D

E
LICH.

L

=

S

ive

5
MZEXE HEAIGHA OF

O N

o
(e

2|

M

creat
commons

s

=

t

[¢]

LICt:

O M
st

)

C
MNERLEAlL A

ZHE Metor

() -
R0 =) il
- ol 4 i©
g % o3 o0
) E[o} o
4D e @
<+ o R
ol 0 % %
00 |
) Bz KT
Rr S =
%_ e s
I o m..__ -
o o O
r R RO
) - | e
30 <o S
o o L
o ~ il i
R 1S ol =
b L w
o pf = >
] o 0 =
¢ T @
+ ]
P, U
80 ol JIJ b
o W = IS)
@

X ESLICH

I 2t

tOd

ot |

[¢]

i

=

[¢

o]
lection

=

=

Disclaimer
O

5

N=AYH OE ol AHele /2 WEo 2
0l N2 0| =3 & 172 (Legal Code)



http://creativecommons.org/licenses/by-nc-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-sa/2.0/kr/

TEMHt: BrimX

TE o A4t olde] =X d 7|54
ARG dA R A5H7}

20124 2A
SBEBAEK KEP
TEALER

= & #



TEfRLE BArER

w2 Ao 4t ool =xH 154 YARAURY

T4 2 4537t

2012d" 2€



FHIES] THURL: B S

e S

201248 2



4

IEL Z] e eeere et ee e e et e e e e et e s s s e e s s aee e e

LiSt Of Figures 00 000 000 200 00 00 P00 00 000 00 000 00 000 200 000 000 000 00E S0
List Of Tables T
Abstract e e e see see ses see see See ses See See SEe ses See see SEe ses See see see ses See

A 2 %

2.1 micacl ar AulA ) o] E.ev.iiiiin
Sl
=

2.2. 52 [ HF=]

iii

v

2.2.1 A9 &3 (Barrier Effect) ocececetcceceeeeesimeneacieacas §
222 ¥ ¢t3 (Barrier Pigment Effect):-ocr-oceoevemeeeioreennn 6
2.2.3 F21A otg (Sacrificial Pigment) .................................... 7

224 AAA 715 K7 (Vehicle Enhancement): - ««««x«steeeseeeeeenees 7
J

2925 7] M OFE-iieaieeeninin.
I

2.26 ¥

2.3, W 9

2.3.2.

A 3%

31, A GF e

231.0F AFE2 O] Feeeeeininns
B oA

- 26

......................................... 26

311 le’lC phosphate Coated mlCaEq i{ﬂ]—}\é .............................. 26

3.1.2. 5,\‘7(] ‘g_l @ﬂ_xﬂ ...............

31,3, AJET A Ebeeeenernenene e et e e e

.......................................... 26

27



3.2 Zinc phosphate-coated mica WA@<tgeo] EAZH-vreer 28

I I N B P2 10
4.1 Zinc phosphate coated mica® A A I-eeeeeeee-30
4.1.1 H %7} Zinc phosphate coated mica Aol v X+ < gk---31

41.2 ¥+8-%74 pH”} Zinc phosphate coated mica Aol 1] X +=

.

ol
%% o

34
=7} Zinc phosphate coated mica Aol 1l &=

R Y
R TT £ 1 I R R TR o
| & Zinc phosphate coated mica ¢ ¥ &~

N
—_
)

o2
o I
o O oo

=~
N}
=

Ao Hu
ki
o H

o
o

o
ih
_\}_1‘



List of Figures

Figure 1. Schematic diagram of anti-corrosion coating formation **-6

Figure2. Barrier effect of flake type pigment:= = =resreeeeeeeea
Figure 3. The typical COrTOSIon cellsr-rr«=ssrrererrrmmememreiniineii a8
Figure 4. Schematic of frequency response analyzer::::««==csseeeeeeees 23
Figure 5. Zinc phosphate coated mica synthesis flow charts::------ 26
Figure 6. Impedance cells--«+txwerereereres ettt 28
Figure 7. FE-SEM images of ZP/mica prepared using the solutions
of 1.3M zinc nitrate and 1.4M phosphoric acid--+=+==+---+- 31
Figure 8. EDAX data of ZP/mica prepared using-the solutions of
1.3M zinc nitrate and 1.4M phosphoric acid:-----------32
Figure 9. XRD data of ZP/mica prepared using the solutions of 1.3M
zinc nitrate and 1.4M phosphoric acid «+-«=«sreeeeeeeer234
Figure 10. EDAX data ZP/mica prepared using the solutions of 1.3M
zine nitrate and 1.4M phosphoric acid, pH 5.0+ 35
Figurell.. XRD ‘data of ZP, ZP/mica prepared at different
temperatures and Mica: -« e sremseee e sioreeeesiinins 37

Figure 12. EIS data' of the-coatings unpigmented and pigmented with
mica and ZP/mlca(lnltlaD ....................................... 39

Figure 13. EIS data of the coatings unpigmented and pigmented with

mica and ZP/mica(lweek).cc--sseresereesosnrssserrsoeensnerenes 40
Figure 14. EIS date of the coatings (including Dispersing agent)

- 41
Figure 15. EIS data of ZP/mica (10Wt%6) s rxrrvrrerecreereeeeeeeeaq)
Figure 16. EIS data of ZP/mica 1wt% (70T )« esereeerreeeereeeeaqs
Figure 17. EIS data of ZP/mica 5wt% (70T ) - rserrereereeeeeeneeighy

Figure 18. EIS data of ZP/mica 10wWt% (707C ) ---srereerereeeeeeeaa46



List of Tables

Table 1 Chemical CompOSition Of mica....................................

