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Abstract 
 
Aluminum alloys bears great importance and has found extensive usage area in industry especially in automotive. Ease of casting into 
complex shape favors their usage. The production method of these alloys has been crucial to obtain the required mechanical and physical 
properties since their susceptibility to form defects in the form of oxides and various defects is considerably elevated. 
As high magnesium and copper containing aluminum alloys tends to increase defect formation, in order to improve the overall quality of 
cast parts, effective melt treatment and optimal pouring processes are essential. This study focuses on the effect of degassing bubble size in 
melt treatment and vertical versus tilt pouring techniques at casting stage. We evaluate three melt treatment parameters: no degassing, small 
bubble degassing, and large bubble degassing. The pouring techniques as tilt angle application and vertical pouring have been examined. 
Under various pouring conditions, the mechanical characteristics of T6 heat-treated custom composition AlMg7Cu2 alloys are compared. 
Alloying decision has been taken to incorporate as much defect as possible to capture effects of defects due to melt treatment and pouring 
conditions. Computed tomography scans, SEM analyses of fracture surfaces, and evaluations using optical microscopy have been performed 
for quality assessments. Basic comparison of tensile testing with CT scans have been provided. Variation of properties at different bubble 
size and pouring conditions have been provided. The findings emphasize the significance of using tilt pouring with lower hydraulic jump 
and less turbulence in metal melt flow in mold filling. Moreover, reducing bubble size during degassing has also been found crucial and 
highly effective in order to achieve consistent mechanical characteristics. 
 
Keywords: Vertical top pouring, Tilt pouring, Hydraulic jump, Defect formation on aluminum alloys, Melt treatments 
 
 
 

1. Introduction 
 

The fundamental advantage of aluminum casting alloys is their 
capability of fabrication of parts with intricate geometry at high 
production rates. In alloying decision, Si, Cu, Mg and Zn are the 
main candidates of Aluminum alloy systems. Therefore, secondary 
main elements must be chosen to increase formability and 
castability without impairing strength. At this stage, decision of 

Copper or Silicium selection as secondary main alloying element 
is based on different requirement. Copper provides formability, 
strength, and toughness whereas Si provides strength, castability 
and heat resistance [1-4]. Copper leads to segregation and rapid 
cooling problems during casting and pouring stages. Magnesium, 
on the other hand, provides strength increase and lightweight 
potential. However, it causes difficulty in castability and increase 
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the formation of double oxide films [5]. Therefore, both melt 
treatment and pouring must be taken into consideration jointly. 
In the present study Cu has been selected in vertical and tilt pouring 
conditions with different degassing bubble sizes. In sand casting 
process effect of Cu on castability of the alloy has been investigated 
as the addition of Cu results in the formation of intermetallic 
compounds and their hydrodynamic effect may provide insightful 
information in property evolution stage. Thus, Al-Mg-Cu alloy 
arises as a good candidate to investigate pouring method effect and 
degassing effect on properties. 

Performance-wise benefits of Al-Cu alloys is mainly due to 
their potential of strength increase in heat treatment owing to 
supersaturated GP Zones, semi-coherent phases in the structure [6]. 
In Al-Cu-Mg alloys with different alloying elements may provide 
high strength due to precipitation of n phases depending on the 
element type by increasing the nucleation rate in the alloy. The 
alloying of rare earth metals and Ag is the most preferred case to 
reach high strength and extensively studied. Research find that the 
Cu content up to 1.5% provided high tensile strength in Al-Mg-Cu-
Si Alloys [7-8].  

