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P A SE N RN BB E MR, BH
R (9 v R 58 P 8L e A R ik T SUR R v s 4
JB S e T SV g, R L A S B T R
H7E V-(4~5)Cr-(4~5)Ti &4 . F7E 20 4 60 F18,
[ P AR IF 4R T LA & R TAE. F 20 4 90
AR, B R SR AR R S HE S5 MM R ER NI T, 3R
A R X LR A AT T KR R G
TAEP, 20 et 90 EANAKIN, HAHZ 5 5 %A
AEEHPRIdb. B, EECEA&4 7 1200
kgV-4Cr-4Ti & & 5efe /M. B3 20 4 90 EA0R
W, R R N 4 R A BRI T T G R R R R
4 S I B L 36 & 4, 0 V-4Cr-4Ti, V-4Ti, V-
3Ti-Al-Si %4 4, FHIRIF T & SRt 702,
bR A OB RREMN 21 LR C TS
SR TAE, MEH& TH% 200 kg PLEEEM
He /7.
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Bg-F ALy (Ti-cod U1, b th Aok, B
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£1 V5Cr-5Ti BEMLERS
Table 1 Chemical composition of V-5Cr-5Ti alloy (/%)

Cr Ti C O N Al Fe V

4.86 4.98 0.0102 0.038 0.0037 0.041 0.026 Bal.

K X’ Pert PRO MPD X $ 28 AT B A3} i 4l 4 &
V H1 V-5Cr-5Ti & & AT WAH 11, 40 Cu Ka 52k,
BIEN 40KV, B 40 mA, HK 0.02° RARSN
EPIPHOT (#6258 (OM) 70 B & - 4L 41, g ik
N HF:HNOzH,0=1:1:1 (fAfL). XRHM SN
JSM-7001F 414 H 1 2 B 6% (SEM) MR 5% 55 — A (1) fio0i
5. KA FEI Tecnai F20 %137 % 5% 5 i1 S s
(TEM)X 3G 4 b 8 AT RO 458 2 i . 1%
ANE I W EE SRS AT AT . g
SENTI B RUTHE A, R A AR HON 3 AN EDE
S5 A B AR . SR MTP 28 e i s a3k AT o
FE, HARBCN IR T B0 5%H,S0,+95%CH30H, HLE
0810V, HIRZIN 20 mA, IREZN-10 C.

2 HERKGTIR

2.1 #7546 % XRD 77th

124 B V-5Cr-5Ti & 4 XRD i,
HE 5, %5464 XRD Wit R 5 NERfiTig s
SJRPLN 5 AN TRATH WEARVTAD, IO H AR A0, 1B
ZAE S A& bee &5 SEHLEM Cr. Ti gt
R T & fe R E S, B RAE bee [ A. @it
ST i A dm R PR S R AR A, AR R B O R
(1/d? =(h*+k*+1%)/a®) FIAG kg 72 (2dsing=2) #] LA
THE WSS A, R /D ZaRiERL G R A 1 &
M. K& RPN s #0h 0.303 16 nm, #%4&
Bl 410 S 0 0.303 75 nm.
2.2 BNEEEMAR

KRBT BT R HER SN E &%, |
THRZSHFARBSGRE S, AHEER, HE&Rs)

(211)

(110)

Intensity/a.u.

@2 G1)

30 40 50 60 70 80 90 100 110
201(9

Bl1 &RIA#ESIEER XRD Kl
Fig.1 XRD patterns of vanadium and as-cast V-5Cr-5Ti alloy

PR GIMEE, A% BIEW T . B 2 285
AEMGESALR . mET A, P& &% mR
FLK (500~800 pm), H B Gk py 77 76 55 W 2 1) ik
SHRATIX A EE A DAAS B ) it 4 58 O 5K 2R

3 RBESNEEALN) SEM MER K. 1 LG
H, TE R R BT X A AR SR 35 A BRI 43 A 25 B/ I
WRDIREE —AH, i 3a. XFEE MK AT REL, B
FHRERAS R, HHES A2, =R &
JE2)79 100 nm, $EfEN 1~2 pm, 41 3b.

