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Summary

Cellulose nano fibers (CNF) as reinforcement in thermoplastic composites
have been developed for using car components. The potential environmental
benefit of using CNF for making car components lighter has been expected
from a life cycle assessment (LCA) analysis view point. Recyclability of CNF
has to be verified qualitative data on the environmental impact of products
through the entire life cycle, from gathering of resources to manufacturing,
use, and disposal/recycling, calculated by (LCA) method. However CNF
reinforced plastic (CNFRP) has no data of recycling. This work has
investigated recycling CNF from car components.

In this year, four projects have been summarized from CNF recycle point of
view. First, we found the appropriate condition for the injection process
hardly deteriorating CNFRP. Second, the possibility of recycling edge
materials from CNFRP in the injection process were investigated in relation
to mechanical properties and appearance defects. Third, the properties of
used car components made from CNFRP were investigated in terms of
accelerated deterioration tests. Finally, methods for recycling were
investigated for used car components with CNFRP which were collected from
a market.

As results, the appropriate condition for the injection process of CNFRP was
determined using dry pellets of polypropylene reinforced CNF (PP-CNF),
optimum molding temperature of 210 to 220 degree C and staying time in
injection process shorter than five minutes.

Same CNFRP was repetitively used and injected to make test specimens for
investigating the possibility of recycling edge materials from CNFRP. There
was no change of mechanical properties but decreasing fogging resistance and
changing color of CNFRP. Applications have to be considered to use edge
materials from CNFRP.

CNFRPs used for car components were exposed to various environments. As
results of accelerated deterioration tests, there was no change of mechanical
properties. However, the color of CNFRP was getting darker caused by CNF.
It was considered using recycling CNFRP for apparant parts.

Used car components with CNFRP which were collected from recycled plastc
market were able to be used as recycled PP-CNFs because there was no

significant change of CNF. However, it was revealed that the plastic part of



PP-CNF was deteriorated through environmental exposition so that it needed
using additives to recover its original property. It is important to establish
method of recovering CNFRP from dust of abandoned automobile shredder.
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W CRTZIRE DB A MR 5 7=, 200°C, 220°C, 240°CD 3 iz Tcen<
IVIE&AT o T2, 7038, RIEEBR TITBE O Tl <IREDFEEDO & fEE L
TWD, LTeh o THHEAVRIR THMBLIZ B L 5 2 720 Th A 5 UBIREE 180°C,
190 CDEAETHRIZIFIT > T,
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X 1.1.2.1.1 S RFEREE AR
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Wl PP-CNF OEKBHEDFER, EAKFEIL0.86% ThH D Z Lol
BB 2 W BOE A B2 X 1.1.2.1.2 13T, SR DEWIT X0 RIBESME
ICBEE R 2T bR o Tz, TR TORBARIZEN TS — FZ2F LIz
— AN —7 LMINDRABOFRENRD bz, I OHLIE PP-CNF
EROEE L IRETEL RO BN, ik, MEHRICEET DY
& BT, R PP-CNF NOKGBR LI ENRREZEZ BN, FToAk
FARDORIIBIFRENEWVIEE, BT AAZELTEBY ., AIFIRE 240CI2E
W CIE PP-CNF XL 0 Wi PP-CNF & H W =l AR D T v B WA E 2 LTz,
ZAUL PP-CNF 1T E £ DAy DG & & HIZ, B r— 2D
BRFEEITWVREICHENS Z & TCNF A —8EE LEGB L TWH EEZ D

., ZOEAEWVIIMEIFIZE TN KDORELH D Z LRI NI,
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PP—CNF i W% ¥ PP—CNF 8
IBHALS IDRIALN

