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Abstract    

   This study investigates joining 8 mm thick AA5083-F aluminum alloy plates with tungsten inert 

gas welding (TIG) employing ER5356 filler with and without scandium addition. The welded 

joints microstructures were evaluated with optical microscope (OM) and scanning electron 

microscope (SEM). Tensile and hardness properties of welds were studied and the results are 

authenticated by metallogaphy.  Metallographic studies exhibited grain refinement in the welds 

formed by filler that has scandium.  Enhancement in mechanical strength was detected in the 

existence of scandium. An increment of nearly 5% was observed in weld made by Sc added filler 

rod than filler rod without Sc. Fractography studies were conducted on scandium free and 

scandium containing filler and the results revealed the fracture in the weld cross section is 

ductile.  

 

   Keywords: Tungsten inert gas, AA5083-F, ER5356, scandium, microstructures, mechanical 

properties 

   

1. Introduction 

 Non-heat treatable aluminum alloy AA5083, contains magnesium (4.2 to 5.2 wt%) as the major 

alloying element. Mg contributes to substitutional solid solution strengthening by dislocation of solute 

interface [1]. This alloy is most commonly used in marine applications. Some of other applications 

include automobile components, aircrafts and cryogenic tanks [2, 3]. The AA5083 alloy is mainly 

preferred in constructions of fast ferries and fishing boats due to its corrosion resistant property in the 

marine environment. The other properties include high specific strength, high ductility, good formability 

and weldability [4, 5]. AA5083 alloys are usually welded with filler metals, which have similar 

composition to that of base metal (BM). The ER5356 filler rod which constitutes slightly more Mg 

content is chosen to weld AA5083-F.  

Aluminum alloy AA5083-F can be welded using friction welding or by fusion welding process. 

Though friction welding process are proved to result in good quality welds but due to high cost and 

limitations in applicability in some situations fusion welding is mainly preferred. TIG welding is most 
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reliable because the weldments produced by TIG have high strength and ductility with less solidification 

defects such as porosity than MIG [6, 7]. However during TIG welding the weld metal shows poor 

strength due to evaporation of volatile elements at high temperatures and formation of columnar grains by 

varying thermal cycle condition during solidification. [8, 9] 

                                                                                                                                     

1.1 Grain size refining methods,  

 The strength of the weldments are generally depends on the grain size produced during 

solidification. To increase the weld metal strength and to compensate the increased rise for better 

mechanical performance of AA5083 alloy, the ductility and tensile strength of this alloy have to be 

improved. This can be done either by purifying or grain refinement techniques. Gain refinement is the 

most favoured technique to enhance the strength and ductility simultaneously in aluminum alloys. Grain 

refinement can be theoretically described using Hall-Petch equation [10, 11]. 

Hall petch strengthening is otherwise called as grain boundary strengthening is the significant 

technique of strengthening materials through grain refinement and the ductility is enhanced by rising 

number of grains. Grain refinement also improves toughness and diminishes casting defects viz. porosity 

and segregation. The columnar grains are also eliminated in grain refinement and thus the quality of 

wrought alloys is improved. Grain refinement is achieved during and post solidification. Grain refinement 

can be obtained by grain refining through vibration and stirring amid solidification, magnetic arc 

oscillation, insertion of grain refiner, rapid solidification and intense plastic deformation. [12,13]. The 

refinement of most of aluminum alloys depends on the addition of master alloys which includes  as Ti, 

Br, Sc, Zr and Er to the alloy melts. 

The refinement of most of aluminum alloys depends on the master alloys viz Al-Ti, Al-Sc, Al-Sc-

Er and Al-Zr, which generally forms intermetallics on the surface layer of aluminium thus forms optimum 

substrate for nucleation during solidification [8, 14, 15]. Kishore Babu et al. showed grain refinement 

AA6082 welds using Tibor™ added AA4043 and AA5356 filler due to grain nucleation on solidification, 

[16] 

 

1.2 Impact of Sc addition on mechanical properties 

 Study of recent literature indicates that insertion of scandium (Sc) to aluminum alloys produce 

better mechanical properties and weldability [17, 18]. Sc belongs to 3d transition metal and its reaction 

with aluminum has remarkable aspects. Sc renders significant fine grains and tensile strength in the weld 

metals.  

