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Development of High-Performance Discontinuous CFRP by Adding Cellulose Nanofibers
Hiroyuki HASEBE and Wataru OKUMURA

In order to improve the performance of thermoplastic carbon fiber composites (herein, "discontinuous CFRTP") based on carbon
fiber cut to a certain length (herein, "discontinuous CF"), a method of reinforcing thermoplastic resin matrices with hydrophobic cellulose
nanofibers (herein, "CNF") was investigated. CNF was added to a thermoplastic epoxy monomer, which was an in-situ polymerized
thermoplastic resin, and stirred to disperse CNF in the monomer. The monomer was then impregnated into discontinuous CF substrate, and
the monomer was polymerized by heating to make a discontinuous CFRTP plate. The mechanical properties of the prototyped discontinuous
CFRTP plates were evaluated. The results showed that the bending strength of the discontinuous CFRTP plates with CNF was higher than
that of the sheets without CNF. In addition, by placing discontinuous carbon fibers with shorter lengths than the outer layer in the intermediate
layer, the variation in flexural strength and voids in the discontinuous CFRTP plates were suppressed. Using this technology, a support plate
used for anchor reinforcement of a slope in the civil engineering field was fabricated using the discontinuous CFRTP plate. Voiding was
suppressed and the compressive strength was 1.7 times higher than that of the plate without CNF.

Keywords : cellulose nanofiber, in-situ polymerizable resin, discontinuous fiber, carbon fiber reinforced thermoplastic

1. # & %ﬁﬁé%ﬁtﬁza:ﬁﬁu\%nm\é@ L LAanb, R#E

BATYIMERIIR 2~ N U v 7 AR & U 7o B A WRME MR 70 & & JEA &3 D e i ME SR A o> B AT B
G EHELT, CFRP)IE, &2 & i T OT < W AFF CFRP & thiE U, K UZ/R T8RRI e O B 2R ©
WMAEET D L0 b | B B M 21 5 17 C o RTL, ZOLEDMEDORTYXNRKREL o120,
DS TVWD D0, fric, —E0R S ICUk Lz RARBECLSHL Y, BERKTARELZ2>TVD
B R MEME (LA, Rt fR Rk ME )& JER & L TR & —J7, BxdxFmEH ALz YR —R2F ) 77
B ASE e 2R 88 CFRPIL, M IRRRE I BT 5 4 A AN—LLT, CNPZHGEAMA PR X O E /
BREERBEE)S BRI THDLEVIFIREENL, # W WS E%, B/ v —FEAIEDL D
L TCONFR G LI BRI BER Y ~— %2155 FIEDE

A 446 A T JOHEEAM IR LT ) ~—% H W TCFRPZ 5




HELS Ry AL
(EEEHA DL

TRUuo RS
(a)E M B D (b) B A AT 2 1%
AT ¥BECFRP CFRP

1 RELGEA A HEPMECFRPO R A KD I A

LRE T EERE LY, WA DR TONFARRI O #L
AU CFRP & e L C, BP9 S OE B E 2N A b
TLHZELEHOLNC L, ZONhFHMEEOR EOE
[K % CFRPIZ BT 2 R FEMMAMBEY OBEH O~ MY v 7
AMB =T ENTZCNFIZ L > TR Iz &
ERELTWD, TOe, HiEkMe R o B VF M
CFRPE YV v MU v 7 ABIBEOMMB RN TE D
A g B R BB MECFRPIC T S 975 & & TR 2 X
of:o

2 TARMIECIE, AN e 2\ AT #ME CFRP O & P g
btz B, <~ ) v 7 A THIBGEAMATE
RXUBIEEZCNFCTHiTRT 2 FEE BRI L, £,
FORFBMELRABOPHEICEBET D2 LT, RE
WHE O BUE Z MR L, MIEDO AT Y X OB EZ X - 72,
Eb, REEFICHT D, EASH THEEOT
A — AR W & D SR & AR e B4 R] 98 4 CFRP
THRIEL, TOWHEE M L7,

