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Experimental Determination of Isothermal Section at 1273 K
in the Ternary Ni-Cr-N System

Nagato ONo, Masanori KAJIHARA and Makoto KIKUCHI

Synopsis :

An isothermal section of the equilibrium phase diagram in the ternary Ni-Cr-N system was experimental-
ly determined at 1273K. Binary Ni-Cr alloys with chromium concentration from 20 to 79 mass% were
nitrided in pure nitrogen gas under various pressures between 10 and 96 kPa at 1423 or 1523 K. The
ternary Ni-Cr-N alloys prepared by the nitriding were equilibrated at 1273K for time varying between
2.0X10° and 3.7 X 10”s. The concentration of nickel and chromium of each phase in the equilibrated
alloys was determined by conventional electron probe microanalysis. Nitrogen in solid solution phases
and nitrides was analyzed by a refined method of electron probe microanalysis, which has been recently
established by the present authors.

A nitride with the metal-atom arrangement of 8 manganese, which is designated as a 7 phase, was found
to be in equilibrium with a nickel-rich fcc-7 phase, a chromium-rich bcc-a phase, and a di-chromium
nitride, which is designated as an ¢ phase. The chemical compositions of the 7 and ¢ phases observed in
the present work led to the formulae of Crlz(Ni0.94~o_75 Cro_oefo_z_r,)g N3g-42 and (Cr().gg Nio_])z N0.30—0,97,
respectively. The 7 phase became unstable above 1473 K. This explains a previous unsuccessful attempt
to make the Ni-Cr-N ternary r phase by replacing molybdenum in Mo;2NigN4 with chromium.

Key words : Ni-Cr-N system; phase equilibrium; phase diagram; isothermal section; nitrogen analysis;
EPMA ; nitride ; 8 manganese structure; 7 phase; CrzN.
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Table 1. Nominal compositions of binary Ni-Cr
alloys. The chromium concentration is shown in
mass % as well as in atomic fraction.

Alloy Cr (mass%) Yer

20Cr 19.9 0.220
30Cr 29.8 0.326
50Cr 50.0 0.530
60Cr 60.0 0.629
65Cr 65.0 0.677
70Cr 70.0 0.725
79Cr 79.0 0.809
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FEAEMBLE R 2R Y. BEIOSEHE 22U PR RS Y
AM1.8X10s Lk DEWB, ZoRBHIE b
HESISHIZ1523K I2BWT 7.6 X 10*s DL
#he L 7.
2-3 HMEBREHLU X BERICLIBORE
TEALIMBAB Z2HZE 0.02um OT LV I FEHWVT
BAME EIFHFE L, EPMA ORSTEFHBIZIC X 54
MBS LIT- 7. SHOKREES CH T HREE, X
MT4 7927 bA—5—BLO X BREHFHEKEEEIC
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Table 2. Nitriding conditions and equilibration
times.

Nitriding Equilibration
Alloy time at 1273K
Temp. (K) | Pn, (10*Pa) | Time (10%s) (107 s)
20Cr 1423 9.6 5.4 0.2
30Cr 1423 9.6 5.4 0.2
50Cr 1523 9.5 18.0 3.6
9.5% 1.8 3.7
6.5 11.5 3.0
60Cr 1523 9.5 18.0 3.6
9.5% 1.8 3.7
6.5 11.5 3.0
3.5 10.4 3.3
1.0 9.4 2.8
65Cr 1523 9.5 18.0 3.0
9.5% 1.8 0.9
6.5 11.5 0.6
3.5 10.4 3.2
1.0 9.4 2.3
70Cr 1523 9.5 18.0 3.2
9.5% 1.8 0.9
6.5 11.5 3.0
79Cr 1523 6.5 11.5 3.1
1.0 9.4 2.2
* Homogenized at 1 523K for 7.6X10%s after nitriding at 1523 K

for 1.8X10%s
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Photo. 1. Backscattered electron micrograph of
alloy 60Cr nitrided at 1523 K for 1.8X10°s under
a nitrogen pressure of 9.5X10% Pa.
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a:60Cr (3.5X10% Pa), (v+ )

¢:70Cr (6.5X10° Pa), (7+ ¢)

e:79Cr (1.0X10* Pa), (e+ 7+ ¢)
Photo. 2. Backscattered electron micrographs of ternary Ni-Cr-N alloys equilibrated
at 1273 K up to 3.7X107s,
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a : Backscattered electron micrograph
b : X-ray image of NK o

Photo. 3. Two types of nitrides in
alloy 65Cr (3.5 X 10* Pa) equilibrated
at 1273 K for 2.9X10%s.
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Photo. 4. Backscattered electron micrographs of Fig. 1. Nickel and chromium concentration
alloy 65Cr (1.0 X 10* Pa) equilibrated at 1273 K profiles across two phases along the line shown in
for 2.3 X 107s. Concentration profiles along the Photo. 4 in the alloy 65Cr (1.0 X 10* Pa)
solid lines are shown in Fig. 1. equilibrated at 1273 K for 2.3X107s.
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Fig. 2. Isothermal section at
ternary Ni-Cr-N system.
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Fig. 3. Isothermal section at 1273K in the
ternary Ni-Cr-N system. The vertical and

horizontal axes show the nitrogen activity and
the chromium concentration, respectively.
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