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Table 1 Mechanical properties of C-103 alloy"

Temperature/  Tensile strength,  Yield strength,

State

°C R, /MPa R, ,/MPa
RT 724 665
Cold working
1093 235 163
state
1371 89 77
RT 420 289
Recrystallized
1093 188 138
state
1482 66 59
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1200 ‘CH AT LLIAZF| 388 MPa'™, HiiE Nb521 545 C-103 &
& EEATHESHRENHI TR, SRH AR S H



° 252 .

W] B RS TR

555 %

K1 Nb521 &8 EH
Fig.1 Microstructures of Nb521 alloy!”: (a) recrystallized state; (b) carbide phase in plate; (c) carbide phase in material at 1450 °C; (d) carbide

phase in material at 1550 °C
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Fig.2 High-temperature mechanical property curves of Nb521
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Fig.3 True stress-true strain curves of C-3009 alloy at different

temperatures!”!
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Table 2 Room temperature mechanical properties of typical niobium alloys"

Grade Composition/wt/% Yield strength/MPa Tensile strength/MPa Elongation/%

Nb-1Zr Nb-Zr 150 275 40

PWC-11 Nb-1Zr-0.1C 175 320 26

FS-85 Nb-28Ta-10W-1Zr 462 570 3

Cb-752 Nb-10W-2.5Zr 400 540 20

C-129Y Nb-10W-1Hf-0.1Y 515 620 25

C-3009 Nb-30Hf-9W 752 862 24
§WO % N 663 MPa, T W1 ] Ji i 58 F& B S 52 /&1, 4 849 MPa.
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ES I S8 B A 0 300 T 00 0 5 S L A
80 NN , . RSN

T S NHE) M 1Ey Ym - va\ w2 Hmf 1A 2 >
;f FIt AN ) HE o 7 2 7 A R R 5 0, ) T % 5 o
?Em e BRI N,
S 3 HEMEHIERA

0 L 1 1 L 1 L
800 900 1000 1100 1200 1300 1400 1500
Temperature/°C

4 H LR A < 5 LA GG AL

Fig.4 Strength and creep properties of common Nb alloys™

Mo HJ Nb-Mo-W-Ti & 4, HAF & ] Lk 2] 4.94 GPa.
Senkov &5 AN PULSE I 45 RGBT R T X e & & 1F
AREE TR %R, =T, C-3009 (1) )T IR 5% &

& G i) 3 T2 A3 A3 M DA A2 TR ATk 52 4 1 T
PRI SRRV 2 2 425 R R A 42 11 00 75 3R, 8 A sl i b R
TEMEVA R & S 1 B Z A 5 M S 4 7 TH R B H T R 1)
AT Se . A SRR, R FHE0 b CAD = 4R,
BT EN B % LR VG & it H AR P2 m R R %
PEU 554 G 3 1Y) 4 JE A RLAE LG, 38 4 i) i 4B A Rk
BEHHEZMHE . w6 R, AM B ARTE KiFHe 25

&3 SenkovF AT LKA E EEE MFMIENFERE

Table 3 Density, chemical composition and mechanical properties of new niobium alloys developed by Senkov et al'™!

Density/ Composition/at% Yield strength,
Alloy N - Hardness/GPa
g-cm Nb Mo Ti 4 Hf 0,,/MPa
C-3009 10.3 71.7 - - 59 224 2.69 663
Wi 8.6 73.5 - 18.1 8.4 - 3.07 849
M1 7.96 73.0 92 17.8 - - 2.17 521
M2 7.99 70.0 11.9 18.1 - - 2.76 719
M3 8.03 67.8 14.1 18.1 - - 2.81 780
M4 7.70 34.7 32.8 325 - - 3.81 1100
MW1 8.94 329 17.0 344 15.7 - 4.94 1440
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Fig.5 True stress-true strain curves of new niobium-based alloys at 600 °C (a), 800 °C (b), 1000 °C (c), and 1200 °C (d)'"*!
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Fig.6 Integrated cooling concept thruster fabricated by AM™'
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Fig.7 Schematic diagram of laser powder bed melting!*!
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Fig.9 C-103 niobium alloy prepared by L-PBF": (a) EBSD map along the build direction; (b) TEM image containing the HfO, phase; (c) C-103
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niobium alloy space thruster components prepared by L-PBF; (d) tensile test results of C-103 niobium alloy in the printed, stress relieved

