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For seawater decomposition of difficult-to-collect plastics, tire wear debris, and fishing gear, we have introduced
a multi-lock mechanism that achieves both degradability and durability, and realizes on-demand disassembly.
In addition, by using non-edible biomass as a raw material, CO2 reduction can be achieved at the same time.
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E1+ Multi-lock degradation Develop a multi-locked degradation mechanism for model resins and elastomers, utilizing copolymers, | Univ Tokyo, Nagoya Univ, RITE, Tokyo Tech,
E3 mechanism (SWitCh function) dynamic c.ross-llnkln-g, catalysts, and enzymes, which can be degraded on demand by multiple stimuli AIS-T, Osaka City Univ, Shinshu Univ, Nagaoka
expected in the marine environment. Univ Tech
i i i i Elucidate the degradation mechanisms of model resins and elastomers in natural environments, Kyushu Univ, Kyoto Inst Tech, Kobe Univ, AIST,
E2 Elucidation of environmental degradation
mechanisms, including marine including the ocean. CERI
- i i Monomers from inedible biomass will be synthesized using enzymes and organic synthesis, as well as | Nagoya Univ, RITE, Tokyo Tech, Shinshu Univ
E Development of polymers from inedible
biomass polymerization methods.
- ili The use of molding and processing techniques, dynamic cross-linking, copolymers, and Yamagata Univ, Kyushu Univ, Univ Tokyo,
E3-2 | Improved durability and toughness of gandp g q y g, copoly g y y
environmentally degradable polymers supramolecules will be investigated to improve the durability and toughness of environmentally Nagoya Univ, AIST
degradable polymers, including marine, as well as to study self-healing properties.
E4 Assessment of environmental Analyze the dynamics of plastic trash, fiber waste, fishing nets, and tire wear powder in the ocean,
degradability, including marine evaluate their degradation in the ocean, and study the development of a fast degradation evaluation Ehime Univ, CERI
’ method.
ES Marine biodegradability and safety of Synthesize oligomers equivalent to polymers developed by each company and evaluate marine Kyushu Univ, Nagoya Univ, Tokyo Tech,
oligomers degradability and safety Shinshu Univ, CERI
Synthesize marine biodegradable plastic using seaweed (Macroalgae) with excellent CO2 fixation Univ Tokyo, Nagoya Univ, RITE, Tokyo Tech,
E6 Development of polymers made from
seaweed for CO?2 fixation performance provided by ARPA-E as a raw material, and evaluate its marine biodegradability and Osaka City Univ, Shinshu Univ, Ehime Uniy,
mechanical properties (joint research with ARPA-E) CERI, Yamagata Univ
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1. Objectives and concept 2.Targets

[ Objectives] The purpose is to develop a bioplastic that incorporates}
multi-locking mechanism in aliphatic polyesters produced from inedible
resources and that quickly biodegrades in seawater after being unlocked
by multiple external stimuli. We also aim to toughen biodegradable
plastics while maintaining good biodegradability by introducing dynamic 4 _ _ , , , )
cross-linking or supramolecules and optimizing of higher-order structures e FY2024 Intermediate Target : Achieve both high toughness and multi-locking mechanisms
In this work, we will investigate the introduction of multi-locking - Degradation rate is more than 10 times higher for multiple external stimuli
N /

echanism and toughening of polybutylene succinate(PBS). than for a single external stimulus.
\_ 5 times higher tear strength than existing aliphatic polyesters )

e FY2022 Intermediate Target: Proof of the multi-locking concept
- Degradation rate is more than 3 times higher for multiple external stimuli
than for a single external stimulus.

[ Concept] Moonshot program led by the Cabinet Office \
Achieve both high toughness and high biodegradability

Ideal
‘ material

e FY2027 Intermediate Target : Demonstration of the Bench-scale production

- Can be manufactured in scales of 20 kg or more

*Tough enough to use without problems

*Decomposed into H,0 and CO, in natural environments e FY2029 Final Target: Achieve the followings with scaled-up products

- Marine biodegradation after unlocked :40% biodegradability in sea water

Y
% Q t Overwhelming material development (25°C) in 30 days.

