasing the current density, the microhardness of the
coatings is enhanced and then decreased; whereas the corrosion resistance of the prepared coatings is
progressively decreased.

Keywords Composite Coatings, Current density, Microstructure, Micro-hardness, Corrosion behavior.
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Effect of Surface Treatment of Glass Fiber on Mechanical
Properties of Epoxy Composite

Sh. Pourhosseini S. Sahebian A. Zabett

Abstract

The key issue in the processing composite material is to create an appropriate distribution of the secondary phase
and make an adhesive interface. In this research, the effect of surface treatment of glass fibers on the mechanical
behavior of composites with epoxy matrix has been investigated. EP 2040/2047 epoxy as the matrix and E-glass
as the secondary phase has been employed. Similarly, an amino silane as a coupling agent has been used. To
change the composition of the glass and regenerate to the hydroxyl groups, activation pretreatment of glass fibers
was performed using a 10% (v/v) hydrochloric acid. Surface modification evaluated by using Fourier Transform
Infrared spectroscopy. Composite samples were constructed by Vacuum Infusion Process method and short beam
shear test has been conducted to determine the performance of the acid treatment and the silane treatment in terms
of the interlaminar shear strength. The silane coating glass fibers increased 18% the shear strength of the
composite. However, the silane coating on the acid activated glass fibers did not improve the shear strength of the
composite.

Keywords Composite, Epoxy, Glass fiber, Silane, Short beam shear test.
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Optimization of Effective Parameters on Oxidation
Resistance of ZrB2 Ceramics

Z. Balak M. Azizieh H. Kafashan

Abstract

In this research, the effective parameters on the oxidation of ZrB, ceramics were investigated. Temperature, time
and pressure in addition of different additives (SiC, Cs, MoSi», HfB, and ZrC) were investigated. Taguchi method
was applied for experimental design. Oxidation test was conducted on box furnace at 1600 C for one hour. It was
cleared that the HfB; resulted to better oxidation resistance. At the presence of ZrC, oxidation resistance was
damaged. SiC improves the oxidation resistance by borosilicate layer formation. Finally, among the SPS
parameters, temperature is the most.

Key Words Oxidation, ZrB,, Taguchi, SPS.
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FAC.1 FAC.2 FAC.3 FAC.4 FAC.5 FAC.6 FAC.8 FAC.7 FAC.9
TEST 5ic C Mt | Mosi, | HfB, | zrC P T t
Vol% Vol% hr Vol% Vol% Vol% MPa C min
L1 5 0 0 0 0 0 10 1600 4
L2 10 25 25 2 5 5 20 1700 8
L3 15 5 5 4 10 10 30 1800 12
L4 20 7.5 7.5 6 15 15 40 1900 16
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S. F1|F2 | F3 | F4 | F5 | F6 | F7 | F8 | F9
1 1 1 1 1 1 1 1 1 1
2 1 2 2 2 2 2 2 2 2
3 1 3 3 3 3 3 3 3 3
4 1 4 4 4 4 4 4 4 4
5 2 1 1 2 2 3 3 4 4
6 2 2 2 1 1 4 4 3 3
7 2 3 3 4 4 1 1 2 2
8 2 4 4 3 3 2 2 1 1
9 3 1 2 3 4 1 2 3 4
10 3 2 1 4 3 2 1 4 3
11 3 3 4 1 2 3 4 1 2
12 3 4 3 2 1 4 3 2 1
13 4 1 2 4 3 3 4 2 1
14 4 2 1 3 4 4 3 1 2
15 4 3 4 2 1 1 2 4 3
16 4 4 3 1 2 2 1 3 4
17 1 1 4 1 4 2 3 2 3
18 1 2 3 2 3 1 4 1 4
19 1 3 2 3 2 4 1 4 1
20 1 4 1 4 1 3 2 3 2
21 2 1 4 2 3 4 1 3 2
22 2 2 3 1 4 3 2 4 1
23 2 3 2 4 1 2 3 1 4
24 2 4 1 3 2 1 4 2 3
25 3 1 3 3 1 2 4 4 2
26 3 2 4 4 2 1 3 3 1
27 3 3 1 1 3 4 2 2 4
28 3 4 2 2 4 3 1 1 3
29 4 1 3 4 2 4 2 1 3
30 4 2 4 3 1 3 1 2 4
31 4 3 1 2 4 2 4 3 1
32 4 4 2 1 3 1 3 4 2
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FAC.1|FAC.2 | FAC.3 | FAC.4 | FAC5 | FAC.6 | FAC.7 | FAC.8 | FAC.9
TEST| sic | ¢ | M.t | MoSi,| HfB, | zrC | Temp. | Press. | Time
Vol% | Vol% h Vol% | Vol% | Vol% C MPa Min
1 5 0 0 0 0 0 | 1600 | 10 | 4
2 5 | 25 | 25 | 2 5 5 | 1700 | 20 8
3 5 5 5 4 10 | 10 | 1800 | 30 | 12
4 5 | 75 | 75 | 6 15 | 15 | 1900 | 40 | 16
5 0 | o0 0 2 5 10 | 1800 | 40 | 16
6 10 | 25 | 25 | o 0 15 | 1900 | 30 | 12
7 0 | 5 5 6 15 | o | 1600 | 20 8
8 0] 75| 75 | 4 10 5 | 1700 | 10 | 4
9 15 | 0o | 25 | 4 15 | o |1700 | 30 | 16
10| 15 | 25 | o 6 10 5 | 1600 | 40 | 12
1| 15| 5 | 75| o0 5 10 | 1900 | 10 8
122 | 15 | 75 | s 2 0 15 | 1800 | 20 | 4
13 ] 2 | o | 25 6 10 | 10 | 1000 | 20 | 4
14 | 20 | 25 | o 4 15 | 15 | 1800 | 10 8
15 | 20 | 5 | 75 | 2 0 0 | 1700 | 40 | 12
16 | 20 | 75 | 5 0 5 5 | 1600 | 30 | 16
17 5 o | 75| o 15 5 | 1800 | 20 | 12
18 5 | 25 | s 2 10 | o |1900| 10 | 16
19 5 5 | 25 | 4 5 15 | 1600 | 40 | 4
20 5 | 75 | o 6 0 10 | 1700 | 30 8
21| 10 | o | 75| 2 10 | 15 | 1600 | 30 8
2 | 10 | 25 | 5 0 15 | 10 | 1700 | 40 | 4
23 | 10 | 5 | 25| &6 0 5 | 180 | 10 | 16
24 | 10 | 75 | o0 4 5 0 | 1900 | 20 | 12
25 | 15 | o 5 4 0 5 | 1000 | 40 8
%6 | 15 | 25 | 75 | 6 5 0o | 180 | 30 | 4
27 | 15 | s 0 0 10 | 15 | 1700 | 20 | 16
28 | 15 | 75 | 25 | 2 15 | 10 | 1600 | 10 | 12
29 | 20 | o 5 6 5 15 | 1700 | 10 | 12
30 | 20 | 25 | 75 | 4 0 10 | 1600 | 20 | 16
31 | 20 | s 0 2 15 5 | 1000 | 30 | 4
2 | 20 | 75 | 25 | o 10 | o | 1800 | 40 8
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Before Oxidation

After oxidation
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Comp. Oxidation Comp. Oxidation
1 3 17 1
2 2.25 18 3.25
3 1.25 19 4,75
4 3 20 1.25
5 15 21 4
6 35 22 05
7 0.25 23 0.25
8 0.25 24 0
9 0.5 25 0

10 0.75 26 0
11 3 27 5
12 2.25 28 0.25
13 0.5 29 1.75
14 1.75 30 4
15 05 31 0.1
16 0 32 0
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Evaluation of the Wettability and Other Physical Properties of Iron Ore Particles that
Consumed in the Pelletizing Plant of Mobarakeh Steel Co.

M. Alizadeh M. Alizadeh

Abstract

Mostly, the physical properties of iron ore particles such as wettability, size, size distribution and morphology
have important effects on the pellet ability of powder mixtures and quality of green pellet. In this work, these
physical properties of particles used in the pelletizing plant of Mobarakeh Steel Co. were studied. The wettability
of iron ore particles was evaluated using different wetting media and the samples which were prepared from lumps
of low and high purity iron ores (received from Chadormalu and Sangan). The scanning electron microscope,
laser diffraction particle sizing measurement (SLS method) and sieve screening experiments were used to evaluate
the shape, size and size distribution of particles. The BET and Fisher tests were employed to determine the pore
distribution and specific surface area, respectively. The high wettability was measured for high-grade Chadormalu
iron ore when Carboxymethyl cellulose organic binder solution was used. The results also showed that the NaOH
addition reduces the wettability of iron ore. The average particle size of milled concentrate in the mixed materials
was measured around 10um. The small particle sizes facilitate the formation of micro-agglomerates in powder
and the consequent reduction of capillary pressure during the pellet forming. The results of BET experiment also
revealed the reduction in porosity and roughness of particles surfaces.

Key words Iron ore concentrate, Ballability, Organic binder, Wettability, Particle size distribution, Micro-
agglomerates.
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Comparison on Porosity Percent, Microstructure and Compression Behavior of Steel Foams
Containing 2 wt. % Cu and 2 wt. % P

H. Sazegaran M. Hojati M.R. Akbari

Abstract

In this work, the effects of addition of 2 wt. % Cu and 2 wt. % P on the porosity percent, microstructure, and
mechanical properties of 0.5 wt. % C steel foams manufactured by powder metallurgy through urea granulates as
space holder were separately investigated. After manufacturing steel foams, determination of porosity percent by
dimensional measurement, microstructural evaluation through optical and scanning electron microscopes, and
investigation of mechanical behavior by compression test were conducted. The average of porosity percent in steel
foams with Cu and P are 75 and 80 percent, respectively. In microscopic evaluations, two types of cells were
observed that consisted of the solved urea cells and pores in the cells walls. In addition, the thickness of the cells
walls was approximately measured from 90 to 102 micron. In the compressive stress vs. strain curves of Cu and
P added steel foams, a long plateau region was observed. It is noteworthy that plateau region in the P added steel
foams was as teeth-saw shape that related to the fracture of cells walls.

Keywords Steel foam, Powder metallurgy, Space holder technique, Cu and P additives, Porosity percent, Plateau
region.
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Influence of Hot-working and Solution Annealing on Microstructure and Mechanical Properties
of Haynes 188

M. Samii Zafarghandi S. M. Abbasi M. Morakabati H. Badri

Abstract

In present work effects of strain in hot working process and solution annealing, on microstructure and subsequent
mechanical properties were investigated. The billet were hot rolled into final reduction in thickness 60 and 85%
(R-60 and R-85) at 1150 °C. After that, solution annealing at 1140 °C to 1200 °C for 10 to 120 minutes were
conducted to optimize of mechanical properties. The microstructures revealed grain size of R-85 sample was lower
than another, but grain growth was observed for annealed sample above 1140 °C after 30 minutes. EDS analysis
shown MgC carbide rich of tungsten is only precipitated carbide. It's also found that grain growth rate is much
more for R-85 sample. SEM evaluations also confirmed faster solution rate of carbides for R-85 sample. Yield
strength of R-85 is very higher relative to R-60 while after annealing at 1140 °C for 10 minutes it decreased
drastically. Annealing in same condition for R-60 sample cause not only decreasing of strength, even improved
ductility.