 Davydov et al. [19], have studied about structure and properties of scandium added Al alloys, and also 

the principles for making addition of Sc to aluminum alloys. From their work they have also showed that 

from fundamental alloying metals commonly used in Al alloys viz. Mg, Zn, Li, Cu, Si only Mg, Li and 

Zn are non-reactive with Sc. Sc when added to Al, the Al-Sc solid solution disintegrate and forms 

homogeneously nucleated fine dispersion of stable phase Al3Sc. The Al3Sc precipitates constrain 

recrystallization at high annealing temperatures and even at greater level of plastic deformation.  

Sara et al. [20], studied the fatigue behaviour of AlMgSc alloy by refill friction stir spot welding. In 

AlMgSc fine Al3Sc precipitates are in charge for hardening of Al-matrix along with solid solution effect 

of magnesium. These precipitates are cohesive at higher temperature with less considerable growth until 

400°C and provide better mechanical properties in AlMgSc. The grain growth is pinned by Sc and thus 

fine grain sized microstructure is obtained.  

 David N Seidman et al. [21], in their research had explained that Al3Sc precipitates formed when 

aluminum alloying with Sc were obtained at higher number density blocking the moving dislocations and 

obtaining fine grain structure. Al3Sc precipitates are stable and do not coarsen up to the temperature of 

350°C. They have concluded that the Al3Sc precipitates increases the yield strength of the Al alloys from 
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about 20 MPa for pure Al to 140-200 MPa for Al(Sc) alloys with addition of 0.3 wt% of Sc. This 

improvement of strength was due to dispersion strengthening for smaller size precipitates and Orowan 

dislocation mechanism for bigger sizes.  

Tadashi Aiura et al. [22], had conducted studies on the effect of Sc addition to 5083 alloy. They had 

concluded that microstructure of 5083 alloy was largely increased by addition of 0.2 wt % Sc also DAS 

(dendritic arm spacing) was greatly reduced. 

  

1.3 Sc added to the filler rods   

Sc can be added to BM as well as fillers, which shows a beneficial impact on weldability and 

resistance to hot cracking in aluminum alloys. [5]  

Koteswara Rao, et al. [22] found out influence of addition of scandium to already prevailing AA2319 

filler rods. The AA2219 (Al-6% Cu) are joined using Al-Cu, Al-Cu-Sc, Al-Mg and Al-Mg-Sc fillers. 

They concluded that scandium addition to showed fine grains and increased hardness. Addition of 

scandium also resulted in increased ductility. 

Kishore Babu et al. [23] have studied the enhancement of mechanical properties of AA5083 alloy welded 

by gas tungsten arc welding under unpulsed and pulsed condition. The 4043 filler is modified with 

addition of various amounts of scandium. From the results it has been concluded that Sc addition to the 

filler metal, showed a considerable improvement in weld zone hardness, ductility and tensile strength. 

 From literature survey, most of the researchers have conducted studies on Sc addition to 

aluminum alloys (BM) and found out the effects of various mechanical properties, only few researchers 

have studied the addition of Sc to existing filler metal and found out the weld strength. In this research an 

attempt has been made by adding Sc to the existing filler metal ER5356. This filler metal AlMgSc 

(ER5356 + Sc) is used to weld thick AA5083-F alloy. Microstructure of welds and effect of Sc in 

mechanical properties of this alloy are studied in this work.   

 

2. Materials and Methods 

The base material (AA5083-F and the fillers chemical compositions are shown in Table 1. 

Manual TIG welding technique is selected for welding two 8 mm thick AA5083-F plates to make butt 

joint. The V-groove joint design is used to form a joint with 45° included angle and highly pure argon is 

employed for shielding. The filler rods and BM plates are washed thoroughly with water and acetone. 

