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Development Study of High-strength Ultra Thin Fiber Reinforced Plastics
Using Uni-directionally Aligned Carbon Nanotube Sheet

This study has investigated the possible applications of ultra thin fiber reinforced plastics based on uni-directionally aligned carbon
nanotube (CNT) sheet for the low thermal deformation structures like high accuracy satellite parts, antennas or optical benches. The
CNT sheets were produced from the CNT arrays with mean CNT diameters of around 20, 30 and 50 nm using drawing and winding
techniques. The CNT/epoxy resin prepreg was fabricated by heating a CNT sheet covered with a B-stage epoxy resin sheet. The low
strength and stiffness might be due to the waviness and entanglement of reinforced CNTs with large diameter. The reduction of CNT
diameter led to the increase of tensile strength and the reduction of CNT volume fraction. In short, to improve the mechanical
properties of CNT/epoxy laminates for application in satellite structures, higher volume fraction of CNT with small-diameter CNT
was required as a next step of this study.
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Z TR, AR Y B RIS ONT 2 REICHKE S¥72, CNT 7 Lo 2 8iE4 5 FEs#esr s n =0, CNT
T LA DO#EESEHT LT, 77 0T AT =L AACE Y Ry N U —27HE (7 =7) 2NREINFIC CNT 2 0,
KBEEDHZ LT, CNT Z—JFHICEIN L7z — MRICTE, BOEIRICEIET D Z &N TE 5.

AMFFETIL CFRP 2 LD < S LM, SREZFF->, CNT — Sl s — b2 EF SE7-mmEEA FRP OfIfL L, §]
IEERERIC & D )RR D AT 35 &L OVAE B3 1T L D CONT M3 4 = (Volume fraction : VADRIEZ 1T -7, £ — b
BEMYVIFHIGEEZHAWTA MLy FE2NTHZ LY, HAMEOERL, SRt odeEZ2 R A, ERRAE
A T BEMAE (FE-SEM)IC & AIEHh S EEAPED M AT - 72, #TZ85H % THICH A S TW% CFRP 1E— i TE
& 73 30-50 pm, FMERIE 100-300 GPa FRE TH 5. T DT b, AW TAIRIT % CNT/= R X LB EA M BHEI—J51m
TE X 10 pm, PSR 100 GPa & B & T 5.
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Fig.1 Schematic of CNT sheet pilling out process from CNT array.
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Fig.2 Photograph of CNT sheet winding process with stretching.
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Fig.3 Lay-up pattern of CNT UD sheet / epoxy resin prepreg
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Fig.4 Schematic of tensile specimen.
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Table 1 Thickness and Vf of each composite sample.

ply 300 300 400 400_Stretch
Diameter [nm] 50 50 30 20
Pressure [MPa] 2.0 3.0
Thickness [pm] 26—33 23—28 2124 16—20
VF [%] 44 53 30 45

BEAMBHIBWTESIINANTSE RN H 72, HELE LTCNT — bR BN T RS20 8, 6T
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Fig.5 FE-SEM fracture surface images of composite.
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Fig.6 Stress-strain diagrams of each composites and epoxy resin showing 0 to 1 % of strain.
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Table 2 Mechanical properties of each composite.

ply Epoxy 300 300 400 400_Stretch
Diameter [nm] 50 50 30 20
Pressure [MPa] 2.0 3.0
Vf 44 53 30 45
& [%0] 3.9 0.40 0.36 0.34 0.53
ors [MPa] 34.2 398 363 286 778
E [GPa] 1.9 106 108 93 136
Oktrective [IMP2] 861 655 872 1686
Ectrective [GPa] 238 202 306 299
_ UCompositei\/proxyo'Epoxy
O Effective — VienT (3)
ECompositei\/proxyEEpoxy
Efective = Vient (4)
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W@&z TR L6 5L Ao o7z, ZTHAUTMRILIC LV 28 CNT BRI T 2 EEEEN M E L2 iZeZx 6 b.
L LARRD, HEEEH TV 5 CNT OFRRAYZR PSR 0.5-1TPa (2135E < KIET, RIELJE CNT BRI TOM HEIE
DARFTHDH I L, CNT OREITRBL A ELILVE ERFRE DM EIZE LR WFRKOOES>TH L EEZHND.

CNT v — FEEIWVERHZA b Ly F 2T T-EAEMENL, BIEMI A KIEICH EL, EEOoTHabmELE.
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Fig.7 Histgram of fiber orientation angle.
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