B & IX R Y E B EUE B ) EDS 4 # B R L
4 R 2, T HEREEIUTRE TSR, T
S5 TAHRLAY L 5 R T A R CE I ME . A A AT
% REGESER (XD BECr iR T ERE

K2 PlasmstHas
Fig.2 As-cast microstructure of V-5Cr-5Ti alloy

B3 Hlaesaasn SEM IR
Fig.3 SEM images of as-cast VV-5Cr-5Ti alloy: (a) dendritic

secondary phase and (b) lamellar secondary phase
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Fig.4 Microstructures and EDS analysis of as-cast V-5Cr-5Ti alloy: (a, b) matrix and (c, d) secondary phase

Fx2 EA4hEETEXER EDS %R
Table 2 EDS results of the different regions of V-5Cr-5Ti

alloy in Fig.4
) \% Cr Ti
Region
wl%  at% wl% at% /% at%
Matrix 89.86 89.64 473 462 541 574
Secondary phase 89.42 89.13 4.14 4.04 6.44 6.82

i, Ti R SR mE. XRS5 41 EDS 74
S5, TinREEAAS AT E K 19.0%.
2.3 HBESEE€ TEM 4R

5 A EH MK TEM B A . HIKE 5a ]
W, EHSGEEE A RKE “Fx” KRB
M, B MBS S, B oMHRKER
100~300 nm, 5% &N 20~40 nm. X5 AH A H T
Frst o drmr s (B 5b), %5 AR fee 454, @it
AT, AR R BN 0.4182~0.4228 nm,
HARGE R ILEK 3. B 5c nl 41, E#HSEETETLM
A AT CMRED RIS A, MR
60~200 nm, EETFEATHEL, CHEET KRB A &
¥ H %h 0.4186~0.4242 nm. EDS 7345 5 W3 4. 2
FRAR ) B AR AR E, Fa0REE ZAHLL Tiv V TR A
¥, BEARE CrotERS . O NI &EY, Tt
V. Ti. Cr5C. 0. NWEFLRN 2.13. TmHHE
WRE MU Ti cHENE, LEDER VLRSS CL 0.
N ER I EY), WEWAE Cron®k, JiE& V. Tis

Cr5C. O. NWJEFHA 171,

Kl 6 NS G SRR BT AT AERE . i by e
FHE AT, %AE&E AR bee 4, SIS H
9 0.3036~0.3058 nm, K- T4l g k% £ (0.30316
nm),

3 S5

RNZEDH
A. N. Tyumentsev 254 5510 07, 78 V-Cr-Ti &4
PR AR E & Tioxs, UADESH VHCra
KA BAY) Coxycarbonitride). HEHE 55 — A0 A4k
RO RHIE, B AEE R4 o & B A E TR A T
/NT0.59, MITE RCH AT 6 5 A Ak 4544 (fee bee hep)
(55 A0, #eRR A IRIBRAE . & L E 72 KT 0.59,
TV TE F B A 52 44 0 AR S5 A TR 36 A, R 9 TR B AL
EW0. TRIBEAE A Al 4 4H e I B AT 7E B TR SR SR A6 17 I
T EARL AP L ) — s YU Rl A 228, % 5 0% CL N,
O KL V. Ti mEME LA, &4l
EE&BrTRSEBTRNEFREWE/NT 059, Af
T R LA 17 B 5 M A TR B AH o AR A 22 20 A 1) PDF R
ATH, JERLH TiC. TiNG TiO. VC. VN. VO ¥ HE
fcc 5. AT, BLEE WS HEER V. Titx
5 C. N. O eHRIEMIIBA feo 4544 1 (R BRAH .
FeAk 2 RN AE V-Cr-Ti &4 347, C. O AN
TG 2 LA R M 2R T V U AR A R e, &

