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(57) Abstract: One embodiment of the present invention provides a non-oriented electrical steel sheet having low iron loss and excellent
surface quality, the non-oriented electrical steel sheet comprising, by wt%, 0.0005-0.0060% of C, 2.6-3.8% of Si, 0.05-2.0% of Mn,
0.05-2.0% of Al, 0.005-0.20% of Sn, 0.002-0.30% of P, 0.0002-0.005% of S, 0.0002-0.01% of Ti, 0.0002-0.01% of Nb, 0.0002-0.01%

of V, 0.0005-0.006% of N, and the balance of Fe and the other inevitable impurities, meeting the following relations 1-5, and hav-
ing 30-80 area% of an un-recrystallized region structure. [Relation 1] 3.5 < [SitAl+(Mn+Sn)/2+5P] < 6.0 [Relation 2] 1.0 <
[(Ti/48-+Nb/93+V/51)(C/12+N/14)] x108< 5.0 [Relation 3] 0.85 < [Si+AL+Mn+Sn)/2+5P]/[(T/48+Nb/93+V/51)(C/12+N/14) x10%]
<4.5 [Relation 4] 3.8 <[Si+100P] < 8.0 [Relation 5] 0.55 < [Si+Al+(Mn+Sn)/2+5P]/[Si+100P] < 1.35 (In relations 1-5, the amount
of Si, Al, Mn, Sn, P, Ti, Nb, V, C and N is in wt%.)
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(57) 8 2 wule] A A= % ZC:0.0005~0.0060%, Si: 2.6 ~3.8%, Mn: 0.05~2.0%, Al 0.05~2.0%, Sn;
0.005~0.20%, P: 0. 002~0 30%, S: 0.0002~0.005%, Ti: 0.0002~0.01%, Nb: 0.0002~0.01%, V: 0.0002~0.01%, N: 0.0005~0.006%, =
5 Fe 3 7|8} E719 ¢ BEEES 238313, 317] @A 1 A 58 w5k, v A A4 Z 4]0 30~80 HA % w2 E&
o °$6P FHEAE zt= Fakek] dd A7 S A [EA4 1] 3.5 < [SiHAHMn+Sn)y/2+5P] < 6.0 [$A 4] 2]
1.0 < [(Ti/48-+Nb/93+V/51)(C/12+N/14)]x10 ¥ < 5.0 [ 7] 2 3] 0.85 < [Si+AlHMnt+Sn)/2+5P]/[(Ti/48+Nb/93+V/51)(C/12+N/14)
x10 8] <45 [ #7412 4138 <[Si+100P] <8.0 [ #7412 51055 < [Si+Al+Mn+Sn)y/2+5P)/[Si+100P] < 1.35( 7] A4 1
WA 500 A Si, Al Mn, Sn, P, Ti, Nb, V, C & N¢J 33k 230491 )
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[3E£1]
P e Fe 24 (T )
C Si Mn Al Sn P S Ti
g7 1 0.0020 3.45 0.35 0.87 0.051 0.010 0.0005 | 0.0012

i s 2 0.0024 3.40 0.45 0.74 0.056 0.009 0.0020 | 0.0010

i 3 0.0032 | 3.25 0.52 0.85 | 0.058 | 0.020 | 0.0015 | 0.0020
i 4 0.0016 | 3.15 1.01 1.25 | 0.074 | 0.018 | 0.0010 | 0.0015
g7 5 0.0032 | 3.26 0.52 0.85 | 0.066 | 0.020 [ 0.0015 | 0.0020

s 6 0.0025 3.16 0.85 0.81 0.056 0.021 0.0014 | 0.0025

el iAs 7 0.0028 3.35 0.38 0.45 0.069 0.020 0.0015 | 0.0021
s 8 (.0026 3.40 0.56 1.10 (0.045 (.035 (.0014 | 0.0025
H 7} 9 0.0020 2.80 0.31 0.32 0.045 0.010 (0.0018 | 0.0011

Hl a7} 10 0.0026 3.15 0.10 0.12 0.050 0.010 0.0014 | 0.0016

v 7} 11 0.0031 3.45 2.50 2.35 0.048 0.018 0.0012 | 0.0020

v 7} 12 0.0024 2.95 0.31 0.30 0.015 0.013 0.0011 | 0.0018

Hl a7 13 0.0028 3.35 0.82 0.58 0.048 0.058 0.0015 | 0.0016

LA 14 (.0030 3.65 0.36 0.72 (0.052 (0.045 (0.0011 | 0.0010

H| 7} 15 0.0025 3.58 0.52 0.85 0.057 0.065 0.0012 | 0.0015

B n 7 16 0.0025 3.42 0.38 0.81 0.049 0.016 0.0015 | 0.0051

a7y 17 (.0031 3.39 0.41 0.79 0.051 (0.010 0.0010 | (

=

L0036

H| 37} 18 0.0025 3.41 0.38 0.58 0.061 0.015 0.0011 | 0.0040

H] a7} 19 0.0044 3.38 0.45 0.81 0.056 0.017 0.0019 | 0.0015

N7} 20 (.0056 3.20 0.36 0.74 0.045 0.011 0.0016 | 0.0012

[201]
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3%2]
T rE g Al (%) #A A
Nb v N 1 2 3 4 5

