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Summary

Electrical energy is an important energy source in the present age. In the
past, fossil fuels such as coal and petroleum were used, but recently, efforts
are being made to increase the use of renewable energy such as wind power
and solar power. Wind power is one of the fastest growing areas of
renewable energy. As wind turbines become more diversified and larger,
blades are also getting heavier and lengthening. Therefore, researches for
solving the problem of the wind turbines due to the enlargement are
continuing. Especially, surface characteristics such as surface roughness and
surface condition of wind turbine blades have been studied on the amount of

wind power generation and O&M (Operation & Maintenance) period.

Nano coating is a coating using nano material. It is used in many fields
such as automobile, aerospace, medical and the like, because it has excellent
hardness and abrasion resistance. Among various nano materials, carbon
nanotubes have excellent electrical, thermal and mechanical properties, and

research is ongoing to apply them.

Therefore, in this study, It investigated of the effects on the coating
surface as the particle size of carbon nanotube, mixing ratio, type of adhesive.
For compared and analyzed of carbon nanotube coating surface characteristics
such as contact angle and roughness, three types of carbon nanotubes of
different sizes were used. In order to confirm the effect of adhesive on the
carbon nanotube coating and the coating surface, distilled water, PVA, and

epoxy resin were used.

Contact angle, SEM, surface roughness measurement experimental result,
the best coating was identified as an epoxy resin based on carbon nanotube

coating. Therefore, it is considered that carbon nanotube coating based on on

epoxy resin is most suitable for coating of wind turbine blades.
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Table 2. Types and characteristics of wind turbine blade coating film

= =7
e Material : Z¢]$-d &k
3MAF aeria M ]
* Function : WvlRA, UV
e Material : PUH| o] X
Tesa A} } o -
e Function : A1, e, FEA4A, 3 A 75
e Material : &Y I¥ =
i * Form width @ 25mma=0.5mm
Parafix A} _
e Thickness : PVC/Pu foam =+ 10%(0.8mm:-15% to
+20%)

[Z 3] : http://parafix.com, http://tesa.com, http://www.3m.com]

3. Bau=fH

31 Ay x{HEo Ao

1985 HW. Kroto and R.E. Smalley”} &2 &4 (allotrope)2] 3l
Z W (fullerene : Cq)e Ao 2 WHAS o]F 19919 N2 EHS A fsdd
AE NEC FAATA] &3 lijima BFAF7F 2719 d W (arc-discharge) S AF-&-3}

o Fd e3ael ¥4 AW vadous ERdddvdoz (TEM,

Transmission Electron Mricroscopy) w4138t #AolA 7Fai 11 e R
gavueFEE A sto] Nature# o A Fo =2 Wxsiich olw A%d i
ERES ol A m o~ F omolAAL, A 25 ~ 30 me] At HAu e
Hol M st BaxdxtE 309 e g@adxiet SPP Agte] &8 di Yy
Beol Aol e Fm AER T3] AY] Wiz U



(b) Zigzag NT

Fig. 1 (a) Armchair, (b) zigzag carbon nanotube.

(a) Armchair NT
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Fig. 2 Type and structure of carbon nanotube.
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Table 3. Properties of carbon nanotubes

Property SWCNT MWCNT
Diameter(nm) 05 ~ 30 5 ~ 100
Length(zm) 5 ~ 20 10 ~ 20

Tensile strength(GPa) ~ 100 < 50
Young's Modulus(TPa) 55 04 ~ 3.7
Bulk density(g/cc) 0.01 ~ 0.03 0.1
Tlue density(g/cc) 133 ~ 14 14 ~ 2.6
Resistivity (Q-cm) 1.0 x 10 51 x 101 ~ 5.86
Current density(A/cm?) ~ 10° -
Field emission, Turn-on Voltage(V/m) 07 ~ 2 1 ~5
Thermal conductivity(W/m-K) Max. 6000 Max. 3000
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Table 4. Types and characteristics of CNT

T 7 diameter Length Purity
Ogsd gAYy FE MWCNT A <8nm 0.5-2m 95%
o BaysfFH2 MWCNT B 10-20nm 0.5-2m 95%
o5 BAyreF2 MWCNT C 20-30nm 0.5-2/m 95%

12 34 A=A A

BageBr 328 A dA7lEE g@ae R0 w2 Zyols= gw 3y
Ex W32 3937 93te] 2279 AAAS MEEP o, Table 5.9 2 <
Toll AH8 ® F2ZAe 5A4S YET

Table 5. Types and characteristics of adhesive

z ® 5 4

PVA(Poly Vinyl Alcohol)

Mw 146,000-186,000, 99+% hydrolyzed

Epoxy resin

viscosity 1000 centipoise (cp) at 72 F (22C).

