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Effect of thermal cycling on properties of CuZnAl shape memory

alloys with different transformation temperatures
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Abstract: The effects of different pre-strains, heat treatments and mediums on the shape memory effect of CuZnAl alloys
with different transformation temperatures were studied. The results show that the recovery rate increases firstly, then
decreases with increasing cycling number, although the pre-strain, heat treatment and medium vary, respectively. The
recovery rate is relatively low when the transformation temperature is higher than 361 K. The Martensite transformation
starting temperature M, and Austenite transformation finish temperature 4; increase with increasing cycling number. But
both M; and 4; decline. After thermal cycling, for the alloy with high transformation temperature (above 361K), the range
of transformation temperature is enlarged, and the thermal hysteresis is large.
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Fig.1 Relationship between cycling number and recovery rate at strain of 1.3% in water: (a) Two-step ageing; (b) Step quenching
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Fig.2 Relationship between cycling number and recovery rate of alloy at strain of 3.9% in water: (a) Two-step ageing; (b) Step

quenching
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Fig.3 Relationship between cycling number and recovery rate at strain of 1.3% in oil: (a) Two-step ageing; (b) Step quenching

@) +—315K
" — 326K
60 | 1 — 339K
*— 347K
S «— 361K
3 50 b y— 398K
=
¥
-
& 40t
[ /_‘\
30} /_’\
20 : — '

4

A,

2 3 4 5 6 7 8 9

InN

& A 3.9%In Fr GAEH T AR UCEL S [T BRI G AR

Fig.4 Relationship between cycling number and recovery rate at strain of 3.9% in oil: (a) Two-step ageing; (b) Step quenching
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Fig.5 Metallographs of samples after thermal cycling: (a) N=500; (b) N=4 000
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Fig.6 TEM images((a), (b)) and diffraction patterns((c), (d)) of samples after thermal cycling: (a) N=50; (b) N=4 000; (c) N=50;

(d) N=4 000
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Fig.7 XRD patterns of samples after thermal cycling: (a) N=50; (b) N=4 000
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Table 1 Transformation temperatures of alloy before and

after thermal cycling at 315 K

Condition AJ/K  A/K MJK MJK (4—M;)/K
Before cycling 313 321 315 307 6
After reaching stable 312 325 319 305 6
recovery rate

After 500 cycle 311 329 320 302 9
After 1 000 cycle 311 330 320 301 10
After 2000 cycle 311 330 320 301 10
After 3000 cycle 311 329 320 302 9

After 4000 cycle 311 331 321 301 10

|2 326 K I AIEIR 5 15 5 A AR 5
Table 2 Transformation temperatures of alloy before and

after thermal cycling at 326 K

Condition AJ/K  AJK MJK MK (A—M)/K
Before cycling 323 331 326 318 5
After reaching stable 32 333 327 316 6
recovery rate

After 500 cycle 321 337 329 313 8
After 1 000 cycle 321 339 330 312 9
After2 000 cycle 321 339 330 312 9
After 3000 cycle 321 339 330 312 9
After 4000 cycle 321 340 331 312 9

3 339 K NV 5 A S A AR
Table 3 Transformation temperatures of alloy before and

after thermal cycling at 339 K

Condition AJ/K  AJK MJK MJK (4—M)/K
Before cycling 334 343 339 330 4
After reaching stable 334 344 339 329 5
recovery rate

After 500 cycle 333 346 341 327 5
After 1 000 cycle 333 348 342 327 6
After2000 cycle 334 349 342 327 7
After 3000 cycle 334 349 342 327 7
After 4 000 cycle 334 349 342 327 7

R4 347 K IR 5 £ < A ARG 5
Table 4 Transformation temperatures of alloy before and

after thermal cycling at 347 K

Condition AJ/K  A/K MJK MK (4—M)/K
Before cycling 339 352 347 335 5
After reaching stable 338 353 348 333 5
recovery rate

After 500 cycle 337 355 350 332 5
After 1 000 cycle 338 357 351 332 6
After 2 000 cycle 337 357 351 331 6
After 3000 cycle 337 358 351 331 7
After 4 000 cycle 337 359 352 331 7
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Table 5 Transformation temperatures of alloy before and

after thermal cycling at 361 K

Condition AJ/K  A/K MJK MJK (4—M)/K
Before cycling 361 366 361 346 5
After reaching stable 351 373 365 342 3
recovery rate

After 500 cycle 349 378 367 338 11
After 1 000 cycle 348 380 368 337 12
After 2000 cycle 348 380 368 337 12
After 3000 cycle 346 380 368 335 12
After 4000 cycle 346 380 368 335 12

6 398 K NV IABIA AT A5 S A AH AR S
Table 6 Transformation temperatures of alloy before and

after thermal cycling at 398 K

Condition AJ/K  AJK MJK MK (AM)/K
Before cycling 390 403 398 385 5
After reaching stable 389 415 405 379 10
recovery rate

After 500 cycle 388 425 408 371 17
After 1 000 cycle 388 425 408 371 17
After2 000 cycle 388 427 409 371 18
After 3000 cycle 388 427 409 370 18
After 4 000 cycle 388 427 409 370 18
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