£ capabilities by the industry-academia- - Tear strength: More than 10 times that of existing biopolymers
% 6 government collaboration - Polymer production on a scale larger than bench scale

= Problems

Bio-degradabilit} -Tough polymers are har.d to decompose=>environrr!entalligsues
*Physical properties of biodegradable polymers are insufficient

3. Academia/Mitsubishi Chemical research content 4. Seasonal changes in biodegradation ‘ oo
Bay T
-Schedule for 2023-2024 - Evaluation of seasonal changes in biodegradability of cellulose 1
@ Biodegradability control (clarification of biodegradation mechanism, introduction of and polyesters A and B using seawater sampled at a fixed point (Tokyo Bay) 'iw
trigger mechanism)
@Improvement of tear strength (clarification and improvement of tear)
S0 nitrogen &
PIC Study Items &0 vq 1) | 40
Tokyo Univ. Improving toughness and promoting biodegradation (application using PR) . b +
Yamagata Univ. Improvement of toughness (clarification of tearing mechanism and kneading E‘ 0 35 05’ %
Prof. Ito technology) s " 2 ER=
Fil ~—"
Yamagata Univ. Analysis of enzymatic degradation behavior in water (AFM) 9 - g i
Prof. Matsuno qa), 30 \ 15 g. X
'y Z
Kyoto institute of  Time-resolved X-ray scattering measurement during tearing process (SPring-8) _’8 20 YI Biodegradability improved by o Q-
technology (810 changing the copolymer 5
Prof. Sasaki ull | composition =
Kyushu Univ. Structural changes and degradability due to photooxidative degradation (natural 0 ' i ?
Prof. Takahara environment model)
Kobe Univ. Effect of degradability on higher-order structure and intermolecular interactions : - — : :
Prof. Sato (terahertz, low frequency Raman spectroscopy) *Seawater biodegradability has been significantly improved by changing the copolymer
Mitsubishi Introduction of multi-lock mechanism (expression of switch function by introducing composition (polyester A — B)
Chemical copolymer monomer, biodegradation accelerator, and degrading enzyme) *Polyester B, like cellulose, maintained relatively high biodegradability throughout the year.
Soiperatich - The biodegradability of polyester B and cellulose is correlated with the total nitrogen
content in seawater.
5. Biodegradation accelerator kneaded polyester 6. Field test
-Various additives were kneaded into Polyester C and biodegradability was evaluated. -Participated in a field test conducted by Ito Project in Ainan Town, Ehime Prefecture

- Evaluation of weight change of various polyester films of 3cm x 3cm x 200um

” 110
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» Significantly improved biodegradability by kneading additives

. Eledearseation sramsias b i seiten of maesras s it - Significant weight loss after 3 months of additive-mixed polyester C

installed on the surface of seawater

seawater and additives + Showed point-controlled decomposition behavior

» Achieved speed control

7. Summary and Future plans

ﬂResults in FY2023

*Succeeded in tracking nano structural changes in the torn part during in situ PBS and PBSA film tearing process. (Kyoto Institute of Technology, Professor Sasaki)

*Detection of crystal structure change from a crystal to 3 crystal during the PBS tearing process. Examined PBS/PR/catalyst blend to improve tearing. (Yamagata University, Professor 1to)
*Confirmed that toughness and biodegradability were improved by adding PR and PPR nanosheets to PBSA. Study of introducing degrading enzymes onto the surface of PPR nanosheets.
(Professor Ito, University of Tokyo)

*Confirmed repeated changes in crystal structure and hydrogen bond state of PBS copolymer film in extracted seawater. (Kobe University, Professor Sato)

*Observe a — [3 crystal transition due to photooxidative decomposition of PBS and PBSA. Photodecomposition proceeds preferentially in the amorphous region. Biodegradability is promoted by UV
irradiation. (Kyushu University, Professor Takahara)

«Surface structure changes due to PBSA hydrolase were evaluated by in situ AFM observation. Clear differences in biodegradation rates were confirmed due to differences in crystal orientation.
(Yamagata University, Professor Matsuno)

*Confirmed the high seawater biodegradability of PBS copolymer throughout the year. Weight reduction confirmed in field test of additive-kneaded copolymerized polyester. (Mitsubishi Chemical)
@Future plans

@ Degradability control (introduction of point control)

@ Improvement of tear strength

g
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Contact: innovative Materials Technology Strategy & Research Department, Rubber Chemicals & Filler Research Section.

