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Summary
Research Title : Project for the Development of High-Performance Bioplastics (Renewable Materials)
to Substitute for Plastics Derived from Fossil Resources and for their Early Social Implementation

Thereof

Principal Investigator : Panasonic Holdings Corporation, Production Engineering Division

Abstract :

This project has the following three purposes.

(1) To Develop High-Performance Biomass Composite Resins as Alternatives to Conventional

Materials

This project aims to enable the deployment of biomass composite resins in resin components and
housings used in industrial products, including home appliances, electronic devices, aircraft, and
automotive systems. For such applications, three technical requirements—high strength at elevated
temperatures, improved impact resistance, and enhanced flame retardancy—have been identified as
critical performance attributes.

The following three are the purposes of this year.

@ To Enhance High-Temperature Strength

To identify chemically active species that can form more efficient chemical bonds with both cellulose
and selected resins, and to clarify in detail the bonding structures produced by these active species.

@ To Improve Impact Resistance

To conduct a mechanistic investigation into the factors that contribute to crack initiation and
propagation in cellulose composite resins.

4 To Improve Flame Retardancy

To conduct a detailed analysis of the combustion mechanisms of cellulose composite resins, and
through optimization of the flame-retardant mechanisms required to suppress combustion reactions,
as well as the flame retardant(s) used to achieve such mechanisms, to attain a UL 94 V-0 rating (at a

specimen thickness of 2 mm).

(2) To Develop Compounding and Molding Processes for High-Viscosity Composite Resins
High-performance biomass materials, whose properties have been enhanced through optimization of
resin types, fiber morphology, and additives, typically exhibit low flowability, resulting in
difficulties during compounding and molding operations.Accordingly, this development effort aims

to improve both the compoundability and moldability of such materials.



The following two are the purposes of this year.
@ To elucidate the dispersion mechanism during the compounding process of biomass composite
resins.

@ To identify the optimal shear and molding process conditions for low-flowability molding materials.

(3) To Develop High-Grade Materials through the Combination of Recycled Plastics and Biomass
Materials
Recycled plastics exhibit deterioration in physical properties over time, and additionally present
issues such as reduced aesthetic quality due to contamination and other foreign substances, resulting
in diminished sensory value. By combining recycled plastics with biomass materials, this
development aims to improve mechanical properties through fiber reinforcement and to enhance
appearance quality through molding techniques that impart design characteristics.

The following two are the purposes of this year.
@ To determine the target mechanical properties for recycled-plastic composite materials.

@ To determine the target design and aesthetic requirements for recycled-plastic composite materials.

In result, it was achieved the following targets;

)

e Candidate crosslinking agents were selected based on the mechanisms associated with achieving
high strength at elevated temperatures.

e An investigation was conducted to identify the factors contributing to crack propagation in
cellulose composite resins, and a hypothesized mechanism for impact-strength reduction associated
with the internal fiber structure was constructed; based on this analysis, candidate crosslinking
agents were selected.

® A detailed analysis of the combustion mechanisms of cellulose composite resins was performed,
and the fundamental flame-retardant mechanisms of each type of flame retardant were clarified.
Using phosphorus-based flame retardants, a UL 94 V-0 rating (at a specimen thickness of 2 mm) was

achieved.

@)

o The fundamental dispersion mechanism of biomass composite resins during the compounding
process was elucidated and validated using a twin-screw extruder.

e Processing challenges associated with low-flowability molding materials were identified, and a

corresponding analytical model was constructed.



