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Selective Extraction of Copper from Nickel by D2EHPA in the Presence of
Tartaric Acid and Sodium Acetate Additives

M. Irannajad H. Kamran Haghighi Zeinab Nasirpour

Abstract

In this study, solvent extraction of copper from nickel in the presence of tartaric acid and sodium acetate with
D2EHPA was studied. To investigate the behavior of carboxylates, parameters such as pH, carboxylate
concentration and time were varied. According to the results, with the addition of 0.04 and 0.03 g/L of tartaric
acid, and sodium acetate, pH of 5.12, and time of 10 min, 90% and 20% copper and nickel were extracted,
respectively. At this condition, the separation factor reached a maximum value of 25.75. Therefore, the mixture
of tartaric acid and sodium acetate resulted in the selective extraction of copper.

Key words Solvent extraction; Carboxylates, Separation; Nickel; Copper.
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Study of Dynamic Precipitation during Severe Plastic Deformation of Cast AZ91 Alloy and Its
Influence on Microstructure and Mechanical Properties

S. Khani M. T. Salehi H. R. Samim M. R. Aboutalebi

Abstract

In this study severe plastic deformation was applied to a typical as-cast AZ91 alloy through equal channel angular
pressing. The equal channel angular pressing of AZ91 alloy was carried out as a two-step process in which the
first equal channel angular pressing pass was conducted at 350° C'and the next passes were followed at 290°. The
equal channel angular pressing processing could strongly refine the grains. The results showed that dynamic
precipitation and dynamic recrystallization occurred simultaneously leading to an enhancement of the
recrystallization process. Microstructural investigations indicated that the formation of precipitates starts at shear
zone as a result of the large shear strains and high density of dislocations. The analysis of tensile test results

showed that the equal channel angular pressing can significantly improve both yield strength and ductility of AZ91
alloy.

Keywords Severe Plastic Deformation, Equal Channel Angular Pressing, AZ91 Alloy, Dynamic Recrystallization,
Dynamic Precipitation
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Dissimilar Joint Properties of Cu to 304 Stainless Steel by GTAW Process
O. Tavakkoli Dehaghi M. Rafiei

Abstract

In this research, the microstructure and properties of dissimilar joint of pure Cu to 304 stainless steel by GTAW
process, were studied. For this purpose, the welded specimens with Inconel 625 and 309L stainless steel filler
metals, were prepared. Then, the microstructure and mechanical properties of these specimens were investigated
by optical microscopy, tension and microhardness tests. In welding with ERNiCrMo3 filler metal, solidification
crack was seen in the weld metal while in welding with ER309L filler metal, the austenitic microstructure was
without any crack. Also, in welding with ER309L filler metal, the fracture occurred in HAZ of Cu base metal.
Based on the results of tests, the ER309L filler metal was proposed for the welding of pure Cu to 304 stainless
steel.

Keywords Dissimilar Welding, Inconel 625, 309L Stainless Steel, 304 Stainless Steel, GTAW.
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Investigation of Oxidation Properties of YSZ with Al20s/YAG Composite Thermal
Barrier Coating

E. Kheradmand H. Sarpoolaky S. Rastegari

Abstract

In order to investigate the oxidation properties of YSZ with Al,O3/YAG composite thermal barrier coatings,
Al,O3/YAG powder was synthesized by sol-gel method. 15, 30 and 45wt% of Al.Os/YAG were mixed with YSZ and
labeled as YS85.YS70 and YS55 respectively. Composite TBCS were melted by plasma spray method on a
substrate (IN738-LC). Cyclic oxidation test at 1050°C for 200h and weight changes revealed that the oxidation
resistance was increased in YS85 and YS70 and the thickness of thermally grown oxide was decreased and in YS55
by increasing the thermal stresses, the oxidation resistance was decreased and the thickness of the thermally grown
oxide layer was increased.

Keywords Composite YSZ TBC, Thermally grown oxide, YAG.
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Zinc Recovery from Electric Arc Furnace Dust Using Carbon and Ferrosilicon

S. M. Moosavi Nezhad A. Zabett

Abstract

In this research, a two-step process for recovery of zinc from electric arc furnace dust using carbon and
ferrosilicon has been introduced. Results show that substitution of carbon by sufficient amounts of silicon leads to
the formation of liquid slag and improves the rate of reduction up to three times. Results also show that local
temperature of samples increases up to 1100 °C as a result of exothermic silicothermic reduction reactions. It was
concluded that the molten slag phase improves the kinetics of the process by two ways. First by partial dissolution
of carbon which leads to the occurring reduction reactions homogenously in the liquid phase. Second by providing
extensive interfacial area between the metal oxides and reductants.

Keywords Electric Arc Furnace Dust, Zinc recovery, Carbothermic reduction, Ferrosilicon, Slag.
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Fabrication of Fe/TiC Surface Composite on Carbon Steel Using SMAW Process

E. Mollaie Nejad M. Fazel Najafabadi E. Karamian

Abstract

In this research, SMAW process and mixture of graphite and ferrotitanium compounds were employed to in-situ
fabricating of Fe/TiC composite on the surface of AISI 1045 steel. Thermodynamics of possible reaction and effects
of chemical composition of primary reactant were studied. Results showed that maximum size and volume ratio of
TiC reinforced particles was achieved in sample with graphite to ferrotitanium ratio of 18 to 82 that shows
maximum hardness. Obtained composite’s hardness was increased 220 per cent in relates to un-reinforced sub-
layer (220 to 712 Vickers).

Keywords Fe/TiC Surface Composite, AISI 1045 steel, SMAW, Microstructure
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Effect of Carbon Nanotubes on Thermal Properties and Crystallization
Kinetics of High Density Polyethylene

S.Moazen S.Sahebian

Abstract

In this study, HDPE and its nanocomposites with 1, 2.5 and 5 weight percent of carbon nanotube were prepared
using mini-extrusion machine. Thermal properties and crystallization kinetics of samples were studied by
differential scanning calorimetry methods at different cooling rates. Results shows that solidification and enthalpy
increases in presence of carbon nanotubes. Carbon nanotubes acts as nucleation sites. Besides, relative
crystallinity in nanocomposites is higher than pure polyethylene. Furthermore, Avrami index (n) decreases from
3 to 2 in nanocomposites. Finally, the activation energy for the crystallization process was calculated using
Kissinger and OFW methods.

Key Words HDPE, carbon nanotube, crystallization kinetics, thermal properties.
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The Study of Electromagnetic Interference Shielding of Carbon Nanotube/ Epoxy
Nanocomposite Reinforced by Finemet Amorphous Alloy

S. Jamali S. Sahebian Saghi M. Haddad Sabzevar

Abstract
In this research, nano composites of epoxy /carbon nanotube reinforced by one layer of Finemet amorphous
alloy with chemical composition of Fe,,.Si,;B,Nb,Cu, which was fabricated by planner flow melt spinning was

used to investigate the electromagnetic interference shielding. X-ray diffraction test was done to characterize the
Finemet amorphous alloy. Besides, vibrating sample magnetometer test was selected to measure the amount of
magnetization of nanocomposites. Shielding effectiveness of composites over the X-band (8 to 10 GHz) was
carried out by rectangular waveguide based on the WR90 standard. The results showed that the shielding
effectiveness at X-ray band reaches 15 and 20 dB, respectively, in samples of nanocomposite of epoxy containing
0.1 and 0.5 wt.% carbon nanotube which was reinforced by one layer of Finemet amorphous alloy.

Key Words Electromagnetic Interference Shielding, Nano Composite, Carbon Nano Tube, Epoxy, Finemet
amorphous alloy
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Characterization of Apatite Glass-Ceramic Coatings on Ti-6Al-4V Substrate by
Sol-Gel Method for Medical Application

S. Shoorvazi A. R. Kiani-Rashid S. Mollazadeh beidokhti Abbas Yousefi

Abstract

A single- and double-layer apatite-anorthite glass-ceramic coating was produced by dip coating sol-gel method
on Ti-6Al-4V substrate. Heat treatment was performed at 800°C. DTA analysis was performed to determine the
appropriate heat treatment temperatures. XRD analysis confirmed the intended crystalline compounds; and the
morphology of the coated layer was investigated using a SEM. Hardness and roughness of each layer was
measured by micro hardness test and AFM, respectively. SEM micrographs confirm the adhesion and uniformity
of the first apatite layer. Micro hardness of the second (top) layer showed an increase compared to the first layer.
The roughness of the coatings is in the appropriate limit for dental applications.

Key Words Apatite-anorthite double layer coatings; Sol-Gel; Microhardness; Roughness
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Determining the Optimal Amount of Oxide Flux in A-TIG Welding of HSLA-100 Steel
N. Abdali A. R. Ebrahimi

Abstract

The HSLA-100 steel is a newcomer steel produced by USA navy that have many applications in the marine
environment structures due to its high strength and toughness. In present study the effect of SiO, and TiO; fluxes
content on weld geometry, arc voltage and micro hardness of weld different regions of HSLA-100 steel with 5.4
mm were studied. At first oxide fluxes SiO, and TiO with surface density in the range of 0-55 mg/cm? was applied
on joint, then bead on plate TIG welds are carried out. Due to determine the feasibility of industrialization and
applying a uniform coating, fluxes were applied to the connection by spraying method. The results showed that
depth to width ratio for SiO, and TiO; fluxes initially increases sharply with surface flux density increase and
subsequently becoming approximately constant (1.14 and 0.51 were obtained respectively). Maximum penetration
depth of 6.18 mm for A-TIG is obtained for SiO, flux in surface flux density range 5.5 to 10 mg/cm?. Also, by
increase of SiO, surface flux density sharp arc voltage increase was observed from 13 to 16.6 V that causes heat
input increase and subsequently hardness decrease. When using TiO, flux arc voltage value fell, there was no
significant change.

Keywords Oxide surface flux density, Activated T1G welding, HSLA-100 steel
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The Effect of Number and Width of Baffles on Mixing Time in Copper Solvent Extraction
Dynamic Mixers: CFD Simulation and Direct Photography

S. Parvizi E. Keshavarz Alamdari S. S. Razavi

Abstract

The dynamic mixer has been designed and meshed according to copper solvent extraction mixer. Validation of
data has been done by the experimental setup. k-& turbulent model and sliding mesh have been used for fluid
flow simulation. Organic and aqueous liquids have been provided from the solvent extraction unit of
Sarcheshmeh copper complex, Iran. The mixing time has been calculated using population balance model
outputs analysis. According to the results, by increasing the number and width of baffles, mixing process is
improved and mixing time is decreased. Increasing turbulent flow intensity made to improve the efficiency in this
situation. An equation has been developed for calculating mixing time. The variables of the equation are baffles
number and width.

