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Table 1. Composition of 7055 aluminum alloy.

By [wt%
Zn Mg Cu Zr Si Fe Mn Cr Ti

Wi 7.6—8.4 2.0—26 2.0—2.6 0.05—0.25 <001 <015 <005 <004 <0.06

SEEE 8.4 2.2 2.0 0.06 <0.01 <015 <0.05 <0.04 <0.06
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Fig. 1. The sample status and its relationship with
the magnetic field.
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Fig. 2. Microstructure of Al-Zn-Mg-Cu system composites at initial state: (a) x 1000; (b) x 500, x 10000

(inset); (c) x 20000.
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Fig. 3. Microstructure of samples under different mag-
netic induced intensity: (a) initial state; (b) 2 T, 30
pulses; (c) 3 T, 30 pulses; (d) 4 T, 30 pulses.
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Fig. 4. The full width at half maximum in XRD of

samples under different magnetic induced intensity.
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Table 2. The thermal expansion coefficients of each

phases in Al-Zn-Mg-Cu composites.

g OREEC gy PPRARA
/1076 K1 /1076 K1
Al>O3 7.9 T(AlZnMgCu) 23.7
Al3Zr 12.1 S(AloCuMg) 21.9
Al3Ti 8.73 n(MgZna) 28.3
AlsTigZri—e 8.73—12.1  6(AlyCu) 20.9
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Fig. 5. The sketch of the magnetoplastic effect.
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Fig. 6. The sketch of conversion of electron spin state.
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Fig. 7. The residual stress in samples under different

magnetic induced intensity.
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Fig. 8. The stress concentration in front of dislocations

pile-up.
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Abstract

For aluminum matrix composite, the introduced particles will strengthen the matrix, but as the obstacles, the
heterogeneous particles will hinder the dislocation movement, generate uneven material structure, and may become a
source of stress concentration. Therefore, they are detrimental severely to the elongation and plasticity of composite. It is
known that dislocations exhibit a paramagnetic behavior because they contain paramagnetic centers including localized
electrons, holes, triplet excitons, ion radicals, etc. The initial radical pair of the dislocation-obstacle S (spin angular
momentum) = £ 1/2 is in a singlet state, and the total spin of the radical pair is 0 and in the antiparallel spin direction,
offsetting a magnetism of the radical pair. The magnetic field can change the spin direction from singlet state to triplet
state. In the triplet state the electron spin is 1 and in the same spin direction. A strong bond of the dislocation-obstacle
is formed only in the singlet state when the spins of the two electrons are antiparallel. So an obstacle is able to pin a
dislocation only if the radical pair is in the singlet state. Under the condition of high pulsed magnetic field treatment
(HPMFT) the conversion of electronic spin will be a fundamental cause of dislocation motion along a glide plane. The
movement of pinned dislocations will change the material microstructure and influence the performance of material. By
comparing the microstructural evolutions and the residual stresses of samples subjected to HPMFT with different values
of magnetic induced density (B), the positive influence of magnetoplastic effect on the plasticity of aluminum matrix
composite is investigated in this paper. The results show that the dislocation density is significantly increased when
B changes from 2 T to 4 T. When B = 4 T the dislocation density is enhanced by 3.1 times compared with that of
the sample without HPMFT. Moreover, the residual stress is reduced apparently from 41 MPa (B = 0) to —1 MPa
(B =3T). In the view of atomic scale, the high magnetic field leads to a magnetoplastic effect which contributes to the
dislocation movement and promotes the dislocation depinning, thereafter, the number of movable dislocations increases
up. From the viewing of the internal structure of composite, the magnetic field accelerates the releasing rate of internal
stress and lowers the residual stress in material, which is beneficial to improving the plasticity of aluminum matrix

composite.

Keywords: magnetoplastic effect, microstructural evolution, aluminum matrix composites, high pulsed

magnetic field
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