Keywords Superalloy, Strain, Solution annealing, Mechanical properties, Microstructure evaluation.
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Investigation of Metallurgical Structure and Mechanical Properties of Double-Sided Friction
Stir Welded joint of AA5083 Plates

B. Rahmatian S. E. Mirsalehi K. Dehghani

Abstract

In this research, the effect of major welding parameters on microstructural evolutions and mechanical properties
of double-sided friction stir welded thick 5083 aluminum alloy joints was investigated. For the traverse speed of
80 mm/min, the increase in the rotational speed does not have any effect on the average grain size. In this case, it
can be said that the annealing grain growth and recrystallization effect counteract and neutralize each other.
However, for the traverse speed of 40 mm/min, with increasing the rotational speed, the grain size increases due
to the dominance of annealing grain growth effect. Grain size in the stir zone was decreased about ten time as
compared with base metal; however, no considerable increase was observed in the hardness of the stir zone and
the hardness profile remained almost uniform alongside the joint area. The best joint efficiency was equal to 99.4
% with the pin length of 6 mm and transverse and rotational speeds of 80 mm/min and 1000 rpm, respectively.
Also, the elongation was improved about 9 % compared to the base metal.

Keywords Double-sided friction stir welding, Aluminum alloy, Pin length, Traverse speed, Rotational speed,
Microstructure, Mechanical properties
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Simulation of Solid Particles Mixing in a Pilot Leaching Reactor

B. Hazrati Azim M. Mozammel N. Sadeghi

Abstract

The mode and rate of agitation of the particles is one of the effective variables for dissolving solid particles in the
aqueous solution. In the present study, a computer software has been used for simulation of the particle agitation
in the pilot mixer reactor. The stirrer speed, pulp density, particle size and solid particles density were selected
variables. The effect of above factors on velocity of particles and their accumulation was investigated. The stirrer
speed has significant effect on the particle velocity, but by increasing the pulp density, average speed of the
particles is more limited. Increasing the size and density of particles can reduce the speed of moving parts. Particle
accumulation has increased with increasing pulp density and particle size. The stirrer speed significantly
decreases the amount of inactive areas in the reactor. The density of particles does not effect on particle
accumulation.

Key words Mixing, Leaching, Agitating reactor, Simulation.
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Investigation of the Important Parameters of Manganese Transfer to
Sarcheshmeh Copper Electrolyte

E. Karimi M. Eskandari Nasab

Abstract

Manganese problems in the Solvent extraction-Electrowinning Circuit occur when manganese from the solvent
extraction stage into the electrowinning stage can be found. In the electrowinning stage, due to the availability of
oxidation conditions, oxidation of manganese is oxidized to 7 valences positive capacity. By increasing the soluble
Eh, in addition to causing corrosion conditions in the electrowinning cell, contact with the organic phase leads to
the destruction of the organic phase, which results in the formation of a crud in the settlers. The ways in which
this impurity moves to the electrowinning stage involves chemical transfer by forming a complex or physical
transfer through aqueous entrainment. In this study, the manganese transfer rate was studied by these two
methods. As a result of these studies, it was found that the amount of manganese transfer through the chemical is
very small and is 0.065 mg /I, and compared with the transfer of manganese through aqueous entrainment, it is
about 4 times higher and 0.28 mg/l. In addition to the two routes of manganese transmission, it was found that
crud also played a role in the transfer of manganese. The amount of manganese transfer through crud was 20
mg/l. According to these results, crud contribution to the manganese transfer has been greater, which reduces the
crud in the system, preventing the effects of manganese in the circuit.

Keywords Entrainment, Crud, Manganese, Solvent Extraction, Chemical transfer.
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Investigation of Aluminosilicate Crystallization behavior in SiO2-Al>O3 System
M. Nooriha S. Mollazadeh beidokhti S. Shoorvazi A. Kiani rashid

Abstract

The aim of this study is to achieve a monophasic mullite (344¢5.2.5:0,), with stoichiometric ratio of (3:2) and
non-stoichiometric ratios of (2: 1) and (3: 4) by sol-gel method. Tetraethylorthosilicate (TEOS) and aluminum
nitrate nonahydrate (ANN) were used as main ingredients. After gelation process, all the samples were aged at
ambient temperature for 17 days and then dried at two different temperatures. All prepared samples were heat
treated at temperatures ranging from 600-1550 °C and cooled in the furnace. Heat treated samples were
characterized with XRD analysis to identify the crystalline phases. SEM and FTIR analysis were also performed
to evaluate the morphology and chemical configuration of crystalline phases, respectively. In stoichiometric
samples and non-stoichiometric specimens with higher alumina content, the needle morphology of mullite were
observed.

Keywords Aluminosilicate Compounds, Stoichiometric and Non-Stoichiometric Ratio, Sol-Gel.
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Effect of Heat Input on Microstructure and Mechanical Properties of
A7020-T6 Alloy Joined by TIG Welding

M. Alipour Behzadi Kh. Ranjbar R. Dehmolaie

Abstract

In this study butt joining of 7020-T6 alloy was performed using tungsten inert gas (TIG) welding with continuous
(constant) and pulsed current. Effect of heat input on microstructure and mechanical properties of the joints was
investigated. Microstructural examinations were conducted using optical and scanning electron microscopy.
Differential scanning calorimetry (DSC) was used to identify the precipitates phase evolution. Temperature at the
welding region was recorded by inserting thermocouples. Hardness and tensile strength of the joints was
evaluated. Results showed that current pulsing leads to relatively finer grain size in weld metal compare to the
one welded by constant current. In either cases of constant and pulsed current, the grain size and the width of heat
affected zone increased with increasing heat input. Unlike earlier studies in precipitation hardening aluminum
alloys, strength of the weld metal were increased as compare to base metal in T6 condition. The enhancement in
mechanical properties of weld metal was attributed to the solution annealing and re-formation of strengthening
precipitates on cooling from welding temperature.

Keywords A7020-T6 Alloy, TIG Welding, Heat Input, Heat Affected Zone, Pulsed Current, Mechanical
Properties,
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Fig. 3. Average grain size of the weld metals for different
samples

Based on the results of DSC, (Figure 4) a minimum
temperature (142 °C) at which precipitate evolution may
appear and complete, is considered as the HAZ limit
temperature. And accordingly, the far most location
from the welding interface towards the base metal which
may be exposed to this temperature is considered as the
end of HAZ region. But, the width of HAZ could not be
estimated accurately since it was larger than the width
of the samples (10 mm). Indeed, this is attributed to the
high heat input induced by the TIG welding extending
the HAZ region. According to the results obtained from
the EDS analysis and the metallographic observations,
there is a large number of intermetallic compounds in
the base metal and weld metals. These compounds are
mainly composed of Fe, Mn, and Si which are partly
dissolved, fragmented and re-distributed because of

pulse current which produces excessive pool agitation.
The results showed that hardness decreases in the weld
metals due to the dissolution and coarsening of
precipitates, but it gradually recovers towards the HAZ
region.
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Fig. 4. DSC analyses of the AA7020 in T6 condition

The results of the tensile test (Figure 5) conducted on
the TIG welded samples revealed that maximum and
minimum of tensile strength, belong to the P195A and
AC140A samples, respectiveley. The tensile strength of
weld metals with pulsed curent (P170A and P195A)
was reatively higher than the base metal. The
improvement in tensile sterngthin these samples (pulsed

current welded samples) is attributed to the aout-aging
where precipitates are reformed while cooling down
from the welding temperature. Infact, higher heat input
reduced the cooling rate and as a result, the exposure
time and duration at or above 142 °C increased.
Therefore, welding zone was aged on cooling from the
welding temperature and the strengthening/ hardening
phase reprecipitated.
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Fig. 5. Typical stress-strain curve of the tensile tested specimens

4. Conclusion

In this study butt joining of 7020-T6 alloy was
performed using tungsten inert gas (T1G) welding with
continuous (constant) and pulsed current. The effect of
heat input on microstructure and mechanical properties

of the joints were investigated. The main results are:

1. The initial large and elongated grain structure of the
base alloy was transformed into finer and equiaxed
grains with pulsed current welding due to the nature of
pulse current which produces excessive pool agitation.
The grain size in weld metal reduced significantly with
pulse TIG welding, when compared to the constant
current welding.

2. The tensile strength increased in weld metals with

increasing pulse intensity, and a maximum strength of
275 MPa was obtained in P195 sample.
Tensile strength was higher in pulsed TIG welded
samples, compared to the constant current welded
samples as well as the base metal. The hardness also
changed in the same manner. The recovery of
mechanical properties in the weld and HAZ was
attributed to the re-precipitation of
strengthening/hardening phase on cooling from the
weld temperature (auto-aging).

3. In both the pulsed and constant current welding, high
heat input resulted in a wide HAZ; so the HAZ width
was not in the range to be estimated.
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1. Introduction

The alloy 7020 is a medium strength aluminum alloy
which is widely used in different aerospace and
shipbuilding industries. It is considered weldable in
7000 series Al-alloys. In fusion welding of these alloys,
weld fusion zones typically exhibit coarse columnar
grains and most of the precipitates are disolved because
of the prevailing thermal conditions. This often results
in inferior weld mechanical properties and poor
resistance to hot cracking. That’s why hardness and
strength of the weld metals are usually lower than the
base metal in age hardened or work hardened
conditions. The reduction in grain size of the weld metal
and the HAZ region, can reduce the tendency to hot
cracking and enhance the mechanical properties.
Investigations show that using pulsed TIG welding
instead of constant current welding, can prevent grain
growth in weld metal and HAZ region. The earlier
studies show limited information on the effect of pulsed
current on welding of 7020-T6 alloy. So, an attempt was
made to study the effect of heat input on fusion welding
specification of the alloy by applying a pulsed current
welding technique. The resultant changes in HAZ width,
the microstructure and the mechanical properties of the
joints were also investigated and discussed.