and thermally isotropic process states
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Fig.12 Microscopic characteristics and mechanical properties of C-103 alloy prepared by L-PBF*": IPF diagrams of a de-stressed specimen

parallel (a) and perpendicular (b) to the construction direction; (c) stress-strain curves and work hardening rate of horizontal and vertical

specimens during compression tests at room temperature; (d) TEM bright field image; (¢) SAED pattern under dual-beam conditions;

(f-h) dislocation density and lattice structure from the same spot with different tilt angles
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niobium alloys (b)
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Fig.15 Tensile stress-strain curves of Nb521 alloy at room temperature (a) and 1200 °C (b); tensile fracture morphologies of Nb521 alloy at room

temperature (c) and 1200 °C (d)*



* 260

W] B RS TR

555 %

78 2 i A1 1200 °C 90 ) PR RRRE & rb T g DL i)
L-PBF ffill % 3 72 7 7= A B FLBR , 3% AT BB A2 A 4 JE M A
SFRAR IR R 2 — o X EWRE o A in T2 %0, 1%
ICFLIBR A, 42 /& L-PBF i 2% [ Nb521 & <8 FY & Tk 9 2 DA
T i 2
4.2 BTFREMHEHRES
42.1 C-103484%4

2 [H AIT 2 &UR) 1] EB-PBF £ AR % 1 C-103 &
4, EB-PBF ffill % C-103 £ 4 ¥ éiy 4. 45 K4 F1 L-PBF il % (1)
G & At RLES K AL, 75 I 7 A AR i, 7R 2 BT
7 1) _E s (B 16a 16b) 15 22 AN[A /2 , EB-PBF
il 4% 1) C-103 & 4 350 % B2 100% , A W S 1) R AR

FLBRAFLE . 1T EB-PBF & 1E 25 41 R EAT 1, Rtk
T 4] 7 3o R T DA B A R it ik /> A B i, LI L R R
TATEN &M B2 i . 5 L-PBFAHLL, K& &8
KL 42 T BB R B RURE , (AT R f1) 2% tH PE R AR
FHEM(E 160 . 5HEMEELL , EB-PBF il % 1754
BHE 2R N PR35 AT BT T B 1 i 5 A 2
7E 1093 °C 1 iyl RS54, R R} R B H A I () 3
FERF M AN 11 ) o

T 37, Philips 25 APV i EB-PBF 5 A ] i &7 5 /&
C-103 & &M K}, H %5 FLROW 45 /) F g 2= PR e b AT 3R
fiE . BFFE N BB 58 T 7E EB-PBF i 72 oy A 1) 8 & A
FH 6 A4 R B8 B 52 e o W P8 17a BT, BE A R OK

16 EB-PBF il % 1] C-103 & 4 1 52 AL SR C-103 HERE RS AL
Fig.16 C-103 alloy prepared by EB-PBF!": microstructures parallel (a) and perpendicular (b) to the build direction; (c) C-103 thruster assembly
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Fig.18 Comparison of precipitates in Nb521 samples fabricated by EB-PBF with as-cast specimens””: (a) schematic diagram of powders before

and after remelting; (b) schematic diagram of sampling positions S1, S2, S3 of EB-PBF alloy; (¢) XRD patterns of S1, S2, S3 and ingot

samples; (d—g) SEM images of EB-PBFed sample S1, S2, S3 and ingot samples; (h) schematic diagram of precipitate morphology of EB-