As alloying choice promotes intermetallic content and oxide 
formations in the metal melt, one of the reasons that plays a role as 
a germination site of bifilm formation within the melt during liquid 
metal flow[9-11]. Evaluating defects and their assessments bears 
great importance as given in the following section. As 
demonstrated by Campbell, casting with defects and impurities 
lead to the formation of multilayered oxide films, known as bifilms, 
which are trapped inside the structure. These oxides are held 
responsible for many failures in cast parts. Mohammed [3] has 
investigated different types and forms of defects within Al-Si and 
Al-Si-Cu alloys. There are the two main reasons which causes 
aluminum alloy tendency for defect formation. First is the addition 
of alloying of aluminum to increase strength or improve castability. 
These elements might have the affinity to form oxides on the 
surface, such as Mg and Sr. Second, the addition of grain refiner or 
master alloys themselves might have oxides. Therefore, each 
element despite increasing the performance, affects the melt 
cleanliness and defect formation mechanism [12-21]. In order to 
overcome melt impurity and contamination, several melt treatment 
methods have been implemented in industry as a result of 
background research. These degassing methods and their 
effectiveness have been investigated in the literature by different 
studies [22-33]. Use of rotary degassing, flux application, lance 
degassing, magnetic stirring has become dominant over other 
methods in the industry for ease of use and sustainability. In 
degassing step, degassing time, gas flow rate, rotation speed of 
rotor and bubble size must be investigated to assess process 
effectiveness. Especially, in petroleum industry, bubble size effect 
on floatation process to remove contaminants has been investigated 
and smaller bubble size has shown more successful cleaning effect 
[34-35]. 

Even though the liquid metal can be cleaned, another point of 
investigation that would require attention would be the effect of 
pouring method and runner design. In gravity castings, two main 
approaches have come forward: Tilt Pouring (TP) and 
Conventional Vertical Pouring (VP). In the literature, there has 
been controversial observations regarding the results and 
comparison of tilt and vertical pouring method effectiveness [36-
37]. Recently investigation of comparison of tilt and vertical 

pouring methods by casting simulation has showed the turbulent 
flow has been the main difference among both methods [38]. The 
improper method of pouring and thus creating non uniform metal 
flow has been investigated for castability and hot tearing 
susceptibility of the alloy [39-40]. Another promising method that 
has not been investigated in the present study includes melt shear 
conditioning in case of rotary type degassing equipment [41]. 
Recent studies investigating effectiveness of tilt pouring and 
correlation with alloy toughness has been proposed by Sahin et al 
[42]. 

By using reduced pressure tests, which serves to produce a 2D 
cross section of the reference specimen that has been solidified 
under vacuum, the final quality of the melt has been examined. 
According to Dispinar and Campbell's technique, the polished 
cross sections of RPT samples can be assessed numerically to 
quantify the liquid metal cleanliness and the subsequent 
mechanical properties [43-44]. However, RPT is a destructive and 
2D approach. More accurate and thorough technique of Computed 
Tomography has recently been introduced by various researchers 
evaluating and detecting these defects [45]. Furthermore, RPT 
specimens that has been subjected to CT evaluation could produce 
successful evaluation results in bifilm index and defect detection 
[46]. Recent Studies highlighting that a correlation can be 
established by combining CT scan-optical crack surface analysis 
and tensile tests of specimens after the validation of melt quality by 
CT evaluation of non-degassed and degassed RPT specimens. 
Further analyzes has been established between CT metrics – 
mechanical strength and correlation via FEA simulations of the 
alloy quality [47,48]. But all these evaluations require 
understanding of the melt treatment efficiency and resulting melt 
quality to become valid in alloy or part behavior predictions. 

On this context, not only metal melt cleanliness but also the 
pouring method has been emerging as an important factor on 
evolution of final properties. Degassing method parameters and 
pouring methodology comparison should be taken into 
consideration. While the objective is to achieve high strength with 
Magnesium and Copper alloying with refiners such as Ti-B-Zr-Mo-
V, eventual detrimental effect of possible oxides and intermetallic 
on properties has been tried to avert by pouring method to alter 
metal flow and degassing methodology to clean the melt. Resulting 
properties of tensile tests and internal structural quality by CT scans 
have been presented. Therefore, in conclusion, the present study 
has aimed to discuss the lance degassing method effectiveness with 
different bubble sizes in Tilt Pouring vs Vertical Pouring conditions 
investigating whether the pouring method or degassing or both 
have been the key to achieve good final properties. 
 