_13_



BrUunfFr FYHAES F 277HA AlZzsdn. Z-A Az A AaA oA g
AUEFE AAR7E 7 EFA Yol A Aol "ol = dAato] BAlES Fels)

)—U
<
5
<k
g
)
5
o
it
(ot
i
ol
ol
&
2
BN
ol
ol
32
=
>
ol
)
S
—_
=

B Ao s gaueFrE 389 AxE 98] Ao tE 3FF9 g@ay
FHE 3] S (1wt%, 2wt.%, 3wt.2%)3} 271A1 9] HZA o wel A FE Yo

3o RAe Biel F 27 FR BaunFn a9AE Axstch
i

fujnt

B2

BN
o
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GAE Az Wrielt.

Table 6. CNT Coating based on pure water

& £ MWCNT A MWCNT B MWCNT C

H| H & (<8nm) (10~20nm) (20 ~30nm)
=9 500g + =+ 500g + <9 500g +

1| 1wt% | MWCNT A 5.05g + | MWCNT A 10.20g + | MWCNT A 15.46g +
PVP 5.05g PVP 10.20g PVP 15.46g
<7 500g + <79 500g + <59 500g +

2| 2wt% | MWCNT B 5.05g + MWCNT B 10.20g + | MWCNT B 15.46g +
PVP 5.05g PVP 10.20¢g PVP 15.46g
ZF% B00g + ZF% 500g + ZF% B00g +

3 | 3wt% | MWCNT C 505z + | MWCNT C 1020g + | MWCNT C 1546g +
PVP 5.05g PVP 10.20g PVP 15.46g

_14_



Table 7. CNT Coating based on PVA

& | &3 MWCNT A MWCNT B MWCNT C
H| H & (<8nm) (10~20nm) (20~ 30nm)
55 500g + 55 500g + 55 500g +
1 | 1wto MWCNT A 5.05g + MWCNT B 5.0bg + MWCNT C 5.05g +
W
? PVP 5.05g + PVP 5.05g + PVP 5.05g +
PVA 10.20g PVA 10.20g PVA 10.20g
ZF 500g + ZF5 B00g + ZF 500g +
9 | 2wtog MWCNT A 10.20g + | MWCNT B 10.20g + | MWCNT C 10.20g +
WO PP 10200 + PVP 10.20g + PVP 10.20g +
PVA 10.20g PVA 10.20g PVA 10.20g
= 500g + < 500g + = 500g +
3 | 3wio MWCNT A 1546g + | MWCNT B 1546g + | MWCNT C 15.46g +
WOl pVP 15460 + PVP 1546 + PVP 1546g +
PVA 10.20g PVA 10.20g PVA 10.20g
Table 8. CNT Coating based on Epoxy resin
F| ¥ MWCNT A MWCNT B MWCNT C
H| H& (<8nm) (10 ~20nm) (20 ~30nm)
AFAU 500g + | SFEAA 500g + | SIFA AN 500g +
1| 1wt% | MWCNT A 5.0bg + MWCNT B 5.0bg + MWCNT C 5.05g +
PVP 5.05g + PVP 5.05g + PVP 5.05g +
o Z A& % 500g + o ZA1#| 2 500g + o] Z A& % 500g +
2| 2wt% | MWCNT A 10.20g + | MWCNT B 10.20g + | MWCNT C 10.20g +
PVP 10.20g + PVP 10.20g + PVP 10.20g +
o Z A& % 500g + o] ZA1#| % 500g + o Z A& % 500g +
3| 3wt% | MWCNT A 1546g + | MWCNT B 1546g + | MWCNT C 15.46g +
PVP 1546¢g + PVP 1546g + PVP 1546¢g +

_15_
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Table 9. Specification of contact angle meter

