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Abstract

In this paper, SiCp/Al composites with 30% volume fraction of SiC were prepared by powder met-
allurgy method, and the microstructure of SiCp/Al composites after oxidation treatment at 300°C
and 400°C was studied by solution aging treatment at 180°C. Reciprocating friction and wear exper-
iments were carried out on SiCp/Al composites after high temperature oxidation using GCr15 small
balls as friction pairs, and the influence of different oxidation temperatures on friction and wear
behavior was studied. The results show that after 25 h of high-temperature oxidation, the sample
hardness of SiCp/Al composites decreases in general. The reason for the decrease of the hardness
of the sample at 300°C-25 h is that Al.CuMg and AlzCu are precipitated at the grain boundary and
the size is smaller, which destroys the continuity of the grain boundary and causes the weakening
of the grain boundary. The reduction of the solid solution of Mg in the matrix weakened the solution
strengthening, and the weakening of grain boundaries was the main reason for the material damage
of the sample at 300°C-25 h. However, the decrease in hardness of the 400°C-25 h specimen is due
to the decrease of the interfacial bonding strength caused by the brittle MgAl:04 spinel phase at the
interface, and the synergistic effect of thermal stress and MgAl204 brittleness is the main reason for
the significant increase of material damage. After 300°C oxidation treatment, the wear of SiCp/Al
composites increases, and the friction coefficient is high. However, the wear amount of the 400°C-
25 h specimen is close to that of the sintered state, and the friction coefficient is low. The difference
in the amount of wear is caused by different hardness and interfacial strength, and the difference in
friction coefficient depends on the composition of the surface oxide film. The wear mechanism of
SiCp/Al composites in the sintered state and 400°C-25 h samples is mainly abrasive wear, and the
wear mechanism of 300°C-25 h samples is mainly abrasive wear to adhesion wear and abrasive
wear is supplemented.
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1. 518

BEEMIEHIR . L. U TR AR, AT E S AR e 2ROk, SiCp/Al R &+ k t
THAEGRMR R, A, MR, RIEFRSTRE R ETT 52 2012 5E [1]-[4], A3 AL R H SR i
B 1) ) STUSAT B S o K22 O FE 3 B S SR AE ] ALOs. SIC. SisNa A1 TiC 558 M8 A kL
[5]-[8]. JLHr, SICRUKLEAEmAIREE, il BV, URMPTHGENE, PLUARRIAIEZIK 2 508]-[10]. (2
SICp/Al B &M RHE EEHERIZh PR 5T AN T3 Sk 2 i = IR A AL B R, SiCp/Al B M RHE w26 1F
R PR SR BRSO B S, A i AR O AL S 2 S BRI, TS L
BEELE] . SIREA)E SICP/Al AR B AAT 9 S BE AR LB T A ) 1 RE AN AR ASC A i th 22
REE, FHAWSELLRIL 1 SiCp/A356 Btk mil T I B B PERE, YOI TR AR 2R A
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SFAL BRI 57 B . A R SR AR SRR IR A R BL . Lakshmikanthan S5[12]4K 5T 1 T6 #4
A B (RIS 2850 FEE St Uk 4% SICPIA3S7 B A Mk 12 FIBE R 2E VR RE RN, 45 SRR IH A% KR + 294155
KL AR A AT L, T2 180°C I R fE AL BRI XURLAE SICp/A357 7y PR Re AT B 11 W i 42
H1o RAO [13]FNFKE[14]55 73 B 5T 1 & AN B RUALEE XS Al-Cu-Mg/SiCp & A M L EE BR B Hi AT N B 520,
S5 SRR PAC IR 5 2 G AR REE L B 1 AN PR R A Tt . Aksoz SE[15]4RFL 1 T7 HALEEXT 3
TBIE R PARATR 40 %L SICp/AA2014 5 G MR Zh BEM ST PERE 52, B F0R I T7 Ak BR 5
MEEMEHLBRZR G, MRESE s, PEEEREPRIC, Mmies 7B, Song [16]55H 7T 1 AR K
PAEIAAL N SICp/A356 B A M EHEEMERE R, ZRER, S AIEHLEE, KNS = IRBEEE
GIEMELERTIE B, S B0 BT 35 BE i RBRAK, SI6PRRBE ST 200°C I, JEfA kA = H ML AR 1
AR, B4R EE S 1 GEREE R F% . Zhou [171255H 53 BB SR 2L & S AP RHE 510 CHEAT [ AL EE, I
I 180°CI RALBE, SRJE A HN, BEFT 1 RS EIVERE, BEFias KRN, S Rab ExinitE &
MR RE BN R AT P i, SRR S APRHI EER B A0 AL e S AL B 401 R B BERLEE . R
B mim A AR S S B L . b, R B, SRR A R S R S
AL o

