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Abstract:  The effects of chemical composition and solidification on the delta ferrite formation in austenitic stainless steels have been inves-

tigated. The austenitic stainless steels were cast in investment shell moulds. The quantity of delta ferrite was powerfully affected by the steel 

chemical composition, but less affected by the cooling rate. The delta ferrite was found to be higher in the AISI 316 stainless steel than that in 

the AISI 3o4 stainless steel. 
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1. INTRODUCTION  

The amount of delta ferrite formed in austenite stainless steels depends mainly on chemical composition and on the cooling 

rate during solidification.  The important austenite stabilizer is nickel. Also, during the solidification of austenite stainless steel, 

a mushy zone is formed at the solidification front [1]. Based on Schaeffler diagram which divides the alloying elements into 

ferrite and austenite stabilizers, the amount of delta ferrite can be determined [2].  The materials used to build the investment 

shell mould, especially binders and refractories, play a vital role in the production of quality castings [3-9]. Using different 

refractory filler materials can affect the ability of the shell mould to absorb heat and maintain a critical thermal gradient.  

 

The present work was to investigate the effects of the chemical composition and the cooling rate on the formation of delta fer-

rite in the austenite stainless steel cast in the investment shell moulds.  

 

2. MATERIALS METHODS 

The chemical compositions of austenite stainless steels are given in table 1. In the present work, AISI 304 and AISI 316 stain-

less steels were cast in the investment shell moulds. The wax pattern assembly to fabricate test coupons is shown in figure 1. 

The colloidal silica binder was used to fabricate the investment shell moulds from alumina as reinforced filler material. The 

silica content in the colloidal silica binder was 30%. Two grades (primary and backup sands) of stuccoing sand were employed 

in the present investigation. Finer grade silica sand having AFS grain fineness number 120 was employed for primary coats. 

This is synthetic sand. This sand was used for first two coats, called prime coats to get good surface finish and every detail of 

the wax pattern. Coarser grade sand having AFS grain fineness number 42 was employed for back up coats. This is river sand. 

The backup sand was employed to develop more thickness to the shell walls with minimum coats.  The thickness of shell 

moulds were 10 mm. After all coats, the shells were air dried for 24 hours. Two shells of each treatment were made. Type R 

(Pt-13%Rh, Pt) thermocouples were inserted into the mold cavity in contact with the steel to measure the cooling curves at 

different positions during solidification. The austenite stainless steels were melted in an induction furnace under vacuum. The 

liquid alloy was gravity poured into the pre-heated investment shell moulds. The shell moulds were knocked off by hand ham-

mer after solidification of the molten (figure 1). The castings were cleaned with soft brush and visually inspected for pins and 

projections [10-20]. 

Table 1: Chemical composition of Ni-base super alloy 

Element Ni Cr Co Mo C Ti Mn Si P Cu Nb Al W V Fe 

AISI 304 9.19 18.9 0.083 0.225 0.076 0.0044 0.932 0.869 0.042 0.12 0.006 0.001 0.018 0.046 Balance 

AISI 316 9.62 17.7 0.086 0.220 0.038 0.0048 0.998 1.100 0.030 0.14 0.008 0.0012 0.014 0.048 Balance 

  

Delta ferrite content was determined with a Fischer feritscope model MP30E and the ferrite morphology was studied by optical 

metalography. The chemical composition (metallic elements) of the phases (ferrite and austenite) was measured by X-ray mi-

croanalysis using an energy-dispersive spectrometer (EDS) attached to a scanning electron microscope. The metallographic 
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3. RESULTS AND DISCUSSION 
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Figure 1: Assembled wax tree pattern. 
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room temperature, the ferrite was further consumed to form austenite. In AISI 304 stainless steel, the morphology of delta fer-

rite is of isolated cores; while it is of continuous network in AISI 316 stainless steel. 

 

 

Figure 3: Formation of ferrite dendrites during solidification in austenite stainless steels: (a) AISI 304 SS and (b) AISI 316 SS. 

 

 

Figure 4: Microstructure of austenite stainless steels (a) AISI 304 SS and (b) AISI 316 SS. 

 

 

Figure 5: Delta ferrite content as a function of the ratio of chromium to nickel equivalent. 

 

The influence of steel chemical composition on the delta ferrite content was significant. Using suggested formulas for nickel 

and chromium equivalents, the correlation between the ferrite content and the ratio of chromium to nickel equivalents were 
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examined (figure 5). For predicting delta ferrite content, correlation coefficients were computed based on Schoefer which is 

recommended by the ASTM A800 Standard [2]. 

 

4. CONCLUSIONS 

The important conclusions drawn from the present work are as follows:  

• the quantity of delta ferrite was strongly affected by the steel chemical composition, but less affected by the cooling 

rate 

•  The predicted the delta ferrite content was in good agreement with ASTM 800 standard 

• The solidification mode was found to be L → L + δ → L + δ + γ → γ + δ. 
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