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BUREAE R, X — 25 KRR Ta TR B INA L
BEEMHEAM. ERPRH, RUWEEF NbsSi (L)
AETE, XeHTAEHM Mo JTLEMM T Nb-Si 4
S AR, 0T NbeSi BT, F{ERE B-NbsSis
PR BT . A4, BANEZER, BE& Ta SELIIGM,
Nbss AHI¥ XRD WA m) 5 = M FET7 I #3) . % 1&F] Nb
(0.147 nmle) F1 Ta (0.146 nml7) [ R 7242 M3,
X PRI (I B A KT e B R AR 1 2 R 5.
BE—B TR, Ta BIIMASEIN T Si 7E Nbss AH = (1) [
VT o FRIE Nb-Sil*8Ifil Ta-Sil*l — Jeki I, fEAH R,
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Fig.1 XRD patterns of Nb-22Si-20Ti-6Mo-xTa alloys
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2 B8 T Nb-22Si-20Ti-6Mo-xTa & 4= IO 21
2. £ BSE BUE, 3 EEERPFhAS [0 LG BE AR -
AR EH. 4546- 11K XRD EREMEK 1 ) EDS
SRS, AR AN E B AHRI N Nbss, T 2K €4 4H 1
XF T B-NbsSis A . Bl 3 2145 SEM B /i f5 thil&
S MBI B R, ETH R TS Ta ok
(I, B4 B-NbsSis AH (14 44 1 43 AR B2k 2>, T
Nbss/B-NbsSis L iy (AR 7 HOZWrg . B T-& 4 Si
FEIEF 22 at%, FTE G4 R 3L 5B E RRE,
ATLAM S B B MG SRS HA KRIIAI A B-NbsSis
R 1L HIH T IX G S bRFR S DL Sl i SEM-EDS
ST B & A A O . s R BIR, EA
[ Ta S &EMA 4+, Ti 76 Nbss A1 B-NbsSis #HH 1) &
HAAX—3, 1 Mo 7£ Nbss A & & 52 = T 2L
B-NbsSiz fAHH I & &, ok, FEE Ta =M, SifE
Nbss fHH & EmA B, XK Ta WEVEFBIT 2
F+ Si 7E Nbss A H AR . B4R S, NST-1Ta 4
A NST-2Ta A4 Ta 7E Nbss A1 125454 0.90
at.0M1 1.27 at.%, i HAE B-NbsSis HHH &= (7
54 0.48 at.%F1 0.70 at.%), X—IL KK Ta i T
&9 Nbss AT 3E B-NbsSis /1, X A[HEL Ta A1 Nb [A]
8% VB Bl HEA IR R a K.

24 Nb-22Si-20Ti-6Mo & & AN Ta JTTERR,
NST-0Ta & 4 150 2H 23 3= 22t Nbss AH A1 B-NbsSis #HZH
B WK 2 () fvR. A& 40 E KREYIA T B-NbsSis
FH 41/ Nbss/B-NbsSis 3L et ZH 2R, LA RSO K 3L i
A, XN RAR B AR RS —FA
JLdh 1, KB THIAE B-NbsSiz AHAEK: ;s 75 —FoNILE 1,
ML, R EIRRES (B2 (a1).
WILE B-NbsSis AH 2 I H BB R RCIR AR KRR, 1X 5%



Fig. 2 Microstructure of the Nb-22Si-20Ti-6Mo-xTa alloys: (a) NST-0Ta, (b) NST-1Ta, (c) NST-2Ta, (d) NST-3Ta, () NST-4Ta
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Table 1 Compositions of different constituent phases in all alloys

Alloy Phase Chemical compositions (at.%)
Nb Si Ti Mo Ta
NST-0Ta  Nominal 52 22 20 6 -
Nbss 63.25 5.56 2117 10.02 -
B-NbsSis 4656 3376 16.16 3.52 -
NST-1Ta  Nominal 51 22 20 6 1
Nbss 60.26 6.17 21.99 10.68 0.90
B-NbsSis 4462 36.86 1543 261 0.48
NST-2Ta  Nominal 50 22 20 6 2
Nbss 58.16  7.55 2336 9.66 1.27
B-NbsSis 4125 3772 1822 211 0.70
NST-3Ta  Nominal 49 22 20 6 3
Nbss 57.63 8.75 2166 9.17 2.79
B-NbsSis 43.04 3371 1837 3.46 142
NST-4Ta  Nominal 48 22 20 6 4
Nbss 5350 9.56 23.60 8.84 4.50

