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FY2018 Entrusted Work for Performance Evaluation Project of Cellulose Nanofiber
(Proving, Evaluation, and Verification for Introduction of CNF Materials for Social
Implementation: Automotive Field)

Report

Summary

1. Aim of the project

Applications (materials and parts) were proposed for utilizing the properties of cellulose nanofiber (CNF) and
a thorough evaluation was conducted of the full process from material to automotive final product for resin
materials that use or are composites of CNF with the aim of reducing carbon dioxide emissions by improving

energy efficiency through reducing the weights of parts and products in the automotive field.

2. Summary and system of implementation of project

The work was performed by members in a system of seven groups, comprising (1) molding of CNF materials,
evaluation of material constants, and provision of CNF materials; (2) evaluating the molding processability of
CNF material; (3) evaluating the low-pressure molding processability of CNF materials; (4) prototyping and
performance evaluation of CNF structural element models and high-density CNF material molded parts; (5)
evaluating the vehicular implementation of CNF material molded parts and investigating the vehicle concept of
the final prototype vehicle; (6) evaluating and investigating the CO; reduction effect of products using CNF for
implementation in society; and (7) information management related to project promotion and overall evaluation
of CNF materials and parts. There were 22 participating organizations as follows:

Participating institutions: Kyoto University; Japan Environmental Management Association for Industry;
Kyoto Municipal Institute of Industrial Technology and Culture; Kanazawa Institute of Technology; Nagoya
Institute of Technology; Akita Prefectural University; Ube Industries, Ltd.; Showa Marutsutsu Co., Ltd. / Showa
Products Co., Ltd.; RISHO KOGYO CO., LTD.; INOAC CORPORATION; Kyoraku Co., Ltd.; SANWA KAKO
CO., LTD.; DaikyoNishikawa Corporation, Maxell, Ltd.; DENSO CORPORATION; TOYOTA BOSHOKU
CORPORATION; Aisin Seiki Co., Ltd.; Toyota Motor East Japan, Inc.; TOYOTA CUSTOMIZING &
DEVELOPMENT Co. Ltd.; the University of Tokyo; and National Institute of Advanced Industrial Science and
Technology

Ube Industries, Ltd. and Toyota Motor East Japan, Inc. newly began participating from this year.

3. Project details
3.1 Molding of CNF materials, evaluation of material constants, and provision of CNF materials

Continuing on from last fiscal year, the required quantity of composite material formed by mixing modified
CNF into resin was supplied to each participating institution. The resins were polyethylene (PE), polypropylene
(PP), polyamide 6 (nylon 6, PA6), polyacetal (POM), and polycarbonate (PC). The amount of CNF added was 5
to 30 wt%, and the optimal composition was evaluated by indicating the physical property values that need

investigation for automotive materials, such as mechanical strength. For PA6 in particular, Ube Industries, Ltd.



optimized the composition of the resin components as suitable for automotive parts and was able to make a stable

supply for the participating institutions.

3.2 Evaluating the molding processability of CNF material

Various molding processes for automotive parts were performed using CNF composite materials by utilizing
the properties such as being able to increase the bending elasticity, being able to form a fine foam by injection
foam molding, being able to increase the melt viscosity to perform blow molding, having excellent transparency,
and having excellent recyclability. A weight reduction effect was confirmed in all cases.

As a specific example, parts with light weight and excellent appearance quality were obtained by injection
(foam) molding of PE-CNF and PP-CNF composite materials. The parts that were prototyped were door trim,
air conditioner casing, and pillars. The door trim, door outer panel, pillars, package tray front cover, and rear
wing (spoiler) were chosen for application to the final prototype vehicle planned for prototyping next year.

PA6-CNF composite materials are able to be injection molded, with CNF having a higher reinforcing effect
than glass fiber (GF). Whereas a conventional intake manifold is GF30%, an upper part and lower part molded
with CNF15% were able to be welded using a new processing method. Furthermore, hollow molded parts can
be manufactured by blow molding. The front undercarriage cover was selected as a potential candidate and was
chosen for application in the final prototype vehicle.

PC-CNF materials are able to form transparent panels by injection press molding. The back glass was selected
as a potential candidate and was chosen for application in the final prototype vehicle. The dies have already been
designed and ordered.

PA6-CNF composite material was newly noted as a material that is suitable for 3D printing, and it was
confirmed to be suitable for automotive parts. The front bumper side was selected as a potential candidate and

was chosen for application in the final prototype vehicle.

3.3 Evaluating the low-pressure molding processability of CNF materials

Trial manufacturing of engine hood (bonnet) was performed by the resin transfer molding (RTM) method
which impregnates CNF sheet with epoxy resin. The fiber structure was revised from the last fiscal year, and a
1.4-fold greater bending stiffness was obtained in 1/2 of the molding time, compared to previously. This is

thought to be the result of improvements to, for example, flowability and impregnability of the resin.

3.4 Prototyping and performance evaluation of CNF structural element models and high-density CNF material
molded parts

CNF honeycomb board was successfully manufactured with bending strength higher than aluminum by
pasting the CNF paper that was selected last fiscal year onto honeycomb sheet through the use of adhesive. It
was selected for the manufacture of the engine hood of the final prototype vehicle, and improving the surface
smoothness is therefore under investigation.

Furthermore, the backbone structure of the vehicle can be manufactured using a combination of aluminum

pipe and CNF paper, and it was selected for the pack inside the pillars of the final prototype vehicle.



3.5 Evaluating the vehicular implementation of CNF material molded parts and investigating the vehicle concept
of the final prototype vehicle

It was decided that the final prototype vehicle planned for manufacture next fiscal year would be exhibited at
the Tokyo Motor Show (held on October 24 to November 4). In the final prototype vehicle, large parts such as
the door outer panel, engine hood, back glass, door trim, and rear wing will be manufactured using CNF

composite material. We are at the stage where the dies for the potential candidate parts have already been ordered.

3.6 Evaluating and investigating the CO- reduction effect of products using CNF for implementation in society
Information was received from the consortium members for each manufacturer about the material structure,
molding method, part weight, and baseline for each part limited to automotive parts, and the amount of LCCO,
emissions was calculated. A rough calculation of the LCCO; was clarified for the first time using numerical
values for the upper limit and lower limit on units of CNF manufacturing of raw pulp for the intake manifold,

door trim, and resin glass.

3.7 Information management related to project promotion and overall evaluation of CNF materials and parts

A project promotion committee was established and progress management was performed for smooth
management of the project. Furthermore, plenary conferences were held periodically for all members of the
participating institutions to come together to share information.

Publicity activities were performed with the aim of spreading the outcome of the project and providing
information about this project, such as through displays at exhibitions and talks at symposia. In particular, the
strengths were advertised through exhibiting the actual parts and giving talks at the EcoPro exhibition
(December 6 to 8, 2018) and Nanocellulose Symposium (March 4, 2019).

Draft plans for introducing CNF into the market in the future were created based on the progress of these

activities.

Project period

April 1, 2018 to March 31, 2019

vi
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DL &b, MR OMBHEIRIA R 2 Fe il U 7 S BIEATEL & SREE M & LR LTz, 72, BEIE
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ZE L7z, £72, CNF > — b & HEVE OGS A 7 EOMELE LT L—7 G4 ~, £7- RTM

(Resin Transfer Molding) A ELE LT 7 —7 G3 ~eflt L7,
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DOFEF, CNF 2 A LIBHEMEHT Y A 7 WEICHEFITER T D Z ERbh o Tz,

1.1.1  CNF #PEt i & f2ik

(1) BHE-CNFEE~AX— Ry FOFEL 28T K B LOKHEBE A~

H30 4725 A 100 PA6-CNF A MR DOEERIET T o M SB@BRAM L7272, SFEND At
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CNF (X H fh& U fh, PP ICOWTIT H #h, B R ORI OBBENEET 24 MEa Ry v R A—F
—ERE L7z, M 1L1-1 I EEITRAL Lo Bl o kg, iiEs, IR 82 $ Lo/, PA6-CNF
% 2200 kg, PP-CNF % 3670 ke (CNF10% & A HEE L CHE L= &) 22 Wi (740 gt Lz,

= 1.1-1 1IBHELI-#AE-CNF RLyrDE LR 5%

Fihs-CNF CNF CNFi&# CNFEHEE =AU P H30EE REE Rift%
At s - RLybE .
HEME SHEHET CNF (CNFL0% %) (BEHE)
At TEFVEMECNF  [30%(R25-1" 9F) H#t 220 kg 2,200 kg # A=,
PA6-CNF ’ $3-3). v/t
(G5 —10,15% Ut Ty7, €RIK
%3-39. 4799,
ASAZEMECNF  |50%(A4-1 v7) H#t
PP-CNF G & v7/m) |- 5~20%M k| BEDNER 367 ke 3670 ke ;‘aﬁﬁﬁ:hv
e




(2) CNF ¥ — b Df#Efik

CNF v— h & LT, £ LI2IRT 2EO v — MEHZRME L72, CNF o — K (A) (B
ELTHHENTWAIZ e 707U ki —AL— N CETHBERT ¢+ O/ A 7~k
AT 2B E LTI —7 G4 OIRERIIE/IEF 7 v & 7 Y R~ Uz, Wic~=0 LFMENE L
TRUTL G4 OF|B TR L, 2D/ =8 223713 100%CNF R— K EfEEgdEs 72 LR
Fv MRSV E LTSNS, CNF & —k (B) 1Z, RTM (Resin Transfer Molding) %2k 5
HEIEHAR S Ry SHOMEIE LTI A—7 G3 DERTERPERME L7, CHODISHIE. E
N2 THEERNOEGRMENER I LD, CNF > — bk (A), CNF >— bk (B) & b#HERRITE 10nm~
¥oum TH 5, RIM KIEOEA. 1E 16mm, £ X 50mm OEMHIRO CNF v — h % 7 ¥ AICHERE T
HLEN D DT, CNF — K (B) IZ2WTIE, BEIfRE Y r e X IC#EHTE5 L9 CNF v — b &
Rk A U » &2 —CUIlr L7zt &k L7, [FFFZ, CNF > — b LFEE LR T ffig o~
0— AT 4T LR HIREE T T e~ >~ b (I E & 90~120g/m?) % 330 £ (60X 60cm) #2k L 7=,

3= 1.1-2 BHLI=CNF O —rOME LIRS, 1Rt

16mm gz

CNFy— MESE BER (g/m>) | B (mm) |@E (g/en’)| BIREE |RHE (mD) =%
CNF¥—b (A 235 0.024 0.97 60.7(MPa)mD 4502  |BHIAE, FIETE
CNF¥—F (B) 30.2 0.062 0.49 42.7(MPa)mp 1066  |&RIgEAY
CNFy— b (B) (HifE&BM®RR) 245 0.057 0.43 32.1(MPa)mD 520

1.1.2  CNF M Bt DO BFE HGEHT

(1) ARFFLIHRAE U 72 BHIE-CNF AR 8 58 2 A

F 113 ([TAFEFEITHEAE L7 PA6-CNF, 3 KUY PP-CNF # A4 B O 58 MM 0§t A SR &0~ 3
FERPE D FEMEER 2DV TIE, ISO DHLUEIZHE, BBV 7 8% 5 & L7z, PA6-CNF10%E 54
BHZ DU TIZ, CNF OfREMROFEEE & AHBE S 5 W HEEE C & 5 #h T =R 2N 4050MPa Th - 72, T
WEARFEICHRME L2 A B S B THRI SR T LT D (MEEERERZ O FEBRRAIET T b i#i 7 o
B A CERAE - ML L2t i %51 4290MPa), A%, A O BFERIET 7 v b OSFEIZ LY
SREEMPEIXIN B LT £ B X HID, PA6-CNFISYMEHI TV VN BRE K VAT A VT — 0 ~
=A==V RADISHDBBET ST, B EPESRIE 5280MPa & 5 < . PA6 =— MR (Hh I pE

