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ABSTRACT The sub—micrometric SiC particulates reinforced pure aluminum metal matrix com-
posite (Al MMC) was fabricated by a powder metallurgy technique. The microstructure of the Al
MMC was observed, and the tensile properties were measured. The results show that the 15% SiC,
(150 nm)/Al MMC exhibits an ultimate tensile strength of 342.3 MPa and a yield strength of 272.4
MPa, these values are 89.0% and 117.9% higher than those of the corresponding matrix respectively,
and the elongation of the Al MMC is 6.3%. The tensile fracture surface shows that the damage mech-
anisms of the Al MMC involve interfacial failure and brittle damage of SiC agglomeration. The reason
that the Al MMC has much higher yield strength is the change of matrix microstructure. Dislocation
density and Orowan strengthening mechanisms are used to evaluate their effects on the matrix yield
strength, and the predicted result is consistent with experimental result.
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W, T HH RS A E i s s 24, g
& 1, 0.15 um #T#K%K Al,Os Bikritig Al MMC
BREEREAREMSEYE, EANARRREER R
FiSliEafrds, Al MMC B3Rkl AT, a9k
Rt Al RIS RIFaRER 7. BEA/NSR S
FHR, EWEERERGEANEE 78

NT EFEWAN, ACRIRAMENEE, RRE
kR SiC Bk MK, X Al MMC RyRrfBpkas, 4
EMFATOIR, X E AP RR VLB AT IR
1 LB 5EZE
1.1 EHeirkiE

A LB TR M R R SR B a5k
SRS 99.9%, MHKTIKIER 6 pm. HIRAR SiC ¥y
RETE Y 50—500 nm, FHR~FH 150 nm, HifEH
97%-98%, X B &%, HEHRLE 1 Fiz.

1.2 SiC,/Al MMC #%i&

Tk SIC Wyikre B B4 v PTRR AN R P B
BAWE R ArEL 30 min J5, ST EIKEEE A\ SE B
MESMBRBRES, JRTERBREYL TR, BREH
F# K 130-160 r/min, BREERTEY 8 h. ERES/S A
th, TEHSTRERTE BT HE, d8haiFEy
BREERIE T

REER WS % ERE, ESRSAEM 630 T,
1073 Pa %/ FEZHE 40 min /5, EVGBHX SR
90% LA b sRsE. Bk EREERHUNTSS, H3%FIlaise
RN, T 420 CHATHEG, FEHN 40 @ L Fili
BE AR N ER 14 mm K.

1.3 SiCp/Al MMC #yhr{h3Lis

REER 2T B BB E N I TR, S-S5 EN
AT, FREEKEMERHHN 40 mm 1 8 mm. frfl
TR E TR P S FHPERLE T, FEEREY
4.17 x 107* s7!, MR R =K FHE.

- ovg

B1 Wk SiC srayiEi
Fig.1 TEM image of the sub—micron SiC powders

1.4 SiCp/Al MMC gyl O ze

XHLlr O 47 SEM %, B EDXS X4 &
FTREIE ST, LABEE H AP R T RALH.

1.5 SiCp,/Al MMC pysa8n g

B SiCp / Al AW, ¥ES A B 455 T MR A LU
LR D1BI A SiCp/ AL YAiiE 0.5 mm B8 Fr, AR
HITEESS, FATE TR, A Philips CM20 #E4TF B.6%
% (TEM) #1 JEOL-2010 B4 ¥ F Bk (HREM)
TR EE IR A L L.

2 ZLRER
2.1 Tk SiC,/Al MMC @8

2 BRHES 15%SiC, (150 nm)/Al MMC €
HARER. EENRE TEES P MILREORE SiC
Wokr, BRI SIC(REBTRL) Ak (RAR) e
A ).

TEM MEAM, Lk SiC,/Al MMC + SiC
Bk A ES A E KBS, FHAM4EH SiIC 5 Al K
IR ER2ES R, EM, OSHE SiC MR AR EAk P4
X%, WHE 3a. SiC BURERAK S A S, B>
HIAR. BENERER RSN, S ERES
SiC R FE M AE LA, WA 3b. E 3b [0, HEE
REBEHES (LESRFLIELL), AZR T 5 A0
BiF, WAERMEE. BoREHRERY, SiIC 5EELS
BiF, HAEAA 1om RME, LHE 4.

