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(57) Abstract: A double-oriented electrical steel sheet according to an example of the present invention comprises 2.0 to 4.0 wt% of
S1, 0.01 to 0.04 wt% of Al, 0.0004 to 0.02 wt% of S, 0.05 to 0.3 wt% of Mn, at most 0.01 wt% (exclusive of 0 wt%) of N, at most

0.005 wt% (exclusive of 0 wt%) of C, 0.005 to 0.15 wt% of P, 0.001 to 0.005 wt% of Ti, and 0.0001 to 0.005 wt% of Mg, with the

balance being Fe and other inevitable impurities, wherein the area fraction of crystal grains having an orientation within 15 ° from
{ 100 } <001> is 60 to 99%, and the area fraction of crystal grains having an orientation within 15° from {100}<025> is 1 to 30%.
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A
3

S1

Al

Mn

(C-sla |C-she
b et

T1

Ca

DR1

DR?2

2.9

2.51

0.022

0.021

0.003

0.004

0.26

0.26

0.006

0.006

0.041]0.002
3

0.03 10.000
9

0.017

0.074

0.003

0.004

0.002

0.001

0.001

0.001

DR3

3.07

0.035

0.004

0.06

0.007

0.021]0.004
3

0.086

0.004

0.003

0.000

DR4

2.96

0.035

0.006

0.12

0.002

0.025]0.000
2

0.039

0.003

0.002

0.000

DRS5

2.74

0.065

0.003

0.12

0.010

0.038]0.000
9

0.102

0.003

0.000

0.000

DR6

DR/

ja
T
O,

3.02

3.16

0.025

0.095

0.004

0.003

0.08

0.1

0.003

0.007

0.023]0.002
3

0.03 10.000
1

0.089

0.081

0.003

0.004

0.002

0.002

0.000

0.002

DRS

v
T
O,

2.86

0.04

0.006

0.1

0.007

0.03 [<0.00
01

0.086

0.002

0.002

0.000

DRY

2.78

0.02

0.004

0.48

0.007

0.033{0.003

0.082

0.002

0.001

0.000

DR1

v
T
O,

3.07

0.035

0.004

0.11

0.007

0.02410.004
3

0.086

0.004

0.003

0.000

DR1

2.84

0.023

0.008

0.17

0.006

0.043(0.006

0.015

0.002

0.003

0.000

DR1

3.1

0.012

0.009

0.15

0.004

0.026 (0.004
2

0.053

0.004

0.004

0.006

DRI1

2.69

0.027

0.000

0.06

0.001

0.032(0.001
6

0.077

0.003

0.002

0.000

DRI1

3.08

0.013

0.001

0.21

0.003

0.03 10.000
1

0.011

0.002

0.000

0.000

DRI1

2.8

0.016

0.001

0.15

0.006

0.05 10.001
6

0.096

0.001

0.003

0.000

DR1

2.92

0.023

0.000

0.08

0.012

0.034{0.003

0.041

0.001

0.004

0.000
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6 o] 5 2 7 6

DR1 | B] 2L [2.94 [0.015(0.000|0.18 [0.008[0.02110.002(0.04910.001 [0.000{0.000
7 < 6 9 8 3 7 7

DRI | H| 2l |3.16 |0.62 |0.003]|0.07 {0.002|0.023]0.001|0.030|0.002{0.001|0.000
3 o] 1 6 6 6 4 2 9

DR1 | B] 2 {2.38 [0.023]0.006|0.06 [0.008]0.026]0.000/0.032(0.003(0.001]0.001
9 o] 6 | 4 7 | ]

DR2 | H] 2L | 2.8 [0.024]0.002]|0.15 [0.003]0.02 10.000|0.03 |0.005|0.001(0.000
0 < ] 2 3 ]

DR2 | ¥F'4 |1 3.08 [0.013]0.001| 0.1 [0.003]0.02510.000[0.011]0.0020.000(0.000
| o] 3 | | 5 7

DR2 | H| 2l | 2.6 [0.036|0.008|0.24 {0.001|0.025]0.000|0.024|0.003{0.001|0.000
2 o] 7 4 4 4 1

DR2 | H[ 2L [ 3.16 [0.012(0.001|0.28 |0.006|0.024]0.000|0.066|0.001 {0.000 |{0.000
3 o] 6 1 3 9 6

DR2 | 2-*4 [3.19 |0.017]0.003(0.16 |0.004(0.031(0.001(0.037(0.004|0.002{0.000
4 < 8 5 6 6 4

OLL.

