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STUDIES CONCERNING THE INFLUENCE OF THE COOLING RATE IN
THE DEVELOPMENT OF TWO — P"HASE STRUCTURES OF BRASSES

EY
CRISTINA ALBU-1ACOR

Absbracl: The poper shoses Dwe experimental resulls o some spee:lie bheal tealmen. schedule applied on
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aulorna e equipraenl Ter e heat ealneal prossess.
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1, Introduction

In high-zinc Cu-£n allovs the desired structure consists of a nuxture of o
phascs of comparable guantity. The morphology and ameount of cach are varied by
control of the high temperature used and the cooling rate from that temperature. The
referred microstructure can be quite coamplex, and the required treatment differs
considerably for different systems. so that a systematic treatment of the principles
involved s difficult.

In the Cu-£n system, alloys containing about 40% Zn serve as the basis for
many commercial alloys. The Cu-Zn phase diagram (figure 1) shews that the alloys of
interest are in the region of o and [ phase stability. The 3 phase s body-centered
cubic, with the copper and zine atoms lecated at random on the lattice sites.

On cooling to temperatures below the dashed line (about 450°CT), the copper
and zine atems take specific relative positions on the sites, forming an ordercd
structure, or a superlattice. This phase (s denoted 37 in figure | 1f the composition 15
cxactly 50 at. % Zn, then the erdered stmicture s based on a bodv-centered cubie cell
with zine atoms at the center and copper atoms on the corners (or vice versa).

The tormation of an ordered structure trom a disordered matnix of the same
basic lattice involves the localized exchange of atom positions (via the vacancy
mechanism] to the desired structure.

An ordered region erows hy atoms at the PR interface, taking on the
arrangement of the ordered [ region. When twa interfaces from neighbaring regions
meet, the arrangement of atoms may be out of sequence {out of phase). Such an
intertace 1s called an antiphase boundary, and the cnclosed regions are called domairns.
The properties af the [} ordered structure depend on the degree of pertection
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{correctness of relative atom location} within the domains and en the domain size, both
of which depend on the temperature and time wvalved in fonming B from [
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These alloys in the B form are not suitable for commereial vsc, beeause this
structure is brittle. TTowever, alloys in which the B phase coexists with the ductile
phase are nsctul. The Cu-40Zn alloy can be heat treated at high temperature so that it
is all (. The structure developed at lower tomperatures depends on the heat treatment,
because this centrals precipitation and formaticn of the o phase.

2. Experimental results

Wi made experiments using CoZndd and v applicd different heat treatment
schedules. The purpose was to show the importance of the precise temperature control
in the cooling process. For this alloy we made cxpenments at 5.0 Mecanica
“Ceahlan”™ S A Platra Ncamt The chemical attack for abtaining of these
microstructures has been performed with a compound containing ferric chlorde (10 g,
concentrated chloride hydride (30 em™ and distilled water (120 cuot'). Tf the alloy is
cooled slowly from 800 °C, the phase diagram (figure | ) shows that at 25 °C the alloy
sheuld censist of approximately cqual ameunts of o and 7 Figure 2 shows a
typical microstructure of annealed Cu-40Z€n presented v tigure 3 {cwwve 1) This
structure was obtained with a coaling rate of 2 °Cimin. The white reelons are the 3
and the dark and gray regions are o (optical micrograph 100 x).

In figure 3 it (s presented the way that the amount of 7 influences hardness
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The allov was coolad slowly from 700 °C, where 1t was mostly (B to 25 °C, then
reheated to temperature for 30 min, followed by rapid cooling. On heating at 800 °C
teurve 23, the structure s all [§, and on rapid cooling little o forms. Figure 4 shows a
typical muicrostructure of Cu-402n with a rapidly cooling (curve 2, fipure 33,
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IToweever, the B orders to 37, civing a hardness around 90 1B, Reheating for 30
min in the lower temperature range (25 to 300 “Ch 13 not sufficient to affeet
sioniticantly the enginally slewly ceoled structure, and the hardness remains constant.
In this temperature range, the structure consists of approximately cqual amounts of o
and 37 Tlowever, as the temperature increases fram 500 °C, 30 min s sufficlent time
to allow the equilibrium amounts and o and B to form. Thus, as the temperature
increases, incrcasing ameunts of 3 oand decrcasing ameounts of o are present al
temperature, giving inereasing amounts of [3’on cecling rapidly to 25 °C, and henec a
rise 1 hardness,

It the Cu-40Zn alloy 15 cooled rapidly to 25 °C after sufticient holding (for
example. 30 min) above ahout 750 °C, a structure of essentially all 37 15 obtained
Often some o is observed to have formed in the B grain boundarcs, and the
morphology will vary somewhat depending on the exact cooling rate.

