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R1 Fiscal Year Summary

Using natural polysaccharides (cellulose, paramylon, etc.) obtained from non-edible
biomass, we will develop highly functional bioplastics and demonstrate their
application to electronic devices and home interior products. We will also demonstrate
the effectiveness of out recycling system.

Therefore, this project aims to achieve the following final goals based on the
knowledge accumulated so far in the research group of NEC Corporation / The
University of Tokyo / LIXIL Corporation.

[Final goals]

Achieving various characteristics required for application to electronic
products and home interior products (heat resistance: HDT 90 °C or higher,
flame retardancy: UL94 V-1 or V-2 or higher, water resistance: hot water
immersion test pH 6 ~ 7, degradability in the ocean: 10 % per year in marine
water, recyclability: 90 % retention of various properties when remolded five
times, mass productivity: demonstrate productivity of 1 t / month and
production cost of 5,000 yen / kg while ensuring a stable supply of biomass
raw materials).

Demonstration of efficient material recycling for manufacturing new products
from the products using polysaccharide-based bioplastics.

This year, we have determined each current physical property such as the heat
resistance, flame retardancy, water resistance, and recyclability. We have also
determined the current recycling process and identified issues with it. Finally we have
formulated the future development plans needed to achieve our final goals.

Subject 1. Examination of heat resistance and flame retardancy of
polysaccharide-based bioplastics



This project aims to develop polysaccharide-based bioplastics applicable to
electronic products and home interior products. This fiscal year, we have determined
the current properties of polysaccharide ester derivatives that will be the base resin of
polysaccharide-based bioplastics, and have formulated the future development plans to
achieve our final goals.

First, cellulose ester derivatives and paramylon ester derivatives with propionyl,
hexanoyl, and stearoyl groups as side chain substituents were synthesized using the
acid chloride method and TFAA method, which were developed by our research groups.
Then, the deflection temperature under load was measured, and the flame retardancy
was evaluated using a UL test. As a result, both the heat resistance and the flame
retardancy were found to be insufficient for the final goal with the current side chain
structure and bonding amount.

Next, a series of cellulose ester derivatives with branched acyl substituents were
synthesized using the heterogeneous reaction, and their thermal, mechanical, and
structural properties were investigated in comparison with cellulose linear acyl esters.
All cellulose branched esters had crystallinity and tended to show higher melting
temperature and glass transition temperature than those of cellulose linear esters at the
same carbon number. The use of branched esters was found to be promising for
improving heat resistance. Moreover, colorless and transparent films of cellulose
branched esters were fabricated using the solvent-casting method. These films showed
harder and less flexible properties than those of cellulose linear esters. Structural
analyses were conducted using wide-angle X-ray diffraction measurements. Crystal
lattice parameters and molecular conformation with 3-fold screw symmetry of cellulose
iso-butyrate indicated that it had a similar crystal structure to cellulose propionate,
which could enable high melting temperatures and high tensile strength of cellulose
iso-butyrate. Thus, the material properties of cellulose acyl esters can be controlled not
only by carbon number of acyl substituents but also by branching structure of acyl
groups.

On the basis of the aforementioned results, as a countermeasure for heat resistance,
we have formulated optimizing the structure of the side chain and the amount of
bonding and reinforcing the bioplastics by adding filler to resin. Regarding the flame



retardancy, a safe flame retardant such as non-halogen (specifically, aluminum
hydroxide derived from soil components) was planned.

Subject 2. Examination of water resistance of polysaccharide-based
bioplastics

This fiscal year, we have determined the current water resistance required for the
polysaccharide-based bioplastics applicable to home interior products and have
established the development plan to achieve our final goal.

First, paramylon ester derivatives using a propionyl group and hexanoyl group as
side chain substituents were synthesized using the TFAA method, and the water
resistance was evaluated using a hot water immersion test. As a result, whitening
occurred during the accelerated test in hot water (80°C, 146 hr), but these were not
degraded. Thus, the water resistance was found to be sufficient for home interior
products. The elution property was evaluated to understand the components from
molded products to water, and elution was prevented by washing the samples.

