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Abstract: Ni based super-alloys are used to manufacture turbine blades. The refractory filler materials used in the present work are graphite
and zirconia. Casting trials were performed to develop a relation between the mechanism driving formation of shrinkage and refractory filler
material. It was observed that zirconia shell mould is significant to achieve a steeper thermal gradient which is essential in order to minimize
the width of the mushy zone. It was also observed that a slower cooling rate along with a steeper thermal gradient at the metal-mold interface
not only helps to avoid shrinkage porosity but also increases fillability in thinner sections.
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1. INTRODUCTION

During the solidification of alloys, a mushy zone is formed at the solidification front [1]. In nickel-base super alloys usually the
solidification interval is large which leads to formation of an extended mushy zone. In the investment casting of complex geo-
metries, the solidification front grows from different directions and meets at intersections or along the centerline. The areas
where solidification fronts meet usually are more prone to the interdendritic shrinkage. The materials used to build the invest-
ment shell mould, especially binders and refractories, play a vital role in the production of quality castings [2-8]. Using differ-
ent refractory filler materials can affect the ability of the shell mould to absorb heat and maintain a critical thermal gradient.

The present work was designed to investigate the relation between refractory filler materials and thermal gradient and thus
shrinkage porosity of Ni-base super alloy.

Zirconia Graphite
Figure 1: Investment shell moulds.
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2. MATERIALS METHODS

The chemical composition of Ni-base super alloy is given in table 1. In the present work, the colloidal silica binder was used to
fabricate the ceramic shell moulds from zirconia and graphite as reinforced filler materials. 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 12 mm. After
all coats, the shells were air dried for 24 hours. Two shells of each treatment were made. The Ni-base super alloy was 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 hammer after solidification of the molten (figure 1). The castings were cleaned with soft
brush and visually inspected for pins and projections [9-23].

Table 1: Chemical composition of Ni-base super alloy

Element Ni Cr Co | Mo Fe Ti Al B
Yowt 54.09 | 18 15 3 4 3 2 0.01

3. RESULTS AND DISCUSSION

Refractory filler materials were observed to have very significant effect on porosity. The effect of refractory filler materials is
presented in figure 2. It was observed that the area of the porous zone reduced for zirconia shell moulds at all four casting tem-
peratures. It was observed that the use of zirconia filler material not only minimized shrinkage and columnar grain formation
but also eliminated surface defects. The area of the porous zone increased for graphite shell moulds at all four casting tempera-
tures. The shrinkage and columnar grain formation were high in the castings produced from the shell moulds prepared from the
graphite filler material. The surface defects were also observed on the castings produced from the graphite shell moulds. Cast-
ing temperature and refractory filler material appeared to be key process parameters for eliminating shrinkage porosity, mis-
sruns and non-uniform grain structure. At higher temperature i.e. 1560° C shrinkage porosity was low due to the prolonged
feeding of melt. However, high casting temperature resulted in coarse grains.
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Figure 2: Effect of casting temperature on porosity with two refractory filler materials.
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The specific heat capacities of graphite and zirconia are, respectively, 188 J/kg/°C and 540 J/kg/°C. The thermal conductivities
of graphite and zirconia are, respectively, 90 W/m/°C and 2.7 W/m/°C. At initial phase of solidification, increasing the capacity
of the mould to absorb heat leads to a steeper thermal gradient at the metal/mould interface. The growth of dendrite arms and
improved the fillability in the thin sections and feed of metal to the shrinkage pores in the zirconia shell moulds. Grain size
appeared to be dependent on available heat mass and cooling rate. In the zirconia shell moulds, presence of extra heat mass
resulted in slower cooling and thus larger grains resulted in the castings (figure 3). On other hand, fine grain structure is ob-
served in the castings produced from the graphite shell moulds due to gradual thermal gradient.

4. CONCLUSIONS

It has been observed that the refractory filler materials of the ceramic shell mould strongly influences shrinkage. The heat ab-
sorbing capacity of ceramic is determined by refractory filler material, which is critical for casting of thin, complex shapes.

* Increasing the heat absorbing capacity of ceramic shell helps to maintain a high thermal gradient between melt and mold for a
longer time interval. The width of mushy zone decreases with increasing thermal gradient making possible feed of metal to
shrinkage pores.

* The conditions achieved through the higher thermal gradient and slower cooling rate keeps the width of mush shorter which
allows metal feed through growing dendrite arms for a longer distance and thus helps to reduce shrinkage not only at points
where solidification front meets but also between the growing dendrites.

REFERENCES

1. H. Fredriksson, U. Akerlind. Materials processing during casting, Wiley, 1st edition edition, 2006.

2. J. Doskar, J. Gabriel, How dip-coat materials affect ceramic investment shells —Part I. Foundry, 95, 1967, p.146.

3. A. Chennakesava Reddy, and V.S.R. Murti, Studies on Lost-Wax Process Using Silox Binder, X-ISME Conference on Mechanical En-
gineering, New Delhi, 09-11th December, 1996, pp.82 — 86.

4. A. Chennakesava Reddy, Characterization of ceramic shells fabricated using yttria as reinforcing filler, National Conference on Ad-
vanced Materials and Manufacturing Technologies, Hyderabad, 5-7th December 1997, pp.125-129.

