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1-2

1-3

1-4

1-5

1-6

Mg-Al

30 mMmAZ91

30 mm-AZ91

6 mMm-Mg AZ31 AZ6l

6 mMm-Mg AZ31 AZ6l

XRD
6mm Mg
6 mm-AZ31
6 mm-AZ61
6 mm-AZ91
6mm Mg
6 mm-AZ31
6 mm-AZ61

6mm AZ91



4-10 30mm AZIL e e e 77
4-11 30 mm AZ91 a b 78
A12 MO e L 79
413 AZ3L e e L 79
414 AZBL e e e ) 80
415 AZOL e e, 80
416 MO e L 81
4-17 AZ31 e . 82
4-18 AZ6L 83
4-19 AZO1 e, 84
420 AZOL-NST oo e e e ) 85
4-21 AZ91-NST 500W 15 MIMVS .. e oo e 85
4-22  AZ91-NST 500 W 15 MMVS ..oveeeeeeaeaenns . 86
4-23 AZ91-NST 500 W 35 MIMVS .. ceveoveeeeeneen . 86
24 MO e e e e, 87
425 AZBL e e e e L 88
426 AZBL e e 89
427 AZOL e e e 90
428 AZOILNST e e e e 91
429 Mg EDS et e s s 92
4-30 AZ31 EDS oo e e 93
4-31 AZ61 EDS oo e e e 94
4-32 AZ91 EDS oo e e e, 95
4-33 Mg e e 96

4-34 AZ3L e e 97



4-35

4-36

4-37

4-38

4-39

4-40

4-41

4-42

4-43

4-44

4-45

4-46

4-47

4-48

4-49

4-50

4-51

4-52

4-53

4-54

4-55

4-56

4-57

4-58

4-59

AZBL e e 98
AZOL e e e 99
MO e e e, 100
AZ3L e i 101
AZBL e e e e 102
AZOL e 103
AZ91-NST s e 104
6 mm-Mg S e e e 105
6 mmAZ3l S e s e 105
6 mmAZ6l S e e e e e e 106
6 mmAZ9l S e e e 106
30 mm-AZ91 e et e e e 107
6 mm MO 107
Mg XRD TP TTUUT TR 108
AZ31 XRD - .108

AZ6l XRD T e e 109

AZ91 XRD s e 109

Mg-Al Al = o 110
AZ31 XRD - 110
AZ61 XRD s e e 111
AZ91 XRD s s e A11
a AZ31 b Az61 c AZ91 XRD (1101)
(2110) e 112
AZ31 ODF e 113
AZ61 ODF . e 114
AZ91 ODF . e 115



4-60 AZ31 EBSD

(0001) (2110)

4-61 AZ61 EBSD

(0001) (2110)

4-62 AZ31 a
4-63 AZ61 a
4-64 Mg

5-1 Mg Al

5-2 Mg

Al

(1101)

(1101)



SEM EBSD

XRD OM

ODF

3C



121

Mg AZ31 AZ61 AZ91

Al
Al
30 mm AZ91
2200 W 16 mm/s 28.6 mm
Mg B
Al AZ91 Mg
Al AZ61 AZ91
Mg AZ31
AZ61 AZ91
X Mg AZ31 AZ6l
AZ91 (1325) fiber texture
[1323] (1325) ED fiber
texture [000]] ED basal fiber texture Mg
X AZ31 AzZ6l1 AZ9l
a c¢ a ED a WD 30° ¢ ND
EBSD AZ31 Azel a WD c WD

ND 35° WD 90°



11

Mg magnesium, Mg 1808 Hamphry Dary
1863 Deville  Caron
Mg
Mg Mg
[1]
Mg Mg [2] Mg

1.74 Al 270 Ti 450 Fe 7.86

Mg ( I )

3C computer, communication and consumer electronic

products Mg
Mg (3]
12
Mg 1.74
Al 650 Al 660 [4]
Mg 1-15]
Mg 174 182
Mg 1-2 Mg Mg
Mg Mg MgAl MgAl-Zn MgZr-Zn

MgRE rare earth elements Mg



Mg-Mn MIA MgAl-Zn AZ31B AZ61A AZ8OA

Mg-Zn-Zr ZK60A ZKZ20A

Mg-Al Mg
6% Al 4% Al
Al 1-1 MgAlI [6] Al Mg
437 12.7% B Mai7Al12
a -Mn [7] Mg 89%
Mg
MgAl-Zn AZ Al Zn 10%
Mn Si Cd Ca Zn  Mn
major phases Al Zn 3
Mg-Al Mai7Ali2 [8]
AZ91 AZ61 AZ3l B MgAI-Zn
Al 5~6% Zn 2~4% 400
30~40%
Mg-Zn Zr Mg-ZnZr ZK
[1,4,5]
13
Mg [9,10]



property 1-3 Mg AZ
Mg Fe
100% Mg
surface tension Al Mg
Mg Mg
[11] Mg
4% AZ
Mg
Mg
Mg 3500
Mg
N>
[10]
Mg

thermal physical
Fe
viscosity
spatter Mg
Mg
Al
Mg
Mg
Mg Mg
Mg O,

Mg Mg



AZ Al Zn Si

[13]