2. Exprimental

Commercial 7020 aluminum alloy sheets of 7 mm
thickness, 100 mm width and 100 mm length in T6
condition were used. The welding processes were
conducted using tungsten inert gas welding (TIG)
technique with the filer metal ER5356. Three passes of
welding were applied and interpass temperature of 110
°C was maintained throughout the welding. During the
welding process, a multi-channel thermo detector (type
K thermocouples) was used for measuring the transverse
distribution of the weld temperature. The samples for
metallographic observation were cut from the base
metal, weld nugget, and the heat affected zones, ground,
polished, and etched using Keller’s reagent. Thermal
analysis was conducted using a METTLER TOLEDO

differential scanning calorimeter (DSC).
Microstructural examinations were performed using a
Mira 3-XMU type scanning electron microscopy (SEM)
equipped with an energy dispersive X-ray spectroscopy
(EDS). Foil specimens were prepared and observed on
a JEOL JEM-2100F transmission electron microscope
(TEM) at 200 KeV. The Vickers microhardness profile
was measured under a load of 300 g along the
centerlines of welding cross section with an interval of
0.5 mm. Tensile samples were cut along the transverse
direction of the weld joints utilizing SANTAM
electronic tensile machine.

3. Results and Discussion

Figure 1a represents the optical micrograph of the as-
received base alloy sample and Figure 1b shows the
micrograph of the weld metal with constant current. In
former case, matrix grains are very large in size and
elongated. In the latter case, grains are relatively coarser
and equiaxed. In Figure 2, grain structure of the weld
metal is further refined using pulsed current (P160A).
The change in average grain size of the weld metals for
different samples is shown in Figure 3. It is clear that
using pulsed current reduces the average grain size in
weld metals. The effect of pulsed current on refining of
grain structure in fusion welding has been reported in
earlier studies.

Fig. 1. Optical micrographs of the base alloy 7020-T6, (a) before
FSW, and (b) after welding AC140A

e < ‘
o a—ﬂ(& AL > } - 8
Fig. 2. Optical micrograph of the weld subjected to P160A
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Fig. 1. (@) XRD and (b) DTA-TG results of
prepared samples

4. Conclusion

This study investigated the effect of different Al,O4/SiO,
ratios and heat treatment temperatures on the mullite
crystallization using aluminum nitrate nonahydrate and
tetraethylorthosilicate. Generally, in the results of XRD

test, in all samples, a strong peak of cristobalite was
observed. At 900 °C, little nucleus of mullite in two
aluminosilicate samples with 3:2 and 2:1 ratios were
formed, which can be ignored. By increasing temperature
up to 1500 °C, crystallization of aluminum oxide
increased and further temperature increases had a greater
effect on the mullite crystallization in 3:4 ratio sample.
Generally, in samples with higher alumina content, more
mullite compositions have been crystallized. The obtained
data from DTA/TGA curves indicate that the maximum
changes in both curves are related to temperature below
650 °C, which caused by the exhaust of water, moisture,
organic, and nitrate groups at two temperatures of 125 °C
and 300 °C and formation of y-alumina or alumina-spinel
compounds at 575 °C.



Journal of Metallurgical and Materials Engineering, Vol.31, No.2, 2020.

Investigation of Aluminosilicate
Crystallization Behavior in SiO,-Al>O3
System

Maedeh Nooriha! Sara Shoorvazi?

Sahar Mollazadeh beidokhti®  Ali Reza Kiani rashid*

1. Introduction

Mullite with the chemical formula of [Als2xSiz2-2x]O010-,
where x refers to the concentration of the oxygen vacancy,
is the most stable intermediate phase in the alumina-silica
system at atmospheric pressure. Silica-rich 3A1,03.2Si0,
(3:2 mullite) is more stable than the alumina-rich
2Al,03.Si0; (2:1 mullite) crystallized in x=0.4. Amongst
various methods, the sol-gel method due to its
repeatability is very significant. The aim of the present
research was to evaluate how the starting ratio between
Al,O4/ SiO,, and temperature of heat treatment could
affect the properties of final composition. The purpose is
to synthesize mullite using the sol-gel method with a
stoichiometric and non-stoichiometric ratio (mullite-
alumina and mullite-silica), and sequentially phase and
microstructural characterization of the synthesized
samples.

2. Experimental

Aluminum nitrate nonahydrate AI(NO3)3.9H,O (Merc
No0.7784-27-2) and Tetraethyl orthosilicate
(COHUO)Si (Merk No.78-10-4) were used as alumina
and silica precursors, respectively. Different precursors
with three ratios between Al,O3z and SiO- i.e. 3:2, 2:1, and
3:4were prepared. TEOS hydrolysis was accomplished at
75 °C and in specific volumetric ratios of H,O/TEQOS =
1.6. Aluminum nitrate nonahydrate was dissolved
(H20/ANN = 25.3) by magnetic stirring at ambient
temperature. The resulting solution was added slowly to
the solution obtained from TEOS hydrolysis. Increasing
the pH with mixture of water/nitric acid converts the sols
into gels. Obtained gels were aged at room temperatures
for 10 days. The aged gels were dried in oven at 70 °C and
110 °C for 20 and 4 hours, respectively. The two-step heat
treatment of dry gels was performed for 3 hours at 600 °C,
and then repeated for another 3 hours individually at 900,
1100, 1250, 1350 and 1500 °C. The rate of thermal heat
treatment was 5°/min. Table 1 shows different alumino-
silicate ratios at heat treatment temperatures with A-E
samples, and samples X1-X3 are alumino-silicate samples
with different ratios. XRD analysis (PW1730 X-ray

diffraction with Cu Ka radiation) was used to determine
formed phases. For thermal analysis, DTA / TGA test
(STA PT1600 LINSEIS) was used.

Table 1. Alumino-silicate specimen specification

Sample code | ratio | (°C) temperature

E1-1500 3:2 1500
E2-1500 34 1500
E3-1500 2:1 1500

3. Results and Discussion

XRD patterns of samples mentioned in Table 1 are
presented in Figure 3. According to the Figure 3. (a), in
A1-900, A2-900, A3-900 samples at 900 °C, the
composition of cristoballite was observed at 20 angle of
22°, At this temperature, in all three samples, cristoballite,
aluminum oxide, and mullite peaks were observed. In
contrast, in the A2-900 specimen, with 3:4 ratios, the
magnesium and aluminum oxide peaks, appeared slightly.
In the three samples, the peaks of mullite and aluminum
oxide at 2[] angle of 34° were appeared, which overlap
with each other. Only in A1-900 (3:2 ratio) and A3-900
(2:1 ratio) specimens a hundred mullite peak at 26 angle
of 18° was observed. Generally, in TGA results curves
(Figure 4), weight loss in B1-1100, B2-1100 and B3-1100
samples were 60%, 80%, and 65%, respectively, which
are mainly caused by water, solvent, and ethoxy or nitrate
groups, removal. Higher weight loss of B2, in comparison
to other samples, could be attributed to the higher amounts
of ethoxy and nitrate groups as a result of 3:4 ratio
between aluminum nitrate nonahydrate and TEOS,
respectively. An endothermic DTA peak around 200 °C
which was seen in all 3 samples could be related to the
removal of structural water and decomposition of nitrate
groups (effect of bohemite).
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industrial scale. It means that the manganese transfer
through complex formation with organic phase is very
low and can be ignored.

3.2. Physical transfer of ions

Fig. 2 shows the schematic presentation of first test that
has been done with synthetic solution. From Fig.2, it is
clear that crud does not from due to the absence of
impurities in the synthetic solution or the use of
continuous aqueous phase in the first stage of solvent
extraction (E1). Under these conditions, the organic phase
is not degraded and remains intact. It means that the
degradation content of organic phase at small impurity
amounts is almost zero. Also, the application of
continuous aqueous phase in the first stage of solvent
extraction circuit reduces the aqueous entrainment in the
loaded organic phase which reduces the transfer of
impurities into the stripping stage.

Organic
Phase

Aqueous
Phase

Fig. 2. Settler of stripping after first continues test

3.3. The role of Crud in manganese transport

The stripping stage of the second continuous experiment
is shown in Fig. 3. As this figure shows, under these
conditions, the green crud with dark layers was formed
due to the oxidation of organic phase by Mn*’. The
formation of crud, as the third phase, decreases the copper
transfer from organic phase to aqueous phase which
reduces the recovery of copper in the solvent extraction
stage (SX). Oxidation- Reduction Potential (ORP) of the
strong electrolyte solution was 500 mV after 3.5 hours.
Under this condition, there were some impurities in the
spent electrolyte solution due to the destruction organic
phase and formation of crud. Among these impurities,
manganese as the oxidizing agent has more ability to
degrade the organic phase.

According to the results of the second continuous test,
the amount of manganese transfer to the strong electrolyte
solution by crud phase was 0.02 g/l (It’s the different
between concentration of manganese in spent electrolyte
and its concentration in strong electrolyte). But, it was
0.00028 g/l in the absence of the crud formation when the
first continuous test was done. From Table 4, it is clear

that about 0.8% of manganese (% * 100) transfer into

the electrolyte solution was obtained by crud formation
and entrainment.

Fig. 3. Crud formation in the stripping stage of spent electrolyte
solution (second test)

According to the results obtained from the first
continuous  experiment, 0.01% of manganese

(Concentration of Mn in strong electrolyte
Concentration of Mn in PLS

to the strong electrolyte solution by aqueous entrainment
in the loaded organic phase which was about 0.02 % in
the second experiment. Therefore, it is concluded that in
the second test, about 0.02% and 0.78% of manganese
amounts were transferred into the strong electrolyte
solution by aqueous entrainment and crud formation,
respectively.

* 100) was transferred

Table 4. Concentration of ions after continues second test by plant

spent (g/L)

Name Cu Fe Mn

PLS 1.86 12.11 2.5

Raffinate 1.11 12.02 2.43

Spent solution 33.53 2.6 0.49
Strong

electrolyte 34.85 2.78 0.51
solution

4. Conclusions

Batch investigations showed that the transfer of
manganese through the complex formation with organic
phase is minimum (about 0.065 mg/L). Also, according to
the continuous test results, it was found that the
manganese transfer into the strong electrolyte solution
was carried out through the aqueous entrainment and crud
formation which were 0.28 and 20 mg/L, respectively. As
a result of oxidation of manganese to the charge of 7, crud
was formed. Therefore, to reduce the manganese transfer
to the electrolyte solution, it is necessary to prevent the
formation of crud during the solvent extraction stage.
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1. Introduction

Manganese is a very important impurity in the
hydrometallurgy process of copper. Manganese, as an
oxidizing agent, makes the corrosion of copper anodes
and reduce the quality of the final cathode in the
electrowinning stage. Also, it causes the destruction of the
organic phase in the solvent extraction process and thus
reduces the copper loading capacity and increases the time
of phases separation. The detrimental effects of
manganese occur when it transfers to electrowinning
stage and oxidize to capacity of +7 due to the oxidation-
reduction nature of the electrowinning process.

In the present study, the mechanisms of the manganese
transfer to the electrolyte solution of Sarcheshmeh copper
electrowinning have been investigated. Also, the role of
crud in manganese transfer was studied.

2. Experimental

Organic phase was prepared similar to that is used in the
solvent extraction process of Sarcheshmeh copper plant.
7% of Mextral 5640 extractant was dissolved in the
appropriate amounts of a diluent mixture containing
kerosene (40%v/V), Reysol 8411 (20% v/V) and Reysol
8401 (40% v/V). The specifications of the organic phase
are shown in Table 1.

