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Abstract. The present research work deals with fabrication of nano-Y2O3 dispersed tungsten 

(W) based alloys with nominal composition of W79Ni10Nb10(Y2O3)1 (alloy A), 

W78Ni10Nb10(Y2O3)2 (alloy B) and W72Ni10Nb15(Y2O3)3 (alloy C)  (all composition in 

wt.%)  by mechanical alloying in a planetary ball mill and compaction at 500 MPa pressure 

followed by sintering at 1500°C for 2 h in Ar atmosphere. The milled powders at different 

milling time and the consolidated products have been investigated by X-ray diffraction 

(XRD), scanning electron microscopy (SEM), high resolution transmission electron 

microscopy (HRTEM) and energy dispersive spectroscopy (EDS). Minimum crystallite size 

and maximum lattice strain of 20.3 nm and 0.42% respectively is achieved in alloy C. 

Maximum sinterability, hardness, compressive strength of 93.38%, 6 GPa, 2.5 GPa with 

appreciable wear resistance has been achieved in alloy C owing to the lower crystallite size, 

presence of higher oxide dispersion (Y2O3) and NbNi intermetallic. High temperature 

behavior of the sintered alloys is studied in a raising hearth furnace at a temperature range of 

800-1000°C. The activation energy of oxidation decreases with increase in Y2O3 content 

owing to higher energy of Y2O3 dispersoids. Alloy A shows superior oxidation resistance at 

800-1000°C as compared to rest of the alloys. The investigated alloys shows superior 

strength and elongation as compared to recently investigated W-Y2O3 alloys [1, 2]. 
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Aims and Objective         

• To fabricate nano Y2O3 dispersed W based 

alloys through pressureless sintering.

• Investigate the physical, mechanical and high 

temperature behavior of the fabricated alloys.
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Introduction & Background
�

• Extreme temperature (~1000-1500°C) 

• High strain rate (106 s−1) and 

• Hydrostatic pressure (2–6 GPa) 



Introduction & Background
�Any other application?
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Introduction & Background
�Why Tungsten?

Pros..
� High Melting point (34200C).

� High hardness (9.8 GPa), MOE=407 GPa.

� Good thermal conductivity (1.74 W/cm K) , low

co-efficient of thermal expansion.

� Low-activating metal in radiation environment with

low sputtering yield.
(W.F. Smith, 1993)

�Cons.. with Tungsten

High ductile brittle transition temperature (200-500°C).

(J. L. Johnson, Sintering of refractory metals, Woodhead Publishing, 

Cambridge (UK) 2010, pp. 357–380). �



Introduction & Background

�

� To Improve fabricability and effective utilization of Tungsten.

� Ni imparts liquid phase sintering (if sintering temp is higher than

m.p. of Ni) and improve plastic flow properties.

� To improve the high temperature strength and lower the DBTT of

W by Nb addition.

� Y2O3 addition to reduce the grain growth and improve strength and

hardness and wear resistance.
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Introduction & Background

�Why Nanostructuring ?

� To lower the sintering temperature.

(R malewar et.al, J. Mater. Res., 22 (2007)

� To improve the mechanical properties.
[H. Glieter, Acta. Mater., 48 (2000)]
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Materials & Methods

Elemental powders (W, Ni, Nb, Y2O3) 

Nanostructured Alloy Powder

Characterization 
(XRD, SEM,TEM)

High Energy Ball-Mill (20 h)

Characterization
[XRD, SEM, TEM, Density, Hardness, Strength, Wear, Oxidation]

Pressureless sintering (1500°C, 2 h holding)
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Materials & Methods
Mechanical Alloying Mechanism of MA

� �

� �

• Elemental powders of 

W, Ni,  Nb

(purity 99.5%, Sigma Aldrich)

initial particle of 100-150 µm

• Y2O3 (<50 nm).

� FRISTSCH planetary 

ball mill, WC vials and 

10 mm chrome steel balls

� 300 rpm, 10:1 (BPR).

� Toluene (PCA)



Materials & Methods
Sintering  Cycle

� �
(2 h)



Materials & Methods

Sartorius Density Measuring Kit
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Materials & Methods

Wear Measurement:
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Results and Discussion
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Results and Discussion

� �
B cos θ = (0.94λ)/d + Є sinθ (1), d= crystallite size, Є= lattice strain , B= full width at 

half maxima. [
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Results and Discussion
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Results and Discussion

� �
• Surface energy increases, GB area

increased, diffusion distance    

decreases with reduction in 

crystallite size.

• Improved GB diffusion enhance 

sintering kinetics and superior 

densification.

The interdiffusion co-efficient for 

W-Nb system increases with 

decrease in W content.

[R. F. Hehemann, S. Leber, Trans. 

Met. Soc. AIME, 236 (1966) 

1040-1044].



Wear Results 
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Alloy B (20 N) Alloy B (30 N)

Alloy C (20 N)

Alloy C (30 N)

412 µm

520 µm

557 µm
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FRACTROGRAPHY

� �

Alloy A Alloy B

Alloy C

• Deformation mismatch  between

matrix and particle, 

large stress concentrations.

• Stress Concentration at GB����

Localize strain���� cracking under

deformation.



Results and Discussion
� �TEM image of sintered alloy C

Y2O3

Y2O3

Increased Y2O3 content at GB-���� Increased 

Coalescence of particle���� enhanced intense

stress/strain concentration.� �
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High temperature 

oxidation 

behavior



� �
° °

°



� �
Alloy A Alloy B

Alloy C

°

���� ���



Activation energy for Oxidation 
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Results and Discussion
� �Schematic of oxidation mechanism in W-Ni-Nb-Y2O3.
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Conclusions
�Minimum crystallite size of 20 nm, maximum lattice strain and 

dislocation density of 0.42%, 27×1016/m2 has been achieved in 20 

h milled W72Ni10Nb15 (Y2O3)3 alloy. 

�The % densification enhances with Y2O3 addition owing to 

substantial reduction in crystallite size which enhances the 

sintering kinetics.

�The higher hardness (6 GPa), strength (2.25 GPa) of W72Ni10Nb15

(Y2O3)3 alloy is attributed to finer crystallite size and superior 

sinterability, higher content of Y2O3 dispersion. 

�%Elongation increases with increase in Y2O3 , however exhibit 

marginal increase beyond 2% Y2O3 content due to increased 

stress/strain concentration resulted from agglomeration of finer 

Y2O3 particles during sintering. � �



Conclusions
� Increase in Y2O3 content promotes intergranular fracture during 

compressive loading as coarser Y2O3 particles enhances the stress/strain 

and facilitates interfacial debonding.

� Superior oxidation resistance is achieved in lower Nb containing alloys 

and upto 2% Y2O3.

� W72Ni10Nb15 (Y2O3)3 alloy shows poor oxidation resistance due to 

increased difference in molar volume and thermal expansion co-efficient 

of higher content of oxides which results in spallation and cracking of 

oxide layer. 
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