DR2 | B] 1L | 3.03 [0.031]0.002]|0.06 [0.000]0.02110.000/(0.07 [0.001]0.000(0.002
5 < 5 ] 9 ]

DR2 | B] 2l |2.44 [0.021]0.003|0.11 [0.007]0.035(0.001[0.05210.003(0.001(0.000
6 o] 6 2 7 8 9

DR2 | 8|2 [3.21 | 1.2 [0.003]|0.17 [0.004|0.031(0.002| 0.1 [0.004|0.001{0.000
7 o] | 6 3 6 |

DR2 | BH] 2L | 2.91 [0.026]0.001|0.21 [0.009]0.006]0.000(0.046|0.004|0.002(0.000
8 o 5 6 3 8 7 ]

DR2 | H[ 1L [ 2.35 [0.012(0.001|0.14 |0.006|0.026]0.001{0.002|0.001 {0.004 [0.000
9 o] S 4 6 3 1

DR3 | H] 2 [2.56 [0.047[0.004]0.15 [0.002]0.02 [0.002]0.034|0.002(0.001|0.000
0 o] 2 6 7 5 4 4

DR3 | H[ 1L [ 2.86 [0.026(0.008|0.45 |0.000|0.03 |<0.00{0.094|0.004 [{0.001 {0.000
1 o] 4 S 01 2 2

DR3 | % [2.87 [0.031(0.002|0.13 |0.008|0.031]0.001{0.081{0.003(0.002(0.001
S

DR3 | 2 [ 2.68 [0.035]0.003|0.12 {0.009|0.038]0.003|0.083|0.003|0.000|0.000
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3 | 9 5 5 3 9 2
DR3 | H] 2 [2.41 [0.023(0.003|0.16 [0.006|0.031{0.003|0.09 |0.004|0.001|0.000
4 | 9 8 6 1 3 3
DR3 | H] 3 [2.51 [0.028(0.002|0.15 [0.011]|0.04 {0.003|0.088|0.001[0.001|0.000
5 | 9 2 2
DR3 | H] 3L [2.75 [0.036(0.000|0.28 [0.003|0.034(0.002 |0.006|0.003 [0.003|0.000
6 | 2 6 1 8 6 | 5
DR3 | H] 3L |3.31 {0.043(0.003|0.21 [0.001]|0.03 [0.001|0.006|0.000|0.002|0.000
7 o] 1 8 8 7 7 2 3
DR3 | H] 3L [3.05 [0.502(0.003]|0.11 [0.006|0.031{0.001(0.011]0.002(0.001|0.003
8 | 4 1 3 6 | 2 1
DR3 | ¥ [2.68 [0.035(0.003|0.12 [0.009]0.038(0.002|0.083|0.003 [0.000|0.000
9 | 5 5 3 9 2
DR4 | H] 3 [3.19 | 0.03 [0.002| 0.1 [0.004|0.027(0.002|0.18 |0.004|0.001|0.000
0 | o 1 8 7
DR4 | H] 1 [2.96 [0.001[0.002|0.11 [0.009]|0.02 [0.001[0.023|0.001 [0.003|0.000
1 | o 4 4 1 6 9
DR4 | H] 3L [3.06 [0.011[0.005]|0.13 [0.0020.009|0.000(0.092|0.001[0.0080.001
2 | 4 4 8 4 2 | 7 1
DR4 | H] 3 [2.84 [0.029(0.020|0.11 [0.007|0.04 [0.003|0.07 |0.004|0.000|0.000
3 |9 5 6 3 1 8
DR4 | H] 3L |[2.62 [0.024(0.003|0.07 [0.005]|0.021|<0.00(0.057|0.000[0.001|0.000
4 | < 8 01 4 8
DR4 [H]x | 3 [0.035(0.008|0.13 [0.003|0.018{0.0020.015]0.003[0.001|0.000
5 | o 2 9 3 9 6
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[ Table 2]
Al3H | Sn Sb Mo Bi Pb As Be Sr | 21 | 23
23
DR1 | 0.03 [0.003 | 0.25 |0.0004|0.0003|0.0076(0.0005(0.0008| O O
DR2 0.001 |0.006 |0.0005]0.0001|0.0048(0.0001|0.0012| O O
DR3 0.0049]0.015 [0.0003{0.0001[0.0083(0.0008(0.0006| O O
DR4 0.0012] 0.03 [0.0004[0.0002(0.0019{0.0002(0.0003| O O
DR5 0.0046]0.0045(0.0001 [0.0002[0.0065[0.0006[0.0003| X O
DR6 0.0047]0.0467(0.0005[0.0001 [0.0028[0.0008(0.0019| O O
DR7 0.0012]0.0481]0.001 [0.0001[0.0006(<0.000{0.0025| X O
]
DRS 0.0035]0.0412(0.0005[0.0004 [0.0012(0.0006(0.0016| O O
DRO9 0.0023]0.0463 |<0.000{0.0006[0.0028[0.00040.0019| O O
]
DR10 0.0049]0.015 [0.0003{0.0001[0.0083(0.0008(0.0006| O O
DR11 0.0039(0.0263(0.0001 [0.0005|0.0056|0.0006[0.0011| O O
DR12 0.0034(0.0287(0.0003 [0.0004 [0.0083[0.0005[0.0011| O O
DR13 0.0019(0.0457(0.0002| 0.02 |0.0091|0.0003[0.0018| O O
DR 14 0.027410.0002(0.000210.0031|0.0006|0.0011| O O
DR15 0.0033]0.0102(0.0003 [0.0004 | 0.002 [0.0005[0.0004| O O
DR16 0.001 10.0347|0.0002|0.0004|0.0084|0.0001|0.0014| O O
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DR17 | 0.06 ]0.001 ]0.0228{0.0004{0.0001{0.012 {0.0001 {0.0009
DRI8 | 0.05 ]0.004710.0261(0.001 {0.0019{0.0028]0.0013]0.0025
DR19 1<0.000]0.000310.023 [0.0004{0.0001 {0.0025]0.0002|0.0003
DR20 |<0.000]0.001410.0134(0.0004 {0.0004 {0.0084|0.0002|0.0005
DR21 | 0.07 ]0.004 ]0.0274]0.0002{0.0002|0.003 [0.0006{0.0011
DR22 0.002210.0404| 0.03 |0.000210.007710.0004(0.0016
DR23 | 0.04 |0.0016(0.0182(0.0001 {0.0003{0.002 | 0.02 |0.0007
DR24 1<0.000]0.002210.0159(<0.000{<0.000{0.0072|0.00040.0006

