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(2) 4FIREE A0, BA foc 450, @R HCHN 0.4193~0.4256 nm, %55 “ARTE SN ELCTATERE B HES . (3) MHELIRES
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HHAE V-(4~5)Cr-(4~5)Ti & 4. V-Cr-Ti & & #A N2 H
M oa FEE, HizaE&0EECE C. O N SAH
BEmiEt, EEEH&d Y, mERTGE C.
O 5 Ti JL &R R MMt ERTE B -E 4L (Ti-co) B,
sE M AR, B fee 45HII, B Ti R R LA
WAL (Ti-CON) M, 4 St &8 M & (C
+O+N) ##Eid 0.08%H, 2 A (Ti-CON) 4R 2
W B ASMA V-Cr-Ti &4Mael?, gk
BEERE . PURBMERESE. BT V-Cr-Ti A4 MW
A Ay S50 R/AN. ALBE SR T RS A&
SRR ML B R X, X V-Cr-Ti A4
SRR HE I 3 OB A

V-5Cr-5Ti 545 V-ACrH4Ti &4 RN S, |
T Cr. Ti JUER & BN & &0 =/ m e,
B Cr i & &I, &b FaE ik a2 T
B A48, BEE Ti R S EE NG &N RE 48 (L
% Li-Pd) JE ik i B th A 2 4R T, V-5Cr-5Ti &4 A
AR RILEEER, RO TR RS MM R
b [ TR I T bR e V-5Cr-5Ti & 4B T T A%
s s 2, s SR, KRR, B
JEERESE . (HET V-Cr-Ti S4B TP —

It HEA: 2016-02-01

MR AR AT MR T BORMR D o 25t 25 0P2) 0y Vv-4Cr-4T
B G445 1000 °C, 1 hiB ok Ja R4k G kA K,
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Fig.1 Microstructure of as-cast V-5Cr-5Ti alloy
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SEBE AR AL, RS RO 3 AN RITES
TR SRR R R MTP 2 e U SR AT R
HLAET A 5vol%H,S0,+95v0l%CH,0H, HLEZ1N 10
V, HRZIN 20 mA, JEEZN-10 C.
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2.1 RBRAKEBEXNAESHELNEMN

Bl 2 LG S5 5 A RN FE 03 5 i e A A
2. mEm %1, 800 CA¥E (K 2b), &4 mEiM
HAGHERHAL TR, B AR 2 4k
IR AR EE — 4. 900 CHf (B 2c), 5 AT

BRI, EAY R T ARTT AR B AR H AR,
TAHERZRAEH . 1000 CHF (K 2d), B AHESR A
BB OO, —ER R R ECIR S AR AR TR W
filt, ARORL AR R A BOIR B8 —AH, H 53— 640 58— AH
I ORFF 22 ) LR, (R KEHEALR. 5
Gb, B A EAH . BEERET R, MECIRE
AHTEE AR Y 8. WE IR E NS, EEmm
PEACIREE MW RAE AR LR . & 1100 CAb#E
G, WIECIREE “HHEEARE R, GEHARNPITRE
TAH, AE deoRL A I BROIR B A ELARE BRI AR S5 4
A G R LG A AR A BT X, L 2e.
M EE TR E 1200 CHE (B 2f), SR S8 AT
THAR 73 5088 SR ek /b, 55 ARAE dh S IE IR R R,
B G AR IR R v R X B AR A K AR R
B TAH E AR O ) it 2 2 R AR 38 50 4 A TE i N B
AR SRR TR B AE S I
2.2 RABTEXE & HL RN

Bl 3 JHL A4 854E 1100 C A [R5 i i 7] kb 31 5
4 HEMA. mEa%En, 1100 CHIE 1h &, 5 M

F1 VECr-5Ti &ML ERS
Table 1 Chemical Constituents of V-5Cr-5Ti alloy (/%)
Cr Ti o o N Al Fe
4.86 498 0.0102 0.038 0.0037 0.041 0.026

Kl 2 BTG-S EA R RE AL 5 1 aAH A2
Fig.2 Metallographic microstructures of as-cast V-5Cr-5Ti alloys annealed at different temperatures: (a) as-cast; (b) 800 C, 2 h;
(c)900 C,2h; (d)1000 °C, 2 h;(e) 1100 C, 2 h; (f) 1200 C,2h



