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WORE RIS . B 2a. 2b 0B EREE 3 h SR AR IES
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W 4 fioR, keds&4:3 i Nbss FI(Nb, Ti)C PIAHFI K-
M ] L H Nb-35Ti-6A1-5Cr-8V-5C 44 Nbss Fl1(Nb,
Ti)C [IATHHEANRT T4 Nb By R (B 4 tf A 1548 F1 TiC

K1 HUBERES A T R AR TE SR
Fig.1 Original morphologies of element powders for mechanical ball milling: (a) Nb, (b) Ti, (c¢) Al, (d) Cr, (e) V, and (f) TiC
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Bl 2 BREEAS[I ] Nb-35Ti-6A1-5Cr-8V-5C &4k K SEM M )
Fig.2 SEM morphologies of Nb-35Ti-6Al-5Cr-8V-5C powders after different ball milling time: (a, b) 3 h, (¢) 6 h, and (d~f) 9 h

Bl 3 2f th %< JE JC K 19 EDS JU R I 7 A
Fig.3 EDS mapping of metal elements for Fig.2f: (a) all metal elements, (b) Nb, (c) Ti, (d) Al, (e) Cr, and (f) V

AR (B 4 Bl RN mAs R AE RS . R4S
H LML 5 H Nb-35Ti-6A1-5Cr-8V-5C 44 Nbss
(AR A% 0k 0.32297 nm, X T4 Nb K ()& 4
A B A% %1 0.33067 nm (PDF: 35-0789 ' bee Nbss
BB Eh 03306 nm) #K/) 0.00763 nm, Xt H T
JC#E Tiv Alv Cr. V [E¥EE Nbss fii#s 51 1),

Nb-35Ti-6Al-5Cr- 8V-5C £r4x(Nb, Ti)C A% i Hh
0.42821 nm, AHX T TiC Bk (18 4 v B 34 1 iiks

W #7 0.43213 nm (PDF: 65-0242 1 fec TiC (1) 5% & %k
0.4327 nm) ¥/ 0.00392 nm, FHWHE4(Nb, Ti)C 14
J& IR LA Ti A = B AEE 2 1 C IR ik 2k .
23 ETHERLE Nb-35Ti-6A1-5Cr-8V-5C & &8I
LA LR LEH

AN [ R B I ] L7 4 B 45 Nb-35Ti-6A1-5Cr-
8V-5C 4211 SEM 158U L IEF AN I8 5 o Gl
[T TR e g B 7 1), 5K 4 XRD 20 Hr 45 S48
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Fig.4 XRD patterns of pure Nb, TiC powder and vacuum Mk, B0 A T4 JE oo 2 POk R T 1K) TiC ¥ Kb 2 A%

hot-press sintered Nb-35Ti-6A1-5Cr-8V-5C alloys after BHE L, PR R & oKy e A RS2
different ball milling time AERHI(ND, Ti)C AH RS2 /N R .
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Bl 5 AN ER B B ) #UE B 45 Nb-35Ti-6A1-5Cr-8V-5C & 4 B3 T
Fig.5 Morphologies of hot-press sintered Nb-35Ti-6Al-5Cr-8V-5C alloy after different ball milling time: (a, b) 3 h, (c,d) 6 h, and (e, f) 9 h
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1 5f FAEKEE 9 h B9 Nb-35Ti-6Al1-5Cr-8V-5C & % (Nb,
Ti)C. Nbss K& & FAHIBEL 55 4
Table 1 EDS analysis of (Nb, Ti)C, Nbss and grain boundary
obtained from Nb-35Ti-6Al-5Cr-8V-5C alloy after
ball milling for 9 h in Fig.5f
Point 2

Point 1 Point 3

/%  at% /% at% /% at%

Element

NbL  62.05 44.82 22.14 1271 38.57 24.23
TiK 2355 33.00 76.80  85.49 51.00 62.15
AlK  02.84 07.07 00.76 01.51 01.72  03.71
CrK  04.58 05091 00.29  00.30 03.41 03.83
VK 06.99 09.20 00.00  00.00 05.31 06.08

