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X350

Figure 8. Ta-N (90-10 At.%) Melting Point Sample Quenched from
2910°C and Equilibrated at 1500°C.

Figure 9. Ta-N (85-15 At.%) Melting Point Sample Quenched from
2860°C. Polarized Light X270

Trace of Primary TaN in Ta+Ta,N Eutectic Matrix.
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Hypereutectic alloys with nitrogen concentrations increasing
up to the metal-rich boundary of the Ta N-phase show varying amounts of the
primary subnitride phase ina Ta + TazN-depleted eutectic matrix
(Figures 10 thru 12). The metal-rich homogeneity limit of the subnitride
phase at the eutectic temperature is located at approximately 29 atomic
percent nitrogen as shown in Figure 12. Alloys withnitrogen concentrations
greater than 29 atomic percent exhibited the single phase Ta N structure
(Figure 13).

As was previously mentioned in the literature review of the
tantalum -nitrogen binary system, four different investigations t3 1o b AT
of the solid state portion of this system revealed the presence of a
tantalum-nitrogen phase in the range of 0.1 to 4 At.% nitrogen. Alloys
prepared in the present investigation at this low nitrogen concentration

did not reveal the presence of this phase. The absence of the phase was

probably due to the manner in which the alloys were prepared as reported
(17)

by D. P. Seraphim et al.

Figure 10, Ta-N (75-25 At.%) Melting Point Sample Quenched from
2930°C. X250

Primary Ta N with Intragranular Metal Precipitations in
a Tantalum-Tantalum Subcarbide Eutectic Matrix (TazN-
Depleted).
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Figure 11. Ta-N (71-29 At.%) Melting Point Sample Quenched
from 2930°C. X220

Tantalum Subnitride with Intragranular Metal
Precipitates with Traces of Tantalum-Tantalum

Subnitride Depleted Eutectic at the Grain
Boundaries.

Figure 12.

from 2930°C.

X220

Originally Single Phased Tantalum Subnitride.

Intra -
granular Tantalum Precipitated During Cooling.
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Figure 13. Ta-N (65-35 At.%), Melting Point Sample Quenched
from 2955°C. X1000

Single Phase Ta,N

The maximum analyzed nitrogen concentration in both
melting point and heat-treated alloys was found to be 39 atomic percent
nitrogen. At this concentration, the appearance of the tantalum mono-
nitride phase was not detected by either metallography or X-ray analysis

of melting point and heat treated alloys.
8. HAFNIUM-NITROGEN SYSTEM

The proposed constitution diagram of the binary system

hafnium-nitrogen is presented in Figure 14.
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A photomicrograph of a melting point alloy
(Figure 17) at 23 At.% N quenched from 2915°C, shows only
the single phase a-Hf-ss. The metallographic examination of
alloys which participated in the peritectic reaction at 2911°C
showed only the primary phase of hafnium mononitride containing
either metal or subnitride precipitates, but in no samples were
mononitride precipitates noticed in the hafnium phase (Figures 18

and 19).

Figure 17. Hf-N: (77-23 At.%), Melting Point Sample Quenched
from 2915°C. X800

Single Phase a-Hf-ss. Cracks within a-Grains Resulted
During Rapid Quenching.
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Figure

Hf-N: (71-29 At.%), Melting Point Sample Quenched
from 2940°C. X300

Primary Hafnium Mononitride with Metal Precipitation
and Traces of ¢-Hsz in a Matrix of a-Hafnium.

19. Hf-N: (65-35 At.%), Melting Point Sample Quenched
from 3330°C.

5-HfN,  Containing Precipitation Structure of e-Hf N
Plus ’I\races of a-Hf. (Pores-Black)
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Figure 20, Hf-N: (73-27 At.%), Melting Point Sample Quenched
from 2930°C and Equilibrated at 1500°C.
a-Hf-ss plus Precipitation Structure of e-Hsz.
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Figure 21. Hf-N: (67-33 At.%), Melting Point Sample Quenched
from 3260°C and Heat Treated at 1500°C for 30 hrs.
X600

Originally Single Phased Hafnium Mononitride showing
Precipitation Structure of e¢-Hf N.
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Figure 22 . Hf-N: (60-40 At.%), Melting Point Sample Quenched
from 3350°C and Equilibrated at 1500°C. X160

§-HIN, L Plus Precipitation Structure of e¢-Hf N.
(Pores-Black)

The lower solubility limit of the hafnium mononitride
phase at 1500°C is located at 43 atomic percent nitrogen (Figure 23);
its metal -rich homogeneity limit shifts to lower nitrogen concentrations

at higher temperatures: 40 At.% N at 2100°C and ~34 At.% N at 2911°C.
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Figure 23. Hf-N: (58-42 At. %), Melting Point Sample Quenched
from 3380°C and Equilibrated at 1500°C. X270

6-Hle gl Grains Plus Trace of e-Hle. (Pores-Black)

Above the peritectic decomposition temperature of the
a-Hf-ss, the solidus temperatures of the hafnium mononitride phase
increase rapidly with increasing nitrogen concentration (Figure 14).