2. A& AT 8 14 CFRPAR 0 Bl ¢

2. 1 ZEBAZE
2. 1. 1 E\A o K% 2 fIE~DCNFIs N

BB X P B R L 7 T¥E (KR ) @ B K B CNF
nanoforest-M([&E 5310 wt%, =% / —nAn#)&, T4
ATy I AMYDBR B RXTE ) v —
XNR6850A % IV 72, 40 CCITNE L 72 B\ ¥ = oK & o
E /< —120.5~1.0 %DOCNFZ ML, #BHRLENL
100 °CE THMEL L 727, 100 °CIZFRIE L 72 Ik BE T30 min

BEELEZ, 0%, 105 °CO B 22 & 1§48 T 60 minfi £,
Biva L 7=,
2. 1. 2 R Al 4% CFRPAR o {E L

R ft A RT Y ME CFRPAR O B L2 & 212 7R 3, R
T & U CHkHER S0 mm, Bl EA B HE
REUBIENER S NZ/Ma~ T — L (#)D CABOMA
KBF > 7 (LLF, CFRPF v )& H iz, Mg 15 i

(DP63P - ¥~ MR E (k) EZ H W T, 180C, 30 min¥T
i AN U 7= %, 58RO B (HTS50 - 7 % A pEE
(ENIZER Y £F1F 5 1 72200%200 mm D 427 (2 CFRPF- v~
TEBIN T AT AT v 7 A () EA fib
XNH6850EY % H S b 50: 1 TN 2 72 AR = AR &% > & /
~—ZHEAL, KFIEE180°C, WIEIE J14 MPa, 30
min TR 5 2 & TR B AT M M CFRPAR % 15 72,

ARIEICHE LM Rk &2 £ LIoR T, B ~F B30
JEAHIEH2 mm, REH4,5OE A IEH4 mmiZ7e b X 5
BELREZ, £z, &S5k, 481250 mmd CFRPF »
7, FHBEIZ25 mmOCFRPF v & 5% KA v F
ik e Lz,

B ' e
CFRPF v 7D FEME: £EAQCFRPF v TR U
BABIRFE/I—

DEA

—~a

HAEMHRTHIC & 7 i 5% 34 m] 28 CFRPAR
AmEk - E

B2 A AT ECFRPAR O Y T2

#1  FREGE AT MECFRPIR DR BHE R & B 2

. E/X—ITRT B
B CFRPF > 7 CNFEME | Ea
fiE | BAE EENE| BAS
1(I5v9) 50 mm 1059 - - 2mm
2 50 mm 100 g 0.5wt% 69 2mm
3 50 mm 100 g 1.0wt% 649 2 mm
4 50 mm 2009 0.5wt% 12¢g 4 mm
4+ | 50 mm 156 g 0
5 HEE 25 mm 524 0.5wt% 129 4 mm
2. 1. 3 AHKE A EECFRPAR O FF A

FRE L 72 AR 20 0T 98 Mk CFRPAR I %t L C 5 RE At R
% (AG-100KNplus - (¥R) & EBAEFT) 2 v T3 IR
BR&4T o 72, 1835 mm, £ X60 mm® Rk % 3 R
BEtGREL D JE Z)x16 mm, FREREHES mm/min TITVY, S5
B DBl & R oD 7, PNEBBLEE OFFAf X, BB iR



WO Lotk BIEEAEE L, & FBEMEI(DP73,

GX71 + AU U RAMENE RV BriE# R L viTo 7,
RBRMEBTE S H R V)RIEIE, B0 E &R
DRFWMEOER LV BB L, REBOHBEL, K
BEHRECLOVME L, £, AP oRFHEDE
Bix, B ZE2~y 7N T420 °C, SEFRIMMEAL T,

WHRE % oy bR £ L 7cte, REBMOEELNET 22
LTk,

2. 2 HREER

5 5 72 R A B AT Y I CERPAR o | 1T B fE 51 %
3289, BRKALCNE O BRI & A9~ 512 fE v,

HFsR S NEMT 2R LS5, RKAliFmRs %
RLTERBIE, 757k LCHNiT iR & 23 K27%0
EUL7, Wiz, REOEHZOEWIZ L 2 iR IciE
Ho o itp2b®b4 oMo k& 28R
Lo, K307 — "=y Fick
WTARIZYIRNILRDTENERTE, T,
2 mmA 54 mmiZJE AN X 72 2 & TR B MME OB E
DHENBE SN bEEZOND, £1-, S8
LHHEICE S D% 5 CFRPF v 7 & i o 7= 3RS 12 1
HT+ 5L, ETRULESOCFRPF v 7 TER L 2R
Brar e _xCciiFmIic k& Bz onir oz
B, NITYFRRILITNMEL Rot,

