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Wear Response of a Zn-Base Alloy in the
Presence of SiC Particle Reinforcement:
A Comparative Study with a Copper-Base Alloy
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An attempt has been made in this study to examine the effects produced by the reinforcement of (10 wt%)
SiC particles on the sliding wear behavior of a Zn-base alloy. The matrix alloy was also subjected to iden-
tical test conditions to assess the influence of the SiC dispersoid phase. The wear characteristics of the
(Zn-base alloy) composite and the matrix alloy were also compared with those of a Cu-base alloy (i.e., an
aluminum bronze) in order to understand the scope of exploiting the Zn-base alloy matrix/composite as
a substitute material for the latter (Cu-base) alloy.

It has been observed that low frictional heat generated at the lower sliding speed (0.42 m/s) enabled the
Zn-base (matrix) alloy to perform better than the composite material, while the Cu-base alloy showed in-
termediate wear resistance. On the contrary, the trend changed at a higher sliding speed (4.62 m/s) when
high frictional heating caused the wear behavior of the Cu-base alloy to be superior to that of the Zn-base
(matrix) alloy. The composite in this case performed better than the matrix alloy.

The wear behavior of the specimens has been explained in terms of factors like microcracking tendency
and thermal stability introduced by the SiC dispersoid phase and lubricating, load bearing, and low melt-
ing characteristics of microconstituents likex andn in the (Zn-base) alloy system and the thermal stabil-

ity of the Cu-base alloy. It seems that the predominance of one set of parameters over the other actually
controls the overall performance of a material. Once again, it is the test conditions that ultimately allow a par-
ticular set of factors to govern the other and influence the response of the specimens accordingly. The observed
wear behavior of the samples has been substantiated further with their wear surface characteristics.

Keywords sliding wear, zinc-base alloy, zinc-base alloy-SiC phase, could be quite interesting. Further, an assessment of the
composite working capability of the alloy/composite with that of a con-

ventional material could enable one to have an idea of the suit-

. ability of the developed Zn-base alloy/composite for

1. Introduction engineering applications.

In view of the above, an attempt has been made to under-

copper (Cu), and ~0.05% magnesium (Mg) have been observe tand the effects produced through reinforcing a Zn-37.2% Al-

to be cost-effective and energy-effective substitutes to a variety ?j_e alloy er':h hard_S_|C (S|Ic|jcon ca_rb|de) partlc(ljes 02 Its
of ferrous and nonferrous alloys (Ref 1-3). However, one of the 3''0INg Wear characteristics under varying test speeds and pres-

major shortcomings of the Zn-base alloys is their inferior prop- sures. The matrix (Zn-base) alloy has also been processed in a

erties at temperatures exceeding ~100 °C (Ref 1-3). Accord-manner similar to that for processing the composite and sub-
ingly, the variety of Zn-base alloys is suitable for use in jected to identical test conditions in order to examine the role

tribological as well as general engineering applications involv- gf—{)iigynggttar; ';:”dol S/pc%rrimgsri)tzaﬁ:é?lgt?)Z;Zec%ega:rzrdo\tvti?ﬁ
ing operating temperatures not exceeding the limit (Ref 1-3). In y P P

a recent study, increasing the Al content of the alloy system (tothat of a Cu-base alloy (i.e., an aluminum bronze) under the test

~ o . . onditions in order to have some idea about the working capa-
375 %) has been opserveq o attain improved mechanical an(tg)ility of the developed (Zn-base) alloy/composite with respect
sliding wear properties at higher test temperatures and speed

respectively, although within limits (Ref 4). Further, incorpora- 0 the conventionally used material (bronze).
tion of hard second-phase particles (SPPs) in the alloy matrix

has also exhibited better elevated temperature (mechanicalp, Experimental

properties (Ref 5-11). However, the effects of the SPP rein-

forcement on the sliding wear characteristics of the alloy sys- 2.1 Material Preparation

tem seem to have been studied to a limited extent (Ref 9-11). In
this context, a comparison of the sliding wear performance of

the matrix alloy and its composite, comprising hard dispersoid

Zn-base alloys comprising 8-28% aluminum (Al), 1-3%

The experimental alloys and composite (Table 1) were pre-
pared by the liquid metallurgy route in the form of 20 mm di-
ameter, 150 mm long cylindrical castings using cast iron molds.

