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Abstract

Resins from biomass (biomass plastic), which can contribute to the suppression of global warming,
have inferior physical properties and performance as compared with general-purpose plastics, and also
lead to increased costs. In this project, the drawbacks of poly(lactic acid) (PLA) and poly(butylene
succinate) (PBS), which are typical biomass plastics, are improved by adding Eucommia elastomer
(EuTPI), and all biomass plastics with high impact-resistant are developed. The impact resistance of
PLA (Izod impact strength: about 2 kJ/m?) is lower than that of ABS, a typical impact-resistant resin
(Tzod impact strength: about 28 kJ/m?). Therefore, we aim to commercialize and spread all-biomass
plastic blends by using our developed dynamic cross-linking technology, to provide biomass plastics
with high impact resistance and toughness superior to ABS.

In this fiscal year, we examined the dynamic crosslinking conditions of EuTPI and PLA or PBS, and
evaluated the improvement of physical properties based on morphological observation, mechanical
properties, and thermal properties. Peroxide compounds were used as the dynamic crosslinking agent.
The appropriate blending conditions of EuTPI enhanced PLA toughness by more than 10 times, which
was also higher than that of ABS. The morphology observation of the blend showed that the interface
interaction between immiscible EuTPI and PLA was improved by the dynamic crosslinking, leading
to the production of the high-performance biomass plastic blend with the high toughness.

The CO2 reduction of all biomass plastic products was evaluated using the LCA methodology. In this
fiscal year, the detailed examination of GHG (green house gas) emissions of PLA, PBS, and EuTPI,
LCA of the EuTPI blend products, GHG emissions of the target system considering material recycling
of the baseline was made. The main results are as follows. (1) GHG emission of bioplastics often
includes carbon absorption, and it is necessary to select data suitable for the system boundaries; (2)
GHG emission of bio-PBS, which is a candidate base material, is larger than that of PLA as a result of
literature search, (3) GHG emission of biomass products blended with EuTPI imported from China
into PLA is evaluated, (4) Considering the conditions that 30 % of baseline ABS is material-recycled
based on the Home Appliance Recycling Law and the rest is subjected to the thermal recycling, GHG
emission of EuTPI/PLA blend is smaller than that of ABS, implying the larger reduction ability of
CO2.

In the future, it is necessary to clarify the following factors: (A) quantification of GHG reduction effect
that grasps the possibility of material recycling of developed products; (B) Examination of
environmental footprints such as GHG emission and water consumption other than those caused by
energy; (C) implementation of LCA with use of highly accurate data including energy consumption
during actual processing; (D) examination of alternative recycling processes other than material

recycling; (E) implementation of LCA that reflects the status of plastic recycling in Japan.
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AT 5,

Eucommia
Elastomer’s 4

[ 1-6 EuTPI OHLEf] (/07 R—L)
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1-8 +Fav=x=T R h~—igst L
EuTPIl ® By L LCiZZ v adm Ll A0 by, THE 72 EREIT L0, A X ) — R0

T b AR LA, BuTPL (21380, BT &I LAY (7L A
wmE AT 5, FIFIR o4t 5, EuTPI S IRIER UAHEETH D Z ERDN-> TWDHD, 2846
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HIEEOFEMII AP TH D, EuTPL IZiFA U KA RROT N A RRD SRR RIRH kD
PURILER R D—E 25 ATV DD, BRI & BERAEIEIC BT 27l & b I2 kit
ThV. b h~DOREFEHEEZHT HLEMIEE AL TR,

EuTPI O & & -2) 5y 7 &3 T 3.8x105, T 2.2x105 Th V| B ITHMEME, 383
etz 79, BEuTPI (X hF a2 v RLEHEHKE L TEY, 200 &l 1.8x108 THIlEM: %
AL, BB L0 bR EV, EuTPL i NMR 526 b T v ZA-1,4-A V7 LR
OHBNOIRHESEETHDLZ ERHRINTEY | BREKNCL > THANEL L &S
LicleH B2 b5,

