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Work Entrusted for Evaluating the Performance of Cellulose Nanofibers
(Development and Evaluation/\erification of Lightweight CNF Materials for Mainstream Implementation)
Report

Summary

1. Objective
Cellulose nanofiber (CNF), which is a light, very strong, and elastic material made from wood and other plant
materials, is expected to be utilized to reinforce various base materials. This work focuses on reducing vehicle
weight, which is expected to help combat global warming in the future and reduce CO emissions. The objective
is to propose applications (parts and components) that take full advantage of the characteristics of CNF, evaluate
the performance of CNF-based products and the amount of CO> reduction when CNF is used. The work will also
provide a detailed evaluation of the CNF-reinforced resins by providing a comprehensive overview of the

manufacturing process from CNF raw material to CNF-reinforced vehicles parts.

2. Outline and Implementation Structure

In conjunction with the " Work Entrusted for Evaluating the Performance Evaluation of Cellulose Nanofiber
in 2016 (Demonstration and Performance Evaluation/Verification of lightweight CNF parts in the Automotive
Industry" (hereinafter, "Priority Issue (2)") conducted separately by the Ministry of the Environment, this project
is to examine and evaluate material constants, moldability, structural element models, and performance for CNF-
based materials, as well as to provide CNF-reinforced materials to each group, with the overall goal of achieving
CO; reductions of 7% by reducing the weight of automotive components.

The following sixteen institutions are jointly contributing to the implementation of this project, with Kyoto
University acting as the representative institution: Kyoto Municipal Institute of Industrial Technology and
Culture; Showa Marutsutsu Co., Ltd.; Risho Kogyo Co., Ltd.; Inoac Corporation; Kyoraku Co., Ltd.; Sanwa
Kako Co., Ltd.; Daikyo Nishikawa Corporation; Hitachi Maxwell, Ltd.; Saeilo Japan, Inc.; Nagoya Institute of
Technology; Akita Prefectural University; Kanazawa Institute of Technology; Denso Corporation; Toyota
Boshoku Corporation; and Toyota Technocraft Co., Ltd.

3. Content
3.1 Molding of CNF material, evaluation of material constants, and providing CNF materials (evaluation
of common materials)

The participating institutions were provided with materials; CNF was procured and pelletized in melt-kneaded
compounds using polyamide 6 (PA6), polypropylene (PP), polyethylene (PE), and other matrix resins.
Concurrently, the participating institutions were also provided with the following results: 1) base characteristic
evaluations for strength, thermal properties, etc.; 2) evaluations of flow characteristics and other tests for
injection molding and mold design; 3) measurements of material constants, such as weather resistance, for
molded parts and components. In addition, we examined the production conditions for flat plates and pipes using

CNF-based materials and evaluated the physical properties of the materials.
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3.2 Evaluation of moldability for CNF-based lightweight materials (evaluation of common moldability
and processability)

To establish a method for evaluating foam molding processability for CNF-based lightweight materials, the
study team identified a method for evaluating the effects of the material preparation conditions and molding
temperature on the properties of foam for automotive components, even at small scales. This was done by
designing and prototyping a precision temperature-controlled foaming mold and analyzing a small foam-
injection molded product.

The moldability of PA6-CNF was evaluated for use with the foam-injection molding method. The study team
designed and prototyped a flat plate-shaped metal mold and established verification items.

The team started collecting data on the basic physical properties of PP-CNF and also designed and prototyped
a foam dumbbell mold for making these measurements.

The moldability of CNF-based materials with blow molding was evaluated using a small blow molder,
demonstrating that blow molding of PP-CNF is possible.

The moldability of CNF-based materials was evaluated for batch foaming. CNF was added to a PE resin and
foamed to approximately 10-30 times its raw size. At 13 times the raw size the thermal stability improved
noticeably. The team prototyped a precision temperature-controlled foam mold and a hot press molding die for
the evaluations.

For the molding simulations, the team performed baseline evaluations, including measuring viscosities and
fitting viscosity parameters. A mold die was prototyped for the experiments and the baselines for comparison
with further evaluations were developed.

The decorative properties of CNF-based materials were also evaluated. The team optimized the plating process
and evaluated the plating performance and reliability. The material should possess the basic performance required
for utilization in automotive components. The team prepared a test mold die for core back foaming to evaluate

foaming and plating.

3.3 Prototyping and evaluating performance for a CNF-based structural element model
The CNF-based materials were evaluated for adhesion and bonding. A honeycomb board was created as an
element model for CNF-based materials, and a standard was established with expectations of applications to
vehicles. Adhesives for CNF-based pipes were selected, collected, and evaluated. A pipe was created using a flat
plate with CNF as its main component and a microfibrillated cellulose sheet, and then evaluated in terms of its
flexural strength and other properties. Upon investigating the fracture behavior of the CNF-based pipe,
delamination was observed. Based on this result, the team developed a molding method to improve the adhesion

between the sheet layers, as well as guidelines for selecting the adhesive.
3.4  Evaluating component performance
The team also evaluated CNF-based materials for use in air conditioner parts. For example, based on the

evaluations of PE-CNF, we confirmed the anisotropy (machine direction/transverse direction) of its strength
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properties. We prototyped a die and performed a trial mold.

CNF-based materials were also evaluated for use in door parts. For example, adding PA6 to CNF increased its
flexural strength. The basic physical properties of this material were evaluated and CNF dispersion was observed
in order to design a die for a door trim.

Trial manufacturing for large-sized members was examined and resin transfer molding (RTM) was carried out
to evaluate the compatibility of CNF-based materials with RTM and large-sized molding. To evaluate the long-
term reliability of CNF-based members, the team developed a method for examining test pieces. Materials were

evaluated using PA6-CNF, and using epoxy-, acrylic-, and urethane-based adhesives.

3.5 Data management for project promotion, overall evaluation of CNF-based materials/components, and
proliferation/public education

The study team performed an overall evaluation and verification for introducing CNF-based materials to the

automotive sector, and drafted a tentative timeline for the initial phase. A project promotion committee and group

coordination meeting were established to check the progress of the work and coordinate between the group

members. In addition, CNF was proliferated and awareness was raised through five different newspaper and

magazine articles and eight lectures.

Work implementation period:
October 26, 2016 — March 31, 2017
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NEDBIZHRVIEF D8R T BN TAEOFRAR) | 14. B8Rk B (T Al e O TR Eh AR | 15, BhHREBHME 16.
7)) —73 Bk (23°C., 80°C) | 17 BBULHE 2 (AR FHRF DFFE)
@ M Ot ER
18. v Ay —A—Z — (R (RN, HOER) ( 19.50 & /0 BUHEABR (18.19. 4% | {2tk
Btk oo i BBk EREER, A ZEE . By 7D ) VR BRI E L K REAT)
T RTORBRIE B X, SO, EF72i% JIS OBEITEWRIEEAEKLTZ, FFRO19HE DL, —# 5.650H
FlaEER, 4. EHER (T YN | 1958/ BEERICOW T, BIBRREOSZ X E X 2.1- 11277,

X 2.1-1 REREFOZEX (—ER)

(3) CNF BEMEI O S 5 (HFe)
ORIZE R O FREERFIE, BVRFIE 2 BE 1020 LA R O F A R (

# 2.1-4 FREWMPEOTHEA R Bk

BRI a8 | dhiS BEES |EEES | WEEH EN b REE
GNF%’;:’SM*#I MR | (PN | (TAY ) IRE BE R
23°C 23°C 0.45MPa % 107°

(Mpa) (GPa) | (KJ/m2) | (KJ/m2) (°C) (°c) (1,/°C)