Keywords Dynamic Mixer, Copper Solvent Extraction, Mixing Time, Width and Number of Baffle, Population
Balance Model, Computational Fluid Dynamics
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Friction Stir Welding of 430 Ferritic Stainless Steel

S. Emami T. Saeid R. Azari khosroshahi

Abstract

Friction stir welding was conducted on a 430 austenitic stainless steel plate with thickness of 2 mm. The welding
procedure was performed at a welding speed of 50 mm/min and rotational speed of 400 rpm. Microstructure
observations showed high fraction of low angle grain boundaries formed in the thermo mechanically affected
zone through the occurrence of dynamic recovery. Severe grain refinement took place in the stir zone with the
formation of high fraction of high angle grain boundaries through dynamic recrystallization. Calculated pole
figure showed that shear texture developed in the stir zone.

Key words Friction stir welding, Ferritic stainless steel, Dynamic recovery, Dynamic recrystallization, Shear
texture.
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Investigation on Synthesis and Antioxidant Properties of Calcium Hexaborid
S. m. hostini mighan  R. Naghizadeh H. R. Rezaie N. Moradi Yardi M.Talebian

Abstract

Calcium hexaboride has high melting point (2372K), high hardness (27 GPa), low density (2.45 g/cm3), high
Young's modulus (379 GPa) and low thermal expansion. This material has capability for using in composite and
as an antioxidant in Oxide-graphite refractories. Synthesis of calcium hexaboride by different processes as
hydrothermal, solid state and combustion synthesis are done. CaBg as an antioxidant in MgO-C refractories can
reduce the oxidation of graphite. In this study synthesis and application of CaB6 as an antioxidant are investigated.

Keywords Calcium Hexaboride, Combustion Synthesis, Magnesia Carbon Brick, Antioxidant.
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Compacting Pressure Effect on Densification in Supersolidus Liquid Phase Sintering of
Prealloyed Brass Powder

S. Ghasemi M Azadbeh A Mohammdzadeh

Abstract

The present study was aimed to evaluate the effect of compacting pressure on the densification and sintering
behavior of Cu-28Zn prealloyed powder. For this purpose, samples were compacted at pressures of 100, 200, 300,
400, 500 and 600 MPa and then were sintered at 870 and 890 °C for 30 minutes. According to the obtained results
from tests such as densification, hardness and microstructure studies, it was specified that the maximum
densification at 870 °C occurred at 300 MPa. With increasing of sintering temperature, the maximum densification
shifted to lower pressures. Also the microstructural changes represent the occurring fragmentation and
rearrangement of particles is faster in the samples compacted at lower pressures.

Keywords Sintered brass, Compacting pressure, Fragmentation, Rearrangement, Densification
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4- Conclusions

1. Combustion synthesis of CaBs was carried out by
mixing CaBsO10 with Mg and then leaching can
produce purer CaBs compared to synthesis from
mixing CaBsOowith Al and Si.

2. MgO-C containing CaBg has better oxidation
resistance capability in comparison to normal
refractories with Al as an antioxidant.
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1- Introduction
Calcium hexaboride has high melting point (2372 K),

high hardness (27 GPa), low density (2.45 g/lcm3), high
Y oung's modulus (379 GPa) and low thermal expansion
coefficient. This material has capability for being used
in composite and as an antioxidant in oxide-graphite
refractories. Calcium hexaboride can be synthesized by
different processes such as hydrothermal, solid state and
combustion synthesis. CaBs as an antioxidant in MgO-
C refractories can reduce the oxidation of graphite. In
this study synthesis and application of CaB6 as an
antioxidant are investigated.

2- Experimental

Boric acid and calcium hydroxide in autoclave at 200°C
and pressure of 2 bar for 3h were mixed until hydration
of calcium hydrated borate (CaBsO10. NH2O) obtain.
After calcination of the samples at 400°C for 2h
CaBsO10 was achieved and then it was mixed with
reduction agents such as Mg, Al, or Si and then pressed
as a pellet. The pellets were calcined at 650-900°C in
carbon bed. After calcination, CaBe and different oxides
such as MgO, Al>O3 and SIO, were established. Then
samples milled and then leached to reduce oxide
impurities. Different origin synthesis CaBs and Al
powderswere added to MgO, graphite and novolak resin
and mixed. Different batches were pressed in the form
of 40 mm diameter samples with 800 kgf/cm? pressure.
Then, oxidation resistance of samples at 800-1400°C for
4h in air atmosphere were measured.

3- Results and Discussion

The results of combustion synthesis of CaBs from
mixing of CaBe¢O1p and Mg at carbon bed after
calcination at different temperatures (Fig. 1) show that
calcium and magnesium boride are presented as minor
phases. After leaching according to Fig. 2C high purity

calcium hexaboride with high purity by this method was
achieved.
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Fig. 1 XRD results of pellets containing CaBsO10+M g after heat
treatment at different temperaturesin carbon bed
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Fig. 2 XRD results of various synthesized CaBs after leaching a)
with silicon; b) with aluminum; c) with magnesium

38

YaWeight loss

31

700 900 1100 1300 1500
Temperature (*C)

Fig. 3Weight loss of shmpl% containing CaBgsor Al at different
temperaturesin oxidation atmosphere

Fig. 3 shows the weight loss of MgO-C refractories
containing different kinds of CaBs that is synthesized
with reduction agent of Mg, Al, and Si. Theresults show
that the CaBg obtain from mixing of CaBsOi0and Mg as
reduction agent has better oxidation resistance
capability in comparison with Al.
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grain boundaries (LAGBs about 21 %) along with the
formation of HAGBs implies that the BM has
experienced the annealing phenomenon during the
production process. According to this figure, the
frequency HAGBs decreased to 45% and higher amount
of LAGBs (about 45%) formed in the TMAZ. The
formation of such high frequency of LAGBs is more
likely related to the occurrence of the dynamic recovery
during the welding procedure. The formation of subgrain
boundaries (or LAGBS) is commonly starts with the start
of straining through the interactions taken place between
the generated dislocations during the welding at high
temperatures. Accordingly, dislocations with opposite
signs effectively are eliminated the microstructure is left
with only one type of dislocations. Sub-structures form
by the rearrangement of such dislocations into low
energy boundaries (LAGBS).

Fig. 2 Orientation maps; a) BM, b) TMAZ, and c) SZ
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Fig. 3 Grain boundary maps; a) BM, b) TMAZ, and c) SZ
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4- Conclusions

Microstructure of FS welded 430 ferritic stainless steel
was examined in this study. High frequency of LAGBs
formed during the occurrence of dynamic recovery inthe
TMAZ. Severe grain refinement took place through the
dynamic recrystallization in the SZ.
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1- Introduction

Ferritic stainless steels are categorized as a group of
engineering materials which are widely used in different
technical fields such as automotive industry because of
their high corrosion resistance and excellent mechanical
properties. Therefore, welding of thesetypesof aloysare
strongly requested in the industry. Common traditional
welding techniques break up the initial microstructure of
the material by re-melting of the welded material and
develop a new microstructure with new possible defects
such as the formation of large dendritic grains,
sensitization, martensite formation and grain growth.
Therefore, FSW process with less heat input is
considered as adternative technique for traditional
welding processes.

2- Experimental

In this study, the as-received 2 mm thick 430 FSS
material was FS welded in a bead-on-plate configuration
along the rolling direction of the material at a welding
speed of 50 mm/min and a rotational speed of 400 rpm.
Thewelding tool was aWC-based material with aconical
geometry. The tool was designated with a shoulder
diameter of 16 mm, pin base diameter of 4.5, pin tip
diameter of 3.5, and height of 16 mm. The pin insertion
depth into the material was held constant a 1.8 mm
during welding procedure. EBSD evaluations were
performed on a cross-section perpendicular to the
welding direction. The EBSD specimen was
mechanically pre-polished with 1 and 0.25 um diamond
pastes, electro-polished with a solution of 700 mL
ethanol, 120 mL distilled water, 100 mL glycerol, and 80
mL perchloric acid at ambient temperature and a voltage
of 35V for 10 s.

3- Resultsand Discussion

Fig. 1 shows the microstructure of the different regions
of theweld zone. It is observable from the figure that the
rotating tool break up the initial microstructure of the
material and generated a new fine microstructure with
three distinct of the stir zone (SZ), the thermo-
mechanically affected zone (TMAZ), and the base metal
(BM). In the TMAZ grains are highly deformed and
elongated in the direction of applied strain. It is also
observable that a very fine equiaxed microstructure
developed in the SZ. The presence of elongated grainsin
the TMAZ and fine grains in the SZ resulted a distinct

interface between them. Similar results were reported
from the FS welds of pure iron, duplex stainless steels,
austenitic stainless steels, and FSSs.

Fig. 1 Optical microstructuresfrom; a) BM, b) TMAZ, and c) SZ

Fig. 2 depicts the EBSD data obtained from the cross
section (ND-TD) perpendicular to the rolling direction
(RD). Based on this figure, ferrite is composed of rough
equiaxed grains with average grain size of 56 um. each
gran was colored regarding their crystalography
orientation with respect to the RD of the welded sample.
Moreover, it is obvious from figure that the elongated
grains of the TMAZ are replaced with fine equiaxed
grains in the SZ. The increase of strain from the TMAZ
towards the SZ resulted the formation of recrystallized
grainsinthe SZ.

Grain boundary maps and grain boundary character
distribution (GBCD) of BM, TMAZ, and the SZ in the
Fig. 3 and Fig. 4 indicate that the majority of total grain
boundaries of the BM (about 65%) are recognized to be
high angle grain boundaries (HAGBs) and 14 % is
recognized to be coincidence site lattice (CSLs)
boundaries. The presence of large amount of low angle
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2 Corresponding Author: Associate Professor, Faculty of Materials Engineering, Sahand University of Technology,

Tabriz, Iran.
Email: tohid_sael d@yahoo.com
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width and baffle number on the mixing time, in the mixer
of copper solvent extraction has been calculated.
-

0.9
M, = 2.4922 (;) « exp(—0.08n,) (1)
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1-Introduction

Dynamic  mixers have been wused in the
hydrometallurgical process as one of the most important
instruments in solvent extraction process. Because of
their key role in extraction process and total process
efficiency, many investigations have been done on
optimizing their geometry, physics and operational
parameters. The results of numerical and experimental
works are improving geometry and operational
parameters. Some equations are derived as the results of
theses projects that describe the importance of each
parameter. In copper extraction, solvent extraction is
very important parts in the process since extract the
copper ions from the leaching solution. Mixer and settler
are the main divices in this part. The efficiency of mixers
affects the total efficiency of the factory.

2-Experimental

In this work, mixers have been designed and meshed
according to copper solvent extraction mixer. Validation
of data has been done by the experimental setup. k-
turbulent model and sliding mesh have been used for
fluid flow simulation. Organic and aqueous liquids have
been provided from solvent extraction unit of
Sarcheshmeh copper complex, Iran. Mixing time has
been calculated using population balance model outputs
analysis. The variables of the equation are baffles number
and width.