EuTPI [ JflE & RS Z &N OREMER Y ~ — 2 S, @S 60°C & R,
ZDTD, ﬁmmeI RIENES ThHDHEZEZBND, TT7AEBRITH—60CTH
%o BNEESHTICE T D fRBRAGIEE 1359 320C TH » 7o, MLIREIX—51°C & PP X VK
<. ﬁﬁf@ﬁ%wﬂ ECH D, BMAVREEE LT, PO A L TEWIR IR H D |
Y 7RIm0V FEiE LDPE < PP 72 Sicir< . i3s3 LDPE ([ZUr\ o,
74/y%@£ﬁfiHmm%ﬂ?£D%<.M%ﬁ%%m%%éfo%vy*‘w%
», EuTPLIEMHEBRIEICEN D2 FEM E B X B D, 211D OBAIIEE ORI 5, EuTPI
ﬂPE@PP@E®77X?y7LLw%ﬁ%mL\mwmﬁié%ﬁﬁét@\W®%T
WZH DT TAT v 7 OWEA: EORENEEIND, 26 DOME %It L7z EuTPI ©
FRIEANTICBI L, BlUEK 60CTh H7-8, 80 CREE D v — /LR AR T A & RERICA
— 7oL HHICKHIETE 5, Db, Haz2iiii, 24, 74 7—, KFEHEM
& DRI X 2 @mtEREL - @R LIC I T T BE M TN T D, A —7 e — it k0 15
Hivlz v — MEK 100°C OB L 22 X D REJEAS FRE T o 0 | A FE MR Ok 7 2 /F
By LN TED,

1-4 KEEEEOHD

NZUARVA YTV ATAMBERA Y T L OEFRNEAICL AN ERA I T
WD BEEN AL — T ERE L RN E WS =S S HEARE SN TW5D, —7,
EuTPL (I RART L, T L ERRDIMWEEZAT L Z &b, Foxid EuTPI OFHEIFIC
ERZY T, PE, PP, AUIE, PBSICIRIN (LU R) 52 L TCINORIEOMIEE
SET D EITRBI LTV A[1-10~12], LU, EuTPI @ TEMROBIF LB /2R
E DT L REJEHAN (R a8 > RER) 13BN AT v . EuTPI %
W= TG OBIRITEAL TV e, ZOHB L LT EuTPI O KEAE - BRI 235
BB LETHT720, AIMEBRILABIE ~OTIN & o 72 KRB RIZ i 2 8RBT b
BATW I EnbIFons, BMERICEWT EuTPI OKEEFEIZBRDT--72720,
T TARFETEIBIEE DT Ly FIZEREY T, FERICANT 7S AR - FikBH3 %
Fhid %, BEARMIZIZ PLA 25 X PBS 12 EuTPI # 7' L > K L, FH LUV Ol
EWIMEE R T DAL A AT T T L KRBT D,
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AKFEEOWELX 1-9 1271, Lk EuTPI Ot & EuTPI ZFH L7 BAF Ak R 2 1%
DU MHEERIEBIE OB ZNCERZ Y TN A~ AT T EOEMPT Lo B (R
i, RIEEAN 2B L, TEICORTHZ 2L TS, TOREDICKKENRT AL
NVTOT L REiT & BB O 2 RS L. B SLEM S BRI 22 & 2 488 L7z
WBRF LR T 5, AFEERZITIE, BSOS EAEBE L E EHT 2 720 0T 7 VR % )
TRIEICRERRT 2,

v REMLTHEZEEE. D EiEIcELS HiK
v EREEE 30/, (20184F) NAFTRTS~DEMRZ
v R BRESM. REHEM.BEM-HESE NEGEATLVLY

WA RT5THER) FLEE . PBS~DOMEEME M5 - HiEEEL

TRNAAIZRTIADNRAFIRT SN OB RBHEEYTHD
@ EUTPIoEmizk3EAL AL O EERE 5 ET LGB

Iﬂ I
]
'

