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Manufacturing of Cu-Zn-Al shape memory alloy using spark plasma sintering
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Abstract The CuZnAl alloys have some advantages against other shape memory alloys, such as the widely variable
transformation temperature, the low cost and easy fabrication. The alloys have been produced mostly by metallurgical
methods. Thereby a tendency to large grain sizes is observed, which causes brittle properties of the materials. In order to
avoid these deficiencies a special powder metallurgical process, SPS(spark plasma sintering), is applied in the present
investigation. The starting materials were the pure (99.9 %) Cu, Zn and Al element powders with different particle size.
The relatively fine grained and homogeneous Cu-24.78Zn-9.11Al (at.%) and Cu-13.22Zn-17.24Al (at.%) shape memory
alloys were obtained using the powders with size of 75~150 um. The average grain size is about 70 um and the phases at
room temperature are the austenitic and martensitic phase respectively.
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Fig. 1. Schematic diagram of spark plasma sintering apparatus.

oo oux] &M F& AR A FEI|orE F
AHOZ AAEEL UTHT-9].

B AT oot 22 FARES sEsl] flste] SPS
(spark plasma sintering) 71&-g ©]83l] vjMgt A%
Y$< Zh= CuZnAl =& AR si%ith. SPSe
Fig. 1°] vehd upe} 7he] -8 graphite®oll Y3t
3 20~50 MPao] §E2 71kt SAld & ASo=
AME3R= graphite A48} punchell 55 B& AFE B2
AlA dFe 7I9) - HE5E A5 GEA YA Afelat
oloflA W 7]Q1g Fetzept A E JEAE F
& AZH(1-208)0 SAAFIE Z1EeltiI2, 13]. ole
29| hot pressings} ¥ B, AEsE 3
3= FEEo] &R 5o & dol| Hilxle 54
o] A}, oA FE E AES Tske dETelE
FFoz AME AFEE HAFE TS 9 AP
UEA AlHA 2utaE S ==, AlHY mass
oS Xl XIIE FE3] IPAT). ol

gk RS dAEE HF AR

il

1000 s
°c 5
900 - L
400 4
700 4 3
5004
500-] 3
.
. [}
3
009 § + ~a ] . ] i
R = H ' '
: e !
H {Cu) + 7CuZn + CusZn,
- 10 20 30 40 50
9.0 Al - 9.1 Al
785 Cu % Zn 48.0 Cu
12.5 Zn 42.9 Zn

7t ol e AARYE L shed {83tk o] 7]
<o HwF FHZo| E JleE FAATEY A=
o] ARE-EH o= NiTi-Al $29] 7-%olvh RaE 3o
(14, 15], Cu-Al &F&] Az o]&H d& off] B
ol AR g

B Ao o] 7leg o83t AAYRAS ol¢]
ol Cu, Zn, Al YAELS I Lwoa AFsle
FAHM T3 & e 7FeAde dFEiEd, ol
© TEETe o8] o2 THE ESAE

Ao AMEE Cu, Zn, Al EEE 2% 99.9 % o]
Aol £EE zZhe dakdolglon, Bto] =A7ld w
2 a3l A 2 gAY #zs L] 28t
o B YE7F 1530 um8l 2R £z} 75~150 pyme
75 Zte & B8 olgsiith. &Y 242 stet
ZA wt ¥slsle FA7I9EEY HEeEs 39
3l [16] ZF2olA F2ARR] 2 2EUo| B (ordered
B,-single phaseyS WERN= Cu-24.78Zn-9.11Al(at. %)}
2 E ) EXAFS ZHE Cu-13.22Zn-17.24Alat.%)yS
sAc). dolA e 2EAH UHEAHS o]8s]
Aeide dutror QAHUo|EAY FE, LW
g olukel P50l $-&3t] fEiME rRERIAL
o|EAS YehliE FEE olgsketi(l], & dAyelse
F 3% B5 SPSE o|&3 TF Az} A E
RISttt Fig. 20le ¢eiA Sle Cu-Zn-Al &

