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(57) Abstract: The present invention provides a high-strength ultra-thick steel material having excellent resistance to brittle crack
propagation and a preparing method therefor. The present invention provides an ultra-thick steel material having excellent resistance
to brittle crack propagation and a preparing method therefor, wherein the steel material comprises, in terms of weight%, 0.03-0.09%
of C, 1.4-2.2% of Mn, 0.2-0.9% of Ni, 0.005-0.05% of Nb, 0.005-0.04% of Ti, 0.1-0.5 % of Cu, 0.05-0.5% of Si, 0.01-0.05% of Al,
100 ppm or less of P, 40 ppm or less of S, and the balance Fe and unavoidable impurities, and wherein a surface portion is composed
of a mixed phase of polygonal ferrite and bainite; a portion corresponding to a thickness of 1/2t-1/4t (here, t is the thickness of steel
material) is composed ot 50 vol% or more of acicular ferrite and 50 vol% or less of bainite; and a fraction of a region having a bainite
single-phase structure in the overall thickness of the steel material is 20% or less. According to the present invention, a high-strength
ultra-thick steel material having excellent resistance to brittle crack propagation can be produced at high productivity.
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[159] [3E1]

N

7&%‘ 7OL Z A (%%k%)

C Mn |Ni Cu Ti Nb Si Al P(ppm) |S(ppm)

e
ol

7110061 [1.53 |0.63 |0.21 [0.023 [0.018 [0.30 |0.031 |55 17

e
o
o
)

0.071 (1.65 |0.52 (0.3 |0.012 |0.012 |0.32 |0.021 |65 11

e
o
o
w

0.039 (2.11 |045 |0.26 |0.017 [0.025 |0.23 |0.040 |79 23

i
ol
o
N

0.077 (1.78 (0.62 (0.29 (0.022 [0.023 |0.35 |[0.023 |81 22

e
o
o
U

0.066 (1.82 |0.27 |0.15 |0.018 [0.028 [0.31 |[0.037 |46 24

=
=l
ot
—

0.12 (2.01 |0.52 |(0.21 |0.021 [0.019 [0.20 |[0.041 |49 9

=
=
ol
)

0.071 (235 |0.71 (0.29 |0.013 |0.021 |0.45 |0.020 |78 28

=
=
o
w

0.026 (1.32 |0.39 |0.18 |0.019 [0.018 |0.21 |[0.045 |59 12

I
El
o
N

0.075 (1.93 |1.24 |0.41 |0.021 |0.015 |0.31 |0.033 |65 16

=
=
o
)

0.062 (1.69 [0.44 |0.24 |0.042 |0.051 |0.33 |0.025 |57 12
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[160] [3£2]

2 Al 4] &E 35 A(m |HHBar)  |FFBar) 44 [HE
No. m) WA S [ RHEDeE( |9HEHR
T °C) LZ2HYolE
o] 1% (um)
gl A |80 O Ac3 +45 50 °]s
g2 A2 |90 O Ac3 +22 50 °]s
g o3 A3 |95 O Ac3 + 38 50 o] &
g oa pEE k4 (100 O Ac3 + 52 50 °]s
dgos | As (80 O Ac3 +39 50 o] &}
vlarell A2 (90 O Ac3 - 52 R
SA4E7}
vlare2 g3 (95 O Ac3 - 76 R
SA4E7t
vlarel]3 gl (80 X - ;
vlarel4 P74 100 X - ;
vlaes (Bl (80 O Ac3 +33 50 o] &}
vlalel6  [B]a2 (85 O Ac3 +59 50 o] &}
Hlale]7 (873 90 O Ac3 + 65 50 o] &}
Hlaeg  (B]a7d4 |90 O Ac3 +29 50 o] &}
Blalef9 W5 195 O Ac3 +45 50 ©] 3}

[161] 4] %12 T 2ol el Az Aale] thate] m Az YA A 2

[\

fe]
[162] gk, 73 Al o8l ESSO AR & ©]-8-31o] CAT(Crack Arrest Test) % 7+H&

e ST

[163]

[164]  3}7] 339 T4 Y= EBSD W& B8 S435on, 54 A0 &
Zg-8ho] 155 o) el LA 7S THA= fAE Altstel S48 dh=
ol v gkt

[165]
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[166] [3£3]

