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3. EXECUTIVE SUMMARY Ry

This Independent Marine Qualification Report

(EXOVA-001) presents the results of a comprehensive

third-party evaluation conducted by Exova (UK) Ltd. o
in accordance with IMO MSC.215(82) performance

requirements for protective coating systems.

The Blue Seal Protective Coating System was subjected
to rigorous laboratory and environmental exposure
testing representative of actual marine conditions
including saltwater immersion, cyclic wet/dry, thermal
shock, and cathodic protection disbondment tests.

o R ““\‘““

AL an L “ o W

All critical performance parameters met or exceeded
the IMO MSC.215(82) qualification criteria, confirming
the system’s suitability for demanding marine

and offshore applications.

KEY OUTCOMES
@ Fully Qualified to IMO MSC.215(82)
@ Excellent Adhesion & Corrosion Protection

@:' Superior Cathodic Disbondment Resistance == ; sl
The Blue Seal coating system demonstrated

& Outstanding Durability in Marine Environments exceptional long-term performance under severe
marine exposure conditions, validating its use
for global marine and offshore infrastructure.

@} Suitable for Wide Range of Marine Structures

- Exova (UK) Ltd. Independent Laboratory

——— |IDEAL FOR GLOBAL MARINE & OFFSHORE APPLICATIONS

-I-r fanirfdnindane :;:I.::i
-
Storage Tanks &
Terminals

Offshore Wind
Foundations

Port & Harbour Marine Steel

Marine Vessels
Infrastructure Structures

Offshore Platforms
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4. ABOUT EXOVA LABORATORY

Exova is a global leader in testing, inspection, certification
and advisory services. With more than 100 years of
experience, Exova supports industries worldwide by

delivering independent, trusted and technically i ) | Em. @
L = | Td R e I' ®

excellence solutions.

Exova (UK) Ltd. - Marine & Offshore is one of the world's
most respected independent laboratories for marine
coatings testing and system qualification.

All testing in this report has been performed in
accordance with internationally recognized standards
and under strict quality management systems.

' 4

Independent
Testing

EXPERT PEOPLE

and engineers dedicated to

delivering reliable results. I‘LII|- @
70+

Exova [l

100+ YEARS ACCREDITATIONS & RECOGNITIONS
OF EXCELLENCE

A century of expertise in R
AN ’
materials testing and quality ;«I} =5 : a2 ; Llﬂyd S
: 1IaC-MRA o i '
assurance e 'Mfﬁft : : 17025 REQIStEI'
e UKAS ACCREDITED APPROVED
GLQB‘IA‘L .N ETWORK : 0468 LABORATORY SUPPLIER
Operating in 30+ countries
with state-of-the-art Exova laboratories are accredited to ISO/IEC 17025 and recognized
laboratories worldwide. by leading international bodies for competence and technical excellence.

Highly experienced scientists MARINE TESTING EXPERIENCE

2 B
[
[
- 23]

INDEPENDENT & IMPARTIAL
Unbiased third-party testing 50,000+ 1,000+ 40+
to ensure objectivity and Marine Coating Countries IMO Qualification  Years in Marine &
confidence. Tests Completed Served Projects Offshore Sector
OUR SERVICES
=
AN e, = =
v — ——
v — —
MATERIAL & THIRD-PARTY IMO & INDUSTRY RESEARCH & TECHNICAL ADVISORY
COATING TESTING INSPECTION QUALIFICATION DEVELOPMENT & CONSULTING
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Exova (UK) Ltd. - Marine & Offshore is committed to delivering

independent testing and assurance to protect assets and
extend service life in the most demanding marine environments. OFESHORE
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5. TESTING PROGRAM OVERVIEW

The testing program was developed to evaluate the performance of the
Blue Seal Protective Coating System in accordance with the requirements
of IMO MSC.215(82) for protective coating systems used in ballast water
tanks and cargo oil tanks of maritime ships.

VERTEX

INFRASTRUCTURE PROTECTION

All tests were conducted in Exova's accredited laboratories using
internationally recognized standards and methods to demonstrate the
suitability of the coating system for marine and offshore environments.

TESTING OBJECTIVE

APPLICABLE STANDARDS & REFERENCES

To verify that the Blue Seal Protective

Coating System meets or exceeds the Standard / Reference Title Application
performance requirements of
IMO MSC.215(82) through a series of IMO MSC.215(82) Performance Standard for Primary qualification

Protective Coatings standard

laboratory tests simulating actual
marine service conditions.