1 1
DR25 0.0017{0.0265 {0.0004 {0.0001 {0.0084 0.0003 [0.0011
DR26 0.17 10.031 {0.0003]0.0002|0.007 {0.0001]0.0001
DR27 0.0048{0.0087{0.0004 {0.0005 {0.0076 |<0.000{0.0013
1
DR28 0.04 [<0.000{0.0004|0.0089{0.0002|0.0004
1
DR29 0.0022{0.0176{0.0004 {0.0003 {0.0009 [ 0.0004 {0.0007
DR30 0.005 10.0261|0.0006|0.0003|0.008 |0.0008|0.001
DR31 0.001 10.036 |0.0001]0.0001{0.0017{0.0001{0.0014
DR32 0.0016( 0.02 {0.0001 {0.0004(0.0015(0.0003[0.0004
DR33 0.0038] 0.01 [0.0005]0.000410.0064 0.0006 (0.0002
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DR34

0.02

0.001 ]0.0382

0.0005

0.0001

0.003

0.0002

0.02

DR35

DR36

0.01

0.004110.0481

0.001710.0384

0.0002

0.0003

0.0002

0.0006

0.0042

0.0014

0.0007

0.0003

0.0019

0.0015

DR37

0.0004]0.0093

0.0002

0.0004

0.0029

0.0002

0.0007

DR38

0.002110.0428

0.0002

0.0017

0.0026

0.0002

0.0011

DR39

0.0038| 0.13

0.0005

0.0004

0.0064

0.0006

0.0002

DR40

DR41

0.06

0.0011]0.026

0.002910.0462

0.0005

0.0002

0.0005

0.0005

0.0086

0.0066

0.0002

0.0005

0.001

0.0018

DR42

0.06

0.0031]0.0453

0.0004

0.0005

0.0014

0.0005

0.0018

DR43

0.07

0.001 10.0152

0.0001

0.0006

0.0016

0.0001

0.0006

DR44

0.03

0.003410.0345

0.0006

<0.000

0.0044

0.0005

0.0014

DR45

0.07

0.001 ]0.0333

0.0001

0.0001

0.0097

0.0001

0.0013
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[Table 3]
AlSH T |700°C  [700°C |700°C [700°C |€ % [A S} | 12A] | s |22
ol el (MRt (wRE |elEA (% |2A  |HA [EolE
Al (132 (4 (132 (O %) A | B3] |5
olal& A |<rEtE [H Ay | % A| 71
SICTR 2y SIECTR =y H3( o] I7-
iy
DR1 [85.90%| 57% | 79% | 48% 48 | 0.025| 29.8 |O X
DR2 |84.30%| 56% | 81% | 47% 43| 0.009 | 252 |X X
DR3 [99.90%| 43% | 61% | 35% | 622| 0.02| 377 |O X
DR4 (99.10%| 36% | 70% | 36% | 61.3| 0.021| 38.8 |O X
DR5 [90.90%| 53% | 79% | 43% 49 | 0.026| 285 |O X
DR6 |98.60%| 47% | 63% | 37% | 63.9]| 0.021| 499 |O X
DR7 [90.80%| 58% | 84% | 48% 76 | 0.001| 25.1 |O X
DR8 |98.70%| 38% | 72% | 39% | 61.3| 0.018| 33.8 |O
DRO |85.50%| 52% | 78% | 46% 55| 0.026 | 29.1 |O O
DR10 [97.50%| 47% | 71% | 42% | 56.5| 0.024| 34.6 |O
DRI11 (89.70%| 53% | 75% | 46% | 47.1| 0.021| 24.6 |O X
DRI12 (85.50%| 55% | 83% | 48% | 652 0.021| 27.4 |O X
DR13 [90.00%| 57% | 78% | 46% | 464 0.024| 25.1 |O O
DR14 [97.60%| 32% | 71% | 36% | 63.6| 0.017| 443 |O X
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DRI15 |88.40%| 51% | 83% 9% | 40.2 | 0.006 | 27.9
DR16 |91.30%| 54% | 83% 50% 48 | 0.017 | 26.3
DRI17 |86.80%| 356% | 80% 48% | 357.3 | 0.008 | 25.3
DRI |86.20%| 32% | 83% 47% | 589 | 0.021 | 27.4
DRI19 |89.00%| 33% | 74% 42% |  33.6 | 0.007 | 28.2
