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Abstract 

 

Products manufactured by aluminium casting have become very popular and already replaced 
many parts that were once produced by iron and steel casting. This trends upwards especially in 
the automotive industry as it has become extremely important to reduce vehicle weight due to 
environmental requirements and economical aspects. This popularity of aluminium alloys could 
be ascribed to their light weights and many other advantages including excellent castability, good 
corrosion resistance, good thermal and electrical conductivity, good machinability, low melting 
temperatures and minimal gas solubility with the exception of hydrogen. The most important 
alloy group among casting alloys is Aluminium Silicon (Al - Si).  

 

Al-Si alloys must undergo a specific melt treatment procedure prior to casting. This treatment 
consists of several steps including degassing of hydrogen, grain refinement and eutectic 
modification. The aim of this study is to make an assessment of the metal treatment process of an 
(Al-Si) casting alloy at Unnaryd Modell AB for the purpose of improving the melt conditions and 
thus the quality of the final product. A rotary degasser provided by Foseco is also tested instead 
of the traditional tablet degassing method to see if this technique would result in any significant 
improvement of the melt quality. The results show that Unnaryd modell AB follows a proper 
treatment routine. It shows moreover that the rotary degassing is superior to the tablet degassing 
in many aspects including the level of degassing achieved, time efficiency, environmental 
consideration and personnel security.  
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1 Introduction 

 

The origin of metal casting is found in prehistory. It was established as a fabrication process 5000 

years ago. Statues, bells and guns were manufactured using bronze which is considered to be the 

first metal to be cast widely. [1] The Industrial Revolution in Europe and North America has then 

helped develop the casting process of steel and cast iron. The growth of transportation industries 

and manufacturing resulted in huge expansion in metal casting due to the great need of new 

machinery of all kinds.  [1] The invention of the hall-Heroult process for aluminium refining made 

the casting of aluminium affordable. At first, the application of aluminium casting was limited to 

curiosities and decoration such as hand mirrors, brushes and house numbers. [2] However, a 

dramatic expansion of aluminium casting took place after World War II. New casting processes 

were developed, and new alloys with specialized compositions were employed to meet the 

increasing engineering requirements, and to expand the use of aluminium in technical as well as 

commercial applications.  Due to its great strength-to-weight ratio, aluminium was widely used 

in vehicles after the energy crisis in the 1970s.  

 

Products manufactured by aluminium casting have become very popular and already replaced 

many parts that were first produced by iron and steel casting, especially in the automotive 

industry as it has become extremely important to reduce vehicle weight due to environmental 

requirements and economical aspects.[3] This popularity could be ascribed to the light weight of 

aluminium alloys and many other advantages including excellent castability, good corrosion 

resistance, good thermal and electrical conductivity ,good machinability, low melting 

temperatures and trivial gas solubility with the exception of hydrogen.[1], [2] However, 

aluminium castings have a major disadvantage which is a volumetric shrinkage of (3,5 - 8,5) % 

during solidification. This shrinkage should be carefully considered during the mold design and 

casting process in order to prevent shrinkage porosity and hot tearing. It is moreover worth 

mentioning that heat treatment can significantly improve the mechanical properties of some 

alloys.[1] 

 

Aluminium products can be manufactured by many processes. Economical limitations, technical 

considerations and quality specifications usually decide what casting process to consider. The 

major casting processes are: Sand casting - permanent mold casting including low pressure and 

gravity - high pressure die casting.  Some other processes for the casting of aluminium may 

include: plaster molding, lost foam casting and investment casting. [1], [2] 

 

 

Aluminium alloys are classified into two major groups based on the manufacturing process: 

casting and wrought alloys. Aluminum Association (AA) has created systems to classify these 

alloys according to their chemical compositions; cast alloys are identified according to 3-digit 

system, while 4-digit system is used for the identification of wrought alloys. [4] 

 

Casting alloys are identified and classified into numerous series consisting of many different 

compositions. This considerably large diversity in compositions is attributed to the fact that 

different alloy systems are wanted for various applications and needs. Some alloys may vary only 

in the level of impurities or in small quantities of alloying elements. [1] 

 

The most important alloy group among casting alloys is Aluminium Silicon (Al - Si), more 

specifically, (Al-Si) foundry alloys containing (5 - 25) wt % Si with other additives such as Mg, Cu 

and Ni. These (Al-Si) alloys have wide-ranging applications in automotive and aerospace industry. 

[4], [5]. Figure (1) shows the Al- Si phase diagram. 
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Fig 1-The binary phase diagram of Al-Si. [3] 

Aluminium alloys casting has always been challenging for manufacturing engineers due to the 

increasing demand on lighter products with higher quality and complex shapes. Aluminium 

casting process has thus been constantly subject to improvement in order to meet the market’s 

growing needs. The mechanical and physical properties might be enhanced by altering some 

factors such as alloy composition - cooling rate - casting process and melt treatment - 

solidification conditions - heat treatment, etc. [2] 

 

Melt treatment of (Al-Si) casting alloys consists of several steps including degassing of hydrogen, 

grain refinement and eutectic modification. Keeping the chemical composition within the 

accepted desired value is also of utmost importance.  

 

The focus of this exam report is to make an assessment of the metal treatment process of an (Al-

Si) casting alloy at a metal casting foundry for the purpose of improving the melt conditions and 

thus the quality of the final product. This exam work is done as a part of a Master of Science 

programme.  
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1.1 Background 

 

Tremendous efforts are being exerted to improve the different stages of casting process in order 

to achieve final products with lower defects and better quality. The most important step during 

the casting process is the melt treatment as this stage will eventually determine the microstructure 

of the final product and consequently the physical and mechanical properties. Some defects (e.g. 

porosity) may arise due to improper melt treatment. These defects may lead to the product failing 

to meet the required standards, and consequently causing the manufacturing company a huge 

economic loss due to the rejection of the part. It is thus of great importance to figure out the root 

cause of any potential defect and take a proper action to tackle its occurrence.  

 

 

Unnaryd Modell AB is a prototype manufacturer providing a wide spectrum of products for the 

automotive industry. They have both a prototype foundry and a machining department. The 

company uses sand casting as a manufacturing process at the foundry.[6] Some of the foundry 

products suffer micropores on the surface which may affect some cosmetic features if the 

concerned part is to be visible on the vehicle. It is therefore of interest for the company to evaluate 

the melt treatment process of a hypoeutectic (Al-Si) casting alloy at their foundry and see if there 

is any room for improvement. More specifically, Unnaryd Modell AB wants to investigate the 

efficiency of grain refinement and eutectic modification as a function of time. They are also 

interested in measuring the variations of dissolved hydrogen content with time to evaluate 

porosity susceptibility. For this purpose, a device based on the Reduced Pressure Test (RPT) 

principle is used. Furthermore, a rotary degasser provided by Foseco (a company of Vesuvius 

Group) is tested to see if the usage of this technique would result in any significant improvement 

of the melt quality. 

 

 

1.2 Purpose and Research Questions 

 

It is mentioned in the background that Unnaryd Modell AB wants to optimize the melt quality 

and improve the casting process of a specific (Al-Si) alloy in general,  so the aim of this study is to 

assess the melt treatment process and thereby the efficiency of its different stages. This purpose 

is served by performing some tests and experiments to collect data to be analysed. The study’s 

objective can therefore be broken down into several questions to be answered in this report. 

 

The solubility of hydrogen in aluminium’s liquid state is strong temperature dependent, which 

implies that any increase of the superheat would necessarily result in more hydrogen pick-up from 

the atmosphere.[1] So the first question of the study is: 

 

1. Is the temperature of the melt, during the treatment and the casting, properly controlled 

so that it maintains minimum acquisition of hydrogen from the atmosphere, and good 

fluidity allowing appropriate filling of the mold? 

 

It is evident that modification of the silicon phase in (Al-Si) alloy will help improve the alloy 

properties, especially ductility and fracture toughness. [1], [5], [7] The silicon phase in an 

untreated alloy has large plates morphology with sharp sides, which will result in inferior 

mechanical properties. However, treating the alloy with a modifying agent will cause the eutectic 

silicon phase to solidify with a refined fibrous structure. Based on the aforementioned fact, the 

second question to be asked is: 
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2. Is the eutectic modification adequately and efficiently done? 

 

Molten aluminium has a strong ability to dissolve Hydrogen. [1] The porosity sensitivity in the 

solidified product is highly related to the amount of hydrogen dissolved in the molten aluminium, 

that it is of high importance to keep the hydrogen level below the threshold of porosity formation. 

Accordingly, the third question of the study can be: 

 

3. Is degassing of the melt as effective as desired so that minimal porosity is formed? 

 

As a general rule, fine grains of the primary aluminium in (Al-Si) alloys are more desirable than 

coarse grains with some exceptions for specific products e.g. semi-conductors made of single 

crystals. Grain size determines the scale of the microstructure and other components which may 

present in it e.g. intermetallics and eutectics. Fine grains are known to give better properties, 

hence the reason grain refinement is an essential treatment stage.  For that reason, the fourth 

research question: 

 

4.  Is grain refinement effectively and sufficiently performed so that the desired grain size is 

achieved? 

 

Foundries depend usually on alloy producers to control the primary composition of the alloy. 

