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Effect of silicon content of substrate on wear properties of
spray-deposited SiC,/Al-Si functionally gradient composites

SU Bin, YAN Hong-ge, CHEN Ji-hua, CHEN Gang, DU Jia-qing
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Abstract: The wear properties of spray SiC,/Al-Si functionally gradient composites with different silicon contents were

investigated. The results show that, when Si contents are 7%, 17% and 20%, respectively, the friction coefficient of

SiC,/Al-Si gradient composite decreases with load or speed increasing, as SiC particle contents enhancing, the friction

coefficient reflects increasing trend. With Si contents adding, the friction coefficient is more stability. When Speeds are
300—500 r/min and 700—900 r/min or loads are 10—30 N and 4050 N, the wear rate increases with speeds and loads

upgrading, and decreases with SiC particle content enhancing; when the speeds are 500—700 r/min or loads are 30—40 N,

the wear rate decreases with speed and load increasing; with Si contents increases, the wear rate reflects decrease trends;

at the same time, with Si content increasing, thicknesses of mechanical mixing layer (MML) generated in the processes of

friction and wear is reducing trends.

Key words: Si content; spray-deposited; functionally gradient composite; friction coefficient; wear performance

RURL G 5 R R A MR BAT S S/ Bl s
ANLERIEE . AUk R AU, PRvEtEm . S 3E,
PRI B RSO T R R A
ARG AT, EHA AR S, W
PRI WG, 206 HEAE A 44955 22 A P EER m fY
A ) N AR AR i R B I — R

BEWEB: EESB AR HRIZ B I H (2009AA03Z111)
s HER: 2012-05-02; &iTHHER: 2012-09-22

BE, FLR 2 O B e ORI SR KBRS AR NI IS 2
2L AR B B ORI B S SRR 0 A, IX
INFAA PRSP ROA) 1 R SR T, 2 P I B v
IR JE DRI T AT A o

HAT, A A E W A2 THG ST AT 7Rk D)
Refof 5 5 & ¥ FH(Functionally gradient composites,

BISEE: ™ad, B3, Wit fif: 0731-88824005; E-mail: yanhg68@163.com



202 A G A R

2013451 H

FR FGM) o #5%Co R0 NP PR FH 25 Lo B8 77 1 46 H
o [ET AR (ot SOIL A AR RS FE DI REATRL, TS SLBEHZ
RS REIEAT TS HUMBERTO 210R F Bk 0
IERUREG BT ST T B0 iE AIB, BUkLIG 5 ALl-B Al
Al-B-Mg DIReh L S APRHBE R B v g . T ISR
SEPIRH ML-100 BRI RL BRI WL T 29
FEIE I SIC,/AL-8.8%Si A S of PRI B M
SRR T EEVE BRI R T SIC ORE A 75 i S 650
fi, AN ENBHAL R, SEREAR. BUTECI
T SiCy/A356 B Gk SiC/A356 DIRERH A
BH R BEVE AR, LA RN R 1 SR IX i 5
PRI AR T B bR R, b SiC UKL B 4R X
(UKL 5 kg, R B PR o VIEIRA 2575 T 28
DFFIEI SIC/AL DhRERSE LSRRI AT, JL4s
R B A AN 1T SRR O 2L 2R
B BERB TS0 A s SIC RURE IR 5 B (5T i 40 B0 9 =2
5% il B RORL S 9 0, DhRERR 2 S SRR
BE R A R B, MR S 4RSS IR KT 5%
I, PEEREOT IR IR o

ERRRERG ST, e RARI, RS
IR R TR IR RS SrhRaE.
BRPE R B PERE AR M . RES AN, BORH B
PR AR o A Rl S B G, A A i
JEVE A A, R b, R s, (2
R B aE S B, AL TR ERRIL A Si Ao
IBUIRZ TE IR, X80 e BRI, fh)
BV RIIA I B2 B, ek, ASCYERERIT Hh SU
SEUIRI TR 3 RO EARE SR A 7% 17%
1 20%, 5T 73 BOI D BERE LS A PR 2 5L 5
PERE, Herh SiC ORGSR AH PR TR 73 B L 5 0~20%3%
BB AL o

