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Abstract

This report compiles a list of commercial and developmental niobium-based alloys developed during the
Space Age (late 1950s through mid-1970s) for extreme-temperature applications, including rocket engine thrust
chambers, hypersonic re-entry thermal protection systems, and space fission reactor loops. Niobium (Nb) was
widely pursued because it provided the lowest density (~8.6 g/cc) among the primary refractory metals, a high
melting temperature (~2470 °C), exceptional low-temperature ductility, good formability, and compatibility
with liquid alkali metals. An evaluation of physical metallurgy mechanisms, focusing on solid-solution
strengthening via heavy refractory solutes (W, Mo, Ta), dual-purpose reactive solutes (Hf, Zr, Ti), and
dispersion strengthening using carbides, nitrides, and oxides is presented. Additionally, the report compares
Western and Soviet Union metallurgical approaches, explaining how supply chain factors and manufacturing
infrastructure influenced element selection, interstitial chemistry, and alloy identification/naming conventions.
Cataloging these historical alloy chemical compositions serves as a foundational reference for modern alloy
additive manufacturing, thermodynamic CALPHAD modeling, and machine-learning discovery pipelines for
next-generation extreme-environment niobium-based alloys.

Abbreviations
Technical
AM additive manufacturing
APS average particle size
BCC body-centered cubic
CALPHAD  CAlculation of PHAse Diagrams
DBTT ductile-to-brittle transition temperature
EBM electron beam melting
NTP nuclear thermal propulsion
RM/I reactive metal-to-interstitial ratio
TPS thermal protection systems
VAR vacuum arc remelting
Country
SuU Soviet Union
UK United Kingdom
uUS United States
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Institutional/Programmatic

AEC Atomic Energy Commission

GIREDMET Gosudarstvenny Nauchno-Issledovatel'sky i Proyektny Institut Redkometallicheskoy
Promyshlennosti

GOST Gosudarstvennyy Standart

SNAP Space Nuclear Auxiliary Power

TsNIIM Tsentral'ny Nauchno-Issledovatel'sky Institut Materialov

VIAM Vsesoyuzny Nauchno-Issledovatel'sky Institut Aviatsionnykh Materialov

1.0 Introduction

The extreme elevated-temperature requirements of the Space Age required structural metals capable of
operating well beyond the thermal capabilities of nickel- and cobalt-based superalloys. Requirements for
propulsion and thermal protection systems during the late 1950s through the mid-1970s were driven by human
spaceflight programs, hypersonic re-entry vehicles, nuclear thermal propulsion, and space fission power loops
[1]112][3] [4] [5]. Niobium (historically called columbium (Cb) in North American industrial nomenclature)
emerged as a promising refractory metal candidate. Possessing the lowest density (8.6 g/cc) among the four
primary refractory elements (molybdenum (10.2 g/cc), tantalum (16.6 g/cc), and tungsten (19.3 g/cc)) niobium
(Nb) offered an advantageous strength-to-weight ratio combined with a high melting point (~2470 °C),
exceptional low-temperature ductility, excellent formability, and compatibility with liquid alkali metal coolants
[31[6]1[7].

To support the aforementioned elevated-temperature applications, industrial and government research
programs in the United States (US) and the Soviet Union (SU) developed hundreds of Nb-based alloys [5] [8]
[9]. This document serves as a compilation of advanced Nb-based alloys developed in the Space Race era across
commercial, military, space-nuclear, and international efforts. All of the data presented in this report have been
compiled entirely from openly available sources, including peer-reviewed journal articles and digitally
published government and contractor technical reports. While it captures a substantial cross-section of these
alloys, a more exhaustive audit of archival metallurgical records could yield more results.

