WA HT BEERMBSIIE Vol.47, Suppl.1
2018 4 7H RARE METAL MATERIALS AND ENGINEERING July 2018

TiB, ZE[g&/42CrMo & & BIRE SRl B KL

AL

BAER , &3 ,

4

-

EE

o [ e = ]

REHF

, 5K &

(M ZE TRERFARERKX, Wik A% HE 050003)

M E: &H 42CMo A&WIRNEBEIK, UL Ti-BsC ARMARR, KB LRI E T ZRNH &N TiB, W%
[42CrMo & &8 E 9Kk 85 M 2 &4k . 454 XRD. FESEM 5 HRTEM 40 #t, A LA N BT 550 S SR 85 T 253 & R
BRI BL, RS ESESMWEABEY B LW H 2 I AR B 5rHE 16 FE I A TR VAR, o6 P Tt o] 5 9 0 7 1
WEAEH T RA WG Stokes TERANMN G & &AM NICE, BAET S MR IR A SR 5 RE 4% 7] 3% 866 B 1

HIBE IR E & 1

KR BEREAME; BORMIBETE: BEY G AU BEYKREEH Z St
YEHS: 1002-185X(2018)S1-113-05

hEESHKS: TB333 XHERFRIRTE: A

NFE R B4 8 N S RS A k), & B R
TAE# A 20 120 80 4EANA MR F# HA g T2,
o J ) £ HA B4 JE vk BE ThRE AT RL (FGMD Hufk | 12
Fek. KiebackPHg i, Xt TRa%/I&IRLZMAR, HE
)% PAFEE IO R E BR LAY, T il i 4
BIFA VBRI Facd R 5 I TR A B ) ] 9 A A AL
TE B %o 48 T BT A BRAR AR B B 5 RSP 2 %
BEAS A (P R BERR R S 0, BV 1 4 a8 o B 2 K 56 g
T, T IR T AR R T R

ULAER, B TR A F R X R A
FE T B 0 SN 5 1) 4% TiB,-TIC 4 & AP %, i
ERMNEREHTESE (0 Ti-6AI-V & 4 .
1Cri8NI9TI ANFEM) i, SRyl & th W %8 /4 & )=
W ARRNE, A 5206 38 5ok B9 00 S5 S 86 1) 4% TiB, %
Ve #E/42CrMo & &M ERE A MR, 4307 2 0] S 4
By AR o0 SR B8, R EEMEZ
[E) 450 B2 Gl K G A T RO AL T i A2 5 25 0 35 7
B, R il £ H v 1 B P e/ 42 B B FE 9 oK S5 M B2 A 4
BHEMI R 50055,

1 S

e Ti ¥y CRLEE 40~70 pm. 4 99%) . Ni ¥ Chi
% 40~70 pm. ZHE 99%) Fl B,C #1 CRiE 5~10 um.
g fE 92%) AL VILER AR, LA 42CrMo & &A%

BAE. e Ti 5 B,C =M=, Nity
It HEA: 2017-07-11
HEeWE: EXASRRFESE (51072229)

EE BN
Fi1%: 0311-87994737, E-mail: zhaozm2007@aliyun.co

m

Ji &5 HN 10%.

3Ti+B,C — TiC + 2TiB, (1)

WG4 R AL IS 1) 42CrMo & 4 AHR (B 10 mm.
B 100 mm) FiE NI SMmARmh]. BRER
B MRS, R A RO 3R 4 3 1 & 4 R AR
I AR T B 0L L B B SO ATLASE R JES 3 1 0
JIN3E B 1 #) 2000 g(g ME I IEE, 9.8 ms?))E, LUE
HLE 22 SRy 5 | RS SR, (A S AR 2R e R boe o
RRIRNEEH 2 min J5, KRB OHL, HARHIRA 2=
B, BOHRPRIRE S IF 0 LR f 26 80 mm MR % &
SMEIRE AARIE B SNE, WE 1 FR.

2 HFER5R

25 W& E ) XRD. FESEM K& EDS 20#r, KIR
TiB, i i i) i i s JE A A, TIC JE RO & B S BR SR
PREEEE AH, NI JE GG hH D) DLW 8 IR B e 2 i )
M, WE 2 Bros. B, o] DOACATE H & 5 g Bd 2
it N v 0 T, AR IR R R AR B, PR SR A A R
AT, R E ] B AR A i A TiB,
ARG RE, Wil 2 Fras, DRI AE B R W 2R R ok R
FR/DRSE TiB, i dn R ST R8Umfs . Ry
BE5 R B m RSP, e 3 frox, 453
TiB, 2 5 AH M & ) 4 IR AR 15 | 25 ot o 8 5 BT 4 90 1 4
S ik F| 225415 GPa. 720436 MPa 5 125+
1.5 MPa m®?,