The §-HIN, s phase was found to melt congruently at a temperature

of 3387°C at 49 atomic percent nitrogen. At nitrogen contents above the
maximum melting composition, the solidus temperatures decrease
rapidly, and no melt was observed in the melting point samples with
nitrogen concentrations >49 At.%; nitrogen was apparently lost by
dissociation. Figures 24 and 25 show photomicrographs of Hf-N alloys

located in the single phase mononitride region which were quenched

from melting.
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Figure 24. Hf-N: (55-45 At.%), Melting Point Sample Quenched
from 3385°C. X200

Single Phase 5-HIN, -

£

Figure 25. Hf-N: (51-49 At.%), Melting Point Sample Quenched
from 3395°C. X400

Single Phase Hafnium Mononitride.
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Figure 30. Hf-Ta-N: (75-23-2 At. %), Melting Point Sample
Quenched from 2140°C. X440

Traces of Primary a-Hf-ss in Partially Decomposed
B'-(Ta, Hf)-ss Matrix.

Figure 31, Hf-Ta-N: (85-13-2 At.%), Melting Point Sample
Quenched from 2150°C. X560

Decomposed pB'-(Ta, Hf)-ss plus Traces of a-Hf-ss.
44
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Figure 32. Hf-Ta-N: (85-10-5At.%), Melting Point Sample
Quenched from 2290°C. X400 1

Primary a-Hf-ss plus Trace of Partially Decomposed
pB' at the Grain Roundaries.

2. High Temperature Equilibria

The eutectoid reaction observed in the Hf-N binary
system at 1970°C which is associated with the formation of the ¢-Hf N
phase appears in the ternary system at a slightly lower temperature of
~1950°C. D.T.A.-thermograms of ternary alloys participating in the
four-phase reaction are presented in Figure 33. The class Il-type,
four-phase isothermal plane at 1950°C is represented by:

a-Hf-ss8 + 6-(HI, Ta)le;v p-(Ta, Hf)~-s8 + ¢-Hsz
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Figure 34. Hf-Ta-N: (60-15-25 At.%), Melting Point Sample
Heat-Treated at 2100°C for 15 hours and Quenched.
X400
Primary 5-(Hf, Ta)Nl_ Containing Precipitation
Structure of ¢-Hf N ina Matrix of a-Hf (Light Gray)
and p-(Ta, Hf) (Dark Gray). Pores-Black.

Figure 35. Hf-Ta-N: (55-10-35 At.%), Melting Point Sample
Heat Treated at 2100°C for 15 hours and Quenched.
X760

§-(Hf, Ta)N Containing Precipitation Structure of

e-Hf N plusl F‘-(Ta, Hf) (Dark Gray) and Trace Amounts
of o Hf (Light Gray). Pores-Black.
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Figure 36. Hf-Ta-N: (68-2-30 At.%), Melting Point Sample
Quenched from 3113°C. X640

5-(Hf, Ta)Nl + c-Hsz in a a-Hf-ss Matrix.

X-ray Analysis - Trace Amounts of p-(Ta, Hf)-ss +
5-(Hf, Ta)Nl_x + c-Hsz + a-Hf-ss.

Figure 37. Hf-Ta-N: (65-2-33 At.%), D.T.A. Sample Cooled at
4°C Sec. from 2400°C. X600

5-(Hf, Ta)N Grains Exhibiting Precipitation Structure
of c—Hsz. &'race amounts of a-Hf at Grain Boundaries.
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The solidus temperatures along the metal-rich
eutectic trough decrease smoothly from the binary Ta-Ta )N eutectic at
2870°C and 15 At.% N and binary a(Hf)- B(Hf) eutectic at 2190°C and
~2 At.% N to the minimum eutectic point in the ternary system, i.e.

a minimum tie line reaction at 2110°C according to:

Liquid <—>p-(Ta, Hf) + a-Hf-s8

at a composition of approximately Hf(81) - Ta(17)-N(2) At.% is present.

