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A face-centered cubic (fee) phase with quadrupled cell dimension of the rock salt-type ZrN has been 
found in the ZrOz-ZrN system by the powder X-ray diffraction method and electron microscopy. The 
fee phase coexists with Zr70r1N2, ZrN, and Zr02 in the ZrOr-ZrN system with ZrN fraction ranging 
from 30 to 90 mole%. The cell dimension of the fee phase has been refined to a = 18.334(2) A in the 70 
mole% ZrO*-30 mole% ZrN compound and a = 18.329(3) A in the 30 mole% ZrQ-70 mole% ZrN 
compound. The fee phase is supposed to be chemically denoted as ZrN(O), substituting a small 
amount of nitrogen atoms with oxygen atoms in the ZrN host lattice in an ordered form. o 1988 
Academic Press, Inc. 

1. Introduction 

Three phases are reported for the ZrOz- 
ZrN system, y(ZrzONz, cubic, a = 10.135 
A), P(Zr708N4, rhombohedral, a = 9.540 A, 
c = 8.834 A), and /3’(Zr,OiiN2, rhombohe- 
dral, a = 9.560 A, c = 17.60 A> (I, 2). All of 
these structures are derived from the fluo- 
rite-type Zr02 structure, while ZrN has the 
rock salt-type structure with a = 4.574 A 
(3). Compounds in this oxynitride system 
near the end member of ZrOz have a micro- 
structure in which the tetragonal and mono- 
clinic ZrOz particles are dispersed in a ma- 
trix having a modulated p’ structure (4, 5). 
Since such a microstructure has an analogy 
to that of the cation-substituted partially 
stabilized Zr02 as found in Zr02-Y203, 
-CaO or -MgO systems, the present oxyni- 
tride compound is also expected to have 
several properties required for the new ce- 
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ramic materials with high strength and high 
toughness. This paper describes an un- 
known phase (temporally called an X 
phase) which has been found during a 
course of the survey of synthesis and char- 
acterization of the zirconium oxynitride 
system (6). 

2. Experimental 

Compounds of the ZrOz-ZrN system 
were synthesized by the reaction sintering 
method in the range of ZrN fraction from 0 
to 100 mole% at lo-mole% intervals. A mix- 
ture of ZrOz (Toyosoda, purity 99.9%, spe- 
cific area 15 m2/g) and ZrN (Soekawa; 
purity 99%) powders at an appropriate 
composition was ground in an alumina ball 
mill with methanol for 20 hr, dried at 6O”C, 
passed through a 60-mesh sieve, and 
pressed isostatically at 1000 kg/cm2. The 
mixture was heated at 1600°C for 20 hr in a 
reducing atmosphere with a flow of dehy- 
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drated and oxygen-desorbed gas mixture of time 5 sec. The Ka2 component was 
Nz (150 cm3/min) and Hz (50 cm3/min). stripped by the Rachinger method (7). Peak 

Powder X-ray diffraction data were ob- positions were calibrated by using Si pow- 
tamed by a diffractometer (Philips PW1700) der (NBS 640) as an external standard. Af- 
using graphite-monochromated CuKa! radi- ter eliminating ambiguous peaks which can 
ation. The step scanning technique was em- be identified as the other coexisting phases, 
ployed with step size 0.20” and counting the remaining 20 peaks (4” < 219 < 60”) of 

x10 3 
IO- 

7. 
3. 

1. 
2. 

.A. 

.I- A 
4 
0 !I IO IS 20 

2 'e" / deg 
75 so 

FIG. 1. X-Ray powder diffractogram (CuKa) of the 70 mole% ZtQ-30 mole% ZrN compound 
(30ZRON). Peaks are labeled with the abbreviation of S for the X phase, M for the monoclinic 
zirconia, and A for (Y-AI~O~. Diffractograms of the pure M and ZrN phases are also superimposed in a 
reduced scale for comparison. The highest peak reaches approximately 3 x 104 counts/step (212 and 
006 of P’). 
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the compound containing 70 mole% ZrN 
were used as the input data for the program 
IT0 to find the unit cell. This program was 
originally written by Visser (8) on the basis 
of the Ito method (9). A face-centred cubic 
(fee) unit cell of a = 18.329(3) A was solved 
with the figure of merit (8) of 8.2. All other 
dubious unit cells were discarded or re- 
duced to the same fee cell in the course of 
the iteration procedure between the index- 
ing and the cell parameter refinement (10). 

