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Mg alloys with long period stacking ordered (LPSO) phases are categorized into two types. Mg alloys where the LPSO phase forms in
as—cast state are categorized as Type I, while those where the LPSO phase does not appear in as—cast state but forms during heat treatment are
categorized as Type II. However, the origin of the formation type of Mg alloys with LPSO phases still remains poorly understood. In the pres-
ent study, three different Mggs (Al, Zn) ¢Gdo quaternary alloys were prepared to elucidate the dominant factors that determine the formation
type of Mg alloys with LPSO phases. The a-Mg, Al,Gd, MgzGd and LPSO phases were characterized in the as—cast quaternary alloys by mi-
crostructural observation, composition analysis and crystal structure analysis by using electron probe microanalysis and X-ray diffraction. It
indicates that all the quaternary alloys are categorized as Type I even though the original two ternary MggsAlsGdy and MggsZneGdy alloys are
categorized as Type II. The crystal structure of the LPSO phases observed in the as—cast alloys is considered to be 18R with dilute solute ele-
ments. The amount of the LPSO phases in the as—cast state increases with increasing the Zn content in the alloys. It is considered to be the
cause of destabilization of the primary crystallized Al,Gd phase by the addition of Zn and hence relative stabilization of the LPSO phases. It
is thus concluded that the relative phase stability in the vicinity of the LPSO phase is considered to be crucial for determination of the forma-

tion type of Mg alloys with LPSO phases.  [doi:10.2320/jinstmet.JBW201807]
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I L, Z15A% hep RSk D Mg @ JE I 7 R & K a2 Ak
T5 L0 MDY, LPSO MR LE Mg & 412 EN AL
BV TR TbR T 549,

LPSO M5 bH Mg 44513 LPSO MDA AL 512 & - T
Typel & Typell 1238 X510, Typel 13553 ¥ $ 4712 LPSO
HPFAELTVWDELDOTHD, MgZn-Y KX Mg-Zn-Dy 5
ENZOREFTH B, —JF, Typell iZ85:& F #1121
LPSO HHDFAE L 22 WS, BULEIIC X - T LPSO M &2 #T 5
53D TH Y Mg-Zn-Tb RENZ DIEFITH 50, Typell
A4 CTlE LPSO MU O I AAHDIAED i £ FMITBIT S
LPSO DR Z I TV B 2 LR FHEI NS DS, Typel &
Typell % JeEfHT 2 BZRIEFHATNIIZH S IS Tniwn,
LPSO A DA i % Mg I Hl H§ 2% Z & 23T & 1Uid LPSO AH5#
b Mg 5 &ML ES D, SEMETIES &
L2 EESND 728, Typel & Typell & P fit it % EN
DT EELZRETH 5.

ARWFFETIE, LPSO HIGRILE Mg &4 Typel & Typell %



PEMTBERZWS2ITAHIEE2HNE LT, Mg-Al-
Zn-Gd 4 TGREEEERL, #aE MBI 5 LPSO D
HE RS A BRI ERM L 72, Mg-Al-Gd 3 7C%1E Typell T
HY, P ALG ZTERHR L, B 18R 2 LPSO M
2T 5. Mg-Zn-Gd RIZ2OWTIE, ZhE TIC Typel
& Typell D 5 O VAL TV 5., BWUICAEERIE
5 S A 5 Typell T& 2 & HiG S 72282, Wu b i
MggssZn Gdy s B & DFHE T F A 14H B! LPSO HAMHERE S
NZEZWELTBN 'Y, MgogsZn Gd, s &4 1 Typel T
HorrEZOLND. —Ji, BESIE MggZnsGdy, B4 Dk
FEM2L LI LPSOMPHER I NI L2 HEL TS
D7, MgsiZnsGdp, B4 Typell Th 5 L £ 2 b b, ¥
72, MgssZngGdy &4 D § 3 £ F 12 1% LPSO MHAETE L 7%
WZERERELTBY, MggsZngGdy & 4513 Typell TH 5 &
Fiohn9, MggsZngGdy B ED WL a-Mg TH D, 3k
M 4H B LPSO A TR § 5 Z L G ST w
Z,>14>.

