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Table 1 Specific process parameters

No. 7/°C Pressure, p/MPa t/h
1 660 40 2.75
2 680 40 1.5
3 700 30 1
4 750 30 1
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Fig.1 Stacking diagram of each component inside the sample
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Fig.2 Overall microstructures of the material under different processes: (a) 660 ‘C/40 MPa/2.75 h; (b) 680 “C/40 MPa/1.5 h; (¢) 700 C

/30 MPa/1 h; (d) 750 ‘C/30 MPa/l h
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Fig.3 Microstructures of Ti-Al interface: (a) 660 ‘C/40 MPa/2.75 h; (b) 680 “C/40 MPa/1.5 h; (c) 700 °C/30 MPa/l h;

(d) 750 °C/30 MPa/l h
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Table 2 Thickness of Ti-Al reaction layer under different

processes
No. Process parameters Thickness/pm
1 660 ‘C/40 MPa/2.75 h 4.2
2 680 ‘C/40 MPa/1.5h 6.0
3 700 ‘C/30 MPa/l h 3.5
4 750 ‘C/30 MPa/l h 104.5
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Fig.4 Microstructures of C¢/Al interface: (a) 660 ‘C/40 MPa/2.75 h; (b) 680 “C/40 MPa/1.5 h; (c) 700 °C/30 MPa/l h;

(d) 750 “

C/30 MPa/l h
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Fig.5 XRD patterns (a~d) and typical microstructures (e~g) of composite interface: (a) XRD pattern of composite; (b) the peak

processing of 38°~39° in Fig.5a; (c) the peak processing of 44.4°~45.4° in Fig.5a; (d) the peak processing of 77.8°~79° in Fig.5a;

(e) local interfacial reaction of composite; (f) magnification of area A in Fig.5e; (g) magnification of area B in Fig.5e
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Table 3 EDS analysis of marked points in Fig.5f and
Fig.5¢g (at/%)

Point Ti Al Si C Phase
1 0 100 0 - Al
2 21.63 72.22 6.15 TiAl3+TisSi;
3 98.01 1.99 Ti+TisSi3
4 - 91.5 - 8.5 Al+ALC;
5 59.6 - 40.4 AlC;
6 80.15 19.85 - Al+Si
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Fig.6 EDS element mapping of the interface: (a) selected area of Ti/Al interface; (b) Al element distribution; (c) Ti element distribution;

(d) Si element distribution; (e) selected area of C{/Al interface; (f) Al element distribution; (g) C element distribution; (h) Si

element distribution
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Fig.7 Results of bending tests: (a) typical bending stress-strain curve of composite; (b) fracture morphology of composite in lateral

section; (c) magnification of area A in Fig.7b; (d) magnification of area B in Fig.7b
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Fig.8 Results of compressive tests: (a) typical compressive stress-strain curve of composite; (b) fracture morphology of composite in

lateral section; (c) magnification of area A in Fig.8b; (d) magnification of area B in Fig.8b

3 % e

1) A $E-£F4E-$50 (FFF) 345 & 25 Uk (VHP)
FeAR I3 A Cofsi Ti/AL FIBI-HE AR 28 B 1 2R
REMEL, PRI TES504 700 'C/30 MPa/l h.

2) AL 2S5, 76 Ti/Al Rk, #kE
B ALTi A TisSis A 76 AUC St AL, B Al,Cs A
SiC WiAH. SifEdk Ti. Al 45 & KoL AH TisSiz AT H .

3) AL L ZZH, MBS Hh 8 B Tk 469
MPa, $tHs & ik 324 MPa.

4) PBHEGR BB AR I R g, BRAR
U () S0 e ANBIALRE ), WA RBUE KRG e A% .
(] I X i B A ) 25 4 TR B Ti/AL S AL/Ce 2 B i
RS, EAVE L B A O — AN, HEAH TR A
L PEAT RGP e, CLSE = b Rk B PR R .

