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Abstract: The interpenetrating network SiC/Al-Mg composites were prepared by 3D-printed network SiC preform
combined with the melt infiltration process of Al-Mg alloy. The microstructure, mechanical properties and fric-
tion properties of the composites were characterized, and the effects of infiltration temperature was analyzed. The
results indicate that Al alloy can fully permeate SiC with 3D printed hierarchical network structure from 910 C to
950 ‘C, and the microstructure of composite is composed of interpenetrating Al alloy and “shell-core” network
frame. The increase of infiltration temperature promotes the reaction and the uniformity of microstructure., When
the temperature is 930 ‘C, the SiC/Al-Mg composite has the optimal comprehensive properties, where compres-
sive strength and hardness of the composites reach 425 MPa and 557 HV, respectively, and the wear rate is

3.37X10° 7" em®/(N « m).
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SHRGE GRS TEEDR SICHRE AR, A0
Mg, Si, 1fEE G EAI4H 8 —28 Si TR & a1
B [ 45 o A OB R KRS B R A 23 A R e BL
AL Cy MIAFAE L N AR 5 B R 25 0 72 b G A 5
AL Cy A2 i A iR /D

617



R85 s MA@

2022 4EHS 42 B 5 1

(a) SEM % %%

(e)
B

(b) Al

Si

225

180

135

90

(o) C

100

80

(g) O

7 RBEAE 930 'CTF SiIC/Al &M A SEM B A © TiR4 B 42 44
Fig.7 SEM morphologies and EPMA surface scanning of SiC/Al composites at impregnation temperature of 930 ‘C

5 um

(e) Si

A

.
H
»
H
s woa tls .

e Al ¢SiC & MgALO,
S & AIN 4 Mg,Si

t 2__t_= 2 m _950C

CPS

=

930 C

A A 910 C

20 30 40 50 60 70 80 90

200

A9 RREZHRBET SIC/Al 44 ##4 XRD Bt

Fig.9 XRD patterns of SiC/Al composites at

different impregnation temperatures

618

225

180

135

90

10

0

(g) O
8 FFEIRA 950 CTF SiC/Al L4 #4 SEM 0 & b F 484 @ 12 #%
Fig.8 SEM morphologies and EPMA surface scanning of SiC/Al compositesat impregnation temperature of 950 ‘C

2.3 SiC/Al-F10Mg £ & # R S A8

SiC/Al-10Mg & 4 b RE 9 BT H 5 B2 Fi s 2 3K 45
R 2, ATLUE I RBIRER 930 CHE G M EHE
RERL U  HUHE SR EE S 425 MPa, B BE (HV) 2 557, % 3
Sy HA T2 B 4 i SIC/AL B A MR RE . X L AT
WILTE SIC &N 32% W SIC/AL & & 4R 1 27 1 g
W 5 TR AR A NP 55 T A 00 S A MR 2 T
JER B M2 28 T il 5 0 2 G MR BE (SIC R FR 4
s T 50%) R 3D AT IR SiC 78 i 44 19 £ HE 22 X
S MRS AR A



T 3D ATENH AR SiC/Al-Mg & 44 FHH 21 5 M fg

£ B %

R 2 SiC/AKF10Mg E &M B H F 18
Tab.2 Mechanical properties of SiC/Al-10Mg composites

RBWE/C BB (HV) YUK/ MPa
910 457 376
930 557 425
950 352 300

£3 SHMIZHE SIC/Al & HFIA XL
Tab.3 Comparison of properties of SiC/Al composites
with that prepared by other processes

il % 4k e(SIO)/  HUEIREE/ W Xﬁ

T % % MPa U8
3DHTER  SiC/Al-10Mg 32 425.0 557.0(HV)  —
MARIASE SiC, /Al 33 182.4 284.0(HB) [15]
BEHEsEE  SiC/ZL108 20 373,0  124.6(HB) [16]
TJERB  SiC,/Al-7Si 56 502.0  66.0(HRA) [17]
ENRE SiC,/6061A1 50 519.83  154.9(HB) [18]

MIRBIRE N 910 CHEFF] 930 CHE . Z A M EHY
B 5 B RIAE B2 CH V) 430 3 B 1 1 13.0% 1 21.9% , 4
1215 R R 4k 224 5 2] 950 °C B, P e i A AR BE R T
R 4% BIREAR T 29.4% F1 36.8% ., X J& ¥ 15 IR B X
SIC/ Al & 4 FU 1 SN 5% Wi 1 i . 7€ 910 °C R AR
WAEERE 58 4 (2 SIC MUK AT AL 44 A0 1T s Bz 38 AN
87557 . 72 J2 W J2 R T 34 R 5 4 L ik [ 5 1) 41 2 80
JEE UL AL T L AR 17 9 i 3 3 4 2 174 A I A T
WA LURNE L), HIRB IR & F] 930 T, ik
NG AR WA A i3 A N A R
R LB T A A S B R AR 548
GRS MEENETH TSGR, HERERSH
950 °C .5 A M ARMA F M 5N L B R RS2 R T
Jif 1 o B A BRR EE  R BU  A E  A B UK
BT 2 L AR 5 A R P R B R AIG . XK
FER R % B AT T IR B IR E R 910,930 F1 950
°C WA RE B B4y 3R 2.902.2.904 Fl 2.900 g/cm®, AT
ULAE 930 C N il £ 1) 52 & MORE 0% B S v, th e e i Iy
FRRAL D A R T PR RE 42 &