Al-Zn 2 TERICEH T 5 &, 300C ~400C OMEEHMPHIZ B
WC fee D Al BEAEMKRIC Zn 1ZIRKT67% BT 5 2
ERHESRTEY Y, ALE Zn BHWICBANE W &
PWFEE A, =il 513, Mg-Zn-RE(RE =Y, Dy, Gd, Ho,
Ce) B4&\2BIF % RELHEM & LPSO 0 2wtk o MR %
HOMZT A2 %2 HKWE LT, 450C, 1000 h L O
MggsZng (REL, RE2)¢(at%)4 TCRAEEITHB VT, REI/RE2 I
205, 1, 2 L RMMICEL S &850 LPSO HIZ BT 5
RE O E #2558 K OF LPSO #HOME %% 2 #4 L, LPSO H
ZIEKT % RE OMEAEH 2L TR WA, Bl S
LPSO #H® RE1/RE2 A3 &H K O REI/RE2 . & &) § 5
LEZONDLZ %R L /2, REI-RE2 2 5CRIREX
P EBEARTH Y, PHMEPFEEL 2V E 124555
LPSO MK S5 2 & 2 W 5 HI2 L7, MggsAlgGde &
4 & MggsZngGdg & 42 T IL#) & X LPSO HH O ff i 235 72 %
P, ALE Zn BAHWIZEBE I NG Z LA FHEI NS Mg-Al-
Zn-Gd 4 752D LPSO Hl & JE IR & O M % R i 1 2 7
BT BT EITXD, LPSO MIEILTY Mg & 4 @ Typel & Ty-
pell ZREMT 2 EROMIIE T L L fFEhs.

2. £ B H &

AWEZE T3 HEEHLR AY Mggs (AL Zn)¢Gdo & 7 % 4 LR G
S L L, AlZn lbAv4:2, 33, 24 L5 K9 Al
& Zn DL & SR I E AL E 72 MggsAliZn,Gdy & 4,
MggsAlsZn;Gdy A 4 T O MggsALZn,Gdy & ZEH L 72, &
A JECRR L2 I A E 99.95% D Mg, HFE 99.99% D Al #lFE
99.5% @ Zn K OHIEE 99.9% @ Gd = vy, #EE30g &%
5 X OTHREL, 7T UERS CEEMREMRIEIC CTAR
L7-64 % S8$ERNIZ85A A C 50 mm x 20 mm X 10 mm F2
EOHRESET. HBON8HA S 5 mm x 6 mm x 7 mm 2
o2 MLCsETEME Lz T, FHEK
% LC LPSO MHASH IS T & LCTHAET 2 2 2 1R
572012, 450C FIMBIERIM 2 (FR L 7=, 450C IRERh# 1355
EEF IS B L5 mm x 6 mm x 7 mm F2EEOER
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ZEM ORI AN T, BEPRBICT VT Y ER L
M#E 7 T AT AL, #BESH % AT 450C T 1000 h
OFIMBIERNAL L7z, BRI P 2w LR % 4
mm x 5 mm x 7 mm FEREIZEI ) LT 450C IR & L7z,
Bl F F A O 450°C DA ST K I R L OV 5 7 A4
X Y FEH 2 W CEIRDNEZ i L 72, BTER O &8
Wt L CHARET (MR OB T 70— 7 H/NR T 2
(EPMA: Electron Probe Micro Analyzer) JXA-8230 % Hl \» T,
TREE 15 kv, SR 5 x 1070 A IS THRBIE 2179 &
EHI, MEEE 15 kv, FEEFER 3 x 1078 A IS THESEL
R X M6t (WDS) I2 & % ML 54T % 17 - T LPSO tHOff
EEMAELZ. T2, (B U&7 Bo X HEPFEE (XRD :
X-Ray Diffractometer) SmartLab & FI\» T, Cu i % fEH L
T4 ~10° OHPH % 5Hll A ¥ — F 0.1 deg/min, & %&£ 40
KV, BB 35 mA OFMT X AR E 7, LPSO H

