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Effect of precipitate free zone quench-induced on
fracture behavior of AFZnm Mg Cu alloys
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(School of M aterials Science and Engineering, Central South University,

Changsha 410083, China)

Abstract: An intercrystalline ductile fracture physical model of ultra-high-strength AFZn-Mg-Cu alloy was given
and the stage fracture behaviors of equilibrium phase, matrix precipitation and microzone of precipitate free zone
(PFZ) were analyzed by TEM observation of the quenched and aged microstructures, the fracture behavior and mor-
phology of AFZmrMg Cu alloy. The results show that under the synchro deformation circumstances, the equilibrium
phase particles are fractured firstly, the formation and extension of fracture in intercrystalline precipitate zone are
earlier than those in PFZ; the matrix precipitation is fractured due to the coaction between the primary cavities pro-
duced by equilibrium phase particles in precipitation zone and the secondary cavities produced by precipitation, this is
the major fracture reason of the alloy; the precipitate free zone is fractured lastly. The equilibrium phase particles
that induce the sensitivity of the quenching are not the direct reason that causes the alloy fracture; the microzone of
PFZ around particles limits crack extension and coordinates deformation, this causes the formation of the ductile ten-
sion fracture.
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1 SEI§

PLai J§ o4 99. 85% — 2 1. Mk 4fi &5 . &fi 4
(99.99%) . 4li%5%(99.92%) .« 4i4£(99. 90%) Al A+
5%Cr «AF5%Mn . Cu-10%Zr - AF5% T+B F1ja] &
SN R FlE TR LR 3 MEe, S8y
53 {E LEEMAN SPEC-E 74 H JBRE 5 55 2 714 It
TR HCTEA AT . B a B Mo R A T I,
H R EAT, ERRBIEIE L B EEL 400 C L5 h+
450 'C .24 h+ 470 C .15 h =AM E, #
FURJE B 4 20 mm IR BE, FFE 54 450 C L2 h+
470 'C .1 h B T2, /KE)E 120 C .24 h i}
B, 3 WAER D —4H 120 'C. 18 h IN & L& 4E
KYKY ~ 2800 A% ti8e EAER O o4 . &4 a,
DL— 72 BV FIE P VAR K, R XS v ( i
WA 20 8 AHIR VA ) A iE S B AR, &
SR SR S VAR K NI AT X 4120

2 FERESH

2.1 &%H TEM WZEL0 W 22

K1 Frons A% 0. 04% Cr+ 0. 05% Mn +
0.04%Ti+ 0. 17% Zr W] AFZn-MgCu & 4, 4
K [EFEA120 C |24 hi AR B 5 i 2 21 .

z1 H5EMLERS

Table 1 Chemical composition of alloys(mass fraction, %)

Alloy Zn Mg Cu Cr Mn Ti Zr Se Al
1# 8.25 2.08 2, 87 — — — 0.17 — Bal.
2# 8.17 2.06 2.25 0. 04 0.05 0. 04 0.18 — Bal.
3* 8.22 2.13 D, 39 — — — — 0.15 Bal.
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1 AFZrMgCu0.04% Cr+ 0.05% Mn+
0.04% Ti+ 0.17% Zr &4 5 5 PFZ

Fig.1 PFZ of AFZnrMg-Cu-0. 04% Cr+
0.05% Mn+ 0.04% Ti+ 0.17% Zr alloy on

grain boundary
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Fig. 2 Precipitate free zone induced by

quenching around metastable phase within grains
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Fig. 3 Precipitate free zone located in bands
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2.3 SEWRIESHN
MR B 12 37 i ) BT 2 20 ¢ 45 RN

Metastable phase precipitating on

>+——" grain boundary during RRA, ] /—\

\ PFZ on grain boundary during RRA,
R =

Dispersive phase precipitating within
grain during RRA,

Metastable phase precipitated within grain during

homogeneization, causing quenching sensitivity, O

PFZ caused by # equilibrium phase precipitating

during quenching within grain, @

4 KGR &N CHT X 5 RRA B TE B & 57 JEHT H X 43 A A A
Fig. 4 Model for precipitate free zone caused by quenching and

dispersive precipitate caused by retrogression and re-ageing

B 5 AFZorMgCu0. 15% Sc & 4 I hr A iR W 228402 1 0 2 B A A1 218
Fig. 5 Tensile OM fractographs of AFZn-Mg-Cu-0. 15% Sc alloy

(a) —Particle as crack source; (b) —Intergranular and transgranular; (c¢) —T ransgranular
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B 6 AFZn-Mg Cuwr0.04% Cr-0.05% Mn-0. 04% T 0. 17% Zr & 4K Hr K 10 SEM

Fig. 6 Tensile SEM fractographs of AFZn-M g-Cu-0.04% Cr-0. 05% M n-0. 04% T r0. 17% Zx alloy
(a) —Aged alloy, 120 C, 24 h; (b) —Aged alloy, 120 C, 18 h
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— Precipitate free zone caused within grain(Q-PFZ) fracture

@ — Precipitate free zone on grain boundary
@ — Equilibrium phase

Bl7 S8k HEX AFZr- Mg Cu & 4 240l fp Ay
Fig. 7 Model of fracture of AFZn-Mg-Cu alloy containing Q-PFZ caused by quenching

(a) —No load; (b) —Equilibrium phases split or tear open interface;

(¢) —Formation of micro-hole between matrix and semrcoherent precipitate phase;

(d) —Q-PFZ deformation and micro-hole converge and grow up;

(e) —Precipitate zone disrupts and Q-PFZ stresses strongly and micro-hole nucleates and incorporates and grows up;

(f) —Q-PFZ fracture
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Fig. 8 Model of preferential fracture on
equilibrium phase, Q-PFZ and PFZ
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Fig. 9 Model of crack within Q-PFZ during

deformation not expending to matrix
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