,Research outline of this project

In recent years, there has been growing concern about the influence
of tire wear particle on the environment. While its substantial
contribution to the environment is still debatable, technological
development is desired from a view of environmental pollution/
circulation of resources. In this study, we aim to solve these issues
by developing non-food biomasses based multi-lock tough polymer
which can be decomposed by multiple stimuli. Combined with the
toughness technology by energy dissipation proposed in ImMPACT
project (2014-2019), the developed tough polymer is applied to tire
tread, and it demonstrates toughness by effective energy dissipation
in use and quickly decomposes by multiple stimuli (microorganism,
light, heat, oxygen, etc.) after use in the state of wear particle.

— Biodegradation cycle of tire wear particle—

(1) development of non-food biomasses based
biopolymer synthesis

(2) development of multi-lock degradability
technology

(3) development of degradability evaluation
method/degradability

(4) compound design for highly balancing
degradability and toughness by energy
dissipation

Degradable bond

— G —

—Toughness by energy dissipation—
Better direction

(4)

Biodegradable polymer

Energy dissipation
under large strain

Conventional
technology

it

Introduced into polymer

(2) \

%

Energy dissipation

strain. strain rate

\_
/Multi—lock degradable system

% Two locks need to be unlocked for Rubber biodegradation !

—Marine biodegradation test result of
rubber with different molecular weight —

—Degradation test result of rubber with
different cross-link density—

Visual observation of

700 ' 400
adherence of bacteria 1

x 600 x 350 .\“

£ 500 T 300

S 100 better = 250 better‘\\

= 2 200

T 300 -ré 150 . Isoprene rubber

a0 200 . = \‘\

a 100 Blank/me ________________________________________ g)o 1(5)3 Butadiene \i
rubber RIS o - _ .

0 0 mem et b
0 20 40 & 80 100 120 100 1000 10000 100000 1000000f

Cross-link density index Log Molecular Weight

-Development of biodegradable polymer by
introducing degradable unit-

Biomass-derived Unit

Biodegradable Unit Diene Monomer
0]

Polymer Design:
High Toughness

Elastomeric based .
Molecular design .

-Development of tough and biodegradable polymer
by introducing reversible cross-link-

Degradable

© , . . N
0 X Qg o = Main chain functionalization

Biodegradable segments

—

High Toughness

Biodegradation technology by introducing
/degradable unit

To develop diene rubber copolymer which can be decomposed by
multiple stimuli cooperating with academia

Q Enol ether Butadiene
+ © 23 DHF M W
OH Ru catalyst

T e

Discovered synthetic route for introduing decomposition unit
= Butadiene copolymer with multi-lock mechanism was developed

\

-Polymer Design- Enol ether decomposition reaction

/\Mp =300k
=87%

w"\/o\/"%
Edeg

in Water

PpN\O HO.

—lab decomposition test result — —Marine biodegradation test result —

Molecular weight after

. - .
decomposition can be controlled after acidic condition

60

e Developed butadiene copolymer*

| |
e Normal diene rubber(high MW)
°
: °
Better biodegradability
. ..‘
.c'o.‘“
. _— .‘.

S000000000000000000000008000000000000800 —
Day

before ;fter

Normal butadiene Developed butadiene copolymers 0
rubber with multi-lock mechanism

Fast decomposition in acidic condition Improved biodegradability due
(molecular weight reduced to 1/10) to lower molecular weight

D
o

Molecular weight

Biodegradation index
N
o
[ J
[ ]

Diene copolymer with multi-lock system was developed. POC, that

\improves biodegradability by more than 10 times, was achieved.

/
Technology for highly balancing biodegradation

/" and toughness by introducing multi-lock system \

With extending reversible bond technology that strengthen rubber by
effective energy dissipation, we newly designed degradable cross link
system cooperating with academia.