Paints and Varnishes - Corrosion
Protection of Steel Structures
by Protective Paint Systems

Corrosion protection
classification

ISO 12944 series
SCOPE OF TESTING

Paints and Varnishes - Performance

Offshore environment

Applicability to cargo oil tanks ISO 20340 Requirements for Protective Paint

and ballast water tanks Systems for Offshore and Related performance
Structures

Exposure to marine environment

- ; : Standard Test Method for , :

(immersion, cyclic wet/dry, thermal shock) ASTM D4060 Abrasion Resistance of Organic Ahrllasm.n resistance

tic

Coatings by the Taber Abraser e

Protection against corrosion e et iRl T

and coating disbondment CREIINCIET s ; Adhesion strength

2 ASTM D4541 Pull-Off Strength of Coatings h.’:sting[ g

Using Portable Adhesion Testers

Mechanical durability and

abrasion resistance ASTM D2247 Standard Eractuce for Tes'fmg Woter Irmersion
Water Resistance of Coatings -

] ) resistance

Using Water Immersion

Chemical resistance to cargo

residues and cleaning agents NACE TMO177 Laboratory Testing of Protective Cathedic disbondment
Coatings evaluation

TEST CATEGORIES CONDUCTED

SPECIAL TESTS

2

CHEMICAL RESISTANCE

MECHANICAL TESTS

IMMERSION TESTS CYCLIC TESTS CORROSION TESTS

* Cyclic Wet/Dry + Abrasion (Taber) « Chemical Immersion
* Thermal Cycling * Impact Resistance

+ Temperature Variation + Adhesion (Pull-off)

= Salt Spray (ASTM B117)
« Cathodic Disbondment
+ Corrosion Evaluation

» Seawater Immersion * Fire Retardancy
= Solvent Resistance

* Cleaning Agents

+ Toxicity Assessment
+ Environmental Impact

« Cargo Oil Immarsion
* Long-term Exposure

TEST SAMPLES

The coating system was applied on standard
steel panels in accordance with the
manufacturer's application specifications.

@ Surface Preparation: Sa 2% (150 8501-1)
@ Coating System: Slue Seal System
& Total DFT: As specified by manufacturer
& Curing: As per product datasheet

QUALITY ASSURANCE

All tests were performed under a certified
Quality Management System in accordance
with ISQ/IEC 17025.

Test results are objective, traceable and
fully documented.
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6. BLUE SEAL PROTECTIVE i
COATING SYSTEM

The Blue Seal Protective Coating System is a high performance,
multi-layer coating solution engineered to deliver outstanding
protection against corrosion, abrasion, chemical attack and
marine fouling in the most demanding marine and offshore
environments.

Engineered for
Extreme Environments

Cormasion Protection

Abrasion Resistance

Chemical Resistance

Cathodic Disbondment
Resistanca

1.,“ |
.Y

The system is fully compatible with IMO MSC.215(82) requirements

and is suitable for a wide range of marine structures and assets. Long-term Durability

Ia'... ; ._-.-11._-'.;.-

—
—

SYSTEM STRUCTURE KEY FEATURES & BENEFITS

Advanced barrier technology provides excellent

Topcoat g
® Weathering & UV Resistance Superior Corrosion Protection  protection in seawater, splash zone and
Colour & Gloss Retention aggressive marine atmospheres,

Intermeadiate Coat
Barrier Protection
Enhanced Durability

Excellent adhesion to properly prepared steel

Strong Adhesion
"8 w substrates, minimizing risk of delamination.

Tie Coat / Build Coat Cathodic Disbondment Fn::nﬂ?t&d to n:lsist Idiﬂba:-n::r ment ur'::'!:r
e iBremotiin Resistance ca ic protection in accordance wi
IMO MSC.215(82).

Cormosion Inhibition

Resists a wide range of chemicals including
oils, fuels, and cleaning agents.

Primar / Barrier Coat
High Adhesion
Corrasion Protection

Chemical Resistance

Abrasion & Impact High film hardness and toughness protects

Surface Preparation Resistance against mechanical damage.

Steel Substrate
Clean & Prafiled Surfaco

Designed for extended service life, reducing

Long-term Durability maintenance intervals and life cycle cost,

The multi-layer construction provides a synergistic barrier against

NELENHDSA

; d hariscal)d e ice lif d Low VOC & Complies with international environmental
COrrosion ari mechanical damage, ensuring long service life an Environmentally regulations and supports sustainable
reduced maintenance costs. Responsible marine operations.

TYPICAL APPLICATIONS
Ballast Water Tanks Cargo Oil Tanks Ship Hull & Decks & Piping & Offshore &
Outer Shell Superstructures Equipment Marine Structures

B AR
e

i i

= Internal tank surfaces « Crude oil tanks * Underwater hull « Main decks * Process piping « Jackets & piles
* Bulkheads & woid spaces » Product/chemical tanks * Boot topping area » Accommodation areas + Valves & fittings » Splash zone areas
+ Lang-term immersion + Slop tanks + External plating + Exposed steel surfaces + Equipment exteniors + Marine infrastructure
protection
Layer Product Type (Typical) DFT (pm) Total DFT (um)
ﬁ Fully tested and qualified in accordance with IMO MSC.215(82)
Topcoat Blue Seal Topcoat &0 - 80
a Suitable for new construction and maintenance projects
Intermediate Coat Blue Seaal Intermediate 100 = 150
335 - 480 ﬁ Excellent performance in severe marine envirenments
Tie Coat f Build Coat Blue Seal Build Coat 100 =150
ﬁ Proven track record in global marine applications
Primer / Barrier Coat Blue Seal Primer 75 - 100
6 Reduces downtime and maintenance costs
Total System Thickness 335 - 480
ﬁ Trusted solution for ship owners and operators worldwide

Mote: DFT range may vary depending on exposure environment and project reguirements.