5. A. Chennakesava Reddy, Characterization of ceramic shells using rutile (titania) as reinforcing filler at casting temperature, National
Conference on Advanced Materials and Manufacturing Technologies, Hyderabad, 5-7th December 1997, pp. 130-134.

6. A. Chennakesava Reddy, V.S.R. Murti, and S. Sundararajan, Development of a Ceramic Moulding Process from Coal Flyash for In-
vestment Casting, 18th AIMTDR Conference, Kharagpur, 21-23rd December 1998, pp.118-122.

7. P. Martin Jebaraj and A. Chennakesava Reddy, Prediction of thermal shock of ceramic shells using fused silica as reinforcing filler at
casting conditions, National Conference on Advances in Production Technology, Bangalore, 7-9 February 1998, pp.52-56. 3

8. H.B. Niranjan and A. Chennakesava Reddy, Investment shell moulds using graphite filler to prevent dimensional instability and metal-
mould reaction of Ti-alloy castings, National Conference on Advances in Production Technology, Bangalore, 7-9 February 1998, pp.
57-62.

9. A. Chennakesava Reddy, K.M. Babu, P.M. Jebaraj and M.P. Chowdaiah, Accelerator for faster investment shell making and its effect on
the properties of investment moulds, Indian Foundry Journal, 41,1995, pp.03-08.

10. A. Chennakesava Reddy, H.B. Niranjan and A.R.V. Murti, Optimization of investment shell mould using colloidal silica binder, Indian
Journal of Engineering & Materials, 3, 1996, pp.180-184.

11. A. Chennakesava Reddy, V.S.R.Murti and S. Sundararajan, Regression modeling approach for the analysis of investment shell moulds
from coal-flyash, Foundry Journal, 9, 1997, pp.36-40.

12. A. Chennakesava Reddy, V.S.R. Murti, S. Sundararajan, Some aspects of reducing sediments rate of refractory fillers in the investment
casting process, Journal of Engineering Advances, 10, 1998, pp.61-63.

13. A. Chennakesava Reddy, V.S.R. Murti and S. Sundararajan, Control factor design of investment shell mould from coal flyash by Tagu-
chi method, Indian Foundry Journal, 45, 1999, pp. 93-98.

14. A. Chennakesava Reddy, V.S.R.Murti and P.M.Jebaraj, A new technique for measurement of the strength of ceramic shells in the preci-
sion casting process, Journal of Testing and Evaluation, 28, 2000, pp. 224-226.

15. A. Chennakesava Reddy, V.S.R. Murti and S. Sundararajan, Bonding mechanism in the coal-flyash ceramic shells, Indian Foundry
Journal, 47, 2001, pp.21-25.

16. A. Chennakesava Reddy, S. Sundara Rajan and V.S.R. Murti, Dampening of Noise Parameters for Developing Ceramic Shell Process
from Coal Flyash by Taguchi Method, CEMILAC Conference, Ministry of Defence, India, 20-21st August, 1999, pp.91-95.

17. Ch. Rajana and A. Chennakesava Reddy, Interfacial Reaction between Zirconium Alloy and Zirconia Ceramic Shell Mold, National
Conference on Advanced Materials and Manufacturing Technologies, Hyderabad, 18-20 March 2000, pp. 212-217.

18. S. Madhav Reddy and A. Chennakesava Reddy, Interfacial Reaction between Magnesium Alloy and magnesia Ceramic Shell Mold,
National Conference on Advanced Materials and Manufacturing Technologies, Hyderabad, 18-20 March 2000, pp. 218-222.

19. A. Chennakesava Reddy, Development of Alumina Investment Shell Molds to Cast 7075 Al-Alloy, National Conference on Advances
in Manufacturing Technologies (AMT-2001), Pune, 9-10 March 2001, pp. 102-104.

20. A. Chennakesava Reddy, Thermo-Physical Properties of Fused Silica Investment Shell Moulds at Preheat Conditions of Steel Casting,
National Conference on Advanced Materials and Manufacturing Techniques, Hyderabad, 8-9th March 2004, pp.342-346.

8-9 August 2008 60



6th National Conference on Materials and Manufacturing Processes Hyderabad, Andhra Pradesh, India

21. A. Chennakesava Reddy, Structure and Morphology of Recycled Iron-Rich Al-Si Alloys Cast in Thin-Walled Investment Shell Moulds,

National Conference on Advanced Materials and Manufacturing Techniques, Hyderabad, 8-9th March 2004, pp. 347-349.

22. A. Chennakesava Reddy, Microstructure and Mechanical Properties of AA2219 Alloy Turbine Impeller Manufactured by Investment
Casting, National Conference on Computer Applications in mechanical Engineering, Anantapur, 21st December, 2005, pp. 321-323.

23. A. Chennakesava Reddy, Impact of Boron Coated Investment Shell Moulds on Surface Modification of Hypoeutectic Al-Si Alloys,
National Conference on Computer Applications in mechanical Engineering, Anantapur, 21st December 2005, pp. 324-326.

8-9 August 2008 61