w7 1 0.0015 | 0.0010 | 0.0014 | 4.57 1.62 2.82 4.45 1.03
g 2 0.0012 | 0.0011 | 0.0018 | 4.44 1.82 2.44 4.30 1.03
Lln: R 3 0.0021 | 0.0020 | 0.0020 | 4.49 1.21 1.06 5.25 0.86
g 7 4 0.0010 | 0.0015 | 0.0025 | 5.03 2.23 2.26 4.95 1.02
ik s 5 0.0021 | 0.0020 | 0.0020 | 4.49 4.24 1.06 5.25 0.86
g 6 0.0019 | 0.0026 | 0.0021 | 4.53 4.43 1.02 5.26 0.86
g 7y 7 0.0020 | 0.0015 | 0.0025 | 4.12 3.90 1.06 5.35 0.77
w7 8 0.0021 | 0.0019 | 0.0024 | 4.98 4.34 1.15 6.90 0.72
v w7 9 0.0018 | 0.0016 | 0.0028 | 3.35 2.70 1.24 3.80 0.88
H] 1.7 10 0.0021 | 0.0018 | 0.0021 | 3.10 3.31 1.02 1.15 0.82
NEEA 11 0.0028 | 0.0015 | 0.0025 | 7.16 4.42 1.62 5.25 1.36
e 12 0.0014 | 0.0017 | 0.0020 | 3.48 2.94 1.18 4.25 0.82
1) a7} 13 0.0014 | 0.0016 | 0.0025 | 4.65 3.29 1.42 9.15 0.51
D 14 0.0012 | 0.0016 | 0.0020 | 4.80 2.56 1.88 8.15 0.59
W) 37 15 0.0017 | 0.0020 | 0.0025 | 5.04 3.43 1.47 10.08 0.50
v w7 16 0.0021 | 0.0020 | 0.0020 | 4.52 5.90 0.77 5.02 0.90
H] 1.7 17 0.0059 | 0.0036 | 0.0020 | 4.46 8.39 0.53 1.39 1.02
A 18 0.0048 | 0.0053 | 0.0021 | 4.29 8.56 0.50 4.91 0.87
I 19 0.0020 | 0.0017 | 0.0045 | 4.53 5.92 0.76 5.08 0.89
1) a7} 20 0.0014 | 0.0020 | 0.0028 | 4.25 5.28 0.80 4.35 0.98
[FA2] 1] [Si+A1+(Mn+Sn)/2+45P]
[FA12] 3] [Si+Al+(Mn+Sn)/2+5P ]/ [ (Ti/48+Nb/93+V/51) (C/124N/14) x10°]
(3714 41 [Si+100P]
(A2 5] [Si+Al+(MntSn)/2+5P]/[Si+100P]

[202]
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[3%3]
T || W |F=] vk [ RSB vk 1A | FSB vhHrE] e
T € (ST G [ 22 | A 28 | AAA | AAA | AR | A | ket
E (mpm)| (mm) [(bar) [ (oc) [(2)|(bar)| St (A7) | Far] (47l | gar]
57 A= JE | AorE | dF | HekE
(mm) FERF [ 2= | B | 2= | B
/minw') | O )
Wwol] 1 90 (6.0 16 | 210 [1050(0.563] 105 30 1010 b5 815 15
U2l 2 90 (6.0 16 | 215 |1055]0.55] 95 30 1012 05 820 15
A o3| 3 90 (6.0 16 | 215 [1045(0.53] 102 30 1020 05 821 15
Argoa| 4 90 (6.0 16 | 210 [1032(0.49] 100 30 1021 0o 810 15
W oh| b 90 (6.0 16 | 213 [1055(0.46] 106 30 1032 bb 790 15
W o6| 6 90 (6.0 16 | 220 [1061(0.50] 110 30 1035 bb 795 15
Uo7 7 90 (6.0 16 | 210 [1052(0.51] 105 30 1012 55 798 15
Wgogl 8 90 (6.0 16 | 215 [1049(0.51] 104 30 1015 o5 810 15
Hau1| 9 90 (6.0 16 | 216 [1061(0.52] 106 30 1021 0o 815 15
mMae]2] 10| 90 | 6.0 16 | 220 [1051]0.49( 100 30 1031 bb 821 15
Hle3] 11| 90 | 6.0 16 | 2156 [1050]0.50 99 30 1025 bb 815 15
Hlao4] 12| 90 | 6.0 16 | 195 [1048]0.52| 102 30 1012 55 811 15
Hlao5| 13| 90 | 6.0| 16 | 190 |1041|0.50| 107 30 1015 55 801 15
Hlulo6| 14 | 90 | 6.0| 16 | 201 |1040|0.49] 110 30 1028 05 799 15
HlWoA7] 15| 90 | 6.0| 16 | 206 | 1043]0.53| 109 30 1026 0o 795 156
Hl8]| 16 | 90 | 6.0 16 | 210 [1049]|0.52( 105 30 1011 bb 800 15
Hlo9| 17| 90 | 6.0 16 | 209 [1052]0.51| 107 30 1010 b5 801 15
1] L o]
10 181 90 |6.0] 16 | 185 |1061(0.50( 112 30 1018 05 805 15
1] L o]
11 191 90 |6.0] 16 | 210 | 1039]0.50( 109 30 1009 0o 799 15
1] L o]
12 201 90 |6.0] 16 | 225 |1045|0.52| 113 30 1006 05 801 15