HS AL
1 | A= Alo]= : 200(W) x 50 mm(H) x oo(D)
2 | /M AE/AE/E A drop TTEE Al 2Hl
3 | AE ¥ HXA
4 | E€HY 34 AsoezE A
5 [91A 714 7s
6 A3} oy wa 7]E / FA ZH AE A Ve /7 A 7
7 101w F AEE 5 EUHE EF 24 (F8 FAH] AES o] 8)
8 | X3H on e drop 715 (RAaFA A= AHE)
9 | Trigger 7]
10 | 12x Zoom #= USB tj#x¥ CCD 7w 2t
11 | 7=} s = (640X480) up to (1328x1048:Optional)
12 | Frame rate: 70 frame/sec Up to 600FPS (Optional)
13 |33 - WA LED 2%
14 | "H=7 =4 HY : 0-180 degree, 221 ¥ + 0.1
Surfaceware9 software, 44, &4 H=F7 & FHAYA], pendent
15 |drop WS o] &3t ¥ F#H =A, At base®Z 3 AF A 7T
A= oy R 7|
16 FAF7]1(3ml:10ea), Needle (30G,27G,22G:5ea/each ) / 2 AFR (30, 60,
120 £0.6 deg)
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2.2 SEM
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Fig. 5 Field-emission scanning electron microscope.
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Table 10. Specification of field-emission scanning electron microscope

CES T2 AR
1 Resolution 1.0nm guaranteed at 15KV
2 Magnification 25 to 650,000X
3 Image mode SEI
4 Accelerating voltage | 0.5 to 30KV
5 Electron gun type Field emission gun with cold cathode
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Fig. 6 3D nano profiling system.
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Table 11. Specification of 3D nano profiling system

H3 TE AL
Non-Contact White Light Scanning
1 Measurement Technology
Interferometer System
2 Light Source Stable Hight Power LED
, < 0.1 nm with piezo—stage and capacity
3 Z resolution
Sensor
4 7 axis scan range 250um
5 7 repeatability < 0.3 % ( 3sigma )
6 Step Height Repeatability | +/- 10nm with 1.8 standard sample
7 7, accuracy < 075 %
Motor stage 300x300mm/Motor Z 100
8 Sample Stage ]
mm / auto tilt +/- 3°
9 X Y resolution 0.15 to 3.6 um
10 Measurement speed 50um / sec
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Table 12. Contact angle measurement results of CNT coating surface based

on pure water

T HAEZ(°)

1wt.% MWCNT A + Pure Water 68.22
2wt.2% MWCNT A + Pure Water 46.71
3wt.2%6 MWCNT A + Pure Water 42.33
1wt.% MWCNT B + Pure Water 62.64
2wt.2% MWCNT B + Pure Water 35.27
3wt.2%6 MWCNT B + Pure Water 32.28
1wt.2% MWCNT C + Pure Water 34.02
2wt.2% MWCNT C + Pure Water 27.04
3wt.2%6 MWCNT C + Pure Water 23.42
Non Coating 45.55

Wear Prevention Film 57.32

(A FH A FAHAA(R&D) 71088 A, 2017]

100
{| @ Purewater + MWCNT(<8nm)+PVP
90 4 A Pure water + MWCNT( 10-20nm)+PVP
1l O Purewater + MWCNT(20-30nm)+PVP
804l - Non Coating{Contact Angle=45.55)
=" Wear Prevention Film(Contact Angle=57.32)
&~ 70+ ° 57.32°
0] i A
R A
E 1
50 4
"g ] ®
L
‘g‘ 40 .
1 O
O 304 “
| O
O
20+
10
0 T T v T v T v
0 1 2 3 4
Concentration(wt%)

Fig. 7 Contact angle measurement results of CNT coating surface based pure

on water.
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) 1wt.2%6 MWCNT A + Pure Water ) 2wt.2% MWCNT A + Pure Water

) 3wt.2%6 MWCNT A + Pure Water ) 1wt.2%6 MWCNT B + Pure Water

) 2wt.2%6 MWCNT B + Pure Water ) 3wt.2% MWCNT B + Pure Water

) 1wt.2%6 MWCNT C + Pure Water ) 2wt.2% MWCNT C + Pure Water

(1) 3wt.2%6 MWCNT C + Pure Water

Fig. 8 Contact angle of CNT coating surface based on pure water(a~1).
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Table 13. Contact angle measurement results of CNT coating surface based

on PVA
T & HEZH()