= 1.1-3 1RHELI-BIIE-CNF #H D& E Y1474 E O F

MFR
NF8UE y - "
o Cl QL%ES aAvmu R BHIFIRAE | ghIFEMESR |BISREEE | BIRMEMER (s
(RRG-1 yFELE) (MPa) (MPa) (MPa) (MPa) /10min)
PA6=— } 103 2530 49.2 2680 18
Hit
PA6-CNF10% 142 4050 94.8 4130 8.88
Axt VT
PA6-CNF15% 162 5280 114 5500 1.31
PP=——F 52.0 1950 30.9 2110 41.0
P P-CNF10% 60.4 2720 40.0 2650 24.7
P P-CNF15% Bt H#t 67.0 3570 44.2 3380 12.0
> ESERR DTS : : :
P P-CNF20% 70.7 4330 46.4 4140 2.8

IEfEIZ PA6-CNF,
/N7 > F %R L =MElofE

PP—-CNF & HbHiETOOa Y



1% 2530MPa) O 2 LA EOMEARILL TR, ZOMEIOERIC L Y 8O EB(ENERTE 5 &
BEZohb,

Z 111 ITIEARFEZ ICHRME L7 PP-CNF MBI O &, 207 K2R Lo, FEIT, MR
FELRUL BAECTH D, 2230 R H ., BL OSSR E T 2 /MEL TR L 7=, A
HREBHEICOWTIEAE PP (HARY 71 () © MA04A) ., M OMEBRMREOWENETE 57 0
v 7 PP (B MFEIXE S EFERI MG E) M Lo, # 1.1-3 OMMHEMEIZHAT PP 2#EH L7254
DAE T 5, PP-CNF10%IZ2W T, #hiFiMEER1T 2720MPa, PP =— hAitf§ o> #h 17 3R 1950MPa T
b5, HIRE (CNF EAEMEIOHMESE/ = — NEIIEOHMESR) 1% 1.4 £ 720 . PA6-CNF #HEMEHZ L
RTIEY (PA6-CNF10%E &R EFOIE5R=RIL 1.6), Z4LIX PP DA, IR O BILR T CNF 2348
JEHFIZ B ST W=D TH DA, HK NEDO 71y =7 kCTIEItEGER LD 7= b ORFZEA D &
NTHEY ., REED D ORMBIMB A S5, PP-CNF20% DH4, HIFHEROMMRIT 22 L&
VWMET&H 5, CNF & 20% 85T 5 L. BRI DOFREE ThH 5 MFR 1T 2.8¢/10mini. & /) S Kk
WIEFICTEL 5B, Tuo—E0RE, EHEDIEI NEEMEE LTELTEY, ) $a—7
I DT a—RIBICL D VT ARA T =T U H =N R—T7p E~DISHABN MG TE D,

(2) #2{E L7-BIE-CNF ME OB TRE, VOC, SRBEM:RE DT

AAREL AL L 72 PA6-CNF, 3 KUY PP-CNF G BHZ DWW T, BEIFEEHMLIZEH L T\ < L THE
HR AR B T b D EEBIRE | VOC, BABEME DR 2 . B B BB s A B 2 2 & U CREli L T 5 (BR)
FE T2 BRI CEME L, Z OFERZ2F 1.1-4 1R T, ¥ v /L B —E B RER IO\ Tt PA6 DA
CNF #8595 Z LIC & BB E MK T L, PP DAL CNF OB AIZ LY PP =— MitE & 131F
EOLRWERTH -7, PP IZHOWWT, @WEEMRE LD @i, 5IE Y N ZER I D
MIZIFAEER L72ARE PP 2~ b Y w7 ZpPEHE LTHV, BEREENER SN BIZIER
THR, 7= F—5) i, EEREEAE VT ey 7 PP EAVWTEREETTO TN Z LTk
LHEEBEZOND, 7u v PP TOa Ly Yy REOFIIXRFEDOHETH H, VOC IZHONWTIET
B FACZENE CNF 2486 L7z PA6-CNF M EIOS G 72 R 77 b RAMER M S 723, AL
TIVT b Fagicfho 8 FEOLEWE (3 114 12#) (2o T Shiedo T, BREERBRIC
DU TIL, PA6-CNF, PP-CNF #48+ & R BEE AL N EEHELLT & 72 0 BBV B HA B & L CEA D
R Sz,

& 1.1-4 RELIBIAE-CNF #H OFERE, VOC, MBI REL E DT

FHEIEE| v 22—~y F8&| CNFESE |>ryIlb—FERR S v LE—FERR voc RRBEELER
" e b § ) o MNEGRECSC, MEMSE | PALEEE 102mm/4
7 (@avryvF) 23°C (k J/m? 30°C (k J/m2) 2BM (u g/HBE) UTTEA
= I 80x10mm 80x10mm 100100 mm 350100 mm
AR R E4dmm E4mm E3mm E2mm
PA6=—F 5.4 5.0 TEFPVT EN 0.07 |EE (FEA)
At -
V25 d . by . WA (8.
PAG-CNF (HD THAIVZEECNF 2.6 1.3 TEFTVF EN 0.13 @A (18.3mm/4%)
TEFVT EN 0.06
PP=—F 1.4 1.0 ié ;, 036 |[BE @smm/s)
Bt ASAZHCNF .
- ol BEE (9.
PP-CNF (Hib) -, 1.3 1.0 RAE BE (59.8mm/4)

VOCORERMIFIVLTILTEF, PEFTALTEF, PLIY, F2LY, TFARVE
V. RFLY, FEITHAY, 7EABS-n-7TFN, 7RLVBI-2-TFAAXIIL O IEH,



(3) PA6-CNF #E-E44E} & i liaskie 7R LAt
(W T AMEHME, IRFEMAE) & DL

PA6 ~ VU v 7 ZAMEHTZIEW T, CNF
fbE (AR = M my hAr—
V) & iR IR AR (7 7 A fgi#E (GF) .
IRFMHE (CF)) & Dl E T, THRA
b — VR VR T E S B AR S8 T I TR
WOANEOSS 1y A= RIE, U
WCBWTER L, X 1L1-1 (S Is7-0
P AR, F 1.1-5 (SRR I OVl R
fEidZ~r9, CNF10%581k PA6 DT R A
— /LFF1X PA6-GF20% % Z z % Hii i pi
orLiz, 23 8y F A7 — Lkt (20 ke/h)
T 5 PA6-CNF88% b mMMEMECTH 5 &
Wz A, HIFHREE IOV TV 4L CNF 3
LR £ PA6-GF20% L 0 K\ 23, GF10% &
[F % LA EOffisssh R & g8 C& 7=, —Ji CF
sRALATEHIIER IR BN TR Y . £
CNF 58144 BHZ CF 581k PA6 OREIIC 133
LTWRWNWZ ENFRMTE o, EmiEE
PEIZ DV T CONF s8bAEHIE < 2 457
ORIEE DT aAfbia &~ ~U v 7 ZHfE
Do F LIV TORENRLETH D,

@) PP~ [ U v 7 ARPEE TR LA}
(Brm—R, ZL7) LD

PP~ U v 7 AR EHZ I T, CNF 581k
MEE (ZARA 7= Sfmy hRAT—)L)
& AR b B (Brm—2 0 2
K74 T—) LOWKEIToTe, TRAY
— VR T T PEE BT ST IS TR,
NA vy A —ME H 2B W TE
U7, M L2 [CHTIE -0 B8R
F 1.1-6 (TR K OB SABRS 5L 2 7R
¥

CNF10%75%8{k. PP D 7 7R A r— L EFEFD
T REPEIL, Z v FREMEL L D BT

250

1’ 710% 1
CNF10% SRR r—n

5 E54E CNF8.8%
GF20%

GF10%
CB20%

1 2 3 B 5 6 7 8

HBIFOTaH(%)

X 1.1-1 HIFEAVTAHER

F 1.1-5 FH(FHEEMEETHE 24 (GF. CF3R1EPAG LD EEER)

. B F58ER (MPa) [zodHEIRE
o ILE WiEE | mE (kd/m2)
—— hPA6 2140 87.0 3.13
7L F10% 3450 117 2.58
CNF10%5 KRR &7 —)L (0. 4kg/h) 5470 156 3.30
54 3EEKECNF8. 8% (20kg/h) 4440 131 2.95
GF20% (T7ER) 5160 171 6.79
CF10% (w7ER) 7460 188 4.14
CF20% (w7HR) 11600 237 7.20
120 — =—hPP
—— CNF10%(SH R — L)
100 ~— CNF10%5:E54E
S N715%/PP
&% T #)L915%/HCPP
s — PPENLD20%
= r¥+740%
60 - GF20%/PP

#HFUTH (%)

X 1.1-2 HIFEAVTAHER

& 1.1-6 BHITHE EMHE B4 (ERMHERIEPPED LLED)

$uTLE i@ﬁ Wg;; lzod¥HE (K)/m2)
=—FPP|=— FPP (MAO4A) 1970 53.6 1.88
Fy— CNF10% 7 7]'\-1 r—v (0.4kg/h) 4180 88.8 1.80
CNF10%%iE51E (3kg/h) 3560 71.8 1.52
2% 15%/PP 1670 379 5.62
£V 15%/HCPP 2700 54.5 2.71
PP& V4 20% 2310 45.4 2.36
4 740%/PP 3930 66.3 4.78
GF20%/PP 4130 112.2 11.8

Feth a2 R LT2, F72 GF20%5%{k PP & th#kd 2% & 7LD CNF M EFE &, R IRVETH Y, FE
WPEBIE TH D PP~ U w7 AMBICOWMRBIL, 5B OMETHL LS 2 5,



1.1.3  PA6-CNF, 15 J U PP-CNF #HAEMEI O EaER% O U Y 7 LM OFH
BHIR IR EENR O BESCAKIZ K 0 | SRER LT 5, BIIE-CNF OGN LT,
¥ A UIHERBR ATV, RERATE ORI A FH L7, e THBRZ i, IR L 7oA kLo
SERIEMIE A ET H Z LI2L Y CNF OF HEIZ KX 238 WA L7z, 3Bk e S LT PA6-CNF10%,
PA6 =— k. PP-CNF10%. PP =— h® 4 fli¥g% f\V 7=,
1) TiHeEsRER S
Yo A VIHERBR OB D AT N T AL, BHIRS L EAEE T 2 SRR O P BRI
350~420pum #FH  (AIHEG ORJE BEEIR) D BUR BREE S KIGEIZ AR TE, A Rl OBREE R X
1400 FFf & L7z, ZAUSXHARONVERE & 14 3.5 7 ASICHEE 3%, (SRR OW T,
P v A ViERBROS G K 1 AESICHEYE T 5 1000 FERIZT 256032008, ASElGENW %
X0 AREIZ T D728 1400 BEREICRRE L7z, ) JElC oW TR E4- 528, 60 23D 95 5 12 4yl
HATINZ CRIFFICK Z M8 LTz, o 7V OE S 4mm THMIOAICRET, KOWEEEZIT-7-,
2) BT A iR % O TR O
MitEERER AT, MR (1400 FERHE]) O FER, BI9RRER, 71 v v MEBRERZITV., P
OfEE (MHERBRATOM) (X3 D AR 7,
3) TR O5E LT
4 FEFEOMEBN 2 R4 . FERIE LM EHC W T, TR, 5IERER. 71 Y v FMERRER
ATV, IO T DA R, VYA 7 APEDFRIEE Lz,
FREEDIMEDFHAIE, 3 K OWIHIOME & D EA R 1.1-7, K 1-1-3 12577,

