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Abstract: Lightweight 6063 aluminum alloy has a certain strength and corrosion resistance, which makes it widely

used in the field of current-carrying friction, but the current-carrying friction performance of 6063 aluminum alloy
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is difficult to meet the service requirements, so it is urgent to improve the current-carrying friction and wear per-
formance of 6063 aluminum alloy. In this study, TiB,,/6063Al, C;/6063Al and SiC,,/6063Al composites with a volume
fraction of 5vol% were prepared by combining spark plasma sintering (SPS) and hot extrusion processes with
particles (TiB,,), fibers (Cy) and whiskers (SiC,,) as reinforcing phases, respectively. The influence of the reinforcing
phase type on the current-carrying friction and wear properties of 6063Al matrix composites was studied, and the
friction coefficient, wear rate, wear surface morphology and wear mechanism of the composites were analyzed in
depth. The results show that TiB,, and C; are evenly distributed in the 6063Al matrix, while SiC,, is agglomerated in
the composites. Among them, the hardness of TiB,,/6063Al (HB 68.38) is the highest, which is about 11.55% higher
than that of 6063Al matrix. C;/6063Al composites have the highest density (99.41%) and electrical conductivity
(48.4% IACS). The results of current-carrying friction and wear test show that the addition of different reinforcing
phases will reduce the average friction coefficient of 6063Al matrix composites to different degrees, and have diffe-
rent effects on wear rate, current-carrying quality and wear morphology. Compared with the three reinforcing
phases, C; has the best performance in improving the current-carrying friction performance of 6063Al, with a signi-
ficant reduction in wear rate, and a significant improvement in the stability of the current-carrying friction coeffi-
cient and the current-carrying efficiency. The friction process of C;/6063Al composites showed a long-term stable
friction and sliding stage, and the linear wear rate (3.19x10° mg/mm) was the smallest, which was 32.27% lower
than that of 6063A1 matrix. The current-carrying efficiency (66.61%) was the highest, which was 29.44% higher than
that of 6063Al matrix. At the same time, the microscopic wear surface is relatively flat, there is less metal melt, and
the wear mechanism is mainly abrasive wear and arc erosion. In addition, the good conductivity of C;/6063Al com-
posites may be one of the reasons for the stable current-carrying friction coefficient and high current-carrying effi-
ciency of C;/6063Al composites. The average friction coefficient (0.235) of SiC,,/6063Al composites is the smallest,
but its linear wear rate is 11.25% higher than that of 6063Al matrix, and the current-carrying quality is also poor. The
average friction coefficient and linear wear rate of TiB,,/6063Al composites are 8.85% and 7.01% lower than those of
6063Al matrix, respectively, and their current-carrying quality is poor.

Keywords: aluminum-matrix composites; TiB,,; carbon fiber (Cg); SiC,; current-carrying friction wear; wear
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Table1 Nominal composition list of 6063Al alloy

6063Al alloy Al Mg Si

Cu Mn Cr Ti Zn

Content/wt% Bal. 0.45-0.90 0.20-0.60

0.10 0.10 0.10 0.10 0.10

Note: Bal.—Balance.

L N aN AT

=Y 4 . 280 y @ lm.
BT JEARHE SEM B8 (a) 6063 #H74xk; (b) TiB, MUK
(c) BREF4E; (d) SiC A
Fig.1 SEM images of the raw material: (a) 6063Al alloy powders;
(b) TiB,; () Cy (d) SiC,,

K FH SPS e 45 1 AR 12 AH 45 5 1 4 TiB,,/
6063A1, C/6063Al, SiC,/6063A13 Fl&Z &k kL, [Al
A, 6063A1 FE A AE Sy X A B R A AR [A] T. 2 847
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H 7 B ) 40 mmx30 mm 4 B AE i ke (3) #A

6063Al alloy
powders

& 00 s AP A 10 1)
2 IRKIE I 6063A1 A HIAR SEM R (a) TiB,/6063Al;
(b) C¢/6063Al; ((c), (d)) SiC,/6063Al

Fig.2 SEM images of 6063Al composite powder after mixing:
(a) TiB,,/6063Al; (b) C¢/6063AL; ((c), (d)) SiC,,/6063A1
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Fig.3 Schematic diagram of pin-disc MTF-CF200 special material electrical damage test system
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((b), (by)) C¢/6063Al; ((c), (c;)) SiC,,/6063A1

Fig.4 SEM microstructure morphology of 6063Al matrix composites:
((2), (a})) TiB,,/6063AL ((b), (b)) C¢/6063Al; ((c), (c,)) SiC,,/6063A1
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MR SIC,, FELEAI R, R AL A 25 T A5 Bl 43 52
M LS R ZE b, Y 3 R SR AH LU [ ) A4 R
GBS I, TiB,,/6063A1 &2 4 A4 Aok i) B JEE fi i
Ci/6063A1 5 4 b1 A} 1) 3 i 238 F1 B0 J3E 32 3 i 4 119
AR Y
2.3 6063A1 & &M B H R ERER MR
2.3.1 BEE R BORES 1R

5 FE 6 43 51 7R T 6063A1 3 & 4 1 K 2%
Ui EERE R B BRI B B . B E LB RR . W
< 5 FlEl 6 By EEAE R BCE AT LLE 1, AR
58 AH ST T 6063A1 L 57 A A R 2 U I 5 R B R
M, & 5(a) W LAE H, MRS h 0~60 s
i, TiBy,/6063A1 & £ b4 Ak A B 15 38 B s K5
60s 5, FEHEREOEW A . BAKKRE , TiByy/
6063A1 &2 & B BE 1 JBE 45 F KRk 1k AR Akl A
6063A1 FEAR A2, P X EE 52 R %5 (0.309) % 6063Al
FEARFEAR 8.85%, X ULWIAS N TiB,, Al B KR 152 &
B, fHEE R R AR . i 5(b) BT LLE
M EEE T ] 4 0~30s BF, Ci/6063A1 & & b4 k) i) JEE
BRBEN/ NP5 ; 30~45s Z[H], EEHR
BB B KW B, X 0] RE S T EE AR I L AL
ERRHE SN 60s 5, FEE R 024 /£ 4
B NEESE B N e g, PR S B B,
- 14 BE 45 22 8K (0.257) B 6063A1 KL 1A FE A 24.19%,
VLA Cp TR IR R b2 T+ T &2 4 MR B BE 4 PERE .
& 5(c) ITLAE Y, SiC,/6063A1 & 4 b K} A JEE 422
RO P S o B, (RO
JEE5E 8K (0.235) Je/lh, UEH SiC,, BB IR AR A
B b RE Y B R R AR — o WRUR, (RN
R R AR E PERR I AT I

H EE 45 2 B0 A vl 0, C/6063A1 &2 & 41 B

R 2 6063A1 EE AMHIREM ML

Table 2 Basic properties of 6063Al matrix composites

Aluminum matrix and composites Relative density/% Hardness HB Electrical conductivity/% IACS
TiB,,/6063Al 98.63 68.38(+0.56) 44.52(+0.18)
C;/6063A1 99.41 63.40(+0.71) 48.40(+0.07)
SiC,,/6063Al 97.57 67.74(+1.28) 45.65(+0.16)
6063Al 99.87 61.30(+0.48) 50.40(+0.06)

Note: IACS—International Annealed Copper Standard.
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