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Abstract: The composition of as-cast Mggs Zn; Y, alloy with almost 100% long period stacking ordered structure

(LPSO) phase was milled into nanocrystalline powder by the high energy ball milling, then was mechanical blended
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with atomized Mg-9Al-1Zn(AZ91) powder. The Mgg; Zns Yo /AZ91 composites with the mass fraction of Mggs Zn; Y
powder from Owt% to 30wt% were prepared by spark plasma sintering (SPS) at 350°C. The microstructure of
Mgg; Zng Yo/ AZ91 composites was characterized with optical microscope (OM), SEM and TEM; XRD was used to
analyze phase transition of the composite before and after solid solution treatment; microhardness and compression
test were also carried out to study the mechanical properties of the composites. The results show that the Mggs
Zn; Y, powder’s grain size decreases and the microhardness of the Mgg; Zn; Y, powder increases obviously after 3 h
high energy ball milling. In addition, the Mgg; Zns Yy powder is mainly distributed at the boundaries of the AZ91 ma-
trix powder. With more addition of Mgg; Zns Yy powder, the n; Yo powders likely combine with each other to
form a continuous grid. Moreover, there is no obvious tran@'g layer at the interface between Mgg; Zn; Y, powder
and matrix. After solid solution treatment at 400°C ?B phase is dissolved into the matrix and LPSO phase is
disappeared gradually. The compressive yield st at room temperature of the prepared 20wt% Mgss Zns Yo/
200 MPa to 230 MPa, which the yield strength is significantly
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(b) Solid solution treatment

P8 Mgss Zns Yo /AZI1 B A MR
Fig. 8 Linear EDS for Mgs; Zng Yo /AZ91 composit

S
e, JEURTRTRAY B A AL A UDRLAR %%%,ﬁ
R bR BB HET L F 9 A 0 2

Hi OB AE 2] L 76 SPS Kk f}%ﬂ%ﬁﬁﬁ
B TE S (AR IR 2 1 A AL

FETE— DG b T sl AR A B8 J3E DX, 3 o W) 42 5t
W7 i ab 2 i JEZ . BVR A T R MIT R Y
RIS o 22 ] 9 Ak B A9 5 1T () A A A — o T
BRI, (HIEW R 82, KU Mg Zns Y,

AL, 28R AL BEE BY Mgss Zng Yo UKL A T
SR ALJTE . X R i AT AT, —

JETCERTEA B AFAE (A2 (0 A6 B A2 F T 1) 18 58 Uk
hYEG S —JrmE Al TETRES Y o Ry

KL SE R AT Ao i RSP R k. ek, mZfaH O

BT A Ak, BT AZO1 Bk 25 SPS Ke4h R

b AL T2 T8 Ak 2 0 B B 1] 38 58 0K rh 9 BAE
FH AB B AR B L AT 98 A fe itk — 2B k. ALY
C Iz T Sy — A O R AR AR PR R
T b PR AR e SR KB By
ERE,

% 3 Mggs Zns Yo BORLT 553805 Mg Zns Y,/
L ZEEMBBUREZRWER, AT, £ SPS
55 (0 525 B BHRY B0 FE 97 97 Vo LA b BUE A

A

QO FREREAF . BEAN . My, Zn, Y, ORI k55 05 5 4

MEBUEEREHELR, Fi52Z, MgsZn Y, Hi
BT I A B, A Y BOR AR, B’ 9
Mgss Zng Yo / AZ91 £ b RHAH ST b e Y 58 il B
) SEM %, o W, % B E B kR
Mggs Zn, Yo ki 5 A 2 H 5 Mggs Zns Y, it

’ ULGREE . B SPS BEZ5 L

W e 45 W O A 2 A 4 O F A B
MgﬂmmﬁﬁE%%EETﬁ%ﬁzg§§%%
RIS KA 59 7
BB 2 ] B AR Mgy Zn, ACES IR

4 010 315 HE 76 UK

%@%%ﬁ%ﬁ*ﬁ&%?ié@
IR G A

S I U A O P

Mgs; Zns Yo JIURL (1 LR BT R REAT
SRR 0 28 1 DL L% 1R 5

IR P it 56 (1 7 e 2 5 7

A7 g 2
ARG
Mgss Zn, Y, /AZ91 8 & BIE 1A

o P10 DK [ AR BT JR Mgss Zng Yo JURL 5 21K

H:

» X

B P AR RS . 0T R AL RS . BEIA R HV
H MRS5S 1Y 88 N FEN 69, iX 32 2 )& [ 4b BE AL
JESEAFAE T Ak B — 2 AT LR AT B AR 2K 51

BRI R BE i ALY 8 4b-a 9, BEmimisE  ErY. X T Mg Zn, Y, BRI 5, 28 SPS B4 )

