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A Fundamental Study on the Performance Evaluation Method of Zinc
Painting Applied in Fuel Storage Tank of Methanol Propulsion Ship
Using Image Analysis
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This study presents a method for evaluating the performance of zinc coating on methanol dual—fuel ship fuel tanks using image
analysis, Methanol, a promising fuel with minimal environmental impact, is highly corrosive, necessitating the implementation of
effective coating solutions The experiment involved tensile tests on zinc—coated specimens at displacements of 3mm, 5mm,
10mm, 20mm, and 30mm, in addition to salt spray, microscopic crack inspections and Image analysis, Image analysis was
employed to reduce evaluator bias and quantify damage patterns, The results demonstrated that, up to 10mm displacement, no
significant damage was observed; however, cracking was evident at 20mm and above, A 10% failure threshold for coating
performance was proposed, This method offers a reliable approach to assessing zinc coating durability in methanol—fueled ships
and can be applied to other marine coatings,

Keywords : Image analysis(O|0|X| &A1), Methanol dual fuel ship(EtE O|F =& FEK), Zinc coating(01 =2 2&), Coating
performance evaluation(=2} As T
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Table 1 Gage section measurements

Specimen No. | Width(mm) | Thickness(mm)| Area(mm?)
A-01 80.26 14.05 1127.65
A-02 80.11 14.04 1124.74
A-03 80.3 14.01 1125.00
A-04 80.36 14.01 1125.84
A-05 80.45 13.98 1124.69
A-06 80.25 14.06 1128.31
A-07 80.29 14.05 1128.07
B-01 80.22 14.04 1126.29
B-02 80.44 14.07 1131.79
B-03 80.34 1414 1136.01
B-04 80.32 14.18 1138.94
B-05 80.33 14.04 1127.83
B-06 80.43 1412 1135.67
B-07 80.3 141 1132.23
C-01 80.29 14.11 1132.89
C02 80.33 14.08 1131.05
C-03 80.28 14.07 1129.54
C-04 80.46 14.13 1136.90
C-05 80.35 14.04 1128.11
C-06 80.24 14.04 1126.57
C-07 80.5 14.06 1131.83
dSE FAIBHERIE Wot 7|EC2 MESIQICt QI AlgH2
ASTM E8 E8M Standard Specimen(dog born type)S &35},
UL OIFA IR} EHE| /0| MEE|o{ol 5k= 2 AlEel Alo]
x| A(gage section)e| SFAoZ Qlsl EFA|H(standard
specimen) X5=2| &S Z7MAFA AlHS| MAE 2AZ5IICt

(Fig. 3).

AlgdHel Mzes HERE A=

AH32 MZE ARE (0,=815MPa) S0, 2l|o|x HEk &
2A8l(blasting) 2dS A old =2 IZEHES 100003 22|

M B30 ARB3SIE sk

=

mul

—TH=
FHE = | HA| A, B, CAF 282t 74 =7 5104 7k5st
Rooi(Fig. 4), SAERZ 771 ARl thslo] =EESEIIE

TAsI 271= ofp| AlgHez ERSINC

A, B, CAH =& AlR9| Z7| H0IX| &Y Mg ZHoP |
2l B0 ZE2|HAS ALSSI0 M| 7€ 58T =, gdS
ALts104 ZHwidth), FH(thickness) & 7 [MSIHSM, AleE S0l
Chatod St BHHA Ank= Table 12+ 2ot

2.2 A &yl

7tSE AlE2| Fo|X| Qo F20i|l =& =(0{of k= AlRHe|
Sdoz sl AlgiHe| 377t AN, =El=ZUs sf7AHolS

Table 2 Machine specification

Dynamic : £2,500MPa / 220kip
Static : +2,750MPa / 264kip

Load capacity

Width between 800mm

column
T-slot platen 1,300 * 2,000mm
Control mode Displacement, Load & Strain

Specimen Height : About 3,500mm
Flat : W300, H3,500, TO ~ 100mm
Round : H3,500, ¢30 ~ 100mm

Max. specimen

Fig. 5 MTS 2.5MN UTM(universal test machine)

