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(57) Abstract: The present invention provides a magnesium alloy having excellent mechanical properties and corrosion resistance,
and a method for manufacturing the same, the magnesium alloy containing 0.001 parts by weight to 1.0 part by weight of scandium
with respect to 100 parts by weight of the magnesium alloy and the remainder being magnesium and unavoidable impurities, and the
magnesium alloy having an increased Fe solid solubility limit and decreased corrosiveness. The present invention can improve the
corrosion resistance of a magnesium alloy by adding scandium which can improve the passive state properties of a coating formed
on the surface as well as inhibit micro-galvanic corrosion between a matrix and impurities without deterioration of the mechanical
properties. Accordingly, the present invention provides a magnesium alloy which can be usefully utilized in various fields, such as
transportation vehicles like automobiles, railways, airplanes, vessels, etc., household appliances, medical devices, daily necessities,
etc. for which weight reduction and biodegradability are required and, in particular, provides a magnesium alloy which can be use-
fully utilized in the field of medical devices like implants, such as a stent and a plate, which come into contact with the body.
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[135] [3E1]
[wt%] Sc Fe Si Ca Mn Mg
Hlald | Mg - 0.002 |0.019 |(0.006 [0.010 |Bal

A1 Mg-0.001Sc (0.001 |0.005 |0.001 [0.007 |0.005 |Bal.

A Ao 2 Mg-0.01Sc  |0.001  [0.005 [0.001 [0.007 |0.005 |Bal

A A4 3 Mg-0.1Sc 0.050 [0.001 |0.010 [0.013 |0.007 |Bal.

A Al o 4 Mg-0.25S¢  |0.160 [0.001 [0.010 [0.010 |0.007 |Bal

A A4 5 Mg-0.5Sc 0.300 [0.001 |0.011 |0.008 |0.007 |Bal.

A Ao 6 Mg-1.0Sc 0.670 [0.003 |0.011 [0.008 |0.009 |Bal.
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78mm, 4 ©| 140~160mm<] ¥ 3 A ] Fejo] W o= 7hx3kgitt. o] 9 o)
7hEgh dElSs 350°C°ﬂ A 3N FE A3 T 1 omm/se] WELR ES
& sto] 77 6mm, ¥ 28mme] H HE A E A Z 3 o

N

il

[138]

[139]  rtavls-old §F9 A=

[140] & 2o & vl 1y 5-old T3S A
Zn} Sc& H7hek g o, Zniz 99.9% ]
4713893 ou:] Sci= Mg-2Sc & W R &)
1,2, 4,6 ek L3E w2 et 7n S A 7ba}
1.0 %292 X35 5% Mg-2Sc B35S Artst

zZ37] Y3t 29 Mg(99.9%)°l

EE =TT AN Fy e
o}, o] =538k Mgoll Zn©|
©r, Sc7}0.001, 0.01, 0.1,
o}



[141]
[142]
[143]

WO 2017/116020 PCT/KR2016/013959
7] mh vl fr-obd el 244 s w29k Ak
[3£2]
Zn |Sc Fe Si Ca Mg
Hlnd 2 |Mg-1Zn 1.02 |- 0.003 - 0.007 bal.
AA ¢ 7 (Mg-1Zn-0.001Sc [0.96 [0.001 |0.017 - 0.009 bal.
AAd 8 (Mg-1Zn-0.01Sc [1.02 [0.007 [0.003 - 0.009 bal.
AAd 9 (Mg-1Zn-0.1Sc  [1.01 [0.102 |0.018 - 0.007 bal.
A A9 10 ([Mg-1Zn-1.0Sc  [0.98 |0.868 |0.025 - 0.012 bal.
Hlnd 3 |Mg-2Zn 1.82 |- 0.004 - 0.007 bal.
A A9 11 (Mg-2Zn-0.001Sc [1.86 |- 0.007 - 0.019 bal.
A A9 12 (Mg-2Zn-0.01Sc  (2.00 [0.007 [0.010 - 0.007 bal.
A A9 13 (Mg-2Zn-0.1Sc  [2.12 |0.084 |0.063 - 0.007 bal.
A A9 14 (Mg-2Zn-1.0Sc  [2.01 [0.844 [0.138 - 0.076 bal.
Hlnd 4 |Mg-4Zn 3.65 |- 0.008 0.00910.005 bal.
A A o 15 (Mg-4Zn-0.001Sc [4.10 |- 0.004 0.021(0.003 bal.
A A9 16 (Mg-4Zn-0.01Sc  [4.03 (0.006 |0.003 - 0.003 bal.
A Ao 17 (Mg-4Zn-0.1Sc  [4.02 (0.089 |0.005 0.012[0.010 bal.
A A9 18 (Mg-4Zn-1.0Sc  [4.13 (0.79 |0.003 0.0360.004 bal.
Hlnd 5 |Mg-6Zn 559 |- 0.009 0.0080.004 bal.
A A9 19 (Mg-6Zn-0.001Sc (5.58 [0.001 [0.001 0.04210.004 bal.
A Ao 20 (Mg-6Zn-0.01Sc  [6.23 |0.006 [0.004 0.081/0.007 bal.
A Ao 21 (Mg-6Zn-0.1Sc  [6.36 |0.089 [0.004 0.053/0.008 bal.
A Ao 22 (Mg-6Zn-1.0Sc  [6.29 [0.80  [0.009 0.085/0.007 bal.
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[144]
[145] ole} Fro] FH e Y8 EAS va B Asta e SRS

o]-g-3}e] 700°C OVC}SLE 7hdsto] gaf &k = A A5 FAAA & 25T
700°Ce]l =253 S ol 200°CE o2 43 AHr] el T3 55tk
=S A zsk3iT.

