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1.0 INTRODUCTION

Six lots of six different paint systemcoupons 36 in total,were submitted bythe Institute of
InternationalContainer Lessor®r evaluation. A summary of the sample identifications and test
matrix is shown imablel. The purpose of the evaluation was to analyze the coated samples after
being subjected to nabanical and salt spray testing and to determine the corrosion performance
after 500 hours of exposure to salt sprage six coating systems were:

A. KCC: WB! Zinc rich primer + WB epoxy primer + WB acrylic top coat
KCC: Metalizing+ WB epoxy primer + WB aglic top coat

KCC: Metalizing +SB? epoxy primer SB epoxy top coat

Kansai: WB zinc rich epoxy + WB epoxy primer + WB acrylic top coat
Kansai: Metalizing+ WB epoxy primer + WBacrylic top coat
Kansai:Metalizing+ SBepoxy primer + SBacrylic top coat

nmoow

The samples were evaluated by the following laboratory procedures:

1) Impact Test

2) Bend Test

3) Salt Spray Test per ASTM B117
4)  Scribe Test per ASTM D1654

5) Adhesion Test per ASTM D335%9%°

1.1 Summary

The results of this evaluatiatetermined thadfter mechanical and salt spray testingsamples
performedfrom best to worsin descending ordeas follows

1 WB - waterborne

2SB1 solvent borne

3ASTM B 1171 Standard Practice for Operating Salt Spray (Fog) Apparatus

4 ASTM D D1654i Standird Test Method foEvaluation of Painted or Coated Specimens Subjected to Corrosive
Environments

5 ASTM D 33597 Standhrd Test Method for Measuring Adhesion by Tape Test

This report shall not be reproduced, except in full, without the writtenapproval of Anamet.
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Kansai: Metalizing + WBepoxy primer + WB acrylic top coat (E samples)
Kansai: Metalizing + SB epoxy primer + SB acrylic top coat (F samples)
KCC: Metalizing +SB epoxy primet SB goxy top coat (C samples)

KCC: Metalizing + WB epoxy primer + WB acrylic top cq& samples)

KCC: WB zinc rich primer + WBepoxy primer + WBacrylic top coat (Asamples)

= =2 =2 4 A4 -2

Kansai: WB zinc rich epoxy + WB epoxy primer + WB acrylic top coat (D samples)

2.0 EVALUATION
2.1Visual Examination

Six lots with six samples of painted coupons were received for evalug@batographs dbts A
T F, samples 1 6 are shown in thasreceivedcondition inFigureli Figure6. Keyence digital
images of the surface condition of the samples are shotigume7 i Figure8.

2.2Impact Test

Sampls A-1, B-1, C-1, D-1, E1, and F1 wereimpact tested, then salt spray tested per ASTM
B117. The samptenereplacedcoating side up on a suppdtdse at the bottom of a vertical ten
foot long guide tube and a 3Found weight was droppetdrough the guide tube. Digital images

of the surface condition @l samplesfter the impact test, before the salt spray test are shown in
Figure91 Figurel4 and after the salt spray test are showhigure21 i Figure26. The results
before salt spragire summarized in TabR All samplesexhibitedeither soma@le-bonding of the
coating at the impact poiot cracks in the coating on the indentation s|dp@mple Bl and C1
exhibited both debonding and crackinghe results following 500 hours of salt spray are shown
in Table4. The following is the ranking for performance in the impactaést 500 hoursf salt

spray
Kansai: Metalizing + SB epoxy primer + SB acrylic top coat (F samples)

Kansai: Metalizing + WB epoxy primer + WB acrylic top coat (E samples)

KCC: WB zinc rich primer + WB epoxy primer + WB acrylic top coat (A samples)
KCC: Metalizing + 8 epoxy primer + SB epoxy top coat (C samples)

KCC: Metalizing + WB epoxy primer + WB acrylic top cq& samples)

= =4 4 -4 A -2

Kansai: WB zinc rich epoxy + WB epoxy primer + WB acrylic top coat (D samples)

