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Fig.1 Schematic of LSF Ti-25V-15Cr alloy
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(back scattered electron imaging, BSE) 4r#r3 i,
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BT OGS AR IR Ti-25V-15Cr J5 4k gt ki T 24
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Gy WORSTAR B R R, S P P ] Jo A s e 7Y
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PRI T 8 RO o B A AT o [N E T 06 3 AR ik
B2 B EN R LR, B mi)EEs



o561

TRRIESE: WOLSARRIE Ti-25V-15Cr Fr < I BHRA M g

* 1773

54800 15.0kV 15.2mm x500 PDBSE{CP) 100um

B2 BOGIARRIE Ti-25V-15Cr & &Pl B e 4141
Fig.2 Micrographs of three sections of LSF Ti-25V-15Cr alloy: (a) YOZ section, (b) XOZ section, (c) XOY section,

(d) dendritic grains; highly magnified subgrains under SEM (e) and BSE image (f)
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Fig.3 Microstructures of forging Ti40 allay: (a) OM image and
(b) SEM image

HORT DU HE, BB Tid0 A 4 I vk [ 41 2 i A A

Jlo SEM NSRRI, JEAR B KL N A AEAE S A

O B 454
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WAL T4 Tido A 4.
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TiO, FIZDH ) VOL(V,0) 4Lk, AR K I Cr 5L .
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Fig.4 XRD patterns of burned products: (a) Ti-25V-15Cr
and (b) Ti40
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Combustion product zone T
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Fig.5 Micrographs of the alloy after combustion:
(a) Ti-25V-15Cr and (b) Ti40
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Fig.6 Average content of the elements in the alloy after

combustion: (a) Ti-25V-15Cr and (b) Ti40
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Boundary of the substrate
and the heat affected zone

$4800 15.0kV 17.9mm x2.00k SE(M)

Bl 7 LSF Ti-25V-15Cr 548 Tid0 BAKE I i X 1) 5 3 20 2045 il
Fig.7 Microstructures in heat affected zone of LSF Ti-25V-15Cr (a, b) and forging Ti40 (c~e) after combustion

BB Ti-25V-15Cr #GE MK f 4 7 A2 K S B IR P T
i I SR AL A AR T RSE 3~10 pm (1 1 20
Jio B Te~Te SR IR BE Tid0 & &R keHG% i X 1)
SRR, NI LLE Y, SR ALY, s
Ti40 & & (M RAREFGE W X P4 0 FF 4R 7 AL 0 ok, 7558
U PRIE =) DX R ARGE MR X P, o P9 7 AR KR IR 4,
m s SEM R MR I, JR it A T N R T ER
Vi, 9EREAY 1~2 pm.

FIHT EDS 433 %5 2 i 4 4% X P9 (1 A 2R )
TS EPRYIREAT R AR . S5 R, AL 1] 4
Y, V. Cr e E# SR E TS (E 7a iR FZURIX
WV HEY 29%, Cr a4 18%), fi dh WAEHIRY T
V. Cr GHE TR B (B 7a 8RR V &ih
19%, Cr B &4 10%), PIF #GE IR X )P 35 By 5 2k
DA — S (B 6 FTaR). X R EREERGE mX A,

V. Cr GEIFHY L HI@m A mE, 2 ey
W X N RAE T RN S A A . 1Ak, Tid0
G NV PHAZRY IS B, R0 R
JE/NT Ti-25V-15Cr &4 T X .

Kl 8a. 8b 4l bun T HOGILAKNIE Ti-25V-15Cr
e MBS Tid0 & e il FE R Ge  IX W3R = TV R TV?
D3 ) WA L SR AE . TR AT LR Y, B AR
Yy By A URDIR I ) o, Herh Ti-25V-15Cr &4
SRR A0 0K B3 A1, 10 Tid0 A 4 h ORLIR 4 55
Erp, VDR . A EDS X 0REIR 2 FE AT 2
IR, 4 R Bl A G 2R O BURDIR W) 3 A Ti
RIEAACI R VR, Hor Ti-25V-15Cr & <A
B85y J: 80.98% Ti+6.86% V+12.16% O, fj Ti40
AL Y K 78.62% Ti+5.72% V+15.66% O, A
P Cro B 8c W I HU BN WEZ 1 Tido 11

