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Abstract — In response to the cavitation caused by the partial vacuum caused by the fluid flow, a paint was developed
by dispersing the lamella-shaped glass-flake in resin for anti-cavitation. This composite paint was developed by using the
inorganic filler (lamella shaped glass-flake) and the NBR (Acrylonitrile-butadiene rubber) which was modified epoxy
resin. Especially, the glass-flake was a thin film with a thickness of about 100~200 nm and length of about 20~30 pm,
the aspect ratio was about 200 to 300 times that of the plate-shaped. So the paint for anti-cavitation have shown excellent
performance in corrosion resistance. The results of evaluating anti-cavitation performance was below, tensile strength
4.8~6 N/mm? or more, rupture elongation 30% or higher, abrasive speed 10 mm?/h or less. In particular, it showed more
than twice the superior performance compared to existing advanced foreign products in anti-cavitation performance
evaluation.
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Table 1. Composition for anti-cavitation paint

Ul PAR= 7] AgAIC|EE 443t 5714 1uad =5 4 /2
S 228 AAL CEE /)aEkgIth H 2ol = CNT, Nano-

graphite, Graphene, Montmorillonite %ﬂr T2 R I E
H7sto] Umpa] SAJo] A AEE NLSISITH10].

HAES 345 Uz E o)L %%“4 (Heavy duty) =5 % 4]
23171 $13l NBR (Acrylonitrile-butadiene rubber) 1L&Hd W3 2] ]l
I glass flakes 3716t iZin]ElOld ER = /s ]l o]
wl, =4 W glass flake®] “771|<] ﬂﬁﬁ*— CRo] Ay e
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2= Qlet. mlAlEE T 2] Mk o] ““,]i S= water jet 3=l
2|8l 4] ¢} glass flakeS] AAHO] dhet & 7Fs2do] Eri[11]. v
erlE] T2 HelE AL 7 EHEZ Ao R 2] wite)
Ao A EAsH= 88 0] FolEo] AW ko] 7hsAdo] At
th 8RR, 2 AgelMe Rl shddts v o Qlar o vt
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A3} A ZAH= o} Table 13} 22t} NBR (Acrylonitrile-butadiene
rubber) W4 SZEAIA] (318 ek ($H), KR-208), Glass flake(A |17~
100 nm, Glass Flake(UK)), Epoxy Flexibilizer (Air Products(USA)),
Qb (Glass flake, 7 ©AVA, o ASIEI R, 24 AajA0]E &
Ak QFR), olZA] A (Dow Corning(USA)), ol = A 2 (Dow
Corning(USA)), .8 ¥-FZ(Colloidal CaCO;), ZHEEF Co-
nALO;, BaSO,(KOCH(USA)), © 1571 A (Jeffamine A, = 5=3Fh(3H)),
(A (BYK-054, BYK(EY)), TIO,(FE(USA) AHS 1124 &
grofalon = el sl o] Sl ofdl Eeok At
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Resin (Parts by Weight) Hardner (Parts by Weight)
Formulation development product Formulation development product

Rubber-modified epoxy resin 70 Polyetheramine Type (A.H.E.W:56-60) 36
Epoxy Flexibilizer 10 Polyamide Type (A.H.E.W:100-120) 20
Pigments 18 Dispersant 0.5

Additives 2 Plasticizers 5

Thickeners 5

Calcium Carbonate 10

TiO, 3

Aminosilane

Accelerator 21

Defoamers 0.5
Total 100 Total 100
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Table 2. Combined cyclic corrosion test
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Phase Phasel Phase2 Phase3 Phase4
Time (h) 0.5 1.5 2 2
Temp. (°C) 30+2 50+2 30+2 30+2
Condition salt spray wet (95+3)% RH Hot air drying moderate air drying

1 Cycle: 1~4 Phase (6 hour)

Table 3. Comparison of mechanical properties between development sample and commodity reference

Test Item Development product N, USA Mothod
Tensile shear Adhesive Strength (N/mm?) 48 5.7 ASTM D1002
ensile shear Adhesive Stren, 'mm
gt 6 - KSM 3734 (KTR')
Bond Strength (MPa) 123 9.3 ASTM D4541
. , 5.1 8.8 ASTM D638(KTR)
Tensile Strength (N/mm~) 63 45 KSF 4929
Elongation (%) 34 46 ASTM D638(KTR)
ongation {7 59 30 KSF 4929
Surface hardness (Shore D) 35-40 45 ASTM D2240
Complex salt spray test 300 hour (w/filler) [200 hour, w/o filler] - KSMISO 11997-1
'Korea Testing & Research Institute
23, M =X oy
Ao ol AT HAR T RANT QAT ANE B / 2 m
WA, Ao 4 A§E Table 29] FEAFLH o] me} A4
Qo obgf] A AN Vsdeh e, B A ol [i‘i.ﬂé"ny‘\.
500 um
24 B7hE NBRWA ol FA|FA oA vige] A of ol wht
ARSI A A 7H= ofef Table 2, 300 ZHA3] 7]=eol o, 5 slﬁféle
3] FfulHolA AL 31 AR gL Al o] d Ay § ekt =
Ao Fatste] Lehigict.
Direct Method Alternative Method
- ASTM G32 Modified ASTM G32
2-3-1. F-271 5 (ASTM D4541) oo

