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¢ƘŜ Řǳŀƭ ŎǳǇ ŀƴŀƭȅǎƛǎ ǎȅǎǘŜƳ ǿŀǎ ǇƛƻƴŜŜǊŜŘ ōȅ aŜƭǘ[ŀō ƛƴ ǘƘŜ ŜŀǊƭȅ мффлΩǎ ŀǎ ŀ ǿŀȅ ƻŦ ƎŜǘǘƛƴƎ 

chemistry, chill, and inoculation information in a single step. The method was to simply pour both a 

tellurium cup and a plain cup from the same spoon of iron in quick succession. Besides the extensive 

analysis of both kinds of cup (chemistry and microstructure) we were also able to compare the 

άŘƛǎǘŀƴŎŜέ ǎŜǇŀǊŀǘƛƴƎ ǘƘŜ grey and white eutectics (stable and metastable). The greater the distance 

between the two in terms of temperature, the softer the iron was. 

We published a paper with AFS on comparing chill wedges to the separation between curves back in 

1996. There is a lot of human variation that goes into chill wedge readings that can be removed by 

DualCup. 

The coƴŎŜǇǘ ƻŦ ŎƘƛƭƭ ƳŜŀǎǳǊŜƳŜƴǘ ōȅ ǘƘŜǊƳŀƭ ŀƴŀƭȅǎƛǎ ƛǎ ŘƻŎǳƳŜƴǘŜŘ ƛƴ Ƴȅ ǇŀǇŜǊ ά/Ƙƛƭƭ ƳŜŀǎǳǊŜƳŜƴǘ 

ōȅ ¢ƘŜǊƳŀƭ !ƴŀƭȅǎƛǎέΣ !C{ ¢ǊŀƴǎŀŎǘƛƻƴǎΣ мффсΣ ǇŀƎŜ фсфΦ ¢ƘŜ ǎŜǇŀǊŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ƎǊŀǇƘƛǘƛŎ ŜǳǘŜŎǘƛŎ 

and the white/metastable eutectic is both a measure of the grade of iron, and the chill potential of the 

iron. A G25 iron will have a large separation, while a G45 iron will have a much smaller separation. But 

rather than just specifying the grade, we can draw a finer distinction between the different heats to the 

point of actually predicting the chill by using the metastable eutectic and the eutectic undercooling 

temperature. Since the degree of undercooling is directly affected by the inoculation, this factors in both 

the overall chemistry and the inoculation into the chill calculation. 

Calculated Chill = (k1 * C.E.) + (k2 * (TEU ς TCE) + k3 

or    Calculated Chill =  (k4 * Liquidus) + (k5 * (TEU ς TCE) + k6 

 
C.E. = Carbon Equilivant derived from the Liquidus temperature 
TEU = Temperature of Eutectic under cooling 
TCE = Temperature of Carbidic Eutectic (metastable or white eutectic) 

 

 

The example to the left was from an Italian foundry with 

25ɕ C separation between curves. The screen shot is from 

the previous version of MeltLab. The upper graphitic 

curve shows a beautiful cap or ceiling eutectic arrest 

ǎƘƻǿƛƴƎ ǘƘŀǘ ǘƘŜ ммплΦмɕ / ƛǎ ǘƘŜ ǘǊǳŜ ŜǳǘŜŎǘƛŎ 

temperature and was not affected by the rate of cooling. 

¢ƘŜ ŜǳǘŜŎǘƛŎ ǳƴŘŜǊŎƻƻƭƛƴƎ ƻŦ оΦпɕ / ƛƴŘƛŎŀǘŜǎ ǘƘŜ ŘŜƎǊŜŜ 

of inoculation. 
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Though I am no expert in all the ins and outs of chill wedges, here are a few things I have learned: 

¶ Chill wedges come in different sizes. The correct size for you depends on the wall thickness you 

are pouring. I have seen wedges from 1 inch high to 8 inches high.  

¶ The wedge mold must be free of dirt and loose sand that would blunt the edge of the wedge. 

The heat of the iron will affect the chill, so try to pour the wedge at a constant temperature.  

¶ If also pouring thermal analysis cups, pour the wedge first, not last, as it is more affected than 

the cups by temperature.  

¶ The best technique I ever saw was in an AFS inoculation course. The technician took a second 

chill mold and struck off the top of the poured mold to wipe off any excess iron and the miscues. 

Then, promptly at 60 seconds, he tossed the entire mold into a bucket of water. (You might have 

to change that time with 8 inch wedges.)  

¶ The wedge needs to be broken at the same distance from the pour basin each time. Closer to 

the pour basin will show less chill, further away will show more. Most molds have a small break 

line embedded into the core.  

¶ And finally, there is some disagreement on how to measure the chill. Some measure from the 

point, some measure the width of the wedge at the first point of no chill. I hold with the width 

measurement because it is less affected by dirt in the point of the mold. 

 
Images from the paper Chill measurement by Thermal Analysis, AFS Transactions, 1996, page 969 by David 

Sparkman and Charles Bhaskaran available for a fee at http://www.afslibrary.com/.  

If you want to use the dual cup method to calculate chill, you would run a calibration by pouring both 

wedges and the cups, then run the results though a regression analysis for the equation to put into 

MeltLab. Generally you would pour the wedge first, followed by the tellurium cup because the boiling 

would cause it to lose some temperature, and finally the plain cup. 

One unique application we found for dual cup was white iron. In this case, the foundry needs a slight 

temper in the iron, but not too much. This results in a little graphite showing up in the iron and results in 

a very hard iron, but one that is slightly less brittle. Typically the wire iron foundries were looking for ½ 

to 1 degree C separation. 

With grey and ductile irons, you could easily experience 10 to 30 degrees C separation between the 

white and grey (graphite containing) curves. Greater separation causes lesser chill and softer iron. 

Because the overall chemistry has an effect, it is generally a good idea to generate a chill equation for 

http://www.afslibrary.com/
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each grade of iron. This allows for the effect of different levels of pearlite stabilizing elements such as 

chrome and manganese in grey iron, as well as the ferrite forcing elements such as magnesium in ductile 

iron. 

We have now moved that technology over to the version 5 of MeltLab to give an extra boost to iron 

foundries needing information on their process.  

DualCup analysis for a heavy section ductile iron 

 

Red curve on left is tellurium cup, red curve on right is plain cup, and the light green curves are from the 

other cup. 

  