3-Results and discussions

In this part mixing time evaluated using experimental
formula and numerical simulations. According to the
results, baffle width affects the mixing time according to
figure 1. In this figure numerical and experimental results

are compared.
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Fig. 1 The effect of baffle width on the mixing time (numerically
and experimentally)

As the same way the effect of baffle number on the
mixing time investigated (figure 2).

16

14

12

0
3 4 6

number of baffles

mixing time (s)
EEY (o)} o]

N

Fig. 2 The effect of baffle numbers on the mixing time
(numerically and experimentally)

4- Conclusions

According to the results, by increasing the number and
width of baffles, mixing process is improved and mixing
time is decreased. Increasing turbulent flow intensity
improve the efficiency of the mixer in this situation. An
equation has been developed for calculating mixing time
(equation No. 1). In this equation the effect of baffle
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Fig.2. Variation of penetration depth with surface flux density in
A-T1G welding of HSL A-100 steel plates

Based on the previous studies, the oxygen content in the
weld, due to decomposition of oxide fluxes, changed the
weld penetration. The weld penetration in TIG welding
is determined by the liquid pool convection mode. With
increasing oxide fluxes, dissolved oxygen in the weld
metal increased. As a result, with increment of
temperature and oxygen content, the temperature
coefficient of the surface tension (i.e, Marangoni
convection) increased, and then in a certain amount of
oxygen, changed from negative to positive (i.e., reverse
Marangoni convection). In this situation, a relatively
deep and narrow weld produced [15].

2. Effect of surface flux density on arc voltage

In order to evaluate the effect of SIO2 and TiO2 oxide
fluxes on the arc voltage, TIG welding of HSLA-100
steel plates was performed, while different types of
surface oxide fluxes applied with variable densities. The
other parameters of welding (e.g., welding current, travel
speed, arc length and gas flow rate) were kept constant.
Fig. 3 showsthe variation of arc voltage with surface flux
density in A-TIGwelding for SiO, and TiO, oxide fluxes.
As shown in Fig.3, it can be found out that with
increasing SIO, surface flux density, the arc voltage
increased sharply, and then reduced. Comparing to the
conventiona T1G welding, wherethe arc voltageis equal
to 12.9 V, with increasing the SIO; flux density
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Fig.3. variation of arc voltage with surface flux density in
A-TIG welding for SiOz and TiOzoxide fluxes.

Welding direction

Jhabd

Fig.4.Sideviewsof arcin TIG and A-T1G welding; (a)
conventional TIG, SiO2 with surface flux density of (b) 1.8,
(c) 6.2, (d) 27.3 and TiO2 2.5 mg/cm?.

The arc voltage reached to 17 V, while it decreased to
12 V with increment of TiO; flux density. Side views of
arc in TIG and A-TIG welding with different SIO;
surface flux illustrated in Fig. 4 (a-€). As can be seenin
Fig. 4 (b-d), by using SO, flux, obvious arc deflection
toward rear of arc moving direction was observed while
this phenomenon did not occur while TiO, flux was used
(Fig. 4e). SIO, is a non-metalic oxide with higher
electrical resistivity than TiO, that is a metal oxide.
Therefore, a conductive channel formed between
tungsten electrode tip and the workpiece, when the flux
became either liquid or vaporized. SO, flux evaporation
behind the welding arc stretched the welding arc back
toward the molten pool caused the enhancement of the
effective length of the arc and the arc voltage. As can be
seen in Fig. 4.c and d, by increasing SO, flux, the arc
stretching towards the rear of the electrode become
higher. Increasing of surface flux density prevented the
arc to establish, and higher energy is required to
overcome the flux barrier leading to the arc length
increase. TiO, flux has a better conductivity and smaller
electrical resistance than SiO;, therefore the conductive
channel established easily between tungsten electrodetip
and the workpiece.

4- Conclusions

In present study an activated-flux assisted TIG welding
of HSLA-100 steel was investigated. The D/W ratio for
both fluxesinitially increased sharply, with increasing of
surface flux density, and subsequently became
approximately constant. The maximum penetration of 6.2
mm for A-TIG obtained for SIO, flux in which the
density ranged between 5.5-10 mg/cm?.
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1- Introduction

The increasing demand for materials with optimum
performance for use in construction and military
applications has led to the development of high strength
low aloy steels [1]. High strength and low-temperature
toughness of low-alloy steel HSLA-100 have made this
type of steel an idea candidate for the replacement of
HY-100 steel in marine and construction applications.
Moreover, dueto the lower carbon content of the HSLA-
100, this steel has a better weldability than HY -100 steel,
which results in lower cost of construction due to
elimination of preheating process[2, 3].

Tungsten inert gas (TIG) welding is most commonly

used method for welding of thin sections of ferrous and
nonferrous alloys. High quality welds with proper
mechanical properties are the main advantages of TIG
welding. This process extensively used for sheet and tube
welding in the nuclear industry, aerospace, power
generation and shipbuilding industries. Low welding
speed and weld penetration are the main limitations of
TIG welding. Therefore, full penetration welding is
restricted to joints thickening up to 3 mm [3-7].
Active flux TIG (A-TIG) is a novel modification of the
TIG process that increases the penetration of TIG welds
resulting in enhancement of productivity. This process
was developed for the welding of titanium in the Paton
institute of electric welding in the 1960s [8-9]. In this
process, a suspension of the activating flux in acetone or
ethanol is applied on the joint surface before welding.
Therefore, dueto acetone evaporation, athin layer of flux
left on the surface of the weld joint, and then autogenous
TIG welding carried out [3 & 9-12].

2- Experimental procedure

In this investigation, the used samples were HSLA-100
steel plates of 100 x 100 x 5.4 mm?®. The chemical
compositions and mechanical properties of the samples
are shown in Tables 1 and 2, respectively. To remove all
impurities, prior to welding the surface of each specimen
ground off with abrasive paper subsequently degreased
with acetone.

Table. 1 Chimical compostions (wt% balance Fe) of
HSLA-100 Stedl plates

C Si | Mn P § Cr | Mo | Ni |Cu| Nh Ti Vv N

0.061 | 0.27 | 0.82 | 0.005 | 0.008 | 0.71 | 0.71 | 335 | 1.7 | 0.044 | 0015 | 0.014 [ 0.013

In present study, TiO, and SiO, compounds were used

as the activated flux. The active flux consisted of the
powders that mixed with solvent (8 g powder was mixed
into 200 ml acetone) to produce a paint-like consistency.

Table. 2 Mechanical properties of HSL A-100 steel plates

Yield strength (MPa) Tensile strength (MPa) Elongation (1)

707 855 2

To achieve accurate results, the flux coating should be
applied uniformly on the surface of the specimens. So,
fluxes applied by controlled spray method. In order to
evaluate the effect of flux content on the surface layer
depth and depth to width ratio (D/W), different flux
densities were used.

Table.3 shows the welding conditions used in present
study.

Table. 3Welding conditions of experiments

Electrode Shielding gas Welding p
Travel Are
Type Dl(;mn‘el-;er Tipangle | Polarty | Type F:;E'ul;la;e Cl(lf)mt speed length
(mm/s) (mm)
W-2%ThO, 32 60° DCEN | Argon 10 150 2 3

3-Result and discussion

1. Effect of surface fluxes density on weld geometry
AsshowninFig.1, The D/W ratio for both fluxesinitialy
increased sharply with increasing the surface flux density
and subsequently became approximately constant. In
common TIG welding, that surface flux density is zero,
weld D/W ratio is about 0.36. Conversely, in activated
TIG welding of HSLA-100 steel with SiO, and TiO;
fluxes, maximum D/W ratio were 1.14 and 0.51
respectively.

Thus, by using SiO, flux with a surface flux density of
36.9 mg/cm2, the D/W ratio increased up to 200%. In
other words, using SiO; as a flux not only increased the
D/W ratio in comparison with conventional TIG but also,
improved the productivity. Fig.2 shows the variation of
penetration depth with surface flux density in A-TIG
welding of HSLA-100 steel plates. As can be seen,
maximum penetration of 6.2 mm for A-TIG obtained,
where the SiO, surface flux density ranged between 5-10
mg/cm?.

5 -——=Si02

Ti02

Depth to width ratio
(=] (=]

"] 10 20 30 40 50 60
Surface flux density (mg/cm?)

Fig.1. Effect of surface flux density on depth to width ratio
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Fig. 3 SEM micrographs of coated samples at different
magnifications

The microhardness results of titanium coated
substrates are shown in Table 1. It displays that coating
process accelerates the microhardness of the titanium
substrate. The microhardness of S2 film is more than the
S1 sample, which is refer to the hard crystaline
aluminosilicate compounds in the glassy matrix of this
specimen. microhardness can be a criterion of wear
resistant. Therefore, the coating process promotes the
biological and mechanical properties of metal implants.
Mean roughness amounts (Rmen) Of coatings are
illustrated in Table 2. All Rmean Of samples are in the
appropriate range of roughness which is used in dental
application.

Table 1 Microharnessresults of Ti-6Al-4V surface
treatment substrate and S1 and S2 samples

Analysis surface surface Slfilm | S2film
treatment
substrate
Microhardness 345.66 503.33 750.4
(HV)

Table 2 Mean roughness values (Rmean) of S1 and S2 films

Film S1 2
Rupeen (NM) 63.234 53.849

4- Conclusions

The apatite containing compounds have good bioactivity
and biocompatibility. XRD results showed that apatite
could effectively crystallized after controled thermal
treatment at 1000 °C. Apatite containing glass-ceramic
coatings improve the hardness and roughness values of
the Ti-6Al-4V substrate. SEM results showed that
applied coating had spherica morphology, which was
effective in improving the mechanical properties.
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1- Introduction

A wide range of materials are used in implants and
medical prostheses. Titanium alloys implants have weak
biocompatibility and bioactivity properties and are
usualy coated with bioactive and biocompatible
materials. The hydroxyapatite (Cago(PO4)s(OH)2)
coatings stimulate osteoconductivity and
osteoproductivity of metal implants. The presence of
anorthite (CaAl;Si>Os]) compound along with the
apatite-silica matrix  improves bioactivity and
biocompatibility, mechanical properties and reduces
thermal expansion coefficient. The aim of this study isto
analysisthe double-layer apatite-anortite and single-layer
apatite glass-ceramic coatings on titanium substrate.

