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Anti—-Corrosion Pigment by Impedance spectroscopy method
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A Study on the Corrosion Resistance of
Heavy Duty Anti-Corrosion Pigment by
Impedance Spectroscopy method

Sang-Ki, Chi

Department of Maritime Engineering, Graduate School.
Korea Maritime University

Abstract

The influence of pigment on the anti—corrosive properties of organic
coating was investigated. The heavy duty anti-corrosion coatings were
prepared with the resins such as alkyd and urethane, which are widely
used for anti—corrosive coatings. The typical anti—corrosive pigments were
zinc potassium chromate(ZPC), strontium chromate(STC) and Fe:Os.
Accelerated deterioration tests were carried out to evaluate the
anti—corrosive properties. During the deterioration tests, the coatings were
exposed to immersion condition, or accelerated weathering conditions of
xenon light irradiation in a Weather-O-Meter. The evaluation of the anti-

corrosive properties of coatings was performed by means of electrochemical
impedance spectroscopy. The relation between resin—pigment interaction
and anti—corrosive properties of coatings was also studied. The interaction
between resin and pigment was estimated from the sedimentation rate of



pigment in resin solution, which was measured by using a Dynometer.

The extent of interaction between resin and pigment was found to follow
the order : Fe:Os» ZPC) STC with alkyd, and Fe:Os3) ZPC)> STC with
urethane resin. It was found from the impedance measurements that the
anti—corrosive performance of coatings decreases with pigment used in the
order of ZPC) Fe:O3) STC. From these results, it seemed that
anti—corrosive properties of organic coating were affected by resin—pigment
interaction and other properties of pigment, such as passivating ability and
physical shape. It was also found that the coatings which were prepared
by same pigment with different resins revealed different anti—corrosive
properties, indicating that the properties of resin also influenced the
anti—corrosive performance of organic coatings.



o]

7EA AL 317]

Fo skt

°

[e)

=

44
S zHQ
=170

=

Z]
&

, 71

o] $2e Aol b wol AEHI AW, T Hjel
of Tl OEFE olel 7b WAy

WA e o A A 7HA

QLN

=

A7)

o 2

ojut

=

H T T OB R T
nE N M W e F o
- N
@ o EEH S o5 P ooy X
o — —
o X B oy S X TR -
l Moo = e I ofy
TN g X T
> T e adwn X
(g L o g7
<R = = B Ro o Al =
o A i A 3
ﬁwrar.%x%a%ﬂufw.%
T 0 T 2
= T % T T om0 s E
TI®zEaEe B o]
! 1 T K N oy 7E =) N i X0
~ i & O# | < i) o X 1 1* fils) -
@ TN & - A o T
= m o I w o
_ R oo w ™ o% Gy
) i G oy T
b = o| K K ofn o) Mﬁ it
T e ¥ r oy BEAT R
o Mo Mo i S E
R o B Mo % ¥ oo A
N o & o Y = o o mo
TR % T = % Z o ol
~ X S
o e e M 7T ok
S - S N R
Noxo oL X g B
Vo o O s xdx TR
oW T T oa R PoY o
EBET g M8 e ¥ 5 =
< ol ) 3
= L B T Ty T on
T ST I S AT L El
‘OI ﬂ X m ZT 1:_/| ‘|~! ‘Dl ‘uOl ‘umo
N A R o° woX T F
R W 3R

to] wa3lr] 9

)

3} 4

}A}

A7E it

1

)
p 4

1

of =

al



of o]

LN

=

F71

°©

9

s
=

HA = =3 A7t

0

M Bk o o X EJ O TORToF
| = r —_— o
e B B m# mE i qm. B - T = il S
o e ® . s B T of M) W =
wos m T T o = B . I T oT "
O s = o T B T
H = o —~ r ors ol o~ o
s o moRe w AT N
o ™ o — | R X —
™o R o . O o o R gy,
Ny T ek T D o P XAz
) o P s oo B2 o N &
o e EE g w X ar .
T W® e M R wom Jo = mm e
SR w Mo _ﬂ o) B W o =T T o
o) do = - &a MM m G o HUM_ $ r
a = N —
S ) TR S R T N ) RO <
w4 H 0 o R Moo oW H N
s =X iR T2Ex Tz
BRI X o o T g R
= = HLE < o — R
S o) e Ml fa M S
e P o4 % E oo W T M
= F oy T T g Mowm g oy o N
s R B R s W%
r ® 4 Cag I A I ) T T
= lm . X o ) o - s ™ R o N
= o s w WV % R o 1z GO
= i m R o o = = g ok T ™ op &
B W B € o o T o~ « El 8- BT R
N oy o mo SO W Ela o m o T B
. g H o= = o H h od T F oW OB R
‘Ul o) = [+ 3.; T ~ o el jald
DAR= R BV B~ R T X = 9% ~ B
o4 B " oy R = o S T 4 o=
< B oM OB IO IS W BN o
H O E T B T B o RM TR BT X ™
I N o T W OB R )

