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A. Rapidly solidified Al-18wt% Si and Al-25wt%Si droplets analysis 

Aluminum alloys have a high strength to weight ratio and therefore are widely used in the 
automotive and aerospace industries. Al-Si alloys are mostly applied in the casting of engine 
blocks. This is due to the fact that among all the Al-alloys, Al-Si alloys are the ones which 
have the best castability (high fluidity) with a eutectic temperature as low as 577ºC (Fig.1) 
and can be casted to any complicated shape. 

 

 

 

 

 

 

 

 

 

Fig.1: Equilibrium phase diagram of Al-Si obtained using the database TCBIN of ThermoCalc [1] 

The use of Al-Si for engine blocks present the advantage of increasing the cooling, it has a 
very low coefficient of thermal expansion as compared to most conventional Al-alloys. The 
diamond cubic structure of silicon makes the material very strong but Si morphology has to 
be modified for toughness and ductility. Indeed, under normal solidification, silicon 
precipitates are needle shape in the eutectic mixture and this is detrimental to the final 
product. Therefore, the needle shape has to be avoided and this could be achieved by using 
rapid solidification as the primary manufacturing process of the products. 

Al-Si droplets were generated by Impulse Atomization (IA) and Spray Deposition (SD) under 
Argon and Helium atmospheres [2]. Advanced characterization of the rapidly solidified 
droplets and deposits microstructures was carried out by means of Neutron Powder 
Diffraction. Phase quantification of the investigated samples was achieved by rietveld 
refinement method using the software Topas V3 (Fig.2). The results, summarized in Table 1, 
include the weight fractions of different phases. It is worth noting that the fraction of 
vanadium had to be subtracted as it corresponds to the background signal (samples are 
contained in a vanadium can). 
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Fig.2: Typical diffraction patterns obtained from the neutron beam during experiments conducted using a C2 
neutron powder diffractometer at Canadian Neutron Beam Centre (CNBC) in Chalk River, ON. The patterns 
were fitted using rietveld refinement analysis by Topas. 

Table I. Experimental matrix for proposed ND experiments on Al-Si Impulse Atomized samples. 

 
Priority sequence 

Sample information Results 
   Phase fraction 

composition atmosphere 
particle size/sampling 

location 
 

α-Al  
(wt%) 

 
Si 

(wt%) 
A1-18Si-20 Al-18wt%Si Ar 20μm 83.18 16.82 

A2-18Si-70 Al-18wt%Si Ar 70μm 84.39 15.61 

A3-18Si-100 Al-18wt%Si Ar 100μm 84.53 15.47 

A4-18Si-150 Al-18wt%Si Ar 150μm 84.41 15.59 

A1-25Si-20 Al-25wt%Si Ar 20μm 75.6 24.40 

A2-25Si-70 Al-25wt%Si Ar 70μm 76.19 23.81 

A3-25Si-100 Al-25wt%Si Ar 100μm 78.70 21.30 

A4-25Si-150 Al-25wt%Si Ar 150μm 78.14 21.86 

A1-18Si-S Al-18wt%Si Ar Surface of deposit 81.87 18.13 

A2-18Si-C Al-18wt%Si Ar Center of deposit 82.21 17.79 

A1-25Si-S Al-25wt%Si Ar Surface of deposit 73.60 26.40 

A2-25Si-C Al-25wt%Si Ar Center of deposit 73.99 26.01 

 

The phase fractions obtained by rietveld refinement as shown in table I suggest that the 
amount of precipitated silicon is close to the nominal composition of the respective 
compositions of Al-Si. Analyses are ongoing to explain the reason of such results. 

B. Rapidly solidified D2 steel droplets analysis 

D2 tool steel is a high carbon, high chromium ferrous alloy with 1.55% C, 11.8% Cr, 0.40% 
Mn, 0.80% Mo, 0.80% V and Fe in balance (all in wt.%). The corresponding pseudo-binary 
phase diagram has liquidus and eutectic temperatures at 1394°C 1270°C, respectively [3]. 

In order to investigate the metastable solidification microstructures obtained under rapid 
solidification, droplets generated by two atomization techniques, Impulse Atomization (IA) 
[9] and Water Atomization (WA) [4,5] have been investigated by Neutrons Diffraction (ND) 
analysis. The D2 tool steel droplets from IA were generated using an apparatus available at 
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the University of Alberta, while the WA droplets were provided by the Hoeganaes 
Corporation (list of samples in Table II).  

Table II. Experimental matrix for proposed ND experiments on D2 tool steel Impulse Atomized, and Water 
Atomized samples, need to be heated during Neutron Diffraction measurements 

 

 

 

 

 

 

 

 

 

 

During the ND experiments, the selected droplets were rapidly heated from room temperature 
to 550°C and individual datasets were collected every 5-minutes intervals over 3 hours to 
analyze the austenite transformation kinetics. The heat treatment analysis consisted in: 

 Scanning all the samples at room temperature  
 Rapidly heating the samples to 550°C 
 Scanning the samples 36 times over 5 minutes each time (total of 3h) 
 Cooling down the samples at room temperature and scanning 
 
A typical microstructure of a heat treated sample is shown in Fig.2. 

 
 
 
 
 
Fig.2: SEM image of a 600µm droplet IA atomized in nitrogen and 
then annealed at 550°C for 2h. Region (I) corresponds to the 
retained austenite phase while Region (II) corresponds to ferrite 
resulting from the transformation of austenite. 

 
 

 
 
 
 
 
 

Priority sequence 
Sample information 

composition atmosphere size 

2H-D2-300 
Fe-1.55C-11.8Cr-
0.8Mo-0.8V-0.3 Si 

He 328 μm 

3H-D2-600 
Fe-1.55C-11.8Cr-
0.8Mo-0.8V-0.3 Si 

He 655 μm 

4H-D2-850 
Fe-1.55C-11.8Cr-
0.8Mo-0.8V-0.3 Si 

He 925 μm 

7ND2-300 
Fe-1.55C-11.8Cr-
0.8Mo-0.8V-0.3 Si 

N2 328 μm 

8ND2-600 
Fe-1.55C-11.8Cr-
0.8Mo-0.8V-0.3 Si 

N2 655 μm 

9N-D2-850 
Fe-1.55C-11.8Cr-
0.8Mo-0.8V-0.3 Si 

N2 925 μm 

11WD2-63 
Fe-1.55C-11.8Cr-
0.8Mo-0.8V-0.3 Si 

H2O 69 μm 

13WD2-150 
Fe-1.55C-11.8Cr-
0.8Mo-0.8V-0.3 Si 

H2O 165 μm 

15WD2-300 
Fe-1.55C-11.8Cr-
0.8Mo-0.8V-0.3 Si 

H2O 328 μm 
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Phase quantification of the investigated samples was achieved by rietveld refinement 
technique using the software Topas V3, typical fitted diffraction patterns are shown in Fig.3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3: Typical rietveld refinement fittings of diffraction patterns of 600-710µm D2 droplets IA atomized in 
nitrogen, heated from room temperature to 550°C and held for (a) 5 min (b) 120 min (c) 180 min. 
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