X ”
- Moy AR AT ENTR) | RS, R |

EuTPIEE& T /L 7HR—)L

EuTPIZ L > RIZ:E L 1= Rz hn T i |:> :
MEEEA—IL LA RTSOBR=> G ERM

1-9 FHEME

INARRTSEDT LU R

PP %13 U &3 2 IUHBIR I — RIS EERIEAME 72 MR ARIZ IS ABS 2308
IR WS TWD, ENOBIIEEEROR 4% % H, HEIT OA Hds., BEHE M, &
FEERAF. S AN B CHEER) . ZER. BEMGGh L RIAV Y, — 07 T, MRS S
%0 ENTOEERITRD LTS, £/, PLA 2RKH & T 5A A~ 277 134
WA F~ A% E LTG5 720, EuTPI &R U < HEREBREIH, A& RS
KR OBURIN S Z DOERPBRNTND, L, PLA Z26INCd 2 EmtEWE, ik, pk
BHA 7 NVEICREDR DY 7T AT 7 B~ O HEHITRE SN D, AFEETITZO
£ 9 eBE O A EuTPI 2 W T35 2 & T, EuTPI O TEMEOHEZ B a4,
1-10 |Z EuTPI/PLA 7' L > RCET 27 VR Z R T, AFETITET VRGO
el LT, RAMLORREMEEZER D,

14



ABSH
e j%fb’ s
(TFavmEHLOAA—)
CESAN
B HZHA
BF—h
EuTPlPLA X
= MYALy M4 N i L2
R

% WEHAOEHETAT/A—UER

T )
110 EuTPUPLA 7 L o Kb 3T 5 E5 LB 6] (3HE)
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140
130
120
110
%100 (Run 1D) (Run 11)
N (Run9)
™ 90 @
= ]
- 80 BIER ZRIBHA
a3 JREIR
70 R | [, / e
60
0 20 40 60 80 100 120
KffEl min

X 2-58 P25B Z#ZEAGEBRMAH & LU -BIRZEAE ORI BT 5 h v o 21k

% 2-59 Run 9~Run 11 T ﬁ%ﬂf_“V/ F@Lﬁﬁ SEM 5E

Run 9~Run 11 XL v s ®OWiE SEM EH % [X] 2-59, X 2-60 {2/~ L7, ZRFERTIZ OV
TIEDEAY A X 5pum AT T, < MU v 7 206 DOHBEN S HBIE Sz, BhZeHE o
BERMHZ 2OV T, P25B-40 s 4.5 wt,EuTPI 100 wt%® Run 9 TiE I 7 v FH455Ef
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WiEAa ko TRV, NBHEOFBEIA TIEES Lz, EHIZ, P25B-40 WmiNE 7.5 wt,/
EuTPI 100 wt%® Run 10 TiZ. D8O~ bV v 7 205 OFEkITEIZR S 9, gL
f&IC LV EuTPI/PLA “HRH OFEAEIRENKE  BFES iz, LALLM 5, P25B-40 i
& 10.5 wt,”EuTPI 100 wt%? Run 11 TiX, BIFZEREIRMTE O I 7 v MBS 2 i
T, ¥ M)y 7 200 OHMHHFBES B OBIE SN, 2O ORRE Y | BIER A OW
MENLTEL L, I 7 o lOBREENIEESND Z LR bhoT-, 7 vl BEtEE D ik

2-60 Run 9~Run 11 ® SEM B& (/£ : 500 fi5. 47 : 3000 £%)
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BENDFERITELZHRHAL TORWA, JERISEE &7 Ly RREDNT AT,
ZAEBOC DN RIS EE & oG R TR W S HEE LTz,

80 T
70 £ PLA2003D
60 _; —Run?9
= r ——Run 10
o 50 +
= E =Run 11
40 +
] i
e 30 ]
20
10
0 I||\|i|\||i\|||I||||I|||\I||\|I|\\|
0 20 40 60 80 100 120 140

