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Protection Bio fouling

u
U  Biofouling's response to tightening regulations (enforcing Australia) )
U  Hull-attached organisms solve marine ecosystem disturbances !
U Reduce fuel consumption (carbon generation)
U  Prevention of ship speed degradation
U CIl Rating Management

Self polishing Resin Synthesis Method

Vessellife extension

U Extending the life of the ship's environment

U Improve your business environment

/ conversion of ship (ife

Durability *» Economic = ESgVielinEeEl
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06 5 Bpply hull paint

Reduced hull friction resistance

Reduce fuel consumption U Best return on investment
. (Eeioen generaﬂo_n) 0 CIll Rating Management
improvement of ship speed

I‘ Compared to existing A/F paint:  15% reduction
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Marine Pollution Protection

Cu-free : does not use heavy metal Cu20
Application of Magnetic Wear Resin Synthesis Technology

the improvement of the marine ecological environment

I‘ Cu-free pint (BN ' GreenGuard)

Cu20 Fouling
T H Feulkha @aiat application

*t Generation FDR AF

2 Generation FDR AE



CHART: IMPACT OF SHIP HULL BIOFOULING ON GHG EMISSIONS
Compendium of results from published research studies
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Blofouing: Barncles, algae and shellfish on the hull
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A wide variety of design, operational and economic solutions

Achieving the goals of the Initial IMO GHG

Strategy will require a mix of technical,
operational and innovative solutions
applicable to ships. Some of them, along
with indication on their approximate GHG

reduction potential, are highlighted below.
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Low Friction
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Marine Pollution Prevention

Deformity

6. Protein

damage
/\‘ 5.Damage in ATP
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Cll Management
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ENERGY
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Required annual
operational Cll

approval Review ey

2008 2019 2023 2025 2030

SpuetpY @ 8@cii @ ¢tpad " " @E° @

Bulker Tanker Container

-5% &
-14%

Grade CII, which is lowered every year

Year Reduction factor Required Cll Attained Cll Cllrating Grade
2023 5% 4.808 4.471 0.93 B
2024 % 4.707 4471 0.95 Cc
2025 9% 4.605 4471 0.971 Cc
2026 1% 4.504 4.471 0.992 o
Sometime in the future | 17% 42 4471 1.064 D
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Mechanism

Background technology

Technical principles

Application of
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Background technology
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Laminar
&
Turbulent
Flow

Toms effect

“ Tom (1949): Dissolve polymer
material very thin

80% reduction in frictional resistance
Pipeline application from the 1970s
110" @dOA&l Oud AOONT |

5

WATER + 30ppm PEO . 0
A

/

Vs

Bl TWO FIREHOSES

laminar flow

turbulent flow
- Water only
d Water only distance
Sl (height)
Fire truck 1 Surface

Water + 30 ppm PEO
Effect of Drag reduction

in Fire Hose Water only + ! distance
(length)
d Water only + # distance
A. ey (height)
Fire truck 2 Surface



Background technology

(Quote from Role of Bio-Based Polymers on Improving Turbulent Flow Characteristics) A prellmlnary StUdy to reduce the hull resistance of the U.S. Navy

3. Flow Geometry for Turbulence

To study the drag reduction properties, most studies adopted turbulent pipe flow that produces
pressure-driven flow within a closed conduit as an internal flow. As shown in Figure 1, there are three
flow layers in turbulent pipe flow, including a laminar sublayer (next to the wall), a transitional zone,
and a fully turbulent layer (in the center of pipe). With the addition of polymer additives to a pipeline
flow system, minute amounts of polymer suppress the formation of turbulent bursts in the buffer
region and the propagation of turbulent eddies [40]. “injection”

l DRA Injection point

Laminar Sublayer g [ mmly o mmp mmp emp o =P =P
- . /
Iransitional

Turbulent Flow

| Polymer Injection Slot

Hull surface

Figure 1. Schematic diagram for the methods of added polymer to a solution with pipeline
turbulent flow.



Technical principles

FDR SPCelution control for speed

A novel frictional drag reducing self-polishing copolymer (FDRSPC)was
first developed by the authors. The FDRSPCis a special derivative of an
SPCthat was designed to achieve skin frictional drag reduction in
turbulent water flow by releasing polyethylene glycol (PEG)into water
through a hydrolysis reaction.

Verifying the coefficient of friction for velocity
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® PEO
Anti Foultant
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Wetting st { . Hydrolysis
Swelling EE o (initial)
The surface of the fastest fish, *
the marlin, was applied. P :
AF Paint  Sea Water AF Paint Sea Water e

® o
°

o Hydrblysis
®(enough)
o0 o

[ J
‘.. Polishing
oo .Wetting

STRIPED MARLIN ARE SOME
OF THE FASTEST-SWIMMING
FISH IN THE SEA, REACHING
SPEEDS OF AT LEAST 30
KILOMETERS PER HOUR.

AF Paint Sea Water AF Paint Sea Water
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Rotor Test (Skin Friction Reduction Test)

= Clutch
= Torque Sensor

= Inner Cylinder
(A/F patint Coated)

= Sea Water
=) Cylinder Case

= Mount

A/ F PQlinget untCa0@ RPMEequél to A6e3rkts)
utching at the 500 RPM
off to inner cylinder stop

fter 6 month inundated state)
Al F P&Qlinget for6mathed | nner
ns each of A/F Paint Coated Inner Cylinders

BN GreenGurad FS
(32.3 sec.)



