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Abstract: High-strength niobium alloys providing low-density, high strength, very good ductility at room temperature,
and good weldability, have been used for the high temperature parts of aero space aircraft which have high abilities. In or-
der to improve the high-temperature strength and ductility at room temperature, the carbide strengthening, annealing and
quenching at high temperature, high reduction of extrusion, aging, thermomechanical treatment have been used. In aero-
space applications, weight savings have substantial benefit in system. A class of alloys with densities of 6.2 ~ 8 g/cm’
can be used uncoated in air to ~700 “C, and have sufficient oxidation resistance at 1 200 °C while coating failure is non-
catastrophic. Niobium silicide-based in situ composites are hopeful for potential applications in turbine engines with service
temperatures up to 1 350 °C. After a preliminary investigation, the multi-component Nb-Si-Ti-Al-Cr-X system has been se-
lected with the aim of developing new alloys that have the potential to meet the required properties for high temperature ap-
plications. This paper reviews the microstructures of Nb-Si-Ti-Al-Cr-X alloy under as-cast, heated and hot deformed (high
temperature compression, extrusion, forging) conditions and the mechanical properties. The effect of aluminum, molybde-
num, and boron on the oxidation behavior of the Nb-Si-Cr alloy system has also been studied.
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Fig. 1 SEM images of the alloy ingot of Nb-15W-5Mo-0.25C:
(a) ingot microstucture and (b) morphology of the sec-

ondary phase particles
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Fig.2  Comparison of strengthening effect of oxide, nitride

and carbide
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Table 1 Mechanical properties of low-density niobium alloys
Alloy Test temperature/C R,/ MPa R, ,/MPa A/ % 7/ % Density/g + cm ~3
R. T. 811 799 25 38 6.20
Nb40Ti-12 Al

1 200 56 56 166 88

R. T. 1010 994 14 19 6.35
Nb-40Ti-10AI-10Cr

1 200 56 56 153 94

R. T. 901 896 15 — 6. 76
Nb-38Ti-12Al-12Hf

1 200 77 70 91 —

R. T. 915 915 23 35 6. 04
Nb-34Ti-8 Al-7Cr-2 Hf

1 200 97 62 51 95

R. T. 930 930 24 46 5.49

Nb-27. 5Ti-5. 5A1-6Cr4. SHf-2. 5V
1 200 141 141 83.2 57
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Sikka V K SEfF 58 1 58 J3 55 % 19 Nb-35Ti-6Al-5Cr-8 V-
1W-0.5Mo-0. 3Hf &4, H I 1EREI F£ 2, 3£ E Pratt
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LB HIEL 0. 76 x 800 x 6 000 mm ()14 FE WEHE I K R~
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BIETY TR IR AR A 4 MBS N 2005 AETFLA,
VLA (04 JB W 52 g CLF Rt 5 0 5. 95 g/em’ | 5T
N3 ~4 mm x 500 mm fJ Nb-31Ti-7Al-xV-1.5Zr ( x:
3~10) G atibt, HI#ae LR 3, A REAE Y vh
FEFSARAR 2 14 o BF A f %5 BE h 6 ~ 6.98 g/em’ ) Nb-
35Ti-6 Al-xCr-yV-1W-0. 5Zr(x: 2 ~10, y: 3 ~8) 54
M 1P ERE LR 4,

%2 Nb-35Ti-6Al-5Cr-8V-1W-0. 5Mo-0. 3Hf & &8 /1 MERE

Table 2 Mechanical properties of Nb-35Ti-6Al-5Cr-8V-1W-
0. 5Mo-0. 3Hf alloy
Experiment Test R,/ R,.{), 2/

0 7 /0
temperature/°C MPa MPa A% 2%

environment

23 1117 1107 16.2 59.7
600 841 668 8.4 9.8
Atmosphere
800 612 582 21 20
1 000 280 280 44.3  96.8
Vacuum 850 542 539 36.0  60.9

£ 3 Nb3ITi-7TAl-wV-1. 5Zr & W HI 12 MERE

Table 3 Mechanical properties of Nb-31Ti-7Al-xV-1.5Zr alloy
sheet
Test Bending Erichsen
R, /MP: 9

temperature/ “C " 4 Ar% angel/(°) value/mm

23 937 16.2
>90 >5.6

1 100 81 56.8

#4 Nb35Ti-6AlxCr-yV-1W-0. 5Zr & HEM B R
Table 4 Mechanical properties of Nb-35Ti-6Al-xCr-yV-1W-0. 5Zr