DR20 (88.70%| 60% | 83% 46% 48 | 0.025 | 295
DR21 (98.50%| 36% | 63% 35% | 56.2| 0.02| 46
DR22 |191.50%| 353% | 84% 48% 721 0.006 | 28.2
DR23 |89.20%| 56% | 76% 42% 53 | 0.035| 28.6
DR24 199.60%| 48% | 63% 36% | 624 0.022 | 40.2
DR25 |86.40%| 52% | 81% 47% | 423 0.024 | 27.1
DR26 |91.50%| 59% | 83% 44% | 552 | 0.011 | 24.4
DR27 |83.90%| 58% | 75% 44% 491 0.007 | 26.6
DR28 |87.70%| 51% | 76% 449% | 345 | 0.023 | 249
DR29 [86.10%| 53% | 79% 41% | 644 | 0.016 | 50
DR30 |85.10%| 61% | 84% 32% 48 | 0.008 | 24.6
DR31 |90.00%| 62% | 83% 44% 48 | 0.024 | 29
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DR32 199.20%| 34% | 66% 36% | 64.6| 0.022| 499
DR33 |97.90%| 39% | 71% 43% | 604 0.019 | 355
DR34 |86.80%| 35% | 80% 43% | 353.8 | 0.033| 24.3
DR35 |91.00%| 33% | 82% 0% | 40.8 | 0.004 | 28.2
DR36 |86.10%| 3S1% | 81% 49% 471 0.003 | 29.8
DR37 |86.50%| 3S1% | 81% 48% | 48.2| 0.01 | 27.9
DR38 |89.10%| 354% | 78% 43% 76 | 0.006 | 29.3
DR39 198.40%| 35% | 71% 429 |  63.6 | 0.022 | 44.7
DR40 |91.10%| 50% | 79% 40% | 60.6 | 0.023 | 25.6
DR41 |88.30%| 55% | 77% 46% 48 | 0.002 | 28.5
DR42 |89.80%| 60% | 83% 49% S1 | 0.022| 27
DR43 |91.00%| 53% | 80% 48% S3 1 0.015] 25
DR44 85.10%| 353% | 83% 31% 76 | 0.015| 24.1
DR45 |89.50%| 53% | 80% 46% 48 | 0.007 | 24.9
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[157] [Table 4]
AR |{100}<0 [{100}<0 |FZl(mm [Ef | FIE | A S| 5 Br
01> 25> A4 H7d Br Br
Y5(%) |75(%) (mm)
DRI 41.9 2.7 037 | 18.06| 1.587 | 1.528 | 1.505
DR2 6.7 0.5 0.27 291 | 157 | 1.526 | 1.505
DR3 87.2 3.1 0.51| 4286 1.818 | 1.801 | 1.633
DR4 87.3 7.7 043 | 3366 1815 | 1.782 | 1.655
DR5 31.5 12| 039 1361 1.568 | 152 | 1513
DR6 88.7 9.3 041 | 33.82| 1.842 | 183 | L1668
DR7 40.9 2.6 036 | 17.48| 1.591 | 1.528 | 1.538
DR8 87.2 10.8 0.56 243 | 1.839 | 1.792 | 1.624
DR9 11.7 0.6 0.71 49| 1612 | 1576 | 1.566
DR10 87.6 6.4 041 38.6| 1.828 | 1.811 | 1.639
DR11 11.4 0.5 0.73 487 | 1.604 | 1.548 | 1.533
DR12 26.6 0.7 031 | 11.63| 1558 | 1.499 | 1.504
DR13 4.5 0.5 0.73 1.92 | 1.601 | 1.544 | 1.523
DR 14 36.3 130 053 26.9 | 1.787 | 177 | 1636
DR15 20.9 2.5 0.33 9| 1.589 | 153 | 1.503
DR16 21.3 0.9 0.31 9| 1.6 1.548 | 1.552
DR17 15.7 14| 049 6.61| 1.6 1.557 | 1.556
DR18 44.7 0.8 039 | 1896 1.608 | 1.555 | 1.538
DR19 40.9 2.6 034 | 17.63| 1569 | 1.511 | 1.53
DR20 334 0.6 034 | 1429 1.582 | 1.529 | 1.534
DR21 88.2 10.3 057 | 56.97| 1.828 | 1.818 | 1.663
DR22 18.4 14| 038 778 | 1.6 1.568 | 1.544
DR23 35.3 0.8 0.75| 1477 1615 | 1.577 | 1.561
DR24 85 112 062| 4735| 1.795 | 1741 | 1.586
DR25 46.8 20  071| 19.66| 1612 | 1566 | 1.564
DR26 33.6 2.5 03| 1437| 1594 | 1.538 | 1.522
DR27 39.9 2.6 032 | 17.01| 1.591 | 1.542 | 1.539