200°CRkIE

220°CRkiE

240°CRkIE

11212 HIBAPBIORIGUAE (o5 A T40)
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1.1.2.1.3 258K 2 240°C TR LB OB EEoNB A L2 ~d, vV
VE—NOMBAES ORI Z 1> ay PR E L, TO% 5 BIEFRIEZIT
72, 1 ¥ a -y A 200CHIE & IZIEREOIBIAE RT 0, BEEICETAR
BADENRBD BN D, _@J?l EE M&@Mﬂ@%mﬁr@@mf%g)
EBZBLND, 1V ay NAIFYVY X —NOMEIR % T ICRIEEIT- 7272
. CNF 2SERICHE S BB 722n, 2 v a v FHUBISRLICV ) &
—NTEIRICHE SN DRINEL 25, 207, RIBEICAHBIENE(L Lz &
EZOND, M. ZOHRBIIRIBIRE 2400COHTRONTZ, ZDOZ LEMBEIE
RSB WA UG S D RIS L 0 AL E D E LT 5728, 220°CLLF
TORRENE L TWD I ERNbnoTz,
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va vy M

1 2 3 4
PP-CNF
BZLN

i :
PP-CNF il
Wk |

1.1.2.1.3 240 CEIBAEANEL (2R A FAR)
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Flo, AREHZBWTHRBIRENE L, 2803 2R PP-CNF 2 H\\ =45
BB WTHEEMEOEANTE O b7, ¥ 1.1.2.1.4 [ZERIZIERE 240CIZEIT 5
MBI D BEE 24, V) A= E 2 U 3ERIC ., MR DRV R
K[REES T AN AE U, ZOBRIIBFRENEH VI E LV BEEIC o7, ¥
BINICE ENDOERIZL DD LB L, (EEMEOBLENG LD
SARWRRIZIREE @ LTV b EF 2 5,
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1.1.2.1.4 BRI ERIE (BRIBIEEE 240°C)
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S BITHIBIREE 240°CIZB W T, BIEE T U v 4 —NE T TR S HiAK
TEA D SESG ) HRIAE RN CT TS BN oz, 2l L 0 #iE % Bk
WZEHET D2 ENTE R oTcd, HHBIE DS, ZE L CRGGE OB IR Z
Bz ENTER-STE (K1.1.2.1.5), ZAUTBHARIEE O EFAC X 0 IRREkE FE A3
TR THD, LD EEE TIFH5Z LKV EZVUETEZLIN, £
DERE UTHBIEIC T A 28 & AT, BIBRNBLUI BN 2 rTREMED & D
OEENVLETH D, £1-WIE PP-CNF % 72854 TIXEREUHE DR
L& & BITEHARD BT, MEOJRKIL, vV & —NETH BT O R K
ORI L KFOFEFIZEY, I X —NBONENREE DO THDH EE
ZoND, TNHOBRNG, RIFIREITIKLS . B ol L2 v 5
CEMEETHDLEEZ D,
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1.1.2.1.5 #HRwIVIRIE (BRIBIEEE 240°C)
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PLEX Y BRI E 35 K ORIEME D BLS D B HESE S 4 2 B S % B
HMNTT DT ENTE T, RIBERAMBLE DL EN., 8L UM ED S ORI
LA R, BIERROIMGI O DI, +oCiliE: L-sEl 2 v, 220°C
UTORETCKRETDZENBETHLZ ENDhoTo, £ Z OHELERE S
fRIZ1. 1. 1 CORGERERERETH T,
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1.1.3 FUTEAR D 5%

CNF O HiX BBy Ok % 7085 Tst S s, —MRANICH HEIE T 2 B0
EITRIE ALY A RSk 0 B8, 1mll EDO L D&M S, EEhOIR,
RS 21T 9 B8 pm A — % — DI EHWEIET 5, ZDFS. ME~3E
WIZEWE AR ME X b 25 X E TR iEEs RS I NS, £ 2T, PP-
CNF % iE 9 HB0C pm A — % —OfLICIARL S ¥ 7= PP-CNF % @il S8 5 4
A2, BRIt a2 525 2 & THESBICET 2 EEE21TH =
L,

I LHiIZO~ FY > 7 APPOyF&E2HE LR EZ#R1.1.83.11T77,
ST EOMEICIE Agilent A VEE 2 n~ 7T 75k E PL-GPC220 %
EHL. R AF U UESTBOMEZFT Lz, 145°C, 0.1wt/vol% D5z
T, BEERIZIZ oY 7 ma_U ¥ g, mHsciIEZmistz v,
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#%1.1.8.1 THiBDO~ Y v 7 A PP D4y

