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Superplastic Anisotropic Behavior in Magnesium Alloy of AZ91D Grain Refined by Isothermal-rolling

Yasunori TORISAKA, Shuichi FUDETANI, Masahiko HORIHATA and Mitsuji HIROHASHI

Synopsis

Key words:

: Thin magnesium alloy of AZ91D sheets worked by isothermal-rolling and then annealed around the temperature between 0% and 100% re-
crystallization have been prepared, and tensed at right angles to rolling direction at elevated temperatures and at several strain-rates. Both the
total elongation and strain-rate sensitivity m have been obtained and discussed.

The m values was found to be 0.5 in range of 1.0 10™*s™' to 1.0 107*s™", The activation energy required for superplastic deformation
was calculated to be about 87 kJ-mol ™', which was almost same of the activation energy for self-diffusional grain boundary coefficient in
Mg.

Although the high strain-rate sensitivity and the activation energy corresponding to self-diffusional grain boundary were obtained, contrary
to expectations, the values of total elongation didn’t exceed over 100% at all testing temperatures and at all strain-rates.

Tensed at right angles to rolling direction, gap and offset presupposed during tensile testing were not accommodated by recrystallized
anisotropic fine particles. Therefore, a large number of cavities caused, and consequently the total elongations decreased.
magnesium alloys; AZ91D; isothermal-rolling; superplastic deformation; anisotropic; activation energy; grain boundary diffusion; gap;
offset.
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Fig. 2. Rolling and tensile directions before tensile test of

RMO materials.
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Fig. 3. Rolling and tensile directions before tensile test of
RM90 materials.
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Table 1. Chemical composition of AZ91D (mass%o).
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Fig. 4. Roll for isothermal rolling and relation between
rolling and tensile direction.

Table 2. Specifications of isothermal rolling.

Maximum load 20tonf
Maximum temperature on roll surface 673K
Width of uniform temperature on roll surface 100mm
Keeping temperature of roll chocks and stand 303K
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Fig. 5. Specimen dimensions for tensile tests.
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Fig. 6. Effect of annealing temperature on hardness for
498K isothermal rolled AZ91D.
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Fig. 7. Ino vs. In € curves in RM90 material obtained by
tensile testing performed at right angles to rolling
direction at indicated temperatures.
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Fig. 8. Ino vs. In € curves in RMO material obtained by
tensile testing performed at rolling direction at
indicated temperatures.”
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Fig. 9. Relation between strain-rate and total elongation in

RMO90 material tensed at right angles to rolling di-
rection.

Fig. 10. Specimens (RM90) before tensile test (top) and
after failure (bottom) at temperature of 573K and
with strain-rate of 1.0x 10 *s™".
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Fig. 11. Relation between tensile temperature and total
elongation in RM90 material.
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Fig. 12. Relation between tensile temperature and total
elongation in RM0 material.
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Fig. 13. Optical microstructures in RM90 material after failure on several positions in Fig. 10. (a) On position of E, (b) on posi-

tion of A, (c) on position of B, (d) on position of C.
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(0002) Pole figure
Fig. 15. (0002) pole figure of RM material.
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Fig. 16. Activation energy required for high temperature
deformation in RMO and RM90 materials.

Table 3. Self diffusion energies of Mg for both volume dif-
fusion and grain boundary diffusion.
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Material
Mg in Mg

Volume diffusion

135 67

Grain boundary diffusion

Table 312" &K 512, Mg ECK NILEUZE T 5 iEM
LT 3L F —DfEIL 135kI - mol ™', HOK RILEU-E S 3
WL TR X - DfEIZ67kI - mol ' TH B Z LAHILN
TWwdY RMOMTHLAZEMEIT F L F - D1,
0k mol ' BEUZREDBETZOMMBKE NN, K
EEROD G iREIERER TH 6 N7z RMIOM D EML T 3 0
X — DM, 87kJ-mol~"I% Mg ® 1K RALE D &ML = &
LE—DEIZIFIER G, L2 T, sSSPl ahs-
RMO#4 #5 & U'RMOO M O BB ZE R 28, Mg BkN
EEUTERT 20 TIid A<, Mg HEK RILEIZHHE X
h-gnrEIoNSE, ZOZELS5, RMMOEETO
EHEME LT, RREBICEARRT RO LELNELD
hs,