AAl | ZdE |32 (Wolyo] |[TAF e | FAE |TAT  |CAT(@-
No. 2 |E ~1/4t e (B (T4 (1000
Al gz AlEE (Mp |5 () o] 2 5(
Z22 99%R) [FE5%) | °0)
kg of| |- 7) |PF+B |15 AF(83) 512 |17.3 |53 Arrest
1 1 B(17)
b o (W 7k PF+B |17 AF(74) 532 [18.5 |49 Arrest
2 2 B(26)
vkt of| |- 7F |PF+B |8 AF(61) 575 |16.1  |-65 Arrest
3 3 B(39)
vk of| |- 7} |PF+B |13 AF(89) 506 |17.7 |78 Arrest
4 4 B(11)
vk of] |- 7) |PF+B |12 AF(59) 568 [13.1  |-71 Arrest
5 5 B(41)
H| nlo] |2y 7 |B 28 AF(68) 544 [14.6  |-59 Propagat
1 2 B(32) ¢
H| nlo] |2y 7 |B 26 AF(66) 559 [19.5 |53 Propagat
2 3 B(34) e
H] L ef] |- 7k |PF+B |16 AF(72) 529 (253 |36 Propagat
3 1 B(28) e
H]alef| |- %) |PF+B |14 AF(86) 516 |23.6 |31 Propagat
4 4 B(14) e
H]alef| |H] 2L 7; |PF+B |49 AF(18) 678 |28.7 -32 Propagat
5 1 B(82) e
H] 3l e (H] L 7); PF+B |38 AF(22) 659 |24.8 -28 Propagat
6 2 B(78) e
Hl Lol |B) 27} |PF+B |6 PF(45)AF(4|387 [154 |-64 Arrest
7 3 9)P(6)
H]ulef] |8] 2L 7}; |PF+B |37 AF(26) 595 126.8 -37 Propagat
8 4 B(74) e
H]alef| |H] 2L 7; |PF+B |26 AF(51) 577 |17.6 -45 Propagat
9 5 B(49) e

[167] %371 3 3914 PF: &2 a1 ¥ 2} o] E(Polygonal Ferrite), P :
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1 A 2} o] E (Pearlite), AF: oJ A& & 3] &} o] E(Acicular Ferrite), B:
W] o] L} o] E (Bainite) ]

[168] 471 & 30 YheEbd vle} o] vlaie] 1 E 29] 7 $-oli= Bar Y7 T B
S5 7F Ac3 =5 ool whe) Bar W7 Al A H THE W o] Lo E F 2] 0]
ChA] Q2B vbol E 2 HEfsHA] Keshal 2o ahA| Hol QA ol whetA
oy o] E Al 2] o] 20%5 WA HEE, AL TE AT E

YEM & -10°C CAT Al ol A A o] A H]X] &ehal Aggles & 5 .
[169] Hlnle] 1 @ 29] Af-ol= Ac3 2% o|3t2 Hdy oz Wz AAdH

=]

Hlo| o] E ‘:OM Al Q2 ELbo| E 2 100% WEl7F Doj x| 9o 3w
dojrhA| Hol Bd & AW e E L H Yol E % 0] E7Hss T
[170] vl 73 4 M 7ol i= & Eg o A A Al 8= Bar WS A 8514 e
upah, H A2 A2 o A AL S H el st e Bhekal, AR
A A o] 29A F FEFl 22Ul webA A F Y =720
nfo] A7 o] ol ar o] & Q18| FAF FA 3 o] 257} -40°C o] Ao,
AN TS A A 84S ERRE -10°C CAT Al ol A Zelo] A X ¥ %] &3}a1
ﬁ*ﬂfgﬂ"_ EZI:()D\I]\ .
[171]  H]xlel] 59 A9 & g o M A A 8h= C AR =& 418 7 024,
gk A sl o = Qe thge] wlo|vol E A o] A EGlaL, o] & <1
TAN FAF | 2571 -40°C o) el ], HA T A oA FA & L ERH = -10°C
CAT A&l A A &o] GA = #] xatal A& & 5 AT
[172] vl nlef 62] 7 §-oll = 2 g ol A A A 8= Mn R =2 3L
7hH o 2, gk sk 0 =2 QlE| ko] wo o] E 2 o] A4
o] &2 Q& TR FAH )7} -40°Co) go)H, H A7 E A A &A
LHEFU = -10°C CAT Al @ ol A ZL e o] G A = %] Xstal Aagdl 58 & o AUTh
[173] HlaLe] 79] 7 §-ofl = B g o A A Al 5F= C, Mn &Fgk Rt} vh2 gh&