However, the chemical composition will be subject to slight changes during the melt treatment 

due to some additives that would serve specific purposes e.g. eutectic modification and grain 

refinement. Moreover, some chemical elements may, when existed in undesired quantity, hinder 

a specific treatment process e.g. phosphorus and its effect on eutectic modification. Control of 

chemical composition throughout the whole treatment process is thus extremely important as 

these chemical components of the alloy will eventually have a crucial impact on the microstructure 

of the final product, hence the fifth question of the study: 

 

5. Is the chemical composition correctly controlled throughout the whole treatment process? 
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1.3 Delimitations 

 

This thesis focuses mainly on the control of the melt quality and the different stages of the melt 

treatment. The chemical composition is controlled by Optical Emission Spectroscopy (OES). The 

dissolved hydrogen is measured by a device called “First Bubble Test”. The fluidity of the molten 

metal, and its capability of properly filling the mold is tested by Spiral Fluidity Test using Loop 

unit. Thermal analysis is performed using type K thermocouple and specialized sand molds to 

examine the efficiency of grain refinement and eutectic modification during solidification. To 

further study the morphology of the primary grains, the eutectic phase and other components of 

the microstructure, a metallography analysis is done by Optical Microscopy using the samples of 

the thermal analysis. A rotary degasser is even tested instead of the conventional degassing tablets 

to check if this method will lead to any considerable improvement of the melt quality. No further 

material testing (destructive or non-destructive) is performed to study mechanical properties.  
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2 Theoretical Background 

2.1 Background 

There is actually no international system for the designation of aluminium alloys. The designation 
method created by the Aluminium Association is the most widespread though. Casting alloys are 
classified according to 3-digit system with an additional number after a decimal point; the first  
digit is the principal alloying constituent, the second and third digits are random numbers to 
specify a unique alloy in a particular family, and the fourth digit is to denote how the alloy is 
manufactured where (0) means casting and (1, 2)  ingot.  [1], [2], [4] Accordingly, (Al-Si) alloys 
are identified as follows: 

● 3xx.x  Aluminum - Silicon with magnesium or/and copper 
● 4xx.x  Aluminum - Silicon 

It should be mentioned that casting alloys can also be identified by a European system which is 
significantly different from the Aluminium Association designation system. The European 
Standard (EN) defines only 4 groups of alloys and has two basic designation systems: chemical 
symbol based system and numerical system. An example for the numerical system is EN AC 
42000KT6: [8] 

● EN stands for European Standard 
● A for Aluminium 
● C for casting  
● 42000 AlSi7Mg 
● K means chill or permanent mold casting  
● T6 heat-treated according to T6.  

 

(Al-Si) alloys family is by far the most important among casting alloys where more than 85% of 
total parts produced by cast aluminium belong to this family.[1] In (Al-Si) alloys, the 
microstructure is formed of: 

• Primary phase (α-Al dendritic matrix for hypoeutectic alloys and primary Si for 
hypereutectic alloys). 

• Al-Si eutectic phase which develops in the remaining space and is mainly controlled by 
cooling rate.  

• Other microstructure components are Mg, Ni, Fe, and Cu rich phases. [4]  

The intermetallics compounds of Fe are generally detrimental to the mechanical properties and 
thereby the soundness of the casting component. [9] On the other hand, iron can assist the 
modification of Si particles when Sr is used as a modifier, especially at low cooling rates. [5] 

 

As the studied alloy is (Al-Si) hypoeutectic, the treatment, solidification, and microstructure of 
mainly this type of alloys will be focused in this exam report. 

  

2.2 Solidification of (Al-Si) hypoeutectic alloy 

After completion of mold filling, the molten metal starts to solidify. It is crucial to avoid turbulence 
and maintain a smooth as well as optimal filling of the mold to get a casting product with high 
integrity. [10] Equiaxed crystals of α-Al phase starts to nucleate on the cold mold wall as the 
temperature of the nearby liquid drops quickly below the liquidus point. Because of the molten 
metal stream, some crystals might break away from the wall and remelt if the pouring temperature 
is sufficiently high. Crystals which remain near the wall will grow and form what is called Chill 
Zone. [11] 
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At the liquidus temperature, the nucleation and growth of primary α-Al phase become stable to 
form the so-called primary dendrite stem. [4] The distance between the primary dendrite is 
constant during the growth if the cooling rate and temperature gradient are constant. This space 
is called Primary Dendrite Arm Spacing (DAS) and referred to as λ1. As the growth continues, the 
surface of the primary stem becomes unstable and perturbations are thus developed and become 
eventually stable secondary dendritic cells. [4], [11] The distance between the secondary dendrites 
increases with time during solidification as the thick dendrite arms coarsen, while the unstable 
and small arms melt back. This distance is an important feature of the microstructure and is 
named Secondary Dendrite Arm Spacing (SDAS). It is referred to as λ2 and can be measured by 
metallographic analysis using light optical microscope.[4] The growing α-Al phase will finally 
reach neighbouring α-Al crystals so that the crystals will start to impinge on one another forming 
a dendrite network. At this point, the system will begin to behave more like a solid than liquid. 
This point is known as Dendrite Coherency Point (DCP). [12] 

It is important to note that almost all aluminium alloys contain a eutectic phase in their 
microstructure due to non-equilibrium solidification and segregation of the chemical elements 
which form the alloys.  As for (Al-Si) alloys, the volume fraction of the eutectic phase might range 
from 40% to as high as 100% of the total cast component based on the type of the alloy; 
hypoeutectic, eutectic or hypereutectic. [4] Si represents the main alloying element in a great part 
of Al casting alloys, where it is mainly present in form of eutectics. Due to its highly ordered 
structure, Si needs large amount of energy to melt; hence the reason why Si-rich alloys require 
longer solidification time and have thus improved castability, fluidity and interdendritic feeding 
during casting.[4], [13] Furthermore, Si undergoes volumetric expansion upon solidification, and 
by that, it acts against the solidification shrinkage of aluminium. [13] 

The development of Al-Si eutectic phase occurs in accordance with irregular growth as the 
aluminium grows according to a non-faceted morphology while the silicon phase is faceted.[14] 

 

Intermetallic compounds may also develop in the microstructure. Fe- rich phases are the most 
important intermetallics as Fe is always found even in pure aluminium, and its percentage can't 
get lower than 0.005 wt%. Higher concentration of Fe (0.5 wt% - 0.1 wt% ) is present in secondary- 
grade aluminium. Fe-rich brittle phases are generally detrimental to the mechanical properties, 
but can be modified to a less deleterious structure by additions of Mn, and the resulting structure 
is known as Chinese Script.  [4] Figure (2) shows the microstructure in rim area of a wheel, where 
intermetallics, the eutectic silicon and aluminium dendrites are seen. 

 

 

Fig 2 – Microstructure of Al-wheel with Si-eutectic, Al-dendrites and intermetallics.[10] 



 

14 Badreddin Radwan 
 

 

The scale of microstructure is not the same in different zones of the casting component. [10] There 
are local variations in solidification conditions due to variations in the component geometry as 
thick sections take more time to solidify than thinner sections do. These variations in solidification 
conditions will produce various microstructures throughout the cast component. Variations in 
microstructure will, in turn, lead to variations in the local mechanical behaviour. [15] 

 

2.3 Grain Refinement 

Grain refinement is a common treatment process which aims at controlling the microstructure 
and trigger the formation of finer grains. This process has gained a great importance since it 
determines the size and distribution of primary grains, eutectic phase and even intermetallics.  
Moreover, grain refinement will steer phase selection as facilitated nucleation of a specific phase 
will help increase its volumetric fraction in the final casting. Finer primary grains are found to 
enhance the mechanical properties of the casting product. [16] They are thus preferable to coarse 
grains for most applications. However, this holds true only when the alloy is not intended for 
single phase applications such as turbine blades and semiconductors.[1] 

The grain size is pertinent to the number of active nuclei in the liquid during solidification. Hence, 
the greater the number of nuclei, the smaller the grains will be. Nucleation of the grains also needs 
some time. The best conditions for fine grains are thus large number of nuclei together with slow 
freezing rate. [1] 

The process is called heterogeneous nucleation when the grains are nucleated by foreign 
nucleuses. Not all foreign particles can work as active nuclei. In order for heterogeneous 
nucleation to occur, the interfacial energy between the nucleant and the solidifying metal should 
be minimal. This is true when the nucleant has optimum crystallographic similarity to that of the 
solidifying metal. Grain refinement is of special importance when the alloy contains a small 
fraction of eutectic as the properties of the alloys containing a large fraction of the brittle eutectic 
are more related to the process of eutectic modification.  

Aluminium foundry alloys contain generally plenty of foreign substrates such as oxides and 
particles from the mold wall. Given enough undercooling, some of these particles might become 
effective nucleants. [1] On rapid cooling, the rate of heat dissipation will considerably surpass the 
rate of generated heat by solidification (latent heat). The melt is thus undercooled as its 
temperature falls considerably below the solidus. As a result, a wide range of the foreign nuclei in 
the liquid will be activated, and the nucleation events will increase dramatically. The growth of 
the nucleated grains will also be restricted as the rapid heat extraction reduces significantly the 
time available for growth. [17] However, grain refinement by rapid cooling is of minor importance 
as it is only applicable in very thin sections and therefore impractical when it comes to large 
castings.[1] 

Chemical grain refinement is a common and widespread practice where effective nuclei are added 
to the melt as fluxes or master alloys. Aluminium alloys can be grain refined by adding Ti or Ti-B 
mixtures. Industrially, and due to economic considerations, a common method is to add bars of 
grain refiners directly to the molten metal. [16] Master alloys usually contain chemical 
compounds of (Al-Ti) or (Al-Ti- B). However, the mechanism according to which these grain 
refiners work is unclear and still under debate.  An experimental attempt to explain the 
mechanism was performed at McGill University. [18] The result of the study implies that TiB2 
crystallites alone are not able to nucleate α-Al phase. However, if dissolved Ti is present in the 
melt, an interfacial TiAli3 layer will form at the melt-TiB2 interface which then nucleate α-Al. 
Figure (3) shows the effect of a chemical grain refiner on Al-7Si ingots. 
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Fig 3- Effects of grain refinement on Al-7Si ingots. Etched samples. 
 (a) No grain refinement (b) grained refined. [2] 