On the basis of the aforementioned results, we formulated the future development
plans of evaluating the cellulose ester derivatives and improving the efficiency of the
washing process using a methanol rinse.

Subject 3. Examination of mass productivity and recyclability of
polysaccharide bioplastics

This project aims to develop recyclable polysaccharide-based bioplastics and to
obtain back data for degradation prediction in material recycling systems. This fiscal
year, the following were carried out to test and evaluate the current recyclability of
polysaccharide ester derivatives and to formulate a development plan to achieve our
final goal.

The mechanical properties during repeated molding of a cellulose ester derivative (a



cellulose ester derivative having propionyl and stearoyl groups synthesized using an
acid chloride method) were evaluated for recycability. As a result, the bending strength
found to be maintained, and the material had a sufficiently high level of recycling
durability.

Our future development plan was formulated, and it includes evaluating paramylon
ester derivatives, recyclability when additives are included, and photodegradation. It
also includes examining mixing with virgin materials when the physical properties of
recycling materials cannot be maintained. In addition, a rough schedule for mass
production demonstrations was planned.

Subject 4. Investigation of marine-degradability of polysaccharide-based
bioplastics

Although this project aims for closed recycling, 100% of all products cannot be
recovered, and certain amounts of products are always released into the environment.
For this reason, marine biodegradability (environmental bio-recycling) is required. The
biodegradability of polysaccharide ester derivatives is greatly affected by the types of
polysaccharides and degree of substitution (DS) of ester groups.

This year, we prepared samples to evaluate the marine biodegradability of cellulose
esters and paramylon esters with different DS of 0.5 to 3.0 in 0.5 increments. Hot-
pressed films, melt-spun fibers and injection moldings were processed. Furthermore, a

BOD biodegradation test was started using collected seawater.

Subject 5. Test of material recycling system

In this project, we will demonstrate efficient material recycling for manufacturing
new products from the products using polysaccharide-based bioplastics. This fiscal
year, the current recycling process using petroleum-based plastic was elucidatend in
NEC Corporation, and issues for making the process suitable for polysaccharide-based



bioplastics were extracted.

As a result of understanding the current recycling process, we knew the plastic
materials recovered from the products were sold to outside contractors, making it not
closed recycling. Therefore, we needed to devise a process suitable for saccharide-
based bioplastics to enable predicting degradation by simply judging the strength of the

recovered material and by checking recyclability.

Subject 6. Test and evaluation of LCA

In this project, we will evaluate the effects of synthetic formula and the side chain
structure of polysaccharide-based bioplastics on life cycle assessment (LCA). This
fiscal year, the following was carried out with the aim of setting conditions for
calculating the CO2 reduction effect and for investigating the CO2 emissions of
polysaccharide bioplastics.

A housing material for electronic products using polycarbonate resin was set as a
baseline for LCA. After that, the CO> reduction effect of producing cellulose ester
derivatives was evaluated. The results of the LCA on synthetic methods (acid chloride
and TFAA method) for the cellulose ester derivatives revealed that the energy-derived
CO:z emission of producing the cellulose ester derivative was reduced by 1.68 kg-CO-
/ kg per 1 kg of raw material compared with the polycarbonate resin when using the
acid chloride method. In addition, investigating the amount of CO, emitted from the
carboxylic acids used for the side chain substituent clarified that fatty acids derived
from fats and oils were advantageous for LCA.
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Tensile  Elongation  Young's

Cellulose C Yield stress strength at break modulus

ester number (MPa)