2.0 List of Space Age Niobium-Based Alloys

Table 1. List of Space Age Niobium-Based Alloys

Manufacturer/ Alloy designation Chemical composition, W |Mo| Ta | Hf | Zr | Ti | V | C [Other elements, Reference(s)
research institution wt% wt%
D-11 Nb-1Zr 1 [10][11][12]
D-12 Nb-5Ti 5 [9]
D-14 Nb-5Zr 5 [91 [11] [12] [13] [14] [15] [16] [17]
[18]
D-31 Nb-10Mo-10Ti-0.1C 10 10 0.1 [9] [10] [11] [12] [13] [14] [16] [18]
[191[20] [21] [22] [23] [24] [25] [26]
D-36 Nb-10Ti-5Zr 5|10 [9] [10] [11] [12] [13] [14] [15] [16]
E. I du Pont de [17] [18] [24] [25]
Nemours & Co.
(US) D-40 Nb-15W-5Mo-1Zr 15| 5 1 [91[12] [13]
D-40M Nb-15W-5Mo-1Zr-0.1C 5] 5 1 0.1 [9]
D-41 Nb-20W-10Ti-6Mo 20 | 6 10 [9]1 [12] [13] [20] [22] [23] [24] [26]
D-43 {X-110} Nb-10W-1Zr-0.1C 10 1 0.1 [91 [10] [11] [12] [13] [14] [15] [16]
[17] [18] [25] [26] [27] [28] [29] [30]
[311[32] [32] [33] [34]
Cb-132M Nb-20Ta-15W-5Mo-1.5Zr- IS |5 ]20 1.5 0.12 [91 [10] [12] [15] [16] [17] [26] [30]
0.12C [317(32] [35] [36] [37]
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Table 1. List of S

ace Age Niobium-Based Alloys

Manufacturer/ Alloy designation Chemical composition, W [Mo| Ta | Hf | Zr | Ti | V | C |Other elements, Reference(s)
research institution wt% wt%
FS-80 Nb-1Zr 1 [10] [11][12] [19] [22] [23]
FS-82 Nb-33Ta-1Zr 33 1 [9] [11] [12] [13] [14] [16] [20] [22]
[23] [24] [25]
Fansteel
Metallurgical Corp. FS-82B Nb-33Ta-1Zr-0.1C 33 1 0.1 [12] [24]
(US) FS-83 Nb-33Ta-5W-1Zr 5 33 1 [12][22]
FS-85 Nb-28Ta-10W-1Zr 10 28 1 [O1[10] [11] [12] [13] [14] [15] [16]
[17][23] [24] [25] [26] [29] [30] [31]
[33][38] [39] [40]
AS-30 Nb-20W-1Z1-0.1C 20 1 0.1 [9] [12] [13] [15] [17] [24] [26] [29]
[30][32] [35]
AS-55 Nb-5W-1Zr-0.2Y-0.06C 5 1 0.06 Y: 0.2 [97 [12] [13] [15] [16] [17] [24]
Cb-1 Nb-30W-1Zr-0.06C 30 1 0.06 [91[15] [17] [26] [32]
General Electric
US) Cb-2 Nb-30W-5Ti-1Zr-0.06C | 30 115 0.06 [9] [15]
F-48 Nb-15W-5Mo-1Zr-0.06C | 15 | 5 1 0.06| ©0:0.05  |[97[10][12][13][15][17][19] [20]
[21][22] [23] [24] [25] [26] [32] [33]
[34]
F-50 Nb-15W-5Mo-5Ti-1Zr-0.06C | 15 | 5 1]s 0.06|  0:0.05  |[9][12][13][20] [22] [23] [26] [33]
Pratt & Whitney PWC-11 Nb-1Zr-0.1C 1 0.1 [O11151 1171 [32]
(Us) PWC-33 Nb-3Zr-0.3C 3 0.3 [17]1[32]
SCb-41 Nb-30Ta-10W-2Mo-1Zr | 10 | 2 | 30 1 [9] [23]
SCb-278 Nb-10Mo-10Ta 10| 10 [9][23]
Stauffer Chemical
Co. (US) SCb-291 Nb-10W-10Ta 10 10 [9] [11] [12] [13] [14] [15] [16] [17]
[23][24] [31] [41]
SCb-990 Nb-1Zr 1 [10][11][12]
Cb-6 Nb-10W-8Ti 10 8 [97[12] [23]
Cb-7 Nb-28W-7Ti 28 7 [9] [12] [22] [23]
Cb-16 Nb-20W-10Ti-3V 20 0] 3 [97 [22] [23] [26]
Cb-20 Nb-15W-5Ti-5Zr 15 515 197 [23]
Cb-22 Nb-3V-3Al 3 AL 3 [9] [12] [23]
Cb-24 Nb-7Ti-3V-3Al 713 Al: 3 [97[12] [23]
Cb-65 Nb-7Ti-0.8Zr 08| 7 [91[12] [22] [23]
Union Carbide
Corp./Haynes Cb-67 Nb-7Ti-3V-3Al-1Zr 1|73 Al 3 [91[12] [23]
Stellite Co. (US) Cb-74 Nb-10W-5Zr 10 5 [9] [12] [13] [22] [23]
Cb-84 Nb-20W-7Ti-3Mo 20 | 3 7 [9] [12] [23]
Cb-85 Nb-20W-7Ti-3Mo-1Zr 20 | 3 1|7 [9] [12] [23]
Cb-751 Nb-1Zr 1 [101[11][12]
Cb-752 Nb-10W-2.5Zr 10 2.5 [91 [10] [11] [12] [13] [14][15] [16]
[17] [18] [24] [25] [26] [27] [29] [31]
[32][40] [42] [43] [44]
Cb-753 Nb-5V-1.2Zr 1.2 5 [9] [15] [17] [32]
C-103 Nb-10Hf-1Ti-0.7Zr 10 0.7 | 1 [91 [11][12] [13] [14] [15][16] [17]
[18][23] [26] [31] [40] [45]
Wah Chang C-129 Nb-10W-10Hf 10 10 [11][13] [14] [18] [24] [26] [32]
Corp./presently C-129Y Nb-10W-10Hf-0.1Y 10 10 Y:0.1 [91[10] [12][15][16] [17] [18][31] [40]
ATI Inc. (US) [44] [46] [47]
WC-3009 Nb-30H£-9W 9 30 [33] [40]
WC-3015 Nb-30Hf-15W-1Zr-0.1C | 15 30 | 1 0.1 [9] [16] [26] [31] [44] [48]
B-1 Nb-15Ti-10W-10Ta-3A1-2Hf | 10 10| 2 15 Al 3 [49] [50]
Westinghouse
Electric Corp. (US) B-33 Nb-5V 5 [91 [11] [13] [12] [14] [15] [16] [17]
[24][32] [33]
NASA/TM-20260007378 3