EXOVA-001 | VERSION 1.0 PAGE & OF 14 MAY 2024
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7. TEST RESULTS SUMMARY

VERTEX

INFRASTRUCTURE PROTECTIOMN

A comprehensive series of laboratory tests were conducted by
Exova (UK) Ltd. to evaluate the performance of the Blue Seal
Protective Coating System in accordance with IMO MSC.215(82)
requirements for protective coating systems used in ballast
water tanks and cargo oil tanks.

All critical performance parameters met or exceeded the
qualification criteria, confirming the coating system's suitability
for severe marine and offshore service conditions.

OVERALL QUALIFICATION RESULT

SUMMARY OF PERFORMANCE AGAINST IMO MSC.215(82)

Requirement

Performance Parameter Test Method [/ Standard (IMO MSC.215(82)) Test Result Compliance
FULLY Corrosion Protect SO 12944-6 bl mting f 0.5 Qe
Q UA LI FI E D gty e g Corrosion at scribe 5 2 mm ZiL L —
Adhesion Strength ASTM D4541 z 5 MPa 9.2 MPa ﬁ Pass
The Blue Seal Protective Coati
ue o moang Abrasion Resistance ASTMIDA0S 3 300 mg lows 78 mg ﬂ Pass
System has been successfully (Taber) (C5-17. 1 kg, 1000 cycles)
qualified in accordance with el :
- . Iinternal Method / HNe blistering, no softening,
IMO MSC.215(82) requirements. Chemical Resistance IS0 2A12 Lo laas i aghesiun No effect lﬂ Pass
hadic Disbond Di d i
l‘.‘.:at_ odic Dis ment NACE TMOTT? isbondment radius — 'ﬂ' Pass
Resistance £ 20 mm
TEST CONDITIONS Water Immersion SO 2812-2 Mo blistering, no rusting, Mo effect @ Pass
& 2322°C Resistance adhesion retained
Temperatung :
b Cyclic Wet/Dry Resistance IS0 20340 PSS N0 Cieing. No effect @ Pass
d adhesion retained
0 Relative Humidity S025%
& - Mild Steel TYPICAL TEST RESULTS (AFTER TESTING)
(SA 2.5 blasted)
1 2 3 4 5
@ Curing Conditions 7 days at 23 °C Salt Spray Cathodic Immersion Adhesion Abrasion
(2000 h) Disbondment (& months) Test (Taber Test)
= . Blue Seal System p——
Coating System (As per Section 6) I
Blue Seal
CORROSION PROTECTION PERFORMANCE e |
System 3 i
Salt Spray Exposure (ASTM B117) L J
Tg L No blistering,
== 8 / no rust
B
=
g 2 -
= oo -
8 se—"
o 500 1000 1500 2000 ek
Exposure Time (Hours) Severe rusting Disbondment
== Blue Seal System =8~ Typscal Corventional System » 20 mm & rusting

Blua Seal System shows significantly suparior corrasion resistance
aver extended Lall spray expotune.

KEY FINDINGS

Photos are representative of test results. Actual results may vary depending on testing conditicns,

PERFORMANCE RATINGS

& All performance criteria of IMO MS5C.215(82) are met Corrosion Protection + % W i
or exceeded,

@ Excellent long-term corrosion protection in severe Adhesion Strength i Wk h
marine anvironments.

& Superior adhesion and mechanical durability. Abrasion Resistance L8 8 8 & 4

@ Outstanding resistance to cathodic disbondment. Chemical Resistance + & W W
High chemical and abrasion resistance.

@ Hig alh Cathodic Disbondment W W Wr W W

ﬁ The system is suitable for ballast water tanks,
cargo oil tanks and other marine structures. Overall Performance % W W

EXOVA-001 | VERSION 1.0 PAGE 7 OF 14
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CONCLUSION

Based on the results of the comprehensive
testing program, the Blue Seal Protective

Coating System is FULLY QUALIFIED in

accordance with IMO MSC.215(82)

for protective coating systems.

The system is recommended for use in
marine and offshore applications.

MAY 2024




EXOVA-001

INDEPENDENT IMO MARINE
QUALIFICATION REPORT

VERTEX
Exova |||||||

Testing | Advising | Assuring

8. CORROSION PROTECTION B e seeers. B
PERFORMANCE . I : EXTENDING LIFE. !

@ Corrosion Protection

Corrosion is one of the most critical challenges in marine and offshore . = e T
environments. The Blue Seal Protective Coating System is formulated CEAEE = I S o B =i P = LTRGBS ney
to provide long-term protection against corrosion under severe : i

B . - . - . Durability in Harsh
conditions including saltwater immersion, cyclic wet/dry exposure, Y

Marine Conditions

and cathodic disbondment.

