141

Effect of Ageing on Martensitic Tranaformation in CuZn and
CuZnSn Alloys.

J.Dutkiewicz and J.Morgiel

Institute for Hetals Research, Poliesh Academy of Science, Krakow,
Poland.

Introduction.

The characterietic temperatures of martensitic transformation in
copper based alloys are very sensitive to ageing due ¢to
instability of the /7 phase at temperatures up to a few hundreds
degrees. However, a 1lot of applications require conetant
parameters from alloys designed to work at ambient and slightly
higher temperatures. In spite of importance of this problem only
a few papers were published until now and even the results
concerning the best known CuZnAl seystem are far from
consistence. Initial ageing of CuZnAl usually leads to increase
in DOs ordering and shifts the martensitic transformation ¢to
elightly higher temperatures [1,2]. Longer annealing may cause
either a bainite [3,5,10) or » phase (4) precipitation.They were
found to affect the martensite transformation in an opposite way,
i.e. by lowering and rising the Ms temperature reespectively. The
limited correlation between structure observations and
characteristic martensitic temperatures measurements precluded
proposing a mechanism reeponsible for that phenomena.

The aim of the present paper is to study the influence of tin
addition on the martensitic transformation tenperatures after low
temperature ageing, as well as to explain their changes through
parallel structure observation. Tin wae chosen as a third element
in brasses, because of ability of these alloys to withstand high
nunber of thermal transformation cycles without any changes in
characteristic temperatures (5].

Exrerimental procedure.

The CuZn and CuZnSn alloys were . melted from a high purity
elemente under layer of borax. The composition of alloys as
agcertained by chemical analysis, qQuenching (Ta] and
martensitic start [Mp] temperatures are given in table 1.
Composition (wtX) °
Alloy T, [9C) | M (°c)
Cu Zn Sn q
A 59.6 40.4 - 850 -60
B 62.1 35.3 2.6 830 -20
C 61.2 33.0 5.8 610 -100
D 64.5 25.0 10.5 760 -120
E 65.8 23.7 10.5 770 -15
Table 1: Chemical composition, Tq and Ms temperatures of

investigated alloy.
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The characteristic transformation temperatures were eastimatecd
uging electrical resistivity measurements with stabilized
current source and x-y recording. The structure obsevvaticue
were performed using anslytical transmission electron micrnscope
Philips EM 301. Thin (foils weve prepared using double jet
electropolishing in ortophosphoric acid saturated with
chromjum vxide.

Reeulte and discu=sion.

Fig.t shous electrical resistivity hystereeis loope obtained
from alloy C. The sawmples, in the form of 0.5znm thick etrips.
wcreoquenched in wateroat room temperature (quenching rate =
15007C) and aged at 200°C for different times. [t can be seen.
that during the first 20 cycles (Fig.1a) no marked shifte in Ms
temperatures occur. This observation confirms a good etability
of characteristic temperatures in CuZnSn alloys with reegpect to
thermal cycling [5). During ageing at 20("C the M=z temperature
falls down. Longer ageing causes also gradual flattening of the
recorded loops, what meane, that lescs and lees material undergoes
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Fig. 1: Electrical resistivity hysteresis loopvse of alloy C.
a) after marked number of cycles.b) after ageing at 200°C.
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rhe martansitic transtormation. The eame behavior wse observed in
all remaining similarly Quenchad alloyes (A-E). When the
qQuenching rate was increased (up to 1500000/%50) by uging thinner
specimenrs ond cooler quenching bath ( -10"C) a small increase
of M1 temperaturas wWas recordad (Fig.2). Than, they tall dnun, as
in the c3ee of alloys quenched in RT water. Only the Culn alloy
doee not show increase of Ms with changed quenching conditions.
In order to explain the reason of obeerved phenomena the
transmission alectron microscopy investigations were pertormed. It
turned out that the B2 ordered odomaine aluays increase
significantly with ageing time at 200°C. In alloys B and C, with
low tin content. only weak DOs superlattice reflections were
present after quenching. In alloye D and E. with 10 wtXSn
the D03 superlattice reflections are much stronger and the
corresponding antiphase domains begin to form (Fig. 3c). After
longer ageing time the B2 domains grow (Fig. 3d). while DOs
transform from partial into a long range order. 1t was found,
that the increase in the Ma temperature during initial stages
of ageing e closely corrslated wuith the discussed above
development in DOUs ordering. The above observations are
coustistent with results obtained for CulZnAl alloys(6].

