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Abstract: 
 

 In this study we have investigated relation between elastic constant and sintered 
temperature in tungsten carbide- nickel composite samples. Determination of elastic 
properties of materials is based on the transverse and longitudinal wave�s velocities 
via ultrasonic methods. In this study ultrasonic velocity measurements were measured 
in the WC-Ni composites. These samples are formed by powder metallurgy and 
electroless plating. Samples were sintered at temperatures of 1000°C, 1100°C, 
1200°C and 1300°C with Ar gas atmosphere in tube furnace. In the measuring 
ultrasonic longitudinal velocity 2 and 5 MHz transducers, ultrasonic transverse 
velocity 1 and 5MHz transducers have been used. Young Modulus (E) has been 
calculated by using longitudinal and transverse velocity. After we calculated elastic 
constant, we have investigated relation between sintered temperature and elastic 
constant of samples. A linear relation between sintered temperature and elastic 
constant in samples is observed.  
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1. Introduction 
 

Ultrasonic inspection is a nondestructive method in which beams of high-frequency sound 
waves are introduced into materials for the detection of surface and subsurface flaws in the 
material[1]. Ultrasonic techniques play a prominent role in these developments because they 
afford useful and versatile methods for evaluating microstructures, associated mechanical 
properties, as well as detecting microscopic and macroscopic discontinuities in solid 
materials. In ultrasonic NDE, real materials with more complex elastic properties (anisotropy, 
inhomogeneity, nonlinearity, attenuation, dispersion, temperature-dependence, etc.) are 
considered[2]. 

 
Ultrasonic techniques can be used for qualitative or/and quantitative evaluation of physical 
and elastic properties of materials[3]. The determination of elastic properties of ceramic-metal 
matrix composites (MMCs) is mostly essential as it involves the mechanical strength for the 
composites. The various advantages of ultrasonic technique over mechanical and other 
methods include the determination of the material properties without harming, comparative 
analysis loading and also, it provides the information about internal arrangements of the 
constituent oxides[4]. In recent years, the possible applications of discontinuously reinforced 
metal-matrix composites have attracted much interest in industries, militaries and space-
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related departments owing to their properties of high specific strength and stiffness, wear 
resistance and resistance to elevated temperature creep[5]. Knowledge of the elastic properties 
of refractory hard ceramics is important for different applications; for example, their elastic 
properties, which depend on the crystal structure and bonding, are central in determining 
mechanical behaviour, e.g. strength, hardness and fracture toughness, and also control the 
response of a material to shock or impact. The microstructure of a ceramic, i.e. size, shape and 
distribution of grains, number of phases, porosity and impurities, also plays a role in their 
elastic and mechanical behaviour; microstructure can influence how ceramics respond 
elastically to temperature and pressure changes[6]. 

 
In this study, we examine the elastic properties of WC-Ni metal matrix composites at the 
temperature with the ultrasonic frequency range. In our experiment we used ultrasonic 
technique such as pulse-eko method to characterize the elastic constants of the materials 
through detection of the ultrasonic waves. The effective elastic constants of the composites 
are calculated from the ultrasonic wave velocities. 

 
2. Samples Preparation 
 

Pulse-echo measurements of ultrasonic wave velocity have been used to determine the elastic 
properties of these eight ceramic samples as functions of temperature and hydrostatic 
pressure. Samples, based on tungsten carbide have been prepared by using electroless plating 
and powder metallurgy method. The term electroless plating was originally adopted by 
Brenner and Riddell to describe a method of plating metallic substrates with nickel or cobalt 
alloys without the benefit of an external source of electric current[7].This autocatalytic process 
has the unique advantages of providing uniform thickness coating on conductor and non-
conductor substrates with intricate surfaces, by simple immersion in a suitable aqueoues 
solution[8].  

 
Ceramic-metal matrix composites were prepared in two method. Thickness of all the samples 
is approximately 5 mm and diameter is 30 mm. WC-Ni metal matrix composite were prepared 
by mixing %70 tungsten carbide (WC) and %30 nickel (Ni). In addition to coated samples 
and non-coated samples were pressed using a hydraulic pres at a pressure of 360 bar and 400 
bar respectively. All the samples were sintered at the different temperatures of 1000°C, 
1100°C, 1200°C and 1300°C with Argon gas atmosphere in tube furnace. Photomicrographs 
of coated and non-coated tungsten carbide-nickel samples are shown in Figure 1. 
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Figure 1. Photomicrographs of coated and non-coated WC-Ni samples, respectively, (a)-(e)1000°C,  