PBFed alloy; (i) TEM bright field image of C-rich rod-like precipitates in grain of S2 sample; (j—k) high-resolution TEM images and

SAED patterns (inset) of regions I and II in Fig. 181



©262 ¢ W] B RS TR

555 %

5 e 5SHkhix
51 45

MEIEPE G S T HBUR I B R = iR 2B 1 DL
T AT 5 1) v AR R ) 4 T B 5 A TR AT R ity 1 1) %
AR — o SR SN T 07 U % A & S A7
TE AR 15 B 2B 72 JE B DA R o DL RSO 52 2% T AR 22 3B 4
SRR, YA RS IR R MR A A 4 S B At TR
R BLAE , ARSI I 2370 P il LR HE A 4 & 42 (C-103 55
Nb52 D (B ST IR, A3 BN S5 1800 T -

(D B RV & & 80 B Y . i WOk A 7
TR 2R PR A R 75 o 336 7 13 R, 35 1T S B C-103 A1
Nb521 1 i S B 8 45 4 11 v 5085 B2 389 M O, TE AR 4K
K L2250 S A HE GE KBS 858 R 5, 805
FERIE 99% PA b X — 8% R ERE THRAS
R UF I 2E & P AN AT R v .l I X B C-103 5 Nb521
PIR A 4, v LR L, C-103 & & HAL R &g &
WA A HERGHIEREBMEGER T EES T
PERED , O & 7E 3 B AT K A =5 A3 b R 4 T B AR
F o SR T 3d B Oy s ) CAEFA B, C-103 & 4
1) v L o P AT A 4 T, Ll FLAE 1500 °C I 4 58 B A
950 MPa 7 4519, ML Z T, NbS21 &4l T HAE
LA S IEE (W Mo) , B 2 B0 HE B 4 f e U
J1VERE o BRI AE 1600 C SRR ND521 & 4o
JE 5 C-103 & 41 3~4 fi5 . M4k, T C-103 8 &4
A BBt HE TG E , P A )& Nb521 &4 A A — &
) BRAS AR

(D IR TT T 4 3 B & 4 1) 5 5 4%
G YEREA Y, BB T, X F AW T M
1) 3 3k R T 1 AR o Ak O AL R 45 A 5 T A 1 R vk
[E] gk 5 AR R 7 M B A7 2R R B8 A 1 SR A .
(B 15 B W & TE AN 5] 22 3 (R 9 b, BT 10 38 AR A7
TE 5 X ), 3 AT e 5 R HI 38 A )it 4 B A 1 L A
Wb T 2% VIO, L TE C-103 82 & 4, Awasthi
S NPR MR B 21O, 5 AW AA1E , T Mireles 55 AP
RIL T ZrO, 5 — AHHIAFAE 5 [F] I £ Nb521 4 & &t
W 7E H AT S B T Zr0, 58 M A7 AE , 1 A% Gl
TO7 s Ak i . e ah, 384 ) i R A &
JE A AR T AR G A, RS T b 2 ) v Bl CRD
T 8%) , i T itk — R T .

(ORI - & A K A7, T NASAATI 5%,
AR T R, A AR R SRR R, DA s
T AR AU A B A R, HET R T SR

BOAR B 1 = 0B = BN G, SE A hIE R & e e 4
A TR S R AR A 7 BROAS S T VR TS T TR TR
e e e RV B B B4 T Al o

52 k&

S Y A IR TEE T TAE S M 1l i B8 A s D 4
WG T — R SR (2R Z R T & & R AR A
1o A AR ) B XS DR 2R 2 IO T IR 13 XA £ <
WEFARIE IO A IR IEAFAE DR R ) 3, 75 2t —
AW :