R11-T oA UMHRHBREZ . BTV H AL EBEL-BREEDREY S
(BRIFREMESR BRIFIREE, SISRMMEER, 5I5REAE ., 71V Y MEE{E)

FHEEE | gl | gl | HRUTRMESR || myapes | BRUTREME THEEE | ghfRE | efamE | HTRE #\ A ELETH

(CIE) (BB | WEE LI | o) | UM S 149) (REH) |BEE || pomg) | Ik L
zes) (MPa) (MPa) (%) (MPa) (%) zes) (MPa) (MPa) (%) (MPa) (%)
PA6=— k| 2830 709 25% 2640 93% PA6=— 114 36.5 32% 98.5 86%
PA6-CNF 3070 1810 59% 3860 126% PA6-CNF 96.2 59.9 62% 121.0 126%
PP=—F 2390 1090 46% 2080 87% PP=—F 65.4 15.4 24% 38.1 58%
PP-CNF 3690 3160 86% 3610 98% PP-CNF 76.8 47.2 61% 74.1 96%

THEEE | SIaRmME | SRR | SIRMMR || smmus | SIRMMEE THEEE | SRME | slmmE | SIRME IR B3R

(#08H) (BB | BREE L (| (momig) | UHMIMEREESER (#089) (pm%) | MREEELLE omag) | UHoneE EEER
e (MPa) (MPa) (%) (MPa) (%) e (MPa) (MPa) (%) (MPa) (%)
PA6=— k| 2920 978 33% 3370 115% PA6=— 74.1 35.4 48% 72.4 98%
PA6-CNF 3760 2150 57% 4510 120% PA6-CNF 75.0 63.9 85% 88.3 118%
PP=— 2550 2370 93% 2350 92% PP=—F} 418 8.02 19% 16.5 39%
PP-CNF 3860 4280 111% 3760 97% PP-CNF 48.7 38.7 79% 49.0 101%

SHEEE | 7497 o MERAE | A7 VAR | 747y bt | [ 74yy ovesetE | 7oy o MEEE
(#148) (RE®) | IREE L || (L) V4o Lb R

R (kJ/m?) (kJ/m?) (%) (ki/m?) (%)

PA6=—F 4.5 1.9 42% 2.2 49%
PA6-CNF 2.6 25 96% 2.6 100%
PP=——F 1.0 0.5 50% 0.7 70%
PP-CNF 1.1 0.8 73% 0.7 64%

#1.1-7, K 1LI3BIROZ EDBNR D,
O HrovA UiiMERBREITO 2 LIk 4FEOMBHI DWW T, #iiF iR, dhifsspEg, 5]
SRREMESR . BISRSREE. Ty MEERED 5 SOFMEERB AMEET X TET L (FISME PP-
CNF10% D5 EBMERN 111%), BEEZOIK T oER REEOME/AIOME) 13X PA6 =— k3



25~48%. PP =— K73 19~93% DOHFHIZAEIZ % L, PA6-CNF10% (% 57~96%. PP-CNF10% (% 61
~111%OFFHIZH Y | JRFROBIIRFEEDORE TH 553, CNF OFEAIZ L VL, KOBREFEIC
L BRI OBIER IR SN B,

@ W, BHEIC X 2BEOEIICONTIE, VA 7tk (k& O/ ofm) 7
PA6 =— F 75 49~115%., PP =— : 7% 39~92%{Z%} L, PA6-CNF10% (% 100~126% ., PP-CNF10%
1% 64~101%DHIPHIZ&H D, PP-CNF10%IZ DWW TIET A > v MEFREIZHOWTIE 64% Th 50
fhd 4 HEIZHOWTTRT96%LLETHY ., PA6, PP L& CNFABEATHZEI2X0, VWA
I N WIEIDMEIZR D Z Lo hoTm, A =R SOOI REE OFETH 575, PA6, PP
~ U w7 ALT5H CNFEEMIEMENL, VYA 7 VERIEFICENE VWX D,

PA6=—F PAG6-CNF10% PP=—F  PP-CNF10% PAG=—F  PAG-CNF10%  PP=—F  PP-CNF10%
Wam Dmxe Eesevsor  Bae  Desse 0essvson

e el I SImBE
111%
4000
1
3000 3% ﬁ 101%
= m
IE 39%

1000
0

sk Sl IR ot PA6=—F PAG-CNFI0%  PP=—F  PP-CNF10%

Ham Dexe Weszyyon Bam | mEs 0 Esssyon
[ki/m2]

T4V yMEEE

\
] | | —
LIS

PA6-—F PA6-CNF10% PP=—} PP-CNF10%
B 2 D mEe PeEsvvaon

1.1-3 Ho v/ UMHERRARR. BLUBRBROBEMENEL



1.2 BEEAMEMEACNFEE#ME (RUT7 I FR) OEMRRE R UMM
(FEEE (%)

H #E S ORI T 9% CNF EABIRMEIGER U 7 X RR)DOMAUZ DWW TG 21T > 72,
BARIICIE, LFREREBETHDL T A > () 75 OMMEWEREOIR) EZSRICHE T By
DOBRF ATV, MEHERE, B L7e, 72, 74 v U ) IcCHBEmMBIRRG (=7 —
A VT — ==k R) IERT BHEZ SRR U CRIE, 2L,

12,1 HEEESAEH CNFESHE RV 7 X FR) OMARET

AREHT, T4 Uk R 2 OMEIOmEMERE O A EELRICR L TITo 72 b D TH D, Mt
LML oML, BEICT A > Uk (BF) (S CRRAPE, REMiANHEE D BTV % PAG/CNF15% % X — A
& L7z, PA6/CNF30%~ A2 % —/Ny F(MB)Z FH5 M & 0 ATF L, FEBPER PA6 ZIRA . T ALICTNEL
Al T7 LT, FERELPERTA O B S TR BURME L, ER U7, BRI 1X, FERELFE T o
TT —A T — v =R—/L RAIT MBI O HAl % & & ITHRET LT,

FHRELPE S TR AT L. 74 > R (00 (82 U7e, [AFEIS CRRBRT O TREVLEE 24T\,
Z OB % T 1S0527-1 (ZHEHL U 72 5| SRARBRETEAT 24TV A BVLEE RS [ 3 O 5 | 950 D PREF R
A L7, 7k, BB OB OMERD -8, MBI D7 WEAH & ik L7z, X 1.2-1 12
FEREZ R,

BT L2 MBI 2 0 L 7= AR, THEVL ST 23720 b DIZ b, IR EE (R EF SR S KE i B L
77

|T; 80 \\
Hi
ok 60 e — |
by I e |
# 40
s WAL TR LA
i< - EAS2ZRELI-ESH
no 20
——TBAFDEVEEHT
0
5 989 45 &) 80 100

AMEREERE  (hour)

X 1.2-1 PA6/CNF15%8 &+ DMEAE L ETMIER (71 fH () 1=4ED)

122 HBHEESIEA CNFEGHEE (RY 7 I RR) OMEHRHE

1.2.2.1 PA6/CNF HEMELOIERL, $2{t

2018 4F 5 Amnb, T A v UHEHE (BR) (S CHBY RS RFHIME A -5 PAG/CNF & IR B2
T RIS UCRE, 2Lz, & 1.2-112, BB O & BOME 2787,

10



®1.2-1 MEHRHE

No KA [DE%dvs A AEH Lot No. Ttk (kg)
1 CNF15% A 2018 = 5 H GB28504X 58

2 [l I [l - 2018 4F 6 A GB28701X 54

3 [l I [l - 2018 4F 7 A G28704X 68

4 [ - [ - 2018 4= 8 A G28801X 100

5 [ - [ - 2018 49 A G28901X 127

6 A I [A] I 2018 4 10 J G28X02X 50

7 [l I [l - 2018 4F 12 A G28Z05X 95

8 [l I [l - 20194 1 A G29101X 100

1.2.2.2 2t oY Rk

B, RUE U7 AMBE OB R (BRI S, BIIRAEOT A, dFoR s iR oy
VB —EEIRE) 2T o7c, MMITETISOICHEIL L=, FEiRE2HE 122 12577,

GB28504X ZfrEm vy MHADIXHHX (I BE LIEMEMERN TETZ LB D, b,
GB28504X D HMPEN ML & B 2 BRH T, JFEF MB ORGESRMEN R > T D7 LR SN D,

= 1.2-2 REMEOHEIE

15T & SIERAAE | HiFmRS H T AT oy b B —EEEGR I (k)/m?)
Lot No. (MPa) O (%) (MPa) “(MPa) ) v TFH /oy T
ISO 527 ISO 178 ISO 179
GB28504X 126 3.1 181 6086 2.1 46
GB28701X 105 3.1 156 5032 1.9 39
G28704X 108 3.3 157 5060 1.7 39
G28801X 109 32 159 4961 1.8 35
G28901X 108 3.1 159 5130 2.1 36
G28X02X 105 3.4 158 4850 1.9 39
G28Z05X 105 3.4 156 4780 2.3 43
G29101X 104 3.5 158 4790 2.2 39
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F2E CNF ORI

21 CNF ##EOBEMI4EOTM GREXKE. (i) HEHEERMTHAER

7 N—"7 G2-1 DEZ PR TRllE S 7z ONF MEHIE DWW IRt 2 ol & L7zt
HE LRI 24TV, BB~ D T 4 — RNy 792 Z L1 XV PR DRl S DL 0 AT FE- LTz,

2.1.1 BT — =38t R G O R

G2D (BR) A /7 w7 a—RL— a0, FHBEEME LI 2286 D C ET— Y LOFH
FENE LTz, EH LA Bt ORERRIT, PP80%/MAPP10%/ASA 21 CNF10% CTdh 5, = OIERL DOk
O LM RIS K ORI BE 2 BRI E SRR R T MR LT 0 | ZOHEF &2~
— AR RN A SEE L7, IEE A, 3 P RER, B MK TH D, K211 T —
T S—DAEL, K 212 (Y TR IE A RS, N RY—Z2HW, o ag L, %
BRI Uiz, (EEEORIEMIZOWT, SREMMELIAOFHEIZ OV Tt 2.3 THA,

21-1 [CES—h/N\—D 4 &

21-2 Yo FILOFTMEAE (E@)

12



& 2.1-1 BIFEHER. BERIE. MISUBRATERR

BT | HIFEME | HIFEE E# BE | BRuKE=E
[GPa] [MPa] [mm] | [g/cm3] [%]
@ 095 20.7 2.56 0.76 70
® 098 19.5 2.59 0.69 87
® 1.06 218 2.57 0.73 79
@ 1.05 215 2.56 0.72 83
® 088 19.8 2.58 0.68 84
® 082 18.8 2.57 0.65 90
@ 091 203 2.59 0.68 94
® 113 209 2.52 0.66 92
® 1.07 212 2.53 0.66 84
Ty 098 205 2.56 0.69 85
WEES 0.10 097 0024 0.034 7.27
CVEE ] 10.3 47 09 50 8.6

FAMERE R A £ 2.1-1 \RT, "D 9 OB DAEN SR 280 H LT, 3 iR
B, HREE - MSTRUASREIE 217 o 7228, AREMO I/ MABRIE AR < . WO b TR 2 i &
LIZTERRE OIS ST OFIANTRFOETH ) BHTH D &5 X HRER TH 7o, Bl O NEDO
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281 LV ASA B LT OHMNKUFR LS (BHEL) Lo 7 T AT ROFRAEREN

gl/\o
DOFERNS . FHRIEEM ST F 7T e RBE L BAETHERKIT ASA B2 L5860 L

-
—

HH SN D 72D NV T OEMEDRELZ X 5 TETH D,

2.8.2

SRS TR AT T D VOC 84 8 D s a8
2.8.1 TaMli L7=ZMEEV @ CNF Z{#i ] L PP-CNF10%Hk % {EHL LU hn#h