Mg Al
Mg17AI12 Mg
Zn
AZ Mg
14
Electron beam welding, EBW
W Ta
0.1~1.0 mm
WV 2
"~ NrK
W N \Y
keyhole
cavity

Mg 2% Al

Zn

Al<10% Zn<d%  [9]

[12]

1-1

[14]

[19]



15

1-2 c r*
1-2 a epitaxial
1-3
1-3 a
fusion boundary
planar cellular
cellular dendrite columnar dendrite
equiaxed dendrite
solute
dT/dx
1-4
1-4 a
tear drop 1-4 b

1-4 c



[16-17]

16
1-5 chilled zone
columnar zone equiaxed zone [18]
random
[19]
Davies Garland[20]
100 mm/min 1000 mmymin[21]
texture Czochralski
Tammann  Schmid [22] cubic <100 >
<100 > HCP
Zn Cd <1010> HCP Kurz
Fisher [23] H,O snow  <1010> Coi7Smy <0001 >
HCP
HCP pyramid (1011)

closest packed planes HCP

c/a HCP



c/a Cd Zn cla

189 1.86 c/a 1.633 \'8/3
<1010> Mg Ccla 1.62 <1120>
fiber
[22]
17 EBSD
optical microscopy, OM scanning electron microscopy,
SEM transmission electron microscopy, TEM

energy-dispersive X-ray spectrometry, EDS

X TEM
electron backscattered diffraction, EBSD 1-6[26]
19.5°
70 mm

EBSD 1-7



EBSD TEM

EBSD TEM
EBSD X
EBSD
[24-26]
18
[27]
(AT)
Ay
temperature coefficient, Ay /A T
[28,29] (1) radialy outward flow

(2) radially inward flow



[27,30]

19

AZ

HCP

pole figure

1-8

Mg-ZnZr ZK Mg-Al-Zn

X

orientation distribution function, ODF

EBSD



Mg Mg AZ31 AZ6l1 AZ91

EBW

AZ91 6mm 30mm

Mg

X EBSD AZ91

1-9



2.1

Krohn  [31] Mg AZ31 AZ61 AZ91
metal inert gas arc welding, MIG or GMAW Tungsten
inert gas arc welding, TIG or GTAW
AZ91
AZ31 AZ6el AZ91 AZ91
184 291 MPa 29 44

AZ31l AZ6l AZ9l

228 287 291 MPa 77 63 44
MIG TIG
AZ Stern [32]
partially melted zone, PMZ AZ91
TIG
Mg AZ Matsumoto [33] Mg AMG0
Mg-6% Al -0.28% Mn 6 mm arc welding
X-
90%
80% AM60
— fusion
line FL HAZ

Al



ZK Nikitin ~ [34]

filler La
Zn
Vilukin [35] MgZnZr TIG
La MgZnZr
Zr La
Mg friction welding Kato [36] Mg
AZ31
AZ31
2.2

@

Haferkamp ~ [37] 1998 Mg  AZ21 AZ61 AZ91

Nd YAG CO; Mg AZ21
AZ91 AZ21
Nd YAG CO,
cooling rate AZ91
17 mm/sec
AZ31 AZ91
AZ31 AZ91
1998 Weisheit  [39] Mg AZ91 AZ61 QE22 WE54

CO,

Mg



QE22 WEA4
AZ6l AZ91 Ma7AlL2
1998  Weisheit [39] Mg CO,
25 3 5 8 mm
Filler WE54
AZ31 AZ61 AZ91 AM60 ZC63 ZC71 QE22 ZE41 ZW3
cellular AZ6l AZ91
dendritic AZ31

