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Effect of Particle Diameter and Volume Fraction on Wear Behaviour
of SiC-Particle Reinforced Aluminum Matrix Composites
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The wear behavior of SiC-particle reinforced aluminum matrix composites (MMC,) was inves-
tigated by pin-on-disk tests under atmosphic conditions. The matrix material was 2024 aluminum
alloy. The SiC particles were between 2 and 10 um in diameter (d) with volume fractions (V)
between 2 and 10%. The MMC, of the disk were rubbed against the 0.459% carbon steel of the pin with
a load of 10 N at a sliding velocity of 0.1 m/s. The steady-state wear rate of MMC, decreased with
increasing d and Vy. On the other hand, the wear rate of the steel counterface increased with
increasing ¢ and V;. The wear rate was affected by two factors; one is the effect of reinforced
particles against adhesive wear, and the other is the abrasive action of reinforcements. As a result,
it was concluded that d=5pm, V,=5, 109 provide the highest wear resistance for MMC, in this

study.
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Tablel Mechanical property of test materials

Reinforcement SiC-particle
Matrix material 2024Al
Heat treatment T6

Manufacturing procedure

PM ( Powder metallurgy)

Volume fraction of

SiC-particles Vi, % 0 2 > 10

Diameter of SiC-particles d, um - 2 5 10 2 5 10 2 5 10
Density , g/cm3 280 | 2.81 2.81 281|282 282 283|281 283 284
Vickers hardness HV 145 173 201 221 186 216 168 | 214 170 188
Brinell hardness HB 106 112 114 110 113 118 108 119 110 115

TFR L. BEAICVRBRAXET — L0
RIZRE T T2 O A — D W TEIE LT,
2-1-2 EREOBWIAE BHEEOBEIAE
VB M ALE SEEBRE A VL TIT o7, BRI
Berkovich Bl A Y€ REF BEEAH 115 ° 0=/
V) RV RERTEIX W=49mN, FEARD
SYERT 500 B, AT v /A v H—/1E 20 msec,
{REERRIT 1000 msec & L7z, ARBRTOES H i
BAPASEE hmx ZANWT, X (1) MHRDTZ
=03717xXW,” hmx? [MPa] (1)
W BFIHALHE [mN]
B : BFFFABHIRE [um)

HIEBEBRA Z LI 7 ARIEL, BKEL By MEZTR
< B RDOFEHE TR LT

2-2 #EHE T RIEBRATL MMGE
FOw M) v ZAMO 2024 Al §&EFERLE.
MMGC, DiffiE R 112, BFBEMETELR 115
7. MMGpix 2024 Al 54 (kRS [mass%] Cu,
48% ;Mg 1.7% ; Mn,06% ; ALbal.) O~V w7
ZRZ, #{AE LT &2, 5, 10 pm @ SiC Hi7%
V2, 5, 10 % 1BE UERERE (PM) ETBIE Sz
B 30 mm DIETHS. 74 A7 RBTIIIEE
EE 5 mm [ZEEIVICUTRYEL, RBEEZ# 1200
TR ) —HETEKEETFLE., REHIIZ
Ra=0.09 ~ 0.15 um TH o7z

FFM O 2RBRA 1L S45C (R (HV= 320)
RV, mEoRERE () 13 RERBEEREDY

720 % EXLTBED, T4 A7BBEEICERY 7=

#1200 = A U —HETHI 50 m FEEFEE L. REHS
I3 Ra=0.1pm Tho7z.

3. RBERELUER

3-1 EEETAE N21C9T)EBEHIfED
EEERHOE b, X3 ICEEETHRERT.
V2 %D MMG, Tidfs d & HRBRBRAE R, &8t
R U RA L, BRERREr, BRER L bITK

(@) d=2 um, V=2 % (b) d=2 pm, V=10 %

() d&=10 um, Vi=2%

(f) d=10 um, V=10 %
20um

Figl Optical photomicrographs of the surface of MMC,
specimens as received (unetched).
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% d L LRBREBEENOERBRRL o, £
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RBOEEFEIROMEE # R/ NERIEIC L > TR, F
7z, FEFH (CLU3RBRR) O S45C DEEFERIY, R
ENIERITNEL, BREREREICHE O RERR O 5t
L LB AN 2R o & OF BRI 12012, &
BRIE THRIZOHREY 44 U TRERELAE O DLE B
VEEBELTRVEMTRLUEL Lk
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Fig2 Variation in friction coefficient of MMCas a function of
sliding distance.
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Fig4 Wearrate of MMG, (disk specimen) in steady-state wear
regime as functions of d and Vi

o

o w
Wear rate of counterface steel, mm?3/m
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Vs

3:2 EEBRERINFE () BLUGKRERER
(V) OBBfR 42 d & Vizxrd s MMC, OF
HERROENERT. d & Vi OV ETE
FERIIWVT DA, d A3 5um LLE, VeAS 5%LLEIZ72

&, B ORREINELTIRB.