[203]
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[374]
TR [BE[AFAeE] 99 | 24 AEE (8444 6|2 2o W ad
CcC) | AR | HE:Lew(0) exo) |gseE®| A7
%7 (mm) 7 (m)

w1l 1 595 1.3 890 879 960 79 0.27
Wy o] 2 2 605 1.3 8830 882 960 79 0.27
Ard o3 3 591 1.3 919 911 960 79 0.27
Ao [ 4 582 1.3 867 887 960 79 0.27
B elh 5 H86 1.8 918 911 960 79 0.27
Wy o6 6 589 1.3 925 913 960 79 0.27
Uo7 [ 7 585 1.3 910 907 960 79 0.27
kg of| 8 8 591 1.3 909 912 960 79 0.27
N nled 1 9 581 1.3 838 892 960 79 0.27
A2 | 10 592 1.3 906 900 960 79 0.27
A3 | 11 588 1.3 925 913 960 79 0.27
Hlalel4 | 12 596 1.3 886 895 960 79 0.27
Hlaeh | 13 H8hH 1.3 901 899 960 79 0.27
dl a6 | 14 596 1.3 898 801 960 79 0.27
Alazod|7 | 156 590 1.3 906 901 960 79 0.27
Hl Lol 8 | 16 586 1.3 931 931 960 79 0.27
Hluo9 | 17 589 1.3 972 961 960 79 0.27
H 10| 18 581 1.3 949 963 960 79 0.27
Alazaf 11| 19 589 1.3 937 931 960 79 0.27
Hlnof 12| 20 593 1.3 932 923 960 79 0.27

[FA A 6] 120(Ti/484Nb/93+V/51)(C/124N/14) x10°1+861

[204]
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[3E6]
| A d | &3 vk | RSB | vk 71 | FSB vHRY 9
T ed | S| F (g e A [HE] A [ HAAA | RAA | op) | opA]
B (mpm) | A [(bar) | (ocy| FF [(bar)|  §}<d7] Stad 7] | ¢kl | A7) | ¢rad 7
A (mm) (%) e dE [derE| 945 | dskE
(mm) i i L (%) 2 (%)
(¢/minm') | (°C) (O
0.5
ug a9 9 | 6.0 16 | 215 |1055| 5 | 95 30 1012 | 55 820 15
H) 3 o] 0.5
13 90 | 6.0 | 16 | 205 |1042| 0 | 100 0 1020 | 55 825 15
] 2o 0.5
11 90 | 6.0 16 | 210 |1051| 2 | 98 7 1031 | 55 831 15
1
LIE 0.5
15 90 | 6.0 | 16 | 218 |1061| 7 | 101 30 895 55 638 15
1] o] 0.5
16 90 | 6.0 16 | 206 |1057| 1 | 99 35 1039 | 30 825 23
H) 3 o] 0.5
17 90 | 6.0 | 16 | 201 |1055| O | 102 30 1025 | 55 815 30
[217] [%7]
7| A | EAen| 24 | AA MEE | #A4 6 | A% AEd| I3t 34
3| o | AR | nzer(o) Lm0 (WIEW| B3R
577 (mm) -7 ()
g o9 605 1.3 880 876 960 79 0.27
H] o] 13 589 1.3 880 876 960 79 0.27
H] 3o 14 612 1.3 880 876 960 79 0.27
el | - 605 1.3 880 876 960 79 0.27
e 16 621 1.8 880 876 960 85 0.27
H] 5o 17 605 1.3 880 876 960 79 0.27
[FAA 6] 120 (Ti/18+Nb/93+V/51) (C/124N/11) x10°1+861

[218]
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[3£9]
FE A& [FE[ oF [RB [ /1D [FSB e e
F| o |gE|ealgalE (A |a=] aA [0 | A0 [ SAT | e
FA (mpm)| (mm) |Cbar)] % | zF [(bar)|  ¢+ed7] el7] | kel 7] | @l | @elr]
(mm) o (&) = A5 | dobs | 45 [ dekE
SR | _=E (%) L (%)
#/min-nr) | °C) (°C)
105]0.5
u dl] 10 90 |6.0| 16 [215] 5|5 | 95 30 1012 | 55 820 15
102]0.5
o] 11 9 [6.0] 16 [230] 5 | 0| 110 30 1005 | 55 822 15
103]0.5
W] o] 18 9 (6.0 16215105 30 1005 | 55 822 15
2 125[0.6
H] w19 90 |6.0] 16 [210] 0] 0| 115 30 1005 | 55 899 15
104]1.4
] .ol 20 90 |6.0| 16 [213] 1| 0 | 100 30 1005 | 55 892 15
105]0.5
W] aLe]21 90 |6.0] 16 [205] 2 | 5| 15 30 1005 | 55 892 15
[3210]
T [AF[AACE| A9 | AA HEE @A 6|a% wdd| W 34l
o) | ANBE | Hzem(0) owc) |Fakem| H7dw
77 (mm) 77 (mm)
ko] 10 605 1.3 880 882 960 79 0.27
o] 11 610 1.3 830 882 960 79 0.27
W] Aol 18 610 1.3 880 882 960 79 0.27
2
H] 7o) 19 610 1.3 880 882 960 79 0.27
W] 3L 20 610 1.3 830 882 960 79 0.27
W Ao 21 610 1.3 880 882 960 79 0.27
(S A4 6] 121 (Ti/48+Nb/93+V/51)(C/124N/14) x 10814861

[230]
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[233]
[234]

[235]
[236]