fusion boundary

1999 Sanders [11] Nd YAG CO;

Mg AZ31B-24

Mg Mg
Mg Zn
Mg Zn Al
)
Mg
Draugelates 1998 [40] Mg
AZ91 NV-EBW

AZ6l AZ92 AZ91

65% AZ31

86%

2000 Munitz [41]

HAZ

AZ31 AMS0

AZ61

96% AMS50

AZ91



Tungsten inert gas arc

welding, TIG or GTAW X

HAZ -B Mai7Al12 Mg

HAZ 30-50 m

secondary DAS dendrite arm spacing

189 MPa 2.6%
189 MPa 100%
246M Pa 130% 26 6.7%
TIG 134 MPa
71% 0.7%
23 Mg Mg
Mg Mg
1929 Nix  Schmid[43] unidirectioral solidification
<1120> Edmundg[43]
(2025) 1980 Hatherly ~ Hutchinson [22]
Mg <ca 1624 cla (1.633) columnar
solidification <1120 >
1989 1990 Pettersen  Ryum[42-43] AZ91
AZ91
<2245>
<1120 >

secondary arms (0001) (1101) (1101



basal plane

<1210> <2110>

2000 Sigrid [44] MgMag7Al2
33.0£ 0.2wt% Al MgAl
0.05wt%  0.1wt%  Sr Bridgeman technique
unidirectional solidification

lamellar rodlike

isotropic interface energy lamellar
rodlike fibrous minor phase
volume fraction 0.33
cell

well-defined  lamellae

lamellae fibrous

Sr faceted particles 10 mm
S Al-Mg
Sigrid [44] EBSD Sr
M g M 917A|12
[1120]Mg [111]Mg,, Al,, 2-1

(110n)Mg  (10T)Mg,, Al,, 2-2



Mg M 917A|12

low index directions

14° M g17AI12
80

20

0 nD

15°

0 nD

<1120> <111>

<1120 > 0 nD
46x 10* cm/s Mg 6 np
1.8x 10° cms O nD

4.8x% 10-3 cm/s Mgl7A|12 0 ND

close-packed directions



3.1

Mg Mg AZ31 AZ61 AZ91

Mg 31 Mg AZ31
AZ61 6 mm Higashi Department of Metallurgy and
Materials Science, Osaka Prefecture University, Japan AZ91

Nanjing welbow metals CO., LTD.

AZ91
50 mm 415 20 HF200x200
300 30 30 mm
40 mm 6 mm
AZ31 AZ6l
30mm AZ91 415 2
6 mm AZ31 AZ61 AZ91 415 10 min
AZ91
AZ91-NST AZ91 Mg
6 mm 300 10 min
320 600
acetone

3.2



5~8x 10 torr

RD ED

3.3

0.3 M

3.4

JEOL JSM-6400

20 kV OM

energy-dispersive X-ray spectrometry

TORVAC CVEG3B

3-2 3-3

31
0.05 mm

optical microscopy, OM

secondary electron image, SEI
EDS

EDS-speed map EDS-line profile

EDS-point profile
3.5
SHIMADZU HMV-2000
Cross section
3-1
load 50 g dwell time 15 sec



3.6

I nstron 5582

strain rate 1x 10° st 30 mm AZ91

3-2 33
6 mm
Mg AZ31 AzZ61 AZ91
3-4 35
3.7X
X XRD Siemens D-5000 X-ray IBM
31 ND
3-6 Mg
3-6
pole figure orientation distribution function,
ODF Siemens D-500 X-ray
3.8
EBSD 10 mm 5 mm

RD TD 3-1



SEM  OM pattern

electrolytic polishing 800 ml ethanol 140
ml distilled water 60 ml perchloric acid 60% 20V 25
Ni Nickel
Ge
SEM
point  map
Miller index pole figure

inverse pole figure misorientation digtribution



4.1

@

Mg AZ31 AZ61 AZ91 6 mm
Mg
4-1 AZ31 Mg
4-2 AZ6l
AZ61 35 mm/sec
4-3
AZ91
25 mm/s 4-4
Mg AZ31 AZ6l AZ91
aspect ratio, depth/width 4-1 Mg
AZ31 AZ6l AZ91
AZ91 Mg 25mm/s 35 mm/s
Mg 15 mm/s 3.985
mm 1268 1168 mm AZ6l AZ3l
4-5 4-6 47 4-8
500 W 15 mm/s 6 mm Mg AZ91
AZ31 AZ61
35 mm/s 15 mm/s AZ91



AZ91

4-9
AZ31 AZ6l AZ91
Mg 14 20 Jmm
33 Jmm
mm AZ61 4-9 Db
Mg AZ31
AZ6l
Mg  AZ31
AZ91-NON ST
20 Jmm 4-9 c
AZ31
20 Jmm Mg
Mg AZ91 AZ6l
Mg
AZ91
root effect
shrinkage effect
Mg
pool keyhole