FHOETT O, il 2o S0 2 52 A AR O L 2R 7 2 1t R = AR R 2 el . (2, B RTHT TR
R AT SICP/AL 5 EM BV BE R BE AR AT N IR IE R 5D o BRI A IR SICp/Al B & AT R K I v
AR BE R B A, W R R KT SICp/Al A MR EE BRI REFIZHZA R S, B85 R AT 5 il AE AL
X} SICp/Al &G M RHEE R BE AR AT A (1 s AL .

2. SKER

AW TR HIR R0 Gk 6] 4% 1 SICp/Al Z-a 41k, FHAE 180°C H 2 i [V I b 3, 8 9 AH UKL SiCp
PRS2 20 um, IINECA 30 vol.%, FEAN Al-Cu-Mg RE 4. BM RIS HREE T & &BuA i
KAL) ENHIF T 30 x 20 x3 mm (AL SERGAE i, @ AR 2R BRM7E 300°C . 400°C L T 4k
25h, DL TFEXPIANREES B 644 300°C-25hy 400°C-25h ke, REALIRFEMT 4 AL A SRIEXTLL
AR AT BE S S I W B EE R F 22 PR LA GR-1 BV 5 R BE A L, R AT 06
mm [¥] GCr15 /NER, RIGSHCNLIHEFE 120 mm/s, Ak 20N, EEFERFE] 20 min, BEE{EEATAEAN 10
mm. BENEE AT ) BRI IG A R AT 3 k. MREIRIG TSR R, HEENERRE, WE
5 RHCFIME . RA G DIZREH X S ERATHAOS &M REAT YA 341, J83d TESCAN-MIRA4 37 % 55
PR LB S PR RE TS ORGSR IR 1 A . AT, BRI I R e AR I R B T AT AR
(RSP i

3. &ER57He
3.1. BRESUREEE L SiCp/Al E&HRHETALR

1 NBREEZS SICp/Al B A AR B o414y, XRD AIFERE o HT. H1E 1(a) KB LA Hikesh
25 SiCp/Al & MR EBA = RARBE I, KEOFEAN a-Al, 4555 1), E 1(c) 8o A m H
-H AL Cu. B —#87r Mg JoE 4L, AT AHERT A 0 FH(ALCu)HT S FH(ALCuMg) 3L ik, 14 1(d) 2
KR B AAAR RS B Sis C JRE LR, A SIC RURE, 2> & BE 6 s WA AL o ] 1(b) iR SRR E 18],
Cu/Mg tL2 e Al-Cu-Mg & 4 1 R AU AH I B ZE 4R bR, LU KT 8 B, FEsRALAH N Al.Cu; 4 LU{H
N 4~8 BF, HI Al,.Cu 1 Al,CuMg 1E NFL[FESRAAH; M LE/ T 4 B, AlLCuMg AfEA 5. E4
SEEGARL R Cu/Mg Eee K 3.63, AlL,CuMg AHIIAT IR E i, RIUGIA & B %, S5CHRPHEAT -
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Figure 1. SEM and XRD analysis of as-sintered SiCp/Al composites: (a) as-sintered state, (b) XRD, (c) EDS of P1, (d) EDS
of P2
1. JREESS SiCp/Al EA K SEM 1 XRD 43#7: (a) 1EZE7ZS, (b) XRD, (c) EDS of P1, (d) EDS of P2

K 2 Sy SiCplAl B &AL . 300°C-25h Bl 400°C-25 h i FET XRD 43 T DL H 3 g
43N a-Al. AlL,Cu . AlLCuMg #. SiC. MgO. MgALO4. H1T &t 1k )5 i SiCp/Al B &1L &1 AlOs
JEH 7, FrLAYE XRD b3 RIGIE] AlOs A1 .
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Figure 2. XRD analysis of SiCp/Al composites after high-temperature oxidation
2. ENnRE LIS SiCp/Al E&#RIE) XRD 4347