[146] o] &} o] A&k U =lo] thaf 400°Cell A 244 ZF FF A SA Y 5 A7
A& 78mm, A ©] 140~160mme] Y3 AHr] Fejo] o= 7tasgitt. o] 9
ol 74k 3 300°Coll A 3AIE B QF o] A3 - 1.0mm/s 9] L= FES
& sto] 77 6mm, ¥ 28mme] H HE A E A Z 3 o

[147]

[148] v aylE-F4 e Ax

[149] & Edgol] & v avlE-F4 e S A7 Aol & Mg(99.9%)°l
Snt ScE A7l o™, Sn2 99.9% 2] o5& 2= &% Sn Al el
A7Fet Sl o, Sci= Mg-2Sc 2.3 e = H7kekglth. o)W =573k Mgell Sno|
3,5,6,8 5F%E L ESH £7% Sng F7IS }Jgﬂﬂ, Sc7}0.001, 0.01, 0.1,
1.0 %% 5 ¥ 3% 55 Mg-2Sc B35S A7

[150] 7] kvl 7A] o] 2L 8] 33 Zoh

[151]




[152]

[153]
[154]

WO 2017/116020 PCT/KR2016/013959
[3%3]
Sn Sc Fe Si Ca Mg
Hlad 6 |Mg-3Sn 284 |- 0.007 013  |0.014 |bal.
A A4 23 [Mg-3Sn-0.001 [2.84 |- 0.002 0.02  |0.005 |bal.
Sc
A Ao 24 [Mg-3Sn-0.01S¢[2.76  |0.007  |0.001  [0.02  |0.006 |bal.
A A4 25 [Mg-3Sn-0.1Sc [2.80  |0.08  |0.002 [0.02  |0.007 |bal
A Al 26 [Mg-3Sn-1.0Sc [2.86 0.62  [0.002 |0.008 [0.008 |bal.
H3Le) 7 |Mg-5Sn 468 |- 0.003 |0.03  |0.005 |bal.
A A4 27 [Mg-58n-0.001 (487 |- 0.001 |0.02  |0.005 |bal.
Sc
A Al o 28 [Mg-58n-0.01Sc(4.73  |0.006 |0.002 [0.012 |0.006 |bal.
A Ao 29 [Mg-58n-0.1Sc [4.80  [0.09  |0.002 [0.010 |0.006 |bal.
A Ao 30 [Mg-5Sn-1.0Sc [4.93 0.58  [0.002 |0.011 |0.008 |bal.
Had 8§ |Mg-6Sn 548 |- 0.002 0.02  |0.006 |bal.
A A4 31 [Mg-6Sn-0.001 [5.77  |0.001 |0.003 [0.02  |0.006 |bal.
Sc
A Ao 32 [Mg-6Sn-0.01S¢|5.70  |0.009  |0.001  [0.005 |0.007 |bal.
A Al o] 33 Mg-6Sn-0.1Sc (5.82 0.09  [0.003 |0.008 [0.008 |bal.
A Al ¢ 34 |Mg-6Sn-1.0Sc [4.01 0.25 0.002 [0.001 [0.006 |bal.
Had 9 |Mg-8Sn 759 |- 0.001 |0.04  |0.005 |bal.
A Ao 35 [Mg-8Sn-0.001 |7.77  |0.001  |0.002 [0.05  |0.006 |bal.
Sc
A Al o) 36 (Mg-8Sn-0.01Sc|7.84 - 0.001 [0.02  [0.007 |bal
A Ao 37 [Mg-8Sn-0.1Sc [7.93  [0.09  |0.002 [0.011 |0.007 |bal.
A Al ¢ 38 [Mg-8Sn-1.0S¢ [6.97 0.69  [0.037 |0.003 [0.004 |bal
oje} o] FHE U7 EAS T4 Ut Adsla % A EE

13
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[155]

[156]
[157]
[158]

[159]
[160]
[161]

o] &3t 700°C o|AF 0.2 7 E o] L3 T A B YA A LEe &5t
700°Cel| =k lE o 200°0CE o 25 1% A v el 5ol sk
HElg Azl
ol o} go] Al gk W el thal 500°Cel A 24417 St A A & A 5
A& 78mm, Z°] 140~160mme] U3 A A Feje] o 7
o] 7k 3 U 300°CN A 317k Fet | A F 1.0mm/s o] REHEE SFES
3

3] T 6mm, & 28mme] it FE A E A 233

f
ol
p‘L
32
0
o
o

vy -2 g dge Ax

oo mE vl 1y - Fr g S S AlxSH] ekl &5 Mg(99.9%)9)
Al ScE H71E o, Al 99.9% 9] - 5E e 5t Al Y SR
A7Fet Sl o, Sc= Mg-2Sc X.3HH FEl = H ekt ol w =573k Mgell Alo]
3,6,9 F%F%E LT EE 58 Al H7FsI 2, Sc7F 0.001, 0.01, 0.1, 1.0

L
=1 =
A7) kv - e e 242 8] 3 49 A

[34]

Al Sc Fe Si Ca Mg
vl 2o 10 (Mg-3Al 291 |- - 0.10  |0.007 |bal
A A4 39 |Mg-3A1-0.001Sc [2.86  (0.001 |- 0.05 |0.007 |bal.