Before the welding the plates are wire brushed to ensure thorough cleaning. Welding parameters are 

displayed in Table 2.  

The dimensions of the plate AA5083-F are 100mm x 50mm x 8mm. The filler materials selected 

were ER5356 and ER5356 + Sc (0.5 wt%). The commercial filler alloy ER5356 was modified by using 

0.5 wt% of Sc (cast). The cast filler rod was made by including definite amount of Al 2%Sc master alloy 

to the molten base metal alloy. This alloy was prepared by chill cast in a copper mould and machined into 

4 pieces. The filler ER5356 + Sc were made through the melting route. The constant current TIG welding 

process was employed to make the joints and the filler rods produced full penetration welds.  

The Samples cut from the BM and the welds were prepared for metallographic examination viz., 

optical microscope and Scanning electron microscope (SEM). The Specimens for OM were first polished 

to 1 m using silicon carbide polishing paper diamond compounds. After ultrasonic cleaning in methanol 

to remove the remaining polishing compounds and blown air drying, the samples were etched with freshly 

prepared Keller’s reagent to reveal the microstructure. The shape and size of grains were primarily 

examined using OM. The microstructure was recorded with an image analyzer attached to the 

microscope. The SEM micrographs were taken with secondary electron image at 15 and 20 kV. Micro-

hardness analysis of the weldments was conducted using Vickers micro hardness tester under the load of I 

Vol 40, 2020

649

Tierärztliche Praxis

ISSN: 0303-6286



Kgf for 15 s dwell time along the centerlines of the cross section of the tensile specimens using automatic 

microhardness tester. A microhardness traverse was made across the weldments at 1 mm intervals. 

Tensile testing of specimens was made according to the ASTM E8M from as welded coupons. For tensile 

test transverse weld samples of gauge length 25 mm, gauge width 6 mm and thickness of 8 mm were 

used.  Tensile testing was conducted on the BM and the welds at constant displacement rate of 3 mm/min. 

All values presented are average values of 2 readings.  

 

Table 1. Chemical Composition of Base Metal and Filler Rods in Weight% 
 

Mg Mn Fe Si Cr Ti Cu Zn Others Al 

Base 

Material 

AA5083 4.6 0.64 0.14 0.08 0.06 0.03 0.03 0.03 0.05x3 rest 

Filler 

Material 

ER5356  4.5~5.5 0.05~0.2 0.4 0.25 0.14 0.13 0.1 0.1 - rest 

 

Table 2. TIG Welding Parameters 
Filler rod  ER5356 

Filler rod diameter (mm)  2.4 

Current (A) 200 

Voltage (V) 20 

Shielding gas  argon 

 

3. Results and Discussion 

3.1 Microstructure of base metal  

The optical microstructure and SEM microstructure of BM AA5083-F is taken across the cross-

section are shown in the Fig. 1a and b respectively. From the figures it can be seen that the BM consist of 

equiaxed grains which are evenly distributed along the aluminum matrix. 

                                                                         
Fig. 1.a) optical microstructure at 100X magnification and b) SEM image of AA5083F a 

500X magnification 

a b 
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3.2 Effect on Sc addition on microstructure                          

       Figure 2a and b shows optical micrographs of TIG welded joints without and with scandium added 

filler rods, respectively. The figures indicate that joints made by Sc added filler rods showed fine grains 

microstructure than that of the welds made by the filler rods without Sc addition. The fig 2a, shows the 

presence of porosity, which is responsible for reduction in the mechanical strength of the weld.  From the 

fig 2b, addition of Sc alters the surface morphology owing to formation of Al3Sc intermetallics. Figure 3a 

and b shows SEM micrographs at 500X magnification of TIG welded joints with and without scandium 

added filler rods. Distribution of dendritic morphology is observed in the fig. 3b. Grain refinement had 

been occurred due to addition of Sc to the filler rod.  

