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Abstract: In this study, shipbuilding grade EH36 steel was welded with different heat input.In order to

evaluate the corrosion resistance to acidic and alkaline solutions,

it was immersed for 240 hours.

In

particular, to evaluate the corrosion resistance of the welded specimen by the organic/inorganic hybrid

solution, the corrosion resistance of the coated specimen with the curing temperature and curing time was

evaluated. In the case of non-coated and non-heat treated specimens,

the corrosion resistance of the

as-received specimens were better than that of the welded specimens. The welded specimen showed more

weight loss by high of heat input.

Coated specimen with organic/inorganic hybrid solution showed

excellent corrosion resistance at high curing temperature and long time. The acid solution showed a

weight loss, but the alkaline solution showed no weight change.

Key Words : BEH36  Steel, Heat Input, Welding, Mechanical and Characteristics,
Organic/Inorganic Hybrid Solution
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Qe Aurg EH367H(TMCP)olth. 1A &
2 FYg AHO RAANEH, dEFd w2
250A SHAIEH, 3004 EHAEH 2 3504 &3
A@Holtt. 4714 EHAIEHLS 1.4 mm &7HA
(Mol DS7100)E AH8-3t, 35 cm/min §3H &=
CO,(FCAW) &3St &4 212 Hd 30 V2
AAsHA, FFZ 250A, 300A L 350AE W3}A
Atk YEHFe (HAdxAFx 60y EHEEAA 7
Zr 12.9 KJ/em, 15.4 KJ/em 2 18.0 KJ/cmo|T}. =
E(EH367) ¥ & A& &7FAI(DS7100)2
ZIAA 244 L 3}ed HAEE Table 13 200
Eldith
AFAF L W5 AFA 8 7](Oriental, OTV-10C)
ALY, A2 25 £5 2 mm/minl &2 A
159tk QAAFHL KS 15 AFHS A3}
At ARFES} FEHLEE olE Moz &
X BEAS HUtetdh

Z2 2 F44dv] % (Olimpus, PME3) ¥ HA&
"] 7 (Hitachi, S-2700)2.2 #Z3lgon, o)A
10% tolgr galo =z 5271 AA AT

AAANEHe I8 A jd(UZHAl%%i, 250A
SHAIEH, 3004 EHAEA H 3504 EHAY
F f/F71skel B = %"—‘Wi 83 FE
NEHARAANDHE, 2504 FHAEHAH, 3004 &F
AlEHE 2 350A EFAEH)S AT R/
71stelBlE A2 fEE 20 wt%, Si0, 7

wt.%, Be}dl 3.5 wt.%, SR ¢F 51
o AAA DAoL o] AZZFHZAA S
A = Azxsganh. Z-HL sEIL t
om, 190C # 210CNA 1, 3, 5% At
LA 6 wtY% A2ESEFEATH 1wt E

A E§E Zlola, H7]AEHLS NaOH 6 mol/L
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Table 1 Mechanical properties

Oy (MPa) oy (MPa) Elongation (%)

EH36 483 584 21

DS7100 492 574 32

Table 2 Chemical compositions of EH36 and

DS7100 (wt.%)

C Si  Mn P S Cr Ni

EH36 0.08390.306 1.5170.00980.0015 0.02 0.01

DS7100 0.04 0.65 1.19 0.013 0.005 0.03 0.01

Cu Nb Ti V. Mo Sol-Al -

EH36 0.02 0.0170.013 0.002 - 0.029 -

DS7100 0.01 - - 0.02 0.01 - -
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Fig. 1 Relationship of tensile strength and yield

stress and according to specimen conditions
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Fig. 2 Weibull plot of tensile strength and yield
stress. (a) Tensile strength, (b) Yield strength
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Fig. 2(a), (b)= 242 QA=) FEJEE 9
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o1% FEAo) e ROt URYES F8G
23 9ee ¥ 5

EE golE FEEZ & ot
At 2-uEE folE EFE
2 BEA4g 0|83t <l <]
£ Table 3, 40 YEIATE Table 3, 4= {t=%
Aol 93+ ¥ (Mean), ¥+ 2|(standard deviation,
Std) ¥ -5 5 (coefficient of variation, COV)E
A e A

QAAEe] FAIetrE = 3004 &3AIEH
137.5, 2AAIEH 116.6, 250A SFHAAH 94.9,
350A |HAEH 27302 eyt o7)A
350A9 ¥4It 2A vEhd AL #E3E
£3 dgol 93t ARFET B4kl 2 A
o] flojgt FAFLE olo wEEs WHEASFE
300A SHAEH 1.0%, ZAAEHA 0.9%, 250A