5B T HUIR (Point 2) FIHR UK 4RI AR 1k
Y4k, {E Nbss WHIIELAEAEARTEAT Nbss FI(Nb, Ti)C
FZ A RAR LR R4 IR (B B PTR), 1%
X 38 h Nbss Stk (18 At Bl 5F 1 Nbss. HUR(ND, Ti)C
i SR (0 4 e D1 Re ik o B s in e 1 B . il LUR
H Nbss (Point 1) W #B Al. Cr. V R FHAE & Tk
SRt UEHH AL Cr. V JGE FES0 T Nbss P36
PUIR(ND, Ti)C A (Point 2) W 4x )& Jii+ 32 8L Ti b &,
X5 4 XRD H1(Nb, Ti) C IA75H & ) A7 A L5
[ di A4k (Point 3) Ti Jf & & &, AlL Cr. VI[H
JLE AT (Nb, Ti)C AHHAKT Nbss AH, FH Nbss
A AEAE Ti BT 10 .

5 HAN [ BR R I i) B A8 B B 45 Nb-35Ti-6Al-
5Cr-8V-5C &4 SEM 15 HUR HE T Nbss Rz 1 i 7%

WAL, 2R TSGR 3 A BRI L 200 e 4 Rk SRz R
SR TSR 5% i R, R FH G R 48 2 R AT S
DAL, JEE S SRAR G B LIRS 6 Fras. E
6a JEREE 3 h 5 Nb-35Ti-6Al-5Cr-8V-5C 5 4 &4
6b K1 6a Xt N (1) 4 AH 2 2L 3745, TR v T LA i ()
SVt Nbss kL (1) 5 S TES0 . B4 32 22341 T Nbss
1 d TR, 55 05 ) 2% B A ) AL e & TE AN ) 1)
J& Nbss #h S FEA R A ALY) o« 3K L TR
il % Nb-35Ti-6A1-5Cr-8V-5C 54 M1k & 1 F o 3%
nn e IR, B2 5 Nbss DAL 21T 2
AEAE S WA Nbss dfoRE (B TR], TR R I6 Gk il &
G LA J6 300 AR ORIV A 7 H00 0 T 485 ot PR ) BERAK 2
ARG R, AR S AR R 7 Iy HORE A B A
Nbss Al (1 fit FEAEAS g 4= 3 et b 1 6¢ AR
6d BRI 6 F1 9 h J5 HBRZ A R G AH B X HE W] AR
th, BEE BRI I IR] (R 3G 0, R A5 B BR AR A ) 3 AT R
b R LR RSF U NAR, Nbss 9 fiohn RS BE 5 35k B I
V) P49 488 oA, 52 I 9D~ P R
2.4 ETM[EIRLE Nb-35Ti-6A1-5Cr-8V-5C 5& hF
74

Kl 7 i Nb-35Ti-6Al-5Cr-8V-5C ¥} KEKEE 3. 6. 9
h J5 LSS PR RS MR TR AR BN - AR k. A
ton] DUE B A K I TR (R 1S, Nb-35Ti-6A1-
5Cr-8V-5C &4 (1) 5 5 S B W] S PRy 19 a2, s 4 it
AL NAR TN 5% TR I B G i) 3 v AR Y a4k e
J7 5 AN [F)ER S I ) B 23 B0 0 45 45 4 1) e IR 82 (00.2)
A B 58 JE (max) W3R 2 T2, BRIEE 9 h AHXS T-BK B 3 h

Bl6 EREEAFM G Nb-35Ti-6A1-5Cr-8V-5C & &0t % WA A UL
Fig.6 OM images of Nb-35Ti-6A1-5Cr-8V-5C alloy after different ball milling time: (a, b) 3 h, (¢) 6 h, and (d) 9 h
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P 7 A [ R RS I 1) 5 58 45 Nb-35Ti-6Al-5Cr-8V-5C 5 < % ik
T 457 I3 7 - A H 2