Pas (Z=H) 103 253 8.2 38 158 196 130
PAB/CNF10% |HesE TRt 145 429 18 35 196 204 46
PAB/CINF10% [FE7OCAMEmR 165 513 15 31 204 204 28
PP(Z-}) 52 1.95 1.1 15 108 103 131
PP/CNF10% |HesEmEfRit 57.3 23 13 16 127 115 131
PP/CNF10% |[HEf70 2B M 521 3.88 i i i i ¥
PE(Z—}) 23.3 1.02 29 36 72 55 152

PE/CNF10%  |Hoo S mEfRitd 312 153 * * 95 70

* HesEEPSFHMERE T 7. » HOEEHETE



H28 L DFRPEL 7oA BHZ DWW T, SREEHENICBIL THA TRWIHH N A LILLDY, £ 2.1-4 (TR T LI

FAHES 7 e 22 R U7 e B ANE A TETIY OB i 7 2 Ad R & PA6/CNF10%, PP/CNF10%

O T MR T = — ME IR ORI 2ME DIEZ L TWD, ) | K 29 4REEIZOWTIE, MEFES SR DK
FIFERRDEESIC, FRCE R IR E SO UER KON M B OFREZHED TS,

@ HFHHEE ., GREFHI R 2 B R SR O FEAMAS S (HFr)

£ 2.1-5 TRENVRFESE O FEAf S R

MFR ERENAR | ERAE | S I5RI-7T | B =TT | R
CNFH#ES T (250°C) |(250°C) |FE(B0°C) |F (B0 C) |IN#HEE

(g/10min)| [mPa) (Pa's) (%) (%) (%)
PAB (-1 18 2.2 534 75 0.78
PAB/CINF10% |HosHE BT S 12 25 705 457 281 0.45
PAB/CNE1 DY |FE AT MRS 23 50 1160 3.09 1.99 e
PP(Z-}) 4 3.7 327 25 1.01
PP/CNF10% 59 318 680 * * 093
PP/CNF10% |mEAsuEg - ok ok - . o
PE(Z-}) 13 4 632 * * 1.25
PE/CNF10%  |HesE RS 176 * * * * *

* Hos B (ZFHESE T BoE. ++ H2oFE BTl TE

@ HIEH OMiHE LR
PA6 (=—R) 3L PA6/CNFL0% A EHZOWT, ros v Ao — 2 —Z— R 2Bk (RN .
AL | 2/ BREERER % O R RBROFE A 2.1-6 ITRT,
# 2.1-6 PA6 Dfitfrtaik DA H

i 1 1 S B Al i i 57, Bk % M 15 3 Bk
Yo e 7008/ | F L 1000856
BRI 3EE BT | BT S B BT 58 g
oE M 3R o8 4 57 S R
(MPa) (GPa) (MPa) (GPa) (MPa) (GPa)
PAG(Z—F) 103 253 B3 127 847 224
MR DR T =Y 45% 50% 18% 2%
PAB/CNE10% 160 213 107 3.78 125 491
R E R OETEY 33% 26% 22% 45

# 2-1-6 |TRTEHIT, PA6 (=—F) . PA6/CNF10%IZoW T, & /o MRETERBR % o T, i e
FORTRIIFRETHLN, b ir Ayt —2—F—(RHERER IOV TIX, CNF10% E S EHE
TR =— MBI R TIRS ONF 286 72 2SI KD BEME A SEES D ATREME AV RIR ST,
4. &0
SEEEREME TRENRRIE, MHEEEIZDVT 19 THH ORBRZIT ), BIRF R COMEHER DN OMNI o7,
DIFHRAEA LR TR LA 35, AL EHEHERDND | BOBHEO AL SRR I ONTT r— Ry
EE2T A2 DOICHEIG UMD UEE XY | G LT CNF EZEM R HEL T,

[CNF# O BT EAEHE Gl & CCNFAEFO SR it (i@ b B RARR AR (2o T, AR (Rifd)
EUHI T RE BRI FE I & D SRR S T Do mUER T PEZE B FERT D SRS (2 OV TIRIZFER T D



(FEHtEFEAM)
1. CNF/ARUTINFEL O (ERL L EF A

A AMET L R RA— T — T DR YA I L E O TR M O SRas e, 57 mt 24 CNF A
L, ATV IV HESEESR NG, O BIO PRI E S RA W ~F Y Ih 71— Ry LTz,

K 2.1-T PPBHERC E - b R R A R

=EDi E= 5 FRE M S (MPa) iEE(MPa)
2016.11. 4 PAG-161018-1 3970 127
J— L
PAG-161018-2 4940 132 =&Y
2016.12.2 PAG-161125-1 3630 122
PAB-161125-2 3910 126 —_EHY
2016.12.28 PAG—161215-1 3280 116

FABEEECRE - ReMERAGARS SRA 3R 2.1-7TI27 7

IRAREIEL D720y PA6-161018-2 23ch BUMVREIEL 72D, ZALETOTAR GO #hF PR 4600MPa, HiiF
HPESR 140MPa ERESEDLIRWFE RGO,

2. CNF/FRU 7 at’L U kB O /ERL, $24t

B E T2EFTHERAPP~ R w2 AR EFO i K O3 HiCIR REA 42

A 5 E T 3T TERIL 7= CNF/PP AR i 588 K OV S BRI B 2241 T o7, CNF 1% (BR)
B PMC @bl . iR MBbERGHE - iRE £ 2.1-8 1T~ 7,

(BR) BN THFTHETAY 0 18 b B e 3B
X% RL7- CNE/PP #1BHZ

e p —asp " o LB SR (MPa) | A RN (MPa)
R BEAZR LU, o (%) =D LEF (ONF-S015) 2850 501

BT BPE SRS S, TR S =H IO 257 & 3240 718
PBAEAMELD 3 Bk REA K] 2.1-2

R,

FNETZEFHER CNF/PP #EHZ
CNF O HENIEFIT R, B PMC AL
HoOULTERIFA L PP~y 7 Z8PEHZ S
WL, AhEay RO H X B Ak
BIRGONDZ LD R TET,
3. F&
PA6 BLO PP R w7 ZTDOWT, SME
AR — DM VT DR AT
W, MERES T SR EL O BHEER D720
T AR L7 DM T MR A S L7, X 2.1-2 /rioikiesss
ZORERM~ N I MBS A — VT
THLUIZICH DL T BN GO, 4% BT ERIHI B W TH AN IV FER T RRAHE L&
Bz, HhEaL R H =21 7L C CNF/BHEM B OBt Z2 D TP ETH D,



2.2 CNF o—tDEE R UETHE (FIE TEHAR1)

AEE X, HEVE Y7 v 7+ —2MBHTH#E A Z BN & LT, CNF % Epi5y & 3 5 msi Rk
TEARDVERL & BIGAR D T R EESE O )R 2 E L7z, . 52 CNF OB 672 %5 100%-CNF etk
FRIGARDBGE R S ONCtEom E2 BEE LT, TEREE2 MW ME2 D -, 703, CNF KL
RO ERL &Kk Z2AIHT 570, ILAEOE WO CNF JFE 2 Hns 2 & & Lz,

100%-CNF BOREIEARIL, BIEE LT CNF ®OASA T Zar7 T 2K @M EL TR =0 a8
RA o F R RIE LT,

(FEhasmm)
1. CNF &K U5URE O K HIED 234

CNF JFUBH L, 10%F2E DK L L T— AN HHE SN D728 100%-CNF iRz 455701213, i
K TFEDOZNFAL B MIE L2 D, 100%-CNF SZIEARIL, 2004 4FIZRKEFD (/. Mater. Sci., 39(2004) 1635) (24
STEDORERREDMEDRHLNCESNTNED, EFAMEOHE KO REIE L& 155T-0120%, fE ko R
DB TH-Tz,