Table 3 The estimated Weibull parameters of tensile

strength

Factor] Shape Scale Mean/Std

Specimen parameter | parameter COV
: 526.3/5.172

As-received 116.6 528.7 0.010
528.9/6.392

250A 94.9 531.8 0012
521.6/4.586

300A 137.5 523.5 0.009
520.1/21.15

350A 27.3 529.6 0.040

Table 4 The estimated Weibull parameters of yield

strength
Factor Shape Scale Mean/Std
Specimen parameter | parameter COV
. 455.6/12.09
As-received 43.2 461.0 0.027
443.6/12.89
250A 40.0 449.2 0.029
418.6/18.68
300A 28.7 425.9 0.045
431.3/17.33
350A 27.2 439.2 0.040
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Fig. 3 Structure  observation by  metallurgical

microscope. (a) Base metal, (b) HAZ (Heat
affected zone), (c) Weld metal
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Fig. 4 Observation of fracture surface by SEM. (a)
As-received, (b) 250A weld, (c) 300A weld,

(d) 350A weld
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Fig. 5 Appearance of 4 kinds of specimen during
240 hour in acidic solution. (a) As-received,
(b) 250A weld, (c) 300A weld, (d) 350A weld
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Fig. 6 Appearance of as-received coating specimen

during 240 hour in acidic solution. (a) Non-coated,
(b) 190C-1 min coating, (¢) 190C-3 min coating,
(d) 190C-5 min coating, (¢) 210C-1 min coating,
(f) 210°C-3 min coating, (g) 210°C-5 min coating
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Fig. 7 Relationship between weight ratio and
immersion time in acidic solution. (a) 4
kinds of non-coated specimen, (b) Cured

coating as-received specimen
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Fig. 8 Relationship between weight ratio and
immersion time in acidic solution. (a)

Coating 250A weld, (b) Coating 300A weld,
(c) Coating 350A weld
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Fig. 9 Appearance of 4 kinds of specimen during
240 hour in alkaline solution. (a) As-received,
(b) 250A weld, (c) 300A weld, (d) 350A weld
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Fig. 10 Appearance of as-received coating specimen
during 240 hour in alkaline solution. (a) Non-coated,
(b) 190°C-1 min coating, (¢) 190°C-3 min coating,
(d) 190°C-5 min coating, (¢) 210°C-1 min coating,
(f) 210°C-3 min coating, (g) 210°C-5 min coating
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Fig. 11 Relationship between weight ratio and
immersion time in immersion of alkaline
solution. (a) 4 kinds of non-coated specimen,

(b) Cured coating as-received specimen
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and curing temperature of 4 kinds of
specimen in immersion of acidic solution
and alkaline solution. (a) Curing time 1 min,

(b) Curing time 3 min, (c) Curing time 5 min

etk 398 =" 210C E-IANTHLE =
AANDH ok 1.0%, 250A SFHAHH oF 4.7%,

58 URFSHIASHYR H22@ H3=Z, 2018 6@

FEH36Y ST JIAN W HX| S4

300A SHAEA oF 4.6% L 350A SFHAIHEH
oF 5.1%5 YeRSITE o]9} o] u=ZE mdA
g BAAEAS SAIEHe FA AT v
HAAFHET go] Yeuth T2u 3" IAd
AdAL BZAAFEAY FAZAHIE Agton,
A 257t 12 Aol u FAA vyt &3
A @A 3FR/7F Bl o, 210C- 5% €A
2] 300A SFAFH FA A7 4T Ao
A gk, 74 ZA] YERSE T

g G oA BAAEE 2 &FA
dHe] FAGAHE ZE 9 A @A R0l
7ol Wy} gle Aoz Jeyth & dzEA
Sdo X FAREEo] dojur] e AR #

H(Fe) A&7t &58 =3 W8] F4kst
AR ARt 28y daclo] EASE 12
&5 u$ Wt B A7 Aed 444
e daoles AT JonR Abgg oA
EH367-& H-2o] MAsigh ol @ 24 e
< o ol vehd = ek

1 1
Fe+ H,0+ 50, > FeO« OH+ 3 1, (2)

1 1 1
Fe+ %HQO+ 51{* + 5c+—>5FeQ(0H)3a+HZ (3)
1 1 1

EFEZ(OH)SG + 502 + EHQ -

1 1 1
FeO« OH+ S H,0+ §H+ 50 (4)

