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Fig. 1 Hardness and electrical conductivity curves of Cu-4Ti-1Al and Cu-4Ti alloys: (a) Hardness, as-quenched;

(b) Electrical conductivity, as-quenched; (c¢) Hardness, as-cold rolled; (d) Electrical conductivity, as-cold rolled
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Fig. 2 TEM image and corresponding [001]., SAED pattern of Cu-4Ti-1Al alloy aged at 400 “C for 1 h: (a) Strain contrast

striations along traces of {100} matrix planes; (b) [001]., SAED pattern and its insert showing existence of satellites near

reflections of matrix along (001),
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Fig. 3 TEM images and corresponding SAED pattern of Cu-4Ti-1Al alloy aged at 400 ‘C for 8 h: (a) Strain contrast
striations; (b) [001]., SAED pattern; (c) DF image and bright #’ -Cu,Ti phase particles; (d) Strain contrast striations (high

magnification) and Moiré fringe (in inset)
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Fig. 4 TEM image and corresponding SAED pattern of Cu-4Ti-1Al alloy aged at 500 C for 1 h: (a) Modulated structure;

(b) Corresponding [001] ., SAED pattern of (a)
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Fig. 5 TEM images and corresponding SAED pattern of Cu-4Ti-1Al alloy aged at 500 C for 8 h: (a) TEM BF image;
(b) Corresponding [001],, SAED pattern of (a); (¢) DF image taken by reflections of ' -Cu,Ti; (d) BF image with zone axis
of [111].,; (¢) HRTEM image and FFT pattern of precipitate (inset); (f) Absence of precipitates at boundaries.
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6 Cu-4Ti-1A1 & 47E(500 C, 8 h)I %5 ) STEM-HAADF 14 . JC & [H /347 K K EDS BEih /3 #r
Fig. 6 STEM-HAADF images, elemental mapping images and EDS analysis of Cu-4Ti-1Al alloy aged at 500 C for 8 h:
(a) STEM- HAADF; (b) Cu mapping; (c¢) Ti mapping; (d) Al mapping; (¢) Result of EDS analysis for area #1 in Fig. 6(a)
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Fig. 7 TEM image and corresponding SAED pattern of Cu-4Ti-1Al alloy aged at 600 ‘C for 1 h: (a) Coarse tweed structure
and ' -Cu,Ti; (b) [11 2], SAED pattern

8 Cu-4Ti-1A1 A4 1E(600 C, 1 h)i &5 IR ZH 2k TEM 1% & SAED fE#E
Fig. 8 TEM images of cellular colony and corresponding SAED pattern of Cu-4Ti-1Al alloy aged at 600 “C for 1 h:

(a) Growing cellular colony marked by dash lines and micro-twins marked by arrow; (b) [110]., SAED pattern of area marked

by circle; (¢) New boundaries formed when two cellular colonies encountered; (d) Developing cellular colony
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B9 Cu-4Ti-1AI A 416650 °C, 1 hyi 25 i 21 21 J SAED e #f
Fig. 9 Microstructures and SAED pattern in Cu-4Ti-1Al alloy aged at 650°C for 1 h: (a) Cellular colonies(Optical
Metallography); (b) Incoherent rod-shaped phases in grain and coarse equilibrium precipitates at grain boundary (SEM);

(c) B-Cu,Ti lamellae formed in concave warp owing to thermal disturb. Nucleation and growth of f-Cu,Ti lamellac have

occurred parallel to coherent twin boundaries marked by arrow (TEM); (d) corresponding [110].., SAED pattern of Fig. 9(c)
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10 7£(650 C, 1 h)if % Cu-4Ti-1A14 4 IR ZH 2 STEM-HAADF 14 . 7t & 11 /) #ii S EDS fg 1 73 #r &5

Fig. 10 STEM-HAADF images, elemental mapping images and EDS analysis of cellular in Cu-4Ti-1Al alloy aged at
650 C for 1 h: (a) STEM-HAADF; (b) Cu mapping; (c) Ti mapping; (d) Al mapping; (¢) Result of EDS analysis for area #1
in Fig. 10(a)

AIEREST A-Cu,Ti 2, WHEENZE Al RAL P p-CuTIERHE. FH. g-CuTiZH%E
FEIL RV TR, R SR R R . FELM 3 um™, JEF 9549200 nm, K JE A Cu-
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i N A ES AT A B -Cu, Ti AH(L B 11(a)), o HORAZISTEM-HAADF 4 LA XSGR /0 A - dm it
FEAESHHIRORAZ. oS R TR EWIERKAS A B 12(b)F(c) En H K&
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11 7E(700 C, 0.5 h)i &5 Cu-4Ti &4 TEM 1%

Fig. 11 TEM images of Cu-4Ti alloy aged at 700 ‘C for 0.5 h: (a) Co-existence of a+f cellular and «’ +f"; (b) Dense and

straight £ lamellae

12 £(700 C, 0.5 h)if 25 Cu-4Ti & 4 HAR 4 2 STEM-HAADF 4 DL S Jo & 11 43 A1
Fig. 12 STEM-HAADF images, elemental mapping images of cellular in Cu-4Ti-1Al alloy aged at 700 C for 0.5 h: (a)

STEM-HAADF; (b) Cu mapping; (c) Ti mapping

#=1 HEI12% Area#1. 2. 3 SALEDS B854 45

Table 1 Results of EDS analysis of Area #1, 2 and 3 in
Fig. 13
Mole fraction/%
Area
Cu Ti

1 52.87 47.13

2 50.31 49.69

3 87.08 12.92
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3 g
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Continuous and discontinuous precipitation of Cu-4Ti-1Al alloy

CHENG Jian-yi, LIU Ling, DENG Ming-qiang, HU Xu-kun, YU Fang-xin

(School of Materials Science and Engineering, Nanchang University, Nanchang 330031, China)

Abstract: Cu-Ti alloys can be widely used in the electronic and elastic components and therefore have become the
ideal substitute materials for Cu-Be alloys because of its high strength, high elasticity and good stress relaxation
resistance. In this work, the phase transformation of Cu-4Ti-1Al alloy during aging at different temperatures was
investigated by scanning transmission electron microscopy (STEM) and its aging properties were studied. The
results show that obvious clustering occurs in supersaturated solid solution of Cu-4Ti-1Al alloy after aging at
400 C for 1 h. With increasing aging time, clustering begins to transform into ordering. Meanwhile, the modulated
structure of Cu-4Ti-1Al alloy coarsens gradually and the coherent and metastable g’ -Cu,Ti precipitates
continuously within the grains. The orientation relationship between ' -Cu,Ti and matrix is [001]//[001]., and
[100] /1310, After Cu-4Ti-1Al alloy aged at 600°C for 1 h, cellular colonies containing a, a slightly
supersaturated matrix and f-Cu,Ti phase appear at grain boundaries, while the g’ -Cu,Ti precipitates within the
grains. The orientation relationship between the cellular lamellae of o and f-Cu,Ti is (111),[(010) ; and [ro1,|
[501] ;. After Cu-4Ti-1Al alloy aged at 650 ‘C for 1 h, the size and content of cellular structures precipitated by
discontinuous decomposition increase and rod-shaped incoherent precipitates form inside grains. Al addition plays
three roles as follows: (i) Al can harden the matrix by solution strengthening; (ii) It postpones ordering of Cu-
4Ti-1Al alloy; (iii) It lowers the coherent solvus temperature of metastable A'-Cu,Ti phase.

Key words: Cu-Ti alloy; spinodal decomposition; ordering; continuous/discontinuous precipitation; cellular
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