Kl 8 2 Fih s SRS IRBE T X A % 2 AR
Fig.8 Microstructures of inner surface of combustion product zone: (a) Ti-25V-15Cr, (b) Ti40, and (c) BSE image of oxide in Ti40
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BAAADA R, BT VAR R )E R, HENZ R
HEMAD TR R R VA . A 25 Rk
By, BORCRAEAR T MRS S s, A
Tid0 &4 P A S EE T Ti-25V-15Cr &4 . WA 4
BREIX N RIZH VL Cr o F P& s B s T 54k
X (e 6), Vo CriiILELE, O mEIFMHIEN . KH
Image— Pro plus & Myl & 3 AH il &= A AL B TR, 45
REW] Tid0 &P EAD I HFA(L 14.5%)8 KT
Ti-25V-15Cr &4 YI(Z 11.2%).

Kl 9a. 9b 73l Won T OGSLAR K Ti-25V-15Cr
G A MR Tid0 & RP) = W) IX S84 )2 TV ATV X 35
R A LHE. WA LU H, W& &M Jh &
J& AR AC TR W N, HAR A 280, TR
B A7 AE 5 7 R A ) A4 . ] 9a Y Ti-25V-15Cr &
SRR Y X AR A BIE B2 70%, B 9b
HOTi40 B S BREE S X A 3R A A W T R B 4
78%. UbAL, LRI R E (& 8) Xf LA Lk
W, AMRZRAG A T 0 E AR EA ) & BB,
FHRA A T LTI A, V4L
W) B A AR B 10 R T W& AR Be = IX A A
KZEMY SR NEP LR, Tid0 GaM5%
P IX N AR A A P TR #R = T Ti-25V-15Cr
B, REBEOCIARIE Ti-25V-15Cr & & WPiikbe
AEJIME AR T 808 Tid0 &4, HBAFEIA 45 A — 2.

$4800 15.0kV 15.8mm V 20.0um

9 2 E IR TR AR JE AL
Fig.9 Microstructures of outer part of combustion zone:

(a) Ti-25V-15Cr and (b) Ti40
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K10 SRBEIX A AR 2 R AR R J2 S8 AL M ) 1 B 7 $
Fig.10 Area fraction of oxide in the inner surface and outer

surface of combustion product zone

2.4 Ti-25V-15Cr & &7 Tid0 & & BRENIEH

EKGr G I ke ok AR 5 S A Rl R AR, 35k Rk G
JBE A AL E SR RN . M Ti-O. V-0, Cr-O [f)
AHEPE ()T LE R, EAMEETN, TS
O, RV TiO, W5/l | g de /N, V IkRZ, Cr
JCE e . BT 3 AOcEAHLLER, Ti 5 O WIS Fl )y i
m, VEOMKZ, Cr5 O MSER A%, 4k
N Ti Gt seE A . AT %0, Ti-25V-15Cr & < A1 Tid40
GaREMBENILL Ti RSN T, B Ti oFEMm
JeF V. Cr uEB ALY, KRR T =PI Sy
P Ti A A 1 DU D & VIR AP S TR

LR, B Tiv V. Cr o E 1R DL R 72
FATLURIL (Ti M ArE 5 724250 o 1.54 AN
0.147 nm, V JLZE A 1.63 F10.135 nm,Cr JLE N 1.66
1 0.128 nm), V JGEM Cr G &R 72145 DL HL 7
Ve i, —H ARG EEE— KRR EMmME. B
TEP Tl G BRI G2 i X N B LE2 2 VL Cr TG
PSRN E S IN P

—-350
< —400

5'-450

1)