R, 5, 1968 4, fit, RIEUR, Bi%E TRERA AR ER X A0S B TR AU TR EWTE, Wb 4 50% 050008,



« 114 - W B ES TR

W4T %

K1 MRS SMEIRE S MRS LT ) 5
Fig.1 Hexagonal product of laminated composite of ceramic

and alloy steel
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Fig.2 FESEM microstructures of TiB,-TiC-Ni ceramic matrix
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Fig.3 FESEM images of crack propagation paths: (a) crack

deflection and (b) crack bridging and pull-out of the
platelets

ZLAAIEE &4 0.25 mm. [ M i LR B 4 4 A0
JEAMR VR GEAT H K TR LR VI RIUIURE J5 , AT #F 54 R 1 XRD
EVE TR, BAAEREMRIZEHE TiB,. TiC Ml
Fe-Ni HGSAMHAR, (H2HE A MEER KB4 SN
) XRD #& I 5 25 3% fin, TiB, 5 Fe-Ni & & AHAHE S
- ORATHT SR A R T RS, WK 4R, &
Xt & 42CrMo & &N 2 RIS, R I 18] X 35k P
HHAR, XS5 ESWMERZEEWAR, WE 5
BT o

2 %of 5 30T P RS S AA ST X s P R X SR
A S AN S (1 AL (X 5 FESEM s fi Wl g, R ILAE
SR PR BRI IS P X, TiB, A AR N AR A,
TiCox AL S NS A, Fe-Ni &4 £k I DLIE £: M
RV 1 R R M S T K, G P Ga BT o R B 32 T
ST G AANEER, TiB,. TIC R~F S5 5538 &)
TR, RO R 2 RERTRE, W& 6b fTs.
AR 5L A 03 SR B i b TR 9% X _ B
) TIC L A KR T, W 6¢ FiR . 74 HRTEM
ST, BT Fe-Ni & & 35K TiB, A K f . 9K
g 2 B R OC R, W T FTR.

o A R IR AT A, bl A 0 R S A i AR
F, WERESEENEBET BUERZ LR R Tk
FERRFE B R A, R 8 Fion. #BE# TiB,. TIiC
Bt KK, TEm 07151 K1) Stokes JL ik ff &k 4
BRI EEZE . R, a2 fis:

VC _ Xg(pMe_pC)dC (2)
Q/JME
3 v M,
a - T3¢
® e Ny
- v
? -l | bR Y va @V
X L . A ~ ’
-
. b |
=
g Y Te b
=, ‘ [ A y - ® ' v o
7} ¢
Slec
=
[ v '- -
— 1% LA T . T o owr
T
d \
v v
L AY_% Yy .o X v ey

20 30 40 50 60 70 80
2019

4 Pl IE XRD Bl
Fig.4 XRD patterns of the intermediate between the ceramic and
stainless steel: (a) ceramic matrix, (b) area of 0.25 mm
away from the ceramic, (c) area of 0.5 mm away from the

ceramic, and (d) area of 0.75 mm away from the ceramic
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Fig.5 FESEM images of the laminated intermediate between the
ceramic and the alloy steel: (a) the area from the steel
substrate to the intermediate and (b) the area from the

ceramic matrix to the intermediate
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Fig.6 FESEM images of the interfacial regions of the laminated composite: (a) the area nearby TiB,-TiC-Ni ceramic matrix,

(b) the area of intermediate, and (c) the area nearby alloy steel substrate
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Fig.7 HRTEM images of the interfacial microstructure of TiB; nanocrystalline and Fe-Ni alloy in the intermediate: (a) TiB:

nanocrystalline and (b) phase interface
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intermediate: (a) the intermediate nearby the ceramic

matrix and (b) the intermediate away from the ceramic

matrix

"o

T
W 0

wo

o
I

e

r

(a) SEM image, (b) Fe, (c) Ti, (d) Ni, (e) B, and (f) C
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Fig.8 EDS line-scanning spectra of constitutional distribution from the ceramic-based intermediate to steel substrate:
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FESEM images of the ceramic particles embedded in the
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Microstructure Evolution of Graded Nano-structure in the Laminated Composite of
TiB,-based Ceramic and 42CrMo Steel

Zhao Zhongmin, Peng Wenbin, Wu Baojun, Zhang Long
(Shijiazhuang School, Army Engineering University, Shijiazhuang 050003, China)

Abstract: Taking 42CrMo alloy steel as the metal substrate and Ti-B,C as the reactive system, the laminated composites of TiB,-based
ceramic and 42CrMo alloy steel with the nano-structured gradient were achieved by centrifugal reactive casting processing. Based on XRD,
FESEM, and HRTEM, it is considered that because of thermal explosion induced by centrifugal reactive casting processing,
fusion-induced interdiffusion is initiated between the full-liquid ceramic and alloy steel, resulting in the formation of the intermediate
liquid between the liquid ceramic and the steel substrate. Subsequently, the strong Stokes flow under high centrifugal force promotes the
ceramic nuclei to collided with others, thereby accelerating the coarsened ceramic particles to float up; meanwhile, the alloy-enriched
liquid also flows and converges toward the steel substrate. Finally, in the interlaminar region of the composite there develop a
nano-structured graded microstructure that the spatial size of ceramic/alloy phase boundary is continuously graded from the ceramic to the
steel.

Key words: laminated composite; centrifugal reactive casting processing; fusion-induced interdiffusion; microstructure evolution;

nano-structured graded interlaminar interface
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