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Evaluation of epoxy coatings' performance

by surface roughness and shape

LEE DONG HO

Department of Industrial Chemistry, Graduate school,

Pukyong National University

Abstract

Mechanical surface preparation has been the traditional approach
to preparing metal substrates for subsequent ‘coating systems.
Surface preparation methods vary from the most rudimentary hand
scraper to laser- beams.—The broad spectrum of tools available
suggests that surface preparation-is in faet a complex process and
therefore requires a good understanding of the mechanical surface
preparation process and job parameters that dictate the process.
As an aid in selecting the proper mechanical surface preparation
process, the following brief discussion of job parameters and
associated techniques is provided.

in this study, several abrasives were evaluated regarding their

effectiveness. Total of 5 different surface preparation process (3

- VIl -



different blast cleaning, 1 power tooling, no treatment) were
selected and each was evaluated in them of resultant surface
profile, subsequent coating qualities including long term corrosion
resistance, and other pros asnd cons. The effects of surface
profile on corrosion protection were examined by hygrothermal
cyclic immersion test and salt spray test. pull-off adhesion test,
creepage from scribe test, electrochemical impedance
spectroscopy(EIS) test were -carried-out to evaluate the effects of

surface profile the-results indicated that grit blast cleaning was the

best performance.

Keywords /. Surface /preparation, Blast cleaning, Power tooling,

Surface profile, Electrochemical impedance spectroscopy(EIS)
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Table 2. Hydrogen bond energy

- Energy _ Energy
4 3 9 4 3 9
(Kcal/mol) (Kcal/mol)
Alcohol Chloroform
CH30-H---OCHs 6.05 Cl3H---O=C(CHz3)» 2.5
CH30-H:--O(Et)2 2.5 Clz—H--N(Et)3 4.0
CH30-H---N(Et)3 3.0 Cls—H:--O(Et)2 6.0
Amide 3.6 Acid 7.06
Amine
PhoN-H-O(C.Ho):
’ o( o). 2.3 H-O-H--OH, 5.0
F-H---F-H 6.8
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Fig 6. In case of resistor, Graphs of instantaneous voltage
and current vs. time t (above)

Rotor diagram ; current and voltage in phase (below)
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Fig 7. In case of capacitor, graphs of-instantaneous voltage
and current vs. time t (above)

Rotor diagram ; current leads voltage by 90° (below)
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AX AEstd kg R dvds ZE 4 18R vekd F 9l
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R cr B ® Rp” Cy (18)
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SAY Ret o] AFatel aipvbpol . xFH 3 Y deo Fej= e
ur S Fakg Gl Fakg 2R CA(H7] 2535)0] 71=7]
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r
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I
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g
oy
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A A% Rs 3} Hstol
B3 F3E Foe golA Fikg e Cd(HY) 253 99
-90° Werow A%l ATk mekA Fig. 9(c) o ol AFaR-ol A
ALz G FAAY Rs 7 Aol FAF RetFol Hn nF s
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(a, b) Nyquist plot (cartesian co-ordinate)

Impedance Z=a-jb
resistive component | a=r cos@

reactive component b=t sin&@

L b
Bode plot (polar co-ordinates)
—6 Modulus of impedance ¥ = ‘Z‘ = a +b*
- Phage angle = tan_l(—b/ a)

Fig 8. Definition of impedance relationships in both nyquist plot

(cartesian co-ordinate) and bode plot (polar co—ordinates)

_28_



Rs Ret

| Cdi [
—

(a)
F
g
&
Iy o=2"_
% / =1 ReCl
B v
«— Rs r R]J >

real impedance, 27 (Q)
High frequency : Z"— 0, Z'—> Rs
Low frequency : Z7' =0, Z72 R: + Ry

(b)

e
LoglZ!l g

Rp+Rs

e i “=~d 0o

(c)

Fig 9. (a) Equivalent circuit to present a simple electrochemical
system
(b) Nyquist plot for a simple electrochemical system

(c) Bode plot for a simple electrochemical system
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usm o . : » / resistance
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generator x ]\ imaginary
, resistance

multipliers averagers

Fig 10. Simplified schematic of a frequency response analyzer [7]
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Fig 11. Evolution of Nyquist plot and equivalent circuit as a
function of painted steel's degradation.
(a) capacitive behaviour (b) one semi-circle