Fig. | Backscattered electron images of the as—cast (a)
MggsAl,Zn,Gdo, (b) MggsAl;ZnsGdg and (c) MggsAl,Zn,Gds alloys.
Each microstructure consists of the black, white, lamellar and plate-
like regions.
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Fig. 1 |2 MggsAlyZn,Gdg & 4, MggsAliZnsGdy A 4 I OF
MggsAlLZn,Gdy Ba D 8% F M OKETE TR E 79, MRk
BIROKE, £HEE0HET IHOMMICKE AT
<, wihd B, e, ReflRailroms 7 2
T — R OBRAAR DT S N2 F 72, Zn RN OB
WZRE ORI AT MR S 7z, &Rt LTz i
300 p A2 LT WDS 12 & O B0 247V, Mg-(Al+Zn) -
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Fig. 2 Analyzed chemical compositions of the as—cast (a)
MggsAlyZn,Gdo, (b) MggsAl;Zn;Gdg and (c) MggsAl,Zn,Gds alloys.
Chemical compositions for plate-like regions are located in the vicin-
ity of the line with a ratio of (Al+Zn) to Gd of 3 to 4.
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Gd D 3 TRINER L2 7oy b LAREZ Fig. 2 12HA
DY YRV TRT. Fig. 2 DIKBILD ¥ ¥ KV Fig. 1 1R
L7283, I 25— R OBCRAAR R LRI s 5047
AT o AR TH B, T 72, LPSO M TM:RE=3:4 THE
WENDZEHNS, TMIRE=3:4 & 5RUEZWATRLT
W5, ZIMOMBEGH OKEER, WINOFEIIBWTHEMA
A Mg ISR VHR A A L, T 2 T —EBid Mg IR 87 at%
RO A A LTz, BRI DWW TiE TMRE = 34

& DWHMTE OB E A LTz, #AE0R 0, ai
i, T AT =B OBCIRALAR R LT WDS 12 & % B &
5 HRET R, ZHOHBEOFHEL KD 7R % Table 1
RS, T 2T —EBIE WDS O Z2 ] 73 g (2~3 um) 1235 L
THIREDS B 72 720, T 2 7 —HEEOFHME % 50 LT
LEEZOHND. Table | £V, ZIBOMB IR H 4
KIS FhEWEEZRLA BOFIZIZIEM 25K 5729
a-Mg, HfH#IE Al & Gd OB DS ALGd =2:1 IZEW 2 &
M5 ALGd THHEEZLNDL. BUIRMRIZ TM & RE OH#L
JHEAS TMERE = 3:4 IZIEW 2 &5 LPSO M TH 5 g &
n5s.

Fig. 3 ICK B EDOFHEE A D 10°~90° 1IZB1F % X i
PR ZRYT. BAEITBWT Mg, ALGd & OF Mg;Gd (2%f
BT AHLEEZLNLY =7 BILEINI. L7 -> T, Fig
1 THEINBOTIE o-Mg, AL ALGD, T X5 —
HIZOWTIZRAED o-Mg, IKOEI Mg:Gd TH 5 L%
Aoh5.

Fig. 4 \CHBEDOHE T FH D 4°~10° 12 B 5 X T
MiRAERT. F72, MMg ORFERE RIS L2480

Table 1  Average chemical compositions (at%) of the black, white,
lamellar and plate-like regions in the as—cast (a) MggsAl4Zn,Gdo,
(b) MggsAl3Zn3Gdg and (c) MggsAl,ZnyGdy alloys. The results of
the lamellar region represent average chemical compositions of the
lamellar microstructure.

(a) Mg85A14Zn2GdY Mg Al Zn Gd

Black region 982 00 02 1.6

White region 99 539 23 339

Lamellar region 87.8 04 33 85

Plate-like region 90.6 12 23 59

(b) Mg85A13Zn3Gd9 Mg Al Zn Gd

Black region 977 00 03 2.0

White region 9.6 529 3.3 342

Lamellar region 87.1 05 35 89

Plate-like region 924 07 20 49

(c) Mg85A12Zn4Gd9 Mg Al Zn Gd
Black region 975 00 03 22

White region 13.8 464 5.6 342

Lamellar region 863 04 36 9.8

Plate-like region 90.2 1.1 27 6.0
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Fig. 3 Results of X-ray diffraction (10~90 deg) for the as—cast
(a) Mgg5Al4Zn2Gd9, (b) Mgg5Al3Zn3Gd9 and (C) Mgg5AIZZn4Gd9

alloys.