 

2. Experimental 
 

Experimental studies have been selected and organized to 
achieve following main objectives. Figure 1 summarize the study 
flowchart with main pillars and subtasks. Production of specimens 
by alloying and casting of the alloys, quality control of the castings, 
mechanical tensile and hardness tests and evaluation of specimens 
crack cross sections via optical microscopy and specimen internal 
structure via Computational Tomography to explain effect of 
pouring method and of degassing bubble size. 

 



A R C H I V E S  o f  F O U N D R Y  E N G I N E E R I N G  V o l u m e  2 5 ,  I s s u e  1 / 2 0 2 5 ,  1 6 9 - 1 7 9  171 

 
Fig. 1. Methodology Flowchart adopted in experiment phase has 

been presented 

2.1. Alloy Production 
 

Base Aluminum Alloys and master alloys have been used to 
manufacture the designed alloys. A206, AlMg20 and A1050 have 
been used as base alloys. Choice of A206 has been made because 
of the availability of the ingot. A206 ingots were the commercially 
available option in laboratory. Composition of the studied alloys 
are given in Table 1. Three degassing conditions has been selected 
as no-degassing (ND), small bubbles (SB), and large bubbles (LB). 
Table 2 provides base and master alloys that has been used in alloy 
production. 
 

 
Table 1.  
AlMgCu Alloy Composition 

Degassing Pouring Code Mg Cu Ti Zr Mo V Sr 
SB Vertical A1 7-7.5 1.75 0.15 0.125 0.001 0.001 0.02 
SB Vertical A2 7-7.5 1.75 0.15 0.125 0.016 0.016 0.02 
ND Tilt A7 7-7.5 1.75 0.15 0.125 0.016 0.016 0.02 
SB Tilt A4 7-7.5 1.75 0.15 0.125 0.05 0.05 0.02 
LB Tilt A5 7-7.5 1.75 0.15 0.125 0.05 0.05 0.02 

 
Table 2. 
Base Alloys and Master Alloys with %weight  

Base Alloys Master Alloys 
A1050 AlTi10 
A206 AlV5 
AlMg20 AlMo10 
AlSr15 AlZr10 

 
In order to perceive and distinguish the methodology effect on 

final quality, alloying elements which has high tendency of forming 
intermetallic has been chosen such as AlZr, AlMo, AlV 
compounds. In the presence of Mo, Zr, Ti and V, different 
intermetallic with different composition and shapes have been 
observed in phase diagrams. Beta Ti-Mo and Beta1+laves type 
phases occurs in local equilibrium according to ternary Mo-Zr-Ti 
system [49]. Therefore, it is expected that those intermetallic along 
with magnesium content, would increase the level of defects in the 
metal melt. Thus, the impact related to pouring method and 
degassing method on the final quality must be investigated. 

In the alloying step, following procedure has been applied: 
A206 and Al-1050 has been melted, and copper content has been 
set to achieve 2-2.2 wt.%. Subsequently, AlMg20 has been added 
to metal melt to obtain 7 wt.% magnesium content. Meanwhile, 
copper content has been diluted down to 1.7-1.8% due to the 
addition of Mg. Those theoretical targets have been validated by 
Spectral Measurements (OES) as seen in Table 1. After a holding 
step of the melt for 15 minutes, master alloying of Ti-B-Zr set / Mo-
V-Sr sets have been applied in a respective order all together with 
5 minutes of hold time between two main set. Degassing procedure 
has been applied prior to casting. 

Melting operations have been done in induction furnace 
capable of applying 26KWh heating power in A50 type SiC 
crucible. Melting was carried out at 775oC and after alloying, the 
casting temperature has been set to 760oC. Temperature 

measurement has been performed by submerged type ceramic-
thermocouple as illustrated in figure 2. 
 