1wt.% MWCNT A + PVA 98.76
2wt.% MWCNT A + PVA 55.20
3wt.2% MWCNT A + PVA 36.69
1wt.2%6 MWCNT B + PVA 55.46
2wt.% MWCNT B + PVA 51.09
3wt.2% MWCNT B + PVA 50.40
1wt.2% MWCNT C + PVA 56.08
2wt.% MWCNT C + PVA 51.63
3wt.% MWCNT C + PVA 20.69
Non Coating 45.55

Wear Prevention Film 97.32

(A9 FHA S A (R&D) 7108w A4, 2017]

100
1 @ PVA+MWCNT(<8nm)+PVP
90 - A PVA + MWCNT(10-20nm+PVP
| 0O PVA+MWCNT(20-30nm)+PVP
Non Coating(Contact Angle=45.55)
80 1 — — - Wear Prevention Film{Contact Angle=57.32)
& 70 ®
“q-,’ . A 57.32°
o 60 ___ . o
c
< 50-
(&) 1 L
% 40 - ) .
4 o &
Q 30 -
1 ]
O
20
10
0 T T T T T T T
0] 1 2 3 4
Concentration(wt%)

Fig. 9 Contact angle measurement results of CNT coating surface based on

PVA.
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P

(a) 1wt.2o MWCNT A + PVA (b) 2wt.2%0 MWCNT A + PVA

(c) 3wt.2%o MWCNT A + PVA ) Iwt.% MWCNT B + PVA

4

_

(e) 2wt.2% MWCNT B + PVA (f) 3wt.2%6 MWCNT B + PVA

(g) 1wt.2% MWCNT C + PVA (h) 2wt.2% MWCNT C + PVA

|

(i) 3wt.2% MWCNT C + PVA
Fig. 10 Contact angle of CNT coating surface based on PVA(a~1).
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Table 14. Contact angle measurement results of CNT coating surface based

on Epoxy resin

7 8 HEZC)

1wt.% MWCNT A + Epoxy resin 59.56
2wt.2%6 MWCNT A + Epoxy resin 53.92
3wt.26 MWCNT A + Epoxy resin 61.42
1wt.% MWCNT B + Epoxy resin 60.83
2wt.2% MWCNT B + Epoxy resin 55.49
3wt.2% MWCNT B + Epoxy resin 55.94
1wt.2%s MWCNT C + Epoxy resin 54.78
2wt.%6 MWCNT C + Epoxy resin 64.61
3wt.% MWCNT C + Epoxy resin 69.43
Non Coating 45.55

Wear Prevention Film 57.32

(A9 FH A FAHAA(R&D) 7108w A, 2017]

100
| @ EpoxyResin + MWCNT(<8nm)+PVP
90 A Epoxy Resin + MWCNT(10-20nm»+PVP
| O Epoxy Resin+ MWCNT(20-30nm)+PVP
Non Coating(Contact Angle=45.55)
80q--- Wear Prevention Film{Contact Angle=57.32)
—~ 710+
% | . 57.32°
A
© 604 T o
<
= 50-
8 4 L J
®
& 40 - .
4 O 4
O 3p4
] O
O
20
10
0 . , . , . , .
0 1 2 3 4

Concentration(wt%)

Fig. 11 Contact angle measurement results of CNT coating surface based on

epoxy resin.
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(a) 1wt.2%6 MWCNT A + Epoxy resin (b) 2wt.2%6 MWCNT A + Epoxy resin

(c) 3wt.2%6 MWCNT A + Epoxy resin (d) 1wt.2%6 MWCNT B + Epoxy resin

(e) 2wt.2%6 MWCNT B + Epoxy resin (f) 3wt.2%6 MWCNT B + Epoxy resin

(g) 1wt.2%6 MWCNT C + Epoxy resin (h) 2wt.2%6 MWCNT C + Epoxy resin

(i) 3wt.26 MWCNT C + Epoxy resin
Fig. 12 Contact angle of CNT coating surface based on Epoxy resin(a~1i).
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wr,‘ - 3
. z £ — P 1

(c) 3wt% Pure Water + MWCNT (d) 1wt% Pure Water + MWCNT B

-2 4
|t

&

(g) 1wt% Pure Water + MWCNT C (h) 2wt% Pure Water + MWCNT C
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(1) 3wt% Pure Water + MWCNT C