Fig.7 Compressive true stress-strain curves of hot-press sintered
Nb-35Ti-6A1-5Cr-8V-5C alloy at room temperature after

different ball milling time

JEIREE G A 6025 omex ¥IHE T 200 MPa 247 . JF H.,
I 3k P I ) 5005 < s 4 ot e o e I i s AR R i 82
B B AR e 1 I A A AR TE BE 3 A T Tt (Hh&y 13%
TFHE R4 18%).

x 2 AEIBKERE Nb-35Ti-6A1-5Cr-8V-5C & & B LA
D R ELEE IREE (00.2) TR PR 32 E (6max)

Table 2 Carbide ratio, 0.2% offset yield stress (o9.) and

maximum stress (6max) at room temperature for

Nb-35Ti-6Al-5Cr-8V-5C alloy after different ball

milling time

. 0.2% offset Maximum
Milling time/h Rat.lo of o, Yyield stress, Stress, Omax/
(Nb, TG, ¢/% ~ ; /MPa MPa
3 ~11.45 1021 1301
6 ~10.94 1077 1406
9 ~10.3 1204 1497

8 hy AN[F] B B I W) 44 s 56 45 Nb-35Ti-6A1-5Cr-
8V-5C & & il 4 Jo 1) WAL 2L, LRI AT T4
FERedhBiar 70 . & 8a W EREE 3 h A 4 e 4 Jo Aol
NGB . IR LLE R4 T8 5 & 4 b AR
TERRRAL Y A B A AE 2440, T 8b 4 &l 8a =y S K
K, BKISHmALY (Point 1) F74E W]t 1) BT 5%k
e RS, KAR EEECR IR (Point 2) Y
[FIFEAF AR DT 28 G0, IF HORBBRACI AN RS B A ) A
RET7 W BHaL T AT 0 A0 JU, Elh 5iib s i

16 pm

100 1

B 8 AS[R) Bk B I ] K B8 45 Nb-35Ti-6A1-5Cr-8V-5C & 4x 250 i 4 5 1) b ik 41 218
Fig.8 Microstructures of hot-press sintered Nb-35Ti-6Al-5Cr-8V-5C alloy of different ball milling time after compression at room

temperature: (a, b) 3 h, (c~e) 6 h, and (f~h) 9 h
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FAL05 AT ALSPAT I 7 RS B A0 ) 32 TR & B BH 42 1
24y (Point 3). 8c 8d 7 A AEREE 6 h J5 il & &4
AR AE ) SEM 5 B v+ Uy, BT
IR GOE S S E 8b A IR, W BPAT BB % Tk )
K. & 8e N 5Kl 8d XN IR HLTFIESL . M AT
DU HBRAG I N 0 R SR BE 3R, B A R RSO
AR A A AR T T A T A ) B T AN
e, WA AE e 28 3ok B v DS P 4 A8 T 1 R A e o
8f~8h 73 il W EREE 9 h JEbedh & G R 4R AL TE IS (1 oM 4
ZUEH, EIrhogite i 2, JF B 8h 1 HRGUy
1) AL AT 1K) /N RS A 400 At A7 A2 2L (Point 1),
R BRES 9 hipe 565 6 T R BRI B AL ) 7 52 T AR B K
TR, X5 7 FPEREE 9 h A 4 b PR o A0 ) 9
PEAR I B R — B0 o Ak k2 B R I %
AR A, B8 o Nbss PY il S L 55 A4 1) St if Ak A
RO 2L, W Nbss HA RIFAIHITE, Nbss 55
A R A BRI S A Re I .