Table 1. List of Space Age Niobium-Based Alloys
Manufacturer/ Alloy designation Chemical composition, W [Mo| Ta | Hf | Zr | Ti | V | C |Other elements, Reference(s)
research institution wt% wt%
B-55 Nb-5Mo-5V 5 5 [12]
B-66 Nb-5Mo-5V-1Zr 5 1 5 [9] [10] [11] [12] [13] [14] [15] [16]
[17] [18] [24] [25] [26] [27] [30] [32]
[33]1[51]
B-77 Nb-10W-5V-1Zr 10 1 5 [91[12] [26] [52]
B-88 Nb-28W-2HFf-0.07C 28 2 0.07 [9] [15] [16] [17] [26] [31] [37]
B-99 {VAM-79} Nb-22W-2Hf-0.07C 2 2 0.07 [97 [15] [17] [26] [32] [34] [36] [37]
SU-16 Nb-11W-3Mo-2Hf-0.08C | 11 | 3 2 0.08 [9] [12] [15] [17] [32] [34] [53]
Imperial Metal
Industries (UK) SU-31 Nb-17W-3.5H£-0.12C 17 3.5 0.12 [9] [15] [16] [17] [26] [32] [36] [37]
[39]
5VMTs (SBMLI) Nb-5W-2Mo-1Zr 502 1 [17] [26] [33] [34] [54] [55] [56]
SVMTsU Nb-5W-2Mo-1Zr-0.06C 502 1 0.06 [17][32] [34] [55]
(5BMLLY)
SVTTs (SBTIY) Nb-5W-2Ta-1Zr 5 2 1 [17]
USSR 10VMTs (10BHLT) Nb-10W-2Mo-1Zr 10| 2 1 [26] [32] [34] [56]
Zt:‘a';d;“(iézé;i 10VMTsU Nb-10W-2Mo-1Zr-0.06C | 10 | 2 1 0.06 [32]
(10BMILY)
NTsA-44 (HLA- Nb-4Zr-0.4N 4 N: 0.4 [17]
44)
NTsU {ELN-1} Nb-1Zr-0.1C 1 0.1 [32] [33] [34] [55]
(HLLY {3JIH-1})
RN-2 (PH-2) Nb-8W 8 [26]
RN-3 (PH-3) Nb-5W-1Zr 5 1 [26]
RN-5 (PH-5) Nb-10W-1Zr 10 1 [15] [26]
GIREDMET (SU) | RN-6 (PH-6) Nb-5W-5Mo-1Zr 515 1 [15]1[17] [26]
RN-6B (PH-6B) Nb-5W-5Mo-1Ti 515 1 [26]
RN-6S (PH-6C) Nb-5W-5Mo-1Zr-0.1C 515 1 0.1 [32] [34]
RN-8 (PH-8) Nb-8W-2Zr-0.1C 8 2 0.1 [34]
VN-2 (BH-2) Nb-4Mo 4 [17]
VN-2A (BH-2A) Nb-4Mo-0.7Zr-0.06C 4 0.7 0.06 [17] [26] [57]
VN-3 (BH-3) Nb-5Mo-1.5Zr-0.12C 5 1.5 0.12 [26] [32] [33] [34] [57]
VN-4 (BH-4) Nb-10Mo-1.5Zr-0.3C 10 1.5 0.3 | La+Ce: 0.04 |[17][26] [32] [33][34] [57]
VN-5A (BH-5A) Nb-6Mo-0.8Zr-0.1C 6 0.8 0.1 | La+Ce:0.04 |[17][26] [32] [34]
VIAM (SU)
VN-6 (BH-6) Nb-10Mo-3Zr-0.15C-0.3N 10 3 0.15| N: 0.3, 0: 0.06 |[26] [57]
VN-7 (BH-7) Nb-41Ti-5A1-0.08C 41 0.08|  AL3-7  |[26][57]
VN-8 (BH-8) Nb-21Ti-6Mo-1Zr 6 1|21 [26][57]
VN-9 (BH-9) Nb-13W-4Mo-1Zr 13| 4 1 [26] [57]
VN-10 (BH-10) | Nb-31Ti-7Al-4V-1.5Z1-0.08C 15031 | 4 [0.08| AL 6-9,0: 0.1 |[26] [57]
TsNIIM (SU) LN-1 (JIH-1) Nb-10W-5Mo-1.2Zr-0.12C | 10 | 5 12 0.12 [26] [32] [34]

