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Mechanical Properties and Friction Characteristic of Selective Laser Melting-Fabricated
(SiC,—B4Cp)/Al Composites

YUAN Gaogian', ZHANG Jialian', LI Kezhuo', XIE Houbo', LI Faliang"*, ZHANG Haijun'
(1. The State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science and Technology, Wuhan 430081, China;
2. Jiangxi Engineering Research Center of Industrial Ceramics, Pingxiang 337022, Jiangxi, China)

Abstract: Aluminium-based ceramics are widely used in aerospace, rail transit and national defense due to their advantages like light
mass, high specific strength, small thermal expansion coefficient, high dimensional stability, high temperature resistance, remarkable
fatigue resistance and excellent wear resistant. In this paper, SiC,—B4Cy(m(SiCp):m(B4Cp)=1:1) reinforced Al matrix (i.e.,
(SiC,;—B4C,)/Al) composites were prepared by a selective laser melting (SLM) method with SiC and B,C as reinforcing phases and
pure Al powder as a matrix material under certain conditions (i.e., powder layer thickness and hatch distance of 0.05 mm, scanning
speed of 300 mm/s and laser power of 350 W). The effect of SiC,-B4C, content on the microstructure, porosity, microhardness,
friction and wear properties and flexural strength of (SiC,-B4C,)/Al composites were investigated. The results show that the
(SiC,;—B4C,)/Al composites reinforced with 10% SiC,—B4C,, exhibit the minimum apparent porosity (i.e., 4.5%) and flexural strength
(i.e., 177 MPa), and the composites reinforced with 20% SiC,-B4C, have the maximum hardness, lowest friction coefficient and wear
rate (i.e., 172.6 HVy, 0.4 and 3.4x107° mm*N"'m™).

Keywords: seclective laser melting; silicon carbide particles-boron carbide particles reinforced aluminum matrix composites;
microhardness; tribological properties; flexural strength
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Table 1 Characteristics of the raw materials

Average particle

Raw materials Purity/% size/um Shape

Al particles 99.8 33 Spherical Fig. 1(a)
B4C particles 99.9 10-30 Polygon Fig. 1(b)
SiC particles 99.9 30 Polygon Fig. 1(c)

(c) SiC particles

BT R A B OR A 3
Fig. 1 Micro-morphologies of the original powder particles
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1.2 SLM
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SLM 250 R B B4 il 4% (SiCy-BuCp)/ Al HE5 1
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B,C. SiC Al Drawing by Molding
onzvder powder C4D, parameter
3Dmax setting
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Ball|milling

Mixed powder H Vacuum drying H SLM molding ‘

XRD, SEM
characterization

Friction and wear
performance

Sample

H

Flexural strength

B2 SLM HU(SiC,-BaCy)/Al AR T 2 e
Fig. 2 Flow diagram for fabricating (SiC,—B4C,)/Al composites
by SLM

%2 SLM HiF(SiC,-B,C,)/Al EEMRIIRF R
Table 2 Process conditions and batch compositions for
fabricating (SiC;—B4C;)/Al composites by SLM

. Laser Laser scanning
Number w(Al)/% w(SiC,—B4Cp)/% O
power/W  speed/(mm-s )
G-1 80 20 350 300
G-2 85 15 350 300
G-3 90 10 350 300

w—Mass fraction.

1.3 #mKRIE

K H AT 24 ) Mini Flex600 %Y X 5 A15HX
I3 B AR ZEL 1, S 260509 Cu Ko(4=0.154 nm),
EHE 40KV, EHI 15mA, K 0.02°, 20 FH
JaE Y 10°~90°, RHISEE FEI 4w K Nova 400
Nano 37 k5 4741 FL - 02 Al W0 5 3 BB 1T 1) S5

