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Study of zinc contents on

inorganic zinc-rich coating system

Seung-A Lee

Department of Industrial Chemistry, Graduate school,

Pukyong National University

Abstract

Inorganic /coating are widely used to control the corrosion of metal.
The main | function of anticorrosive coating 1S to prevent corrosive
agents, such as water or oxygen, from contacting the underlying metal
substrate. In, addition, the inorganic| coating function as high resistance
between anode- and .cathode of local corrosion cell. The anticorrosive
performance of inorganic coating -can- be obtained by the functions of
binder and pigment, and latter-is-known-to be more important.

Inorgainc zinc-rich primer, top coat(epoxy) were tested on their
electrochemical characteristics with EIS.

First, ethyl silicate and zinc wt.2%6 Content by applying a primer, and
then was applied followed by a subsequent epoxy.

Zinc content in order to study the characteristics of the cathodic
protection to the open circuit potentials were measured, and the

corrosion protection coating system to study the performance of the

_Vi_



AC impedance was measured.

Artificial sea water immersion test and continuous neutral salt spray
test were conducted find out deteriorations of the coating system
during 40 days. In addition, corrosion potentials of zinc-rich were
measured to figure out whether the steel was cathodic protected.

As a result, the passage of time according to an accelerated aging test
as applied to inorganic zinc-rich primer according to the increase in
the zinc content of the cathodic protection coating system

characteristics and the correlation between could research.

Keyword ! @ inorginc .coating, zinc-—rich primers, electrochemical

properties. EIS, corrosion potential
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Condition of steel at different potentials (1 vwoit=1000 mV)
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Coil : © = +90°
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Fig.8. Equivalent circuit of organic coating.

$eo] SUkslE AHE T C. Coating capacitance,” Cy2  Hha]d
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D Coating capacitance. C.
Coating capacitance= T2 2 (19)¥% o] Fojzit},

= ee,A/d (19)

c

e E=199] dielectric constant®] i gy= R & oA 2] permittivity (8.86 X

b owube WA, a@3n b FAE Je fjRRe

10 ¥F/Cm)o] 1L, Ax= H A
Tuke FAAS gho]l 3740Anh =u o] &9 dfake] 54 W CE

obelel 4 2% 2.

X, =log (C,/C,)/[log80 (20)

@ Coating resistance, R,
R= As|de] F3lo] )3 Axt2 A7]= pore resistance® HE A

p -

o,
off
ol

W ke At wel wmuke] Adto A v|lE ) whebA AA] mWel| 2%

poret} capillary channel?} #AE+= Ao = 2] (21)= e

R, =d/kNA, (1)

o714 k&= A Ee dEEo]al N channel®] 4=¢]™ A.i= channel®] ¥



o @A, di= channel®] ZolE UEIU& 3oz ZubEAlel Ao dafd
o] Ao ool A (22)¢ o] & 4 Utk

R, =d/kA (22)

71 A =AW AAE deke Aoz 4 QDI @2 ek A (23)

R,;/R, = NA;/ A (23)

ot
o
30,
T

NA. / A+ =959 porosity St el =gl o2 A7t

@ Double layer capacitance, Cy

T Z=uke] pores S LnE:E WA vk H A M A FAIE 4 L7
H

of W HA A= Cooll odl-2 425
Ay, =Cy/ Cc?z (24)
C’y 8 specific double layer capacitance® on|dtE= o2 ZAAH o 7=

A e 249 capacitanceE UEIYE Aom =A

oS 5
S AR Ca T Eoe] Heude 73 5 vk
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@ Charge transfer resistance, R

charge transfer resistancez}

Ry

2 2] (25) <4l

s le)
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7] 12 e Aol FHE btk szt wWEs Fui S94R 5
SN R, 3} ARIFAT R o 3] AFEsh mFoe] 0%

SERE 7 Fohg GGel A Fake 2GR Cu(A] 253)e o)
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(as 'b) 4 z iz
Cartesian co-ordinates (Nyquist plot)
Impedance Z=a-jb
Resistive component a=rcos 6
/ Reactive component b=r sin &
b

Polar co-ordinates (Bode plot)

Meodulus of impedance r=/7Z /=4 az +h?

