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It is advised to keep the melt temperature of cast iron 
as low as possible to avoid problems during casting. 
Most casting properties except mould filling is im-
proved by keeping the temperature down. Nodule 
density, nodularity and ferrite increase with lower melt 
temperature, but this has not been quantified earlier. 
This paper attempts to fill this void by describing a 
suitable evaluation method, and using it on data from 
controlled experiments and foundry trials to demon-
strate that nodule density increase with 0.3 - 1% per ºC 
pouring temperature decrease, while ferrite increased 
0.2% per ºC decrease. Nodularity increased 0.2% per 
ºC decrease in temperature in one trial. 
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1. Introduction 
Foundrymen know the importance of keeping the 

melt temperature as low as possible, and to reduce the 
time from melting to solidified cast. The melt temper-
ature should be low to control oxidation [1,2], and the 
treatment temperature should be kept low to keep a 
high and consistent magnesium yield, and by that re-
duce variation in residual magnesium during spheroi-
dization treatment [3]. A high pouring temperature 
increase the dissolution of various elements such as 
hydrogen and nitrogen. These elements precipitates 
when the temperature drops during the cooling of the 
melt before and during solidification, which may 
cause gas porosities [4]. A high pouring temperature 
can also cause metal penetration into the mould and 
cores [5].  

What is less known is the quantitative effect of the 
melt temperature on nodule density (ND), nodularity 
and matrix structure. 

The ND is important since it reduce both the pri-
mary carbide formation as well as inverse chill [6,7,8]. 
High ND is also reported to reduce porosity [Error! 
Bookmark not defined.,9] and to improve toughness 
[10], although this is disputed in [11]. The nodularity 
is interesting since there is a direct link to mechanical 
properties such as Young’s modulus and fracture 
elongation. Nodularity also affects the thermal con-

ductivity and damping characteristics of the material 
[12]. 

2. Measurement and Method 
2.1 Lab scale melting and casting process 

In the experimental set up, raw material was 
melted in an induction furnace, an MgFeSi containing 
4.6% Mg added to the pocket in a sandwich ladle and 
covered with steel chips. The melt was treated at 
1500 ºC, followed by slag removal. The treatment la-
dle melt temperature was measured several times be-
fore and after it was poured into 12-14 pouring ladles 
with 30 s interval, each holding 33 kg of melt with 
0.2% inoculant added. The pouring ladles were held 
60 s each before pouring component moulds. The 
temperatures were measured using dip thermocouples 
(t.c.) or interpolated between measurements. The dif-
ference in temperature drop from inoculation to mould 
pouring between the pouring ladles have been com-
puter simulated, as well as being verified by meas-
urements in a separate trial and found to be negligible. 
All temperature readings were made using t.c.’s and 
time stamped. All pouring times were time stamped 
for accurate temperature interpolations. 

2.2 Microstructure evaluation 
The microstructure was evaluated in the centre of 

10 mm thick plates from step blocks and in rod sam-
ples of 25 and 40 mm diameter. The variation in 
quantified microstructure within a plate was evaluated 
to estimate the uncertainty due to variations in the po-
sition of the cut, since it varies from the hot to the cold 
part of a step (1.5 nodules/mm change in position). To 
minimize the uncertainty of the microstructure anal-
yses themselves, each sample was examined using 25 
images totalling 14.2 mm2 each in the carefully se-
lected identical position within each sample. The ob-
served range of ND, nodularity and ferrite levels were 
105-212 nodules/mm2, 70-90%, and 46-69%. The 
uncertainty in the measurements, expressed as 95% 
confidences, were 5-12 nodules/mm2, 2-6% and 2%. 

2.3 Normalization 
To be able to study the effect of the temperature 

variation only in the trials, the results were normal-
ized. As an example, the ND for one sample was di-
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vided by the average result of the two repetitions made 
per melt to get a normalized ND (NDn). This method 
makes it possible to compare the relative influence of 
only the temperature variation on the output between 
different melts, inoculants, etc. 

