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The main aim of our experiments was investigation of high-temperature behaviour of novel high-
pressure nitrides of hafnium, and tantalum as well as of the related ambient pressure counterparts 
employing in-situ high temperature X-ray powder diffraction (XRD). The cubic Zr3N4 and Hf3N4 
having Th3P4-type structure (S.G. I-43d, No. 220) were first obtained via chemical reactions of Zr 
and Hf metals or their mononitrides with molecular nitrogen at high pressures (>15 GPa) and high 
temperatures (>2500 K) in a laser heated diamond anvil cell (LH-DAC) [1]. Preliminary 
compressibility measurements have indicated high bulk moduli, B0, of about 250 GPa (with B0’=4) 
for both compounds thus suggesting their high hardness. Subsequent theoretical studies of these 
transition metal nitrides supported their low compressibility and suggested high hardness of about 
20 GPa [2, 3]. Further interest in these materials was excited by the finding that thin films of c-
Zr3N4 are significantly harder than those of zirconium mononitride (δ-ZrN) and dramatically 
outperform traditional δ-TiN in wear resistance during machining of low-carbon steels [4]. These 
results demonstrated a great potential of c-M3N4 (M=Zr or Hf) for industrial application as hard 
wear-resistant coatings. The novel η-Ta2N3 having orthorhombic U2S3-type structure was obtained 
at high pressures and temperatures (11-20 GPa and 1500 K, respectively) via decomposition of 
Ta3N5, a metastable nitrogen reach form accessible via ammonolysis of Ta2O5 [5]. The hard η-
Ta2N3 is the candidate for application as a structural material because its crystals exhibit a needle-
like habitus with a high aspect ratio.  

In our experiments at HASYLAB (beam-line B2) we investigated the thermal expansion and 
thermal stability of c-Hf3N4 as well as of two nitrides of tantalum, Ta3N5 and the recently 
discovered high-pressure η-Ta2N3. Measurements were performed from room temperature (RT) up 
to 1200 K using the capillary furnace and a curved image plate detector. For c-Hf3N4 its lattice 
parameter was found to linearly increase with temperature in the whole temperature range (Fig. 1). 
The average linear thermal expansion coefficient of c-Hf3N4 in the investigated temperature range 
was estimated to be αL=9.6⋅10-6 K-1 which is slightly lower than that of the oxygen-bearing c-Zr3N4 
(11.5⋅10-6 K-1) reported earlier [6]. The onset of oxidation of c-Hf3N4 was found to take place at 
temperatures above 900 K. 

 

Figure 1: Relative elongation of the lattice parameter of cubic Hf3N4 measured at high temperatures in 
comparison with that of the oxygen-bearing c-Zr3N4 [6]. 



Our experiments on Ta3N5 have shown that this compound oxidizes at temperatures exceeding 
1000 K (Fig. 2). From the XRD patterns measured below this temperature we could recognise that 
Ta3N5 exhibits a low thermal expansion coefficient. Two examples of the patterns collected at 323 
and 973 K are shown in Figure 2. From the preliminary analysis of the collected data the thermal 
expansion coefficient of Ta3N5 was estimated to be αV=1.6⋅10-5 K-1. Analogous measurements on 
η-Ta2N3 have shown a thermal expansion coefficient of a similar order of magnitude. 

Figure 2: XRD patterns of Ta3N5 measured at high temperatures. 
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