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Fig.1 Morphology of basalt particle
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Table 1 Composition of basalt particle (mass fraction, %)

SiO, AlO; MgO CaO Na,O
52.06 14.75 6.55 6.77 232
K,0 TiO, Fe,04 FeO
1.38 1.08 5.69 8.06

K I M6 D't S U 5E (OM) WL 1 i R 7 SR 44
WA e 5, R F Helios Nanolab 600i 4714 FL 4%
(SEM)FI Titan G2 60-300 3% 4 HL85(TEM) 7 AT i e
(RO 45 840 5 375 S R SR TR TRk 7 %5 80 um i A5
J HEAT RUIE FELAAE , L AR VR A T T+ Y TS (A T R Y e 1)
AL N 1:3), IR T 248 K. R INCA OXFORD
AEE A MR JC R M . 7E Instron 3369 H7fHAL
AT ORE B SR B RE AR, bz R
1.0 mm/min.
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B2 WU TA04AL Hl BP/TA04AL & A M KL S AHLL 2
Fig. 2 Metallographic micrographs of spray-formed 7A04Al(a)
and BP/7A04Al(b) composites
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Fig.3 TEM images of matrix in 7A04Al and BP/7A04 Al composite as-extruded((a), (c)) and after solid solution and aging((b), (d))
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Fig. 4 TEM images of interface between basalt particles and aluminum matrix of spray-formed BP/7A04Al composite

F2 AR XA B IHLZ K EDS TR AR
Table 2 EDS analysis results of aluminum alloy matrix,

basalt particle and particle edge

Mole fraction/%
Element
Point 4 Point B Point C Point D

(0] 0.10 0.25 58.87 60.09
Na - - 1.37 1.33
Mg 3.41 3.35 1.80 1.61
Al 90.18 88.54 10.92 6.04
Si 0.15 1.62 21.93 25.89
K - - 0.45 0.50
Ca - - 1.67 1.73
Fe 0.10 0.10 2.53 2.56
Zn 4.80 491 0.17 0.15
Cu 1.26 1.33 0.11 0.10
Totals 100 100 100 100

IR LERL, SRR Si TR S BIg A
EJF, HenRm S 8RR, mEAhEA EAE
Na. K M Ca jo3; ZpUaBIRLS I IEIX Ko R A
AWRHXA, 5ZEAERRATEL, SEX T Si uR
TEAVE TR, Al TREEAEVE LT,

23 HEMEEe

A AR FE G 5 TAO4 SR A & e 2 A TR 1 5
TA04 G S E A BN - RNAZ 2 a5 B .
A 5 AT 0L, %A ORI SR 2 AT Rk e R o
P BB BR A A58 B R A 2R3 R TR AN I & e ks
(1) TA04 B & &1 AU IR BUE AL TA04 254
(1% JeE AR 5 AR B s AR 5 B2 43 0 8 604 MPa Al 632
MPa, % B RI0R 5 AR 5 52 A R I e R i AN A
PP AR SR E 23 994 667 MPa F1 696 MPa, ‘5RESINX
A BRI 7A04 456 &M EL 2 Bl H2 & 10.4% AN
10.1%.
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Fig. 5 Stress—strain curves of 7A04 Al alloy and BP/7A04 Al

composite after solid solution and aging
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Fig. 6 SEM images of tensile fracture of 7A04 Al alloy(a)
and BP/7A04 Al composite(b)
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Fig. 7 SEM images of precipitated phase of 7A04 Al alloy(a)
and BP/7A04 Al composite(b) after solid solution and aging
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Interface structure and mechanical behavior of
basalt particle reinforced aluminum matrix composites

FAN Cai-he', HU Zhe-yi', CHEN Xi-hong?, ZHOU Xin-peng”, OU Ling', YANG Jian-jun'

(1. School of Metallurgical and Material Engineering, Hunan University of Technology, Zhuzhou 412007, China;
2. CRRC Zhuzhou Electric Locomotive Co., Ltd., Zhuzhou 412007, China)

Abstract: The 7A04 aluminum alloy and basalt particle reinforced 7A04 aluminum composite (BP/7A04 Al composite)
were prepared by spray forming technology. The microstructures and mechanical properties of the composites were
investigated. The results show that the basalt particles uniformly disperse in the aluminum matrix, and form strong
interface with the aluminum substrate. SiO, on the edge of the basalt particles replaced by Al,Os3 is produced by chemical
reactions, form a high temperature reaction layer of tens of nanometers, and the combination interface of basalt particles
and aluminum matrix is strengthened by Al,Os. Diffuse distribution basalt particles promote the dislocation multiplication,
vacancy formation and phase precipitation in the matrix, and the main precipitations are plate n(MgZn,) and a bright
white strip or elliptic spherical 7(Al,Mg;Zn;) phase. Combined interface, the high dislocation density and second phase
of diffuse distribution significantly improve the mechanical properties of composite materials. Al,O; layer with thickness
of several tens of nanometers forms on the basalt-Al boundary. The formation of the Al,O; layer improves the interface
bonding strength between the basalt particles and the aluminum matrix. The yield strength of BP/7A04 Al composite (667
MPa) is increased by 10.4%, meanwhile, the ultimate tensile strength (696 MPa) is increased by 10.1%. The use of basalt
particles to reinforce 7A04 aluminum alloy results in the improvement of mechanical properties, comparing to those of
7A04 aluminum alloy.

Key words: basalt particles; aluminum matrix composites; microstructure; interface structure; mechanical properties
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