. ) o . ) )
B.K. Prasad.S. DasO.P. Modi, AK. Jha, R. Dasgupta.andA.H. For preparing the composite, 10 wt% SiC particles (size 50-100

Yegneswaran, Regional Research Laboratory (CSIR), Bhopal-462 HM) were dispersed in the alloy melt with the help of a me-
026, India. chanical stirrer.
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2.2 Microstructural Studies and Measurement of mounted on brass studs and sputtered with gold prior to their
Hardness and Density SEM examination.

Metallographically prepared specimens were used for
microstructural characterization. The sample of the Cu-base al-3 Results
loy was etched with potassium dichromate solution, whereas™*
the samples of the Zn-base alloy/composite were etched with
diluted aqua regia. Hardness and density of the metallo-3.1 Microstructure

graphically prepared samples were also measured as per the Figyre 2 shows the microstructural characteristics of the ex-

procedures discussed elsewhere (Ref 12, 13). perimental alloys. The (Zn-base alloy) composite revealed a
o reasonably uniform distribution of the dispersed SiC particles
2.3 Sliding Wear Tests in the matrix (Fig. 2a) and good dispersoid/matrix bonding

Dry sliding wear tests were conducted on 8 mm diameter, 53(Fig. 2b). Differgnt microcor}stituents of Fhe (Zn-base) matrix
mm long cylindrical pins against an EN25 (Fe-0.3%C-0.7%Cr- alloy such as primarg dendrites, eutectoid &n and ephase
2.5%Ni-0.5%Mo) steel disc having HRC 32. The equipment (Fig- 2¢, regions marked by A, B, and by single arrow, respec-
used for carrying out the wear tests was a Cameron-Plintlively) have been characterized and discussed elsewhere (Ref
(United Kingdom) pin-on-disc machine (Fig. 1). Test speeds 12-14). Important mlcrost_ructural pha_ses in the case of the Cu-
adopted for the samples were 0.42 and 4.62 m/s, whereas pre$2se alloy included the primarydendrites, Cu-Al intermetal-
sure on the specimens was increased in steps until specimelic compound along with fine particles of iron (Fig. 2d, regions
seizure was indicated (as evidenced by a sudden rise in weaf’@rked by A, C, and the double arrow, respectively) as dis-
rate, large adhesion/fusion of the pin material onto the disc, andcussed elsewhere (Ref 15).
abnormal noise from the pin-disc assembly), prior to traversing
a fixed sliding distance of 500 m. Wear rate was computed by3.2 Hardness and Density
weight loss technique using a Mettler-Toledo, Inc. (Columbus,

orli-lo)r rgcgﬁza;?;reihzh\?veszfregggn?xrzrgiifger?séhorrgggTrllicomposite attained somewhat higher hardness than the corre-
prior. . : perat ( . sponding (Zn-base) matrix alloy while that of the Cu-base alloy
specimen surface) was monitored as a function of test duratlor\NaS the maximum. So far as the density of the specimens is con-

by Inserting a chromel-alumel thermocguple in a hole made atcerned, it was highest for the Cu-base alloy followed by that of
a distance of 1.5 mm from the contacting surface of the sam-

ples. The temperature so recorded, though, does not representtftl]e Zn-base matrix alloy and the composite.
true measure of the actual temperature at the contacting sur- o o
faces of the specimens, yet it can be considered to at least qual3-3 Sliding Wear Characteristics

tatively represent the relative (frictional heating) behavior of  Figure 3 represents the wear rate of the samples as a function

Table 1 represents various properties of the specimens. The

the samples being studied. of applied pressure. The influence of sliding speed can also be
noted in the figure. Wear rate was observed to increase with
2.4 Examination of Wear Surfaces pressure at all the test speeds. However, the rate of increase in

the wear rate was low, up to a specific pressure, which was fol-
lowed by a higher rate of enhancement in wear rate at higher
pressures. This was the trend observed over the entire range of
test conditions except in the case of Zn-base matrix alloy and
the Cu-base alloy at 4.62 m/s (Fig. 3). In the latter case, the wear
rate increased with pressure practically at a constant rate. Fur-
ther, the Zn-base (matrix) alloy attained minimum wear loss at

‘ 0.42 m/s while the (Zn-base alloy) composite exhibited the
E'y“dH;g%dd'l'i‘cg maximum wear loss. The copper-base alloy showed an inter-
Thermo Cylinder mediate response. The trend changed slightly at 4.62 m/s in the
Couple sense that the Cu-base alloy delineated the least wear rate fol-
Force Transducer lowed by that of the (Zn-base alloy) composite and that of the
Fig. 1 A schematic representation of the pin-on-disc machine Zn-base (matrix) alloy (Fig. 3).