Next set of microstructures (Fig. 4a.b) show tweed like structure
of matvix and » precipitates at the grain boundaries. Presence of
modulated structure. unchanged near grain boundary, may be an
indication of B8pinodal ordering as suggested by Higgins at
all. (7] for Fe-Be alloys. The absence of side bands is also
juetified. bhecause at so0 large modulation wavelength they are
rather included in the fundamental reflections. After longer
ageing the antiphase DOs domaine grow up 1into periodically
arranged shnrt rods, ae shown in ¥Fig.3. The existence of mixture
of Dboth B2 and DO0Os ordering areas was also inferred from
Mosgbauer spectroscopy measurements (8). Finally. the formation
of r phase precipitates within the tin reach DUs domains in
the final s8tage of ageing 3also corroborates the diffusion
controlled nature of the modulation discussed at the beginning of
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Fig.2: Ms temperat.vse ageing time at 200°C for alloys A,B.C,D.



¥ig. 3: Set of transmiasion electron microstructures and selacted
area tffraction pattarn (SAQ?) of alloy D:(a-c) quenched in bath
at -10°C, (d4-f) aged at 200°C for 10 ®min..a,b dark tield (DF)
micrographs using (100}, (b,e) DF micrographs using (1/2 1/2 1/2)
apots.
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Fig. 4:Alloy D aged 20 min at 200°cC. a) BF micrograph, b) SADP.

Fig. 5: Alloy C aged 40 min. at 200°C. a) DF micrograph using
(Z04)9R refleutlon,b) SADP showing 7 and 9R bainite reflacticne

this paragraph. and not the existence of a ctatic diecplacem=2nt
vaves ac suggested for CuZnAl alloyesc (9).

Even before the onset of the ¥ phase precipitation. the
formation of o bainite plates can be nbserved. The bainite hac
the same 9R structure and crystallographic relationship as
partensite with the parent # phase. Contrary to a martensite
plates., the edges of bainite plates are not strajight but show
bulging due to diffusion nature of their growth.

After longer ageing time the y phase starts to precipitate also
at a matrix/bainite interfaces. The x-ray spectra odbtained from
bainite, » phase and matrix (from the places marked in the
nicrograph) shou a significant difference in tin concentration.
Comparison of the Sn La intensities shows, that the
concentration of tin within bainite is no higher than 8.1 wtx ,
uithin » phase is up to 21 wty , and 10.5 wtX in the wmatrix.
The zinc concentration varies to much less extent, {.e. {n the
bainite it is decreased from 33 to 31 uwtX. The similar tendency
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waas observed in other alloya, also those with emaller tin
content. Comparing these results to thoass of Wu and Wayman (10)
for CulnAl alloye, vhere segregation of aluminua in the dainite
vas less pronounced than that of zinc, it can de presumed that

contrary to alumsinum the mnigration of tin inhibits the 3zinc
segregation out of dbainite.
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Fix .6: TEM microstructure of alloy D aged lh at 200°C and
oorresponding x-ray apectra from a-matrix, b-dainite, c-y phase.
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Fle. 7:<§et of TEM micrcstructuren of alloy C cooled in-egitu up
to -140"C. a) OF wmicrograph, b) SADP with wmarked (208)18R
martenaite rnpnt, ) DF micrograph taken using (208)18R epot. d)DF
nicrograph tasken ueing (205)9R spot visible in tilted position.

Fig.?7 shows nartensitic plates formed during in-aitu cgolinx
experisent of alloy C, aged previouasly for lg oin at 200°C. It
can be seen, that after cooling down to -140 C the martensitic
plateec grow in width, since thair lenath is limited by bainttic
needlee. The martenocite poccees HBI18R etructure ond share the
samo cryestalloaraphic relationship with matrix as bainite
(01012° || (13017 (Fix.7d). In that way. the lowering of He
tenperature during later gtages of ageing may be attributed to
exhaustion of places favoring activity of chear mnechanisn bdy
previously formecd balnite plates. The ecegregation of tin and zinc
at their boundaries further restraining the partensite formation
in dbrasc baced alloyes.
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Conclusjione

.Ageing of the CulnSn alloys containing more than 5.8uwtX tin
causes nucleation and growth of the DOs antiphase dobains
elongated in <100> direction. Simultaneously a marked increase
in the B2 domains size is observed.

.The {increase of DOs ordering in CuZnSn alloys duriQF first
stages of ageing raises the OH- temperature up to 20°C.
.Longer ageing time at 200°C induces formation of bainitic
plates of 9R structure with frequent stacking faults. Then the
Y phase atarts to precipitate at the sides of bainitic plates
and uwithin tin rich modulations in the matrix.

.The comparison of the x-ray spectra taken from bainite, > phase
and matrix eshows that, the segregation of tin 1is wsuch mpore
pronounced . than that of copper and zinc.

.The formation of bainitic plates causes significant decrease of
Me temperature due to both exhausting of nucleation sitos by
bainite and segregation of tin and zinc into matrix.
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