[237
[238
[239
[240
[241
[242
[24
[244
[245

e e e e ed e b e

29
[311]
T a4 A7) e A7) 7
SA Hae Az
A (gm) Si w85 T4 (m) Fe s 38 (U 2%)
W o) 10 2.9 0.82 53 3
w11 2.8 0.79 54 2
M) Aol 18 8.6 1.25 68 9
B] W) 19 7.8 1.58 79 10
B]ul ¢ 20 8.1 1.65 80 11
B) ;o] 21 8.7 1.30 71 10
A1 39 WA 1104 & 5= gl 5zol, & g o] A otel= a4, #AIA 1
WA s R A2 S WS o] 10 2 119] 4§01z 2 g o] 2]
Z7g M Wk ol Fely AT S5 FEUS 4 5 A
shel, o] Aokl S B4 1 A s el Alzx B
W7H4 BA} ghelolu) vl /b £ T A7 TS EhA) ek vl e 18 WA
219] -0l = B uko] Algtebz 71U 271 & WA 4 Wrlk ohe)
e Ak wd Aelsto] mUF o] e £ELe I 5 T
L 72 g 10 A A7 7ol gk =AY whH o] AR | 7 (SEM)
ZAA R ol 31, 5 82 H] ko] 20(E A A 7] el thek ~A Y v 9
AR AU H(SEM) 2 A A ot} 7 2 8 53 & 4= gl%ol, g o 109]
74 §-ol = vl aLof 200) H]dFe] AL} AR E ALol 9] Si w38t T 7 SR
A& A 5= 3L, ol & Fal, Er o] 102 Bl Lo 2000 B ko] FE
A S GRS HEHoZ oA = AlFe 1 Fdo] e A&
o =3 4= 9

[fEe] A1)

a: & o} H b: v}

¢ ~EY

100: 14522271 200, 200 7}E 7]

300: RSB(Roughing Mill Scale Breaker, Z=%F$1 2=
400: 281 7]

500: FSB(Fishing Mill Scale Breaker, "] $4e1 =A< B gl o] A)
600: TH-2] ¢+l 7] 700: Hol-%- Elo] &

1

)
A
[z
=
s
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AT

[ -3 1] %% =, C: 0.0005~0.0060%, Si: 2.6~3.8%6, Mn: 0.05~2.0%, Al: 0.05~2.0%,
Sn: 0.005~0.20%, P: 0.002~0.30%, S: 0.0002~0.005%, Ti: 0.0002~0.01%, Nb:
0.0002~0.01%, V: 0.0002~0.01%, N: 0.0005~0.006%, 3+ Fe 2 7| €}
2719 e ErEs 2Eshal,
stz TA A 1 WA 55 THsh,
A AA 22 0] 30~80H A %Sl W& A& et gAHEA S 2
TR dA W7k
[ZA12] 1] 3.5 < [Si+Al+(Mn+Sn)/2+5P] < 6.0
[ZHA] 2] 2] 1.0 < [(Ti/48+Nb/93+V/51)(C/124N/14)]x10 & < 5.0
[ZHA]4] 310.85 <
[Si+Al+(Mn+Sn)/2+5P]/[(Ti/484Nb/93+V/51)(C/12+N/14)x10 ] < 4.5
[ZA]1 2] 4] 3.8 < [Si+100P] < 8.0
[ZA1 2] 510.55 < [Si+Al+(Mn+Sn)/2+5P]/[Si+100P] < 1.35
(71 IA 2] 1 WA 504 Si, AL, Mn, Sn, P, Ti, Nb, V, C 2 N¢| gl2k&

i

kR

773 2] 8 100 dofA,
A7l D A7 AT EWRE YA E A Mo, Cu, Cr, Ni, Zn, Se, Sb, Zr, W,
Ga, Ge, Ca ¥ Mg® o] Fo] A= TF O ZRE HEH 1§ o] & 1
A7 025 %% ol ste] M & Eieh= W HE L 8
FHEFAS ZE ek dd Ar)

%473 3] 7 100 hol A,
A7l EA A7 ARE 2AY FAZE T ol Bl W HE R %
BHFES zEe sl dd AV

773 4] 8} 100 A ofA,
A7 DA A7 73 2AYD F Fe,057F75H & % o] 811 s 2 L
G RHEA S 2= T @ Akt

%473 5] 7 100 hol A,
A7 DA A7 HL AL AA] A ALol 9] Si s A7 1.4um
olatel Wt A& e RHFAE 2= e dd AV

[%d 73 6] A7 100 JofA,
A7l DA A7 FEE FA7F0.6~1.6mmel W& A L 94231
BHFES ZEE sl dd AV

%1% 7] FF %=, C: 0.0005~0.0060%, Si: 2.6~3.826, Mn: 0.05~2.0%, Al: 0.05~2.0%,
Sn: 0.005~0.20%, P: 0.002~0.30%, S: 0.0002~0.005%, Ti: 0.0002~0.01%, Nb:
0.0002~0.01%, V: 0.0002~0.01%, N: 0.0005~0.006%, <t Fe 2 7| &}

27h9) 3 BB RH L,



WO 2020/111640 PCT/KR2019/015937

[ 8]

(379 9)

[7d-7-8F 10]

P93 11]