A Ao 40 |Mg-3A1-0.01Sc  |2.88 0.007 |0.002 (0.05 0.016 |bal.

A Al e 41 |Mg-3A1-0.1S¢ 2.73 0.099 0.003 (0.02 0.054 |bal.

A Al e 42 |Mg-3A1-1.0S¢ 2.36 0.24 0.007 ]0.05 0.044 |bal.

B4 11 |Mg-6Al 5.85 0.005 |0.01 0.002 |bal.

A Al o 43 |Mg-6A1-0.001Sc [5.55 0.001 |0.003 |- 0.004 |bal.

A Ao 44 |Mg-6A1-0.01Sc  |5.81 0.01 0.007 10.009 {0.003 |bal.

A Al ¢ 45 |Mg-6Al-0.1S¢ 591 0.07 0.003 10.004 (0.004 |bal.

AN ¢ 46 |Mg-6A1-1.0Sc  |5.72 0.17 0.009 |- 0.014 |bal.

B4 12 [Mg-9Al 8.40 - 0.007 0.04 0.036 |bal.

A Ao 47 |Mg-9A1-0.001Sc |8.84 0.001 |0.015 (0.05 0.008 |bal.

A Ao 48 |Mg-9A1-0.01Sc  |8.64 0.009 (0.002 (0.02 0.018 |bal.

AR 49 |Mg-9A1-0.1S¢ 8.78 0.086 |0.001 |- 0.009 |bal.

AA ¢ 50 |Mg-9A1-1.0Sc  [8.90 0.64 0.017 |bal.
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[164]

[165]
[166]
[167]

[168]

[169]
[170]
[171]

[172
[173
[174
[175

[176]

[177]

o] &5}e] 700°C o] 0. & 7t sle] L8] 8 T A A3 WA A L8] LT}
700°Cel| =k lE o 200°0CE o 25 1% A v el 5ol sk
LS A28l
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Ao 1 YA A
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A AFo FARSE S ko] HA SR LSS

ojuff A& = 817 22 AFEshe] AlLtESit

H A& =(K*W)/(A*T*D)

K=af

T= & A ZHN)
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W= A A 2Kg)

D=2 = (g/cm?)
Ad 43

4 (Mg-0.258¢)2 0.25mm/y, 0.5 T %] 2~3Ha-8 £33k
% (Mg-0.58¢) 0.5mmly, 1.0 5H%2] 252 ¥3
£ (Mg-1.0S¢)-2 0.5mm/y, AZ61- 0.8mm/y & Y EFFTHE 1 3%,

T g vk g v ko] g g E A A S Holal 9l ew, 53] 0.05
WA 1.0 % 2w L33 v 1| 5-E Sl o 71wl AZ61 K.t} -8
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[190] [3E5]

YS (MPa) UTS (MPa) EL (%)

v a4 1 Pure Mg 85.7 169 12.4
A1 Mg-0.001Sc  |80.3 165 12.8
A A4 2 Mg-0.01Sc 81.8 169 15.5
A A3 Mg-0.1Sc 112.2 177 6.8

A A4 4 Mg-0.25Sc¢ 118.7 182 12.3
A5 Mg-0.5Sc 125.6 195 12.1
A A4 6 Mg-1.0Sc 131.9 204 14.1

[191]
[192] &, vhord okl FiF] A5, obele] gl
IR Qg7 s

[193]  °]& at7] T 6ol A2 2 & bl ATt
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[194] [3%6]
Corr. Rate YS MPa) |(UTS (MPa) E.L. (%)
(mm/y)
v o] 2 |Mg-1Zn 1.04 131 217 23.8
AA 7 |Mg-1Zn-0.001 (0.67 130 217 22.8
Sc
A Ao 8 |Mg-1Zn-0.01Sc|0.55 137 218 22.7
A A9 |Mg-1Zn-0.1Sc (0.65 171 240 26.2
A Al o] 10 |Mg-1Zn-1.0Sc |7.82 236 276 15.2
Hlad 3 |Mg-2Zn 2.36 126 223 24.6
A Al ¢ 11 |Mg-2Zn-0.001 |2.04 126 223 24.0
Sc
A Al o] 12 |Mg-2Zn-0.01Sc|1.92 131 223 24.3
A Al e 13 (Mg-2Zn-0.1Sc (1.36 159 246 27.9
A Al e 14 |Mg-2Zn-1.0Sc |2.98 252 268 12.9
Hlald 4 |Mg-4Zn 7.39 126 248 26.6
A Al o 15 |Mg-4Zn-0.001 |6.58 127 247 26.5
Sc
A A4 16 (Mg-4Zn-0.01Sc|5.76 127 249 24.0
AA o 17 Mg-4Zn-0.1Sc [2.77 148 250 20.3
A Al o 18 |Mg-4Zn-1.0Sc |7.2 253 309 17.3
Hlad 5 |Mg-6Zn 9.24 189 291 24.3
A A4 19 (Mg-6Zn-0.001 (8.75 160 286 29.1
Sc
A Ao 20 (Mg-6Zn-0.01Sc¢|7.96 180 296 23.4
A A4 21 (Mg-6Zn-0.1Sc [4.23 186 300 29.3
A Al o] 22 |Mg-6Zn-1.0Sc (9.63 257 326 16.6

