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Abstract

The aim of the present investigation is to characterize the interface between thasSike reinforcement and Al and Mg metals
of the metal matrix composites (MMCs) prepared through vacuum infiltration technique. The weight loss as an index of abrasive wea
using pin-on-disc apparatus, the coefficient of friction, the microhardness value and the interparticle distance were determined under d
conditions and these results were correlated to characterize the interface as a function of properties of metal and the reinforcement. T
results of the investigation indicate that interparticle distance in cast infiltrated composites strongly influences the tribological propertie
of these composites. Microhardness on the reinforcement particles and interparticle distance are good indicators of the strength of t
interface between particle and the matrix. Magnesium base composites in general show better wettability as compared to the aluminium bz
composites. Coating of Sjeinforcements with Ni and Cu generally leads to good quality interface characteristics in Al matrix composite
as both microhardness and wear properties are improved. Oxidizgd&iorcements behave in complex manner in influencing the
interfacial characteristics in aluminium/magnesium matrix composites possibly due to the formation of reaction product at the interface
© 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction satisfactory wetting [4—6] of the reinforcement by the matrix
to ensure adequate adhesion and the rate of chemical reac-

Largely the structures and the properties of the reinforce- tion at the interface should be very low and extensive inter-
ment/metal interface control the mechanical properties of diffusion between the component phases should be avoided
metal matrix composites (MMCSs). Itis believed that a strong so that the reinforcement will not be degraded. The choice
interface permits transfer and distribution of the load from of the reinforcing and matrix materials for a composite sys-
the matrix to the reinforcement, resulting in an increased tem often cannot satisfy these requirements at the same time
elastic modulus and strength [1,2]. The nature of the inter- [1]. One of the ways of achieving such a desired interface
face depends on the matrix composition, the nature of thewhile not having to sacrifice the performance of the com-
surface of the reinforcement and the fabrication method of posite is to apply a thin coating or coatings on the reinforce-
the composite [2]. ment [7,8], which is chemically compatible with both the

Two major types of interaction occur at the interface reinforcement and the matrix. Oxidized SiC particles have
between a liquid and a solid phase: (a) physical and (b) been found to retard interfacial reaction and provide supe-
chemical. Physical interactions determine the wettability by rior bonding in the case of aluminium base alloys [2,9,10].
non-reactive liquids such as water and organic which have The silica layer grown naturally or artificially on the surface
tens of J/m as surface energies. However, chemical interac- of SiC fibres or particles used in aluminium-based matrix
tions are dominant in reactive systems where liquid phasescomposites is supposed to have two functions: protection of
have several J/fnas surface energies, and provide most of the SiC from aluminium attack and improvement of the wet-
the bonding energy [3]. An intimate contact between the re- tability of SiC by aluminium which would result from the
inforcement and the matrix needs to be established throughreaction between aluminium and Sif11]. Selective addi-