Wear surfaces of typical samples were examined using
scanning electron microscopy (SEM). The specimens were

Table1 Chemical composition and properties of the specimens

Composition, wt% Vickers
Specimen No. Type Zn Al Cu Mg Fe hardness Density, g/cn®
1 Zn-base matrix bal 375 2.5 0.2 125 4.45
alloy
2 Zn-base alloy 135 4.41
composite (a)
3 Cu-base alloy 10.3 bal 1.5 159 7.55

(a) Specimen No. 2 is a matrix alloy per specimen No. 1, dispersed with 10 wt% SiC particles.
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Fig. 2 Microstructure of (a and b) the Zn-base alloy composite, (c) the Zn-base matrix alloy, and (d) the Cu-base alloy. Axy;@Bimary
eutectoida andn; single arrowg; C, Cu-Al intermetallic compound; double arrow, iron particle
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Fig. 3 Wear rate versus applied pressure plots at different slid-

ing speeds
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Fig. 4 Seizure pressure of the specimens at different sliding
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Seizure pressures of the samples at different sliding speed®ver, at the sliding speed of 4.62 m/s, the seizure behavior of the
are shown in Fig. 4. At 0.42 m/s of sliding, maximum seizure (Zn-base alloy) composite was observed to be better than that
resistance (pressure) was observed in the case of the Cu-bas# the Zn-base (matrix) alloy; the Cu-base alloy once again re-
alloy. The Zn-base (matrix) alloy seized at a pressure highervealed highest seizure pressure (Fig. 4).

than that at which the (Zn-base alloy) composite seized. How-
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Fig. 5 Temperature near the specimen surface versus test dura-
tion plots at (a) 0.42 and (b) 4.62 m/s
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Temperature near the sliding surface of the samples has
been plotted as a function of test duration at different speeds in
Fig. 5. The extent of frictional heating increased with test dura-
tion, wherein the rate of heating was higher in the beginning of
the tests, preceding a reduced rate of heating at longer test du-
ration at both the sliding speeds. Further, the specimens at-
tained larger frictional heating as the sliding speed/pressure
increased. At 0.42 m/s, the Zn-base (matrix) alloy experienced
least frictional heating while the Cu-base alloy suffered from
maximum degree of heating, and the (Zn-base alloy) composite
revealed intermediate behavior (Fig. 5a). In the event of sliding
at 4.62 m/s, all the varieties of samples showed the attainment
of a comparable level of heating at the minimum applied pres-
sure (Fig. 5b). The trend changed at a higher test pressure at the
speed wherein minimum frictional heating occurred in the case
of the Zn-base (matrix) alloy prior to its seizure; seizure caused
higher frictional heating (Fig. 5b). The (Zn-base alloy) compos-
ite experienced an intermediate level of frictional heating, while
the level was the maximum for the Cu-base alloy (Fig. 5b).

Maximum temperature near the sliding surface of the speci-
mens has been plotted as a function of applied pressure at dif-
ferent speeds (Fig. 6). The extent of frictional heating increased
with pressure and speed. Moreover, least frictional heating was
noted for the Zn-base (matrix) alloy at 0.42 m/s, whereas that
for the Cu-base alloy was the maximum. The (Zn-base alloy)
composite attained an intermediate level of heating (Fig. 6). On
the contrary, at 4.62 m/s, the Zn-base (matrix) alloy attained
higher frictional heating than did the (Zn-base alloy) composite.

Q | Zinc-based alloy matrix
& | Zinc-based alloy composite
O - Copper-based alloy

1042 m/sec, ——~—.4:62 m /sec

Maximum temperature , c

Applied pressure , MPq

Fig. 6 Maximum temperature near the specimen surface plot-
ted as a function of applied pressure at different speeds
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However, the Cu-base alloy experienced maximum frictional wear surface was also noted (Fig. 7c, regions marked A). A
heating in this case also (Fig. 6). magnified view clearly shows the sticking debris (Fig. 7d). The
extent of damage to the specimen surface increased with pres-
sure at the (higher) speed (Fig. 7c versus 7e). Furthermore, the
extent of microcracking of the samples decreased with increas-
Wear surfaces of the composite are shown in Fig. 7. Limited ing speed (Fig. 7e versus 7b).

surface damage was observed when the tests were conducted at The wear surfaces of the Zn-base (matrix) alloy were
low pressures at the sliding speed of 0.42 m/s (Fig. 7a). Increassmooth at low pressures at the speed of 0.42 m/s (Fig. 8a).
ing the pressure at the speed led to the generation of more seSticking of debris particles was also observed in this case
verely damaged wear surfaces (Fig. 7b). Arrow-marked (Fig. 8a, region marked by arrow). Higher pressures at the
regions in Fig. 7(b) are typical examples of microcracking on speed considerably increased the severity of surface damage
the wear surfaces. The extent of (wear) surface damage defFig. 8b). Similar was the trend observed at 4.62 m/s with
creased somewhat at low pressures when the sliding speed wagreater surface damage (Fig. 8c and d) than at the lower speed
raised to 4.62 m/s (Fig. 7c). Sticking of debris particles on the (Fig. 8a and b).

