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Fig 2. Phase Diagram of Mo-N [2]

Conclusion

Thermodynamic assessment of Mo-C, Mo-N and Mo-C-N system based on critical evaluation 
of the existing experimental results is completed. In future, this study will be integrated into 
the stainless-steel database which is currently being developed.

Properties Austenitic Ferritic

Toughness Very high Moderate

Ductility Very high Moderate

Weldability Good Limited

Thermal expansion High Moderate

Corrosion resistance Low Very high

Ferrite formers Austenite formers

Fe Ni
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Fig 1. Phase Diagram of Mo-C [1]
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TiC

Stainless steel with desired properties can be produced by alloying with appropriate amount of

known austentie and ferrite formers. Hence, as a part of stainless-steel alloy design purpose, this
thermodynamic modeling was conducted on Molybdenum, Nitrogen and Carbon ternary system.

Fig 3. Positron annihilation 
spectroscopy [3]

Phase Model Parameters

Liquid
𝑍𝑀𝑜𝑀𝑜
𝑀𝑜 = 𝑍𝑁𝑁

𝑁 = 𝑍𝐶𝐶
𝐶 = 𝑍𝑀𝑜𝑁

𝑀𝑜 = 𝑍𝑀𝑜𝑁
𝑁 = 6,

𝑍𝑀𝑜𝐶
𝑀𝑜 = 4, 𝑍𝑀𝑜𝐶

𝐶 = 6

∆𝑔𝐶𝑁= 125520

∆𝑔𝑀𝑜𝑁= −11715 − 9.20T 𝑋𝑀𝑜𝑀𝑜

∆𝑔𝑀𝑜𝐶= −61504 + 9.10T − 6401𝑋𝐶𝐶

MoBCC

(Mo)1(C,N,Va)3
BCC

𝐺𝑀𝑜:𝑉𝑎
𝐵𝐶𝐶 = 𝐺𝑀𝑜(𝐵𝐶𝐶)

°

𝐺𝑀𝑜:𝐶
𝐵𝐶𝐶 = 𝐺𝑀𝑜(𝐵𝐶𝐶)

° +3𝐺𝐶 𝑔𝑟
° + 292880 − 67.09𝑇

𝐺𝑀𝑜:𝑁
𝐵𝐶𝐶 = 𝐺𝑀𝑜(𝐵𝐶𝐶)

° +3𝐺𝑁 𝐵𝐶𝐶
° + 235082 − 67.99𝑇

Mo2N

(Mo)2(N,Va)1
Tetragonal

𝐺𝑀𝑜:𝑉𝑎
𝑀𝑜

2
𝑁 = 2 ∙ 𝐺𝑀𝑜 𝐵𝐶𝐶

° + 43932

𝐺𝑀𝑜:𝑁
𝑀𝑜

2
𝑁 = 2 ∙ 𝐺𝑀𝑜 𝐵𝐶𝐶

° + 𝐺𝑁 𝑇𝑒𝑡
° − 83680 + 9.89𝑇

𝐿𝑀𝑜:𝑁,𝑉𝑎
𝑀𝑜

2
𝑁 = −54601 + 11.72𝑇

Mo(C,N)

(Mo)1(C,N,Va)1
Hexagonal

𝐺𝑀𝑜:𝑉𝑎
𝑀𝑜(𝐶,𝑁)

= 𝐺𝑀𝑜 𝐻𝐶𝑃
° + 25400

𝐺𝑀𝑜:𝐶
𝑀𝑜(𝐶,𝑁)

= 𝐺𝑀𝑜C SH𝑃
°

𝐺𝑀𝑜:𝑁
𝑀𝑜(𝐶,𝑁)

= 𝐺𝑀𝑜 𝐻𝐶𝑃
° + 𝐺𝑁 𝐻𝐶𝑃

° − 46500

𝐿𝑀𝑜:𝐶,𝑁
𝑀𝑜(𝐶,𝑁)

= −61532

Mo2(C,N)

(Mo)2(C,N,Va)1
Hexagonal

𝐺𝑀𝑜:𝑉𝑎
𝑀𝑜

2
(𝐶,𝑁)

= 2 ∙ 𝐺𝑀𝑜 𝐻𝐶𝑃
°

𝐺𝑀𝑜:𝐶
𝑀𝑜

2
(𝐶,𝑁)

= 𝐺𝑀𝑜
2
𝐶 𝐻𝐶𝑃

°

𝐺𝑀𝑜:𝑁
𝑀𝑜

2
(𝐶,𝑁)

= 2 ∙ 𝐺𝑀𝑜 𝐻𝐶𝑃
° + 𝐺𝑁 𝐻𝐶𝑃

° + 92466

𝐿𝑀𝑜:𝐶,𝑉𝑎
𝑀𝑜

2
(𝐶,𝑁)

