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In this study,it is aimed to produce various composites and reveal their physical properties. Tungsten 

carbide (WC) powder and the two of cobalt (Co) and titanium (Ti) powders as binder phase have been 

used for the preparation of WC-Co-Ti ceramic-metal composite with powder metallurgy.  Two different 

ultrasonic non-destructive techniques were employed to measure the mechanical wave velocity in WC-

Co-Ti composites. The study was performed on various specimens with different WCx content at the 

range from 60 to 80% and Co/Ti content in 3:1, 1:1 and 1:3 groups. The WCx content in examined 

materials was determined using the standard destructive analysis. The Young modulus (E) of the 

produced composites and the ultrasonic velocity measured through ultrasonic pulse-echo method and 

immersion method. Thermal conductivity of samples has been measured via hot disk method. The 

relation between the Young modulus' values with ultrasonic wave velocity,  which is obtained through 

two different methods and thermal conductivity has been physically examined and the results have been 

compared with the literature.�
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Figure 1. SEM pictures of a) WC0.6+Co0.2+Ti0.2 

b) WC0.7+Co0.15+Ti0.15 c) WC0.8+Co0.1+Ti0.1 samples. 
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Figure 2.Schematic of samples and sensor for the Hot 

Disk. 
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Table 1.Ultrasound velocities, elastic modulus, thermal conductivity and density values of WC-Co-Ti composite 

sample. 

Sample 

Pulse-Echo Method Immersion Method Thermal 
Conductivity 

(W/mK) 

Density 
(g/cm3) 

VL 

(m/s) 

VT 
(m/s) 

E 
(GPa) 

VL 

(m/s) 

VT 

(m/s) 

E 
(GPa) 

WC 0.6+Co0.3+Ti 0.1 4942 2249 94.2 4933 2362 102.5 6.82 6.8 

WC 0.6+Co0.2+Ti 0.2 5313 2501 110.4 5104 2532 111.4 6.98 6.5 

WC 0.6+Co0.1+Ti 03 5871 2721 133.2 5839 2870 145.8 7.59 6.6 

WC 0.7+Co0.225Ti 0.075 4633 2467 112.5 4777 2489 115.6 3.48 7.1 

WC 0.7+Co0.15 Ti 0.15 5138 2636 123.0 4982 2683 125.0 4.40 6.7 

WC 0.7+Co0.075Ti 0.225 5653 2824 140.4 5281 3076 155.3 5.29 6.6 

WC 0.8+Co0.15+Ti 0.05 4438 2626 113.7 4586 2509 108.5 3.20 6.7 

WC 0.8+Co0.1+Ti 0.1 4934 2759 139.5 4747 2870 143.8 3.38 7.2 

WC 0.8+Co0.05+Ti 0.15 5380 2941 140.2 4915 3307 149.7 3.68 6.3 
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Figure 3.Variation in longitudinal and transverse ultrasound velocity with Young’s modulus (a-c) Pulse-echo method 

and (d-f) Immersion method. 
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         (a)       (b) 
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Figure 4.Variation in longitudional and transverse ultrasound velocity with thermal conductivity (a-c) Pulse-echo 

method and (d-f) Immersion method. 
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Figure 5.Thermal conductivity and Young modulus 

graph of (a) WC0.6–Co–Ti, (b) WC0.7–Co–Ti, (c) WC0.8–

Co–Ti composite sample. 
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Thermal and Elastic Properties with Ultrasonic Velocity of WC/Co-Ti Composites, Bilici Özkan et  al. 
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