1 K8

RS SCHR[9], K H B 248 il - 8 4 3 A T 512 30
SiC FURL I IR B BA e ARk o SHG 45 AR
FRI RS N ) S IE LG, SIC R A R g
HEMIEAR R LR, w9 SiC MUk e DU I
JEET7 1) 5 0~30% FRIHR A B AR A, o 2% T3 SiC it
FL 5 0~20% F 9K S B A2 4K ) SICy/AL-TSi -
SiC,/Al-17Si Fl SiC,/Al-20Si g B 8 5 & 4 RHE
540~560 C NIEATIA R IB ISR AL, 11 485~495 C
HEAT [T AL 3, 60 COKIE, 175 CHZL 8 he T4 lUT
e ) EC d6 mm X 12 mm 3 NANA SiC & ik

FE, RH MG—2000 7Y 84— I LEA T 5 160 8 2 5 401
MR, AHER R 45 540, R d70 mm X 10 mm,
HREAR 30 mm. RFEL SAIRD AT BT 5 B A
10~20 min 227 90%[¥ HIFAFA . DA CREF A
300 r/min, HUEAT 2500 100 204 304 40 F1 50 N;
PREFET 0 20 NI, U351 8 300, 400, 500
700 H1900 r/min. SEHBEAT S HEHCH 6 000 ¥ . i
T R RRE TS e, B A I A R
£0.1 mg MR BT, BEHREW)H AR
W=Am/Q2nReuN) VEU, U Am AR EEA RS
WG K (mg); R AR 12 (m); ¢ R
Al (min); n A BECRAEFOE (/min); g K PR
BERE N R R B R I (N).

K H MM-6 2 ER 3 4 A OB 4 i W %%
SiCy/Al-Si FGM ' SiC FUkL IR BR 4341, K HH SCHR[9]
TR IR 2 SiC JBURLAE i B2 U7 7] EANIRIGURR 2
PR TR 2 B, SR FH MHV—2000 7 S5 Gt 5 -0 52 Aok
FEMBHERE AT, N4y 0.981 N, R H]
15 so FEPURRRANIR] w7 1) EIORE, ANl b
WS ANAFESEIATRN, AR5 BEPIME: KA
FEI-Quanta 200 44 Hi—+ W BN A 1) BE 0 R 1
JESREAT 73BT

2 FHR51R

2.1 SiCy/Al-Si IREM EE SHRIRYALR 5 1TRE
B A HAE R e R PR B 1 R, RFE
1y 2 1 3 FREURE £ 2300 0k BE BSEEER TR 12, 24 F1 36
mm Ab, BAGEE 1.2 Rl 3 6 A& AA] SiC Jki &,
XINY 3 A S AR RAE S 5 23 0 A ilAE S7-1.87-2.
S7-3, RFE S17-1. S17-2. S17-3 LIAzifFE S20-1.
S20-2. S20-3. HHIE 2 Pros il i oA ith Ze vl i,

12 mm
Sample 1

m
N

12mm
Sample 2

|—|
L

12 mm

Sample 3

]

1 SiC,/Al-Si FGM HUFf /R &K
Fig. 1 Selecting sample diagrams of SiC,/Al-Si FGM



%23 B 1 i Wk, S RS BN WU YU SICY/AL-SI DIReRs 5 SRR R IS S BE 1K) 5 R 203

190

* — SiC,-AU7Si
1801 o — sicl-AV/17Si
170 4 — SiC;-A1/208i

—_ = =
A
oo O

T T T

Microhardness (HV)
>
=

120+

110+

00— % 10 12 14 16
w(SiC)/%

B2 SiC/Al-Si FGM fifl i /) Aii

Fig. 2 Hardness distribution of SiC,/Al-Si FGM

18 20

SiC,/Al-7Si. SiC,/Al-17Si I SiC,/Al-20Si Tfehh LR
AR ) S P P AR B SAC A £ B P8 i K,
I HBSE AR S B, G AR A 4R
R R 2l BUR A AL , WRR T APRL R ALBE,
$m T SiC B SRR S REAR K 25 5 amE,  [RINRE
s, 2RO R AT B AR/ TR
AR RSURE (14 % GO P8 AR R R A v, [RLE SiC
TIURE ) 53 B BEAAREE 35 S A R FR) 5 0 el 5 P8 R L
Ko AP REDRE TRl A Rk 1T ) B ST i
B B H R R A DI RO,