1

=
L

o & &

3Lt

o] HFAIE

]

12
CE R R cE =

1

T

gt

3}

=

=

Wi

=1}

Fel Aol
o]

O]

7

=
-

8ol

9

2 gE 5
q

S
L



p=2
o

2q14,15)

gt A

A

9]

1|

=3

Y

¢+

w
A
ry
0

0

0
_&O

de A Ao
Al =

©)

on

4r

R

o

0
_Z#O

A

EERE
BolA el o] & ol

[

blisters} &= blister® Urol# w3t/ dgsts AL olv <A n'?
Crel &4, &= #4919 Na'o] 497 nusw lrkh oA o

183 blister W9
Asari(GF)™

%

1

_fOﬁ

7] s}

-
1

atel st

2 7

o
= =

o

o
o
Ho

o]
Wﬁ

g etk @eA 9ol A

49

d

ke
T

HH

wr

)

A=
) .
9

1A

o

Zhell ¥

(e}

]

%
|2 Stk Bup AR =

Rk

-

T

1
o

2

°©

ol

atol Fefl

= blistertf ¢] pHE
[e}

Zhell &
o] Hojgkom Aol Bo] o]g =il vk I o]

o

“
3

571 9)

-

[€)

o =ut/m&HAHEAA A

A7 AP H e sk

1] O
= ©H
o

o] A
Al
=

3

22 R usdh =8 Kruger® < Ritter!”
Vb %

AWM o 2 Current Interrupter®

WA FE AE

o) 5
——O

=]

Fisher’Y Wm¥?=
by



24 77)8ke

AHE o] g5o] & A

=

)
'LO

o

o
2.2

[©)

=7 o]
a9tk 1 9o %= Acoustic Emission, %<
o] A=

p=2
[}

]

x° do W oM T T
ol T o OB g%
o o & ™ ' o _M 3 M T U N e W R ™
= X m oF B wa oF 8 - %o S K o o W OB -
4 o B W,; Bo K X o i of- T oo o . PR
- o) o )] K o T = o 5 -
B IO S <% L, 320
0 e T %O “ep mjn G = =
. vaﬁﬂWJmﬂ#&###&%#m
) PR oo o R P g e @ i oo
ol 5 2 & T 2 ow w EXICIN 7o
. T B om B X SR o E M
F® TR s AN = 5 % ol
0% o o =N T FIERe = H on o)
i ST 2 - R o
&= _ S = % & ow M= = IR - i
_ o) S — \lﬁ \I‘_,ﬂ . @] ﬁE —_ 3, o= N L.E ox o
= ) T e BE o S ° 2 ™ o
SR N %o N- = = = &
o N ® do oS < - < woo g
A B . SR RN I N s
voa CUSIRE 8 ™ £ ~ % =& M 75 8 ¢ - X go X
~ o W e o 3 Q= ) = —
T o L 8 S ow - T T ) s K7
ﬂmﬂzhﬁoﬂoﬂkﬂ6; 2 B 4 2 ==
o o P = 2w Eoe 0% T f RO
I S e s 3T &7 F L w e
P I TooopE R
T 5 E N ow X o 2§ 2N g or ®OF L
z 7w gﬂagﬂ;AnMa,mawaﬂm %
T & aﬂﬂmﬂ}éo_%.mﬂbmﬂﬁur%wi
Lf E e N 5) O_ — AL ~I =1 ~
%3.,&ﬁ_aﬂ%?ﬂ@ﬂﬂiq_glﬁoig T
N = ™ OH @ o W AT S X T =
N i ﬂu e ,_|n_ﬂ s W.l o Jl iy s.L —_ ok
Y E N g O N O T e R
O o OB M g Eo R i
NE g oo = .mg4yzﬂ§ﬁﬁq T o
e o~ <~ T '3 K o s oy H
o) S 5 o B ) 2 WX 5 X
<~ _ _ o i o = o X
Hmaéoﬂﬁu«ﬁag%1aré E° = NS
_ g ™ Yo W T o .m . .MI B ,Mﬁ J) w — m__/_.m WM Nfo
T 2 ! 8 <
ST Te g ElR S S T it
ﬂmﬁmocgﬂobfo#ﬂ%] mﬂr.mzd_:mﬂ?
Wm%gtﬂﬁaﬁw@m}tmﬁﬂmﬁ ﬂcﬂr%ﬁ
- T ~ T = [ ~ _ 0 —
I #m e 4 AR & o 5 Ewow o § T v o
B M T T SN N