COXM ISP & G RO S5 1 S ks . RE
R FH S A ) 3 T DA ) 6 R 50 PR A v RO B8 5 <, (ELZ T
i) 46 1) B £ < AE TR AL 23N 7 2 P e b R Bt % )
Yo N TERIX — i AL, 75 Bl — D A S 1 it i R B
DR AT SR S LR R R RS BLUR T AR S TROU 45
Koy, FEAR A TR0 P RS2 o A5, 2T BT A F [ e
2O TR RS R AR O R I Th &R AR
AUBRARAE , SIS o R UL FBE 70 A1 FARS A 1), AT 3
PEH O AR MR AR s A, 47340 B[R R 2
T ENRERE R BEAR L, W] LA T B R R R ot Th
HAN L 5, BEAT IR Al DL SEEL T2 S it
B, BRA B IR BN R AT TS e A e A R
I FCAM R R 2 0 1 4 ) 32 P RE ), v o B2 B 75 IR 50
e o 7 AL R0 A A 8N AR A e AR 5 A 2 Y DR
AN AR AT B » B R PR AR 50 B2 DA R 5 1
EE SRR A S — 5, i i B AL itk
BN, A MIEFERME R R & esE L s
SIS, 456 Taw W Mo Zr Ti HE S5 E I T &, E— 25
e & i EE R A ROR 5 BRI, A 2R
THEMBERE &SRR E 1A ERE . B, 5 2 HO6E
MiliE TS0 8RR UL 2 Eu S
S5 N TR 4 < (R M R ) 3 L T A O R R A < T i )
TS S TERE™

(2D BG4 ) 3 o R SR ST R e 0 1) SRS o T 4 1 3
Pe i SRR R T, 55 T RS0 FLIR SR BRI, o fe
X LSRR T A, 2 7 BRI 5 — N . EiR
i B A i ) TS UL A RS RE
RARTHEM B R B BOE L. LLAL 3B /] L — B LA AN
VAT & AR AL SR FEARIG A B TT 24 . B,
WL, 1E M 48 N Ze T AR B 40 4% S5, T A
ZrO, GHASIORE , Y/ S8 2% R AE it F K0 (i A » 338 1T P IR T 2
JRURSE™ ANTI B vt A4 e £ 5 P2 A Bl ) PR AU, 2
HERE ) 3 M AR A < AR R I Y JeER AT DU R T R

el



%1 W B M EIE M S SRR LIE ©263 ¢

Y,0, KAl 3K 2 R AV IZAEA kA 14U 0T, I RETE
BRCOR BE O AIG Af B2 5 AT 93020 4T BB A vh i 2R 808
Je®, FEMEAE G erh IV N Ta & &It E AT LA
I P Al SR PR st 74 FEE AR s A RS, A8 RN 4 ) R
ST, S b 48 A 1) [ B A A S i)t R B T
K F TG 0 AR AT BB AR 2R 40, i R A7 e 24T Ef
BORW AT DA ARk B340 22 A PE A 3E B 73 1 351 5]
SR T S BRI R ) 2 Z 4R TH . A, R Tk
SEFTEIYERE , AT DLd I 0 B AR R b B 5 A 2 ]
(R 22 AT B AIRAR AR N ) o I B 3 1) B AR TR AT
FEXTBT 1R 2R SC H B, Ik iy 1) U HAGR E T e 3 30 1tk
AHEOHT H 5 AT BORRHA: T B2 1 T T 5 o A1 0 ]
RETCEAT RO B g o JE 0 Tl AR, A &
B A 1 B e % A% I B (ductile-to-brittle transition
temperature, DBTT) , (Kl I i @A N 2% . KA
B HENOIN S DBTT LA b HAR 37 BOE M AR 1) 3 B2
A B MR LUIIE B B 7 AR R 4, 2 il
i Nl I dB2 D0 B S A QY S = -
FHECSS SR BE 3G I 3 B BL DBTT Jh sy X2
FH T S8 B RE A 8 TR 1A R 65 1 SR A A T 2
A AL 22 BN RSO REAE A, 38 23 I S5 ADRHE i 5
G55 77, T SE ek it