Fig. 4 Results of X-ray diffraction (4~10 deg) for the as—cast (a)
MggsAlyZn,Gdo, (b) MggsAl;ZnsGdg and (c) MggsAlyZnyGdo alloys.
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LPSO 35O JKMICKRK T 5 ¥ — 27 % Table 2 12 F & 0
%. MggsALZn,Gdy & 412 B W T, 1SR IS K IS T 5
5.6 LIS Y — 7 ASHEFR S, Fig. 1(c) 1C TEIZE S N7-BUIR
A X ISR LIPSO TH 5 & E 2 b b, —
MggsAl,Zn,Gdy & 45 I U8 MggsAlsZnaGdy £ 4512 B W T I,
LPSO M35 R IR T 2IKAEDO ¥ — 7 I3RS N b o 72,
L2L %25, Figel X O%Table 1 1277 L 72 & 9 12,
MggsAlZn,Gdy A % O MggsAl,Zn;Gdy & D857 T T 412
b MeggsALZnyGdy £ 4z & TERE I ORI ASES D, L 72 BCRAL R A
FEEEINTHBY, TS5 D MegsALZnGdy A4 OB &
[FFEIC 18R B LPSO HITH % L HELE SN D, MggsAlyZn,Gdg
B4 U MggsAlZnsGdy A 412 BT X BEEHTIC & % KAy
EDOY =7 PRI N o200, BURAKE O 4 w28
MggsAlLZn,Gdy 5 & LR TA Lz /ZtEZZ b b, L
7208 o T, AW T H w72 MggsAlZn,Gdy & 4,
MgssAlsZn;Gdy & 45, MggsALZnyGdy A& IE WV b HiE F
FMITB VT LPSO IR SNTEB Y, wIid Typel T
HbHEEZLNDL. {LESIT 18R I LPSO #l D b7 & il
1 1% Mggo s TMs3RE 1 Tdh 5 EHE LT 5725, Table 112
AT LI, RFEICBWTHEEOHEF TSN
72 18R B LPSO # @ #1 B 1% B 42 MgogTM4REg T & - 72.
LPSO HIAHCIR OB & L CTHER SN TV B IZd 2 0b
59, ZOMBMbEER T U CIEE LR IERE D 2
DA THDH I LI, LPSOMHDOEHEREZEZ 2 L THH
RIRWERTH 5.

3.2 450°C, 1000 h BEEshAt DFEBER R OB D HTER

MggsALZn,Gdy & 4, MggsAliZnsGdy & & K O°
MggsAlLZn,Gdo &4 450C, 1000 h R &4 o KHHE 115§ %
Fig. 51”9, MEBIZOMR, £E&8D 450C, 1000 h K
M OMBEICKRE AR AL, wihd B, Afs
WK S O IR B SRR S 7z, RV IK AR & i
KDY M T A POEIDLTHATHY, WEBOBER DA
WHEECTHhH o7z F72, RWIKBBOFEITRVIKEIITH L
TS, ZniRMEOEANIE VIR VIKE T O & D
INE K T BEIMAFER S iz SN L CEMEA 1S 300
Maiil LT wWDS 2 XY BN &7V, Mg (Al+Zn)-Gd
O 3 TCRSMIHM LI 7 gy b LR % Fig. 6 IZFAL
DY Y FRIVTRY. Fig. 6 DIKBHILD T ¥ F)Vid Fig. 5128
L7 B, IR B R DR IR IR LRI R
MaIT o7/ RTH D, FEEITH L TH LN/
Btk 2 PId 5 2 I X ) ZEEDOFERMKEZ RO AR,
% A & o FE M O F MggsAlZnGdy & & A

Table 2 Peak angles of each LPSO structure calculated from the lat-
tice constant of pure Mg.

Each LPSO structure 20[deg]
10H 6.78
18R 5.66
14H 4.84
24R 4.24
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Fig. 5 Backscattered electron images of the (a) MggsAlyZn,Gdo,
(b) MggsAl3Zn3Gdy and (c) MggsAl,ZnyGdo alloys after isothermal
heat treatment at 450C for 1000 h. Each microstructure consists of
the black, white, light gray, and dark gray regions.

