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Abstract

The synergetic effect of Graphene nanosheet (GNS) on the static mechanical

properties and thermal properties of fiber reinforced polymer (FRP/EP) composites

for wind turbine blades were studied. The tensile strengths and flexural strengths of

GNS/CFRP/EP, GNS/GFRP/EP, and GNS/HFRP/EP were increased with the

increasing of GNS content in the epoxy resins. The flexural strength of

GNS/CFRP/EP was increased from 773.2 MPa (CFRP/EP) to 850.1 Mpa (increased

9.9%) by adding 0.5 phr GNS. The tensile strength of GNS/CFRP/EP was increased

from 580.1 MPa (CFRP/EP) to 781.4 Mpa (increased 34.7%) by adding 0.5 phr

GNS. The impact strength of GNS/CFRP/EP was increased from 122.3 J/m

to .6 J/m (increase .3%) by adding 1.0 p . The coefficient
CFRP/EP 138.6 J/m (i d 13.3%) by adding 1.0 phr GNS. Th ffici

of thermal expansion (CTE) of GNS/FRP/EP was decreased significantly with the

addition of GNS. The use of GNS as nanofiller in FRP shows a great potential

application to wind turbine blade.

Keywords: graphene nanosheet, carbon fiber, coefficient of thermal expansion,

tensile strength, flexural strengths
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a. 3 &7 s A ¢ (multi-walled carbon nanotubes * MWCNT) ~
b.(armchair) #* # 4] ¥ B 7 F B ¢ (single-walled carbon
nanotubes © SWCNT) »
c. (helical chiral)¥ e 3 ¥ 3 8 B2 7 A s ¢ -

d. (zigrag)iss 4 8 AL 3 - e 8 ARLF 4 -
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EPEEPE TS E o d LKA L /EE P& MVAER DT
boT i EB S E - FURE F T - e - A (m )k AT

)

S - HE Y 2 e (AoRl 23 1T ) - SREREE KR E A L2 X
¥ ! (a) arm-chair ~ (b) zigzag #2(c) chiral = * % (4= 0 #71) ; Bl ® T
o EES2 T o F U E - wE N,=(mn)2 > HIEE SR
AP E0,0)7BEE LT - SWNTs: & %325 & 0=0°0F>
T (m, n)=(P, 0)m P 5 B #cPF 5 zigzag 3] % 0=230°2 (m, n)=2P, -P)

2 (P, P) = arm-chair %] ; % 0°<0<30°pF 3 chiral 2| 2. SWNT -
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Bl 2-5 (a)#* + % 4| (Armchair carbon nanotube) °
(b)#-427)(Zigzag) ~

(#¥ 21 (Chira) ¥ st % A § 47 LW
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2K pE &5 iR E i B 4 x(intrinsic characteristics) # & &

EABERE - BA0H BWERE BV -FERE-BE

THIEGBAEUSLECFT AP LR D 2 22 T F NS
BF PR L
£2:2 HER S RBAARFLLTR

Ttems Single-walled carbon nanotube Multi-walled carbon nanotube

Diameter =7nm 0.7-50nm

Length >1 pm >1 pm

Special Surface Area >100m?%/g 40--300m%/g

Interlayer distance e 0.34um

Density 13- /em’ ~fem’®

Young’s modules 1054 GPa 1200 GPa

Electric conductivity 10'%-10%S/ecm 10'S/cm

Thermal conductivity 2300 W/mK 2800W/mK

%23 R OKACE & @R iR R (H 0 GPa)lt
Mechanical Single-walled Multi-walled

Carbon fiber Steel Epoxy Wood
Properties carbon nanotubes  carbon nanotubes
Youngs
. 1054 1200 350 208 35 16
modulus
Tensile
150 150 25 04 0.05 0.08

strength

R A
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4 1.2TPa> £R L 4rdg > 3 F15 3 A A P RS B C-C £

g s oom C-CaEip R st B2 - > FIPF g 5 2
FE AR L A FHEM T > AR F RN aE KA A H
7}-'_ o