{} = Alternative/Previous alloy designation
() = Cyrillic alloy designation

3.0

Physical Metallurgy of Niobium-Based Alloys

Designing Nb alloys for acrospace and space nuclear applications requires balancing high-temperature

mechanical properties (tensile strength and creep resistance) with low-temperature fabricability, weldability, and
oxidation resistance. However, optimizing any single property usually requires sacrificing another. For example,
alloying additions that improve high-temperature creep strength often increase alloy density or raise the ductile-
to-brittle transition temperature (DBTT), making room-temperature cold forming difficult [24] [58]. To
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understand the metallurgical cause of these trade-offs, engineers must be familiar with two primary
mechanisms: solid-solution strengthening and dispersion strengthening.

3.1 Solid Solution Strengthening

Solid-solution strengthening introduces substitutional solute elements into niobium’s body-centered cubic
(BCC) lattice. At low-to-intermediate temperatures, solute atoms increase strength by creating atomic size
mismatch within the crystal matrix. Solutes with larger atomic size mismatches generate greater short-time
tensile strengthening [58]. However, at high temperatures, creep strength depends less on atomic size misfit and
more on the solute's effect on the alloy's melting point, elastic modulus, and diffusion rate [6] [24] [59]. For Nb
alloys, substitutional additions fall into three main functional categories:

3.1.1 Heavy Refractory Solutes for Creep Resistance (W, Mo, Ta)

Tungsten (W), molybdenum (Mo), and tantalum (Ta) raise the melting point, increase the elastic modulus,
and slow high-temperature diffusion rates. They provide potent elevated-temperature tensile and creep
strengthening. However, high W and Mo additions (10-30 wt% in alloys such as Cb-1, B-88, F-48, and D-41)
increase density and raise the DBTT above room temperature, creating fabricability challenges during cold
forming [17] [24] [58]. Ta is unique in that it acts both as a high-temperature solid-solution strengthener and
maintains a low DBTT even at high additions (10-30 wt% Ta, as seen in alloys like FS-82, FS-85, and SCb-291)