B 3 s s3dilhy SiC,/Al-17Si ZhBeM: & 5 454k
(KRG hlsl 3 WL, SR T T RERE R
FRPRL SIC ORI A I A WL S, S T R
434, SiC,/Al-7Si FGM. SiC/Al-20Si FGM 15 SiCy/
Al-17Si FGM A MBI SiC J0RE 7 b 5 40 A e .
75 3 AR E LA E 3 FibpRhiAEh,  Sic itk
(T X B R AR VAP AR, HHURE A B R R K
WM 152% 9.7%H1 5.1%. SiC Pk Aiketiys), 5
AR S RAF, PR P EEABA BB fi et

2.2 SiCy/Al-Si IHERE S & SRR ER 1 RE
22,1 WIS E AN AT e 7 R A S 5 DS 5P 5
FEAMZEAT IR T T B3 A 5 ARk P 5 B A
Redm FEMIAMEINZ, PRI SRV A 5 e i 28 g
T 23 R B L 1 R I B AR O R, A,
BFF S Ak 8 Ay s 3 ARV 20 PSR B8 8 5 407 P e 11 52 1
AAEZE . B 4~6 P kit 1. 2 3 fEAH
BRAT RNV (ORI AL. AN 4~6 JT s (1 JBE 45 TR %
MEE T LA, BEAG B far RIS 3, R4 R A
RS A (R 300 r/min(R 0.93 m/s)i,

B3 WY SiC,/Al-17Si FGM [ BA% 2141
Fig. 3 Microstructures of spray-deposited SiC,/Al-17Si FGM:
(a) Sample S17-1; (b) Sample S17-2; (c) Sample S17-3

B HAT A8, SRR 30 N2 T EE R R 50 AR i
FERCR, 30 N ZJa sl FE R EE B R BB Bl 70 WA
N, HITRPEER SIC 0RL S SRR &5 G i BRI, 4
BT ORI, IR SiC B8 SO I B AT 1R PRt BT
JEEVRARMT, 1T A S P TR () L R —AH R, A
AR EE BRI B LBl - A2 A 10~50 NI,
FARHE) BE 4 DU R /NBE SIC RS0REL 2 e (K128 M 184 22 1
BER, EBBIEARAL.

TREFEAT R 20 N(H 0.7 MPa)itf, (AR R, Bl
BRI, WA RN BRI e, il
400 r/min )5 , SiC,/Al-7Si. SiC,/Al-17Si 1 SiC,/Al-20Si
(R REBR AR B T BB o X 22 th TRl
Ferrbem, AR R T i, B AR



204

A G A R

2013451 H

Average friction coefficient

N
~
)

<
IS
(=}

o
Lo
=

<
)
(=)

<
W
'

o
™
)

L (a) Rotating speed 300 r/min

L = — Sample S7-1
v— Sample S7-2
*— Sample S7-3

10 20 30
Load/N

B4  SiC/Al-7Si FGM N[ 2 55 4 1 14 PR DR it 2%
Fig. 4 Curves of friction coefficient as function of load (a) and speed (b) for SiC,/Al-7Si FGM
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Fig. 6 Curves of friction coefficient as function of load (a) and speed (b) for SiC,/Al-20Si FGM
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samples with SiC mass fraction of 9.7% after friction tests (20
N, 400 r/min): (a) SiC,/Al-7Si; (b) SiC,/Al-178i; (c) SiCy/Al-
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