(c) two semi-circles (d) 45° to real impedance axis
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3. Ay =

3.1 AlgH A

H |+ 150 x 70 x 2.0mm) 719 CR mild steel A|&HS
APEEIAT. B dAAEl e &7 & ¥, ofg Table 33 #o] 4FF

o] abrasiveE ©]§3l9] WA F alcoholZ w|A o]EHAE A A33
3, FAAE X 4 AR Tgstel 5 5EFE 3%tk Abrasive
o) F/4-& Fig, 120 Yepdth A gHe S 2ol 72 485

epoxy LR (HEd v s}k ik, F2A4: KER3001 X 75, %34l KCA2230 X
7008 AHEte] Fig. 133 o] =S, §ABAS 98 clear=4S

st & == 180£10me = AFstior Eupe] ebd AskE

¥71e] HoA grit large size= GL grit small sizei= GS= 3%7]3FH shot
ball& SB= 3%7]3}t). 18]al power toold] 79+ PTE ZWATE s}

A k& 79-E standard 9JW]91 STR 3%7]3}31T.
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Table 3. Properties of Surface preparation.

Methods of ':aurface Type Size Remarks
preparation
. 0.4mm (GS)
Grit
Blast 0.8mm (GL)
Shot ball | 0.5mm (SB)
Power tool s i (PT)
wheel
No treatment - - (5T)

PT

Fig 12. Type of abrasive.

GL

Fig 13. Coated panel.
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3.2.1 Hygrothermal cyclic immersion test

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

ings Using Water Immersion)S #+%3le] =345 A|dHS ofd Fig. 1
59 o] 25T (F=)~85T(Tgol’dh e &=x7 cycleZ 0.5% NaCl&
(ASTM D 1193 typed)oll HAeh= AldES F st =9ke] Tge of
# Fig. 16 455 A4 18z} o] 52.36CE SHESH TgE X

Fete 26TCT(H2)~85CT(Tgel’dhel 2=HAXHoRE cycles AN

J__,:_:__
ok B AFo A= 2cycle 712 FJAA]

dF wF AvEs 245
om Teycle FAZRAANY F A NP B PP 2

ST HAAAE -2 Fige- 14l Yebdll chamberoff A 453H28 cycle) %!
A=
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Fig 14. The equipment of Hygrothermal cyclic immersion test.

80 ¥

70 F

60 b

50
- EiIS measurement

40t

30 \

20 |-

Temperature (°C)

10

i ] " 1 i i A i " 1 s 1 Il i 1 i J

0 2 4 6 8 10 12 14 16 18
Time (hrs)

Fig 15. Heating cycle used in the hygrothermal cyclic immersion test.
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3.2.2 Salt spray test

ASTM B 117(Standard Practice for Operating Salt Spray (Fog) Ap

paratus)S FZ3}9] salt spray testE Z &SIt} Salt spray test™

Fedol == o WA T Brteked P g ol R EH =
H A& Ho] chamberolA A& o= 4583 salt fog

Aol wmZErh Aol AFEE = salt fog& 92 0.5N NaClg-of o]

2 gAEH R ATl E 521 AdHd

olegf] Fig. 17 ¢} o] scribeE 7}t 3 Fig. 18 YEFH chambero] A

o
=g
o))

S

o
®

=

=
rfo
H
rir
w
3
@)

salt spray test® ¥ 557%F X sk3it}y. wHAAd 52 scribe= F-E creepage

£ 2A%o2A Bet g,

20 (5491 : mim]

0.05 mm 5 [A)

2 mm = [B]

20 b0 20

Fig 17. Schematic of scribe on panel.
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Fig 18. The equipment of Salt spray test.

W QuEs S 30T PAS ofgste] ABsG=H ALRE working
electrode, graphite ba"r:.%t.-co_ur_i_‘ge‘r eleCt_rOde,"calorri'el" .electrode(SCE)-%
reference electrode® ARg-sl3iTE =4 .’E}HPE electrochemical impedance
spectroscopy FRA 1260, dielectric interface 1296 (solartron jit)S o]-&

St U Table 404 s Jyds 54 215 A8 YeERRIth

_42_



Table 4. Detailed conditions of AC Impedance Measurement.