%52

ZEMAAE . B V-5Cr-5Ti A & 7018 KRR v 1 58 AT NI <377+

B3 HLEE4EEE 1100 C A [F] LRI A ] 4 #2519 43 AH 21 21
Fig.3 Metallographic microstructures of as-cast V-5Cr-5Ti alloys annealed at 1000 ‘C for different time: (a, b) 1 h, (c, d) 2 h, and
(e,Hdh
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A A R A X R, i 3a. 3b. B fR I ] 3
o, BB AR L, N ERIREE AR R RR,
HEAER R MR GE R, ERE MRS, Bk
W MEE . &4 A, &5 B S A
AR o B e B P G I A R R v X I
Wil 3c. 3d. HLRIERT IS 4 h B, BIJRREE M
FESAALERN, RERMIRGE, HERE A
PRI o o 5 B BT DX ST A7 AE A BOIR B8 — A, R
HZRAR S A HE D, B AN SOIREE A0 RS b .
ML HMRET, G&MREAHEER, WE 3e. 3f.
2.3 SEM M=

Bl 4 RHESPASEAFRE T2 A1 SEM |
Fo HEIRIA, TES AP G & A2 0 a9 R A7
FER AR 35 A AN I BORCR 35 —AH, &l da. Xf
P RCIR 58 A O AT R B, 1256 MO0 52 2R 40 A
RRAE, JF PA— 7 B HLR % RHEBR B AR . B R

/NF 100 nm, FEFE/NT 2 pm, G0 4b, dlEid 1100 C,
2 h A AR SUR A T AR, R IR B
AR AL, BORCIR 58 AR AR R, ] 4c.
FRIREE ZAHFFE DL — R R R CPATERTE B HE
PR B2 R, G 4d o EHIR 28 AR B JE B2 /N T 100 nm,
B PE/NT 4 pm, 10 RCIREE A &AL B RSE AN T
5 um.

2.4 TEM W&

K5 /& 1100 ‘C, 2 h #4b ¥ 5 V-5Cr-5Ti &4
TEM 2. B, 758 K5 & &5k A7
CHR” M, B MM TSN 80~100 nm, K
FIUAS pmo X% AR EAT W AT 520 BT B R TR Ak
B A REVE AT BE . EDS T4 B (2 2) R,
FREBZAUUV TRANE, PEMTIiGRE C.OR
B E Y, 8N Vo(CO)o MRIE L /3T e, A4k
PDF £ H &I, V,0 () PDF K /5 35-0361, %4
N P REER, S E 4. a=2.054 nm. b=2.043 nm.
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Fig.4 Secondary phase SEM photography of various states as-cast V-5Cr-5Ti alloy: (a, b) as-cast, (b) lamellar secondary phase;

(c, d) 1100 C, 2 h; (d) acicular, tabular secondary phase
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Table 2 TEM EDS analyzing results of precipitations of as-cast V-5Cr-5Ti alloy after 1100 °C, 2 h annealing
Alat% B/at%
0, i 0, 0, 0, 0, 0, .

Elements Viat%  Tilat%  Cr/at% Clat% O/at% N/at% VITitor CT1OTN A:B

Strip secondary phase 61.40 4.8 - 6.2 27.6 - 66.2 33.8 1.96
Acicular secondary phase 11.25 34.72 1.01 15.41 9.88 27.71 46.98 53 0.89
Tabular secondary phase 13.55 41.95 1.19 10.7 10.29 22.29 56.69 43.28 1.31

5 1100 C,2h 4B )5 & 65 M TEM By
Fig.5 TEM analysis of precipitations of as-cast V-5Cr-5Ti alloy
after 1100 C, 2 h annealing

K6 1100 C,2h 45 & &% —HH TEM 7
Fig.6 TEM analysis of precipitations of as-cast V-5Cr-5Ti alloy after

1100 °C, 2 h annealing: (a) short strip secondary phase, (b)
SAD pattern of area 1 in Fig.6a, (c) elliptical-shaped
secondary, and (d) SAD pattern of area 1 in Fig.6¢c

c=2.5053 nm. ZY RARRE K, 5 LK bee.
fec Al hep AN[A, SRR BCHL I (477 569 B A o

Kl 6 o4 1100 C, 2 h #UbHE 5 V-5Cr-5Ti &4
TEM E52HZ, MERTE, 1R K JEEEH m kst

RIDEE A, B AHMKERN 0.5~1 pm, %EE°H 60~80
nm. I8 HEFATE T, %5 AR fec 40, THER
%58 A B BN 0.4193~0.4256 nm, i ILE 3.
EIRKJGHEFILA A E “WE” IR A, 2B
IR/ N 80~120 nm, HE A “HHE” R =
FH R K8 5 BN 0.4203~0.4268 nm. HR#E EDS 73 #7 4%
o 2 BB AHM AR, BIBL Tiv V LR N E,

/DB CrotES C. 0. NSRS, RIEEDS
SRR BT E, B MR (TIV)

(CON).