3

o

-

i/ﬂ A

©)



zinc potassium chromate(ZPC), strontium chromate (STC),

Iron oxide red(Fe:O3E At-&3lth. EAGe] AR HE WA w=dol A A
AoJA o A TS A7 fste] X9 TR wE HAH Qi

of #3 FHE A& 5 Ao, o] AT AR NEE FEEC] EFA

A S B, AR E A V2 AREAM olSE & s Aotk



49 77

H,

2.1. =3 o3

ol

ERSIS

N

k2 vl 7F 7}

3

= A

ol
X
;O_l

J

1

e Rl I

o] £9] F3to]

F= gtk 28y Z7 T
A o] Folxitt, wteka] =437

o]
3]
=

I3

p=2
o

o 2

X3

s

(pinhole)
1

&

=
ol

of ¥
o]%

=13

Ly
a5

1

12-3}e)

0]
AR

o

4A S BAT HA
s

=
-

o
2]
=

S
A

1

)@ Aoy Wi o] &%}

AA AL

=

k-
o]

IS

A7} of

=
o

oR

_10_



5o

= o8 7HA

ojA 7 It

A7t gol AbgEh

B Aol e
of ul %A

o

N
1

el

1

—~
o

Jo
—_

Th
o)/

—_
o

% (High build type paint)

j
a

of

7

3&_

I dEEA glass flakeS o] &

)
o

il

—

_ZU

HA A s o] o F2h

8§ 3

e

Fef, o]zl =q o]

-
U o

5o uj

o]t FRP o]y o]

9o
o =

#2141, glass fabrics

o7F AgdA oIt 1

\=]
|

©.
S

I Ale = 7] ol

9]

o <]
L} glass flake'e 23 spray= 4o & glo]y

R=2
o

5 roller =%

il

b=jo] 917]

3.
H

of

+ red lead, lead

AA e e A5

7174 AETF Wol ARG AL

o))
=

9/]

=
[}
24 = zinc chromate S % A& a1

dioxide, lead cyanamide

5

Zinc rich paint’}

o] of

o -

ool

Ax%

o] X F o]t} Zinc rich painte

A

1
o

wol AMgE o]

=, o

2 o]FofA 3l

=]
AT

0
4r

o)

Zinc rich paint="%

Fef ofdellr 24

5|

A7k Ggo] ofslo] FARFFOR 2§

o] zinc rich paint&®=}o]

o

_11_



Adr

=K

Mo

B

Apolol =

e AT

Sl

#HA 9r}t. Fig. 19 71 #AE 2

o}
=

Adr

I

—~
o

e

2k 7]

o
T

Fol Fe(OH)27F ©t}. Fe(OH)+ vl

2=
U

olZe] 4

v

=
=

1=}
il

59

14 FeOOH, Fe.O3 - nH.O

9]

3 el 9

=3

(differential airation cell)¥]

9. gey wsl A

ol

oy

%0

hin

op

ol A EAy sk

1 7F 1701¢] Sblister= &

Z

ar

by

oF
N

A

)

Kl

g3ke] vhelslo]

4r

2]

"0

&+
NS

o
Nlo

ar

1

BH

Tod

dol 8757 Wi

A o]},

—
fite)

e
il
zo
o
!
L

W

.

FAND2e] g of

2.2.

Ho

Gt
<]
o)
ey

N
e
To

i
e

—;

NI

o

N
1
M#
-
o
iz
=
el
it

B
i

]

wjr

el

dr
]t

.