2.3Bend Test

Samples A2, B-2,C-2, D-2, &2, and F2 werebent to approximately 90 degrees usintheee
point bendapparatusthen salt spray tested per ASTBA17 for 500 hours. The coupons were
placed coatingide down for the bend tesDigital images of the surface condition of samples
after the bend test, fure the salt spray test are showrkigure157 Figure20 and after the salt
spray test are shown Figure271 Figure32 The resultgrior to salt sprayare summarized in
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Table3. All samples had cracking in the bend radituse results after 500 hours of salt spray are
presented in Tabke The following is the ranking for performance in the benda#st 500 hours
of salt spray exposure

Kansai: Metalizing + WB epoxy primer + W&rylic top coat (E samples)
Kansai: Metalizing + SB epoxy primer + SB acrylic top coat (F samples)
KCC: Metalizing + WB epoxy primer + WB acrylic top cq& samples)
KCC: Metalizing + SB epoxy primer + SB epoxy top coat (C samples)

1
1
1
1
1 Kansai: WB zinc ricltepoxy + WB epoxy primer + WB acrylic top coat (D samples)
1

KCC: WB zinc rich primer + WB epoxy primer + WB acrylic top coat (A samples)

2.4ASTM B117171 Salt Spray Test

All samples(impact, bend, scribe and adhesiovgre exposed to salt spray testing per MST
B117for a total of 500 hoursThe degree of blistering was analyzed after 168 hours, 336 hours,
and 500 hours of salt spray exposure per ASTM 7 The results are summarized Table4.

The number value refers to the blister size and ranges from 10 to 0, where a rating of 10 represents
no blistering. The frequency of blistering is designated as: dense (D), medium dense (MD),
medium (M), and few (F).

The degreeof rusting was analyzed after 168 hours, 336 hours, and 500 hours of salt spray
exposure per ASTM D610.The results are summarizedTable4. The number value refers to

the percentage of the total surface area being rusted and ranges from @hergQa rating of 10
represents no rusting and a rating of O represents 50% aatdrgoéthe total surface area being
rusted.

The impact test samples3 C-1, E1, and F1 exhibited excellent results scoring ftd red rust
(ASTM D 610) and 10 for blister (ASTM D 714). SamplelBad a slightly lower performance
with a score of Jor red rust (ASTM D 610) and 10 for blister (ASTM D 714). Sampié ad

the poorest impact performance, scoring 8 red rust (ASTM D 610) and 4 Few for blister (ASTM
D 714).

Bend test samples-Eand F2 had the best performance after 500 hours of salt spray scoring 9 red
rust (ASTM D 610) and 10 for blister (ASTM D 714). Sampl @xhibited a slightly lower
performance with and 8 for red rust (ASTM D 610) and 10 for bl{$t€TM D 714). Samples

A-2 and D2 had the poorest performanseoring 4 and 5, respectively, for red rust (ASTM D
610) and 10 for blister (ASTM D 714).

2.5ASTM D16547 Scribe Test

Samples A3, B-3, C-3, D-3, E3, and F3 wasscribed per ASTM D1654, themals spray tested
per ASTM B117 for 500 hours. The results are summaiizdable4. Digital imagesof the

6 ASTM D 714- Standard Test Method for Evaluating Degree of Blistering of Paints
7ASTM D 6107 Standard Practice for Evaluating Degree of Rusting on Painted Steek8srfa
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surface condition ofhe samplesfter thescribe and salt spray testing are showFkigure33 71
Figure38.

All samples performed well in the scribe test, sampl# Itad the highésverall rating of 9all
the other samples rated 8 overdlhe ranking for the scribe test are as follows:

Kansai: Metalizing + WB epoxy primer + WB acrylic top coat (E samples)

Kansai: Metalizing + SB epoxy primer + SB acrylic top coat (F samples)

KCC: Metalizing + WB epoxy primer + WB acrylic top cgBtsamples)

KCC: Metalizing + SB epoxy primer + SB epoxy top coat (C samples)

KCC: WB zinc rich primer + WB epoxy primer + WB acrylic top coat (A samples)

= =/ A2 4 A -2

Kansai: WB zinc rich epoxy + WB epoxy primeMWB acrylic top coat (D samples)

2.6 ASTM D335971 Adhesion Test

Samples A4, B-4, C-4, D4, B4, and F4 wassalt spray testeder ASTM B117, then tested for
adhesion performance per ASTM D3359. The sample was exposed to a salt fog environment for
500 hours, then three adhesion tests were performed on the coating dDifgte¢ images of the
surface condition of the samplafer the adhesion test are showrrigure3971 Figure44.