tion of alloying elements has also proved to be effective in
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posites. The normal component of interfacial stresses would2. Experimental
tend to cause interface debonding, while the shear compo-
nent could be the cause of splitting of phase boundaries [1]. The samples of Sigcreinforced Al and Mg metal ma-
The micro-indentation test has been developed over atrix composites were prepared through vacuum infiltration
number of years as a mean of extracting and quantifying the setup described elsewhere [16]. The Al and Mg used for
characteristic parameters of the interface between the matrixthe present study are of commercial purity (99.5%). The re-
and the reinforcing fibre [15]. In the present investigation, inforcement is blackx-SiC particulate of 10Q.m average
this technique has been extended to characterize the interdiameter.
face between the matrix and the reinforcing particles. The The composites prepared were of 15 mm diameter and
microhardness on the SiC particles have been shown to be aontain about 0.5 volume fraction of CA number of
simple and easy way of measuring the strength of the inter- infiltration experiments with varied preheat temperature of
face between the matrix and reinforcement indirectly [16]. SiC bed (500, 550, 600 and 650) have been carried out to
Many of the applications for which discontinuously re- investigate its influence on the microhardness or, $éih-
inforced aluminium matrix composites are desirable also forced into the matrices of Al and Mg, average interparticle
require enhanced tribological performance. There exists adistance, coefficient of friction and wear of the composites.
large body of literature concerning the wear performance of In the case of Al, the melt temperature has been varied (720,
such materials, much of it showing the composites in a good 800 and 850C) to study its influence on the interparticle
light compared to the alloys in the unreinforced state [17,18]. distance, coefficient of friction, wear and microhardness on
The introduction of reinforcing particles in an aluminium SiG, reinforced in the Al matrix. In the case of Mg, study
matrix reduces the wear rate [19-22] and the coefficient of has been conducted only to observe the effect of variation
friction. The particle size, volume fraction, or compositions of preheat temperature of the Qifreform on interparticle
do not significantly affect the coefficient of friction of the distance, coefficient of friction, wear and microhardness on
Al composites [22]. Hence, in the present investigation em- SiG, reinforced in the Mg matrix. The effect of dynamic
phasis has been led on the variation of the interface throughoxidation of SiC particles has been compared with that of
coating of the reinforcement and also through change of theuntreated SiC particles reinforced in the matrices of Al and
matrix. Strong bonding between particle and matrix is desir- Mg. The dynamic oxidation of the Sihas been carried out
able for wear resistance as well as other mechanical prop-in a fluidized bed furnace at 900 for 4 h. The Cu and Ni
erties [23,24]. The kinetics of wear can be determined in coatings have been obtained on $ify electroless coating.
terms of vertical displacement or material loss as a function The microhardness measurements on,Si@ve been
of load and time [25]. measured using a Vickers microhardness tester with 1009
Improvement in dispersioncy characterized in terms of load. The indentation was taken on the particles of same
interparticle distance is used as a parameter. Surface charaverage size. However, while taking the measurements, all
acteristics of reinforcement as their effect on dispersion hasthe readings wherein particle cracking has been observed
been related to wear property. Researchers [26] have showrhave been rejected in order to get the true hardness value of
that the dispersion parameters such as percent of particleshe particle. Each reading of microhardness in the graphs
touching, and the average interparticle distance sufficiently corresponds to that of the average of microhardness mea-
describe the agglomeration and dispersion of SiC particlessurement on 30 SiC particles in the composites of Al and
in the matrix. They have also shown an improvement in the Mg matrices and the scatter in the hardness values in each
wear resistance of Al-1.5% Mg/SIGMMC having good case is quite small, i.e. of the order of 0.1% [16].
dispersion of particles in the matrix. Recent studies revealed To understand the dispersion behaviour of the particles in
that in addition to the spatial distribution of second-phase the matrix, interparticle distance of the reinforced particles
particles, wear resistance is largely affected by the strengthwas measured using an NEOMET image analyzer. In order
of particle—matrix interfaces as well as the mechanical prop- to have better understanding of the coefficient of friction be-
erties of matrix materials [24]. haviour of these materials, the same were measured using
The bulk of the data on the interfacial characterization a pin-on-disc wear-testing machine against an alloy steel of
pertains to either SiC or alumina particles reinforced alu- specification EN-24 that had hardness of 57 Rc, using a load
minium matrix composites. Moreover, most of the studies of 19.6 N at 230rpm and disk track diameter of 120 mm
have been conducted on composites made by the castingat 31.9C and RH 90%. In an endeavour towards better
route (excluding vacuum infiltration technique, which has understanding of the mechanical wear of particulate rein-
its own advantages [13,16,27] over other casting techniques)forced composite materials as a function of interface prop-
or powder metallurgy route. In this study, in contrast, the Al erty, wear tests were carried out on Al/gi@nd Mg/SiG
and Mg composites have been made using vacuum infiltra-composites. The wear testing of MMCs were done using the
tion technique and were used to characterize the interfacepin-on-disc technique. The transverse section of each spec-
between the reinforcement and matrix, correlating data onimen of 15 mm diameter was polished on diamond cloth.
the average interparticle distance, microhardness og,SiC The wear test was performed on a 220 grit emery paper for
coefficient of friction and wear of the composite. 2min at a linear sliding speed of 1.67 m/s and at disk track
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diameter of 145 mm. The total rubbing distance covered was
kept constant for all specimens. A load of 9.8 N was put on
the pins. For every specimen, a fresh emery paper was used.
The weight loss observed after the experiment is a measure
of the wear property of the material. The values for wear
reported are average of three experiments and the error was
of the order of 0.01%.