2.2 SiCp/Al MMC #hr{etdaE

15% SiCp (150 nm)/Al MMC FI448 fy L AE W
E1 BE 1N, THkSE SiC Bobri Hi48 R 8 BUR
S, MMC J&RE B AUR A hL R B Bk 4y B R
T 117.9% #1 89.0%. {H SiC,/Al MMC ##HXfEE =
S BEAER M TR TUEH, SIiC,/Al MMC &y
8 BT IR LA AR S AR Y.

B2 15%SiCp(150 nm)/Al MMC &R

Fig.2 Metallograph of 15% SiCp (150 nm)/Al MMC (White
region—Al, dark region-SiC)
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2.3 SiC,/Al MMC #yE{eiEifTH

B 5 % 15% SiCp (150 nm)/Al MMC ¢4 Hz b 0
. mER R, MMC OB BEYL, MAEE
ZEAR/D, R —ERORK/DMIERKIE. ER/MIEK
el Wan/NgoRr, Rob5 SiC Bk k/MEY, SiC Bk
AIREA AT EEFIERZ. B, NEE R EA /D
B SiC BrpriE s, WrlEN SiC Uk AA kBT
SlE. gEEAITRIA, BXEIEEH SiC B AR IRE.
EXIBLZH5HETH NG, KNS5O LM
B/MIGRSHEY. MEXHEER, 25H0RREk,
W A AT, FIREREARENTHEALFE; £ SiC B
PR AR B SR O EEN R, mE 5 g
DAk, XULBARRR SiC B A M T AR R KRB
R, Mok, WEXRAFRRM SiC 5EESESRF, £
RAEHBIRS, XFH Al MMC gyire %M SiC |
B4

LIS IR R, FERHCKERT, WroRmEIA R
£ _RHLL.
3 RRERTRR
3.1 SiC,/Al MMC tIssesE

SiCp/Al MMC MR RERA TR, H SiIC 5
Al BB REER, SN, NEE Y Bz
BT RER. BIRFE 693—523 K BERHE,
AfE R RS, e HE AT A P,

. ® 1 HEMEEHAERE
B3 15% SiCp (150 nm)/Al MMC TEM 5 Table 1 Tensile properties of 15% SiCp/Al composite and
Fig.3 TEM micrographs of 15% SiCp (150 nm)/Al MMC aluminum

showing dislocation distribution near a SiC particle

(a) and aggregation of SiC particles (b), the arrows Material Ultimate tensile Yield strength Relative

in Fig.3b indicating pores in the aggregaion strength, MPa MPa elongation, %
MMC 342.3 272.4 6.3

Al 181.2 125.0 26.2

5 SiCp (150 nm)/Al MMC ik afEs
B4 SiC/Al & HREM £

Fig.5 SEM micrograph of tensile fracture surface of SiCp
Fig.4 High resolution electron micrograph of the SiC/Al in- (150 nm)/Al MMC, showing the mixed features of
terface, showing the existence of an interfacial reaction fine dimples and brittle failure of SiC particle aggre-

layer gations


http://www.cqvip.com

868 & R ¥ # 39%

TRERETERBERRN S, H—BBIRIERE 693—
523 K 7B /™ 4 1 BT A 3R AR £ LA TR AR B i 7 =0k
B, PRI IEAMIE AL E. SiC FR S Al H&%
KRR R RSB HRER S

§ = dAaAT (1)

H d B SiC RER, Aa X SiC, 5§ Al HiyH
FkR¥EE, Ao HEEREETRD M, HaR 573 K
BHAE, Bl Ao = Aaa-Aas;e=23.7x107/K; B %
AT=170 K. SR 1 Bk PR 35 7 RAnsh, &
BUAE AN BN R B 7 A B RIS BN

d  dAaAT

N=%="% @

AH b=0.286 nm ¥ Burgers KB#. MNFR~TH
150 nm Bk, B (2) B N=21. M¥FEHH
VERCKER, HR-TEEMA 50—500 nm, X3/ NSk
d=100 nm, RERE LXITHHE, SSERY 6=1.4 b, 144
NISFE— AL SiCoRFRBRAE, BRXA “KRH
& ATRERIE TR NER R B RS 2 e frg M,
FEAEZ: —BHRER, MHEEEITN /MR
o, XTABFRE N AENH, /D SiC FRIR T (100 nm
UT) AIREEF T 8/AME. B2, MR AR &L
PROTFRMMMBST . FHlt, MEMck SiC, X Bk
100 nm DA E@E0R, BFEIRIAR R 200 nm, =X F6L
Toi BEAY 2/3. PhGERT R ASHA I S B A o 3 % i
el | TR A 1