OFH (%)

2-61 Run 9~Run 11 ®OJi F7-OvF Al

P25B-40 %ZZEAGRERAAAI L L7= Run 9~Run 11 O5[EREME R4 K 2-61 (2R L1z,
PLA(2003D) AR DRI OV 3R 135 6% T o 7=, ZAUTK LT, P25B-40 % 2246447
& L7z Run 9, Run 10, Run 11 O5[5REEWH i OERIZZ 24 80%. 120%., 60% T - T,
SUEMWH i OROBEE 2m LS iz, £70, Rl ITEWEHE L2 Eh otz X
2-62 |2/~ L7z, EuTPI/PLA (2003D) =10/90(wt%) DL IZ 351 T, P25B0-40 it
Bl & &l 7.5 wt,/ EuTPI 100 wt% CTod - 72, DCP Z4ekEBMaHI & LTz 2-3-3-3 DfE R &5
DT, ZZETOYEDOT ¥ B 7 —4# %K 2-63 12~ L7, DCP %% P25B % ¢ PLA
BADNS 10 fisLh B B L. iR ABS BHEOEIEA Rl 572,

50
Run 10

40 4 _

30 1

MJ/m?

20 4+ Run 9 A
Run 11

Bt

10 4

0 + t t + + + +
0.4 0.5 06 07 08 09 1 1.1 12

ZIGBHIEAEl SR (phr of resin)
2-62 Run 9~Run 11 O#J:
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120

- EuTPI/PLA=10/90(W/W)
100 § 4
: % 100
® 80 %
= of /
£ %ﬁ
g 01 é%
= [ /
20 { /
" 10.2 _ é
PLA DCP P25B-40 ABS
R
IRARERAARITEE

X 2-63 DCP %, L <13 P25B-40 #2LEBHAGHI & Lim RSO F v o B4 T —4

2-3-3-5 ANEJZUBOME & kR
2-3-3-5-1 ARE—ZEEOBLR
AR D X512, 2 FEEEOZAEBA ha A & IR g b 4 Fv < BEIERLRE EuTPL/PLA
=10/90(Wt%) (31T 2 BhFOZERE Odse iR 7 1 & A ARt L7k 3. ik ABS #H5 % k[
HEIMEEFEBL LT, SORZBEDN LD, LRI OLEMEE) — M2 ]
(1x] 2-64)

%%ﬁﬁﬁyn_

53400 "5.0kY %100, SE 28

LT e D R e————
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¥ 2-64 (X DCP % Z24G04AAI & L7 (Run 3) BhAVZEMEREROZMERI% OIREEETEETH
%, KX SEM BET, AT ERETHDH, SEM BENG, ZRERIE & LT HEA
FIEVTR LRV, RBEFE TR, EBRICKEZRAVBRMBE I,

AR R A TN 72 B ZEAE Ok IR T 2 TlE, X 2-65 [RLT- X 91T, PR
W% 4D EuTPUPLA XU v s EZUGEBLAFINK O EOJFEIA O NS 7 ¢ — RS 4L, il
PHBEOWNEBIZA D, “HF IR & < MG - Wy — o) NREY — ), TRHEY —
Y RE=ZDODY =T HNTWT, BN T 4 — Rl b, £ THS - ety —
VWS AND, TS - R — o) T, by MRETFASVIEVEME S A, i N & fl
ELRDOERIREL 72D, Z OARBE THUEIO A3 13 B RN O 1R — o O F-Hi
FCHIET D, WRLIREBIC A - TG | JFEORER 130D TR © EuTPI/PLA & 4%
EEIAHIRR Y D7 Lo RNEREIC 2 D, 22D A7 Y a—DOER=—T 4 T a=y
MDY | BIERY EARS T DAEBHLAHIRL 5y DAKE T L v RABRMG S D, IR —
IZBWT, BB > TERAN T Lo B (RE HEM) S britd s, B
—VInBHD EROFEY — I AD, B — 2 T LW AW ) & 52 ) T v A I
'Y —  CIEMRERN ZEL S, ERHIDDOLERNCH A 2B SN D,

7t _ .