K7 41100 °C, 2 h AbH 5 & 4 5L 4 1 o 7 AT it
TRE, JEIbRE T E R R, B K JE A SRR
¥ 5 BN 0.3032~0.3048 nm, kT4l B 1 & k% H 2L
(0.3027 nm).

2.5 RAXHFEMEENRN

BEAM1100 C, 2 h AL S A 4 B fr i i R W,
(W3R 4), BHAEYPA S0 Puh 58 /I 55 5 N
475~545 MPa Al 5.0%~10.0%, ~“F¥JE %5~ 505

R3 BHNMEFHNERER

Table 3 Lattice parameter of secondary phases and matrix

(nm)
Zone No. 1 2 3
Short strip 0.4193 0.4220 0.4256
Elliptical-shaped  0.4203 0.4268 0.4257
Matrix 0.3032 0.3046 0.3048

7 1100 C, 2 h ALFR S & SRR B X T AT ST IR
Fig.7 Matrix SAD pattern of as-cast V-5Cr-5Ti alloy after
1100 °C, 2 hannealing



%2 W

RS 535 V-5Cr-5Ti A SRl KRR 58 —AHAT AT A <379 -

x4 PESHRMIREER
Table 4 Results of the tensile test of V-5Cr-5Ti alloy

Tensile strength/MPa Elongation/%

Alloy state 1 > 3 : > -
As-cast 495 475 545 100 50 95
505 8.2
o 495 585 565 9.0 105 165
1100 C, 2 h o 105

MPa 1 8.2%. 1100 ‘C, 2 h k¥ )5 & 4 1P o
FEAHZR ) 5]y 495~585 MPa 1 9.0%~16.5%, “F-¥J1H
4> %14 548.3 MPa 1 12.0%. *tEL& B, 1100 °C, 2 h
MRS A PR R TR T 8.6%, 1 A 4 E AT R EE
T 46.3%. AP A IR KIS A SR BN,
AR T MBS T,
3 W it
3.1 AL

A TR V-5Cr-5Ti &4 BCE - i e [
WY, GEMA AL, ISR 5 A RURR
B, BAAEESBYE, HEESARIEE R SR
HORA, ERE B & . B KA E H 2
T TR 7 v il A O ] 2 e AR SR SRRy 4 504k, TH
Bk RSP e [ 2 4, gl T AR M. V-5Cr-5Ti
H41E 800 CIB AR, G&H e MM LEN, &
&R E R A O RS R, A e EE AR
FEIR A RAECRTES . MR ETHZE 900 CH, &85
AR, FEm SRR B, 3 AR AR, A a
W R R I 2, BRI E B s, A SR g
18 LFh. 1000 CHY, #4542 RCR S8 A0 o fif
PH, DR IR A S A S . 0B KR B 4k 4R
T, WRTR FESMAEMN, WHRIGREMNE
B RS, — o VAR A R, 5 — A TR
W BT IR EE A AN AR 38 — A . 1B KACE I,
T A A RN, VPR DU AR TR 2UFE
FmE, GEWARRREIK. FEENEMHERE, Bl
JEFH BOE 75, WIATE f R R s R+ R BT
KR HG, B TAEAER R TR, &
BT AN, B, A RN ER K, £
REE A RS R AR TR — 4K — S0k 1 AR 1 AR,
H TR R R 2 WY BL A S e IR ER S, &
SHEHAEBRKMIWE 7, 5 AHE . (RIE 4S8R,
WRR FIREKET U3 ), Ge8lsEaT s
th, EAHEREYIEEZ. KK, &R /NHIRE
TAH. BEAE PRI R, EPIREE M RAEKR, BB
AR ONFAAR SR AR BRI