3

e Baseline mechanical properties of recycled-plastic composite materials were evaluated, and the
target property specifications were established.

o The appearance of recycled-plastic composite molded products was improved through the

application of two-layer molding techniques.
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FIAT 5,

AFEORFREIL, ARM (X230 EG (MR 77 08) & R—L@E TS L7zARsk
WL AR SRS BNDEIZH D, TS LD MEIORIE S & (L5 % [
REICRHIS 2 2 &N TE D, FFIC, HEMBHZIIBWTIX, ~ MU 7 28R, dRIbME. 72
BN E O S FEIR & 2 0B L CTREFT C X 2720, R TR S ALk E oA
IS0 Af & R CMGE T 5 FEEE LTAHBITH S,
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AR =R T 7 A N—= R T I R6EAEMEHIBWTIL, RmEics T 2 FH%EED
TERR DM EOgEL 70 D, ARFEFETHRT LICEAK~ LA UERRAUEAITIZ, Bnm
—ADKBEEB LI ORY 7 I FRROT I 2 EMS L, ZATUFEERT 2 RiEA. &
HWVIA X REERIEREND EEx DD, T/ IREZHANDZ LT, ZALDOFREAIT
R 722 RN B — 2 % . SAEIEFICIRE L TR T 5 2 E S ATRE L 72 0 | AR M)
FOFERESF LNV TEMNT DI ENRTE D,

ZOXOIE, T/ IRIE ERFIETIERETH - 72T /2 27— VS O FAE S fRHT
AR T BN THEAN TH D | AREFECIIT B UGS O TR BT, i
THMRFHOTFIETH D,

(M-DO-7-2 EB

AREFTIE., TNFTRRTEFLIIC, Brue—2ERY 7 I RETHEA~Y LA
HEORBICHES S EBEERAEEEL TS, = F LBk LA VaR) ~v—%
WML BB LI LN RICEWT, 2O OWmE % T 7 IR TEHMEIL, 2246
EIGRROWERE R AT, LLUFICZ OFEME R~ 5,

PRl AL, FB(D4IZHR LI, ZHEAIZ LOb D, BIO=F LUKk~ LA Uika
RV ~=—%WMUT SIS TRLEFAM THY | ENENDOELEHM A HE ~DEE DI
DIZFE()-6 IZHET D, ZEho, WkBlgHs L0 AFM s R &2 X(1)-17 12,
(D)-17 1R L2 REEHT 0 A7 b L& [X(1)-18 12T,

£(1)6 F/ 1 REIEICHE L= > 7 Lok

=g (a) ZEEHIRL (b) S18
IO-2T74)8— [g] 42.9 42.9
RUT7ZR6 [g] 100 95
518 [9g] - 5

SEOKE#LZER L0/ IR AIEEEOHEIIRDO L 5 ThH D,
(i E2)

4E{E © OLS4000 (OLYMPUS )

(AMF—IR %£{#)

$E(# : nanolR2 (ANASYS INSTRUMENTS )

BEFE: av27 hE—F

HES - TR, WIGREE 3 ATtS: (AFM-IR A A — 2 7 1%)
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T E RSP © 1900~908 cm™!
WEWE AT 7 1 2 ecm?!

(1)-O-7-3 HiRk
ThEhno, BrimBlaigi LU AMF #Rfguri R4 X(1)-17,18 12, [X(1)-18 (2R L72AHIE
AT D AT F LV EKI(1)-19 12T,

H%&, s - SRR (3um X 3ym) .
Pl ¥
- " ﬁ = Rt >
" b - &L 2 ! L
: ey )
- N ) 'f"'\. - &
L ~ -
- > ‘-: Y "
.l? ‘r} 2 ’{u":\. -:':_- E:- "“? g
£ e <P TR
RN s 0= rAN-
- A § ¥ Ls
— = oy W o g ld"‘ ¥ - ° ;
‘h ’{\;“f‘arrx " =
- R 3 L" o 2

: / = 1 M ® . r, ) ars 15 28 ’
i ” el ~.l o b
50 8] - N m;’ (b)
(a ) B N AJrA(N
B UIO-RT74/ (-~ 6 FRELAES

m RUVIF6

B(1)-17  Wrmss, AFM 4§35 X0/ IR ORIEEHT 1
(a) ZREAI LY 7L oliim@letg  (b) ZREH7L LY 7 1o AFM 4
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* :' ~ _Eﬁ‘(aumxaum)

2 ars LE) 230 .

