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A study on affecting factors by using dolly
in coating adhesion test
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Establishment of adhesion strength measurement procedure for marine epoxy coatings was conducted in
order to ensure reliability of the test results. It was found that (1) the increase in thickness of the substrates
would induce increase of pull-off strength. Especially, the increase in adhesion strength with the substrate
thickness increment was attributed to the transition of stress mode to the pure tensile mode excluding bending
effect. (2) The longer curing time, the higher pull-off strength. It may be due to higher cross-linking density
of the coating (3) The pull-off strength increases as coating thickness increases due to the diminishment
of bending effect (4) The longer drying time after water immersion, the higher pull-off strength. It may
be due to the evaporation of water molecule at the coating-substrate interface.

Keywords :

coating, pull-off strength, epoxy, polyamide

)

o

}\] X< El oﬂ /\1

2
e
e
i

>,\I l"kﬂz
rlo

Mo b
NI

2
2.]_«4
o
1
5

30

"
b}
-

-

r

B
N

=

oy
O _15 é
o

(

v

§2 FHrlr o
o

o

1

)

o

e
b ooz L
o |
Q2
z
ki ol
10,
ogt H
o J
mor
PN
N
i =

Y d

e
2

1=}

rlo

% T

4l

o
oo B

4o, M
£ oot o By fo mo

p
s
E
oty
X

21kA 0 2 ASTM D4541V 6] A|A]
A7) e El%— ol gl =

M501, NACE TG26SJ+ 2o A oﬂﬂ%

' Corresponding author: bighostel@hhi.co.kr

186

< Table 13} o] FgskaL it
Tk A A7k ok Foof uhe
5] WA Aol st 2zt o
[SO4624M = =2 4 HE
(Round Cutting) & ##at1 9ok, ASTM D4541L- o]
off st 9% FASte, =ut -2k 7} A] thekst ok
QxS o& F-2He o7} A WAyE 4=
4 Slth

wehA] 2 A te A= ok
3pAZE, wut %ﬂﬂ 2 g A

Fze oﬂ
HA F

_|1m

b w20l ek T

6]0. 0
AEa =

RE:



A STUDY ON AFFECTING FACTORS BY USING DOLLY IN COATING ADHESION TEST

Table 1. Requirement of coating adhesion according to international specifications

Substrate . . I
Standard thickness Coating thickness Criteria
Adhesion failure > 3.5 MPa
MO PSPC 3 mm 320 um Cohesion failure > 3.0 MPa
Min. 5.0 MPa
NORSOK M501 - 280 wum (Max. 50% reduction
from original value)
NACE TG263 6.4 mm - Min. 3.4MPa

Table 2. Specimens preparation with film thickness and curing time

Paint(curing type) Substrate thickness Coating thickness Curing time
- Polyamine-cured epoxy 1.6~25mm 320um Room Temp.: 2weeks
- Polyamine-cured epoxy
- Amine-adduct epoxy 3mm 300um 23C, 1 ~ 28days
- Polyamide-cured epoxy
- Polyamine-cured epoxy 70~
- Amine-adduct epoxy 3mm Room Temp.: 2weeks
. 500 ¢m
- Polyamide-cured epoxy
- Polyamine-cured epoxy 3mm 300um 2wecks at room temp.. after
Sweeks at immersion
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25 /,/W
20
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Fig. 1. Coating adhesion with steel thickness
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Fig. 2. Finite element analysis of the load distribution applied
on dolly’s cross-section : (a) dolly’s cross-section bolted piston,
(b) Finite element analysis model.

Fig. 3. Stress analysis result of steel thickness, 1.6mm.
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Fig. 4. Stress ratio for normal stress and peak stress vs. Steel
thickness.
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Table 3. Normal stress and peak stress with steel plate thickness
Plate thickness 1.6 3 6 8 10 13 19 25
Pull-off strength Normal 0.7 1.5 2.5 2.6 2.8 2.8 2.8 2.8
2
[Kef/mm’] Peak 16.5 16.7 13.5 115 10.3 10 9.6 9.5
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Fig. 5. Bending stress with steel thickness.
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Fig. 6. Coating damage with steel thickness.
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Fig. 9. Molecule structure of amine adduct.
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Fig. 10. Coating adhesion with curing time.
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Fig. 13. Round cutting according to ISO 4624(left) and ASTM
D4541 (right).
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Fig. 14. Adhesion test results with coating thickness.
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Fig. 15. Water penetration mechanism in coating. (a) Water diffuses through film and condenses onto substrate at some receptive
site; (b) Water molecules accumulates at receptive site; (c) Lateral split occurs between layers of water molecules; (d) Deadhesion
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Fig. 17. Facture surface with drying time after immersion :
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