[2] [6] [17].
3.1.2 Dual-Purpose, Reactive Solutes (Hf, Zr, Ti)

The Group IV transition metals serve a dual purpose as both substitutional solutes and reactive getters. In
solid solution, small-to-moderate (< 10 wt%) additions of hatnium (Hf), zirconium (Zr), and titanium (T1)
provide low- and intermediate-temperature tensile strengthening [6] [7]. Simultaneously, because these elements
have a much higher thermodynamic affinity for oxygen (O), nitrogen (N), and carbon (C) than Nb, they
preferentially react with residual interstitials to form oxides, nitrides, and carbides [3] [59]. This gettering action
purifies the Nb matrix, preventing embrittlement and alkali metal corrosion (e.g., in Nb-1Zr and PWC-11) [3]
[17]. Ti and Zr have relatively low melting points compared to Nb and severely depress the alloy's melting
temperature and therefore creep resistance. In contrast, Hf has a much higher melting point than Zr or Ti,
meaning Hf additions do not cause as drastic a drop in the alloy's melting range or high-temperature capability
(e.g., in alloys C-103, C-129Y, and WC-3015) [2] [4] [24] [60].

3.1.3 Short-Term Strength and Oxidation Enhancers (Cr, V, Al)

Elements with smaller atomic radii like chromium (Cr), vanadium (V), and aluminum (Al) provide excellent
room-temperature and intermediate-temperature tensile strengthening due to large atomic misfits in the Nb
lattice, but they behave poorly under high-temperature exposure [5] [6] [7]. Cr, V, and Al significantly depress
the melting point of Nb and increase atomic diffusivity [20] [59]. Consequently, these additions cause a sharp
drop in creep strength under sustained loads above 1000 °C (e.g., in alloys B-33, Cb-753, and B-66) [9] [58].
Despite their poor creep performance, Cr, V, and Al are among the most effective additions for improving
oxidation resistance. Cr and V reduce both the solubility and the diffusion rate of oxygen within the Nb matrix
[4] [20]. Small V additions (up to ~3-5 wt%, as in Cb-16, Cb-24, and Cb-67) promote the formation of more
protective suboxide layers (NbO and NbO) rather than porous pentoxide (Nb,Os) scales. Furthermore, Al helps
form protective mixed-oxide or alumina (Al,O3) scales when combined with Ti, Cr, or V (e.g., in alloys Cb-22,
Cb-24, VN-7, and VN-10) [7].

However, high concentrations of Cr and Al cause severe room-temperature embrittlement and a massive rise
in the DBTT [5] [12] [61] [62]. Because this embrittlement often renders the alloys completely unfabricable, an
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intrinsically oxidation-resistant Nb-base alloy has never been commercially adopted for high-temperature
aerospace service [5] [7]. As a result, all structural Nb alloys must be protected by external coatings when
exposed to high-temperature oxidizing environments [18] [63]. Protective coatings, such as fused silicides like
R512E (Si-20Cr-20Fe, wt%) or modified aluminides, are mandatory to form an oxygen barrier and prevent
catastrophic substrate scaling and interstitial contamination [18] [60] [62] [63].

3.2  Dispersion Strengthening

The effectiveness of solid-solution strengthening drops rapidly at elevated temperatures (T > 0.5Tw) due to
accelerated atomic mobility [17] [59]. To maintain long-term creep resistance above ~1000 °C without causing
severe room-temperature embrittlement, metallurgists combine solid-solution additions with second-phase
particle dispersions [7] [64] [65]. Fine, closely spaced particles act as non-shearable obstacles that pin
dislocations and impede grain boundary sliding. For high-temperature stability, dispersed particles must resist
coarsening by having low matrix solubility, low constituent diffusivity, and low interfacial energy [1] [65].
These requirements limit effective particles to the highest melting carbides and nitrides available (those based
on Hf, Zr, or Ti, e.g., HfC or ZrN). Within a Nb alloy’s full chemical composition, the optimum reactive metal-
to-interstitial (RM/I) atomic ratio to form a fine particle dispersion is typically 1.1 to 1.3 (found in carbide-
strengthened alloys such as PWC-11, D-43, and 5VMTsU) [7] [64] [65]. An RM/I ratio below 1.0 leaves
uncombined interstitials in solution, leading to matrix embrittlement. An RM/I ratio slightly above 1.0 ensures
excess reactive metal in solution, which increases precipitate stability, prevents premature dissolution, and
retains post-processability. Dispersion strengthened Nb alloys are often organized based on whether the
dispersed particles are carbides, nitrides, or oxides:

