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ABSTRACT 

The effects of speed of heating on transformations in eeleoted 
Cu-Zn-Al alloy vere studied.Using differential thermal analysis 
and X-ray q easuraments it was stated the sequence of transforma- 
tions which takes place in quenched alloy as follows: ($+1)1wa+&+P. 

It was obsercred that the transfonnatioms start temperature vere 
virtually unaffected whereas the temperature range of the trans- 
formations progressively shifts upward with rate of heating in- 
creasee.The pd+ a+& transformation is oonueoted with tvo thelrmal 
eff ecte, i.e. endothermic fi,jr~ transformation and erothermic 
precipitation process of thw CL phase. 

INTRODUCTION 

Beta oopper-base alloys have the unuaual,abM.ity to reaover 

an original shaps after undergoing what would appear to be beoa- 

ube of the q agni tude of the strain involved, permwnt defor- 

mation. These so-called "shape memory efeots. are a direot reaul- 

te of thermoelastio q artensitio tra.n8formation [ll.In Cu-Zn-Al 

alloya, apart martensitio t-formation, there are several pha- 

80 transformations, depending on their ahemical oompesition and 

rate of cooling or heating of the alloy [23 . These oope ti-t%ve 

traasformationa like eutectoidal deaompbaition or orderirrg prooe- 

ase6 in the e phase and in the euteotoid aould be the reason for 

a oomplioated of phase transformations rrequenoe, aapeeially in 

noniskthermal oonditiona. 

The present paper provides 8ome additional infornration on the 

Cu -14.4 wt.5 %a -8.4 vt.$ Al, M part of a preoise determLnation 

of phase tranoformationa whioh take plaoe during linear oooling 

and heati- of thin alloy, 
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MEASURING METHODS 

Au alloy of the oompoe.ition Cu -14.4 wt.% Zn -8.4 wt.% Al was 

melted in an induotion furnaoe. 1Lfter casting and rolling of the 

material, rods about 5 mm in diameter were obtain6d.Thd.s material 

wa8 q aohinned into discs 3.0 mm thick which were solution treated 

20 minutes at 7OO'C in helium protective atmosphere and quenohed' 

in ioe-water. IOTA curve@ were obtained during heating of the sam- 

plos in the temperature range from 25 to 600°C by using a TA 1 

type Mettler Thennoenalyser. The sequenoe and oharaoteristio tem- 

peratures of the transformations were determined also by the X - 

ray studies and compared with DTA results. 

RESULTS AND DISCUSSION 

A. Post-quenoh phase transformations 

Several phase transformations whioh take plaoe during heating 

of the martensite of Cu-Zn-Al alloy were found by using DTA ana- 

lysis. These transformationa are oonneoted with thermal effects 

whioh are marked on Figure 1 a as effects from PI to P5. 

Fis.la. 

lb. 

500 T,'C 

DTA ourve for Cu-Zn-Al alloy /heating rate 2°C/min / 

Relative X-ray peaks intensity of respeotive phases 

as a function of temperature 
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In order to analyse what transformations represent the4 regisfred 

thermal effects, the high-temperature X-ray anslysis was applied 

/Fig.lb/. On the basis of X-ray results one oan oonolude that the 

following transformations ooourt 

1. In the temperature interval 80 - 300°C the martensite trana- 

forms into ordered PI matrix phase /pi-/?J,/. This transforma- 

tion takes place in two steps which represent two endothe~- 

ic effects PI and P2. Nearly the whole quantity of martensite 

transforms into 1)d phase in the temperature interval 80-160~~. 

The second thermal effeot - P2, is oonneoted with further tran- 

sformation of the remaining martensite. 

2. The next transformation which was indicated as P3 and P4 peeks 

on Figure 1 was conneoted with the transformation of /34 phase 

into euteotoid q ixoture of cr + J-- phases //?,,-+a +fi/.In th+s ease 

one can also determine two steps of the transformation. The 

first step /P3 peak/ is oonneoted with the endothermic trans- 

formation of pl phase into rL phase. The seoond one is exe - 

thermal /P4 peak/ and it is connected with the preoipitation 

prooess of the ol phase. 

3. At the temperature of 520°C the ci and ra phases transform into 

the high-temperature p phase / a+&-+(!~/. 

B..Effeot of heating rate ohange 

In order to determine the influence of the heating rate the 

samples were heated at different rates from 2 to 25OC/min. It was 

found that the sequence of phase transfonaations did&t ohange 

with the increasing of the heating rate. Some of the oharaoteri- 

stic temperatures ohangs only /F&3.2/.&1 we oan see from Pigore 2 

the beginning of the reverse martensitio transformation /Pg peak/ 

the /3q+& transformation /P3 peak/ and a+&+/j transformation 

/P5 peak/ begin at constant temperature.With the inorease of hea- 

ting rates the increase of the temperature of preoipitation of cx 

phase ooours /Pq peak/. These results indioate that the preoipi- 

tation of 01 phase is dominated by their reaotion during DTA 

SCS.tlS. In contrast the other transformations are dominated by 

their thermodynsmio equilibrium [3] .* 
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Fig.2. Influence of the heating rate on the tempera- 

ture intervals saooeding phase transformations 

CONCLUSIONS 

During linear heating of the martensite of the Cu-'&-Al alloy 

containing 14.4 wt.5 2x1 and 8.4 wt.$ Al the following phase trsn- 

sfonaations sequence was ascertained: pi--+ P4 -cc +dL-/j . The 

/$bci+$j, transformation is oonneoted with two thermal effects 

i.e..endothensic p4brL transformation and exothensic precipita- 

tion procless of the OL phase. The precipitation of the CL phase is 

dominated by their reaction during DTA soans. The reverse marten- 

sitio and euteotoid transformations are dominated by their ther- 

modJPanric equilibrium. The change of the heating rate didntt in- 

fluenoe the sequenoe of phase transformation. 
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