ABEEHI T, EFEATHIE O CNF OBKTFEDO B A MEt L, R OHEIZLD CNF #E
TR D72 IT IR, BEICEARTIR N HY , ZOFEEZHNDHZET, 100%-CNF RIGEZ RS 255
ZENTED,

CNF FRIZAR CFAR) O J1 2R EE R E T 272012, 3Bk 7 2+ 2B s ~Hk (ES{EE, 300x300 mm) 0
100%-CNF EdR &725 IO akE2 8 . CNF BB Ok LD B2 £ L7,

2. CONF FARDO I FiEOW R

ATHE[AIRE, TR AK L7z CNF SR (K —3%) ZINEINERE 35281285 T CNF A ERIL
Too Ll CAET DI2OITITMIE SO RELEHFEHOIG BENNEL /R oT720 | Fl /e ilE 5
HERELILDII _B&E*ﬁaaﬂ%@&)to

INEINERLTE D18 IR 713 JONERE 03 B Stk D A BY 2[R L7 D7D | ENE D ERIFED
e LA 2 ([ FEH LT, ZNODOFER, —EDESETO CNF FARDOTRE DL EL TREOIL G
HULT=0, BB E SRR ELRAUIEDO R EMEDME T 3528V HIBH L=,

100%-CNF A Z5 4 7 (CNF S EEET LV ORIELFHE) THAET S CNF fo=h 2 RAvT
NRENVOEBHELTHOWEIELTESA . 1.0~2.0mm OJESNGFi#72720 , ZORESTLELIMERES
NDBIESRIFIIMNL Tz, Lol A 2 TRGESNA IO BB B~ CNF R O A%
BIRLTZGE . KVEOWRIE S D RIE S ORI S # DR > TV D,

3. 100%—CNF AR D ) 5 R HEREAT

ATTED FECHIE T iEE ol b LTS 72 2 mmfE 100%-CNF SFEpE Y, JIS-K6911 (it~ A
T 7 — R ERERT 1) \ZHEHL L 7= 1 3B O NS S BRI A ML . 1 E R A T L 72, 723, ek
BRIZIT A 7226 TNE B #ha 2 E N EHI V2 100%-CNF Pk AaHE L7,
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AR BR AT

5| iR Bk
RERFTEAR JIS-K6911 &~ LRI ER Fr
DL EL R 2115 mm
PR 25 mm/ %y

Hh R

AR IR 02.0x50x25 mm (JEExES x 1)
SR HEAE 32 m
AR :1.0 mm/ %y

# 3.2-1 J15alBiE R

BT At CNF 5k B £t CNF J5ih
il pRE MPa 160 185
TR MR GPa 15 18
5 | BRI W7 o MPa 90 I E
5 | o A R GPa 3.5 I E

# 3.3-1 DEHIZ, ONF FEIOENZ L THRIEZ M OPIEN Bie > T DI EM AL, mIsE D =T
LY RA Y F SRV EAGDHIZDITIE, RIEM OYPEITENL THD TR RV, LOLERRG, FUEIOENZE
DTG S DINBLN B lp o TND T2 | B MEE O MMEE A~ DR ENREIND, ZOBEMIL, =LY
YRAVTF SIS T DBEOT M LG TR N LY U R A T SRV OFRE BT 55
FERDIWD | G RN A R OBRGRRE L 2 5,

WoT, 5 4 T (CNF #EERTT VOBRMELTHIG) 1233\ T, A #1, B #LD U IV 2 CNF FlE
FNZENARBEL . B PARIZ W TS RBR A D Qe LT,

4. 100%—-CNF 2k D241 &
100%-CNF T i 0D BANE 55 25 880 & B AR 7B 06 . F7- B sirE =8 | H8 2 E SR 0I5 B (R I A EhinY
BRI ENSFNE RO T,

SRBR A

BB AR E
HER TR 2x5x5 mn (JESxE SxiE)
S :10°C/ %y

B AG HEH E
HER TR 1 2x50x7 mn (B ExF XxIg)
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R :3°C/ %y
E—R TS 3321 v
HE JEEH 1 10Hz
7< 3.2-2 BB ARG S
i HAZ A ft CNF JFUe} B 1 CNF J5U
BRI ppm/K 0.5~1 0.5~1
30~180C
B % 0.6 0.5
5 LEHZ g
4 F
S LEA1 |
2 1.E+10 -
% ! §1.5+09 ,
0 — > g
%,1 o 1LE+08 .
-2 1.E+07 f :E
3 £
4 1E+06 ¢
12— 1E05 |
20 40 60 80 100 120 140 160 180 200 40 60 80 100 120 140 160 180
=mE(C) R (C)

2.2-1 CNF #f Bkl 2

2.2-2 CNF #1 BhipL

100%-CNF B AR D M3 36 K OB IRMA S, B RO RS IT ETIEEA E L LN &
otz ZOFERIVAN= D LY U R Ay TF SRV DA FIEARIZ 100%-CNF BRI IRE W54, IR

FEIACIZ LD HEZALZ B FE L2 THWNW e | IR DR IS ) DARIBE ALTE i O FCOARIBAE I A F]

(ZB<EEALND,

5. FL

AL, EHMEEZE T5HED 100%-CNF EARDOVEREA B ORI 2 35 L 7=, 2@ 100%-CNF
SERRIE, CNF AT a7 LT D AT U R A F RV DOEBIMICH WA HEEFZD—DT

bHBAEMED RN A Z B THRM T 5.

CNF AR DM EHERI L, B BV ORI &L TOBWAREI L N= ALY A F SR DI EHY)
PEEAODNTT DDA A THY , SBITERITSCTEE SHEORIEMOERERILZED TV,

o, SORDFRE R EOE R GBIV, CNF &7 = /) — VEHHEE O A BIBRZ IR FEH EA 785

SHEICTERS 2720 DS R A FE 5,

12

200



2.3 CNF AT DR R UFHE X SHBIAE. BRT04 vk s)

CNF SA T DJFEEE LT, 37a 747U b a— AL — O FEFE A 5 E T 57D PR L. %%9@
FED @ S—N—Z AT HRERE LT (2R 28 4F 11 H) ., CNF /3o 7 D il 708 45 Al E DT | 2
a7 47 Vb a— AL — hOMHEIREE J OV 347 OWrifi 23 1 BAIMEE CRIZL . /A7 TR ST
FIFE B2 BB 570 BB CORERE FIFHGA FE L 7=

(FEHta51H)
1. CNF $— R —D 3l
CNF SA 7 OVERNZ 771 CNF B2 8 — L LT 37u 747U b m— 2 — MR R Thb | 12
flesiuyz 3 FEED _R— =D EZRE LT (3 2.3-1 B2IR) , ZORR, 7u7 47 ubeirn—AL —
FOD L IE DR R, O T/ AT 2ERT L2 LT, 2OV —NI %D _FEREDE 1.5~2.0 fF050
NSYR
#2.31 27u747 b —RT— oYtk
eI 7UMEEN | R747 UMb | 747 ) bRy

o—Ay—h o—Ay—h n—Ay—h B
@ @ ©)
B JE (g/cm?) 0.95 0.78 0.53 -
JE 7 (12 m) 24 44 24 75

MD CD MD CD MD CD MD CD

SRR (MPa) | 9,227 | 6,036 | 6,339 | 3,762 | 7,095 | 2,905 | 5,081 | 3,804

5558 (MPa) 105 93 90 41 68 35 63 48

1) MD(Machine Direction) : #P#ERFIZAR N iEA LD ) (m—/ L LU TEE RIFbis )
CD(Cross Direction):MD D E £ J51h]

2. a7 47Vt E— R —KE CNF 2347 D55

CNF A\ 72 BB Al it 35720 I7n 747 b m— 2 —hofifEoRigs | <A~
\Z LT RO 55 g % A A R o - WA (SEM) THIZR L7 (1K 3.3-1),