U (50cm?) IZR 58I 7T vZ v L, VOC RBAREL kL,
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% 2.8-1 /NLT(CNF) DZEMFIPP-CNF # M VOC REE
REE (ug/TP)

No. Y2 IIN%& MEZEAE | RILATILTER | 7ERZILTER | MNLIY | IFIRIEY
6 | R7NABIEFIOY) PP 0.05 <0.04 0.08 0.08
=
7 PP-CNF10%#4 R 0.27 0.27 0.27 <0.02
(ASA Z%) ' ' ' '

FREFK 2.8-1 L0 HHEIEA (PP-CNF10%H) (238N TH ASA ZEHE CNF & il L 72 J57% CNF
BRI L7 A I HE A~ VOC S84 B3 200,

L, REERITT A E—ATOFHEO 72 I TRIE L= 58I CTRIEE O 2 F20 L, S
ETCT N E D DHERDBLETH D,

2.83 EAEFMEEAT FT ~ U AR RTIMRORIERGT
Bt IE MM A SRIIL T O 4T L 72 5,
R7 75— (M) RH ()
R7 75— k) LH ()
F7 FU & (PR3 RH CAH1AD
F7 R U & (PR3 LH ()
REE TV A UNE (B FaZhARE~A D 7&TRay 7 A b BIBEERGHT b = 26k
() 12T FEht,

® 0 0 6

y ]

28-1 AT+ h—MEIFTR 7794 —LH £Ea 74|
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7— 0¥ - AriE I, BEARE 2.5mm, BHEREE 200°C, BURE 40°CORHE Ty I al—ra L
2.8-3 DERIZ 5 iT7 —F(FWHOFL) ELT,

KT ZAEH L, PP-CNF10%44 % 54 BB S, (1800ton 5+ Hipk JER% 24 )

REREIR 5 120 FHHERETEE S 72 MR R 22 W E M B RIE T6E & 725 72,

28-4 HRHAEERITFTT7VE—LHRER
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28-5 BRRFAEERIIGFR77o4—LH REE

KRR anE, A TH LN EICRILKRIE (bF3m) bEmL, B baZhRZ~AT T
&T Wy T AL MTTRE UBERM LAGDE ETRY b A &SRR ERIERIZREE S
Do £z, WATLTHRT b U LOBIERTHR OB E OERE, #M & L TorERER iz £ %,

28-5 HHAEERITFTT7vE2T)—NMUBRR

28-6 HHAMEERITFTTvELT)—RAIKRR
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29 BEEI VO UEMARICAITI ONF MHEOFHE (74 2 UFHE ()

PA6-CNF B DR & B EIC I 1T 2 iR Z EIC T 272, = VUM Th oA T —
J==R—F (LLFA r~==) ZHWTEITHEL (LUF PA6-GF30%) & O FLigeav i & i Sk 2h R
DR Tl L7z,

FTEEDOT 2 N E— A TORMERFG R & EfiA v~ =CORMERERZ %21 T, SFEEIX, T
DWW TR & i L 72,

- MR A I K D g ko -

AT RERENC K D EEAETRE O -

W1 WRAEEEICH U7z PAG-CNF MBI ORRE « MRRIE (GREE, fE5) | WokME, MEhe ik

29.1 A v~=%MH\ 7= PA6-GF30% & O LAt

PA6-CNF15%%2 3 & PA6-GF30% &M LT, A > ~=Ofkikih (7 v /83—, I KL, 270 3
) ORI 2 iR U, SRR A MR Lo, £SO B R BREE T H D =R EIC D
W TR & RS RN 0 LR Al A FE A LT,

2 PA6-GF30% & [A% OFRE N HIFF CT&E 5 CNF IRINEZ i 3L7 — & L 0 HH,

X3 FEBLE (K IS T DRI EE R 2 S R LTk, RIRIT 29.21) B

1) RO

BB O BRIZIR R I DRARE ORI, PA6-CNF15% DI 5 N@EVV4 3 7 woX3— B 7 EK
WERORBER <RI T 5 2 ENTE 7o, — IR EHEZ: X RV T REIR S OEEIZ BV T
gL & CNF OS2 fesd Lizhy (X 2.9-1), AIRFROMER L @MOEIEIC I VET L2 &
MTE, EWT, 3EMERE L, 1 vl EL (K2.9-2),

%4 PA6-GF30% : 198Pa*s, PA6-CNF15% : 300Pa-s

AR

B
[ PRI 4

L% 2520:x30 N

&% : X3.7] -

X 2.9-1 SFILOENSHEEE

2;9—2 PA6-CNF15% Tt fEL 1=
2) BEALZH IR OHER 1UR=HNEER
PA6-CNF15% TR L7z A v~ =%, flisspt OFE & EBOE T E S MO FEEIRHIC KV . PA6-
GF30%(Zxf L C 13% DAL RN E iz,
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3) MHERRE O MRS & il i D BLEE

MEREO M (n3) & BHEMENME (nl) (225 T, PA6-CNF15% & PA6-GF30% O Lk g Afh & 52
iUz BIMEREMEIC DWW CiE, SR N CTHTERHAE S 2 BB iR, — 2 ¥ VIRE A AHE L7z
R OM, RLBRBEAIE LTz 2 OB AT & N E T - 721412, TRERFEO FHM
I LT GRERIZI 2.9-3 2H)

PA6-CNF15%](&

TARRORTRUIG
e | MTRBENEE, HES

HEERIETETLAL,

MR

m PA6-GF30%
B PA6-CNF15%

WA REARE IR ESAR BSBR

2.9-3 MEHFHOEMER

I DM EFRFE TIX, PA6-CNF15% 1T IEVEMIC AR 2E, AREDRAEIT, PA6-GF30% & [RIERICIEA TR LV
BADEIT LTz, £72 SEM I K D BIZIC LV . F10um B A XD CNF DOEEEE DR S AUl
HEOESER-STEY, RPMLETHD (X2.9-4),

BBERSE ) g

HRESEIEATR | E&EEA%EJE‘NE*EE
2.9-4 i EFERKEORIEE R RERER

AR R OMERE TH PA6-CNF15% X HEHEMEIC R E, ARBLIRRE I & [RARICIAEB TR L
BAINHEEIT LTV e, £ RENRER K O A3 BRI B W) TIEMMAGRER O P el WM 3% TR A L,
M E AR N A T X 22 o T2 T O BRGHE L RN MLETH 5,
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4) A~ =FJEML T O CNF Ofifi ke Oy Bk e O feRs

it FEATG 7 it OO Al S A CRfERR S AL 72 CNF D BHEE DS (A AT ILSN COAFET 2 DR T D72,
T 3= IR BT O3 I T D CNF Ok O #eikiE 2 X #t CT X O TEM & T8l
2 1L72 (X29-5, 2.9-6), F£7= TEM Hif§ L Y CNF OfHERZHE L, TONMEMR L7 (F2.9-
1, B29-7),

2.9-6 CNF IKEDFHRER
(SFL S :TEM E{8)

R e —
—zR
®29-5 CNF REQHEMEE O e —
SRLER:X [E1] :
(SRILE X #R CT BT E®) ~o3 P — )i
iz
% 29-1 CNF DM EIIERR R 0.2 g\
e R nm] 0.1 N\
R am =
518 ESRME 00
7\y}\o_ 168 89 . NI\QI\QT\QIIQY;S:I\\TI\TI\
IR 198 100 AONSERESS go\,g%
o7 158 87

CNFO#HEE [nm]
2.9-7 CNF O#i#ZE 0%

FRJZAn o> CNF 13, X #t CT BTG 10 | HERE DL pm~2K 10um ¥ X TRUBH RIS L
TRV | EEHBUSN T HBHEOMBA AR+ Th 5 2 L3R S L7z, 72 TEM EifR X 0 | K 100nm
DRETEZLFELTNDHDOD, KREZFIAE—THY, FHERTOEROVOESTHL EBZH
o, UkXo, ®MEoMEEN ESED 003, M OMMEEZ S —12) ) lEsEs 2L, %
72 CNF 3 EEEE L72WIRAE 71k « R 2T 2 ZENEETH L Z Lvmh o7,

292 MEMFED A ERRES
1) MEHEL G K D mEE o m

WEAEFE DT A h B — A TOFMFER L V. PA6-CNF M EHIMEELENTRE CTH D Z L 23y n-o
Tl BEAMEOL R 2 FHBEE (BR) ([TKE L. WBME AT L TR ORI 2 Fh L 7=,
MRS R (B12.9-8) Xk 0. WEEIEN EOZRAHER TE I,
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% 40
T o | e BURET (20FERYS)
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0 250 500 750 1000
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29-8 MEEILEDHEZDER

2) WA« FMREHT L DA RE DR L

A v~ = TORHI &Y | THERFE & SBT3 T oD I A SR O B LB DT | SR T
TORR A FEH L7255,

SRR Y)Y H LB T % TR IR % A,

S v~ = OREHEFER 22 T, BT LIEIC W T, MO BRI H 592 nlRetEn b 5 5l %
I A TR &AT /e > 72 (1% 2.9-9), PA6-GF30% Tid, S & it d % 2 & CHAEMREN M L5 2
& ZffERd L7223, PAG6-CNF15%I3 R & i T & e o Tz,

—J5 . BITIETORFHIB W TIL, PA6-GF30% 1380 & 58 T X 72/ o 7273, PA6-CNF15% 384T
THEIOBEVRENG LN D Z LR TE 7 (1X2.9-10),

PA6-CNF15% IR TIEDEFIZ LD . A~ =DIHEFREZ A L TE D AREENRH D20, o~
= COMBRR L A =X LB ZREE TERT 5,

[
. ‘\‘\‘\' :
& b

¢ PA6-GF30%

¢ PA6-CNF15%

R WETE  FRDE
BERMA XA} . PA6-CNF15%
B29-9 BITTATORHRIEE B 29-10 BITETORIHER
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210 BHENEHMADBESIZH T 1= CNF 25 EAHMF Ol & U B EhE & MO /ERE
(FIZEHERBER ()

WA 0 & OIFEIRFHC L W ERI L7, RY B—RFx— K727 VAT aA #IEHE (LUF, PC
/PMMA) Ltnrm—2RF ) 77 A8— (LLF, CNF) & OBEAMENE VT, sl B L
DREMEB LN 21T > TV D, RIEFSRMITON Yy 7 T4 R @QL—T /8% D 2 Fiin T,
WTNHBECEEZ [T 7 AT 50% 73R T 7 AT 20%L0 B & L, ®ikicdh iz
> TOMEBIEZ MBLLE R L OVE RO T UAIWEES EFERIE T 7 AY ThH 2 L] L LT
Mk WESORFHEIT- T2,

2019 4F 3 A KK TO BEEERRBLUZOWT, O, @& bICHBREOFHM LIIMEIZ >V TR
FHRFEAE & U C BAERE L7 PR 2 R L TRV . 2D ETRE(IZOW T HIE T 7 AT
20%LL EOBEEREAS RIAEND Z LD, B UAMERE, BEfboE BRI DWW TIE B ERD
HALASNL > TN D, —HAMBIEIZ DWW TR, BEREBRICK S MEARARNHEELE L THEFELTWD
FH LRIV O B REFHATIC DWW UL, RIS B s E A~ A LA T TR 5,

2.10.1 MERERGE

BPEMIE T T ZA0 2 OHMBLIE & FI LRIMR AR LoD, R T AT 50% £ 72 13MIE N
7 AT 20% LA LR BAL A RS E 5%, RA L70% PC/PMMA ~0 CNF SN ARE LT,

Wett & W3S OBEERETRS B2 . CNF W& & BIAVE, MItEm E2h 5 & OBk A i L T
V. WEBETHLEEMIEN 7 A (BE 5.0mm, WMIPEE 260) & FIFEOMIVEIE & 72 D8k, #MEHRRE
L7z,

