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Table 1 Chemical compositions of the V4Cr4Ti alloy
Cr Ti Si (6] C Al \Y
3.81 3.92 0.059 0.027 0.013 0.010 N
&2 CLF-1 R ZER S (RESH, %)
Table 2 Chemical compositions of the CLF-1 steel
Cr w Mn \Y% Ta C Fe
8.62 1.49 0.570 0.280 0.140 0.092 N
x3 APIHULERS (RESHE, %)
Table 3 Chemical compositions of the pure vanadium
(6] Al N Fe Mo C H v
0.040 0.016 0.014 0.012 0.0082 0.005 0.004 N

K H L K AE VT E 7 125 53 0 F VACH4Ti & 4 .
CLF-1 89, 2i 4L T3¢ ¢30 mm x 3 mm ({8 F, IF
FTBE & R OE5E, MBS EE Ra < 0.8 um. V4Crd4Ti
A4 AL R 20% HNO; BRI S Ve 22 426w
AMZE, RmER e B EE,
Na,CO; % ¥ ' A HNO; FR . CLF-1 8% LA Jz #455
FEY BOE I EM R 2R RS E R, 5
VACTATI A 4« S8 — ] B PSR T 75 5T U
HBK 15 min. FiA5 #ORHE B2 b BB BR S, 15
PHRFEZE 50 °C LUTEHUH, ARE, SRR A E
FRRMEREHES, HEQENSUEMT 1.0 x 10 Pa.
Ba B EMAE, BA QIH-9 #1242 K AL
FHENLP U TP HOE . SR T 22380 4
iz, ARk e B 89 V1R AE B s R R 1
R, P la e e . S AR e R R R E
ENTERT PR EZ I, B 1E AR E A

x4 PREBEIZSY

Table 4 Parameters of hot isostatic pressing process
pint3 A R R R st} Rl o
7/°C P/MPa t/h R/(°C-min ")
800 150 2 <6

Xl ZEISS Axio Observer. Alm %Y 4 A i ik
T SR BT BRI SO ZH 2, 4 A8 Tl AR AR L
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ik

ke

7.75

N

(a) BEHEIFETT

ZI77,
(b) BIYIAAE (mm)
B 1 RS RETNREREE

Schematic diagram of material assembly and
shear sample. (a) material assembly; (b) shear
sample (mm)

Sigma HD %Y 47 & it 45 4 f + % i # (scanning
electron microscope, SEM) Sz HKL Channel 5 % H
F 15 B AT 854X (electron backscattered diffraction,
EBSD) M AR 12 S 11 . 59 U)W L IE B, LR E
P o3 B B b oKL SRR R . R T TE 250X-MAX
50 7 e i 1L (energy dispersive spectrometer, EDS)
DL B TXA8230 Al 1 R £ i 33 20 AT X (electron-
probemicroanalyzer, EPMA) 73 #1 JC & 4 1i . K H
G200 Y 44 2K J IR AN 3K 32 42 5t o i 2, Al X

Fig. 1
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{ Metallic materials —Instrumented indentation test
for hardness and materials parameters-P art 1: Test
method ) 3% %% DBSL-10t BAL A% LT 7 fig
TR LI 3 5 1T A0 B 5 R, BT U0 Dy AR A i
B, B RO anIE 1 7R, SMERSE N 14 mm x
6 mm x 6 mm, 0 ERAL BT YIS Ty, RoF R
6 mm x 1.5 mm. S5 HA%FHEAE 3L, 9
INEEAIFH 2R 0. 04 mm/min.
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(b) /CLF- 1( W

B 2 VACr4Ti(V)/CLF-1 R ERMM A LR R
Fig. 2 Microstructure morphology of V4Cr4Ti(V)/CLF-1
steelinterface.(a)V4Cr4Ti/CLF-1steel; (b)V/CLF-1
steel
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11, BUa 3 S —, 58S R 45 R —3L.

B 3 VACr4Ti/CLF-1 $X5%E EBSD 4 #7
Fig. 3 EBSD of V4Cr4Ti/CLF-1 steel interface
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F A XI5 EPMA 53404 . BT CLF-1 #3{m)
1) C & HAHLL T VACHATI A4S &, 1 VACr4Ti
B4V 5 Ti TEX C LR A BRI F M



60 B

¥k %43 &

71, B CLE-1 84 N Y C JCEK 7] VACHATI 549"
B, IR AT AL AL, 4535 FH AL Y CLF-1 9
M BOAH X 352 B8 B BB )22, TIAE VACT4Ti A 4l ]
e T AR ). BhRIZNE T CLF-1 #mgk
TR S A R 2 iR R, T S T
CLF-1 S0l A AR R AR Aok 21 4.

CLF-141

(b) Fe, V, C, Ti JLZH EPMA {54317

4 VACr4Ti/CLF-1 SR EPMA &o#f
Fig. 4 EPMA analysis of V4Cr4Ti/CLF-1 steel interface.
(a) EPMA observation area; (b) EPMA compo-
sition distribution of Fe, V, C ,Ti elements
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Fig. 5 Hardness of V4Cr4Ti/CLF-1 steel interfacial area
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Fig. 6 Stress-strain curves of V4Cr4Ti/CLF-1 steel joint
tested at room temperature
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Fig. 7

Fracto-graphic results of the shear test samples from V4Cr4Ti/CLF-1 steel joint. (a) CLF-1 steel side at low

magnification; (b) CLF-1 steel side at high magnification; (c) element distribution of CLF-1 steel side surface; (d)
V4Cr4Ti alloy side at low magnification; (e) V4Cr4Ti alloy side at high magnification; (f) element distribution of

CLF-1 steel side surface at a bump
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