In addition to the favoured crystallographic relation between TiAli3 and aluminium, peritectic 
reaction will take place under 665 C according to the following: [1] 

Liquid metal + TiAl3 ---> α-Al solid 

The formed α-Al will envelope TiAl3 particles and thereby function as active sites for further 
growth of the primary aluminium.  [1] 

 

The effectiveness of the added grain refiner decreases after a period of contact time. This 
deteriorating activity is known as fading and ascribed to the decrease of Ti and B concentrations 
with time in the bulk of the casting, which causes the density of TiAl3 and TiB2 to differ as these 
particles agglomerate and settle in the bottom. [19] 

 

Al-5Ti-B (ATB) is a common grain refiner for A356 alloy. Industrially, it is added in the range 
(0.2-0.5 wt.%). [16] An addition of a slight amount of ATB will result in shifting the cooling curve 
up and to the left where the recalescence decreases as the content of the master alloy increases as 
seen in figure (4). [20] 

 

Fig 4- Initial section of cooling curves for cast samples with different amount of refiner. (central thermocouple).  [20] 
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This is attributed to the fact that the heterogeneous nucleation events of the primary aluminium 
phase would take place at a slightly higher temperature and shorter periods of time after pouring. 
The rate at which nucleation temperature increases is higher than that of growth temperature. 
This implies allowing nucleation of new crystals with less possibility for growth, which will 
eventually result in an equiaxed fine structure. The great advantage of the grain refinement is to 
increase the percentage of α-Al with improved sphericity and reduced globule size. [20] 

 

It was found that addition of 0.13 wt.% of grain refiner (ATB) during the manufacturing of A356 
automotive wheel by LPDC would cause secondary dendrite arm spacing (SDAS) to decrease 
resulting in a higher absorbed impact energy, and higher elongation to fracture with no 
strengthening effect. [16] However, another study on 319 Al castings reported improved tensile 
properties in term of strength and elongation as a result of grain refinement. [21] A more recent 
study on 7178 Al alloy shows that addition of Al-TiB master alloy containing 10% (mass fraction) 
TiB results in a significant improvement of the wear resistance. [22] Another research work on 
Al- 4% Cu alloys shows correlation between grain refinement and reduced hot tearing tendency. 
This is attributed to the fact that refined grains will have shorter range of temperature over which 
a hot tearing can occur. [23] 

 

2.4 Eutectic Modification 

The silicon phase in the untreated Al-Si alloy is present as large plates with sharp corners and 
sides. It was found that a small addition of sodium would cause the eutectic phase to solidify with 
a fine and global morphology resulting in improved machinability, fatigue life, tensile strength 
and ductility. This microstructural transformation of silicon from acicular to fibrous shape was 
then called eutectic modification; a common treatment process associated with enhanced 
properties. [1] 

Silicon grows faceted in certain crystallographic directions. An important feature of the 
crystallization of silicon is twining. It means that huge numbers of atoms can change position 
uniformly along a crystallographic plane which is called a twin plane. During solidification, 
addition of silicon atoms creates steps at twins’ locations which work as growth sites. This growth 
mechanism will eventually result in flat-plate morphology with no branching potential, hence the 
reason why fibrous Si structure requires different growth type that allows easy and free branching. 
Many researches have shown that the number of twins in modified Si fibres is a lot greater than 
the one in unmodified Si plates. For this reason, Si fibres have a very imperfect crystallographic 
structure with huge potential for branching. They are thus able to bend, split or curve to create a 
fine eutectic microstructure. [1] 

This significant change in twin density which is caused by the addition of a small amount of the 
modifier could be ascribed to the so-called “Impurity Induced Twinning”. This means that a 
modifier atom could be absorbed upon the silicon solid-liquid interface causing a growth twin. 
This holds true under the condition that the modifier atom has the correct size of atomic radius 
in relation to the silicon atomic radius (r modifier: r silicon = 1.646). [24] A metallographic study 
supported this phenomenon through the observation that, during modification treatment, the 
aluminium phase is not significantly affected, and the modifiers are concentrated in the silicon 
phase. [24] This hypothesis was also supported by a research work done in 2006. [25] The 
distribution of the modifier Sr was studied by μ-XRF (X-ray fluorescence) technique. The result 
of the study revealed that the modifying element “strontium” would segregate only to the silicon 
phase, where a relatively homogeneous distribution of strontium within this phase was observed. 

Many elements whose atomic radii are within the favourable range including strontium, calcium, 
ytterbium and barium are able to produce a similar but weaker effect than sodium with regard to 
twining and structural change. [24] Addition of antimony is also known to bring about a 
modification of the eutectic silicon phase. However, the effect is limited to the refinement of the 
coarse plates rather than the transformation to fibrous morphology. [26] 
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It is worth mentioning that a very fine eutectic structure can also be achieved by quench 
modification. [27] This fibrous structure might appear identical to the impurity modified 
structure. However, SEM analysis has revealed that the structure has very low levels of twining. 
[1] Just as is the case with grain refinement by rapid solidification, quench modification is not of 
significant importance as most casting processes operate at normal solidification rates insufficient 
to cause quench modification.   

Another mechanism of the eutectic modification might involve altered nucleation of the eutectic. 
Solidification of the eutectic in unmodified Al- Si alloys is generally associated with exceptionally 
large number of nucleation events, where every eutectic grain grows relatively slowly. However, 
the addition of any modifier will result in reduced nucleation frequency, where different modifiers 
may lead to different nucleation mode and frequency. [26] 

Phosphorus is a common impurity element in Al-Si alloys. It might enter the alloy due to contact 
with refractory cements, refractories, tools and crucible glazes during the different stages of 
production process. It might also come from alloying and other additions.[1] AlP is considered a 
good nucleant for eutectic silicon as it has 0.4 % lattice mismatch against Si. [26] During growth 
of Al dendrites, AlP will segregate ahead of the dendrite-liquid interface. On enough undercooling, 
AlP particles will nucleate polyhedral silicon crystals, which in turn form the eutectic plates at a 
later stage as we might see in the schematic illustration figure (5). [28] 

 

 
Fig 5- Nucleation of eutectic silicon by AlP at the dendrite liquid interface.  (unmodified alloy) [28] 

To understand the altered nucleation mechanism, a modification of Al-Si alloy by Sr was 

investigated by Transmission Electron Microscopy (TEM) analysis. It was proven that nucleation 
of eutectic Si is less efficient with Sr-modification due to the formation of AlSiSr-intermetallics 
before AlP is able to nucleate the silicon phase. AlSiSr-intermetallics envelope the AlP particles 
and render them ineffective for Si nucleation in a phenomenon often referred to as “poisoning” in 
the literature. [28] 

 

Another research work reported similar results with regard to poisoning effect of the strontium; 
the results of the study showed that AlP particles were unable to nucleate Si eutectic in the 
strontium-modified alloys, and a significantly reduced nucleation density was thus yielded.  [29] 

 

On eutectic modification, a dramatic change will be observed on the cooling curve in term of 
reaction temperatures. Thermal analysis will clearly show the characteristics of eutectic reaction 
as we might notice in the Figure (6) where all eutectic reaction temperatures are considerably 
depressed by the addition of a slight amount of strontium. [29] 
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Fig 6- Cooling curves for unmodified and 100 ppm strontium-modified aluminum-10% silicon alloys. [29] 

Unlike in the case of strontium as a modifier, sodium presents a problem when used as a modifier 
since its addition is usually accompanied with a severe reaction which causes agitation of the bath 
surface. This violent dissolution of sodium results in higher hydrogen levels due to the facilitated 
pickup of the gas from the surrounding environment. Sodium can, on the other hand, 
instantaneously be dissolved at high temperatures. However, large amounts of it will boil off 
almost straight away by evaporation. [1] Both Na and Sr are subject to fading which means their 
concentrations may decrease with time, hence the reason why it is preferable to perform in-house 
modification as part of melt treatment than to buy a modified alloy and remelt it.  

Fading is ascribed to the aforementioned evaporation and to the oxidation effect, where the 
modifier in the latter case will still remain in the melt but as a chemical compound ineffective for 
modification.  Sodium is considerably the worst when it comes to fading as its effect as a modifier 
almost disappears 20 minutes after the addition, while the modification ability of Sr may last up 
to 2 hours from the addition.  

A number of interacting variables will determine the final modified microstructure. These 
variables may include:  the type and amount of the modifier used, cooling rate, amount of 
impurities present and silicon content of the alloy.  The level of modification in hypoeutectic alloys 
may be rated according to a special rating system created by the American Foundry Society [30]. 
The system divides the eutectic microstructure into six classes ranging from 1 “unmodified 
structure” to 6 “very fine structure” as we may see in the figure (7). 
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Fig 7- Rating system for modification level - American Foundry Society .[30] 

Despite the fact that eutectic modification is often associated with improved mechanical 
properties, some of the foundrymen choose not to perform this treatment as they have 
experienced an increased porosity in modified castings. There is a wide range of theories 
explaining why porosity could increase. However, in general terms, it is safe to say that a 
modification treatment by Sr or Na can contribute to increased porosity when it causes the 
hydrogen content to get higher either by the direct addition of hydrogen together with the 
modifier, or/and by the increase in the rate of hydrogen pickup. [1] A redistribution of shrinkage 
might occur after modification treatment. In other words, modification treatment will not affect 
the total shrinkage, but rather give rise to much finer dispersed porosity. The above-mentioned 
issues have been confirmed by many experimental studies. [1], [31]–[33] 

 

2.5 Gassing of Aluminium Foundry Melts 

The only gas with any considerable solubility in aluminium melts is Hydrogen. It can easily be 
dissolved in large quantities that it is safe to say all aluminium melts may contain some levels of 
dissolved hydrogen. This gas contributes by a large margin to casting imperfections by forming 
porosity, hence the reason why considerable efforts are excreted in controlling and removing it 
from molten alloys.  [1], [2], [4] Figure (8) shows the solubility of hydrogen in pure aluminium 
and alloy 319 as a function of temperature. [4] 
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Fig 8- Solubility of hydrogen in pure aluminium and alloy 319. [4] 

