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Exact copy of the grain refinement practice in 

continuous casting! 
 

Aluminium foundries use prealloyed stock with as 

much as wt% 0.1 Ti! 

 + 0.2-0.4 wt% Al-5Ti-1B rod (2-4 kg/ton)  
 

Al-5Ti-1B  rod  performance  cost  
 

Foundries need better grain refiners that can offer 

superior performance in spite of the high Si 

content of foundry alloys! 

To counteract Si poisoning (Ti-Si compounds!) 
 

Grain refinement in shape casting 



Al-B alloys! Known to be effective for nearly 30 years. 

  

B reacts with Ti to produce compounds! 

B reacts with Sr to impair modification process! 
 

B-rich AlTiB grain refiners! : mixed Al(Ti,B)2! 
 

Al-B alloys   

 have not been used commercially! 

 instead they are used as alloying addition to improve 

 electrical conductivity in conductor grade aluminium 

 alloy! 
 

Foundry alloys use prealloyed materials with Ti! 

B addition to Ti bearing alloy // addition of AlTiB! 

Grain refinement in shape casting 
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Commercial purity aluminium (99.7) 

Sigworth & Guzowski 1985 
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AlB2 is not stable in molten aluminium at B < 0.022 wt% ! 

(Al) is the primary phase and AlB2 is yet to form! 
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Grain refinement with B 
AlB2 is the 

primary phase 

that 

precipitates 

from the melt 

at 

approximately 4 

wt% Si in the   

Al-Si-B  

AlSi0.02B kesit 
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Grain Refinement 

 inoculation 

   nucleation rate - 

  Homogenous-heterogeneous nucleation 

 Fragmentation / multiplication 

  breakage of dendrites 

  Mechanical/thermal/solutal disturbance 

  ultrasonic-vibration 

 high solidification rate 

 Restrict grain growth  

   growth rate 

Grain Refinement 



Grain Refinement 

low pouring temperatures  

dendrites form and are broken up in the stream of 

flowing metal, fragments are swept into the bulk of 

the casting and if they do not re-melt, they can act 

as efficient nuclei.  

mechanical, thermal or solutal disturbance during 

freezing will assist, such as surface shower 

multiplication, or grain refinement by vibration or 

stirring, such as electromagnetic stirring.  

Ultrasonic vibration is also a well-known method of 

achieving grain refinement.  



Effect of Alloying Elements 

Finally, it is possible to restrict grain growth after 

nucleation.  

One way of achieving this is to use alloying elements 

with a low distribution coefficient, k, i.e. those 

solutes which segregate strongly ahead of the 

advancing front and so slow down diffusion and thus 

the rate of arrival of aluminium atoms to grow the 

primary aluminium dendrites.  

This is probably how Ti helps to grain refine Al alloys. 

In summary, there is widespread confusion between 

the concept of a grain and the concept of a dendrite.  

Grain Refinement via restriction 



Effect of Alloying Elements 

Partioning of alloying elements at the solidificiation 

front (liquid-solid interface) restricts growth!: 

growth restriction (GRF) 

 

 

Grain Refinement via restriction 

elem. Mn Cu Fe Mg Ni Cr Si Ti 

GRF 0.1 2.8 2.9 3.0 3.3 3.5 5.9 246 



● Al-B is a perfect grain refiner for foundry alloys! 

● Grain size is 3 times smaller with Al-B addition with 

respect to that obtained by Al-5Ti-1B! 

● Average grain size as small as 200 µm is standard!  

● For AlB2 particles to offer effective grain nucleation, 

the Ti level in the alloy must be controlled below <80 

ppm); otherwise, AlB2  TiB2 

● The grain refinement of AlB2 particles does not suffer 

fading since the nucleant in the case of grain 

refinement with Al-B form inside the melt shortly 

before the -Al grains! 

● Hence, Al-B is just as effective in remelt operations! 

Grain refinement with Al-B 



Microstructural features 
● The composition of the alloy and the choice of casting 

process affect the microstructure of the aluminium 

alloy castings.  

● Sand cast and gravity die cast alloys cool relatively 

slowly, resulting in a coarse lamellar eutectic structure 

which is detrimental to the strength of the castings.  

● Pressure diecastings are rapidly solidified giving small 

grain size with a fine eutectic structure with small 

dendrites.  

● The microstructure can also be changed by the addition 

of certain elements to aluminium–silicon alloys which 

improve castability, mechanical properties and 

machinability. 



Modification of aluminium alloys 
● Si lamella transform into fine Si fibres upon 

modification.  

● This fine structure improves elongation values. 

However, it increases porosity. 

● Modification of the eutectic Si is critical for the 

ductility of the casting. 

● modified alloys exhibit at least 3x higher ductility 

with respect to those not modified. 