Scanning electron microscopy (SEM) analysis on the in-
filtrated composite sample was done after wear test. The
samples were sputter coated with gold and were character-
ized by SEM using JEOL SEM. The X-ray mapping and
line scanning of the worn surfaces were also done on the
same SEM.

Fig. 1. Computer generated image analysis picture to measure the mini-
3. Results mum interparticle distance of Al/Sig&y-coateg COMposite prepared at a
preheat temperature of 680 and melt temperature of 720.

The following sections present results of measurement of
interparticle distance, microhardness measurement, coeffi-
cient of friction and wear done on composite samples pro- pe influenced. The poor dispersion of the particles is due
duced with different surface treated SiC particles. The resultsto the agglomeration of the particles in the matrix and may
are presented as graphs giving correlation of their proper-|ead to the weakening of the mechanical properties.
ties with preheat temperature of reinforcement bed, and in  The microhardness measurements have been taken on a
combination of properties. Most of the results are presentednumber of SiC particles of Al/Sig composites prepared

as function of interparticle distance. with uncoated, Ni-coated, Cu-coated and dynamically ox-
idized SiG, at preheat temperatures of 500, 550, 600 and

3.1. Interparticle distance and microhardness 650°C at the melt temperatures of 720, 800 and°®&0The

measurements against preheat temperature same measurements have been taken on SiC particles of

Mg/SiC, composites prepared with uncoated and dynami-
The dispersion of SiC particles in aluminium and magne- cally oxidized SiG at preheat temperatures of 500, 550 and
sium metal matrix composites was measured to study the ef-650°C at the melt temperature of 720. The effects of pre-
fect of matrix, preheat temperature of the iiteform, melt heat temperature and the melt temperature on the microhard-
temperature, and coating on the §i@h the variation in av- ness value and their correlation with the average interpar-
erage interparticle distance of the reinforced particles. Fig. 1 ticle distance has been studied. The average microhardness
shows a computer generated image analysis picture for meavalues of Al/SiG composites prepared at a preheat temper-
suring minimum interparticle distance of Al/Sj@u-coated ature of 650C and melt temperature of 720 described
composite. elsewhere [16] have been repeated for the purpose of com-
If the average interparticle distance is high (i.e. the dis- parison of results.
persion of the particles in the matrix is good), the micro-  For all the preheat temperatures of the Sigreform,
hardness, coefficient of friction and wear properties would the average of the microhardness measurement on 30 SiC
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Fig. 2. Effect of preheat temperature on microhardness o 8hforced in the (a) Mg/Sifuncoates and (b) Mg/SiGoxidizes COMpOSite Visa-vis
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Fig. 3. Effect of preheat temperature on microhardness on, &@iforced in the (a) Al/SiGuncoated and (b) Al/SiGyoxidizey COMPpOsite Visa-vis
interparticle distance.

particles in the Al and Mg matrices have been reported. in the preheat temperature of the gigreform as shown in
These average values of the microhardness clearly showFig. 3(b). However, for uncoated SiC particles reinforced Al
an increasing trend of hardness in the order of uncoated,matrix composite, the interparticle distance curve is shown

Cu-coated, Ni-coated and dynamically oxidized Si€in-

for the Mg/SiGuncoateg COMposite, the average interparti-

in the matrix of Mg composites prepared at respective pre-

to have slight increasing trend, whereas the microhardness
forced Al matrix composite. It is interesting to note that curve has decreasing trend as shown in Fig. 3(a). That means
there is hardly any effect of preheat temperature on the mi-
cle distance as well as the statistical average of microhard-crohardness value or it can be said that the two effects, i.e.
ness increases with the increase in preheat temperature ophysical and chemical are perhaps nullifying each other in
the SiG, preform as shown in Fig. 2(a). The same is the the process of improving wettability of the oxidized SiC
case for the Mg composite reinforced with the dynamically particles reinforced in the aluminium metal. This is because
oxidized SiC particulates as shown in Fig. 2(b). However, the silica acts as an oxygen source that causes oxidation of
the microhardness measured on the oxidized SiC particle isliquid aluminium and is confirmed by SEM X-ray line scan
less than that of on the untreated SiC particles reinforcedin the present investigation [11].

