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Dr. Torbjorn Skaland’s PhD Thesis in 1992

“A Model for Graphite Formation in Ductile
Cast Iron”

Skaland conducted extensive studies of particles
under several different conditions:

� in the iron matrix as well as within nodules, 

� inoculated and not inoculated ductile irons

� particles were extracted and studied using SEM 
and TEM.
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Classification of Micro-particles (Skaland)

Type A: 60% Type B: 20% Type C: 20%

Mg, Ca, S and Si Mg and Si Mg and P
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Mg-treatment

XO SiO2 or

XO Al2O3 2SiO2

 Where X = Ca, Sr or Ba

MgO SiO2

2MgO 2SiO2

 Core: MgS

           CaS

Shell:

 Major constituent phases:

Inoculation

Carbidic Graphitic
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Fading of Inoculation (Skaland)
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What is Important for Foundrymen ?

� Inoculants activate nuclei that are made 
during the MgFeSi treatment.

� The MgFeSi treatment is therefore the 
first step to controlling inoculation by 
providing sulfide and oxide particles. 

� Inoculants can only activate what the 
MgFeSi treatment provided that remains 
after time. Therefore base iron S and O
are key process parameters.

� The number of nuclei declines rapidly 
after these treatments, as they become 
coarser, so time is a key parameter.
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Dr. Morten Onsoien’s PhD Thesis in 1997

Onsoien further studied the “Microstructure
Evolution in Ductile Iron Containing Rare
Earths”:

� Used a similar approach and 
Methodology to Skaland.

� If the MgFeSi is so important to 
nucleation, what happens with different 
contents and types of RE in the MgFeSi 
alloy.
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An Improved Experimental Method (Onsoien)
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Effective Nuclei at various RE Input Levels (Onsoien)
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Nodule Count Peaks for Pure Ce or Pure La Alloyed 
MgFeSi alloys (Onsoien)
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What is Important for Foundrymen ?

� Foundrymen should consider testing 
MgFeSi alloys with different RE contents 
and different types of RE.

� It takes far less La to get the optimum 
nodule count, than any of the other RE 
elements.

� Avoid chunky and exploded, with less RE, 
by considering a more powerful RE, such as 
La?
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Professor Solberg and Onsoien 2001

� Type A particles are magnesium 
silicon aluminum nitrides, not 
magnesium silicates.

� Mg2.5Si2.5AlN6 (aluminum nitride 
type hexagonal structure)

� Still ineffective for graphite growth 
due to crystal spacing differences

Wrote a paper titled “Nuclei for Heterogeneous Formation of 
Graphite in Ductile Cast Irons”
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Heterogeneous Nucleus of Spheroidal Graphite

Nodule Count Increases as Base S Increases
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Nuclei convert from Nitrides to Sulfides as Base S 
Increases above 0.005%  (Nagae and Igarashi)
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Nuclei Types Detected at Different Base S Levels 
(Nakae and Igarashi)

Proposed that spherical particles may still be liquid 

when graphite starts to grow and may more readily 

grow at the interface.
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What is Important for Foundrymen ?

� Base S is a key variable due to conversion from nitride to 
sulfide type nuclei, when the base S is elevated above 0.005%.

� Nodule count increases as base S is raised further to 0.014%.

� Should base S be adjusted for the desired of nodule count ?

� From a practical perspective, as S increases,  so does Mg and 
MgFeSi addition rates required to desulfurize.

� Should the foundry optimum alloy design change due to 
different base S and different addition rates due to treatment 
efficiency improvements ?
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Skaland work on Inoculation Late 90’s to early 2000’s

� Can Inoculants Now add More Nuclei ?

� O and S additions studied by Skaland.

� If we include O and S with inoculants 
what will this do to the nuclei structure ?
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Skaland - Test Pattern Design for experimental work

5 mm40 mm
20 mm10 mm

Cross bars

Wedge

Tensile
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Nodule count vs. section size

O &S bearing inoculantO &S bearing inoculant ConventionalConventional
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