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ABSTRACT

The alloys of different weight percentage of Cu-abml1, 2, 3, 4 and 5 wt.% are produced by conoeal
melting and mould casting route. The effect of etiéht Cu—weight percentage on the tensile properfercent
elongation, hardness and wear behavior of the slleyinvestigated. It was observed that the hadwésthe alloys
increased continuously with increasing copper auntg to 5 wt.%. The tensile strength increased thwedwear loss
decreased with increasing Cu—content up to 2 wioZn—40Al but up to 3 wt. % for Al-40Zn. Howevehe coefficient

of friction and temperature were found to be lesglie copper containing alloys than the ones witloopper.
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INTRODUCTION

As a result of extensive research work carriedover the past, a number of Zn-based commercigyataving
eutectic (Zn-5Al), eutectoid (Zn-22Al) and Monotddt (Zn-40Al) compositions have been developed.
The alloys showed better performance than eithenzw or cast iron used in engineering and tribchlgi
applications [1, 2]. These alloys are mainly basmd Zn-Al eutectic, eutectoid or monotectoid composs.
The Zn—Al monotectoid alloys were found to havehkeigstrength and wear resistance than either éuteceutectoid
alloys [3-7]. It has been shown that the additibalmying elements including copper, silicon, magium and nickel can
improve the mechanical and tribological propertiéZn—Al alloys [8-12]. A few studies have beenr@at out on the
evaluation of mechanical and tribological properted Al-based ternary alloys containing zinc andalbramounts of
copper [11, 12]. According to the results of thé@seestigations, hardness, tensile strength and wesistance of the
Al-based ternary alloys increased with decreasing and increasing copper contents [11, 12]. Thdicates that the
binary Al-40Zn alloy can be taken as the basipfeparing and investigating ternary Al-Zn—Cu allogepper was found
to be the most effective alloying addition towaneigroving mechanical and tribological propertieslugse alloys [8, 9].
However, the effects of copper content on frictaord wear properties of these alloys have not baky déstablished.
Zn-based monotectoid alloys containing copper dimbis have been found to be superior to the allbgsed on either

eutectic or eutectoid compositions, as far as theichanical and tribological properties are corneafi0, 11].

EXPERIMENTAL METHODS

Materials Selection

The alloys were produced from high purity zinc @8), commercially pure aluminum (99.7%) and eldgtio
copper (99.9%).
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Preparation of Test Specimens

The alloys were melted in a crucible using an eileatt furnace and poured at a temperature of apmabely
630 °C into a steel mould at room temperature. fbeld had a conical shape with length 196 mm, iatediameter at
the bottom 60 mm, and internal diameter at the7@®pm. The microstructure of the alloys was exarhimging scanning
electron microscopy (SEM). Tensile tests were peréa on round specimens having a diameter of 8 minaagauge
length of 40 mm at a strain rate of 15> s™.

Tensile properties of the alloys were analyzed lyrying out test on the universal testing machine.
Three specimens were used to determine the testsilagth of each alloy. Brinell hardness of theyadlwas measured
using a load of 62.5 kgf and a 2.5 mm diameterdstn indenter. Vickers microhardness of the allegs also measured
at a load of 5 gf. The macro hardness and micratessiof the alloys were determined by taking ameayeeof five and ten
readings respectively.

Computerized pin—on-disc wear test machine was fmethe wear and friction tests of alloy samplesier
different loads from 10 N to 100 N and linear spe&@.65 ms' for one hour. Wear resistances are measured kgightv
loss using a four digital microbalance. Each weangle is ultrasonically cleaned and weighed betfloeewear test using a
balance with an accuracy of 0.01 mg. Three samfplegach condition are tested and the average efwtbight loss

measurements is used for calculation of the weapepty.

RESULTS AND DISCUSSIONS

The Microstructure

The microstructure of the Zn—40Al alloy basicallyngprise a mixture of two phases, namely dendatesl rich
phase and interdendritig—Zn rich phases as shown in Figure 1(a). Additibrcapper resulted in the formation of
€—Cu rich intermetallic (CuZ) phase in the interdendritic regions of the alldlisis can be seen in the microstructures of
the alloys containing 3 and 5% copper, Figure 1Jb¥tle number and size of tlkephase particles increased with the
copper content of the alloys. This type of microsture seems to be ideal for bearing materigdphase acts as a

load—bearing phase, produces hardening effectefed wear resistance in the alloys [13-18].
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Figure 1: Microstructures of the Alloys: (a) Zn—-40A, (b) Zn—40AI-2Cu, (c) Zn—40Al-3Cu and (d) Zn—40A{5Cu
While the microstructure of the Al-40Zn alloy castsi of a—Al rich phase dendrites surrounded by eutectoid
o+n phase, Figure 2 (a). In addition to these phd&sd§uAl,) particles formed in the interdendritic regionstoé ternary
Al-40Zn—Cu alloys (Figure 2b—d). Tl8e-particles coarsened with increasing copper comiktiite alloy system.