The Ni-coated Sigreinforced Al composites have shown

heat temperatures. Thus, it can be concluded that increase irmn increasing trend for statistical average microhardness on
preheat temperature of the preform improves the interfacethe SiG, in the matrix vis-a-vis the average interparticle dis-
strength and also leads to a better dispersion of the particlesance with increase in preheat temperature of the, HI€-

in the matrix.

In the case of Al/SiG composite reinforced with dynam-
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3.2. Interparticle distance and coefficient of friction 50; , 06
45 | * *
— ] os
In the present investigation, for Mg/Si@ncoateg MMC, ° “er = " 5
the coefficient of friction decreases, whereas the interparticle £ i i T 0.4 t‘é
distance increases with increase in preheat temperature of 2 = il } e b
the SiG, as shown in Fig. 5. The same is true for the case €5 * - R
of Mg/SiCyoxidizeg MMC as shown in Fig. 6. This clearly EE A _— loz £
demonstrates that a good dispersion of the particle leads to S' L = ipd §
a lower value of coefficient of friction of the composite. L e cof|{ 01
For Ni-coated Sig reinforced Al matrix composite, the i
coefficient of friction decreases, whereas the interparticle . o a0 a5

distance increases with increase in preheat temperature of
the SiG, preform as shown in Fig. 7.

Thus, generally, improved dispersion characteristics of Fig. 7. Effect of preheat temperature on coefficient of friction assis
the composite lower the coefficient of friction values of the interparticle distance of Al/Sigi-coateg cOMPpOsite.
composites when the wettability of the reinforcement with

the matrix metal is better as in the case of Si€inforced in - wear and increasing trend for the average interparticle dis-
Mg metal and also in the case of Ni-coated gt€inforced  tance with increase in preheat temperature of the, S€

Preheat temp.cC

in Al metal. shown in Fig. 8(a). The same is true for the case of oxidized
SiC particles reinforced Mg matrix composite as shown in
3.3. Interparticle distance and wear properties Fig. 8(b). Thus, it can be concluded that the decrease in the

agglomeration of the particle leads to a decreasing trend in
In the wear test of the composite samples, it was found the wear of the composite material with increase in preheat
that Mg/SiG composite has shown a decreasing trend for temperature of the SiJpreform. Also it is evident from the
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Table 1 90 _

Chemical compositions of the compounds formed at the interface of %0 W Wear, AUSICp(uncoated)
W Wear, Al/SiCp(oxidized)

Al/SiCpoxidizes COmMposite

Element % of element Compound % of compound

Al 14.24 Al,O3 26.91 2
Si 34.17 SiQ 73.09 ".;
(0] 51.59 ;"

figures that the wear is more in the case of oxidized SiC
particulate reinforced Mg composite as compared to that of Bih e =
untreated SiC particulate reinforced Mg composite. Preheat temp.°C