Nuo

0{

2

O
o

al,

o}
mlo 30

O

R oA, Aelso] REste] thge] Eelard weko] £ L Helo| E 27 o]

olr

A RQa1, o] &2 Q&) &7 =7} 500MPa ©] 5112 & 4= At

[174] H] L] 82f 74 -§-of = & g o A AA|Sh= Ni A gHRth -2 42 71 o =4,
Bk Al o =2 Q1) ool Hloulo]l E o] AA a1, o] & Q13
ST FAF | ZETF-40°C o] el A A 9 A 3 & Ve = -10°C
CAT /\]6401]}\1 ialo] A X E) A] B3} a1 ﬂ#ﬂ%g ok 2= 9l

[175] H) nlef] 99] 74-$-of = B ko] A A Al 8= Ti, Nb A3t Rt} &8 71-&

]—ﬂofi,_//ﬂ J/]—E 7g§}‘~0§_ 0]¢H q_ak/] uﬂo]q-o]E Z;do] /\gﬂg ‘:H

TiN = (TiNb),(C,N)¢] A Eato], H A & 34 A& e <= -10°C CAT
Aol A A o] A H A ot Ao & AT

(1761 olol whshel, B ko] A A4 G A 9B Wi 29 F Bar U2
AN T H AGLERT & SER FAYE B 7] o] 1-59] 7 9] =
FA49 vt 20ubo) AL o) sh vl AlshM, Al AFA el hshel
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W o] po] E vt o] 20% o] sho] a1, H R FA K

A ~ 14 A Az o)
50%°]782] 283 dgtol E & 50% olske] Wlolyol ER A HE & 5 ATt
o] & Q& Hhg o 1~59] 4ol = 575 500MPa o] 8, TA FA )2
-40°Co| 8}, -10°C CAT Al g ol A A& o] A ¥ = -8 A HF DA AT &
LEbd S o o Ak
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AT

Fn=, C: 0.03~0.09%, Mn: 1.4~2.2%, Ni: 0.2~0.9%, Nb: 0.005~0.05%, Ti:
0.005~0.04%, Cu: 0.1~0.5%, Si: 0.05~0.5%, Al: 0.01~0.05%, P: 100ppm®] 3},
S: 40ppm®] 3}, Y %] Fe 2 7] e} 7} 3 BB ¥9H3bar, s
Ejard dlefo] Bk wojypo] Eo] Yo = o] Fol XL, FA| 172t~
/47 A, & A ) 52 5082 3]0 4o AAE salo] E o
509 %0 & 2] W] o] Ew Ol‘%:’—OJXlﬂ, A AAA A ol A

W o] 1} o] E(bainite) T} Z 2 & 2Fi= o o o] F-8-0] 20%°] &2l
.AH-F}OﬂXJJ} x{zﬂﬂo] L};]L
A 16¥o1 Vo Ay, AL A 9] F=A

F

Agkell Aol M, 71 Al el 57571 500MPa o491 #4279t

A1kl A, 7] ZA o T4
%@ﬂ%ﬁﬂﬂ@@dw%?i%i
A&k 2 |
H%@ﬂ
SgpR, C: 0.03~0.09%, Mn: 1.4~2.2%, Ni: 0.2~0.9%, Nb: 0.005~0.05%, Ti:
0.005~0.04%, Cu: 0.1~0.5%, Si: 0.05~0.5%, Al: 0.01~0.05%, P: 100ppm©] 3},
S: 40ppmeo| s}, Y A Fe 2 718} 7198 E¢wS 8= 4
2 H Z 1150~1000°C] <= iﬂﬂ“*bﬂﬂ'
A7 A7FEE S8 E S 1150~900°Ce] - Fo) A 29+l &}
371 Z24AH vkBan)E WS &8sto] Yt v,
7l BZAE uE B V|08 A3 25 o] o2 A= B,
A7 JHAE v V4t 7] E 05 A3 o] 4] Lol A mpig] sF st
Al R vk F 3, 3°C/s o] o] WA =R 600°Co] 3] 2
ﬂezﬂ&iﬂﬂﬂhwﬁ b2 nhe] FHEE Ac3 1| R
q-& vt bl Al P2 R
= AR TS5} A g o] g

A3l0] 57} -40Col 3kl
7.

e

Al

_ﬁ‘ r{r

-
e

o

-
i

(g

A6zl 51014, 417
Aol 953 TFE G
A6Tol $1014. 471 2715 ol

Lﬂﬂ%ﬂﬂﬁ%mﬂ%ﬂ%@ﬂgﬁﬂ

A5 vle] ¥HLE7}F Ac3

+20°C ~ Ac3 +70°CR] A& EAR 07 3= HAATE A3} A4 o]
F-3F S35 A o] A 2HH.
Aedtel] QoA, A7) vlE WZEh= WA ol A, ule] 3 o
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