A microscopic analysis was then carried 
out using a transmission electron micro- 
scope (JEOL 200CX) to examine the pres- 
ence of the X phase in the zirconium oxy- 
nitride. Samples were sliced from the 
sintered rod by a diamond cutter, thinned 
first by hand to 15-50 pm, and finally by 
an ion beam thinning machine (Edward 
IBT200). 

3. Results and Discussion 

The X-ray powder diffraction pattern of 
the oxynitride with 30 mole% ZrN is shown 
in Fig. 1. The powder data are summarized 
in Table I. The compound consists of rhom- 
bohedral p’ phase (ZrT0r1N2) and mono- 
clinic and tetragonal Zr02 as major com- 
ponents, ZrN and X phase as minor compo- 
nents, and a-Al203 as a trace component. 
The last one is a contamination due to the 
milling process. The X phase was found in 
the compositional range between 30 and 90 
mole% ZrN. No other phases such as 
/3(Zr708N4) or -y(Zr20N2) were found. The 
cell dimension of the X phase is refined to 
18.334(2) A for the compound with 30 
mole% ZrN and 18.329(3) A for 70 mole% 
ZrN. 

Presence of the X phase was ascertained 
by electron microscopy as shown in Figs. 
2-4. A large and smooth domain indicated 
by an arrow in Fig. 2 has a diffraction pat- 
tern shown in Fig. 3 which is indexed by the 

TABLE I 

OBSERVEDANDCALCULATEDPOWDERX-RAY 
DIFFRACTION DATA FORTHEXPHASE IN THE 70 

mole%Zr02-30 MOLE%Z~NCOMPOUND 

h k 1 I ohs d ohs d cdc 

1 1 1 
2 2 0 
3 1 1 
4 0 0 
3 3 1 
4 2 2 
5 1 1 
3 3 3 I 
4 4 0 
6 2 2 
4 4 4 
6 4 2 
7 3 1 
5 5 3 I 
8 0 0 
6 6 0 
8 2 2 I 
7 5 1 
5 5 5 
8 8 0 

13 10.536 
1 6.478 
4 5.515 
4 4.578 

10 4.201 
17 3.738 

17 3.525 

6 3.238 
<l 2.761 
100 2.645 
<l 2.450 

9 2.384 

10 2.291 

10 2.161 

4 2.117 2.117 

23 1.621 1.620 

10.584 
6.481 
5.527 
4.583 
4.206 
3.742 

3.528 

3.241 
2.764 
2.646 
2.450 

2.387 

2.292 

2.160 

same fee lattice with quadrupled cell di- 
mension of ZrN as found in the X-ray 
study. The p’ phase and the Zr02 poly- 
morphs were found in the grains having 
complicated microstructures as shown in 
the lower part of Fig. 2. A high-resolution 
image of Fig. 4 indicates that the X phase 
forms homogeneous and well-crystallized 
domains in the compound. The X phase 
was generally found in a region surrounding 
the ZrN particles. Thus, the X phase is sup- 
posed to have a structure containing a small 
amount of oxygen atoms in the ZrN host 
lattice, and its chemical composition will be 
written as ZrN(0). 

Computations were carried out using a 
HITAC M280 computer at the Computer 
Center of Tokyo Institute of Technology. 
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a 

FIG. 2. Micrograph of 30 mole% ZrO*-70 mole% ZrN compound, with the X phase indicated by an 
arrow. 
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FIG. 3. Selected area diffraction pattern (a) of the X phase indicated by an arrow in Fig. 2 and its 
schematic representation (b). Doubled circles in (b) coincide with the reciprocal points of ZrN. 
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FIG. 4. High-resolution image of the X phase in the 30 mole% ZrO*-70 mole% ZrN compound 
indicated 4.5 and 5.5 A periodicities which correspond to (331) and (1 13) interplanar spacings, respec- 
tively. 
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