+ 2.10-1 PR BEE

BIEHZR HEEE R (CNF10%)

HRRE (mm) 5 3.8
BE 14 3R (GPa) 2.1 4.8
bE (kg/m) 1.2 1.23

A RIE (%) <1.0 <1.0
Rl 14 i — 263 263
BE (BEH (%) 100 78

Fiz, BREERIC X 25z kT 2 BT EHERR 2 X 2.10-1 O X5 7@k e L, &AED
PC J&8|ZL~>T CNF ~DKGEEZ PR T D L0, MHEMEZ [ ESE T 5,

PC 7 4 /v2 (t0.2mm, [MiHEALS)

PC/PMMA+CNF10% (t 3.4mm)

PC 7 4 /v (t0.2mm, [MitEaLS)

B 2.10-1 EERLDOMFIER
kLI R T PC 7 4 /L A CHFE



2,102 RERJEAINL

D, @& HITRBIELE D OHIE 2, PC/PMMA O Bifili 72 41 H B CIIsMELLE & R ©
RN LIRS, F2X 2.10-1 OMEMERZ D B2, SRNICT 4 VLA Y — T D
ENRboloZ e ARG TIET 4 Vb A Y — AR GAEE 2 Y DD SRR 28I L
oo IR OBIIBIEIE X 290°C, MR EIREIL 100°0C & L, B — &7 —/UiEIZ L 0 BAREIE 80°C
FCHESE TS, 74 bA 0P — b ETHOLHRGHAE cOfEY 7 MIK 1200 TH S,

X 2.10-2 £F5\E

2.10.2  BEFEAT
AIER OO G EZX 2.10-3 12, BRIER T OM PGSR 2 %K 2.102 [22 L Ehurd,
AECTH o T RPEMAG T 7 A6 L, WP, &AM S bICAEZER L, £ 0 L TRE(LD)
B UTHIIEY 7 AT 22%DEEAE RAA TS, T LRIPERIC DUV CIE SRR I Y 3% 5L 5
EREAIER A2 L AT, Bz TEL TV 5,
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7’1’/1/-5{/71\‘— ]\ (%;’Q@lﬁ:

N,

M3 BIER)

SR T oA
210-4 S\ERREEE

210-3 7\ R E G5 8]

% 2.10-2 HEZ O MEEER

BEASR | EEER(IFIARKS)
HRIRE (mm) 5 3.8
E AR (GPa) 2.1 4.93
tE (kg/m) 1.2 1.23
" RE (%) <1.0 0.8
[ RES(ED — 263 271
BE (R (%) 100 78

3 HRKFROBAFREL LT, X 2104 [TRTHMBWERRD & D, BUEA P — R LTS PC
7 A IV DISNESHED B B TARIC A EIAA TR Z -V TR Y | SHHERTERHC 7 ¢ L A Z S RIN
TRFFC X AW CIRRBSHIE OIRBNE NIZ L > T IRET TVDE SO EHEE L TV D, Zicxkt
L. B%IIEINE PC 7 4 NV WO TG E L OBRINEE~D 7 ¢ /L MEFHEE OB TRIE 2 L
LTETHD,
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211 3 RITTEMEIZCE TS CNF MEOREMITHEOEE CREBXFE. BRI EKXRF)

CNF %M L7opkr 2 W CEB A Z RE L. 2 b & RAGAIERITH AT R M % 3
22N ARTnY=r NOHND—2ThD, 72721, TXTOHMITK LEED =D DM %
BWET DO A MEHOHIKIAD HE LV, £ 2T, &RIMNRE THEHMERIR O O I b
TX % 3D 7'V ¥ —~lE-CNF EAMENEF FTEEDE 2 hE, REKRT &4l R TERF L
FCTHARL LORIMELEm L, BEIEEN & L CoOREDREMEZ MR LT,

2.11.1 HBIE-CNF BEAMELD 3D 7V o & —~D 3 AR
#2.11-1 lI4%FE 3D 7
U — kO

= 2.11-1 #IE-CNF M D EFE 3D T 24—~ DEA TR ET

3D7U % SiEdE

&SR E OB EAE & a5 nE P HI0FREDRE
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) N L= . ) w K Ve ol
FEFEO HECTHIEL 72 S zsj’zi*&;; ; ;’&3”‘”' T2-5# )  |PP-CNFCHMMRARERE,
RIpE R @ (7 4 3DEETHE T e (RHRRAR) BER+S,
7N

7H ° I PA6-CNF CENEBRNEERE LLBER

7 A2 PRIE) . @ (5 OHERE | CHR, RUNEE, @) TRo b [REHE,
ot m e GERBEAT) |5 NLEEMLETHIE, SIREHE - E

i H 3D BIERE) TRR ) RS ERTRLEY

EiL. PP (RY 7a v L

¥) -CNF EEMBHZIOWTIIBIERRETH L8, TONRRAELZY | £ EBEDORIBIEAS Tk
VY, ETEEAEVPA6 RY T IR 6) ITEANEE LV, @ (BERIE) 13E@A D PA6-CNF £ £}
DREFENFRETH VD | BRIEMITHLEN 09 LT EBETH Y 2N OETOMEM & LTHEHA IS
MDF (HF# EERRMERR) Moo Bl T o, MEsR A B L, BEhd s & U Clf ©& 2 ArRErE o i
WS,

2112 3D 7V ¥ —IZ X DMERE

BHIE-CNF A B 2 IR B S & MR ORI L0
1) BB DR & PR R IR D (b

2) MR ORLEE 534 O Feidf b,

3) VREMEO M

Z 5 & BT T 2B R BHTE G U 728 BT N 2R
DR, L—F— ORI, LT, BHERORELR Y sy
ZATH T LIV R, mIRE ORI N FEBLAIRE L 72 D,

§21F13D7U>9—E;éﬁH%CNF
EEMHEORERRS
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[ 2.11-2 [T IRE I I D R i DB O — B 2 7R3, BRIEFEPNICEL 100pm JE O g 2 fE L C
WX RS L—F— % B LR IET 5, [ 2.112 17T L 9 (B DB HETG IR O EB 54 A3 R RO A]
BETH D,

PA6-CNF EAEMEZ IV THMARIEIC LD, R —D—fEZRELZb D& 2.11-3 ([TRT,
Lt % ONUNERZ S8 LI-s%Et, i & oa FiEomat, R FiEttom b, @iEofE
&SRR E A BhE S EER LA L VED TV TETH D,

BB D TEASMARE
ZECHELTLIC

X 2.11-2 HHARRZFE A D AR &) & D BCiE X B & (N R—D—ER)
(—Hl)

EMFsaﬁiﬂawﬁw
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% 3E CNF #HEOEERR NI4T

3.1 BHERXYEMORIERET R RTM (Resin Transfer Molding) Rz @ EE4
(BIRTEKXZ)

CNF 2 L. @EOH BT TIETE VKB OEERM 2, (k) ha g hrazd~A v
7&T Ny AL ME L HITCFRP % THHE I TWD RTM & Huls & UTARJERE O &7 O Al i
PEZRHET, 2 E TIZRESRZE & L RTM | CNF R—_"—Z2 HE L, B ZERT 5 =R
K & &R M OB T A B LT, ha ¥ 86 o= v 77— RORIE - §HI %2 FEh L7,
Z DGR BHEZ N D \TILE RO BN T B MR A BIC LR T DM ERN S HZ L&

AUz, SEEL, Gt (BIRRENE) ([CER MMM B Z R LoD, =P 77— KD
AR A - R 20l U CREPED ATREME A IBSR L7z, f R, BICHEDORMITH 2 b OO HARDOHRFHE,
RIEHECEENE TR CE v Yy 7 — e arm 2018 ETRECTE -, KEEITIZNETO
MRzEzZT, ®MhE L TOZ P 7 — RORRDIEEEITI & & bIT, 7u T ZOMEmM & LT
OFREMEZFM L, BARESE~OHELZE L CREMEICE T2 HERE2SE TV FETH D,

3.1.1 RTM BIEH @& Rk E EopA O F A

ATEEE TOMREZ S L2, A —I—, ERT L)
L. TR UEIEHAORER CNF _X— =& it Lz, £7-.
E TV B THEIECEIZ M & 7 D D ik A A Ak
ERETL, RESKETEDZ L 2R L, X 3.1-1 [Hl#E
EM~ORIEIRE) - ZREROBFEZ7RT, £/2. ZNETO
I 7 REEAR 12 T < L a — RS A BT
0— AT 4 TIHRY 9 5 Z ENyinoic, 10, Fibk CNF 2
— R —OFEERIEP IR CTE TE 720, L 0B — 7o il RAt
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T&I, X 3.1-1 MRTE) - ERFER

312 = Pr7— RoRE

AIEEORREZ S LIZo P 7 — RORIEEZ EME L7z, MR O RICE Y | B OWENI: &
GRMEOBENBRE LN, AHEEORIETR N X ) 2R ORITHHEITR ST, b TR
T e Fe T IR TES B S T2, RIERERE OB E BAZD 10 4y ANIZEGE TE 2o 7228, BIEE D 30 %y
PO IR BEICEMECEDRIALND H Z L 2R TE Tz, K 3.1-212 b3 Z 86 ITHH L ATFEE Dik
RBESICTRERLERMEREASFEORR L EZO THRE L= a7 1 2018 TORIEMEZ R LT,
SMRIEEZ TR T 57T OREMEITHRTETETWDLIHDEEZ D, 272, K313 I1TRLTEEX
INCHEEGRNVTETCHRNVEDO LR 6ND Z ENE, BEE O ORESCE ]| & k& DT o
BEEITVIRE R T D TETH D,
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AT BSR4 d SEER IR

BRERRESHRE IO702018HE
T LE RREWBSHBR NHK™ — JLRJAPANTBR
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313 TP r7— RO
BohERESOT D7 —RELTOR
KEETH DT v ME (FRoFEDOWZY L
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EIEFEET (B 1 REEMR LV 2kg inV R EAL) | F72 1A ORIMERTER TEX 52 L 2B LT,
JREFEII AR TH 523, KD CNF R—N—EOMRENF | FEES LD b/hE<72>THY |
G5 E 25% LI E CNF O & &3 2 72 2 & bRMER Elc o7 RN -7l & B 2 T\ 5,
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R A BPELT 21213, AR O, & Db 5 BREE
(2 XK o TR B R ORI L EIZ 72 > TL b, WEEE
B AT ERGEOMUERF OBBERIREE (v —7 v ¥ K
PE) IZDWTHk_ 7, 2 2 CTIEAM Z Sy &% CNF 72 5
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Compounds; fERMEHILEY) IZOWTEHME L 7=, X 3.1-
SATHRBERBR OB 2 77T, FR. MR & b NEEMHiIRS %
2T DRERDF O AT, BREEMEITIR R N EN T H
S72, VOC 17 7 RimnsgER & Bbns 7 h 7L
TERPETZDTIEH 720, EHEBBNTH -T2, T2, KERNLT NI EHEZ B, Bk
B, 3.2 OHET, KK T 20, BREINARRMEAZITHMIL T\, /-, AR O&EECE
Eﬁﬂ%of@ﬂ%&ﬂxk®9% BERFD LCA IZHOW T 6 EIZ TR TH 5, =2 M
X, HEAR Y MNEAOEMO a2 MR EOREE TRBCTE 2003 O CHEHETHY |, 7
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FREDENEFHET CTH DA, BUEE TIZEARIITITRE REWVITERD e, 7272, FRP O
ALEITHLIN, "M AVATFLF -2 E TRIEHTEIE, [IERFO LCA HREUE
TELIETThb,