Phase angle O=tan! (-b/a)

Fig. 9. Definition of impedance relationships in both Cartesian

coordinates (a, b) and polar coordinates (r, 8).
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High frequency : 27" —=0, & —=R,
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Fig. 10. The simple electrochemical system (a) Nyquist plot
and (b) Bode plot
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=== ghE 2440
I (Frequency Response Analyzer , FRA)
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(system)
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x(® : 8= &l S (perturbating signal) S) : TAX| S=H &1 5(cell response signal)

Fig. 11. Schematic of frequency response analyzer
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Fig. 12. The arrangement of experiment equipment for electrochemical

impedance spectroscopy

_33_



2.5
54 &
= oﬂ tq‘E
2o @ 9
59
gram

W
5 i
= M 6N s
—~ g ﬁo \Hm O_E
o Mﬂ“ M_; 3 T T
LS = o 3 g o
! 3
_— NN Wﬂ /ﬂnv\ mmO @ ﬁl W =
17rA ] e =1 o K S = ‘;In,a o =
LM T oo aa B 3 o
a4 < T Y K = M = < WA
P~ o No %o ~ i ] i < niJ r ol
_wo7ﬂe§% ﬂa%ﬂ} i
o O Nr w@u ) =y J) il 23 mo = A_/T m B RO -
0 G 0 S A W OF Rl - 1n_,.rm _ VL ) T
=T = W 6 g2 o g S i T = <
WL n_mu o GUN o w & G < M - -~ Wl o
Wﬂ w_f s _IT \mﬂ_ Ewm Erl Z_I TR H_W r o ~ HO oase
R o = T K — B 0 o <
W o3E & p s i - o P = %0 ™ o
ﬂmgwgwpﬂ %mwﬂthlﬂu Ca
= =z = 5
oF T AR =y ﬁw ol 5 9 5 2} % Mﬁ M o
@ﬂl# o g g e oo p%q & F
ﬁo E.rl ) E W an] o oy ﬂ_dw :i o A OT — :'L
> 3 M A € E - X | 9 = T =2 n
o K B HH N o X g o g B = <HOM i
i i 0N il CTC X3 X W P =
0 =T T H o =al &£ el 5 N m.f o W W_ plo X
<] = '~ | =) mﬂ & CR e Mo % ,.ﬂArm - y ) m.m
Uy B N < m.:u\ o o ‘W‘UWE N N = o 5 y JME = X
2 o q 760 -~ A Bl oL W Lm W 1_,_A.n = =)
oH 1rE EE =~ < ,UI N i = S B X© S J
Y i ) ) z U - = B ) 1
%?é@ﬂ)qﬂagqg_HQﬁﬂMkS
£ 5oz Eoiqh S 7 g
Ewm S ,.I,Or.._ = m MM Lm ﬂW %O ) o TH w \LWL o
5 Gr o o e m = o k- =] mﬂ AL S} = G B -
~o — AT Oﬁ Zl ~ ] < N _ E A
N T = T = g < Ao W i % Ck o —
w%@uﬁ.m (A L___floﬂyg
@wmmﬂ@uqmpqovm
%ONHM %ﬂ%mﬂﬁﬂ
=< - o} = —_— =) —_ —_—
ﬂmu_ﬂ%gwl m%w@
Ur e T B8 g
niJ ) <0 R o o Ay
=3 M & %
Oﬁ mw_ o5 OT =
Bo = °
il
il

]

[e]
LS

=

V1ol

o

1—01
e 2]
ol

[e]

ko)

\

WE
ﬁv;}‘ég_
0=
Bo

de plotol] A&
= A F
= e
T o o
O__'Oﬂ EH

7]1’:‘@71'g i

Z

Rea

- 34 -

A 9]