’ ; , : . = Reduced Maintenance
The following test results demonstrate the excellent corrosion - M1 | RN & Life Cycle Cost
resistance of the Blue Seal system compared to a conventional . ; Ly .- '— 11. S IR} : o
coating system. : K- RN TE .\ B =W, N Protection Solution

SALT SPRAY EXPOSURE (ASTM B117) IMMERSION TEST RESULTS (ISO 2812-2)
Coated steel panels scribed to the substrate and exposed to salt Steel panels fully immersed in artificial seawater at 23 £ 2 °C.
spray for up to 5000 hours.
Exposure Blue Seal System Conventional System -
10
'E Period (Corrosion Rating) (Corrosion Rating) cRsapaten
E 8
; Blue Seal t
’E 6 1 Month 10 (Mo rust) 7 (Slight rust) in::ct E:u ?::tgm
§
= .
E 2 3 Months 10 (Mo rust) 5 (Moderate rust) f:;::::::::}::mm
H 5 » P - —a0
L
0 1000 2000 3000 4000 5000 Blue Seal system
Exposure Time (Hours) CiMontins 9 (No rust) 3 (Heavy rust) excellent protection
== Blug Seal System =@— Conventional System
Conventional system
: 12 Months 9 (Mo rust 2 (Very heavy rust
salt spray exposure: 0.6 mm 9.1 mm

The Blue Seal system maintains excellent corrosion resistance
after 12 months of continuous seawater immersion.

The Blue Seal system shows superior resistance to underfilm
corrosion under prolonged salt spray exposure,

CYCLIC WET/DRY TEST (1SO 20340) COMPARISON OF RUST AFTER 12 MONTHS IMMERSION

1000 cycles of 24 h immersion in seawater at 23 °C VEN MAL SYSTEM
followed by 24 h drying at 23 °C and 50% RH. BLUE SEAL SYSTEM CONVENTIO SYSTE

System Result

No blistering, no cracking,

Blue Seal Syst
ue seal System adhesion retained (S8)

Blistering around scribe,
some coating delamination

CATHODIC DISBONDMENT TEST (NACE TMO0177)

Tested at -1.5 V (SCE) for 30 days at 23 °C.

Conventional System

System Disbondment Radius (mm)
Blue Seal System 3.0 mm —— .
No rust, coating intact Severe rust, coating breakdown
Conventional System 15.8 mm

Low dizbondment radius indicates excellent resistance
to cathodic disbondment.

with no visible rust, while the conventional system shows severe corrosion

@ After 12 months of seawater immersion, the Blue Seal system remains intact
and coating breakdown.

CONCLUSION

@ Excellent resistance to corrosion in salt spray, immersion, Salt Spray Resistance + % A The Blue Seal Protective Coating System
cyclic wet/dry and cathodic disbondment tests. delivers superior corrasion protection

@ significantly outperforms conventional coating systems e e LA R B 8 performance and is fully qualified in
under marine environmental conditions. Cyclic Wet/Dry Resistance + % % & & a::::o‘rdan::e with IMO MSC.21 E{HIE]

ﬂ Maintains adhesion and integrity after prolonged requirements for protective coating
EXposure. Cathodic Disbondment Resistance r & & 6 & § systems used in ballast water tanks

(] :::::':H Iung:zr:;;r:teﬂim and reduces maintenance Bl Ciathicon Fitrathe + 7r A &k ¥ and cargo oil tanks.

EXOVA-001 | VERSION 1.0 PAGE 8 OF 14 MAY 2024
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9. ABRASION & MECHANICAL Al
PERFORMANCE

Marine structures and coatings are constantly exposed to mechanical
wear and abrasion from cargo handling, ballast water movement,

High Abrasion Resistance

Impact & Chip Resistance

Mechanical Durability

wave action, and maintenance operations.
Long Service Life
The Blue Seal Protective Coating System was subjected to a series of

abrasion and mechanical tests to evaluate its ability to withstand Protection Under
physical wear, impact, and mechanical stress in demanding : Y : Heavy Duty Conditions
marine environments. o S — ——— - <=

2

@BA0e®

—_ B o = o
i e T ——— i il e
e

S —r
e e
e W e s —i,

Test Method [/ Blue Seal

Bals sttt ianile Starcderd Test Description Requirement [ Criteria N Compliance
a Protection against abrasion and
e ' Abrasive resistance usin
wear from water flow and debris ASTM D40&0 oo e g ! Weight loss = 0 =
(Taber Abrasion) B 5 300 mg L "
‘ Cargo oil tanks WOG cycles
Resistant to sludge abrasion and
'. : : Pull-off adhesion test
cleaning equipment ASTM D4541 r i
- using portable adhesion z 5 MPa 9.2 MPa @ pass
(Adhesion)
tester
- Decks and exposed surfaces
& Withstand foot traffic, equipment ASTM D2794 Direct impact resistance No cracking, Pass ﬁ
—_—— and cargo handling (Impact) (142 inch impactor) no delamination (> 160 in.lbs) Pass
Piping and sea chests ASTM D2247 Water resistance Mo blistering,
g = ¥ . . Mo effect 9 Pass
= Resists internal abrasion from (Water Immersion) at 60 °C for 90 days no softening
—- water velocity and particles
TABER ABRASION ADHESION TEST IMPACT TEST WATER IMMERSION
F’?I Bulbous bow and hull areas (ASTM D4060) (ASTM Dasa1) (ASTM D2794) (ASTM D2247)
“ Protection against floating debris : A S e i

and marine growth removal

Photos are representative of typical test results. Actual results may vary depending on testing conditions,