On rcheating [37in the intennediate temperature range, the morphology of the «
tormed will vary depending on the exact heat treatment. Also, rebeating wll influence
the change 1n the ordered structure. Both changes affect propertics, and the hardness
can be increased considerably by judicious treatment. [n figure 3 are shown hardness
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data tor a Cu-40Zn alloy after reheating for 30 min tollowing an initial treatment of
quenching from 800 °C. The meaximum hardness obtamed by treatment around 300 °C

(125 TTB at 320°C).
Received April 20, 20607 Toecamichal colledae of iranspare. Plofea Neowtf
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ON POSSIBILITY OF CU ELASTIC MODULI EVALUATION BYX-RAY
DIFFRACTOMETRY DATA
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vieulaloms wome apeacared 0 rensonuble comelation wilth existing ceperimental Jula.

1. Introduction and the settlement of problem

[t 15 koown, that from the intensities and x-rav interferentions shitt thermal
dependencies data may be obtained sorme idformaton about dynamics of crystalline
lattice: coefficients of thermal expansion aiT), the values of x-ray characteristic
ternperatures 3T} and their thermal dependencies €,(T.

In work [1] was showed, that ®, 1s the characteristic of f—h-'f@]zp COMNECTION
rieidity, at least at central interactions in first two coordination spheres. In one’s turn,
the B T) dependence. actually, 1s reflecting decreasing of erystalling elastic moduli C
ae with growth of temperature and may he used for determination of Gruneisen
parameters and torce constants to b figurating i cxpansion of lattice potential by
displacements ranges [2.3] Further, using the fcc lattice model with central
interaction of nearest neighboures, one can evaluate the values of  ant thew thenmal
dependencies, (f f e h are lnown [4]. Despite the eircumstance, that such models leads
to fulfilment of Cauchy’s ratios C 4y —C iy (=1). they arc clastically stable and in
contrast to cantinual were characternized with dispersion of oscillations [4,5].

From this pamt of vigw may be interesting the using of the single parameter £,
obtained from x-ray diffractometry data, to calculate values ot Cu €' ) at T-0.The
range of calculunon reliability may be increased by taking to account further the
intfluence of clectrens of canductivity [©] and zero oscillations [7].In this waork such
caleulatiom of C 4y 15 provided for Cu The cheice of Cu s caused by a reason. that tor
copper x-rayv ditffractometry ®, and ©,(T) data arc most spreaded and corrclating,

2. Results of calculation and discussion
According to [5] for fo.c lattice in harmonic approximation, clastic modull in

Foight signatwe (C g =€) correspondingly are equal to:
f_,"._.-—,é_'fb.r; {.1_:_3—_)(-':';9'.' {.1,,-'5—_f-.'ff f.-” {] .]
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where a the lattice parameter, ' link nigidity parameter, determined as =0,15(k ¢
hyme”, () [3] {in standard signature).
At temperature T=0 parameter t, according te [3], may be determined as:

Ilr.k.\ll_] )
VIR E N E| me (2}
WAL

Far determination of harmonic values for f and o/ parameters one

mustl use ¢fft) and Gpr ) ). quantitics, which arc conditioned by the way of Lingar
extrapnlation of experumental dependencies «ff) and fp(7) tfrom a region of high
temperatures f < 0p to T=0 K [4]. Such extrapolation s more nghtfol tor pff ), than
tor #,(7), because a thermal dependence of the first of them actually s not influenced
with low-thermal anomalies, conditioned by the differcnce of the real frequency
spectral distribution function gw) from Debye parabola [3]. As showed in [2]
ot — Bt ¢ - 2eiri- 1) (3}

where [ - the volumetrical thermal expansion coctticient

The necessary x-ray diftractometry data. obtained by calculations of C after (1)
are adduced in table |

Talle 1,

P
meal to K T fen Hp(0) A0F10"m | gy piom”
{u 24 196 442 317 3.a%40 2,763

O 17 dyndom
{-:]1 C]E C'H
1,538 (¥, 702 {1,700

Because tor metals the Cauchy ratic 1s not accomplished, one may have a
reasim to take nto account non-central onteractions, using the known De-Launey
madel [6]. according te which for metals of cubic symmelry

Coz L =1 {4)
where K, - the pressing module of clectron gase af conductivity. The value of K may
be calculated by determunation of Fermy energy wy of collectivized electrons at T-0 K

L]

. s f 7 3NR a3

Koo =27 3ps1, where py, — d
2 Sl

From other side, cven art T=0 K and central interactions the transgression of

Cauchy relation is conditioned by the existence of zere oscullations, which in addition

arc unharmonic. This circumstance may be taking into account by using [4]

{correlation 13.27)

(5)

it )77
AL
where N Avogadro number; V- the volume of elementary cell; T(T) the energy of
lattice ascillation, which 13 equal to zero energy L{0)=%8&NkE, at T=0 in Debye
approximation. Cause at T=0 the substitution has appears as a good approxiumatian, the
parameter