¢l

000 ~
°C

7007 TCuZn {
s00 ir

2

: N i

: 3

i (Cu) 7CuZn + Cuglng | ©
5007 N

{Cu) + CusZng

400 3 10 15 20 25 30
16.4 Al at.% Zn = 16.5 Al
81.6 Cu 54.8 Cu
2.0 Zn 28.7 Zn

Fig. 2. Sections of Cu-Zn-Al phase diagram with 9.0 at.% and 16.5 at.% Al [17].
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Fig. 3. Optical micrographs of the Cu-24.78Zn-9.11Al (at.%) alloy (a) after SPS (b) after SPS and heat treatment at 800°C with
powder size of 15~30 um and (c) after SPS, (d) after SPS and heat treatment at 800°C with powder size of 75~150 Mm.
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Fig. 4. X-ray diffraction patterns of Cu-24.78Zn-9.11Al (at.%)
alloys with powder size of (a) 15~30 um and (b) 75~150 pm.
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Fig. 5. Optical micrograp

) after SPS and heat treatment at 800°C with

powder size of 15~30 um and (c) after SPS (d) after SPS and heat treatment at 800°C with powder size of 75~150 pum.
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Fig. 6. X-ray diffraction patterns of Cu-13.22Zn-17.24Al (at%)
alloys with powder size of (a) 15~30 pum and (b) 75~150 pm.

sl 2 A BEE g HAF Aok
SPS 34 & 800°CollA EAE] s AlHe] 2AARE
B 15~30 ume) Fe 27|ETE o83 A$-(Fig.
5by) Bt AA™ 2717 oF 25 um=E v 2A W
HA, 75~150ume] F71e] BEe ]84 - (Fig.
5(d) 2HHES Ho 7T0umd S & 5 o mi=sEr
°o|E B¢ ¥ vMTRE B 4 o Fig. 69
XRD patternol]lX] B0l GAg] Fole 27[EEe] A2

719} BAIGle] BF xR AY AAHTRE 2
mEEAl|E Wdg e itk 22v XRD pat-
terng B3 AE AP 2R 27|RUE oj4dh
3% a=4422 A, b=5310 A, c=38.138, p=28893°
2 Uepdom & B8 o]&S B a=4452 A, b=
5307 A, c=38.511, B=88.14°2 <7¥e] Ajol7} ve}
e o] 9] Eike] i) EAlske A3k 59 o
Fom e o] wid Wsigt A3E F5Hrh
olate] AFNM  Cu-13.22Zn-17.24Al(at. %) T
27T =79 T duAEE wlEEALlE
AL T ANeH, ZrREe] A7)/} 2oH
# AH % FoprlE s

k)

—

Cu-24.78Zn-9.11Al(at. %)} Cu-13.22Zn-17.24Al(at.%)

o 2HL 2= FPINFFL 999% ool g



Manufacturing of Cu-Zn-Al shape memory alloy using spark plasma sintering 177

Z5= Cu, Zn, Al YAETS o]8-3le] SPS(spark plasma
sintering) 3792 ol&-sl] Azxg A g 242 4

20 O—]O—h;],

= TA

1) BlEA e 219 650°ColA 208 AFEtdw

SPS 4% ol83iM UARUS o§F I} s

g2 g1k

2) JAE7I7E 15~30 umS] PAELS o] &3t A=
3 A, Ha 277 < 2um] v A2 ARYE
ZHe TEE 42 7 UTh ARelA Cu-13.22Zn-
17.24A1(at.%)3H5-2 vl2EA|E e YERIA O
Cu-24.78Zn-9.11A1(at. %)3H=2] 745 800°ClA  20%
B GALSE TS 48 7 AT

3) 75~150 ume] A& Zhe E8E o8t Az
T FA BEFOM oF 7oume] ZAAY AVE o
Ao, ALo|A] Cu-13.22Zn-17.24Al(at. %) T
o2 EAlelE B, Cu-24.78Zn-9.11Al(at.%)8=
B E e eI

:lo

flo all wo ox
N

to
I

I\
=
o

1

e FegHta el dsel a7
o2, ol A=Y,

i
{0 2

:

)

1]
k=
o
ro

[ 1] T.W. Duering, K.N. Melton, D. Stoeckel and C.M. Way-
man, “Engineering Aspects of Shape Memory Alloys”,
Butterworth-Heinemann Ltd, London (1990).