Tablel. Organic phase specifications

. %
Name Chemistry | Comapny Purity
C]_6H25N02, Halloche
Extractant CisHaOs m_ 30
Diluent(kerozen) Ca23H30N20s Rafgai?Jan 16
Karaj
Diluent(Reysol8401) Ca0H3003 chemistry 25
Salar
Karaj
Diluent(Reysol8411) CsH24B10 chemistry 52
Salar
The PLS of the Sarcheshmeh  copper

hydrometallurgical plant was used as aqueous phase
(Table 2)

Table 2. PLS ingredients

Name Cu Fe(total) | Fe* Al Mg | Mn

C°”°(egr}t|;a“°” 1335 | 1143 | 1023 | 112 | 7.1 | 24

Bath solvent extraction experiments were performed
using magnetic stirrer apparatus. Equal volumes of
organic and aqueous phases (400 ml) were mixed at the
speed of 700 rpm for 2 minutes. The stripping process was
continued for 24 hours in order to eliminate the
entrainment effects. The organic phase was then stripped
with 2 M sulfuric acid solution. The concentrations of
metal ions in the aqueous phase were measured by an
inductively coupled plasma optical emission spectroscopy
(ICP-OES) analyzer from Liberty 220 Varian (Made in
Australia).

Continuous experiments were carried out using the

pilot system of Krebs. As before, the aqueous phase was
obtained from the PLS of Sarcheshmeh copper
hydrometallurgical plant. But, the stripped organic
solution of Sarcheshmeh solvent extraction process with
the extractant of 7% was used as organic phase.
Two continuous experiments were done to investigate the
effect of impurities of the electrolyte solution on the
organic phase. The first experiment was performed using
the synthetic electrolyte solution containing distilled
water and 180 g/l H.SO. for 24 hours. But the aqueous
phase of the second test was the spent electrolyte solution
of Sarcheshmeh copper plant and the time was 8 hours.
Other conditions were same.

3. Results and Discussions

3.1. Chemical transfer through the complex formation
Batch investigations show that the transfer of iron and
manganese ions from aqueous phase to organic phase is
conducted by the formation of the complex with the
organic extractant of Mextral 5640H (Table 3).

Table 3. The specifications of strong electrolyte solution after
stripping in batch tests

Name [Cu] [Fe] [Mn]
Concg}tl;a“on 4.78 0.0875 0.000065
The ratio of
copper to each 1 57 73540

transferred ions

Table 3 indicates the transfer rate of copper is 57 fold
higher than that of iron, which is about 2000 in the
industrial scale. According to these results, the ratio of
iron to manganese transfer by chemical mechanism is
about 1000. Therefore, the transfer of copper to
manganese is much more than 20,000 times in the
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distributed among more particles and the average particle
velocity decreases.

3.2. The effect of stirring speed

By varying the stirrer speed from 60 to 1000 rpm, the
Reynolds number changes from 10,000 to 165,000.
Therefore, at all speeds considered in the experiments,
fluid flow in the system is turbulent. The effect of the
stirrer speed on the linear velocity of the particles at four
different speed (60, 120, 300, and 600 rpm) in a solid-to-
fluid ratio of 300 g/l is given in Table 1. With increasing
stirrer speed from 60 to 600 rpm, the mean linear particle
velocity increased from 0.00479 to 0.2531 m/s.

Table 1. Average and maximum velocity of particles

Stirrer Average linear Maximum linear
speed (rpm) | velocity(m/s) velocity(m/s)
60 0.00479 0.3
120 0.0231 0.6
300 0.085 1.6
600 0.2531 3.3

The snapshot images of different stirrer speed in 300
g/l solid to liquid ratio are shown in

Fig. 3. As expected, a significant mass of particles
remained at the bottom of the reactor at 60 rpm. As the
speed increases to 120 rpm, some of this mass has been
suspended and the amount of settled particles decreased.
At 600 rpm, the particle density in the reactor floor
reduced significantly and the maximum accumulation
density is 0.5.

- 1.000
H 0.917

- 0.833
r 0.750
‘; 0.667
[ 0583
{ 0.500

Fig. 3. The snapshot of accumulation density distribution of in
different stirrer speed

3.3. The effect of particle size

The results showed that the maximum velocity of particles
in all investigations was approximately 2.3 m/s. The
average particle velocity has decreased with increasing
size. In dimensions of 70 um, particles under the stirrer
influence raised to the upper parts of the reactor, but with
increasing dimensions, the force of the stirrer moves the
particles only around it. This is particularly important for
the dissolution of particles with high reaction rates and
large reactors (industrial and pilot).

3.4. The effect of particle density

The density of most mineral is about 2500 to 5500 kg/m3.
The density could have a significant effect on the mass of
mineral ore and, consequently, the gravitational force on
the solid particles. The velocities of particle in three
densities (2500, 4000 and 5500) at 100 um particle size
are reported in Table 3. The maximum velocity is not
changed by changing the density of particles, but the
average particle velocity has decreased with increasing
density.

Table 2. Average and maximum velocity at different density

Desity of Average Maximum
particle (kg/m%) velocity(m/s) velocity(m/s)
2500 0.505 5.9
4000 0.484 5.8
5500 0.470 5.8

4. Conclusion

As the solids ratio increases, the reactor's dense and
passive areas increase. With increasing stirrer speed of 60
to 600 rpm, the average particle velocity increased 50
times. Increasing particle density does not affect the
maximum particle velocity but, to some extent, reduces
the average particle velocity.
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1. Introduction

In the ore leaching process, the mixing and dissolution
phenomena are important in establishing the relationship
between two or more phases to determine the rate of
dissolution and mass transfer of ions. It seems that the
fluid motion around solid particles and the accumulation
of materials are the main factors that influence the
dissolution rate and mass transfer of target ions. Hence,
the simulation of slurry agitation and fluid mechanic in
the reactor could exhibit valuable data about progress of
the leaching process.

In 1986, the first three-dimensional computer
modeling was carried out which was considered to be the
spin of the blade as a source of the fluid motion in the
volume of the reactor. In other studies, such factors as the
shape of the stirrer and the mixer spacing from the floor
of the reactor were introduced into the simulation process.
In another study, a mobile reference frame model was
used for the rotation of the blade in an agitator reactor and
in this method researchers were able to enter the geometry
of the blade in fluid flow calculations. A fixed reference
frame model were also used and it was srevealed that this
method mainly improves the simulation results. But the
best method is that, part of the reactor is analyzed by fix
reference frame method and another part by the mobile
reference frame method, which is known as a multiple
reference frame.

Different methods such as direct numerical
simulation, large eddy simulation and average Reynolds
Neur-Stokes (RANS) method have been used to calculate
the fluid mechanics equations. Due to less computational
volume and higher responsiveness rate in the mean of
Reynolds Neur-Stokes (RANS) method in simulation
commercial software, it has been considered.

In the present study, the simulation of the solid
particles mixing in a pilot turbulent reactor was carried
out. Some of the common variables in the industrial
leaching process are considered and the results of these
changes were investigated on the linear velocity and the
accumulation of solid particles.

2. Experimental

A pilot reactor in the form of a cylinderical tank with four
primers and a six-blade roshton turbine is considered. The
height and diameter of the reactor are considered equal,
and the diameter of the blade (D) is considered as one
third of the diameter of the reactor. The reactor capacity
was assumed to be 20.954 liters with a fraction of the
amount of agitator and baffles (Figure 1).

000 10000 (mem)
50.00

Fig. 1. A schemes of agitation reactor

The simulation and analysis conditions are performed

by the Ansys CFX 15 software. For all external walls, the
free slip condition is a free slip for a solid phase and a
nonslip condition for the fluid phase. In the wall of the
agitator shaft, the condition of rotation of the wall is equal
to the stirrer speed. To mix the k- model and to establish
a relationship between the solid phase and the fluid, the
Eulerie-Eulerian model is used.
All experiments were carried out in an aqueous condition
at 25 °C with particles of 2500 kg/m? density and 70, 100,
200 and 300 pm in diameter. The agitator speed was
considered to be 60, 120, 300, 600, 1000 and 1500 rpm,
and the solid to fluid ratio was 5, 25, 50, 100, 130, 300
and 600 grams per liter.

3. Results and Discussion

3.1. The effect of solid-to-fluid ratio

As shown in Figure 2, the particle velocity does not
change significantly with increasing the solid-to-fluid
ratio, but the percentage of high-velocity particles
significantly reduces. The average particle velocity with
the increase in solid phase content has dropped from 0.155
t0 0.072 m/s.

1.000 N 259/ 50/l
0917
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0,667
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i 0.167 1
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Fig. 2. The snapshot of particle distribution at a 300 rpm stirrer
speed and 70 um particle size

By mixing this slurry at a constant speed, relatively
constant movement energy is applied to float the particles.
When the number of particles increases, according to the
energy conservation law, the movement energy is
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AlsMg, and B-Mg@.Si are likely to be dissolved. In this
regard, the EDS analyses of white particles distributed in
stir zone are shown in Figure 1.

Fig. 1. EDS analysis of showed particle

Figure 2 shows the effect of rotational and traverse speeds
on the average grain size of the SZ (i.e., w/v). Two main
factors which affect the grain size in the stir zone are: 1)
dynamic recrystallization as a result of stirring action of
the pin that decreases the grain size, and 2) annealing
which leads to grain growth as a result of generated heat
that increases the grain size. By increasing the traverse
speed, the material experiences a severe mechanical work
and is significantly influenced by dynamic
recrystallization, which results in an increase in the
nucleation sites and therefore, decreases the grain size.
Further severity of stirring action caused by higher
rotational speed leads to more grain size reduction. On the
other hand, the increase in the rotational speed causes an
increase in heat input and growth of the grains. As can be
seen in Figure 2, for the traverse speed of 80 mm/min (i.e.,
the ratio of w/v= 10, 12.5, 15), the increase in the
rotational speed does not have any effect on the average
grain size. In this case, it can be concluded that the
annealing and recrystallization effect counteract each
other. Also, it can be stated that the recrystallization has
not been completed. However, for the traverse speed of 40
mm/min (i.e., the ratio of w/v= 20, 25, 30), with increasing
the rotational speed the grain size increases due to the
dominance of annealing effect.
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Fig. 2. SZ average grain size obtained for different rotational and
traverse speeds
According to Hall-Petch equation, due to the intensive
reduction of grain size happened in stir zone, the
microhardness values must increase significantly;
however, there is little change in the hardness of SZ
compared to the base metal. This phenomenon can be due
to the uniform distribution of small particles, known as
Orowan mechanism (obstruct the dislocation movement).
Grain size plays no role in determining the value of
hardness (Figure 3). All the samples had the strengths
almost equal to the base metal; however, the three samples
L-40-6, M-40-6 and M-80-6 showed higher elongation
and toughness compared to the base metal. The high
elongation and toughness of the welded samples can be
explained by releasing the residual stresses generated
during the rolling of the base metal, the refinement of
grain size of the stir zone. Moreover, overlapping of each
side at the centre of joint area is effective. The fracture
path in all the joints passed through the border or vicinity

of stir zone and TMAZ; thus, it can be stated that the
fracture has probably happened from this area. Due to the
characteristics of friction stir welding, some deformation
happens in TMAZ. Therefore, during the tensile test,
dislocation pile-up in this area is faster than that in the
base metal. This causes the accumulation of applied strain
in this area until the strain reaches the sufficient level
required for crack nucleation (Figure 4).
95
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[
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Fig. 3. Microhardness profile obtained for the samples D-L-80-6
and D-H-40-6