(e)
m 0 LI/
B UWO-ZTPA )=~ RITZE 6 FEE
m RUVZE6

(1)-18 Wik #£%. AFM &8 X0/ IR ORIE T 2
(@ S18iRMELOWHBILG (o) S18 I AFM 14
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A

350
L [ LA T |y B s
300
250
200 ﬁ
v, M
100 Mﬂ e
50 -
0 , . . :
1900 1700 1500 1300 1100 900
N [em']
(a)
C=0{RiFizEh

— {?-"-‘.F‘ I }+

SRFFIEEL- 1 0= A e I — e T O

1638

1500 +

1900 1700 1500 1300 1100 900
B [em1]

(b)

2000

R0 A 3rA 0 bl ¥ T

1500 4

U T T T T
1500 1700 1500 1300 1100 00

W [cml]

(c)
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350
S18-LL0- 224

300
250
i 200
% 150
b
100
50
] . . ’ .
1900 1700 1500 1300 1100 Q00
= [emt]
(d)
C=0{@EiESEh
C=OMMHEE @ (P=KI)
1200 o I [ I*E S18-Erib0— AP -~ i
w000 | N S N-HEAHEIRED
™ i (PZRI)
800 4 b
. ool ¥ C— M
g N L
g ~
-
o y T T '
15900 1700 1500 1300 1100 900
I [cm ]

(e)

3000

518~ 0~ T FF -~ 4G T

2500 -
2000 -
- |
5 1500
#1000 -

500 A

1900 1700 1500 1300 1100 900
W [em]

(f)

X(1)-19 [X(1)-18 ® AFM & TR LZHIEEFTICHIT 5 )/ IR A2 hb
(@)~(c) Z2fEAI2 L, (@) BLE—RAT 7 A3~ (b) BALEB—RT 57 A X—~KI T
2R 6 ARMEITE (¢) AU T 2 K 6(d)y~() SISHME (d) BAr—RT 7 A3~ (e)

A=A T 7 A N—~RY T I K6 R ELHE ) KV TIK6
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BA(1)-18 127~ L7z WrimBlgitgds L OV AFM TR & L Walkr & & 2 DR d o VW ik o
A=A T 7 A N=PRBE I, RS2 L TWD 2 E R S LD, S18 (B
A 72 LTlE. AFM TR IZ 35\ C B 72 AR 0 Bl (& 1 2B S e o 72,

BIGAR Lo B =27 7 4 N—HNETIX, Bro—2dko C-0 hfE#®E) (1200~
1000 cm™) 2z, AU 7 I K6 HKDT I RI (£ 1638 cm™ C=0 f#f#kE) F LT
RII (#1540 cm™  N-H f#i#5iE®E) o —27 BNEllsns, 2o &nb, Brr—R7
7ANR—NEIZRY 7 I K6 BERL TS AREMEI RS NG, —F, Bra—27 7
ANR—=~KY T R6REEHEBSLIORY 7 K6 Tk, KU T N6 ke —27 nkid
BFCThY, REICBNTEAR—RAT 7 A X—LR YT I R6 ORISR T 5 FERA 7
AT MIVEACITHER S 720,

ZERER] (S18) WMEICHE W TH AT —R T 7 A N—FEIZIEARY 7 F6 ke —
IRBIAISI, B —RAT 7 A N—=HNE~OKR Y 7 I F6DFRMPTIEINT, IH
2, B =277 A= R 7T I R6FEifFERE LORY 7 I F6 Tk, 1800~1690

em I 7 v — K72 C=0 {HfFIREI B L HEE SN D B — 7 DR SNT, 2O —7 1348446
B2 LoV 7V TIRBIRI SN2 NZ En D Kk~ LA BRSO RIS AR E
RTDAREMENR B 2 6D, ZOE—Z7 I 3MIEFR T8l S b DD, (d)& DDk
BHCHRNTND LI, FcErn—RT7 7 A NRX—=LRU T F6OREITETEYH
PRICBl S TR Y, Rl CABHEERER SN TS LD EFIE L2V, BIET
TH—IZBR s D DIE, BAK~ LA VBB, RY T I RRIBOT I/ HIETHE S
TATIVREEM TH D LB DD,