It is evident from the diagram that the hydrogen problem is rather complicated since the solubility 
of hydrogen has a unique nature; in the solid state, the solubility is low or barely exists. However, 
a large change is noticed at the melting point where the solubility increases drastically and 
becomes greatly dependent on temperature in the liquid state, that is any increase in the 
superheat will lead to a higher concentration of hydrogen in the melt. [1], [2], [4] The addition of 
some alloying elements to the pure aluminium will slightly change the hydrogen solubility as is 
the case for hydrogen solubility in 319 alloy which is also illustrated in figure (7). [1], [4], [34] 

The dissociation of water vapor at the surface of the molten aluminium is the main source of 
dissolved hydrogen according to the following reactions: [1], [2], [4] 

2Al + 3H2O ---> Al2O + 6H 

Mg + 3H2O ---> MgO+ 2H 

The oxide film which forms so readily on the surface of the melt will help prevent the hydrogen 
pickup from the atmosphere. This oxide film should therefore be maintained as intact as possible 
during degassing or other melt handling procedure to keep the hydrogen concentration at a 
minimum. [1], [4] Fluxes, which are hygroscopic salts, can also be considered a good source of 
dissolved hydrogen due to their extreme ability to pick up water from the atmosphere. Other 
sources for hydrogen might be: crucibles, combustion gases, refractories, foundry tools and 
charge materials. [1], [2] 

 

2.6 Porosity 

As stated earlier, porosity is the most common casting defect and is considered the prime cause 
for the rejection of casting products. Porosity might cause failures in post-processing procedures, 
especially during heat treatment as blistering might arise.[1] Other failures might only be limited 
to cosmetic features. For instance, if the casting product is to be visible like the case of automotive 
wheels. [35]  

Porosity might, in some cases, cause the casting to fail when in use, where it breaks due to stress 
concentrations on the pores. 
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In a general sense, porosity in aluminium alloys might be attributed to combined factors including 
poor feeding, entrapped air (e.g. during HPDC), dissolved hydrogen and gases released from sand, 
cores or lubricants, etc. However, the focus of this study is limited to the contribution of dissolved 
hydrogen to porosity formation, and how hydrogen concentration is measured and controlled 
during melt treatment procedure.   

Many attempts have been made to classify porosity to either shrinkage or gas. However, this is 
barely correct in most cases as porosity is usually ascribed to a combination of shrinkage and gas. 
It is nevertheless possible to identify pure gas or pure shrinkage porosity in some individual cases. 

Most of the encountered porosity in casting occur in interdendritic regions which are the last zone 
to solidify. This is due to the fact that such porosity needs both dissolved hydrogen and shrinkage 
for its formation as the nucleation of hydrogen pores in a solidifying metal system is an extremely 
hard process. It is thus important that effective heterogeneous substrates exist in the melt in order 
for the pores to nucleate. Non-wetted inclusions like oxides, or holes as well as gaps at interfaces 
are considered to be good substrates and play a major role in pore nucleation.  [1], [4], [36] 

When an α-Al dendrite starts to nucleate, a dramatic drop of H+ solubility will occur. For this 
reason, H+ will be forced into the interdendritic liquid. Simultaneously, the interdendritic liquid 
will slowly be subject to hydrostatic stress resulting from the volumetric contraction due to 
formation of new dendrites. On decreasing temperature, the solidification progresses, and the 
melt will eventually have only 6wt % of its original concentration of H+ which was obtained at 
higher temperature. The rest of hydrogen, if not removed by degassing, will eventually precipitate 
as pores since it is not soluble in the solid α-Al. [1], [4], [36] 

Experimental results show that both porosity and average pore size decrease upon increasing 
cooling rate due to the fact that the hydrogen has less time to diffuse into the interdendritic region. 
The time factor will even prevent hydrogen from escaping to the already nucleated bubbles 
resulting in pores with smaller size. [1] It is also evident that any increase in hydrogen levels in 
the melt will eventually lead to an increased porosity [1], [36] as seen in figure (9). 



 

22 Badreddin Radwan 
 

 

Fig 9-Pore volume fraction as a function of hydrogen content at different cooling rates. (grain refined A356 alloy). [1] 

 

It should be noted that, for a given alloy and particular solidification conditions, there is always a 
threshold of hydrogen concentration below which no detectable gas porosity will form. [2], [4], 
[36] 

It is also worth mentioning that a slightly lower amount of porosity is expected after grain 
refinement. The pore distribution might, moreover, be altered to a finer and more uniform 
structure. This might be ascribed to the improved mass feeding by dendrite coherency being 
postponed (section 2.2), and to the enhancement of pores nucleation by the grain refining 
particles. [1], [36] 

 

2.7 Measurement of Dissolved Hydrogen Concentration 

Alspek H, Telegas and Alscan are all units used for the measurement of hydrogen concentrations 
of aluminium melts. However, and due to its robustness and simplicity, the reduced pressure test 
(RPT) is, to a large extent, the most used test worldwide. [1,4] the unit has one disadvantage 
though, which is its inability to determine whether high porosity concentration is due to hydrogen 
or oxides. [37] The basic principle of RPT is that a liquid aluminium sample is left to solidify under 
reduced pressure condition. As explained in the former section, a pore will only nucleate if its 
internal gas pressure is high enough to prevail over all of the surrounding forces acting to make it 
collapse.  Low applied pressure atmosphere may thus allow pores to nucleate and grow, which in 
turn improve the ability to assess porosity tendency. [4] 
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First Bubble Test is a quantitative method which somehow takes advantage of the reduced 
pressure principle to assess hydrogen levels in aluminium bath. More light will be shed on this 
method as it is the technique used to gauge hydrogen concentrations in this experimental study.  

In First Bubble Test, a small amount of the alloy is held liquid in a crucible placed inside a vacuum 
chamber. The pressure is then gradually reduced, and the still surface of the sample is carefully 
observed. At some point, a hydrogen bubble starts to nucleate. As the pressure in the surrounding 
liquid is higher than the partial hydrogen pressure inside the bubble, the hydrogen will constantly 
diffuse into the bubble. The bubble will then rise and break the surface of the sample after 
reaching a critical diameter. The pressure and the temperature at which this occurs are recorded. 
It is supposed that the pressure inside the chamber at which the first bubble escapes to the surface 
equals the hydrogen partial pressure in the liquid metal. If this holds true, the hydrogen content 
can be calculated based on Sievert's Law: [1], [38]–[40] 

log (CH)=0,5 × log PH   – A/T +B 

Where: 

CH: Concentration of hydrogen dissolved in the liquid alloy [cm3 /100g]  

PH: Partial pressure of hydrogen [mbar]  

T: Molten aluminium temperature [K]  

A, B: Empirical constant dependent on the alloy composition 

 

2.8 Methods for Degassing of Aluminium Foundry Melts 

Gas purging is by far the most used method for reducing dissolved hydrogen. The fundamental 
principle of this method implies dispersing inert gas into a liquid alloy bath. The atomic dissolved 
hydrogen H+ will diffuse into the bubbles of the inert gas which is being circulated. The molecular 
hydrogen (H2) will then form and be lifted out of the melt as the bubbles, together with the 
hydrogen inside, are carried away to the surface due to the force of buoyancy.   

Many factors can be taken into consideration to evaluate the quality of a degassing method 
including: [1], [4] 

● The size and the number of the introduced bubbles as well as their ability for a full 
circulation in the melt. (large number of bubbles with smaller size are preferable) 

● The purity of the inert gas. 
● The time required for the treatment (longer times of treatment entail high energy cost).  
● The turbulence created by the inert gas; turbulent treatment will lead to increased dross 

and hydrogen reabsorption.  

Several ways can be utilized to introduce the treatment gas into the melt. However, only two 
techniques will be discussed in this report as they are the methods employed in the experimental 
part.  

The traditional degassing method is called tablet degassing. The technique requires that the 
treatment gas be introduced into the liquid alloy as a solid pill placed in a perforated bell. These 
pills consist of chemical compounds that decompose on high temperature releasing a huge 
amount of gas bubbles. Chlorine is the generated gas in most cases, and hexachloroethane (C2Cl6) 
is considered the most common solid degasser. It should be noted that these chemical degassers 
are hygroscopic materials and should therefore be kept in a moisture-free environment, otherwise 
their usage will do more harm than good to the melt by adding more hydrogen instead of removing 
it. 

  Some disadvantages of the method might be the following: 

● It is hard to control as the reaction is very rapid. 
● Dross formation is facilitated, and extremely unpleasant vapours are generated.  
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● Portions of the aluminium melt are left untreated.  

Apart from the abovementioned downsides, though, the method is quite appropriate for the 
degassing of small aluminium bath and might be fully applicable if higher levels of degassing are 
not desired. [1] 

The other degassing technique used in this study is the modern rotary head degassing system 
which is capable of producing a large number of much smaller bubbles as might be seen in the 
schematic figure (10). The system allows even bubbles circulation throughout the melt due to the 
centrifugal force generated by the rotation of the impeller head and, therefore, almost no portion 
of the aluminium bath remains untreated. This method provides the most effective and fastest 
degassing of aluminium melts with dross generation at its lowest. It is thus the most used 
degassing technique worldwide. [4] 

According to the manufacturer of the rotary degasser used in this study, the degassing machine 
has the following advantages: [41] 

● Consistent and reproducible treatment results. 
● Appropriate for degassing and even upgassing. 
● Allows reduced casting inclusions and gas-related porosity. 
● Short treatment time and lower machining costs. 
● Consistent physical and mechanical properties. 
● Environmental friendly process.  