The wear and the coefficient of friction of the dynamically
oxidized SiG reinforced Al matrix composite decrease Fig. 10. Comparison of wear of Al/SiCcomposite reinforced with un-
with increase in preheat temperature of the SpGeform. ~ coated and oxidized particles.
Also, the SiC particles tend to agglomerate with increase
in preheat temperature of the Sifreform in the matrix of
the dynamically oxidized SiCreinforced Al matrix. This is 26.91% of AbO3 and 73.09% of Si@are present at the in-
evident from Fig. 9(a) and (b) where the average interparti- terface as shown in the Table 1. Perhaps, these compounds
cle distance decreases with increase in preheat temperaturare responsible for improvement in the wear resistance and
of the SiG, preform. It has been found after X-ray mapping coefficient of friction of the composite material although
of the surface of the cross-section examined and line scan-the agglomeration has increased. X-ray mapping also
ning of the interface region of the composite material that showed slight smearing of Ni and Cu on the surface of the
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Fig. 11. Effect of preheat temperature on wear a4gis interparticle distance of (a) Al/SiGi-coateg COMposite and (b) Al/SiGcu-coatey COMpOsite.
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composite material after wear test of the Al/§iG-coated
and Al/SiGycu-coateg COMposite materials, respectively.
However, the comparison of the absolute values of the ¢
wear data clearly shows that the wear is more in the case
of uncoated SiC particulate reinforced Al matrix composite
than that of oxidized one as shown in Fig. 10, i.e. wear
resistance is more for oxidized §jCeinforced Al matrix
composite as compared to uncoated one except at preheat
temperature of 65.
In the_ case of Ni- and Cu_coate(_j $|@emforced Al Fig. 12. Condensed liquid at the point of contact between two smooth
composite, the wear of the composite decreases, whereaggjig spheres, assuming zero contact angle.
interparticle distance increases with increase in preheat tem-
perature of the Sigpreform as shown in Fig. 11(a) and (b).

to a surface tension. The surface energy expended is not truly
the total surface energy but that “left over” as a consequence

4. Discussion of surface atoms or molecules being at the surface.
Well-dispersed solids as a powder have contact angles ap-

Let us examine the dispersion process and its relation with proaching zero and poorly wet surfaces angles approaching
wettability, microhardness, coefficient of friction and wear 90° or more (sessile conformation) [29]. This has been cor-
and their correlation with the interfacial strength. In the early roborated by the well-known Young equation:
stages of the dispersion process [28], the solid—air interface Vos — Vs
is replaced by one between solid and liquid (wetting). The €0st) = ———
interparticle forces that must be overcome in dispersion may vl
be surface tension forces, solid bridge forces, electrostaticThe force created by wetting energyis, that for gas—solid
van der Waals forces, forces arising from plastic welding or by y 45, and the third force component, adsorption of the gas
mechanical forces. Different methods of particle production on the liquid drop, byy 4. In this equation the contact angle
give particles of different roughness, leading to changes in of the liquid on the solidg, becomes a direct measure of
the interlock or friction forces between particles. the ability of the liquid to wet out the solid surface, or for

When appreciable quantities of liquid are adsorbed, the the solid as a powder to disperse in the liquid as the bulk
surface film covers the asperities and forms liquid bridges phase. This means that lower contact angle and hence better
between particles in contact. The curvature of the meniscuswettability leads to better dispersion of the reinforcement
determines the vapour pressure above the liquid bridge andin the molten metal matrix. This should manifest as greater
the magnitude of the adhesive force owing to surface tension.interparticle distance at same volume fraction of SiC par-
For two smooth spheres, the total fofeg; is ticles. Also, it has been observed in the present investiga-
tion that well-dispersed particles in Al and Mg composites

Fiot = 2”—”/ have shown improved microhardness, coefficient of friction
1+ (tang/2) and wear resistance. Previously [16] it has been shown that

where ¢ is the central angle (see Fig. 12)the particle improved microhardness on the SiC particles is an indirect

radius, andy is the surface tension. revelation of the interfacial strength. Researchers [18] have

The four primary processes involved in stable dispersion shown that the degree of clustering is expected to influ-
are: (1) displacement of adsorbed gas on the solid phaseence the wear performance by providing preferential sites
by the liquid phase; (2) formation on the solid surface of for crack nucleation. Also the wear resistance is largely af-
a protective boundary to prevent particle—particle adhesion; fected by the strength of the particle—matrix interface in ad-
(3) mechanical separation of these particles to allow the dition to the spatial distribution of the particles [24]. Fur-
liquid phase complete encapsulation of them; (4) complete ther, better dispersion of the particles within the composites
and homogeneous redistribution of the particles throughout enhances the friction coefficient [30]. Thus, it can be con-
the liquid volume [29]. cluded that wettability, dispersion of the reinforcement in

