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1. 1 └  

Cû 99.95%̃ȁAl̂ 99.99%̃ȁMn̂ 99.7%̃ȁTî

99.5%̃ ℗◓ Ҙ ̆CuȁAlȁMn Ti №≢ 76:12:9:3̆

81:11:5:3̆ 80:11:6:3̆ 78:11:9:2̆ 81:11:6:2̆ └ 5ҩ CuïAlïMnïTi ̂ 30 g̃̕

№≢ Ҋᶏ ‛ ҹ̆ԅᶏ №№

̆ ҩ 3 ̕ ̆ ‛ ℗◓ ҹ 5 mm

̂ ̃ ̕ 50kPa ̂ ҹ 9 mm̃

Ҭ̆ 900 ŅҊ 24 h̆ — ̆ ⌠ T1~T5Ȃ 

1. 2  

ᾣ ̆ № EPMÃ̂ת Ἕ̂BSẼ

Ȃ № №№≢ EPMA ת ת

Ȃ ̆ ̂10 g FeCl3̂ № +̃ 25 mL 30% HCl+ 100 mL H2Õ ̆



ᾣ Ȃ X ̂XRD №ת̃ , 

ᴆҹ̔Cu KŬ̂ ҹ 0.154 18 nm̃̆ ҹ 20°~90°̆

0.0167°̆ 0.75 s̆ ᵬ №≢ҹ 40 mA 40 kVȂ № 5000#

30 ɛm̆ ‖ ‖₮  ʟ3 mm ̆ ᶏ ⁞ ת ⁞ ₮ ̆

ᶏ ̂TEM̃ ⁞ Ȃ 

 

1. 3  

℗◓ҹ ̂ 3 mm× 5mm̃ ̆

ⱬ- ҹ ῒ Ȃ Ҋ ̂Ůprẽ ҹ 7%̆8%̆

9%̆10%̆ 11%̆ ⌠ ⱬ ̆ ⱬ- ᵩ
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 ( )r 0 1 0 /  100%h h he= - ³  (1) 

                       ( )SE pre e r e e e e= - -                               (2) 

( )SME 2 1 0 /  100%h h he = - ³                        (3) 

ῒҬ h̆0ҹ ╠ h̆1ҹ h̆2ҹ TMA ̆

Ůeҹ ⌠ ⱬ Ȃ 
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2. 1  CuïAlïMnïTi  

1ҹ└ CuïAlïMnïTi 900 Ņ 24 h BSE Ἕ̆ ץ

⌠̆ ᵣ ₮ ̂ ̃ ̆ ₮ № ԍ ᵣҬȂ

№ № 1 ̆ ץ ₮̆ ᵣҬ Ti ̂ №

0.25%~0.38%̃̆ Ti ₮ Ҭ № ↕ ԍ 22.08%Ȃ ̆ Ҭ Ti

̆ ₮ Ȃ 



 

1 CuïAlïMnïTi ᾣ Ἕ̂a~ẽ BSE ̂f~j̃ 

Fig. 1 Optical microscopic images (a-e) and BSE images (f-j) of CuïAlïMnïTi alloys 

 

1 CuïAlïMnïTi №̆ ᵣ ₮ № 

Tab.1 The actual compositions, matrix and precipitated phasechemical compositions of the                     

Cu-Al-Mn-Ti alloys                           % 

 
№ 

ᵣ  ₮  

ɤ(Cu) ɤ(Al)  ɤ(Mn) ɤ(Ti)  ɤ(Cu) ɤ(Al)  ɤ(Mn) ɤ(Ti) 

T1 Cuï13.3Alï9.7Mnï4.3Ti 77.50 12.43 9.69 0.38  57.17 13.66 7.09 22.08 

T2 Cuï12.4Alï5.0Mnï4.3Ti 82.42 11.72 5.54 0.32  60.23 13.55 3.15 23.07 

T3 Cuï12.3Alï6.8Mnï4.2Ti 81.77 11.21 6.71 0.31  59.67 13.60 3.92 22.81 

T4 Cuï12.7Alï9.8Mnï2.1Ti 78.63 11.36 9.65 0.36  57.50 13.53 6.53 22.44 

T5 Cuï12.9Alï5.3Mnï2.8Ti 83.08 11.67 5.00 0.25  60.69 13.55 3.03 22.73 
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ԍ Mn № ᵞ ᵣ (Ms) [24]̆ᶏ Ҋ ̆