X 3.1-5 #RBERERFER

3.1.5 A%OEDTF

BT INETCORBEELZZT, "L L TOZ VU T7—ROERIEELXIT) TETHD, BIK
AL, BEFRIBIC X2 —FORZTIRA K, @SEFRBIOAREANFIZL D ER OBEE~DB K BE
a2 MERICH RN D i#f&é)‘ﬂ@i@fﬁﬁféwh@‘ﬂﬁﬁam%#%%ﬁbkﬁw
R CdH D, Fio. ACNF ®eo Pr 7 — ROMAND, MEEHM & L COEEMEZFHME L, EBR
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3.2 RTM (Resin Transfer Molding) FiHf2;%IZ8 9 5 CNF #1310 5l
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IRWBREMERE A 2231 TRIBR TR DN K HEE TINTEMN 2 85T 5 2 L 3 TE 72, miRE CNF
MR AIC W TiE, A=A I V&2 W CNF 27 U — (LU, 27U —) OFREAF oML
K D HE DEEEREANTS KO IS KTA AR A L7 W EEE OREEE B RS IR O SR Zh 3 1n)
E BB~y N OB T v ADREE ATV -HIAWITEN D BIBEIN ORENLIT R LTz,

42.1 CNF /3o 7T OEf « #5EOUE

WEAEEE £ T ONF A TORIICHIH L TW e KRS FIL, BHICEENDKIHEL L AN
U7 &R eI Z LR CNF 2 — b OREEEE ISRV T, A OEAEMEICADREZ KT L
TWDZENER BN, HRHEMRER L2 HIEL T, AFEIT CNF >— b ORI IZ HEEHAIR
DR UMIEHEERZB T T HEETRICT D Z L ARE L, fiRE LT, B LROMIELIC
&2 REWEE O b & A O AR LIS X 2 RICERRL 7,

X512, ONF A THIBIZE W T, B L 725 CNF v— b3 2 & ZHRER L C o T OO
BRSO DREE ORI T — T v a Y IRIC K, S 575 TROMFE(ECES E oSy
HIBEMH O NS N & e o T2, TOMRIRDTZDI, /A TRIBIZHWD CNF v — b & T 28
HOWISHIEE TS, LT IFX— MEZRE - ER LI, RELT LI IR—ITLVEE
EUFRTO CNF & — FAMli SN2 Z & T U OMBNCRE SN LM IRKEDm LA 7L LTD
KR O, BEEMRIRCEX 2 Z LI 28X TREOBA Z /R L, JRER Lz T /83—~
VMK DBIEREHITE & BTy AT v AN LD RTEICERT 5 I 2 13 TN T & 7,

422 TV ENE CNF 731 7 OWPERE

WEAEE, 223 T D% E RIFREOSHMEIZ T LV IFEAF & L, ONF v — h 25 & B CHE#ES
T 5 CNF-7 VI AR NA T HBRL, BEE &N ISR MR Lo, AL, CNF &~
— FDEXLEE FIFHIECZ BRI a AN RYO R 722340 TIZB L, dl R 2 fif T
L7z, ke LT, a7 b —IZ8RM L7ZWmi o H122/314 FI2onTid, BE LI HIEICH
BT RREICAEN 72 < v — MEEORS 2 Z B EFEMMICIRATE L Z AW LML, &

eSS O, PR RTE 3 A EREBRS L OV 3 5 4 P RB O W T o Rk
FEZBOWTS, MARHEO#ITEEORATICE VI AME T L2 & anh | ERISZ K SE
BT L NHRHRER EICEND ZEBRHLNE T, TOXRE LTE, (1)CNF >— K & D
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fh7 & 22 A T O T AR D T LI K DHMEROEER, ) 2L A TORPKIZ K DI
HRE— A FOHIR, )P A TSR 2 8% 0 2 2 &I X SRR OHIAFT S
%o BEENE & TR OHNDEWIT LV RIS RN T 203, EHESCKTE I N LD 2V (1) D Fik
WHURTITAMTH D &l L7z,

423 @IRECNF 27 U —% ikt & Lz — b OB O e

ATV —H B LSBT MBHE. 7r v 7 (HEDAR S TIROBE) SCHENE B DR — M7 &
DOHIAVOEIBFED L=, AMEFIIZN O ZUWET H720D AT U —MREA, Pt
B ONTINENGZ BT 2 it L7,

A2V —=DFREIFIZHOWTIZ, CNF O 7 1y 713X F 3 —F 08 AW IC X 25Tl s
T, BRI ROMAVICEREL RIFTZ EBHLN Lo, RN —/L VBRI X 5 %
EE 2 e 7 m oy 7 i il To, fiRE LT, MR OBRAR — /L I VB L 5T, 7y
DR S, BEEORBWA T Y —IZHIRTE D 2 LB L OEBICEN - RIBARSE LD Z & %21
ST Uiz, SEHAN I W TR, WELSEZ AT Y =% LT ONF < v b 2B T 5 BRI,
SIPERASECLES &, ZOBRO T A TOHBRBEETH Y | fIF LI — FOHE WK
TESELZERWLMERoT, 2D, WiEMNARA~ Y b E~D AT U —D R iEE -1
BRL, [JEORANZ KIECHHE L, BEMECEN CNF v > FEERT 5 2 S Igpsh Lz, Bk
BAFIZOWTIE, CNF = v R0 b OB T, S THIUTR VDT TIEZR < BER S 7 DhE
ZED L7 BK TR DR E RSB TH D Z & 2B S0 L, BKBBIER 5 IO XIR0K, 7l Ok
WLEATV, R CEEMO B WSROI Lz, B~ v b OG0 22250 T
IZ. CNF v v NEBOKGBE O & &IHE A | NBNRE L B L O L AETHIE L, 7L A X
Y a— VORI EER LTz, DL EOHEINOMRERIIESIC L > T, G WITEI CNF BIBARD
BTSN 2 e T LT,
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43 CNF/SRIILBRUCNFNZHLKR—FORELEME (FIETE (%))

CNF OB 6722 288 (BLF. 100%-CNF #4) (3, @FERE T T—EmoRKk (KR 2dHbH, L
oo T, —BEHREOMMEZIET 22 &2 HAVE LT, 100%-CNF #ibf o dli i Feik: & i & (&
KiE) LN LT,

FTo. T T NR=RR Ry B EO RO BB HAMEIM OB EA & X 5 72912, 100%-CNF
& CNF N=H DY FA v FREEZIRREL TV D, "= LAR— RIZEBMOESON=h L=
T DIEE 78 EORERIZ L0 MPEHFFER K E < B B 72 KA 2 3 0ET 5 BICIXEHM Ol s &
DELREFDLIEICR D, AHATIE, KEBMEI EN=DLaTREEENENEXTZ CNF N=T)
DR — R 2R U TR B LEIME & 5R D | RIS R D W D i b D 7= 8 O TRkt & F2hia L7z,

43.1 100%-CNF Htf D /EfL

JFEEO CNF 1%, A DA Bk O SV T figiiih OKG8BA T U — EIE5 10%) & v, v—
MRICTARETE L7c, IEVINERTE T 5 Z & T, 100%-CNF b 2 ERL LU 7=, BEIL, ~=F L
KNOREMZELZ 0.3 m, 0.5mm, 0.8mm, 725 NI/ FREAIX 1.0me Lz,

4.32  100%-CNF #kt OB B & 775t 0 Bk

1.0 nm® 100%-CNF #44 % JIS-K6911 (ZHEHL U 7= il 1 3Ry ~1it (25 mmifi X 50 moze &) (AN L7z
%, 130CTEDOHERIT/R D F THMSED Z L THRELIRERIC L7z, RWT, Eil 23CAREE 50%0
PRI S AR 722 - 2R &2 i L W B ORI L 2 HIE L e s B ETEDWRIE & (1%
A, 3~4%, 55~6.5%D 3 FE) (T oo BT M0 B L, i RBRE Th 2 i L7z, R
(E SOREREEDS 16 mm, SRBGEE 0.5 /7y TIT o 7c, AWIRE TO/MIT L, i HrERz X 4.3-
1. M4322F2nFhRT,

15
250 |

o~ ®
g% & 10
§ [ ‘l:;l_
~ 150 - 3
- £
i Bt
z‘: 100 'I’:lu_:‘ 5
4 2

50

0 0

1.0< 3~4 5.5~6.5 1.0< 3;4 5.5~6.5
BKE (%) BKE (%)
43-1. EKELHIFEE 43-2. SKELHFIEMER
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MEHIRAEDN D 4% FEEE D EIKIRAED 100%-CNF Hikf 13, 230MPa FEEE D HIFFREE, 13~14GPa % /R
TR 55 ~65%FEEG K L TWDHRETIX, 3R & MERDHIREE LV b ABI/NES o Tn
DLy inote, LinL, ®WHETH - THHITIREIT 200MPa FREZ R L TV D728,
b I, SERIHE S 1 X B3R & L CId@iE CEMEOME CH D L F 2 D,

100%-CNF

433 100%-CNF #ibf/CNF /~=77 10 CNF /~=J LR — R OfE#

BIRVERL L 72 100%-CNF #ibf & u~H3E28 3.3 D> CNF ~N=71 A a7 & RS U R S A %
MWT B2y TIRIBIEIC L O N=T 52 RA y FAFb LT, =R F VR IR A AL 100g/m?
DOTIROEEEHA|> — N &M H LT, 130°C, 1 FFECTHE{L 72, 100%-CNF FJEHE S 1% 0.3 mm, 0.5

mn, 0.8mm%, CNF \=#F A7 OEXE2.0mMk O 3.0 m%u Z I FHHLAAHE T, flix D CNF /»

=9 DR FEE LT,
CNF&R[E
EEEEEEN % CNFANZ=A LT
TREHEEER

43-3 CNF NZHLKR—KFDERL

434 100%-CNF #AT/CNF /~= % 20 CNF /~=77 LR — KO
CNF /=7 578 — RiE, ASTM-C393 DOl fHIc o &, TRt HEORBRA 200 L7z,
7k, BRI, BEERE COMMAZEE L, UM% ORERF % 23 CAREE 50%C 48 R LA - AE LT
b FEh L7,
BEES : =W DR— FOHRIZE S & : 10 mm & : 250 mm
3 N TRBRIE, BEHRERTRIA— ~ 7T 7 AG-5KNX & HV, SCRRTHEEE 150 mm T 3 AERIFE L

T, ABREEE 1.0 /5y CHEE L7z, HIERFRITE 4.3-1, £ 432 122 NFIUrT,

= 43-1 OF7EX20mm0) CNF /N=HL/R)LOH S E

a7 EX KRS R i 1 R - il R
(mm) (mm) (g/em 3) (GPa) (MPa)
0.3 0.39 5.7 14.6 46
2.0 0.5 0.53 8.1 15.2 78
0.8 0.67 10.7 16.0 128
& 4.3-2 OF7EE3.0mm0D CNF NZAL/SRILOF F4FEE
a7EX KEE S B HiTpRE e N ity 1 R
(mm) (mm) (g/cm 3) (GPa) IR (MPa)
03 0.32 43 13.4 35
3.0 0.5 0.46 7.6 16.5 72
0.8 0.58 9.4 16.2 117
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NZI) AR KT, RN (ISR 2 B CEl o 7o) BNEEARWMME L 720 RES 15 B
ETHhIVTRE CTEMIMERAMEE I DN TN D, A=A AT OESH 2.0 mTEREMES
2503 mOFAAEDE T, BE L/ HAMES 15ITVEEZ R L TWD, /o, A= haTE
X 3.0mOBHETIE, KEBMIES 0.5 mORHIE b RAIESE < 257,