800

700 |
600 |
500 |
400
300

BH(F58E (MPa)

200 |

100 |

2 . /
Ak EM2 Hss B4
)

X3 A A A] PEMECFRPH O fh 1 3B RG

ETE

R4 L HBSIZ OV T AT Y FOEIZ DN TH L
T5, WaasBELEEREZN4ICRT, £z, VAHIE
TEHELNTEY, BLUOAMOZER(RA RE,; n)&E K2
T, K4k, BBHIEE & 05 0 (T J7 ) ke
DHRYBBEISNEDICH LT, RESITHED 9
RO OIRWEAER TE o, Wk, RESE BT RER
RA FRBEEINAT, V), BIOVICKEARZEITIRD

nhghote, Lo FRBRERLIETELD L,
FRIBICHEE LT WEVWRBBEZEEST S 2 & T,
3¢ 3 W AE 23 KL D B A3\ A R R ARHE S TR ED L C B S
R S, BEICERNL TWERZBED S R BNE
WT2ZETHFREDORTYXR/hEL ozt D
EEEL,

(a) ¥4 (b)

B o)
X4 AELGEEA T CFRPAR O Wi

2 AREGENRTYBYECERPAR D Wy T 5 5

EE 2 Vi (%) | V, (%)
4 46.9 0.3
5 471 =0

3. TEMBEMCFRPOXZERA~DIEHA

3. 1 =EEBAZX
3. 1. 1 A a] ¥4 CFRP 3 E A o /E L

CNFOWMESE & HRIEICE S DE D kBN E
Bl 2 Z & CHIFREDm EENTYXTORBOR
ERH o=, LA THEEDT > — BRI fE
ASNDZER~OIEREZ RS Lz, A2 n] 8k
CFRP 3¢ JE MR 13 70 JE A T 1 (MBO300 « (KR) 3L L 8k T)HI
I Y A1 5 4 72320%320x40 mm® 47250 mm CFRP
F v 7, EERMUZCNFIRIMZ A X ) ~—
300 g AL, RRIZIREE150 °C, &I EJI114.7 MPa,
15 minTHUE T 2 2 & TRAEL 7= (X5), CNFORME
1305 wt% & Lc, Fio, SMELHRHBICEIDED
CFRPF v 7I2F 5 7 4 E 1250 mm®D CFRPF v 72.4
kg, THEEIZ25 mmODOCFRPT v 7 1.6 kgb T 5% K
A4 v FHEEE LTz,

3. 1. 2 e B Al ¥ % CFRP 3 E AR O AT
HFEREE 2R T 2 2D EMRABR 21T - 72, 7B
YA X, B8 mm, EX18mm, &340mmTH Y,



X5 Adfs#h n] P CFRP S AR

JEAER B L, 7 REM BB (UH-1000 kKNI - (#F) & &
RVEAT) A2 VY, ¢ 100 mmOD JERFHR THE L, RBRE
JE2 mm/min TIT o 7=, VANE X Eik & FERICERE 0%
FErRABTORFEBEOERLVHEH L,

3. 2 HREER

JEMERBR O R EZK6IZ AT, RO 72D CFRPF v~
7 D F T CNFA RN @ ER] ¥ 4% CFRP 3 JE AR 0 FE #fi 74 5R
il B % R TR T, CNF0.5 wt% iR L 7= 3 F R O 1 #i
iR X X384 MPa, CNFAR IR O SCEMK O IE iR = 13231
MPaTh vV, 1IfFOMEMEXR N, —F,
CNFO0.5 wt% s N U 7z 3JE AR O JE 46 M =8 12 5.7 GPalZ %t