Fig. 13 SEM measurement results of CNT coating surface based on pure

water(a~1).
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(g) Iwt?% PVA + MWCNT C (h) 2wt% PVA + MWCNT C
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(i) 3wt% PVA + MWCNT C
Fig. 14 SEM measurement results of CNT coating surface based on PVA(a~i).
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(a) 1wt% Epoxy resintMWCNT A (b) 2wt% Epoxy resintMWCNT A

(d) 1wt% Epoxy resintMWCNT B

(e) 2wt% Epoxy resintMWCNT B (f) 3wt% Epoxy resintMWCNT B

P '7

(g) 1wt% Epoxy resintMWCNT C (h) 2wt% Epoxy resintMWCNT C
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(i) 3wt% Epoxy resintMWCNT C
Fig. 15 SEM measurement results of CNT coating surface based on epoxy resin(a~1).

(a) Non-coating (b) Wear Prevention film

Fig. 16 SEM measurement results of non—coation and wear prevention film.
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Table 15. Roughness measurement results of CNT coating surface based

on pure water

5 E ®#HAZA7] Ra, ym)

1wt.% MWCNT A + Pure Water 0.5321
2wt.% MWCNT A + Pure Water 0.8893
3wt2% MWCNT A + Pure Water 1.0319
1wt% MWCNT B + Pure Water 0.4169
2wt2%6 MWCNT B + Pure Water 1.9539
3wt2% MWCNT B + Pure Water 1.4011
1wt2% MWCNT C + Pure Water 0.6210
2wt2% MWCNT C + Pure Water 1.2798
3wt MWCNT C + Pure Water 1.4251
Non Coating 0.0020

Wear Prevention Film 0.1176

(A9 FH A S A A (R&D) 71081 A4, 2017]

25

® Fure Water + MWCNT(<8nm)+PVP

A Pure Water + MWCNT(10-20nm )+PVP

[0 Pure Water + MWCNT(20-30nm }+PVP

21 MNon Ceating(roughness= 0.002m)
— — - Wear Prevention film(roughness=0.1176,m)
_
c 15-
3
S
N
[7}]
Q 1 4 a
c
L
2 o ‘
o O -
o 0.5 2 .
® 0.1176
™ urD
0
'0.5 T T T T T T T
0 1 2 3 4

Concentration(wt%)
Fig. 17 Roughness measurement results of CNT coating surface based on

pure water.
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Table 16. Roughness measurement results of CNT coating surface based on PVA

T % ®#HAZ”] Ra, ym)

1wt%6 MWCNT A + PVA 0.3213
2wt2% MWCNT A + PVA 0.3904
3wt MWCNT A + PVA 0.5111
1wt% MWCNT B + PVA 0.4179
2wt% MWCNT B + PVA 0.6076
3wt MWCNT B + PVA 0.7658
1wt% MWCNT C + PVA 0.5928
2wt%s MWCNT C + PVA 0.7482
3wt MWCNT C + PVA 1.0405
Non Coating 0.0020

Wear Prevention Film 0.1176

(AT A 54 A (R&D) 71 7hd s oA, 2017]
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Fig. 18 Roughness measurement results of CNT coating surface based on PVA.
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Table 17. Roughness measurement results of CNT coating surface based on

epoxy resin

T & ®#HAA7] (Ra, ym)

1wt% MWCNT A + Epoxy resin 0.0715
2wt2% MWCNT A + Epoxy resin 0.0853
3wt% MWCNT A + Epoxy resin 0.0891
1wt2% MWCNT B + Epoxy resin 0.0721
2wt% MWCNT B + Epoxy resin 0.0800
3wt2% MWCNT B + Epoxy resin 0.0993
1wt% MWCNT C + Epoxy resin 0.0680
2wt% MWCNT C + Epoxy resin 0.0785
3wt2% MWCNT C + Epoxy resin 0.0843
Non Coating 0.0020

Wear Prevention Film 0.1176

(A9 FHd 5 dAA R&D) 71 /TR A, 2017]
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@® Epoxy Resin + MWCNT(<8nm)+PVP
A Epoxy Resin + MWCNT(10-20nm)+PVP

[0 Epoxy Resin + MWCNT(20-30nm)+PVP

- Non Coating(roughness= 0.002.m)
— — - Wear Prevention film(roughness=0.1176.m)

0.1176,m

e

8

0.2
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(wn)ssauybnoy
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2

1

Concentration(wt%)

Fig. 19 Roughness measurement results of CNT coating surface based on epoxy

resin.
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