 
Fig. 2. Casting schematics and process photo with molten metal 

and ceramic thermocouple 
 

Various melt treatment methodologies exist to clean the melt in 
industrial practice as discussed in literature [23-33]. Melt stirring, 
holding the melt during a fixed time interval, flux application, rotor 
degassing could be enlisted as the most preferred methods. 
According to our previous experience, with high Mg containing 
Aluminum alloys, in order to clean the metal melt properly, 
degassing by N2 gas using a ceramic lance immersion has been 
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selected as the most suitable procedure. This commercially 
available lance contains a diffuser with bubble holes at its tip. Total 
of 10 minutes of degassing at 5ml/min pure nitrogen gas flow has 
been applied. Illustration of vertical pouring and tilt pouring (4a-
4b) and degassing lance schematics (4c-4d) have been given in 
figure 3. As the alloy sets were custom built, initially A206-
Al1050-AlMg20 composition has been degassed 10 minutes to 
homogenize and clean the metal melt, after the first degassing step, 
master alloys have been alloyed, and final degassing has been 
applied. 
 

 
Fig. 3. Pouring method representation b_ vertical pouring c_ tilt 

pouring of melt into mold cavity has been given 
 

At the design of experiment scheme, three main routes with 
four subtasks have been selected as follows: Tilt pouring without 
any degassing step, large bubble degassing with tilt pouring 
method, small bubble degassing with vertical and tilt pouring 
method. Difference between small and large bubble degassing has 
been assessed as a lance with small bubbles having 60 outlet holes 
of 5 mm diameter whereas large bubble lance has been modified to 
have 10-15 mm diameter holes. Schematic showing the set of 
experiments have been given in figure 4. 
 

 
Fig. 4. Schematic of lance degassing in small and large bubble 
flows has been presented. stationary lance applies N2 gas flow 

from bubble outlets in both condition 
 

Specimen production has been done via silica sand molds with 
average sand particle size of 0,25 mm. Air hardened alkali-phenol 
formaldehyde binary liquid resin has been used for mold 
fabrication. Resin and sand have been mixed by hand mixer to 
achieve homogenous distribution. Then hand-hammer packing has 
been used to fill the model cavity and obtain the molds. Any other 
external source of force has not been applied. Hardening time of all 
molds have been set to 90 minutes. Mold surfaces has not been 
painted therefore surface roughness effect on metal melt flow has 
been neglected at each experiment. Each casting fabricated ten 
specimens of diameter of 8 mm and height of 180 mm. 

Main objective of selecting different pouring method, had been 
to observe their effect on specimen quality and mechanical 
properties due to melt flow and vortex formations at different 
pouring conditions. In mold filling virtual CAE studies, vertical 
pouring and tilt angle of 60o have been compared. In experiments, 
high magnesium and copper content yielded rapid solidification 
and lack of filling of sand molds. Therefore, Tilt angle has been 
preset to 45o at the beginning of each tilt casting experiments in all 
following experiments. The angle has been adjusted to vertical 
condition. The adjustment decision has been done manually upon 
the mold filling after 1-1.5 seconds of fill time gradually towards 
vertical position. In vertical pouring, initial reserve tank has been 
used, and temporary stopper has been removed upon filling of the 
tank. 

The requirement of investigation and experimentation of tilt 
pouring method has arisen because of the hydraulic jump 
phenomenon and associated turbulence risk which delay mold 
filling, impair smooth metal flow, eliminating entrapped air 
bubbles and intermetallic within the melt. Schematic of the 
phenomenon has been illustrated in figure 5. As discussed by 
Majidi, pouring method has shown direct correlation on mold 
filling and air entrapment in case of turbulence during metal flow 
in the cavity [50]. The Metal flow and casting simulation of mold 
filling has been done for vertical and tilt casting condition in order 
to assess filling time, velocities at different stage of filling, 
hydraulic jump assessment of the pouring method. Initial 
comparison of vertical pouring and 60o tilt angle has been virtually 
performed. In experiment stage, tilt angle has been set to 45o to 
achieve complete mold filling. The tilt angle difference between the 
simulation and experiments has been attributed to mold wall 
frictions and manual nature of experiments which is impacted by 
solidification rate the alloys. 
 