Mw Mw/Mn
[T E(] 134,000 4.0
T 128,000 4.6
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PP-CNF O LHIZ T, ~ b v 7 ZAPPOHSFENPDTNE T L, 4=
DAL T2 DR A HER S iz, L LE O[T TH Y . L7z CNF O
Bl blEE TELT, HONRMEHEROKRTITEE ThantExbh
Do Ko TARRREED X O ITMIRAREAM N R0 D L5 ML E# TS PP-
CNF (2 U YA 7 VN RETH D T E NS NI,
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1.2 &REAHE

ZE LT HBE B EET D00 . RN RIESAI RIET
HEITEA TE 2V, TR B OB I TBYER N EEN D 2 L%
<\ RIBREDIEA T AN X DB RE DB RENBEEIND, ZOL D 72T A
BRAESEDIME OB, IR UNBVERZZ T -5AIcEE et na
ENTREINDTED, VAT AMERBRFT HRICITAE E LTI b0
RTHhD,

INERGET D728, AR ZRET 258048 2 v CEtlE ki % %
M52 &aB T, RERBHONTAIEEMAX 1.2.1, BLUK 1.2.2 |12
T, RIGHERCH B B3 AT DN RIS OFRRICET Y | Bisshb, 22
IS EERT DN EENTWDHIGE, SR ATEMANCERE L2 A ORI
MMRINDZ LR LIEREFE o TN D,

FRAE CITSHFE D R 5 A2 /F R L, R L, AW -aifix
SUS420J2 &, B L AISI P21 FHY4 TH 5,

EEIZ Z B4 % T PP-CNF % 3000 ¥ 3 v MEfERIE L=tk D47
ATENMALA OB 2 1.2.3 IR T, ¥, BUBESMEIET ) ¥ —RE
200°C, @RUREE 40CTITo Tz, B A 7 V2 A4 LT 30 TH D,
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1.2.3  SEESERIE% DT Al B A 7 OkET-
(/2 : SUS420J2 RifE, 4 : AISI P21 FH 4 #fifE)
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AISI P21 #84 O 8 % v 72 A1-13 PP-CNF ORI L 0 & L7=h3,
SUS420J2 Rl 2 2 AFIRIEIE, IEFARERmZ RS> Tz, ZOBED
JHIE CNF EORECTh 5 Z LN TREND, SHRBILITV. & 5ITEY ¥
£ 7 AL OEEIZ SN THRBET ) TETH S,
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1.3 &8

B BB ROER O SRR TR W T, TN YA 7 L2k b PP-
CNF OH T Ba2 3 2K F & LT, KR, BUBRE, BRlEREEICE B
L. B2 5512 T CNFRP Z{E#4 5 Z & T, MM EHRFEC R R I8~
DELBZ OV THREEE LT=,

SR I I T, PP-CNF OB KR, sIPIREN &< 20138, 75
RIS T OMBHERE M 2N R < 72 512 &, PP-CNF % W =g KII 480
WZEEA L, BIEREOK T L WIMIARIZENR D Z e 0hoTc, ZiE LT L
RN B A 7 V& EfT 5 7-0121%, PP-CNF 2 5EpNcig L ClRET 5 2 &
WEFE L, BIRRERS KO, X 1.1.1.5.1 OFR< N L7250
ICRETDHIENEETHD Z ERNbnoTz,

PP-CNF ORUIIRIC X %8 AW ) D528 % fipvis (28 AW ) 238 < INLVE TR
AEL7-, pm A — & — DI &7~ PP-CNF # @i S8/ 2%, CNF oD
EapEEST, v~ ) v 72 PP O FELHALLRIKTIZR RN T27
B, WSR2 AW RN D KD I TIEER T PP-CNF (X, U3 A 7 LR
AEECH D T ENRE I NT,

SHHEIZEEZ PP-CNF 2> 53 4E3 2 0 ARy OB ~DEEIZ OV T
AE% LTz, BRIBRHCRAET 2 T ANESRIO P RIZE T Y | B S D048
IZ PP-CNF % 3000 ¥ = v MEfealIP Lo, — i 7 BB B O H &
NTWBHERIFEM (AISIP21) ICBWTEENA LN, ZHuE, CNF HkD
MThdZ NI,