ץ ᵣ ⁞ Ȃ 

 



 
2CuïAlïMnïTi XRD  

Fig. 2 XRD patterns of CuïAlïMnïTi alloys 

׆ T2 TEM Ἕ̂ 3̂ ã Ҭ̃ ץ ⌠ T̆2 L21-Cu2AlMn ȁL21-Cu2TiAl

2Ĥɔô1̃ ᵣ Ȃ 3̂b̃ҹ 3̂ã Ҭ Site 1 ̆ ץ ⌠̆

Cu2TiAl ҍ ᵣ ᵣ ̆ Ҭ

Cu2TiAl ᴪ ᵣ ⱴѿ ⱬ Ḇ̆ᶏ ῤ L21-Cu2AlMn ᵣ Ȃ

׆ 3̂c̃Ҭ ץ ⌠ 2Ĥɔô1̃ ᵣ L21-Cu2TiAl Ҭ Ȃ

֓ ᵣ ⱬ ᵣ ֟ ̆ Ӟ ӊҹ ᵣ

[25]ȂL21-Cu2AlMn ȁL21-Cu2TiAl 2Ĥɔô1̃ ᵣ

3(d̃~ (f) Ȃ 



 

3 T2 TEM ̂a~c̃ ̂d~f̃ 

Fig. 3 TEM images of T2 alloy (a-c) and selected area diffraction patterns of each phase (d-f) 

 

2. 2 CuïAlïMnïTi  

CuïAlïMnïTi ⱬ- 4 ̆ ԍ Mn T1 T4 ̆

ץ ⌠ ⱬ ̆ ⱬ ᵣ Ȃ 11% Ҋ̆

5ҩ ŮSE 2% ῒ̆Ҭ T̆4 ₮ Ů̆SE 3.4%Ȃ 

4̂ f̃ҹ CuïAlïMnïTi ⱬ- ף×̂ ̃̆

T1 T4 T2 T5 ̆ ῒ ᾝ ̆Ti ̆ ΐ

ῒ̆Ҭ T1ȁT4ȁT2 T5 №≢ҹ 1 504̆ 1 298̆ 1 323

1 028MPă №≢ҹ 17.1%̆ 12.1%̆15.7% 11.8%Ȃ ԍ Ti ⱴ

Ҭ L21-Cu2TiAl ᵣ № ׆̆ ᶏ ΐ ̆

⌠ ᵬ Ȃ 



 
4 CuïAlïMnïTi ⱬ- ̂a~ẽ ⱬ- ̂f̃ 

Fig. 4 Compressive stress-strain curves (a-e)andcompressive fracture stress-strain curves(f)of CuïAlïMnïTi 

alloys 

CuïAlïMnïTi ᵩ ҍ ῏ 5 ̆

ᵩ ⱴ ⱴȂ ԍ ⱴ̆ ῤ

֟ ̆ᶏ ᵩ ⱴ[26]̆ ≢ ԍ T2ȁT3 T5 ̆

10% ̆ ᵩ ҉ ȂT1 T5 Ӟ ⱴ ⱴȂ
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⌠ ṿ 2.8%̆2.6%̆2.7%Ȃ ѿ ṿ ̂T3: 9%̆T2ȁT4: 10%̃̆

⁞ ̆ Ӟ ԍ ᵣῤ ֟ Ҥ Ȃ ԍ T2ȁT3
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Ӟ ̆ ᴪ ⁞ Ȃ T1 T4

