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Abstract: Nano-SiC/Al-Zn-Mg-Cu composites are prepared by high-energy ball milling combined with
spark plasma sintering (SPS) and hot extrusion. The precipitation hardening characteristics, aging
precipitation behavior, and microhardness of nano-SiC/Al-Zn-Mg-Cu composites are studied by
differential scanning calorimetry (DSC), synchrotron radiation X-ray diffraction (SR-XRD), transmission
electron microscopy (TEM) analysis and microhardness test. Results show that the addition of nano-SiC
particles increases the thermal diffusion activation energy of n'and 3 phases, and inhibits the growth of the
precipitated phase in the composites. Moreover, adding SiC particles increases the concentration of v’ phase
and refines the 1 phase at the grain boundaries, which enhances the precipitate-strengthening effect. With
the increase of aging time, the density and size of %' phase within the grain increases, and gradually

transforms into 1 phase. Meanwhile, the 1 phase precipitated along the grain boundary coarsens. Increasing



204 FHRLT A2

2026 41 H

the aging temperature can increase the free energy of the composite system and the diffusion rate of the

solute atoms, promoting the growth of v’ phase and n phase and the transformation of 0 to n phase. The

addition of 3% (volume fraction) SiC nanoparticles increases the microhardness by about 50%, and the

peak aging time decreases from 64 h to 16 h with the aging temperature increasing from 100 °C to 140 °C,

but the aging temperature change has little effect on the hardness value of peak aging.

Key words: aluminum-based composites; SiC reinforced phase ; nano-precipitated phase; microhardness;

heat treatment
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Table 1  Chemical composition of Al-Zn-Mg-Cu alloy

(mass fraction/ %)

Zn Mg Cu Fe Mn Ti Cr Al
3.80 1.85 1.32 0.15 0.21 0.017  0.14 Bal.
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Re ZIECHR[9]AI-Zn-Mg-Cu & 4 By W I 250 B K
BETE 120 °C, A A TAEZESE 100,120 °CHI 140 CHY I
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Fig.1 Schematic showing T6 heat treatment process of

nano-SiC/Al-Zn-Mg-Cu composite
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Fig.2 DSC curves of T6 heat-treated 0% (a) and 3% (b)SiC/Al-Zn-Mg-Cu composite samples at 120 °C
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R2 AEFEEERT 0% F13 % SiC/Al-Zn-Mg-Cu EH
R R A I E
Table 2 Exothermic peak value at different heating rates of 0%
and 3% SiC/Al-Zn-Mg-Cu composite samples

Ty/K
Heating rate/ — — -
(K-s1) (0-Al-Zn-  (n-Al-Zn-  (%-SiC/Al- (9-SiC/Al-
.S
Mg-Cu) Mg-Cu) Zn-Mg-Cu) Zn-Mg-Cu)
0.083 489.05 616.15 489.25 622.25
0.167 495.85 622.85 499.35 632.55
0.250 502.05 628.45 504.05 641.55
0.333 507.15 632.65 508.75 645.35
9.0 -
85t AE=266.5 kJ/mol
' AE=152.9 kJ/mol
S 80
'To
l\g 75F
E 70}k AE=190.3 kJ/mol
AE=139.2 kJ/mol
6.5 [ n'phase ____n phase-Al-Zn-Mg-Cu
——n'phase ——n phase-SiC/Al-Zn-Mg-Cu
6.0 ) L ) H )
15 16 17 18 19 20 21
T /103K~

E13 120 °C AR B A FAAL BEZS 0% 1 3% SiC/Al-Zn-Mg-Cu
AR R P RGO REXT EL
Fig.3 Comparison of thermal diffusion activation energies between
T6 heat-treated 0% and 3% SiC/Al-Zn-Mg-Cu composite
samples at 120 °C
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Fig.4 HE-XRD spectra of T6 heat-treated 0% and 3%
SiC/Al-Zn-Mg-Cu composite samples
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Fig.5 Change curves of microhardness of 0% and 3% nano-SiC/Al-

Zn-Mg-Cu composite samples with aging time
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Table 3 Vickers hardness of 3% SiC/Al-Zn-Mg-Cu composite samples with different aging temperatures and aging time

Vickers hardness(HV)
Sample

Oh 2h 4h 8h 16 h 32h 64 h 96 h
0%-120 °C 109.54+1.4 122.441.4 125.6+1.0 131.9+1.1 130.740.8 136.04+1.2 128.7+1.6 110.4+1.3
3%-100 C 158.842.3 159.44+1.5 162.240.8 163.64+1.5 165.641.1 168.24+1.1 169.84+1.2 167.240.7
3%-120C 158.842.3 161.3+1.3 163.2+1.3 167.24+1.1 168.94+1.1 170.14+1.0 162.24+1.6 152.6+1.3
3%-140C 158.842.3 163.14+1.9 164.94+1.3 166.240.8 168.24+1.0 157.841.2 155.941.3 141.940.9
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B 0 B AT AR RSB/ 43 310 10~20 nm Al 15~

6 0% F13%SiC/Al-Zn-Mg-Cu & & 8HE 2% 32 h TEM &
(a)f£120 “CHY 0% SIC/Al-Zn-Mg-Cu i1 # R ; (b)7E 100 °CiY 3% SiC/Al-Zn-Mg-Cu B3 5
()7E 120 °C 3% SiC/Al-Zn-Mg-Cu W88 1 ; (d)7E 140 CHy 3% SiC/Al-Zn-Mg-Cu W37 88
Fig.6 TEM characterization of 32 h aging-treated of 0% and 3% SiC/Al-Zn-Mg-Cu composites
(a)bright field images of 0% SiC/Al-Zn-Mg-Cu at 120 °C; (b)bright field images of 3% SiC/Al-Zn-Mg-Cu composite at 100 °C;
(c)bright field images of 3% SiC/Al-Zn-Mg-Cu composite at 120 “C; (d)bright field images of 3% SiC/Al-Zn-Mg-Cu composite at 140 °C
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Fig.7 Bright field(1) and HAADF(2) images of 120 °C aging-treated 3% SiC/Al-Zn-Mg-Cu composite samples
(a)4h;(b)32h;(c)64h
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