Fig. 4. Microstructure of H-40-6 in fracture location

4. Conclusion

To investigate the double-sided friction stir welding of
5083 aluminum alloy, the samples with different traverse
and rotational speeds, and pin length were prepared. No
defect was observed in all joints area. Dynamic
recrystallization as a result of stirring action of the pin
decreased the grain size. Although, annealing effect can
be caused the increasing of grain size slightly. For the
traverse speed of 80 mm/min, the increase in the rotational
speed did not not have any effect on the average grain
size. In this case, it can be concluded that the annealing
and recrystallization effects counteract each other. Also,
in this traverse speed, it can be stated that the
recrystallization has not been completed. However, for
the traverse speed of 40 mm/min, with increasing the
rotational speed, the grain size was increased due to the
dominance of annealing effect. Despite the sharp decline
in grain size of stir zone compared to the base metal, there
is no meaningful variation in hardness between the two
zones. It can also be stated that the uniform distribution of
small particles, known as Orowan mechanism, could
affect the Hall-Petch equation. In tensile test, the high
amount of elongation of the welded samples obtained
probably due to the grain refinement of the stir zone as
well as releasing the residual stresses generated during the
rolling of the base metal. In addition, due to pile-up of
dislocations in TMAZ, the fracture of various welded
samples were happened in this zone.
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1. Introduction

Among the aluminum alloys, 5083 aluminum alloy
represents good mechanical properties such as formability
and strength as well as high corrosion resistance in sea
water. Because of these properties, 5083 alloy is used
extensively in transportation industry including marine
transportation and car industry.

In 5xxx aluminum series, which the main alloying
element is magnesium, the evaporation of magnesium
leads to defect occurrence during fusion welding. These
defects cause the reduction of joint quality so that the joint
strength would be between 50 to 70 percent of the base
metal strength. These difficulties can be solved by friction
stir welding (FSW) technique which was invented in 1991
by The Welding Institute (TWI). In this method, joining
the material is obtained in a solid state without forming
any melt. The required heat is supplied by friction
between the shoulder of a rotating pin and the base
material. Then, the workpieces to be joined are plasticized
by the generated heat. Nowadays, this method of joining
is used at a large extent in airplane, ship, and car industry.
In most cases, FSW is done on one side of joint. In such a
case, the root defects appear on the other side of joint
(especially in the joining of thick parts). These defects
weaken the welded area and lead to the fracture of parts
from the joint area under tensile and bending tests. Also,
as the tool rotates and moves forward simultaneously, the
produced heat and the flowing of material are unequal for
the two joint parts, which result in the difference between
the microstructure and mechanical properties of two areas
that are called advancing and retreating sides. In addition,
for joining metals with high thicknesses, the higher length
of the pin and the increased force on it cause the fracture
of the tool. Furthermore, the residual stresses are reduced
by using multiple-pass welding. Thus, this research
investigates the relationship between traverse speed,
rotational speed, and pin length on the microstructural
features and mechanical properties of double-sided
friction stir welding butt joints made of 10 mm thick
AA5083 alloy.

2. Exprimental

The commercial AA5083 aluminum alloy with the
dimensions of 140 mm x 60 mm x 10 mm was
used. The pins with different lengths of 6 and 4.7

mm were used for double-sided friction stir
welding. In order to study the effects of the
rotational and traverse speeds in double-sided

friction stir welding, various joints were conducted.

Also, to investigate the pin length effect, the best
parameters (i.e., rotational and traverse speeds) of
joining was chosen according to the observations
of microstructure and tensile testing, joints were
produced by two pins with the lengths of 4.7 mm
and 9.5 mm. The different welding conditions are
summarized and listed in Table 1.

Table 1. Process parameters of the different FSWed joints
D-L-40- | D-L-80- | D-M40- | D-M-80- | D-H-40- | D-E-80- | D-M80- | S
Sample Code 6 6 ] 6 6 6 47 | 8095

Rotational
Speed (tpm)
[raverse Speed

800 800 1000 1000 1200 1200 1000 1000

40 80 40 80 40 80 80 80
(mm/min)

Pin Length
(mm)

] [ (] 6 6 6 47 9.5

In order to study the microstructural evolutions, all
samples were cross-sectioned perpendicular to the
welding direction. They were polished and finally etched
by a Poulton’s reagent-solution and barker
Barker’s reagent as well. Sub-sized tensile specimens
were extracted from the welded samples perpendicular to
the welding direction using an electrical discharge
machine. Tensile tests were carried out at room
temperature with a crosshead speed of 1mm/min. The
fracture surface of all the tensile test specimens was also
studied by using scanning electron microscopy (SEM).
An energy dispersive X-ray spectrometer (EDS) was also
used for identification the chemical composition of the
intermetallic compounds. In addition, microhardness test
was done along a path perpendicular to the direction of
tool traverse. The measurements were carried out in the
middle of the thickness and on the cross section.

3. Results and Discussion

No defect was found in the joints area obtained by double-
sided friction stir welding with different parameters.
Although, during the conventional single-sided friction
stir welding, the used pin which had the length of 9.5 mm
was broken. Generally, the heat input is proportional to
the ratio of rotational speed to traverse speed, i.e. o/v. As
Table 2 shows, when the heat input increases, the width
of stir zone increases as well. Thus, it can be stated that
the size of joint area in double-sided friction stir welding
has a close relationship with the heat produced in joint
area (i.e., ®/v).

Table 2. Properties of stir zone for the different joints
D-L-40- | D-L-80- | D-M-40- | D-M-80- | D-H-40- | D-H-80- | D-M-80-
Sample Code 6 6 6 6 6 6 47

oV 20 10 25 12.5 30 15 12.5
width of stir
zone (um)

For 5083 aluminum alloy, the compounds of AlsMg,
and Alg(Mn,Fe) are known as intermetallics, and there is
a small amount of B-Mg,Si precipitates. The stirring
action of pin in the SZ causes the fragmentation of coarse
Alg(Mn,Fe) intermetallic into the smaller particles.
Considering the temperatures experienced in the SZ,

8348 6196 8543 6663 8360 7000 5598
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mean of twin length

mean of grain boundary size

where X is the average of change of twin length.
Increasing the holding time of 10 to 30 minutes had very
ignorable effect on grain size in constant temperature. It
is, however, clearer for temperatures below 1180 °C.
Grain growth observed when the holding time increased
from 30 to 60 mintues in all temperatures (with the
exception of 1140 °C for alloy 60%) by solution of
carbides in matrix and grain boundary mobility
mechanism.

—v—1200 °¢| Solid line: Grain size

—A—1180°C Dash line: mean of twin length
120 —— 1160 "

—m— 1140 =

a)

Grain size (um)
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Annealing time (min)
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Grain size (um)
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Fig. 2 Change of grain size and twin length by annealing
temperature and time for the haynes 188 after hot rolling with
thickness reductions of a) 60 % , and b)85%.

Hardness increases by the reduction of thickness
simultaneously, because of higher grain refinement and
higher fraction of carbides. It's revealed that annealing
beyond 30 minutes at 1180 °C causes hardness drop by
grain growth and solution of carbides mechanism. Figure
3 illustrates as well the tensile properties of alloy. As seen
in Figure 3, the strength of the 85% hot rolled specimen
was approximately two times higher than the one rolled
60%. Solution annealing had undesirable effects on the
strength of the 85% hot rolled specimen but increased the
ductility. However, by short time annealing the 60% hot
rolled specimen, the ductility increased and the strength
maintained constant.
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Fig. 3. The results of tensile tests of haynes 188 a) YS, b) UTS,
and c) El

5. Conclusion

Reduction of thickness during hot rolling process caused
grain refrainment and increased secondary carbide
particles. Tungsten rich carbide might be M6C type
carbides. The 85% hot rolled specimen had higher level
stored energy than the 60% rolled one. Therefore, the
grain growth rate was higher for the former one. The best
strength and ductility of the Hayness 188 alloy can be
obtained by annealing at temperatures below 1160 °C.
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1. Introduction

Haynes 188 is one of the most important Cobalt-based
superalloys manufactured through hot working processes
(hot rolling). Corrosion resistance and service in high
temperature are significant attributes of Haynes 188. Solid
solution accompanied by precipitation of carbides are the
main strength mechanisms. M23Cs and M¢C (M stands for
one or more metallic elements) are the main carbides in
microstructure, which can precipitate based on annealing
conditions.

The range of hot working process of Haynes 188 is
limited and it has been reported between 1100-1200 °C.
Some studies showed that the reduction of thickness
(equivalent strain) in hot rolling has important effects on
mechanical properties of some Cobalt based alloys. So
temperature and strain (reduction of thickness) are major
controllable parameters in hot rolling process. Few
researches have been done on hot working process of
Cobalt base alloys. The study investigates the effects of
annealing after hot working.

2. Experimental

The studied alloy was produced using induction
melting followed by electroslag remelting (ESR) process.
Also ingot was homogenized at 1200 °C for 3 hours and
water quenched. Table 1 shows the chemical composition
of the alloy. As seen, its composition is in the range of
AMS 5772 standard.

AMS 5772, Cobalt alloy, corrosion and heat-resistant
bars, forgings and rings, 40C0-22Cr-22Ni-14.5W-0.07La,
solution heat treated, 2016.

Table 1. Chemical composition of the alloy compared with
AMS5772 standard

Alloy/element Co Cr Ni W
AMS 5772[1] bal 20-24 20-24 13-16
Studied alloy bal 21.53 225 1451

Alloy/element Fe Mn Si C
AMS 5772[1] <3 <1.25 <0.5 0.05-0.15
Studied alloy 1.11 0.05 0.33 0.11

The homogenized ingot was divided into two sections
and consequently hot rolled at 1150 °C with 60 and 85%
reduction of thickness. Then the samples were annealed at
1140, 1160 °C, 1180 °C, and 1200 °C for different times,
and cooled in water.

Mechanical tests such as Vickers hardness and tensile
tests were conducted on the specimens with different hot
working and annealing history. In  addition,
microstructural evaluations were investigated by optical
microscopy (OM: Olympus BX51 model) and scanning
electron microscopy (SEM: TeScan VEGA3 model).
Energy dispersive spectroscopy (EDS) elemental analysis
was employed to identify secondary carbide phases.