AFLE 3 FHEDOI /a7 47 Vbbb — A — NI FE LR DI S 2 TRl 28 L2 12K, RIrID
Wit A 7e<720 | BT IE 70> CNVD, BIEIEIT e n L BRI AVICL BEE DTV 1 —%h

92.3-1 I7u7 47 Ykt r—RT— k@ SEM EifE
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RPFEHSIIKNEBZBEND,
[FERIZL CT3A 7 DA SEM BlZ2 358 BT RIT#HEEL CODI IR 723, RIBERE S Roh
(% 2.3-2 Z/H).,

e
e

CE LN
DOEITHIEL TS

2.3-2  73A Wi 0> SEM i

BB ERI /a7 47 Vb e — AL — NI A R 8 ETHIE T/ AT TOHBkfE %727
ZEMAREEZRD | IBR AR E O m_ BRSNS,

3. FE R COBAEALEEFL

AR OFHEEL T, AT AR CTORMIETITRIEEE O 58 CHAE A B & O RD R ALK 5T
O, FER TORMZ1TOZ8ELT,
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E3E CNFEEHM M ORI T T (F@ a5 H 82 5T )
3.1 CNF ## ORI O FFl CREVAZE:. (i) FRER T B R BT AT)

PA6GRYTIR 6)&~ K7 2t LTz CNF GO S REE REEL 7o, S HIFETRRIEIC D
W, BRI IR IC LR EL T MR R RIEE RE A RS B L HLle 327230 (RS R IR 7R 56
1A ARIELT, $7-. BB AFIAEREL COMERERMIIZTTO 720 . 57 mE X (R R LD
i PESE AT JE T 23 46 [l CRHSE LI MR/ CNF BB B O B3 7 0 A) I KD BRI LT/ NS T i
PRI S O 2 S L7,

(FEHta551)
1. R IRV OB EL R R

BB O FE TG H BT PEREA K B LRI 35 7= O IR B IR AR 105 K OB &R O 51 s EE 1T -7,
SR 90mm X 90mm Dk, FIHIEA 1,2,3mm, JEAEZHIHE A H+10mm LR FIRE T2 T /3y
FEVARIE N vl e iR & U, B i B3 L IR A 2 Bl i 95 28 C, FVatERBICRE R B L 5.2 5
SRR FE S G BE LI RTRE C o D, R - CRUE K OFRIEM DT 21TV, A7 — LT v 7 IRFIC
BT DM B St HIE L 32, 2017 3 A IZRID AT = 7 OT=d DRFERIEL D G UWOELT,
Z D% FBIARDORIEAEZBRLET 5,

2. FER T T A L BRI Sh DT

B B L TR OFRIEIZ B W T KM SO Z AU HEI AMBLO TE W e R BT R L1 L 70 57
i H 2382, EELh A X DOFRNEITIE N> T, PRGOSO RN TR EE 72 & A3 FE Ve i Hi Ak
T OPERRIZ KIE TR B RAE LT, BT L TR 7 e 2% VT, BUECRUIE AT, ROEIRE
DHI2D PA6/ZENE CNF O/ VST HH B fb A 3 EL 72, B S O FEIRIE 70mm X 50mm DA A A
THLLHUAITHD, F7o, HEIT PA6/ZME CNF=95/5 ThHD,

2016 AR TEZIT oo plidn (12016/04 Bl ) EFRT7) bkt G dn b L, AMBLIC DV T,
[2016/04 FLA 1 ClX, ISR E O N N— GEAET A% G VT2 FEEEHZETHRIE M E EI EA VBRI FE
BHEG) L OGRS N2> T2, TIUTKH LT, 2016 4F 12 HICEIELTZR IR (12016/12 FRA ) EFF
TNTEAL TR, TS —DFRAERLHIE MO IGEO L GBI RSN, SHIZ, 12016/12 Bl DR
ML TILZENDAIE A BB KV BB,

2016/04EE & (BZ1E) 2016/12E2 & (BZ1%) 2016/12F2 & (REZIR)
3.1-1 R el
INHDORRIERBR A NZHOWT, RIEMOKIEZK 3.1-1 1277, WL FETEL TR NERINEE (2%
VI8 DN L —D3iaE A T HHEETHHA, 12016/04 FEA BT, FIAE O AMRMAIHDL
K — MO RSl LR 2R ZE I X LD e oTe, — 5, 12016/12 BLA 1BV T, Folgdh, REZER
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HiZ, 12016/04 BL& | LU IETAIE D ARPRSE AL, R7—MUD R SRR 2R A HERR S Tz,
[2016/12 Bl & JIZBW T, Ml TORMRIICIVERFR O DRI, EEOSCH AR EZGI I LIZATHE
PEAVRIZEND, T2, RELBIZLVKG DT T DL TENS IS EAREL THOD ATREMEDE 2 DB,

270°Ca7 /N 2455 |

2016/04
i34 2\
(R21%) @

/I\
@

2016/12
[(Z4e)
(R21%)

2016/12
(5=
(REZIR)

Imm

QLR QR7—MaIK b

3.1-2 B ah Wi oD ST A i

EBIT, MR}, R, IR SR ME S 52 5 B A RRGE T 5720, /NI S R h )
SRR A 20 L 3 Rl REBR AT o7, FER, RIEVASMITHOWTIL, FEMER, dhiTmELbIC
[2016/04 Bl & (Rofip) 1 >12016/12 Bed (BoH) | >12016/12 LG GREER) | &7e o7, $HEHDEDE LK
I DEENRBINTNDEDEE X DD, VT, BIAMIZOWTIE, 2RZEmEL TIRTangE 2
%, 3 BEBIT, BIERFD A AREE 260~280°CV T b, FLiESR, @A 12016/04 BlG (Ro) | >
[2016/12 Bl (Foke) 1 >12016/12 Bld CREZEE) | a7z (BB O LN [EC T ob FeiibE R,
REE CHER) o BANRF RIS DWW TOAMBLE ST T D SR &7 o7, A RIO O T, 12016/04 Blé
(Hz48) 103 F Bh L SRR T O BHE L Ciddeb i L Qb a2 5, /NS TR H RE dh & 3 E LR AT
FTHTLITEY KREUBTE i DFAE BB 31T DR B AU S DRLVIA A G WAFDIL, LU L
DRI DO B IE AR RARINIBIS ZEN TEDEE 2 HIVD, 4% MM BHZ DWW TH [RIBRIZEHT 52
T, FAEMEOD B B A AR~ OIS HIEr T 2 En ik ab o LiRbins,
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F 3.1-1 M8, ISR S i RFIEC 5 2 D52 3

8| JAIEE LR tkE BEiEER B (R4 terE R tesaE
[ €:::1pp) (BhIF)
[°’C] [-] [MPa] [MPa] [GPa] [MPa]
2016/04E2 & (32)%) 1.15 296 (] 1250 [] 258 [ 1090 []
®#m 260 2016/128 4 (8218) 1.15 278 V 1215 V 242 V 106.0 |/
2016/12B2 & (RRZ#E) | 115 2.69 120.7 2.34 1050 |
2016/04F2 & (32)%) 0.65 2.05 71.7 316 [ 1104 7]
260 |2016/12B & (824%) 063 184 65.6 203 \[ | 1043 V>
2016/126 & (R84) | 066 188 66.6 288 | 1016
2016/0482 & (§242) 0.64 210 706 326 1] | 1007(]
21 270 |2016/12B 4 (3248) 0.64 181 63.6 284 || 995 |/
2016/128R % (R4KE) | 068 1.97 67.1 288 | 980 |
2016/0482 5 (821%) 0.67 2.04 70.6 306 | 106.1 [
280 (2016/12B 4 (8218) 0.65 186 65.1 2.84 V 995 |/
2016/12BR 4 (R¥18) | 0713 207 68.8 2.84 943 |
2016/04F2 & (BZ18) 0.44 0.94 184 212 1] 414 1]
260 [2016/12B 4 (8218) 045 0.66 138 148 V 307 |/
2016/12F2 & (REZHE) | 045 0.58 127 1.28 28.1
2016/04E2 & (3212) 0.46 1.10 20.3 236 {] 437 ]
3f% 270 [2016/128 4 (8218) 0.44 0.76 165 172 \ 371\
2016/12F2 & (REZIE) | 046 0.81 17.6 1.77 385
2016/04E & (¥212) 0.45 0.89 1941 1.99 424
280 2016/12B2 & ($21%) 0.45 0.91 21.9 2.02 48.6
2016/12B2 & (REZIR) | 063 1.64 57.7 263 92.1
3. T