3.2.1 Carbide Dispersions

Combining small carbon additions (typically 0.05-0.1 wt%) with reactive Group IV elements enables the
formation of fine monocarbide precipitates (HfC, ZrC, or TiC). Solution annealing between 1600 and 1900 °C
dissolves these carbides into solid solution [64] [65]. During subsequent cooling, metastable intermediate
carbides (M2C and M;C,) precipitate rapidly. Then, thermal aging or creep exposure between 1100 and 1400 °C
transforms these intermediate phases into stable, highly-dispersed, monocarbides [65] [66].

Maximum creep resistance is achieved when the carbides precipitates arrange into an acicular or platelet
morphology along sub-grain boundaries and dislocations. However, excessively high temperatures during
thermal-mechanical processing can cause overaging of the precipitates which converts the particles into a coarse
spherical shape and reduces stress-rupture life [64] [65].

Of all the carbides, HfC is exceptionally potent. At 1200 °C, a HfC dispersion provides up to twenty times
the creep strengthening effect of W on a per-mole basis [58]. But unlike W in solid solution, carbide particles
eventually coarsen during long-term exposures above 1200 to 1300 °C, leading to a loss in creep strength [1]
[20].

3.2.2 Nitride Dispersions

Nitride dispersions (e.g., HfN and ZrN) have significantly higher thermodynamic stability and lower matrix
solubility than carbides. Because nitrides resist coarsening and dissolution up to 1400 to 1600 °C, nitride-
strengthened Nb alloys can maintain high creep strength at temperatures where carbide-strengthened alloys
overage [1][59].

However, to achieve strengths comparable to or exceeding the carbide-strengthened alloys (which typically
operate at <1 vol% carbide precipitate), the optimum volume fraction of nitrides was determined to be greater
than 2 vol% (typically 3 to 4 vol%) [67]. Attempting to reach these higher volume fractions via conventional
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ingot melting presents a major challenge. The required nitrogen levels can exceed the solubility limit of liquid
Nb at its melting point [17] [59].

As aresult, carbon additions were widely preferred in commercial alloy development (e.g., in alloys such as
D-43, PWC-11, SU-31, B-88, and 5VMTs). Where nitride strengthening was pursued, specialized processing
was required, such as internal nitriding of thin sheets, rapid solidification, or hybrid carbo-nitride formulations
(e.g., in alloys NTsA-44 and VN-6) [1] [68].

3.2.3 Oxide Dispersions

Controlled internal oxidation or intentional oxygen additions can produce fine oxide dispersions. In binary
Nb-Zr alloys (e.g., Nb-1Zr, D-11, FS-80, SCb-990, and Cb-751), strengthening occurs via coherent ZrO clusters
or ZrO; platelets formed during low-temperature aging [3] [4] [69]. Also, in powder metallurgy versions of
alloys such as WC-3009 (Nb-30Hf-9W), oxygen is intentionally introduced up to ~0.1 wt% during processing
[60] [70]. And because reactive metal additions like Hf have a far higher affinity for oxygen than Nb, oxygen
reacts preferentially with Hf to form a fine dispersion of HfO, without embrittling the alloy. Yttrium additions in
commercial alloys like C-129Y (Nb-10W-10Hf-0.1Y) also scavenge interstitials by forming trace yttria (Y203)
precipitates [46].

However, because oxygen diffusivity in Nb is very high, oxide dispersions coarsen rapidly at temperatures
above ~1000 °C, limiting their effectiveness for long-term high-temperature creep service. Furthermore,
increasing the oxide phase fraction beyond 1.0 to 1.5 vol% (typically >0.15 to 0.25 wt% oxygen) does not
increase high-temperature strength [17] [59]. Instead, excess oxygen often concentrates at the grain boundaries,
leading to embrittlement, loss of impact toughness, and brittle fracture.