3. Results and Discussion

Figure 1 shows the microstructure of Haynes 188 alloy
before and after hot rolling process. As it shows, after hot
rolling cast structure breaks down and turns to structure
included dynamic recrystallization grains (DRX)

accompanied with some carbide particles.

Fig. 1. Optical Microstructure of the haynes 188 alloy at different
conditions of a) Homogenized, b) 60% hot rolled, and c) 85% hot
rolled

As seen in Figure 1, by increasing reduction of
thickness, grain size decreased and volume fraction of
secondary carbide phases increased.

As mentioned before, samples were annealed in
various temperatures and time. Figure 2 shows
guantitative information of the effect of annealing process
on microstructure of alloy. In addition, the changing of
twin length with annealing process were evaluated
through simple manner:
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4. Conclusion

In this study, steel foam containing carbon, copper and

phosphorus was produced by leachable space holder-

powder metallurgy technique and the followings are the
main conclusions:

1. The amount of porosity in the foam produced depends
on the amount of leached urea granules and pores
formed in the cell wall.

2. Adding 2 wt. % copper and phosphorus affects the
porosity of the foam produced.

3. Adding copper and phosphorus improve the bonding of
iron particles.

4. Steel foams containing phosphorus exhibit the best
compressive behavior while steel foams containing
copper are in the second position.

5. Plateau region is very long in the steel foam containing
copper and phosphorus.
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1. Introduction

Metallic foams or cellular metals are a new class of
engineering materials. The low density, the production of
lightweight structures, unique chemical, physical, and
mechanical properties, and exclusive thermal and
acoustical behavior of the steel foams have made them
suitable for many structural and non-structural
applications.

Common fabrication methods for steel foam include
powder metallurgy, hollow spheres, and lotus methods. In
powder metallurgy methods, the leachable space holder
technique is an interesting method. Although there have
been many studies on how to fabricate the steel foams
using space holder technique, there are few studies on the
influences of alloying elements on the properties of steel
foams. In this work, steel foams were fabricated by
powder metallurgy using urea grains as a leachable space
holder. And the influences of adding 2 wt. % copper and
phosphorus on porosity percentage, compressive
properties and microstructure were studied.

2. Materials and Experiments

To fabricate the steel foams, the leachable space holder-
powder metallurgy technique consists of (a) coating of
urea granules by powder mixes, (b) compacting, (c)
leaching, and (d) sintering. At first, powder mixtures were
coated on the surfaces of urea granules. In order to
fabricate green steel foam specimens, coated urea
granules were compacted using a stainless steel mold
through a hydraulic press (200 MPa). Then, the leaching
of the urea granules by water was carried out. Finally, the
green steel foam specimens were sintered at 1120 °C for
one hour. To investigate the microstructural and
mechanical properties, the optical and scanning electron
microscopes and compression tests were conducted on the
steel foam specimens.

3. Results and Discussion

In the steel foams, the distribution of cells is virtually
uniform, and the thickness of the cell walls is a constant
value. Figure 1 shows the surface fraction of cell and
thickness of cell walls. It is noteworthy that the thickness
of the cell walls was measured only in the middle and the

thickness of the walls was not measured at the junction of
several cells. Sample A had the lowest surface fraction of
cells and sample C had the highest surface fraction of
cells. It was observed that the thickness of cell walls is
also lower in the samples containing copper and
phosphorus.
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Fig. 1. Surface fraction of cells and thickness of cell walls of steel
foam specimens

The surface fraction of pores formed in the cell wall is
shown in Figure 6. As it can be seen, the largest amount
of pores is observed in the walls of sample A. Foams
containing 2 wt. % of copper and phosphorus have
relatively similar pores. The reduction of pores in the
walls of samples B and C is probably related to the
improved bonding of the powdered particles due to liquid
phase sintering.

SEM image and EDS results of C sample are shown in
Figure 3. As it can be seen, a new phase is formed in the
microstructure. The formed phase is probably iron
phosphide that melts under sintering conditions. EDS
results show that the formed phase has a higher amount of
phosphorus and thus, the formation of iron phosphide at
the iron particle boundary is confirmed.

The mechanical properties of metallic materials and
cellular metals are influenced by the metal or alloy
forming the walls, microstructures, heat treatment, cell
morphology, and wall thickness. In Figure 4, the
engineering stress-strain curves are presented. It is
observed that the curves of steel foams shift upwards by
adding the copper and phosphorus.
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However, the SEM and PSA results showed that the
highest of relative volume particle size is approximately
10 um (Figure 5). Because of existing of ultra-fine
particles, micro-agglomerates are created by electrostatic
and magnetic forces. The presence of these micro-
agglomerates have caused some differences at results of
sieve and laser methods. Furthermore, the two connection
mechanisms of the solid particles including static forces
between solids and interlocking bands have increased by
the very fine particles in the powder, so the micro-
agglomerates cannot collapse during the sieve screening
test. The results of BET experiment also revealed the
reduction in porosity and roughness on the particle
surfaces. However, the presences of micro-agglomerates
with a size approximately 100 um act like a big particle
and cause to limit of the pelletizing process. For this
purpose, using the high viscose of CMC can be used as a
solution.
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Fig. 5. SEM micrograph (a) and distribution
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4. Conclusion

The high wettability was measured for high-grade
Chadormalu iron ore when Carboxymethylcellulose
organic binder solution was used. The presence of gang in
Chadormalu iron ore credited that the contact angle of
distilled water increased from 7 to 20 degrees. Despite
that the lower amounts of gang exist in the Sangan iron
ore but observed that the contact angle (61° for the water
process) was higher than low-grade of Chadormalu (24°
for water process. The results of sieve screening test
showed that the maximum volume fraction particle size
are in the range of 20 to 37um, while the SEM and PSA
results showed that the highest of volume fraction of
particle size is approximately 10um. The results of BET
experiment also revealed that the reduction in porosity
and roughness of particles surface.
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1. Introduction

Principally, the main contributing parameters to pellet
ability are particle size, particle shape, moisture content,
binder and wettability. For example, with increasing the
wettability of concentrate particles, due to the presence of
surface tension and capillary pressures, the proper of
seeding and growthing of green pellet occur during the
pelletizing process. One of the techniques for
improvement the pellet ability of iron ore particles is
adding organic binder instead of bentonite to raw
materials. Furthermore, the optimal particle size
distribution is another parameter that is controlling the
pellet ability of iron concentrates. Usually, an optimum
specific surface area (blain number) is found in the range
of 1500-2000 cm?/g, which is approximately equal to 75
to 90% of the particle size below 45 microns. Any
disruption of these factors leads to increase the amount of
recycling materials and the fluctuation in the size of green
pellets producing. In this research, in addition to the study
of contact angles measuring of variant iron ore
concentrate by the different fluids, also investigated other
physical properties of particles such as size and size
distribution in the pelletizing plant of Mobarakeh Steel
Co.

2. Experimental

To do this research, samples were taken from two iron ore
mine of Chadormalu and Sangan. The color camera was
used for measuring the contact angle of different liquids
(distilled water, process water, soda, dolapix and
carboximetilcelulose (CMC)). A scanning electron
microscope (SEM), sieve screening and the particle size
laser analyzer (PSA) were used to study the shape, size
and distribution of particle size, respectively. The BET
and Fisher tests were used to determine the pore
distribution and specific surface area, respectively.

3. Results and Dissuasion

The results showed that the high-grade Chadoremlou iron
ore had a higher wettability than low-grade (Figure 1). As
the presence of gang in Chadormalu iron ore are caused
that the contact angle of distilled water increased from 7
to 20 degrees. Despite that the lower amounts of gang
exist in the Sangan iron ore, its contact angle was higher
than low-grade of Chadormalu (Figure 2). This is related
to genesis and neutrality in Sangan iron ore. The high
wettability was measured for CMC organic binder
solution which is close to distilled water (Figure 3). The
hydrophilic groups in the chemical structure of the CMC

organic binder increase the wettability, while the organic
binder has a stronger adhesion force compared with
distilled water.
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The distribution of particle size of iron concentrate was
evaluated by different methods such as sieve screening
and laser analysis. The results showed that there is a
significant difference between these methods. The
maximum volume fraction of particle size was obtained in
the range of 20 to 37um via sieve screening test (Figure
4).
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3. Results and Discussion

Figure 1 shows samples before and after oxidation at 1600
°C for 1 hour. The oxidation of samples was determined
visually and the data are given in Table 4. Then the data
are entered to the software and the effect of each
parameter on oxidation are obtained.
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Fig. 1. Samples before and after oxidation at 1600 °C for 1
hour

Table 4. Oxidation of samples

Comp. | Oxidation | Comp. Oxidation

1 3 17 1

2 2.25 18 3.25
3 1.25 19 4.75
4 3 20 1.25
5 15 21 4
6 3.5 22 0.5
7 0.25 23 0.25
8 0.25 24 0
9 0.5 25 0
10 0.75 26 0
11 3 27 5
12 2.25 28 0.25
13 0.5 29 1.75
14 1.75 30 4
15 0.5 31 0.1
16 0 32 0

4. Conclusion

e HfB; has positive effect on oxidation
resistance of ZrB, ceramics.
e By increasing ZrC and Cys, oxidation

increases.

e Among the SPS parameters, temperature has
highest effect.

e SiC and MoSi, improve the oxidation
resistance.

e Optimum levels for  manufacturing
composite with the most oxidation resistance
are as below:

SiC: 20vol%, Cs: Ovol%, M.t: 5 hr, MoSi,: 6vol%,

HfB2: 15 vol%, ZrC: 10vol%, Temparure: 1800C,

Pressure: 30MPa, time: 8min
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1. Introduction

ZrB; is used in different industries due to individual of
mechanical and physical properties such as high melting
point, high thermal conductivity, flexural strength and
hardness. When ZrB2 is exposed to air at high
temperatures, it reacts with O2to form ZrO2 and B20s:

ZrB2+ 5/202 - ZrOz2 + B203(1) ()

Due to high vapor pressure, the B203 evaporates above
1100 -C:

B203(l) — B203(g) (2

The removal of B203 by vaporization leaves behind a
porous ZrO2 scale, which results in the rapid linear
oxidation kinetics above 1400 °C. Thus, the high-
temperature applications of monolithic ZrB2 will be
limited by its poor oxidation resistance.

The addition of SiC has been reported to improve the
oxidation resistance of ZrB2. Above 1100 °C, SiC reacts
with O2 according to the following reaction:

SiC + 3202 SiO2(l) + CO(g) 3)

The SiO2 and B203 form a borosilicate liquid, which
covers the exposed surfaces. As temperature increases,
B203 is continuously removed from the borosilicate
liquid, leading to the formation of a SiO2-rich glassy
layer. Because SiOz is significantly less volatile and more
viscous than B203, the SiO2- rich layer provides effective
oxidation protection for ZrB2-SiC above 1100 °C.

