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Corrosion resistance according to heat treatment temperature of cold
rolled carbon steel by treating organic/inorganic hybrid coating
solution

Chang Min Choi

Department of UR Interdisciplinary program of Mechanical

Engineering, Graduate School

Pukyong National University

Abstract

In the past a very popular way to reduce the corrosion rate of
zinc was ' the use of chemical conversion layers based on Cr+6.
However, there is the important problem that the use of chromium
salts is now restricted because of environmental protection legislation.
So, earlier researcher-investigated the optimum of galvanized steel
about organic/inorganic solution with Si. The result showed that the
optimum corrosion resistance was at 190C in 5 min. The demand of
cold rolled steel(CR) for structural member is gradually increasing. If
surface treatment(coating for corrosion resistance) of CR is not
conducted, the use is very limited. Because, CR is vulnerable to
corrosion. Therefore we need the development of coating solution of
high corrosion resistance about CR.

In this study, Urethane solution (only Urethane 20 wt.% ; S-700),

organic/inorganic solution with Si (Si polysilicate 10 wt.% +



Urethane 10 wt.% LR-0317) and organic/inorganic solution with Si
and Ti(Si polysilicate 7 wt.% + Urethane 13 wt.% + Ti amorphous
0.5 wt.% ; LR-0727(1), Si polysilicate 7 wt.% + Urethane 7 wt.% + Ti
amorphous 0.5 wt.% + epoxy 6 wt.% ; LR-0727(2)) are used for
evaluation of corrsion resistance of cold rolled carbon steel under
salt spray test. Based on the salt spray test of 7 h, LR-0727(1) and
LR-0727(2) had a superior effect for the corrosion resistance on CR
steel.

The organic/inorganic coating solution with Si and Ti(Si polysilicate
7 wt.% + Urethane 13 wt.% + Ti amorphous 0.5 wt.%; LR-0727(1))
are used for evaluation of corrosion resistance ~of CR under salt
spray test.  The specimens with LR-0727(1) coating had heat treatment
in the drying oven at 120 ~ 210C for 5 minute. Corrosion resistance
was investigated with salt spray test of 7 hours. And adhesive test
was conducted, too. The rust shows under heat treatment of 150 T
and found. no vestiges ~over 160 C. The specimens with heat
treatment of 160 €. or more hasn’'t happened  delamination. From
these results, it is considered that limited temperature of optimum

heat treatment is 160 C considering energy efficiency.
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Fig. 1 Dimensions and shape of specimen for salt spray test and

crosscut adhesion test (Unit : mm)
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Table 1 organic/inorganic hybrid coating solution(wt.%)

Solution
S-700 | LR-0317 | LR-0727(1) | LR-0727(2)
Ingredient
urethane 20 10 13 7
Si polysilicate 0 10 A 7
Ti amorphous 0 0 0.5 0.5
epoxy 0 0 0 6
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Fig. 2 Design of organic/inorganic coating binder
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Cleaning

< =

Coating

< =

Heat treatment
1.190 °C in 5 min.
2.120, 130, 140, 150, 160, 170,180,
190, 200,210 190 °C in 5 min.

~ =

Water cooling

|

Taping of specimen edge

e

Salt spray test (7 hours)

Fig. 3 Flow chart of salt spray test
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- a) AN\
J Y

\\ ( R — @
By D

Fig. 4 Specimens after salt 'spray “test in 7 hour. (@) S-700 coated
specimen, (b) LR-0317 coated specimen, (c) LR-0727(1) coated

specimen, (d) LR-0727(2) coated specimen
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E g %o AY 27|5H Eg 2o FAdEgo] dAsie] 22
AAES F317] olH YTt WaEkA Table 25 108 A o2 st
o AY3Al S-700, LR-0727(1) 2 LR-0727(2)°l W3t B H2 HAHE

Table 2 The average area(%) of rust during salt spray test

Solution S-700 LR-0727(1) LR-0727(2)

time(h)
15 0.70 0.00 0.00
2.0 50 0.00 0.00
o 1.94 0.02 0.02
3.0 2.16 0.06 0.04
3.5 2.70 0:10 0.06
40 3.58 0.14 0.08
45 4.36 0.18 0.10
5.0 4.80 0.22 0.14
5.5 5.44 0.26 0.18
6.0 5.92 0.32 0.20
6.5 6.36 0.38 0.30
7.0 6.64 0.44 0.32
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Fig. 5 The relationship between average area of rust and salt spray

test time of three types of coating solution
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Fig. 6 Result of EDX of LR-0727(2) coated specimen
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(b)