FFHM D 45C OEFEROEEZR 5ITRT.
S45C DEEFERIE, V=5, 10 % d=10um O MMGCy i
R 5BE T, MMC, DEEEERD 1/ 100 FRED/
X7MEER LD, ZNLSORETIHZE A LEERE
LTWiphot,

3:3 EREOHRK HBKRTHOZ MMG D
BEFEE & M CEBR L, Mgt=Cl &R AWT
T+ Hroet LEAICKERZRE Lz, RO
—H % 6 1" T. MMC, DESEEIZ d & Vilc & ¥
ELLBRD. VE2%TIE, KE2MMMBHIERBN
REGE, T HANC—HRECHIDN ED B 5 BEE
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Black Metallic Black Transfer film
colored area colored area of Al alloy

bright area
A A /

80 pm

Sliding direction of disk

(® d=10 pm, V=10 %
pLmm,

Fig6 Optical photographs and cross-section profiles of the

wom surfaces of MMC, in steady-state wear regime.
V10 % DOBEE, il U CEBRERARRIOREIZR
TAEE O & Al OFRTFERELZFHRIL. HPres
L U7t X #RiT Ka #RC, oT&EiX 43 pm x
43um TH5H. SHOBRKESIE, EEEL 20 kV
LLEDOT, Al © SEM ETF ey Ialb—
T a L OnL5um ThHd LHEIND.

ZERIEICRIT S 0 & Al OFRTFEREL (0/AD
AR22IRT. EBRXERETIEI ik d Tk

(O/A) DEIIERERBRATORE L R LLIT TS
5Zemb, Al PBHLTHWEHDEEZLNS.
—7%, B (OA) OfE 15 2L TS
b, AlOBEHD AOs £ E 2 HiLs.

3.5 BEREESWICHITATEOEREE d&Wr
12X > T MMC, OB EEIFTET D &BILIRER &
BEROBENRR->TW-Z &b, EfEOBL
AN EDD 0, SiCRFNEDS S, HFEHD
S45C A% MMG, IiZBE Lz Fe, < h U v 7 ARD
FHSTHD Al O 4 BEOTEOE ST CLTF, <
BV Y) BToT, FNENOEREIEZRDT.
BEEmO~ v 7L, L HBIFMICK LEAIZEE
B ADOHA (54 27 FEEBRF OFIARD 2>HIMRAIT
mTC—ERRREIC 25 BT Ei2, HEkl
L CEEERBRAIORE D~ » ¥ 7 ii—ERRI X I
10 BT -7z, 1 BETTOLHEEEITAT 70 pm X
70um, 7 EEII512 x 512 THBH. TFE (O, Si

(e) d=10 pm, Vg

(a) d=2 =2 %

Sliding direction of disk

(¢) d=5 pm, Ve=2% (d)d=5 pm, V=10 %

(e) d=10 pm, V=2 % (f) d&=10 pm, V¢=10%
Jmm,

Fig,7 Optical photographs of the wom surface of S45C in
steady-state wear regime.

Table2 Atomicity density ratio of O to Al on the wom surface

of MMG,
Volume . Atomicity density ratio of O to Al
R Diameter of
fraction of | . . . Worn surface
. il SiC-particles] Original -
SiC-particles d urf Metallic Black
Ve % pm surface .
5 70 brght area |colored area
2 043 0.13 1.21
2 5 0.27 0.13 1.58
10 0.43 0.83 1.56
2 0.59 - 1.41
10 5 0.51 - 1.54
10 0.59 - 1.63

Fe, Al) Zlic=y BV TEROY 7 AR EFHEL,
FNHOES O, Si, Fe, Al DY 7 ENVEHOKRFIT
B TR TROBEREIC SO AEERIE L L. 5
WO, <y v 7oaRy XRERE) TIoTH)
HEWET_TOE s vV EFHE L.