CNFE#E BB O RV TR 7152022 ARYEL T, R OMIEL, 5
7 e ALDIEHES I NS TS U BOE dh DI 24T > 72, R, INUART — L THOMP B RS AERC
RIGAREE S B B BT dn 8T R & L CORMEIZ G- 2 D50 B2 il D 2L ok L A — L7y 7D
WS HEL 7R D DT L ALINI 2T, e, KRR TRN R &P 1% (2 R CNF AR o 3613
FRIEZATOZE T, SRR EHO BRI S T & SR R e 2 O T L, ZREF RSl R Lo E
D TOFETHD,
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3.2 FEASHEIEIZETHCNF M RU7IRR) QBN IEOFE (¥ 1 Fa—=2hT KK &)
TR e OV T o AN R SE T DER A2 1372 PAG/CNF 18 GO BRI T D 3l 4 52
952, SEMH OSRTERZ R EL  S&RBETEEZIT o7 (BT 350 X 700, SEARFEIR) , 458
PEIX 2017 47 3 A FRIDFER B IE CThHDH,

Fo ReTZ WA EEBRICE TN 9% CNF APEHZBIL T, 2017 48 3 A RETITRULA ST, Ak
TEIN LD F AT 2D 5,

(FEHFEA)

1. @BAAEDOIER, K OHAEFRL

TRONETEAUEARZREL (K 3.2-1),

BT - < SRR

700

320

[
350
I
I
T
i
i

i\
I
i
i
i
[
i
i
i
i
i
[
i
[
[
i
[
[
[
[
[
i
i
i
i
i
150
i
i
i
Bl
T
[
30
11

50
70
X 3.2-1 &HAUfTEE
‘B:UTERFAR « « ~ARERNT 3 D TR E
_ &ucll]tyg,_ ________________ e I — _._g_._.

X 3.2-1 WOV TR
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7 3.2-1 TOMfHE

Y] ES EE
F—h R 3 ETHALIN—F
DZIN IR IO BIIERE . thIZEEE L L 17 (#600)
wE 1.0mm~ 2.0mm 0.1mm%l| & TR Z
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5.2-5 PA6+CNF #+® TEM [#jf4

«CNF(EWEAD DS —TE D A A L TODENBIESND,

(HL., 25 mtE(G M) 2R s O BRI ENEAT 23 55 B IS E B LR TRWIT 220D )
ET AR —RAD A — LT o FIZLDBIET CNF B2 N ek 7 M AR TO R L oM
REREM AR AL B CTH D,

cE-L FRRICEE R T N AZH ORI 7 e L 28D CNF IRINCE 28RN COENIC X
% CNF O 7 A (B PE) DFEGR S LB TH D,

*RTRILEL T, 22D 3 B IRFE DB R0 DT 22 AR (B4 T WT i 2388 H 97 2) 3 FFS
ZRUNTZ8D | ARIZE (IR i 70> 5 0D T8 52) R 0D T 17 B P ffe P 23 R BEAR S 40D,

2017 FEIX, AV T aeL U TOMEEMEZE E LR R FEOMETE E T2,

[ : TEM i : [X] 5.2-6 &[]
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5.2-6 PA6+CNF #1¢ TEM {4
«F A —%—D CNF EMIE(PAG)E D ST RFA DOt DR R DN E SN,

- ZOBEHERIY BiEE CNF OEAEPENEARIRTE TIdaun 7o | 235 MED ) _L725MetAE+CNF 248}
DFREE [A) RO [A) 1A B R D EHERI T2,
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5.3 KEERMEERRET R RTM(Resin Transfer Molding) iR D 5E i (FIETH /9578 (#%) . € RT
EXF)

2T 7 057N BARIINZ ERENE (B, #HM) Zakim Ui, iR, et ER B X
OBPEEOIETE, MFZESAE, Y B R E R 258 T LT,

ALTEMRFEIZ T CNF O RTM g ~D i A M4 7, CNF 52640 RTM LA ISP (RE RN,
KIRTEE, T R Ay F BIBHEIT AT RE TH LR L 7z,

UL Bz LIk RTM 3(E B BB ER S OALE DU (GIHE, Wt A PEMERE Do OB TE TR T2 Fr
) ZFHIL . TEL TV BB HEHIMEL THIRNHY , IR IR ZENATRE ThHAHZ & BfE, AL
7

(FEHFEA)
AL MEHIZ T CNE O RTM GIE~Oii & 127, CNF Z544 D RTM Tkt (RE )
REURRIENE, T R A F BRI AT BE CThH D LI LT,
1. RTM RRJE SRR Y 36 JLOROE R
CNF ORGSR EL T, RIMBUBEA A=V, b2 77 /777 e BARNT, Eha N (B
. ) Ziam Laise, e mfE N 240, METERR B IO B ORI, (S, Y H R

Bz 5E T T,
Ahis A=
HWATHE  Hume NCVER BB
0.': + CNF - ks =t I 8
avRIURE  #EgSYE— FU2t—L HP-RTM  KEEE Tovvo—F
(RELE) (RBTOERE) OW N~y
R E:M50um B
&7 —
WHEH (O—P) \ B8R~y
(GF,CF&#H CNFREI%) 7
\ Ak [ rim~ REEE
\ — FoH—RTF—
H iy EER e
TEEE e L BREIEES |
R CRE) WM
GF,CF&E#,CNFFi - LR SRLAFYT
(GF CF# CNFR#7#5%) =y N I
5.3-1
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EBRNRUIZRRIEA A=V Tl =P 7 — R8O/~ R AR &kt G L U= R R B2 A
WV, ZINDLEEE I MU IIRIC TV 7 4 — AU T2 %  RTM (RRlZ sl AL PE A Bk L7z HP—RTM)
RT VAT D AR M E G RE SR A D TR V-7 74— A EHE RTM 728 DR
JERIER T VARG T 27 & —RT =128 O KRG IR G L UTe By FAEFESRD —Ho%
B0 BT, 7V 74— 2B RAELMIFNL, BRI/ ar OIE ST &4 — R IEIkMEL 5 2 | VL
WHEEA (ZBIGe ., I HISEDTEIZID F A IRIZE E LTz, ZOMIFINR D206 13 RTM 24T
WIHIE G L BB A1, BIAIAZ WAL, BRI LRUCTVARE T 5281240,
WIFI B B DEAM O~ o7 AL THERE T D2 810725, Ikl MBI X BRI RE & 525
ZEEREMRL T, BT AR ZOMO FIEIZEY  WIFIFHORBAE I CNF 255 #StE, Hiftd 52
LEEZDHILEUT, HHERAZIT. BfRHIICIT ONF Rk 2 2 505, MiH . HT AHESe R ik
HEFEM BT~ — M B L GBI QUK ZEIT LT,