(c) (d)
Figure 2: Microstructures of (a) Al-40Zn, (b) Al-4®n-1Cu, (c) Al-40Zn-3Cu and (d) Al-40Zn-5Cu Alloys

It appears that replacing zimith aluminum in Zn—-Al-Cu systemasults in the formation d-phase in

place ofe—particles. These observations are in agreemehtthit results of previous investigations and caneteted to
Al-Zn, Al-Cu and Al-Zn—Cu phase diagrams [13-18].
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Mechanical Properties Results (Tensile Strength, Peent Elongation and Hardness)

The variation of hardness, tensile strength, pérelemgation and microhardness of the test all@ya function of

copper content are shown in Figs. 3-6.
Hardness and Percentage Elongation

It was found that, the hardness of the alloys iaseel almost continuously with increasing Cu—contgnto
5 wt.% (Figure 3) results from the solid solutidneagthening [8, 9]. Addition of copper to the bipan-40Al alloy,
e—phase is a hard phase and its formation incréhseesverall hardness of the alloys (Figure 3). Heeveformation of the
e—phase results in a reduction of the copper comiktite a—phase which is the matrix of the alloys and herdeces the
effect of solid solution strengthening [19, 28¥hile, Addition of copper to the binary Al-40Zn @) results in solid
solution strengthening of the—phase and formation of copper—ri€rphase. Solid solution strengthening effect
(solution of copper i) causes an increase in both hardness and tetrsitgth of the ternary alloys. But, the percentage

elongation of the alloys decreased continuously witreasing Cu—content (Figure 4).
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Tensile Strength

It was found that, the tensile strength of the yaldncreased with increasing Cu—content up to 26wt.
(in Zn—40Al alloys) and up to 3 wt.% (in Al-40Zna&}s) above which the trend reversed, while thairdness increased
continuously over the entire range of Cu—contergufe 5). However, the decrease observed in th&léestrength of the
alloys containing more copper may be explainecims of microstructure. It is known that, when @e-content of the
Zn—-Al-Cu alloys exceeds a certain level (1-2 wt.fd)mation of thee—phase results in a reduction of the copper content
of the a—phase which is the matrix of the alloys and heedeices the effect of solid solution strengthenalgo increase
the cracking tendency of the alloys [8-11, and Blit, when the Cu—content of the Al-Zn—Cu alloysesds 3 wt. %,
formation of hard and brittlé—phase weakens the interdendritic regions of thiysknd gives rise to cracking tendency.
The microhardness of the-phase of the alloys increased with increasing Gutent up to 2 wt. % (in Zn—40Al alloys)
and up to 3 wt.% (in Al-40Zn alloys) and becamestant above this level (Figure 6).
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Figure 5: The Effect of Copper Content on the Teng& Strength and Microhardness of thex—phase of
Zn—40Al-Cu and Al-40Zn—-Cu Alloys

Wear Test Results

Wear loss of the alloys is plotted as a functiorslafing distance in Figure 6. It was found that thear loss of
the alloys decreased with increasing Cu—contertoupwt.% (in Zn—40Al alloys) and up to 3 wt.% @&+40Zn alloys).

However above this level, the positive effect (fedluced wear rate) of increased hardness was igiteeeby the negative

influence (high wear rate) of decreasing strengttis is probably why when the Cu—content exceedetginal increase

in wear loss was observed in the alloys. After dgaie range of sliding distance and wear loss ef $hmples become

almost constant. These observations may be explamterms of microstructure and mechanical prapemf the alloys.

The hardness and tensile strength of the alloys hastrong effect on their wear resistance.
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Figure 6: Effect of Copper Content on Wear Loss 0Zn—40Al-Cu and Al-40Zn—Cu Alloys

CONCLUSIONS

B50

* When the Cu—content increased, new phasegdigbase formed in Zn—40Al artd-phase formed in Al-40Zn in

the interdendritic regions of the copper contairtergary alloys.

* Hardness of the alloys increased continuously witheasing Cu—content, but percentage elongatiowst a

reverse trend.

* Microhardness ofi—phase and tensile strength of the alloys increasgdincreasing Cu—content up to 2 wt.%
for Zn—40Al and up to 3 wt.% for Al-40Zn, but abotas level it decreased as the Cu-content inctease
The wear loss of the alloys was found to be inygnseoportional to their tensile strength.
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» As the sliding distance increased, the frictionfficient and wear loss of alloys reached constantls following

an initial decrease in friction coefficient and yah initial increase in wear loss.

» Tensile strength and hardness are very effectinartds controlling the wear behavior, but microhasin of

o—phase has the strongest influence on their weataace.

 Among these alloys, the highest tensile strengthwaear resistance (inverse of wear loss) werengitiby the
Zn—40Al-2Cu alloy and Al-40Zn—-3Cu alloy.
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