DOI: 10.12677/ms.2025.154088 838 FHELRL


https://doi.org/10.12677/ms.2025.154088

T %

Kl 3(a), &l 3(b)y SICp/Al FA KL 300°C-25 h R S A 3 IR A6 T AW 4 2Ry Ao L BB e 3 4y
Bro ML 3(a) Ay ELE WARASIERFE (G0 SIC FF4L. SRR . &l 3(b) s a] LAE H 300°C 44k 25 h f5 3K 1M
Al TE. O LREE, BT — B8, JFHA B H80% . 15 3(c), Kl 3(d)h SiCp/Al £&
MBI 400°C4A 25 h JEEAZ RO LR v R TR BRI 4. AL 3(c)Hh mT AR B EE 3R T,
SiCp/Al Z &M KL Al 2485 SIC 45 & B vk ™ &, 4546 1K 3(d)Rei Rk o Hr il LG R EH Al O
Mg JCR &, BHEMAEE 300°C MR, JHHEREEGM, XRWPESMBEAESIEAHER . 1 miREl
R, Bk Mg R AL JCER 1A ST XIS 8. BT SRR I R DX S A A B AR B
FHERX), TR RIY HoE R B3 . Shi[19]48F 578 &, Mg ZiFik 0K, % TER A 4,
B2 MgO TEmIfR FARE, 5 Al BRI TE AR € 1 MgALOs AH. 1 MgAlLO4 AHTE 5T Ab 5 25 HURURL
BOES IR AT, SEARIEURLIN S5 & J18085, AENUE G BN I E R T 5 R A Sl ks . A G 2
XRD Z3#r Al AAIEIEH MgO. MgALO, HIfE7E, BFIUILHERT 400°C-25 h # 5 AR A AlOsy
MgO. MgAl;O4.

(@) 3 :

Figure 3. Cross-sectional SEM of oxidized surface of SiCp/Al composites after high-temperature oxidation: (a) 300°C-25 h,
(b) elemental energy spectrum analysis, (c) 400°C-25 h, (d) elemental energy spectrum analysis

3. ENREKIE SiCp/Al E&MRIE L EREESE SEM: (2)300°C-25h, (b) FTTERELESH, (c)400°C-25h, (d)
TLREEE ST

Kl 4y SiCplAl B &M kMR 25 . 300°C-25h LA K 400°C-25 h 3RFFE IO 2L ZR R X bk . AIE] 4(b) AT
DL SiCp/Al &+ k25T 300°C4 AL 25h J5, SICp/Al & &R RHE B S KB M 48 /N s . HIR P
& Al,CuMg FHA AlLCu fi[a] T-7E i AL TE %, B TIRERUR, JEFy BOkR A, Hriiad AlCuMg Al
AlLCu TE R B A KRBT, F3 Al,CuMg F1 AlLCu R~F4i/h B RAA) . AFREY, miETE
&0 BN [ VA AL VA N TR R, T O VR A A, T T B A B R A R R BT R R R AN
FH[207. X bebe 4l 25 7T LUK B /0 2 SIC ki 5 Al JAAR R A= T IR . ] 4(c) A SiCp/Al B & kL2 1t 400°C
A1k 25h Fﬁt{zwliuuéﬁ,,\ﬂﬁ o, HALSRESEL, HREHEANL. 20 LUE I SiC FukL | 7=
AT RL, FFH SIC Bk Al B RS H4EG 5 300 C Y IE— ks .
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Figure 4. SiCp/Al composite SEM after high temperature oxidation: (a) as-sintered state, (b) 300°C-25 h, (c) 400°C-25 h
4. EBREMKE SiCp/Al EE#MHE SEM: (a) k4R, (b)300°C-25h, (c)400C-25h

3.2. BE

5 4 SICp/Al B &M R 4525, 300°C-25h LKz 400°C-25 h iR FERIRERE ST L, ] LAK B SiCp/Al B
A RHE L R A S L I R PR . TEREZEES T, Al.Cu 1 Al,CuMg AHRSFEER,  #viase M s,
AlLCu A Y J7 45 ¥ e TG SBAAS AT A8E 3, JF H. SiC ks 5 544 S 45 & RAF, PR b 18 i,
BT AR 5 K. SICp/AL & A4 RHEIE 300°C 4%tk 25h J&, Al.Cu Al Alb,CuMg AR ~FId/N, EEBEE N5
ATERTAL, WK T AL, JF AR Mg Je R A 8L, 5 8RR A 1) Mg 6k
A, HI58 T EERALSCE, SEEE K. SiCp/Al B &M EHEZ T 400°C AL 25 h JG K AL A4 Skess