3. Results 
The chemical composition changed slightly be-

tween the two trial melts, C 3.6 - 3.9 %, Si 2.2 - 2.3%, 
P 0.015 - 0.024%, Mn 0.33 - 0.3% and Mg 0.047 - 
0.040%. 

The left plot in Fig 1 shows that the NDn increase 
with 0.3%/ºC drop in inoculation/pouring tempera-
ture. The plot in the middle show that the ferrite level 
increase with 0.2%/ºC. The colours represent different 
melts and sample geometries, and show that the be-
haviour is consistent. 

 
Fig. 1 Normalised ND (left), ferrite (middle) and 

nodularity (right) vs temperature in a lab trial.  

The literature e.g. [13] describes that increased ND 
creates nucleation sites for austenite, which transforms 
to ferrite. This was confirmed in this study by the 
correlation between NDn and normalized ferrite, Fig 1. 

The nodularity dependence of temperature was 
evaluated from two trials with different results. In one 
trial, there was a near linear 0.2% increase in normal-
ized nodularity per degree drop in temperature, Fig 1, 
while in the other there were no correlation observed.  

3.1 Results from a foundry trial verification 
The behaviour of the NDn was confirmed in a 

foundry trial, Fig 2, that show that the behaviour of 
NDn vs temperature is similar as in the lab scale trial. 

 

Fig. 2 NDn, 10 mm (left) and >50 mm section (right). 

The left plot is from sections of components with 
about 10 mm thickness, the right plot is for a thicker 

section of the same components equivalent to >50 mm 
thick, positioned near a feeder. 

In the foundry trial, the variation in NDn with 
temperature was more than twice as large in 10 mm 
sections compared to >50 mm sections. The slope was 
1%/ºC and 0.4%/ºC respectively. 

4. Analysis and discussion 
The literature indicates that the pouring tempera-

ture [14] and section thickness (solidification rate) 
[15] influence ND, nodularity and matrix. This effect 
has not been quantified earlier. By carefully measur-
ing the temperature during experiments and normal-
izing the results, it is possible to quantify this effect, 
and use it to compensate for the variation in tempera-
ture during the trial. This needs to be done for each 
individual trial for best accuracy. Adjusting for the 
effect of temperature can considerably improve the 
accuracy of the results in comparative trials. The ob-
servations made with different geometries, melts and 
trial location support each other despite the overlaid 
stochastic variations in the results. 

5.  Conclusion 
ND, nodularity and matrix vary with the pouring 

temperature. This was verified for NDn in a foundry 
trial. For best accuracy this effect should be evaluated, 
and if needed, adjusted for per trial. 

References 
                                                            
[1] R.W.Heine et al, AFS Trans. (1966) No 71 

[2] S. Katz, AFS Trans. (2004) No 132 

[3] The Sorelmetal Book of Ductile Iron, (Rio Tinto & Ti-

tanium Inc., 2004) 65 

[4] H. Fredriksson and U. Åkerlind, Materials Processing 

During Casting, (Wiley, Chichester, 2006) 258-261 

[5] Casting Design and performance, H.W. Stoll:  Casting 

Design Issues and Practises, (ASM International, Ohio, 

2009) 2 

[6] C.R.Loper Jr., Foundry (Sept 1966) 75-81 

[7] K.M. Pedersen and N.S. Tiedje, WFC (2008) 167-171 

[8] A. Javaid et al, AFS Trans. (1974) No 99 

[9] N. Rizzo, AFS and DIS: Keith Millis Symposium on 

Ductile Cast Iron (2008) 148-156 

[10] C. Labrecque, DIS Conference (Oct. 27-29, 2010) 

[11] G.M. Goodrich, Modern Casting, (May 1990) 44 

[12] J. Åberg, PhD Thesis, (KTH Stockholm, 2006 ) 19  

[13] K.M. Pedersen, N.S. Tiedje, Mater. Charact. 59 (2008) 

1111-1121 

[14] G.M. Goodrich, AFS Trans. (1993), No 224 

[15] R.W. Heine, AFS Trans. (1993), No 84 