# 3128 MMC, DEEFERRAIORE & BFHEm D
FTROTHEEIGZTT. d2AKRELARY Vid#Ehing
HOITH, BEEEERTO 0 & Si OEEEEIERE <
29, Al OEBEEIEIINEL 25, VD, 10%D
d=5pm & 10pm T, 1FERCIcAes. Feid, &
A ERBRIBENRVDS, VED, 10 % d=10 pm OEEFER
DI 1%L, EDEER LT,

PlbozZ b, dABKRERY, VidsEnT 50
WA, EEREE CORMLERE & SiC R OB ERED

—211—

NI'l -El ectronic

Library Service



The Japan Society of Mechanical Engineers

3058 SiC 75k Al EEEMHOBEERECRIZ TN TR EBEEEEORE

Table3 The relative frequency of O, Si, Fe and Al on the original surfaces and wom surfaces of MMC,

Volume Di Original surface Worn surface
fraction of 'lamete'r of : ‘
SiC-particles SiC-particles Relative frequency, % Relative frequency, %
Ve % d, pm 0 Si Fe Al o) Si Fe Al
2 2.2 3.8 0.5 93.5 5.0 2.3 0.5 92.2
2 5 1.9 2.9 0.6 94.6 6.8 2.6 0.6 89.9
10 2.6 3.5 0.6 93.4 7.6 2.5 0.6 89.2
2 1.9 7.6 0.5 90.0 7.8 4.5 0.5 87.2
5 5 2.7 8.0 0.5 88.8 11.0 5.6 0.7 82.7
10 2.7 8.0 0.6 88.7 11.4 5.3 1.1 82.1
2 2.6 9.2 0.5 87.7 7.6 6.9 0.5 85.0
10 5 3.1 13.4 0.5 83.0 10.4 9.1 0.9 79.6
10 3.0 14.0 0.6 82.5 10.6 9.4 1.3 78.7

Table4 Hardnessof the wom surface of MMG,

[N}
T

BlEEmML, Veds %LU LI L d=6 ym &
d=10pm TIHE L A ERALLRNZ L3 Do T
3-6 #TFEE Al BEAHHOREE 25O

—
T

Vol‘ume Diameter of | Hardness of worn surface, GPa x 107
fraction of |, .
. . SiC-particles — 5
SiC-particles d Metallic bright | Black colored
V% dan =
570 area area =
2 2.43 3.00 £ 4l
2 5 2.69 3.50 =)
10 2.43 2.90 Iy
2 - 2.85 & 3+
10 5 - 3.25 §
10 - 3.60 E3
&
3
G
)
g
g
|72]

IXBEERODT, W%Xﬁéﬁ{tmgﬁﬁﬁﬂm/’f#@% PRI BT T E R
BB I EERETE OB b LR LT %7 4 R 0 5 10 15 20
BT S oA U BRI OB S 5L & B BRI Relative frequency of (O+Si), %
HZEEALMILE. L, FFEEORIFE(LO Fig 8 Relationship between steady-state wear rate of
BANL, BEFEETO SiC RFONHELLIZBE MMC, and the relative frequency of (O +Si).
OB —TRODT, B CHEMICEEROE
b & EREAC& 720,

SRR L BEROME S 28 MPALE SR x10°
B TRIE LI EREER4ITRT. d & ik BT,
BEEMOE ST 29~36 GPa L7220, &BXIREO
BEXDK 12~13f L 7pofz. ZORERIIEIL LR
BEPBEFRERICE LS BB LI L 2RBLT5.
T, Bfa B e SiC RFHOTE 0+
Si) OEEEIE E MMC, DEEEBEERL OFFRES
58D L OB, (0+S) DOEEEISNKE
{xpE, EEBFERIIBLTIN, ZORDORE
IXRBITELNTAR S, £12, MMC, DEEFEEIZ S
»% Fe OEFEEIE LAEFH D S45C DEEFER L DR
&2 ITRT. KESD MMC, Tik Fe 2MgHEH
9, S45C OERFERITNZITEITIV DS, Ve= 5, 10 %D Relative frequency of Fe, %

d=10um TiZ, Fe DEIEDOHEIIZAES T S45C DEEFE Fig9 Relationship between wear rate of counterface steel
FIRE <125, (845C) and the relative frequency of Fe.