In the second condition is based on the similarity of particle nucleus and matrix crystal lattices in 

relation to the structure and size. The crystallographic resemblance is considered as the primary cause of 

modification effect of scandium. Sc when included to Al, Al3Sc dispersoids was formed. Crystal lattice of 

Al3Sc has Ll2 structure, which contain Al atoms at the face center and Sc atoms at corners. These 

intermetallics particle has unique resemblance on lattice type with al based on structure and size and has 

1.5% discrepancy between the lattice parameters.  This is important because Al3Sc intermetallic serve as 

the effective heterogeneous nucleation sites in the melt owing to the low interfacial energy and high 

inoculation with α –Al matrix. [22] 

The presence of Mg in weld also plays vital role in grain refinement. Mg improves the lattice 

parameter of Al matrix which in turn reduces the discrepancy of lattice parameter. Also it has been 

reported that the clusters of Mg serve as the sites for nucleation for Al3Sc intermetallics. [22]. 

      

Fig. 2. Optical Microstructure Image of the Weld a) without Scandium and b) with 

Scandium at 100X Magnification 

 

a 

 

b 

Vol 40, 2020

651

Tierärztliche Praxis

ISSN: 0303-6286



       

Fig. 3. SEM Image of the Weld a) with Scandium and b) without Scandium at 1000X 

Magnification 

 
3.3 EDAX Analysis 

 

The distribution of intermetallics and their composition can be identified using EDAX technique. 

The SEM image of weld made by ER5356 along with Sc and the composition graph images are shown in 

the Fig.4 a, b, c and d. Fig.4 a depicts the three spots which are made to evaluate intermetallic 

composition. In the fig4 b graph image of spot 1 indicates the presence of Mg in the aluminum matrix; 

Al3Mg2 intermetallics can also be present at that spot.  The fig4 c graph image of spot 2 shows elements 

such as Al, Fe, Mn, Sc, Zn and Si, which indicates the presence of intermetallics viz., Al(Fe, Mn), Al3Mg2 

and Mg2Si. Traces of Al3Sc are also possible as presence of Sc has been identified in the graph. The Al3Sc 

particles are visible only at higher magnifications. The Fig4 d graph of spot 3 indicates presence of dark 

intermetallics like Al (Fe, Mn).   

 

           
 

a b 

b 
a 

Pores 
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Fig. 4 a. SEM of Weld 1000X Magnification, b. Spot 1, c. Spot 2, d. Spot 3 of EDAX Graph 

of Weld 

  
3.4 Tensile Properties 

Tensile properties of the TIG welded joints were evaluated ASTM E8 standards at room 

temperature. The transverse tensile properties of BM and weld joints made by ER5356 and ER5356 + Sc 

filler rods were determined and results are shown in Table 3. The yield strength (YS) and ultimate tensile 

strength (UTS) of the parent metal were 153 and 262 MPa respectively. The YS and UTS of TIG weld 

joints made by conventional filler ER5356 were 110 and 248 MPa respectively which indicates a 28% 

reduction in yield strength and 6% reduction in ultimate tensile due to TIG welding. The dissolution of 

strengthening intermetallics in weld area during welding was the main reason for decrease in strength. 

The cast structure is formed with segregate on of solute particles and large columnar grains. Because of 

the high heat given during welding, reprecipitation of the dissolved solute was impossible. Also the 

reduction in strength was caused by the existence of a constant matrix of eutectics in microstructure. The 

deterioration in mechanical properties was mainly related to microstructures of the weld where fracture 

had occurred. 

On the other hand, the use of ER5356 + Sc modified filler showed increased tensile strength of 

260 MPa which is nearly equal to the BM strength values. Scandium on addition to the aluminum alloys 

improves the recrystallization temperature above the annealing temperature and thus nonrecrystallized 

structure with better strength is formed [19]. The cooling rates were also improved by Sc, which leads to 

the formation of discontinuous eutectic network. This may be attributed to the improvement in 

mechanical properties of the welds. Therefore of Sc addition has a noticeable effect in improving the 

strength and ductility through grain refinement and inhibiting the formation of continuous eutectic 

network around the grain boundaries. 