B-NbsSis 3991 3756 1894 2.08 151

PR HE AR TS R AR 1 it [ %G % . X Leq)
RIS Z R L7 REBRMNZ4IE . Nbss A+ %
Gy AAE I i B 2 Fo 85 RTREAR A AH BRI BT . 7 KB
14 B-NbsSis AHPYEE, HFREAIFTM, MR T —2H
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PAIA B-NbsSis ML LU E. WE 2 (b) FiR,
W14 B-NbsSis HAIERIEAT S (R S A KAFAE . AT
KIS Ta JLEM NST-0Ta &4, NST-1Ta &4 HI4E
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Fig.3 Volume facture of constituent phases in all alloy

B Nb-22Si-20Ti-6Mo &4 Ta L& S EIGINE
2 at%, NST-2Ta &&MHMALAHK T NST-1Ta &4
BN R ER: BIMIFEBR RS AIAE B-NbsSis
A, AHHE R ERED, PRSI FREE 19.61 pm.
BEAh, WS 347 L K H 14 B-NbsSis AH 1 45 F gl Bl (&
2 (¢) FRBLAERRCHIX ), B4 B-NbsSis Al
WA AKKZ. 24 Nb-22Si-20Ti-6Mo &4 Ta & &R
F% 3 at.%, NST-3Ta A& MMMALRGE— L,
2 (d) Fizw, W14 B-NbsSis AH AT AP35 RS
BIAE D, RAFFEZE 17.70 pm, [/ 5 Xt
—HHZ . 76 NST-3Ta &4, ¥4 B-NbsSis HHIITEA
AN Z R “H” TEohE, BT EL “H” E
HCRGE M, #14: B-NbsSis M4 H A — & KB SAFAE .
NS ARMRFRMIES: — 2 B %Y &
B-NbsSis AHAEK IS, 53— PR M7 A% B FE R 3L
fm. W1 2 (d1) fizx. #E—2 190 Nb-22Si-20Ti-6Mo
G Ta & EE 4at%, 1E NST-4Ta &4, HMHNA
ARV A B-NbsSis AHFIIL SAZH 09 3, HA 4Nk 5
ML EH R, HFHAEMNEGEAZ | FRER] T
FORILEITE R, TR T TEMBIRAD ARt S TR A 451



(W 2 (el) AT7R). fE NST-4Ta &4, Al A %%
W4 B-NbsSis FHA A IR, RN HI4: B-NbsSis AH )
R Bl R R KR, O 42.59%.

R R, £E Nb-22Si-20Ti-6Mo & 4 ¥
I Ta To 30 Bk [ B A% (R 52 e AN 2 3, & @ I AR AR ATS
A B-NbsSiz #H, HLUIRWIA B-NbsSis A#HERF5E S 8 AR R
KA, WIAE B-NbsSis AH IR BLIA L Ta £ & 11
iZEA AR W . A Ta ST ERIEIN, &8 R0UH A

2 /NI AR B BT, BLACR R A B-NbsSis #H
EHEF AT B, SRR E . £
NST-4Ta &4, W8 23L 54 ZMAEIEIR /) R348
EDS 45 53] Ta JG&1E B-NbsSis AH1 & &K T-7E Nbss
MRS E, U Ta oE M40 T Nbss A, [FHf
Ta TGRS Nbss FHI %5, #2751 Nbss AHH ) Si &
2. AEEAEBFERKOIRXE, XEHTES
S I AR, B B A FE 2 S B P A R EDIRE,
T R M AR 439 8, AT P AR A [ R B 1) = S A A
FEAEREAY) JE BT K (B IX

