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Corrosion Resistance of SPCC, SPFC590, SPFC780

Steel by Organic/Inorganic Hybrid Solution
(Case of different SiO, polysilicate under a constant melamin)
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Abstract: This study has developed an organic/inorganic hybrid solution according to amount of SiO,
polysilicate, and the amount of melamine is constant. The three types of cold rolled steel were evaluated
a corrosion resistance properties by using these solutions. US;M; and US;;M; solutions were generate a lot
of corrosion. US;M; solution was excellent in corrosion resistance, regardless of the steel type. The
appearance of coating by US;M; and US;M; solutions were bumpy surface, and were a lot of fine
defects. US;M; solution was made a sophisticated molecular cross-linking structure inside the coating, it

was a slick surface. Other characteristics are exhibited the excellent property for all solutions.

Key Words : Organic/Inorganic Hybrid Solution, Corrosion Resistance, Cold Rolled Steel

1. M 2 WA e g A7= wol AAste

2] SiO, polysilicate, ¢-# g L HT-S &3+

A 2o o8e A 34 RIE 98 AA7IstlBIE &AS Lo, AFaE W

o] gaEA AgS TFASIT Yty E3) 67 AT SPCC, SPCF590 %1 SPFC780°] W4 A&

29 34 AT B 5 glo], oA AR Hrlslgek. 1 A3}, SiO, polysilicate(7wt.%), -$-

Fedo] ATE AAstT Yt Be Aggse  HEQIwt%), FHRUEwt%)] USM; &) Y

Crfree F/7718t0]BRE §og Auatel o @ A%e] A= Al 7P S8
e BSAem D Aol ojdsggn 2 A4 dERREY

I

et o] P (WAIA AL - A FRA B4 AR *#xF Kwang-Ho Lee(corresponding author) : Daewoo Shipbuilding
E-mail : 1kh09@dsme.co.kr, Tel : 055-735-8636 & Marine Engineering Co., Ltd.
o o E-mail : 1kh09@dsme.co.kr, Tel : 055-735-8636
*g7] - . B 5_]——7 A g 328} >
**nq]_‘ri _';O#EH ;L e *Ki-Woo Nam : Department of Materials Science and
BEE - HEYE Engineering, Pukyong National University
**Hee-Rok Jeong : Prepoll Co., Ltd.

SRS |AIZERX| M21d M2z, 20174 4€ 5



S/F7|stolE2e|= Mol 2|8t SPCC, SPFC590, SPFC780 Z

welx] B AT E deivl e
3}, SiO, polysilicate ¥ WIIAZ F/F7] O]'O]
BElE &d& AP, 3FR W 2
(SPCC, SPFC590, SPFC780)%ol thgh UAEAS
718k

2. ME U Aaiuy

A& A Be AFAEY] o] de] AHEEE
T4 1 mme] ¥ Z# SPCC, ¥Y nAHAT
SPFC590%} SPFC780°]th. A 59 71AI% A2 2
3}eha AHE-S Table 13 20 YJEMIQITE F5E
T AEHEe =)= KS D 9502 739 150%x70
mmE T ¢FE F 160%85 mmOlE} o)A A B
NS & o pRrE] BEA R2lo] AlzlE
= AL BAB] gt Hold AHEE 3] ¢
g Aolt}, Ao Agd W Ao EAAE
A3t 78S AAT T, o]AZZHEAA 5
B3 259 Al-3teo

8 g9 e £7, Sio, YA A E
NS FFFo dlEtsd dA sk
é% Table 3 YeEFH ST

Azgt Ao=R =
FEE &Fxu A7 686 m<l HFEE|(bar
coater) 3EE AE3StHT oluf AslE IHZF9

Sl HEvte] Tzl nERoR A

st} FEo A3xAe AL E 463 KolA 7

Table 1 Mechanical properties

oy (MPa) | oy (MPa) e (%)

SPCC 167.7 306.0 47
SPFC590 512.9 640.4 25
SPFC780 519 807 27

Table 2 Chemical compositions (%)

C Si Mn P S
SPCC |0.0023 | 0.003 | 0.1 0.015 | 0.005

SPFC590 | 0.0836 | 0.185 | 1.863 | 0.02 | 0.005

SPFC780 | 0.1393 | 1.023 | 2.102 | 0.0118 | 0.003
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Table 3 Organic/inorganic hybrid coating solutions

by additive

of Si02

melamine(wt.%)

polysilicate and

US;M; | US;M; | USiiM;
Distilled water 50 48 46
EtOH 23 21 19
Si0O; polysilicate 3 7 11
Urethane resin 21 21 21
Melamine 3 3 3
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Ultrasonic cleaning
(Isopropanol, 5 minute)

1

Solution coating
(Bar coater, No.3)

1

Curing treatment
(1, 2, 3 minutes at 463 K)

L

|

Air cooling

|

1

’ Taping of specimen edge ‘

1

Salt spray test (7 hours for SPCC and
SPFC590, 96 hours for SPFC780)