30 mm AZ91

Mg

3.985

AZ91

20 Jmm

Mg

weld



2200 W 16 mm/s
28.61 mm 3.48 mm 4-10
4-11 a
96.25 Jmm
96.25 Jmm
96.25 110Jmm 4-11 b
)
Mg 300 10 4-12
30 Mm
4-13 AZ31 32mm
4-14 AZ61 AZ31
12 mm AZ91
dendritic 315mm 3
25mMm
4-15
Mg 500W 15 mm/s
4-16
5-17 4-19

AZ31 AZ61 AZ91

SEM B



Al

Mg

B
AZ91 AZ61 AZ3l 3
Al
B
Al
Mg AZ31 AZ6l AZ91
B AZ91-NST
4-20 4-21 4-22 AZ91-NST
B
B
10 nm B
3mm 4-23
Mg AZ31
4-24 4-25 AZ61 AZ91
pocket AZ61
4-26 4-27 AZ91-NST

liquation

4-28



Mg
Al AzZ6l AZ9l
Mai7Al2 Mg-Al-Zn
Mg Mg Al
Mg heat capacity thermal
conductivity
channel
(3) EDS
EDS Mg
500 W 15 mm/s
line scan Mg Mg
4-29
AZ31 AZ61 AZ9l Mg Al  Zn
Mg 4-30 4-32
Mg Al Zn

EDS Mg  AZ91 B



Al Zn Mg
91. B3MF . 6 7TAMt . 7 14wt % 61. %Mgv3 4. 89

WAl 3. 1%Zwt

4.2
1
as-welded 4-33
Mg 15 mm/s 35 mm/s top middle
bottom 15 mm/s
38 43
35 mm/s top middle bottom
435 445
4-34 AZ31 15 mm/s 35 mm/s
15 mm/s 54.5
57 middle  bottom 15 mm/s
575 585
4-35 AZ6l 15 mm/s 35 mm/s
15 mm/s bottom top middle 66 69
35 mm/s 15 mm/s bottom top
66 69
4-36 AZ91 15 mm/s 35 mm/s

15 mm/s top middle  bottom



695 715 35 mm/s bottom 82
top midde 78
2
4-37 4-41 as-welded
15 mm/s 35 mm/s
Mg
AZ31
AZ61 AZ91 AZ91
35 mm/s 78
60 AZ91-NST
63 70 AZ91
70 80 AZ91-NST
Al
Mg AZ3l AZ61
2 3 AZ91 AZ91-NST 6 8
Mg AZ31 AZ6l

heat affected zone, HAZ AZ91

Al AZ91



matrix B

4.3

3-2 35 4-4

Mg

500W 35 mm/s

25 15 mm/s
4-43 AZ31
AZ31
19% 4-44 AZ61
AZ91
25 mm/s

322 MPa  9.6%

265 MPa

B
Mg 4-5
4-42 6 mm Mg
114 MPa
118 MPa

106 100 MPa
15 mm/s 12.6%
4-45 500 W

15 mm/s 35 mm/s

Base 15mm/s 25 mm/s

15 mm/s

35 mm/s
3.8%



3-2 4-46 AZ91
96.25 Jmm 20%
17.8% 55kV 40
mA
6 mm Mg
4-47
AZ61 AZ91
AZ6l AZ91
B B
44X
EBSD |attice
parameter Mg HCP
Mg Al Zn solid solution
X XRD Mg
structure factor Mg
X- 4-48 4-49
4-51 AZ31 AZ61 AZ91 XRD
- XRD rel.l 20 Spacing
d JCPDS Joint Committee on Powder Diffraction Standards

Miller indices-hkl

Hexagonal



1 4 h*+hk+k?* |I?

—=— +— 4-1
d? 3( a’ ) c?
a ¢ 4-6
a c
4-52 Mg-Al Al a c [7
Zn 1% Zn B
a ¢ 4-52
4.5
1
4-49 4-51 AR asreceved
4-48 Mg
AR-AZ31 (0002)
AR-AZ61 (0002)
AZ91 (1010) (1011
XRD
3-6 500 W
15 mm/s 4-53 4-55 AZ31 AZ61
AZ31 (1120)
AZ61 (1120) (1011)
(1120) AZ91 AZ31 AZ61
(1011) Mg X



AZ31 Az61 AZ91 Mg
HCP 36
ED RD X 4-56 AZ31 AZ61
(1101) (2110) pole plane
500W 15 mm/s
(1101) (2110)
AZ31 (1101) (2110)
ED extrusion direction (1101)
6° (2110) ED
42 10°
AZ61 (1101) ED
34° (2110) ED
ND ED 56°
AZ91 (1101) (2110) AZ31
RD RD
10°
3 X
cubic
BCC FCC
HCP ca