= 3598.24

Mo3(C,N)2

(Mo)3(C,N,Va)2
Hexagonal

𝐺𝑀𝑜:𝑉𝑎
𝑀𝑜

3
𝐶,𝑁

2 = 3 ∙ 𝐺𝑀𝑜 𝐻𝐶𝑃
°

𝐺𝑀𝑜:𝐶
𝑀𝑜

3
𝐶,𝑁

2 = 𝐺𝑀𝑜
2
𝐶 𝐻𝐶𝑃

° + 𝐺𝑀𝑜 𝐻𝐶𝑃
° + 𝐺𝐶 𝑔𝑟

° − 14539 − 14.97𝑇

𝐺𝑀𝑜:𝑁
𝑀𝑜

3
𝐶,𝑁

2 = 3 ∙ 𝐺𝑀𝑜 𝐻𝐶𝑃
° + 2 ∙ 𝐺𝑁 𝐻𝐶𝑃

°

𝐿𝑀𝑜:𝐶,𝑉𝑎
𝑀𝑜

3
𝐶,𝑁

2 = −8368

Mo(C,N)

(Mo,Va)1(C,N,Va)1
FCC

𝐺𝑀𝑜:𝑉𝑎
𝑀𝑜 𝐶,𝑁

= 𝐺𝑀𝑜 𝐹𝐶𝐶
° − 4184

𝐺𝑀𝑜:𝐶
𝑀𝑜 𝐶,𝑁

= 𝐺𝑀𝑜 𝐹𝐶𝐶
° + 𝐺𝐶(𝑔𝑟)

° − 451.397 − 17.54𝑇

𝐺𝑉𝑎:𝐶
𝑀𝑜 𝐶,𝑁

= 𝐺𝐶 𝑔𝑟
° + 141840

𝐺𝑀𝑜:𝑁
𝑀𝑜 𝐶,𝑁

= 𝐺𝑀𝑜 𝐹𝐶𝐶
° + 𝐺𝑁 FCC

° − 72802 + 16.28𝑇

𝐺𝑉𝑎:𝑁
𝑀𝑜 𝐶,𝑁

= 𝐺𝑁 FCC
° + 83680

𝐿𝑀𝑜:𝐶,𝑉𝑎
𝑀𝑜 𝐶,𝑁

= −123637 + 31.38𝑇

𝐿𝑀𝑜:𝑁,𝑉𝑎
𝑀𝑜 𝐶,𝑁

= −54392 + 12.55𝑇

𝐿𝑀𝑜:𝐶,𝑁
𝑀𝑜 𝐶,𝑁

= 37656

Fig 6. Liquid-BCC-MoN Fig 7. Mo-N Phase Diagram

Fig 4. Mo-C Phase Diagram Comparison Fig 5. Mo-C Phase Diagram
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VC

VTi

Assessments of the FCC Structure

Austenitic (Cu) (Metal)1(N, Va)1

Carbide and Nitride (NaCl) (Metal, Va)1(N, Va)1

(Metal, Va)1(C, Va)1

Pure Elements and Stoichiometric Compounds : 

𝐺𝑇
∘ = 𝐻𝑇

∘ − 𝑇𝑆𝑇
∘ = ∆𝐻298𝐾

∘ + 298𝐾׬
𝑇

𝐶𝑃𝑑𝑇 − 𝑇 𝑆298𝐾
∘ + 298𝐾׬

𝑇 𝐶𝑃

𝑇
𝑑𝑇

𝑤ℎ𝑒𝑟𝑒 𝐶𝑃 = 𝑎 + 𝑏𝑇 + 𝑐𝑇−2 + 𝑇ln𝑇 +⋯

Solid Solution by Compound Energy Formalism [4] :

𝐺𝑠𝑜𝑙 = 𝛾𝐴𝛾𝐶𝐺𝐴:𝐶 + 𝛾𝐴𝛾𝐷𝐺𝐴:𝐷 + 𝛾𝐵𝛾𝐶𝐺𝐵:𝐶 + 𝛾𝐵𝛾𝐷𝐺𝐵:𝐷

+𝑝𝑅𝑇 𝛾𝐴 ln 𝛾𝐴 + 𝛾𝐵 ln 𝛾𝐵 + 𝑞𝑅𝑇 𝛾𝐶 ln 𝛾𝐶 + 𝛾𝐷 ln 𝛾𝐷

+σ𝑖=0,1,2… σ𝑚=𝐶,𝐷 𝛾𝐴𝛾𝐵𝛾𝑚𝐿𝐴,𝐵:𝑚
𝑖 +σ𝑛=𝐴,𝐵 𝛾𝑛𝛾𝐶𝛾𝐷𝐿𝑛:,𝐶,𝐷

𝑖

Liquid Solution by Modified Quasi-Chemical Model [5] :

𝐺𝑙𝑖𝑞 = 𝑛𝐴𝑔𝐴
∘ + 𝑛𝐵𝑔𝐵

∘ + 𝑅𝑇 (𝑛𝐴ln𝑋𝐴 + 𝑛𝐵ln𝑋𝐵

+ 𝑛𝐴𝐴ln
𝑋𝐴𝐴

𝑌𝐴
2 + 𝑛𝐵𝐵ln

𝑋𝐵𝐵

𝑌𝐵
2 + 𝑛𝐴𝐴ln

𝑋𝐴𝐴

2𝑌𝐴𝑌𝐵

+(𝑛𝐴𝐵/2)[∆𝑔𝐴𝐵
∘ + σ𝑔𝐴𝐵

𝑖0 𝑋𝐴𝐴
𝑖 +σ𝑔𝐴𝐵

0𝑗
𝑋𝐵𝐵
𝑗
]
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Mo-C-N Phase Diagram at 1373 K [6]
1 (top), 30 (left bottom) and 300 (right bottom) atm
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