Rotor Test Result (Skin Friction Reduction Test) was checked monthly for 6 months.

ard FS Shows avg. 7.6 % SkinFriciton Reduction Effect
Conventional

~=-BN GreenGuard FS —4-Smooth

Torque
Average 7.6%
reduction

3 4 o 6 Month



Rotor Torque
Measurement

Verification of
long -term FDR
performance :
around 6 months

For reference: Various tests are

conducted for product
development

High -Speed Water Tunnel Test
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(Skin Friction Reduction Test)
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(Skin Friction Reduction Test)

High -Speed Water Tunnel Test

é;F\\ 4/€>V/71“N;“

] Measure Skin Resistance of Smooth Pl ate
] Measure Skin Resistance of Reference AF m

and BN GreenGuard FS Coated Plate.

_Gravit?:/a .
| Compare Measured SKki nﬂ e Sﬁor%etBafi‘ar?cecF‘?exture

AF Paint Coated Plate E

i

&

Floating plate Share Stress

Water Flow
(Fully developed Turbulance)

1/14 scale model of LCC

Test section : 0.22m 3 0.22m

Local skin friction measurement : floating plate balance

Performed ONR project : o0Skin Friction Testing of Various
Force balance flexure : shear force measurement on flush -mounted specimen

Flow speed : 1.24~10.4 m/s ( Rey = 1.04 ~ 8.703 10°)




High -Speed Water Tunnel Test Result (Skin Friction Reduction Test)

2 Evaluation basedon Resistance Reduction Agent Content Re
) 2E+06 4E+06 BE+06 8E+06
——0—~- Smooth(Uncoated)
C.results : Average DR effect sf Tt Basinesr

—— PEO 2%

PEO 1%
16.0% (rel. to baseline AF)
0.5% (rel. to uncoated)
PEO 2%
33.1% (rel. to baseline AF)
21.7% (rel. to uncoated)

« 0.007
O Theoretical
Uncoated Baseline AF E' ggws%?it:éUAr::coated)
U(m/s) |Re,(310°)| (Smooth) _% PED 1%
C:(3103) Cq(3103) = PEO 2%
1.24 1.041 2.74 3.24 g
3.0 2.537 3.62 4.98 @)
2.01] 3379 3.45 4.45 &
5.04 4.249 3.30 4.15 o
6.07] 5.118 3.33 3.98 o
7.11 5.996 3.27 3.55 2
8.16 6.879 3.26 3.88 2
o Lo S.24 551 - 2E+06 4E+06 6E+06 8E+06
10.32 8.697 3.18 3.55 Re,




High -Speed Water Tunnel Test Result (skin Friction Reduction Test)

2 Evaluation of Developed Products
3

X Compared to Smooth
-. PRD31 : Avg. 13.53 % reduction

Compared to Baseline AF
-. Development paint T -2 : Avg. 19.54% reduction
-. Development paint T -5 : Avg. 25.38 % reduction

Uncoated FDR-SPC Baseline  FDR-AF FDR-AF
Rex (Smooth) (PRD3-1) AF (T-2) (T-5)

X -6

Gt ot | pctomy BRI o e ||t DRES) | =y IDREH
4 685 2977 2700 930 3708 2838 2346 2935
6 1028 2829 2471 1265 3472 2684 2270 2813
8 13.71 2708 2363 1274 3415 2665 2196 2677
10 17.14 2646 2246 15.12 3431 2674 22.06 2.551
12 2056 2580 2212 14.26 3467 2771 20.07 2485
14 2399 2491 2132 1441 3392 2869 1542 2374
16 2742 2490 2087 16.18 3362 2989 11.09 2279

U(m/s)

1 E+07

Theonetlcal

L — o—— Smooth(Uncoated) : : : : )

| e FDR-SPC (PRD3 1)
| =~ -~ 4 -~ -~ Baseline AF

- — 4 — FDR AF (T-2)

[ — — — FDR AF (T-5)

Flow Speed U (mls)




High -Speed Water Tunnel Test Result (Skin Friction Reduction Test)

2.4

Conventional AF  —-=-BN GreenGuard FS A-Smooth

0.0050
1E+0.7 2E+0.7
o 0.0045
Friction
0.0040
Average 25.4%
- Ci  0.0035
reduction A
0.0030 —
—
\A\\ﬁ\\ﬁ . .
0.0025 T
0.0020
4 6 8 10 12 14 16

Flow Speed (m/s)

} BAkeenGuard FS Shows avg. 25.4% SkinFriction Reduction Effect compared
with Conventional AF



Static Immersion Test by HHI  (Antifouling Performance Test)

Test&Verification Company
}] Hyundai Heavy | nd

Test Place (Korea)

} Ul Barmenjjn), Gyeongsangnam-do(Ge
Bangeoijin

Dadaepo \

Geojedo O
nuf acturer

by HHI

Pl aces f or 6@ h

Test Period
} 6 Month(r14. April

Test Method
] Coll ected AF Paint

} AF Paint Coated to
] Performed | mmer si
}] Checked | mmersi on esul t

Verification Method

}] Visual I nspection HHI



Static Immersion Test by HHI

(Antifouling Performance Test ) / Ulsan
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Static Immersion Test by HHI

(Antifouling Performance Test ) / Busan
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