N A

A ARA PrAA, (E72 Ky SR NEE ) MgALLO4 AH, PR ST &5 A 50, i DARE SRS AR T-he s s .
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Figure 5. Hardness of SiCp/Al composites after high-temperature oxidation
5. mimEMNE SiICp/Al EEHRER
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3.3. EEYEPE{RSIIE

331 BEBRRABSEMRE

6 N SICp/Al B &Mk 4E %5, 300°C-25 h LLJ 400°C-25 h R I B0 B 52 2R B0 S TR ) 5% AR
2. tHIE 6 AT LU Y 300°C-25 h URE7E BE BT M BE A R A B 4 Lo, IERETIIAI, B REEOK.
1M SICp/Al EEHFEIZ 1T 400°C AL 25 h J5 BEHE R W] KT 300°C-25 h 1ikkE, Sheaiasmitt, A
B R RAC T e R, BREBYIEM BLE A )T — MK MIE 1, Flfken 5hea SR —
oS54 3(d)RIRETE S BT AT UE 4 400°C LAY, FE Mg RO E SER B B m — s, R SR
HHERESA AR, HAMRAT RS Al,Osw MgO. MgAILO,, X 1] ERT G 2 1 B R AU T s
BRI . 7E 5 A S A T O R IR S R I BA R R e i, B R s TRae . U2
MBI R[13] [21]. 1 SiCp/Al EEMEHEL T 300 CEME, H Mg B S EIEEEIL, A
PIREH il — B ) AlOs, 76 BE F ik R v AR B R4 AL ESAR R, 5 H e 1 L0 R0 A
bt S BRI R BE AT, TS AR R HE AR B2 S Rl PR E R B SR T, AT 5 3L PR 4 R e 2
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Figure 6. Friction coefficient of SiCp/Al composites after high-temperature oxidation
B 6. SiBE LIS SiCp/Al EAMRIERBRY

B 7 BRI G = ANFE S B RERT Lh. 300°C-25 h IRFFEE IR R, 400°C-25 h IR, hedhidix
/No BT 300°C-25 h X FEROREE e /)N, L ARAL B S DON BT — J= AlOs, 8 RUBEHE SR MU e, 2 5%
REREA RN Al GRS R ER, Br AT BB R ROR . 1T 400°C-25 h HURE T A8 L300 T be s
&, RIMAEMEHRA Al20s. MgO. MgALLOs, L 300°C-25 h iR EMLIE B — i, SEH-T5E
BB RBEUN, EBARATYI AL SRR T —E MRy EM, BTl LB ERT 300°C-25h ik, X
K7y 400°C [ il 3 2 SIC WKL S Al AR A &7 A4 T AR, JF FIEHEREA SiC BRI Ak e, £
FEGELRE o S T ER LR, BT AL B v T B 4 A

SR L SICplAl EEMEIANERRESIERA miRAM )G, LB LRIRK, TREFEN
SICp/Al EAFRIRINE M T — JRIESE BRI . R EAE B R rh R FOE St Rz e v, Pk 7
SiCp/Al 5 R RERURHBER 2 18] (i B A, JFd KPR EZ 3/ SiCp/AL =& FRHIK 5345 2K o
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Figure 7. Wear loss of SiCp/Al composites after high-temperature oxidation
7. BIREMNIE SiICp/Al E&HMRIERE

3.3.2. REEREM

& 8 A BEBARIG 5 SICP/Al H &k 4 . 300°C-25 h BA K 400°C-25 h ik kI BEJR . SiCp/Al &
B R B AR T TE B R T K AU I 5 R AR I B AR R, AR, RS . TR R R
RIZG P KEMEE, Ibel R ML Ry &, M 535 SiC Biki#dE TR, MK
J R R B P T 5 B 400 R TR B R SR/ N B T, 534k, BT SIC BURLAS SR E ey, FEPEHEIE AR, ML
VI SIC RIURL 2> Je A AE BE AR R M (BT BB RL R 5, AT AE R T AL, AN 8(a)~(c) I LLB] &
o JEEICAERE — LR YT, XEREGURTESM STV A R, BE4E ) o AR R4 T ) 2 T ] ) 3111
YER I8 EAH IR & I BT R, X R R BE IR . 1] 8(a), K& 8(c) ] LB BIANABCAWI R, &
AR FC B B L) 3= O R B 451, 1 ] 8(b) PT AR B KGR T, BUAEUD, RS B R S
HAR R BN RIS ONGH . Z55RET, IREEEMZ T 400°C UL G SICp/Al A RN B AL
FEOEERLEAS, 20t 300°C 5, SN e R IUA T A R AR L R AR A