1092 1365 1638 1911 2184
K

273 546 819

11 Ti-O. V-O. Cr-O [ K
Fig.11 Oxygen potential diagram of Ti-O, V-O and Cr-O
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WA, EARE 4T T MBS RS 293.2
kJ/mol, V. Cr 7354 134.8. 167 kJ/mol™¥, #J W, Ti
JE AR AR T T OOE R B s, T VR I 8T HOE
TERERAK, B, V5 Cr Ji 73 e gk A % 1 L
FRT Tie RSERZMTR, Ti-25V-15Cr & 41 Tid0
B A AEBRGEIN B GE T W X SR AL, Wil 12 Bt
Ne Ay B SN ORI Ti T HOE B, TiYs v
Crishy i, £Z Ti WTRAES O IRTF4 ARk
TiO,, BIUIEARE = W) X AL 2 (A ) 2208 Ti 14
Y BEEBRGERIARLE, T RMREEX V. CrooE
PREX TR I E KT Ti, HV I CEWEBEER KT
Cr, FEMBEX WK Z VT Cr 5 0 G5 TR ALY,
DR MR A% = P IX PN 3R J2 2 2 0 T AR ) A VI ARG
YRR GY, H V. Cr GRAEMBEX A RE =S £
B VORI T T S O 4gisr, RN A 4
TERRIE X T B0 IR A A A BRAR T O I kker=4)
XTR, B =PIIX AR )ZE M V. Cr U,
WA T Ti JCE REE = WIX T . 25 B
W, RBED T EBUH AP LL I VL Cr TG 3L TR
TEHE T Ti 5 O Mk —2 M, INifi$em T &4
PURABETERE, DRI P 45 4 1) BEL A M RE A0 A e

AWFTTEE RR, WOESARRIE Ti-25V-15Cr &4
(IR B E BEMS AL T4 Tido &4, M LR INAE T
BT HOCSI AR R Ti-25V-15Cr &4 2L 4004 m] 4,
FH IO LA OB (R AR R Bk [ R 7 o DR R v
(R DR R I B DL R 22 JE A N, 5 OO G S AR
JE Ti-25V-15Cr &<t R X I8 1 7R i A 2 LD S
micRL, VS5 R )T B N T oW S5 R Rk b, 752 Gk
fFRAER VL Cr JCER Y BB Y08, o7 0% R B 1
o, 5T BRI REMDEIE ST R EE, N
MW Ti 5 O myik— 454 . b, Ti-25V-15Cr &4
FRGEI DI S I SRS I 2 B T VL Cr fm 2R I e
B 2R (B 7D, 3E—2DUE ] T W 2544 A7 A0
T V. Cr s eE, S8 iR s .

Ibé)o.o 0 .
Ak

Outer part of combustion
product zone

zzzzz

Substrate

e Ti e Cr \%
oTiO, * 0, ® VO,

Bl 12 Ti-25V-15Cr A 4l Tid0 & & r M X 4L L FE
Fig.12 Microstructure formation mechanism of combustion

products of Ti-25V-15Cr alloy and Ti40 alloy
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1) WO AR Ti-25V-15Cr 4 4 1k [ 21 21
AR /N FIIR RTS8 0l 2L, TG B P A7 AE S 4%
2 i A R

2) WOLSIAREIE Ti-25V-15Cr & G Pk ke bt bt
EaE Tid0 &4, B80S Tid0 &4, 2 e
SIRBE = WIX B LA Ti AR N 32, AFAE 7 VAR
WY, EeHGEmX W4T Ve Cr & M mE, A
TEWOCSI AR I Ti-25V-15Cr &4 h B &

3) WOCC AR IE Ti-25V-15Cr & 4 R 8RB0 i
DURZ AL ZALL J i N 25 R KT 1, 2 JE PR et g
AR T 8B Tid0 4 i 5L A
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Burn-Resistant Property of Laser Solid Forming Ti-25V-15Cr Alloy

Zhang Fengying, Qiu Ying, Mei Min, Yang Xuekun, Hu Tengteng
(Chang’an University, Xi’an 710064, China)

Abstract: The burn-resistant property of laser solid forming (LSF) Ti-25V-15Cr alloy was studied, and compared with that of forging Ti40
alloy. The burn-resistant mechanism was disclosed by combining the analysis of the microstructure of the alloy and the combustion
products. The results show that the burning rate of Ti-25V-15Cr alloy is slightly lower than that of forging Ti40 alloy. The combustion
products of Ti-25V-15Cr alloy and Ti40 alloy are mainly composed of a mixture of Ti oxide and V oxide, and the substrate. The area of the
oxide in the combustion product zone of LSF Ti-25V-15Cr is slightly smaller than that of forging Ti40 alloy. Moreover, the distinct
segregation of V and Cr at the grain boundary and subgrain boundary in the heat affected zone is found in LSF Ti-25V-15Cr alloy. The
formation of the dendrites and subgrains in LSF Ti-25V-15Cr alloy increases the micro-defect and leads to the better diffusion capacity of
V and Cr, which is responsible for the better resistance to burning of LSF Ti-25V-15Cr than that of forging Ti40.

Key words: laser solid forming; Ti-25V-15Cr alloy; combustion product; mechanism of resistance to burning
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