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ABSTRACT

/111

The effects of chemical composition and thermal cycling on the martensitic transformation charac-
teristics in Cu-rich, equiatomic and Zr-rich CuZr binary alloys have been studied by calorimetry. Only
martensite could be indentified in equiatomic Cuyg ¢Zrse. alloy, while Cu,Zr; and CuZr, intermetallic
compounds as well as martensite were formed by rapid cooling from the melts in Cu-rich Cus; ,22r. s
alloy and Zr-rich Cuy JZrs ¢ alloy, respectively. The M, temperature of Cuy oZrs; was 156°C but those
of Cus, sZryy s and Cuys oZrs 5 alloys, being 109°C and 138°C, were lower than that of equiatomic Cuus s
Zrso., alloy. In all the alloys, the M, temperature has fallen but the A, temperature has risen, resulting
in widening of the transformation hysteresis with thermal cycling. The anomalous characteristics in
the transformation temperature are due to the presence of the intermetallic compounds i.e. Cu,Zr;
and CuZr, formed by an eutectoid reaction during thermal cycling in the temperature range between

—1007C(T400TC.
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Table. 1 Chemical composition of Cu-rich,
equiatomic and Zr-rich CuZr binary alloys
investigated in this study(at%)

Alloy Cu Zr

52CZ 52.5 47.5
50CZ 49.9 50.1
48CZ 484 51.6
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Fig. 1 Microstructure of alloys {a) 52CZ, (b) 50CZ
and 48CZ.



114/Cu-Zro] A &FolA 21tz 9 EMolE%d mE mladrle]lEXE 549 EEMYH dF

Table. 2= EDSE olg3ld £4% Cunty
Zrae] 249 ¥F 52CZ 2 ¥F 48CZ9) 71A
NEEEY ABEY 23S 47 Jehdoh Cuzt
24 FF 52CZe] FES oz HFHY 9
A 24ke] FetzAL 56.7at% Cu % 43.3a1% Zr
o2 Cu:Zre A2AxpE oF 1.3: 101309
o] ke AEQAEIZY oF 1.4 119 Culr; BET
3o gz Ao Ut I Zr#d
249 5 48CZ9 A$ AH|24e] setzAde 27
43.6at% Cu 9 56.4at% Zr24 CuZr, 24713}
T FetzAT Ao UxEAct. =IF FF
52CZ 9 5 48CZolM F gF<| 71A9] 34}
Ae 5 249 7k e velit. &

fr o2 w4 we

BN

<1

50CZoAME mt2direlE dde d&
Custq) 241 5 52CZA*
B} CuZr tl28Ajo)|EE, T Zraly =
&5 48CZIA = CuZr, F5703gE CuZr v}
2RI EE 2 dE F AU

-

Table. 2 Chemical composition of the 2nd phase
and martensite analyzed by EDS in alloys
52CZ and 48CZ(at%)

Type of
Alloy Phase Cu Zr
compound
2nd phase 56.7 | 43.3 CuyeZr;
52C7 ,
matrix 51.1 | 48.9 CuZr
2nd phase | 43.6 | 56.4 CuZr,
48CZ )
matrix 51.3 | 48.7 CuZr

3.2 BiE x40l e HENSY

Fig. 1 g Table 29} Zo] njAjz3 3 3ezy
o] tt& Cu-ZrojA Fa9 mlErAlo|E HHE
e ZAR] A udEezA riE-ALolE ~
e el m2ofA AAF Qe HEBE A
st FUz 249 ¥F S0CZE AARRAlE®

A4 10°C/min&E2 0ColA §-2X¢ 1150
T 7HEste JRstE ZAtetglon O Ade
Fig. 29} Zt}.

nt2glAle]E= oF 230°C AA B2 4o
Aeisty] AEslg e 715CoAME 21X &
Ak vl CuyZr; ¥ CuZr, F4703EES
Cu,pZr;+ CuZr,—CuZryre ¥ o] o8 CuZrg 44
stk T3 AR mEeE olF FEUSNFEES
ztzt 890°C ¥ 1000°C XA &g3ldct. wat
A HEleE F3E 9P JHE - ¥R s 7 AR
B 2 dve] ¢35 My ¥ AT HT 100°C
o]3} & ol4el —100°C~400CHAE 3t

Fig. 3 & 4% o|gg Au|dd2E73E 2AZ Cu
T =4, ¥4 =4 9 ZrAd) 249 Cu—Zr
ol9A ¥FE AAFAIEFANA 10C/min E=
2 AR —400C — —100C7HA] 7HE e Wy
@olzl E¥A FHo2HE 77 A, A, M, B M
259l FHe g AWeldl thE heat flowe] W3}
Z, 4Qp-u B AQu-rE Z2} ERITH