Miller index

AZ91

ED



ODF, orientationdistribution function ODF

{hikl} <uvtw>

Thini €J3/2 -12

u . N
][k/n{ g anf,snF i

g O 1 7
i y=¢ a cosf ,sn Fi’, 5-4
iing gﬁ/z V2 0% |
flinp g 0 0 claj

iu/ni €1/43 - 1/3
jvini _g 0 23

st &3 -3

u

g cosf, cosf, - anf, anf,cosF U

al . . L

a- cosf anf, - snflcosfzcosFy 55

> (D

fwi/n g 0 0 alcg snf,snF b
n n' [45]
4-57 4-58 4-59 Mg
ODF AZ31 (1325) fiber
texture [1323] (1325) ED
(1325) [1101] @ 1=54 69° D=4 ¢ ,=10°
(1325)[2117] @ 1=27° ®=45 @ ,=15° (1325)[1323
@ 1=90° @& =45° ¢ ,=15° (0111)[2110] ®1=0 6% o
=59° @ ,=35" (1341)[4310] @ 1=0° ®=81° @,=45  (1235)[121]]
@ 1=56° ®=44° @ ,=45°
AZ61 fiber texture AZ31
AZ31 fiber texture [1323] (1325)
(1325) [1212] @ 1=79° d=46° ¢

»=10° [000] ED  basa fiber



texture @ 1=90° ®=10° ¢ ,=30 60°

(2421) [1017] @ 1=3F ®=80F ¢ ,=5
(1325) [1010] @ 1=0° ®=46° ¢ ,=10 15° (0113)[4130] @ 1=0°
®=31° @ ,=15° (0111)[1101] @ 1=56° ®=65° @ ,=15° (0113)[011]]
@ 1=0° ®=31° @ ,=20° (0001)[0110] @ 1=90° ®=11° @ ,=40°
(1341) [4310] @ 1=90° ®=81° @ ,=45°
AZ91 fiber texture [1323] ED (1325) [1101]
@ 1=68° & =46° ¢ ,=10° (1325) [0111]
@ =0 90 & =46 ¢ =10° (0111) [2110]

@ 1=0° @®=60° ¢ »,=35° (0111) [1213 @ 1=71° ®=60° @
,=35° (0112)[1100] @ 1=0° D =45 @ ,=45° (0112)[1211] 0
1=54° @ =45° @ ,=45°  (1341)[1101] @ 1=52° & =81° ¢ ,=45°
(1122) [1100] ¢ 1=0° ®=60"° @,=55° (1122)[1212] @ 1=54°
D =60° @ ,=55°

4 EBSD

EBSD X
31 WD
X 500 W
15mm/s  4-60 4-61 AZ31 AZ61 EBSD
(0001) (2110) (1101 (0001)
AZ31 AZ61
(0001) AZ31 AZ61

ND ED 35°  55° WD AZ31



AZ61

(2110) WD
ED 35° WD 54
4-62 4-63 Az31 AzZ61 WD ND ED
AZ31 WD [2110] ND ED
AZ61 WD
[2110] [1010]
ND [0001] [1012]
5
HCP 4-64 a X EBSD
X AZ31 AZ61 AZ91 a
c a ED a WD 30° c
ND EBSD AZ31 AZ61 a WD c¢ WD
ND  35° WD  90° 464 b
C
X EBSD
X
EBSD
X EBSD

3 10mMm






5.1

Mg

line source

Mg

Cooling rate:j—;r(v = 2PKr Cp(ﬂ)z('r - T,
q

Mg

1958

Mg

heat source

Adams

[46]

K

cooling rate

point source

o5-1

5-1[47-50]



Mg

650 1000

5.2

Zn

spatter

1000

/sec AZ91

Mg

Mg

87852

114016

Mg

650

Mg AZ31 AZ6l AZ91

Mg

51 a

/sec

/sec

650

1000

Mg

1107
5-2 53
Mg
b Mg
14.29 Jmm
AZ91 29831 /sec

Mg
Mg

Al

Mg Mg

Mg

Al

650

Mg

334286

Al



5-2
AZ91
Mg
3
Mg
650
WE%AI
-0.30 erglen?  [51]
Zn

AT

Al

AZ31 AZ6l

470-595 T=125

Ay
Ay IAT
Mg
Mg
540 erg/cnt -0.32 erg/cnt Mg-8.80
600 571 erglent
Mg 9 Al MgAl

AZ31 AZ6l AZ9l

MgAl



Mg Mg AZ31 Az61 AZ91

1 Mg Al
2 Mg Al
30 mm AZ91 2200 W

16 mm/s 28.6 mm
3.