 
Fig. 5. Mold filling and hydraulic jump evaluation tilt and vertical 

casting 
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According to study of Majidi [50] and Sahin [38]. Tilt pouring 
creates less hydraulic jump thus less turbulence. Therefore, mold 
filling becomes faster. As given in eq. (1) Tilt pouring results in 
decrease of pouring height (hpour =Hm) and height of h2 upstream 
flow height according to equation of hydraulic jump. By comparing 
the decrease levels, h_Loss vertical > h_Loss tilted has been found. 
V1 and V2 represent flow velocity at downstream and upstream 
sections. 
 
(ℎ1 + � 𝑉𝑉1

2

2∗𝑔𝑔
� + (𝐻𝐻𝑚𝑚 ∗ 𝑔𝑔)) = (ℎ2 + � 𝑉𝑉2

2

2∗𝑔𝑔
�) + ℎ𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙   (1) 

 
Therefore, by equation, to eliminate or decrease the detrimental 

effect of hydraulic jump, tilt pouring is one of the solutions to 
improve metal filling time and eliminating vortex formations. 
 
 
2.2. Microstructure - Mechanical Testing and 
Heat Treatment 
 

In order to characterize the mechanical behavior of the vertical 
and tilt cast alloys, tensile tests and hardness tests have been 
performed. Tensile tests have been done on Zwick Tensile Tests 
Machine at 1mm/min stroke speed conditions according to ASTM 
E8 standards. Specimens have been machined after heat treatment 
via air- and water-cooled lathe machine to achieve 6mm gauge 
diameter and 35mm reduced parallel section with 8mm diameter 
head section. 

Microstructural evaluations have been performed on Carl Zeiss 
digital brightfield microscope on heat treated samples. All samples 
have been grinded and polished mechanically. %1 HF solution has 
been applied by cotton onto the surface in etching step to reveal the 
microstructure of the samples.  

In vertical casting specimens, as cast-T4-T6 heat treated 
specimens have been tested. The difference of strength and 
elongation has demonstrated necessity of T6 heat treatment for 
AlMg7Cu2. Decision of Solution treatment temperature has been 
found by phase evolution temperatures of Al2Cu dissolution range 
at lower limit and trial-error method to prevent magnesium 
oxidation during solution treatment. Sacrificial specimens have 
demonstrated oxidation above 485oC +/10oC and have set upper 
limit of the solution treatment. 440-480oC is the predicted 
dissolving range of Al2Cu phase which agglomeration or 
localization may decrease the strength of the alloy. 

On the next step, T6 heat treatment of tilt and vertical cast 
alloys have been performed with solid solution time of 5 hours at 
470oC +/- 10oC and 5 hours of precipitation at 200oC +/-10oC 
respectively. Precipitation time has been fixed on all experiments. 
The heating cycle and temperatures has been verified by trial-and-
error method on sacrificial specimen one more time to confirm 
temperature range at which high Mg content remains stable and 
does not cause oxidation which deteriorate the specimen quality. 
 
 
 
 
 

2.3. Specimen Evaluation via Optical 
Microscopy and CT Scan Assessments 
 

In order to assess specimen quality and post-tensile test crack 
surface evaluations optical microscopy of tensile surface have been 
performed. Optical microscope with Canon x20 Lens has been used 
in evaluation experiments. Cross section views have been taken to 
assess the casting quality in terms of bifilms and defects formation 
upon vertical and tilt casting. IC Measure Software has been used 
to evaluate the cross-section photos. 

Quality assessment for detailed analysis of internal structure to 
reveal defects, CT scan with Yxlon and GE Xray tomography 
machine has been done. Acceleration voltage has been set to 180 
kV; the tube current was modulated to 8 mA.  The image re-
construction and processing were done with VGSTUDIO MAX 3.2 
software. Detection limit of the smallest defects possible with the 
machine settings is 100 micrometers for planar defects, 50 
micrometers for spherical defects. 
 