TIEE, AT EH] L0 (1 mL HF, 1.5 mL
HCI, 2.5mL HNO; % 95mL Z&887/K) & RE i 10s.
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SE AR T BEE 5 A N I R R BT %, R
(X BEA R B AR N 10 mm. “FXJREEE A HRC62
(1] 440 BRANER, BEHR BEA0 SCI0 I 3007 0 20N, JBEHEE
HE R Smm/s, MWHARA 20 mine. FHZVIEINLK
SLM B B FE) FI RS A 5 mmx6 mmx40 mm
kRUERRE, SRJEIRIE =25 #hik, ] Instron5 697
RS BER I LAE 5 FE A 30 mm 25 4F T UARARE 5 1)
LTz
2 #R5HA
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M, REUIE SLM 2 E 7> SiC, M B4C, 5 Al
ISR R A T IR FIAFETUAR H: AL R AT B4C,
KA A S AIB, Al AlC; HIELREE N 900
KU, T AL AR SiC, K A2 R BLAE AR Si Rl ALCs
kR dsiR i o 923 KM, Ik, 7E SLM B it 2
W OB,C, RS Al ISR R A RN, HILERME
SLM i F2 M EAT IZ W0, SUH T BaC IHREEAT
Bt U 3 FE S I T ALRI SiC, BT LB 7E SiC-BaC,
TERENE SRR A LR B,C RHEAT
g (1 3b).
2.2 SiC,-B,C, EEX(SIC,-B4C,)/Al EAMBIE
EALHIRZE

N T WA SIC-B.C, & XF SLM il &
(SiCy—B4Cp ) Al EE M RIBUE AL B, % HE S AL
RAMBI WO A EAT 7RAE, WE 4 s, H
Bl 4a WULEWH, EEMERHEIILEHE
SiCyB4C, B EHIIG Z MK, 24 SiC-B4C, HEM
10%38 1042 20%0), E-EP R R SFLEMN 4.5%5
KE| 19.1%. HJF AT e 435 58AH SiCy-BaC, 1
B RBEH, 7E SLM I R HH T SOE vR 1) R 2 B
SOPERCUT, AT DUSE G b /b 8 S A R A B 7S 4 M
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SR A R B, BRI AT O R BN B (] ). SRR T I BRI RN, RS ME T R
2 SiCyByC, B B mIN (=15%), WTUBRIRIE (a4 AIB, 1 ALCs (4 it 2 B ZE I (A 1R 30
SEMEIAEHR AL RS BRI, W 81, PR TCIE 7870l R AR ek 1A A 2 5
LR SALERAGR, WlE 4c M 4d Pos. HBLXAY 53— 07, IS e A A BORL 45 & S AL S
AR H AT RE S ALK & BB SLM BB P AEREUEEEIE, 0 A5 R T R AR
SRR A R R RS, I SiC,-BJC, BEM SFRIFLIFA(E 4c A1 4d)",

+ s Al #SiC }e vB,C
s AB, «Si 7
v ALC, e v
7’
7’ 0,
. .- JE e
7] e k7
= * P =
£ e 2| 15%
E . E
7 4 E
20%  swatly 1o 0. s IR 10%
5% -
10% A _
10 20 30 40 350 60 70 80 90 37.0 372 37.4 37.6 37.8 38.0
26/(°) 20/(°)
(a) 26=10°-90° (b) 26=37°-38°

ICCD of Al,SiC,Si,AlB,,Al4C3,B4C are 043492,042873,041979,043851,066751,029093 respectively.

3 SiCyByC, & AN SLM B (SiC,—B4Cy)/Al Z5F1EHI XRD
Fig. 3 XRD patterns of SLM-formed (SiC,—B4C,)/Al composites with different contents of SiC,—B,4C,

25

19.1

133

Apparent porosity/%

15
W(SiC,~B,C,)/%

(a) Apparent porosity (b) 10%

(©) 15% (d) 20%

K4 SiC,B,C, & i A SLM M (SiC,—B4C,)/Al &M EH &AL LB SEM iy
Fig. 4 Apparent porosity and SEM images of the cross section of the SLM-formed (SiC,—B4C,)/Al composites with different
contents of SiC,—B4C,
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SLM HRIV(SICy-BaCo)/Al 5 2 bl ) B f0 i Z ol
B SiC,-BaC, &M RWIE 5 Fix. HE S g 120F 95.3
LU, S APRHG B MIERERE SIC,B.C, z ol Z
(18 0T B B3 K, 76 SiC,—BuC, HIAr &4 K Z oof
10%- 15%1 20%If, FTRIE(SIC,BaC,)/Al &4 = aor 271
FHI S BB RE 575 941 HVo, o 134.2 HV,, A T %