 

 

 

Fig 10- Schematic of the rotary head degasser unit. [41] 
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2.9 Fluidity 

The fluidity of a molten metal is a measurement of its ability of mold-filling. It can be estimated 
by measuring the length a liquid alloy/molten metal can flow in a small-sectioned channel before 
it is stopped by solidification. Hence the reason fluidity units are the ones used for measuring 
length; centimetres or inches. Fluidity is usually evaluated by pouring the liquid alloy into a spiral 
made of sand or permanent mold. The length of the solid spiral is then measured. Vacuum suction 
method might also be employed for estimating the fluidity [1, 36] Fluidity of a liquid is not the 
same as its viscosity, where the two terms are often confused with each other. Viscosity is a factor 
in characterizing the fluidity though. It is noteworthy that fluidity has particular importance in 
Al-Si alloys as these alloys possess good fluidity owing to their silicon content. [1] 

 

A metal stream might stop moving by solidification. The mechanisms according to which the flow 
is terminated have been studied by many researchers. It was found that alloys with short freezing 
ranges have a different mechanism from long-freezing-range alloys do. In case of short-freezing-
range alloys, the columnar crystals which form on the mold wall will help clog up the flow channel 
as they grow. As for long-freezing-range alloys, the dendrites or equiaxed crystals, which are 
carried with the metal stream, will eventually create a rigid network as the mushy zone develops 
a strength by which the flow is choked at the leading tip. This is called dendrite coherency point 
(section 2.2). Fluidity is thus very much pertinent to the solidification characteristics of the alloy. 
The two mechanisms for flow termination are illustrated in figure (11). [42]  

 

Fig- 11 Termination of melt flow. (a) Pinching off the flow mechanism in short -freezing-range alloys  
(b) Choking mechanism in alloys with a long freezing range.  [42] 

 

The choking technique is found to be much more effective for the termination of metal stream. 
For this reason, poor fluidity is expected with the alloys having long freezing ranges, while short 
freezing range alloys (e.g. eutectics) exhibit superior fluidity. [42] 

Fluidity is affected by many interdependent factors which make it a complex alloy property. These 
factors can be broken down into three main categories: [42] 

 
• Metal variables (viscosity, freezing range, chemical composition and heat of fusion) 

• Mold/metal variables (heat transfer, specific heat, mold/metal thermal conductivity, 
surface tension, mold/metal mass density) 

https://dictionary.cambridge.org/dictionary/english/main
https://dictionary.cambridge.org/dictionary/english/category
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• Casting process variables (Metal head, casting temperature, channel diameter, inclusion 
content). 

 

It is not so clear how modifications affect fluidity. However, some experimental studies reported 
a slight or negligible reduction in fluidity by approximately 10% when using sodium as a modifier. 
[1], [43]–[45]. Figure (12) shows the fluidity of unmodified, sodium modified, and strontium 
modified A356 alloy in spiral sand mold, where the fluidity is tested over the range 700 C to 750C. 
[44] 

 

 

Fig 12- Fluidity of unmodified, Na modified and Sr modified A356 alloy as a function of temperature . [44] 

 

It is generally accepted that the fluidity will decrease with the addition of Na, (Na + Sr), Ti, (Na + 
Ti) or (Na + Sr+ Ti), while the additions of  S, Sb, (Sb + Ti) or (S + Ti)  will help improve the 
fluidity. [43], [45]. 

The other interesting conclusion which can be drawn from figure (12) is the temperature 
dependence of the fluidity. Several studies showed a direct relationship between the superheat of 
a particular alloy and its fluidity, that is, increasing the pouring temperature will lead to an 
increase of 1% of the measured fluidity in temperature range of 700 C–760 C.  [43], [45], [46] 
This fluidity improvement might be ascribed to the reduction in viscosity which accompanies the 
increase in the superheat. Superheat also has an influence on solidification characteristics and the 
cooling rate of the alloy, which might be one more reason as to why fluidity is affected. [45] 

The effect of grain refinement on fluidity is sparse and controversial. Fluidity is expected to 
improve with the grains being refined as finer grains will cause dendrite coherency point to 
postpone. The material will therefore stiffen and establish a dendrite network a bit later, and thus 
be able to flow a little longer distance. [36, 45, 46] However, experimental results showed that the 
effect of grain refinement is more complex. This is due to the fact that another phenomenon is 
encountered on grain refinement which may help reduce the fluidity somewhat; the early 
nucleation of the primary phase due to grain refinement leads to slurry flow (liquid with solid), 
and by that, fluidity could be reduced as slurries, due to their content of fine particles,  will stop 
flowing more easily than simple liquids do. [1], [45], [46]. 
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To give an example of the complexity of grain refinement effect, a reference is made to a study 
during which the fluidity of A356 alloy was tested with sand spiral after additions of AlTi5B1 as a 
refiner. It was evident that fluidity was impaired by additions below than 0.12% Ti, while additions 
above 0.12% Ti had a good influence on fluidity. [36], [43], [45], [47]. Another researcher reported 
a reduction in fluidity of an Al-4.5% Cu alloy after it was treated with 0.15% Ti as a refiner, the 
test was performed using a vacuum test apparatus [48]. Data on grain refined alloys in the 
literature also showed, through few other studies, that grain refinement actually has no significant 
effect on fluidity. [43], [45], [46] 

It may safely be said that a set of many factors will determine how grain refinement may influence 
the fluidity of Al-based alloys: chemical composition of the alloy, type and amount of the refiner, 
treatment temperature and holding time. [45] 

As for the effect of alloying elements on fluidity, Mg might be the only known element with a 
considerable influence. Data have shown that the fluidity of an aluminium alloy will decrease on 
increasing amount of Mg content. [46] 
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3 Method and Implementation 

3.1 Treatment Procedure 

 

The alloy used in this investigation is AlSi7Mg. It can be named according to the European 

Standard (EN) as EN AC 42100. The approximate chemical composition according to the 

producer is shown in table 1: 

 
Table 1- Chemical composition of EN AC 42100 

Alloy AC 42100  (AlSi7Mg) 

Si Fe Cu Mn Mg Ni Zn Ti Ca Na Pb Sb Sn 

6,88 0,09 <0.001 0,005 0,40 <0,01 <0,01 0,12 0,0007 0,0002 0,0016 0,0014 0,0002 

 

It is clear from table 1 that the alloy is somewhat close in its composition to A356.  

 

During the normal liquid treatment followed at Unnaryd modell AB, the commercial purity alloy 

is melted by induction furnaces. Removal of slag (deslagging) is performed on the melt surface by 

the operator using big ladle. The temperature is raised to 770 °C prior to the melt treatment. 

Chemical composition is constantly controlled along the treatment process by Optical Emission 

Spectroscopy (OES).  Figure (13) below illustrates the steps according to which melt treatment is 

performed at Unnaryd modell AB. 

 

 
 

Fig 13- Metal treatment at Unnaryd modell AB 

 

It is obvious from the figure that degassing is done by the traditional tablet degassing method as 

explained in section (2.8). Na, in form of Natral P800, is used for the modification of eutectic 

silicon while grain refinement is done by means of AlTi5B1 bars. If necessary, Mg is usually added 

along with the refiner.  
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Addition of Mg is usually done to the alloys intended for use in automotive application as it helps 

improve the mechanical performance of the casting e.g. strength and hardness especially in heat 

treated Al-Si alloys.[2], [4] Mg would also shorten the alloy’s freezing range and consequently 

reduce feeding requirement, leading to a decreased level of micro-shrinkage.[4] Concentration of 

Mg should therefore be regulated and kept within the acceptable range.  

 

 

After the final step of the melt treatment, the molten alloy is to be used for sand casting directly 

as the sodium fades away pretty quick. The normal treatment procedure at Unnaryd modell AB 

will be referred to as the “Normal Process” in the rest of the report. 

 

The other treatment procedure employed in this study includes the use of SMARTT rotary 

degassing tool developed by Foseco Company, hence the reason this melt treatment will be called 

“Foseco Process” from now onwards. (The reader is referred to read section 2.8 for more 

information on rotary degassing) 

 

Foseco process differs slightly from the normal process: grain refinement and Mg addition are 

done first, bars of AlTi5B1 are used as a refiner ( Coveral 1582 is usually used as a refiner but this 

function wasn’t available on SMARTT machine at the time of the experiment). Degassing and 

eutectic modification are then done simultaneously by SMARTT unit, Na as Coveral 1576 is used 

for the modification. Other aspects of the treatment process including deslagging as well as 

control of temperature and chemical composition are executed just the same way as in the normal 

process.  

 

3.2 Dissolved Hydrogen Measurement  

 

Hydrogen concentrations were gauged by ALU COMPACT II unit manufactured by FMA 

Mechatronic Solution. The unit employs first bubble principle to estimate hydrogen levels. The 

measurement was performed during the different steps of both treatment processes, and yet after 

short periods of time from the end of treatments in order to see how hydrogen content would 

change over time. 4 - 5 measurements were taken every time we would do the test in order to get 

reliable results. Figure (14) shows an actual photo of ALU COMPACT II unit. 
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Fig-14 Alu Compact II unit.[38] 

3.3 Fluidity Measurement 

The fluidity of the alloy was measured by a special spiral unit called Loop. The unit is made from 
refractory fibre materials and manufactured by Bryne AB. [49] Loop has a cup with a plug at the 
bottom under which there is an engraved spiral runway where the liquid alloy is allowed to flow. 
The molten metal is poured inside the cup where the real-time temperature is measured by a 
thermocouple. When the temperature hits a desired value, the plug is removed by the operator 
allowing the melt to flow inside the spiral.  The fluidity is then determined by measuring the 
distance travelled by the liquid alloy before it stops flowing due to solidification. Loop has a spiral 
scale on its surface. The fluidity measurement might thus be done visually by the operator through 
reading the scale value at which the melt stops moving. Figure (15) shows an actual photo of the 
fluidity measurement unit Loop. 