ѿ֓̆ ץ Ҍ ֟ Ȃ T1ҍ T4 ̆ ץ



Ҭ Al Mn ’Ҋ̆ ⱴ Ti ԅ ̆ᵖ ᵞ

ԅ Ȃ 

 

5 CuïAlïMnïTi ᵩ ̂ã ̂b̃ҍ ῏  

Fig. 5Residual strain (a) andsuperelastic strain (b) of CuïAlïMnïTi alloys as a function of the pre-strain 

 

CuïAlïMnïTi ҹ 10% 11% TMA 6 ̆ ץ ̆

̆ Ӟ Ȃ ̆T2ȁT3 T5 ⱴ ⌠

300Ņ ᴪ₮ ѿҩ ҉ ̆ ⱴ ⌠ 500 Ņ ᴪ₮ ѿҩ Ȃ

6̂f̃Ҭ XRD ̂Ã ̂B̃ ץ ̆ ҹ 10% T2 300 Ņ 1 h

̆₮ ԅ 18R ᵣ L21 ̆ ץ 300 Ņ ҹ 2H

ᵣ ҹ 18R ᵣ L21 Ȃ 500 Ņ 1 h XRD ̂c̃Ҭ₮ ԅ

Ŭ-Cu ̆ ԅ 500 Ņ ԍ ₮ԅŬ-Cu [17-18]Ȃ 

[13,27]̆ ⱬ ᵣ ԍᵝ ᵣ Ҭ └

ԅ ӟ ꜚ̆ ⱬ ᵣ Ḡץ ̆ ᵣ Ȃ

Ҭ̆L21-Cu2TiAl ₮ ץ ᵟ ᵣ ׆̆ꜚ ᵣ [20,28]Ȃ

ᵖ ̆ ᵣ ץ ₮ ̆ ᵣ [17-18]Ȃ ԍ

ᵣ̆ ᴪ ᵣ ׆̆ ᶏ ѿ ΐ

Ȃ ץ L21-Cu2TiAl ₮ ⱬ ᵣ ̂ ΐ

̃ Ȃ׆ 6Ҭ ץ ⌠ 5 ѿ ̆p

ֽҹ 1.4%̂ T3 Ȃ̃ ԍ Ҭ Cu2TiAl ̆ ΐ ҍ

Cu2AlMn ᵌ Heusler ̆ᵖ Ҍ ᵣ ̆ ᴪ

ⱬ ᵣ̆ᵖӞ ѿ ҉ ԅ ᵣ Ȃ 



 
6 CuïAlïMnïTi ̂ ҹ 10% 11%̃ TMA ̂a~ẽ T2 ̂10% ̃ 300 Ņ

500 Ņ ╠ 1 h XRD ̂f̃ 

Fig. 6 TMA curves of the CuïAlïMnïTi alloys (10% and 11%pre-strains)(a-e) and XRD patterns of T2 alloy (10% 

prestrain) before and after aging at 300 Ņ and 500 Ņ for 1 h(f) 
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Abstract: In this work, the microstructure, martensitic transformation, superelasticity, and shape 

memory effect of Cu-Al -Mn-Ti shape memory alloy doped with Ti were studied. The results show 

that there are two kinds of L21 phase in the microstructure of Cu-Al-Mn-Ti shape memory alloy, 

including the parent phase of L21-Cu2AlMn and the precipitated phase of L21-Cu2TiAl. The 

dispersed L21-Cu2TiAl phase has the effect of precipitation strengthening, which induces the 

stabilization of martensite phase induced by stress. Therefore, five types of Cu-Al -Mn-Ti shape 

memory alloys, Cu-13.3Al-9.7Mn-4.3Ti, Cu-12.4Al-5.0Mn-4.3Ti, Cu-12.3Al-6.8Mn-4.2Ti, 

Cu-12.7Al-9.8Mn-2.1Ti and Cu-12.9Al-5.3Mn-2.8Ti, not only show superelasticity, but also have 

shape memory effect in deformation at room temperature. 

Key words: CuïAlïMn-based shape memory alloy; martensite stabilization; superelasticity; 

shape memory effect 

 