3.1
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Fig.5 TEM images of precipitations of as-cast V-5Cr-5Ti alloy:
(a) short strip secondary phase, (b) SAED pattern of
Fig.5a, (c) elliptical-shaped secondary phase, and
(d) SAED pattern of Fig.5¢

#3 5 hE ZHMEKNEIREH
Table 3 Lattice parameters of secondary phases and
matrix in Fig.5 (nm)

Region 1 2 3
Short strip secondary phase 0.4182 0.4228 0.4209
Elliptical-shaped secondary phase 0.4186 0.4231 0.4242
Matrix 0.3036  0.3058 0.3046

SRl M (1) ~ (6) Fis:
Ti+[C]>TiC AG?, = 900732 164 (1

Ti+[0O] >TIO  AG?, =~ 768768 1401 (2)
Ti+[N]>TiN  AG?, =-810524 16T. (3)
V+H[C] ->VC  AGY. =-817470+158.448T (4
V+[0] >VO  AG{, =-680109+150.917T (5)
VHN] > VN AGY, =—689816+144.849T (6)

X (D) ~ (6) FRIFRME S A T H HAE SRR R 2
HRAE & B R 10 35 7 2 BR B0, SR 75 A - 2 R EE 2K
(Gibbs-Helmholtz) J7FEMIE /R E R (Kirchhoff) J7
PP AT o i DL E oG &R xURT 2 AN 6] SR 1
HATH A AR (BT BR ).

B 7 AT, b R A v A T Rl AR AR
A G S, OB A R IA AT [, Tic
SIS B ARAE 5 A5 307 B AR A GOric A K,
b, 75 V-Cr-Ti & &8RN, TiC J& fmfa e AH .
FEh, iR N R E A TIC>VC>TIN>
TiO>VN>VO.
3.2 B4R

JEit OM. SEM M %, V-5Cr-5Ti & 4/ Bz
DR K B EfORL P 43 AT A R ASCIR R RORLIR 28 —AH, A8 AL
WEZHAFRREN. &RH. K. 8IS S %=
AR, TR E R A 4045 SR L. T
SRR H R 252 o OB Y0 E N 7K A 4 4 ) k]
FREEEE. A 4ghimit, [EAH T MR B R AR R
BERLT 3 DA SI KK, WA /KW B 3 A% 1) T BORL K
AR . BEE AR KR, 85O S
& )& IR FE A B 2R AR S DUT, R 3 S T AR I 2
BT A 8 2R FENS, T SO K A0 S5 5l

RIE XRD FHFATH M ELSE R, BENEE
() k& 5 #2350 4 0.30375 nm A1 0.3036~0.3058 nm,

K6 HHINESEEMIEX I FATHER CF R 5¢ 1)
M D

Fig.6 SAED pattern of as-cast V alloy matrix (corresponding
to point M in Fig.5¢)

x4 BE5HESEEEMEM EDS SER
Table 4 EDS analyzing results of precipitations of as-cast V-5Cr-5Ti alloy in Fig.5 (at%)

A B
Precipitation \% Ti Cr C 0O N AB
V+Ti+Cr C+O+N
Short strip secondary phase 2024 452 26 837 13.71 9.83 68.04 31.91 2.13
Elliptical-shaped secondary phase 2.64  60.39 17.44 13.47 6.04 63.03 36.95 1.71
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%5 C. N.ORLES V. Ti tRZNETFHRIELE
Table 5 Ratio of atomic radius of [C, N, O]:[V, Ti]

Atomic radius/nm C (0.077) N (0.071) 0 (0.060)
V (0.131) 0.588 0.542 0.458
Ti (0.145) 0.531 0.490 0.414