Thbb, RM MOERITHSERINORMEIZER L 720
Tid&L, HEEESZBRAED £ $OMSROE L W\
KRT RO ORI RBEI- K > TRELSELHE N, B
ZOL EFRERONFIEE THRMIZAET S Z L p P
ENBgapB L Woffset W ED LD HFHMBHIZL T
Fr L ENENTHS,

HhuE73€57F—v3Y - FFLELT, M.F Ashby &
R. A. Verral®# & U°J. R. Spingarn & W. D. Nix®{Z & 5 grain
switching € 7 L & & ' R. C. Gifkins {2 & % Core—Mantle &
FALEENEZ NS, RMIOMODEREE A RMOM &
Ak, TOEIEETANKESBHELAEZ EZEETDH
595, L2L, RMMOZHSDMBNE, Kl Rz& D



TEIRTEIEIZ & D AL SN AZ9ID 7 7 % ¥ 7 LA SRMOBEESEENI B 2 B A

ZHEBSEBR T A ENICRVA L DO FEGSK AR L
&I LT HRBHICHELME % LI HBELEE- 7
ERTho7ze I fins, MM TOEHEEEL
Rirhidz sk,

TA&DbH, RMOMTIIRD AHIZGIERD MhE 5 &, K
SO HEEMN T AEVICRVAVRET 5 8BICk
WC, ThoBZORNFRERE5EEAAT AbdEER
FUSTATE BB K5, aDBRAFHIZ0~20°MEx4 5 Z &
&koT, BERHRIZAELBZ LN TPREENS gapb LV
offset ML T 728D EEDbLNS,

LA L, RMIOM TIZRD C/RE N B FEFHIMIZHEET
L5 TDMICAIRS =8, &R T IXaiAD AL &

BIZBHIZERRATICRIEEST 2 B BEHNEL S, L7
AT, RMIOM Tid Z D 90° [mi#n A &~ 2% - ¢ LA
FBESERL 2 50, ZO708ISENEED, 4
YT 4 BARMOMEDIERIZEL AL B ZLIZED, #HR
L THUDWEPIZDEN 572D TH A9,

PV bn»s, *EESSMEB2ET288BEEE T, 2L
ABBO miEn K& T, BEEMETOE>E4
MO BRAUNZDHOEMUIZKE S EELRITTEN
A5,

Fig. 73 & U'Fig. 8 2 I8 $ 5 &, ARBRIGAE ST3K B L U
S98KIZH 1T 5 ¥ — & FEYIL J1 4 RM90 1 & RMO#E & Tik
ESHEL TS, ChEHEICT S0, RBRIEE 4
xS, E— o REICNE y#ICE > TTE Yy FLETE,
RM90#4 T i3 Fig.17 5%, RMO# TldFig.1s BB o6h 5,
RMOM TIXREBRIBE AEL £ 3I1FE ¥ — 2 RENEH 1R
DI BHDIZH L, RMIOM TR AEE 1.0X10 s %
R ZOMOETOOTAREEIZH T, RERIRE 598K
FETE - RSNV RKIEEET S, Figlls L
Fig 2 Tib 7 k912, ZOBBERAMUDEBL NS K
HABRIREICTE -%¥ 5,

Thbb, RMOMTIZFig 12 TRL &2, Liobx
TRAMEEOERIC X D AHEBRIERIIEN S H, 207729
Y= 2 HRENE AP 5L Ko T2 kE<{ELSE, L
2L, RMOOM TIX Z OIRE I CHRAMBR L ERE T,
AEEEITBA SN E 2L hL, FrETF 1 DERIZT X
LE—-HEP I, ABERE S9SKfETY — 7 RENsH
BRAIEL-EADERDLNS,

4. S

BESE P S 72 Meg-AILRA S, AZIIDDREH %
EEHEEEAGAC, B 40RE B X U0 AEE T5|
RO, 2OLEFDOEMUL KUOTRBERRZERE L miE
ERDER, LTOFESEHS ML=,

(1) BAROVT LEEEZUREmIERL, OFAEE
LOX107%s7 ' 2 5 1.0X 1073 s HED R THI 0.5 &R L 7=,

31

Peak flow stress, o/ MPa
o

h- RMQO }
Tensed at r|ght angles to rollmg directlon
R I R .ﬁ ‘
RS | iRoled imm |
100“11‘! ‘lél
500 525 550 575 600 625 650

Tensile temperature, T/ K

Fig. 17. Relation between tensile temperature and peak
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