The results are summarizedTable5. Three replicates were examined for each sample. The
adhesion is rated on a scale from 5B toWBere 5B has completed smooth edges of the adks a

no coating detachment of the lattice while OB has flaking and 65% or greater coating detachment
of the lattice. All samplesexhibited excellenadhesiorperformancewith 5B ratings.

3.0 DISCUSSION
All six of the paint systems performed well in the scribe and adhesion tests.

Overall, performance of the six paint systems after the combination of mechanical and 500 hours
of salt spray testing are ranked from best to worst in descending order below:

Kansai Metalizing + WB epoxy primer + WB acrylic top coat (E samples)

Kansai: Metalizing + SB epoxy primer + SB acrylic top coat (F samples)

KCC: Metalizing + SB epoxy primer + SB epoxy top coat (C samples)

KCC: Metalizing + WB epoxy primer + WB acrylic topat(B samples)

KCC: WB zinc rich primer + WB epoxy primer + WB acrylic top coat (A samples)

= =4 A2 A4 A -2

Kansai: WB zinc rich epoxy + WB epoxy primer + WB acrylic top coat (D samples)
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4.0 CONCLUSIONS?®?
The following conclusions are based upon the subnstetples and the evidence gathered:

1. Overall, the four metalized samples (B, C, E, F) performed better than the twoetallized
samples (A and D).

2. The overall performance of the six paint systems after the combination of mechanical and 500

hours of salspray testing are rankéi®m best to worsin descending order below:

1 Kansai: Metalizing + WB epoxy primer + WB acrylic top coat (E samples)

1 Kansai: Metalizing + SB epoxy primer + SB acrylic top coat (F samples)
1 KCC: Metalizing +SB epoxy primer SB goxy top coat (C samples)
1 KCC: Metalizing + WB epoxy primer + WB acrylic top cq8 samples)
1 KCC: WB zincrich primer + WBepoxy primer + WBacrylic top coat (A samples)
1 Kansai: WB zinc rich epoxy + WB epoxy primer + WB acrylic top coat (D samples)
Summary of Container Paint Tests and Rankings
Samples
A B C D E F
KCC KCC KCC Kansai Kansai Kansai
Tests WB ZRP Metalizing | Metalizing | WB ZRP | Metalizing | Metalizing
+ + + + + +
WB epoxy | WB epoxy | SB mid WB epoxy | WB epoxy | SB epoxy
primer primer coat primer primer primer
+ + + + + +
WB acrylic | WB acrylic | SB Epoxy | WB acrylic | WB acrylic | SB acrylic
top coat top coat top coat top coat top coat top coat
Impact 1 5 1 6 1 1
Bend 6 3 4 5 1 1
Scribé 5 3 4 6 1 2
Adhesion 1 1 1 1 1 1

* Rankings range from 1 to 6 where 1 is the best and 6 exhibited the poorest performance.

8 The conclusions in this report are based upon the available information and evidence provided by the client and
gathered by Anamet, within the scope of work authorized by the client, and they are hereby presented by Anamet to a
reasonable degree ohgineering and scientific certainty. Anamet reserves the right to amend or supplement its
conclusions or opinions presented in this report should additional data or information become available, or further
work be approved by the client.

9 The client is esponsible for specifying acceptance criteria, standards, codes, and procedures required for the
submitted testing, if any. When a statement of conformity to a specification or standard is provided in an Anamet
report, measurement uncertainty is not taikem account unless otherwise requested in writing by the client.
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Tableli Test Matrix

