W47 % 55
2018 4 5H

BHRERERMBISIRE
RARE METAL MATERIALS AND ENGINEERING

V-4Cr-4Ti/Ti § BUEZER ¥ TR

Kb, L&, EW4E, AR
AERtRHE K%, dEx 100083)

B OE: ANBIEN LT T V-4Cr-4Ti/Ti PIFAEHK S 8028, JFlid OM, SEM, EDS, V)54 FBAlE o4
FUE T F7 0 Sk O S5 0 e S 85 Ao o SO S5 M oy B & SR W, e Sk P e b, LRSI Z0 0 100 pm,
I WA T WS 21T Ti RO [ KA, BB MERILICH S B S83E V-4Cr-4Ti &4 — i 11
XS REIAINN B-Ti R, LR T XA 47 . RIEMRIIERRY fcRz 3k 08 B 0 A AAE T LU e AT
HE—250r b A~F 6 AN, Horh © K e vy, L 55 B4 A8 B DX I 1) 3 K0t 32 vk 3320 MPa, 326 iy - 4464 1 11
THRE CERSE AP ¥ B 52 4 1900 MPa, B4 4235464 2580 MPa), i E X AUMH B, AR N 1820 MPa. B4 525
SERFW, PHEESKIPUT VISR KT 165.2 MPa,  HLWTZ4 R AL 7 SR 300 47 B8 Sk (¥ BR300 S X3, 336 L[] T 4 2 2
KA, 1 8 PR A 7 74 S v A A A 2 i 5 800 3 X 4B g 4 v BT J i o

KRR V-ACr-4TUTI ¥ BOEH:: BaE I L, Wrimgsn, s5v)omee

PEESES: TG316.3 XHERFRIRAD: A MEHS: 1002-185X(2018)05-1537-06

Vol.47, No.5
May 2018

AL S WA ARAE (R V-Li @) 2
—FRA RS A R L, B IR B
TR A ARG, PR IR, SRR A, R
RG] DA L I HE M b A A A AR
Y0 B S =S LA SO 7 T 2 NI A I s
( Magnetohydrodynamics pressure drop, f& # MHD
Fi B A5 AR e — AN s A fif e 1y il JY . MIHD 6 2 F
WA < e AE - S T P I Sl I PR g S B HE v SR 3
AR AE R T A S A B R S <5 R TR 7 PR R HL U
[k, BE ™ A — AN 5 WA BB R ) 7 1) AH S 1 22 85
BH s . MHD Hs [ A7 25 AL 28 RORBRAIC R AR HE 1) 32 4T
R, R A R T U T 5 o B A 4 S,
Sl SR R AR SR ) Y. BT, Yk MHD R
Wik ) 0 P 7 2% A VAR A < e A A PR A PR S T %
—RsE AR RO [, 4G R AT AR IR T
DA RS B vl T &5 R ARk 1) ol e 8

AIN 5 AMARE FARAENE, & MIRAE )
(R 5 AR BRI, AIN B 3 hF
(KB e 310 EBE SO R BN, MRS &
AIN FEWBGASHE P LA, A Z PEAE 600 C UL L2 b
FBRAR MABSHEP BR PR S S AR AR, AIN AE
800 °C ¥l ik pe R B AL = AR € M. 20 #r ik
AU, BB B A AT I 2 MR I B A S

Fs BEA: 2017-05-20
EEWME: ERMARERTZRERELIY (2014GB120000)

HONTTIOIREE, XN AIN [ HL T, T I K
AIN WRIZEW i, HIR S B ] 2. X2
AIN VR, To A il 46 00 2 MR A% 1 il B b R AR 2% 5
Az SEGUEERETY  SA E A f B) 57 B
— FLY A 25 ok e i B B A A AR A, S
gk AIN o il DG, EE40%0R 2 Mo TR
s, Hl o 2 A eRE" ", 9T
# T B4R R (f AIN, EnO; %5 A e 2,
aigJEMEL (i Cr, V) 1R ZIRZELLGIR)E .
IXFf “V-alloy/insulator/metal ” 45 #) 1) 5 & ¥ 2 0 RE 2
U T B RS R S I FL B 2R, (E AR AT AR %
PRAE TGV S IR AL ) 26 B SR A A AR il kA
DL, AVEEPE T “V-alloy/Ti/AIN” 45 i) 5
HBUGRE . BRI A SRIMEI % “TitAIN
HEAGRE, JLPREMN AIN ER4AZ%MER, 1t
i) Ti R & G AIN 200 25015k & $ 8 B EE b
HiF 2, EEEET LN LT R E (1) Ti 275w il
M N A5 AIN RAE RN TIN, 1 TiN A2 3 A4
Hh BB AIN B D Ras PO, DR, RPAE AIN 2 H B 45
I, TING 0] LA A b B 2 DA S A B 5 L5 4 1)
BHEEAM: ) RARmMBHE. FH%EF B LIEE
JEZTHI S AIN ¥ 2 (0 507 1 4% B A 8 220225 (3)
V-Ti A E R WIP, B. k 2 Fh 4@ e e B n UG PR