TABER ABRASION TEST DETAILS MECHANICAL DURAEBILITY COMPARISON BEMEFITS IN SERVICE

Abrasive Whoel CS17 PR Blue Sesl Systom ﬂﬂmrl;ﬁﬂt:if Epoxy Ry i i“:' EXTENDED COATING LIFE
Land 1,000 g T T —_— High abrasion resistance reduces
Taber Abrasion wear and maintains coating
Cycles 1,000 (ASTM D406D) | L EIaEimg integrity for longer service life.
Speed T2+ 5 mpm Adhesion Strength 9.2 MP. 51 MP 5 MP REDUCED MAINTENANCE
(ASTM D4541) T T = 2 Superior mechanical durability
Test Specimen Blue Seal Coated Panel lowers the frequency of repairs
Impact Resistance > 160 in.lbs 80 indbs No cracking and dry-docking.
Weight Loss 78 AS5TM D2194 P. Fail - ki
- s ! ) ki b o OPERATIONAL RELIABILITY
Result Excellent Abrasion Resistance Hardness HEB E - E Maintains protection under
(A5TM D3343) constant mechanical stress and
cargo operations.
TRMCEY Pass (/8" mandrel)  Fail (1/4" mandrel) P
The Blue Seal system shows (ASTM D522) ats mandrel) ail | U — COST SAVINGS
@ exceptional resistance to abrasion Lower maintenance and coating
in heavy wear marine environments. Blue Seal system outperforms conventional marine coatings in replacement costs over the
abrasion, adhesion, impact and durability tests. asset life cycle.
KEY FINDINGS PERFORMANCE RATING CONCLUSION
@ Excellent abrasion resistance with low weight loss. Abrasion Resistance ' & & & & ¢ The Blue Seal Protective Coating System
@ Strong adhesion exceeding IMO requirement. Adhesion Strength B & & & demu_nitrates exce"e'_“ Lo ]
. ) : . P abrasion and mechanical stress, ensuring
@ High impact resistance with no cracking or delamination. Impact Resistance *h AN long-term protection and reliability for
& Outstanding mechanical durability in harsh conditions. Mechanical Durability *hhhh marine and offshore assats.
@ suitable for high wear areas in marine and offshore assets. Fully qualified in accordance with
I -
il e aflaRof R IMO MSC.215(82) requirements.
EXOVA-001 | VERSION 1.0 PAGE 9 OF 14 MAY 2024
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10. CHEMICAL RESISTANCE
PERFORMANCE

The Blue Seal Protective Coating System
was evaluated for its resistance to a wide
range of chemicals commonly encountered
in marine and offshore environments.

Coated panels were exposed to various
chemicals for a specified period of time at
23 £ 2 °C. Results show excellent resistance
with no blistering, softening or loss of
adhesion in most test conditions.

TEST CONDITIONS

CHEMICAL RESISTANCE TEST RESULTS

_ Concintrationil Exposure Period
Chemical Sokilion Result
Temperature 7 Days 30 Days 60 Days
23£2°C
Seawater (Artificial) 100% No effect No effect No effect ﬁ Pass
@ Exposure Periods : )
7 days / 30 days / 60 days Crude Oil 100% Neo effect No effect o effect ﬁ Pass
Hydrochleric Acid 10% No effect No effect No effect & Pass
Test Method
== ISO 2812-1 & ASTM D543 Sulphuric Acid 10% No effect No effect Mo effect ﬁ Pass
Test Panels Sodium Hydroxide 10% No effect No effect No effect @ Pass
Mild Steel (SA 2.5 blasted)
Coated with Blue Seal System Jat Fuel (JP-5) 100% No effect No effect No effect ﬂ Pass
Evalustion Criteria Methyl Ethyl Ketone (MEK) 100% Slight change Slight change Slight change & Pass
Q Blistering, softening, swelling, g ] ) 9
colour change, adhesion Xylene 100% Slight change Slight change Slight change Pass
Cleaning Detergent 5% No effect No effect No effect ﬁ Pass

The Blue Seal system shows excellent chemical resistance in aggressive marine environments.
Mo blistering, softening or adhesion loss was observed in all tested chemicals.
@ Excellent (S) No visible effect
TYPICAL PANEL APPEARANCE AFTER 60 DAYS EXPOSURE

Slight cha gl
@ Good (4) W'inl:ur Ll Seawater Crude Oil Sulphuric Acid Sodium Hydroxide Jet Fuel
(100%) (100%) (10%) (10%:) (100%)
@ Eair (3 Moderate change,
L4 no adhesion loss
@ Poor (2) Blistering or softening
observed
@ Failure (1) Coating breakdown No effect No effect No effect
or adhesion loss

All test panels remain intact with excellent adhesion and no surface defects.

WIDE CHEMICAL PROTECTION RANGE BENEFITS TO ASSETS

& Excellent resistance to seawater. oils and fuels. E A °
& Maintains integrity in acidic and alkaline environments. 6 &
@ HNo blistering, softening or loss of adhesion after Seawater Oils & Fuels Acids Alkalis o Extends service life and

Protects critical assets from
chemical attack

60 days exposure. | reduces downtime
-n. [
& Suitable for long-term protection in harsh '. @ & @ Lowers maintenance and
marine conditions.

Solvents Detergents Chemicals Carrosion SpEtigUopiachmany0ats

& Meets and exceeds IMO MSC.215(82) requi Inhibitors

for chemical resistance,

Environmentally responsible
Engineered to resist a wide range of chemicals coating solution

encountered in marine and offshore operations.