#3 ANE MgsZn Y, SBH MgssZns Y, /AZ91 EE MM EESHTE
Table 3 Density of Mgss Zns Y,/AZ91 composites with various contents of Mgss Zn, Y, powder

Materials Theoretical density/(g+cm ™ *) Actual density/(gecm %) Relative density/ %
AZ91 1. 8020 1. 7895 99. 31
10wt % Mggs Zng Yo /AZ91 1. 8568 1. 8346 98. 80
20wt % MgssZns Yo /AZ91 1. 8952 1. 8591 98. 10
30wt % Mgss Zns Yo/ AZ91 1. 9349 1. 8928 97. 82




+ 2518 -

B AMRIER

Micro-defect g ;"'

- ~

(b) Solid solution treatment

(]
%9 Mggs Zns Yy /AZ91 E%Mﬂ*ﬁﬁﬁ&iﬁiﬂﬁiﬁiﬂ&%@ﬂ@

SEM K4
Fig. 9 SEM images of typical micro-defects in% 5/

AZ91 composite \
-0

L 5 180 M % 166, (H 5% SM L, HAE
FEATE T — Rk, Xt B 4 3] Mggs Zns Y,
EUR AT (SR e Sl d e W B A AN
AZ91 A aT,

Bl 11 mZead SPS B45 5 19 Mg Zns Yo/ AZ91
A MOBH SR SRR ST SR X T AZ91 A 4T
N e RN - - N i SN R G T A Sy NP (TR
@me WKL I 1 52 G M RE AR R A R RS K

Q) A B T A AL . [ 12 % SPS Besh 5 K v

REFRET S Mg Zns Yo /AZ91 54 b BH T 45 T 7%
MRS LR, 2t SPS BE4E T AZ91 BEA 4
JE 4 PR R A, = I R B R e R 4 i 24
150 MPa F1 500 MPa, X155 T SPS be4% 5 #4
A R B B B AL AN ST A AR . 2 [ %
AEHLE I AZ91 %@mﬂﬁiﬁfﬁ%ﬂﬁ)ﬁ%ﬁﬁ%ﬂﬁ%
%120 MPa Pa, (B MHAR Y &5 5] T #
LA LA BT [ b s fR b, A T
FAb ERESTi B S N = S whe o R | TR E X VA
IR i B AT, H g T [ Ak R B 42 T R Ay

By sy R T . X T Mg Zn, Yo /AZ91
HAE B, Mgg:Zns Yo %ﬁ*ﬁﬂ@%ﬁbué\%@ 24
&5 205 Yo i

Pa, 2ot

220 e S
oo = Ao . IE A 85 TN 88, I
180 + I Solid solution treatment 20wt % Mggs Zng w(‘j‘ﬁ' 1 52 & R I i B2 42 T
o QTHOng,ﬁE%%M%hﬂﬁMﬁI
N oo AN W o 2
E 120 F [/y\ﬁﬁ— Bﬁﬁﬁﬁﬁiﬂ%ﬂﬁéﬂﬂﬁgﬁﬁﬁ,
100 - i Ut B 55 1% 4 P g B 5 UKL 25 B,
80 30F
60 Y 28
sl 0o 261
I
0 @ E 20t MR
Mg, Zn Y, powder AZ91 matrix ERRTIE ’ N
2 ’ N
K10 [ ALFIETE Mgss Zns Yo/ AZ91 B & MOBHE B 1 22 1L 'E ig: .’/ \‘\\\
Fig. 10 Variation of hardness before and after solution treatment © 12+ | | T 777
in MggsZng Yo /AZ91 composite lg :
6 -
R BSE 32 A R S OB O R A AT R R, X 2 T N , , , 1
SPS B S Bt 2 HE B LPSO 41K Sk o A7 AR R e
, e o oﬁ\\'be ~“xeﬁe° 7}\:( 9 1,&\21 9 7}\:14
o WA TR WERE AR AT ™ 59 e el el

FHAE 5 4R B BT 50 AR F B 58 4 2o A2 v b A
Priat 7, 17 B S A B, BE 2 A0k R A
Wik K LA K LPSO M ot Z py H B E %, H HV

Bl 11 RIR] Mgss Zng Yo & B Xt F AZO1 FE AR/ 5 1
Fig. 11 Evolution of the AZ91 matrix grain size as a function of

mass [raction of MggsZns Yy powder



AR . O R TR BEA T A Mgss Zne Yo ORISR Mg-9AL-1Zn &5 MR 41415 J) 221 fE .+ 2519 -

500 L 20wt% Mg, 7Zn Y, .
\
< P :
A - \
400 !
s ; )
s ! 1
300 L] ——AZ9I
¢ |
g '," 7 : 1
E 200 7 i |
&b i I
is ' P 10wt%
100F 5" 30wt% | | Mg ZnY,
' Mg ZnY, | ! !
: i