Fig. 3ol ¥ F4zt 249 35 50CZ9) M,
LEE 156 C ol oy Th2 A ol =

3
= R + I
> d S
2 8 8 g1
2 t t — &
< ;g % 6J
2
] g A f‘-/11
= b
=V i
o v
I

Temperature(T)

Fig. 2 DSC thermogram corresponding to phase
transformation upon heating between 0°C
and 11507C.
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Fig. 3 Variation of transformation temperatures in
alloys 52CZ, 50CZ and 48CZ.
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Fig. 4 Variation of the heats of formation mea-
sured for forward and reverse transforma-
tions in alloys 52CZ, 50CZ and 48CZ.
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Fig. 5 Variation of transformation temperatures
with thermal cycling in alloys 52CZ, 50CZ
and 48CZ.
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Fig. 6 Variation of the heats of formation mea-
sured for forward and reverse transforma-
tions with thermal cycling in alloys 52CZ,
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Fig. 7 Variation of (a) forward and (b) reverse transformation temperatures with the number of cycles in alloy
50CZ thermal-cycled to 400°C, 450°C and 500°C, respectively.
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and 500°C, respectively.

A, A7Hx, @NolE8 F T ¥4 7tEeE T
b Bl meh oEA Jeive 3oz BauEn o
o} H|EE4] ¥ —~o HElE s Fe-NiAl ¥=lA
FaolZo o8 HFHT e WA} T2 WiF
2% Fol =] HeldlE o B2 Wy FFHol
dastd so] ML2x7 H3stAu, y—e¥HE
e Fe-Mn-CAl &5 IA] IAolEFell o3 M,
257} Ay, £3 Guby niEEIAo| EME
£ 3h= Cu-Zn-AlA] 3§59 Afode 249 73
Fzo wel M2Ee s 3l Jehdnh
% Tadaki '7 <std 2ige] B27xd %S
M= Asstn DO ¢ M 2EE A3t
k= Aoz yustn glen o M
2l Wizh= B2¥ DO0,9F & 2o AT
ojaf IMo|FY A EYEE HAYE E= AT
2ol 71QEH= Aoz dEEia QU

oy Cu-Zrolgd &3 ezl o3t =4
o] B2 7x%l £ d¥dAE Fig. 7(a) & (b)ol X2t
Zo] Mol o) M Lx& Asbslil oL A,
LEE DFoE Agike AHE JEH. ol%t
Zo] Tadaki 5'?9) AFATe} s HeHLx
o ¥zhs GRelEHFe W9 =4 = FIHE
o] Wzlolo] EOHE =7} fAE] g Fo= B
oEn. & CuZr 5713382 JE3| 50at%Cu
2 50at%Zr ZAANMT AAET BEUO=
(Daltonide)® Z&73IE® 24 715C o]4ollA
£ AR e g EAS E Agdre o] &7
oz BE Fefo o8l dojA CuZr F&3ES
oo BEeryd A e EAEA seg gield
o odl CuyZr; ¥ CuZr, FEU8IRHEC
13CuZr —Cu,Zr;+3CuZr, ¥-go) <& 4&s=
Zog oA} & FF 50CZE& —100°C(T.
(400°CA 103 GMolEHslde o mM=F
€ JEd Fig. 100 25¥ 71223 Yol gxtol
g3 s WAEE T4 TH MAEES I F
o12ict.

w2t Fig. 7(a) 2 (b)9} 2o] ExolZ®ol| sl

|

Lo



M257t Adsln Al ARE7} dsdhe olf
= o2 Fo EYEE MY € A= FY
Wzidn ohal CuZr F&USEE2RE 23 -4
AEl= CuyZr; & CuZr, BEEE2] A2 S
ro. Batalel gelof o3 wifo] tAsE7] HE
olty. & M o|EHd o8 42H HEFEES 2
—ut2elilo|ERE 9] AHER FR3ld M 2EE
AN 7|1 FAl ALEE FSAA He s 2H e
A2E ZrbeA "o

8, Fig. 9ol 2 Gxpe|E8e] 15 2%
7} 400°C —450°C —500°C 2 A3l wet 24—
o2 diilolEWElE burst Elgle) HE|EAE e}
W M. 2xe F33] AH3jgct. e st2dile]
E g g A2E ¥Hile M2E #isle
vjaf 128 =R gon gEA TM A g4urg 3
ZE o]F1 Utk ol#E o] 7AWl HEE0]
EAY W 24 oriEHAolE BEA] 2HgEe &
Aigoidale] Jldxo o8] dHE + Aok F
SN YA E 24~ 2o ERE Al 2
Al =o} 53] 71xdjol H&Eo] EAY o= B4
")) 7|dEE U Frketd 24—’
Alo|EXElE & A3 Peth ey al2-A}o]
E 24 dgrdls 2A/rtERAo|E AE Ee

m
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100°C and 400°C.
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