32

g =,
A7 7F70~100mQ! s A
HheEA] W] A 7| 7T
Si+Al+(Mn+Sn)/2+5P] < 6.0
(Ti/48+Nb/93+V/51)(C/12+N/14)]x10 8 < 5.0

n A o
) 2
w
Fﬁ,,l i
b
)
RN
2

—

[Si+Al+(Mn+Sn)/2+5P)/[(Ti/484+Nb/93+V/51)(C/124N/14)x10 #] < 4.5

[ZA]1 2] 4] 3.8 < [Si+100P] < 8.0

[ZA] 2] 51 0.55 < [Si+Al+(Mn+Sn)/2+5P]/[Si+100P] < 1.35

(71 IA 2] 1 WA 504 Si, AL, Mn, Sn, P, Ti, Nb, V, C 2 N¢| gl2k&
%)

73 700 Qlol A,

A7 dA AV ER T 42 M Mo, Cu, Cr, Ni, Zn, Se, Sb, Zr, W,

Ga, Ge, Ca & Mg o] Fo] A= 180 2 HE AEH 1 o|4S 1
AT 025 3% olste] MR Eotetis v dE 2 953
EUHSAS 2= T dd AV

g7 B A7 FA7F0.10~0.32mme] 2 H L 95423
FHFAE 2t T B AV

g3 700 9hoi A,

371 B A7 7 1539 A E5(W10/400)©] 10.5~13.5 Wkgol i, &
Wk e HAalvE g o] 31l whe A e W 95 e R EAS 2
kel Wl A

TH%E, C: 0.0005~0.0060%, Si: 2.6~3.8%, Mn: 0.05~2.0%, Al: 0.05~2.0%,

Sn: 0.005~0.20%, P: 0.002~0.30%, S: 0.0002~0.005%, Ti: 0.0002~0.01%, Nb:
0.0002~0.01%, V: 0.0002~0.01%, N: 0.0005~0.006%, 23~ Fe 2 7] €}
57}4 g EFES X3heta, sh] A4 1 WA 5B WSk 8-S

A7) vk Eeprol Wz ALste] 2A A& Al A s BHA;

A7) Aol AR v Ll H S 23St vlBanE A= 9,
A7) vbE 7FE sk B Al

71 7HE | vpol] Wz HALste] A A& Al A= B A

A7) A Lol A A% vke] T 1m2% 10~604/min 2] %%%%—
WAFsh= whAl;

371 % - 7F EARE BEE v ] bl sty A A oFd 7] 9

700~ 900°C7} ¥ L5 5o Oé A7%aE A= dA 2
37 AR iﬂ% sz @A E 23,



PCT/KR2019/015937

WO 2020/111640

Fa

=0

N

H

o] A
A2 1] 3.5 < [Si+Al+(Mn+Sn)/2+5P] < 6.0

B

N

}-

A7

s

[
[
[

A2l 2] 1.0 < [(Ti/48+Nb/93+V/51)(C/12+N/14)]x10 8 < 5.0

A
[Si+Al+(Mn+Sn)/2+5P]/[(Ti/484+Nb/93+V/51)(C/124N/14)x10 8] < 4.5

o

Eu

21310.85 <

o

Eu

A2l 4] 3.8 < [Si+100P] < 8.0

s

[
[

A2 51 0.55 < [Si+Al+(Mn+Sn)/2+5P)/[Si+100P] < 1.35

I

o

Eu

tpe

Ne| gl

2k
=

A2 1 W A] 59 A4 Si, Al, Mn, Sn, P, Ti, Nb, V, C

oH
S
i O
< N

o

71

o $ho1A,

s} 11

Q_—rL

g

b

3k 12]

Q_—rL

[

24 Mo, Cu, Cr, Ni, Zn, Se, Sb, Zr, W, Ga, Ge, Ca

L Mgfé_ O]'?‘O']X]‘E‘ OE0 2 RE AEy £ o]/\o]-% -1 %]_74]7]_

4

|
ol

i
T
E2
o
oF
K
.

=

.]E
o}
3K
|
fite]
ToH
28

bol o=

fite]

0.2 %% o]

o $ho1A,

s} 11

Q_—rL

g

b

4 13]

Q_—rL

[

4.0~7.5mpm(m/min) ¢!

T
T .

“ A~
ZA FrEE

=
T

4

o $ho1A,

s} 11

Q_—rL

g

b

s} 14]

Q_—rL

[

£

2 H = T4 7} 75~125mm @] S

Eay
=

1

al

o $ho1A,

s} 11

Q_—rL

g

b

@ 15]

Q_—rL

[

o
T

T ARARAL, B ZE S AR 92 50~350barg]

wK
4

=

X

o $ho1A,
AN =

s} 11

Q_—rL

g

b

@ 16]

Q_—rL

[

-

o
=K
4

o =
< 4

L 5= 1000~1200°CQ1 ot

=
=

o o
el s

o}
H

=

o $ho1A,

s} 11

Q_—rL

g

b

3k 17]

Q_—rL

[

3

o
Tk
4

=

o] gloj A,
AF7] Blo] 71E 8 1000~1200°Ce] W =2 0.1~1.23% F<t 3

s} 11

Q_—rL

g

b

18]

Q_—rL

[

1]} O
N L

bol <] =

=l

wK
4

=

X

o $ho1A,

s} 11

Q_—rL

g

b

@ 19]

Q_—rL

[

—

K
.

1=4

o -
A

I

AMA], W ZH5 B} e & 50~250bard] bt

H

o $ho1A,

s} 11

Q_—rL

g

b

% 20]

Q_—rL

[



PCT/KR2019/015937

34

WO 2020/111640

o
(-
o
=K
4

=

o
T

=
=

250~750mpm(m/min) ! SH&

T .