0 0.05 0.10 0.15 020 0.25 030 0.35 0.40\§©

Engineering strain

(a) Sintered

500 10wt%
— Mg, ZnY,
«
S 400t .
2 e \
2 3004 iy |
on v I
.8 o I
8 200} ¥ Az
B0 Z i !
a A g 1
= 100L i 30wt% : !\ I > ¥ 3 S A
Mg ZnY, ' 20wi% N R e _ et
F . . IMgBSZInGYQ I' ‘ @g 13 20wt % Mgss Zng Yo /AZI1 5245 bH L LA 15 45 W7 01
0 0.05 0.10 0.15 020 025 030 035 04 0 SEM &4
Engineering strain I,DO Fig. 13 SEM images of compression fractograph@ered
(b) Solid solutiontreatment 20wt % Mgss Zng Yo/ AZ91 composite
T/ °
3 = (= AN ] 1 R Yy Ry ) v N
e FIRALIRIS M zna o/ AZ01 2 ﬁ?@ﬁﬁ T 1A A I 8 K B 0 WOk 4 R
Fig. 12 Compression properties of Mggs /AZ91 - N ISR W .
B JI5E i T 3 G M X L A JE R T &t
composites with/without solid s @ ®reatment - - AN,
QD SPS Besh J7 5 5 BRGNS 43 1 R 4

Maga: Zn, Y UKL BE AT BB DL 6 38 14 1L ) F 475
P 1 AT S 2 5 AZO1 A 4 B0 10 T

SPS 5 [V 4 I 52 25 K R4 11T 5036 A
e, RSB SR (Y Y L 2 LG
T K B 457, I 0 2 4 B e R
ST E U B 4% . A B 5 1L SPS KE 4 i
20wt % Mgy Zns Yo / AZ91 54 R E A 0 E A7 25 3
SR R BT BRI 13 B, AT iy
1 R A AT L 7 AR B GG 3 A A
0 1 00 905 A 9L 1 3 46 97 4 2 T 1 9 )
73 M T 5 6 9 00
S L2 ) 40 5 BB BE R T I ALT R %
50 570 5 7 T o T o A K B
R UV T 25— 0 B 0 /T T 4L
o L UE 5 0B 0 0 DR W 1 9 b
TR G T o 0 9 PE R AE L A, I T Ak
5 ) 5.1 109 R K A B R (L 7

3% i O

SR 5 AV 4 WOt 5 5 T B 2 (SPS) i
B4 S K JE I HE VA T 45 8 (LPSO) 5
A AL H AR IZAH A R Mg-9AL-1Zn(AZ91)
g SHIF RS T & LPSO # Mgy Zn, Y, i
WL R I B ] 95 Ak B X Mggs Zng Yo /AZ91 4 bt
Aok I B A SR g 2 1 R S

(1) WREBREE 43 3 h A] B 2 401k Mgg: Zn, Y,
AU A d R, B TR R A0 R R DA T B R ROURL Y 5
FHIZR G PR RE

(2) SPS #8450 SE3 Mg Zns Yo /AZ91 B4
BB, A MBIBUE TS 970U |, [HEE
Mg Zns Yo 3830 AH 7 4 w808 A BRAUE B, bR
S G R ORHE R B W] S T AZ91 BEG 4

(3) £ 400°C X 24 h [& %5 4b ¥ /5 1) Mggs Zns Y /
AZ91 A WORFE B8 v o [T, e R A R S A
PREFAAS . 20wt% Mg Zng Yo UKL IS H0 12 0] 3515



+ 25

20 -

EAMBENR

T AEMERE Mgss Zns Y Wk 25 [ 5 A ¥ R AT 4k 35 76
B R OK O, R Mg Zng Y, PR B A B4R

g i fE

S k-

(1]

[3]

[8]

[10]

CHINO Y, MABUCHI M, HAGIWARA S, et al. Novel
equilibrium two phase Mg alloy with the long-period ordered

structure[ J]. Scripta Materialia, 2004, 51(7);: 711-714.

ONORBE E. GARCES G, PEREZ P, et al. The evolution of § @

internal strain in Mg-Y-Zn alloys with a long period stacki

ordered structure[ J]. Scripta Materialia, 2011, 65(8

722, @o
, et al.

MATSUSHITA M, BEDNARCIK J, SA
eriod stacking

Synchronized collapse and formatio
and chemical orders in Mggs Zns Yo L] ].
Matter, 2015, 461 147-153. @O
OKUDA H., H()RIUCH]@ MASAKI M, et al. In situ
measurements on, @ of long-period stacking-ordered
g%’g s alloys during heating examined by
‘\;&@tron radiation small-angle scattering[ ] ].

alia, 2014, 75(9): 66-69.
R J, KOZLOV A, FANG X Y, et al. Phase equi-

sica B: Condensed

structures in

multicolor s

Seri

[J]. Acta Materialia, 2012, 60(17): 5948-5962.

