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ABSTRACT Compared to conventional Mg-Al and Mg-Zn system magnesium alloys, the Mg-Zn-Y-Zr
heat-resistant alloy exhibits high thermal stability due to the addition of Y earth element, which is an ideal
candidate for producing high strain rate superplasticity (HSRS, strain rate=1x 10 ? s'). Recently, the
HSRS of Mg-Zn-Y-Zr alloy was achieved by friction stir processing (FSP), because the FSP resulted in
the generation of fine and equiaxed recrystallized grains and fine and homogeneous second phase parti-
cles. However, the study on superplastic deformation mechanism of FSP Mg-Zn-Y-Zr alloy at various pa-
rameters is limited relatively. Therefore, at the present work, six millimeters thick as-extruded Mg-Zn-Y-Zr
plates were subjected to FSP at relatively wide heat input range of rotation rates of 800 r/min to 1600 r/
min with a constant traverse speed of 100 mm/min, obtaining FSP samples consisting of homogeneous,
fine and equiaxed dynamically recrystallized grains and fine and uniform Mg-Zn-Y ternary phase (W-
phase) particles. With increasing rotation rate, within the FSP samples the W-phase particles were bro-
ken up and dispersed significantly and the recrystallized grains were refined slightly, while the fraction ra-
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tio of the high angle grain boundaries (grain boundaries misorientation angle=15°) was increased obvi-

ously. Increasing rotation rate resulted in an increase in both optimum strain rate and superplastic elonga-

tion. For the FSP sample obtained at 1600 r/min, a maximum elongation of 1200% was achieved at a

high-strain rate of 1x107* s* and 450 °C. Grain boundary sliding was identified to be the primary deforma-

tion mechanism in the FSP samples at various rotation rates by superplastic data analyses and surfacial
morphology observations. Furthermore, the increase in rotation rate accelerated superplastic deformation
kinetics remarkably. For the FSP sample at 1600 r/min, superplastic deformation kinetics is in good agree-

ment with the prediction by the superplastic constitutive equation for fine-grained magnesium alloys gov-

erned by grain boundary sliding mechanism.
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Fig.1 OM images of parent Mg-Zn-Y-Zr alloy (a) and FSP samples at rotation rates of 800 r/min (b), 1200 r/
min (c) and 1600 r/min (d) (FSP—friction stir processing, the black particles are the second phases)
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Fig.3 EPMA element maps of Mg (a, d), Zn (b, €) and Y (c, f) in parent Mg-Zn-Y-Zr alloy (a~c) and FSP

sample at rotation rate of 1600 r/min (d~f)
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Fig.5 EBSD orientation maps of parent Mg-Zn-Y-Zr alloy (a) and FSP samples at rotation rates of 800 r/min
(b), 1200 r/min (c) and 1600 r/min (d) (The black and white lines represent the high angle grain bound-
aries (HAGBs, grain boundaries misorientation angle=15°) and low angle grain boundaries (LAGBs,
2°<grain boundaries misorientation angle<15°), respectively)

@

- \Y

20 40 60 80
Misorientation angle / (°)

100

(©)

20 40 60 80
Misorientation angle / (°)

100

Number fraction / %

Number fraction / %

8

(b)

Misorientation angle / (°)

o

20 40 60 80
Misorientation angle / (%)

6 MQ-Zn-Y-Zr BERF FIAS [R) #4358 T FSP RE S 1) i TS BC A 2 A1 1
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rotation rates of 800 r/min (b), 1200 r/min (c) and 1600 r/min (d) (The black curves show the random
misorientation angle distribution for hcp structural metal)

100



12 1] R B AR LA OO R BE N T Mg-Zn-Y-Zr i FAEE £ bR BB AT N I RS 1751

15 FE 400 A1 450 °C, PR 1 76 68 28 14 A8 JE ik #2 W AH
RE% Fo 0T A7 1E , [ ) 72 21300 ) om0 R 1 R 3 vy 8 28
PEREMIVER o« bl Z AT RIE 2R T WA
TE Mg-Zn-Y-Zr 865 4 H BB AR TR o A2 v R I H AR
mRRENE . MM S, HTRANAZ RESEE
ST TR R e MR 22, FSP ARG N R s 5 S 581
B A ALY, T AR M SR A e VAR Tl e R 1
AN TR FSPRE S E A R AR T IR FE T 3R
AN ST 56 BAR A 2 A 8 R WK 8 Fiam .
BT DLE H B A AR TR B 38 I, A TR 4644 R I
TAE N 77 B S A . 150 B e A TR IR R AR R, 42
m T ERTFI A BAe B3 T RAEE . S5 EE T
B AN, FSP R i 75 A ] 22 1 3 AN R AR

1400

(@)
1200 | —m— 800 r/min
—e— 1200 r/min

1000

—a— 1600 r/min /
L 2
800 |
L:/
} &

600 -

Elongation / %

®

A

400 - — .
./ \I

200 -

‘ ‘
10" 10° 10*?
Strain rate / s

HOR R AR N WA BTG, 5 ARSI LA
S, Mg-Zn-Y-Zr &R T 8 s R AR N 7, X 3
BEH T ASEE SR &M EE. BPiEErR
T REI LR FSPRE S E 3%107*~1x107 s I 4E B
A R P, AR R AU K ()3 Z0°8 0.5, B
o 1) AR T R U R B R B A S PN 4 R
REJTUE, b TV R it S 1) 32 BT ML)
P19 Ay oA e 98 1 A it AN [R) 6 3 FSP A
Al TE AN [F) A8 T 35 RO s A8 S R e S PR R
BT AIRE RS . XS R T3S R T
FGE I IEHOIRAS ) BoR T 50 W M AR TR R A
P10 43 A AN [F) T B 58 R (1) FSP R ff 7E AN [H]
AR R ANAR T B AT R BE AR T B A W R 5 3R

1400

(b)
1200 -
L

1000 - /A
800} .
600 |-

400 - L .\. \

Elongation / %

200 -

O L L
10* 10° 107
Strain rate /s

(&7 AN[F) e FSP R il AE AN R AR TR BE T A AR AR T 6 5 ST A 32 2 ) 5% %
Fig.7 Relationships of elongation with initial strain rate at 400 ‘C (a) and 450 °C (b) for FSP samples at rota-
tion rates of 800, 1200 and 1600 r/min with traverse speed of 100 mm/min
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Fig.9 Macrographs of untested and failed tensile FSP specimens at rotation rates of 800 r/min (a), 1200 r/min
(b) and 1600 r/min (c) at test temperatures of 400 C (a) and 450 ‘C (b, c)
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Fig.10 SEM images of fracture surface of FSP sam-
ples at 800 r/min deformed under 400 “C and
1x10° s (a), at 1200 r/min deformed under
450 °C and 3x107° s* (b) and at 1600 r/min
deformed under 450 °C and 1x107%s™ (c)
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