_ Sample Testing Performed
Manufacturer Coating Identification
Impact | Bend | Scribe | Adhesion
WB Zinc Rich A-1 X
Primer A2 X
+
WB Epoxy A-3 X
KCC Primer A-4 X
t A-5
WB Acrylic Top
Coat A-6
Metalizing B-1 X
+ B-2 X
WB Epoxy B-3 X
KCC Primer
+ B-4 X
WB Acrylic Top B-5
Coat B-6
Metalizing c1 X
+ C-2 X
SB Epoxy C-3 X
KCC primer
+ C4 X
SB EpoxyTop C-5
Coat C-6
WB Zinc Rich D-1 X
Epoxy D-2 X
+
. WB Epoxy D-3 X
Kansai Primer D-4 X
* D-5
WB Acrylic Top
Coat D-6
Metalizing E-1 X
+ E-2 X
WB Epoxy E-3 X
Kansai Primer
" E-4 X
WB Acrylic Top E-5
Coat E-6
Metalizing F-1 X
+ F-2 X
SB Epoxy F-3 X
Kansai Primer
. F-4 X
SB Acrylic Top F-5
Coat F-6
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Table21 Results of Impact Test

Sample Coating DeBondedfrom Coating Crackedn
Identification Substraténdentation Base Indentation Slope
A-1 Yes No
B-1 Yes Yes
C-1 No Yes
D-1 Yes Yes
E-1 No Yes
F-1 Yes No

Table3 1 Results of Bend Test

Sample Coating Cracked on
Identification Bend Radius
A-2 Yes
B-2 Yes
C-2 Yes
D-2 Yes
E-2 Yes
F-2 Yes




” Anamet Report No. 5005.9046
HAYWARD, CALIFORNIA Paged

Table4
Results of Evaluation Based on ASTM D714 and D1654 after 500 Hours of Salt Spray Exposure

Salt Spray after | Salt Spray after Salt Spray after
168hours 336hours 500hours
Sample ASTM | ASTM | ASTM | ASTM | ASTM | ASTM | ASTM
deniication | "™ | g pui] pister | Ro Rust|_Blister | Red Rusi|_Blister | Seribe

A-1 Impact 10 10 10 10 10 10

A-2 Bend 7 10 5 10 4 10

A-3 Scribe 10 10 10 6 Few 9 6 Few 8
A-4 Adhesion 10 10 10 10 10 10

B-1 Impact 10 10 10 10 9 10

B-2 Bend 9 10 9 6 Few 9 6 Few

B-3 Scribe 10 10 9 4 Few 9 4 Few 8
B-4 Adhesion 10 10 10 10 9 10

C-1 Impact 10 10 10 10 10 10

C-2 Bend 9 10 9 10 8 10

C3 Scribe 10 10 10 6 Few 10 6 Few 9
C-4 Adhesion 10 10 10 6 Few 9 4 Few

D-1 Impact 10 10 10 10 8 4 Few

D-2 Bend 7 10 5 10 5 10

D-3 Scribe 10 10 9 6 Few 9 6 Few 8
D-4 Adhesion 10 10 10 10 10 10

E-1 Impact 10 10 10 10 10 10

E-2 Bend 9 10 9 10 9 10

E-3 Scribe 10 10 9 4 Few 9 4 Few 8
E-4 Adhesion 10 10 10 10 9 10

F-1 Impact 10 10 10 10 10 10

F-2 Bend 9 10 9 10 9 10

F-3 Scribe 10 10 10 4 Few 10 4 Few 8
F-4 Adhesion 10 10 9 4 Few 9 4 Few
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Table5

Results of Adhesion Test After 500 Hours Salt Spray Exposure
Evaluation Based on ASTM D 338®, Method B

Sample _ Adhesion per
Identification Replicate | ASTM D 335909,
Method B
T1 5B
A-4 T2 5B
T3 5B
T1 5B
B-4 T2 5B
T3 5B
T1 5B
C-4 T2 5B
T3 5B
T1 5B
D-4 T2 5B
T3 5B
T1 5B
E-4 T2 5B
T3 5B
T1 5B
F-4 T2 5B
T3 5B
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(a)o Samples AT A6, Label Side
U
A-1 A-2 A-3
4
A-4 A-5 A-6
r ,',}é,ﬁ”'l”'““ “'.LLL'A'.‘J.'"& T |||||\||||||u‘|‘||||\||||||]||| I||‘||l|||11l|lsI|1|I|I|IU|I[I7|U|l|l|l|||l[l ALY ||||||||||||jl|ﬁ Ty T
(b)x Samples A1 A6, Paint Side )