alloy bar

Density/g + ¢cm ™3 Test temperature/°C R,/MPa  A/%

23 1 006 24
6.3
1 200 100 —
23 1 088 21
6.9
1 200 152 62.6
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BN T R R LU R Sl s R IR i R A ) it
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4 F R R R L Nb-20Mo-15Si-20 ~ 25Cr-0 ~ 5B-0 ~
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Ce, Hy, Ho) AREMZILH 4.
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HIRFR 3 R 54% , Nb A% fh (BL46 R A ) 19134
Rt 0 23 pm, MASC & & MK 4 Kb 19 ~
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FE2 370 MPa, %5517 HAEARN ) 2504 T 5 CMSX10 &
SR, FERNL AT 5 CMSX4 & 4 25kl MASC
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TR AR SR EE > 150 MPa, HUALPEREISF] 1 500 C %8
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10 MPa - m"?, & [ th X 8-k & A AR AT TR SE
T TAE, FEALEE Nb4 ~ 16Si22 ~ 24Ti4 ~ 6Cr2 ~
6A1-0 ~ 15Hf, Nb-16Si-10Mo-15W ., Nb-15W-5Si-2B-xHf
(x=5, 10, 15). Nb-15W-10Hf«Si (x = 0.5, 5, 18)
Nb-20Si-10Mo, Nb-20Si-10Mo-3M (M = C, Al, Ti) &4
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RPN A AL B H M. Mo fI W B E MG
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AEZEHE) P A Ak PHE VL B AT, VPR P A A S A 3 I e
[f], Tewari Raghvenda %%} Nb-29. 48Ti-7. 86Si-10. 17 Al-
10. 42Cr4. 03Zr-3. 7T1HL-0. 9Sn 5 4R EM, 585D
41 20 FH 2 % Nb_, Laves (Cr, Nb) #H, y-Nby Si, il
TigSiy, 1400 CHALFH G, Laves AH[E %5 U0 IE & 47N
H AR AloRL, AL RS REAL A AR AR AR R . AAAL PR
B, ZIef4 b Nb,Si & A ey i i o e R 7 22 18,
o LA BN 2 AR, e R R A ) 10 B i/ N B

REALW, AT S 3 T AR 2
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Pe-fE A MR R AT S5 ME R AT, AR S 4k B FE/
HAEH UG PR . By oRiE 4. I BEE . P A DI
EEF . PLBA 1k + FORRRES | AEE s e 45 -1
185 7 A%

FE [11) 5 [ e L HEAR S B 430 5 Bl KV 4 I 3R Y 1
Czochralski 7 [a) E [ . AL~ 50 1) 58 [ . b8 7% 7 1) 35
[f] R A o) R R PV T T B [, BB B AR
AN Czochralski 7 ] #E [ F1 L - 5 1] B [ AF 5¢ Nb-Si
B ERA AT, JGE TR 10 Z HET Nb-Si H &
Al A 1 2T Beo WGV IR S 1) BRE [ ) A Y
Nb-Si K& 15 i G < 19 & IR s BE 2 38 200 MPa
(1250 °C) o B i W0 A5 SR P F oA o R 1) R [ )
By Nb-22Ti-14Si4Cr 2A1-2Hf 4 4 #1 41 5 & Nb_ .
a-Nb;Si, . Laves #f| NbCr, 1/ & ) Nb_ + Nb, Si, 3 4},
JE ) B [ B A B 2 MR I A 2 . M AR EE
1 550 “CHJ, Nb AHZERURLIR , NbgSiyAH 5 FEHL S 1 iy B
AREEAAR  BEE AL 88 5, Nb 5% 48 A i
AR B b 2 15 2R 1, Nby Si, MR A8 A — 5 8 1) R R
R Ao 5 il O T o R R B R, 2 U S A Ak HL e
)RR, BEE R R 18 mm/min B, NbgSiy 2 7 [1]
ROR RAF I SRR o 2 1) BE [ 5 Nb 1 df i S 50 4k
R, ST A SN ARTEE T, M ke A
B 1250 °C . 78 & I A K 7 1) B 45 A PR R RE Ry
493 MPa, JifilR5s B 401 MPa, I375 BV 5 2 B AT
il #5 Nb-Si 545 18 FH T By, (H 285 A [WHE A7 i 41
UL AbERE2Z MK, HEARY S H AR, B4
AL LHEVRLISTN L o3 i A S5 R e 52 el A ORI RE 42
JE AL AP AAE B PE RIS T & &N H . SR A
16 475 £5 1) Nb-Si 5L 52 45 MR 41 20 bL o 5 1 11 4%
RN HI5) L TEAmAT, F RN SR UL G 41k
+ HLAS ARG e 25 1) Nb-16Si-18Ti &4x, A RHH 3L
BHENIE 99. 2% , AE M T A AT F AR 5 1) 1) A
I Nb 4350 R AT 0 SRR 22 /L0 otk 2y
Ji iy 11 Sy 7 2R e 0 B0 R AR AR s LM R B
16 MPa - m'?, 1 200 °C f¥ JE 45 & B & 100 MPa
A

Kwai S. Chan 2§ A" IF 55 T 48~k 45 4 G 17 4
FIEFN 1200 °CF A e il i A0 5 B 55 rE AL IR R Bz
I CFR, Z5AFRW], 5 IR 2481k B ik T P (A B 3
P3G BT80N , e U T 7 e O] Bt A A A R g 38
Kiidgm, MaEfb W IR0 80k 32% ~47% if, =
T PE AT 38 25 MPa - m'?, 1 200 °C {1 % A5 58 & N
150 MPa, Kima %5 %F Nb-Mo-Si Z& 4 4 I BF 5% & W], Mo
XIER-REIE A 4 B E S AL /E A, Nb-18Si-15Mo &
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42 1500 °C B (1% He 47 it i 58 J32 2 400 MPa, B 7K HE 55 4fF
il Nb-24Ti-4Cr4 A1-2Hf 4476 1 250 °C i JE 38 ) 1] 35
396 MPa, FRMGSEWFSE 1 HE & & XF Nb-15W-5Si-2B 4 4
SRR (B 3) 7, A HE 5, A 4 i v i 5
FEAKOF LA T HE B A AN TR R B A 2 5, SN 10% HIE [
G4 E R L, Bewlay & 1Ay Nb/[Ti+ Hf] iy 1.8 ~
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Fig. 3 Compressive stress-strain curves of Nb-15W-5Si-2B-

xHf alloys at elevated temperatures
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