MgseaAls6Zn,y 1Gdrg, MgssAl;Zn;Gde &5 & F
MgsssAl3oZns oGdgs, MggsAl,Zn,Gdy & & 7°
Mggs AL 0Zng oGdg3s (VI D at%) & o7z, KHEEO HE
ML M OV FARE I Fig. 2 K OF Fig. 6 IPFETRLTH 5. %
GaoBaEs, Aail, RVIREIBR O IK AT LT
WDS (2 & % miii & 5 MBET 2V, ZHoRMKoFH M
ZRD 724G R % Table 317177, BAIIXITIZ Mg » 51K 5
72 a-Mg, FIfifiE Al & Gd OHLK L2 AL:Gd = 2:1 123
W EHRD ALG, RWIKREITR LR WIKEHRIL TM & RE
DRI AS TMERE = 3:4 IZ3EW 2 A5 LPSO M TH 5 & ¥t
BEND. B, HEHEEICIIM G ITEWHEE AT SR D
BRI Nz2s, INHIEKREBED Gd % 7213 Gd oEfL <
HBHEEZOND O, MPIICIEEG Law EHZL 7.
D, WK LPSO O, #HwIkmEBa LPSO HH@ &
T 5.

Mg-Al-Zn-Gd 4 JTCRE &858 F THICB T 5 LPSO o A izt E) 261

Al+Zn(at%)

P Nominal alloy
composition

QO Analysis point

L Average allo
O Analysis point W comp(;(;sition y

Fig. 6 Analyzed chemical compositions of the (a) MggsAl,Zn,Gdo,
(b) MgssAl3Zn3Gdg and (c) MggsAl,ZnyGdyg alloys after isothermal
heat treatment at 450C for 1000 h. Chemical compositions for LPSO
(D and LPSO (2 phases are located in the vicinity of the line with a
ratio of (Al+Zn) to Gd of 3 to 4.

Fig. 7128 A 4 ® 450C, 1000 h ERIAF 0 4° ~10° 12 B 1T
B X HEHFHREZRT. WTFNLOGEIZEWTDH, Table 2
2R L7z 14H A58 13 IS 37 % 4.8° fF 3 I O 18R HE i 12 3 I
T 5 5.6 MTICE— 7 DR S N2/, R TH W2
MgssAl,Zn,Gdy & 4, MggsAl;ZnsGdy & & & O
MggsAl,ZnyGdo & 413V 371 b 450 128 W T LPSO # 25 F
L LCHETHEEZON5. Fig 4 ITRLIEZEEED
il F FAIET B X BB (4°~107) TId 14H fE#EI2
KNS5 E— 7 IR I N h > 7225, 450CICBWTIEE
E LT MHBEICHIBT A =7 PEREINTEBY, 45T
TIE 4H HEE D LPSO PR ETH 5 LR IND. K6
ST AERER KT 2, Zn RIS OB tE Vv 14H
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Table 3 Average chemical compositions (at%) of the black, white,
light gray, gray and dark gray regions in the (a) MggsAl;Zn,Gdo, (b)
MggsAl;Zn3Gdg and (c) MggsAl,ZnyGdyg alloys after isothermal heat
treatment at 450°C for 1000 h.

(a) Mg85A14Zn2GdY Mg Al Zn Gd

Black region 99.1 0.0 0.1 038

White region 114 527 2.6 333
Dark gray region

(LPSOD) 835 43 27 95
Light gray region

(LPSO®) 828 45 28 99

(b) Mg85A13Zn3Gd9 Mg Al Zn Gd

Black region 99.1 0.0 0.1 0.8

White region 153 478 4.5 324
Dark gray region

(LPSOD) 83.7 37 32 94
Light gray region

(LPSO®) 825 4.0 34 10.1

(c) Mg85A12Zn4Gd9 Mg Al Zn Gd
Black region 989 0.0 02 09
White region 12.0 479 6.0 34.1

Dark gray region

(LPSOD) 84.1 24 43 92
Light gray region

(LPSO®) 823 32 43 102

v (a)
. v /’\\‘“’\*«—\\“—"ﬁ
g N_
2 1
E [
WV 14H LPSO
Mg85A14Zn2Gd9 V18R LPSO
4 5 6 7 8 9 10
20[deg]
v V (b)
z Y_
W 14H LPSO
Mg85A13Zn3Gd9y V18R LPSO
4 5 6 7 8 9 10