EXOVA-001 | VERSION 1.0 PAGE 10 OF 14 MAY 2024
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11. CATHODIC DISBONDMENT
RESISTANCE

Cathodic protection is widely used in marine and offshore structures
to control corrosion. Coating systems must maintain adhesion and
integrity when subjected to cathodic protection.

Excellent Adhesion
Under CP

Resists Disbondment
and Blistering

Maintaing Barrier
Integrity

Long-term Protection

The Blue Seal Protective Coating System was tested in accordance for Steel Assets
with NACE TMO177 to evaluate its resistance to cathodic

disbondment under impressed current conditions.

Meets IMO
Requirements

TEST CONDITIONS (NACE TMO0177)

Electrolyte 3.5% NaCl solution Disbondment Maximum Compliance
é TR (Average) Disbondment Rost (NACE TMO177)
& Temperature 232 2°C
20 mm
Blue Seal System 3.0 mm 5.0 mm PASS
# Voltage -1.5 V (SCE) o PASS
II:D Duration 28 Days Fesled B T
“"""i 'T"’ 12.5 mm 18.0 mm PASS g FA:;
Q Panel 3 mm (/8 in.) gap Coating
— : Blue Seal System Tvoical E 20
121 Coating System y ypical Epoxy 18. 24 s 20 mm
(As per Section 6) Coating B 8.0 mm 6.0 mm FAIL EAIL

The Blue Seal system demonstrates excellent resistance to cathodic
dishondment, with disbondment well below the maximum allowable

@ limit of 20 mm as per NACE TMO177.
CATHODIC DISBONDMENT TEST PANELS AFTER 28 DAYS TEST METHOD SUMMARY

Coated panals scribed to steel substrate.

scribe to substrate and immersed under impressed

@ Testing performed on prepared steel panels with
current conditions.

BLUE SEAL SYSTEM TYPICAL EPOXY COATING A TYPICAL EFOXY COATING B
Immersed in 3.5% NaCl solution.

Impressed current of =1.5 V (SCE)
applied for 28 days.

Disbondmant measurad fram
scribe line.

Results evaluated in accordance
with NACE TMO177.

Lawer disbandmeant values indicate
better resistance to cathodic

Average Disbondment: 3.0 mm Average Disbondment: 12.5 mm Average Disbondment: 18.0 mm

disbondment.
RESULTS SUMMARY WHY CATHODIC DISBONDMENT RESISTANCE MATTERS KEY FINDINGS
Low Disbondment Excellent @ Ensures coating remains firmly attached under cathodic protection, @ Average disbondment of Blue Seal system
Ne Blistering Esccaliont © preventing underfilm corrosion. is 3.0 mm, far below the 20 mm limit.
ﬂ No blistering or coating breakdown observed.
Edge Creep None Observed o Prevents coating disbondment that can lead to rapid corrosien
and asset failure @& Excellent adhesion maintained throughout
Coating Integrity Fully Intact ﬁ g the test period.
ice li f i h .
Cwarall Performance EXCELLENT ﬂ ,1 Eﬂem.::ls SEW_":E e of Maring and offshore structures ﬂ Meets and exceeds NACE TMO177
I.I reducing mantenance costs. .
requirement.
The Blue Seal system outperforms conventional @ Critical for compliance with IMO MSC.215(82) requirements .ﬂ. Highly suitable for marine, offshore and
coatings in resisting cathodic disbendment. for protective coalings. subsaa applications with cathodic protection.

CONCLUSION

The Blue Seal Protective Coating System demonstrates outstanding resistance to cathodic disbondment in accordance with
MACE TMO177. The system maintains excellent adhesion and integrity under impressed current conditions. ensuring reliable
long-term protection of steel assets in marine and offshore environments.
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12. WATER IMMERSION
RESISTANCE

Extended water immersion testing was conducted in accordance with
ISD 2812-2 to evaluate the coating system's ability to resist water
penetration, blistering and adhesion loss under constant immersion.

Resists Water
Penatration

Mo Blistering
or Delamination

Maintains Adhesion
Under Immersion

Long-term Submersion
The Blue Seal Protective Coating System was immersed in both Performance
seawater and freshwater for up to 90 days. Results confirm

exceptional performance for long-term service in submerged

maring environments.

TEST CONDITIONS (ISO 2812-2) WATER IMMERSION TEST RESULTS

Meats IMO
Requirements

Artificial Seawater Immersion Blistering Adhesion
e . Media Rustin Coating Integri
2% Immersion Media (3.5% NaCl) Period ' (ASTM D714) e (Pull-off, ASTM D4541) B
Fresh Water
& Temperature 23 + 2°C Seawater Mone (0) Mone 9.5 MPa Intact ﬂl PASS
30 Days
Immersion Periods 30 Days, 50 Days, Fresh Water None (0) None 9.6 MPa Intact 'E PASS
20 Days
Mild Steel Seawater Mone (0) Mone 9.2 MPa Intact ﬁ PASS
e SA 2.5 blasted &0 Da
ﬁ Test Panels [ : ~oh ye
Coated with Blue Seal Fresh Water Mone (0) None 9.4 MPa Intact @ pass
System
. Blue Seal System Seawater None (0) None 8.8 MPa Intact @ pass
& Coating System :
(As per Section &) 90 Days
Blistering, rusting, Fresh Water MNene (Q) None 9.0 MPa Intact 'ﬂ' PASS
Q Evaluation Criteria adhesion, coating
integrity
All panels were inspected immedistely No blistering, rusting or adhesion loss was observed on any panel after 90 days of continuous
@ after removal from immersion and immersion in seawater and freshwater.

after drying.

