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WE 9 A A2 R . 8 49 4 FB 8% (SEM, FEL, Quanta
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Fig.1 XRD patterns of Nb-22Si-20Ti-6Mo-xTa alloys: (a) 20=20°-90°;
(b) 20=38°-42°
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RS . BhAh, B Ta & &35 00, Si 7E Nbss AHH 1)
RGBT, X R W Ta 1 [ A B T $2 7+ Si 7F Nbss
A B VA R FE . BARTT & S NST-1Ta & & FINST-2Ta &
< Ta £ Nbss AH 71 155 57050l 9 0.90at% H1 1.27at%,
1 AE B-NbSi, A S & (o i O 0.48at% Al
0.70at%) , X — L G 3% B Ta FE A7) - [ %5+ Nbss A 1M1 3E
S-Nb.Si, 4, iX 7] i 5 Ta Al Nb [7 J& 55 VB @It & H A
AL R T2 42 K.
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2 Nb-22Si-20Ti-6Mo-xTa [ 4127
Fig.2 Microstructures of Nb-22Si-20Ti-6Mo-xTa alloys: (a, a,) NST-0Ta, (b, b,) NST-1Ta, (c, ¢,) NST-2Ta, (d, d,) NST-3Ta, and (e, e,) NST-4Ta
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Table 1 Composition of different constituent phases in all alloys (at%)

Alloy Phase Nb Si Ti Mo Ta
Nominal 52.00 22.00 20.00 6.00 -
NST-0Ta Nbss 63.25 5.56 21.17 10.02 -
B-Nb,Si, 46.56 33.76 16.16 3.52 -
Nominal 51.00 22.00 20.00 6.00 1.00
NST-1Ta Nbss 60.26 6.17 21.99 10.68 0.90
B-Nb,Si, 44.62 36.86 1543 2.61 0.48
Nominal 50.00 22.00 20.00 6.00 2.00
NST-2Ta Nbss 58.16 7.55 23.36 9.66 1.27
B-Nb,Si, 41.25 37.72 18.22 2.11 0.70
Nominal 49.00 22.00 20.00 6.00 3.00
NST-3Ta Nbss 57.63 8.75 21.66 9.17 2.79
B-Nb,Si, 43.04 33.71 18.37 3.46 1.42
Nominal 48.00 22.00 20.00 6.00 4.00
NST-4Ta Nbss 53.50 9.56 23.60 8.84 4.50
B-Nb,Si, 3991 37.56 18.94 2.08 1.51
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Fig.3 Volume fractions of constituent phases in all alloys 24.80 pm(5£2). AN, W32 5 A0 2R AR R 4 B P
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Ak, 24 Nb-22Si-20Ti-6Mo & 4 Ta & =42 T+ % 3at%,
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B-Nb.Si, FH AR 73 HORF 35 RF 356 B, RSP B &
17.70 pm, [F B 4/t X 38— 2P 3 2 . 7E NST-3Ta
&, WA B-Nb Si AH I TEAS LA KL 2 1217 F“H” T
NAE WL T AT H TR R HOIR 45 84, B4 B-Nb,Si, A
Py B — 5 BB AR o 20 /N3 5 4L S0 % 35 795 ol
TR FE S A4 B-NDSI AR A K IE R, Rl
SETEAZ AR IR 3L, a1 2d, B o i3k — 25 19 i Nb-
228i-20Ti-6Mo &4 Ta & &4 4at%, F T 4% 14.65 pm,
TENST-4Ta & 4, T 4L 2L AHLIR A1 42 B-Nb,Si, FH AN
e 2N, o /N3 R 20 VBGRB8 n L O LR
AL AR TR T IR IE S TR R, TR R T 16
RN IR I 5 VR A 450 Can 18] 2e, BT 7R ) o /£ NST-4Ta
A 4rh, A DU ER B4 A B-Nb, S, HH A i IR 28, [H] s
HIHE B-Nb,Si, AH PRI 5 H 5% 22 e fIK A, 9 42.59%