Z 2T, BJERD PP-CNF OBLL L W) SICBWT, bo & bl s % 2
bD, Ay bT I —Z T R O R E P Z2 HEE T 5,

H29 F R RS E~Fofl L7, BBt &t A XORF%EZK 1.8.1 12
ZNE RS
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e RO & it
RRE A A 7 R E R
AR 4 FrF—H=R
C) (#) G
KRE ;i;:%iifjiizb'% 210~240 70~90 R 105~135
=TarFEI R ARy T7TL—F
i 200~230 50~70 50~70
TP A= Ny T =% T
S D
DAY AN—RRTOT S
N 190~220 30~50 30~50

AAuF, 2V yT, TH

X 1.3.1

RRIG A &R s YA XD BAfR
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INUR=RA U NREFEDO R & BT DB, BOBERIN T ORIAE OB
BEDE L BHEZ2INCT < T ORIBIREZ SOICRET 2HACH D,
7o REEREORIE YA 7 VR GEFEREREIC 31T D 1 [RIRE 4 72 O P ik
W) 135 O KRAULICEWRE L 725, EHIC, BEEV M EDORD, T —3%
NI NER Y T =i e — RIS, Ry T =TI
~® PP-CNF {F A, BAGH, B, FHE PP-CNF Z1EAT 5 E T, A
W L2 DT —EIIE, InERRED PP-CNF 2N+ 5, Nu8—7 Sl
JRORBIER G TIXA Y b7 — 0 S . SR> TERE SN D729
Z T KENERIATED 20%~30%% 50D L L s, —J5, NV . Al
i TlIa— L R o F—FHFRRE2HANWTEBY, I —E~FEASNT- PP-
CNF (3345 Z &< mABEIL SN D, - T, By b7 F—FHRXEHW
% REVER S O RIE T/ - spBIEREL X 0 MR O BE KRELZITDH 2 &
NEZLIND, LLED 2 minbadRy T v —% W= KA RIS X 2508050
3% ClE CNFRP (3B LN tEAT W E R S D,

RIESRE 5 A AR EZ R LZIX 1.8.1 L0, KA (Ky hF
F— ) ORI SHIIRIERE 210°C~240°C., MEHEREERITR K 2 4 15
BWThdZLngnd, mMiECTRRDRLEZ, K1.1.1.5.1 & ERRKRBERSLORIES
ROEMET 2L, 4 1.83.2 125K 0%D PP-CNF % H 7o KBLES S A
(Ky NT o —EH) OHLEEME: (F<BY DS LEHSS) & LTRT,
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BT A A B el (59)
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I A N N
O AR VAN AN
O A X X
46_ A A N
AR AR VAN
@ O A X
Fan ! ) M ! A
A\, A\, AR
170 180 190 200 210 220 230 240
S RRIERE(CC)

1.8.2 5/KE 0%D PP-CNF % fH\7-
KIS ARTE (R b T o —f ) OHEESAt
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EeiiE e BRI, BRIBIREE 210°C~220°C, TR E KT 5 4L & HE
EIND, IERIIL 20 L 72508 AZ IR B R — 2 24T 2 13 B RF
NDEpEBzzl LTHEMEEIIRETCHD EEZHND,
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2 TREAV YA 7 IEDRGE

CNFRP OV YA I N%mEZDHIZH D MEBILOBRTRITEETH D,
CNFRP ZfEH L7zEH D7 A 7Y A 7 NV ZRRII TR THDL LK 2.1 Ol
LB, VAT MIBITOIMES LD E2FIRIIRKEL 3 D, KINIHH L
a8y v RTRRIC K AR, IRICHMATE TRIC X 2 A6, REZICTHIGREA
faf & 705, MHBEIRY YA 7T H5Z L1, 20 3 DOAMEBRYIKTZ &L
W2 D, Flo, TN YA 7 v Z24T 5 Ga I3 BRI L A0 kS
HZ LD, BIEORG TIEH HEIE TR TO CNFRP OMES LRI Z
2 L. CNFRP %4 b & t7a\ Wil (F 72 sl FE et I1%, PP-CNF % il S, ik
AR 200CLL T, = L CHFREIFRIIX 16 LA FICE EH D Z 2L LT,
ARETILZ ORI KA A B E 2. EEOLEANY A 7 L THR D IR L)
B EGN 2 RE L, MR BRI E 2325 2 & ¢, CNFRP (25 E 72 TREN
VWA 7 VKM EZEEHTZ L L LT,
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2.1 UYA 7 vEEE Yt