The metallographic examination of Ta-rich ternary alloys exhibited the
same type of structures as found in the Ta-N binary system, e.g.,
primary TazN grains contained metal precipitates in a Ta plus TazN-

depleted eutectic matrix (Figure 39).

Figure 39, Hf-Ta-N: (Z 76-22 At. %). Melting Point Sample
Quenched from 2880°C. X400

Prxma.ry v¥-(Ta, Hf) N Containing p-(Ta, Hf) Precipitates
in (Ta, Hf) plus (Ta Hf) N-Depleted Eutectic Matrix.
Trace Amounts of Subnitride and Primary Mononitride
in Metal Matrix.
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With increasing hafnium content, the ternary alloys

exhibited eutectic-like structures as shown in Figures 40 thru 43.

These alloys are located in the two-phase field of metal plus mononitride;

Figure 40, Hf-Ta-N: (5-90-5 At. %), Melting Point Sample Heat-
Treated at 2100°C for 15 hours. X400

Primary Metal Grains Containing Mononitride Precipitates
and Traces of Metal + Mononitride Eutectic at Grain

Boundaries.

finally in the two-phase field of B-Ta +a-Hf, eutectic-like structures as
presented in Figure 44 were obtained. The more hafnium-rich ternary
alloys lo ated close to the eutectic trough did not exhibit very characteristic
eutectic structures; this is due to the low nitrogen concentration of the
eutectic which is located very close tc the maximum solubility limit of

nitrogen in the PB-(Ta-Hf)-ss phase.
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Figure 41.

Figure 42.

-~

Hf-Ta-N: {(15-75-10 At.%), Melting Point Sample
Quenched from ~2800°C.

Co-crystallized y-Ta,N (Light Gray) and Mononitride
(me in Mononitride plus Metal Eutectic. This Phase
Morphology Resulted from the Four-Phase Reaction at

2800°C: Liquid + 'y-Ta.zN “—y B~-(Ta, Hf) + 6-(Hf, Ta)Nl -

Hf-Ta-N: (35-30-35 At.%), Melting Point Sample
Quenched from 3056°C and Equilibrated at 2100°C.
X600

Primary Mononitride Grains Containing Metal
Precipitates in a Mononitride + Mct~1 Futectic Matrix.
Trace of y-TazN (Light Gray) in Eutectic Matrix.
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Figure 43.

Hf-Ta-N: (20-75-5 At. %), Melting Point Sample
Quenched from 2620°C. X1000

Primary &6-(Hf, Ta)N, .x and 8-(Hf, Ta)N, . B~
(Ta, Hf) Eutectic.

Figure 44.

Hf-Ta-N: (63-35-2 At.%), Melting Point Sample
Quenched from ?160°C and Equilibrated at 1500°C.
X340

Traces of Decomposed B~(Ta, Hf)-ss plus a-§
Eutectic.
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The maximum tantalum exchange in the ao-Hf
phase is terminated at the four-phase reaction plane occurring at
2260°C. The Class Il-type, four-phase reaction proceeding at this

temperature is represented by

Liquid + & - (Hf, Ta)Nl_x—ss = B-(Ta, Hf)-ss+ a-Hf-ss

D.T.A. thermograms of two ternary alloys participating in the four-
phase reaction at 2260°C are shown in Figure 33. At this temperature,
the tantalum exchange in the a~Hf phase is 22 atomic percent

(a =3.189; c = 5.086A at ~10 At.% N). Ternary alloys showing the
primary o-Hf phase plus trace amounts of the metal solid solution are

presented in Figures 45 and 46,

Figure 45, Hf-Ta-N: (75-10-15 At.%), Melting Point Sample Quenched
from 2850°C and Heat-Treated for 30 hours at 1500°C.
X300

a-Hf-ss Grains plus B~(Ta, Hf) at Grain Boundaries.
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Figure 46. Hf-Ta-N: (75-15-10 At.%), Melting Point Sample
Quenched from 2750°C. X320

Primary Dendrites of a~Hf plus Trace Amounts of
{(Hf, Ta) Metal Solid Solution.