12Aa ATV,
Ap= —FF (3)

Kf V, % SiC fikRA%. Mz (3) 18, Bk
R IR 8.45%1018 m—2,

RER, FEEXMARKER, TLIERMLS, HE
TN A S B AT B, ORGSR R, 20X
bk P B BEIAEAE L4 E/INEBURE P IR R P B4
WA REIEAER. FHil, TR R TR
SEHERN.

3.2 ERR3REE

T Ak B R Al MMC A3 4b /i EERE T
MEEWBETI SRR, I453ILHA Orowan HLEI
SRALPER.

R B B R Ay SR B T oA 0O

Aocgis = aGb/Ap 4)

#h a=1.2512; b 3 Burgers £ &; G=2.64x10%* MPa
HEER. WX (3) HELERRAR (4) 7IE, FEkPNL
W RN AT S | EAREM B N 86.8 MPa.

Orowan HLHI3EARREMBETHER (5)09 5%
Hil

Acor = 2Gb/A (5)

K A HBORLEIBE. RIZHRAM AEHRLF, FLA ik
BRI SAMRTREES, ) TRy O

A= (2 )id~ 0806V, - d 6)

6V,

= (5) #1 (6) FMARERE N 66.5 MPa. gF 41/
BRI R v A R AR, (5L FREGRILER
B F Orowan 5&4k4EF Fil{E.

Bix MMC BIRBEEMME Aoy THNEAN
gl sl R RmLEEN 13 U Aoy = Aggs +
Aco=153.3 MPa, 53R BEAY 1474 MPa #4845
TREF.

3.3 SiC,/Al MMC RyRKhI{e3S B, FEMEFOhL (it
OXR

Wk B BeR Al MMC, H (4% iLfaR 8R1L
fEH, EHAMRELTEENE EF SiIC aBER,
H/NER AT B A R AR, BT ALMMC E
HESIFPESLERET, SiC BRARKAEHEES,
TEELBGL, ik, ARKHABESFERRERMKUT
AUFLER (L 3b). % MMC 2 A8, ShHsk4eh Eil
4 BRIFHRE SR A X E R RE. KEREAR
PR B ST EIN R B R, FEHE
fhoR 3R KR 2 T BRI, 518 MMC B3 45
R MMC BB KhHRER TR, B R TR
ML, HREAX MMC @ ageagm, RUF
BB WRBE R R a7y 23

BB AR, ofEMMERR, e, B
Xt BAGRER — TR, EXHRERSERRE
BB T KIS, X F AR R BEF A~ SiC /h
Bk, BHESIBRE, XS5EARESRF, EXRETR
8K

Rl O EARZE, WHROKERER Al MMC &
FUHLH 0 Bk 5 B A R E BN X SiIC AREHIE
TS, B Z RAETERA SIC /NI S5 Bk a R,
B EFR ML EE. KB FERMATE MMC
gohr s EE R n Bl g FERE TR Bk 55
KIEI A RS, HiL, AREFNMERZEREX
N D, FERMEIHAE TN INIRE, X8/
B AR ARSI B 5 B R E BT IR LAk,
Bopr AT, WSER/NDE.

4 i
(1) SiCp(150 nm)/Al MMC {38 B A1 IRGR

BRI 342.3 MPa #1 272.4 MPa, H4i&ES5IER
89.0% 1 117.9%. MMC [IEMZKY 6.3%.
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(2) MMC B =R R E R E AR R &
T2, MMC R3ERYLE o AR (LA IR R AL —
AL A

(3) SiCy(150 nm)/Al MMC BZYHLH] 4 7 kS
0 A SR A T A
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