2- Experimental

The plates of Ti-6Al-4V aloy specimens (5x5x3 mm)
were grind with a 800 grit SIC abrasive paper. The
cleaned substrates were soaked in a 1M NaOH solution
at 60 °C for 1h. The air dried substrate dipped into the
pre-prepared sols for 15s and then dried in a seaed
container for 24h. Heat treatment was done at 600°C and
800°C for 3 h. Differential thermal analysis, DTA, was
performed using 20 mg of powderswith heating rate of 5
°C/min. Detecting of crystalline phases was carried out
by a PW1730 X-ray diffraction. The morphology of the
glass-ceramic coatings investigated by a scanning
electron microscopy (SEM) operated a 20 kV.
Microhardness Tests were done with a BUEHLER
(1600-6125, USA) microhardness tester equipped with a
vickers indenter, a 50 g load and a dwell time of 10
seconds. AFM analysis (AFM device (model no. 0101/A,
Iran)) was used to determine the mean roughness of
coatings.

3. Resultsand Discussion

Fig. 1(a-b) depicts DTA analysis of SO specimen with
heating rate of 10°C/min and 5°C/min, respectively. The
endothermic peak over the temperature range from room
temperature to 200°C is related to the evaporation of
water and alcohols. The exothermic peaks between
200°C and 350°C, indicate oxidation process or
dehydroxylation of the silanol groups. The exothermic
peaks a around 800-1000°C are related to the
crystallization and formation of apatite. XRD analysis of

SO specimen after heat at 1100°C is shown in Fig. 2.
XRD pattern affirmsthe formation of hydroxyapatite and
anorthite in the slica amorphous matrix. SEM
topography of coated samples are given in Fig. 3. The
spherical hydroxyapatite morphology of S1 sample,
derived from crystallinity of calcium phosphate glasses.
The needlelike morphology of first layer, isrelated to the
non-equilibrium cooling rate of the first glassy layer.
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Fig. 1 DTA analysis of SO specimen. a) Heat treatment with the
rate of 10°C/min after drying at 100 °C. b) Heat treatment with
therate of 5°C/min after drying at 400 °C
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Fig. 2 XRD patterns of SO sample
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Fig. 2 Vibrating Sample M agnetometer test of CNT0.5 composite

Table 1 Magnetic characteristic of CNT0.5

Magnetic characteristic Value
Saturate Magnetization (Ms) 16 emu/gr
Remanence (MRg) 0.9 emu/gr
Coercivity (He) 1.84 Ce

Fig. 3 illustrates the shielding effectiveness of CNTO.1
sampleat 8-10 GHz. S11 and S12 show thereflection and
shielding effectiveness, respectively. Accordingto Fig. 3,
the average S21 for CNTO0.1 sample is -15 dB. Also.
Dominant EMI SE is reflection mechanism which can be
related to existence of Finemet amorphous aloys and
CNT content.
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Fig. 3 Shielding Effectiveness of CNTO.1 ver sus Frequency

Fig. 4 demonstratesthe S12 (SE) of CNT0.1 and CNTO0.5
samplesin frequency range 8-10 GHz. According to Fig.
4, the average S12 of CNTO0.5 sample is -20 dB. Asthe
presence of CNT in nanocomposite, the conductivity of
samples increased.
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Fig. 4 Shielding Effectiveness (S12) of CNT0.1 and CNTO0.5 versus
X-band Frequency

Fig. 5 shows the S11 (reflection) of CNTO0.1 and 0.5
sample between 8 to 10 GHz. The average S11 for
CNTO.5 sampleis-2 dB which is reduced in compare to
CNTO.1. It can be related to increasing CNT content and
EMI SE and decreasing reflection, SE is increased by
other mechanisms.
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Fig. 5 Reflection (S11) parameter of CNT0.1 and CNTO.5 versus
X-band Frequency

4- Conclusions

In this paper single layer Epoxy/CNT (0.1 and 0.5 wt.)
reinforcement with Finemet amorphous alloy as
shielding material between 8 to 10 GHz wasinvestigated.
XRD pattern shows Finemet ribbons are amorphous.
VSM test was done to study the magnetic properties of
samples that shows the samples have soft ferromagnetic
behavior. CNT0.1 and CNT 0.5 samples reduced the
power of incident wave 15 and 20 dB, respectively.
Dominant mechanism in EMI SE in al samples was
reflection mechanism. With increasing CNT content,
EMI SE of samples was increased.
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1- Introduction

Increasing usage of devicesin commercial, military and
electronic products such as computers, modems and etc.
which emit the electromagnetic waves can cause noise
and thermal pollution. One of the main harmful effect of
electromagnetic waves is heath problems such as
leukemia. Shielding materials can prevent further
harmful effect on nature and humans.

Three different mechanisms to shield EMI are
reflection, absorption and multi-reflections. Reflection is
primary EMI SE mechanism which require electrical
conductivity in shield material. Scientists reported that
the EMI SE increased with increasing conductivity.
Second EMI SE mechanism is absorption which need
existence significantly electrical and/or magnetic dipoles
in shield material. In order to achieve multi-reflection
(thelast EMI SE mechanism), the shield material need to
have remarkable interface.

Different type of materials can used as shielding
material. Among them, polymer matrix composites
because of low weight and high strength to weight ratio
has attracted attention. In recently years, carbon materials
such as graphene, graphite, carbon Nano-tubes (CNT)
and Nanofibers show good shielding behavior. CNT has
advantages such as high aspect ratio, low density and
unique structure that can be used as fillers in polymer
matrix composites which cause to improvement in
mechanical and electrica properties of composites.
Scientists showed dominant mechanism of EMI SE in
polymer/CNT (such as polystyrene and polyurethane) is
reflection. Also, in  Nanocomposites shielding
effectiveness value in X-band frequency (8.2-12.4 GHz)
is independent of frequency and increased with
increasing CNT.

In this paper, shielding effectiveness value of
nanocomposites epoxy/CNT with 0.1 and 0.5% wt.
reinforcement with Finemet amorphous alloys, according
to WR90 standard, is investigated.

2- Experimental

For synthesis of nano-composite, Multi-walled Carbon
Nano-Tubes (CNTs), Finemet Amorphous aloys
(composition FezsCuiNbsSi13sBgs) and resin epoxy was
used. In order to distribute CNT in Epoxy, acid
functionalized of CNT is necessary. For this purpose, 0.1
gr CNT and 5 mL nitric acid were sonicated in ultrasonic

bath for 2 h followed by mixed in magnetic stirrer at 50°C
for 2 h. Washing with deionized water to achieve pH=7
was done and the blend was dried in oven at 90°C for 8
hours.

CNT and epoxy were mixed completely at 50°C for
15 min followed the hardener was added to the blend
(resin to hardener weight ratio 9:1) and poured the blend
into mold with 1 mm thickness. After 24 h under pressure
for removing gas bubbles, al samples were cut with
dimension 0.4 x 0.9 inch (according to WR90 standard).
Then, Finemet amorphous single layer was placed among
the epoxy/CNT nano-composites with hand layup
process. Epoxy/CNT 0.1 and 0.5 %wt. reinforcement
with Finemet amorphous alloy were denoted by CNTO.1
and CNTO.5 respectively.

The X-ray diffraction (XRD) pattern with Cu-Ka
radiation at 1=1.5404 A in the scattering range (26) of
10-80° in steps of 0.1° was used to characterize the
products. The magnetic property of nanocomposites was
measured by vibrating sample magnetometer (VSM) test
(Kashan researcher magnetic company). The microwave
measurements were done by network analyzer (VNA)
NA E8363B with WR90 standards according to XR90
standard.

3- Results and Discussion

Fig. 1 shows the XRD pattern of Finemet alloy which
existence awide pick at 44 degree depict that all ribbons
have amorphous phase.

10 20 0 40 50 L] 70
Position [*2Theta]

Fig. 1 X-Ray diffraction pattern of Finemet Amorphous Alloy

Fig. 2 showstheVSM test of CNTO0.5 nanocomposite
a room temperature. As seen, sample is soft
ferromagnetic and do not resistance in changing applied
field. This can be concluded that EMI SE in sampleswith
absorption mechanism is low. Table 1 shows the
magnetic parameters of CNT0.5 nanocomposite.
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crystallinity also increased by addition of carbon
nanotubes in polymer matrix.

Table 2 shows average values of n and k extracted by
Avrami method. Constant k values exhibited an
incremental trend with increase in CNTs weight percent.
Furthermore, Avrami index is changed as the weight
percent of carbon nanotubes increases, which indicates
changing in nucleation and growth mechanism of
spherolites.

Table2 n and k valuesfor HDPE and its nanocomposites at
different cooling rate

Sample Cooling rate n k

10 32 1.32%10°

HDPE 20 34 2.699x%10°

30 35 3.754x10°

10 2.5 8.6%10°

PCNT 1% 20 2.5 6.8918%10"
30 28 4.4386+10°

10 28 9.166%10°

PCNT 2.5% 20 23 1.2465x%10+
30 3 8.087x10%

10 2.7 506710

PCNT 5% 20 28 1.271x10%
30 2.6 7.031+10"

The microstructure of HDPE and PCNT1%
nanocomposite are demonstrated in Fig. 1. The ordered
spherolitic structure can be observed in HDPE verifying
the Avrami method results. According to Fig. 1b, the
microstructure is not spherolitic anymore. In only a few
sites spherolites are just formed but smaller than the pure
HDPE. It is due to the confinement imposed by CNTs
during the crystallization of polymer. Nucleating effect
of carbon nanotubes can be also observed.

Fig. 1 Microstructure of a) HDPE —5000x and b) PCNT 1% -
20000x

Activation energy of crystallization process for
HDPE, PCNT 1%, PCNT 2.5% and PCNT 5%, using
Kissinger model, are 160, 463,385 and 339 kJ.mol!,
respectively. Results present that as the weight
percentage of carbon nanotubes is increased, a reduction
occurred in activation energy. Moreover, E; of all
nanocomposite samples are higher than HDPE showing
that despite nucleating effect of carbon nanotubes,
polymeric chains movement and ordering were not as
easy as pure polyethylene.

Kissinger method gives an average value of activation
energy for the whole crystallization process. Ozawa-
Flynn-Wall (OFW) method estimates the activation
energy in progressive conversion value (a). In Fig. 2 E,

is plotted against a. As can be observed, the activation
energy declined with increase of the crystallization index.
Nucleation and growth both took place in crystallization
process with different activation energies. At early stages
of crystallization, the process was mainly controlled by
nucleation which had higher values of E.. As the
crystallization proceeded, the significant role of growth
caused the reduction of activation energy. According to
Fig. 2, the presence of carbon nanotube increased
activation energy of nanocomposites compared with neat
HDPE at first stage of nucleation and growth of
spherolites.
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Fig. 2 Activation energy versus conversion fraction obtained by
OFW method for different samples

4- Conclusions

In this study, HDPE and its nanocomposites with 1, 2.5
and 5 weight percent of carbon nanotube were prepared
using mini-extrusion machine. Thermal properties and
crystallization kinetics of samples were studied by DSC
methods at different cooling rates. Results shows that
solidification and enthalpy increases in presence of
CNTs. Carbon nanotubes acts as nucleation sites.
Moreover, relative crystallinity in nanocomposites is
higher than pure polyethylene. Furthermore, Avrami
index (n) decreases from 3 to around 2 in
nanocomposites. Activation energy of all nanocomposite
samples, calculated by Kissinger method, are higher than
HDPE. OFW method results shows decrease of
activation energy as the crystallization conversion
fraction increases.
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1- Introduction

High Density Polyethylene is a semi-crystalline polymer
known as the primer choice among thermoplastics for
most engineering applications but its application has
been limited compared to the potential as its thermal
stability and melting point are not suitable enough for
some industrial applications.