With increasing temperatures, two three-phase
fields emerge from the four -phase reaction plane at 2260°C. The one
three-phase field of liquid + a~Hf-ss + §-(Hf, Ta.)Nl .x~88 moves toward
the Hf-N binary system and is terminated at the maximum temperature
stability of the a-Hf phase, i.e. the binary peritectic reaction at 2911°C.
The second three-phase field of liquid + B-(Ta,Hf)-s5 + & -(I--lf.Ta,)Nl x"S8
proceeds across the ternary system and is terminated in a Class II-type,
four phase reaction at a temperature of approximately 2800°C. The
reaction scheme representing the four~-phase temperature plane at

2800°C may be written as follows:
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Liquid + v - Ta )N-ss = B-(Ta,Hf)-ss + § ~(Ha, Ta)N, _-ss

At this temperature a maximum hafnium exchange of 9.5 atomic
percent was observed for the v-Ta,N phase (a = 3.044; c = 4.915.&
for 'I’azN and a = 3.062; c = 4.937A at the 'y-(Ta,Hf)zN-ss vertex
of the three-phase field (B + v + §).

The existence of the four-phase temperature
plane at 2800°C was determined from melting point runs with subsequent
metallographic examination of these alloys. A photomicrograpl: showing
approximately the maximum extent of the y-(Ta, Hf)zN-ss phase into the
ternary system is shown in Figure 47. As was previously shown in Figures
41 and 42, products of the four-phase reaction at 2800°C are also shown
in Figures 48 and 49.

Figure 47: Hf-Ta-N: (10-60-30 At.%), Melting Point Sample Quenched
from ~2850°C. X400

Primary v-Ta,N-ss with Melting Phase at Grain Boundaries.

X-ray Analysis: Subnitride, Metal and Trace Amounts of
Mononitride.
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Hf-Ta-N: (27-33-40 At.%), Melting Point Sample
Quenched from 3056°C., X400

Primary Mononitride in a v-Ta,N Matrix (Light Gray)
Containing both Metal (Dark Gray) and Mononitride.

Figure 48.

Figure 49. Hf-Ta-N: (5-67-28 At.%), Melting Point Sample
Quenched from 2808°C. X280

Primary y-Ta,N Containing Intragranular Metal
Precipitates in a Metal Matrix (Dark) with Traces

of Mononitride (White Spheres).
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Figure 51. Hf-Ta-N: (55-5-40 At.%), Melting Point Sample
Quenched from 3300°C. X400

§-(Hf, Ta)N = plus Slight Trace of B-(Ta, Hf) at
Grain Bounda¥ies. (Pores-Black) X-Ray Analysis:
5-(Hf, Ta)Nl - + Slight Trace p-(Ta, Hf).

I‘,i ,J-' ' 4 Q . Iv .lt
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Figure 52. Hf-Ta-N: (40-20-40 At.%), Melting Point Sample
Heat-Treated at 2100°C for 15 hours. X400
Mononitride ( §) Grains Containing Metal Precipitates
at Grain Boundaries.
X-Ray Analysis: 6-(Hf.Ta)Nl e + B-(Ta, Hf) + Trace
'y-TazN.
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Photomicrographs of the two end phases participating

in the pseudobinary eutectic reaction are shown in Figures 54 and 55;
eutectic-like structures were obtained in ternary alloys with hafnium
exchanges of ~ 19 atomic percent. These structures, which are not very

characteristic of eutectics, are presented in Figures 56 and 57.

Figure 54. Hf-Ta-N: (5-59-36 At. %),
Quenched from 2935°C.

Melting Point Sample
Polarized Light X760

6-Ta,N-ss plus Slight Trace of Mononitride.
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Figure 55. Hf-Ta-N: (40-15-45 At.%), Melting Point Sample
Quenched from 3180°C. X1000

Single Phase 6-(Hf, Ta.)Nl
(Pores-Black). .

- Solid Solution

Figure 56, Hf-Ta-N: (12-50-38 At.%), Melting Point Sample
Quenched from 2950°C. Polarized Light X520

Trace of Primary Mononitride (Light Gray) in a
Subnitride (Dark Gray)-Mononitride Eutectic-Like

Matrix.
62



Figure 57. Hf-Ta-N: (20-40-40 At.%), Melting Point Sample
Quenched from 2950°C. Polarized Light X 520

Primary Mononitride Dendrites (Light Gray) in a
Subnitride -Mononitride Eutectic-Like Matrix.

3. Assembly of the Phase Diagram

The experimental results obtained from the solid
state sections, D.T.A., melting point, and metallographic studies were
used to construct the isothermal sections from 1000°C to 3200°C
(Figures 58 thru 70). Finally, the temperature sections are supplemented
by a drawing showing the melting troughs and liquidus projections of the

partial ternary system (Figure 71).

The various phase equilibria as presented in the
isothermal sections were combined to construct a partial isometric view

of the ternary Ta-Hf-N system (Figure 1).
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