2. RTM I, KRS O FEAT
1) CNF 5410 RTM Tk s aEAmic B

A4 AXDIMEEEM TOZERMBRZ IR L . CNF Ao
RTM L& SMEZ R L 72, FEAf T, A4 YA 2800 U7 Ak
Mz 4 BERG DY, ffiZ 172 RTM BIBEE L TRET S ARD
VaRTM 6% 17\, &itEd B U, BRI, K2.1 0k
1T, CNF + PLA GRUFLER) A FAp 22 /212, BRisp & LTl
ERMEAE N SRR By R, T4V LTE ST, B R DE 5.3-2
L, RN RFUEEZTEA LT, IEAENTIRKIEE N Z 8T D,

i R 5.3-3~5 [TRLTZ, BWER DB DO E A, AWE DR ERETH D, K 5.5-3 1L,
I COEABEA 3 /3, X 5.3-4 1% 5 /32 THHN, MEFLHICHRITTHLOD, @V EREE TR
TERNIENI DT, Fio, EROBEL B D2 Loz, IR ARKIZTe B — IR A
RAIAFILIPOFRENTHDIZ L, CNF+PLA MHERM X, RIOWRASBLISL, BIZEHFRICTHHMN
EFTDONID-T, Tbh, ERLLTWVEEE O/ ITHIIE S T L, 2O EVICR AT L e s
RO THD, K 5.3-5 1%, WiEE 60° ([ZHIELIZHA THD, BIEREDK T LELIC, FROBEM
IEAE72 VDS, BRI E IR EL ) BT D2 EN 0 oTe, Ko T BREEZ%ETHIL. CNF EM o
RTM BB rIRE S HIBT L7z,
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5.3-3 5.3-4 5.3-5

2) REURLIEAE DT H i
CNF AT D RTM 13, EIREEDNFRETHLZEN o723, BIREEE EIF5TEEL T RTM K
T—RANATON TN T =27 47 HARDOBEREE X -, 70n—AT7 17 % CNF EMIZH Ry F 35
ZEIZRY BHBIEET. COTa— AT 4T AR, F D%,
ETIZHh2 CNF BIZERTHEVSTiic/25, CNF HORIEOR
X CNF DRI LD DD, MR BHIE DO & R it &) TE5Z
EWpD, 27— AT 4T EL T, RIUAKE RSy D7 7 fiffE L
PLAGRY FLE) AL 2 1R M L 7 i 56 O /NS~y MIX 5.3-6) %18 R
L. FIZEWE S TORRIE M I RE TRUER R 248 C& o BERID
RTM B 2RI CHERR 3 A2 1T LT,

5.3-6

3) FEAMPERTAIIC B i&

Ad P A XD EAZNERBR T DI Sh OWr A A N CBEMES L LT, X 5.3-7 £ 5.3-8 12, Th
ZAL CNF+PLA (RUFLES) A 54T . ki A2 R LTz, W TS BIIED H R FRO B E 7 IZ B0
T ARAREOKRIERSNT, B THDHIEN D -7, K 5.3-T T, PLA D SEL THAHIEN
SIDHHN, BHHE VXA RO L L OB BN EONEI THD, sEEA BIERL TS,

5.3-7 5.3-8

3. CRIEE B B EE A ORE
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PLEDORERAZEEEZ . RTM a2 R AT,
DA AL ERZR BIOY, 7 A LT HP-RTM % fi & ~7,

5.3-9 5.3-10 5.3-11

EAREL, V FRZ U HP-RTM (B ERL RTM) 258 12°C RTM BIBZATOEHEIL 72, V 58 T 7o
TeBFERIG M OIMBIA ] 3.4~6 (" T, EEI, AR LI 7#k#E+ PLA D DRD 70— AT
AT DFHHTRFVERET RIM L7256, 70— A7 4T 2V ROy T § 558912 CNF+PLA ki At 2
ETRIC 1 o oBlES IR0 A . ETVEIC 2 0 oll BSOS A ThD,
3 A NTRUIEINTEIR L T2 7 m— AT T O ERMELE N ZENR 3D o7, £72 CNF+PLA JlHERAS

5.3-12 5.3-13 5.3-14

EF 1OV AT SO S EERZ R AF T, 300mm X 600mm D KEXED V EIR G EK 20 B TF
ERE/RZL K 5 Ay LN CRELAN AT E/R S LA R T T, 72721, BB R TETVARNEI 7
HBLINLZALZAIZRONTZ, E T 2 D6, BIZZOB G bz (K 5.3-14) , CNF #ilki
M OBEIZTOERHY  FIR LT WIS LIHER 03K EWTDIZE ULIZKWER G R0 Lt
720N, F72, CNF il Kbt oWk O 8288 Bk3Z LT T&E2RW, BT, FIRLRALEE AT 5
(2, FRFELHIDIRARARIZ D2 0B 2 HND,

PLE, iz ST 00, [l AR Z B 2 R, BRFFMZETE RTM RIE TR THHZ
LEFERTE T, A%, WMo N BLERIC LY | S R BARF O RRRE A HH L7223 0 | SRARFE IS T 78
LTS P 7 — R EIC B L THHZ D 720,
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54 CNF #HZERWN-BMOMEETE(ERIEXRFE. ATERIEXRS)

WAEFENDIE, 1) BRx 2B TA4T 572 CNF 8, SHITIX, 2) AFEIAGER, EEmEkRERs
17o72 CNF f# OMERERH 2175 T E Th D, AHFEIE, £AUerb, 77, SRR i O£ O
~ Il REEIES . B X OO/ a2 IS B AITV, LU ORI SO,

LR SR 72 CNF A2 DWW, E9°, RO~ 7 m/e e i8 4 BB E S XIS NI LTz,
2, WO/ a7 220 5 7 BT (TEM) I LR BRI Bl 21T o7, T DOFER. CNF Frg D%
AR AR LSO E A I HER T 22N T T, ZOfERE | A% EE — Nl &35 LTk
AR HE - RS M AN EAT T DN TEZ, £, 2O RE G B IO, MBI AN IR,
WA TE,

(SHassHm)

WAEFEDSIX, 1) B 2B TA21 T -7 CNF #6, D12, 2) S FEMAGER, &G EMHERE
177z CNF M OVERERHI 21T TIE ThD, AL, £ H, £7° BUBIRYZ50R fr R O
~alRJEREEEL . B L ONE DI/ GBI 21T 572D T ZNHDOERRIR LT OV TR~ 5,

1. CNF &4 A DR E DO~ 702 EReslig:
ZZ TR, SRR 7 CNF HA4 O 2 1 O P BAIMER BLE 2 & DI RERE RIT OV TR 5,

5.4-1 5.4-2
7, ¥ 5.4-1 12 CNF F44 A (BR800 0> CNF 5344 ORI 2777, ZOME O ~HEIE, 130 mm
x 20 mm x 2 mm T D,
[ 5.4-2 |2, CNF EB8F A OGIHIETIR O 67 BAMEE (o TR BRMEE) B4~ WHEDO A — i3 g
b 1 mm), ZOKFIZIE, ARDICHIROI N ARSI RSN, 2L, UIHIRFOM IR L B
%o T OWrE O FBMEE I KO SEM Bl A1TH729D121E. 2O UIHHE AR I C LV R E T D40
EAHD,