Mg B
Al AZ91 Mg
Al AZ61l AZ91

Mg AZ31l
4.
5.6 mm Mg AZ3l
6. Adams

Al

7. Mg

8. Mg AZ31 AZ61 AZ91 (1325)



fiber texture [1323] (1325) ED
fiber texture [000]] ED  basd fiber texture
c a WD  30° c ND
AZ31 AZ6l a WD c

WD ND 35° WD 9C°
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1-1 Mg (5]
Property Temperature Value Reference
in °C
Atomic number 12
Relative atomic mass 24,3050 Fluck and Heumann {1986)
Matural isotopes T9% TiMg Fluck and Heumann {1986)
10% §iMg
11% 28Mg
Melting point (650.0+0.5)°C Massalski et al. (1990)
Boiling point 1090 °C Massalski et al (1990
First ionization energy 7646 eV Fluck and Heumann (1986)
Struetire 25 hexagonal (hP2) Maszsalski et al. (1990)
a 0.320%4 nm
€ 0.52107 nm
cfa 1.6236
Density 25 1736 kg/m? from structure data
Electrical resistivity 20 446107 0m Kirk-Cithmer (1981)
(polycrystalline) (i) 170x10°%"Qm
Elastic moduli C,, 25 59.3 GPa Landolt-Bérnstein (1979)
i 61.5GPa
Caa 16.4 GPa
Ci 25.7 GPa
[+ 21.4 GPa
Young's modulus of polyerystalline Mg 15 45GPa Kirk-Othmer {1981)
Poisson's ratio of polycrystalline Mg 15 035 Kirk-Othmer {1981)
Coeff. of thermal expansion parallel to a 7 4.7 = 1075K Touloukian et al. (1974)
527 208 %107 5/K
paraliel to ¢ by 257x107%K
527 N5x 10" YK
polyerystalline 27 250% 104K
527 300 107 %K
Linear contraction 630-20°C 1.9%
Volume contraction liguid -solid 650"C 42% Kirk-Crnhmer (1981}
Heat capacity C, 27 24.86 J/mol K Stull and Sinke {1936)
527 31.05 J/mol K
Entropy § 27 3252 Jjmol K Stull and Sinke (1956)
527 39.72 Jjmol K
Enthalpy H-H,q.c 527 14057 Jjmaol Stull and Sinke (1956)
Thermal conductivity 27 156 WimK Touloukian et al. (1978)
527 146 Wim K
Thermal diffusivity 27 0.874 cm /s Touloukian et al, (1978)
Electrochemical potential —237V Froats et al. (1987)
(Mormal hydrogen electrode)
Rcl. machining power Mg alloy: Al alloy 1:1.8 Kirk-Onhmer (1981)
Mg alloy:cast iron 1:1.5
Mg alloy:MNi alloy 1:10




1-2

Mg

(3]

Alloying
element

Melting and casting behavior

Mechanical and technological
properties

Corrosion behavior I'M
produced

Ag

Al

Cu

Fe

Rare
earths

51

£n

Improves castability, tendency
10 MICTOpOrosity

Significantly reduces oxidation
of melt surface a1 very low
concenirations | = 30 ppm),
leads to coarse grains
Effective grain refining effect,
slight suppression of oxidation
of the moltcn metal

System with easily forming
metallic glasses, improves
casta bility

Magnesium hardly reacts with
mild steel crucibles

Increases evaporation and
burning behavior, melting only
in protected and sealed fur-
NACES

Control of Fe content by pre-
cipitating Fe-Mn compound,
refinement of precipitates
System with casily forming
mietallic glasses

Improve castability, reduce mi-
CTOPOIOETY

Decreases castahility, forms
stable silicide compounds with
many other alloying clements,
compatible with Al, #n, and
Ag, weak grain refiner
Suppresses microporosity

Girain refining effect

Increases Mudity of the melt,
weak prain refiner, tendency 1o
MiCroscopy

Most effective grain refiner, in-
compatible with 51, Al, and
Mn, removes Fe, Al and Si
from the melt

Improves elevated temperature
tensile and creep propertics
the presence of rare earths
Solid solution hardener, pre-
cipitation hardening at low
lemperatures (< 120 °C}

Improves creep properties

Solid solution hardener at am-
bient temperatures, reduces
density, enhances ducility

Increases creep resistivity

Solid solution and precipita-
tion hardening at ambient and
clevated temperatures; imMprove
elevated temperature tensile
and creep properties

Improves creep propertics

Improves elevated temperature
tensile and creep properties,
improves ductility, maost efli-
cignt alloying element
Improves elevated temperature
tensile and creep properties
Precipitation hardening, im-
proves strength a1 ambient
temperatures, tendency to brit-
tleness and hot shortness un-
less Zr refined