Q) AL YE e 5 TE LB 50 |l B 5%
FE A ARG M G B S e 1) = IR ) R, D HOR
+ H i R B8 A B TR BT, B A 3 C-103 AT NDb521
Bé & & B i o LS G A B 01, BR e ATl A S <
B4y VN 0 B i AE A5 7 =X, S I v U R R e T 4R
Fto bedn, #EHRIE , ZeN CHIN S8 fg A ) 5l N, vt —
IR E RS S ML IR . A, KT AR T R
BLE R IR IE A0S 78 5, 38 7 45 5 5 3k 1) il i R AR
T B Cl J5 A7 iz e 56 A S i B2 56D 5 BRI B
Can s — PRI LA 3 78 152D 5 3k — B Wk S G A i i
e & 08 AE IR SR BIAGAT O, G HL R AT AR S
f9 22 HAE FIBLEE L A7 55 A8 AN [R) I B T ) 7 pL 1) 45 38
BN o BeAh, 5% T K A4 ) 3G B8 & & 75 = T 1O i
A A I 5T A IRARAT AR, e T AR A
F 2 0 BB, T 2 A A2 PR T8 25 1R B = L i3 U 2
Wity , JL T AR B A STHER A JT i 18 s il i A2 % 95 AT
N IR 2 TR FF R 1000 °C LA 1 35 46 AR L 9% 55 1K
56 e %, R AT 10D 17 B i R A% 2% A 1) AR B E 9T, 48 s
MRA RV, A H TR R AR R S % .

&3 30k
[1] Zhang Chunji(7K#2%), Lv Hongjun( & % %), Jia Zhonghua( % -

18). Aerospace Materials & Technology(F-Fi AL T 2)[J], 2007,
37(6): 57
[2] Prasad V V S, Baligidad R G, Gokhale A A. Aerospace Materials

References

and Material Technologies|[M]. Singapore: Springer, 2017
[3] Bukhanovsky V V, Mamuzi¢ 1. Metalurgija[J], 2003, 42(2): 85
[4] Sheftel E N, Bannykh O A. International Journal of Refractory
Metals and Hard Materials[J], 1993, 12(5): 303
[5] Kathiravan S, Saravanan K G, Ranjan K R et al. Materials Letters[J],
2021, 302: 130336
[6] Popov VV,GrilliM L,KoptyugAetal. Materials[J],2021, 14(4): 909
[7] Sahasrabudhe H, Bose S, Bandyopadhyay A. Advances in Laser
Materials  Processing[M]. Duxford: Woodhead Publishing,
2018: 507
[8] Funch C V, Proust G. Additive Manufacturing[J], 2024, 94:
104464
[9] Liu Hui( Xl #), Bai Wei( F 115, Xia Mingxing( & B &) et al.
China Molybdenum Industry(F E4HK)[T], 2022, 46(6): 9
[10] Li Maihai( 2 % ¥#), Wu Yu( % %), Yao Xiunan( #k 1& #f).
Journal of Ningxia University, Natural Science Edition(7* & K*#
AR EARBLERR)[I], 2012, 33(2): 179
[11] Xia Mingxing( ] &), Zheng Xin(#F i), Li Zhongkui(Zs H1ZE)
et al. Hot Working Technology(FNINT.1-2)[J],2011,40(17): 112
[12] Zhang Chunji( 5K # &), Hu Guolin( #1 E #K). Aerospace
Materials & Technology(‘F-Wit KL T.2)[J], 2012, 42(1): 105
[13] Senkov O N, Rao S I, Butler T M et al. Journal of Alloys and
Compounds[J], 2019, 808: 151685
[14] Helmer H E, Korner C, Singer R F. Journal of Materials
Research[J], 2014, 29(17): 1987
[15] Xue Sa(#¥ ¥A), Wang Qingxiang( + X ), Liang Shujin( % 13
ff). Rare Metal Materials and Engineering(%i 5 %= B M B 5 T
FE)[J], 2023, 52(5): 1943
[16] Philips N R, Carl M, Cunningham N J. Metallurgical and
Materials Transactions A[J], 2020, 51(7): 3299
[17] Bhavar V, Kattire P, Patil V et al. Additive Manufacturing
Handbook[M], Boca Raton: CRC Press, 2017: 251
[18] Wu Shiliang( 5 t5£), Wang Sujuan(F % ), Wang Haitao( 1§
V%). Rare Metal Materials and Engineering(#i i & J& #1 ¥l 5 L.
F2)[J1, 2024, 53(4): 1217
[19]Qin F, Shen Z Y, Shi Q et al. Rare Metal Materials and
Engineering[J], 2023, 52(9): 3026
[20] Ren Qingguo({F:IK ), Yao Zhihao(%k & i), Dong Jianxin(#
JB0). Rare Metal Materials and Engineering(¥i 5 %= @M B 5 T
FE)[J], 2023, 52(10): 3617