SEM W& I, 1B K5 HL G 6 1) 2 1 4 2317 AE A

BOREE ZARAI RIS A, BERCIRES —ZAH T e EHIR 58
TAHHEB T R, EIREE AR EE/NT 100 nm, BERE
/NT 5 pm EIR 5 AR A IR EE AH A3 BT TEM
LIRS A AR IEDIR 35 A0 BPIREE —AHE I
— MMM KR CPATEIER) HE58 T AR =
FH, RS XN T R RS ST
Chen 2531 5t O ERIR S ML A V (1000 AR
), T2t K EERLE N HREM WEOANEAETE Ti
(58 —AH 15 =) T v 3 HEHT V(1100 « TEM 4381 R 81
BRI —FZORE M, 2 MR
80~100 nm, K AJLA pm. TEM+EDS 734145 R %
B, %RE_MAFE-MEETV, PEATIHC,
O B AW, thid N Vo(CO), BA —Flfrk
(1 SRS R, AR 5 I SRt SR 2 - ARYE TEM W
RER, B PIRAEAE 2 PP A0, EOIREE A
FUMRIAR S —AH, 4R M, KR 0.5~1
pm, BEFEN 60~80 nm, B fce 4, S HEECH
0.4193~0.4256 nm. fb%z0id N (TiV)(CON), %% —
FATE & N BT AT B BRSO IR 28 A1,
RS K/R 80~120 nm, [FI#ERA feo 2544, Mg 4L
49 0.4203~0.4268 nm, %=X 1 N (TiV)(CON).
3.2 FIHETIIE

V-5Cr-5Ti & 4 WA 7E BT ORI 3% i T 48 A0 o
A, TE R o Tt 8 R S 0 0 PR 7K I B ) v A 2% 1
TORAEER, RSP AR, H T RO ST AR
P HATE o, RS AT Ti RO ERRANEE . b
%45 S IR W HE R, AR A T AL IR EE NG I, 2
WEERRIE B R E T, KR, TR ER 5
T ZE A LLE R B R U HE B B AR, DARE
KEE R MEARE. EEKERET, PEERE
AW T s, JETFAWIRS R E, &R A R
P, GE&PETEFSEANIN, &R e
Wo TEREIEREH, BT R R TR A 4 RIS R R
N, BEERENE. LE&%4 1100 C, 2 hiB X5,
5 A DUROIRANER IR R e & S HAR N, 28 A
A3 A L B R A R

Xof LU 25 A PR A0 2 43 R R AR S5 44, 1 TROR IR K
ERE APV R RNE, PEMTIi LRSS C.
O JE R 2R 28 —AH, 128 V,(CO), H k& ifH A
JE BTt . Hk, 1100 °C, 2 hiB KJa & &b HAb S —
M EA feo SMARZER, S B BOMAL 2 B M A 2
S, A2 AT A(TIV)(CON) . 7EB K fErh, B
BOREE M E e KA ¥k B & &m R,
TE R T CAERIR 58 — A AR AE IR [ SROIR B8 — A . B kit
RO B NP A SRR, TERCEATAE, B AR E 1
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1) %A V-5Cr-5Ti &4/ 900 CiB K5 ia KR4
SRR YL B JCRE MR SETEmE, S48 AR A
it I RE. BEBAE, GEHS W ERE R
R B AL AR A R A R T SROBR B8 A < i o B ) 11
RS, EPIREE MR AR T — 40K — FRL 3 AR

2) AN EEHLPAAAE 3 FRBKEE —H,

(DZIREE M, 58 N 80~100 nm, K& A LA pum,
b2 300 A Vo(CO). (2) #HIREE M, KEN 0.5~1
um, FEEECN 60~80 nm, HAT fcc 45, @i E AN
0.4193~0.4256 nm. %= 1d A (TiV)(CON), %5 —
MITE S AT R RS . (3D MRBDIREE —AH, R
R/ 80~120 nm, IR R feo 4544, dhkg BN
0.4203~0.4268 nm, k2=t ic N (TiV)(CON).

3) #A& V-5Cr-5Ti 4B, MERE =
MERKESWE. VL BESETENE, T
BHIREE ZAHDURFAE () SRR B8 A0 %5 A2 L Tis
V TR AE, CrooH A, HA fec &M, FREm
-4 -2, e 9 (TiV)(CON).

&30k

[1] Satou M, Abe K, Kayana H. Journal of Nuclear Materials[J],
1991, 179-181: 757

[2] Li Ming(Z= W), Song Yueqing(:& A i%), Cui Shun(i #%¥) et
al. Chinese Journal of Rare Metals(#iH 4 J&)[J], 2007, 31(4):
420

[3] Fu HY, Chen J M, Zheng P F et al. Journal of Nuclear
Materials[J], 2013, 442(1-3): S336

References

[4] Chung H M, Smith D L. Journal of Nuclear Materials[J], 1998,

258-263(2): 1442

[5] Takeshi Miyazawa, Takuya Nagasaka, Ryuta Kasada et al.
Journal of Nuclear Materials[J], 2014, 455(1-3): 440

[6] Fukumoto K, Iwasaki M, Xu Q. Journal of Nuclear
Materials[J], 2013, 442(1-3): S360

[7] Evtikin V A, Lyublinski I E, Vertkov A V et al. Fusion
Engineering and Design[J], 1995, 27: 731