172.6HV . BARFEE SiC,BaC, S RGN, Tk
TEARFE IR FLIF SE s faG 2, ALK, (Hi
FRAAEEAAR R, R SiCyBlC, &
B2 W, 5T E MR TH A5 B 5 m BURL(SiC L BaCo
AIB, Fl AL o)1 3 AR TR G K, W] LATEA 2L 4
BUR SR, TEANIVEH FHUEAS T (M RE o3G5k, ik
AR B A A S A )

200
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160 +
140 +
120 +
100 +
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20 +

0

172.6

1342

Microhardness/HV,

0 15 20
w(SiC,~B,C,)/%
Kl 5 SiC,BiC, & EARIN SLM MJE(SIC,-B4Cy)/Al H&
FRH B S A
Fig. 5 Microhardness of SLM-formed (SiC,-B4C,)/Al
composites with different contents of SiC;—B4C,
2.4 SiC,-B,C, & EXI(SIC,~BC,)/Al EE&MR
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SIC ~B4C, B A 20%0T, F A& MR BT 5 4k
BEFEAKZ 27 MPa. HILXFEAREEN: 1)FE
95 SiCyB4C, HEMIMZ, WAERSILERR, N
LIRSS BRIE I 2, 1K LEER A LE AR SZ T W LT B
RZLCE, 2) Al AIB, K AlyCs FAE R E R
SiC,-B4C, B ERIIE MG R, W T Al ISk
(] AR SR DL RS e R AR 1) 28 B O R 5, R A A )
WEBAFL. ROEEERIER 2 3) SiCy. B4C, FH[H]

10 15 20
W(SiC,~B,C,)/%

(a) Flexural strength

(d) 20%

Kl 6 SiC,-B4C, & EAFN SLM HUE(SiC,-B4Cy)/Al H &
*Z*#Eﬁ?n%ﬁ%ﬁf*&&ﬁﬂﬁ%ﬁ/%ﬂ
Fig. 6 Flexural strength and SEM micrographs of fracture
surface of SLM-formed (SiC,—B4C,)/Al composites
with different contents of SiC,—B4C,
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K 7 J(SiCy-B4C,)/Al EE M KL ) SEM
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SRR 5 AL B R S 45 A A REU S FLAE B
B UL, PIE S SR IUBF (K Ta); 24 SIC-BAC,
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FLARSE G S IAL I 7 BAREENM S AL E B2, UL
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(¢) 20%

K7 ANE SiCy-B4C, & &I SLM I (SIC,—B4C, YAl S5 AR ¥ SEM HE f1
Fig. 7 SEM micrographs of the surface of the SLM-formed (SiC,-B4C,)/Al specimens with different contents of SiC,—B4C,
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FCEBEH GRAR S BRI 2, AU TRERES
MEFOBERE, BEACIE B =),

N T 5T SLM SUE(SICy-BaCy)/Al B4
PRI BE BE AR SR AT SEM 73 S5 7E I A Al s 15
0L TSR T 2 A FPRHE SR T 1 B RT3 9).
M SiCy-ByCp B EN 10%HH, R BB R & A4 ™
BT, KRR MR ST IR B L
Z I (K 9a), RN AT IS B R EUAF
FE(K 9b), LI A BEAS ML 32 A R B A . RS
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K8 SiC,B,C, & EA[AT SLM RIE(SiCyBaC,)/ Al & AR BEHE R H % B 1R
Fig. 8 Coefficients of friction (COF) and wear rates of SLM-formed (SiC,-B4C,)/Al composites with different contents of
SiC,-B4C,
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% Cracks and k-
g fine wear debris §

¥ o - -

(d) 15% (e) 20% () 20%

B9 SiC,B,C, fr @ AN FK SLM B (SiC,—ByCy)/Al AP EHE LI (1) SEM A
Fig. 9 SEM micrographs of wear surface of the SLM-formed (SiC,—B4C,)/Al specimens with different contents of SiC;-B4C,
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AR T AR FRRE . 300 SiCy-BJC, T EZE 15%
I RO JES 401 2 T BB AL 11 25 A RS 8 S s (B
9¢c), EifF SEM R R BB R AP AEREOF &
/N EE S (B 9d), HJEPFZBEE SiCy-BlC, & &
HIE N, SiC, A1 B4C,, 701 T 2 & AR £ H 2
W%, A PR AR AE R S RIORL ) e 3 T AR
K, TR R A Sk FE e R A BB, R v LA
KRS FEARIA K] o 33— 538N SiC,-B4C, 4 20%
B, B AR R B AT, B AR T v L 5%
)/ B B AEGR I ALE (B 9e), mifs SEM
FUARE IR MR 5, JERL T BA RS W
FER R R (B of), BEADHLE] B B b S 1 e A b

