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Table 1 Formula of laminated composite sheets

Tl:z(l)lizzzal W(Oji)/ W(ﬂfjl)/ W(”(l:/iC)/ I;Igznber of
w(Ti,AIC)/% ° ° 0 sheets
0 63.95  36.04 0
10 61.09 3443 448
15 59.69  33.64  6.67 5
20 5827  32.84  8.89
30 5543 3124 1333

IR 1 W T AR M R, SRS Ti k.
Al TiC B ARTMAEKEE§#E, FH KQM-X4/B 17 £ A Bk
FENLEREE 4 h, #3354 150 v/min, BREILL 4:3, BREESE
BRI 0 % A o BT B JR 1) TC4 266 49 (Ti-6A1-4V)
B RBATAN L, FLIWERN 3 mm, FLE5FLZHK
PN 6 mm, W 1 AR, KEFLER TC4 2h& 4
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TRA G R R RO ER S5 (1) TCA 4k & 45 AR ik )5 3%
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Fig.1 Technological process of laminated structure

2 FER5STHE

2.1 S

K12 BT oA TLAIC BRAS 5 88 20% % BRI & /= 2
H AR S EDS Sirés . miE 2 i, &2
SERRIELA RS, BRI T FahdT4L, 4L
M TR EFH AR, FEELFIRST A, HE
IR ANE 2 I B LI R A A . B 2(b) TR NS
JEEERI EDS ZRfgE . P 2b)ar 0L, )RR
S 2 2 8] DR T S BT BT 8T IR ST 2« o BT R IR
HEIE TC4 Ui Ti R S B K, Al TR S BB
i, VIBHIW A2 EE RSN TiAlL M. FHHER)
AR T A E G2 2 MR LS 1, e s
ERA S REA F . X 2(0) R A JE i AL A
HEAT EDS i3 #T, S5 2(c)fin, RIZXKE:
BUNSEGRA T AIC PAS/D R SEAARAH TisAl. WAL
RIL THLAIC A EARNIES, AT SCER[17]H 2 5H
B, EERBRG T AR S BULSE 7 /> & ThAIC
MAETREEEEAR L, KIET —E KSR
EH.

2.2 HBARRSEHST
K 3 s NEB 25 E G RME A2 XRD i,
HH P 3 0] L, TiC-Ti-Al R RS 5 =) 1 208 TiAlL



230 B 4 W

R, 2 @ILAR G & ZMmPIME ThAIC/TIAl 3328 56 831

Ti Element x/%
C 14.49
Al 32.50
Ti 53.01

Al

sl N

0 2 4 6 8 10 12
E/keV

B2 Ti, AICHE & 8N 20%5 N & 28 SR A 45/ F1 EDS
PANIIRAE S
Fig. 2

Microstructure(a) and EDS analysis((b), (c)) of
laminated composite sheet with 20% Ti,AIC

TisAl. TiC. TLbAIC M. 454 Ti-Al — 7ok, 7E Ti-Al
2 184 B IAL A 2 . E 660 CHIZME TR, TioAl
(4 HOE FE A Al Ti I8 505 2 53 714 0.066 pmy/s Al
0.075 pm/st'®. [RIMAE AL ALJEF [ Ti 57
B, BVEAIRI A AR TiAL M. BEE JRA SN 4k 45
HEAT, TiAL AHAT Ti A8 s A 0 5 e SEAIR Y p-TiAl

A ar-TiAL M NPT S, 2PN p-TiAl Al
DR ar-TisAl AH . BA 62510 B 1 — 0 s, TiC
AT 9-TiAl £ Ti,AIC M. 25 LATIA, Beghidferh k4
1 E S BT B