T

)

o ZaEs
Holl 1m2% 10~60¢/min2] &2-&

YA
ar

3

el

1

o1 7] 9
o] A A nf2

o $ho1A,

o $ho1A,

u} o}
ol 1o A,

7] BH A AFH 253 500~660°C2]

F11
1}

[
F11

[
F11

[e]
L% 7} 900~1200°C7} ¥ == 3}

700~900°C7} =

q.

q.

q.

—_——— — —

7] A

Q_—rL
Q_—rL
Q_—rL

Sn: 0.005~0.20%, P: 0.002~0.30%, S: 0.0002~0.005%, Ti: 0.0002~0.01%, Nb:

FF %=, C: 0.0005~0.0060%, Si: 2.6~3.826, Mn: 0.05~2.0%, Al: 0.05~2.0%,
0.0002~0.01%, V: 0.0002~0.01%, N: 0.0005~0.006%, <t Fe 2 7| &}

3
2
&7

A

3|

A

o
o
£
o)
H

|
|
|
|

F21

[
}22

[
}23

[
24

[}

q.

q.

q.

q.

-
-
-
-

3|

[7(

3|

[7(

3|

g

g
[§
£

wK

boll A 7

1160°C®]s

)

Fo

=0

N

o] A
A2 1] 3.5 < [Si+Al+(Mn+Sn)/2+5P] < 6.0

B

717

<

31 0.85

>

A2l 2] 1.0 < [(Ti/48+Nb/93+V/51)(C/12+N/14)]x10 8 < 5.0
Al

A2 51 0.55 < [Si+Al+(Mn+Sn)/2+5P)/[Si+100P] < 1.35

A2l 4] 3.8 < [Si+100P] < 8.0

A
[Si+Al+(Mn+Sn)/2+5P]/[(Ti/484+Nb/93+V/51)(C/124N/14)x10 8] < 4.5

}

A

}

A

}

-

}

A

}

-
A

=7
=7
-
=7
=7
-
=7
-

[
[
[
[
[



WO 2020/111640 PCT/KR2019/015937
35

[e]

4

(7] A2 1 =] 694 Si, AL Mn, Sn, P, Ti, Nb, V, C 2 N9¢| 3}ape
=

(725 AT
/\01—
U Mg® o] Fol A= 21 F o 2 e AEE 13 o] A& 1 A7}

~
02%F%% o] 5o WAR Lok e AL P 4% BAEIL 2=

TukekAd Wl A 7| 7k o] A b,

i

kR



WO 2020/111640 PCT/KR2019/015937

200 500 600 700 800 c¢ 900

200" 300 600 200 500 600 700 800 ¢ 900
S 5_—. ) )
—c—— ol** 0 o [
5O« |O] & .0 & D




WO 2020/111640 PCT/KR2019/015937
2/3




WO 2020/111640 PCT/KR2019/015937




INTERNATIONAL SEARCH REPORT

International application No.

PCT/KR2019/015937

A.  CLASSIFICATION OF SUBJECT MATTER

C22C 38/02(2006.01)i, C22C 38/04(2006.013i, C22C 38/06(2006.01), C22C 38/00(2006.01)i, C22C 38/14(2006.01}i,

22C 38/1202606.01), CZ21D 8/12(2006.81 ), C211D $/00(2006.813, HOIF 1/147¢2006.01}
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

C21D 9/00; HOIF /147

Minimum documentation searched (classification system followed by classification symbols)
C22{38/02, B21B 3/02, B22D 11/00, C21D 8/12; C21D 9/46; C22C 38/00; C22C 38/04; C22C 38/06, C22C 38/14; C22C 38/12;

Korean utility models and applications for ufitity models: IPC as above
Japanese wtility models and applications {or wility 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: non-oriented, electocal ste

el, castrag, roliing, iron Joss, ferrite, grain

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X JP 5990528 B2 (POSCO) 14 September 2016 1-2.6
See paragraphs [0051}-[0057], {0067} and claims 1-4.

A 345,725

A KR 10-2008-0027913 A (SUMITOMO METAL INDUSTRIES, LTD.) 28 March 2008 1-25
See paragraph [0218) and claims §-7.

A KR 10-1412363 Bl (JFE STEEL CORPORATION) 25 hune 2014 1-25
See paragraphs [0133§-[0138] and claims 1-3.

A KR 10-2018-0074147 A (POSCO) 03 July 2018 1-23
See paragraphs [(G080}-[0090] and claim 4.

A JP 2002-504624 A (THYSSEN KRUPP STAHL A.G.) 12 February 2002 1-25
See paragraphs [0009]-[0011] and claim 1.

Further documents are listed in the continuation of Box C.

L]

E See patent family annex.

the priority date claimed

S ial ¢ ies of ci - s . N . . . ..
Special categories of cited documents: “T”  later document published after the international filing date or priority
“A”  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E”  earlier application or patent but published on or after the international  «X”  document of particular relevance; the claimed invention camot be
filing date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other .« _— B . : : :
: : Y” document of particular relevance; the claimed invention cannot be
special reason {as specified) - : : . :
’ ) o considered to involve an inventive step when the document is
“0”  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
“P”  document published prior to the international filing date but later than  «g» 4, 1oiant member of the same patent family

Date of the actual completion of the international search

25 FEBRUARY 2020 (25.02.2020)

Date of mailing of the international search report

25 FEBRUARY 2020 (25.02.2020)

Name and mailing address of the ISA/KR

Korean Intellectual Propesty Office

Government Complex Dacjeon Building 4, 189, Cheongsa-ro, Seo-ga,
Dagieon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer

Telephone No.