[2] Z. Nishiyama, “Martensitic Transformation”, Academic
Press (1978).

[3] J.S. Lee and C.M. Wayman, “Grain Refinement of Cu-
Zn-Al Shape Memory Alloys”, Metallographie 19 (1986)
401.

[4] K. Murakami, Y. Murakami, K. Mishma and Y. Ikai,
“Degradation and Improvement of Shape Memory Effect
of Cu-Base Alloys”, I. Japan Int. Metals 48 (1984) 115.

[5] C.S. Choi and 1.S Chung, “The Effects of Grain Refin-

ing on the Ductility and the Thermocycling Propetties in
Cu-Al-Ni Shape Memory Alloys”, J. Korean. Inst. Met.
& Mater. 34 (1996) 680.

[6] J. Janssen, F. Willems, B. Verelst, J. Maertens and L.
Delaey, “The Fatigue Properties of Some Cu-Zn-Al
Shape Memory Alloys™, J. de Physique 43 (1982) C4-
809.

[7]1 N. Nakanishi and T. Shigematsu, “Characteristics of
Cu-Zn-Al Alloys Produced by Powder-Metallurgical
Method”, Bull. Japan Int. Metals 28 (1989) 659.

[8] Y.T. Choi and LS. Chung, “Study on the Manufacturing
Process of Cu-Al-Ni Shape Memory Alloy by Powder
Metallurgy”, J. Korean Inst. Met. & Mater. 28 (1990)
857.

[9] Y.T. Choi and B.S. Ryu, “A Study on the Manufactur-
ing Process of Cu Base SMA by Rapid Solidified Pow-
der”, KIMM report (1995).

[10] N.J. Park, C.Q. Wang and H.J. Bunge, “Texture Devel-
opment of Cold Drawn Wires in (o + ) CuZnAl Shape
Memory Alloys”, Mat. Sci. Forum 157 (1994) 827.

[11] S.B. Yi and N.J. Park, “The Effect of Cold-Rolling on
Microstructure and Transformation Behavior of Cu-Zn-
Al Shape Memory Alloy”, Korean J. Materials Research
9 (1999) 322.

[121 M. Tokita, “Trend in Advanced SPS Spark Plasma Sin-
tering Systems and Technology”, J. Powder Tech. Japan
30 (1993) 790.

[13] K.-S. Cho, S. Kim, S.-H. Beak, H.-J. Choi and J.-G.
Lee, “The Effect of La-silicon Oxynitride on the Densi-
fication of Si3N4 Ceramics by Spark Plasma Sinter-
ing”, J. Kor. Ceram. Soc. 38 (2001) 687.

[14] M. Iyama et al., “Microstructure of Ti-Ni-Cu Shape
Memory Alloy by MA/SPS process”, Abstracts of 1999
annual meeting of JSPM (1999) 237.

[15] T. Muraoka and T. Asaoka, “Development of SMA
Powder Dispersed Materials by SPS process”, Abstracts
of 1999 annual meeting of JSPM (1999) 238.

[16] L. Delaey, A. Deruyttere, E. Aernoudt and J.R. Roos,
“Shape Memory Effect, Superelasticity and Damping in
Copper-Zinc-Aluminium Alloys”, INCRA Report 78R1,
Belgium (1978).

[17] P. Villas, A. Prince and H. Okamoto, “Handbook of Ter-
nary Alloy Phase Diagrams”, ASM International 3 (1990).

[18] L. Delaey and R. De Vos, “TTT-Diagrams of Some
Copper-Zinc-Aluminium Alloys”, Z. Metallkde. 70 (1979)
33.