TEEE N kafh, 9, 1987 484, 1bAs, Jbm B REM R 5 TR M R B 54022 3, JL5t 100083, E-mail: gaoweizh508

@163.com



* 1538 -

Wit R RS TR

847 %

[y, FLVo 30 I R ot AN 22 T8 e v 1 6 s TRl Ak & 0
BAN A 4 A0 4 8 AR /e B 1 B IR U A3 BOE #21k
4) KA 2N T A SR AIN, 7L ER
HIZIIA R AP,

VER i Rl 2, R4 e 2 5 A 4 A 5
A ER AL, I H AT ARG B OCHRIE . ARSE
BBl V-4Cr-4Ti & G35 6E S AR 0 JRb kL, R
BN T L Z AW 50X PR RL R
1 % I

S BT B A 4 85 A 40 AE ARG ELSS L IOl 4 0k
M, 4 Aoy V-4Cr-4Ti (it %, %),
A5 FH 1) Al BR DU D ST ) s R A, BRSO TA2, LAl
FERT 99.5%. —Meth, & 7 G e Ll i
R AR R ZL AR AAT R 5 28 I AR 2 R 4 s Cln
ANFEWNE FIERREAPT, BT ARSI RNA 4
SRR TR, Dk, AR A R A oA
ME . BRI KN TR B AR B R: BLA
S BEE A HI N T ARGV IR A, B I Tk
WAR LA & G SRR R I M (3 el I A 2
REF e, HAERBEBA ST X, fEAEEMLH,
HEEJRE H 8 mm. EKEEFIN G GHEMENE . L
FPETE. TR, KRG, B, Jas
(10 4 3 FH R BR R AT B A B . AR B OAE e
WL YR R E K 0.6~0.8) Tyo AL
T B IR BE X TR 2 1150~950 °C o IR AR A
FEARIRE A O RARER A 1150 °C) F{RIE 2 h, AR5 f#
FHASTR] P9 A% AR L 28 22 ARG on T i, LA 55
AR A2 B B K 0=45 mm KIRZ NN 42, 39,
36, 33, 29 MHRIERCE B N L, B O N —
AN H) I T B AE 4~5 min 2247 (B LEAR PRI B 0,
ARG PRI TR, BB (R AR 10 min iy, HRE
2B FESLTE 820 CHRIE 1 h, REXFAE=E. ik
FERBGE I ToR - 1 s, $Hsg b, gifkime
PEIZ K R BN S A /N, e AT 145 100~700 C il
WIRIIEZIK R E0r 3 K 8.7~10.0 (KP4 Fi1 9.3~11.4
(L V-5Ce-5Ti B4 20D, xR W], 7E4BaE IR IX
[H] (1150~950 C), {7 TFENAIMN A5 &AL
FLETE R A, A4 R P S 5 57 T 1] 1 25 B
AAITE N AR, R AR SR RO I A AT A
THT IS 380 Ji - 20 0 (e o, 9 2 T Ak D R RS K
4 AT 565 1 UG N Tl A A AN 6 /R 2 ook S 1T A
B ISR, R RO TG 1 7R B i 2 R
T R U 2 A TR v R R, B /R e firh L 1T
PA A 7o 2 I R AT P 8. BEJS, R BaE n T4

Force

N \ "4
~ Ti e
«» V-4Cr-4Ti -

bl 4 L

. 3

Force

Forging die

Sample

B s TaEE

Fig.1 Schematic diagram of hot forging process
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Fig.2 Metallographic microstructure of the diffusion joint

23V HbEEPOPY A5 BT T LR T R
B-Ti IBLIRAZIX (TX), LAV SEES (K
LA R I B i B-Ti AR IX CTTIXD.

