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Abstract : A Cu-Bealloy type B-534 according to
theASTM classification wasthermally treated under
different aged conditions. Varying the process ng tem-
perature (425, 450 and 475°C) and residence times
of the alloy at those temperatures (2, 3, 4 and 5h).
With these treatments sought to establish the condi-
tions of time and temperature suitablefor maximum
hardnessinthe studied alloy. From observations of
themicrostructurein conjunction with measurements
of hardness of thealloy, it hasthat aged trestmentsat
elevated temperatures (450 and 475°C) for longer
periods of time to 2h, result in the overaged of the

INTRODUCTION

Beryllium copper dloysmaintainauniqueposition
among dl engineering aloysthat arenow inuse¥. Cop-
per itself iswidely used throughout industry because
conducts el ectric power better than any other metal
(excluding silver)?. However, amajor disadvantage
of purecopper isitsductility making easily deformed
under the action of amechanical force?. To provide
someresistanceto copper, itisaloyed with other met-
asandispracticed to sometherma treatmentsresult-
ing aloy and they practiced somethermal treatments
to theresulting aloys?®. One of the metals used for

microstructure, whichimpliesthedecreaseinthe hard-
ness of the alloy. Moreover, aged at 425°C requires
long period of treatment (5 hours) to achieve adequate
and uniform formation of precipitatesinthealloy and
therefore reasonable hardnessin the same. Treatments
at 450°C during 2h, allow good training and distribu-
tion of precipitatesin the microstructure of thealloy,
and the greater hardness of the same.
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reaching high strength and hardnessin copper isthe
beryllium. Copper dloyscontaining beryllium, arethe
mechanically stronger among thefamily of copper a-
loys*. Thishigh resistance combined with good el ec-
trical conductivity makesthe copper-beryllium (also
known asberyllium bronze) they are particul arly used
for variousel ectrical applications, such as, in contacts
and replacements must open and closealarge number
times®. Although beryllium provideshigh resistanceto
copper, isnot sufficient ssimply to add the metal other
than copper, but once made the copper-beryllium al-
loy, it isimportant to a so perform aheat treatment of
precipitation hardening. Thistreatment involvesahigh
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temperature heating and quenching to obtainasolid
supersaturated sol ution, and then the alloy isreheated
to alower temperature for sometime (aged) toalow
the excess sol ute precipitate out of solid solution thus
forming a second stage, thus achieving the required
high strength aloy!™.

EXPERIMENTAL DEVELOPMENT

The working alloy was the denominated by the
ASTM asB534. Thisaloy wasemptied by themethod
of thepermanent mold, havingamelting temperature of
1185°C. The chemical composition of this alloy is the
following: 0.4% Be, 0.3% Co, 1.8% Ni, 0.10% Fe,
Cu bdance. Thedloy washeat treated inamufflefur-
nace (Carbolite brand), which can reach temperatures
upto 1200°C. They work with 13 cylindrical samples,
which hadthefollowingdimensons 2cmlongand 1.5cm
indiameter; these sampleswere gpplied thefollowing
heat treatment: solubilization at 920°C for 1 hour, cool-
ing to room temperature water, and then an aged is
performed in accordancewith thetimesand tempera-
turesspecifiedinFigure 1.

After performing the aged treatment, the samples
areroughed and subsequently polished, by attacking
them for 15 secondswith areagent with thefollowing
composition: 50gr ammonium persulfate and 50ml of
distilled water, to reveal the microstructure and may

-
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observethat in an optical microscope. Findly, thehard-
ness of the samples was measured using a load of
100K gf ontheBrindll scale.

RESULTS

Microstructure

The microstructure of the sample solubilized at
920°C without aged, it is presented in Figure 2. In this
figuremicrostructureshowsno dendritic structureasa
result of cooling fromtheliquid State, so that weit can
be determine that this temperature is adequate to
achieveagood dissolutioninthealoy.