2. CNF H55 A PO a e R OHER IR
ZZTIE, TEM BlZRI2E% CNF 36 ONE D7 /i G BLER O ERRILIC O W TR E 5, B2k

SE T BT TEM B2 DA 7 /L OVERLZ SN T ORI S 35 L OV OB I OV TR U7 b F

HETHRETD,

- DEBM OWTE TEM Y 7 AAERL T D K
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a)FIB & Vo~ A rat 7Y Z7¥EIZ LD Wr TEM #UBHERLE
CNF {44z i TEM 81529272912 %, S a2 tEI0IC R b T 203013 d 5, HH OIFR)T ik
WZIFWK D080, 22T, jJﬂbei‘M*Jr IZED TN R G IR A A E— AFIBIZ LD~ A1
YTV EER WS EIC L,
’@ﬁ?f T KERICEIH L= TFE I T 7 v ) 7a—7 %AW, TEM Ak Bk
K EHEL, FDO%, EARRINEIEATEEZ R 100-200 nm FEE O ESIZHRAKH A LN L2175 515 TH D,
FOVER T v A% 5.4-3 1”7,

D&M EEINT @Rty W3- Ol ey JEE 0@ ?’l:l 7 GmEmEAT
E% AFlD
p X5 FiB Jo— '1_ FIB
‘:'

».\) ‘lfam*m#-

FIB - 2O U008 (B ERTERRE

5.4-3
ZOFFEICIOERL- AT, BIEDOLZA, TEM B2 F KT, RERRIE (Ao — A2k D5 A
—, F0E) d et Ebna,

bk DOWrE TEM #8152
X 5.4-4 2, ~ A7V TV 7RI IDERIL-# /O TEM #8184 (R E) © —#lzrd, &
FHRONEEE L, HERIEY 200 kV LA, BRI KAHIEEZ TEXAETRET A7 BIZRIIZE

n@%wWHtck OGP EAN 28 U7z, ZOZMTI, B IR BBt OZIE B REDRE
IEALIT, TEM BIEICRE R EITRNWEE 2 D, 20 TEM B HIZIX, CNF oWk bt
B ZEOMIRDOANT AN T D5 — 3 Bbiviz ([ oA —/L, 200 nm), CNF & FAMLO 2
L—par v ANIBEE Ebs, £72, K 5.5-5 1%, X 5.4-4 O—ERILKEIT, FIERSIZ 2 &
bbbk glEsnsg,

.

5.4-4

64



5.4-5

WAL T, TEM BIEEHEIE O, BB T-#RIEHTIE(TED), i fi#he TEM (HRTEM) i, B8 L OVERR!
TEM (STEM) /=3 /L G HORXHR 534 (EDS) 2 OF L CL 38R O FEAR 7o ok 15 DB 22 - /o ik %
WL T D, Flo, BFEABRAAT S TR OBLEE - /oA - T ZA TV BRBRRFCNE TR -7 815 (77 A
SO YT ZERIE R E) OfFZ D T,

TCNF #48F2 - A OPERERHM I DWW CE, IR TERF L4 R TERFOIKFE R THD,
A B T ERFPORRRE IOV TRIZEEH T D,

CNF Zffio 7=t TR o5& X, I A1 6 (PAG) R 7 ae’L (PP)IC CNF ZUshnL -t
HE R CHF AR L D BUE DR FTS AL TUND, BLIRE ATl BARAYZR BN T 5 O A2 TIE T T
IRV AR TIRSIVDM AL T LR TOM U2 BE A2 RAE T D720 | RS L THERS rIHEZ: CNF iR
NN PA6 TR ZAT T,

W RIS SRS A B I BB IR RN R E 20 b=l av /I KD E DK T AV LELES D, A
AERICB VLT, (—40C X 1K 4+ 100°C X 18] X 5 A7 /v Dbe—havraigg sl 7 iz s
A EEBELRAEL BERFFERLREH L,

[, AT E L Te, — i HIE B B R A e ~ D425 50 22 T E O ZERERIBRIE, F5E0ah
T TV IEE R TIRNFDD | ST BE T O IERE7BBR I L B2 E T L B0 528 LT,

(FEH3654)
1. WIS T8 R O E

CNF T A a6 DHEERY 7 3, sl LRI e D ek 2 52 (7= 4 B 7 A b e —
A5 B 25mm, £ X50mm DA RER T AR — 22 /ERIL . 25mm X 15mm® @SB 5 H 2 B A0
L, EDOESICHAE R ERADOECEEL, 2~3 H EBRE|RE CHRAL T, #EamENEH 7 e
TERIL | #25 REOREZIT o7,
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LIS TITR LT, Ak I M EDOBEBE VBT LR DI ENZZONDT-D | FEREL UIT A=
I =R Ty AR—5{L T T AT 7 (CERP) | #EAESR (SPCC) . CNF #lFA a6, R 7 ar’
L (PP) EDBERREAT o7, — DOPERNEATIBVEBIIE THD CNF BN AR 6 THHIED D,
FEPTILH IR R OBE A3 G L U CRHEAATOFE L, 2RO B IRAEL A =R o R Heas Al LR, 2
TREIRAEALTL T 7V L 2B 5 A VR SR LI D L & 225 A L FEBR O B F 3RS O T3 B AT
P AT o7, FESRIEFR 5.4-1 TR,

WIS RS 1L 1.7~5.AMPa® [ CHES K D EHEREE L 700 B TRED B DIXT 7L R BLO2
HTRF LR BAER ThoTe, VL2 R BRI e TRHIL 7223, 7V I=D .4 SPCC, PP
CTHH R L Tp > THEE TR L AMEU RS R b Ap o 7o, BMEEE IZ DWW TE, B L 2R DOHE AT ORI
DL THHEE DD,

i, PP~O#EICBIL CII 4 BRI L 72 ST O B85 F CIEHEE TRE MRV L3 o7, PPIXH
FEA I LMD CNDI LMD, PPEOREFIXEEZ LB 2 DD, 74~ — R & T, PPE
DBAERE R EOT-DORFNIAS B LETHLEEZ LD,

2. ANERBE B~ BEAE R I E 2SR

YT E 2 Lo — R R E AW B RHAGA 2U S C 0428 TR LS BRIC DWW Tk, A RIS E
TREMRMEBELEERBRCTAHY, FEMMITEE TETQWRWENSL, SENIRELZEELE,

3. B A E O — R a7 K D(EFE R

—40°C X 1+ 100°C X 1K 2591 7 L Db — by ay 7k Btk OB R RBR ORE RA R U<
5.4-1 1T~ ¥, TZUNRBERB IO ARF L REFEEANTHON TR, b—FrayZICio RERBER
FEAR FIdeinotz, vL A RS AN OV TR R L THY | IKIE CIIE LB R 2805, A B0
FEERE COFEAETIE, LN R+ ThoT-tBE2LND, EDTH, b—hay %O A RN &
TpolzbBbhd, #EAIDOBREFMFIZONTL, OONIBRIESRETITHIZENEELVEE 2 HND,
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# 5.4-1 CNF RN A1 6L DK TR A R L D525 58 7l R i 5=

s t—hvays .
B e e IR AR
AR A A HUREE | AREDIRAE | REEE TR «
(MPa) J& (MPa)
CH7 27U HR1 4.4 Mk /CF 4.4 M/ CF
CNF ¥ A 6tk/7
Bttt % 0.3 AF 1.6 AF
IRy NN
FH2i =R % % 5.3 Ak 4.6 Ak
CtH7 27U %1 5.0 CF 4.6 MAk/CF
CNF #in+Ama 64/
Bttt % 3.0 CF 5.0 CF
CFRP #
Ff2i =R % % 2.8 Mk /CF 4.3 M/ AR
CH7 27U HR1 4.3 Mg/ CF 4.2 g
CNF #in+Ama 64/
Bttt %2 % 0.8 AF 2.6 CF
SPCCHx
Ff2#g =A% % 5.4 CF 3.0 AF/ Mk
Ct:727UVH1 1.8 AF/CF 2.6 Mk /CF
CNF @A 6
) Bttt %2 % 1.7 CF 2.7 CF
/CNF A 64K
FH2i =A% % 1.8 CF 2.2 Ak
CHT27IVF1 0.5 AF 0.1 AF
CNF #sin+Ama 64/
Bttt %2 % 1.6 AF/CF 3.3 CF
PPHK
Ff2#g =A% % 0.2 AF 0.03 AF

k CF 5 R DOEHEMEE  AF  BEERI S T S HmgEE
A : CNFIRINF A v 6 DR 15
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$6E FOUTHMERICET HIEREEECNFHE - B OBA FE
REETIL, Tk 28 4RI B LT A RSB IR S ORI - T3 L2 >\ CHERL T2,

