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Microstructures and mechanical properties of
high strength AZ91 Mg alloy by spray forming technology

CUI Hua', LI Yong-bing?, HUANG Jin-feng', YU Hong-yan', XIONG Bai-qing®, ZHANG Ji-shan'

(1. School of Materials Science and Engineering, University of Science and Technology Beijing,
Beijing 100083, China;
2. Advance Manufacture Technology Center, China Academy of Machinery Science and Technology,
Beijing 100083, China;
3. Beijing General Research Institute for Nonferrous Metals, Beijing 100088, China)

Abstract: AZ91 magnesium preform with complete shape was prepared using spray forming technology under protective
atmosphere. The microstructure analysis shows that AZ91 Mg alloy has homogeneous and equiaxial-grains structure, the
average grain size is 17 um. The segregation tendentiousness of divorce eutectic f-Mg;,Alj, phase towards the grain
boundary is greatly improved. The further grain refinement is attributed to the dynamic recrystallization during extrusion
processing. When aging at 175 C, two kinds of precipitates exist which are the majority of lamellar discontinuous
precipitates and a small amount of dispersive continuous precipitates. During the latter aging, f-Mg;;Al;, phase
precipitates quickly and no spheroidized lamellar is observed. The average tensile ultimate, yield strength and elongation
of the sprayed AZ91 Mg alloy after extruded T6 treatment are 435 MPa, 360 MPa and 9.2%, respectively, at the room
temperature, which indicates a better combination of toughness and strength.
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Table 1 Chemical composition of AZ91 magnesium alloy

(mass fraction, %)

RGO o K PR FLA AR BRI S5 A Wi, W5 SR ORR
AZ91 BT T LS8 2 i,

F2 WY AZI B & T ESH
Table 2  Processing parameter of spray-formed AZ91

magnesium alloy

Atomized gas Atomized gas press/MPa Spray temperature/'C

N, 0.3-0.6 700-770
Eccentric Deposition Diameter of
distance/mm distance/mm honeycomb duct/mm
10 400 3.5

Al Zn Mn Fe Ni

8.9 0.86 0.39 <0.05 <0.005
Cu Si Others Mg

<0.05 <0.10 <0.03 Bal.
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Fig.1 Photo of sprayed magnesium AZ91 alloy billet
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Fig.2 Optical micrographs of AZ91 Mg alloys: (a) As-cast; (b)
As-sprayed
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Fig.3 Micrographs of as-sprayed AZ91 Mg alloy: (a) SEM
image; (b) TEM dark field image
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Fig.4  Optical microstructures of as-extruded alloys: (a)
Cross-sectional transect part (vertical to extruded direction); (b)

Longitudinal sections (along extruded direction)
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Fig.5 Change of Vicker hardness with solution treatment time
(a) and aging time (b) of AZ91 Mg alloy produced by spray
forming



996 T EA G R AR

2009 £ 6 H

Bl 7 AZO1 B SR AR i 1) TEM {5
Fig.7 TEM images of peak-aged sample of AZ91 Mg alloy: (a) Lamellar morphology of discontinuous precipitation (DP) along

grain boundary; (b) Needle shaped morphology of continuous precipitation (CP) within grain; (c) [0001],//[111]; diffraction pattern

of needle shaped continuous precipitation
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Table 3 Tensile properties of as-extruded billet and as-aged

treatment samples at room temperature

AZ91 alloy oy/MPa ¢,/ MPa Al%
Sprayed+extruded 367 305 8.7
Sprayed+extruded+T4 377 254 13.0
Sprayed+extruded+T6 435 360 9.2
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Fig.8 Morphologies of tensile fracture surface of as-sprayed

and extruded AZ91 Mg alloy billet: (a) As-extruded; (b)

As-aged



998 PR R AR

2009 £ 6 H

3 Hig

b=}

1) RAGRG IR ISR SOE G ER, fil#& T
TEARTEHEN) AZ91 B S UTAR AR . ZHZVU SR,
WA AZ91 BEA G HA S A/ A 2R,
SRR RSTZ 17 um, E 73 f-Mg, Al AHAE
I 4 A B0, DA/ B-Mgi,Aly, 5 AHALE
Fephrh BRURE AN .