Intensity

WV 14H LPSO
Mg85A12Zn4Gd9 V18R LPSO

4 5 6 7 8 9 10
20[deg]

Fig. 7 Results of X-ray diffraction for the (a) MggsAl;Zn,Gdo, (b)
MgssAl3Zn3Gdg and (c) MgssAl,ZnyGdyg alloys after isothermal heat
treatment at 450C for 1000 h.

sk o# A ML, —J7T ISR OB & 133 %M
MASA SNz F 2, Zn RN DMV, LPSO fHD
A S BN A IR A Bz, U Fig. 1 K% UF Fig. 4
WOR L7285 E SIS T AR EFBETH 5. Fig. 518
L2 E&OMBBIERERE L RS 5 &, 14H MBI T
% ¥ — 713 Fig. 5 DigWIKfE o LPSO D, 18R i 1k}
&3 % ¥ — 2 1% Fig. 5 ORWVIKAE O LPSO HITHEN§ %
borEZONL. L72d - T, LPSO DL 14H 1 3,
LPSO L 1R & B bbb, 72, WTIhOEEIC
LIRS NS 9.2° 3D ¥ — 7 13 LPSO i O g 5 1121t
JGICHFAET B L1, 79 A% —OEANBANEICIGT 5 ¥ — 2
LEZHN5'. Table 4 XA TH W72 %44 D LPSO
@O D Mg-TM-RE }t %, 14H B J% OF 18R B! LPSO ## 1%
Mg-TM-RE O BFHEY L 2 TRT. wFhoa4eics
WT b Mg-TM-RE O fl1E 14H B LPSO H5E o B GAHLEE 12
IEHIH N2, AR TH W72 %440 LPSO DX 14H
BAERLPSOMEEZH T HEEXONS.

3.3 Typel & Typell ZRESR 1+ 5 HEF

MggsAlgGdy £ 4 & MggsZngGdg £ 4 1 34 12 Typell T& 5
A RIS B TR L7, TMIGZHE LCTAL & Zn
BT 72 Mggs (AL, Zn)Gdy & IF VTN b 8575 £
M BT LPSO HDFEAET 5 Typel TH 5 Z L RS N
7o. ZHUT AL E Zn OBEABRIMNC X Y LPSO FH D HI 1Y 72
GEMESME L2 2R L T\, Table 5 \CARIET
AW B A EOFHM LU 450C, 1000 h FERIH 12 B\ THE
HENTKMDOAYZn bk Z T LOTRYT. T2, HEED
FHIE D Al/Zn AIZH$ 5 450C, 1000 h FERh# o £ 0
Al/Zn } % Fig. 8 IZ7RF. WTINOAEEIIBNWTSH, 14HH
J2 OF 18R B LPSO # @ Al/Zn i3 %5 & & O FEHMIK D Al/Zn
WICEWEE AT L0125 L, a-Mg KT ALGd @ Al/Zn It
BHEAEOFEMBED Al/Zn LE I RELL R R >Twi 2

Table 4 Mg-TM-RE ratio (at%) of each alloy compositions after
isothermal heat treatment at 450°C for 1000 h with the ideal stoichio-
metric composition of the 14H and 18R LPSO phases”.

™
Mg (Al+zn)

Mg85A14Zn2Gd9  83.5 7.0 9.5
Mg85A13Zn3Gd9  83.7 6.9 9.4
Mg85A12Zn4Gd9  84.1 6.8 9.2

Element RE(Gd)

Ideal toichiometry3) Mg TM(Zn) RE(Y)
14H LPSO 83.3 7.1 9.5
18R LPSO 80.6 8.3 11.1

Table 5 Comparison of Al/Zn ratio between alloy compositions and
each phase after isothermal heat treatment at 450°C for 1000 h.