—-200

|
N
o
o
T

AG’/kJ-mol™
&
o
[=}

|
[0}
o
[=}
T

298 1000 2000 3000
T/IK

7 V-Cr-Ti 54+ AG-T #h£kH

Fig.7 Gibbs free energy-temperature curves of V-Cr-Ti alloys

FRBNESTHERZE, ARG S0 RN
ARUE. S&EMN R HCH 0.30316 nm) AHLL,
BEPNE SN RRATIZKS 0.58%. MR 7114
K/ Ti(0.145 nm)>V/(0.131 nm)>Cr(0.125 nm)®¥, wf
., LA S (BHEEA hIRINEE&ITER Ti
iV AR E K, Cr ot R VAR SR . SR
JRILE RS AEIEE C. Ny O) fFET & JE MY
THI A< 18] B R\ T A& (] B, (H 4@ ALJE T bee 4504, <
(LI 2 e dot me N AN N o S TR R Tt <]
J5 7242 (C,0.077 nm>N, 0.071 nm>0, 0.060 nm)!?*
BIKFTEBYAIVmE AR (r=0.0395 nm), <kt
Z CAIRIBR R 7 IO SRAEAE , A& 4 10 A 5 43
KBV, HR, SBERESRSEERELR, FREE
T Ti TERAERMSEEEK. FONSAIEE Co Ny O
ZHEMEEEN 0.0519% (FESHD, HibEass
Ti TG WA A, AHEER Ti iz (4.98%) Xf
NS EA T RN SO RN i i) RIS Y
SEM MEE R I, HAN G &0 B HLUFIE R FL
REE ZAFIBURLR 35 A, WEEDIREE A0 B2 IR 28
ZRHHEB T AR, 2 R EE 22 100 nm, BEE N 1~2 pm.
X5 TEM Z3H7 IS5 RAST R, J 250K 58 AR HE B pk
PERCIR S A0, TR IR 28 AR B R B AR
SRR FHIPRR S M. TEM-EDS & &M,
FOMEAES T, b8 (BAEHA) VHCEC, 0.
N TR TR BR AR o AR F 747 5 45 R T, %%
REE ZHHERA fee 4509, MW HN 0.4182~0.4228
nm, MRECIRES “AHFREEA fec 450, HRRHHN

0.4186~0.4242 nm. FRZ55 5 A N. Tyumentsev %5 1]
WFFE 45 A& . A N. Tyumentsev 250 50IA N, #64
PAELET ETENHARE M, FZEEREN 100~150
nm, FEEEAEAROK. FIRE MHEE S Ti. 2EY
A VA Cr. BA feo I mlk B -2 - A4, b
%R A0 M(Ti-CON), ks % %N 0.424-0.428 nmt,
HTF A& ARG TEAE, MR &Ko,
e s E A A 20 KFRINN, BEIEE
YL AR AR PR SR (58 AR, 1SR AROIR AR A,
K 100~300 nm, % &4 20~40 nm, B fee 45#4,
% H BN 0.4182~0.4228 nm, 1% T HHLE & N HES
BB AR o O BEERRR 5 —AH, RSFR/N A 60~200
nm, HA fcc 45449, &g 40N 0.4186~0.4242 nm.
3.3 FEITHEEMRITE

WRIEE 7 i, WIS M8 E 20, L6 &P
M A & A T AT Ty TIC>VC>TIN>
TIO>VN>VO, #rBI%E I NEA fee S5 HI
BAH. fERTIRIMER T, ARG s, @K
A R [ R B . TEBEE SRR, VL Tiv Cr o&
5 C. N. O SEZ4 o & BIAT H OB 1 35 A5 0 E i R
INTE, T BARER, BREE feo 451 HHK-4-
FACY B IA] BRAH o 18] BEUAH R BT HA R S50 R A7 B e T
(] o R 4D ¥4 003 E o B A B T i ik R 43 SR v A AL 1
551 PRHLE, A HL RO R S e ] I AR AE KA R
W AT, WA AR R, DRRIREETPEDRES, 7
A AT 45 o L G T IR R R R B O AT
BT A E IR, [ S T BOR 7 A, ARIE S
JC Ti BHERWANEEHE. Zi T CILRE V ik
i E AR R NE, Y Con RS BB ERE, &
T LA IR 5 (1 200F B [ S AR AP AE . B A RS T
Be, ConRMMEEEMKE . HEE&P Tiners C
TGRS HY L AT ST 7 454 0 T R TR BT (TipCO B,
BT V. Ti 187 EAH, 511 %RN 9.6%, H V.
Ti 5 C. N. O [ sl ] B A 4 2 A fee 4504, 7 &
BTN 3 N, MR EIBRAE TiC.
VC. TiN. TiO. VN. VO ¥4 HE. HlEs
TR FERT S00CH RAY BULE, Tiirs VvV
JiF RAEME B, LT REA feo MME Ti A,
52 ML, TELE SBEE R, A A SRE T
B, C Juz IV RN V GRS C LR RN
Hrih B hep SR RIBRA (V,C) B3, Ti ok
Eb V e E X C oua A a2 g My, Ti J5i17f
B IE R A1 B AH VoC W VR TioC, 55 M 45
¥t hep 45 #3648 i fee 4544 T BRAHH C. O N JT
Rl ERARTER, K, BERE8PE -
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A IE AT BT + 109 *

