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EXTENDED ABSTRACT 

Currently, a large automotive manufacturer use the lost foam casting process to produce their 
aluminum engine blocks, but they have recently begun looking for an alternate method of casting 
with the goal of decreasing the size of the dendritic grains.  Dendritic grains are type of grain 
structure in metals where the grains look like intertwined pine needles.  Because the average 
grain size decreases as the cooling rate increases, Helium was used in an attempt to increase the 
thermal conductivity of the mold, thereby decreasing the dendritic grain size.   
 
Four experimental setups were chosen, using a portion of the full engine block casting.  The first 
setup was the control; it was cast in an air environment and without added chill.  The second 
setup was poured in air, but a metal chill was placed inside the cylinder being cast.  The third and 
fourth setups had both the metal chill and a helium environment. The difference was the flow 
rate of twenty cubic feet of helium per hour and eighty cubic feet of helium per hour in the third 
and fourth setups respectively. 
 
The first step in the experiment was to determine the solidification times. For the control 
specimen, the solidification time was five 5 minutes and 55 seconds.  The solidification time for 
the specimen with a chill in air decreased by 3.1 percent, but the solidification times for the 
specimen with helium present decreased by 59.7 percent (20 cubic feet per hour) and 62.5 
percent (80 cubic feet per hour).  The next step in the experiment was to compare the resulting 
microstructure to determine the effect on the dendritic grain size.  After sectioning, grinding, 
polishing, and etching two samples from each casting, six micrographs of each sample were 
taken at 100X magnification from each sample.  The images were then loaded into Scion Image. 
Using the measure function of Scion Image allowed the creation of ten random lines of known 
length on each micrograph.  For each random line, the number of intercepts with grain 
boundaries was counted.  The average grain spacing was calculated for each micrograph by 
taking the total length of all the random lines and dividing by the total number of intercepts.  The 
average dendritic grain size for the sample poured in air without a chill was 60 µm.  The sample 
poured in air with a chill only showed a decrease in average dendritic grain size of 3.3 percent.  
The average dendritic grain spacing for the specimens with helium present decreased by 16.7 
percent (20 cubic feet per hour) and 20.0 percent (80 cubic feet per hour).   
 
In conclusion, the helium environment does decrease both the solidification time and the 
dendritic grain spacing in the resulting casting.  The fact that the decrease in both the 
solidification time and the dendritic grain spacing for both flow rates was approximately the 
same indicates that the amount of helium flowing into the casting environment is inconsequential 
as long as the environment is flooded with helium. 