3.4 Wear Surfaces

(d)

Fig. 7 Wear surfaces of the Zn-base alloy composite. (a) Tested at 0.42 m/s at the applied pressure of 1.0 MPa. (b) Testedaatl®e42 m/
applied pressure of 9.0 MPa. (c) Tested at 4.62 m/s at the applied pressure of 1.0 MPa. (d) Tested at 4.62 m/s at teeapplieflpo
MPa. (e) Tested at 4.62 m/s at the applied pressure of 6.0 MPa. Arrow, microcracking; A, sticking of debris
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(d)

Fig. 8 Wear surfaces of the Zn-base matrix alloy. (a) Tested at
0.42 m/s at the applied pressure of 1.0 MPa. (b) Tested at 0.42
m/s at the applied pressure of 10.0 MPa. (c) Tested at 4.62 m/s at
the applied pressure of 1.0 MPa. (d) Tested at 4.62 m/s at the ap-
plied pressure of 2.0 MPa. Arrow, sticking of debris

6981 Volume 8(6) December 1999

The Cu-base alloy tested at low pressures at the sliding speed of
0.42 m/s revealed partially damaged wear surfaces (Fig. 9a) whose
extent and severity increased considerably with rising pressure
(Fig. 9b versus 9a) and speed (Fig. 9c versus 9a).

4. Discussion

Wear behavior of the specimens exhibited under different
test conditions can be explained in terms of specific features of
their various microconstituents. For example,drendn (the

(©)

Fig. 9 Wear surfaces of the Cu-base alloy. (a) Tested at 0.42
m/s at the applied pressure of 1.0 MPa. (b) Tested at 0.42 m/s at
the applied pressure of 12.0 MPa. (c) Tested at 4.62 m/s at the
applied pressure of 1.0 MPa
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major constituents) in the Zn-base matrix alloy (Fig. 1c¢) are dency towards large adhesion/fusion with the disc surface in-
soft and have low melting characteristics. Accordingly, they creased greatly. This was further substantiated through more
impart load bearing and solid lubrication characteristics (Ref severe damage of the wear surfaces (Fig. 8c and d). The thermal
16, 17), which become effective under test conditions involv- stability imparted by the SiC dispersoid phase however im-
ing low frictional heating because of their inferior thermal sta- proved the wear characteristics of the composite considerably
bility (Ref 15, 18). On the contrary, test conditions (Ref 15, 16) over those of the Zn-base matrix alloy (Fig. 3-6), as also evi-
causing the generation of higher frictional heat make the (Zn-denced by the reduced extent of damage to the wear surfaces in
base matrix) alloy prone to adhere to the disc surface to a conthe latter case (Fig. 7c and d versus 8c and d). Once again, the
siderable extent. As a result, ttiegndn) constituent phases  high thermal stability of the Cu-base alloy (Ref 15) led to its
fail to produce their positive effects (Ref 15, 19). Generation of best wear resistance among all types of specimens (Fig. 3 and
excessively high frictional heat leads to mass fusion of the 4), which also corroborated with its relatively improved wear
specimen material onto the disc surface resulting in specimensurface characteristics (Fig. 9c and 8c).

seizure (Ref 20). Addition of hard second phase particles The higher rate of frictional heating in the beginning of the
(SPPs) like SiC to a metallic matrix introduces a microcracking Wear tests (Fig. 5) could be attributed to the abrasion caused by
tendency in the matrix, where the dispersoid/matrix interfacial the broken asperities that get entrapped between the mating
regions act as potential sites for the nucleation and propagatiorsurfaces in subsequent passes (Ref 20). As sliding progresses
of microcracks (Ref 18, 20-22). The dispersoid phase also im-further, the effective area of contact increases in view of the
parts thermal stability to the alloy system allowing a more ef- changing mode of contact from asperity-to-asperity to area-to-
fective load transfer between the matrix and the (dispersoid)@réa. This leads to areduced level of stressing on the contacting
phase (Ref 7). This creates a situation favorable for more effec€9ions and, hence, to a decreased rate of frictional heating at
tive working of the softer and low melting &ndn) microcon- longer test duration (Fig. 5). ,
stituents, while the microconstituents provide support to the _ Sticking of the debris particles on to the wear surfaces (Fig.
dispersoid particles (Ref 19). Microcracking tendency pre- 7c and d and 8a) results from their entrapment in between the