= %}omﬂ %’46}04 A7 F-2E BT BRI S|
= EYE 9150 THOR HAE F
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e s,

2-3-3. B8543 (RS KCL 2002 0008, KSM ISO 11997-1)
TNEEE2] Glass flake®] W&ol v 2] QS H718h7] $13
NBR 4] o ZA] =)0 3AFE 27| A8 AL m2g NZS Az
alo], the 39} o] AIZE, L5, 2AS WA E 2 5ko] 145k
AE 1 ALl S22 W A3ste] AlE2] ZHadS F3sqlnh &2
A& o= 50A101Z (3004 77K Akt

2-3-4. 7|R1Eo)A Z7(ASTM G32-98 H& Type)
Ao A 2] Au el H A ] F e Fule]Ho®

Fig. 1. Schematic diagram of cavitation test method with modified
ASTM G32.
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Fig. 3. SEM (Scanning electron microscope) image of Nano glass flake.
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Fig. 2. Schematic diagram of enhanced cavitation performance along
with thin-film resin glass flake.
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O % AlE
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A 0 & Aol A Aol vlEiAl ARl 7HA AAEE
7H 4= & Ao =2 71 ET}. Glass flaket= Ef QR U] S-fo]
EA] Yot TP R QT HE Ak T4 ko, Fe]e] A Y
e wjdo] ol kil e FF A3 A e]loth &
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Fig. 4. SEM image of cross-sectioning of cured paint at (a) no applied, (b) applied a distilled water immersion testing after 24 hours.
Fig. 4= AIES) 9 Ao 2, A2kge) 2 Bae delrt ek 3 A9ke] E¢o] ofx mRAle) et o] A7) upizel Lh A}
o] AL Rke H7H THO, Lol Fig. 4 AFIIM 2 2 9L o]= Fello] Ak A A 54 1 FapabAl HEahy] ol e,
520] W4 glass flake?t 741 ol vl FA3A 5 o1F0) 1A HHl 2w w0k A9, vhel 9@ vhAYE S
W= Zhe 7 otk 7Fe R0 % g o], i Aol 283k B glass flake®] =L

i 0 7 el S Aol ke ddetAl ek 3 719} @l H2st @ HAYd Jlow 7]\‘4@% ol 7ju]Hlo] A
&) ofgd o] WAYSHAINH14], glass flake?} U3 wAFE o] 9l Aol M = (Table 4 35) =l 5= A 2151 712 )= A% v
O, FiulE|o A gl ofahiA] A water jeto] A|%2] Rl of 2uf oo AZAS 7 o' ko] v g e
TAE FOI, glass flake?} TS BRI 2=, ek SA4S A e
7Wdg o= Qlek B3 Water jet®] 2174 tR] Glass flake®] 2 273 F7FA 0, S 9] o] frAket Al Barzk o A Sl=dl, 55
Water jeto] R A 9] o] F5 W W= T2 oUAE 24 S i‘% sto] I o] vz Elold s =Rl <7} 9l
ZTH15]). ZHRTEo] A © 2 M B = Water jet 21782 - 4 o 2HE RIS dfell sk iulE|ol el thg-sh7] flal v
pmelA = mmZFA] vl 512 ji9lell A veh=t[16,17], H=A(Ti-Si-C-Ny2 9] i=tol] uiekg GA) S Al]ketal[1g],
°F Glass flake®] 51715 5 mme] 271704 ARk @A 4= DS 7kl Niale) wiek 32 5958 94, smwe] Alelo] A
Table 4. Result for cavitation test (ASTM G32-98 modified)

Test Item Development product Examplel (N DL, USA) Example 2 (B, UK) Example 3 (SUS304)

Before

Before Magnifier (x 50)

After S -~

Cavitation Abrasivity (mm>/h) 5 10 56 6.3 (mg/h)
Vibration, Noise O O A A

* u] a1

1. MDE (Mean depth of erosion): The average reduction in thickness depending on erosion Shows the measured weight loss is calculated by dividing the density
2. Vibration, Noise
O: good, A: bad
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