L CCNFRIEM O XK ER O FE i ik R122.0 GPaTH v,

BPESR G b RS,

Wi B ER L7 R 2 712”3, CNF0.5 wt%iRkin L
TEXERDORA RIFIEEAEBEINR D o120,
CNFRIFEMO X JEMRIT/N 2R A R RHE Do T
Bleahl, BoneryB L0 ng R3TxT,
CNF0.5 wt% IR L 72 X JEAR D Vi, 48.5 %, CNFARES
MO XJER D VX, 467 % Toh 7=, F7=, CNFO.5
Wt% IR L 72 ZJEWR D X, 1.0 %, CNFREMO X)L
WOVIE, 6.2 %ToH o7z, CNFREMDIZIEHR THA
RENBFFIZES Roc BB & LTI, FHEOKRSE
MWHEA IR B S B2 Z LR TET, RBEMHMEDBE % fif
HTERNPSTZZENOLIRBRMEOB DI N AA R
Whpofo bR EIN D, I HICHTRORE2E RKEH4D
BfR LI TEEST DL, REMMEZTBITE D56
IE AR B T B YECFRPOMRE R R 72 5 IC DB E
b3 2 5%, CNFARWRM O STEM O KT R & ke 2 it B)
TERWEAIIRENEL 72 5 &1 L A R FHE o B
ENPEEFICRD EHRIND,

600

S

7] Ehesse

500 E_EL

L
==

400 |

1
(=2}

300

200 b !

I
N

[EfERE (MPa)
EfEEMEE (GPa)

100

CNFZFEI  CNFO.5wt%iFin

X6 AdifkeE AT S CERP S AR 00 EAR R BRfG 2

(a) CNFZRZN (b) CNFO.5wt%Zs N
[X|7  A5Efer 0 AT ¥ CFRP S E AR O W i

#3  EENAT S ECFRP S AR DV I E Hi 5

= Vr (%) V. (%)
CNFZRf 46.7 6.2
CNF0.5wt%3 hn 485 1.0
4. %% B

N for BA ¥ M CFRP O s ME B 2 HIgZ, ~ MY
v 7 A& T DB EAA BB = R % o IR & BUKA{b
CNF Tl U 7= A8 f5e #0 7] 98 1 CFRP % 3K E - FFAfi L,
UTORRERELNT,

(1)CNF % 1.0 wt% ¥R U 7= A58 fo 24 A 93 % CFRP o fify 1F

WENET T 7Tk LTHRI2T %M kLT,

(2) H P Je AT R A e B SR M A B 95 2 & Tl
ﬁé@ﬂ77%&$4b%%ﬂTé ERTE,
Q)M L 7= A d# e A Al B M CFRPEAR 1L, A A K1

%IZR D L & BITHERDEMRIT K U TIEMEIE & 2

1.7f5wcm E L=,

Bl i
AMFFEIL, IST, A-STEP N T4 7T U b ¥ A 7 (IEHE),
JPMJTM20ND(E /L 1 — =& F / %ﬁz%&:‘s FuoHgmLM™
EonT BV 2 U 7 i R S B AR SR AR AE A G AR
DRV OXEEZ T bDTT,



&% Xk

1) FomRZeEs, L. RBEGHERLT T AT v 718D
HEhEE O (L. #iHEFS7E 2008, no. 64, 9, p. 295-301.

2) FmR e, LB, RBMMEIRILAR Y 7 r L O
MR d K ONHHE /st AR R BN 2 BE 9~ D FZE. AR
5.2013, no. 39, 3, p. 113-119.

4) ABYGR, EAEE. BB VYA 2ov, F ) iR L
HAEMEL, BRBIE—FRPO Y B A 7 v —. BAREAME
Z22EE. 2008, no. 34, 6, p. 245-250.

5) mAEE. BoF@Ehn VYA 2oL, eI E AR
BRE—FA 7Y A 2T AR h—. BAREEME

43, 2008, no. 34, 6, p. 251-255.

6) mfEIE. ZNRIHAMERIIRIC X 5 CFRPOBTER. BEREftasE
2258, 2018, no. 56, p. 3-10

7)) BAEmy, WA, e —2F ) T A=l b5
PERECFRPOBAYE. 1)1 T3ERBRIG I JE 8 . 2022, no. 71,
p. 33-37.

8) Wataru Okumura, Hirofumi Nishida, Katsuhiko Nunotani,
Estsurou Sugimata, Hiroyuki Hasebe, Daisuke Mori, Kiyoshi
Uzawa. Development of CFTP Intermediate Substrates using In-
site Polymerizable Thermoplastic Epoxy Resin. Journal of Fiber

Science and Technology. 2021, vol. 77, no. 7, p. 188-195.