Improves ambient temperature
tensile propertics stightly

Detrimental influence on
corrosion behavior

Minor influence

Detrimental influcnce on
corrosion behavior

Detrimental influgnce on
corrosion behavior, limita-
HON nECessary

Dretrimental influence on
corrosion behavior, limita-
lion neccssary

Decreases corrosion prop-
erties strongly, coating to
protect from humidity i
NECESSATY

Tmproves corrosion behav-
ior due to iron control ef-
fizct

Deetrimental influence on
corrosion behavior, imita-
Han necessary

Impeave corrosion behave
T

Detrimental influence

Improves corrosion behay-
ior

Minor influence, sulflicient
In content compensates
for the detrimental effect of
Cu

r



1-3 AZ (Mg Al Zn) Fe [11]
Mg Al Zn Fe
Médting point Tm () 650 660 420 1535
Boiling point T, () 1107 2060 930 2730
Vv
apor pressure (Pa) 360 10°® 23 2.3
atTm
\Y
apor pressure (Pa) 1.36x 10° | 1.2x 10° 1.2x 10* 0
at 727
Viscosty (mPasa Ty) 1.25 1.3 35 6
Surface tenson (N/m)
0.56 0.91 0.78 1.87
at T
Therma conductivity of
, ) 310 210 9 30
solid at Ty, (WM =K™)
Absorptivity (%) a T,
1.06p m - 1 42 (300K) 36 (300K)
(for Nd:YAG Lase)
Absorptivity (%) a T,
10.6 mm 3 (300K) 3 10 5 (300K)

(for CO, Lasar)




Mg a wt% b a%
a
Alloy Chemica compogtion in weight percent (%)
Al Zn Mn Si Fe Cu Ni Be Mg
Pure Mg - - - - - - - - 99.9
AZ31 286 | 0.82 | 0.31 - - - - - Bd.
AZ61 588 | 0.74 | 0.28 - - - - - Bd.
AZ91 9.07 | 0.62 | 0.33 | 0.017 {0.0026|0.0006|0.0004|0.0002| Bd.
b
Alloy Chemica composition in atomic percent (%)
Al Zn Mn Si Fe Cu Ni Be Mg
Pure Mg - - - - - - - - 99.9
AZ31 260 | 031 | 0.14 - - - - - Bd.
AZ61 536 | 0.28 | 0.13 - - - - - Bd.
AZ91 829 | 0.23 | 0.15 | 0.015 {0.0011 |0.0002|0.0002|0.0005| Bd.




3-2 6 mMm

kV mA W mnmv/'s Jmm
torr
torr

15 33.33
6x 10°|4x 10%| 50 10 500 25 20.00
35 14.29

3-3 30 mm

kV mA W mnys Jmm
torr
torr

35 1925 20 96.25

16 137.50

6x 10°|4x 10°| 55
40 2200 20 110.00

35 62.86




4-1 6mm Mg AZ31 AZ6l AZ91

kV mA W | mnVsec mm mm | (depth/width)
Jmm
ure 15 | 3333 | 3985 | 1.853 2.151
FIJVIg 50 10 500 25 20.00 | 1.268 | 1.710 0.742

35 14.29 | 1.168 | 1.658 0.704

15 33.33 | 4.915 | 1.960 2.508
AZ31 50 10 500 25 20.00 | 3.263 | 1.790 1.823
35 14.29 | 2620 | 1.753 1.495

15 33.33 | 4.218 | 3.265 1.292
AZ61 50 10 500 25 20.00 | 3.155 | 2.648 1.191
35 1429 | 2510 | 2.335 1.075

15 | 33.33 | 6.000 | 2.910 2.062
AZ91 | 50 10 500 25 20.00 | 3.745 | 2.885 1.298
35 1429 | 2.958 | 2.473 1.196

15 33.33 | 6.000 | 2.768 2.168
50 10 500 25 20.00 | 3.580 | 2.808 1.275
35 14.29 | 3.135 | 2.388 1.313

AZ91-
NST

pureMg AZ31 AZ61 AZ91 AZ91-NST



4-2 30 mm AZ91
kV mA W | mnVsec mm mm | (depth/width)
Jmm
55 35 1925 20 | 96.25 | 21.075| 2.891 7.29
A701 55 40 2200 16 |137.50(|28.609| 3.478 82538
55 40 2200 20 |110.00|26.792| 3.329 8. 04
55 40 2200 35 62.86 | 19.777| 2.903 6. 81