[195]
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[196]  EESH wizdlg-FA fha o] A, A1 Y SRl #AlIglo] 27k o] $HEFol
7 TS Qe R g = A S BAltHE 15)

[197] o] & 3}7] 3 70l F-A A o =2 YER AT

[198] [3%7]

Corr. Rate YS (MPa) |UTS MPa) |[E.L.
(mm/y) (%)

Hlad 6 |Mg-3Sn 3.21 142 224 12.6
A Al o] 23 |Mg-3Sn-0.001Sc [2.69 135 220 15
A Al o] 24 |Mg-3Sn-0.01Sc (2.29 133 222 11.3
A Al o 25 |Mg-3Sn-0.1Sc  (2.34 153 231 11.1
A Al o 26 |Mg-3Sn-1.0Sc  (25.2 183 252 11.5
Hlad 7 |Mg-5Sn 8.8 167 231 7.3
A Al o] 27 |Mg-5Sn-0.001Sc (3.68 161 226 7.2
A Al 28 |Mg-5Sn-0.01Sc (3.91 158 226 7.6
A Ao 29 |Mg-5Sn-0.1S¢  |3.79 212 276 11.1
A Al e 30 |Mg-5Sn-1.0S¢ (110 188 258 12.1
Hlad 8§ |[Mg-6Sn 10.8 175 236 7.2
A Al o] 31 |Mg-6Sn-0.001Sc (4.94 170 232 6.5
A Ald] 32 |Mg-6Sn-0.01Sc [5.43 166 230 7.6
A Al o] 33 |Mg-6Sn-0.1Sc  (4.98 250 292 57
A Al o] 34 |Mg-6Sn-1.0Sc  (43.2 192 261 114
Hlad 9 |[Mg-8Sn 12.9 194 249 6.6
A Al o] 35 |Mg-8Sn-0.001Sc [6.64 195 251 6.7
A Al o 36 |Mg-8Sn-0.01Sc (7.20 194 251 7.9
A Al o 37 |Mg-8Sn-0.1Sc  (6.84 272 307 5.2
A Al o] 38 |Mg-8Sn-1.0Sc  (92.5 244 286 6

[199]

[200] IR vl F e e e AT, oFd o] shakel] HAIRle] 239
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[202] [3%£8]

Corr. Rate YS (MPa) UTS (MPa) (E.L.
(mm/y) (%)
Bl e |Mg-3Al 42.8 136 237 22.1
10
AAlo  |Mg-3A1-0.001S |8.1 138 238 23.8
39 c
AAlo  |Mg-3A1-0.01Sc [1.83 141 239 22.5
40
AA o |Mg-3A1-0.1S¢ [0.3 147 245 23.2
M
AAlo  |Mg-3A1-1.0Sc [20.5 151 236 13.5
42
Bl e |Mg-6Al 43.9 151 274 16.8
11
AAlo  |Mg-6A1-0.001S |6.49 147 276 19.5
43 C
AA 4 |Mg-6A1-0.01Sc [0.74 152 277 16.9
44
AAd  |Mg-6A1-0.1Sc [0.15 154 275 15.8
45
AAlo  |Mg-6Al-1.0Sc |16.6 150 270 17.7
46
Hl e |Mg-9Al 46.7 192 312 10.5
12
AAlo  |Mg-9A1-0.001S |8.84 194 310 10.1
47 C
AAlo  |Mg-9A1-0.01Sc |2.29 193 313 10.1
48
AA 4 Mg-9A1-0.1Sc |0.64 193 317 11.0
49
AAlo  |Mg-9A1-1.0Sc [26.3 180 303 11.7
50




22

PCT/KR2016/013959

WO 2017/116020

[203]

ol

-

~

;OE
o
o
ol

a7

3 A A

ol o

P4 ghe vy

[205]

o Apapo 21 E WolA)

iy

T el Z1AE

3] %

E
=

2 747 A,

#4

o
T 5
Cry
my &
TH
=
oy
2
—
CWW
] HLL
A
B P
2o
g—
< °.
w 2
Lo]
=%
N ol
o ox
9 Ak
o
of ™
X0 mO
&
% Tk
T T
= AR
CG
Firy
JJ 90
R



23

WO 2017/116020 PCT/KR2016/013959
74 -3 1] 1Y E 3 100 Tl thshe], 272 0.001 25 WA 1.0