Al/Zn ratio
Actual composition (at%) Alloy 14H 18R
composition LPSO LPSO

AlGd o-Mg

Mg87.3A13.6Zn2.0Gd7.4 1.7 1.6 1.6 203 013
Mg85.5A13.0Zn3.0Gd8.5 1.0 1.1 1.2 10.7  0.03
Mg85.7A12.0Zn4.0Gd8.3 0.5 0.6 0.7 7.9  0.02
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Fig. 8 Relationship between Al/Zn ratio of actual alloy composi-

tions and that of each phase in the alloys after isothermal heat treat-
ment at 450C for 1000 h. (b) is the magnified figure of (a).

O 14H LPSO
& 18R LPSO

E, LPSOMIZBWTIZEBRERTH S Al & Zn SHNIZ
BHITEHRT 2 DITR L, a-Mg KT ALGd 128 W Tid Al
& Zn OBMHPEG TIE W EZRIB LTV, Fig. 1, 4,
SKROTITRLIZE DI, ST FM KO 450CRRIMIC B
WC, Zn RINE OB LPSO HHOAT & A58 L 72
DX, A1E Zn DBEW|DES TRV ALGA IZxT T 5, Al
& Zn OEIEHEE G 7 LPSO AH DA 1Y 2 2 Mo 1. L 72
WRTHDHEEZOLND. Zn DRI L > T, MggsAleGde
BEDWETH D AlLGd 25 LPSO MK} L THIR A E
ER BT EITED, KRB TIERL
Mggs (Al Zn) ¢Gdo &1 Typel # 25 L ) 1oz £ 2
bNb., L722%57T, LPSO # Mg 4D Typel & Typell %
PeEMN T A EFE LTIE, LPSO MM EIEH ) Tk
<, LPSO Ml & Z DR MM DR % Z @Mk BHETH S &
EZbNb, AR CHOLNZMAEZENTL22LI1I2XD,
LPSO M Mg & 451238\, Typel & Typell Z Hilfii§ % = &
%, LPSO fHO AT I & & HiliH L 72 kst 2 e ) 2 &
PEBDI LD EZEZONS. 5113 LPSO B Mg 54 %
W23 LT FBRRIRET 247 %\, Typel & Typell O fillfHl DT
BEMEZBE L TV PETDH 5.

[l

4. #&

LPSO % Mg &4 ® Typel & Typell % P % K+ D

Mg-Al-Zn-Gd 4 TGR A& H:E F BT 2 LPSO MO L2 H) 263

HIZET A2 L2 HMWE LT, Mg-Al-Zn-Gd 4 LR A& %
TR, S F M L OF 450°C BERlM o MLk EE, &AM
AN R OHIFE 21T\, & LTULT Ofam % /2.

(1) MggsAlgGdy A 4x & MggsZneGdg & 45 13 612 Typell T
& 5D MgsAliZn,Gdy & 45, MggsAlsZnsGdy & 45 i U8
MggsALZn,Gdy A &IF VTN D Typel &% 5.

(2) HEOET FMICBIZE S 7z 18R B LPSO M D
FHBC I A Mo TM4REs Td 1), ALl B it L i
BN FREN PR ) HHETH 5.

(3)  AWFZEIZ BV TR L 72 Mggs (Al Zn) ¢Gdo & 4513 W
D 450TCITHB VT 14H AR LPSO MHZ i E LTH
THEEZOLND.

(4) AW THERLZZE40 LPSO HIZBWTIX Al &
In BFHOGICESICELR T LDICH L, a-Mg KO ALGd 12
BWTIRALLE Zn DEBRPES T AW LIRS R,
ZOZ EN Zn IRINEDOBEINIED LPSO HlD 2@ I w2
FRIZLTWR EEZ LN,

(5) LPSO #I Mg & 4 ® Typel & Typell % P52 % 4
F & LT, LPSOMHHMOZEMEIE2 Y T4 <, LPSO
L ZDRBMHOMK N EERNEECHLEEZ ONL.

ARWZEDOBATICHEL T, dbiEFARY AFE—-KKLD
B F A KO 450°C BERIAS 12 B3 2 MR 23068 5L [ OHELK
SRR O—E 2GR EE L S 2IEHH L Y
F 9. AKRIGED—E013 ISPS R i 2% ity S 8 97 #L 4
B ST RINT 4 — R ORI & R A
JP18H05482 DMk & S F THEMEI N FE L7
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