(1)-O-7-4  #Edw

VL b, ZRREHIRILAA) OTREEREE, F 7 IR A7 MUWRIEIZ LD | Wqﬁ;@

O OEEREAL, K~ LA CEBREEOBRIC K 2ENTER I TE Y (1X(1)-20),

T, mF Lo gk~ LA UEaRY v —ZoWNWT, AEIFIGE LD TFERE, &5 \—ni
McEETHIEE LT,

Ox-C
o]
OH CHa0H o
... ) 0, .,
- @@/ St e
Ol H 2 of
H0H H 0
I0-2T74 )~ RUTPZR ZEH
o
\Nk-‘/\NH

o
HyOH OH

ZRAGARIERZ K

X(1)-20 ZUEANC L DB =R T 7 A N—=LARV T I RORMEHEEERR O
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e
)

(D)-O-8 =F Lk~ LA UEEaRY ~—Di#E{bOMRE!
(1)-D-8-1 FEirfs

TNFEFTCHRRTEX7LIH AT —R T 7 A NN—LRU T I ROEEMEHZBWT, —
FL MR~ LA UEaR) v — 3K~ LA VIEEE T LB — R T A N
HOE RaXx O AT LB IORY 7 I REREOT I /L7 I ME/1 2
NMEIZE D A REZ28A L, ISMsEE bS5 SOSHEMEEbA & L CTHEE
T5, ZITlE, =F LKk LA U BEaR) v—0ERAE (&) 25, ZOREK
JISOHELT, Fhg (f o F—7x2—X) Bk, BRLORKIREICE X DI OWT, A
T = R WIS S HER 24TV I BRI DWW TELR URGEE 326 L 7= 78z 0GR
~5D,

TF LMKk LA VR Y v —IC L AN B, REmolbEia s GUE) &
ZIIUTHE D Rl OB KL DISTIFER, 7 7 A /S = BUkdGE I L 5 KRR, Ok E
BIREENBRTHHT D ENTES, /o T, HAFEOREIITL LT, USALE LT
DK~ LA & OF H rTRENE, TRRNEBRFOILEL - avke, AU 7 I & DRk
BV (= Z TR R, FREERES MM ZB U TENLD E B R BND.

BAENMEWGS (RO FER-F LK~ LA UEaR) ~v—) OLATT L -k
YA UBaRY v —id, BERRRECOILEMERm <, Err =27 7 A NA=REOAKR Y
T X RRIEABEEE LTV, 2070, ERFHIORM TS OGBS E < . W1 o i
s DGR E LTV, BRI L — 2 7 7 A N—DEHEN KRR R TIE, K
TR TREICEE VTN SV SRR D, BT TRECOMBLR B ORI %) < 7HE
PER® D,

—FHT, Ko TFEPZIC, FECHARANERENTHLZF LMKk~ LA UfEaR
U~w—8AERES, RV T IR M) v 7 REDEAEWVEENRELTNEEXD
N5, fERE LT, RETAEULWED [5) IZEED ., AR ELS TR
NEFDIERDL RN S D, Fio, K0 T ERR R F SRR AR O HE (RS
THIOER) ZHE, FRBESCHEFEZEZR S VA7 bEILD,

SHERE LT, B FRTF LK LA Ui ) v — 30 EGE - WIS IZI3A
FITE3, B RIREE (RRIC S IIRIREE W FT M A) 1ZIE ERRDS oW ATREME D 8 2

HHENEWES (B fER=F LUKy A rgarl)~—) =F L -k~ LA
YgaR)w—ix, RUT IR~ M) o7 AP TOKHBEWNELCRLT < FEICERDIA
FNTERCE (7o —8 ELTHREL T, Bre—X 77 A 3K Y 7 I RO IR
EEEL LG5, T72b5, RURKSETH, BEWVEARENLARY 7 I FMi~hE L,
gl E P IBUA R U, sl EED O BHERR I~ Rt — N2 BB S 2 Fmic@< 2 &n
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s b,