2. Experimental

With respect to high number of effective parameters
(Table 1), Taguchi design was used. Table 2 shows the
conditions of samples preparation and Table 3 shows the
specification of powders. The powders corresponding to
32 different compositions, according to Table 2, were
mixed by wet ball-milling at 200 rpm for 3 hours in a
zirconia's bottle, using zirconia's balls and ethanol as
media.

The mixtures were then dried. The powder mixture
was put into graphite die lines with graphite foil which has
an inner diameter of 50 mm and sintered using SPS
apparatus (SPS-20T-10, China). The sintering was
performed at different temperatures (between 1600 °C
and 1900 °C), different pressures (between 10 MPa and
40 MPa) and different holding times (between 4 minutes
and 16 minutes) based on Taguchi design (Table 1) in
vacuum. Oxidation test was conducted in box furnace at
1600 °C for one hour.

Table 1. Effective parameters on oxidation and their levels

TEST|FAC.1JFAC.2|[FAC.3 FAC.4|FAC.5FAC.6/FAC.8FAC.7|FAC.9
SiC | Cf | M.t IMoSiz|HfBy| ZrC | P T t
Vol%|Vol% | hr | Vol% |Vol%|Vol%| MPa| C | min
1] 5 0 0 0 0 0 | 10 |1600( 4
2] 10 | 25| 25| 2 5 5 | 20 [1700| 8
3] 15| 5 5 4 10 | 10 | 30 |1800| 12
L4 20 | 75| 75| 6 15 | 15 | 40 |1900| 16
Table 2. Conditions of samples preparation
TESTFAC.1FAC.2FAC.3FAC.4FAC.5FAC.6FAC.7|FAC.9FAC.Y
SiC | Ct | M.t|MoSijHfB;| ZrC [Temp/Press|Time
Vol%|Vol%| h |Vol%|Vol%| Vol%g C | MPa| min
1] 5 0 0 0 0 0 [1600| 10 | 4
2| 5 1]125(25| 2 5 5 (1700 20 | 8
3|5 5 5 4 | 10 | 10 |1800| 30 | 12
4| 5 |75|75| 6 | 15| 15 |1900| 40 | 16
5|110| 0 0 2 5 | 10 [1800| 40 | 16
6110 25(25| 0 0 | 15 |1900| 30 | 12
7110 5 5 6 | 15| 0 |1600| 20 | 8
8|10|75|75| 4 | 10| 5 |1700| 10 | 4
9|15| 0 [25| 4 | 15| 0 |1700| 30 | 16
10 15| 25| 0 6 | 10 | 5 |1600| 40 | 12
11115 5 | 75| O 5 | 10 [1900| 10 | 8
12| 15| 75| 5 2 0 | 151800 20 | 4
13/ 20| 0 | 25| 6 | 10 | 10 [1900| 20 | 4
141 20| 25| 0 4 | 15| 15 |1800| 10 | 8
15 20| 5 | 75| 2 0 0 [1700| 40 | 12
16| 20 | 75| 5 0 5 5 |[1600| 30 | 16
17| 5 0 |75 0 |15 | 5 |1800| 20 | 12
18| 5 | 25| 5 2 | 10| O |1900| 10 | 16
19| 5 5 (25| 4 5 | 15 [1600| 40 | 4
200 5 |75| 0 6 0 | 10 |1700| 30 | 8
211 10| 0 | 75| 2 | 10| 15 |1600| 30 | 8
22110 | 25| 5 0 | 15| 10 |1700| 40 | 4
23/ 10| 5 | 25| 6 0 5 [1800| 10 | 16
241 10 | 75| O 4 5 0 [1900| 20 | 12
25/ 15| 0 5 4 0 5 [1900| 40 | 8
26| 15| 25|75 6 5 0 [1800| 30 | 4
271 15| 5 0 0 | 10 | 15 |1700| 20 | 16
28| 15 | 75| 25| 2 | 15| 10 |1600| 10 | 12
291 20| O 5 6 5 | 15 [1700| 10 | 12
301 20 | 25(75]| 4 0 | 10 |1600| 20 | 16
31|20 | 5 0 2 | 15| 5 |1900| 30 | 4
32|20 (75(25| O | 10| O [1800| 40 | 8
Table 3. Specification of powders
Powder Grain sizemp
ZrB; 20
SiC 25
Cs T800, 5
MoSi; 25
HfB, 30
ZrC 20
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silane coupling agent. The interlaminar shear strength of
Co-GFTS increases about 18% compare to GF samples.
The composite silanization treatment glass fiber
composite showed the highest values interlaminar
strength, with acid activation glass fiber composite,
however, the enhancement was not significant. It is
believed that excessive surface treatment prevents
increasing bond strength.

Si-OH  §i-0 .
Si-0-Si o
\ 4

>~

7

———aats D)

T T T T T T T
3500 3000 2500 2000 1500 1000 500

Wavenumber(cm-l)

Fig. 1. The FTIR Spectrum (a) AATS (b) GFTS (c) AA (d)
GF samples

Table 2. Short beam shear strength result

Composite  Thickness Width  Force(N) ILSS
(mm) (mm) (MPa)
Co-UGF 18 12.34 318.58  10.75+0.32
Co-GF 1.95 12.31 350.06  10.91%0.22
Co-GFTS 2.25 12.49 475.11  12.69+0.42
Co-AATS 2.02 12.74 379.49  11.11+0.24

Comparing the SEM micrographs of AATS and GFTS
samples in Figure 2, the coating layer was observed on the
surface of glass fiber. The silanizated glass fibers are
noticeably thicker, however, the silanizated fibers after
HCI activation treatment display cracks along the fiber
surface.

b c

Fig. 2. Scanning electron micrographs a) GF, b) GFTS, c)
AATS

4. Conclusion

The effect of surface treatment of the glass fibers on the
mechanical properties of glass fiber/epoxy composites
was investigated. The mechanical properties of glass
fiber/epoxy composite material are strongly dependent on
molecular structure of coupling region. The surface
treatment of glass fibers led to increasing ILSS of the
composite. The enhancement of 18% for silanized glass
fiber composite compare to non-treated glass fiber
composite was found in short beam shear test.



Journal of Metallurgical and Materials Engineering, Vol.31, No.2, 2020.

The Effect of Surface Treatment of
Glass Fiber on the Mechanical
Properties of Epoxy Composite

shirin Pourhosseinit  Samaneh Sahebian?

Ahad Zabett3

1. Introduction

Nowadays, polymeric composites are widely used in
many industries. Among them, glass fiber reinforced
polymer has the paramount importance due to its
mechanical, chemical, and physical properties. It is well
known that the properties of composites not only rely on
each reinforcement and matrix properties but also depend
on the nature of interphase region which are significantly
controlled by chemical bond and load transfer between
fiber and polymer. Surface treatment of glass fibers is one
of the ways of enhancing the interfacial adhesion and
affinity between fiber and polymer matrix.

The inorganic glass fiber and organic polymer are
incompatible, introducing a third material such as
coupling agents to form a chemical bond and improve
interfacial adhesion. Organofunctional silanes coupling
agents have been effective for glass fiber chemical
modification. However, the acid treatment cause to
generate hydroxyl groups on the surface of glass fibers to
react with silane coupling agents more efficiently. The
acid activation of glass fibers prior to silanization,
changes the surface of fibers and increases the amount of
-OH groups on the surface. The hydrolyzed groups Si-OH
in silane tend to react with Si-OHs in the glass fiber
surface to form Si-O-Si bonds.

This research studied the influence of different fiber
surface treatments in mechanical properties. Interactions
between glass fibers and silane coupling agents were
characterized by FTIR. Mechanical properties of the
composites were investigated by short beam shear
strength (ILSS). The topology of the surface of glass
fibers were observed with scanning electron microscope
(SEM).

2. Experimental
E-glass fibers used in this study were supplied by STA
Co. Thermoseting bisphenol-A (2040 Epolem) and amine
system hardener (2047 Epolem) were prepared by Axson
Co. Resin and hardener were mixed in ratio of 100:32 to
prepare polymer as matrix of composite. The silane
coupling agent, APTES (y-amino propyl triethoxy silane),
supplied by Aldrich-Sigma. Hydrochloric acid (HCI 37%)
and acetic acid (CH3COOH 100%) were used without
further purification.

Acid treatment of E-glass fibers done by HCI (10%, v/V)
for 3 hours at room temperature. After acid activation,
samples were washed with distilled water several times to

remove chloride compeletly -, as determined by AgNO;
test. Finally they were dried at 110 °C for one hour. The
silane treated fibers were obtained by treating as-received
fibers and acid activated. Aqueous solutions were
prepared by methanol (95 wt.%) and distilled water (5
wt.%) and the silane concentration of 0.5 (v/v). After the
silane coupling agent was hydrolyzed at pH=4 for 1 hour
with acetic acid, the fibers dipped in the solution for 30
minutes and dried at 110 °C for 1 hour. Table 1 shows
UGF, GF, AA, GFTS, and AATS preparation.

As received and treated glass fibers as reinforcment of
epoxy were used to prepare composite by vacuum
infusion processing. The epoxy resin and hardener
mixture in stoichiometric ratio were applied to the fibers.
The curing schedule of all composite samples was 24
hours at room temperature, 2 hours at 40 °C and 16 hours
at 70 °C.

Table 1. Sample code and conditions

Surface Acid Silanization Composite
treated Activation treatment Sample
Sample

UGF Co-UGF
GF - - Co-GF
AA HCI 10%

GFTS - 7-APS Co-GFTS
AATS HCI 10% y-APS Co-AATS

3. Results and Discussion

FTIR Spectroscopic Measurement

FT-IR spectroscopy was used to observe the effect of acid
activation and silane coupling agents on the glass fiber
surface. Figure 1 exhibits the FTIR spectrum of glass fiber
(GF), acid activated fibers (AA), silanized glass fiber
(GFTS), and acid activated silanized fibers (AATS). It
was shown that the peak at 1042.02 cm-! corresponds to
the stretching vibration of Si-O-Si bonds. After acid
activation, this peak shifted to 1082.42 cmL. The peak at
3400-3500 cm! is related to the OH stretching vibration.
After acid activation, OH peak broadens were compared
to GF spectrum. Therefore, the content of Si-OH on the
surface increases as spectrum shows. After silanization of
fibers and acid activated fibers the band of OH at 3400-
3500 cm! reduced. therefore, an interaction takes place
between silane coupling agent and glass fiber.