H\_:\. LA 8

i Adhesi\'g\'\'carf ]

Figure 8. Morphology of wear marks of SiCp/Al composites after high-temperature oxidation: (a) as-sintered state,
(b) 300°C-25 h, (c) 400°C-25 h
8. BRE LG SICp/Al EAMRIBERMER: (a) #R4E7S, (b)300C-25h, (c)400°C-25h
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3.33. EBEREHR

K 9 Mpest & SiCp/Al & & FHR LK miR AL G SiCp/AL & A ATREEE 8 T35 LA K REVE 204 o T AR H
Bedhds SICp/Al ZAMERT 400°C-25 h B EE 8 2 0 PR EUBURDIR,  RSTHEA5), T I 2 B B 45 1)
RFE, 300°C-25 h BAAFEE B 2 N HOIRBUR RN, BE 8 LA & A R ARk . MBERE 234 o] UG B8
JEREH KRN Fe iR, Al GRED, HIFER AR EESFEF, SiCp/Al EEMEIHRHEBT Al B
RLTE BE TR N Ak, {3075 5 RG HTE BE R THI T ARBE B 5. (H Fe O BUBCST, M GCrl5 /NER RS T
K Fe BERATI EA B m IR 5, [RIAR 25 5 DURLIRFTURE (1 T72 30 M\ B8 P R THI 3k o Ji B2 P R 4R A AL 2 1) P
BEIGAR T o P AR B R M P A7 W] DA PR A 36 T VA A O T RO P SRR, 9D %t SICplAl A b kel ik
RS, BB R/ME, RSB ARY, Wik, WANEE R Al TR, GO RN
PG 0 A, B R T BEHE TN SiCp/Al 2 A AR EA BB R 1 .

C Si o Fe Mg M

Wt% 256 1.0 9.4 7.81 211 343 04 0.

Al Cc Si o Fe Mg Mn @8

Wt% 596 2.0 7.6 70 115 110 141
3 :

Figure 9. Morphology of SiCp/Al composites after high temperature oxidation: (a) as-sintered state, (b) 300°C-25 h, (c) 400°C-

25h
E 9. HREMLE SICp/Al EAMBIEBIR: () KL, (b)300C-25h, (c)400C-25h
4. &g

(1) SiCp/Al &M EHEZ I fmiR E A G SARREFERFK . 300°C-25 h 1A A A2 K A ZH 23 AlCu
1 ALCuMg FRSHIRS, FEHMARI5), WA IE S BELASE R Ss . B B T4 &0 T, SEL
TP A%, 400°C-25 h IREER N HAL 2 5 45 25 AR L I R A BB Ak, (B2 PRy T 45 4 R PRI 5 S8
FEBSAR T hesZs; 300°C-25 h lFF S IR, U e —, FEPRSOE R PR BRIR L (R Ak, S8R
PR, TN L 300°C-25h FERE AL R %, P DABSHE G . 400°C-25 h iR B2 8% 300°C-25
hFERE N, BEER R B, JFH TR RO TRe4i4s, BrblBHi (KT 300°C-25 h ikFf.
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(2) SiCp/Al EEELZ 300°C4 A 25 h J&, AN XK= AR, 3225 R 2 A R Mg 7o
B T HCT BOE R A A SRS, AT AN, BRI, (R Rk ST 454 DTk
/N SICpIAlI B &MEHE 400°C AL 25h J5, MgAILO, AHTE F 1 Ab 5 B8 BUBURE B 42 2R 20 A o FLTH A
A B HEPER) MgALOs AH, 2 PRACA LS G o, FIn B3 J) 5 MgALO, AHIEIE I 1R, 51K S
SRR RE TR, ORI ) 2 R

(3) 45 H K, SiCp/Al B &M kHEg: A MA T 400°C 4L G B BE AL 2B N Bk B, 483t 300°C
Ak SE, JLESLMH B KL EE 1 AR R B N . B B

EHEWH

AT H S g B AR R H (No. 2025170616), ¥ i AL+ 1+ %5 H (No. ZX-YB20231003),
IR VG JH HE 455 4 I 10T H (No. 2022IBGS0001) 3 HF o B B 22 4% B A RL B AR IR A J 7 BT 3R AE B3 FF
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