RN E UL § L F It R RS

PEATPFRARE Dy RS 0 T2 ER ARG M FHR
(armchair) ] 7 5 B g iy (20t 54 (zigzag) ] 2 5F B 4% - Treacy *
U R E R R R KR i A CEGE ) . TEM BpE 2
SR OE R R IRE IR I RE T 0 A s 1.8 TPa sy 1t -
A Uk el S BEB(~800 GPa)® J17% % 014 AFM E 4B plH 4
3 kB g % w4 (bending force)¥? 45 b % > (B 5 5 K 2 KAk E

S B 5 128 TPay ¥ & 2 f Bl chE ST A& M o

#2-4 2 A RCE O S HCE

Outer Inner Young's

Marnotube Length diameter diameter modulus
no. {parm) {nm) {rum) (TPa)
1 1.17 5.6 2.3 1.06
2 3.11 .3 2.0 .91
3 5.81 24.8 S.6 .59
4 2.65 11.9 2.0 1.06
5 1.73 7.0 2.3 2.E8
G 1.53 6.6 2.3 3.11
T 2.04 7.0 2.0 1.91
a2 1.43 6.6 3.3 4.15
9 Q.66 7.0 3.3 Q.42
10 1.32 9.9 3.0 .40
11 5.10 2.4 1.0 2.70

Average value of Young's modulus is 1.8 TPa.
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EERRAATESZARE NG Ve By PRS2
(Combustion Flame-Chemical Vapor Condensation : CF-CVC) ~ # %24
#% % (gas condensation) ~ -k #t ;% (hydrothermal method) ~ & &+ /2
(sputtering) ~ *f 7% i (spray method) ~ A2 &7 /i %8 /2 (Supercritical Fluid)
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®2-3 7 %% 3 fi 2 TEM B [15]
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B]2-4 Images of suspended graphene membranes. (A)
Scanning electron micrograph of a large graphene
flake spanning an array of circular holes 1 mm and 1.5
mm in diameter. Area I shows a hole partially covered
by graphene, area II is fully covered, and area III is
fractured from indentation. Scale bar, 3 mm. (B)
Noncontact mode AFM image of one membrane, 1.5
mm in diameter. The solid blue line is a height profile
along the dashed line. The step height at the edge of
the membrane is about 2.5 nm. (C) Schematic of

nanoindentation on suspended graphene membrane. (D)
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#2-5 % Kk -

s AR -

AFM image of a fractured membrane. [16]

5 A4 1[16]

Composite Carbon Aspect ratio Thermal Young’s
Structure conductivity modulus
(W/m-k) (GPa)
CNC sp’ 5 1750-5850 ~1000
CNT sp’ 100 1750-5850 ~1054
Graphene sp’ 1000 3080-5150 ~1060

AETL R e MR RS R AR 2 e/
BIGRAART TS AT &M 2 A s R E T WAL
(500cps) =3k § #175 (SWANCOR-2513-A/BS) {F 5 &+ » §I* 28 A
VRS R RS AT RS B AT Y [14] FRES
FREZARE(AFBRFF LR E)ER A AHRE » L
> A1ZWE FRP 32 5 A 47l 2 B 8 00 4 o

E % KBty # 1 2 A] (Vacuum assist Resin Transfer Molding,

VARTM) £~ #8.0 (R~ % B 5 B 8L 47 & Ml entl & & % (4o ] 2-1
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757 ) > VARTM #{@E2 R 97 »~ 5 0T e ¥ 2 (DF 2 57 %
A1 38 1 (Placement of Reinforcement) > (2)F ##-(Close mold) > (3) > #i-
(Mold Filling) > (4)%] it (Curing) °

Ap g s A3 r LY S E LAY THEL G - K
S 0 B2 (S MRVE N R 0 BT R RA N2 R
RS ELD > 3 %4 BAHABRTEETR ST+ &

B d i A e o H AT A WO A £ P A
M m P A FRIFRIEAA on A FRIFE S S SR R

BigwE3adpag kol 2045 P’E#‘} g 4 o

Wacuum Bag
i
Resin Flow Hﬂl!h‘f‘l "

Catalysed Resin Typical SCRIMP Schematic Vacuum Pump

B 2-1 VARTM #4277 7 B[14]
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1995 ASTM-D790 Hh- Lo did B 2 2 £ 2 A2 B 5 > &R
BRE2ZFER(BR) REBIEVER 16 11 20 % ) A g HE P
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Fig. 3.1: The effect of GNS content content on the tensile strength of

composites
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