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




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/KR2019/015937

Patent document Publication Patent family Publication

cited in search report date member date

JP hga0s28 B2 14/09/2016 EP PGA’? 7 A2 30/10/2013
EP 2657357 B1 22/08/2018
JP 2014-503685 A 13/02/2014
KR 10-1206115 B 18/08/2013
KR 10-1308725 B 13/09/2013
KR 10-1308726 B1 13/09/2013
KR 10-1308727 B 13/08/2013
KR 10-1308728 B 13/09/2013
KR 10-2012-0071776 A 03/07/2012
KR 10-2013-0010220 A 26/01/2013
KR 10-2013-0010230 A 28/01/2013
KR 10-2013-0010231 A 28/01/2013
KR 10-2013-0010232 A 28/01/2013
S 2013-0167087 A 04/0772013
US 9260764 B2 16/02/2016
WO 2012-087045 A2 28/06/2012
WO 2012-087045 A3 04/10/2012

KR 10-2008-0027913 A 28/03/2008 CN 101218362 A 09/07/2008
Ch 101218362 B 12/05/2010
JP 2007~ O1Q278 A 25/01/2007
JP2007-023351 A 01/02/2007
JP 2007031755 A 08/02/2007
JP 4710458 B2 28/06/201
JP 4710485 B2 298/06/2011
P &775474 B2 26/09/2011
KR 10-0973627 B 02/08/2010
US 2009-0202383 A 13/08/2009
Us 2011-0042625 A1 24/02/2011
US 7924834 B2 12/04/2011
US 8157928 B2 17/04/2012
WO 2007007423 A 18/01/2007

KR 10-1412353 B 25/06/2014 BR 112013020657 A2 18/10/2016
BR 112013020657 B1 09/07/2019
CA 2822206 A1 30/08/2012
CA 2822206 C 13/09/2016
CN 103302021 A 18/11/2013
OGN 103392021 B 29/10/2014
EP 2679695 Al 01/01/2014
£EP 2679695 B1 18/05/2016
KR 10-2013-0087611 A 06/08/2013
MX 2013000670 A 28/1 U/ZO?%
BU 2536711 C1 2771272014
US 2013-0306200 A1 21/11/ O?°
WO 2012-114383 Al 30/08/2012

KR 10-2018-0074147 A 03/07/2018 KR 10-1917468 B1 0g/11/2018

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/KR2019/015937

Patent document Publication Patent family Publication

cited in search report date member date

P 2002-504624 A 12/02/2002 AT 204817 71 15/09/2001
AU 2927699 A 06/09/ 1999
BR 9908106 A 31/10/2000
CA 2320124 A1 26/08/1999
BE 19807122 Al {09/09/1999
DE 19807122 G2 23/03/2000
EP 1056890 A1 06/12/2000
EP 1056890 B1 £28/08/2001
£5 2163322 13 16/01/2002
KR 10-0605139 B1 28/07/2006
KR 10-2001-0040066 A 15/05/2001
PL 186500 B 30/01/2004
PlLo342361 Al 04/06/2001
Us 6503332 B1 07/01/2003
WO 99-42626 A1 26/08/1999

Form PCT/ISA/210 (patent family annex) (January 2015)




ZAEIH T
TA ZALE A PCT/KR2019/015937
A. o] &t 7| E R F(FA S EFAPC))
C22C 38/02(2006.01)i, C22C 38/04(2006.01)i, C22C 38/06(2006.01)i, C22C 38/00(2006.01)i, C22C 38/14(2006.01)i, C22C
38/12(2006.01)i, C21D 8/12(2006.01)i, C21D 9/00(2006.01)i, HO1F 1/147(2006.01)i
B. &AM Eof
FAE HATAFA S EFE 71A)
C22C 38/02; B21B 3/02; B22D 11/00; C21D 8/12; C21D 9/46; C22C 38/00; C22C 38/04; (22C 38/06; C22C 38/14;
C22C 38/12; C21D 9/00; HOIF 1/147
ZALE 7] R ok &3l H AT o9 T3
TS EAGAorE Y B S A AokE R L FALE FAFEekd 7] A" IPC
drezdarolayn g ARy zAE 4o 7] A" 1PC
TA AL o] 85 KA dlo e | o] e o] ¥ wl o] 2~ 0] WA F H Mol FEE 7y
eKOMPASS(E-3) A |5 B AaA| 2" & 719 =: F8EEA (non-oriented), A7) 7 (electrical steel), FF(casting), &
A(rolling), A<£=(iron loss), ¥ e}e]E(ferrite), A& Y (grain)
c. IFEH
7hellane]* AewdH W AE FHEIR = A 1A el A
X JP 5990528 B2 (POSCO) 2016.09.14 1-2,6
a2t [00511-[0057], [0067] 2 A3 14
A 3-5,7-25
A KR 10-2008-0027913 A (FV| =8 g QEA~Eg =, gn[El=) 2008.03.28 1-25
et [0218] & A3 1-7
A KR 10-1412363 Bl (Alo]d|Z o] ~¥ 7}H-A|7]7}o]AE) 2014.06.25 1-25
oheb [0133]-[0138] 2 A3 1-3
A KR 10-2018-0074147 A (F52]3|A} ¥ 2~5) 2018.07.03 1-25
et [0080]-[0090] 2 A3 4
A JP 2002-504624 A (THYSSEN KRUPP STAHL A.G.) 2002.02.12 1-25
o=t [0009]-[0011] 2 AH+3 1
F7} 2350 (Aol 71 A o] 9l X dgEs 6 #e B2 A2
* <l gd 3o 59 7he| e
“T7 ZAEEY EE $4Y T E EPoR =91 A2
“AT EWE] PElo) glE A0 Rol= AutE & FFES Aol H 2F stom wrgol 71271 B A} o| 2L o8] 5)7] 95 <l gd
‘D7 B FATANA FHA) AEH ¥ w4
‘B ZAE9GRD WE 299 £ 0498 A ZAEYY o) ‘X7 SR A Y= T 3T o m Ay g A
o Y A2 B= 53 24 T = ZRAe] gl Ao 2
UMl T JEL Ak B8 e EJEEHY FAY vy =wmal wwle] 9= B3 s 3o ahi} o] Abe] THE 28
i T EEE o] (0] §E WA E wo)7] 98t 2149 B Zoals Ao ® 7 zike] BdR A AE e Ao Ay ukby
‘0" TF A, ALE, BN B V1 RS A el Qe £ 8 sdpgel e don 2.
P o] Feoll FAEA Y ZAERY ol del FAE £ ‘&7 Fdd U SeEdd b Ed
A ZALe] A A e T A AR LA T
20200 029 259 (25.02.2020) 2020W 02 259 (25.02.2020)
/\U]/\‘I_J?/} AN
Y5 E
o ~ I
A N5 182-42-481-8578 BN D +82-42-481-5560 M

