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Evaluation of Hydrophobic Performance and Durability of Concrete Coated with
Cellulose Nanofiber Mixed Antifouling Coating Agent

Nak Sup Jang', Chi Hoon Nho”, Hongseob Oh**

Abstract: Marine and hydraulic structures are subject to durability damage not only due to the penetration of sea water but also due to the attachment
of marine organisms. Therefore, in this study, we tried to develop an antifouling coating agent with self-cleaning function for marine concrete.
It was confirmed that the antifouling coating agent mixed with AKD, cellulose nanofibers and BADGE had sufficient antifouling performance
at a well hydrophobicity of around 140° in contact angle and an inclination angle of 15°. In the abrasion resistance test of the surface, only a maximum
loss 0of 0.015 g occurred. In the durability test, as a result of the chloride ion permeation test, almost no chloride ion permeation occurred in the
variable where the coating agent was applied, and carbonation and freeze-thaw damage also rarely occurred, so it was analyzed that it was effective
in securing durability of concrete.
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Fig. 1 Schematic representation of self-cleaning processes (reproduced
of Nishimoto and Bhushan, 2013)
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Table 1 Mixing ratio of developed cellulose antifouling coating agent

CNF AKD Distilled water BADGE WGP

Gl 0.10 0.10 0.10 0.70 -
G2 0.10 0.05 0.15 0.70 -
G3 0.10 0.15 0.05 0.70 -
G4 0.10 0.10 0.05 0.70 0.05
G5 0.10 0.05 0.10 0.70 0.05
G6 0.10 0.15 0.00 0.70 0.05
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Table 2 Material properties of CNF, AKD and BADGE

Specification

Cellulose nanofiber

TGA £ A3} CNFE= 40 CollA 110 C Abololl A 12} &
1 740} 710 CellA 770 C Apolol| A 22} 448 47| 1Ay
3FA ) ]9} $H4 Fig. 39l= CNF2FAKD ] A 2 A 7=
£ 4% XRD(X-ray Diffraction) Z23-& 2|39t} CNF2

749 ZAA A BE.2 02 74°0)| A 3] 7, v]AA A B2 18.60°
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THCho et al., 2021). AKDS] H 31 7] F-2-21.52°2 RIS}
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Fig. 2 TGA plot of the mass loss of CNF and AKD

pH 7.45
Carboxylate Contests 1.7 mmol/g
Density 1.0020 g/em®
CNF(1%) -
Viscosity 1,000~1,500 CPs
Fiber Width 2-9nm
Crystallinity 61 %
Solid Content 20.2 %
pH 32
AKD . 3
Density 1.006 g/cm
Viscosity 5.5 cps
Melting point 40~44 C
Boiling point 210 C/1 mmHg
BADGE . 3
Density 1.0020 g/cm’
Viscosity 4,000 ~ 6,000 CPs
Average diameter 4.97 ym
WGP
Density 2.56 g/em®
100 ‘F 25
Exlp Temperature (*C) weersal A Instruments
CNF

12 17 2
26)(degree)
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12 17 n 2 )
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Fig. 3 XRD plot of the mass loss of CNF and AKD
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Fig. 4 FT-IR Plot of CNF, AKD and BADGE
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o2 A& om, TN HL 25 %, EHIE 100 mmE =
A5}, #=2 » arctan(H/R) (1)

AT 3Y, 7Y, 28L A FAIA 371 B E HAU=

o714, 6 - FEZ H: EolRl 0] =0 R: B2 WS

Z35== 7 13.4 MPa, 21.0 MPa, 31.6 MPa® ZAEHQ1, &2
Q1AY== 7H6.5 MPa, 8.6 MPa, 13.8 MPaE H7}E o] A4

Ohetal. (2023)4 o] A CNF9} AKD 3 FEAIS =
dYE £ ] S35 79 AKDE] ®Hsle whe} 140° W] <]
AES 2 Zlow ASAY] BEel B HgolAE

3. dBH =49
Table 4 Contact angle by droplet test on the cement paste
3.1 E=ZKContact angle, CA) & 0|1124Z!(Sliding) £
Test . .
/\]E'ﬂE_ TH]O]_}_\_E ] %Hc}%-o/] 2‘3_31-_7_}_8 ASTM D 5946- No. CA(left)[°] CA(right)[°] CA(mean)[°] Droplet image
17(Standard Test Method for Corona-Treated Polymer Films 1 138.85 139.11 138.98
Using Water Contact Angle Measurements)®] ol we} ol 2 135.28 135.35 135.32 I
Fig. 59} 22 A3 AX| oA ER2& AR & B9 3 138.66 138.76 138.71 @
2 o|u|X|E BA5t] AWIE Ho|A~E FHe| HAI) E4F ave.  137.60 137.74 13767
2ol ¥ HEZ0)S FHEZoA 22t 23 T HE 113372 133.82 133.77
& 2 130.24 130.46 130.35 '
. . . 3 126.18 126.28 126.23
Table 3 Concrete mix proportion for durability test __Q__
ave. 130.05 130.19 130.12
W/B(%) S/a(%) C(kg/m®) W(kg/m®) S(kg/m’) G(kg/m®) AE(kg/m?) 1 132.18 132.18 132.18
41.0 494 405 166 857 877 4.05 GS 2 133.42 133.56 133.49 I
where, W: water, B: Binder, S : Sand, C: Cement, a: aggregate, G: 3 135.17 135.12 135.15 Q
Gravel, AE, Air entrain admixture ave. 133.59 133.62 133.61
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Table 5 Sliding test results by water droplet on cement paste
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HEZ3) v 1123 A8 (sliding test) 2 2 A1 51T
A&7 A2 20 mmx25 mmx20 mm(WxLxH)2] AlRE
o] ~E %1 9ol e Wojel 3 =439 om A
HE #Ho|2E WHE AA7} FEH, H52o] Hstd
A7 W Eoll 3252 12 I 0 2 33] ke =431
s o]l gk S22 Hth 139.11°, 42 126.18° 0. &
AE QL HF 137.67°, 130.12°, 133.61° 2 Lukz o 2 o}
S E ol A YERY = 24254 (superhydrophobic) 2] X|3E
150°0 A% AE7S FHEATHBae et al, 2019;
Flores-Vivian et al., 2013; Goo et al., 2018).
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HE Ho]|~E THE 7]27] 15° ejoll A B8 YshA|
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Fig. 6 Taber abrasion test on antifouling coating agent