 

 

Fig 15- Loop unit for fluidity measurement. [49] 
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In order to get reliable results, 3 fluidity measurements were taken every time the fluidity would 
be estimated. The temperature at which all measurements were performed was 720 C as it is 
roughly the pouring temperature considered at Unnaryd Modell AB. The measurements were 
done at every step of both treatment methods, and yet after periods of time from the end of 
treatments in order to check how fluidity would be affected as time passes. 

 

3.4 Thermal Analysis 

Thermal analysis procedure was performed to produce cooling curves by which the characteristics 
of eutectic modification and grain refinement can be studied and discussed. 

Unnaryd modell AB has designed a special pattern to be used for thermal analysis. The design of 
the pattern is shown in figure (16). At an early stage of the experiment, the design was put into 
practice and a plastic pattern was produced by a CNC- machine at Unnaryd Modell’s machining 
department. The pattern was then used for making about 30 sand moulds by means of which 
thermal analysis was performed. Figure (17) shows an actual photo of the plastic pattern and a 
sand mold produced by it.  

 

                               

Fig 16- Pattern design of the mold intended for thermal analysis experiments.  
 

One thermocouple type K produced by Jumo GmbH & Company KG was used for every thermal 
analysis experiment. The thermocouple was placed in the middle, and the thermal signals were 
collected by data acquisition instrument DI-2008 manufactured by DATAQ Instruments. The 
data were recorded during the experiment by WinDaq software, where the acquisition would stop 
when a temperature value of 400 °C was reached during cooling. Two tests were performed at a 
time for every step of both treatments, and yet after short periods of time from the end of 
treatments. 
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Fig 17-The plastic pattern used during thermal analysis and a sand mold produced by it.  

 

3.5 Metallographic Examination 

Thermal analysis samples were cut by electrical band saw. The part illustrated in figure (18), which 
is approximately 20 cm thick, was used for metallographic examination at Jönköping University. 
The other parts of the samples were remelted and used for future casting.  

All metallographic samples were then hot mounted under pressure in a mounting press machine 
produced by Struers.[50] The samples were placed in a cylinder together with the mounting resin, 
where a force of about 250 bar and a temperature of around 180° C were applied. An electrically 
conductive resin (Poly Fast) was used as electrolytic etching was planned.  

After hot mounting, all samples were subject to grinding and polishing according to a pre-set 
program of 8 steps in Tegramin-30 equipment produced by Struers. [50] An actual photo of 
Tegramin-30 is shown in figure (19).  

The grinding and polishing program consists of: 

• Wet grinding on SiC papers according the following set (P80, P120, P320, P800 and 
P1000). 

• Coarse polishing on diamond suspensions. 

• Final polishing with non-drying colloidal silica suspension. 

All samples were thereafter put in ultrasonic bath (Branson 5210) for deep cleaning and removal 
of any potential dirt or residuals that could affect the microscopic examination.  

The samples were washed by alcohol afterwards and then examined by optical microscope 
(Olympus) to study microstructure features.   
 
As aluminium grains were not examinable after normal grinding/polishing, electrolytic etching 
was applied to some samples for the purpose of getting better contrast, and thus clearer grains 
under microscope. Solution for electrolytic anodization was prepared by adding 5 ml 
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tetrafluoroboric acid (50%) to 200 ml distilled water. Etching was done during 90 seconds for 
every sample using electrical potential of 20 volts.  

 

 
Fig 18- Part used to make specimens for metallography 

 

 
Macroetching method was also applicable since electrolytic etching didn’t help get visible grains 
under microscope’s polarized light. Tucker’s reagent (45 ml HCl + 15 ml HNO3 + 15 ml HF + 25 
ml H2O) was applied on the surface of the samples for about 20 seconds, samples were washed 
afterwards with alcohol. 
 
 

 
 

Fig 19- Tegramin-30 specimen preparation equipment. [50] 
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4 Findings and Analysis 

4.1 Hydrogen Concentration 

Hydrogen dissolved in liquid aluminium has the unit CC H2/100 g Al. The unit refers to a 
quantified volume of hydrogen gas that will evolve from 100 g of liquid aluminium. [4] 

The results of hydrogen measurements for the normal process as well as Foseco process are 
presented in figure (20) and (21) respectively. The charts show only “mean values” for all 
performed measurements and how they changed over time during both treatment cycles. 
(Detailed results for hydrogen measurements are presented in the appendices). 

For the normal process, it was noted earlier that Mg and the grain refiner are usually added 
simultaneously by the operator, the modifier Na tablet is then added directly which makes it 
almost impossible to do any measurements in between these two treatment steps.  

The first measurement after the treatment could only be done after 30 minutes as the liquid alloy 
was used for sand casting just after the end of the treatment cycle due to sodium fading. Taking 
samples for the test was thus not possible during the first 25 minutes from the end of the 
treatment.  

 

 

Fig-20 Mean values of hydrogen concentration during the normal process.  
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Fig-21 Mean values of hydrogen concentration during the Foseco process.  

 

4.2 Fluidity Measurements 

 

The results of fluidity tests for the normal process as well as Foseco process are presented in 
figures (22) and (23) respectively. Mean values are calculated for every set of measurements done 
during the different steps of both treatment cycles. The charts only show how mean values change 
over time. All measurements were done at a constant temperature which is 720 C so that the 
results can be comparable. (Detailed results for fluidity measurements are presented in the 
appendices). 

 

In general terms, the fluidity at the end of both treatments seemed to fall within the acceptable 
range for a good mold filling. There was no clear trend showing how the passing time or the 
different steps of both treatment procedures could have affected the fluidity in some way.  
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Fig-22 Mean values of fluidity measurements during the normal process  

 

In Foseco process, stability of fluidity is more obvious, the values were subject to only a slight 
change along the treatment and even after 30 minutes from the treatment.   

 

 

 

Fig-23 Mean values of fluidity measurements during Foseco process  
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4.3 Thermal Analysis 

Collected experimental data of the cooling curves were exported to Microsoft Excel for data 
processing which includes smoothing, curve fitting and plotting of the first derivative curve in 
order for the solidification temperatures to be determined. 

The main solidification characteristics of the α-Al primary phase were determined by identifying 
nucleation temperature TNα-Al (°C), minimum temperature TM(°C) and growth temperature 
TG(°C).  

TM is known as the minimum temperature prior to recalescence, while TG is the maximum 
temperature after TM. Recalescence undercooling is calculated by the relation ΔTR = TG - TM. 
Reactions temperatures were determined by drawing inter-sections of the tangent of the first 
derivative curves. 

Similarly, the eutectic solidification parameters were determined by nucleation temperature TN 
(°C), growth temperature TG (°C) and minimum temperature prior to recalescence TM (°C). No 
recalescence was calculated as the most used feature in thermal analysis for the modification 
control is the depression of eutectic temperature.  

Table (2) together with figure (24) present the results of thermal analysis during the normal 
process. (Cooling curve for the experiment “30 minutes after treatment” was dropped from the 
figure in order for the curves not to be crowded) 

Table (2) shows the characteristic points during the normal treatment process: 

α-Al Primary Phase Solidification 

  TNα-Al (°C) TG (°C) TM (°C) ΔTR 

Base melt   625,4 613,0 612,1 0,9 

Tablet degassing 627,7 612,6 611,7 0,9 

Treatment (Grain refinement/Mg/Na)  638,1 No undercooling 

15 minutes after treatment 630,9 No undercooling 

30 minutes after treatment  627,1 612,7 612,6 0,1 

Eutectic  Solidification 

  TN (°C) TG (°C) TM (°C)   

Base melt   568,8 565,4 564,4  

Tablet degassing 571,7 566,0 564,5  

Treatment (Grain refinement/Mg/Na)  567,5 562,9 562,5  

15 minutes after treatment 566,8 563,1 562,5  

30 minutes after treatment  567,3 562,1 561,1  

 

 

Fig 24- Sections of cooling curve at primary phase region and eutectic region respectively. (The normal process)  
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The effect of grain refinement was obvious as the nucleation temperature of the α-Al primary 
phase was shifted a little bit up with a total absence of the undercooling. No recalescence was 
therefore registered.  It can even be seen from the results that the refiner was still effective after 
15 minutes from the addition. After 30 minutes, the influence of the refiner still existed, only a 
slight recalescence can be calculated though. 

As for the eutectic solidification, it could be noted that the addition of Na resulted in a depression 
of the eutectic-nucleation temperature, minimum temperature prior to recalescence, and growth 
temperature. The modifier was almost as effective after 15 minutes. After 30 minutes, the effect 
of Na was still present, but to a lesser degree.  

 

Table (3) together with figure (25) present the results of thermal analysis during Foseco process. 
(Cooling curve for the experiment “30 minutes after treatment” was dropped from the figure in 
order for the curves not to be crowded)    

 

Table (3) show the characteristic points during the Foseco treatment process: 

α-Al Primary Phase Solidification 

  TNα-Al (°C) TG (°C) TM (°C) ΔTR 

Base melt   627,0 616,0 614,9 1,1 

Grain refinement/Mg   626,7 613,2 612,6 0,6 

Treatment (degassing and modification)  629,6 No undercooling 

15 minutes after treatment  632,4 No undercooling 

30 minutes after treatment  628,3 613,6 612,4 1,2 

Eutectic  Solidification 

  TN (°C) TG (°C) TM (°C)   

Base melt   574,4 573,0 571,7   

Grain refinement/Mg  569,2 565,6 563,1   

Treatment (degassing and modification)  567,3 563,1 562,3   

15 minutes after treatment  568,5 562,9 561,9   

30 minutes after treatment  568,9 561,9 561,5   

 

 

Fig 25- Sections of cooling curve at primary phase region and eutectic region respectively. (Foseco process)  

 

A similar effect of the grain refiner can be noted with Foseco process, an interesting phenomenon 
was observed though; the effect of the refiner was insignificant directly after the addition. 
However, it became more obvious after the treatment with the rotary degasser.  
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At the eutectic region, a clear depression of all eutectic reaction-temperatures was noticed after 
modification treatment by the rotary degasser. The depression was even observed in conjunction 
with grain refinement step. The effect of the modifier could still be noted even after periods of 
time from the treatment. 