SHAO X H, YANG Z Q. MA X L. @@\?
toughening mechanisms in Mg-Zn-Y alloy Wi@ period
stacking ordered structure[J]. Acta M4letinlia) 2010, 58
(14): 4760-4771. O%

O

NAMI B, SHABESTARI S G, AEILI S M, et al.

Strengthe

Effects of calcium and rare@ ments on microstructure
and creep properties of AZ91 ‘alloy in as cast and semisolid
processed conditions[ J]. International Journal of Cast Metals
Research, 2011, 24(1): 45-52.

FECHT H J, HELLSTERN E, FU Z, et al. Nanocrystalline
metals prepared by high-energy ball milling[J]. Metallurgical
Transactions A, 1990, 21(9): 2333-2337.
ZERi s, k0o, MOE G, AL I AR B T e A il A Ti/Col
JEMR R R ]. A M EEER, 2012, 29(6);(‘@
LIPP, LONGWY, FUZY, etal. Ti/C laminated material
prepared by spark plasma sintering method and its mechanical
propertiy[ J ], Acta Materiae Compositae Sinica, 2012. 29
(6): 90-96 (in Chinese).

WMERE, P, ki, % SPSHl& TINi SR &E A M
BHI O S5 # K = vERe ()], EAM B, 2018, 35(2):
371-376.

YANG S Y, GUO D, SHEN J, et al. Microstructure and
mechanical properties of TiNi reinforced Mg alloy composites
prepared by spark plasma sintering process[ J]. Acta Materiae
Compositae Sinica, 2018, 35(2): 371-376 (in Chinese).

libria’ and transformations in ternary Mg-rich Mg-Y-Zn all%&s: @

[11]

(12]

(e}

[14]

[15]

o
(171

(18]

[20]

(21]

TALEGHANI M A J, TORRALBA ] M. The microstruc-
tural evolution of a pre-alloyed AZ91 magnesium alloy powder
through high-energy milling and subsequent isothermal
annealing[J]. Materials Letters, 2013, 98(5); 182-185.
KUMARAN S, CHANTAIAH B, RAO T S. Effect of nio-
bium and aluminium additions in TiAl prealloyed powders
during high-energy ball milling[J]. Materials Chemistry &
Physics, 2008, 108(1). 97-101.

LT, o R R - AR R 4 T A XU R A T
6AlAV & 4[D]. J7M: RIS, 2013

ZHANG H Y. Bimodal ultrafine-grained Ti-6Al-4V alloy
prepared by high energy ball milling and spark plasma sinte-
ring[ D]. Guangzhou: South China University of Technolo-
gy, 2013 (in Chinese).

MOHAMED F A, XUN Y W. Correlations between the
minimum grain size produced by milling and material parame-
ters[ J]. Material
(1-2): 133139\ 0

WANG S G HR, WANG Y Z. Sis N;/Mg compos-

nce & Engineering A, 2003, 354

interpenetrating network[ J]. Journal of Materi-
Cr)xce, 2006, 41(17): 5751-5757.

NG S R, GENG H R, WANG Y Z. Fabrication and
machinability of SiN-Mg-Al-Zn (AZ91) composites[ ]J]. Ma-
terials Science & Technology, 2006, 22(2): 223,226.
MONDET M, BARRAUD E. LEMONNIE @

crostructure and mechanical properties

alloy developed by Spark Plasma Sin

lia, 2016, 119: 55-67. @

QIU D, ZHANG M X, 1 @' J A, et al. A new ap-
finer for Mg casting alloys and

proach to designing
oys[J]. Acta Materialia, 2009, 57

its use in .0
)

ites wi

t al. Mi-
Z91 magnesium

. Acta Materia-

. KERMANI M, RAZAVI M, et al. An in-

ma sintering[ ] ]. International Journal of Refractory Metals
& Hard Materials, 2015, 48: 263-271.

XHpsh, ERA, EBRZE. SiC,/AZ91 B4 M R B4 4,
Jrep kg S e HLRIL) ], Z A M ORAR, 2014, 31(2): 388-
395.

DENG K K, WANG C J, WANG X J. Microstructure,
mechanical properties and strengthening mechanism of SiC,/
AZ91 composites [ J ]. Acta Materiae Compositae Sinica.,
2014, 31(2): 388-395 (in Chinese).

FAR S R RN FRSBE S 4 AM30 13 R 4 Pk e
FeWesRpURILI ], $UnT T Z, 2013, 42(6): 67-69.

WANG C Y. Dynamic compressive properties and fracture

mechanism of extruded AM30 alloy under high strain rate

[J]. Hot Working Technology » 2013, 42(6): 67-69 (in Chinese).