Table 2 Properties Of some plgmel’lt teecetete sttt ettt st etesesssssennn




Preparation and evaluation of anticorrosive properties of zinc

phosphate-coated mica pigment

Yu Jin Lee

Department of Industrial Chemistry, Graduate school

Pukyong National University

Abstract

Organic coatings are-~widely used to protect. metal substrate from
corrosion via the electrochemical mechanism -or the barrier
mechanism. “In this work the _anticorrosive behavior of zinc
phosphate-coated = mica (ZP/mica). pigment was studied. Zinc
phosphate i1s one of the most commercially successful non-toxic
inhibitive ' pigments used in paint| formulations. And mica is widely
used lamellar pigment for anticorrosive coating. In order to improve
the protective action, the™ corrosion inhibition properties of zinc
phosphates and- micawere combined. The ZP/mica pigments were
prepared by deposition of zinc phosphate -on mica suing zinc nitrate
and phosphoric acid as starting materials for formation of zinc
phosphate. The organic coatings were formulated using epoxy resin
as binder and ZP/mica pigments and the pigment concentration
ranged from 1 to 10%. The scanning electron microscopy(SEM) and
x-ray diffraction(XRD) techniques were used to observe the
composition and morphology of the pigment. The corrosion inhibition
performance of the pigments was monitored using electrochemical
impedance spectroscopy technique(EIS). It found that the anticorrosive

performance of the ZP/mica pigment prepared at 70°C is the better



than that prepared at 20C and it may be ascribed to the difference in
chemical structure of zinc phosphate compounds prepared at different
temperatures. During corrosion test, the impedance of coatings
formulated with ZP/mica pigment prepared at 70C increased with
time. The inhibitive performance of coating was enhanced by

increasing the pigment content.
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Table 1. Chemical composition of mica
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Fig. 2 Barrier effect of flake type-pigment
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Table 2. Properties of some pigment
B B3 | Mg | pH | E6¥ | 8d= | 34T
9.1~10.
boreate 3.3~3.7 LN 0 20~30 | 0.2~0.4 3~15%
i hes 8.85 QXM 6.5 6 <0.001 -
BLSC 4.1 QX AH - 14 <0.01% -
Basic Zinc
5.06 ELEN: 6.5 14 <0.01% 5~15%
Molybdate
Basic Calcium
Zinc 3.0 ELEN: 8.5 18 - 2.5~10%
Molybdate
Basic Zinc
Molybdate/Ph 4.0 ELEN 518 14 <0.01% -
osphate
Basic
Calcium Zinc
3.0 HHAH 7.5 18 = 5~15%
Molybdate/Zin
¢ Phosphate
5~10%(57d
Zinc A)
Phosphate 5~ 15%(0.A
3.2 LIRS 7.5 25  |<0.01% 78
[Zn3(PO4)2-2Hs Al
0] 10~30%(X 3>
)
Aluminum
3.0 ELEN 6.5 30~37 1% -
Triphosphate
10~25%(H.
Zinc »80)
Hydroxy 3.9 ELEN: 7.0 18 0.04% 5~15% (44t
Phosphite g 84
£5)
Calcium 0.34~0.
2.65~2.71 ELEN: 10.1 27~41 10~20%
borosilicate 37%
Phosphosilic 26.0~ | 0.02~0.
2.97~3.01 ELEN: 7.0~8.3 2.5~15%
ate 53.5 037%
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| (Frequency Response Analyzer , FRA)
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Fig. 4. Schematic of frequency response analyzern
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4.1 Zinc phosphate coated micad A 23}

Zinc phosphateE mica¥ el W LstA =X3}7] 9afir thgs A
WS AEEAT. 2 FolA R 7]1€9 zinc phosphateE $HA 6=
Aol micas H7bste WAoRE HYo] FE PHI oW Zinc
phosphate coated mica $A-Al B2l A 7% HFE T AFS
Z1 g sk Aot

AA, A7A sE ¥etste] ddS sk Fig7el FE-SEM
= A3%= W mica’ YAl zinc phosphate’} E1 Y3 JHE =
HEo ds5s FUdE F U HeEpA BEr #dd 3"ES 93

zinc phosphate AFA ¢ FE= 1/108] 2350 AdS AP3t A

O!