M
iz
N
4r
it

Tioh

_12_



7]_ =i

(e}

|

5o A4 3

=2

o
=

42

o =4

M
4r

2.3 RAA7 8 7z

N
4r
it

(1)
(2

nge
Red

—

nge

+

M — M

Ox
o= 4w

olo

AAr
Mr

o
ﬁo

Adr

(3)
(4)

_13_

icorr[QXD{ -(1- ﬂc)ncF<E7Ecorr)/RT}]

icorr[exlj {an.F(E-Ecorr)/RTV]

2 (3), 4oz Foz

la
le

1

7~1

A W ol A 9
7}

), A (D9
0%7] /\‘] iCOl'l'jL]— ECO/T

=

ol

-
R



)

o
e

X
)

ot
ol
=

hin
i)

o

11:}.

o 7]

[e]
_‘I

hid

PN
T

5)

(6)
o] ;5] X
(7)

(8)

3 o] whg)

[e)

-

o}
Folt}. whelA]

[}

-

T

o

A

=

te 2 (5)
[}
_14_

tol

O]

S

il

LN
o] RAAANA AHoz e

R,= A9
(ganaF/RT)icorr + {<17r}(,‘)nCF/RT}iCOTT

]/Rc(a) + ]/Rc(c) = J/Rc

= k/R,

ol
icorr
J/k = {ﬂana + (Jfgc)nc}F/RT

lcorrlexplaanaFn/RTY — expl-(I-a-)ndn/RTY]

icorr{ ganaF/RT - (1 - HC)nLF/RT}'\n

A HM=E~Ecor)® T}, 01714 1]

lex

Ai

1
o

n
A7k B3A

she] 27} of

S

FAe) FozA the 4o Fojxth

ki

7N



A7 k=
Stern-Geary2] 2lolgta E# A

i

=

"
]
o

Aol = o] &

wK

=
0

olo
A

"
ot
e

o

B

ox

A

oW

24 FAAY 571829 d9d

7}8]

=2
o

A7 82 2Abe] 2T

Sl

B
ey

o]
=

A

Zol 7}hFsit

-
R

Z)o 7 e

at

Aol T

s

718 22 2] 3

/

=i
=

S7H3 2

74 €]

™
~

Aol A dojrt=

<

il

.

ot

7 =2

24.1.

A St RE

Al
al

o

Fig. 2(a)¢} #o] vepd

=
=

32

-
ci

olty. 4 (13} 2o] R

bel

©2 10mV ©|&

Z]
&

e EC I E RO

p=2
[}

Fig. 2(a)9]

_15_



£l
4
jales
i3
i

solet Z4Ad ofe A Fakel wFE vkt 1 Q)
"o g | 2] FAVADSH 944 88 A3 Aolth Fig. 2
Helme] guus z= 4 (9o el & gtk

J = Rs + RC /(] - jr‘HRchz) (9)

A7IM we ZAFIg=2nf, f 1 FIF)olth AF o (o)l A= FHIA <
A 27F 1/wCag—02 = 7] wjFo AF+ Fig. 2(a) 2ol Ca®t RE &3
A Y A or §AAY R SAEHY. 3 AFIF (04 2
Aol dud vt g R Hol ARE RS RE F3lA4 227 wied R,
¢t RIF SAEY. aeRR AFuaee] dudset aFua] 2 9]

s AT RE T F Ak A7 SkellA HArgg

Rye ARSI oA AF-ANFA] vatAg 9(<10mV)e] 7]

i

L
F_L,

A
4
2
ot

719 AEste e E AFAIAz oAM= w0 we] a2 A A
olgt 4 k. uwEpA FFHEES, S=HEg ol HElelw Y &ETEANAE
R,-R.5 #t}.

WFPIE e A WY S Z= Nyquist plot?t Bode plot®] + 7FA7F
= Tt duby o g QJuyro] AFHE R FHFHEE Xl g

WRAHE A 75 A (10022 ZAHTG=V 1)

Z =R +jX (10)

ol

Nyquist plot& Z+5 35 wg Fever2 stal, dod s 79 A48 RS

= F5E XE T5o= sl EagmA linear scale® XA SHE WHHO



2 A 73l ofol| &= Cole-Cole plote]gbar Ea =i glt},

Bode plot2 350l Fi fo dig, E5d dIdz=e ddix (719 g
o A 85 Aste] F Y FAE 2FEAA EAISHE oIt o 7] A
Aduldzol Az |71, 94 6= 44 4 A1), 4 12)¢ 2o

| Z| =V R*+ X? (11)

o=—tan "' (%) (12)

T tE A S S g e SR olE Fig. 2 YEL
b

@4 Bode plot® Fig. 4o e} gl s} o] Fahysh dsd szt

2 BAHY) R NS A 98 FE QAT AFAEAN nFH57

A We wWele 9uusel WaE tehd £tk g%l et 54
%

Azkel w2 Fo R wskshs A9

thoold ASEFE =T A3 o] dydx 8 NAASFTE F F
o2 Zol7k Y= Al Wid d42 Bode plote] Zo] AHw@siria g 4 gl
ot kA 2 A= Bode plotoZ UEFU QAT

