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Abstract: Equal channel angular pressing (ECAP) followed by heat treatment was carried out to prepare
Ag/Ti;AIC, composites. Effects of heat treatment on the electrical resistivities and mechanical properties of the
Ag/Ti;AlC, composites were investigated. Results show that ECAP effectively densifies the Ag/Ti;AlC, compacts,
and layered Ti;AlC, particles are delaminated and aligned due to shearing effect during ECAP. Alignment of
Ti;AlC, particles resulted in anisotropy of electrical and mechanical properties of the composites. Perpendicular to
the alignment of Ti;AIC, particles displayed high resistivity and compressive strength. Moreover, resistivity and com-
pressive strength increased with following heat treatment, yielding the maximum at 800 “C. These increments are
attributed to the enhanced interfacial reactions between Ag and Ti;AlC, at high temperatures. Findings in this study
indicate that densification and microstructural control of Ag/MAX composites can be achieved simultaneously by

ECAP, while the following heat treatment can tailor their properties.
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Fig. 1 Schematic diagram of ECAP process
(a) Al can and Ag/Ti;AlC, compact; (b, c) Operation procedures of rotary-die ECAP
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Fig. 2 SEM images of raw materials
(a) Ag powders; (b) Ti;AlC, powders
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Fig. 3 XRD patterns of ECAPed Ag/Ti;AIC, samples without
and with heat treatment at 400, 600, 700, 800 C
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Fig. 4 Microstructure of the ECAPed Ag/Ti;AlC, sample
(a) Optical micrograph; (b) SEM image
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Fig. 5 Aspect ratio distributions of Ti;AlC, particles
(a) Un-ECAPed; (b) ECAPed Ag/Ti;AlC, sample
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Fig. 6 SEM images of the ECAPed Ag/Ti;AIC, heat-treated
at different temperatures
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Fig. 7 Relative density of the ECAPed Ag/Ti;AlC, samples
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Fig. 8 Resistivity of the ECAPed Ag/Ti;AlC, samples tested
parallel to and perpendicular to the alignment of Ti;AlC, particles
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Fig. 9 Vickers hardness of the ECAPed Ag/Ti;AIC, samples
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Fig. 10 Compressive stress-strain curves of the ECAPed

Ag/Ti;AlC, samples tested parallel and perpendicular to the

alignment of Ti;AIC, particles
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Table 1 The maximum compressive strength and strain of
the ECAPed Ag/Ti;AlIC, compacts

Loaded // alignment
O'M/MPa SM/%

Loaded L alignment
oM /MPa SM/%

Heat treatment

N/A 287.5 23.9 336.9 29.2
600 C 366.1 28.9 400.0 29.8
800 C 519.2 37.9 784.0 52.8

PLAS BB R XE, NS . (£ 7 H, ECAP fif
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Table 2 Basic physical propery of Ag/10wt% MAX composites
Preparation Relative Resistivity/ Vickers Maximum compressive
Ag/MAX method density/% (X107°,Q'm) hardness, HV strength and strain Ref.
Ag/TizAlC, ECAPed at (97.8+0.8)  (65.1£1)(//alignment) (79+5) 519 MPa, 37.9% This
37 MPa +800 C,2h (78.5+1)( L alignment) (loaded // alignment) work
784 MPa, 52.8%
(loaded L alignment)
Ag/Ti;AlC, Compacted at (96.0+0.4) (60.6+1) (95+5) (446+15) MPa, (32.9£2.8)% [6]
800 MPa+800 ‘C,2h
Ag/TizAlIC, Compacted at (99.840.2)  (59.3£1)(//alignment) (132+5) (656+17) MPa, (30.3+£2.7)% [6]
800 MPa+800 C, (70.2+1)( L alignment) (loaded // alignment)
2 h +ECAPed at 37 MPa (805+£19) MPa, (43.8+£2.2)%
(loaded L alignment)
Ag/Ti;SiC, Compacted at (95.0) (27.6+0.2) (56) N/A [7]
800 MPa+950 ‘C,1h
Ag/TiAlC Compacted at (95.7) (79.5) (88) N/A [10]
800 MPa+800 ‘C,2h
Ag/Ti,SnC Compacted at (95.0) (118.3) (75) N/A [9]

800 MPa+800 C,2h

1) 7E£200 ‘CKH ECAP J7isU5 4k Ag/Ti;AlC,
WA, AT LIS ARG B 2T 75% 52 = $1(97.8+0.4)%;
ECAP J&, TiAIC, M/ )Z, 16 Ag BikHie—x
JrEHEF, HKARLATIE(3.1£1.6).

2) TiAIC, JE MIHFFIETS Ag/Ti;AIC, #EHERE
B, W TAIC HES 717, B L BH R
i%, (B3 H T Ti; AIC, HEZI 7 11, AR 46 14 5
L5

3) ECAP il & Ja R &AL HL 1) Ag/TisAlC, ¥ b
FR HE B R A, B TE 46 1 RE i 25 Tl Ak 2 3L 44
&, MR R BE R | i K 4 i R B AR 0 T
WK, FFAE 700, 800 CHEMEEK.

4) ECAP J7iF 2 — Ml & 3% Ag/TiAIC, H&
MR F AR, B REE /N, FRaEEE 5 K
AR AL Ti; A1C, #1432 H 252 [ HESI S 1 o
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