549 LH*W Ol %#‘Jﬂ}:uﬂ% 2=y
Pdd2] Al oA, 7] 205 S 005 TFF WA 05 THE E3}8hE,
7IAA 54 R A A o] -8 mp |4 -
37E31 ALl )lefA,
3.5 wt% A5 12X A Al F241 &5 7F 0.5 mm/y o] 8k}l 71 Al A 54
EL LH*—VJ o] §-F=gt v} 1u|4F FhT.
4] 13} 0101/\1
&7 5271 80 WA 120MPao] 3z, 91774 57} 160 A 180MPa©] i,
AAEo] 6 WA 13%81 71 A 54 2 W2 ol - mtavls T
%473} 5] Al1gel JofA,
nlo1dl g $H5 100 5 5ol o 8
0.001 4] 0.007 TFF2] 4,
0.001 W#] 0.002 T2 F4;
0.005 4] 0.015 %%W%A g 3
0.003 W =] 0.012 = ﬂ W2bS vl E3kekiE, 71 A A 54 2 24 o)
gk mkoru| 4 3
[ 74 6] A8 WA Ased = 01: St glel] 9l o)A
a1l 5 FH 100 S5l di gk, 0.5
E3tete, 71 A4 54 R WA o] %#‘Jﬂ}:uﬂ% %L%.
7873 7] Alogrell oA,
574571120 WA 190MPa°] iz, 17757} 210 W #] 310MPa©] 3L
AxlEo] 20 WA 30%%1, 71 A4 54 2 WA o -8k vkl e
%373 8] A1 WA A58 T o] = g ghe)l 9loj A,

2

[7d - 4]

1Y 55 3 100 TR0l thske], 2.5 ] 10 =9 42 ¢
EgbslE, vk adlE el Z1AA A 2 WA o] gk v
SL%L

[7d 13} 9] J18 3} ol 9lo] A,

fz}%%mﬂ 130 tH#] 280MPa°] iz, Q17475271 210 WA| 310MPa°] i,

AaEo] 5 WA 17%8), 71414 574 R W24 o] -3 v+ .
Fdr@d 10 A1 WA AT 5 o = g Foll oA,

nF2dl g S 100 T ol ko], 2 A 10 T3 EF ] EE O

FEobshE miivl g el VA A SA 2 WA A o] $-5=3 vl 4y



[

[

[

€

=]

[e]

€

24

WO 2017/116020 PCT/KR2016/013959
gty

T 11 Al1oFel helA,
SHE 7571 130 W A] 200MPa©] AL, Q147571 230 W A] 320MPa©] L
AAE o] 10 HA 25%%1, 71A1 4 54 B WA o] ¢-578 mhiiv| 4 g

T8 121 A1E WA A5 T o] = g 3ol flofA,
Mg-Zn-Al, Mg-Zn-Sn, Mg-Al-Sn, & Mg-Zn-Al-Snol| 4] A8 ¥ = 224 & ]
FobshE, 1A A 54 2 WA A o] $-5=3 vhul4y e

T 13] vl 35 100 T ZHell thate], 23EE 8 0.001 T F - WA 1.0

FRn e zahela, Yl A nhadl 63 Bob @ BeER T4

v g e sk gl

471 Fad viadls See A sehs 9l =

471 A vl s DR F shE sk WA E Eeeh,
%g7) A d 3 Fe a1-8-8to] S7bE a1 A Ad o] hAE = A9
A 54 2 WA o] st vhiavl s g el Al



1/11

WO 2017/116020 PCT/KR2016/013959

[5=1]

25

s Mg-xSc Extrusions
As-extruded

Immersion Test

3.5 wt.% NaCl, 298K, 72hrs

p 4}

-
"

Mg-0§018c

1.0

0.5

Mg-0.58¢ Mg-1.08c




2/11

WO 2017/116020 PCT/KR2016/013959
3]
250 p=— n _ 25
Mg-aSc Extrusions Y
As-exinuded o
Initial Strain Rate: 1x10° 5™
200 20
«© m
= 150 15 S
2 a
s 2
(@) o
£ 100 10 =
o 3
=t P
W Z
50 5
0 0
0 0001 GO1 01 025 05 1.0
Sc Content (wt. %)
4]
15 ; — ;
Mg-aZn-bSc Extiusions Mg-1Zn-bSc
L. As-exiruded -Mg-2Zn-bSc
Immersion in 3.5wt % NaCl =i=Mg-4Zn-b8c
- L 298K 72nhrs R Mg-6Zn-bSe
"‘:? 12 Weight Loss
E |
=
e
© 9k
oload
o
Y X
L
o 6F
78]
o .
- —"
S
0

0 0.001 0.01 0.1 1
Sc Content (wt.%)



WO 2017/116020

3/11

PCT/KR2016/013959

03

01

s | Ml
e

2

03

0.001%¢

MpeaZn
<0,015¢

MgaZn
015




4/11

WO 2017/116020 PCT/KR2016/013959
7]
T S
01 a2 03 01 04 03

Mesain

Mg-4in

0.0015¢

Mz-aZn
B.15¢

Mg=4Zn
105

Ma-GZn

0.0018¢

Me-bZn
-0.015¢




5/11

WO 2017/116020 PCT/KR2016/013959

Strength (MPaj
{9%) uopebuoiy
Btrength (MPay
{54 wonebuoz

0007 00 0 ) 0.001 001 0
Se Content (wt%) S Content (Wt%)

Strength (MPa)
el
&
(9] uopebunm
Strerigth (MPa)
(24) uoneBuoy

.00 0.0 01 0.001 001 0.1
56 Content (wt.%) 8¢ Content (wl.%)

Mg-aSn-b8c Extrusions =l Mg-3Sn-bSc
As-extruded Mg-53n-bSc
Immersion in 3.6wt.% NaCl - Mg-6Sn-hSc
298K, 72hrs 3= Mg-8Sn-bSc
Weight Loss

Ak

Ak

oy -.