 

 

 

 

 

 

 

c 
d 
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Table 3. Tensile Properties of BM and Welds made with and without Scandium 

 YS, MPa UTS, 

MPa 

Elongation, % Joint Efficiency. Based 

on UTS 

Base Metal 153 262 33.00 ---------------------- 

Weld with ER5356 Filler 110 248 17.50 94.66 

Weld with ER5356 Filler + 

Scandium 

109 260 18.50 99.24 

3.5 Fractography studies 

The fractographs of TIG welded specimens of AA5083-F using ER5356 filler with and without 

Sc addition are shown in Fig. 4 a and b. The fracture morphology of welded tensile material showed 

mostly ductile mode of failure. On visual inspection, the fractures are found to be shear mode. This shear 

mode of fracture reduces necking and also avoids the stress that exists in the necked region. The 

fractographs of welded samples are understood based on the microstructural examination made during 

optical and SEM analysis. During tensile deformation the elongation formed would be restricted mainly 

to the fusion zone and the remaining gauge length of the samples may not change its shape [17]. Tensile 

test results again uncover the decrease in the yield strength of all the welds on comparing with the BM. 

This may be occurred due to the eutectic phase formed during the fusion welding. The fractured surfaces 

of welds exhibited ductile dimple mode of fracture with appreciable volumes of microvoids for both 

welds. Basically, the fractured surfaces of the tensile test samples formed from welds with ER5356 + Sc 

filler showed dimples of smaller microvoids. This may be due to the equiaxed fine grain was deformed at 

the tensile test, revealing the certainty that Sc addition increases ductileness of the welded joint. 

 

        
Fig.4 Fractography of Welds a) without Sc and b) with Sc at 2000X magnification 

3.6 Hardness 

The hardness of the AA5083-F aluminium alloy BM is 77HV1. From the Fig.5 the hardness 

values of the ER5356 filler rod welded TIG joint are lower than the BM hardness values. Hardness 

reduction was detected near the fusion zone of weld produced by scandium free filler. This may be due to 

the formation of partially melted zone. Also decrease in hardness was attributed to increase in grain size 

due to slow cooling (annealing).  

The weld joint made with ER5356 + Sc modified filler showed hike in the hardness values 

because of addition of Sc. Maximal hardness values of 87.9HV1 were attained for weld made by AlMgSc 

a b 

Large dimple 

Small dimple 
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filler rod. The main reason for improvement in hardness is attributed to refinement of grains in fusion 

zone with Sc addition. Also the other reason for increase in hardness is distribution of Al3Sc 

intermetallics particles and formation of eutectics in microstructure of the welded joint owing to the 

existence of Sc.  

 

 
      Fig. 5 Hardness Survey of TIG Welded Joints with and without Sc Addition to ER5356 

Filler Rod 

4. CONCLUSIONS 

     The 8-mm thick AA5083-F aluminium alloy plates were TIG welded using Al-Mg filler rods ER5356 

with and without scandium and their welded joint result analysis is given below:                                                                                                                                                      

1. The microstructural study of the optical microstructures of TIG weld joints of AA5083-F 

aluminium alloy plates revealed that the weld microstructures the welds are different compared to 

the BM microstructures.  

2. The tensile properties of scandium added ER5356 filler rod welded joints were nearly 5 % greater 

than scandium free ER5356 filler rod weld joints.                                         

3. The hardness distribution across the cross-section of the scandium added filler rod welded joints 

were more than that of the BM hardness values of the aluminium alloy AA5083-F, whereas the 

hardness values of the ER5356 welded joints were less than that of the BM values.                                                                                                                                        

      The addition scandium with ER5356 filler rod produced better TIG welded joint with enhancement in 

tensile strength and hardness, compared to the conventional commercial ER5356 filler rod 
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