To enhance its thermal properties different organic
and inorganic fillers have been used. Among them,
carbon nanotubes (CNTs) have been particularly
interested because of their special properties.

The study of crystallization behavior of HDPE has
significant importance as the macroscopic properties of
semi-crystalline polymers mainly depend on their
crystallization behavior and the addition of fillers
significantly affects it. Since the practical processes such
as industrial applications proceed under dynamic or non-
isothermal conditions, therefore many researches have
focused on the non-isothermal crystallization of
polymers.

Addition of fillers significantly affects the
crystallization behavior of polymers. The most common
effect of carbon nanotubes is their role as nucleating
agents. There are also reports of changing in Avrami
index and crystallinity index.

Although numerous studies have addressed the
kinetic behavior of polymer thermal degradation, but the
number of researches about crystallization kinetic is
limited. Among the most applicable methods, Avrami,
Kissinger and Flynn-Wall-Ozawa are used in this study.

2- Experimental

High density polyethylene (HDPE) provided by INEOS
company, England, was used in this study. 95% pure
multi walled carbon nanotubes (MWCNT) with external
diameter ranging from 20 to 60 nm and 5-15 pum length
were obtained from Nanolin, China.

To enhance the thermal stability and processability of
HDPE, 0.2 wt% calcium-stearate and 15 wt%
antioxidants were added to HDPE powder. Weight
percentage of CNTs in nanocomposites was 1, 2.5 and 5.
HDPE and the mixture of the nanocomposite powder
were dried in vacuum oven at 80°C for 4 hours prior to
the extrusion process. Then, the materials were mixed for
1 min, after the torque being constant, in extrusion
machine operating at 190°C and a rotor speed of 90 rpm.
Finally, the molten mixture was squeezed into the mold

with pressure of 700 bar and held there for 30 s.
Temperature of the injection molding and mold were
190°C and 30°C, respectively. The samples are labeled as
HDPE, PCNT1%, PCNT2.5% and PCNT5%.
Non-isothermal crystallization kinetics of HDPE and its
nanocomposites were investigated by differential
scanning calorimetry (Shimadzu DSC 60. All the
samples were heated to 180°C at the rate of 10°C/min and
held there for 5 min to eliminate previous thermal history.
After complete melting, the samples were cooled down
to room temperature. Then all the samples reheated to
180°C at 10°C/min heating rate. Different cooling rates of
10, 20 and 30°C/min were selected for each sample.
Scanning electron microscopy (SEM) (VP1450) was
used to observe the microstructure of HDPE and
PCNT1% samples. At first, samples were dissolved in
toluene and then held at 80°C until the complete
evaporation of solvent. Prepared thin films were
separately etched for 48 h in H2SO4/ H3PO4/ KMnO4
solution with 68/30/2 weight percent.

3- Resultsand Discussion

Onset and peak temperature, solidification enthalpy,
crystallinity index for HDPE and its nanocomposites at
different cooling rates are calculated and summarized in
Table 1. At the same cooling rate, T, and T, were
enhanced in presence of carbon nanotubes, which
indicates that the CNTs affected the crystallization
kinetics. Increasing trend of onset temperature by
increase in CNT content of HDPE

Table 1 Onset and peak temperature, solidification enthalpy,
crystallinity index for HDPE and its nanocomposites at different

cooling rates

sample Cooling Toose Tpeax AH X
rate

10 11824 11537  109.76 745
HDPE 20 11737 11391 12583 4293
30 1186 11113 16701 5698
10 11971 11627 13766 4744
- 20 11809 1144 16070 5538
30 11773 11326 15482 5335
10 12054 11666 15058 5269
ROE 20 11818 11491 14463 5061
i 30 11832 11301 16695 5842
10 12119 11845 17047 6122
g2 20 11978 11582 16473 5916
o 30 1186 11428 16067 5770

shows that the carbon nanotubes acted as nucleation
sites. The increase in solidification enthalpy by increase
of CNTs weight percentage can be attributed to higher
specific heat capacity of CNTs compared to HDPE.
Similar to variation of enthalpy values, relative
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Microstructure and hardness of coating

Fig. 3 shows the SEM micrograph of TiC particles in
samples. It can be seen TiC particles are mainly cubic.
Comparing (Fig. 3a, 3b and 3c) indicates that with
increasing carbon to titanium ratio in primary powder,
size and volume ratio of TiC in coating were increased.
Maximum size and volume ratio of TiC particles was
observed in sample 3 with carbon to ferrotitanium ratio
18 to 82 respectively.
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Fig. 3 SEM micrographs of coating with different chemical

composition of reactant powders (a) sample 1(C13 FeTi87) (b)
sample 2 (C15 FeTi85) (c) sample 3 (C18 FeTi82)

Fig. 4 shows the X-ray diffraction pattern of composite
coating, presence of TiC can be clearly seen, indicating
formation of TiC particles in composite coating. In
addition a-Fe and Fe;C peaks were also present.
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Fig. 4 XRD spectrum of composite coating

Micro hardness of samples was measured across the
transverse section from top of coating to substrate (along
A-B line in Fig.5 (a)). Fig. 5(b) shows that hardness of
the coating gradually decrease from top to bottom of the
coating. It can be attributed to decrease of TiC from top
to bottom of coating. The main reason is that the density
of TiC is much lower than molten steel and TiC particles
tent to segregate to the upper regions in coating. The
density of TiC and molten steel are reported 4.90-4.93
g/cm® and 7.1 g/cm’, respectively.
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Fig. 5 (a) Macrograph of coating (b) micro hardness of the coating
along A-B line

4- Conclusions

SMAW process has produced Fe-based composite
reinforced by TiC particles, which formed from reaction
of graphite and ferrotitanium. Results showed that
maximum size and volume ratio of TiC reinforced
particles was achieved in sample with graphite to
ferrotitanium ratio of 18 to 82 and the maximum hardness
of the coating (712 HV) was obtained by mentioned
chemical composition.



Journal of Metallurgical and Materials Engineering, Vol.30, No.2, 2019

Fabrication of Fe/TiC Surface
Composite on Carbon Steel Using
SM AW Process

Esmail Mollaie Nejad! ~ Mahmoud Fazel Najafabadi?
Ebrahim. Karamian®

1- Introduction

One of the most effective ways to improve the
mechanical properties of the industrial parts is composite
making. TiC ceramic particles have high hardness and
thermal stability and can used to reinforce Fe-based
composites. Conventional coating methods such as
chemical vapor deposition (CVD) and physical vapor
deposition (PVD) are not suitable for applications that
need a thick layer of coating. In addition these processes
are complex, expensive and not practical for large
industrial components. Recently, new attempts have been
made by arc welding process to achieve surface
composite because this process are inexpensive and easy
to apply. In the present study, an attempt has been made
to prepare TiC reinforced composite coating by direct
reaction of the mixture of graphite and ferrotitanium
powders on an AISI 1045 steel substrate during SMAW
process, rather than the TiC particles being directly added
into weld pool.

2- Experimental

In this study AISI 1045 carbon steel with dimensions of
100mm x 50mm x8mm was used as substrate material.
AISI 1005 steel tubes filled with the reactant materials
(ferrotitanium and graphite) was used to holding the
powders and prevent them from oxidation during
welding process. The main chemical composition of Fe-
based alloy, steel tube and ferrotitanium listed in Table 1.
A powder mixture of ferrotitanium and graphite (99.9%
purity) with 3 different chemical composition was used
as listed in Table 2. In order to obtain homogeneous
mixture and increase the possibility of reaction, the
combined powders milled for 3h using high-energy
planetary mill operated at 600 rpm.

Table 1 Chemical composition of AlSI 1045, Al S| 1005 steel and
FeTi (wt. %)

Element c 5i Mn P 5 Ti Fe
AISI 1045 0445 0216 0328 0.011 0013 - Bal.
AISI 1005 0.030 0.044 0212 0.014 0016 - Bal.

FeTi =0.1 = - =002 =002 70 Bal

Table 2 Chemical composition of powders

Sample Atomic ratio C: Ti FeTi (wt%a) C (wt%a)
1 45:55 27 13
2 50:50 B3 15
2 5345 B2 18

Finally, the AISI 1005 steel tubes filled with the milled
powders and placed on the substrate material. The
amount of powder filled in the tubes was measured about
0.5 grams per cm. Cladding was conducted using the
SMAW process, which is presented in Fig. 1. An AWS
A5.1: E7018 electrode with thickness of 3.5mm was
used. The welding parameters were as follows: welding
current 120 A, electrode traveling speed 0.1lmm/s and
DCEP polarity. Samples were cut using electrical
discharge machining (EDM). Optical and scanning
electron microscopes were used for microstructural
analysis and X-ray diffraction for phase analysis. The
Vickers hardness of the cladding was measured to
determine the effect of primary powder chemical
composition.

E7018 electrode

“'._'}_\ W\ Welding direction

Steel Tube
containing
reactant powders

IS1 1045

Fig. 1 Schematic representation of welding cladding

3- Resultsand Discussion

Thermodynamic analysis and prediction

Fig. 2 shows the change in the Gibbs free energy for
possible reactions as function of temperature. It can be
seen that Gibbs free energy formation of TiC is always
negative and lower than Fes;C, FeTi and Fe,Ti. It can be
seen that TiC has stronger carbide formation tendency
compared with Fe. So, TiC formation is possible in Fe-
Ti-C system. It should be noted that Ti has a strong
tendency to form oxide. The primary powders should be
kept away from oxygen during the process. Therefore,
steel tubes were used in this work.
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Fig. 2 shows metallography image of solid residue for the
sample containing silicon heated for 1 h at 1000 °C. Bright
and dark fields are respectively correspond to metallic
phase and cavities enclosed in slag. The cavities can be
produced due to removal of the dust particles enclosed in
the slag during polishing of the sample. Also, some of the
cavities are bubble gas that arrested in the dag during its
solidification. Slag consists the main portion of metallic
phase. Metallic iron produced due to the reduction of
oxide particles, consists other part of the metallic phase.