AlRATME|SURF R&D center)7t ER8H MTS 2.5MN UTM
(universal test machine)2 ARZ3I¥ 20d(Fig. 5), AH|e| AHl2
Table 20 2ol Zz} Zc}

2.3 AE =A

AlE ZH|9] M o{Z=(control mode)E 19| Ho{2t 51 A|
of, HYE o] So| U0 SFYEQl AlFe| RSS sl 2
Hof giiE ARZSIIch of el ARMAIE (pretest) 2 ZlEd st
0, MEE e Xz 3o MA 1 3ol F=UZ(o
=315MPa) & 7|&E22 3= Cid| He(3mm)E FEsINICE
Z[A 3mmel HIEE AIZ5104, 3mm, 5mm, 10mm, 20mm,
30mme| He|Z CIZAIE S FISICE Al
£ MAHstn Zuo| okt HIE AFsP| 25t 22 1mmel
Zrol He Moz SHES

Table 32} 20| AXsIAC
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Table 3 Painting performance test condition

Control mode Displacement control
Test speed 1mm/min
Abs. end level 3mm, 5mm, 10mm, 20mm, 30mm
Room temperature 17 £ 1°C
Output data Force, Displacement, Area
Data logging 5Hz
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Table 4 Paint specimen tensile test procedure

No. Test procedure

In order to align the universal test machine with the

painting specimen, the alignment was aligned using

a laser horizontal meter, and the split or lifting of the

painting surface was easily adjusted by shining light
in the center of the painting part.

Fix the prepared specimen to the grip part of the
universal test machine and set the current load and
displacement values to zero.

The test is carried out by applying a tensile load to
the specimen fixed to the tensile tester under the
control of the tensile tester, and the tensile load and
displacement data measured during the test are
collected.

The load is displaced at a rate of 1 mm/min through
displacement control beyond the yield point of the
base material to the target displacement

Researchers from three painting companies checked
if cracks appeared at the point where the coating
film was 80% of the object

At 3, 5, 10, 20, 30 mm displacements, the test is
stopped and the load is lowered to zero.

Remove the specimen from the equipment and
observe for damage to the painted surface.

4

Fig. 6 Close-up photo after painting sample iﬁstallation

Fig. 7 Specimen installation reference picture

oA HO

[= I LT Allé:-ll

3.2

ASTM B117-16 (Standard practice for operating salt spary
test) 2} 1ISO-9227 (salt spray test)S AF510{ T2 A|gEH9| ©f
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Table 5 Salt spray test procedure

No. Test procedure
(1) Salt solution is prepared by dissolving 5% NaCl in 95
weight ratio water.
Spray the coated surface of the sample that has not
been subjected to the tensile test and the sample
) that has been subjected to the tensile test so that
the salt solution does not dry out every hour. Spray
was performed, and rust on the coated surface was
observed every hour.
Pass/Fail was determined by checking the presence
3)
or absence of rust after 5 hours.
3.3 FoHAt
o4 22 Al A, 2t £2 FZAle] 22 ggRisT
MIONV) ZAkEel isislol SeiAls Fsiict. Fig. 8ol
HO{x|E X} 20| ZARD F9t B 2 olo| S 3|
L, &5 o) A3 AlefS Setoz AR Zals JISsi =
I A5 gl gesigict
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Tensile Strength Evaluation by DNV
Maker Specimen No. W kspection
Crack of Coating Corrosion
TT 8T _RT A-01
A TTST_RT_A-0T
3mm TT ST_RT-A-08
around TT_ST_RT-B-01
315MPa B TT_ST_RT-B-07
TT_ST_RT-B-08
TT 8T_RT-C-01
c TT 8T_RT-C-07
TT ST _RT-C-08
VEual Inspection
Maker No- Ik of Coating | Corresion
5mm A TT ST_RT-A-02
B TT_ST_RT-B-02
C TT_8T_RT-C-02
Maker No. VEual Inspection
Crack of Coating Corrosion
10mm A TT ST_RT-A-03
B TT ST RT-B-03
C TT 8T RT-C-03
VEual Inspection
Maker No. — =
Crack of Coating Corrosion
TTST_RT-A-04
— A TTST_RT-A-06
s TT ST RT-B-04
TT_ST_RT-B-06
- TT ST_RT-C-04
TT ST RT-C-06
Maker No. Vh@ Inspection )
Crack of Coating Corrosion
30mm A TT ST RT-A-05
B TT T RT-B-05
3 TTST_RT-C-05
Fig. 8 Inspection result form
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EF