2) Y AR IR 51 K B4 T 45 il A 5 SR A B
AZ91 BEEEMHAR RN —L Ak, PR T
9 3~10 pm, W im AT f-Mg, Al AHIE HATH
F B T R S8 5 A5 VA R R A A R e e T A

3) FrEAA S MBS FRAE 2 h IR A T o
i, FEK A A AR AN K. 282175 CHPRN,
TR I AZ91 B¢ 25 4 T6 AR 11 % i il P {1 H B
76 12 h o B HAH AR 90% A L g ANIELLMT Y, i
SEAT BT O LU IR . S IR B O R R, K
[ BN R0 A T R B B IR T HR BRI 5

4) WA AZ91 G A F R T6 AbEE
Jo QTR o R it IR i B2 43 S B 435 MPa F 360
MPa, fifiK3K 9.2%, SEHLT 58 BEFIIIE [F] 25 (1 KR
FERE

REFERENCES

[1] MORDIKE B L, EBERT T. Magnesium properties-applications-
potential[J]. Mater Sci Eng A, 2001, 302: 37-45.

[21 BAGHNI M, WU Yin-shun, LI Jiu-qing, DU Cui-wei, ZHANG
Wei. Mechanical properties and potential applications of
magnesium alloys[J]. Trans Nonferrous Met Soc China, 2003,
13(6): 1253—-1259.

[3] AGHION E, BRONFIN B. Magnesium alloys development
towards the 21st century[J]. Materials Science Forum, 2000,
350/351: 19-23.

[4] MEHTAD S, MASOOD S H, SONG W Q. Investigation of wear
properties of magnesium and aluminum alloys for automotive
applications[J]. Journal of Materials Processing Technology,
2004, 155/156: 1526—1531.

[5] AGHION E, BRONFIN B, ELIEZER D. The role of the

magnesium industry in protecting the environment[J]. Journal of

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

Materials Processing Technology, 2001, 117: 381-385.
AVEDESIAN M M, BAKER H. ASM specialty
handbook-magnesium and magnesium alloys[M]. Ohio: ASM
International, 1999: 258—263.

IIOPTHU K W, JIEBEJIEB A A. #:&54TMM]. 3k, #%.
Jeat: e Tl L, 1959.

IIOPTHU K WU, JIEBEJIEB A A. Handbook of magnesium
alloys[M]. LIN Pei, transl. Beijing: Metallurgical Industry Press,
1959.

DAHLE AK, LEE Y C, NAVE M D, SCHAER P L, STJOHN D
H. Development of the as-cast microstructure in magnesium-
aluminium alloys[J]. Journal of Light Metals, 2001, 1: 61-72.
WANG Y, LIU G, FAN Z. Microstructural evolution of
rheo-diecast AZ91D magnesium alloy during heat treatment[J].
Acta Materialia, 2006, 54: 689—699.

ENRIQUE J, LAVERNIA, WU Yue. Spray atomization and
deposition[M]. New York: John Wiley and Sons Ltd, 1996.

YU Fu-xiao, CUI RANGANATHAN S,
DWARAKADASA E S. Fundamental differences between spray

Jian-zhong,

forming and other semisolid processes[J]. Mater Sci Eng A, 2001,
304/306: 621-626.

HEHMANN F, SOMMER F, PREDEL B. Extension of solid
solubility in magnesium by rapid solidification[J]. Mater Sci Eng
A, 1990, 125: 249-253.

MOHRI T, MABUCHI M, NAKAMURA M, ASAHINA T,
IWASAKI H, AIZAWA T, HIGASHI K. Microstructure
evolution and superplasticity of rolled Mg-9Al-1Zn[J]. Mater Sci
Eng A, 2000, 290(1): 139—-144.

DULY D, SIMON J P, BRECHET Y. On the competition
between continuous and discontinuous precipitations in binary
Mg-Al alloys[J]. Acta Metall Mater, 1995, 43(1): 101-106.
FOURNELLE R A, CLARK J B. The genesis of the cellular
precipitation reaction[J]. Metall Trans, 1972, 3: 2757-2767.
CELOTTO S, BASTOW T J. Study of precipitation in aged
binary Mg-Al and ternary Mg-Al-Zn alloys using 27A1 NMR
spectroscopy[J]. Acta Materialia, 2001, 49: 41-51.

EBERT T, MOLL F, KAINER K U. Spray forming of
magnesium alloys and composites[J]. Powder Metallurgy, 1997,
40: 126—130.

CHEN C Y, TSAO C Y A. Spray forming of AZ91 magnesium
alloy with and without Si addition[J]. Materials Science Forum,
2005, 475/479: 2789-2794.

(4miE  FHLD)