CELIHTEREE 3. 6. 9 h JG ELAS SR B M4 R
SR D) AT 0 (B 7Y FAS R R G B 412 (B
5 NI 8), 4G4 kka 5 A8 40 1) Hall-Petch fEA W] 411,
Bt 5 Bk BB N 1) (0 884 B Nibss b R~ yak /N4 ) 42 v
FOX A an sl A s [ (Nb, Ti)C SR LA 3
T A A T ARRALRE 0T, 2 Al s R gt
IFi] 1 FH 5 S0 4 s T s 408 o 5 1) A b v o kA,
— 7 THI A HH 2 5 58 A A it R 0 A 7 4 o 5 < e S T
[ 23 0 4 A PR TE R U5 oy — 7 TEK S
3 h A& A RAT RO, B IR B AP 7K 2 1 A8
T B B/ INAE R AR I R TP 45 o R AR R0 3 BUE Bk %
JEGERE I BRAR N T 7 FRERER 3 h AR B
RE I/ ) 5 Bt A5 B3R 25 I 1) 389 0 R 143 A1 PR B AL 400 e 1%
S5 TR & (F 8h). Kk, 2 AN Z A i
VEF R BT & 4 bl A BR S I (0] (0 388 0 98 1 A T 66 0 4
(o AR SCHRHRIE , 85T 45 Nb-35Ti-6A1-5Cr-8V
H1 Nb-35Ti-6A1-5Cr-8V-10C & 4= 1 it Il 58 5 59 53l by
740 F1 990 MPa, Lt & n] DL IRy R 16 v AR
TR R s ) 4% 1k B R A R A 41O

3 4 it

1) Fifi 5 BR B i (0] 9 3% i, Nb-35Ti-6A1-5Cr-8V-5C
B R T IR HOIR 4 8 o0 3 BORL 1 S8 AR B RIFE L Y
PR RS v S AR, A R 8 R % s I LA Ak,
YEH N4l SRR s 9/ TiC MR35 o0 A T
RN Y TR i N =

2) HEMAAES 1500 C/30 MPa [k ) F{Ri%
60 min J5 # Hs B 45 3K 19 BU% ) Nb-35Ti-6A1-5Cr-

8V-5C &4, 54t Nbss FfI(Nb, Ti)C PAIH . Bl
BREE I IE] R34 0 Nbss ftbi )JUSFAZ /N, [AIF(Nb, Ti)C
URSHECN I ToR k. AlL Cry VoG EFEEEA
Nbss 5 S 5% 7 Z Bk, Nbss 5t 4b Ti Ji+
WA, (Nb, Ti)C AH4 8 )it 7L Ti 4 3.

3) Bifi A5 BREE N A) 386 0, Nbss &R0 41 16 22 (Nb,
Ti)C WREUL S5 Nb-35Ti-6A1-5Cr-8V-5C & 4> & I Jis
45 i s B AR PR 5 8 DA R & G I R AR TR e ) 39
Frin, 465742 J5 Nbss 5 Au ¥ A 45 & R ir, 1
SEACT W IBAEAE B B IERE0. S ERRRT A H R
KIGEIER e a1 1 R T 9572
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Microstructure Evolution and Mechanical Behavior of Powder Metallurgy
Carbide-reinforced Niobium Alloy

Wei Wenqing, Cao Guangming, Liu Bingqiang, Cui Dawei
(Weifang University, Weifang 261061, China)

Abstract: Nb-35Ti-6A1-5Cr-8V-5C alloys were prepared by powder metallurgy method combining mechanical alloying and hot press
sintering. The powder deformation behavior, microstructure evolution and mechanical properties of the alloy powder with different ball
milling time were investigated by XRD, SEM, etc. The result shows that the massive metal particles of the Nb-35Ti-6Al-5Cr-8V-5C
composite powder are transformed into flakes firstly and then deformed into flocculent morphology during the implementation of impact
extrusion as the ball milling time increases, and the TiC powders are distributed uniformly on the surface of flake metal powder. The
Nb-35Ti-6A1-5Cr-8V-5C alloy consists of Nbss phase and (Nb, Ti)C phase, and the volume fraction of carbide for each alloy is about 11%.
Ti is mainly distributed in (Nb, Ti)C and the grain boundary of Nbss, while the element of Al, Cr, V is mainly distributed in Nbss grain.
The size of Nbss and (Nb, Ti)C phase is decreased with the increase of ball milling time. The compressive mechanical properties and
plastic deformation capacity at room temperature are significantly increased by grain refinement of Nbss and reinforced phase dispersion
of carbides. After compression deformation a good interfacial bonding between Nbss and carbide exists, nevertheless, there are obvious
nearly parallel cracks in carbide particulates. Furthermore, it is evident that the mechanical property of Nb-35Ti-6A1-5Cr-8V-5C alloy
prepared by powder metallurgy is better than that prepared by arc melting method.
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