ARl e A Q= GepAT, 2

2]
21 3)3% Zeol L& A1EgEssER

o WA T},

ols} o] mEAPHS] TAGLI e e
solugcg f/77] B4 A 24 JluE
Ystel, 1PE TYF L VEG

w2 Aol F &3k /R8sl B =
A E3sle], EH36742 1 =AAZ ALE-s)
WalAd el 7o 8 Aoz AgE

2 oo



4712 - ol

2 d7Ee Auhg EH36%S d4dFo] tE=A
4 AT A4 B el A

A4S Wrtety] 9k, 240413 A AT
F/77) SholBE = ool o
219& Hrtetr] flste, IRAIFHE ] 7435}

1> o

ol

e

2 AR WE

2 e fo 4n £ oo
=
oL
flo
o
N
_?L
32
v

= 2

T ™

B

o i

o FlO

prog)
dlo
kD
L)
2

oo
flo o
o =
e 2
ooﬁllimo
&:Xl
fow
o
_l}m2
-111_{0
é-hn
Y oo

»
:fm
I
N

flo

o & o N

Ll
T %
£ |

oX,
2
oX,
oo
12 s

i
X
o
i)
_?L
s
b
e
1>
lo
l-l
=
_(?L
s

I a=)
o
AN
i
o,
L
v
[
(5]
T
e
)
o e
oX,
o o
12
flo
Sl

[
Sy

7 gk,
4 B AT M {77 olus g

2, ERAe FAEA gAAE ARE

32 [o ro

% o

References

1. J. G. Youn, D. H. Kim, S. H. Hwang and M. L
Kim, 1984, "The Effect of Specimen Size on
Fracture Toughness (COD) of ABS EH 36 Steel",
Journal of the Korean Institute of Metals, Vol.
22, No. 11, pp. 1077-1083.

2. L. W. Tsay, T. S. Chern, C. Y. Gau and J. R.
Yang, 1999, "Microstructures and Fatigue Crack
Growth of EH36 TMCP Steel Weldments",
International Journal of Fatigue, Vol. 21, No. 8§,
pp. 857-864.

3. J. Choung, C. S. Shim and K. S. Kim, 2011,
"Plasticity and Fracture Behaviors of Marine

Structural Steel, Part III: Experimental Study on

g5
Failure Strain", Journal of Ocean Engineering and
Technology, Vol. 25, No. 3, pp. 53-66.
(DOI:10.5574/KSOE.2011.25.3.053)

. G. N. Kim, J. S. Lee, J. H. Hyeon, Y. G. Jung
and S. C. Huh, 2014, "Evaluation of Low
Temperature Properties in EH36 Thick Steel Plate
Welded Material by Instrumented Indentation
Equipment", Journal of the Korean Society for
Power System Engineering, Vol. 18, No. 4, pp.
104-111. (DOI:10.9726/kspse.2014.18.4.104)

. S. H Wang, W. C. Luu, K. F. Ho and J, K.
Wu, 2003, Permeation in a
Submerged Arc Weldment of TMCP Steel",
Materials Chemistry and Physics, Vol. 77, No. 2,
pp. 447-454.

. L. Cao, X. Shao, P. Jiang, Q. Zhou, Y. Rong, S.
Geng and G. Mi, 2017, "Effects of Welding
Speed on Microstructure and Mechanical Property
of Fiber Laser Welded Dissimilar Butt Joints
between AISI316L and EH36", Metals, Vol. 7,
No. 7, pp. 270-283. (DOI:10.3390/met7070270)

. Ki-Woo Nam and Kwang-Ho Lee, 2017,
"Corrosion of SPCC, SPFC590,
SPFC780 Steel by Organic/Inorganic Hybrid
Solution (Case of different SiO2 Polysilicate

"Hydrogen

Resistance

under a Constant Melamin)", Journal of the
Korean Society for Power System Engineering,
Vol. 21, No. 2, pp. 5-13.
(DOI:10.9726/kspse.2017.21.2.005)

. D. S. Ahn, 1997, "A new corrosion mechanism
of iron in chlorine contaminated solutions",
Proceeding of The Korean Institute of Surface
Engineering 1997 Spring Annual Meeting, pp. 115.

. S. Yamasaki, S. Tanaka, M. Fukuda, Y.
Murayama, Y. Kondo, H. Ogasawara and O.
Uchida, 2010,

Organic-inorganic

"Development of the
Hybrid
Layer", Fujifilm Research & Development, No.
55, pp. 29-32.

Super-hydrophilic

St H|IAISHY ] H223 M3Z, 2018 6@ 59



	입열량을 달리한 EH36강 용접재의 기계적 및 침지 특성
	Abstract
	1. 서론
	2. 재료 및 실험방법
	3. 결과 및 고찰
	5. 결론
	References