21 IR T EOICLTREAY YA 7 VTS PR XD CNFRP B %
EHEE B O TRICRE T, TN A 7 L0k & LRI OAKAEZ 1 [B])>
55EETIRY ., FEEN7- CNFRP O {iREEZ Wt DL ) bR+ % =
T LT, 2B, LAY YA 7 VOERIT. HHBIEEZ DO E D% 100 Y%l
HL, FEHHEELEZ OE 1R YA 70T 5,
Flo, REHSLV Y NEAR=U UM, ZOHMBEMLE Y A 7 LET] PP-CNF
L5,

2.1.1.1 #MEkuE

— XA BB EC LS TR SN A ILHBIIE TH 5 PP OMERE L CNF ° %
VT LTz 2 KAED PP Z G5 Z & & Lic, {SMEOIEFRIZ DN
TIE# 2.1.1.1.1 ® X 912 PP-CNF., PP-TD L& L7=,
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#2.1.1.1.1 MEHES

M3 BE 5
My RPPD # PP
PP+ 745— PP-OO

CNF:t)LA—RXF/T7A1\—
TD:2ILY
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2.1.1.2 UYL 7 NEIEENL

RIEAIEN 2.1.1.2.1 [T EAEKTE () SRR SH75(75t) %
RS T SR 2.1.1.2.1 % 2.1.1.2.2 1277 L 9123 E L PP-CNF ©
HELERR ST 5D 200°CUL IS THRFT AT - 72,
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X 2.1.1.2.1 JEHE SH75
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7 2.1.1.2.1 S (PP-CNF)

B & HECC) SHREC| FEE [ RE® |FHERFM
ci|c2|c3|ca|ik]|om (%) 1Rk | 2| (sec)
PPIEESZ | 195 | 200 | 210 [ 210 | 20 | 10 — |FE[FE| —
oml| 185 | 190 | 200 [ 200 | 20 | 10 [35~65] 20 | 25 17
1E1] 185 [ 190 | 200 [ 200 | 20 | 10 [35~65] 20 | 25 17
CNFfic&#4ths [2[1] 185 [ 190 [ 200 | 200 | 20 | 10 | 35~65] 20 [ 25 17
YH44)mzk [3E] 185 [ 190 | 200 | 200 | 20 | 10 [35~65] 20 | 25 17
4] 185 | 190 | 200 [ 200 | 20 | 10 | 35~65| 20 | 25 17
5@ 185 | 190 | 200 [ 200 | 20 | 10 | 35~65| 20 | 25 17
7 2.1.1.2.2 [ (PP-TD)
3 o= - (C) SHEE®) FEE [ BE® |FtEHAR
citc2alc3fcaik[2k] &% [1&k]2&] (sec)
[ EEIIPPIEESZTFE | 195 | 200 | 210 | 210 | 20 | 10 | — |HFe|HFe| —
(o] | 185 [ 190 [ 200 [ 200 [ 20 | 10 [16~17] 15 [ 20 16
1[E [ 185 | 190 | 200 | 200 | 20 | 10 [ 16~17] 15 | 20 16
(27| 185 [ 190 [ 200 [ 200 [ 20 | 10 [16~17] 15 [ 20 16
Y4 sk (3| 185 [ 190 | 200 [ 200 [ 20 | 10 [16~17] 15 [ 20 16
4[] [ 185 [ 190 [ 200 [ 200 [ 20 | 10 [16~17] 15 | 20 16
5| 185 | 190 | 200 [ 200 | 20 | 10 [16~17] 15 | 20 16
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2.1.2 WAL

MPERBR ORI, U YA 7 VBRI K 2 S AE & oSNz DWW T
2.1.2.1 2.1.2.2 1Z/RT, PP-CNF MEHI LN U YA 7 L EE DN 2
WZONTETONRELS RDERAPH D Z Enbhrolz, PP-TD X LTEANY 1
7 VEEROHEEINC & 0 MR b7 EOBLDIREIZ A BN o Tz,
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i @l