 

3. Results  
 

The samples have been compiled on three main sub-section. 
First part includes the microstructure representation. Second part 
has focused on the mechanical tensile tests and hardness tests. 
Furthermore, yield, tensile and elongation variation has been 
evaluated for vertical and tilt pouring methods. Third sub-section 
has presented optical cross section evaluations as well as CT scan 
results for vertical and tilt castings. 

 
 

3.1. CFD Simulation of Mold Filling by Pouring 
Method 
 

Before the casting experiments and investigation of Tilt and 
Vertical pouring methods, casting simulations have been obtained 
to investigate if there has been any filling difference between two 
methodologies. As discussed by Sahin [38], Vertical casting 
showed more turbulent flow and longer time to fill the specimen 
mold. Tilt pouring on the other hand provided faster filling of the 
mold. Improvement of tilt casting has been calculated as 33% as 
tilt poured mold has been filled within 3 seconds whereas vertical 
pouring has been completed in 4 seconds. 

Figure 6a. and 6d. illustrate tilt and vertical pouring comparison 
at early stage of filling. Initial metal flow speed and impact 
velocities has been found higher in vertical pouring as “hp” is 
higher in comparison with tilt pouring method. Due to higher 
hydraulic jump in Vertical pouring,  

Figure 6 (b,c,e,f) illustrate flow velocities and mold filling at 
later stage of filling at both pouring condition. Tilt pouring average 
flow speed at specimen cross sections reaches 45mm/sec in 
comparison with 25mm/sec in vertical pouring despite the near 
equal flow velocities at mold gate basin. Effect of hydraulic jump 
and turbulence has been estimated as the source of velocity 
difference between gate basin and specimen cross sections. 
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Fig. 6. Flow velocity simulation of hydraulic jump a,d) gate basin b,e) specimen cross section c,f) in vertical and tilt pouring condition 

 
 

3.2. Microstructure Evaluation 
 

There was no major difference at the microstructure of samples 
at 5x magnification as shown in Figure 7a for tilt pouring and 9b 
for vertical pouring in small bubble degassing experiment. Figure 
8 provides 10x magnification optical images of both specimens. 
Images in figure 7, have been analyzed via black and white color 
scale image processing algorithm to assess the percentage of 
material and porosity based on black and white distribution on 
etched microstructure. As a result, both images contain 
approximately 85% white and 15% black color scale indicating 
same number of microstructural elements which made impossible 
to draw a clear conclusion on porosity difference between tilt and 
vertical pouring methods. Compactness and sphericity analysis has 
not been performed in the evaluation. 
 

 
Fig. 7. Etched microstructure at 5x a) Tilt small bubble degassing, 

b) Vertical small bubble degassing- distinguishing bubble size 
effect is not possible 

 

 

Fig. 8. Etched microstructure at 10x: a) Tilt small bubble 
degassing b) Vertical small bubble degassing- distinguishing 

bubble size effect is not possible 
 

 
Fig. 9. Tensile test curves of SBD-LBD-VP-TP shows bubble size 
effect can be identified on tensile strength and elongation values 

 
 
3.3. Mechanical Test Results  
 

Vertical and Tilt Casting specimen’s tensile test results has been 
given in Table 3 with the mechanical yield strength, tensile 
strength, and elongation values. Minimum Small bubble degassing 
with tilt pouring (TP) provided the best results for the alloys in 
terms of tensile strength and % elongation. TP provided better 
results versus vertical pouring (VP) in small bubble degassing 
condition whereas TP could not surpass VP when degassing bubble 
sizes has increased in size. Even though at microscale Vickers 
hardness test results have not highlighted a major difference 
concerning pouring method or bubble size effect in the 
experiments. Each set has been tested with minimum of 5 
specimen. Vertical and Tilt Small bubbles specimen sets have been 
tested. All specimens were in T6 conditions. Vickers tests has been 
performed for 5 times in each group. 
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Table 3.  
Mechanical Tensile Test Results under Different Pouring and Degassing Conditions 