Fig. 1 Flow chart of salt spray test
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Fig. 2 Appearance from salt spray test of US;Mj

solution coating. (a) SPCC, (b) SPFC590, (c)
SPFC780
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Fig. 3 Appearance from salt spray test of US;Mj
solution coating. (a) SPCC, (b) SPFC590, (c)
SPFC780
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Fig. 4 Appearance from salt spray test of US;;M;
solution coating. (a) SPCC, (b) SPFC590, (c)
SPFC780
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Fig. 5 Relationship between salt spray time and
corrosion area rate in US;M; solution coating
specimen. (a) SPCC, (b) SPFC590, (c)

SPFC780
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Fig. 6 Relationship between salt spray time and
corrosion area rate in US;M; solution coating
specimen. (a) SPCC, (b) SPFC590, (c)

SPFC780
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Fig. 7 Relationship between salt spray time and
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Table 4 Corrosion area rate in 7 and 96 hours of

salt spray time

Ct
Speci. . 1 min|2 min| 3 min | Remarks
Solutio
USsM; | 943 | 733 | 395
SPCC | US;M; | 93.7 | 76.1 7.7
USiM; | 909 | 87.5 | 36.6
7 hours
US;M; | 83.7 | 60.6 | 244
SPFC590| US;M; | 21.0 | 18.7 1.5
USiM; | 80.7 | 76.6 | 24.0
USsM; | 17.3 | 13.8 6.3
SPFC780| US:M3 | 233 | 74 1.2 |96 hours
USiM; | 14.0 | 1255 1.1

Ct : Curing time

Table 4= U, US;, US;M; &9 FESIe] &

T &5 7TAIRKSPCCSF SPFC590) 2 9641
(SPFC780)oll Al B2\ A &5 Uehd Zolth
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Fig. 8 Relationship between corrosion area rate and
hardening time. (a) SPCC, (b) SPFC590, (c)
SPFC780
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Fig. 10 Results of bending resistance test using
three types of solution. (a) SPCC, (b)
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Fig. 11 Results from boiling water resistance of
coated specimens using US;M; solution. (a)
SPCC, (b) SPFC590, (c) SPFC780

Lol

2. 0|&

fol

[=]

SN USM;, US; M) Ubl 55 EA4L 3 &£
o] Zdel tiste] vl Fwstnh 1Ela W
5 H7b Fo] Wi dEdze S =5
303 BdY FHo| Awisiel RESS #HESA
. O Ax, ZEEe mF A Wiy} ekt

8 g wetA Wade]l t2A vERY]
fEo] BH HHE TEsr] 938, 463 KollA
3B A35le AL SEMOE Y3ttt SEM AR
S Fig. 1201 YERAITE USM; 89 EHo

ST ESSA vAg AFe] ©e AoE YEy:
o}, UMy £919] #/57] Sholuels melze
B PRl R Bk FEE RO, N
o] wiEaA UEbETh olH 3 Ee Eeoll 93]
o BEA @v A% 2RSS e WEd W
210l 3tth USiM; &2 US;M; &9 Bth
= W& e YEid oY, usM; &R

fH/57] stelBE IHFL Z UFol Ans
44 7ta F2E wED f/77] sfelBrs =
B3 NU3 JA5eA/aA Aojol ot 3
Wweko 2 wjgddtt o8 d 72+ Fig 139 22
FFS A% I-kNA HEH Sio, 8
AgAC|EVt AFste W WEFoE wjdsiy
daivio] ylw FXE THETH o9 e Hud

(b)

(@
Fig. 12 SEM image of coatings Surface. (a) US;M;
solution, (b) US;M; solution, (c) US;;M;

solution

oS AIS SRR 21 M2, 2017F 42 11



S/27|5t0|2E|E 0| 2|8t SPCC, SPFC590, SPFC780 ZErQ| LHAIM

VY

S
S

(0]
\
o

—

. Melamine

(0]
\
]

’ Urethane

Specimen

Fig. 13 Image of organic/inorganic hybrid coating

layer'

B2 7k F2E 'l oste BEA v A%
FEZS e = sfolHsE §3E §7]
- o3 B2 7w FRE YAt

B d7es 22 g2 dAsHA sta, Sio;
polysilicate & HW3AZ F/F7|ste|BEE &
AE LSk, 33 /Y WA Aol tE WA
& HrretAth

o

2) ZE =9 o|#S USM; E US| M; &9&

FHol &EwEetal, WAl Aol YEhon,

USM; S 2EF Re) Fwd w4 b
F2E W5, EHo] jEshA tebreh
3) RAY, WHISEY, BAZS] R WESHA

& US;M; &9, US;M; 89 2 US;M; & o
3]

12 o237 |AlseYX] M213 M2z, 20179 4€

o fuE ATATIYT

References

1. D. A. Loy, 2001, "Hybrid Organic-Inorganic
Materials", MRS Bulletin, Vol. 26, pp. 364-365.

2. C. Sanchez, B. Julian, P. Belleville and M.

Popall, 2005, "Applications of Hybrid Organic—
Inorganic Nanocomposites", J. Mater. Chem.,
Vol. 15, pp. 3559-3592.