K10 IAFER B IRE T 2 A AR EE A R 45 W7 101
TS, ATLLE B AR SRR DI 2o L O
O RIETERR, FEA R SIC B 28 #H SiC Fik,
Uk B2 A b R OR [ ER 43 2Z 8] i 45 45 LA K SIC/AL & 4
W) BN 2E A R 7 TR 4 B rp &2 G b ) 3 R AR M
N AR 7E S MR A B & A 40 1 W 24 . A A o R L
QEBEGEH S M B EREE AR
MIAL SIC/AL & & S mkb iyl . ERgUR RS,
ARE 2 M B A ow )R IR A RN . SiC E0RL
Mg, Si AH %5 , 76 1% I8 5% 2 58 1 B T #E g i, T BELAS T
ZAEC AL R IT R E T AR PERE . A 10 FTLLE
930 “CIRB MR h A2 2 3 D 1 AL 7F 950 CR B
HAE PO AL 2 5 i HL i 1 RN 3 B2 T B 22 Jifs

ML E Y A FECT EZRINEPER R,

(b) 930 °C
A 10 RREZEZ&EBET SiC/A-10Mg & & #4697 o 1 5%
Fig.10 Fracture morphologies of SiC/Al-10Mg composites at

(a) 910 C () 950 C

different impregnation temperatures
2.4 SiC/AI-10Mg £ & #F 3 i BE 18 14 &

K 11 2y SiIC/Al-10Mg & & M R BE S PERE . AT
PLR I FEHT 100 s, /D5 falo™ R 55 758 452 Rl 3% 1 FB8 448 42 file
b e A B AR AR SRR E o S B 42 ik T AR /D 42 i 1
IR XA a8 v B DRI RSO Bl K . o R 4 o AR 1 i
A5 VA BT 0T A B e T RS 9T 1S R L AH B 3 #
FasE BRI IR BOE AR A/ (<<0.1)  MRHIE A R 22 18 3l
B BRI AR R R R AF RGBS AR E . 3 FhIAAE
4 B 2 DR B 2R SE AR A TR, 295 0.2, £ 930 ‘CIRBHY
TR B 52 0ok R vl B 4 TR B bE A AR L D Bl B /N L BE A T
Bk s KA 950 C IR B AYIRFE.

04r

i w" v...{:"" ‘l"l "m‘
7%7%3251/)%%950 ¢ RBREASBT

0 200 400 600 800 1000 1200
B [E]/s

B 11 SiC/AlF10Mg S &M #6923 B #

Fig.11 Friction coefficient of SiC/Al-10Mg composites

THEL T 52 G M ORE R B 451 R BR 0T o I B 9 3E 47 o
I3HT . RBIEE N 910,930 Fl 950 °C Wi BE B 1 2R 4y
WA 4.13X10 7.3.37 X 10 "H1 5.03X10 " em® /(N -
m) . 1E 930 CTFREBNEAMEHES R/, K12 K
AENEBIEE T SiC/Al-10Mg & & MR B B IR IE 51,
FILLE W 52 G MR G B 451 3R 10 S 7 HE A0 3 S R A3
JERFAE o S 7 OB A A 8 G L R P B T RN
HEWR ., EE7E)ZME NGB TE G M
PERR 5« 45 5 K AR SR T TR R R V%, B AE SiC &
AR BT — L, BB 910 CHY, B
SRS 1H A ok LT (R IR IR i K22 H N
227 pm, BLW BB BN 5] 3XA] B R T 4 i A ZUR
159 5% N s 2 B IR 930 C IR RE , B IR IR B i K

619



R85 s MA@

2022 4EHS 42 B 5 1

AN 156 o B VR JE B K 57, Hh B — He 2 7 0
5 W Y P AT O 2 R P R 7 5 5 W EE S 950
"C AP B RV BE J K 2% (B ) 185 o ELHYBRAR
29095 01 5 e T BB 50 00 0 4480 o
R 7 04 BE N U BB R e 5 B

N 7

200

371150

100 um

(b) 910 °C, & SEM # %

100 um

(d) 930 °C,ER SEM # 5t

185
150

100

0 100_pm
(D 950 °C, B9k SEM % $#
B 12 RREZHEBET SiC/A10Mg 8 A9 Bk
Fig.12 Wear scar of SiC/Al-10Mg composites at

different impregnation temperatures

(e) 950 C,BR =% K

M

3 & #

(DFE 910~950 ‘C N, Al-10Mg & 4 7l L) 58 4 %
B 3D FTED SiC TR 19 J2 90 2% 25 4, il %5 19 2 65 6
BV 2 2 Fl B2 AR G 4 R e oth 7 45 A I 45 HE 22 4
Ao