dominates at lower operating temperatures and deteriorates thgontacting surfgces in subsequent. passes after their formation.
wear performance of materials, while the opposite is true forThe stuck _debrls protects the mating surfaces by reduqlng the
thermal stability (Ref 18, 19) extent of direct contact between the two, thereby improving the
As for the nature of tr’1e Cu-base alloy, it does not comprise /6@ résponse of the samples (Fig. 3-6). Stick-slip/torn-off ap-
any crack-sensitive microconstituent (like the dispersoid SiC pearance on the wear surfaces (Fig. 8b-d) results from large ad-

in the composite), nor does it contain any lubricating phase hesion through fusion of .the specimen material with the
(such as rin the Zn-base matrix alloy). However, the Cu-base counterface under the conditions of severe wear.
alloy possesses excellent thermal stability (Ref 15).

Based on the discussed characteristics of different micro-5  Conclusions
constituents, the wear response of the specimens can now be
explained. At a low sliding speed (i.e., 0.42 m/s) involving the

generaﬂon of IOW. fncﬂongl_heat (Fig. 5 and ,6)’ the Zp-bage clearly suggests that with material characteristics remaining
(matrix) ‘T""Oy exhibited minimum wear !‘?SS (Fig. 3) as its mi- unchanged, the test conditions make significant contribution
croconstituents could perform their positive roles of load bear- ;2 controlling the wear characteristics of the alloys/com-
ing and solid lubrication quit_e effectively due to low operating ,cite For example, low operating temperatures generated at
temperatures. Under the circumstances, the (Zn-base alloy)o\y speed (0.42 m/s) enabled the Zn-base (matrix) alloy to per-
composite experienced maximum wear loss due to the presorm petter than the more crack sensitive (Zn-base alloy) com-
dominating effect of microcracking tendency (Fig. 7b) result- posite material, while the Cu-base alloy performed
ing from the presence of the dispersoid SiC particles thereinjntermediately well between the two. Seizure resistance was
(Fig. 3). This also caused the composite to attain seizure resispaximum for the (Cu-base) alloy. On the contrary, the trend
tance inferior to that of the Zn-base (matrix) alloy (Fig. 3 and changed at a higher sliding speed wherein high frictional heat-
4) The absence of a IUbricating microconstituent in the Cu- |ng led to better wear performance of the Cu-base a”oy fol-
base alloy (like in the Zn-base matrix alloy) led to its wear be-  |owed by that of the (Zn-base alloy) composite and the Zn-base
havior being inferior to that of the Zn-base (matrix) alloy. At (matrix) alloy. Thus, crack sensitivity and thermal stability ap-
the same time, however, the Cu-base alloy performed bettefpear to be the most important parameters, which become pre-
than the composite, as the former did not contain any crack-dominant over each other depending on the conditions of
sensitive phase (like SiC in the composite). High thermal sta-testing to govern the wear performance of the alloys/composite
bility of the Cu-base alloy also enabled it to exhibit maximum accordingly.

seizure resistance (Fig. 3 and 4). Better wear response of the

specimens also agreed with the generation of smoother and lesgafarences

damaged Wea.r surfaces (Fig. 7_9.)' . 1. E.J. Kubel, Jr., Expanding Horizons for ZA Alloysjv. Mater.
During testing at 4.62 m/s, frictional heat generated was ~ pjcess Vol 132. 1987 p51-57

much higher than th_at generated at 0.42 m/s (Fig. 5 and 6)._ This, 15 Calayag, Zinc Alloys Replace Bronze in Mining Equipment
led to the most inferior wear response of the Zn-base matrixal-  Bushings and Bearingslin. Eng.,Vol 35, 1983, p 727-728

loy (Fig. 3 and 4) wherein the (soft and low meltimgandn 3. D. Apelian, M. Paliwal, and D.C. Herrschaft, Casting with Zinc
phases failed to play their positive roles and, rather, their ten-  Alloys, J. Met.,Vol 33, 1981, p 12-19

A critical appraisal of the observations made in this study
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