3?_
ANE& 2gatd on, AP EE =o17] fI8t Zefo|H &
SX3AE FUTE AN £EE 100 pm 0.2 250 g0 F5
g83ate] 1003 A AE A-Fol gk FA1< Hs&=
A= =519 o, A= Table 60 F 231 G1 M5
ol A 2 4= 4.7 mg¥} G5 ol A Hh 29.3 mg®] PR} A
3R om, o= 27| 272 60 mg] 2L NEI = Ao 7
sl ). ZRA 2] vk == ASTM D 4060-1991 4 A A|
3= 2] (2)9] vFEA S Wear Index) 2 £ F W, 53¢ v}
RI|ESAABIAL YA Gtk o) o EFA Y BAE
S¥3 Atta et al.(2020)8] ATolA= 25~85 (mg)/1000
cycles 2 AASIAL Q) o, Zh3ol] F7] Ao FA]| BRAE
S323% Wahby et al.(2021)9] A7l A= 7+1.85~56+4.85
mg/2000 cycles &2 A3tk EHo] FA3 ZF3to] v]s}
of HRAETL e o oL, Zefo|mE =SR] o2 g
A& 13 AT WrtRAd2 gRg 7 o8 AE
T} Flores-Vivian et al.(2013) 52| A7l &J3tH 2444 ©
S sty el A7 B 7HEUS EREA HE &
Ao A EETE FoAl= AS IR o™, Jang et

H

Table 6 Test results of taber abrasion amount of antifouling coating
agent on plastic surface

Weight change(mg)  Abrasion ratio(%o) Wear index
Gl 4.7 0.0147 47
G2 3.5 0.0115 35
G3 9.3 0.0295 93
G4 15.0 0.0475 150
G5 29.3 0.0895 293
Go6 18.5 0.0580 185
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al.(2021)9] 17-¢] 1 SEMel A = 1 2] Bt A4S &9l
34 glom, o]s} ko] HrE] B E W] nhwEs}
SAoR AEEAT,

Wear Index 7= (A—B)w o

714, A PFRAIREE A3 o] FAl(mg), B : PEEAIP S A
A o] FAl(mg), C: AA 3

4. Y185

41 ga0l2 EFEXNE
SRA) E320]] o3t Ao N EA IS Hrletr] 218l
KS F2711(A7H =50 o3¢t 232 EQ ¢
g ARl ofsto] Alzbd AIA FH
£33 BHESt] T 1 mmE EX
Az ddstar, 7d Z-A1E 4 S5t oF 1
mm T 2 =3E3HATE AP 1;;:—5_—3— %—%# o F A5k
E BrE 7HEsk 18417 Bk A G F A8t o,
N So7k= Al 82 () Foll= 3.0%9] NaCl &
A& A3 F+)=oll 0.3 No| NaOH &L 94 A S
8

A 0] & AT A AFL 601 VO AFES A A

714, @ BAASNG, [ : Agto] FFD w) 2] AR
(A), [ A% 27

KS F 271190&= S3-43}1F 2,000~4,000 C HS HEQ)
]

H2e0) & AT 2= 2 0 2 Holstar 9101, 100~ 1,000
Tl 522, 100 C oJ3h= FAZ FFE o2 AASaL

Table 7 Chloride ion penetrability of antifouling coated concrete
based on the charge passed

OpPC dl QG2 G3 G4 G G
Passed Charge (C) 2,976 10 5 7 9 - -
Permeability M N N N N N N

where, M: Moderate, N : Negligible
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Table 8 The depth of carbonation of concrete speciemns coated with
and without developed antifouling coating(unit : mm)

OpPC Gl G2 G3 G4 G5 G6

1 1392 0.00 0.00 0.00 0.00 0.00 0.00
2 10.58  0.00 0.00 0.00 0.00 2.23 2.23
3 10.58  2.06 0.00 0.00 0.00 2.69 0.97
4 9.23 2.88 0.00 0.00 2.27 1.72 0.00
5 1234 0.00 1.83 0.00 2.27 2.66 1.24
6 1277 1.51 0.00 0.00 0.00 0.00 0.92
7 1124 0.00 0.00 1.22 0.00 1.10 0.00
8 1296 0.00 0.00 0.00 0.00 1.30 1.10
9 1458  0.00 0.00 0.00 0.00 345 0.00
10 1726 0.00 0.00 0.00 0.00 0.00 2.10

Ave. 1255  0.65 0.18 0.12 0.45 1.52 0.86




Fig. 7 Carbonation measurement on upper side of coated and uncoated
concrete samples
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