I 4 4 T WA A BT T O Sk R SE R
TCEAAEDL, W 3 R, g REM, P
PPt Prt s e - S SR 11 Protsie PR | EE S AT RS
Mo R ZE AT RS Ay, ZE T IXEUE TR B A ) 1T DX 22
R, FEASIOEMN S ERM ML IT BT
AT YR R A, RO Rk
100 um ZcAy, HAHX 2o 47 P9 DX o6 B J a0 SR 1)
HEMALER 3, i A&k L
BRI — AR A T RAE, %A E 2 S AR e 2
9 B S SR L — I i oA g, s 3 s
P Sk XA N e R IS, I RE B L
SR BAATAE
22 VHAENEREE

V-4Cr-4TYTi $#3KMTE e 2 FioA R b i) Je -1 A1
Y Hg R, Wik, PEXEER TR mRsAs
[F) T2 R, AH Y bl 25 F I A () 7 s R A
PR3 WA T M ORE I A B 47 04 Sk DX 3R FE ) 43 A A
B, AT UKL A, B, C, D, E, F6 AN XiH,

K3 Pk SEM 4 1

Fig.3 SEM-EDS line scanning analysis across the diffusion joint
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Fig.6 Load-displacement curves of the samples for shear test
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Fig.7 Fracture positions of bonding joint before (a~c) and after (a;~c;) shear test
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Element Fig.8a Fig.8b
content Spectrum 1 Spectrum 2 Spectrum 1 Spectrum 2
Ti content, /% 100 100 96.76 97.00
V content, w/% 0 0 3.24 3.00
Cr content, w/% 0 0 0 0
Totals, w/% 100 100 100 100
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Fig.8 Morphologies and EDS analysis of fracture surface on the side of V-4Cr-4Ti alloy: (a, b) low magnification, (c, d) high

magnification

MRS AT —EFEYERTE, A S A
MarEwr 2L, 4ol Sc, 8d Frar.

3 % it

1) 4835 N T3 V-4Cr-4Ti/Ti 3™ Hee Sk Hg To B
Bas B BRI A S EIA 20 T 100 pm AiAy, FERTLLoy
Y, B EERIRBE AL T X, LA A
H A-Ti AHLDRAI X, H T X944 1T IX A 2 £,

24 B Sk B BT X 34 S JE 1) 43 A A T LA
=295 A~F 6 A X3k, Jorh C DR JEE 1 7 35 {E e
K (3320 MPa), E X [Jdg/~ (1820 MPa); L& 42k
A B~ A8 Ol 2580 MPa, k344l 1900 MPa.

3) B SR S5 KRN, Bk B B sy b R
KT 165.2 MPa, Wi 24 kA8 76 SE T H0Ee Sk 4k 3E 1
Tk, HAZAT E R I R A A e K X,
FEA N 3% 2 1 T BR R 70 v 00 B b ok AR A AR S Bt
P G g B b BT s Sy A, BY U T Y 4121
TEWT AT R A T — AT, W 2 07 50 0F
AN i R 1 i DT 2

S % 30k

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

References

Mattas R F, Smith D L, Reed C B et al. Fusion Engineering
and Design[J], 1998, 39-40: 659

Gohar Y, Majumdar S, Smith D L. Fusion Engineering and
Design[J], 2000, 49-50: 551

Smith D L, Billone M C, Natesan K. International Journal
of Refractory Metals and Hard Materials[J], 2000, 18: 213
Jones R H, Heinisch H L, McCarthy K A. Journal of
Nuclear Materials[J], 1999, 271-272: 518

Kirillov T R, Danilov 1 V, Sidorenkov S I et al. Fusion
Engineering and Design[J], 1998, 39-40: 669

Malong S, Mattas R. Fusion Engineering and Design[J],
1995, 27: 399

Barleon L, Casal V, Lenhart L. Fusion Engineering and
Design[J], 1991, 14: 401

Miyazaki K, Inoue H, Kimoto T et al. Journal of Nuclear
Science and Technology[J], 1986, 23: 582