®3 BMOTRERBEESMHNES

B, M E SR BV R, BEHE R AL
BB 2 5 1Ko

3 R4 L SiCy/BaC, Nl AR ] 2 FR R 2 A
RS GL. 2 3 AT, Kumaran 25P5R it bk
B 1 SiC/AA635T EAMEL, BARSFILE
K2 4.5%, (HRHEEREIL 0.65, 5T SLM
il 2 1 B AR L E 1(SIC,-ByCo /Al B AR
(0.65 vs. 0.50); 73 a7 2 AH R BUAHIE BT
SLM il % [11(SiC,-—B4C,p)/ Al B &R B -5
B PR, BRIk, KA SLM il 4 (SiC,-BaC,)/Al &
AR BRI R S, HRMER, BEERE
BN,

LR, §E. BRE. BEREAKIMUITEE

Table 3 Apparent porosity, hardness, wear rate, friction coefficient and flexural strength of some PRAMCs

Preparation Enhanced phase  Apparent

Friction Flexural

Materials . Hardness Wear rate . Reference
method type/Content porosity/% coefficient strength/MPa
SiCy/AA2024 Stir—casting  (SiC/10% 120.8+4.6 HVs [21]
method (in volume
fraction))
SiCy/AA6351 Stir—casting  SiCy/5% 45 66.81 HB 0.003 48 mm’/s 0.65 [20]
method
SiCy/Al-1050 Accumulative  (SiCy/4% 66 HV), <2x10°g/m >0.4 [22]
roll bonding  (in volume
method fraction))
B4C,/(Al-12%Si) Vortex route  (B4C,/9% 165HV [23]
method (in volume
fraction))
B4Cy/Al Microwave (B4Cy/20% 112.5HV, [24]
sintering (in volume
method fraction))
B4C,/6061Al Powder B4C/15% 168.9+2.9 [25]
metallurgy
method
(SiCy-B4Cp)/Al SLM (SiCy-B4C,)/10% 45 94.1HV,, 8.7x10°mm>N'm" 0.5 177 This work
(SiC,-B4C,)/Al SLM (SiC,-B4C,)/15% 133 1342HV;  5.8x10° mm*N"-m™! 0.46 95 This work
(SiC,-B4C,)/Al SLM (SiC,-B4C,)/20% 19.1 172.6HVyy  3.4x107° mm*N~'-m™ 0.4 27 This work
3 HEB 1 SiC,-ByC, FEN 20% EIT FITOE(SiCyB4C,)/Al
Zav "
HEMBH BB R, 15 172.6 HV,,: BERE

PL SiC ¥+ B4C #3 AT AL ¥ N s R, KA SLM
T Z il % T (SiC,-BsCp)/Al H&MEL, BERT
SiCy-B4C,, B84 UL E A MBI RS ALE B
B PEAREEAT I BE S BT o FE IR 2 o

1) SLM J§JE(SiCy—BaC,p ) Al B 511 S < fL
KB SiC,-BiC, FEMMIMMHI K. 24 SiCy-B4C,
P& EH 10%E 20%0, BT (SICy-BaC,y)/Al
REMEH RS E 4.5%E A 19.1%.

2) SLM EFASIC,-B4C,)/ Al AR g
FNPER AR R SiCy-—BaC, B E MR INTIHE &1

FNEESE 2B/, 2398 3.4x10° mmN 'm ' A10.4.
3) SLM J&HA(SiC,-—B4C,)/Al E A RHIHIHT 5
FEBEA SiCy-BaC, B2 MMM/ o 24 SiCy-BaC,
MEEE 10%ME 20%, FTBUE(SICyB4C,)/Al
AR B 177 MPa 187N % 27 MPa.
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