Figure 3 show the microstructure of the aged
sampleat 425°C as a function of time. In this figure is
that for the sample aged for 2 hoursthe formation of
preci pitates homogeneously distributed inthegrains
wasobserved. Inthemicrostructure of the sample aged
for 3 hoursthereisan increase of precipitatesinthe
grainsalsoit can be appreciated some precipitates at
the grain boundaries. For the sampleaged for 4 hours
it isobserved afinemicrostructure with precipitates
homogeneoudly distributed inthe matrix, the distribu-
tionisindl grains, whichwill surely givegreater hard-
nessto the sample. Finaly, themicrostructure of the
sampleaged for 5 hourshasalarger formation of pre-
cipitatesthat arethemselvesdistributed evenly inthe
matrix. Moreover, in this sample are reached to see
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Figurel: Diagram showingthe heat treatment to which sampleswer e subj ected, to obtain the maximum hardnessasa

function of timeand temper ature.
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Figure2: Microstructureof ASTM-B534 alloy. Solubilized
at 920°C for 1 hour.

some preci pitatestend to accumul ateinthegrain bound-
aries whichmay beindicativeof initiation of anoveraged
of the microstructure dueto thelong treatment times.
Figure 4 show the microstructure of the sample
aged at 450°C during different times. In this figure is
that for the sample aged 2 hours precipitates distribu-
tion ishomogeneous, plusthey arevery fine. Onthe
aged sampleto 3 hoursthickening in thegrain bound-
ariesisobserved, likewise must be about the sameis
beginning to appreciate the exhaustion of the matrix.
Themicrostructure of the sample aged 4 hoursoccurs
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around grain boundariesthat depletion of thematrix is
evident, so that the growth of the precipitatesislarge;
asothickeninggrain boundariesareclearly visble. With
increasing aged time 5 hours, amore heterogeneous
microstructure with theformation of small islands of
beryllium (light blue particles) isobserved.

The microstructure of the sample aged at 475°C
for different timesispresented in Figure 5. Inthe mi-
crostructure of the sampleaged for 2 hoursthereisan
increase of precipitatesinthematrix grains, istheac-
cumulation of precipitates at the grain boundaries, so
these conditionswill reach the peak of aged. Onthe
simple aged 3 hoursgrowth of precipitateswithinthe
grainsisvisible, which also happen to occupy space
onthegrain boundaries, thiscan resultin the decrease
of hardness, and here you have atypica microstruc-
ture of overaged. In thefollowing microstructure 4
hours of aged growth of precipitates on the grain
boundariesis evident, further that the distribution
thereof isnot uniform; this sampleisalready fully
overaged. Inthe sampletreated for 5 hours, it isob-
served that thereisathickening inthe grain bound-
ariestypical of astructure overaged.

Hardness

After heat aged treatment for different conditions
of study, thefollowing resultswere obtained: Thewit-
nessspecimen (solubilized in 920°C during 1 hour) has
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ahardnessof 19.25 ontheBrinell scale. Theresultsof
hardness measurements on the various samples are
showninFigure6. Thusit followsthét a theaging tem-
peratureto 425°C, the hardness of the sample increases
astheagedtimeisgreater. Otherwiseoccurson samples
aged at 450 and 475°C where in a higher aged times
have decreased hardnessin the same. However, thisis
important to notethat hardnessreached 97.8 for both
samplesaged at 450 and 475°C for 2 hours, while the
maximum hardness reached by the sample aged at
425°C for 5 hours 1s 98.5, values very similar in the
three cases. The hardness decreased in the aged
samplesat higher temperaturesand longer timescan be
explained by thefact that the microstructurein these
casesisundergoing an overaged, making the micro-
structuregrowsin sizeand distribution of non-uniform
precipitates. In the case of the sampleaged at 425°C
hasto be not too high thistemperatureisachieved good
formation and distribution of the precipitates, but this
only tolong periodsof timeto achieve acceptablelev-
elsof hardness. What in the production processwould
not be profitablefor thelow productivity that involves
working these samplesfor morethan 100% of thetime
it requiresonly asampleisheated over 25°C to achieve
thesamehardnessinthe materia. Inthisway itispos-
sibleto establish that aged at 450°C for 2 hours is the
conditionwhereisreached the best hardnessvaluesin
thestudied Cu-Bedlloy.
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Figure6: Hardnessof theaged samplesat different temper aturesdepending on theaged time.

CONCLUSIONS

A solubilizationtemperatureof 920°C during 1 hour
proved to be adequate to removethe cast structurein
Alloy. Whileaged at €l evated temperatures (450 and
475°C) for longer periods of time up to 2 hours result-
inginoveraged microgtructure, which resultsinthede-
crease in the hardness there of. Moreover, aged at
425°C requires a long term treatment (5 hours) to
achieve adequateand uniform formation of precipitates
inthealloy and therefore reasonabl e hardnessin the
same. Theselong termstreatment processreducespro-
ductivity. Sothe best aged conditionsfor thesealloys
are; 450°C during 2 hours, where the better formation
and distribution of precipitatesin themicrostructure of
theadloy and wherethe greater hardness of thesameis
obtained.
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