YA 2 LET (PP-CNF)

THEWNY %A 7 L 1E (PP-CNF)

TEANY YA 7 2[E (PP-CNF)

TERANY Y%A 271 3[E (PP-CNF)

B

TERANY YA 27/14[E (PP-CNF)

, A 7 v 5[a (PP-CNF)
% 2.1.2.1 THEEN U 4o 2 A B ORI X 5802k (PP-CNF)

58



V%A1 7 8 (PP-TD)

TEANY YA 7 v1E (PP-TD)

TEANY %A 7/ 2[E (PP-TD)

TEANY YA 27 13E (PP-TD)

TEANY YA 71v4[F (PP-TD)

TERANY Y%A 27 /05[E (PP-TD)
X 2.1.2.2 TEANY YA 7 EEoEMC X 3 L o214 (PP-TD)
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ik\%2l21m%¢%m0ﬁ%%ﬁotoHHNF]WTD@I&)%
A 7 NVEERE I S 256 ORGSR K 2.1.2.1, & 2.1.2.21T77,
PP@W\%iU\PPﬂ)&%_IEWJ#47WEﬁ%%Méﬁt; e
K OREBRYHER TIN5 T2,
ITCNF@fw%7m~v~%ﬁowfiﬁ%<%kﬁ#6ﬂko:@ﬁ%

IR IX BN L~V TH LN, TD A = AL OW TS HHEN
b%&%z%méo

FOMDOYMEIZ OV TIIRZE L)L THEFF SN TWA, Zhiuitren—2x%
MEFOLE M FE 2 VEEE, IR CH D HELE B I CRiIE S LT 5
MHLTHDHEEZLND,
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% 2.1.2.1 PP-CNF #1214l

B E o Wi | stmi P;(‘r, VB ua,*xfér:nlu u*f/.zalgwm uwsalgmm uw:lgmm uwsaé:l-m
AVRTa—L—k 230°C, 21N [g/10min| ISO 1133 | 0. 61 0. 67 2.43 1. 09 2.43 1. 75
ynE—EgEs | 23°C. vy F At | ki/m® |1SO 179-1 1.7 1.8 1. 6 1.6 1.6 1.6

5| R RIRS HEES0mm/min| MPa [ISO 527-1]  50. 2 50. 4 50. 3 50. 2 49.5 49. 1
5 RO 2 MEESOmm/min| % |ISO 527-1 5 4 5 4 4 4
#h i $#EE2.0mm/min| MPa | 1SO 178 67. 9 69. 5 69. 5 69. 6 69. 1 68. 3
di iR MAE2.0mm/min| MPa | 1SO 178 3910 4010 4010 4090 4010 3980
W E DR 0.45MPa C |I1SO 75-1 137 137 137 137 137 137
il KR 1SO 1183 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00
7 2.1.2.2 PP-TD Mt oAk

SR A RO T uwoaé]/@ﬁ uwlaér]zlgsé& uwz%uﬁ uwaaét]«leﬂsz uw:grm uw;gﬁ[&
AVR7E—L—h 230°C. 21N |g/10min| ISO 1133 31 31 30 31 30 29
U E—EEIRE | 23°C, /vy F AT | kJ/m® |1SO 179-1 46 46 48 47 47 47

BN FHES0mm/min| MPa |ISO 527-1|  19. 9 19. 6 19. 3 19. 2 19. 3 19. 8
FIRBIEOT A HEEES0mm/min| % [ISO 527-1 38 35 44 36 43 32

H 3 J#HEE2.0mm/min| MPa | SO 178 28. 4 29.0 28. 6 28: 5 28.4 29. 3

dh TR #EE2.0mm/min| MPa | ISO 178 2150 2210 2210 2140 2160 2240
o Bl F RLEE 0.45MPa ‘C | 180 75-1 112 112 112 113 112 112

e A E R ISO 1183 1. 05 1.05 1. 05 1,05 1.05 1. 05
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2.2 WO, RIERIME
2.2.1 w515