Fig. 7 SEM photograph after salt spray test in 7 hours of specimens
with LR-0317 coating. (a) 100 times, (b) 1,000 times of tetragon at (a)

-21 -



S-7007} LR-0317

T
T

d Aol

o}
=}

—~

1r

BTt LR-0727(1)7 LR-0727(2)

AT} WA o] %ol

T

ojo

o

- 22 -
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Fig. 8 Appearance after adhesion test.

)

2

(

-0727

(@), (¢) LR

enlargement of circle at

circle at (c)

_24_



LR-0727(1) LR-0727(2)

(@)

LR-0727(1) LR-0727(2)
(b)

Fig. 9 Stability test of LR-0727(1) and LR-0727(2) coated specimens.
(a) Heat treated specimen in 5 minutes at 190 C, (b) Specimen after

stability test in 4 days at 50 C with (a)
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Fig. 10 Appearance after adhesion test of heat treated specimen
during 5 minutes at 190 C. (a) LR-0727(1) coating, (b) enlargement
of circle at (a), (c) LR-0727(2) coating, (d) enlargement of circle at (c)
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1/6 1/2 1 3 5
Immersion time (hours) —

Fig. 11 Acid resistance test at R-‘T and 60 C of specimens with
LR-0727(1) and LR-0727(2) coating. (a) LR-0727(1) at R-T, (b)
LR-0727(2) at R-T, (c) LR-0727(1) at 60 C, (d) LR-0727(2) at 60 C
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Fig. 12+ 190 C, 5% €A 2|3 LR-0727(1)% LR-0727(2) =
= A3 60 T <A &HollA 1/6, 1/2, 1, 3 & 5A17J St A
AAZ & 2AE #FZT Aolth. HEZede Ave F %91491 A}l

Aol FAtk. =3I LR-0727(1)F LR-0727(2) =¥ &4L& 2l

714 o $Fetths A & 5 Ak

>
ol
s

1/6 1/2 1 3 5
Immersion time (hours)—

Fig. 12 Alkali resistance test of R-'T and 60 C of specimens with
LR-0727(1) and LR-0727(2) coating. (a) LR-0727(1) at R-T, (b)
LR-0727(2) at R'T, (c) LR-0727(1) at 60 T, (d) LR-0727(2) at 60 T
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1/6 1/2 1 3 5
Immersion time (hours)—

Fig. 13 Acid resistance test of R'T and 60 T of specimens with
LR-0727(1) and LR-0727(2) coating after stability test in 4 days at 50
C. (@) LR-0727(1) at R-T, (b) LR-0727(2) at R-T, (c) LR-0727(1) at 60
C, (d) LR-0727(2) at 60 C
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Immersion time (hours)—

Fig. 14 Alkali resistance test of R‘T and 60 C of specimens with
LR-0727(1) and LR-0727(2) coating after stability test in 4 days at 50
C. (@) LR-0727(1) at R-T, (b) LR-0727(2) at R-T, (c) LR-0727(1) at 60
C, (d) LR-0727(2) at 60 C
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Fig. 15 Appearance after 7 h in salt spray test using CR specimens
with LR-0727(1) coating
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Table 3 The average area(%) of rust during salt spray test

Heat treatment
temperature ()

120 130 140 150 160 ~ 210

Time (h)

1 0 0.07 0 0 0
2 0.24 0.22 0.03 0 0
3 0.62 0.62 0.20 0.05 0
4 1.18 1.27 0.37 0.13 0
5 1.76 212 0.58 0.20 0
6 2.86 2.72 0.90 0.30 0
7 422 3.50 1.28 0.47 0
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Fig. 17 Appearance of the specimens-heat treated at 160C(a), 170TC
(b), 180C(c) and 190C(d) after adhesion test. (by digital camera)

Fig. 18 Magnification of 50 times of Fig. 6 (a) (by microscope)
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