3
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<
-}
Q'

10
©
A

Pin :845C

S

(9.1 [\
O[O
gpio-

W

)

Wear rate of counterface steel,
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PEDZ e, MMC, DEEFERN d & Ve DB
o> THAT200, B LB ke SiC kit
OEEEIEPEINT A2 LT, Al OESICLAEE
BHIEN A0 EEZLND. —F, d & i b
HREILEIZARD L, MMC, O EFEBEHRORS
DRREDRRNNCIRY, FFH D S45C DEEFERIK
ELRoTeDIX, BERO. @ L FEERIC AR T mEICE
E9 5 SICRIFOREIL LA LD LEZ BN,

ZT T, RS SOOI E AR LT
kAt SiC ki (BATF, WeRER) 288U, 2h
TIUERIZ 100 EERY HLZORERLEEEZHIEL

7o, BIEFEIIBERO @ LRk CH D, BN X
ONRE T OSEHTRR & d BLO Ve OBHRAERK 1 01

Y. EFERBEOBRA BRI T L, & Vi,

5

DiskMMC, / Pin:S45C | O Wear debris
Sliding distance 750~1000m{ © Particle fragments

N

Ve=2% [V,=5%

. Vi=10%
St L

. 3r iy ©

o O

.E " O [~ ©

§ 2L8 -

s L o .

B I | I I I |
0246810 2463810 246810
Diameter of particles d, g#m
Fig10 Sizesof wear debris and fragments of particles as
finction of Vin steady-state wear regime (sliding

distance 750-1000m).

Sliding direction of pin

Wear debris Transfer

@dﬂmeﬂ%

Sliding direction of pin

© &E10pm, Vi2%

d=2 pm TIIEFEHER LA BRIHIERI URE & T
HBHDIZxL, d=5, 10 pm THIFREHR OF A 1.1~15
fERELIRB, LIEhoT, d BRELRBIL TR
E DI T DR F-CBEERIRI L > TS h BhE
FRNPKREL Y, iz Ve OB —miSicE
ETDRFOEBEMTE. ZOMRE, Al &L
S45C DEFEEALSEMIN, BERERRRF CORE
B Th 57 DBEFEmOB MBS h, BRI
5. —%, d=10 pm T, Vi OEINTT LY
YERDEE L 720, MMC, OEREMBIIRE AR T &
¥, HFMO S45C DEEFEA NS H- b0 EEZD
nas.
PULO#ERZRE LT, MMC, DEEEMSETT L
HEZRPROR 4 E ARSI TR ERK1L 10L 512k
5. d&=2 um, VE2% (@) X, REIZTFEET S SIC
BLFOEE NS < R w7 A D Al B&HEF
HOMEEEECBE F R U CEBRET 5. d=2 pm,
VEI0 % (Eb) i3, BEEEmICE® 5 SiC R FOmEmE
FENKELRDZEILL ST Al BEDEEDRE
DVINE < 72 Y BEESETE TRV L O HREEIA L1
KUTEBREV &L 2B, d=10 pm, Ve2 % ((©)
%, @& FRZEREECTH DN, Bk mcE
ET 5 SiC O DR E PRI AKRE L
2% 0T, FBFE & OEBEEASHIH SNEESIC L B
BEAEIVINEL 725, d=10pm, VE10% (R@) i, ©)
LOIZRIT B SICRIFDRNEE AR SRR Tk
DR B, HEENAHET AR o7 7Ly
TYERANEE L 72, MMC, DEfENEOTHE
WNEL Y, MFHEFEOMPEET S L Ok b.

Sliding direction of pin
‘Wear debris 0
o
x10% g
.‘sg.
s
. &
35
- [
1128
. »1§ () &2pm, VEI10%
>
0 '§ Sliding direction of pin
@ "Oxide layer
W
Q;
Disk (MMCy)
s fSIC-particle

@ d=10pm, V10%

Fig.11 Schematic of wear mechanism model.
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WV MMG, &3 5121, RrFR% &S um & L, BFE
EHEEYD %, 10 YIZT B L BN EBHLINI R oT.

4. ¥ B

SiICHRIFI(L Al BB AR (MMCy) & S45C DEE
HRBAHENEE T0O%OERRZF TIT, UTD
RExET.

(1) MMC, DEFERERIT, KR L EEEFROM
IMZEENBAD 588, 7S 5 um ULk, A
EHEEDN %L IR D LD ORREDEERHT
720, FFMO S45C DEEFERPREL 2 5.

(2) MMC, DEE#EHE COBMLEEL SiC K FDOFEHE
RO, R L EEEEFEOEMIMANK
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IREE LT R & SIC b OmEAEEI A 30
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MMGC, DEFBEFRITDT5.
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