TV . = RV ICASHICRBREAEESEILUFRRITES

| I N 0 N 0 I A [
TITN - A M — st

X 2-65 T HIBE 2 A To B RO ZUE O T 1 A A A — VY

AR O X912, JEERS RS Y — » O FRI TR BIC 2 0 IR — 1 TA 7 J 2 —0D
HAWINZ LD BB T L RSN D ARG OGB4 A 3RS 7y © EuTPI/PLA (2
BT 570, b LIS T SEBRISHNE E 2 ONHEBHTH D,

RIZ . ZEAREBIERIN F RIS 1T —IC 7 L v RER TR THERS - IR — ) 12T
SR L. BRI E G EE 2T & NI ISR THY . 2o —r DRI Y
a2 — s S 7 Ly REEREA IV 2, BIiERS (EuTPU/PLA) CJRATHIICAUE G2 S

LTEETUE D AlREMEN H D, RFTAIC @8 B 22846 S A7 e Ao 138 722 0 | IR
— VA THRWE AW 22T THEOFE THOSH LAV, b L L/hsn
BT D EE R BN D, £ 2T, DCP Ol 1 M MHREIX 175 CTH D Z &b,
MG - VR — ) ST RIEDM R E D AEE b B2 bivd, ZHUC kv, K264 D
M EE TR S L7 AW BERIE DCP O BRI HRIC K- TH 72 b S A —4UGE kO
BTHD EHEE LT,
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2-3-3-5-2  P25B-40 Z4LUERLAH & L7256 OBAEFIELE

)G DORRE 2 R 572012, RO —HODFEEER LI,

1) : M OH A BT EEERE O iR

2) : ARAEBR A A D TR 53

ZVFE TOEERTIL, PLA X Nature Works t:® 2003D Z#fEH L7=, R L— KD AL
F7wm—L—h (MFR) (% 6g/10 min (210°C, 2.16kg &) TH 0 . A7 L — R CTIARLkS
ERmWT L— R Th 5, IRHIBROBIEEERE L T 272912, 2003D Ofp v 12, MFR
=10~15g/10min (190°C, 21.2N &fif) Oz =F H1HHH 7 L — KD TE-2000 % f# 4
HZ kizLe,

F72.2)D T /38 T, EuTPI/PLA Tififfys -+ L v NI A& Diamyl Phthalate
& P25B-40 ¥y k& % RT4 7L KL T, P25B-40 ¥ k% EuTPI/PLA Y <L v b
DORENZE) A ESETOD i~ + — R+ 25 Z &2 Lz, A¥—2RE0HE
itk BHE UTo 7= 72 BRI LU RO 221, 2-22 ICRE#H L T=NA TIT o 72,

filf FHALE
PREEE o [R5 [eldis R AR i
A7 U a—: 25 mm L/D=41
FHEMEE  BEREA R ) 2 —T ¢ —F—
HLIRST © PLA #551% 100 °Cx10 h DL (B HLL)
T~ EuTPI/PLA ftfiE~<L > b : 75 Cx10 h LL E(LZ2#z 1)
TARIRA R U A ZIZEEE Z O Diamyl phthalate % AL K3 KT o B VAR & N Z .
TTAFy JBANRT 2T TOERYE, I DI TEHE Z EuTPI/PLA flE~XL v & A
. RIA4T LU RL, BRSNSV Yy MTT OB NFERZE—I2 15 S,
J AJb 3 mmX2 7

#2-21 FEEHRK

PLA ARFEBR1A#1/100EuTPI

Run EuTPI TR P25B- | Luperox | 1%
TE-2000 | 2003D DCP
40 101
12 10 90 -- (G) -- 4.5
BHT 0