5+

.
o
= 7HA

al
N
yquis
t plotoll A =
- 2 2=
E‘,‘i
%3

7]§‘T_SL
=1 }\]z\—Eﬂ
DO]]/H .
TA]



o

Azl Zgatetel whet

o]
A

¢+
Y

X
o

0SS

|

HA v} Fig. 139 @l vebdl wpep o] Iuhe] 3le] we} Bode ploto]

IS

9

3tAl ¥ 12 Nyquist plot

A

g4y

ol

7

o
=

|

7

s

0]

Fig. 13¢]

Aol T4

Ju

= =
= )

7d%-, Bode plot¥} Nyquist plot
AEel-A H

YERH T

29 A%F 3 wet area 2

=

=

Aeh20]. o
@3 & 2

el

X
ol

o<

+
ae
,.mo

oj
K
B

ol

71l

g el SHo] dojA7] = gt

}

k)
T

€]

o Nyquist plot 2]

)

5

e 2

]

o] Al

[e)

[e}
H 45°2 2871+ diffusion tailS 2=

P

R

H

S

o

g

of

1Ho

oy
A

o)
=
~o

—
o

offy

3t

% 3}

o et

!

]_O

H
pia

el 7= s oH21].

_35_

=

olngl o) HH ofZE A%

A TFZEA GAY A2

system®]



Coating Bode plot Nyquist plot

Fig. 13. Evolution of Nyquist plot, Bode plot and equivalent circuit

as a function of painted steel degradation.
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3. 23

3.1 A=A A

AlgHL 150x70mm =7], 0.3 CR 43S AFE3 A, oEd x4 =

3l % grit blasting© 2 Sa 259 ZWA#E AAsGHTable. 1). A1¥
HL Airless sprayE ©]|£3}9] ethyl silicate®} zinc dust wt.% 3SF=Fd

sl st=E =l epoxyE FE5 =SS THTable. 2). =1

Table. 1. Specimens preparation.

Specimens preparation
Substrate 150X 70mm-(0.3") CR
Preparation Blasting Sa 2.5
Coating method Airless spray
Thickness 150 £ 10gm coating
Curing condition 1 week at room temperature




Table. 2. The coating specification.

Specification Coating type DFT (ym)
Inorganic zinc-rich 70 £ 5

1% coat
Epoxy mist coat 20 £ 5
2m coat Epoxy 5 = 5
Total 150+ 10

Table. 3. Different contents of zinc dust.

(by-weight of total solid)

90 wt.% 65 wt.% 75 wt.% 85 wt.%

Binder 47 41 32 23
Zinc dust 53 99 68 77
Total 100 100 100 100
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3.2 7t&<E3AE

321 EFEFA¥

ASTM B 117(Standard Practice for Operating Salt Spray (Fog) Apparatus)
o Fate] AFEFAE S AYsAtt AFETFAES Adur] FAEd =&
e B Wades grksked b g olgH e AdieR, =4
AlgdA o] chamberlol A A&HH 02 F&3 salt fogdtdol] =ZHTh Al E ol
AFEE = salt fog&2-05M NaClg&dolH chamberd] &%+ 3HCTE 4
Hoh & AT S 02 7 e A Es A # sk (Fig. 14).

322 AFAANAE

ASTM D 870(Standard Practice for Testing Water Resistance of Coatings

Using Water Immersion)dll w8t E=&E ANdHS 40T Y AdFal(ASTM
D 114Dell A ke Aghs ddstin. IAANdS BZHe) ¥4 ss 27t
st REAoR o] BE MR &0 g 0T JATHTE AL
W ol2se] HFstel mutel wshrh APH RS o] F7tste]

l?-‘__
Agte] WA Bk ¥ AFlAE F 09 o] HRAAANDL Askel
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7VsdtthsE Aol At B Ao ALg3 AH] = Solatron FRA1260E Ab

Table. 4. Measurement conditions. (by OCP)

Open-—circuit voltage measurement

Rest time 30min

Limit dER/dt ImV/h
dtR 1point/0.5s
electrolyte 0.5M-Na(Cl
Reference electrode Ag/AgCl
Counter electrode Graphite