Fig. 2 Metallography image of the solidified slag after 1 hour
heating at 1000 °C

Silicothermic reduction reactions of iron oxides are
exothermic and can increase local temperature of samples
containing ferrosilicon. Therefore, internal temperatures
of these samples were recorded. Fig. 3 shows temperature
changes of a points during heating of one of the samples
containing ferrosilicon. A significant increase in the
temperature can be seen when it reaches 950 °C and
temperature rose up to approximately 1090 °C within a
few minutes. Temperature fluctuates at temperatures
higher than 1060 °C for afew minutes and then decreases
to furnace temperature and fixes at this temperature (1000
°C). Heat production and local increase in the temperature
as aresult of silicothermic reactions has predicted by T.
Hu et a [2].
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Fig. 3 Time-Temperature curve of a point with 10 mm height from
the bottom of the sample containing ferrosilicon during heating

According to EDS results, the slag phase is mainly
consists of silicon, iron and calcium oxides. Absence of
zinc oxide isdue to the reduction and vaporization of zinc.
This vaporization increases melting point of the slag and

leads to its solidification. Formation of liquid slags with
melting points as low as 1100 °C in the FeO-ZnO-SiO,-
Ca0 system was reported by Jac et a [3]. Considering the
local temperatures as high as 1090 °C, formation of liquid
slag phaseis possible.

The mechanism of dust reduction in the presence of
carbon and silicon can be explained as bellow. Heating the
samples up to 950 °C leads to starting silicothermic
reactions. These exothermic reactions increases local
temperature of the samples and causes formation of liquid
slag. Therefore, carbon particleswill be surrounded by the
liquid phase and the reduction of ZnO of the slag by
carbon particles will happen in the slag/carbon interface.
Moreover, partial dissolution of carbon in slag can occur
a the interface of carbon-slag and causes homogenous
reaction of carbon with zinc oxidein theliquid phase. This
causes formation of gas bubble containing CO, CO, and
Zn at the interface. Metallic iron can aso be nucleated at
the dag-carbon or dag-bubble interface, as one of
reduction products. In the final stages of the reduction
process, solidification of liquid slag takes place as aresult
of decrease in the content of zinc oxide in the slag and
diminishing of exothermic reactions. Presence of metallic
iron and iron-carbon alloy particles in the solidified slag
is confirmed by EDS graphs. These phases can be seenin
Fig. 4.

Iron-Carbon . P | ] sig

Alloy

Pure Iron

Ferrosilicon

Fig. 4 SEM image of the solidified slag in the back-scattered mode

4- Conclusions

Reduction of zinc from electric arc furnace dust using
carbon and ferrosilicon was investigated in the
temperature range of 950-1050 °C. It was found that
substitution of carbon by silicon leads to the formation of
liquid slag and improves the rate of reduction up to three
times. It was concluded that the kinetics of the process has
improved in the presence of liquid slag. Occurring
reduction reactions homogenously in the liquid slag by
partial dissolution of carbon and providing extensive
interfacial area between the metal oxides and reductants

are the reasons for an improvement in kinetic.
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Zinc Recovery from Electric Arc
Furnace Dust Using Carbon and
Ferrosilicon

S. Mohsen Moosavi Nezhad! Ahad Zabett?

1- Introduction

Electric arc furnace dust (EAFD) is annually generated
about 6 million tonsworldwide. The dust has classified as
hazardous materials in US Environmental Protection
Agency because of its toxic constituents. On the other
hand, EAFD contains considerable amounts of zinc and
iron which makes it worth of recovery treatments.

There are two main processes to recover zinc from EAF
dust including pyro-metallurgical and hydrometallurgical
methods. Nowadays more than 95 wt% zinc recovered
from EAFD istreated by pyro-metallurgical processes. In
the pyro-metallurgical method, the dust is reduced by a
reduction agent at high temperatures (higher than 1100°C)
and finally zinc or zinc oxide is obtained as a result of
reduction of zinc compounds.

L owering the temperature and time of a zinc recovery
process causes significant decrease in production cost. In
some new researches, to increase kinetic of reduction
process, ferrosilicon was added to carbon in the reduction
of metal concentrates. Ferrosilicon provides necessary
condition to form liquid slag at lower temperatures and
improves kinetic of zinc reduction reactions. We showed,
in our previous study [1], that in the presence of
ferrosilicon, liquid slag can be thermodynamically
produced in the temperature range of 950-1050°C. In this
study, effect of ferrosilicon addition on kinetic of zinc
recovery process from the dust was experimentaly
investigated in details.

2-Exprimental

EAFD of Esfarayen Industrial Complex was used.
Graphite and ferrosilicon (75 wt% Si) were used as
reductants in the recovery treatments.

Before the main recovery step, a pretreatment step was
performed at lower temperature to remove volatiles and
increase the purity of final zinc product. In this step, 100g
of the dust was heated at 875°C for 4h. After cooling, solid
residue (called as pretreated dust) was used as initial
material for recovery treatment. The chemical
composition of the initial dust and pretreated dust are
reported in Table 1.

In the main recovery step, a cylindrical sted reaction
chamber was used. The cylindrical chamber was designed
to be an isolated system with two separate parts. One for
evaporation of zinc (hot compartment) and one for
transportation and condensation of zinc vapor (cold
compartment). In each experiment 2g of pretreated dust
with predetermined amounts of carbon and ferrosilicon
was mixed and replaced in the hot compartment of the
reaction chamber. Then two compartments were linked
together. The furnace was preheated well before each

!Assistant Professor, University of Gonabad.

experiment started. The reaction chamber was inserted to
the furnace from an opening hole on the furnace door.

Table 1 Chemical composition of the Initial and pretreated dusts

edem | Fe (0] Zn Ca | Pb K Si
S | Wt% | 300 | 2470 | 19.02 | 450 | 0.99 | 2.80 | 0.16
z eem | Na | Mg Al Cr Cl C Cd

Wt% | 3.38 | 4.99 0.53 0.34 | 645 1.2 0.04
T dem | Fe (0] Zn Ca | Pb K S
@ | W% | 34 | 295 | 2145 | 500 | 0.06 | 0.05 | 0.16
% dem | Na | Mg | Al | c | a | c | cd

Wt% | 0.40 5.55 0.59 0.38 | 060 | 222 | 0.01

When temperature of hot compartment reaches to the
predetermined temperature, is considered as time zero of
experiments. After a certain time period, the apparatus
was withdrawn from the furnace and cooled down in the
air. Samplesfor chemical analysisweretaken after mixing
the residue for homogeneity in composition.

Computer calculations was performed using FactSage 6.1
software program and EQUILIB module of this software.

3-Resultsand Discussion

According to Table 1, after pretreatment, removal degrees
of 98%, 94% and 88% were achieved for K, Pb and Na,
respectively. The amount of zinc loss was about one
weight percent.

Zinc recovery of samples with and without silicon are
plotted against duration of experiments in the range of
950-1050 °C in Fig. 1. Base of thermodynamic
calculations, both two types show same zinc recovery
values. As can be seen, higher zinc recovery achievesin
the presence of silicon at al time and temperatures. For
instance, after 30 minutes heating at 1000 °C the samples
with and without silicon give zinc recoveries of 64% and
34%, respectively. In the absence of silicon, the slope of
zinc recovery curve is approximately constant up to 60
minutes heating. However, for samples containing silicon
this dope was significantly decreased after 20-30 minutes
heating. Higher zinc recovery rate at the first 30 minutes
corresponds to formation of liquid slag phase which
provides better kinetic condition for zinc recovery
reactions.

Zn Recovery [wit)

Time (min

Fig. 1 Effect of temperature and time on zinc recovery of
pretreated dust

2 Corresponded Author: Associate Professor, Department of Materials Science and Engineering, Ferdowsi University,

Mashhad, Iran.
Email: ahad@um.ac.ir



E. Kheradmand, H. Sarpoolaky, S. Rastegari

3- Conclusions

1) In order to investigate the oxidation properties of
YSZ with  ALO3;/YAG  thermal  barrier
coating,AL,O3/YAG powder was synthesized by a
sol-gel method.

2) High temperature cyclic oxidation test at 1050°C
for 200h and weight changes per unit area of
Composite YSZ TBCS revealed that in YS85 and
YS70 the oxidation resistance was increased and the
thickness of thermally grown oxide was decreased
(3/2pm) and in YS55 composite thermal barrier
coating, by increasing the thermal stresses the
oxidation resistance was decreased and the
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Cratmimvon G136 wac rves s thickness of thermally grown oxide was gradually

incr .
Fig.2 SEM Micrograph of TGO layer in YS70 creased
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Fig. 3SEM Micrograph of TGO layer in YS55
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Investigation of Oxidation properties
of YSZ with Al203/YAG Composite
Thermal Barrier Coating

Ehsan Kheradmand! Hossein Sarpoolaky?

Saeed Rastegari®

1- Introduction
Thermal barrier coatings (TBC) have been considered as
the most applicable materials in overall design of gas
turbines and parts of aero engines. A TBC system
consists of a super alloy and a metallic bond coat which
is generally deposited on a super alloy. Super alloy is
generally based on a nickel and titanium and bond coat is
normally made of a MCrAlY (M = Cr or Ni) and the
traditional TBCS usually consists of 6-8wt% Y,0;
stabilized ZrO,.YSZ Ceramic top-coat has been used a
top-layer material for many years due to high melting
point, low thermal conductivity and high thermal
expansion of coefficient, but also sintering and various
transformation develop drastically decrease its life time
up to 1200°C. When the bond coat experiences
temperature higher than 1100°C, the useful life time for
TBC is decreased drastically and this is related to the
thermally grown oxide (TGO) Scales. TGO is formed on
the bond coat when aluminum from bond coat and
oxygen from porous channels come together in high
temperature environment. Firstly alumina and yttrium
oxide layers are obtained. Besides by increasing the
oxygen diffusion from top coat to bond coat, TGO layer
is formed which is consisted of Cr,Os;, NiO and
Ni(ALCr),04 spinels (CSN). Besides CSN oxides
confront to expansion and this brings about thermal
stresses and separation of the bond coat from top coat.
One of the deficiencies of YSZ as a thermal barrier
coating is its high oxygen coefficient.Al,O; has the
potential in high temperature oxidation protection for the
extremely low oxygen diffusivity and dense HCP crystal
structure. Besides Al,Os is used as a composite layer due
to its high internal stresses and low thermal expansion of
coefficients and AlL,O3/YSZ composite coatings have
been widely investigated due to their enhanced strength
and fracture toughness. YAG (Y3Al501,) is considered as
a high temperature material, the same features with
Al O3, with an excellent oxidation resistance, but it has
higher thermal stresses and lower thermal expansion of
coefficient 3Wm™'K"!") compared to YSZs.