L Lmsmr it R BRI PEOIRBERE O 53 BOR R0~ OB IE 4 5| &
B2 LD, =F Lok~ LA UEaR) ~—0NREICBELRWGEES, Bk~ LA
FRRETE 1T AR ST, 2L ICEAE LTl ESEEET DI D, E, BEEICHS
FEEREW EMHE DB IE S, Brm—27 7 4 N—EEN R E LTEY . TR

BT 5, S6IC, RECTHOCHEABE 5 L. RATRZRAEIC X D Mb<o, B
PR TFIC L BRI (72 /V R, RA F) #MZ2N LT, AT mENME T4 5 aTber:
HLd D,
—SHERE LT, @maTERTT LK LA Ul R Y~ — 3 O“TRE ST T3
AN - G3HE - ROGEREMEDOHIFIC LV . —ELL ECIRENHO W WK T 5,

UEXY, =F Lok~ LA UiEaR) ~—OEGE L HMEORRIL, HREMNTX
<, R HESE TRz R N 282 L5 EHEl SN, RES ERITIER
ﬁ WALUZRWDBEA GO AR L, @EAEMTIIAEAEWITIE 2 D DMEHL - 558 - B

PENE LT 5720 TH D,

ZOREERIT, @RV T RO E - oRiREE (7 /7 ERE) . bkrr—27 7
A N—RIERRE (BAKER, Kmlgb, T XA, (o)RMURE - AR - & A BB,
(d) =F LMKk~ LA VAR v —HOv LA UEERES A RICERKFET D, RIS
RIUT I R FETREENDRWGE ., RISHEPRON D7D, MRl w501 ED
TF LMK LA UEaR Y v —2HNTEH TREICEE SN D8H) OB T, %)
ERFFILLTV, —F, BAR—RT 7 A N—KEHDOE N uF o FOF AT R
<. RMTCHSICRIA~BETE 540 TIE. F~ESFEIUNAER] L 225 /iR &
%

FRoBAEDOL L, HEE (BokHE) 2LEx-xF Lok LA UiEaR) ~—T,

FAEEMI 21T, BERCHEA LS F Lok~ LA VR aR Y ~—%2F()-7I1CF
D,
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HO)T WA LT Lo Sk~ LA Lo ) ~—OFEE & 55

20 29ERIA 1%'38“5% A("S’;'gg‘ 21EHIB 24EHIC
BE=DF= <100,000 100,000 - 500,000 60,000 4,000,000
(1)-D-8-2 Bk

ZIVD DGR A U7 B & AERR LT,

2 AR (7 U MR CIRSKL. (250°CRRE,120rpm) . AR ORI IXE S
SHURRIERECH B EIT Y AR L, A2 5 A XDZ o~V E{ERL LT, Zh BRGEY
YINDOEEEERN)-SITTRT, TAARD Yy TRICEBNT, KU TIR6LELE—RT
TANR—BIOENENDOLEENET ARy FITRE L, ANXNF 27 TRIETHZE
THEANRSEIT o7,

#(1)-8 E(M)-T IR L ZEGARGER Y 7 L OBl A%

EiERIEL | FERHA S18 ZEHIB BEHIC
IO0—-ZI7A\— [g] 42.9 42.9 42.9 42.9 42.9
MRUPZR6 [g] 100 95 95 95 95
W9006 [g] - 5 - - -
S18 [g] - - 5 - -
E60 [g] - - - 5 -
E400 [g] - - - - 5

(1)-D-8-3 #EH
I VB IR T R B 2 I L oA R A (D21 1R L, ZOREND
B U7 gh P oREs gh TR R R R A R ICE LD D,
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160