● Modification increases hot tear resistance and 

alloy feeding characteristics, decreasing shrinkage 

porosity. 



modification 



modification 



Modification of aluminium alloys 

Modification of Si can be achived by different 

mechanisms. 

Thermal modification:  

 Si phase is modified under rapid solidification 

 conditions  

 Si particles change during solution heat 

 treatment. 

Chemical modification: 

Modification is executed via the addition of 

approximately 100-200 ppm Na, Sr, Sb, Ca, P  



thermal modification 

Effect of solution heat treatment on eutectic Si particle 

characteristics observed in A356.2 alloy casting level 1 samples in a 

as cast condition and b after solution heat treatment at 540C for 80 h 



thermal modification 

Effect of solution heat treatment on eutectic Si particle 

characteristics observed in Sr-modified A356?2 alloy SrM 

casting level 1 samples in a as cast condition and b after 

solution heat treatment at 540C for 80 h 



Thermal modification 

Sand cast     Chill Cast 

Al-12.5wt% Si alloy  Al-11% Si alloy 

Effect of solidification rate 



chemical modification 
+100 ppm Sr 



Modification of aluminium alloys 

● The higher the silicon level in an alloy, the 

more modifying element is needed.  

● The faster the freezing rate, the lower the 

amount of modifier required.  

● Pressure diecastings are often not modified! 

● Modification of pressure-diecast 

microstructures is also possible and the 

lamellar eutectic silicon will be changed to a 

fine fibre structure. 



Modification 

elements lead to 

twining and 

introduces new 

growth 

directions. 

mechanism of modification 
Growth direction 

Layer growth 



mechanism of modification 

Twin Plane 

Reentrant Edge 

Mechanism 

Crystal with a single twin  
Closure of 

twins due 

to ridge 

formation  

Crystal with two twins 

Creation of extra 

reentrant 

corners I and II  

Propagation of crystal 

due to reentrant 

corners 



The effect of 

modification on the 

microstructures of 

aluminium alloys 

LM 6: Al-12Si 

LM25: AlSi7Mg 

LM27: AlSi7Cu2Mn0.5  



chemical modification 



modification rating 

unmodified 

Large plates 

+ acicular 

particles 

Lamellar + 

acicular 

particles 

Lamella 

broken + 

acicular 

particles 

Partially 

modified 

Partially 

modified 



modification rating 

Under 

modified 

 modified 

Super 

modified 

More Lamella 

broken + 

fewer acicular 

particles 

fibers + no 

acicular 

particles 

Very fine 

fibers 



modification with sodium 
● The first hypoeutectic modifiers, based on sodium, 

are still widely used today although “fade”, the 

gradual loss of sodium with time, can lead to 

problems of control.  

● Sodium has a very large undercooling effect so 

that it is particularly useful in slowly cooled 

casting processes such as sand casting.  

● Sodium can be added either as metallic sodium or 

as sodium salts.  

● The modified structure is unstable and tends to 

fade, that is, to revert to the unmodified 

condition.  



Sodium metal method 
● The rate of reversion depends on silicon content, 

temperature and size of the melt.  

● Reversion is slow at temperatures below 750°C and 

does not occur to any considerable extent during a 

10 min holding period as long as the metal is not 

agitated by stirring or degassing. 

● Since some possibility of hydrogen pick-up is possible, 

it is preferable to degas after modification.           

The charge is melted under a layer of cover flux.  

● The dross is pulled to one side and when the melt is 

around 750°C, the metallic sodium is plunged using a 

bell-shaped plunger which has been coated with 

refractory dressing. 



● When the reaction has subsided, the metal is 

stirred using the plunger, but without breaking 

the metal surface.  

● The plunger is withdrawn and the Degassing Unit 

rotor immersed, degassing takes 3–5 minutes.  

● The melt is then drossed off and poured without 

delay.  

● The modified structure fades with time, and 

melts which are held for longer than 10 minutes 

should be partially or wholly remodified from 

time to time with further additions of sodium. 

Sodium metal method 



● When sodium is added to the alloy, the rate of 

advance of the dendritic front will only be 1/17th 

of the rate of the planar front.  

● The eutectic spacing is coarse in the dendritic 

growth mode, whereas it is fine in the planar mode 

because it had rapidly solidified. 

● This explains the action of sodium in refining the 

spacing of the eutectic silicon.  

● castings which solidify rapidly, such as die castings 

(especially pressure die castings) have especially 

fine eutectic spacing, although additions of sodium 

will act to refine the spacing still further. 