Ti+3Al=TiAl; )
TiAl;+ 4Ti=2TiAl+ Ti;Al 2)
TiAl+TiC=Ti,AlC 3)
+— TiAl
4+ — Ti;Al
. v— TiC
) y *— ThAIC
30% Ti,AlC .A“ . X e, a,
20% Ti,AIC ‘
15% Ti,AIC ﬂ
10% Ti,AIC ! A
A - PP e\ g N
0% Ti,AlC h
[ r e d . T
10 20 30 40 50 60 70 80
26/(°)
3 BRESHMESRMESERN XRD %
Fig. 3 XRD patterns of composite layers of laminated

composite sheets
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Kl 4 FioRN TiAl & 282G 1 715 e .
HE 4 770, AWM R & MR, NEEES
JERAT B 2GR T M BEE BT 22 . 24 TRhAIC & &
0%, INET MEE TR R, SEEE
BRAE T 25 i o B R 24 90 M 43 73 226.53 MPa il
11.73 MPa-m"?; JNE 5 7FAT FIWZE e, Z4
BRAE T 25 i o B R 24 90 M 43 73 294.95 MPa il
12.68 MPa-m'?. [i# TLAIC S &M A, 25 HismE
FWTZLTIVE R AR 1G24 T AIC & &L E] 10%
B, T MEETEZE NN, SEEERMNE
i 558 P R0 W 2L 90 14 43 ik 2 287.08 MPa Fl 14.94
MPa-m'?, Et Ti;AIC, = ol & )25 fhi o i (245.86
MPa) Fl T 24 511(6.63 MPa-m") 73 Bl H 1 16.77%H1
125.34%. 4 TiL,AIC G &k 3] 15%KF, ZRE Wi
B, AR SR PR, R ATIMER L B E R,
AR ERRRIEE AR, HIEMS A mMEE T&ET
I, DU RN 251.25 MPa, W2k 25 m ok
18.81 MPa-m'?, FLANE Ti,AIC HE3RAHM TIAl B2 E
AR BT B B AN W I 2 R = T 10.91%F0
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Fig. 4 Mechanical properties of TiAl laminated composite

sheets
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Fig. 5 Fracture morphologies of Ti,AlC/TiAl-based laminated composite sheets: (a) Sample with 0%Ti,AlC; (b) Sample with
15%Ti,AlC; (¢) Sample with 30%Ti,AlC; (d) Sample with 20% Ti,AlC after testing
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Fig. 6 Crack propagation photos of Ti,AlC/TiAl-based laminated composite sheets: (a) Sample with 0%Ti,AlC; (b) Sample with
10%Ti,AlC; (c) Sample with 15%Ti,AlC; (d) Sample with 30%Ti,AIC
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Fig. 7 Fracture morphologies of composite layers of composite sheets: (a) Sample with 0%Ti,AlC; (b) Sample with 15%Ti,AlC;

(c) Sample with 30%Ti,AlC; (d) TC4 titanium alloy
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Ti,AlC/TiAl-based laminated composite sheets strengthened by
titanium alloy layers with through-holes

NIU Qun-fei', Al Tao-tao"%, LIU Jie', DENG Zhi-feng" %, FENG Xiao-ming" 2, LI Wen-hu"?,
YUAN Xin-qiang" 2, BAO Wei-wei' 2, DONG Hong-feng'*

(1. School of Materials Science and Engineering, Shaanxi University of Technology, Hanzhong 723000, China;
2. National and Local Joint Engineering Laboratory for Slag Comprehensive Utilization and Environmental Technology,

Shaanxi University of Technology, Hanzhong 723000, China)

Abstract: The TC4/Ti,AIC-TiAl based laminated composite sheets were prepared by the discharge plasma sintering
technique (SPS), using TiC-Ti-Al system mixed powders as the reaction system and TC4 titanium alloy sheets with
through-holes as the toughening layers. The phase composition and microstructure were analyzed by XRD and SEM, and
the room temperature flexural strength and fracture toughness were also measured. The results indicate that the
mechanical properties of the laminated composite sheets have anisotropy. When the content (mass fraction) of Ti,AlC is
15%, the fracture toughness reaches a maximum value of 18.81 MPa-m"? and it is much higher than that of the composite
sheet without Ti,AIC, while the loading direction is perpendicular to the laminated structure. The through-hole laminated
structure design and particle composite technology construct the complex crack propagation paths. Moreover, the
titanium alloy toughening layers can absorb fracture energy, which play an important role in improving the toughness.
Such design provides a new design idea for metal-based composite sheets.
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