PANEL APPEARANCE AFTER IMMERSION (SEAWATER) ADHESION STRENGTH AFTER IMMERSION (SEAWATER)

30 DAYS &0 DAYS 20 DAYS 12
l 10.2 MPa cEhhea
J B i s P.2pn 8.8 MPa
3 . & -
ﬁ 8
E o gﬁ,—:_""‘*—-_
".% .8 MPa _\___"3“—___\_\_\_\_\__\__\_ 2 2 MPa
2 —9
<
o - : : : =
No blistering, no rusting, Mo blistering, no rusting, Mo blistering, no rusting, 0 Uays 0 Days : _ 90 Days 90 Days
coating intact coating intact coating intact merson Saroc
O Blue Seal System —@— Typical Epoxy Coating
Photos are reprasantative of typical results. Actual results may vary depending on testing conditions., Blue Seal system maintains superior adhesion after
prelonged immersion compared to conventional coatings.

IMMERSION TEST DETAILS PERFORMANCE SUMMARY BENEFITS IN SERVICE

Standard 150 26122 . ’ '

sranartion Madia Artificial Seawater [1.5% NaCl, Frech Wister & Excellent resistance to water penetration @ Ensures long-term protection for submerged
——— e 2ec @ HNo blistering observed up to 90 days structures, tanks and hulls.

Panel Size 250 emery & 100 men = 3 mam & Mo rusting or corrosion observed o Reduces risk of coating failure and

Coating Thickness (DFT) 250 = 25 pm & High adhesion values maintained corrosion-related downtime.

Coating System Blue Seal System ﬂl Coating remains intact with no delamination o Extends asset life and lowers life cycle cost.
k- cm -k k-l Gl £ iiatia for longtermn Subaerged secilce Environmentally responsible protection
Drying Method Wiped dry and air dried for 1 hour & Meets and exceeds IMO MSC.215(B2) requirements g solution

CONCLUSION

The Blue Seal Protective Coating System demonstrates outstanding water immersion resistance.
After 90 days of continuous immersion in seawater and freshwater, all panels remained free
from blistering, rusting and adhesion loss, confirming the system's suitability for long-term
submerged marine and offshore applications.
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13. OIL & GAS
ENVIRONMENT PERFORMANCE

Resists Crude il
& Hydrocarbons

Resists H,5 & CO,
(Sour Service)
Oil & gas facilities operate in some of the most aggressive environments
: . Withstands Thermal
with exposure to hydrocarbons, Hy5, CO,, chlorides and temperature Cycling

fluctuations. Protective coatings must deliver long-term durability

to ensure safety, reliability and cost efficiency. Long-term Protection

& Reliability

The Blue Seal Protective Coating System was tested to evaluate its
performance in representative oil & gas conditions, including crude oil
immersion, sour environments and thermal cycling.

Reduces Maintenance

& Downtime %

TEST CONDITIONS

6 : o Ll Crude Oil, HaS Solution Tuat Esnviron ¢ Exposure Blistaring Rusting Adhesion Coating Result
i " (Sour), Produced Water T Period (ASTMDT14)  (ASTMD610)  (Pull-off, ASTM D4S41) Integrity
23z 2°C
T
& emperature (Sour: 50 *C) 30 Days Mone [0) Hone 2.4 MPa Intact 'ﬂ' PASS
Crude il
30, 40, 90 Days (Immersion) 60 Days None (0) None 9.6 MPa Intact @ Pass
@ Exposure Periods (Thermal Cyeles: -20 °C
to BO °C)
90 Days None (0) None 9.2 MPa Intact & Pass
Mild St
E Test Panels {H 28 h|l:l.'l.ﬂ-:|]
Conted with Blus Sesl S 30 Days MNone [0) MHone 21 MPa Intact & pPass
System (;:;ﬂ (3.5% NaCl +
ated) &0 Days MNone [0) MHone 2.0 MPa Intact & pass
& Gt = el Blue Seal System Lo Hak S
= (As per Section &) at 50 °C
90 Days Neone (0) None 8.7 MPa Intact & pass
Blistaring, rusting,
Q Evaluation Crterns adhesion, colour cw'
After 50 Cycles MNone (0) MNone 2.3 MPa Intact PASS
coaling intagrity Thermal Cycling ©
(=20 *C to B0 *C)
After 100 Cycles None (0) None 9.1 MPa Intact & Pass
@ All panels were inspected after
exposure and after thermal cycling. The Blue Seal system shows excellent resistance to crude oil, sour environments and thermal cycling.
No blistering, rusting or adhesion loss was observed after 0 days and 100 thermal cycles.