[8] Muroga T, Chen J M, Chernov V M et al. Journal of Nuclear

Materials[J], 2014, 455(1-3): 263

[9] Heo N J, Nagasaka T, Muroga T. Journal of Nuclear
Materials[J], 2004, 325: 53

[10] Li Ruihuan, Zhang Pengbo, Li Xiaoging et al. Journal of
Nuclear Materials[J], 2013, 435(1-3): 71

[11] Tyumentsev A N, Korotaev A D, Pinzhin Yu P et al. Journal
of Nuclear Materials[J], 2004, 329-333: 429

[12] Zheng P F, Chen J M, Nagasaka T et al. Journal of Nuclear
Materials[J], 2014, 455(1-3): 669

[13] zheng Pengfei, Chen Jiming, Muroga T et al. Physical
Testing and Chemical Analysis, Part A: Physical Testing[J],
2009(5): 253

[14] Chen J M, Nagasaka T, Muroga T et al. Journal of Nuclear
Materials[J], 2008, 374: 298

[15] Chen Yong(F% ), Chen Jiming(i:4k #), Qiu Shaoyu(ER4H
). Chinese Journal of Rare Metals(#if 4 J&)[J], 2007,
30(3): 295

[16] Muroga T, Nagasaka T, Abe K et al. Journal of Nuclear
Materials[J], 2002, 307-311: 547

[17] Li Zengde(Z=#44#), Cui Shun(#%%), Lin Chenguang(#k /= %)
et al. Chinese Journal of Rare Metals(%ifi 4:J&)[J], 2007,
31(6): 840

[18] Xie Ruoze(i§t# #&), Hu Wenjun(if 3L %), Chen Chengjun(B
%) et al. Explosion and Shock Waves(#&¥F 5 v )[J],
2009, 30(6): 641

[19] Yu Yong(4: ), Pan Xiaoxia(#&B:d), Xie Ruoze(i§f 45 %)
et al. Chinese Journal of Theoretical and Applied Mechanics(/J
223R)[J], 2012, 44(2): 334

[20] Wang Yarong(F . 5%), Zhang Yongzhi(5k % ), Xu Chao(¥F
i#) et al. Journal of Mechanical Engineering(HLi% L%
#%)[J], 2014, 50(10): 58

[21] Wang Qingfu(F JX &), Xian Xiaobin(f£kéxt), Lang Dingmu
(HEEA) etal. Rare Metal Materials and Engineering (¥ &
4@ F RS TRE)[J], 2012, 41(11): 2033

[22] Li Yufei(Z=£1 %), Luo Chao(®' #), Wang Zhigang(E & 4X)
et al. The Chinese Journal of Nonferrous Metals (7 &G ¢ 4
J& 2£3R%)[J], 2008, 18(5): 805

[23] Chen Jiming, Muroga T, Nagasaka T et al. Journal of Nuclear
Materials[J], 2004, 334(2-3): 159



%2 W RS 535 V-5Cr-5Ti A SRl KRR 58 —AHAT AT A -+ 381

Secondary Phase Behavior during Annealing of As-cast V-5Cr-5Ti Alloy

Li Zengde, Lin Chenguang, Cui Shun
(Powder Metallurgy and Special Materials Research Department, General Research Institute for Non-ferrous Metals, Beijing 100088,
China)

Abstract: The microstructure of as-cast V-5Cr-5Ti alloy during annealing was analyzed by XRD, OM, SEM and TEM. The results show
that with increasing the annealing temperature, V-5Cr-5Ti alloy secondary phases of as cast V-5Cr-5Ti alloy decompose, diffuse and
aggregate. The dendritic phase made by lamellar secondary phase turns into the reunion phase made by acicular secondary phase. The
shape of acicular secondary phase changes in order of coarse-elongated-tubby over time. There are three kinds of the secondary phase in
V-5Cr-5Ti alloy after 1100 <T>2 h annealing, i.e. strip secondary phase, whose chemical formula can be expressed as V,(CO); acicular
secondary phase, which has fcc structure with the lattice parameter 0.4193~0.4256 nm; elliptical-shaped secondary phase, which has fcc
structure, with the lattice parameter 0.4203~0.4268 nm. In the process of annealing, the dendritic phase decomposes and diffuses firstly,
and then the alloy matrix precipitates due to the alloy element desolvation and separation out of the reunite phases, which is the
characteristic of acicular secondary phase. Finally, the secondary phase is chromium-alloyed stabilized precipitations of titanium-vanadium
oxycarbonitride with fcc structure, whose chemical formula can be expressed as (TiV)(CON).

Key words: vanadium alloy; structure; secondary phase; lattice parameter
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