=
g o
M DT M
£ EE o GE
i
K Bk o B
L
T
T
1 1 1 1 1 1 ]
o o o o o o o
<r o o 0 (s} < o~
i i i

[edW] CeoEe

20

15

10

E [%]

PR T RS

l

B ARNEAN 2 TR0 L 72 BR oD =R

12/(1)-21
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K(1)-9 HAUEANCIT D FRTORITFEMESR #5083 L ORI R BE O

ZIfiEE
EE
#h (58 [MPa] 106.9
CeF Bh 75815 [MPa] 814.1
T e [%] 8.6
Bh 758 [MPa] 142.1
ZREEIA Hh 758153 [MPa] 166.6
T e [%] 21.3
Bhlf5%EE [MPa] 135.2
S18 HhF581%E3E [MPa] 690.6
BRE AR s [%0] 14.2
Bhif58E [MPa] 129.2
BEEHIB B 7341 [MPa] 176.4
B AR SR [2%0] 10.7
Bh 7% [MPa] 92.6
BEBRIC B 7341 [MPa] 203.8
B AR SR E [2%0] 8.1

(1)-D-8-4  #Edh

TF LK~ LA R aR ) = — & TN L2 CeF 1 #iT 58 106.9 MPa, Fi T 5
8.6% Th V| /b m—AMHIRIC K DMIM: « EAT HIIB LN TWD DD, AW NI IRE
BCThoTo, —J7, ZBRAGHIUINR TIL T ENKR U L, FRCAUEA] A 13 142.1 MPa
ElcbmEmWEITREA R L, ZhiE, RElCBT 2EFEHEEEAN (A7, 7 IR
fbo A X b2 &) 12X o THlHE—BIARIR OIS THMREN RN @ £ 0 . T RIBED BAE U 745
R BMKISINCBIZET 5 E THIENERCL K Rofe 2 E ZRBT 5, AFEIETHEEL TV
DK~ LA VRS OBRBRRIS DB 2 T & bEET D,

AT AR EEIC OV CHBEMITABR CTH 0 . ZUEHI A 13X 21.3% & REER L, HEm -
EREME) BRI AL LTz, — RIS E FEEREE S A Tid. Rim2 s igaid Ttim sl
BE—HRMED | 1T ) DSRINCHETT L, BRE M OVB BT HICR D 07970, Zauaxi L, AfEE
FZEAD A TRINC 20 238k S4v, BREEE— RS K0 &S E CTER L7 ArRetkn
RS, AT, HRERRE TREA I L7 O TiEe <, REEEnz L ¥—
W FTREZR A o #— T = — XL L THRRE LT, & 2 WITHEREEE R 2MER L 72 2 & bR
2 Xz,

L OZEREA 2 5 & S18 I IFFRE 135.2 MPa, AT A 14.2% T, CeF (2% LT
FE - L HIZBEEL T e, 4UEH B &l I 129.2 MPa, A 10.7% ColtE 1 1R
TEDLH, SISRAEEA A IZEDMPITE LN oTo,  —J7, ZRKGH] CIXHTFIREE 92.6
MPa, fHE81% &, D 7e < & ARG TITIEIRN CeF % FlElo7-, Ziux, () St
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ROFIVEARR (BIEVE « BOSTERR) . (i) RIS EE 0/ HeME O AT & 2 A HMEREEE K i
o, (i) W E R BTSN B X D MESIARIZAL, 7o EATREIK T & L CBEEL L
T RREMEN D D, FRCARBEEZENTSH . ZUEANTOE - L - A - R EE RO/ Z
A THRMEIEAFE LGS (RS LHE L CRY ., @&l Ko HEfllonTh
THMHERMPIEFT S E7IHE T2 ATREM S M S TV 5, £ 107 OZER C OIRIRE
X, 20 M@l oaniz) r—2oBE&E L U TEMT S5,