25
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DR28 30.2 0.0 042 | 12.69| 1.602 | 1561 | 1.573
DR29 29.7 0.3 0.75| 12.63| 1.603 | 1.563 | 1.523
DR30 0.1 1.7 0.69 0.05| 1.61 1.558 | 1.528
DR31 30.2 1.7 036 | 12.84| 159 | 1.55 1.535
DR32 87.6 7.2 0.55| 37.08| 185 | 1.777 | 1.649
DR33 85.4 11.4 06| 3897| 178 | 1.75 1.604
DR34 39.7 1.0 0.74| 16.88| 1.588 | 1.532 | 1.552
DR35 24.4 2.4 069 | 10.13| 1.613 | 1.577 | 1.591
DR36 2.3 1.7 0.81 0.96 | 1.607 | 1561 | 1.553
DR37 33.3 2.6 038 | 13.98| 1.6l 1.574 | 1.552
DR38 18.7 1.6 0.68 7.96 | 1598 | 1.548 | 1.532
DR39 39 9.3 0.52| 2231| 1846 | 1.83 1.681
DR40 40.3 2.9 033 | 16.99| 1.614 | 1.569 | 1.546
DR41 4.7 0.6 0.34 1.99 | 1613 | 1.568 | 1.532
DR42 2.4 0.5 0.68 1.01| 1612 | 1.564 | 1.533
DR43 13.9 1.9 0.36 5.82| 1.613 | 1.559 | 1.579
DR44 3.5 0.1 0.27 1.45| 1.61 1.568 | 1.579
DR45 8.4 2.0 0.69 3.56 | 1.608 | 1.558 | 1.555
[158]  3E LW A] 3k 40l WERd 210 2o, & g of e 24 = RE=etal, sieka =
Ads] 2w o= Hod A W4 0] AL, Cube 8] 320}, A4 9
Fres gl g vk Ak, Edw o] S A & wHEESHA] XSk,
SrehE= A ds| 2AsHA] gk Blalel = H L 27 Hol 2L, Cube i ©
stom, Aol EAEE ST g U
[159] = 2 Q7] Al E0l S E = Alo] ofyer A2 02 T st FH =
Alzzd g e, & o] k= Vm ool A SAde] A A& 7H A =
B e 7= AMdolyw A4l S & MAsHA] il bvE A A <l
FH = AAE = o Ale ol 7 & Aotk IB{ L= o] el A
7= e Al 2 B ol A o A Q] Alolm gk A o] ofd Ao =
o &l aff o ek ghr}
[160] o A
[161] 100 : o|*¥&Ad A 7|4, 10: 23 7] A,
[162] FEH PO E 5
]
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AT
Si: 2.0 W A| 4.0%, Al: 0.01 W§#] 0.04%, S: 0.0004 § <] 0.02%, Mn:
0.05 WA 0.3%, N: 0.01% ©]3H0%E A 2] Eh C: 0.005%°] 3H0% =
A 2] 8H), P: 0.005 WA 0.15%, Ti: 0.001 § A 0.005%, Ca: 0.0001
HA] 0.005% X Mg:0.0001 WH#] 0.005% % *~3skar, 2= Fe X
71} B7H9 8t BB ¥5H5FaL, | 100 ) <001>EH-E] 15°
ol o] W& 2= 28 Yo WA Lol 60 WA 99%°| a1
{100}<025>= HF-E 15° o] o] zb= A H ol HA FH0
1 WAl 30% ©| Wl ofwihakAd A 7| 7t
Al 18l Slof A,
st7l A 1= RESFeb o3 A 7| 23t
[~} 1]
10 x ([Ti]+[Ca]+[Mg]) > [Al]
(2] 19 A, [Ti], [Ca], [Mg] & [Al] &= Z+2Z} Ti, Ca, Mg 2 Al1<]
A F(TEF %)= HEFHTH)
Al1&kel] o] A,