If energy of wetting (enthalpy of wetting) by the liquid the matrix and interfacial strength are related to one another
exceeds that of the adsorbed gas, the liquid in the drop will vis-a-vis microhardness value on the SiC particles, coeffi-
move outward until the internal force holding the liquid cient of friction and wear property of the Al and Mg metal
molecules together (essentially the latent heat of vaporiza- matrix composite material.
tion) balances the energy of wetting provided by the surface, Al would strongly wet Ni- and Cu-coated SiC particle.
i.e. the free surface energy. Also higher temperature always lead to lower contact an-

The surface wetting by the droplet is the result of excess gle 6, thus, showing improvement in wettability. Thus, Ni
surface free energy. Surface molecules are thus being pulledas well as Cu coating and higher preheat temperature possi-
in normally, toward the solid surface, a situation equivalent bly improve the wettability of the ceramic/metal reinforce-
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ment and hence as discussed above are responsible for ¢hat if the interparticle distance of the reinforced particles
better dispersion of the particles in the Al matrix. The Ni in the composite material is short, then the erodant parti-
and Cu coating on SiCwet the SiC and hence no rein- cles of the emery paper are, perhaps, prevented to erode the
forcement degradation is observed in Al matrix composite. SiC, of the composite material, whereas the erodant parti-
Also the SiG are well dispersed in the Ni- and Cu-coated cles of the emery paper can erode the SiCthe composite
SiG, reinforced Al and uncoated SiCp reinforced Mg com- material when the reinforced SiGire dispersed at higher
posites. Contrary to Al/Signi-coated, Al/SiCp(cu-coateg and distances.

Mg/SiG, system, agglomeration of the §j@re observed in Indeed SEM studies done on worn surfaces, confirmed
the case of Al/Sigoxidizeg COmposite. This might be due the above model. The SEM micrographs of worn samples
to the formation of A}O3 at the interface as evident from  shown in Fig. 14(a)—(c) for Mg/Sig; Al/SiCpnNi-coateg and

the X-ray line scan where the compounds formed and their Al/SiCpcu-coated, respectively, clearly show the absence of

compositions at the interface are shown in Table 1. grooves. This reflects the strength of bonding between the
It has been reported that coating is dissolved during the SiC, reinforcement and the Al and Mg matrices of the com-
fabrication of the composite leading to NgAphase for- posite materials prepared through vacuum infiltration tech-

mation and also that the formation of NiAphase at the  nique. Earlier Taha et al. [33] have shown in general a rough
interface has a weak influence on the degradation of thegranular surface with a lot of debris on the surface in the
SiCyiy/Al interface [31]. The Ni- and Cu-coated §jCe- observation of the worn surfaces using SEM. Pramila Bai
inforced Al matrix composite have shown improvement in et al. [34] have shown that none of the SiC particles at the
the microhardness value on the §i&s compared to the un-  surface seem to have undergone any fragmentation, nor is
coated SiG reinforced Al composite with increase in the there any decohesion at the particle-matrix interface. Con-
preheat temperature of the preform, although the differencetrary to this, Manish Roy et al. [22] have noted the presence
in the statistical average of microhardness value on the SiCof distinct grooves in the investigation of worn out surfaces
particle is nominal for Ni- and Cu-coated SiC particle re- of Al/SiCp composites. Although this comparison is not ra-
inforced Al composite. The Ni- and Cu-coated i@in- tional because the wear tests in the preceding case were
forced Al composite have also shown an improvement in done on steel disc at a higher load of 80 N, whereas in the
the wear and coefficient of friction properties of the com- present investigation it is done on emery paper of 220 grit
posite with increase in the preheat temperature of the pre-size comparably at a lower load of 9.8 N. (Also, the load is
form. Nevertheless, the oxidized SiC particle reinforced Al applied on a higher area in the present case.)

composite has shown a remarkable improvement in the mi- The interface region in Mg/SiC composite clearly
crohardness value on SiC particle. Although, the dispersion demonstrates no reinforcement degradation as shown in
of the oxidized SiC particles in Al matrix is poor at higher Fig. 14(a). To do the microanalysis of the Mg/gi€ample,
temperature, the oxidized SiCeinforced Al composite has ~ X-ray scanning of the transverse section of the composite
also shown better wear and coefficient of friction properties was done which is shown in Fig. 15.