As oxide strengthening (HfO,/ZrO,) drops off far more rapidly with increasing temperature than carbide or
nitride strengthening; above 1200 °C, carbide- and nitride-strengthened alloys retain far superior long-term
creep strength compared to oxide-strengthened systems [1] [64]. This rapid drop-off in oxide stability is highly
relevant when evaluating contemporary research into yttria (Y.O3) nanoparticle dispersions. While Y»O3
possesses the highest thermodynamic stability (lowest free energy of formation) among all candidate refractory
oxides, the fast diffusivity of oxygen and reactive metallic solutes in the BCC Nb matrix often diminishes this
thermodynamic advantage at elevated temperatures. Therefore, while Y,Oj3; nanoparticle additions yield
impressive short-term yield strength and creep resistance gains at intermediate temperatures (~1100 °C), these
dispersions also undergo coarsening at temperatures greater than 1200 °C [1].

4.0 United States Versus Soviet Union Niobium Metallurgy
4.1 Alloying Strategies

American metallurgists relied heavily on W and Hf as primary substitutional additions [2] [4]. W provides
effective solid-solution strengthening at elevated temperatures due to its high melting point (3,422°C), large
atomic size mismatch with Nb, and low self-diffusion coefficient [6] [S8]. High W concentrations suppress
dislocation climb kinetics at temperatures above 1200 °C, as demonstrated in alloys like FS-85 (Nb-28Ta-10W-
1Zr), B-88 (Nb-28W-2Hf-0.07C), and Cb-752 (Nb-10W-2.5Zr). Hf additions served the dual purpose, reactive
role in Western alloys: Hf atoms act both as substitutional solid-solution strengtheners and scavengers of
dissolved interstitials, thereby preventing interstitial-induced intergranular embrittlement and restoring ductility
to W-containing matrices [3] [17].

The American incorporation of Hf was directly tied to the industrial supply chain of the U.S. Navy's nuclear
submarine propulsion program [2] [8] [60]. Processing millions of pounds of Zr for submarine reactor fuel
element cladding (Zircaloy) left the Atomic Energy Commission (AEC) with massive stockpiles of Hf
byproduct. Natural Zr ores contain 2% to 3% Hf, which has a high thermal neutron absorption cross-section
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(~104 barn) compared to Zr (~0.18 barn) [6] [17]. Therefore, for nuclear applications, the AEC mandated the
chemical separation of Hf from Zr, resulting in a low-cost Hf surplus that the Wah Chang Corp. leveraged to
develop alloys such as C-103 (Nb-10Hf-1Ti-0.7Zr), C-129Y (Nb-10Hf-10W-0.1Y), and WC-3015 (Nb-30H{-
15W-1Zr-0.1C) [8] [60].

Soviet institutes used Mo and Zr as their primary substitutional and reactive metal additions [71]. Mo
provides adequate solid-solution strengthening at moderate-to-high temperatures while keeping the alloy density
significantly lower than W additions. Soviet institutes like VIAM prioritized low-density, highly ductile alloys
like VN-2A (Nb-4Mo0-0.7Zr-0.06C) and SVMTs (Nb-5W-2Mo-1Zr) [57] [71] [72]. These compositions could
be readily cold-rolled into wide sheets and welded under field conditions without requiring the extreme high-
vacuum electron-beam infrastructure that the U.S. Nb-alloy production demanded.

Additionally, American metallurgists relied almost exclusively on fine Zr carbide (ZrC) and Hf carbide
(HfC) particles for dispersion strengthening. U.S. vacuum arc remelting (VAR) and electron-beam melting
(EBM) technologies allowed tight control over interstitial carbon content (0.05 to 0.15 wt%) [64] [65]. In
contrast, Soviet researchers at GIREDMET and VIAM took a broader approach to interstitial chemistry. While
employing carbides, they also intentionally introduced nitrogen in the alloys to form coherent, highly dispersed
Zr nitrides (ZrN) and complex carbonitrides Zr(C,N) [67] [73]. This achieved superior hardness, improved
resistance to liquid metal corrosion in space nuclear systems and enhanced thermal stability without adding
more heavy solute metals like W and Mo [1] [32].