—

Sn: 0.1 =% ©|3t, Sb: 0.001 WA 0.1 5 %% = Mo: 0.01 tH 4] 0.2
=oF 00 = 12 o|AES 1] ESsf= o|HkakAl & 7| 7kt

A 138} ol 9o A,

Bi: 0.01 = %% ©| 3}, Pb: 0.01 = %% ©| 3}, As: 0.01 %% ©| 5},
Be: 0.01 T %% ©]3F 2 Sr: 0.01 %% ©|3} 5 18 o| A4S ¢

C O O 1o
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Br=7.87/(7.87-0.065x[Si]-0.1105x [Al]) x B8
(21 200 A1, [Si] B [Al]-= 272 Si 2 AlS] S (F %) L EF T
B8-> 800A/m= 7|33 2 Wl 7 5=+ A7
e T))

[7d 7"} 10] =9, Si: 2.0 WA 4.0%, Al: 0.01 WA 0.04%, S: 0.0004 A
0.02%, Mn: 0.05 W #] 0.3%, N: 0.02% ©|3H0% = | 2] $H C:
0.05%°] 3H0% E A €] gh), P: 0.005 WA 0.15%, Ti: 0.001 WA
0.005%, Ca: 0.0001 W #] 0.005% = Mg:0.0001 HA] 0.005%=

> .
7] £ebE g Az shlste] AR Ax = WA,
47] A BE ghelstol Zug Azshis W

47] B | 2

37 AR Azt @A Bee | As Fateta, 7
| 2xof] A 2] §fslao] 50% o 5hel o kA A 7| Al A&
.

(713 11] Al103el] Ao A,
SelH = 817] A 38 wrEeh ok A7 kel Az
4] 3]

[C1/[Si] = 0.0067
(21 3914, [C] 2 [SilE 44 ZekE Wl ¢ 2 sio] T2 %) S
LER T

[ -3 12] Al10ael 1o A,

[ 13] A 10l Ao A,

[ 1~ 14] A 13

[7d & 15] A 138kl 2o A,
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[ -3} 16] A 133}

[7d 138} 17] )

IRt
[ 18] A 100l 91of A,

A7 12 A AaEshs Aol A, A3t G| & E9staL,

2 3}5F0] 0.01 WA 0.03 % oI AVl Al "
[ 19] Al10eel Lo A,

Hcl—‘ .

(7] -1~} 20] A 108l oA,
A7 12 A AFehE G o] &, A WE A E XS
A E Y EgtshE o WA AV e Al

[T+ 21] A20&ol Ao A,
A7) 22 A A Awshis @A o] 3, A e JAH
YEAHEolE &8 A ASHE GAE U] E58)= o] Wk
A7 7o Al &
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