(2)SiC/Al-10Mg & & MR YA L Bk SiC Fn4R
E 4 B4 Mg, Si.MgAlL O, Fl Si FHZ54E i,

(3125 1 B W B = Al 1E T B g 1) & A AL 4L
AR B IRIE IR F) 950 CHE, & & HORHHE SR 195
B BERR  FLBR A it 5 5 SO R g 27 M A R0 EE 4
PERE IR BRI, MR B IR E N 930 °CHf, SiC/Al-Mg
A MOBHEE A M AR B AR L U SR RN RE B (HV) 3k 3
425 MPa 1 557, 1% K 3.37X10 7 ecm® /(N » m),

B £ X #

[1] HWA L C, RAJOO S, NOOR A M, et al. Recent advances in 3D

620

(2]

[3]

(4]

[5]

(6]

7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

printing of porous ceramics: A review[]J]. Current Opinion in Solid
State & Materials Science, 2017, 21(6); 323-347.
ZHU ] B, WANG F C, WANG Y W, et al. Interfacial structure
and stability of a co-continuous SiC/Al composite prepared by vacu-
um-pressure infiltration[ J]. Ceramics International. 2017, 43(8):
6 563-6 570.
BT, KR, £, % TR SIC,/6063 H 4B kil &
5 EREBF ST L) % BUE TR, 2018, 10(1): 91-96.
BEET L ML EAH 53D ST BN A SiC ] (A3 5 8 AL 2 A M R
A GO AL ] A B s A5 € 4, 2017, 37(9) ¢ 966-970.
LI S, XIONG D, LIU M, et al. Thermophysical properties of SiC/
Al composites with three dimensional interpenetrating network
structure[ J]. Ceramics International, 2014, 40(5); 7 539-7 544.
KA. B AL AR B R MR A BRI 3D T ED 5 A5 # 1T D]. I
. BHEREE, 2019,
ZHANG Z J. SHI Z Q, YANG B G, et al. Preparation and aniso-
tropic thermophysical properties of SiC honeycomb/Al-Mg-Si com-
posite via spontaneous infiltration[ J]. Progress in Natural Science:
Materials International, 2019, 29(2). 177-183.
WANG D M, ZHENG Z X, LV J, et al. Interface design in 3D-
SiC/Al-Si-Mg interpenetrating composite fabricated by pressureless
infiltration[ J J. Ceramics International, 2018, 44 (11); 11 956-
11 965.
SRINIVASAS R B, JAYARAM V. Pressureless infiltration of Al-
Mg based alloys into Al; O3 preforms: Mechanisms and phenome-
nology[J]. Acta Mater., 2001, 49(13); 2 373-2 385.
REN S B, SHEN X Y,QU X H, et al. Effect of Mg and Si on in-
filtration behavior of Al alloys pressureless infiltration into porous
SiC, preforms[ J]. International Journal of Minerals., Metallurgy
and Materials, 2011, 18(6): 703-708.
ok, RS SiIC BRI R AL Z S AR D]. KA H
MK, 2006,
RODRIGUEZ-REYES M, PECH-CANUL M I, RENDON-AN-
GELES J C, et al. Limiting the development of Al;C; to prevent
degradation of Al/SiC, composites processed by pressureless infil-
tration[ J . Composites Science and Technology, 2005, 66(7-8):
1 056-1 062.
RHUE, SRR, AR SRR AL AR S5 M B TR AR B E A MR
il & L), SRR A5 TR, 2004(6): 11-14.
BT, SIC Bikb B X SiC, /2014 Al 4 & R4 415 i f 1 fig 1
EWLD]. K& HMRE, 2015,
Fm W], SiC, /Al Z &M B 4 T2 R TF5E (D], M at: #
TR, 2012,
FOHERT, B, PR, SRR ORI IR SiC, /AL SRR B
Fhibl g A PEREMF L) ] 8 . 2017, 66(4): 332-336.
Zokut, NAR . ESR EERBH & SIC,/Al £ &M E Y )%
PEREBFZE (I B AR 4 Tl , 2014, 24(2) ., 24-28.
AT, REEE B A, H PR B B SIC, 88 5 5 G 1
i BT FE [0 45 Fh e AT (& 4, 2020, 40(6): 667-672.
A, REELESME. SIC,/ALJEE S MR B SR RE L) . R
WMT T2, 2015, 44(18): 107-110.
ZHANG Z ], WEIZ L, L1 Z Y, et al. SiC honeycomb reinforced
Al matrix composite with improved tribological performance[]].

Ceramics International, 2021, 47(16): 23 376-23 385.

(%%E. X 1)