Figurel Phdographsof SamplesAli A6 (a) label side and (b) paint side.
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i
|
I
|
B-1 B-2 | B-3
B-4 B-5 B-6
O e e L T o
(b) SamplesB1i B6, Paint Side 7

Figure2 Photographs of Sampl&iL 1 B6 (a) label side and (b) paint side.
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Samples code 1 Sampho codk 25 # Sumples code 3
o A Metalizing A
e ] i T 3~ 4k ! Retang 220371 BB | e Bl Adon
Mdcoutngs | | Metiing +Midcontng BT Ato3 40 Mid coating + oy | eing N <onting Q931 hutiama A P S iscozicucm. b~
Ext. Top coating ot
Ext. Top coating Total 136 ~lab: Ext. Top coating Total ) [af aps>
Metalizing Ws0u ‘Metalizing e Metalizing 30404
Middic Coat CEPITO(ST}-KCC) oy Middie Coat CEPITHST)-KCC) s0u e AR 8 .
S EPOXY TOPCOAT (ET-S730KCCiwhe RALSDI0)) €05 EPOXYTOPCOAT (ET&70-KCOtwliR RALIIO) 40 5| sampies EPOXY TOPCOAT (ET-ST30-KCCiwhite RAL9OIO)) 401
requircment: Total DFT: 120-130 & ¥ RaE e requirement: “Total DFT: 120130 1 | |
Taken dte: Nov. 12,2020 aken by: Jason Han /CER \'1 Taken date: Nov. 122020 aken by: Jason Han /CER MRS Ny Sy HAN AR
- - o g s , o= s
Sawipies code o4 Samples code cs ‘Samples code 6 K
Meatsioge | Metalizing Py RS veataog [ Metalizing 230 b weatang | Metalizing %2'4/&):1/1’1
bl | o Qo arfod 1 Mdcotags | e 92~ )o%Al mdcontog | | i i <onin |15 ] )G
Ext T T
op coating Total 122 vt Ext. Top coating Total 122 ”M\'ﬂﬁ Ext. Top coating Total I:]?tullﬁm
Melamiing S0A0 Metalizing 3040w Metalizing 30405
Middie Coat (EPIT0(ST)}-KCC) L Middle Coat CEPITST)-KCC) Bl Middle Coat (EP170(ST)-KCC) Sou
Samples EPOXY TOPCOAT (ET-S730.KCClwhite RAL90I0)) 404 Samples EPOXY TOPCOAT (ET-S730-KCCiwhite RAL9DI0)) 403 Sumples EPOXY TOPCOAT (ET-ST30KCCOwhite RALSO10)) 403
requirement: Total DFT: 120-130 » requirement: “Total DFT: 120-130 » requirement: Total DFT: 120-130
Taken date: Nov. 12,2020 Faken by: Jason Han /CEL ‘Taken date: Nov. 12,2020 faken by: Jason Han /CEX ‘Taken date: Nov. 12,2020 ‘aken by: Juson Han /CEI

i

Fo

? Mwnlmlm T e e o e L I e

(@)

Samples C1 C6, Label Side

Samples CI C6, PaintSide
Figure3 Photographs of Samples CI6 (a) label side and (b) paint side.
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(a)ﬁ Samples D1 D6, Label Side :
' ‘ |
|
{
H
|\ |
D-1 i1 D-2 D-3
|
D-4 - D-5 ] | D-6
I1N\|]l|||\|I|I|I ";J..'R‘EZ.L'..L'.,!"' |||(||\||1||||él||||1|!;|||||l|‘||1|||w|\|||||5\||||||||U|||[|i|\1|||||1|1\||| ||w|\|||||||\||8|||||U|||||'|\§||||t|1[||l|j'|! I|||||l{\||||1|1| l[lll|l‘l|l||||
(b)u Samples D1 D6, Paint Side )

Figure4 Photographs of Samples DD6 (a) label side and (b) paint side.
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‘“ILHI'H\'H{ \|I|\H|IUJV|£ !Hl!j!’