INHDORERING, 8T 7 AN—=RR Ry Mg EORBEM Ot AL % XD BRIZ, CNF ~N=7
LR—RELT, REMEIIZ0.5mm, N=n7ALEX 3.0mm B 5Hi#ETHDZ LT,
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44 TURAMIERITEZNAX D TRIGEICH T DEEE ONF #E ORI T ED S
(FIBTZE (%)
100%-CNF OFEJEi & CNF = haT EH\ion=h A% KA v T E 7562 LT, K&
DI O EAL & SRS ER TE 5, 43 HTRLIENS D ANRAFLVORBEMES L= ha
TRIDENENDOMAE DEOMENRHEEZ 2512 LT, CNF/ICNF /=71 MMEEDO KD 3 IRIThk
JRARL LT R Z 86D T 7 I N—%IEL, EHAOFEEOFRMELZMHEEL /2, S 5T, Kk
BIEHEOR Ry A AA—HRIELT,

44.1 100%-CNF/CNF N=H LD kT > 7 B 3—DkfE

WEAEFEIZ 2m/E & D 100%-CNEM T HRI ¥ 86 D FT v 7 =2 EL, FSHED 0.7 mD#k
L HATRI 50% DR AL D A REME 2R LTz, £72, 2D 100%-CNF A T > 7 1/3—7% h 3 5 86 12
B0 AT, R 304 6 H 6 HORCRIERICTHER L (X4.4-3, X444),

ryns e 438

A¥a r

44-3 &8 44-4 +SUOEYER

AAEFE 1L, KM O S 570 2 E{bZHANE LT, 100%-CNF O#WFEHM T CNF = L=
TEY L RA vF LI, BETERIMED CNF N=h L5¥ 2 A v FREED T 7 I "—Z3EL
7= (X 4.4-5), ZIUTFRK 30 4F 12 H 6~8 HICBESIN/T-=a 7 1 2018 TEv 7 BRIz (K
4.4-6),

4.4-5 CNF N\ZHLDESTh\— 4.4-6 ~SUUERHLK
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442 100%-CNF/CNF /N=7 LDR > F v b 73— D3 ME

AR E I BUET D e A& EELD 100%-CNF/CNF /=1 MEED R % v b D 100%-CNF @4 &
CNF =B a7 nbixb Py Ay FRESEE, RS &b B TV e FRioMe & Lz,

CNF @ 3 RITTKBRIGARORIEICI NI S, CNF O RIEREOIGHER, #HEME T To~HEZ L2
& L, CNF OUUHERE 2 & 8 L= 5 o CFRP B 2 {Efl 7272 % | CNF O g & Fii L7=,

CNFZEE 0.5mm
EEEEEEN % CNFA=H LT 3.0m
IREHAEEESE

44-6 NZHLRORVFDERK

443  100%-CNF #f D ~HEZALOHIE
N DEEDR Ry NOREIZHND 100%-CNF O 3 IR O RRIE R & 5 #% O & e
(23°C. ML 50%) (21T 2 - HEZ LA WE LTz, #BRIE, 3 ROt & [ U4tk TR L 72 0.5 X
500X 1000 mmD AR 2 VY, FEHEAHEERE (A1, A2, Bl, B2) ZJEAT (Tl CNF v — 1),
B # ., THIRMER T COMER & 2N ENHE Lz, B %X 4.4-712, PERFEEE 4.4-1, & 4.4-
2ITENEITRT,

Al
(700mm)
B1 B2 500mm
(350mm)
A2
1000mm

44-7. TERERAEHRFOEXR

R 441, FBHIOLEBERDTELEEE

Al A2 B1 B2

STEZEEE (%) -0.8 -0.8 -10 -1.0

=442 BREETCTOTEEILE

ﬁ’(ﬁaﬂfﬁ Al A2 B1 B2
10 +0.2 +0.2 +0.4 +0.4
20 +0.2 +0.2 +0.4 +0.4
HAL 1 %
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EEEOREFR LV, 100%-CNF OFERHT, Tk — ks BHEEDIRIE DRI RIZ 72 2 BRI 0.8~
1.0% O 7 I OUHEZ 7~ L, H B HGE U TR 32U 40 5 AT 0.2~0.4%F3E 9 5 2 & 23

-7,

444 R Fy MEERD CNF KRS OE

CNF O ERF O &S 2 BB LA Xy NOCFRPEIZ NI X W AX <A VU T&T 4B v
7R MR TERIVWZ72& | 100%-CNF DR > %> MEIRO 0.5 m/E S ORIBR GEIEH) 2R 1E
L7z,

44-8 RRFMEEDR RV CFRP B

4.4-9 100%-CNF DR Ry MK B Z K

445 REEDTE

OCNF AR DRGETTED & 672 il 20 | I HEGAIEERE DR % v b % 100%-CNF/CNF /=
HEDY > RA v FREETHIEL, 7% Eid 5,

@CNF #48k 2 N 7= B B EEL A « SR 0422382 171F . 100%-CNF #iA4, CNF N=5 AR — KD E
WERE & FEH LB AR R (7 ) — P THEERME. MHAME, JRITRRME, BVRRIE. J)7ARE,
MRS AR 5,
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45 CNF /A TOERKR PIEERM B/ 1 T DEAE & 51l
((¥R) BAAE BIIO57Y (%))

BB H O CNF 31 7'& LT, CNF ¥ — MIBMELMERESRIZ B T L, 7V I3 SIkE o
T DR A Bt D720, SRR IINEREEIC 5| &t & B A DR K OB LD LA W R Lz, £
7o, BEAFIEEZRF LIERER. CNF v — FEEERAL ) Ao Tl 2L TEREAM LT 2 L2 W
ST LTz, ZRBIZE ST, YA ZDORT L AL, 7 & WS OREREE CEHES 35%EH T
72o 2O CNF 3 T THRIEREEAONL—T7 A RU—LEER L, (BF) haZhrd~AP0 7 &

T ANy A AR LT,

4.5.1 CNF ™A 7 HBAEH O & TIE AR

HEh B D CNF /31 77 & LT RIC TV 3 7 BE AN B b S A 2 -V 5 2 & T
W CE L FIEEZRF Uiz, FANC ONF v — M EEERIZ R LT 20, 2 OBEF O S/ TR
HORRBME T2, EERDIER%E 5~15um EEZ CTHRT L, BER Tz 772 (& 4.5-
Do BEEROBENEA D EEEIT TN TS, HRELHERE TR - TERY SEHFATITE 572
T TRNE D DSTREEAH D Z VKB LT,

+45-1 EBFIEHF CNF EEBROBITER

CNF @R
PG #IJE Zx(1em) 3 5 10 15
5 JE (2/100cm?) 1.36 1.38 1.32 1.26
e K g BE(N) 10.5 10.7 12.4 13.1
b 1 hes S (MPa) 159.7 168.6 150.0 144.6
i1 1T BME#E(GPa) 18.4 19.8 13.8 14.9

WAZHEEAIE S 3~10um @ CNF > — kTR T AAERL L, fiFBr 21T - 72 (£ 4.5-2), FEENK
ERIBRICEEE A DIEANL Sum DB 7= 0 TReLEENSH TR Y | BEROREART Sum THEDLHZ L &

L7
= 45-2 EBFIEHF CNF /(T DR ITEER

CNF /31 7
F25 7 7 () 3 5 10
% (2/100cm’) 1.73 1.73 1.70
e K faf B (N) 573 615 637
HiF I /1 (MPa) 209 223 219
HE 1T 54 28 (GPa) 24.9 24.8 23.7
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452 CNF ™A 7 O%E SEHIOCNF v — FORE Y Gt

CNF > — MIFERITH =D, A FIBELS B — R 2B IRV e BB E D15 LU T
LE I, = FESIRD NN E > — MEIZKEMANTETCLEW RERTORK & 725, & Z T,
CNF ¥ — M I 0 Gt CERZ R, 8 BIEND K5I LT,

453 CNF 7o T O% & JTRat@BMEALIRF 0% & S it

T VI3, I CNF ¥ — B E O TR L S ELIFIZ, BEDTDOENITE>TTNED,
BREINATE THERNBAVIAATLE D 2L03H 5, BUlbIE TRIZX 45-1 DX IR URRE LR
STHND, XFCTIZTHA TOWEEABIET H L, Y URERHEAEL TV D S OIXNE CHIEE
LTEY (M452), PURFREDRREAELRVIREEDNEZE LD,

X 45-1 BELEDIT, FE

X 45-2 X #% CT BrEE &

ZZ T, BV EBDEIZCONF 2 — bz 23 BB HIC T Ly — P CTHREL TIBASESL Z & T, &~
URGREEMAD T ENAREL IR0 T2,
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4.5.4 T EABR D FEhe
ERD X570, g AT TR EDFAE LRV HIET ONF S FAERL | 4 sigh FBr A 17 -
Too AMRITT T @32mm IZADE TS,
@O CNF A7
@ AT VALY (EH Ilmm)
@ THAINAT (JEH Imm)
Wi LCAT Y LVARL T TAINSL T HT A N EFTo 0z, PO R 2% 4.53 12577,
CNF /84 7 OREERREE X F UAMED AT 2 L AR, 7 L [FIRAE T, EEIT 3S%RE(L L 72 o7,

= 45-3 CNF /(7D 4 sfhITERBRER

| AT LR T
CNF /34 7
RAT RAT
i H(g/100mm) 46.26 72.16 26.27
BRSEME (N) 2,261 2211 1,363
HhiF I/ (MPa) 159 396 228
Hh 7 PR (GPa) 25.7 177.9 66.3

4.5.5 CNF 7o 7 OFRpERER
SREEDANA ORI L LC, IBENEE 2R LT, /S T ~—%2 YRR 2 7 LI (7
L L7z & 2 A, CNF XA FIEEEH ORISR E W L DNERTE 72,
0.3

0.9 —— 7L I HUK
' ——CNF X4 7

0.1

0 r\m{\/AA/AMAAAAfAAA_AAA_A DA .

-0.1

IEEE (m/s2)

-0.2

-0.3
BF (msec)

X 45-1 {RBEE=

F7-. CONF SO AR D70, FERAIER L, 150°COBREE T 192 REEE oI 2Tt
BREAT -T2, 192 Biftite ©akBRai oo fFoRE, diFRiEsR 2 0 Flald 2 &1372< . ONF @ CoEE L1
FZhHDEBZOND, FEEIT A TTOBBGRREIT, T L OMEEIC L DESOMIER T b
PS5 TETH D, S HIT, FEAY A 7 VEREROMRmAE, PREENE, MHBEMESR ORI 2 i T8 CTdh 5,
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165 22

160 21
E 155 //\\/A\ 20 ;Qsce
R 145 — - 18
E / —o—{FIS ) P
T 10 —a— PR 17 5,
=

135 16

130 T T T T 15

RERAT 48R 96 14484 1928
45-2 #HEFER

456 N—T7HA KL —LOfER

RAERIEREDONL—TH A FL—AER L (BR) FIaFZIAE AP T&T ANy T A b
it L7z, V—T7% A FL— L ORGFT —Z ZIITT VI, TOMTILEZ{TV, £ D% CNF &~
— h&BEOT, BW{LSEHZ LI L ERLT,

45-3 CNF o—hrD&EZEDIF

45-4 EEAMEEICHREL-IREE
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5.1

£ 5% CONF#MHEMAOERREEICET 5SS URREFEDEMBEDRE

COz ‘ﬁ“ﬁ@ T:

HOMmNEELBED

Sl

() FIFHRETADUT&T4RAYTAUL)

AE
%A;

23

BIEAFEZBRE LT,

(D CNF &5 o8k B A=l

AR (1) (2) (3) (4) XV APBHRRME A B 55

FiE L7- CNF L&

(1) 2) 3) (4 £V, HEbELER, BRI

ARG R OB IR ZZ T BRI I 2 b —3 3 U ETV,

nq:ﬁﬁff—h%\ I:IM:Z" iﬁbnq:ﬁﬁ{k% Tsfh%

DRI %
WXL CoREb HEE A R 5.1-1 IZ3R 7,

®561-1 BELLRAEREES)