Xu Fu(ff 8). Advances In Mechanics(J12#3EJ&)[J], 1994,
24(3): 301



« 1542 - WA &R TR 847 %

[10] Singh R N. Journal of the American Ceramic Society[J], [25] Yim W M, Paff R J. Journal of Applied Physics[J], 1974, 45:
1976, 59: 112 1456
[11] Liu Y'Y, Smith D L. Journal of Nuclear Materials[J], 1986, [26] Potapenko M M, DrobishevV A, Filkin V'Y et al. Journal of
141-143: 38 Nuclear Materials[J], 1996, 233-237: 438
[12] Natesan K, Reed C B, Rink D L et al. Journal of Nuclear [27] KasakoBH X. Translated by He Kangsheng({i] fE%E), Sun
Materials[]], 1998, 258-263: 488 Guojun(#)E 1R ). Material Diffusion Welding(Ff I )3 HUE
[13] Vertkov A V, Evtikhin V A, Lyublinski 1 E. Fusion #%) [M]. Beijing: National Defence Industry Press, 1982
Engineering and Design[J]. 2001, 58-59: 731 [28] Fang Hongyuan(J7 k), Feng Jicai({4 5 A"). Interface
[14] Suzuki A, Muroga T, Pint B A et al. Fusion Engineering and Behavior Materials in the Process of Connection(# ¥} %
Design[J], 2003, 69: 397 it B b (% S 4T 8 )[M]. Harbin: Harbin Institute of
[15] Pint B A, DeVan J H, DiStefano J R. Journal of Nuclear Technology Press, 2005
Materials[J], 2002, 307-311: 1344 [29] Zinkle S J. Prog Report for Period Ending, DOE/ER-0313/23[R].
[16] Wang J, Li Q, Xiang Q Y et al. Fusion Engineering and Oak Ridge: Oak Ridge National Lab, 1997
Design[J], 2016, 102: 94 [30] Bhanumurthy K, Kale G B. Journal of Materials Science
[17] Pint B A, Tortorelli P F, Jankowski A et al. Journal of Letters[J], 1993, 12(23): 1879
Nuclear Materials[J], 2004, 329-333: 119 [31] Ghosh M, Chatterjee S. Materials Characterization[J], 2002,
[18] Vitkovsky I V, Gorunov A V, Engelko V 1 et al. Fusion 48(5): 393
Engineering and Design[J], 2002, 61-62: 739 [32] Gil F J, Ginebra M P, Manero ] M et al. Journal of Alloys
[19] Pint B A, Moser J L, Jankowski A et al. Journal of Nuclear and Compounds[J], 2001, 329: 142
Materials[J], 2007, 367-370: 1165 [33] Wu Chengjian( % 7 £ ), Chen Guoliang( [ [ K ), Qiang
[20] Muroga T, Pint B A. Fusion Engineering and Design[J], Wenjiang(5% 3CYL) et al. Metal Material Science(4: J& M k2%
2010, 85: 1301 26 —H)[M]. Beijing: Metallurgical Industry Press, 2012: 232

[21] Khoshhal R, Soltanieh M, Mirjalili M. Iran J Materials [34] LiLong(Z Ji&), Zhang Xinjin(3K/[r4x), Liu Huiyun(Xl £ 2)

Science and Engineering[J], 2010, 7(1): 24 et al. Journal of Wuhan University of Science and
[22] Okumiya M, Tsunekawa Y, Sugiyama H et al. Surface and Technology (G EHE K5 2= 4)[T], 2013, 36(3): 195
Coatings Technology[J], 2005, 200(1-4): 35 [35] Dezellus O, Milani L, Bosselet F et al. Journal of Materials
[23] Murray J L. Bulletin of Alloy Phase Diagram[J], 1981, 2: 48 Science[]], 2008, 43: 1749
[24] Yaggee F L, Gilbert E R, Styles J W. Journal of the Less [36] Liu J C, Hu J, Nie X Y et al. Materials Science and
Common Metals[J], 1969, 19: 39 Engineering A[J], 2015, 635: 70

Preliminary Study on Diffusion Bonding of V-4Cr-4Ti/Ti by Hot Forging Process

Zhang Gaowei, Han Wentuo, Cui Lijuan, Wan Farong
(University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The diffusion bonding of V-4Cr-4Ti alloy and commercially pure titanium was performed by a hot forging process. The interface
microstructure and bonding strength of the diffusion joint were analyzed by OM, SEM, EDS, and shear test. According to OM and SEM
analysis, the diffusion joint is about 100 um wide in total. It presents a smooth diffusion interface without any defects, and can be divided
into two zones with different widths and microstructures: zone I is the needlelike Widmanstatten a—f structure consisting of f-Ti and a-Ti,
while zone II is a solid solution of V and Cr in Ti, which is caused by the interdiffusion of the strong fS-stabilizers V and Cr in the
V-4Cr-4Ti alloy into the Ti matrix. According to the Vickers hardness distribution of the substrates and the diffusion joint, it can be divided
into six regions (A, B, C, D, E and F). The region C near the boundary of Ti substrate has the highest hardness of 3320 MPa, and the region
E close to the region D has the lowest hardness (1820 MPa), while the average hardness of the Ti substrate and V-4Cr-4Ti alloy is 1900
MPa and 2580 MPa, respectively. The shear test result shows that the actual shear strength of diffusion joints is higher than 165.2 MPa, and
the fracture occurs at the transitional interface between the titanium substrate and the diffusion joint, which is mainly ascribed to the stress
concentration caused by the phase transition of the Ti substrate in the cooling process.

Key words: V-4Cr-4Ti/Ti diffusion bonding; hot forging process; fracture surface microstructure; shear strength
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