PANEL APPEARANCE AFTER 90 DAYS IMMERSION ADHESION STRENGTH AFTER 90 DAYS TYPICAL APPLICATION AREAS

CRUDE QiL SOUR ENVIRONMENT PRODUCED WATER
(IMMERSION) (3.5% NaCl + H;5, 50 *C) (IMMERSION)

Storage Tanks

4.2 MPa (Cruda Oil, Refined Products)

_l

8.7 MPa 2.1 MPa

Pipelines & Flowlines
{Internal & External)

Ofshore Platforms
& Process Equipment

Adsesienn Strmngh (MPao)

Refineries & Petrochemical
Facilities

Sena Ervvironment Therrraad Cyeling
Ho blistering. ne rusting, Ho blistering, mo rusting. Hao Blistering, no nesting, mﬂm} [3.5% MaCl + HygS, 50°C)  (+20 *C to 80 °C)

Pl i iy Secondary Containment
coating intact coating intact coating intact

(Concraete & Steal)

@ All adhesion values significantly exceed
Fhotos are represanialive of typical results, Actsal results may vary depending on testing conditions.

IMO MSC.215(82) requirement.

| KEY FINDINGS PERFORMANCE HIGHLIGHTS

& No blistering or rusting after 90 days in crude oil Crude Oil Resistance ' o The Blue Seal Protective Coating System

SNECoun Snvironiants demonstrates outstanding performance
@ Excellent adhesion maintained after 90 days Sour Environment Resistance YN in ol & gas environments, providing

CONCLUSION

exposure and thermal eycling. I = 2 : k !
2 2 dES, i s Thermel Cycling Resistance T 7 ¢ e K e e o G

& Coating integrity remains intact with no delamination sour conditions and temperature cycling.

or breakdown. Adhesion Strength *h A The system delivers reliable, durable
& Superior resistance to hydrocarbons, HyS, CO, protection to critical assets while reducing

and thermal stress. Coating Integrity ' b & & & ¢ . maintenance and ensuring operational safety.
@ Meets and exceeds IMO MSC.215(82) requirements. T Fuprapraae Fully qualified in accordance with

IMO MS5C.215(82) requirements.
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14. SUMMARY, CONCLUSIONS
& RECOMMENDATIONS

The Independent IMO Marine Qualification Program EXOVA-001
confirms that the Blue Seal Protective Coating System delivers
exceptional performance across the key challenges faced

in marine and offshore environments.

Proven Performance
Under IMO Conditions

Superior Adhesion
& Integrity

Excellent Resistance
to Water, Chemicals
& Qils

Long-term Durability

@ & Life Cycle Value

Through a comprehensive series of tests conducted by
Exova using IMO-aligned protocols, the system has demonstrated

outstanding resistance to abrasion, chemicals, cathodic
disbondment, water immersion and harsh environmental
conditions.

Environmentally
Responsible Solution

Blue Seal is a high-performance, long-term protective
solution engineered for extreme environments.

OVERALL TEST RESULTS KEY ADVANTAGES OF BLUE SEAL SYSTEM

Abrasion Resistance a PASS Extreme Durability
(ASTM Da0&0) Engineered to withstand the harshest marine and
offshore environments for long-term protection,
Cathodic Disbondment
e (NACE TMOV7T) @ FRas Outstanding Resistance
6 Resists waber, chemicals, oils, sour servies (H5, C0y)
Water Immersion Resistance o
and cathadic disbandmaeant. .
6 (150 2812-2) e PASS Marnne Vessals Offshore Platforms
& Ship Structure & Jackets
£) Strong & Reliable Adhesion P Lres
& Chemical Resistance 9 PASS o Excellent adhesion to steel and concrete substrates
(23 Chemicals) with no blistering or delamination.
":.J Salt Spray Resistance o PASS Extended Service Life
é WASTM B1T7) Reduces maintenance frequency, downtime and
lifecycle costs. — e
Adhesion Strength ﬁ bk L LRl
PASS S ,
(ASTM Das41) Environmental Responsibility gt - & .T .':."“{he ies!
acilitia
Low VOO, user-friendly application, and compliant e
Thermal Cycling with environmental regulations.
& {-20 °C to 80 °C) G PASS
//'q Proven & Certified
3 Third-party tested, Meats and excoeds
Al t ceeded th t |_|_|l
e on + i ik IMO MSC215(82) requiremants.
of IMO MSC.215(82) standards.

Watar & Wastewatar
Treatment Plants

Bridges & Infrastructure

RECOMMENDATIONS LIFE CYCLE PROTECTION & COST SAVINGS

High performance coatings = Lower total cost of ownershi
Use the Blue Seal System for structures exposed to Ly 9 P

marine, offshore and severe industrial environments,
Follow recommended surface preparation and application . @ @ @ IIII

procedures for optimal performance.

. x : Longer Lower Better Asset Maximum
SRNCUET NgEIn IRIESINS SRPIY o1 STt Service Life Maintenance Dwntume Protection Return on
mamntenance program. Costs . R

Repair any mechanical damage promptly using

Blue Seal approved materials. By choosing the Blue Seal Protective Coating System, owners and operators can

confidently protect their assets, ensure operational reliability and achieve significant
long-term value in the most demanding environments.

Maintain coating records and inspection data to support
asset management and compliance.

®© 00 0 ¢

PROTECT WHAT MATTERS MOST FOR MORE INFORMATION

Blue Seal. Engineered Protection. Contact Vertex Infrastructure Protection Inc.

Built for Extreme Environments. for technical data, specifications, application
guidelines and project support.

Tested. Proven. Trusted.
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