OPHRECTILINESR

(a} Samples E1 E6, Label Side
E-1 E-2 il E3
| |
E-4 E-5 ' E-6
r ||u|(|;i|”|"”““ '—ﬁhlmﬂ”ﬁI“"”"“'”:‘iI“"“"“““ T[T 'I'I‘“l'lll‘lé‘“\'“I"'l‘l' TELEETYET O U TR T L |\||||n\¢[||!‘|{ ”'l”‘\'“”“é
(b)" Samples E1 E6, Paint Side

Figure5 Photographs of Samples EEG6 (a) label side and (b) paint side.
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O

(as Samples C1 C6, Label Side
l |
F-1 F-2 F-3
|
‘ , i
F-4 F-5 L F-6
MIHUIHI}H{ "JJ..LQ.!JJJ.'”%""”"""":’i""'“|”""‘ |||[|U||||||%||;||||‘r|||1|||it||||||‘||||||.|,||||||1|||||||é1|||||||n||||&l||||||‘||||]1|\ ||||||1||||||\| ||I|l\l|l||1||l
(b)x Samples F1 F6, Paint Side —

Figure6 Photographs of Samples FF6 (a) label side and (b) paint side.
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Sample Al 10X (b) Sample Al

Sample Bl 10X (d) Sample Bl

(e Sample G1 10X () Sample G1

Figure7 Digital microscope images of the coupon surfac@ofb) SampleA-1, (ci d) Sample
B-1, and (& f) Sample CG1.
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Sample D1 10X (b) Sample D1

Sample E1 Sample E1

(e) Sample F1 10X () Sample F1 50X

Figure8 Digital microscope images of the coupon surface ofi(pSample B1, (ci d) Sample
E-1, and (é f) Sample F1.
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€)) Sample Al 10X

. | : \ : 4 #’”g ‘M‘ : e . ‘:7 e
(b) Sample Al, Box in (a) 50X
Figure9 Digital microscope images of Samgel after an impact test.
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€)) Sample Bl 10X

=)

(b) Sample B1, Box in (a)

Figurel0 Digital microscope images of SamplelBafter an impact test.
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€)) Sample GC1 10X

(b) o Sample G1, Box in (a) 50X
Figurell Digital microscope images of SamplelGifter an impact test.
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Figurel2 Digital microscope images of SamplelDafter an impact test.
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€)) Sample EL, Box in (a) 10X

2 : T A ST g LG |
S ey i i T l.Oomm»'- |
(b) Sample EL, Boxin (a) 50X

Figurel3 Digital microscope images of SamplelEafter an impact test.
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€)) Sample F1 10X
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(b) Sample F1, Box in (a)
Figurel4 Digital microscope images of SamplelRafter an impact test.
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€)) SampleA-2 10X

(b) SampleA-2, Box in (a) 50X
Figurel5 Digital microscopa@mages of SamplA-2 after a bendest.
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€)) Sample B2 10X

(b) Sample B2, Box in (a) 50X
Figurel6 Digital microscopemages of SamplB-2 after a bendest.
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(b) Sample G2, Box in (a)

Figurel7 Digital microscopemages of Sampl€-2 after a bentest.
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(b) Sample B2, Box in (@)

Figure18 Digital microscopemages of SamplB-2 after a bentest.



Anamet Report No. 5005.9046
HAYWARD, CALIFORNIA Page29

€)) Sample E2 10X
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(b) Sample E2, Box in (a) - 50X
Figure19 Digital microscopemages of SamplE-2 after a bendtest.
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€)) Sample F2 10X
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(b) Sample F2, Box in (a) 50X

Figure20 Digital microscopemages of SamplE-2 after a bentest.
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(b) - Sample A1, Box in (a) 50X
Figure21 Digital microscope images of Samplellafter an impact tesind salt spray
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(b) Sample B1, Box in (a) | | 50X
Figure22 Digital microscope images of SamplelBafter an impact tesind salt spray
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(b) Sample C1, Box in (a) 50X
Figure23 Digital microscope images of SamplelGifter an impact tesind salt spray
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@) SampleBl 10X

(b) Sample B1, Box in (a) 50X
Figure24 Digital microscope images of Samplellafter an impact tesind salispray































































