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Preparation of bulk nanocrystalline AFZn Mg Cu alloy with
high thermal stability by cryomilling
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Abstract: The preparation of bulk nanocrystalline AF10Zn-3Mg-1. 8Cu ( mass fraction, %) alloy by mechanically
milling at cryogenic temperature (cryomilling) and hot pressing in vacuum was studied. By X-ray diffraction ( XRD)
and transmission electron microscopy (TEM), the effects of cryomilling process on the phase transformations in sol-
id, the grain size and the thermal stability for this alloy were investigated. The results show that the grain size of the
as-atomized AFZn-Mg-Cu alloy powder is gradually reduced and approaches 37 nm after 15 h cryomilling. The aver-
age grain size reaches about 100 nm after hot pressing in vacuum. After hot extrusion and heat treatment, the grains
grow to about 300 nm. The results obtained herein suggest that the significant thermal stability of the bulk nano-
crystalline AFZn-Mg-Cu alloy may be attributed to the solute drag of the alloy elements and the impurity elements,
which can prevent the grain growth. And more, the zener pinning from grain boundary of the nano-scale Al O3 ari-
sing from cryomilling and the fine M gZn, phase also play an important role.
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ARt T BRI . AFZr Mg Cu A4 i ¥
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Fig. 1 XRD patterns of AFZmrMg Cu alloy powders
(a) —As atomized; (b) —Cryomilled for 15 h
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Fig.2 TEM image(a) and SAED patter(b) of
AFZn-M g Cu alloy powders cryomilled for 15 h
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Fig.3 XRD patterns of bulk nanocrystalline
AFZn-M g Cu alloy
(a) —Hot pressed; (b) —Hot extruded; (c) —Heat treated
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B4 AbZnrMg Cu HERAEEARFRE TR MSBHALN TEM KIEX HFATH (SAED)
Fig.4 TEM image and SAED pattern of bulk nanocrystalline AFZn-Mg-Cu alloy
(a) —Hot pressed; (b) —SAED pattern, hotpressed; (¢) —Hot extruded; (d) —Heat treated

F 1 K 4(b) P& IX i AT (SAED) Hodli br e 45 2R
Table 1 SAED results of Fig. 4(b)

D/nm
Phase
0.2386 0.2079 0.1891 0.172'1 0.1458 0.1235 0.1200 0.1039 0.0925 0.084 0
Al (111) (200) — — (220) (311) (222) (400) (331) (422)
Al203 — (202) (203) (212) (205) — (313) (208) (326) -
MgZn> — — — (210) — — (206) — — —
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SR FH 00 R 28 AR 2 A e ATl 4% () K i B
PR 2 T 4l /N oK i 250 . BARAE B s o B
FR B T AR TE 5 Aok K 3 300 nm, (H S A FEAS Ak
THKGOKY, B& TG HARE N . BREBH &
(R4 K AR A L () 49K 4 L A AR e M 1 JL T T
ETHFUCEMEEETFLIER « FLBRIEP/ER | 28
ZAHRLF BVETHLAEHI ( Zener £THL)

KA 4 TG B A AR (1 776 BE A 250 dito
MK . SR AR BB HOR B K Zn J5L 88 1 A
2] Al FERF 2, Mg Al Cu J5 7t ) o [ v gk
X . REMNAEIRTFAAET AL BT, SRR
RAEWA, I EEE SRR . 2db)E
RS G, —HaGanRzUANE S
FHTE R EBAT 20 A0 T 9 BT LT S (L
5), FHAG&EFTR, SRR .

5 GRS HUARTRL L RL P S A 48 /N UKL AR
Fig.5 TEM image of fine particles in
grain and around grain boundary of

bulk nanocrystalline AFZn-Mg-Cu alloy
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[ NS 25, Ln Fe A Ni; 3 004 FEAAH
BERA RN, o F N, A RE a7
BT AR . X B A ) R AL (R bR E Y
ALOs) 5 H] Zener ETHLAIVE, #HI ALK .

KT EREE SRR b 7= £ 1) Zener 5T FL( VR ECAH AT
) fEH, BLNIEEXR HFEATHR . RYE Zener
ETHLERIR, BEAE fb A D00 R ASORIURE F) s K48 T Ak LA
Jo, FHMALR B D R K, R R R T At 1
bn o XAFE Zener £THAEH 75 A 40 7 A2 SR BH 1 &
FHITR . R EORAE AN R BBREAER] R, &
RS D, A BT T SUBURL R AR AR 73 5 f

U 1.33R/ D . 5 EASSEEG HOR B doRn R /N R
B RSHEOL, AR AR/ R 250 nm,  URLY 4224
5nm, HSA P RORL AT B0 2. 26% , BARM
B IR WA IX A 2 98 BUBURL A7 (E . B ik B e
Zenerk] FLAEH FEA S ME— (AR 2 b /NI TR 2
BREE A 5] N IR 4% 5 G 2R [ 4 H AE AR 8 Aok R/
WD B FMAE A . Koch 1" &R &4 T H
B NS TR 20, KRR AR R K
sN, T ) R SR S e 2 VE . B kA R BR
PR Fe « Ni JR 7B 4301 o i Kok . M
O JRFAEXEBASEEE .

3 it

SR FH 90 S0 B S R B 2 R B R T % T 4K
AF10Z-3M g 1. 8Cu (i 70 8, %) & & P kb4
Bl A ARERRE RS, A 4R 7 WA [ %
T a( Al) 15 R R R A BL M gZna A TE
REFHTHHZE DK, Ll [ A B 5,
FHLRI M gZna AH P12 284K, DL /NT A TE
AT It - MBS i Bk B DUS ok R A
37 nm, £ H A SR AR AE B8 LR FELE 100 nm .
B R R TR, AR/ 300 nm, #vkh
B SR RS ORFE AR, G oK 45 0 2 A 15 B4R
MR m G e R RE T KES S u R Ay
FOCZ BB T AL R4k d B kR T SR K
K, BAS 40/ ) MgZna AT AL O S5k AH X6
TR RETHAEA .
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