2- Experimental
The precursor solution for ALO3/20WT%YAG powder
was prepared by sol-gel method using AICI;.6H20, Al

1 Msc., Iran University of Scinece and technology

powder, Y203 and HCL, Y,0s3 powder was first dissolved
in aqueous HCL and stirred in 80 °C for 30 min. Then
main solution was prepared by dissolving aluminum
chloride hexahydrate, aluminum powder and Yttrium
oxide solution in to the deionized water. The precursor
solution was then continuously stirred at 100°C for 4h to
produce sol and then gel. Then gel is dried at 120°C for
48 h. Then obtained powder was calcined in a muffle
furnace at 1400°C for 4h. Phase identifications of
calcined powder was performed by X-ray diffractometry.
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Fig. 1 Al203/20WT% YAG synthetic powder after calcination

After calcinations particle size analyzer (PSA) test was
performed to gain an average particle size. In plasma
spray method, particles should be in a particle size
between 40-90 um and agglomeration with water and
PVA help attached particles to be in a desired particle
size. For preparing the composite thermal barrier coating,
15wt% of ALO3/YAG was mixed with 85wt% of YSZ,
30wt% of ALO3/YAG was mixed with 70wt% of YSZ
and 45wt% of ALO3/YAG was mixed with 55wt% of
YSZ. Firstly specimens were placed in a ceramic crucible
and then crucibles were placed on the alumina bricks
Specimens were oxidized at 1050°C for 10 h and cooled
to room temperature for 20-30 min. In the combination of
ALO3s/YAG with YSZ in a composite thermal barrier
coating[] Al,Os3 decrease the porosity of YSZ TBC. One
can say that YSZ grains are spherical and pungent Al,O;3
grains are effective in compaction among AlOs/YSZ
coating particles. Besides YAG grains effectively slow
down alumina grain growth. It is expected that the YS55
has the highest compaction compared to other composite
thermal barrier coatings, but thermal stresses after plasma
spray, would be increased due to mismatch increase in
the thermal coefficient of expansion between
AL O3/YAG and YSZ and this cause to increase the voids
in YS55 TBC.
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to high cooling rate in copper and thermal stressesin the
welding area. Fig. 3 shows the microscopic structure of
sample No. 2. As shown in Fig. 3 (a), conditions are
similar to Fig. 2 (@) in terms of microstructure. In Fig. 3
(b) austenitic structure can be seen in the 304 steel base
metal, but delta ferrite phase has been established in a
skeletal form morphology dueto the high amount of heat
input. The microstructure in Fig. 3 (c) shows a fully
austenitic structure with coaxia fine grains in the weld
metal. No solidification cracks were observed in the
weld metal.

Fig. 2 (a) Microstructure of HAZ area of copper and weld metal
interface, (b) microstructure of HAZ area of stainless steel and
weld metal interface and (c) microstructure of weld metal of
Inconel 625 filler metal

Fig. 3 (a) Microstructure of HAZ area of copper and lining layer,
(b) microstructure of HAZ area of stainless steel and weld metal
interface and (c) microstructure of weld metal of 309L filler
metal

Table4 Theyield and tensile strengths of welded samples

Sample | Yield strength (MPa) | Ultimate strength (MPa)
1 125 229
2 144 235

3-2-Mechanical Properties

The results of tensile test of welded samples for two
different filler metals of Inconel 625 and 309L stainless
steel have been presented in Table 4 and Fig. 4,
respectively. It can be seen that the tensile and yield
strengths of 309L stainless steel weld metal is a little
higher than Inconel alloy. The failure of sample 1
occurred at the copper-weld metal interface and the
failure of sample 2, was seen in the HAZ of copper.

Stress (MPa)
g

S0

0 1 2 3 4 5
Strain (%)

Fig. 4 Truestress-strain curvesfor welded samples

3-3-Microhardnesstest

Microhardness results of welds obtained from the various
filler metals, are shown in Fig. 5. The maximum amount
of hardness was observed in the welded sample using
Inconel filler metal.

Vickers hardness{HV)
&

Distance{mm)
Fig. 5 Microhardness profiles of the welded samples

4- Conclusions

The most important achievements of this research are:
There is sharp interface as well as integrated coarse grain
near the interface of copper and weld metal in both filler
metals representing partial melting of copper during
welding due to its high thermal conductivity.

The presence of solidification crack in the weld metal
obtained from Inconel 625 filler metal was seen dueto the
high cooling rate in copper and therma stresses in the
weld zone, while there was no solidification crack in the
weld metal obtained from welding with 309L filler metal .
Welded samples with Inconel 625 filler metal fractured in
copper and Weld metal Interface, while the welded
samples with 309L filler metal fractured in copper's HAZ
area. Joining with 309L steel filler metal showed better
mechanical properties compared to Inconel 625 filler
metal.

The maximum amount of hardness in the weld metal for
both samples observed due to the fine grain
microstructures. The weld metal of Inconel 625 also
showed higher hardness than 309L weld metal.

« Sample 1
+ Sample 2
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Dissimilar Joint Propertiesof Cu to
304 Stainless Steel by GTAW
Process

Omid Tavakkoli Dehaghit Mahdi Rafiei®

1- Introduction

Joining of dissimilar metals to each other is common in
variousindustriesto achieve different properties of these
metals in a compound. Different parameters affect the
weldability of dissimilar metals, such as atomic radius,
crystal structure and solubility of metals in the molten
and solid state. The addition of alloying elementsin the
molten pool usualy resultsin the formation of different
intermetallic phases. Many of these intermetallic phases
have hard and brittle structures which significantly
affect the mechanical properties and flexibility of the
joints. Stainless steels have less electrical and thermal
conductivity compared to copper and its aloys. When
these steels are used at high temperatures, their low
thermal conductivity leads to low heat transfer. Joining
these steels to copper and its aloys enhances their
thermal conductivity. In this case, the formation of
harmful phases such as sigma phase at high temperature
applications is avoided. However, the high thermal
conductivity of copper has restricted their welding
operation. In other words, high thermal conductivity of
copper decreases welding heat area and delays reaching
the melting point. One of the most important issues in
dissimilar welding is choosing a suitable filler metal to
achieve good binding properties. In this study, the
microstructure and properties of a dissimilar joint of
pure copper to 304 stainless steel using GTAW welding
process have been reviewed and the effects of two types
of filler metals on binding properties were studied.

2- Experimental

In this study, 304 stainless steel and pure copper were
used as base metals and two different filler metals
ERNiCrMo3 and 309 stainless steel were used. Table 1
shows the chemical composition of the base and filler
metals. The welded samples for both base metals were
prepared as sheets with unilateral forked connection, an
bevel angle of 60 °.

Table 1 Chemical composition of base and filler metals (Wt.%)

Fe Cu [Mo| Ni Cr S P Si |Mn| C |Weight percent alloy

Bal 07 (03] 823 [1555[0.005[0.016 048] 1.7 | 0.04 ATST304

=0.002 =99 59 =0002| - |=0002|<0001| - Cu

Bal. 0.5 |0.75] 135 3 [ 003 (003 [06)22[003 ER305L
0.3 0.2 9 65 2 | 0.005]0.005] 0.1 0020015 ErNiCrMo3

b [
1]

An intermediate layer was used as buttering on the

surface of copper asindicated in Fig. 1 (a) and (b).

I Swainless \.u.-.\-l ] [ Weld metal

Fig, 1 Connecting plan of 304 stainless steel and commercially pure
copper and placement plan of lining layer on the copper surface

Welding parameters and coding of two used filler metals
are shown in Tables 2 and 3, respectively.

Table2 GTAW welding parameters of 304 stainless steel and
commer cially pure copper

Parameter Value
Welding current/(DCEN), A 200
Shielding gas Argon
Gas flow/(L-min-1) 12
Welding pass 3
Plate thickness/mm 5
PREHEAT TEMPERAT!/ °C 255
VOLTAGE/V 27
Filler diameter/mim 2.5
Tungsten electrode W-2%TUNGESTEN
Nozzle diameter/mm 8
ELECTRODETYPE ER309L.ERNiCrMo3,ERCu

Table 3 The codes of welded samples

Sample Code Filler metal
ErNiCrMo3 1
Er305L 2

3- Results and Discussion

3-1- Microstructural Study

Fig. 2 shows the microstructure of sample No. 1. As
showninFig. 2 (a), there are anumber of holesinthe HAZ
of the copper base metal which is attributed to the high
cooling rate due to high thermal conductivity of copper
and al so entrapment of the shielding gasin theweld metal.
According to Fig. 2 (b), 304 stainless steel base metal has
an austenitic matrix with some ferrite. In Fig. 2 (c) very
fine coaxia austenitic dendrites are aso observed which
create an under-grain austenitic structure in the weld
metal. Also, there were obvious solidification cracks due

1 M.Sc. Advanced Materials Research Center, Department of Materials Engineering, Najafabad Branch, Islamic Azad University,

Najafabad, Iran.
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the majority of S-precipitates and eutectic f-phases (0b).
The AlgMns precipitates were not removed by this
homogenization treatment. The average grain size of the
as-cast and homogenized alloy was measured to be about
(1300+200) um and (758+150) um respectively.

T b T

G e

5‘&&’ SR, o - ' : I
Fig. 2 Typical microstructure of (a) the as-cast and (b)
homogenized AZ91 alloy

After the firs ECAP pass at 350°C, a himodal
microstructure including the initial coarse grains
surrounded by new fine grains can be found that resulted
in formation of a necklace type structure (0a). This
structure  implies the occurrence of dynamic

recrystallization (DRX) after the first ECAP pass.

ey 208 o

Fig. 3 Typical microstructures of the AZ91 alloy ECAPed at
290°C using route Bc after (a) one, (b) two, (c) four, (d) six and (€)
eight passes

Ascan beobservedin 0, B-precipitates appeared after
the first ECAP pass in. These second phase precipitates
are mainly located near the original grain boundaries and
around the new grains. The presence of this spherical
precipitates can be attributed to fracturing the retained
large eutectic phases as well as the dynamic precipitation
during the ECAP. Imposing the high strains on the
material during passing in the shear zone results in
dynamic precipitation in a short time. In fact, the grain
boundaries act as the preferential sites for the nucleation
of precipitates. Nevertheless, the high density of
dislocations and defects formed during ECAP can also
promote precipitating.

A significant level of grain refinement ((18+3.5) um)
has been achieved only by one ECAP pass at 350°C.

Ob-e shows the typical microstructure of the AZ91
aloy after ECAP at 290°C from 2 to 8 passes using route
Bc. As can be seen, increasing the strain level resultsin
higher grain refinement and a homogeneous
recrystallized structure. The average grain size was
decreased to (5.5+0.9) um and the necklace structure
became wider after two passes. However, the original
grains still exist in the microstructure. An almost fully
recrystallized structure with equiaxed grains can be

observed after six ECAP passes. Further ECAP up to
eight passes resulted in a homogeneous and completely
fine equiaxed grain microstructure with an average grain
size of (5.0£0.2) um. Similarly, the volume fraction of
precipitates was increased by rising the strain level. An
increase in ECAP passes increased the shear strain
leading fracturing the large B particlesinto smaller ones.
In addition, since recrystallization and precipitation take
place simultaneously, dynamic precipitation is promoted
with the formation of new grain boundaries and a high
density of dislocations.

