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Heat treatment of bulk nanocrystalline Al-Zn-Mg-Cu alloy
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Abstract: Bulk nanocrystalline Al-Zn-Mg-Cu alloy was fabricated by cryomilling combined with vacuum hot pressing
and extrusion. The aging-curve was obtained. The crystal structures and microstructures before and after heat treatment
were investigated by X-ray diffractometry (XRD) and transmission electron microscopy(TEM), respectively. The results
show that the deposition(MgZn,) of consolidation can be dissolved again by solid-solution, and precipitated during aging.

The grain sizes of the bulk nanocrystalline Al-Zn-Mg-Cu alloy produced by vacuum hot pressing are 50—100 nm, some of
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them grow to 100 nm even part of them reach 200 nm after heat-treatment.
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Fig.1 XRD patterns of Al-Zn-Mg-Cu alloys after different
(b) As-milled; (c) As-
consolidation; (d) Solid solution; (e) Aging

treatments: (a) As-atomized;
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Fig.2 DSC curves of cryomilled powders and extruded bulk

nanocrystalline alloys, respectively: (a) Cryomilled powders for

8 h; (b) Extruded nanocrystalline bulk
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Table 1 Solution heat treatment schedules of bulk nano-

crystalline Al-Zn-Mg-Cu alloy

Process

No Solution heat-treatment Remark
450 C, 30 min+475 °C, 30 min,
1 . . Fracture
quenched in ambient water
300 ‘C, 3 ht450 C, 30 mint475 C, 30
2 . . . Fracture
min, quenched in ambient water
300 C,3h+450 C, 30 mint+475 C, 30
3 . . . Fracture
min, quenched in ambient hardener
4 445 °C, 30 min+470 °C, 30 min,

quenched in ambient water
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Fig.3 Hardening curves of alloys after aging at 110, 120,

130 ‘C, respectively
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Fig.4 TEM photographs of bulk nanocrystalline Al-Zn-Mg-Cu alloy: (a) Hot pressed; (b) Aging for 12 h



34 PR G R AR

2007 4 1 A

3 it

1) HAREHARGOK S Al-Zn-Mg-Cu & 48
JUSF2h 50~100 nm,  H K K8 17 BRI 25l K
b S BT R A A S Sk K #] 100 nm BLE, #45
TH P A ROR 2] 200 nme

2) HARIPRL I A o AR AT 0 B AR T L i
445 °C, 30 min+470 °C, 30 min XUZ [ M1 T HEA4A
RO AN R, 280 BT, AT AR A
BIs) o Anfe N AR A, DL A 3, 120 CIR R
15 h Ay S5 A I 2

ufgyey

v o

REFERENCES

[1] Huang B, Perez R J, Lavernia E J. Grain growth of
nanocrystalline Fe-Al alloys produced by cryomilling in liquid
argon and nitrogen[J]. Mater Sci Eng A, 1998, A255: 124—132.

[2] Miller M K, Wirth B D, Odette G R. Precipitation in

and Fe-Cu-Mn model alloys:a
comparison of APT and SANS data[J]. Mater Sci Eng A, 2003,
A354: 133-139.

[3] Yin W M, Whang S H, Mirshams R A. Effect of interstitials on

neutron-irradiated Fe-Cu

tensile strength and creep in nanostructured Ni[J]. Acta Mater,
2005, 53: 383-392.

[4] Han B Q, Matejczyk D, Zhou F, et al. Mechanical behavior of a
cryomilled nanostructured Al-7.5 pct Mg alloy[J]. Metall Mater
Trans A, 2004, A35: 947-949.

[5] Park Y S, Chung K H, Kim N J, et al. Microstructural
investigation of nanocrystalline bulk Al-Mg alloy fabricated by
cryomilling and extrusion[J]. Mater Sci Eng A, 2004, A374:
211-216.

[6] Witkin D, Lee Z, Rodriguez R, Nutt S, et al. Al-Mg alloy
engineered with bimodal grain size for high strength and
increased ductility[J]. Scripta Mater, 2003, 49: 297-302.

[7] Han B Q, Lee Z, Nutt S R, et al. Mechanical properties of an
ultrafine-grained Al-7.5 Pct Mg alloy[J]. Metall Mater Trans A,
2003, A34: 603—613.

[8] ZhengLJ, Chen C Q, Zhou T T, et al. Structure and properties of
ultrafine-grained Al-Zn-Mg-Cu and Al-Cu-Mg-Mn alloys
fabricated by ECA pressing combined with thermal treatment[J].
Mater Character, 2002, 49: 455—461.