264 -

W] B RS TR

555 %

[21] Yang K, Wang J, Yang G et al. Rare Metal Materials and
Engineering[J], 2023, 52(9): 3019

[22] Guo Yigian(3 X #2), Guo Zhenghua(% 1E4€), Li Zhiyong(Zs &
%) et al. Rare Metal Materials and Engineering(%iH 4 J& M #}
5 T[], 2023, 52(8): 2965

[23] Korner C. International Materials Reviews[J], 2016, 61(5): 361

[24]Lu S L, Qian M, Tang H P et al. Acta Materialia[l], 2016,
104: 303

[25] Neikter M, Akerfeldt P, Pederson R et al Materials
Characterization[J], 2018, 143: 68

[26] Mireles O, Rodriguez O, Gao Y et al. AIAA Propulsion and
Energy 2020 Forum[C]. Reston: American Institute of
Aeronautics and Astronautics, 2020: 3500

[27] Awasthi P D, Agrawal P, Haridas R S et al. Materials Science
and Engineering A[J], 2022, 831: 142183

[28] Chen J N, Ding W W, Tao Q Y et al. Materials Science and
Engineering A[J], 2022, 843: 143153

[29] Chen J N, Liu C, Wang Y F et al. International Journal of
Refractory Metals and Hard Materials[J], 2024, 118: 106451

[30] Sun Y W, Liu J, Wang J L et al. Vacuum|[J], 2024, 219: 112726

[31] Philips N, Rock C, Cunningham N et al. Metallurgical and
Materials Transactions A[J], 2024, 55(7): 2472

[32] Yang J X, Huang Y J, Liu B K et al. Materials Characterization[J],
2021, 174: 111019

[33] Sanchez S, Hyde C J, Ashcroft [ A et al. Additive Manufacturing[J],
2021, 41: 101948

[34] Masoomi M, Thompson S M, Shamsaei N. Manufacturing
Letters[J], 2017, 13: 15

[35] Yuan D, Sun X J, Sun L B et al. Materials Science and
Engineering A[J], 2021, 813: 141177

[36] Ward A A, Zhang Y B, Cordero Z C. Acta Materialia[J], 2018,
158: 393

[37]Wang H, Hu Y B, Ning F D et al. Journal of Materials
Processing Technology[J], 2020, 276: 116395

[38]Zhu L D, Yang Z C, Xin B et al. Surface and Coatings
Technology[J], 2021, 410: 126964

[39] Todaro C J, Easton M A, Qiu D et al. Additive Manufacturing[J],
2021, 37: 101632

[40] Nomura S, Murakami K, Kawada M. Japanese Journal of
Applied Physics[J], 2002, 41(11R): 6601

[41]Zhao Y, Wu M F, Hou J C et al. Journal of Alloys and
Compounds[J], 2022, 920: 165888

[42] Cook D H, Kumar P, Payne M 1 et al. Science[]], 2024,
384(6692): 178

[43] Senkov O N, Rao S I, Miracle D B et al. Materials Science and
Engineering A[J], 2023, 870: 144870