(MPa) (%) (GPa)
CTiB 4 28+1 28+1 25+4 0.35+t0.02
CTiv 5 25+1 2511 44+20 0.33*0.04
CTiH 6 17+2 1942 208+41 0.30+0.05
CTiE 7 8+ 1 16+2 403+27 0.15+0.02
e 5 satd s 63420 0.3540.00
cTB 4 26+1 3414 245+38 0.30+0.02
CTV 5 1611 24+3 304+51 0.26+0.05
CTH 6 111 2113 342+54 0.23+0.05
CTE 7 9t 1 17+2 428+54 0.17*0.02
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6.2. EEERNA T T T AF v 7 DERATT D LCA B X ORFHE
Bl

M 6-1 ITRLETA THA 707 a—K0 5 b, JFEHRERD & FE M 0Lk
(EA) FTOHRIAIZOWT, ZHFE TICYUFEI N — T THL L TE 2
DA (BB vk, TFAAE) [2OWT LCA iMli2 £l L=, 2B, %
WERNA X T TAF v 7 DERIZENT, AT 220 HEITELr — X%
BIRL, FEAT DM D O BESHMS T T 7 © 4 Uik, BRSHRCIZMARR
Selgile (A7 7V ) A @R L CREZ M L7z,

FALTF D)L F— i CO JEHHBEDHER R AL 6-2 L X 6-2 IT/RT, &
NENE I LTfER, XR—=Z2AT7 A4 > THDHR Y H—Rx— RO 5.67 kg-
CO2kg IZxt L., M7 miETHEMT DEHEFRNAA AT T AF » 7 1% 3.99 kg-
COz/kg & 720 | FEHf 1kg Y720 T+ % & 1.68 kg-CO2/kg D =R /LF —jL
JR COx BEHEMHI & 72D Z LR E N7z,

—J7. TFAA IETERT DR NA T T T AF v 7 D=L F— iR
COx P E1T 41.41kg-CO2/kg TH V| 27 niEORB L Z 105 TH D Z &3V
L7, Zhud, TZ2ofsE) I2EEns,. = 27 U bAIOEAIO & E %
9 MU 7 A o EER KR (TFAA)OEINAREETH 5 Z LIZER L T 5,

#6-2 ZFERRNANATTITRAF v I DARLTD LCAFME Lo
TRXLVF—EIR CO3EHE

COHEHE NI
[kg-CO2/kg] [kg-CO2/kg]
EHRIERNA T T T AF v 7
ey 3.99 1.68
WRER AL T T AF T
PRRR AT T AT 41.41 35.74
(TFAA 1£)
NReR A
R=RTAE 5.67 —

AR Y Rk ki
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SR\ A AT SAF Vo (BEOOE)

TrILF—ieR

! C?fg—cozl S =
0.29 0.45kg G4/ mrd)|
prprer ZYEMm !

0.11 0.28kg N AAXRT° 5AF9) :

1.0kg

| TR -
D 2.13%2%3 g g | 1.46[kg-CO,]

TFILF—fRCO,BFBE 3.99[kg-CO,]

ZAEFRRI\A AT SAF T (TFAAE)

I*}l}/;?;j_ﬂiﬁ

o CO [ 1 T eteedetetetdeleleltelteetebettel ettt ettt

' [kzg—COT] S¥EE :
0.29 0.45kg (=4 [mrd)]

— FTTO |
0.11 0.28kg ' N {ANR7° FAF9)

i TR _ * 1.0kg
i 39.55*2 3.78kg | ZAEl=r 1'46[kg Coz] 4

T F—R2ECOHHlE 41.41[kg-CO,]

| TR — R
| CO2bitiE!
[kg-CO,]

1.76

E*271)-NA

= i U= -
P,
: 0.45%2*3 |2l 2.94[kg-CO,]"° 1.0kg
o I+ F—EIRCO,HiHE 5.67[kg-CO,

X 6-2 ZHERNANAZTTTRF v 7 ORI D LCA 34

0.52

*1) FA AT (2018) PEHBIRIC X AR AN FENLT — 4% 7~ 7 (3EID),
[E LA ZE B R VE NESLER M ZERT, B8 L OV 17 4 (2005 4F) pEZEELREER
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*2) AMFSIEHIX. 2018 4E3AT 16918 DfbEpEsh b LEA ML LY