6.1 FHREESLIVERAKRER - ARKREERORE
HAREO R VLB AIEZZR T 0720 EHEEROEREZRAHIEHL, FROP LR
FEREHLEFRILFENRER L 4 HIEML, FRile £,

7 6-1 FERRESEOERMRI

B fe B k¢ Uil EEvAS 70|

2017/1/13 | 18:00~20:00 HUH RS (F71R) HW502 AEOEEO@ O EO AL

2017/1/27 | 15:00~17:00 LB THERT 4 5F & | RIEROEPIRILOMER., H29 FE D
HE3 HAEIZ DWW T

2017/2/13 | 14:00~17:00 | &4 HBREAVENLT 1274 | H29 EJETE . Hi S IR Iz S
HE 2 T 221 D= <

2017/3/3 14:00~15:00 SWTHERT 11 BEEE | TRATRNOMER ., REERE

2EDOBREIZONT

6.2 CNF O REIHERE(ICHIT=FRRIITORERARVTISRAGTEORE
AR DOK T N —T OFHIREHE REH EA . BBHESEICHITD CNF MEOEANCETORERE
il - FRAEAATV N, W BB 30 1T DR RANEHBI D IR RO E 21T~ (K 6-1)

6-1 WERFIGHEISR

6.3 JIL—TEXBRAESEDEM
AL A M H FNZ IR W CTHIBICEB 2D LTI/ N — T EHHE R G Z16M FEMLT-, 28D
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WAL INEZK 6-2 1T,

F£ 62 JN—TEERESE ORI

Brfee H IRFH] Uil NEE ZINE
2016/10/28 | 15:00~ | FEBKE: (F21R) eIy XA TI—=T 47 (&
17:00 ANERELEERIR 3 BEARE BEER)
A=
2016/11/9 | 13:30~ | &R TR %1 AR RIES) | R LK, TTC, 4 LK,
17:00 11 faxig= JEMAI
2016/11/30 | 13:30~ | &R TH¥ERFE AED-3 £@-6 A | 4 TR, Al B T2, IEFn
15:00 2 SfE 906A g EAREcN AR KBRS R, JEMAL
2016/12/13 | 16:00~ | HEBKY: (F1R) BN | BREOLQ-7 T | 7K. JEMAI
19:00 e E MR REM BT AR T | B
U—"F 7R
2016/12/20 | 13:30~ | &R T RS 55 2 AR RISE) | R TR, TTC, 4 LK,
17:00 11 P JEMAI
2016/12/27 | 13:00~ | FEBKZ: (F96) HW5H02 | REEOQ@FH T | 5k, JEMAI
17:00 Ht
2017/1/10 | 8:30~ | BHHRMIZETT SiEE | REOQY —& — | 3K, 4RI K, JEMAI
10:00 A REncn
2017/1/11 | 13:30~ | &R TR 55 3 R ERIGE) | &IRTK, TTC, 4 Tk,
17:00 11 frig=s FEFIALTE . JEMAI
2017/1/13 | 14:00~ | FUEBKZ: (F796) HW5H02 | REEO@FH T | sk, JEMAI
17:00 Ht
2017/1/18 | 13:30~ | ’EZT /7T AR & | B4 EIREEES) | 4RITK, TTC, 4 LK,
17:00 = MEFnALfE ., FIE T2, B
N~V JEMAL
2017/1/24 | 9:00~ | @RTERY FHHEE | RTM [ZET ¥4 | &RIK, TTC, JEMAI
12:00 MEMITFERASE o 2 — NEA
(ICC) &xi=
2017/1/25 | 13:30 ~ | &R T RS 55 5 AR RISE) | IR TR, TTC, 4 LK.
17:00 11 PR HAr~27® /v 8
FemF, 5K JEMAL
2017/2/1 | 13:30 ~ | &R T ¥R 556 EIRHEIEE) | &R LK, TTC, B K,
17:00 11 faxig= JEMAI
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BHfEE A RF Uil NEE ZINE

2017/2/3 | 16:00 ~ | FUEBA: (FE) ARED-2 £@-6 T | &RTK, TTC, K, ¥

20:00 RUBHFIEEE (A4 BR-BF1- | &4 AFa—= W7 JEMAI
19 5=)

2017/2/8 | 13:30 ~ | &R T ¥R 87 IR RIS | &R TR, TTC, Mk
17:00 11 Pk fik. JEMAI

2017/3/1 13:30 ~ | A/ Ty ra—Rb—ar | EO-2 LO-6 T | £IRLK, TTC, HK, A
16:00 At & /T 7 JEMAI

64 BEHEZTERORELVISEE

E AR @ ZFE RS | Ll K OMEIRIE A 2 X 5720 | H RO L EH AR O BE T 5% K

FORRE | FTARE R B LT o F LT B RAREL ., 3 BIBIELZ,

#* 6-3 FREHEEZ B 2OEMIRI

B H IRe Uil N
ERE284FE 11 H 24 B | 10 Br-12 B | BUERRE (F21R) ZEE., AIZBRORMT
HW525 H28 4R JE S D ER H 2o\ T
R 294E 1 H 27 A | 13 W-15 B | &4 B TR EPAR LRI DN T
4 SHE 2 PR3
WRE 2943 H 3 H | 15 17 B | &R TR PRI OV T
VA E e VP
1111 5=
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65 ERk-EH
Wepk 28 AEFE DA EFREDO RN FEFIL 15 o7, FF—EA2% 6.4 ITRT,

% 6-4 VR 28 SO R T

INFHERI 4 NFRE NI INF H INFR DN TR
A Xg—=hD R—Lb— | BesEmsg | SR — A=V BRI
— BofE

At

(ﬁml%ki %ﬁm%.}:& ﬁﬁ %—g‘:‘l_‘:\ 2017.1.11 H #% Automotive 2017 2 H 5 58~59 <
—UIZFE B, H R BP AR X0

SRTEKRY WALl #o | BB 2017.2.2 | HERERFMETIR SRR, 1L
JiNe]

BT A REPPE Y B | R 2017.2.17 ALCA/NEDO & RIL R A AR
Era—2RF )T A N—DAIHI T
T TR

SFETRRASAE | HEE R | R 2017.2.20 | (L THAMILOLHS

AR TARRF: L Az | R 2017.2.20 | #HHA/S—va AT RIZLCO
I STREAM) Jeui G AT R
DN QY

IR TR Flims #iw | Bk 2017.2.23 | HAEEFBTHTEOIHS

RN SRR Mk | R 2017.2.94 HEFES Y ar U ROT LTSy
o 7" FL[AIRFSEFE 2 C ORI

AR FIFFE G R | B 2017.2.28 ERNRE Sl R )

iz

HHRT: REFHEZ B | 2017.2.28 | APEBAHRBLS TS A7 2 BHRIC
BT H# A B S#HSTO
e

SRR R BT | R 2017.2.28 | CNPRORRTRL B AT 7780
ICRIRR BT DRSS

R R BO% | 2017.3.2 | FAMHERIERT /771 BT
[F 7 7 A= ABRHES | TO
e

ﬁ%ﬁj('—%‘» 9%%?;(%:2 ﬁ;}-ﬁ. Eﬁ{;ﬁ 2017.3.13 Nanocellulose Symposium 2017 T
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