4-3 Mg
mm
a 500 W 15 mm/s
Base FZ-Top FZ-Middle | FZ-Bottom FL
Mg Spacing 30 - - - Spacing 37
AZ31 32 - - - 32
AZ61 12 - - - 15
AZ91 25 - - - 32
b 500 W 35 mm/s
Base FZ-Top FZ-Middle | FZ-Bottom FL
Mg Spacing 30 - - - Spacing 50
AZ31 32 - - - 32
AZ61 12 - - - 12
AZ91 25 - - - 31




4-4 Mg [2,4,47,50]
Temper UTS Elongetion Rermark
(MPa) (%)
AZ31 F 260-290 14-20 Extruded shapes
AZ61 F 310-315 15-17 Extruded shapes
AZ91 F 196-255 0.5-3 Die-cagting

As fabricated




45 Mg

Condition UTS(MPa) | Elongation (%) Fracture
Base 114 12.6 base
Mg 500 W, 15 mnv/s 100 14.0 base
6 mm plate 500 W, 25 mnv/s 106 10.9 base
500 W, 35 mnv/s 118 10.0 base
Base 267 16.6 base
AZ31 500 W, 15 mnvs 302 16.6 weld
6 mm plate 500 W, 25 mm/s 314 17.7 wdd
500 W, 35 mnv/s 314 19.0 weld
Base 313 25.3 base
AZ61 500 W, 15 mnvs 250 16.6 wed
6mmplate | 500 W, 25 mm/s 252 16.0 weld
500 W, 35 mm/s 247 15.6 weld
Base 312 8.3 out of GL
AZ91 500 W, 15 mm/s 322 9.6 weld
6 mm plate 500 W, 25 mm/s 316 7.3 out of GL
500 W, 35 mnvs 265 3.8 base
AZ91 Base 236 17.8 -
30 mm plate | 1925 W, 20 mm/s 242 20.0 -
& wholeFZ 2200 W, 20 mm/s 224 16.7 -
specimen 2200 W, 35 mm/s 246 17.1 -
Fracture base weld
out of GL gauge length




L attice congtant a

L attice congtant ¢

A A c/a
Mg 3.2095 5.2104 1.6234
AZ31 3.2010 5.1922 1.6221
AZ61 3.1896 5.1747 1.6224
AZ91 3.1855 5.1676 1.6222




51 Mg [47-50]
| Themd | Spedific | Themd | PONC | Meting
Densty . e Hest of
oon? Conductivity Heat Diffudvity Fusion Range
W/mK JoK nmf/sec
Jg
Mg 174 152.79 1.00 8.78x10°° 368.37 650
AZ31 1.78 76.90 0.99 4.36x107° 339.07 575-630
AZ61 1.80 64.05 0.99 3.63x10°° 354.54 530-610
AZ91 181 51.20 0.98 2.89x10°° 370 470-595
5-2 Mg 650
For T =650
500 W, 15 mnv/s 500 W, 25 mm/s 500 W, 35 mnvs
/sec /sec /sec
Mg 2700 22667 87852
AZ31 1242 11420 44647
AZ61 1003 9575 37561
AZ91 743 7563 29831
5-3 Mg 1000
For T = 1000
500 W, 15 mnv/s 500 W, 25 mm/s 500 W, 35 mnvs
/sec /sec /sec
Mg 11014 86815 334286
AZ31 5480 44118 170261
AZ61 4573 37116 143360
AZ91 3583 29477 114016
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(b)

]

r

HETERDGENEQUS
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EPITAXIAL
{WELDING)

(c)

1-2 a
C [16]



Weld metal}
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. SAAARL LA AT
Fusion boundary Base plate é Planar interface
(1]
Base plate Planal
niertscs Columnar
Celiular erystal
interface ramge
@{:ﬂluhr

E dendritic or columnar dendritic interface
usion
baundary @ Equiaxed dendritic

crystal range
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6mm Mg

» WD
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a 500W 15 mm/s
c 500W 35mm/s
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4-2 6mm AZ31 a 500W 15 mm/s b 500W 25 mm/s
c 500W 35mmis



4-3

6 MMmAZ61

a 500W 15 mm/s
c 500W 35mmis

b 500W 25 mm/s



T R e e S o,
7] L g P

LA

4-4 6 mmAZ91 a 500W 15 mm/s b 500W 15 mm/s
c 500W 25mmvs d 500W 35mm/s
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4-10 30 mm AZ91

1925W 20 mm/s 2200W 16 mm/s,2200 W
20 mm/s 2200W 35 mm/s)
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4-24 Mg a 500W 15mm/s b 500W 35mm/s



4-25 AZ31 a 500W 15mm/s b 500W 35mm/s
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Vickers microhardness

Vickers microhardness

Mg
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Vickers microhardness
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4-34 AZ31
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Vickers microhardness

Vickers microhardness
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