Fig. 10 Stress—Displacement curve (3mm)

Tensile Specimen No. Infomation

TT_ST_RT_A-01

Yield
Stress

Result

TT_ST_RT_A-07

TT_ST_RT_B-01

TT_ST_RT_B-07

TT_ST_RT_C-01

TT_ST_RT_C-07

Fig. 11 3mm Test result summary
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Stress-Displacement Curve

350
300
250
é‘ 200 tt_st_rt_a02
‘%150 —tt_st_rt_b02
2 —tt_st_rt_c02
100
50
0
0 1 2 3 4 5 6
Displacement(mm)
Fig. 12 Stress-Displacement curve (5mm)
Tensile Specimen No. ST::;
315.66
TT_ST_RT_A-02 MPa
Smm TT_ST_RT_B-02 822.72
MPa
TT_ST_RT_C-02 328.03
MPa
Fig. 13 5mm Test result summary
4.2 5mm H9| QIEA|E Zn}
A B, C ZIZH 1704 &= 37H2| A|2Z 5mm H2(2] QIEAlE

AAGIG o, 22| ME(Fig. 12)2F Ald ZIKFig. 13)2
FE2(Fig. 13)2] ARl AAF Z3jo]| =™ 5mm H

o Ho| dHo|u S5 slak2 2= it

=
Hlct 21t 7

follM= =2

A, B, C ZIZH 1744 & 3742| A|ZZ 10mm Bi9le| ©

2 A3 on], S=-He| M(Fig. 14)2t Al Z1HFig. 15)

7E|-A|o-|

AT 15)2] ARE ZAL Zzjol| w=H,
10mm HelllAME T2 Ho| 7ot S5 3t 2E=EX| &
Ut

Stress-Displacement Curve

400
350
300
£250

2 —tt_st_rt_a03
£.200

% —tt_st_rt_b0o3

2150 —tt_st_rt_c03
100
50
0

) 2 a4 8 10 12

Displacemegt(mm)

Fig. 14 Stress-Displacement curve (10mm)

. : . Yield
Tensile ‘Specimen No. Infomation Result Stress
335.62
TT_ST_RT_A-03 MPa
327.58
Smm TT_ST_RT_B-03 MPa
335.34
TT_ST_RT_C-03 MPa
Fig. 15 10mm Test result summary
4.4 20mm 92| QIEAIE Al
A B CZZt 4 =6 H Of A|ZZ2 20mm H2[2| QIEAIH
TAsI o, S2-He M= (Fig. 16)2k AR Z2HFig. 17)

4
olct Zxt FE(Fig.

1
20mm HH{ol|lA CARR| 27 &
AsiQict

un njo

6)9_| ARl AL ZTjo]| II|-§EI=I
é’- l_lloﬂA-I A|o|- E%ﬂl' |:|:|:O| HE

Stress-Displacement Curve

500

450

400
350 tt_st_rt_a04
; 300 —tt_st_rt_a06

e

4 250 —tt_st_rt_bo4
3 200 —tt_st_rt_h06
- 150 —tt_st_rt_c04
—tt_st_rt_c06

100

50

o

[} 5 '1‘0 . 15 20 25

Fig. 16 Stress-Displacement curve (20mm)

Yield
Tensile | Spacimen No. i
= Infomation e
328.4
II_ST_RT_A-04
MPa
310.93
TI_ST_RT_A-065
MPa
II_ST_RL_B-04 327.92
MPa
20mm
II_ST_RL_B-06 337.3
MPa
II_ST_RT_C-04 3416
MPa
TT_ST_RT_C-08 310.27
MPa

Fig. 17 20mm Test result summary
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Stress-Displacement Curve

450
400
350
300
3250 —tt_st_rt_a05
2200 —tt_st_rt_b05
s —tt_st_rt_c05
150
100
50
0
0 5 10 15 20 25 30 35
Displacement(mm)
Fig. 18 Stress-Displacement curve (30mm)
Tensile | Specimen No. Result el
Stress

TT_ST_RT_A-05

30mm | TT_ST_RT_B-05

TT_ST_RT_C-05

Fig. 20 Painting specimen with cracks and peeling

4.5 30mm 2| QTG A1}

B, C Zi2t 174 & 37H2] A[Z2 30mm H9{2] QA

2 dsIon], 3=4-#e Mz(Fig. 18)2t Ald ZKFig. 19)

= : 19)2] AR #HAL Zofo w=H,

190l = CARRl 170 =& HollM aleh At SE(Fig.