Degassing Pouring Yield Strength 
MPa 

Tensile Strength 
MPa %El Hv0.2 

Peak Tensile 
Strength in sets  
MPa 

Small Bubble Tilt 173+/-3 237+/-10 3.35+/-0.7 145 247 
Small Bubble Vertical 168+/- 14 200+/- 20 2.38+/-0,8 140 220 
Large Bubble Tilt 182+/-9 209 +/- 15 1.23+/-0,4 137 224 
No Degas Tilt 168+/-14 236 +/-30 2.5+/-0,7 134 267 

 
Figure 9 has illustrated tensile tests curves of specimens that 

has been fabricated with different degassing parameters and 
pouring methods. As it can be observed by the curves, LBD has 
given lower strength results compared to SBD method.  

Evolution and variance analysis of tensile tests results have 
been performed for TP and VP methods at small bubble degassing 
conditions. As double oxide films have showed their detrimental 
effect on tensile and elongation values, yield strength variation has 
been obtained with small differences as seen in Figure 10a. When 
it comes to tensile results and elongation (Figure 10b and 10c), the 
difference between minimum and maximum values have been 
distinguishingly seen. Vertical pouring method results showed 
values that change over a wider span than tilt pouring (i.e. the 
scatter was significantly high). 
 

 
Fig. 10. TP versus VP variation of yield strength: a) Tensile 

strength, b) Elongation, c) as variation is lower in case of small 
bubble degassing 

Although the difference of VP and TP has not been observed in 
microstructural studies, investigation on mechanical behavior has 
shown large variation of mechanical properties in tensile and 
elongation. Variance calculation for elongation between TP versus 
VP has yielded 0,4 and 1,4 respectively which means VP 
incorporate greater variance when compared to TP. 
 
 
3.4 Specimen Evaluation via Optical Microscopy and CT scan 
Assessments 
 

As per mechanical test results, figure 11 has provided sufficient 
information for melt treatment necessity. No degassed specimens 
have shown large variation of cross section quality due to the 
evolution of oxide clusters and associated defect sites. Figure 11a 
has shown relatively clean section whereas Figure 11b has shown 
large cluster of double oxides on the section despite the tilt pouring 
which caused casting defect and failure spot. 
 

 
Fig. 11. Cross sections of tensile test specimen: a-b) No-degassed, 

c-d) Small bubble degassing - tilt pouring SBD-TP, e-f) Large 
bubble degassing - tilt pouring LBD-TP 

 
Optical cross sections of small bubble degassed tilt poured 

specimens have been given in Figure 11c and 11d. Although the 
cross section has been populated with oxide films, their size has 
been identified smaller than LBD-TP. Moreover, clustering effect 
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has been found limited. On the other hand, Figure 11e and 11f have 
illustrated cross sections of large bubble degassed specimens on 
which large clustering of oxide films on the section has been 
identified. 

According to figure 12, SBD-TP SEM analysis has shown less 
oxide film and possible of iron intermetallic in the cross section 

when compared to LBD analysis results in figure 13. Lower tensile 
strength and elongation of large bubble degassed specimens could 
be explained upon reviewing the cross-section views where the 
clustering has become dominant and caused lower mechanical 
performance. 

 

 
Fig. 12. SEM analysis of cross sections SBD-TP shows very low oxide formations and acceptable distribution of intermetallic phases 

 

 
Fig. 13. SEM analysis of cross sections LBD-TP shows double oxides and clustered intermetallic phases that decrease strength 

 
Subsequently, the optical cross sections have been compared 

with post-test computed tomography images to visualize and 
explain LBD and SBD methods effect on structure and defect 
population. Figure 14 has illustrated comparison of optical cross 
section vs 3D reconstruction images of those specimens. Cleaner 
cross section had been observed in SBD-TP method. This has been 
observed in CT reconstructions and in line with optical evaluation 
findings. Defect sizes have been calculated lower in small SBD-TP 
condition when compared LBD-TP in correlation with optical 
evaluations. 