 

4.4 Control of Chemical Composition 
 

Figure (26) and (27) present how chemical concentrations of the most important elements would 
change over time during the normal process and Foseco process respectively. 

 

Fig 26- Chemical concentrations of the most important elements as a function of time during the normal process.  
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Fig 27- Chemical concentrations of the most important elements as a function of time during Foseco process.  

 

4.5 Metallography Results 

As mentioned previously, the aluminium grains were not visible directly after specimen 
preparation procedure (polishing and grinding). Electrolytic etching was therefore performed. 
Figure (28) showed a magnified photo of the grains after electrolytic etching taken by optical 
microscope (Olympus) under polarised light.  

 

 

Fig 28- A magnified microscopic photo of the primary phase grains under polarised light. No clear grains are visible  
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It is clear from the figure that the contrast was not enough to distinguish clear grains.  

In an attempt to get a better demonstration of the grains, macro-etching was performed on some 
samples according to the abovementioned procedure (section 3.5). Not all samples were 
examinable as some surface particles served to obscure visibility. These particles might be 
inclusions, oxides or dross which could have escaped the pores during specimen preparation. In 
addition, some samples were ruined by a slight over-etching. Figure (29) showed the results of 
some samples after macro-etching:   

 

 

 

 
Fig 29- Results of grain refinement after macro-etching: 

 (a) base melt (unrefined) (b) refined during Foseco process (c) refined during the normal process  

 

Metallography results (figure 29) showed a clear evidence of grain refinement with both 
processes, where a superior refinement can be noted with the normal process. However, this may 
not be the case and the observation will be discussed later on.  
 
 

Before etching, the samples were photographed in order for the porosity formation and 
distribution to be compared. Figure (30) and (31) present unedited photos of the surface of the 
thermal analysis samples after polishing and grinding. This could help get an idea of how porosity 
formation and distribution would be affected during the different stages of both treatment 
processes.  
 

 
 

Fig 30- Porosity distribution during the normal process (a) base melt (b) after tablet degassing  
(d) after treatment (Modification and grain refinement) (d) after 15 minutes from the treatment 
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Fig 31-Porosity distribution during Foseco process (a) base melt (b) after grain refinement  
(d) after treatment (Modification and degassing) (d) after 15 minutes from the treatment.  

 
 
 
Eutectic solidification features could be monitored by using the polished thermal analysis samples 
for optical microscopy. Figure (32) and (33) show the results of normal process and Foseco 
process respectively.  
 
 

 
Fig 32- Eutectic solidification during the normal process:  

(a) base melt (b) after modification treatment (c) after 15 minutes from treatment 

 
 

 
 

Fig 33- Eutectic solidification during Foseco process:  
(a) base melt (b) after modification treatment (c) after 15 minutes from treatment 
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Figures show that both process techniques were able to bring about a good modification level. The 
modification rating in both processes, even for the samples after 15 minutes from modification 
procedure, might belong to class 5 (Fully modified) according to the rating system of American 
Foundry Society.  

 
 

5 Discussion and Conclusions 

5.1 Discussion of Method 

 

Quality evaluation of an Al-Si molten alloy was done in this study. The method used includes 

collecting data on the different treatment steps by conducting experiments. The experiments gave 

information on hydrogen concentration, melt fluidity, chemical composition, grain refinement, 

eutectic modification and porosity distribution.  Two methods of melt degassing were used for the 

sake of comparison, namely to inspect if the new degassing technique would result in any 

significant improvement of the melt quality. 

  

The unit for measuring hydrogen concentration was easy to use and provided data on hydrogen 

concentration in a very short time. Moreover, the technique is considered quite cheap compared 

to other methods for hydrogen measurements. In addition, the data collected by the unit could be 

used for quality control experiments.  However, the data were somehow hard to collect as the unit 

places high demands on the operator: 

 

• The still surface of the sample must be carefully observed along the measurement.  

• The operator needs to start the measurement as soon as the first bubble appears on the 

surface. Inclusions could sometimes escape to the surface under reduced pressure and 

might be confused for bubbles. Wrong measurement would thus be expected did the 

operator start the measurement. If the operator suspected pressing the start button too 

early, he could restart the measurement after 10 seconds. Less reliable results might 

nevertheless be expected in this case since a rather big change in the applied pressure 

might have already occurred during 10 seconds, and inaccurate partial pressure of 

hydrogen might thus be registered.  

 

 

Fluidity unit ,Loop, is also easy to use and provides data on the fluidity of the molten metal in a 

very short time. The unit requires careful monitoring of the temperature though. Preferably, two 

operators should be present during the experiment. The first one is to pour the liquid metal and 

the other one is to control the temperature as well as remove the plug when the temperature 

reaches the desired value. Performing the test with two operators has particular importance if the 

experiment is to be done in a rather cold environment as the temperature might drop very quickly.    

 

 

Data collected by thermal analysis might not be precis due to the following reasons: 

 

• The thermocouples were hard to fasten straight in place. Metal clips had to be used as the 

mold itself couldn’t clamp the metal part of the thermocouples firm enough.  

• Thermocouples can bend during solidification due to thermal induced stresses, and the 
position of the junction of the thermocouple where the signal is collected can therefore be 
shifted 

• Hotspot migration is disadvantageous. Hotspot would be changing its position during 
solidification of the sample and might thus affect the results.  
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• Different results could be collected if we used two thermocouples (one in the middle and 
one lateral) instead of a central one.  
 

Porosity was assessed through visual observation of the sample surface by the naked eye. The 
results might thus not be reliable. To get more trustworthy results with regard to porosity 
formation and distribution, other methods should be employed. For example, cross-sections of 
the samples could be made. The cut samples could then be examined for porosity. In other words, 
size and frequency of bubbles can be monitored. Other reliable methods might include the use of 
Micro CT scan or X-ray microscopy.   
 
Eutectic modification could easily be monitored by an optical microscope after specimen 
preparation procedure (polishing and grinding). Some samples suffered scratches on the surface 
though. However, this didn’t affect the results and the modification level could still be determined 
without let or hindrance.   
 
The method used in this study to check and compare the level of grain refinement wasn’t suitable 
for a proper control of the grain size. Electron Backscatter Diffraction (EBSD) could have been 
used for more reliable results.  
 
  

 

5.2 Discussion of Findings 
 
A process control was performed in this study to evaluate the quality of two treatment processes 

done on an Al-Si liquid alloy. The two processes differ from each other mainly by the method of 

melt degassing. Some experiments were performed in order to collect data to be analysed and 

discussed. Collected data gave information on the melt chemical analysis, level of grain 

refinement of the aluminium phase, level of eutectic modification of the silicon, melt fluidity and 

concentration of dissolved hydrogen. Some research questions were presented, and the following 

discussion will consider how well the questions could be answered.  

 

1. Is the temperature of the melt, during both the treatment and the casting, properly 

controlled so that it maintains minimum acquisition of hydrogen from the atmosphere as 

well as good fluidity allowing appropriate filling of the mould? 

 

The temperature of the melt is maintained by the induction furnace. It is raised to 770 °C prior to 

treatment and kept at this value until casting is done. However, the temperature of the 

surrounding is hard to control as Unnaryd Modell has a 7-meter-long folding door for goods 

receiving. The door is placed close to the treatment station as well as the molds where casting is 

usually done. Once it is opened for some seconds, the door will, especially in winter, cause the air 

temperature to change drastically and a different pouring temperature as well as cooling rate are 

expected to take place upon solidification.  

 

According to the operator, higher melt temperature will lead to other problems including more 

energy consumption and hydrogen pickup from the surrounding, which seems consistent with 

information form the literature. 
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As for the fluidity of the normal process, the values were somehow stable along the treatment with 
minor changes. There is no clear evidence of a slight decrease of fluidity after grain refinement, 
addition of Mg, or eutectic modification as some studies reported in the literature. However, 
measurements taken after 15 minutes from the treatment showed that the fluidity suffered a 
rather big drop. It increased again, though, after 15 minutes to an even higher value than what it 
used to be during the treatment. There is no clear reason as to why the fluidity suffered such a 
drop. However, a new batch of Loop units was used for the measurements in this specific step 
which may explain this change in fluidity.  

 

The stability of fluidity is more obvious during Foseco process where the values were subject to 
only a slight change along the treatment and even after 30 minutes from the treatment. 

It is worth mentioning that Bryne AB hasn’t created a standard for Loop unit, that is to say, there 
is no specific range within which a fluidity value should fall when fluidity is good, but rather, 
values of good fluidity may vary from one foundry to another based on melt type, casting 
environment and other additives.  

 

2. Is the eutectic modification adequately and efficiently done? 

 

Data from metallography and thermal analysis showed that both processes resulted in an 
adequate level of modification. However, and during Foseco process, a depression of all eutectic 
reaction-temperatures was even observed in conjunction with grain refinement step. This might 
be due to wrong collected data by the thermocouples or due to the effect of sodium available in 
the degassing salt (ELIMOXAL NF60) which was added together with the refiner. 
 
Results from chemical analysis showed a clear fading effect of the sodium. However, the decrease 
in Na level wasn’t as severe as reported in the literature. In other words, the concentration 
decreased only by 25 – 30 % after 30 minutes during both processes despite using different Na 
compounds. 
 