0‘60,1 0.01 0.1 1
Sc Content (wt.%)



WO 2017/116020

6/11

PCT/KR2016/013959

G.0015¢

Mgz
L0188

MeE-35n

MpesSn
-0.015¢

MpsSn

=@ 15¢:

MyesSy
~108e.

1258
5 12]
oe e
01 02 3 01 02 03
L |
MEssH
Q‘OQW'ESC




WO 2017/116020

[5=13]

7/11

PCT/KR2016/013959

A oy
Mg-H50

BgaSn

L0015

Mgsn
3015

Mg=65n
“315¢

MBS
1,05

m

03

01

5

o | M
e

03

o

03

01

o |
2

2

03

MBS

Mg-85n

08615

MAp-ESH
G015

M-S
“0:15¢




8/11

WO 2017/116020 PCT/KR2016/013959
[5=15]
850 e B o5
20 b o A = g!ﬁ;mm
420
g 2§ 7
Z ot s = 3
£ 2 £ =
2 150 5 2 3
& < £ e
R s B =
50
0 : :
0001 001 1 0061 001 01
So Content (WL%) S Content (Wi %)
35D o 1 20 £ e B
scol § Eloga 350 | R
J45 3 L
7 oor B m
= b s =% 2
£ 0 2 £ 200f 3
@ el g 2 g
5 2 B s} 2
B 10 = & =
B 1 s = B 0 &
o sl
oL . 0 3 . _ip
0001 001 9.1 9 0.061 001 2.1 19
ScContent(wt %) Sc Content (Wi %)
[5=16]
' X =l Mg-3Al-bSc Mg-aAl-bSc Extrusions
; «Mg-BAl-bSe  As-extruded
S50 F ~@-Mg-9AlbSc  Immersion in 3.5wt.% NaCi
T o : 298K, 72hrs
E 40k Weight Loss
= .
A
48]
-1{—5 b
v 20}
L -
k=] = o
78
o }
i
S st
o
0 A A -

. -l _
0 0.001 0.01 0.1 1
Sc Content (wt.%)



[

WO 2017/116020

5 17]

9/11

PCT/KR2016/013959

Al

00015

Mg=gAl
-2.01

Rgaal
“0.15¢

18]
wd s
a1 02 03 a1 02 03

Ma-bAl
D018

0.15¢

M6l
-1.85¢




[

WO 2017/116020

5 19]

10/11

PCT/KR2016/013959

g

& HR

01

03

01

o |Hin
~ 1R

Mgaal

MgAL

0.0615¢

MgaAl
-2.015:

Mgl
-015¢

G Eaiusinas

280

200 ¢

180 ¢

180 E

Stregnth (MPa)

o 0001 001 0.4
Bo Content (wit %)
400

30k
300

Stregnit {(MPa)

0.001
B¢ Contant (whL.%)

G.04 0

(%) wonebuoi

(%) uoneBuoE

Sterigth (MPa)

350

J00F

250 p

280
180
140

50

(95) wopeBuop

00t 0

0.001
Sc Content (wt.%)



11/11

WO 2017/116020 PCT/KR2016/013959

H

[5=21]

20

Se: 0wt %

Esc1.0wt%

Pandat 7.0

Solubility Limit of Fe (ppm)

W ATS 410 SLf % & o B o
S e et hae® N \\3\@ »\\r@f e SRS
[5=22]
=x @ S100
/
Es @A | S200
/
Mz oH f— S300
/
ol= CtH —~— 5400




INTERNATIONAL SEARCH REPORT

International application No.

PCT/KR2016/013959

A.  CLASSIFICATION OF SUBJECT MATTER

C22C 2306(2006.81)i, C220 23/66{2006.01), CI2F 1/06(2006.01)i, B2IC 23/06{2006.81}

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
C22C 23/00; C22C 23/02; C22C 23/06; AG1L 15/00; C23C 26/00; CO3C 23/00; C22F 1/06; B21C 23/06

Korean Utility models and applications {or Utility models: IPC as above
Fapanese Utility models and applications for Utility models: IPC as above

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of

data base and, where practicable, search terms used)

eKOMPASS (KIPO internal) & Keywords: magnesivmn alloy, scandinrm, Fe-applied, corrosion-resistive, mechanical property

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X KR 10-2011-0031629 A (KOREA INSTITUTE OF INDUSTRIAL TECHNOLOGY) 1-2,5-6.8,10,12
29 March 2011
See paragraphs {0006]-[0111]; claims 2-10: and figure 1.
Y 3-4.79.11,13
Y KIAQ, DU H. et al,, Characterization and Preparation of Mg-Al-Zn Alloys with Minor Sc, 3.47.6,11,13
Journal of Alloys and Compounds. 03 May 2009, vol. 484
See pages 416-421.
A KR 10-2010-0053480 A (ACROSTAK CORP. BVL) 20 May 2010 1-13
See paragraphs [00441-[0117].
A KR 10-2004-0035646 A (KIM, Kang Hyang) 29 April 2004 1-13
See page 3, line 6-page 5, line 23; and figure 6.
A KR 10-2009-0085049 A (ASAHI TECHNOLOGY CO., LTD) 06 Aungust 2000 1-13
See paragraphs [0001-[0073].

|:| Further documents are listed in the continuation of Box C.