[9] Stolyarov V'V, Latysh V V, Shundalov V A, et al. Influence of
severe plastic deformation on aging effect of Al-Zn-Mg-Cu-Zr
alloy[J]. Mater Sci Eng A, 1997, A234: 339-342.

[10] # ¥, FRZEM, Fgh, & RRIRE 1K Al-Zn-Mg-Cu
HEMLNEEL]. EE AR, 2005, 41(11): 1195-1198.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

YANG Bing, CHENG Jun-sheng, FAN Jian-zhong, et al.
Microstructural evolution of nanocrystalline Al-Zn-Mg-Cu alloy
powders by cryomilling[J]. Acta Metallurgica Sinica, 2005,
41(11): 1195-1198.

JIETK, B, HIGE R, S (G IR S VA A e R g oK A
TX X X R E4]. Wifi 48, 2005, 29(6): 827-831.

WANG Zhi-yong, FAN Jian-zhong, TIAN Xiao-feng, et al. Bulk
nanocrystalline Al-Zn-Mg-Cu series aluminum alloy prepared by
cryomilling[J]. Chinese Journal of Rare Metals, 2005, 29(6):
827-831.

FRZEWE, BRLTE, B ¥, 45, (RIRERES & AR e tEghk
i Al-Zn-Mg-Cu A EHUARPEII]. H EA ()R, 2000,
16(7): 1196—1201.

CHENG Jun-sheng, CHEN Han-bin, YANG Bing, et al.
Preparation of bulk nanocrystalline Al-Zn-Mg-Cu alloy with
high thermal stability by cryomilling[J]. The Chinese Journal of
Nonferrous Metals, 2006, 16(7): 1196—1201.

Hu L,Li Z, Wang E. Influence of extrusion ration and
temperature on microstructure and mechanical properties of
2024 aluminium alloy consolidated from nanocrystalline alloy
powders via hot hydrostatic extrusion[J]. Powder Metall, 1999,
42(2): 153—-156.

FPOR, BRI, XL SF WU B Al-Zn-Mg-Cu FE 5
GO PE BR A A A B B R SIS BE T ). AL OB R 2 2R,
2003, 25(5): 436—440.

WANG Hong-bin, CHEN Mei-ying, LIU Hui-ming, et al.
Experiment investigation on heat treatment of spray-forming
ultrahigh strength Al-Zn-Mg-Cu alloys[J]. Journal of University
of Science and Technology Beijing, 2003, 25(5): 436—440.
Tk, )RR, Sk, A%, b B S R RO R
Al-Zn-Mg-Cu RENG AR5 m[)]. o EA 48 %R, 2004,
14(3): 398—-404.

WANG Hong-bin, LIU Hui-ming, HANG Jin-feng, et al. Effects
of heat —treatment on microstructure and mechanical properties
of ultra-high strength spray deposited Al-Zn-Mg-Cu aluminum
alloy[J]. The Chinese Journal of Nonferrous Metals, 2004, 14(3):
398-404.

Wang S H, Uan J Y, Liu T S, et al. Examination on the aging and
tensile properties of Al-Zn-Mg/AL:Ni eutectic composite[J].
Metall Mater Trans A, 2002, A33: 707-711.

Jeon J H, Codfrey A B Blenkinsop P A, et al. Recrystallization in
cast 45-2-2 XDTM titanium aluminide during hot isostatic
pressing[J]. Mater Sci Eng A, 1999, A271: 128—133.

Liang G X, Li Z C, Wang E, et al. Structural change of rapidly
solidified 2024 aluminum alloy powders in mechanical milling
and subsequent consolidation process[J]. J Mater Process
Technol, 1996, 58: 247-250.

(g BRELE)


http://elsevier.lib.tsinghua.edu.cn/cgi-bin/sciserv.pl?collection=journals&journal=09215093
http://elsevier.lib.tsinghua.edu.cn/cgi-bin/sciserv.pl?collection=journals&journal=09215093
http://elsevier.lib.tsinghua.edu.cn/cgi-bin/sciserv.pl?collection=journals&journal=09215093
http://elsevier.lib.tsinghua.edu.cn/cgi-bin/sciserv.pl?collection=journals&journal=09215093
http://elsevier.lib.tsinghua.edu.cn/cgi-bin/sciserv.pl?collection=journals&journal=09215093