3. AW

_17_



31 A A4 Az

311 A59 FF

B oAgdE F9 mR Bol A8H I Ak e A%Y FHA @
57, olzAohilo|E B3ty $ABSAE AHgahsith

(1) S =AydFA 753 609 FH4 F7

o

Table. 1 o WeH AT

$-# g (Urethane)5=A : Byeriit 2] Desmophen A-160, OH% = 1.5

o] Al o}y o] E (Isocyanate) : Byeriil: ¢l Desmodur N-75, NCO% = 165

L FAER A Adudown wol AgHI i rEA 2

. Strontium
Chemical name

Zinc Potassium

Iron Oxide Red

Chromate (STC) | Chromate (ZPC) (Fez0s)
Chemical Formula SrCrOy K0 - 4Cr0s- FexO3
47n0 - 3H.0
Appearance Yellow powder Yellow powder Shade of red

Specific Gravity 3.8 3.8 5.1

Bulking value (m¢/g) 2.510.5 2.0£0.5 1.5+0.5
Oil absorption (m¢/100g) 24+2 22+2 24+5
pH (2g/150m¢) 8+1 6+1.5 7+0.5

Particle size (¢m) 0.3~6.0 0.3~0.8 0.1~0.2

Table. 1 Physical properties of anti—corrosion pigment used in

experiments
(5) Additive : t59] IAWH L =3
= 9 &l Bentone#382 AF-&3F3th. W2 ek

Ahg-3h et
3.12 A= Wi
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Ao
-

(1) Alkyd paint @ Alkyd +# %

[e)
o
£ 77 93 EX-1, EX-2, EX-39.2 7E9)

(2) Urethane paint : Urethane &% %

[e)
X3
7HAE 727 ¥ a1 EX-4, EX-5, EX-6o=

Aol =

!

= o)

= .

F= (color pigment),

ot 2k g Wi §Fe Table 20 4

L2 etg 3744

(color pigment), ¥2]¢ts 3

AAl gk vl g2 Table 3

of Yeti .
NO MATERIAL EX-1 EX-2 EX-3
1 Alkyd resin (oil length : 60) 65.45 — —
2 TiO2 R902 36.0 - —
3 4% Ca—naphtenate 1.0 — —
4 Combi #69(Co-Zr) 0.4 - —
5 Mektoxine 0.2 — -
6 Bentone#38 0.5 — -
7 Nuospers#657 0.2 — —
8 Mineral sprits 13.45 — —
9 STC 25.0 - -
10 ZPC - 25.0 -
1 Fe:03 - - 25.0
Total 142.2 142.2 142.2

Table. 2 Formulation of Alkyd Paint.
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NO MATERIAL EX-4 EX-5 EX-6
1 Desmophen A-160 46.1 — —
2 TiO2 R902 36.0 — —
3 Bentone #38 0.5 - -
4 Nuospers #657 0.2 — —
5 N-butyl acetate 5.8 — —
6 Xylene 175 — —
7 Desmodur N-75 11.1 - -
8 STC 25.0 - -
9 ZpPC - 25.0 -
10 FexO3 - - 25.0

Total 142.2 142.2 142.2

Table. 3 Formulation of Urethane Paint.

() & # 24 0 A7 wMiguE A4 2 AVHAE A H
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| €l &= (Methyl alcohol) &
A e dAdd AxAZ T ZF =82 oojg~A(Airless gun, Iwata
W-71, Japan)o.2 =F3Avt. dAF ZHE Temperature-humidity chamber

(Tenney engineering. INC.,, US.A)WelA 20T, 60%RHZ 1597+ AZA At}

Y
BN
ol

B of 50:5me] WAR AP on EuE e mur)
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Atk Asld &4 05M-NaCls AHE3tglaL, 59 WAL Tom'= 3
F o= 100kHzol A ImHz7b A AF3k 9] i~ g
=335kt B AT AF8H Impedance spectroscopys GP-1IB7F d4#
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diagram for degraded coated steels.
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Fig. 5. Block diagram of electric circuit for impedance measurement.
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Fig. 7. Scanning electron microscopy of anti-corrosion
pigments.
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pigments in alkyd resin.
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Fig. 11. Change of impedance characteristics with time

for Fe,O;-pigmented film exposed to 0.5M-NaCl
solution.(Alkyd resin)
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Fig. 13. Change of impedance characteristics with time

for STC-pigmented film exposed to 0.5M-NaCl
solution.(Urethane resin)
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Fig. 18. Change of impedance characteristics with time

for STC-pigmented film aged in Weather-O-meter.
(Alkyd resin)
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