To sum up, no degassed, LBD, SBD melt treatment effects and 
results on mechanical properties in Vertical and Tilt pouring 
conditions have been provided in the paper. SEM and EDS 
analyzes have been given for tensile crack surfaces. CT scan 
comparison of LBD and SBD have been provided. 
 

 
Fig. 14. Optical cross sections vs CT image reconstruction in 
small and large bubble degassing. Lower defect size vs larger 

defect size are identified 
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4. Discussion 
 

No degassed specimens have resulted in large variation in 
tensile strength. This has proven the necessity of melt treatments as 
the alloy properties has become unreliable due to the variation. Tilt 
Angle and Pouring Speed has been set constant during experiments. 
Their possible impact has not been given. 

Large bubble degassing in tilt casting and Small Bubble 
degassing in vertical casting has shown close yield and tensile 
strength whereas elongation has been affected negatively when 
degassing effect has been compared. LBD-Tilt casting has not 
improved bifilm alignment or metal cleaning by pouring method. 

SBD-Tilt casting has yielded far better results in terms of 
mechanical performance especially in elongation and UTS. 
Preventing the splash towards the inner wall of the mold has 
improved the properties in tilt casting versus vertical casting. 

Mold filling simulations has shown the detrimental effect of 
hydraulic jump. Tilted pouring has improved the filling, but 
theoretical angle of 60o could not be applied in real life condition 
and angle has been set to 45o due to lack of mold filling and 
uncomplete solidification. An alternative option that has not been 
experimented was to use mold coating to improve mold wall 
frictions. 

Secondly, although it has not clearly been observed in the 
microstructure, the more compact solidification and less inter-
dendritic spacing which has been formed during tilt casting process 
have provided better mechanical performance. Vertical cast 
specimen dendritic structure has got slightly more interdendritic 
spacing that may cause low ductility. However, this effect has been 
less dominant since optical microscopy evaluation of the crack 
surface of tensile specimens has shown the main dominant 
mechanism for failures. LBD of metal has played detrimental role 
in mechanical properties as metal oxide films has been crawling 
inside the structure as per CT reconstructions where the large defect 
evolution has been demonstrated. 

SEM-EDS measurement showed large clustering of oxides in 
the structure in LBD method. SBD method has shown 
improvement in oxide formation of the alloys. 

Tilt Pouring has delivered best property combination with SBD 
treatment because in the presence of high magnesium content Al-
Mg-Cu alloys, SBD-VP has shown wide range of variation in terms 
of tensile strength and elongation. 
 
 

5. Conclusion 
 

Small bubble lance degassing has been observed to be more 
effective method than large bubble degassing as proven by CT scan 
and tensile tests.  

Tilt pouring has overcome vertical pouring as all tensile 
properties have been higher than VP condition. The benefit of tilt 
pouring is more apparent when degassing has been properly 
applied. 

If the melt could not be cleaned efficiently, then pouring 
method would be ineffective or would result in defect formation. 
Upon comparing the degassing and the pouring effectiveness, it can 
be concluded both methods would be complementary rather than 
interchangeable. 

Cleaning metal melt would not be sufficient to achieve good 
properties, melt flow, mold design and proper filling should also be 
taken into consideration. 

Tilt Angle of 60 o has been virtually tested, experiments showed 
difficulty in mold filling. Therefore, tilt angle of 45o has been 
assessed as an optimal way to achieve good filling which resulted 
in higher, less scattered and more reliable tensile properties of high 
magnesium containing custom alloy. 

In the studies, only single metal holding and casting 
temperature has been selected. Further studies must be performed 
to observe the effect of lower casting and pouring temperatures. 
Especially Mo and Zr containing systems may yield to lower oxide 
formation at lower temperatures during holding and pouring stage. 

Mold coatings to improve friction behavior must be 
investigated further to close the gap between flow simulations and 
real-life experiments. 

To further expand the study, Authors propose to run studies of 
bubble size effect with more broad range of lance degasser. This 
line of study may be done in the future.  
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