4.2 Alloy Identification and Nomenclature

Unlike U.S. naming conventions, which often relied on arbitrary commercial product catalog numbers (like
D-43 or C-103), Soviet nomenclature was strictly regulated by state standards (Standardized GOST Element
Codes) and institute classification systems [26] [57]. As Soviet Nb alloy development was driven by State
directives (not shareholders), work occurred in centralized state research institutes [57] [71]. Places like
GIREDMET (State Research Institute of the Rare Metals Industry, Moscow) conducted lab-scale reduction,
chemical purification, and experimental phase-diagram exploration. VIAM (All-Russian Scientific Research
Institute of Aviation Materials, Moscow) developed primary structural flight-grade alloys. And TsNIIM (Central
Scientific Research Institute of Materials, Leningrad (now St. Petersburg)) specialized in high-temperature
springs and defense hardware.

When an alloy originated in a state laboratory or aviation institute, its prefix coincides with the institutional
birthplace where the research took place [26]. VN (BH) stands for VIAM Niobium (BUAM Hwnobwif),
originating from the VIAM (e.g., VN-2, VN-3, VN-10). RN (PH) stands for either REDMET Niobium or simply
Rare-metal Niobium (Penxne-meramisr HuoOwuit), developed at GIREDMET (e.g., RN-2, RN-6B). And the LN
(JIH) series (e.g., LN-1) originated from TsNIIM and is assumed to stand for Leningrad Niobium
(JIeannrpanckuit HuooOwutt).

As successful Soviet alloys entered broader industrial standardization, they were often renamed using
standardized GOST (Russian: 'OCT, stands for Gosudarstvennyy Standart (I"'ocyaapcTBeHHBII cTaHAAPT),
translating to "State Standard") identification which is a shorthand code where Cyrillic letters represent specific
alloying elements (Table 2) [74] [75]. Numbers placed before or within the letter string indicate the approximate
percentage of the leading alloying element [74] [76]. For example, SVMTs (SBML) breaks down as: 5V:
approximately 5 wt% tungsten (volfram), M: molybdenum addition (~2 wt%), Ts: zirconium addition (~1 wt%),
meaning a Nb-base alloy with 5% W, 2% Mo, and 1% Zr. Similarly, I0VMTsU (10BMILY) translates to: 10V:
approximately 10 wt% tungsten, M: molybdenum, Ts: zirconium, and U: intentionally added carbon (¥ glerod)
for carbide dispersion strengthening.
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Table 2. GOST Alloy Designation Code Equivalents for Nb-Based Alloys [74] [76]

Element Cyrillic Latin Russian etymological origin
Niobium (Nb) H N Hwuo6wmii (Niobiy)
Tungsten (W) B \% Bomsdpam (Volfram)
Molybdenum (Mo) M M Monubaen (Molibden)
Zirconium (Zr) I Ts Hupxonuii (Tsirkoniy)
Titanium (T1) T T Twuran (Titan)
Carbon (C) v U VYrnepon (Uglerod)
Nitrogen (N) A A A3or (Azof)

5.0 Concluding Remarks

A curated list of legacy and developmental Nb-based alloys helps to preserve aerospace, nuclear, and
defense history. However, vast amounts of high-temperature metallurgical research are still hiding behind
corporate trade secrets, classified military programs, and language barriers. This dataset is particularly relevant
to contemporary engineering challenges (hypersonic flight, commercial space access, deep-space propulsion,
and compact nuclear reactors). Refractory metals are experiencing a major renaissance with the rise of quality
metal powder production and additive manufacturing (3D printing). Alloy compositions once considered too
difficult to machine, weld, or form into complex shapes such as high-W or carbide-strengthened variants can
now be re-evaluated using modern fabrication techniques. Having an accessible reference enables computational
materials scientists to feed historical chemical compositions directly into thermodynamic modeling tools (like
CALPHAD) and machine-learning discovery pipelines, accelerating the development of next-generation alloys.

Ultimately, making alloy composition datasets freely available to the public and research communities
fosters cross-disciplinary collaboration and levels the playing field. By demystifying obscure designations
(whether decoding a Soviet alloy ID or tracing a discontinued alloy trade name to its modern equivalent)
researchers can avoid "reinventing the wheel" or repeating past alloy design and processing failures. And
hopefully, this list will inspire today’s scientists and engineers who are designing the Nb-based materials of
tomorrow.
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