Scratches on some of the samples under microscopic analysis could be ascribed to inclusions, 
oxides or dross which could have escaped the pores during polishing and caused these scratches. 
 

3. Is degassing of the melt as effective as desired so that minimal porosity is formed? 

 

For the normal process, the measurements were done on the liquid alloy during the first treatment 
cycle after the weekend. This implies that the melt has been left covered and untouched at <750 
°C for two days, which might give an explanation as to why the base melt has a relatively low 
content of dissolved hydrogen.  The results showed clearly that the tablet degassing would help 
reduce hydrogen content by as much as 30 %. However, the melt, after eutectic modification, 
would regain a higher dissolved hydrogen level than what it used to be before degassing. This is 
due to the vigorous reaction of Na with the melt which facilitates the hydrogen pickup form the 
environment as explained in section 2.4. 

Figure (30) shows no clear effect of tablet degassing on porosity. Degassing, according to previous 
researches, should have resulted in a lower amount of porosity as the hydrogen concentration 
decreases after degassing. However, this doesn’t seem to apply in this case. A much finer dispersed 
porosity is evident after modification and grain refinement which corresponds well to the results 
of previous studies in the literature. A fine dispersed porosity could still be observed on the surface 
of the sample after 15 minutes from the end of treatment. However, in the middle of the sample, 
there is a clear defect which appeared to be a hot tearing filled with oxides.  
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According to the operator, a tablet degassing was once tested after the eutectic modification step 
in order to eliminate the negative effect of the sodium’s violent reaction on dissolved hydrogen. 
However, inadequate level of modification was resulted due to the aforementioned fading effect 
of Na, furthermore, the movement of the liquid alloy, due to the effect of tablet degasser, could 
have accelerated the fading of Na. 

 

For Foseco process, the measurements were done on the melt during the afternoon treatment 
cycle which implies the melt was used only some hours earlier. It was, moreover, mentioned 
earlier in section 2.5 that water vapor at the surface of the molten aluminium is the main source 
of dissolved hydrogen as, for example, air at 26 C and 65% humidity contains 16 g/m3 water 
according to the literature. [2] The air humidity in the surroundings in time of test would thus 
affect the initial level of dissolved hydrogen. One more factor to consider is the already mentioned 
problem with the folding door which, once it is opened, could change both the air’s temperature 
and humidity. Hence the possible reasons the initial hydrogen content was not as low as it was in 
the previous case (The normal process). 

  

The results from Foseco process showed that SMARTT degasser would decrease the hydrogen 
content by 30 %. After degassing, hydrogen content would increase as the time passes following 
a logical trend. 

 

Figure (31) showed clear effect of rotary degassing on porosity where fewer pores tend to form 
with a fine dispersed distribution, which is consistent with former studies in the literature. A 
probable hot tearing filled with oxides can also be seen on the last sample around which there is 
a black cloud representing oxides or dross, which could have escaped pores during polishing 
procedure. 

 

As mentioned earlier, assessment of porosity by visual observation may not be a credible 
technique. More reliable results can be achieved by employing other techniques such as cross-
sections of the samples, Micro CT scan or X-ray microscopy.  
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4. Is grain refinement effectively and sufficiently performed so that the desired grain size is 

achieved? 

For the normal process, results from thermal analysis showed that the effect of the refiner on the 

cooling curve are somehow consistent with what is mentioned in the literature. The nucleation 

temperature of the α-Al primary phase was shifted a little bit up with a total absence of the 

undercooling. This effect would still exist after 15 minutes, while it began to decrease after 30 

minutes where a recalescence can be calculated.  

 

With Foseco process, the influence of the refiner was more powerful after 15 minutes from the 

addition. This could be ascribed to the powerful centrifugal effect of the rotary, which could have 

helped a better distribution of the refiner throughout the liquid alloy.  

 

Fading of the refiner was also obvious from chemical analysis results just as reported in the 

literature.  

 

Figure (28) showed that, after electrolytic etching, it wasn’t possible to distinguish clear grains 
under microscope’s polarised light.  This might be due to the inclusions, oxides or dross which 
could have escaped the pores during polishing and caused the grains to be unexaminable under 
ordinary optical microscope.  

A mere look at the metallography results (figure 29) might tell a better grain refinement was 
achieved by the normal process. However, no reliable conclusion can be drawn based on these 
results as these samples are taken directly after grain refinement procedure in the corresponding 
treatment process, and it was already emphasized that, based on the thermal and chemical 
analysis results, a much better refinement was expected after rotary degassing during Foseco 
process. It should, moreover, be noted that SMARTT machine considers automated addition of 
the refiner Coveral 1582 (TiB). However, the option was not installed on the unit in time of the 
test. Instead, manual addition of AlTi5B1 bars was done prior to rotary treatment just as in the 
case of the normal process.   

No real comparison between the two processes was possible to make as some samples were ruined 
by over-etching with Tucker’s reagent. Electron Backscatter Diffraction (EBSD) could have 
provided a more reliable results as mentioned earlier. However, the unit was not available for 
drop-in use and should have been booked long time before the visit to the university. 
 

5. Does the alloy have the right chemical composition throughout the whole treatment 

process? 

For the normal process, the results showed that the Si concentration was subject to change during 
the treatment. The concentration was always within the acceptable range though. This change in 
concentration might be attributed to the addition of other elements. No significant change was 
observed when it comes to Fe. Mg level increased and maintained a rather constant level after the 
addition of 78 g Mg in conjunction with the refiner, while the level of sodium decreased by about 
30% after 30 minutes from the addition of 400 g Natral due to fading effect. Ti, which is the main 
component of the refiner AlTi5B1, decreased by only 5 % after 30 minutes from the addition which 
might explain why the alloy still had a good refinement level, even after this period of time as 
results from cooling curve showed.  

 

For Foseco process, chemical compositions were measured after longer periods of time from the 
end of rotary treatment. Almost the same trend was observed when it comes to Si, Mg, and Fe. 
(Na) lost about 25% of its original level after about 30 minutes from the Coveral 1576 addition.  
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Only a slight increase of Ti was measured directly after the addition of AlTi5B1. However, the 
concentration increased dramatically after the rotary treatment. This seemed consistent with the 
thermal analysis results which showed a higher level of grain refinement after rotary degassing 
procedure. 

 

 

 

 

It is important to note that during the normal process, the operator needs to introduce the 
modifier Natral P800 and the tablet degasser separately into the melt as solid pills placed in a 
perforated bell. The procedure requires that the operator pushes down the bell to the bottom of 
the furnace and wait for a total time of 20 -25 minutes until treatment is done, exposing himself 
to a quite high temperature and extremely unpleasant vapours. According to the operator, three 
tablets are added in every treatment, and there are usually 10 treatments a day. Other 
disadvantages of the traditional tablet degassing are previously mentioned in section 2.8.  
 
For Forseco process, SMARTT machine adds the modifier Coveral 1576, the refiner Coveral 1582 

(TiB) and the degasser Argon automatically according to a pre-set program. The powerful 

centrifugal effect of the rotary will certainly help a better as well as homogeneous distribution of 

the added materials throughout the liquid alloy, that is, no portions of the liquid might remain 

untreated. Addition of the sodium is done on portions. No vigorous reaction would thus take 

place. The whole process takes up to 3 minutes exclusive the time required for programming the 

machine.  

 

According to the manufacturer of SMARTT machine, the treatment unit takes into consideration 

the air humidity, air temperature and the melt temperature. It also does the proper adjustment to 

give similar results. Moreover, additives during the treatment are environmentally friendly 

materials.[41] Based on the above-mentioned, Foseco process can be considered superior when it 

comes to time efficiency, environmental considerations and the risk the operator may get exposed 

to. 

 

5.3 Conclusions 

A treatment procedure followed at Unnaryd Modell was monitored for quality check. Tests were 
performed to collect data of chemical composition, dissolved hydrogen, grain refinement, eutectic 
modification and porosity formation and distribution. A rotary degassing technique was tested 
instead of the traditional tablet degassing to inspect if the method would result in any 
improvement with regard to the dissolved hydrogen concentration. Based on the results, the 
following conclusions can be drawn: 

• A proper melt treatment procedure is followed at Unnaryd Modell AB. 

• A good modification level is achieved by both the “traditional” and “SMARTT” methods. 
However, modification by addition of tablet is disadvantageous due to the violent reaction 
of Na which, in turn, will result in a higher dissolved hydrogen level and unpleasant 
vapours, while modification by SMARTT unit doesn’t cause any severe reaction as addition 
of sodium is done automatically on small portions. 

• Rotary degassing is superior to tablet degassing when it comes to the level of degassing 
achieved, time efficiency, environmental aspects and personnel security.  

• The powerful centrifugal effect of the impeller head of SMARTT machine will help a 
thorough and homogeneous distribution of the additives leaving almost no portions 
untreated. 
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• The tested alloy has a good fluidity. It is not clear how fluidity is affected by grain 
refinement, eutectic modification or addition of Mg. 

• Techniques such as cross-sections of the samples, Micro CT scan or X-ray microscopy 
should be employed to get reliable results with respect to porosity susceptibility. 

• Electron Backscatter Diffraction (EBSD) should be used for a proper control of grain 
refinement. 

• An action should be taken with regard to the folding door at Unnnaryd Modell since it 
highly affects the air temperature and humidity. A suggestion might be that the door 
shouldn’t be used during melt treatment or casting. 
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7 Appendices 

 
Appendix 1 Breakdown of hydrogen concentration data during the normal process. 
Appendix 2 Breakdown of hydrogen concentration data during Foseco process. 
Appendix 3 Breakdown of fluidity data during the normal process. 
Appendix 4 Breakdown of fluidity data during Foseco process. 
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