Refinement effect 



The refining of the eutectic spacing is generally carried out to 

enhance the strength and ductility of Al-Si alloys, particularly 

those alloys which contain more than about 50% eutectic 

phase such as Al-7Si-0.4Mg and higher Si alloys such as Al-11Si. 

refinement effect 

Al-12Si alloy modified with 0.005 wt% Na 



Sodium salt method 
● The salts process, although slower in terms of 

sodium transfer, is less likely to introduce gas into 

the melt. 

● Because of its reactivity, sodium is vacuum packed 

in aluminium containers for convenient addition.  

● This minimises the possibility of gas pick-up.  

● It also avoids the likelihood of undesirable crucible 

attack which may result from the use of modifying 

sodium salts.  



Sodium salt method 
● When degassing with DEGASER tablets, it is 

advisable to degas before sodium modification, 

since degassing with hexachloroethane removes 

sodium from the melt.  

● The Rotary Degasser removes much less sodium, 

but modification using flux is still best carried out 

after degassing. 

● The charge should be melted under cover flux and 

heated to above 750°C then degassed for 3–5 

minutes.  

● The melt is skimmed before pouring. 



● The addition of Na causes a lot of fume during 

addition when added as Na metal. The health and 

safety legislation make this aspect unpopular. 

● When Na is added in salt form, then the residual 

chloride and/or fluoride salt has to be disposed of 

in some safe manner. Because of the danger of 

the pollution of ground water supplies, this 

procedure is also becoming less widely used. 

Problems of Sodium Modification 



● The temperature at which liquid aluminium is held 

is above the boiling point of Na, so that Na is lost 

from the melt by evaporation.  

● The rate of loss of Na vapour means that most Na 

is lost within 15 or 20 minutes of an addition.  

● It is therefore not easy to ensure that the level of 

Na in the melt is correct at all times.  

● This poor chemical control is the main reason why 

Na is unpopular for control of eutectic 

modification. 

Problems of Sodium Modification 



Modification with Strontium 
Today, AlSr master alloys is almost exclusively used 

for the modification of Si phase. 

 

composition 

 AlSr10 

 AlSr5 

 

product form 

 ingots  

 rod 

 



● Strontium as a modifier has the advantage over 

sodium that it is less reactive and can be added in 

the form of master alloys so that precise control 

over additions is possible and fade only occurs 

over a period of several hours but it is less 

effective in heavy section castings. 

● The ability of strontium to modify the structure of 

aluminium–silicon alloys without fading has made 

it popular for low pressure and gravity diecastings 

where it may be necessary to hold molten metal 

for relatively long periods.  

Modification with Strontium 



● Strontium is added as a master alloy containing 10% 

Sr for use principally on hypoeutectic and eutectic 

Al–Si alloys (6–8% and 10–13% silicon) and is used 

mainly on alloys for gravity and low pressure 

diecasting.  

SrAl additions for eutectic modification (from Spooner 

S.J., Cook R., Foundryman, 90, May 1997, p. 170) 
 
Si of alloy (%) Sr addition (%) 10SrAl Addition (kg/t) 

 4–7   0.01–0.02    1–2  

 8–10   0.03–0.04    3–4  

 11–13  0.04–0.06    4–6 

Modification with Strontium 



● They are added to the melt at the Degassing Unit, 

allowing degassing and modification to take place at 

the same time. 

● Addition of 200 g piglet to 100 kg of metal adds 0.02% 

Sr and, in good conditions, almost 100% yield is 

possible. 

● Solution is usually complete within 3 min of plunging 

the piglets, which is within the treatment time when 

using the rotary degassing unit.  

● The rate of loss of strontium from molten metal is slow 

and allows holding times of a few hours. 

● Foundry returns from strontium-modified metal contain 

an uncertain amount of active strontium modifier. 

Modification with Strontium 



Modification with Strontium 
● Its great advantages are that it is effectively, 

easily and fumelessly added to the melt.  

● Strontium is less reactive and can be added in the 

form of master alloys so that precise control over 

additions is possible and fade only occurs over a 

period of several hours but it is less effective in 

heavy section castings. 

● It is lost slowly by oxidation. However, this is 

similar to the rate at which other oxidisable 

elements such as Mg are lost, and so can be 

effectively kept under good control. 



disadvantages to the use of Strontium: 

● The melt seems sensitised to the pickup of 

hydrogen gas, so that castings often display 

dispersed gas porosity.  

● When the melt is allowed to remain in contact 

with moisture in the air, the strontium reacts with 

the water, forming strontium oxide on the melt 

surface and releasing hydrogen gas to go into the 

melt.  

Modification with strontium 



● This seems to happen less in low pressure die 

casting where holding the melt inside an enclosed 

pressure vessel keeps the it out of contact with 

air. 

● The action of strontium on straightening the 

freezing front of the eutectic is not quite the 

same as that of sodium. 

Modification with strontium 



Modification with strontium 





microstructure of Al-Sr 

Al4Sr 