X

See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

10 APRIL 2017 (10.04.2017)

Date of mailing of the international search report

11 APRIL 2617 (11.04.2017)

Name and mailing address of the [SA/KR
Korean Intellectual Property Otfts
Government Complex-Dacjeon, 189 Seonsa-ro, Dagjeon 302-701,
Republic of Korea

Facsimile No. 82-42-472-7140

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

o ) S . International application No.
Information on patent faraily members

PCT/RR2016/613959

Patent document Publication Patent farnily Publication

cited in search report date mermber date

KR 10-2011-0031628 A 29/03/2011 NONE

KR 10-2010-0053480 A 20/05/2010 AT 482286 71 15/10/2010
Ald 2008-255328 A1 04/12/2008
AU 2008-255329 BZ 077047201

BR PI0BO7773 AZ
CA 2674926 A7
CA 2674926 C

CN 101702623 A
CN 101702923 B

N
SIS OE RS TERCL
_k_‘d )

=%

)

el

.

ol II(\)‘.:‘; /(\(J‘]I\
01/05/2013

T\?—~—~<_>C}I\3CD

DK 2000551 T3 06/01/2011
EP 2000551 AT 0/12/2008
EP 2000551 BT 2/08/2010
HK 1143614 A1 27/09/2013
L 10Q7”’ 31/12/2013
JP ¢ f"8 88 A 15/08/2010
JP 318173q B2 07/05/2014
KR 10-1515648 B1 27/04/2015
WX 2000006227 A 01/12/2003
MY 146477 A 15/08/2012
FT 2000551 E 21/10/2010
RU 2008-148355 A 10/07/2011
RU 2458362 C2 20/07/2012
UA 984971 (2 25/05/2012
Us 2010-0161031 AT 24/06/2010
US 8202477 B2 9/06/2012

3
20—
[ee N
.
P

1
b

WO 2006-145244 A2 84
WG 2008-145244 A3

ZA 200804859 A

008
003

N

’
/

Do
o)

5
©
=)
ro
<5
I

KR 10-2004-0035646 A 29/04/2004 AT 486145 T

15/11/2010

ALl 2005-324597 Al 20/07/2006
AU 2005-324597 B2 08/01/2008
CN 1838440 A 28/03/2007
ON 1838440 C 16/12/2008
EP 1759028 AT 07/03/2007
EP 1759029 A4 18/07/2007
EF 1758028 BT 27/10/2010
JP 2007-538146 A 27/12/2007
JP 5047778 B2 10/10/2012
KR 10-0605741 B1 01/08/2008
RU 2006-134447 A 20/05/2008
RU 2384636 (2 20/03/2010
Us 2008-0304997 AT 11/12/2008
W0 2006-075814 A1 20/07/2008
KR 10-2000-0085048 A 06/08/2009 ON 101522646 A 02/08/2003
CN 101522946 B 13/06/2012
JP 4571217 BZ 27/18/2010

Forrn PCT/ISAZTE (patent family annex) (January 2015}



INTERNATIONAL SEARCH REPORT

o ) S . International application No.
Information on patent faraily members

PCT/RR2016/613959

Patent document Publication

Patent farnily Publication
cited in search report date mermber date
TW 200828720 A 16/07/2008
i5 2010-0028572 A1 04/02/2010
WG 2008-044550 Al 17/04/2008