13 10 90 -- (G) -- 4.5
14 10 90 -- (G) --- 4.5 -- BHT
15 10 90 --- G) --- 4.5 --- 0.5
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# 2-22 RN T A — X FEEK

Run 12 13 14 15
EIETe2'¢ rpm 100 200 100 200

A KT v RRA - RN et et RN
s & kg/h 2.5 2.5 2.5 2.5
BHEE (BB H) MPa | 0.6~0.7 | 0.6~0.7 | 0.6~0.7 | 0.7~0.9
A N T v REmINE i I I I
H: HPR HEHZEE | MRHZEE | HRHEE | HHRE
e & kg/h 2.5 2.5 2.5 2.5

{45 PLA TE-2000 26/ L 7= Run 13 OEBIEFRIZI T D BIEILE & . ERERED
2003D ZffH L7= Run 9 OBIARIEE & DLk 2 X 2-66 (2~ L7, (KL PLA #iE O
2L > T, ZHEhFHBENOBIIEREZ 6~8C FIF5Z LN T& 72,

200
190 cRUN 9
178~179°C
10 a=—Run 13
< 9
VA Ry —
By 170
g
%
& 160
150
0 5 10 15 20 25

2-66 I I BOE e IR AR R O MR
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v '.'PLA aféﬁﬁ‘

X 2-67 kL PLA % & ARKEE PLA RO M 5 H

TEUTPIE R
_ PLA 51881

2-68 Run 12, Run 14, Run 15 O ¢ 5AMEE 55
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i U CL BB o CHEBEICIEM S D, RO PLA #is & 3 FEO 4G
BRI Z I TRET L7 B, R 0t 2 T MRS IR E Ic Sk E SN
EuTPI/PLA =2 /80 R Ly NEERIG 2 Z &N CTE 7z, 20 EuTPI/PLA =280
KU b OEIPEIL PLA A6 10 520 Edm B L, fiflk ABS % EElo 7o, iR~
0t AZBW T, A —ZER 8 OFREITE > TV D0, IRHEEEBOME KL OA 7 Y 20—
[l D B bls & 0 gtk Sivood 5, £i2, (A LR #hff SR O LA &
A7 ThHY ., LID=41 TR AR T H e < SR OBEFEHIFRO AR HT- - T, FEhk
e ARBR L L CHRREREGL LN TE L,

24 FLO

AAEEIT EuTPI/PLA 7' L 2 REIROZREIZ B 2 HA IR deiR Sl 7 v & 2 OB%IZ Ik
WC, BRI BE T DR AR DRI D 70 7 FHEARIC T 727 m ABARICRE 5 B
RN LA AR T, WEARBEIZERR U 7o M B e LN 2 Hﬁ%ABSkﬂ“HtK%@é&
BTN T, 7 Y A VBIEARI A2 BINT 2 BIRZAMEOA AMEZ B M2 Lic, IRSRICH
D NV OREE ST LToMESGE, RS 7 RSB IT D AEEEITHIE 2 & @mm
& L7c EuTPI/PLA 7' L ROEMRILICVERSZ S OMREST, iz, B24HE LTz
EuTPI/PLA 7' L > RaE~T U T VYA 7 VT 5720 0HMgET —4<° EuTPI/PLA 7' L
R OfiHgErET 2 57— 4% 2545 L, EuTPI/PLA 7' L > RO EA LI BT 7= iR o 7
F7=. PBS IEIZAD EuTPI /A F~ 27 L ROERL L 35 ¢ F20i L. PBS O
G LT BB R O Foi 2 8L L 7=,

RAAEE T EuTPUPLA 7 L FEIRZGE ORI AR LS E 5 2L TT L ROER D
mtERE b E B & & bic, BERMer Vi 288, %G - RIEL. TOFMM 2B E 2
TERAIZRT ZEE I 52T 5,
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