20)0| LMSICE QIFAIR A2 20, 30mmollA 7L & S5
X

o =
of &Y &l CAfel =32 =84 S Ut

Fig. 21 Painting specimen after salt spary test

Tensile Strength by DNV
. Visual Inspection
Maker Specimen No. Crack of Coating corrosion
TT_ST_RT_A-01 X
A" company TT_ST_RT_A-07 X X
3 mm TT_ST_RT_A-O X X
around 315 TT_ST_RT_B-O X X
N/mm2 “B" company TT_ST_RT_B-O' X X
TT_ST_RT_B-08 X X
TT_ST_RT_C-01 X X
"C" company | TT_ST_RT_C-07 X X
TT_ST_RT_C-08 X X
. Visual Inspection
Maker Specimen No. Crack of Coating corrosion
5 mm "A' company TT_ST_RT_A-02 X
"B" company TT_ST_RT_B-02 X X
"C" company. TT_ST_RT_C-02 X X
Maker Specimen No. VMQectmn -
Crack of Coating corrosion
10 mm A" company TT_ST_RT_A-03 X
"B" company | TT_ST_RT _B-03 X X
"C" company. TT_ST_RT C-03 X X
. Visual Inspection
Maker Specimen No. Crack of Coating corrosion
‘A" company TT_ST_RT_A-04 X
20 mm TT_ST_RT_A-06 X X
B company | =T-RT.B-04 X X
TT_ST_RT_B-06 X X
‘" company | TI-ST-RT.C-04 [¢) X
TT_ST_RT_C-06 0 X
. Visual Inspection
Maker Specimen No. Crack of Coating corrosion
30 mm A" company TT_ST_RT_A-05 X X
"B" company TT_ST_RT_B-05 X X
"C" compan TT ST RT C-05 o] X

Witness by DNV

F, or
DNV o Jang, Hug Ji
T Sl
Jung Min Kwon Hug Jin Jang

Head of Section Hull & Stability Principal Engineer Corrosion & Coating

Fig. 22 DNV inspector inspection results
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Fig. 23 Examples of using I-SOLUTION software

Fig. 24 Painting specimen before the tensile test

F|g 28 After image anaIyS|s p|cture

Fig. 25 Coating specimen with cracks after tensile test stod, MEE=R Hdo| TS HIER LE= 2ol 7|2 2
olct. siX|zh AEO| T AXH BE HHls @F2 £R35|
4.9 olajx| 5 = 27} AP|T, eAE0] LR xoBt ol BRE SasH
ks SH7FA7A H22 AdAE MYo| i SRl &2
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HH £40|LF 7Y o{RE Mol EAMe oot qch 2 ZE MEo| S5k HEsINcCt
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o[x| Hio[e4E FEBINCt F=2= o[0[X|= =5 AAIEE (Manual JHME ARBSI ZAISIICKFig. 27). oled =8 REo| 70|
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Table 6 Image analysis results

Specimen No. | Displacement Crack Damage
A-1 3mm X 6%
A-2 5mm X 4%
A-3 10mm X 5%
A4 20mm X 7%
A-5 30mm 0 19%
A-6 20mm X 6%
A7 3mm X 3%
B-1 3mm X 5%
B-2 5mm X 5%
B-3 10mm ] 1%
B4 20mm 0 14%
B-5 30mm 0 13%
B-6 20mm 0 13%
B-7 3mm X 6%
C—1 3mm X 6%
C-2 5mm X 7%
C-3 10mm 0 10%
C4 20mm 0 13%
C-5 30mm 0 20%
C-6 20mm ] 1%
C-7 3mm X 6%
CAf2l 20mm 2 30mm HLIolA FoFHALR B0l &Rl=|d
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