SE Wk

[1] Sharma P, Khanduja D, Sharma A S. Journal of Reinforced
Plastics & Composites[J], 2014, 33(23): 2192

[2] Yao S S, Jin F L, Rhee K Y et al. Composites Part B
Engineering[J], 2018, 142: 241

[3] Park S, Seo M. Polymer Composites[J], 2012, 1: 135

[4] Kim M, Sung D H, Kong K et al. Composites Part B[]], 2016,
90: 37

References

[5] Shirvanimoghaddam K, Hamim S U, Akbari M K et al.
Composites Part A Applied Science and Manufacturing[J],
2017, 92: 70
[6] Xie Y, Cheng H, Tang Q et al. Intermetallics[J], 2018, 93: 228
[7] Jiang X, Liu W, Li J et al. Journal of Alloys & Compounds[J],
2015, 618(1): 700
[8] Guo X, Fan M, Liu Z et al. Rare Metal Materials and
Engineering[J], 2017, 46(5): 1192
[9] Zhang J J, Liu S C, Chen H et al. Materials Science Forum[J],
2015, 816: 3
[10] Wohlert S, Bormann R. Journal of Applied Physics[J], 1999,
85(2): 825

[11] Zhang J. Intermetallics[J], 2010, 18(12): 2292

[12] Xu L, Cui Y Y, Hao Y L et al. Materials Science &
Engineering A[J], 2006, S435-436(4): 638

[13] Peng L M, Wang J H, Li H et al. Scripta MaterialialJ], 2005,
52(3): 243

[14] Mondolfo L F(ZZ /RiR). Aluminum Alloys: Structure and
Property((8 & 4 WAL 23 5 PE§8)[M]. Beijing: Metallurgical
Industry Press, 1988

[15] Nie Mingming(E ¥ #), Xu Zhifeng(1x &%), Yu Huan(R
¥K) et al. Rare Metal Materials and Engineering(Fifd 4 )&+
R TR [1], 2018, 47(4): 1266

[16] Wang Zhenjun( ¥ %), Dong Jingtao( # 4 V%), Wang



= 3700 -

Wity @ MRS TR

48 %

Gui(-E %) et al. Rare Metal Materials and Engineering(¥hi
H4ER RS TR, 2017, 46(12): 3744

[17] Liu Yanmei(X]{i#§), Wu Gaohui(i& = #%), Xiu Ziyang(1& 1
) et al. Rare Metal Materials and Engineering(Fi 5 4 )& ¥
#L5 THE) [1], 2009, 38(5): 807

[18] He P, Liu Y Z, Liu D. Materials Science & Engineering A[J],
2006, 422(1): 333

[20] Chen Yuyong(F £ 53), Su Yongjun(# 55 #), Kong Fantao
(FLJL¥%). Rare Metal Materials and Engineering(%ifi 42 )&
MEHS TH) [J], 2014, 43(3): 757

[21] Jiang S Y, Shi-Chun L I, Zhang L. Transactions of
Nonferrous Metals Society of China[J], 2013, 23(12): 3545

[22] Cao Y, Zhu S, Guo C et al. Applied Composite Materials[J],
2015, 22(4): 437

[23] Sun Y, Chen J, Ma F et al. Materials Characterization[J],
2015, 102: 165

[19] Jiang S Y, Shi-Chun L I, Zhang L. Transactions of
Nonferrous Metals Society of China[J], 2013, 23(12): 3545

Microstructure and Properties of C;Reinforced Ti/Al Based Laminated Composites

Tang Yingchun, Luo Lei, Luo Liangshun, Han Baoshuai, Su Yanqing, Guo Jingjie, Fu Hengzhi
(National Key Laboratory for Precision Hot Processing of Metals, Harbin Institute of Technology, Harbin 150001, China)

Abstract: C¢ reinforced Ti/Al-based layered composites were prepared by the foil-fiber-foil (FFF) method combined with vacuum hot
pressing (VHP) technology. Scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS), X-ray diffraction phase analysis
(XRD), bending test, and compression test were implemented to explore the microstructure and properties of the materials under different
hot pressing parameters. The results show that the optimum parameters of hot-pressing process are 700 °C/30 MPa/l1 h. The bending
strength and compressive strength of the material can reach 469 and 324 MPa, respectively. The material structure is a stack of tough and
brittle phases. This structure can effectively impede crack propagation and extension of the crack path, and absorb a large amount of
fracture energy, thereby improving the performance of the material. Al3Ti and TisSiz phases are formed at the Ti/Al interface, and Al4Cs
and SiC phases are formed at the Al/Cy interface. Si element promotes the bonding of Ti and Al, and the precipitation of the strengthening
phase TisSi3;, and improves the wettability between Al and C.

Key words: foil-fiber-foil method; C¢; Ti/Al-based layered composites; crack propagation
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