Measurement solution

0.5 N NaCl solution

Measurement area 119 em?
Measurement point 5 point/decade
Frequency range 100kHz ~ 10mHz

Amplitude AC 50mV
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ASTM D 4541(Standard Test Method for Pull-Off Strength of Coatings
Using Portable Adhesion Testers)< %3} hygrothermal cyclic
immersion test A-§ =23 AXWA Alolo] FAH wWstE #EeIGlth
574 W& PA-0608 PosiTest AT-C (Defelsko iit)E o]&3kalem
AE B34S Fig. 199 YeR AT

Fig 19. The process of Pull-off adhesion test.
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3.5 Creepage analysis

ASTM D7087(Standard Test Method for an Imaging Technique to Measure
Rust Creepage at Scribe on Coated Test Panels Subjected to Corrosive
Environments)& FFEsto] 415 WGt o] AW 724 Aol =

M50D)elA =59

= & = 9 film Alg3H] 9+ scribed}l(NORSOK

£ scribe

@]

-

D

D

o]

Q)

[0je]

(@)

X
12
Lo
I
o
o
i
il
rir
2y
1%
ol
rE
S
v}
f—
-~
>,
o
B
=2
X

Average scribe creep - a =

T= (di+dz2+..+dn)
n

Where, * Pl 7 - NORSOK M-501

Fig 20. Corrosion creepage analysis.
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IFM(Fig. 21)
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[FMe &3 9o == 9 IS delsiion o245 ¢ GL, GS, PT

2o Al o 23l vld Blad - Ao o dE A

alicona

IMFINITE

Fig 21. Infinite Focus Measurement (IFM).

1.4314mm

Fig 22. IFM image of small grit treatment.
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iy

_ 431 dmm

1.4314un

Fig 24. IFM image of shot ball treatment.

_48_




Fig 25. [IFM image of power tool treatment.

1. 431dmm

1.4314um

1

\;.0859111*1\

\0g5
3

Fig 26. IFM image of no treatment.
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Table 5. Surface texture of roughness dataset.

GS 3.63 35.61 41.66 77.27
GL 3.30 52.40 201.46 253.87
SB 1.30 14.14 9.86 24.00
PT 3.33 61.73 63.29 125.02
ST 0.35 4.55 2.56 7.10
Sp

¥' Sa : Average height of selectedarea (/@) | [

¥’ Sp : Maximum peak height of selected area (/m) [\ [\ g

¥" Sv : Maximum valley depth of selected area (/#m) \/ \

¥' Sz : Maximum height of selected area (/@) \/

--------- S Sz:Sv+Sp

Direction of Impact

Bieel
GHI

‘\\

\\

Fig 27. Blasting action of steel abrasive.
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4.2 F28 Ag A (Pull-off test)

WA, U, kR B $5E A5 b mubelehn axete)
qug wawe] SuE o 1 4w A Wi R
%, mupo] £AE A nEa/] ARAE 1 aAe] FEsA 2F

O

5o}
49l wAYZele & % vk,

2 Ao 457H28cyele)d hygrothermal cyclic immersion test
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Z7] B24 72 GS, GL, PTZ7 | ¢ 4~5Mpa® H|uE E9Lom
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Fig 29. Adhesion test(pull off) result.
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Initial 28cycle

Fig 30. Photographs of typical fracture modes observed

after pull off adhesion test.
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4.3 Corrosion creepage from scribe 23}

Salt spray chamberolX 557F w=3kA)8] & X2 XA (creepage)i- <
3 5 A g AR A3l Fig. 319 5 HIABEE
et AT = HPAAE tigh X = Table 60 HERfglon F244
I w7 R GSEA Y w5 HH ARV M AE5S 2 5 A
R GLE A PTRAE we Fd= Blen ST, sBxde 44+

HaLA % o] 28 Sl AT

e - | — o — S e
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Fig 31. Photographs of corrosion creepage.
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4.4.2 Shot ball blasting(SB) ¥HA & %719 EISZA#%
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Fig 34. Bode modulus plot of the EIS data of SB.
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(a) (b)

Fig35. blistering of shot ball blasting treatment.

4.4.3 Power tool(PT) ¥ g A9 EISA
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Fig 36. Bode modulus plot of the EIS data of PT-1.
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Fig 40. Bodé modulus plot of the EIS data'of GL
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