The degree of adhesion at the interface between a fiber
and a matrix can be measured in terms of the interlaminar
shear strength (ILSS). Table 2 shows the results from
short beam shear tests of the composites. As seen, surface
treatment leads to an increase of ILSS of the composites,
which can be related to the effect of increasing the degree
of adhesion at interfaces among the fiber, matrix, and
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Fig. 2. The content of Al.Os in coatings versus current
density

Figure 3 shows the surface morphology of the
deposited Ni-Cu/Al,O3nano-composite coatings with the
different current density. As it can be seen, by increasing
the current density, the morphology of the coatings
change from smooth surface to a rough with coarse grains.
The presence of the reinforcement particles in the cathode
increases its surface. Since the current density around the
particles is more than other places, Ni ions deposit around
the particles and the protruding grains are created on the
surface. This results in a rough morphology. By
increasing the current density, the movement of the Ni
ions increases and the roughness increases.

e { , » e Sllum
Fig. 3. SEM morphology of the cross section of the
coatings in various current densities.

50 pm G

The microhardness of the deposited Ni-Cu/Al,O3 nano-
composite coatings in various current densities is shown
in Figure 4. It can be seen that the microhardness of the
coatings increases with the increasing of current density
up to 2 A/dm?, while it decreases again beyond the current
density. As is seen in Fig. 2, the Al:Oz content is
maximum in current density of 2 A/dm? therefore, the
microhardness of the coating in this current density is
maximum. It has been reported that the Orowan
mechanism, grain refinement strengthening and particles
strengthening, play roles in increasing the deposited
coatings microhardness.

For examining the current density effect on corrosion
behavior of the produced coatings, the potentiodynamic
polarization method was used. The polarization curves
corresponding to all of the samples in 3.5 wt% NaCl at
ambient temperature are depicted in Figure 5. It can be
seen that by increasing of the current density the corrosion
potential shift to negative values. The corrosion behavior

of the produced coatings is affected by coatings
composition, surface morphology of the coatings, and the
content of the Al>Oz particles. Figure 5 shows that by
increasing the deposition current density, the roughness
and porosities in the coatings increase. Therefore, the steel
substrate can be exposed to the corrosion media via the
porosities. In this case a galvanic coupling is created
between the coating and the substrate that decreases the
corrosion resistance.
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Fig. 4. The microhardness of the coatings
versus current density
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Fig. 5. Potentiodynamic polarization curves of the coatings
in various current densities

The inert Al203 nanoparticles cover some parts of the
coating surface and reduce the contact area between the
matrix and corrosive environment. In addition, they
formed many corrosion micro cells in which the Al,O3
particles acts as the cathode and matrix around them acts
as the anode. These micro cells reduce localized corrosion
and facilitates anodic polarization. The produced coating
in current density of 1 A/dm? has a rough surface with low
porosities. Also, the content of its reinforcement is high
thus it has maximum corrosion resistance rather than that
of other coatings.

4. Conclusion

1. By increasing the depositin current density, the Ni
value increases and Cu value decreases.

2. Amongst the produced coatings, the 2 A/dm?
nanocomposite coating indicated the maximum
reinforcement value and microhardness.

3. The corrosion resistance of the produced composite
coating is reduced by increasing the depositin current
density.
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1. Introduction

The coatings can protect the surface of the engineering
components against corrosion, fatigue and fracture
phenomena. Metallic coatings have produced for these
aims. Incorporation of ceramic particles such as Al2Os,
SiC, SiOy, TiOg, in metallic coatings increases mechanical
and corrosion properties of the coatings. Metal matrix
composite coatings are produced by thermal spraying,
chemical vapor deposition (CVD), and electrodeposition
techniques. Among these techniques, electrodeposition is
one of beneficial techniques for preparing metal matrix
composite coatings. The properties of electrodeposited
coatings by this process depend on bath composition,
electrolyte pH, electrolyte temperature, and current
density or deposition potential. Among these parameters,
the current density is more effective on electrodeposition
rate, coating composition, and properties of the produced
coatings. The aim of this research is to examine the
current density effect on microstructure, microhardness,
and corrosion properties of the Ni-Cu/Al,O3; nano-
composite coatings, produced by electrodeposition.

2. Experimental procedure

In this research, Ni-Cu/Al,O3 nano-composite coatings
were prepared from a citrate bath by electrodeposition
process. The composition of the deposition bath and
electroplating parameters are shown in Table 1.

Table 1. Electrodeposition bath composition and

conditions
: ]1:.11.I1.cnn.1pa.»1:1.:.nn [ Concentration (gl..) [ ]-ZIccil'o(icpnslﬁon conditions | Value
" Nickel Sulfate | 320 Current density (A/dm2) | 1,2.3.4
Copper Sulfate 40 Rotating speed (rpm) 240
Trisodium citrate 50 Temperature (°C) 35
SDS 0.2 pH 4.5
Al203 20 Deposition time {min) a0

The surface morphology of the produced coatings was
examined, using a scanning electron microscope
(SEM, TESCAN model). The chemical composition of
coatings was examined by energy dispersive X-ray
spectroscopy (EDS) attached to SEM. The EDS analysis
was carried out over three uniform regions each coating.
The Vickers micro-hardness of the elctrodeposited
coatings was measured on the cross section of the samples
by KoopaMAZ3 device. The applied load and holding time
were 50 g and 10 s, respectively. The corrosion behavior
of the nanocomposite coatings were investigated in a

conventional three-electrode cell with a platinum plate as
the auxiliary electrode and Ag/AgCl as the reference
electrode. The measurements were conducted in a 3.5 wt.
% NaCl solution at 25 -C, using a potentiostat/galvanostat
device (Vertex, Ivium Technologies).

3. Results and discussion

Figure 1 shows the effect of current density on chemical
composition of the deposited Ni-Cu/Al,O; nano-
composite coatings. As it can be seen, by increasing the
current density, the Cu decreases and the Ni increases. It
has been reported that in citrate-containing electrolytic
solutions, nickel deposition is charge-transfer-controlled
whereas that of copper deposition is mass-transfer-
controlled. Therefore, by increasing the current density
charge transfer increase and Ni is increased. On the other
hand, by increasing Ni, the concentration of electroactive
Cu species at the electrolyte/working-electrode interface
becomes depleted, thus Cu decreases in the coating [6, 8,
10].
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Fig. 1. Composition of matrix versus current density

Figure 2shows the effect of current density on Al.O3
nanoparticles content in the deposited Ni-Cu/Al-Os nano-
composite coatings. It can be seen that the content of
Al,O; in the coatings increases with the increasing of
current density up to 2 A/dm?, while it decreases again
beyond the current density. When electrodeposition was
carried out at low current densities, nickel ions dissolved
from the anode (nickel plate) moved slowly and there is
not enough time for these ions to adsorb on particles.
Thus, the Coulomb force between nanoparticles and the
cathode become weak, which causes lower concentration
of Al,O3 nanoparticles in the coatings. On the other hand,
when the current density is higher than the optimum
value, nickel ions dissolve from the anode plate, move
faster than the Al,O3 particles transported by the
mechanical agitation and causes a low concentration of
codeposited Al,O3 nanoparticles in the coatings.
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Fig. 2. Non-equilibrium solidification curves of six alloys

Fig. 3. Microstructures of rheo-extruded alloy 6 by twin screw at
highest rotation speed for each solid fraction and constant
processing time of 25 sec: a) Fs=0.6, 450 rpm, b) Fs=0.55, 450 rpm,
and c¢) Fs=0.5, 550 rpm
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1. Introduction

Super high strength aluminum alloys have been
extensively studied for decades. Some limitations of the
extrusion processes for these alloys exist. Conventional
extrusion generally is defined as a complex and expensive
process. As an alternative to conventional extrusion,
semisolid methods have been introduced. In the past
years, extensive efforts have been made to utilize super
high strength alloys in semi-solid metal (SSM) processes.
A new SSM processing technology named twin-screw
rheo-extrusion was developed. High shear rate and high
intensity of turbulence are two important characteristics
of fluid flow in the twin screw. Basically in this technique
molten metal is exposed to high shear rate and high
intensity of turbulence by means of two intermeshed and
self-wiped screws. In a few seconds molten metal
converts to slurry with certain amounts of solid shearing
between screws and barrel inner surfaces. There are three
main parameters in the technique that could affect product
properties, which are shearing temperature, rotation
speed, and shearing time. In this innovative technique, the
increase of screw rotation speed causes to promote shear
rate, y according to following equation.

=mNE-2)

Where N is the rotating speed of the screw, D is the
outer diameter of the screw, and G is the gap between
screw flight and the barrel surface.

Regardless of the process parameters, rheo-
formability and final properties of alloys extremely
depend on some thermodynamic parameters. The
temperature sensitivity (TS) of solid fraction is defined as
the most important parameter, which could be enhanced
with chemical composition of an alloy to be amenable for
SSM process. TS is defined as ~df/  which is derived
from Fs-T diagrams obtaining from Scheil solidification
curves. Low amounts of TS are suitable for SSM
processing.  The present study focused on a new
thermodynamic parameter determining exact temperature
window for rheo-extrusion. The process parameters such
as rotation speed and process temperature were also
examined. The  microstructural  evolution and
solidification behavior of the semi-solid slurry during the

REX (rheo- extrusion) process were discussed, and the
tensile properties of the components were studied as well.

2. Experimental procedure

Thermodynamic analysis was carried out by Thermo-Calc
AB, Version 2.2.1.1, developed by the Foundation for
Computational Thermodynamics.

Commercially pure aluminum, magnesium, copper,
and zinc were weighed and melted in a graphite crucible
in a resistance furnace under argon gas protection. The
composition of the melt (Al-14Zn-9Mg-5.2Cu wt. %) was
determined by thermodynamic assessment. All samples
were over heated up to 50°C and held for 1 hour to obtain
chemical homogeneity. The molten alloy was then poured
in the melt feeder that was embedded on the twin-screw
rheo extruder.

Fig. 1 1 shows the schematic illustration of twin screw
rheo- extrusion. The slurries of the alloy were sheared in
semi-solid state at three different solid fractions of 0.5,
0.55, and 0.6. Process time and die orifice diameter were
25 seconds and 10 mm, respectively. Extruded cylindrical
samples were immediately quenched in water. T6
treatment applied for selected extruded specimens of
tensile test.

Fig. 1. Schematic illustration of the twin screw rheo-extrusion

3. Results and discussion

Figure 2 shows the solidification calculation for three
alloys with different Zn/ (Mg+Cu) keeping constant the
sum of Zn+Mg+Cu= 17.5 % wt. (see Figure 2a), and three
alloys with different Zn+Mg+Cu keeping constant the
ratio of Zn/ (Mg+Cu) =1 (See Figure 2b). In a certain solid
fraction, the lowest TS. value is obtained at the lowest Zn/
(Mg+Cu) ratio and the highest sum of Zn+Mg+Cu.

The best alloy was rheo-extruded at different rotation
speeds with three solid fractions. Figure 3 shows the
resulting microstructures of alloy 6, rheo-extruded with
solid fractions of 0.6, 0.55, and 0.5 at highest rotation
speed.
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