3. S. S. Pathak, A. S. Khanna, T. J. M. Sinha,

2006, "Sol-Gel Derived

Hybrid Coating: A New Era in Corrosion

Organic-Inorganic

Protection of Material", Corrosion Reviews, Vol.
24, pp. 281-306.

4. F. Andreatta, L. Paussa, A. Lanzutti, N. C.

Rosero Navarro, M. Aparicio, Y. Castro, A.
Duran, D. Ondratschek and L. Fedrizzi, 2011,
"Development and industrial scale-up of ZrO2
coatings and hybrid organic-inorganic coatings
used as

pre-treatments  before  painting

aluminium  alloys", Progress in  Organic

Coatings, Vol. 72, pp. 3-14.

5. B. J. Chisholm, M. Berry, J. Bahr, J. He, J. Li,

S. Balbyshev and G. P. Bierwagen, 2010,
"Combinatorial materials research applied to the
development of new surface coatings XI: a
workflow for the development of hybrid organic
Journal of Coatings

—inorganic  coatings",

Technology and Research, Vol. 7, pp. 23-37.

6. H. S. Seo, H. J. Moon, J. S. Kim, S. H. Ahn,

C. K. Moon and K. W. Nam, 2010, "Corrosion
resistance of galvanized iron by treating
modified Si organic/inorganic hybrid coating
solution", J. Ocean Engineering and Technology,
Vol. 25, No. 1, pp. 32-38.

7. H. S. Seo, H. H. Moon, J. S. Kim, S. H. Ahn,

C. K. Moon and K. W. Nam, 2010, "Corrosion
resistance of zinc coating steel coated Cr-free

coating solution according to the heat treatment



10.

11.

12.

4712 - YEZ - oY

time", J. Ocean Engineering and Technology,
Vol. 24, No. 5, pp. 67-74.

. H. S. Seo, H. J. Moon, J. S. Kim, S. H. Ahn,

C. K. Moon and K. W. Nam, 2010, "Corrosion
resistance the
temperature of Cr-free coating solution on zinc
steel", J. Ocean
Technology, Vol. 24, No. 5, pp. 60-66.

according to heat treatment

coated Engineering and

. K. W. Nam, J. R. Kim and C. M. Choi, 2011,

"Corrosion resistance of cold rolled steel coated
hybrid

according to the heat treatment temperature", J.

organic/inorganic coating  solution
Ocean Engineering and Technology, Vol. 25,
No. 6, pp. 56-59.

J. R. Kim, C. M. Choi and K. W. Nam, 2012,
"Corrosion resistance of cold rolled carbon steel
by
solution" Transactions of the KSME(A), Vol
36, No. 4, pp. 405-412.

K. W. Nam, J. R. Kim and C. M. Choi, 2013,
of cold

rolled steel by Cr-free green organic/inorganic

treating organic/inorganic hybrid coating

"Corrosion resistance characteristics
hybrid coating solution" J. Ocean Engineering
and Technology, Vol. 27, No. 2, pp. 33-38.

S. Y. Lee, K. H. Lee, H. R. Jeong and K. W.
2015,  "Corrosion by
Organic/Inorganic Hybrid Solution for Cold
Rolled Steel of SPCC and SPFC590 for

Automobile", Journal of the Korean Society for

Nam, Resistance

Power System Engineering, Vol. 19, No. 5, pp.
38-44.

13

14.

15.

16.

17.

18.

fol

S

. K. W. Nam, H. R. Jeong, S. H. Ahn, K. Y.
Seong and K. H. Lee (2016), "Development of
Organic/Inorganic Hybrid Coating Solution for
High Strength Steel Sheet(SPFC780)",
International Journal of Chemical Engineering
and Applications, Vol. 7, No. 6, pp. 404-408.
KS D 9502, 2009, "Neutral, acetic acid and
copper-accelerated acetic acid salt spray".

T. Nsongo and M. Gillett, 1995, "Adhesion
characterization of titanium and titanium nitride
thin coatings on metals using the scratch test",
International J. Adhesion and Adhesives, Vol.
15, No. 3, pp. 191-196.

ASTM D3359-09, Standard test methods
measuring adhesion by tape test.

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

Organic-inorganic Super-hydrophilic

for

S.  Yamasaki,

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

K. W, Nam, H. R. Jeong, B. G. Ahn and K. H.
Lee, 2016, "Corrosion Resistance of Cold Rolled
Steel by Organic/Inorganic Hybrid Solution
according to Composition of SiO, polysilicate
and Melamine", Journal of the Korean Society
for Power System Engineering, Vol. 20, No. 5,
pp- 20-28.

SIS | A2 X H213# H2%, 2017W 42 13