COHIEZ B & L=Elih o

TR T2, X53-1 T

No CNFEE3 & HME Bz iE B 2(g) (CNF) B =) (hEEK) g2t
1 [RURybT—F (ASSY) (CNFAR#EF+EP. 74—A07F HP-RTMm /% 7000 14000 (%) -50%
2 |RYFYRT—R (F7r94—) ICNF100%>—k, nZhLOT BEN\vT ATV 1840 5950 (#%) -69%
3 |RT7T258—\%I)L PP+CNF10% ST AT (R58) 2200 4,850 (£%) -55%
4 [F7AF—R) L PP+CNF10% TR 1,161 1,290 (4th8) -10%
5 [IL—2 PP+CNF10% TR 4510 5,980 (§%) -25%
6 |/INYOIRTIALURD PP+CNF10% gt R 3390 7,380 (HSR)  -54%
7 |RrIA2Y PP+CNF10% JOo—mf 1026 1140 (PP) -10%
8 |7 & —hi\— PP+CNF10% JOo—mf 1053 1170 (PP) -10%
9 [/ RLRYL PP+CNF10% STH R (338) 550 720 (PP) —24%
10 |L—THARL—ILL>F (CNFREH+AL/ (T DATAVY 5,395 10,628 (SUS) -49%
11 [/ —ER & PA6+CNF10% 3DSJ % 400 530 (PA6) -25%
12 | (CFRP+CNF/SA/ T E#) iCFRP+CNF/31F(_EEENo.10) BE 108900 125000 (CFRP)|  -13%
@  RTM AR5 oo WP FEA & 8 2 bR

1 GO 7 — REEBAL O 2 T BHER 2 L,
Lz, ToOfEER, flEM (7 1) &g LTIk
DIZHIMEZ T2 Z I VBB T OIRMAH L EEZZOND, VI ab—Ta UOEMRR
& T FEMMIZRRINE, BEZ T LoD, HR BRI TE 5,

2119 Z

BH5.1-1

MEREMERR

74

TR REE

AHEEE L 7 — ROMMME A TCD TaEffh
X 14 f5~17ECThHot-, TDOH, &




x51-2 ERUEFAKE

72 JZJE S (mm) B B (kg) (H ) 257 B (mm) (300N )
O HkKE (T I) — 7.3 9.4
@ 9 AREM 1.8 8.9 5.7
@ 12 ARES 1.2 6.9 6.8

®

1 RERIEEH AR x>y b 7 — FBATE IR fRAT

TP Z2RIVE, 58 2 TR E LB AR ET D 4. CNF L7 — R EfilEH 7 — RlzoWn T,
WATER#E Y R 2 L — a VBT AAER E MBI A2 1T o 72, TOREE. CNF 7 — Kz T
b, WEROEESS CFRP RO FIETHEMMEORG L I 2L — g URARETH D Z L 2k

WTET, TNHORR L EDE, A1%IT7 — N OBITERERER 21T 5

L= a VKON L EBREHRBE(EAFREL 22D Z ENIFFTE 5,

= 5.1-3 BRI E

Zricky,

vz

% 5.1-4 AIE#58R(0.001mm/sec)

= - 7 W || MER RIS
e =S R D . P (0-025%) | (Fx% w27 FEL)
HIEEE HERZE, Fv v 2 BELRZE MPa mm
HEHE ASTM D1822 Hiifi NO1 1.25 3.20 99 108 0.46
NO02 1.25 3.20 103 88 0.62
PRI ?L‘\’ > 7/ [EEFE : 80 mm NO03 1.20 3.10 85 144 0.33
P - 0.1, 1. 100, 1000, 5000, 10,000 [mm/sec] % n=3 am 5 T " - e
REREE 25 C
B B EEBUERT B 5 B HITS TX 10 kN % 51-5 = EE|RABRER
— BB TN B
mm / sec MPa (F ¥ 7 MEND)
SNO1 105 045
SN02 01 106 0.39
50.0 SNO03 105 0.38
o SNO04 96 0.33
ﬁ SNO05 100 107 0.29
SN06 98 028
SN07 105 0.30
SNO08 1000 106 0.32
SN09 105 0.33
SN10 124 0.28
SN11 5000 135 0.30
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% 6.4-1 CNF M BEAXMRER, BELESIUVEERLOFEED
SF 1A A2

- 2020%F B s CERATRYISGONFEE| )50 o e e ot i 1 (3 ONFERATIE FR ASE TR B

MERAMNERARET, 2030FF |- - b Y
COHAEENE AR, T.2050EFTOHREENRAFILD,

s TRETOBERM
BB - ONFERM DEMEN R TV Do | ai e e =
BHEH KB g ROBRETISATy ek VLOLREN ot

ME) @ hE 54D T, A OONFED . X
HEEAH R SIRORIE | S NP IR EIE R TLBLL0 0. Bt

(PP, PAB) Z{# FH,
REFEHON T DA TH T
THIETHE,
BRELHNEIHES | BELESE | BELREEL)
(GV) (av) (GV)
4R (FILI LIS 49.05% 52.2kg A25.6kg A2.0%
EM-RRIILESR
*gfaﬁ SAVER | e = 252 5kg A1025kg INAL
BEM-IL—LEXR =t
HAR-YFTHIR 50% q:: 15.8kg A7.9eg A0.6%
JOVkHSR 50% 13.9kg A6.9kg A0.5%
PP. PA6 20% 45kg AYkg A0.7%
Z D DS 20% 48.5g A9.7kg A0.8%
&5t 427.9kg A161.6kg A12.8%

GV h3486(RN—X):1260kg/ B

EV &=, HV-PHVIZ T REA—REL TR ELERET
D3R 2 BB ICERIDNER L T DA v Xy R T =2 _—2 Y BRI L TR, DR,
®CNF (dry) $5&E; > GHG HEHFEEALIT 10 kg-COseq/kg-CNF, @CNF Ei#4 HliEE o> GHG HEH &1

EXFGRAS, @I T & OV E By BN B C D= L X — B A% 1E CNF 5064 & kbt & o

TRERENRNE LTHRERGSN, & L, ETEMO GHG HEH &I 5 2 2280 %. OGV (3%
B LT DT A D TRARRIC 72 D HEE LT RO E SGESR (6.1.2 TOMGHE
2) &M C . @HV.PHV.EV (IR FEOKE - BE O WA b & ITHE Lo - B UGER (PHV,
EV 2DV TIE 2015 45 & 2030 FE O BEIRMERL T ¥ 2B ) ZH\WT, ThEniRE Lz, ek, &
VEAEATIEMEX 150,000km & L, PHV © GHG BN &EIZ 7 T > 7 A VBT ENA T U v METEA TH
U7z, BEZE - U A 7 VEFEIZEIT 5 GHG R EREIZ I\ T, BHRIIBEEMIE. 77 R
VA 7 VEEE LI,

HfE 0O GHG HEHIHIE I, FORFM HEORE BEIE S 2B LA AR L LI LI
F 02015 FEEFEHEL L7z & Z o0, 2030 21T 2R HN DS O GHG BEHHEREZRE L, T0
S RIEARH B FS LT U A4 & L, EICHERBEOBRE(LCMR 2 A MBS T U 4 07 28 L,
2030 FIZHHBEHED HO 5EEZ, GV (65%). HV (25%). PHV (5%). EV (5%) L& L7,
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6.43 EREE

A
o GV HV___PHV __EV & waon | |
A WiE+ B
A 4oL
P b o |[ETmn] % 24
S e
] -1X10° - 4o
I
ﬁ 8 -1x101 L ]
©T o g
I 2‘) - 2
© R o
S 8 -2X10° (A) 1 S -2xaotth (B) .
& & 2
E HK
a f 3101 - .
M s
B 30 - 46
i 2]
o g -4x10m | 4
[
*®
-4X103 1 1 I m -5X101t I L

X 6.4-1 2030 FDOHFMMILNIJLTCNF H#Z2BALI-BEIZHITS 2015 EMiD GHG HiEED ZE1E
(MERE1EHYDTA4I7HA4I)L GHG HEEEDZE L
(B)BARERIZHITH2ERAENSD GHG HIHEDZE 1L

6.4-1 (A) 122030 4 F CTIZEANAIIC ATREIC 72 D (2050 4F % TITAh5REE) LARE SN D EML %
CNF &k & LI=356 0, BHE 1 HH-0V DT A 7% A 7L GHG JEHEDOZEL (2015 FERSE DL
) Zad, ETEBICBWT, GVIZT o PR T YA D0 S ETER L TRBENERERE
LTWD 7, ZOMO BRI ~ETTER COREIZ LD GHG HEHHIBRZIR A K E < 2o T
5 AREMEIC DWW TEET 2 UERH D HOD, TRTOHMTT A 741 7 V2K TIE GHG HEH &
PHIRE D LW I RERRPIG DT, ZORRE S £1T, 2030 FI2B T HRIERABEORA R
BAaEEELT, BARENICBIT2FEMAEID O GHG HEHE 2015 FRA» 508 bE) 2 E L
LA TA THA 7 NAEET GHG HEH BRI 4.5 (8 F BRSNS & W ) fERBSE B (K 6.4-
1 B)), 7272, ZOMEIIZHEFERORA GRDOEIC L DEENZTENDLT-D, C(NFEHM O L5
W & D BRI B LA SN D, £, YT U AOHHERICHKS<, IDEA ~ R U v 7 A&
ToPEER BRI 2 BT 2 7 DI E L 2 DT —H _X— A OB & Kl L7,

2% 3k

1) Partsfan (https://partsfan.com)

2) TroyR. Hawkins, Bhawna Singh, Guillaume Majeau-Bettez and Anders Hammer Stramman, Comparative
Environmental Life Cycle Assessment of Conventional and Electric Vehicles. Journal of Industrial Ecology,
17(1), 53-64 (2013)

3) AIST: IDEA (Inventory Database for Environmental Analysis): (http://idea-Ica.jp)

4) RRFPEEFEE - Rz X —FRAE L FR 2747 A

5) ELZEE - BHERAEEOHET (http:/www.mlit.go.jp/road/kanren/suikei/4-6.pdf)
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6) ARFPEFEE TR B B EHHERS 2010  (http:/www.meti.go.jp/policy/automobile/evphv/material/
pdf/strategy summary version.pdf)

7y BEHPERICHLHIMEEDNRT ZA LT b GRAENIEE No.124 PR 22 42 12 A ISSN
1342-5927
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2018/11/16  [13:00~15:00 F-YBEBRIIOVTOERE R 7047 YA KL RM7 047y, mEBAE
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2018/11/29  110:00~12:00 BHHFERE SR SRR IR A Fa—5 7, REHEFERKMHRA. FEKRF
2018/11/29  [15:00~17:00 BEICET 245 FETEKARHEETH FIBT#, TCD. R#BAF
2018/12/19  |13:00~15:00 MRHCEY 228 FEEERART FEEE, SR
. . . . . REBRY, @RIEKRP, RMHESH. 24
2018/12/21  |13:00~13:50 IN—TY—K—2E BERLAVENT A v V25 EIMIIAHE TRk, TCD. JEMAI
2018/12/21  |14:00~17:00 ERERE S LEEZAVELT A v 72822238 HE LBEHE
2018/1/30 13:30~16:30 P ICET B AT BARA VP A= b E=T 4 73—T 4 v/ AKA |FIEITE. 2T K MEARIA €RIK
Ea TCD, mEBKRZF. JEMAI
2019/2/22 14:00~17:15 %6 Eethas Iy Y LEER—ILISEAREE30L LLEE
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