i SR (22T, 22 107 TlE CeF 23 814.1 MPa, S18 78 690.6 MPa & HEE CTH D —
7. ZEREHI A (166.6MPa) . Z84&#I B (176.4MPa) . ZE4E#I C (203.8 MPa) 133 L < KU Vil
L7poleTnD, 1272 L, ARREELETIE THPERITE 0%aFoME ) #8A L TWaD e
B, IO GRER U, BUNcbRID 7 A4 X R ORI R0 | Sl
PRI NCIRINT 20 2 T T4 T U A2 E) OFBEMRL ZF, FrIEMEN & < 5L
B B30 B3FERDNR S-S W —T s R TIE. BT O AR /NS SEHEAR0T,
L7z8-> T, 28GA A 28464 B/ ZEMEH] C OBMEROMRMEEZ > T TA B i 3
SV ERIET S OIIREYI TH Y, I Z TSRS EmE LTy, By
RIE C TR A R L L TRET2O0RZYE TH D Ll Lz, K(1)-21 Tik, &
N5 WIRFRED, DF Y & HREET LICEK TIIWThoRBR) o 7z nTHEE
WCREREADBLONIRD ST,

—5 T, F—RHEETHR L TW DR E, TS O AT EE AR Lz L) E
LEHKITEERERTH D, ZUEAI A DEIRE - BHETHLZ L LfETEZD L, 42
WAl A TR E R S oo b | WIIUNETIRCIG IR 283 5 K 5 72w (f
VH =T 2—R) o~ b7 AMUOBPERIMAS BENC@ & | fERE LT O%EEON B R
O BRI IR o TR D D, Z DG MR TR T &vo kv T
JRERIERIAL LTz EER EOIRT) ) & UTRIRT 2 5B EEHTH 5,

LLEX Y, R 107 OFPATIX, 22664 A S EF IR (142.1 MPa) & AT AU EE (21.3%)
O T bEI, FRESIGIC X 25 IR E & M IELE R NE 23 5 b AR L
Bl Ch D &t bavie,  SI18 (XM = (135.2 MPa) & EESE (14.2%) 23BfE
T, REEGROZRGHCH L CHLERBIETH S, ZEEA B IXEIRILH 5 b OOHAL
ICHE D | R OHELT70 3 Bk ED B bk ECThH D TREMED B 5. Z4AEAI C 1IA
FECIEBRENMET LTERY . o7& - SUOSREE - BMSEME GRE, W, TAKD - R
MEBEOHFFNMLETHD, 2B, HERICOWTITE 0 %IFEOEE 288 LA E
FTITL Y ZEEAI A - ZEEA] B - 28464 C TIRMEL L W2 AR Lz BT, MEREHIN
il P R & AT A 2 EICAT O ODSEE) T D, FRRBLRICIN X T, RERECITEFERD
FEHPEIC L ERAEV, 28R A, SIS TR TH D DTk LT, Z4EH B, 28664 C 11X
BIEMTHD, BEM EONROLL BT HARFEZRIICANDLGE, 2464 B % L
LS TTRIEREL AR PORMIC L ERALL TV Z L & L,
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ZHEAl B & BPEREMED EmOAREA & LA MR L. EAMELE LTREWZ 2L Tn
IZH7=0 ., ZUEAI A BL O SIS THOLNI-MERIT, E(biEdt s 5 x 2 EEL VT~
— 7 L LB N D, ETUEA A 1X, BIFSRES S ORI i O i T b
NIRHEZ R L TRY . RESISH T LG Ac B LS5 THERE ER) 25425
FEMELE W2 2, T2 5 BUEAI B DRl bIZ N T, 26K A CTHER Sz @R -
EEME T B OME BN S-S W —T7 R E BER & 35 2 & T, R mEo ek ie
NI AR HIC T2 2 L N ATRE L 72 D