R 5T g BEAR B, 7E Nb-22Si-20Ti-6Mo & 4 1 i
01 Ta 70 2 00} 5k ] 26 A2 R s e AN SB35, & S T AR AE AT
N B-NbSi, M, HUIR I A B-Nb Si, A1 A 4L 78 (40 SR AR
KA 5, W) A2 B-Nb,Siy A (12 B 1 2k B 6 Ta £ 5 1 3G 0
BHARIFIEN . B Ta S ERIEIN, & &ML 1)
/NS SR ARAR 7 B T, LR ORI ] A4 B-Nb, Si, FHE S
BT B, SRR A U 4. £ NST-4Ta
G4, WS RS A L NTEIRR 7 iR 4L . EDS 45
LB Ta JC K AE B-Nb,Si, A (1 & B AK T 7E Nbss AH H (1)
B, YL Ta JC RS /0 A T Noss # H, I Ta e &
2025 Nbss A1 [ 43 » #2755 Nbss #H A i) Si & & . 2 hk
A3 & FELAFTE 2R B 52 X33, 3 T 7 6 4 vk ] i 2
w0 R E A P 2 3 S P U [ RS L A o R

2 ¥4 pNbSi HHTHER
Table 2 Average diameter of primary f-Nb,Si, in different alloys

(nm)

Alloy Average diameter
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

PAFE 43480, AT =25 A TRV JEE 1 e e T » 5 3RFE ek
W B K L5 1X
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Nb-Si & 4 19772511 58 5 FL2H sl 1 L A7) S5 An
HHREZE DA SEY, &4 58 T Nb-228i-20Ti-6Mo-xTa
BRI, MEA ST Ta S EIIEM, &80
T o B R AR T, R TE Ta & &M 0at%38 2 1at% i i
Y NARE BT % (HBESE Ta & & IHE— 530, K46 N
BHUE T, NST-0Ta & & (9L E 58 15 3 2261 MPa,
W 24 N AF A 9.9%: NST-1Ta & 4 0 T /& 48 J& 5 5
2291 MPa, Wi 24 % 45 A 9.7%; 1 NST-4Ta & 4 Ji& I H %
FERI PR R E (2321 MPa) , BT R A8 R 10.6%. &
WYENERIES &P, RS Erm @ &S
BGPTSR BITE S hE & & R iR
Ta {4 &0 58 5 A BT T, X AT RE VA T Ta e RS 0 5
A 4D 44T 5 e L R i A s Ak B SR R o Tl R BR W A=
B-Nb,Si, MR B AL R J11E N 2 AR IF 2L, Ja 8
HEBHMAES, SHAEENPUERE TR, MEAGS
W Ta JCER NI 2, WAL B-Nb,Si, A 1R ~F A& & A
FEAR , [RIEI2E B-Nb,Si, FITE A& R 2R T84k, F R B
N GARAF NN , 1K PR T RS TR I 2 T 8L )
R P2 T A e RS ERE .

Ta R A INGEHE T SifE Nbss H 1[5, 3305 %
W 72 57 8 32 B0 1D TR X 5 AT BRI & I BB I AR TR B )
TENST-1Ta & 44, RAEYUIRYI A 1) B-Nb,Si, AH AR FR 7
RN R SFAREE T NST-0Ta & 4 Arid /b , {5t ik i ik
| D ) A 98 RSN AN B 58 A M [ VA Ak 5 R 1 B
FEAR , T BUNST-1Ta 5 4[5 45 N AZ K T NST-0Ta & 4 -
24 Nb-22Si-20Ti-6Mo % 4 H Ta 76 2 H ¥ I & 4 22 2at%
J UL LI, Bt SR AE B-NbSi, A1 0 A4 AR 40 BoRn <)
FRI33E— 25 FRA , DR T X6 B Nbss AHAR FE 20 o R B
Nbss/B-Nb,Si, 1 gt 2H 1 34 0 A & b 4 4k 5 2 AH S48
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Fig.4 Room-temperature compressive strength and compressive