# 2 ¥4 B-NbsSis HHAFHEZ(um)
Table 2 Average diameter of primary B-NbsSis

Alloy Average diameter(pm)
NST-0Ta 26.84+4.04
NST-1Ta 24.80+1.08
NST-2Ta 19.61+2.86
NST-3Ta 17.70+3.70
NST-4Ta 14.65+1.91
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T S S O 7 [ SO e 4 &R T
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AEN 10.6%. SRR EERES & iR,
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Fig 4. Room-temperature compression strength and compressive
strain of alloys with different Mo contents
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E RIS A U A i 1 2 At A R
MR, RYIFTA &SRR T AH R HEAR R T R . AT
DAF 24 Nb-22Si-20Ti-6Mo &4 & A A N Ta JLEI,
NST-0Ta &4z (1l M 3= 2 e KA A B-NbsSis ARG
T BRI AL/ E BIE Nbss Wi IR, B S Bt
IR L (B 5 (a))s 4 Nb-22Si-20Ti-6Mo &4 in 1
at% Ta JuRM, NST-1Ta & <M eI B8 2 A AR 2T
DRI AR AR B Sy, TR A A b (E15 (b))
24 Nb-22Si-20Ti-6Mo &4 H¥sin 2 at% Ta JoER,
NST-2Ta &< (107 0 Ab ) g 33 [ AR A B S B b,
P HEZ (E5 (c)); 4 Nb-22Si-20Ti-6Mo &<
Jin 3 at.% Ta JL T, NST-3Ta & 4 W7 D AR 1 58 kLR,
f B IR AR e, SRR A D,
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Fig. 5 Fracture morphology of Nb-22Si-20Ti-6Mo-xTa alloys: (a) NST-0Ta, (b) NST-1Ta, (c) NST-2Ta, (d) NST-3Ta, () NST-4Ta

B (-5 (d); 24 Nb-22Si-20Ti-6Mo &4 H i
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W Ta JCER IR, & &R0 DR HNE WA, AR X 35
AR, WM e > e 3 .

NST-0Ta. NST-1Ta A NST-2Ta &4 W7 £ H#B EL L
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I NST-4Ta £ 4 MR AR R 5

3 Z5ig

(1) Ta JLEWIN)E, Nb-22Si-20Ti-6Mo-xTa &4
(AL A, FIEH Nbss AHFH B-NbsSis AHZH K. Ta o
R & & MO 2315 21481k, H Nbss/B-NbsSis &
em 2R AR 4 LBt Ta BOSE I  2 .

(2) Ta LEMBINES Nb-Si-Ti A &M =iETUE
S, M NST-0Ta &4 2261 MPa 27 3] NST-4Ta &
1) 2321 MPa. Wi RAREE Ta JCEK KGN RIS

Pewmi, 1E NST-4Ta & 414 25 K ME 10.6%.

(3) Nb-Si-Ti &&HEERSHT Ta TRNR
T | i [ s SR A A0 S s A A SR FIAE T R AR
fitmE A SHANAN S RRHAM S BB ZH K.
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Effect of Ta element on microstructure and mechanical properties of
Nb-22Si-20Ti-6Mo alloy

Qin Xu?, Xiaohang Ma?, Qi Wang?, Jiantong Wang?, Dezhi Chen?, Yajun Yin®, Ruirun Chen?"
(1. School of Mechanic and Electrical Engineering, Henan University of Technology, Zhengzhou 450001, China)
(2. National Key Laboratory for Precision Hot Processing of Metals, Harbin Institute of Technology, Harbin 150001, China)
(3.State Key Laboratory of Materials Processing and Die & Mould Technology, School of Materials Science and Engineering, Huazhong

University of Science and Technology, Wuhan 430074, China)

Abstract: Nb-22Si-20Ti-6Mo-xTa (x = 0, 1, 2, 3, 4 at.%) alloys with different content of Ta were prepared by vacuum non-consumable arc
melting method, and effects of Ta content on phase constitution, microstructure and mechanical properties of Nb-22Si-20Ti-6Mo-xTa alloys were
investigated. Results show that addition of Ta does not change the phase composition Nb-22Si-20Ti-6Mo-xTa alloys. All alloys are consisted of
Nbss and B-NbsSis, Ta is mainly dissolved in Nbss. Microstructure of alloys consisted of bulk primary 3-NbsSis phase and Nbss/B-NbsSis eutectic.
Addition of Ta refined microstructure, and grain size of primary B-NbsSis phase decreased from 26.84 pum to 14.65 pum. In addition, the amount of
primary phase are decreased with increasing of Ta, the amount of eutectic structure are increased. Room-temperature compressive strength of
Nb-22Si-20Ti-6Mo-xTa alloys was improved with increasing of Ta content, and it is increased from 2261 MPa to 2321 MPa with increasing
content of Ta from 0 to 4 at.%. Fracture strain of Nb-22Si-20Ti-6Mo-xTa alloys first decrease and then increase with increasing of Ta content.
Fracture strain of NST-0Ta alloy is 9.9%, that of NST-1Ta alloy is 9.7%, and that of NST-4Ta alloy increases to a maximum of 10.6%.
Compressive strength improvement of alloys is contributed to solid solution strengthening and grain refinement strengthening by addition of Ta.
Due to refinement of alloy microstructure and the increase of eutectic structure, fracture strain of alloy is increased.
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