— 7. SIS IZ@ VT IRE 2 /R~ H OO JEMITZUHER A [T TRENTH Y | ok~
LA UEERSER D E < | FREEIINE 22 28GR O ARG & ALEAHT H AL D, S18 DfE I,
(RSB & msd 2 2 & T B9 223, @R 28E I E IR T2 &S5 &
WORREHED N L — RA 7 2R LTS, ZOHRIE, 446K B Of&MREbick
WTC, ISR R AT H M Clide < | IRBRRMERC -5, IRINEZ 8 L, S TEAL
INDHA o F—T == AOMIR Z T 5 LB Z RIS D,

FEIR D X D12, ZEA] A ITZEEH B Bk TR HE AR, S18 1% [5RE SEARM o FR S
Bl &L LTEMTE, MFEBOIEIZL D | 2864 B (2310 2 BUGHE, /o8, b ER s o
NG AR - AT D ENAREE o Te, TN OEAERNE 2, ZEA] B I2oW
TIXEPESM T CAUEH A \TIEW IS BB 2 W 200 & EIRIC, S
WbEEDD Z ENEHTH S,

()-@ ity F
(1)-@-1 TR B AgaEE
(1)-@-1-1 FEFEHEE

I Tl HS O A TR R R 03 B

r£T79.

-

F5uiaaius A
l I —{hiv—)

o 7 . <:| MR
4r AIKFT
rEaE, By, THHE

X(1)-22 HLAAEE
H EYHLET A (SRR 2SR O 5L D DIF, ZelE L EREDOHRICER T 5720 ThH
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%o B IMEZERE 72T T < L Be AT ROVE, BEH RO fi7e & B WIICE R 21T 5,
MHEBEMEN AR T2 & i OREBHCHREIC X 0 ETLEOMREHERIC S S 2 X 7297, FRIZ
BRGSO . R E D L TR SO A R T O )L — RN & e
DOPIENEETH D | WEE G IZIBW TS EEEMIC L5 REREN RO SN D (X(1)-22),
(K B, &Kk ® fth . —Fmiik FRP O /L v — @& EEEx, J. Soc. Mat. Sci., Japan,
Vol.43, No. 487, pp. 482-488, Apr. 1994))

RN D it T B AR EE (XA TYR & 2 70

M7 B AR P | L RIS ) DA TEMI S5 & DO Tide <, W R 5 F TITH BRI T
THTZRNLFXF—BNEETH D, K(1)-23 1273 T X 51T, FEERRIN T KL — | LRI C
HEALNDHTZHNLF— (Ue) &, WA EZHo THEIN S =¥ — (Up) OF1L L
TREND (K(1)-23), FREHAEM B CIE, BIEEBIZIT 2 =3 L F— RN R K E WX
EL EERICK LT Y v gE A s, (R B, Sk B/ Ml —FA5Ek FRP O v v
v —fEEEEER, J. Soc. Mat. Sci., Japan, Vol.43, No. 487, pp. 482-488, Apr. 1994)

Ue : s#EnEIE
Up : ZB15E1E,

o max

¥ v L E—FHERINE
= Ue + Up

&7

Ue

UOTH
[X(1)-23 [t i
(GERUAZE fth . BBy M O MR REE R b &R B A, H AR 25l e SUEE,
2010.)

WIZ, WE - BAIC L D=3 F =R ORGFNEETH S, ABSIE, 77U R
=RV ERFLUNBRLMME - INTHEZHSFEIZ, 74 P2 TAHEE GBI ET
WEEEO, TAIIERIFICF v ETF— g o0y L—XEFHR L, REIOILET
EREANTHZETZRAXF—20BIED (K(1)24), ZOLOIRIALHE 7= 71%,
JEMEMER A5l X L, MHERRE L K& <M LS R\BNFILETH D, BT A X0
3R, FHTREE ) TR WA ITIT T e R SE ST S TEkET &R LR
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RINEE L5, (P R, MHEERIESE & 2 omik) | BRI AW, 43 % 3 75, pp.161-
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