strain of alloys with different Ta contents
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Fig.5 Fracture morphologies of Nb-22Si-20Ti-6Mo-xTa alloys: (a) NST-0Ta, (b) NST-1Ta, (c) NST-2Ta, (d) NST-3Ta, and (¢) NST-4Ta
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G4 TR FRAR PR (0 BT 1 3 T b g 2 [ A 4 R
WAL R, 3 B T & & I W 287 200 v A B I 2R AR
Al LA H 24 Nb-22Si-20Ti-6Mo & &% A i Ta )L &
i, NST-0Ta £ 4 1 W7 11 3 22 K He) AE B-Nb,Siy AH T B
140 6 Vi At T AN 2 S Nibss Wi 4 70 1 (1 3 445 , i 22
G Bt i I AT L (B Sa) 5 24 Nb-228i-20Ti-6Mo 7 4 H s
i 1at% Ta JCE A, NST-1Ta & 4 (17 1R B H 56 2 (1 /i
R TH] [X 455 10 R R B B, T B 2 A B0 E A B ek 2>
(&l 5b) ; 24 Nb-22Si-20Ti-6Mo £ 4= 1 % Ml 2at% Ta 6 5
IF, NST-2Ta & 4 1 T 140 ) fife 25 0 T AR AN A 2 & B 9
b R BUH 3 2 (B 500 5 24 Nb-228Si-20Ti-6Mo & 4
FHR N 3at% Ta JC &, NST-3Ta & & W I A28 K 50
FERE | A2 B T DX 3T RRE — 2l , T 2 i H gk — 2D 1
s fEEL A B O (B S5dD 5 24 Nb-22Si-20Ti-6Mo & 4
7NN 4at% Ta 70 K I, NST-4Ta & 4 11 5 A FLRE | 47 %4
BHH DL (K 5e). Bi%E Nb-22Si-20Ti-6Mo &
G Ta JU K IR N, A5 4 I 11 3% 111 28 SR R g 252 T
DX 3 T AR L , s i S b S B

NST-0Ta NST-1Ta FI NST-2Ta & 4 W7 1 2 1 46 Lb 4%
SPAH ffe B R E O AT 0 AR EE S P A HOE S . NST-1Ta
B 4 T 1A 1 A 3 D T AR R K, W R AR B NS T-0Ta
&M%, B8 Ta oz KGN, KIHIVI A B-Nb,Si, AH AL

JOSFIRCIN T HL A B 2 0 SN R A IXTE W SR
A e IR A BT T AR PRI 98/ o [FTES ST ZREAK 1) 308 2 v
7 12 T A AR AR BE 3G K, X R AE T RS AR R HFE T 2 10
REH, A B THETHIBI RN ARY A, b & W) A R A
FUA> EL Uk /b, % Nbss AH 58 14 48 T2 1 29 3R B A, [R] it
NST-2Ta. NST-3Ta I NST-4Ta & 4 i Wr 24 B A8 35 ¥

g
4 25 i

1)Ta JC R ¥ N J5E » Nb-22Si-20Ti-6Mo-xTa £ 4 [ 4
YR ANAE , 34 £ Nbss A A f-Nb,Si, M 41 . Ta 0 & 0
1 £ & (AW 20 2343 2 414k, H Nbss/B-Nb,Si, 2 i 41 21
(AR AR 3 B bt 2 Ta 3G N3G 2

2)Ta JC & ¥ 042 51 Nb-Si-Ti & 4 1 = iR 51 6 5
£, B Ta 7 & A 0 $2 & 2 4at% , & 4 10 PLE 51 5 N
2261 MPa#£7 5]2321 MPa. Wi N A8 Ta 0 & ()14
ISR a4, 7E Ta S N dat %l & S BIR RAE 10.6%.

3)Nb-Si-Ti A 4 (158 B 52 &1 & B T Ta JC 2 AR
5| 1 [ e A R T R R T L R o T D 2R AR
"5 E &AL SILRHLAM S EIE A K.
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Effect of Ta Element on Microstructure and Mechanical Properties of
Nb-22Si-20Ti-6Mo Alloy

Xu Qin', Ma Xiaohang', Wang Qi’, Wang Jiantong', Chen Dezhi’, Yin Yajun®, Chen Ruirun’
(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,
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 contents 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 consist of Nbss
and f-Nb,Si,, and Ta is mainly dissolved in Nbss. Microstructure of alloys consists of bulk primary $-Nb,Si, phase and Nbss/#-Nb,Si, eutectic.
Addition of Ta refines the microstructure, and the grain size of primary #-Nb,Si, phase decreases from 26.84 pm to 14.65 um. In addition, the
amount of primary phase is decreased with increasing the Ta content, and the amount of eutectic structure is increased. Room-temperature
compressive strength of Nb-22Si-20Ti-6Mo-xTa alloys is improved with increasing the Ta content, and it is increased from 2261 MPa to
2321 MPa with increasing the Ta content from 0at% to 4at%. Fracture strain of Nb-22Si-20Ti-6Mo-xTa alloys first decrease and then increase
with increasing the 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 the addition of Ta. Due to refinement of alloy microstructure and the increase in eutectic structure, fracture strain of alloy is
increased.

Key words: Nb-Si alloy; ultrahigh temperature material; microstructure; mechanical properties
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