Working electrode Sample
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s H4e 3dFHon AT A &AL 05M-NaCle A}
3 100kHz ~10mHz7}A] A 53}

g
Ao Abg¥ d¥d~E Solatron

719 thsh 9144 6% ®ASE bode
@3 AFAAANR) Aol w2 59 vtk SA4e ANad S4RsE

ey

Table. 5. Measurement conditions. (by EIS)

Electrochemical impedance spectroscopy

Measurement- points 5/decade
Frequeney range 100kHz = 10mHz
Applied amplitude AC 50mV

electrolyte 0.5M-Na(Cl

Reference electrode Ag/AgCl
Counter electrode Graphite
Working electrode Sample




333 =9 734 N

ASTM D 4541(Standard Test Method for Pull-Off Strength of Coatin
gs Using Portable Adhesion Testers)S FZx3&to] 715E3AE d - &
Sty A Abol o] B wsts: etk 54 ¥l PA-0608 Pos
iTest AT-C (Defelsko jit)E °o]&3td o™ A3 4S5 Fig. 169 e
RIS

Pull Force

[T Test Dolly

Adhesive
Coating 3
Coating 2
Coating 1
Substrate

%
.

Fig. 16. The process of Pull-off adhesion test.
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Fig. 17. Evaluation of the corrosion potential E., with
immersion time for the coating with

different content of zinc dust.
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Fig. 18. Evaluation of the corrosion potential E., with
salt spray time for the coating with

different content of zinc dust.

_46_



g M= Ay ¥3l

412 7F&£E3AF9 ot

o

]

R

3}
UEFN QITE Fig. 19014 debd s}

B
L

CERE

(65 wt.%),

T

=
=

A F2497F 1000mV

&

~R

il
il
A
3R

&
&

Jepst,

3= 7HEEHA

B
=

1

o] nr} wE =

o

ol A 30 ©

A1

a3l

- 47 -



(mV AgiAgCl)
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Fig. 19. Evaluation of the corrosion potential E.. With
immersion and salt spray time for

the content of zinc dust (65 wt.%).
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55 wt.%ol A 21E+7Q-cm? 65 wt.2%°lA 14E+8Q-cm’ 75 wt.%ol A
85E+8Q-cm?, 85 wt. %014 9.1E+8Q-cm’e] @< JERH 55 wt.%d o
=33 AR AAE Roln, 65 75 85 wt.% dAE 12 A5 AE 7
Aatadrh,
a#ze] Ao A 65 wt%oldel ofd FEFo AlFHAAE AT~
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Fig. 20. Bode modulus plot of the initial EIS data of

immersion time for the coating with

different content of zinc dust.
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Fig. 21. Bode modulus plot of the EIS data after 40days
immersion time for the coating with

different content of zinc dust.
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Fig. 22. Bode modulus plot of the initial EIS data of
salt spray time for the coating with

different content of zinc dust.
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Fig. 23. Bode modulus plot of the EIS data after 40days
salt spray time for the coating with

different content of zinc dust.
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Fig. 24. Change of impedance magnitude(at 0.01Hz) with
immersion time for the coating with

different content of zinc dust.
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Fig. 25. Change of impedance magnitude(at 0.01Hz) with
salt spray time for the coating with

different content of zinc dust.
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4.3 &4 Ad 23 (Pull-Off test)
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Table. 6. Adhesive strengths of the coating with

different content of zinc dust.

(¢ : MPa)
Imersion test
Zinc 55 wt.% 65 wt.% 75 wt.% 85 wt.%
Initial 7.49 7.58 7.16 5.22
After
5.87 5.94 5.56 3.15
(40days)
Salt spray test
Zinc 55 wt.% 65 wt.% 75 wt.% 85 wt.%
Initial 7.85 7.76 7.32 5.15
After
6.35 6.23 5.86 3.12
(40days)
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Salt spray test
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Fig. 27. Change of adhesive strengths of salt spray time

for the coating with different content of zinc dust.
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