[44] Senkov O N, Rao S I, Butler T M et al. International Journal of
Refractory Metals and Hard Materials[J], 2020, 92: 105321

[45] He C, Ramani K S, Okwudire C E. Additive Manufacturing[J],
2023, 64: 103427

[46] Mukherjee P, Gabourel A, Firdosy S A et al. Science and
Technology of Welding and Joining[J], 2024, 29(2): 99

[47]1Li K L, Wang D Z, Xing L L et al. International Journal of
Refractory Metals and Hard Materials[J], 2019, 79: 158

[48] Xie Z M, Liu R, Fang Q F et al. Journal of Nuclear Materials[J],
2014, 444(1-3): 175

[49] Hu Z P, Zhao Y, Guan K et al. Additive Manufacturing[J], 2020,
36: 101579

[50] Ivekovi¢ A, Omidvari N, Vrancken B et al. International Journal
of Refractory Metals and Hard Materials[J], 2018, 72: 27

[51] Enrique P D, Mahmoodkhani Y, Marzbanrad E et al. Materials
Letters[J], 2018, 232: 179

[52] Traxel K D, Bandyopadhyay A. Additive Manufacturing[J],
2020, 31: 101004

[53] Ellis E A 1, Sprayberry M A, Ledford C et al. Journal of Nuclear
Materials[J], 2021, 555: 153041

[54] Vrancken B, Ganeriwala R K, Martin A A et al. Additive
Manufacturing[J], 2021, 46: 102158

[55]Lu X F, Cervera M, Chiumenti M et al. Journal of
Manufacturing and Materials Processing[J], 2021, 5(4): 138

[56] Li N, Huang S, Zhang G D et al. Journal of Materials Science &
Technology[J], 2019, 35(2): 242

[57] Hancock D, Homfray D, Porton M et al. Journal of Nuclear
Materials[J], 2018, 512: 169

[58] Herzog D, Seyda V, Wycisk E et al. Acta Materialia[J], 2016,
117: 371

[59] Braun J, Kaserer L, Stajkovic J et al. International Journal of
Refractory Metals and Hard Materials[J], 2019, 84: 104999

[60] Farkas D M, Mukherjee A K. Journal of Materials Research[J],
1996, 11(9): 2198



%1 W B M EIE M S SRR LIE * 265+

New Opportunities in Refractory Niobium Alloys via Additive Manufacturing

Lan Hang'?, Lu Kaiju', Tong Yonggang®, Wang Jie', Qiao Jinjin’, Chen Yongxiong', Hu Zhenfeng', Liang Xiubing'
(1. Defense Innovation Institute, Academy of Military Science, Beijing 100071, China)
(2. Changsha University of Science and Technology, Changsha 410114, China)
(3. Beijing Institute of Electronic System Engineering, Beijing 100039, China)

Abstract: Due to their low density, good room-temperature plasticity, and excellent high-temperature toughness, refractory niobium alloys have
been used in hot-end components in the aerospace field. However, niobium alloys prepared by traditional casting methods are difficult to process
parts with complex geometries, and face problems such as long production time, high cost and high buy-to-fly ratio. The rapid development of
additive manufacturing technique in recent years not only shortens production time and lowers cost but also achieves superior mechanical
properties, presenting new opportunities for the further application of niobium alloys. To this end, this paper reviews the current state-of-the-art
research on additive manufactured niobium alloys focusing on the laser and electron-beam additive manufacturing of two generations of typical
niobium alloys (namely C-103 and Nb521), with specific attention to the control of their mechanical properties and microstructure. In addition,
common types of niobium alloys and additive manufacturing techniques are briefly introduced. Finally, the review outlines future research
directions and identifies remaining challenges for this field. By reviewing the current state of additive manufactured niobium alloys, this paper
provides a reference for the further application of niobium alloys in the aerospace field for hot-end components with complex structures.
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