Forrn PCT/ISAZTE (patent family annex) (January 2015}



A AW 5
TAZALE A PCT/KR2016/013959
A. e o] &8t 7| E R F(FA S EFAPC))
C22C 23/00(2006.01)i, C22C 23/06(2006.01)i, C22F 1/06(2006.01)i, B21C 23/06(2006.01)i
B. FA g Bof
FAE HATAFA S EFE 71 A)
C22C 23/00; C22C 23/02; C22C 23/06; A61L 15/00; C23C 26/00; C03C 23/00; C22F 1/06; B21C 23/06
FALe 7] s 2ol &l H AT o9 £
FHEEAGALTR B T AL TR 2ARE H e 7] A= IR
dRrezAarelgr 2 AR FAAEMTR: ALY HAT3 e 71AE IPC
T A ZA ] o] B Zlal dlo]Eu] o] | o] B W o] 2] A B AAlof(s D s FEy)
eKOMPASS (5313 W5 AAA ") & 719=: vtadlg 5, 275, Fe 283, YA, 7144 54
c. IEEF
7l aLe]* AeTd™ 2 B FAENE s H 9] 7)A S R T
X KR 10-2011-0031629 A (3 A7 |&¢79) 2011.03.29 1-2,576,8,10,12
wheb [0006]-[0111]; A73 2-10; 2 =¥ 1 F=.
Y 3-4,7,9,11,13
Y XIAO, D.H. &, Characterization and preparation of Mg-Al-Zn alloys with 3-4,7,9,11,13
minor Sc, Journal of Alloys and Compounds, 2009.05.03, Vol. 484
o)A 416-421 =%,
A KR 10-2010-0053480 A (o}Z 2+rE}= Z ¥ o] n]B e|o}le]) 2010.05.20 1-13
92 [0044]1-[0117] F=.
A KR 10-2004-0035646 A (2 73) 2004.04.29 1-13
Ho)x] 3, #¢l 6 - Ho)x] 5, gl 23; L =1 6 A&,
A KR 10-2009-0085049 A (o}A}3] €= 7}1H-A17]7}o]AF) 2009.08.06 1-13
w2 [0001]-[0073] F=.
F7FEde] c(AH 71AIH o] sl X dls 5386 Ba Ax 2 Fxai Q.
189 B3lo] 54 : i} ) i}
R M “p AEAY B 909 Fo) 208 FHow S99 e
‘A7 533 B E AR nelE dWA e sEe 4B gy HoM WA TIRI AT Qe el2 2 elde] 919 2184
24
S SRE AR TR P EARERAT e cua v g w9 99 29 shpwen 279 wne 0
CoimEEE I e T EEFRA = Ao B}
LA FA o E L AV s B Y mE OB AdeEde FAY L . et i e o .-
L L e e e o sl e e Y SRS AL G 2 A9 2 s o) 99 e 52
Zghel e 4§ 2 1 xgke] dedAel A A E A4S Ay 2
“O7 FF A, A, AA EE vl S dF e Qs £ SRl gl Aow £t
PSR o] Fo FAEA oY ZAEAY ol del FAE £ ‘&7 AR ASSAEA Seh Fd
A 2L AA dEY A FAR LA g
2017 049 102 (10.04.2017) 20171 049 119 (11.04.2017)
ISA/KR®| 4 9 T4 AL SN
“]oo%i“l%‘"_g 1:1]' \‘\‘\\\\‘“\§\‘$\\§\
SRR
) Hl| < H| FERPTI AR Y
wmnaigy
_ S 5 NN
W NG 182-42-481-8578 AT +82-42-481-3547 N

221 PCT/ISA/210 (- 91 A A1) 2015 1€



TAELAND

F A 2 A0 1A
e ss]o] Aa An PCT/KR2016/013959

jf;ljj%?%"”” 29 e =AY

KR 10-2011-0031629 A 2011/03/29 =

KR 10-2010-0053480 A 2010/05/20 AT 482296 T 2010/10/15
AU 2008-255329 Al 2008/12/04
AU 2008-255329 B2 2011/04/07
BR PI0807773 A2 2014/06/24
CA 2674926 Al 2008/12/04
CA 2674926 C 2016/11/29
CN 101702923 A 2010/05/05
CN 101702923 B 2013/05/01
DK 2000551 T3 2011/01/10
EP 2000551 Al 2008/12/10
EP 2000551 Bl 2010/09/22
HK 1143614 Al 2013/09/27
1L 199779 A 2013/12/31
JP 2010-528188 A 2010/08/19
JP 5483733 B2 2014/05/07
KR 10-1515648 B1 2015/04/27
MX 2009009227 A 2009/12/01
MY 146477 A 2012/08/15
PT 2000551 E 2010/10/21
RU 2009-148355 A 2011/07/10
RU 2456362 C2 2012/07/20
UA 98491 C2 2012/05/25
US 2010-0161031 Al 2010/06/24
US 8202477 B2 2012/06/19
WO 2008-145244 A2 2008/12/04
WO 2008-145244 A3 2009/10/08
ZA 200904859 A 2010/09/29

KR 10-2004-0035646 A 2004/04/29 AT 486145 T 2010/11/15
AU 2005-324597 Al 2006/07/20
AU 2005-324597 B2 2009/01/08
CN 1938440 A 2007/03/28
CN 1938440 C 2008/12/10
EP 1759029 Al 2007/03/07
EP 1759029 A4 2007/07/18
EP 1759029 Bl 2010/10/27
JP 2007-538146 A 2007/12/27
JP 5047778 B2 2012/10/10
KR 10-0605741 Bl 2006/08/01
RU 2006-134447 A 2008/05/20
RU 2384639 C2 2010/03/20
US 2008-0304997 Al 2008/12/11
WO 2006-075814 Al 2006/07/20

KR 10-2009-0085049 A 2009/08/06 CN 101522946 A 2009/09/02
CN 101522946 B 2012/06/13
JP 4571217 B2 2010/10/27

X2 PCT/ISA/210 (T]-3- 53] 5-718-4]) (20154 19




FAEALE A
& :

TAELAND

=50 Ba 4w PCT/KR2016/013959
g 29 g Ea e
Lo T ELadA
TW 200829720 A 2008/07/16
US 2010-0028572 Al 2010/02/04
WO 2008-044555 Al 2008/04/17

X2 PCT/ISA/210 (T]-3- 53] 5-718-4]) (20154 19




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report
	Page 39 - wo-search-report
	Page 40 - wo-search-report
	Page 41 - wo-search-report
	Page 42 - wo-search-report
	Page 43 - wo-search-report