MRULTi Rz NE, V. CrooR N, BA fec 45k
k-2 - 2, t2GE o Ti-CON.

4 £ g

1) KA BT 7 AR & 1) V-5Cr-5Ti &4 A
BRI doRL,  fORL P A7 7E DL R 35— A HE DR Bt
BORARHAE BB m AT X, Horp 2R3 M2 B
Z5°4 100 nm, FEEN 1~2 pm.

2) EJRPLAEEZS V-5Cr-5Ti & 4 & 4 % 505y 5l
5 0.30316 nm A1 0.30375 nm; HMI& 4T % 4.98%Ti
8V 1 ER R AR R I K £ 0.58% .

3) HAEWNEEHL P 2 FRAIME M, —
PR 2R 35 — A0, K& 28 100~300 nm, %E &% A 20~40
nm, B fcc 45itl, &k %Ch 0.4182~0.4228 nm,
P T AEAE NS AR . S — R O DR 2
#H, RPN 60~200 nm, HEA fec 450, Mg HH N
0.4186~0.4242 nm.

4) V-5Cr-5Ti A&t fEH, sk TitxsC
JCE R T B S 7 AR AR A BRAE (Ti,C) B8R
V It S C ez K MNATH B hep 2544 1 37 F2 5] B AH

(V,C), B JG T R A EHAR, &L Ti TR
NE, V. Cr e & N4, B feo 45 B-H -2 MY,
5 e A (Ti-CON).o
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Behavior of Secondary Phase of As-cast V-5Cr-5Ti Alloy

Li Zengde, Lin Chenguang, Cui Shun
(General Research Institute for Non-ferrous Metals, Beijing 100088, China)

Abstract: The as-cast microstructure of the V-5Cr-5Ti alloy was analyzed by XRD, OM, SEM and TEM. The behavior of second phase
was investigated. The results show that the V-5Cr-5Ti alloy, fabricated by vacuum electron-beam melting, has coarse grains, which possess
the characteristics of dendritic crystal made by lamellar secondary phase. The lattice parameters of metal vanadium and V-5Cr-5Ti alloy
are 0.30316 and 0.30375 nm, respectively. The swelling of V cell volume is 0.58%. There are two kinds of secondary phase in the as-cast
alloy, i.e. short strip secondary phase, which has fcc structure with the lattice parameter between 0.4182~0.4228 nm and elliptical-shaped
secondary phase, which has fcc structure with the lattice parameter between 0.4186~0.4242 nm. In the process of solidification of the
V-5Cr-5Ti alloy, Ti and C react to form metastable interstitial phase (Ti,C), which has fcc structure, or V and C react to form metastable
interstitial phase (V.C), which has hcp structure. Then, atoms are substituted by each other. Finally, the secondary phases are formed, that
is vanadium and chromium-alloyed precipitations of titanium oxycarbonitride, whose chemical formula is expressed as (Ti,-CON).
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