XRD dataZ %34 %= zinc phosphate?] 4 5= o & 5+ gl
At kA EDAXE o] &3t  THEAS F4% A7, mica X
Hel ofd 1k At o] EA gtk A T

=4, 3 T2 pHE WSAAA A= dsidtt. 2oy #dE
coatingS ¢34 mica®} zinc phosphate®] AE}EElA

At Micad A9} zinc phospahte @ AFe] #7124 % =27 & pHol
M beSs AL RN coatinge FAE =l Utk

A, g2 EE Wsts AFS At 70T 2 Aol 23

= AP A3 g% 70T ARt XRD peak’} Bt &5 &Qled

_30_



4.1.1 %7} Zinc phosphate coated mica §A o "X &= g3

A3 AFAINE WY O R coating®] TIAS Eol7] YA
zinc phosphate®] A#]¢ FE2 /1082 wXFojx] AHS P&
sttt ATAY 2 w3 XRD ©lolE Aol A zine phosphate
peak2 T AEZR ottt wEkA mica EWe zinc phosphate?

o -5 gelslr] 98l EDAXE A3t Fig 5, 62 Y
watd TR X wE g Z=Z7 zinc-phosphate’} EA &S
FAF F I AFTA FEE FFAS W, BT dLdsA zinc
phosphate7} =¥ % mica” YAE @S = JS Ao=Z g o)
A x7F m g & A ¥ At mica®t zine phosphate?] EW H 7] A =7}
A3l Al mica: ¥ 9 zinc phosphate= =24 =X &R Fe Fo=g

e

_31_



20kV | 208x) 5P .0rm BE31 B2-p3-2010 20k Tkx 18.8sm EG38 B2-p3-20180

28kV 180k x 1.8vm BE2B B2-p3-2098

Fig. 7. FE-SEM images of ZP/mica prepared using the solutions

of 1.3M zinc nitrate and 1.4M phosphoric acid
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Element Weight% Atomic %

OK 53.88 67.99
Na K 0.68 0.60
Mg K 0.35 0.29
Al K 16.84 12.60

—- . W—— SLK 20.18 14.51
KK i L] 367
Fe K 8195 0.34
Total 100.00

2 4 L] A
Pk Scaie 4935 ctalCurgor 0000 | kev]

Element Weight% Atomic %

W K 58.57 72.40
Mg K v 8922
Al K 14:86 10.89
SBK 18.45 17299
P7K 0.65 0.39

e ———— — KK 4.07 2.06
Fe K 1.99 0.70
Zn K 1.18 0.36
Total 100.00

il Seale 304 ot Curgor 0.000 M-j

Fig. 8. EDAX data of ZP/mica prepared using the solutions

of 1.3M zinc nitrate and 1.4M phosphoric acid
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oA mica®t zinc phosphate?] A7|SA %= o= 7MF =ZA =
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Fig. 9. XRD data of ZP/mica prepared using the solutions

of 1.3M zinc nitrate and 1.4M phosphoric acid
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0 2 4 B &
[Full Scale 4535 cty Cursor D000 ke

Element Weight% Atomic %
0K 58.57 72.40
Mg K 0.27 0.22
Al K 14.86 10.89
51 K 18.45 12.99
P K 0.60 0.39
KK 4.07 2.06
HEe K 1.99 0.70
Zn K 1.18 0.36
Total 100

Element Weight% Atomic %
O K 53.88 67.99
Na K 0.88 0.60
Mg K 035 0.29
Al-K 16.84 12.60
St K 20.18 14.51
K.K 7211 3.67
Fe K 0.95 0.34
Total 100

Fig. 10. EDAX data ZP/mica prepared using the solutions

of 1.3M zinc nitrate and 1.4M phosphoric acid, pH 5.0
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Fig. 11. XRD data of ZP, ZP/mica prepared at different

temperatures and mica
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Impedance, ohm

Fig.
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10

| | |
®  coated mica 30wt%

=
101 ® coated mica 20wt%
= mica 30wt%
10" 3 v mica 20wt%
Ervvvvvvvvv+ S P9 Clear
10" 4 <Yy i VB
3 vaA
] iaalle. ‘
6 A
10 3 Iv < ‘
3 L DR
3 \2S.
i v ‘
10° 4/ — R T4 |
?lllllllll+llll+llll$ ."L VOY
10° 4 —— — 'll. 'r'
3] "] \
p ..
10° 4 — — q
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Frequency, Hz

12. EIS data of the coatings unpigmented and pigmented with

mica and ZP/mica(initial)
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Fig. 13. EIS data of the coatings unpigmented and pigmented with

mica and ZP/mica(1week).
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Impedance, Z/ohm
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Fig. 14. EIS date of ‘the coatings (including Dispersing agent)
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Impedance,ohm
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Fig. 15. EIS data of ZP/mica (10wt%)
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Impedance, ohm
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Fig. 16. EIS-data of ZP/mica 1wt% (70TC)
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Fig. 17. EIS data of ZP/mica 5wt% (70TC)
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Impedance, Z/ohm
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Fig. 18. EIS data of ZP/mica 10wt% (707C)
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