A process similar to particle stimulated nucleation of
recrystallization (PSN) can occur during the deformation
in the presence of larger precipitates (>1um). The
accumulation of dislocations around the precipitates
resultsin forming the deformation zones which act asthe
preferred sitesfor nucleation of recrystallized grains. The
smaller precipitates (<lum) can also retard the grain
growth by pinning the new grain boundaries and provide
more grain refinement.

To evauate the correlation between the mechanical
properties and microstructure of the ECAPed AZ91
aloy, all samples were subjected to tensile tests at room
temperature. According to the results, the ECAP
processing at 290°C led to aremarkable improvement in
strength and ductility of the aloy. As the drain is
increased, the ultimate strength, yield strength and
elongation to failure were enhanced. After eight passes,
the ultimate strength (284 MPa) was about twofold the
cast sample (147 MPa) and elongation to failure was
significantly increased from 2.5% (cast condition) to
11.3% (8 passes). Increasing the yield strength with
decreasing the grain size is in agreement with the Hall-
Petch relation.

Ductility enhancement is attributed to decreasing the
grain size and increasing the homogeneity of the structure
with the pass number. Due to the occurrence of S-
precipitations, in addition to grain boundary and
dislocation strengthening, precipitation strengthening is
also the main reason of increasing the ultimate strength
inthe AZ91 dloy.

4- Conclusions

In this study, applying a two-step ECAP processing
resulted in asignificant grain refinement from 758 um in
to 5 um after eight passes. It can be concluded that the
grain refinement is due to simultaneously DRX and
dynamic precipitation phenomena. DRX mainly occurs
near the precipitates with PSN mechanism. The smaller
precipitates with pinning the new grain boundaries can
also retard the grain growth and provide more grain
refinement. The ECAP processing led to an improvement
in both elongation and strength of the aloy. The
significant grain refinement, ahomogenous structure and
the presence of the precipitates are the main reasons for
ductility and strength enhancement.
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Alloy and ItsInfluence on Microstructure
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1- Introduction

Magnesium and its alloys as light metals with a high
specific strength have attracted much attention in various
industries. However, the poor workability of these alloys
due to insufficient independent slip systems at room
temperature limits their usage. Severe plastic
deformation (SPD) techniques are widely used to
produce the fine grain structures and to improve the
workability and mechanical properties of the material.
ECAP asthe most frequently used SPD techniqueis able
to impose a high shear strain to the material without any
change in the cross-sectional area. As the ECAP of Mg
aloys at low temperatures usually leads to the formation
of deep cracks, the process is carried out at elevated
temperatures. Increasing the die angle, reducing the
pressing speed, conducting the process at high
temperatures, applying a back pressure and performing a
preliminary step prior to ECAP are the main attempts
used to improve the workability of magnesium alloysin
ECAP process.

In the case of AZ91 dloy, the presence of the
Mgi7Al12 (B) precipitates in the microstructure can
strongly affect the microstructure evolution, grain
refinement mechanism and mechanical properties. It has
been reported that during ECAP of AZ91, grain
refinement and precipitation can take place
simultaneously. Yuan et a. confirmed the presence of
these precipitates after ECAP aswell. They indicated that
a subsequent aging treatment with formation of higher
volume fraction of fine precipitates could improve the
material properties. It was also reported a change in both
grain size and precipitates morphology. In addition to the
grain refinement, precipitation hardening can be another
mechanism for strengthening of this alloy. Only few
studies can be found in the literature focusing on the
development of ECAP processing of cast AZ91 dloy.
Since the cast AZ91 aloy used in current study contains
very coarse grains with network-like precipitates in its
structure, one-step ECAP of cast AZ91 alloy is not
feasible. Thus, the present work has been undertaken to
develop a two-step ECAP process for as-cast AZ91 to
control the grain growth and achieve a fine structure
without cracking. The microstructure development
during ECAP of the alloy has been studied in this work.
The effect of precipitation on grain refinement and fina
mechanical properties was also investigated.

2- Experimental

The as-cast AZ91 magnesium alloy with the chemical
composition of (9.2 wt. % Al, 0.8 wt. % Zn, 0.2 wt. %
Mn, 0.09 wt. % Si and 0.03 wt. % Cu) was used in this
study. The cylindrical ECAP samples with the diameter
of 9.9 mm and the length of 65 mm were prepared. To
homogenize the dendritic microstructure of the as-cast
AZ91 and remove the precipitates, al samples were
heated at 420°C for 24h under protective atmosphere
followed by water quenching. An ECAP die was
designed and manufactured from AlSI D6 tool steel as
shown in 0. In order to obtain a uniform temperature
within the samples, four electrical heating elements were
properly inserted into the die. The temperature of the
channel was measured using aK-type thermocouple. The
angle between two intersecting channels (¢) and the outer
arc of curvature (y) were 90° and 20°, respectively. Both
channels had a circular cross section with a diameter of
10 mm. This design of the die provides an equivalent
imposed strain (&.4) about 1 for each pass. To maximize
the effect of ECAP on grain refinement and also
minimize the possible cracking of the samples, the first
ECAP pass for al samples was conducted at 350°C and
the next passes followed at lower temperature of 290°C.

Fig. 1 The photograph of ECAP die used in present study

ECAP was conducted up to eight passes using route
Bc, in which samples were rotated around the
longitudinal axis by 90° clockwise after each ECAP pass.
MoS, was used as lubricant. The constant ram speed was
set to 3 mm/min. After ECAP, the samples were cut in
cross sectional plane perpendicular to the pressing
direction, ground and polished and then etched using an
acetic-picric solution. The microstructural analysis of the
samples was performed by polarized optical microscopy
(OM) and scanning electron microscopy (SEM)
equipped with energy dispersive X-ray spectroscopy
(EDX). Tensile tests were carried out at room
temperature by Zwick/Roell universal testing machine.
Average grain size measurements were carried out using
the intercept method.

3- Resultsand Discussion

Oa illustrates the microstructure of the as-cast AZ91
aloy. A typical dendritic structure with the coarse grains
that consists of the Mg-a matrix, Mgi7Al-B
precipitates, eutectic §-phases and AlgMns precipitates.
The homogenization of the sample resulted in dissolving
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than 90% of nickel and copper were extracted. In the
second series of experiments, tartaric acid has no ability
to improve the extraction or separation of these elements.
Also, in the results of the third series of experiments, the
effects of the combination of tartaric acid and sodium
acetate on the solvent extraction, showed that the

separation of copper and nickel using 0.04 g/L of sodium
acetate and 0.03 g/L of tartaric acid at time of 10 minutes
and optimal pH of 5.12-5.4 was promising.
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1- Introduction

The solvent extraction process is one of the important
separation processes in hydrometallurgy. Many solvents
have been used to extract metals in
hydrometallurgical processes. Among them,
organophosphorus extractants such as oxime and Cyanex
have been used to extract nickel and copper from acid and
alkaline solutions. Organophosphorus  extractants
(D2EHPA, Cyanex 272, and PC-88A) have been widely
used for the nickel extraction. D2EHPA isalow-cost and
high-performance extractant in the solvent extraction
industry. This extractant extracts copper and nickel
simultaneously. Therefore, for the separation of these
two ions using D2EHPA from a solution containing
copper and nickel ions, modifiers were used. According
to research data, acetate ions have been used only to
improve the extraction of copper by D2EHPA and its
effect on the separation of copper from nickel has not
been studied; therefore, thisresearch isinnovativein this
regard. In this research, the optimum condition of the
sodium acetate concentration for the maximum copper
extraction was investigated. Then, the extraction of
copper and nickel was studied in the presence of two
different carboxylates, namely tartaric acid and sodium
acetate with D2EHPA. The purpose of adding these two
carboxylates was to improve the selective copper
extraction against nickel. To evaluate the behavior of
these additives, effective parameters such as pH,
carboxylate concentration, and mixing time were
investigated. Finaly, the best combination of
carboxylates was sel ected based on the copper separation
from solution.

2- Experimental

The purpose of these experiments is to investigate the
effects of carboxylates such as tartaric acid, sodium
acetate, and their mixtures on the copper and nickel
separation. In the preparation of organic and agueous
solutions, the incubator was used to mix at a specific
temperature and time. In each experiment, 40 ml of an
aqueous solution and 40 ml of an organic phase were
mixed with a mechanica stirrer at 800 rpm for 10
minutes. Then, about 15 minutes were given to separate
two phases.

3- Results and Discussion

The results showed that the extraction Of both metalsi.e.
in the presence of sodium acetate was fast and carried out
at 10 minutes, as the extraction efficiency reached 90%.
Thus, for subsequent experiments, the mixing time was
selected to be 10 minutes. According to the results, under
a concentration of 20% D2EHPA, mixing time of 10
minutes, copper and nickel concentrations equal to 500
mg / L, and the concentration of sodium acetate of 5 g/L
to 93% of nickel and 99.6% of copper were extracted. It
was a so observed that the increase of sodium acetate in
the solution increases the extraction efficiency of both
copper and nickel, considerably. In the absence of
sodium acetate, the extraction rate is low, but by adding
5 g/L of sodium acetate, the extraction percentage
increases. According to the results, using sodium acetate
of 5 g/L, the optimum pH range of 6.5-5.5 for the
maximum extraction of copper was obtained. The
purpose of this study isto maximize the copper extraction
and separate it from nickel. Although this aim was
obtained at lower pHs, the nickel was extracted about
70%, which was high. Moreover, in the presence of
tartaric acid, the percentage of copper extraction and
nickel increased and reached almost a level. This result
shows that tartaric acid does not have an influence on the
separation of copper from nickel. The effect of D2EHPA
concentration on the percentage of copper and nickel
extraction in the presence of tartaric acid showed no
significant separation between nickel and copper in
various concentrations of D2EHPA. The results of the
mixing of tartaric acid and sodium acetate show the
selective extraction of copper. By adding 0.04 grams of
sodium acetate and 0.03 grams of tartaric acidin oneliter,
the best separation of copper from nickel was observed.

4- Conclusions

In this study, the effect of D2EHPA as an extractant and
carboxylates as additives was investigated on copper and
nickel extractions. With the use of 20% D2EHPA, at the
initial pH of 5.12, and O:A ratio of 1, the extraction of
copper and nickel with a concentration of 0.5 g/L was
possible. Carboxylates were used to improve the
extraction and separation of these elements using
D2EHPA. In thefirst series of experiments, the effect of
sodium acetate was studied with regard to the high
extraction of copper (not selective). The results showed
that sodium acetate greatly increased the extraction of
both metals. In this case, using sodium acetate of 5 g/L,
time of 10 min, and an optimal pH range of 5 to 6, more
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