as compared to that of untreated gi@ne. This is likely Itis interesting to note that for Mg matrix composite, when
due to the formation of AlO3 at the interface and hence the interparticle distance increases, both the coefficient of
improved wear and coefficient of friction properties. The friction and wear decreases, and the microhardness on the
improvement of coefficient of friction and wear resistance SiC, increases, with the increase in preheat temperature of
with decrease in interparticle distance as shown in Fig. 9(a) the reinforcement. This clearly demonstrates that the pre-
and (b) can be explained [32] as the difficulty in imping- heat temperature of the preform has a definite impact on the
ing the matrix directly by the erodant particles of the emery particle distribution in the matrix which is due to improve-
paper due to short interparticle distance between thg SiC ment in wettability. This also reflects that the improvement
reinforced in the metal matrix of the composite material as in the wettability causes the improvement in the microhard-
is revealed in Fig. 13. This model in Fig. 13 clearly shows ness on the SigCreinforced in the Mg matrix and this im-
provement is in complete agreement with the improvement
in wear resistance and coefficient of friction of the compos-
ite material. Thus, the microhardness value, wear and co-
efficient of friction value, and the interparticle distance are
correlated among one another with the wettability and in-
terfacial strength as discussed later. The microhardness in-
crease represents better interface strength which is due to
the increase in the wettability of the §@ith Mg metal as

(b) indicated by decrease in the capillary pressure drop given by
SiC particles AP,=—oScost [35] as reported in the earlier work [16],
whereo is the surface tension of the meft,the contact

Fig. 13. (a) Erodant impinge effectively; (b) erodant prevented due to angle, andSis the specific surface area of the reinforcing
“short space” [32]. phase.

/ erodant \
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Fig. 14. SEM micrograph of (a) Mg/Siincoated: (0) Al/SICynNi-coated
and (c) Al/SiGycu-coated Showing worn surfaces of the composite samples
tested for wear.
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Fig. 15. SEM photograph of Mg/Sjaincoates COMposite showing absence
of interface degradation and uniform distribution of reinforcement in the
matrix.

compared to a strong interface and hence the microhardness
on SiG, changes due to change in interface condition ob-
tained through varying the surface condition (by coating of
SiC by Ni and Cu and oxidizing SiC) and preheat temper-
ature of the Sig reinforced in the metal matrix and also
through changing the metal matrix and its melt temperature
(as in the case of Al). Thus, a statistical averaging of the
hardness of SiC over a number of particles can be a simple
and indirect measure of the interface strength in a composite
[16].

Similar results have been found for the coefficient of fric-
tion and wear test done for the Mg composite. The decrease
in the coefficient of friction value and increase in the wear
resistance are due to better distribution of the particle in the
matrix which is due to the improvement in the wettability
of the reinforcing phase with the matrix metal. This is in
agreement with the works done by Rana et al. [26,30] where
it has been shown that a better particle distribution in the
matrix is responsible for low wear and coefficient of friction
of the composite.

The same is true for oxidized SiCeinforced Mg matrix
composite where it has been found that microhardness in-
creases with increase in interparticle distance, and the coef-
ficient of friction and wear decrease with increase in preheat
temperature of the preform as is the case for untreategl SiC
reinforced Mg composite. This is attributed to the formation
of MgOSIQ;, spinel at the interface. The matrix metals Al
and Mg have responded differently to the reinforcement by
the oxidized SiG. In case of Al reinforced with oxidized
SiCp, the microhardness on the $i@as increased, whereas
in the case of Mg reinforced with the oxidized §j@e mi-

It is assumed that a strong interface between the matrix crohardness on the Sidas decreased as compared to the
and the particle would resist indentation on SiC particles Al and Mg reinforced with the untreated SiQespectively.
better than a weak interface. A weak interface is expected The same is true for the coefficient of friction and the wear
to allow pushing of the particle during the indentation and tests. This clearly shows that the wettability improves in
hence lead to a lower hardness value of the particle whenboth the materials, i.e. Al and Mg reinforced with oxidized
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