*3) I—ARr 7y N Y MNHERITEE CO, HiF EI@FHAL T —Z X
— A ver. 4.01 (HENT—#) LV

*N) TFAA ED G T at 23k ok R% L L CEHE

*5) 1999 AT [BRELE AR D= D /XY 20 LCA) BEAREIIH, J-
GLOBAL ID : 200902167971135020 X v #+%#
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JFRED =2 2 N % FLACRRFEE &2 F A L7, B8 27 viE Dk 2 2 MR 2K 6-3 (2
TFAA IED 2 2 MR A3 6-4 |27,

#6-3 B oiEoFEEa X MEE
(BEEEIG » g TREDO2 X MEET)
NAZFTT 1kg B2

ks [¥/kg]

il & = A R
67.06"2 0.45 kg ¥30.18
A A 5002 0.40 k ¥200
(L) =
VA=A5 a4 .
4502 0.62 kg ¥279
(k)
T 27 VLA (LRI E ) —
11007 1.0 kg
o ¥1,100
Q=RND (ZKRE A
¥1,609.18

*1) PRk 17 4F (2005 4F) pESREBEZR  SIEBMBIRES 5 B B B BIE N A
PERAZ LV

*2) TNTNDOIIEAL O v 7 ik A (2018 4= 11 A 26 H¥EAT) L0

*3) 2018 34T 16918 DAL Fpsdh L F T A AL LY
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T A8 B SR R R 113.255™ 028 kg ¥31.71
AR B4y E U

vaA=Aa Vs ] 83"2 038 kg ¥31.54
AR P53 AU

T rZT7AR

HEEREE KW 1295™2 3.39 kg ¥4,390.05
(TFAA)
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TRFAA JEIZZ R~ O BSOS IS E OHIEA S EOBLE N HEE 7 nik kY
FEHTH LT, EEEWYEDOREFHZOWTIEZ—EIEHAT 5 & & H12, TFAA D
[EIY HVEIZ DN T S RET 5,
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BREO RIS D CO PEHEDFHHRAER A K 6-5 13T, e, ENE
ALOAMRSAT I DOV TI, Rk 17 45 (2005 42) pESEEEAFR  FIERPIRIHE &
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EZTpES
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ITNENE LI LR, ~F Y U Bo= 3L X —iJR CO, HEHE 1.874
kg-CO2/kg (=% L., JHEHRAGIGERITF L% 1/5 1A% 9% 0.397 kg-CO2/kg T
bolz, ZOZELnD, ZRFERAA AT T AT v 7 OMIEHRKST & LTI,
LCA DOBLE D DITMAEHRIENI A AR TH D Z RS, 7272 L, il
N HSRARIABRIZ D\ Tk, RS 72 2 b R O F5s - EsicBI L <. £
& & OFAE LA (B HIRIC B 2 KR 728D U 27 BRIEfE S
NTWD, 2D, SRITZNGD U AT O/ W EEFEE SRR OF)TE
IZBI L TH AT L T,

# 6-5 FEHHED D LCA Ffi

HMH4 WmE4 HEE TRAF—  FEIRXNF—
[¥/kg] BIFRREA EREEAL
[kgCO2/kg] [kgCO2/kg]
felfite oy
AR 83"2 74 .07
RESR chm rom 0.748 0.070
felfite  ~x%
W R 208" 1.874 0.174
d R
TG Bk HAEI  mEAL
113.255 . .
e i THIE  fERAE 0.397 0.020
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https://newsrelease.lixil.co.jp/news/pdf/2019120501.pdf
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Hongyi Gan, Taizo Kabe, and Tadahisa lwata: Manufacturing, crystallinity, and
tensile property of melt-spun fibers of paramylon esters, Journal of Fiber
Science and Technology, in press (2020).
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