THRERNY VA 7 VORI 2.2.1 (R EEEHN & 13mme A7 U —
> B FFOMIE A LT,
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mERHES E3E HHEX

2.2.1 Ml
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2.2.2 il A B — N & AR

PP-CNF 53X PP-TD & HICTRRY A 7 vBiEAENsEZ ticL b
A B — R (CTFEEEM 1kg %720 OREREEER) LRk ae £ 2.2.2.1
2221 #2222 2.2.2.2 1Z7r9°, PP-CNF, PP-TD & $ 2V %A 7 1A
BREMLTHE LWV A E— FEB X OO Z(LIT R o T,
2.2.2.83 IZRT G LREIZE T BRI 5 s oA D (R v/ 3—) TORERES
7= PP-CNF 23i % 2% 0O R BA MR SN ie o 7=,
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#2221 WA —F (LREEM 1kg 2720 OMFRE) PP-CNF

TMERE ke2vo

EIRIEA) (4 *ﬁﬁ’-#gﬁ?fﬁﬂ(ﬁ)
0[g] — — —
HE 5 19 T
2(a] 5 17 1.0
JHA4)LEE | 3 5 14 1.0
(40 5 13 1.2
5[a] 5 11 1.2
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N—D U (PP-ONF) I#ERYYA I )1E (PP-CNF) IEAYHA )28 (PP-CNF)

% 2.2.2.1 ¥ ok (PP-CNF)
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#2222 WA — R (CREBEM 1kg Y720 OHRRH) PP-TD

Seyen MR kLYo
0[a] — s —
1[a] 5 22 1.2
2[a] 5 20 13
A7) E% | 3 5 13 1.0
4[a] 5 12 1.1
5[0] 5 9 1.0
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N—T 4t (PP-TD) I#RYYA S )1E (PP-TD) IERYSAo)2E (PP-TD)

X 2.2.2.2 ¥R (PP-TD)
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wynN—E : 47mm

%] 2.2.2.3 IO EHRAD (R v /N—)
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2.3 FEATFuI—OBLIEE

2. 1. 2i2C, PP-CNF (X5 FD#&ViRL TRAY YA 7 L TELWYINE
KTFEZEZ SRV ERMERESNT, it n—2ARZMEOLL £ 7
VMR | R CH D HER B SIS TRIE SN TV DB E B 27208, 0
HAJ L LT CNF oFES, S#kiEo 22 %8S 1 BE 8k
(Transmission Electron Microscope; TEM)IZ L 5 E/L 7 1 o —BERIZL > T
ERTHZ L E LT, K231 BXUX 232 1cF2NENY A 7 LAk D PP-
CNF OE/NL 7 4 1 o —BlEkE R4 R/,

VYA IR TET ANV N 7o —L— MIERH 72720, CNF D4k
HEAb SRS SN2, X 2.8.1 L 2.3.2 & REE~2 & CNF OfffERE <0/ Htt
MRELSEBT D LD 722 ITEE TRV, REICEIT 2 Z D oMEREICIE
ENEBEN Dol Z E b EDETEET D & ML 0 LD ZAL
EDRWEREEIZ PP Oy F&2MET L, WiduE2 m B LTV B AIREME DS e S
iz,
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1.

2.3.1

U YA 27 )LH] PP-CNF OE /L7 3 b Po—ElE5E 5 (10,000 i)



GL

2.3.2

-

TENY YA 7L 5[E PP-CNF OF/L7 41 v —EE5E R (x10,000 %

)



2.4 T7FX27MERMm

B B EE  O HFITITAE A B DR T 2 By O mICHBI R IT 6D 2 &
WD, NME~DOEEITH D A A, E M ~DEIEMER 7 D EEZR T
W& - HEMZRT. MEMEREED —o L L CRHMli& N5, ZDiEfE~ PP-CNF
DY YA 7 NVEED RIE T EL MR T D720, BEEERZIT- 72,

X 2.4.1 \[THEBEWEEZERBILT D7 4+ X VR EOFI 2R L, EEIZK
H1 T AW DIEF RN L DA 2 ~— XA — 2 —|Z L o> TER(L L2
REeE241I12F LD,
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#241 7FxxX0
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