42 PCT/ISA/210 (- A A 82 2019\ 78)



A ZEW

A Z A %l
Qo Esd Ba An PCT/KR2019/015937

jf;ﬁj%é%"” A 29 oS =55 =AY

JP 5990528 B2 2016/09/14 EP 2657357 A2 2013/10/30
EP 2657357 Bl 2018/08/22
JP 2014-503685 A 2014/02/13
KR 10-1296115 B1 2013/08/19
KR 10-1308725 Bl 2013/09/13
KR 10-1308726 Bl 2013/09/13
KR 10-1308727 Bl 2013/09/13
KR 10-1308728 Bl 2013/09/13
KR 10-2012-0071776 A 2012/07/03
KR 10-2013-0010229 A 2013/01/28
KR 10-2013-0010230 A 2013/01/28
KR 10-2013-0010231 A 2013/01/28
KR 10-2013-0010232 A 2013/01/28
US 2013-0167987 Al 2013/07/04
US 9260764 B2 2016/02/16
WO 2012-087045 A2 2012/06/28
WO 2012-087045 A3 2012/10/04

KR 10-2008-0027913 A 2008/03/28 CN 101218362 A 2008/07/09
CN 101218362 B 2010/05/12
JP 2007-016278 A 2007/01/25
JP 2007-023351 A 2007/02/01
JP 2007-031755 A 2007/02/08
JP 4710458 B2 2011/06/29
JP 4710465 B2 2011/06/29
JP 4779474 B2 2011/09/28
KR 10-0973627 Bl 2010/08/02
US 2009-0202383 Al 2009/08/13
US 2011-0042625 Al 2011/02/24
US 7922834 B2 2011/04/12
US 8157928 B2 2012/04/17
WO 2007-007423 Al 2007/01/18

KR 10-1412363 Bl 2014/06/25 BR 112013020657 A2 2016/10/18
BR 112013020657 Bl 2019/07/09
CA 2822206 Al 2012/08/30
CA 2822206 C 2016/09/13
CN 103392021 A 2013/11/13
CN 103392021 B 2014/10/29
EP 2679695 Al 2014/01/01
EP 2679695 Bl 2016/05/18
KR 10-2013-0087611 A 2013/08/06
MX 2013009670 A 2013/10/28
RU 2536711 C1 2014/12/27
US 2013-0306200 Al 2013/11/21
WO 2012-114383 Al 2012/08/30

KR 10-2018-0074147 A 2018/07/03 KR 10-1917468 Bl 2018/11/09

212 PCT/ASA/210 (-5

£3] F7182)) 20194 78)




L ELEET
o 3

A ZEW

=)o) Ba An PCT/KR2019/015937

jf;ﬁj%é%"” A 29 oS =55 =AY

JP 2002-504624 A 2002/02/12 AT 204917 T 2001/09/15
AU 2927699 A 1999/09/06
BR 9908106 A 2000/10/31
CA 2320124 Al 1999/08/26
DE 19807122 Al 1999/09/09
DE 19807122 C2 2000/03/23
EP 1056890 Al 2000/12/06
EP 1056890 Bl 2001/08/29
ES 2163329 T3 2002/01/16
KR 10-0605139 B1 2006/07/28
KR 10-2001-0040966 A 2001/05/15
PL 186500 Bl 2004/01/30
PL 342361 Al 2001/06/04
US 6503339 Bl 2003/01/07
WO 99-42626 Al 1999/08/26

A2 PCT/ASA210 (W -$-53] F714%]) (2019 78)




	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 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - wo-search-report
	Page 42 - wo-search-report
	Page 43 - wo-search-report
	Page 44 - wo-search-report
	Page 45 - wo-search-report
	Page 46 - wo-search-report