% Introduced lock unit to diene rubber polymer chain to control tough and
decomposition

-Polymer Design-
polydiene
< _Polyurethane units

!"T %
=

—lab decomposition test result —

Focus on reversible before after

bond of urethane £
()
Soft segmen':md segment ;
| S
E
‘D 0@904}(3%0‘1 - q~ 5
)
Q@
O
+Degradable unit | +Decomposition rate _Urethane- S
control unit Butadiene
Hydrolysis Hydrophilicity Tough

Traditional Urethane
rubber

De5|gned Urethane-
butadiene copolymer

—Marine biodegradation test result —
*after alkaline condition

—Physical property test result—

Crosslinked Polymer Design: TR ‘//7% : o 200 100
R R o . nergy dissipation .
Alternative crosslink g7 . TR «  DCL (Dual Cross Link) « Developed butadiene copolymer*
. . . T 4% 80 Normal crosslinked diene rubber
Reversible crosslink Degradable 150 x
Degradable crosslink ﬂ& ® «  Easily decrosslinked é Improved 'g "
_ ) 2 . - oo
-Biodegradable scheme by multi-lock Triager @ o § 60 Betterbiodegradability .
mechanism Ideal polymer with e 35 o*’
. i i A LOCI'(@ LOCk® multi-lock mechanism S S 40 L o’

Location Possible Trigger 100 -------—— - gy 3 > o
Road UV exposure, Soil bacteria, ! : C 5 S °

High temperature c | Decrosslinked E & 20 | ®
River Soil bacteria, High temperature, o ' - 3 .o'

PH (6~8) = of o®
coastline UV exposure, Soil bacteria, = — 0 I T ST

High temperature o % %@K Normal crosslinked  Developed Urethane- 0
Ocean  Marine bacteria, PH (alkali~8), 5 butadiene rubber butadiene copolymer Day

Pressure, Metal ions (Na+, a Polymer Cleavage ; ) .

Mg2+), salt concentration, currentrubber | 1 TOUGh diene copolymer with multi-lock system was developed. More than

\ amino acids, proteins, efc 0 = y \1\Otimes higher degradability without sacrificing toughness was achieve/d}
ime

® We developed diene copolymer with multi-lock system cooperating with academia.
=POC, that improves biodegradability by more than 10 times, was achieved.

® Tough diene copolymer with multi-lock system was developed by introducing lock
unit to diene rubber polymer chain to control tough and decomposition.
\=>More than 10 times higher degradability without sacrificing toughness was achieved.

1 i :
— : Final target range \

"more than 10 times

______________________________________________________

_________________________

Tensile at break index

turrent rubber

100
Biodegradation index

50
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Organization: KUREHA CORPORATION KUREH/> NI
Contact: Takashi MASAKI / taka-masaki@kureha.co.jp

> Introduction » Marine Biodegradability (Lab. Test)

<Classification of Drifted Plastics> <Problem of “Ghost Gear”> <Degradation Test of the Developed Fiber in Laboratory >
Seawater and sediment were collected from the Pacific Ocean (Fukushima pref.).

100 ®
Pure Water

Seawater

Fishing Nets

N
9

- Ropes
41.8%

Ul
o

Cited from [Recent trends in sea garbagel Cited from Wikipedia
by Ministry of the Environment

Strength Retention (%)

25 Seawater/Sediment
L _ Interface
v' Fishing nets and ropes make up about 40% of the drifted 0
plastics and they cause a problem called “Ghost Gear”. 0 > 4
v Some biodegradable products are commercialized, however, Time (Month)
they generally have inferior mechanical strength and v In pure water, there was almost no reduction in strength.
degrade by hydrolysis during use. v At seawater/sediment interface, degradation was faster

than in seawater.

> Polyamide 4 (PA4) » Marine Biodegradability (Field Test)

O Field test has been conducted at Ainancho (Ehimegref.).
PA4\' -/ 2PDN 100 ea surface
\IIEII/\/\H/ «(A) A
, 75 (B
_ O |n NI (B)

+(C)

v PA4 is an aliphatic polyamide (nylon) synthesized (D)

N
U

from 2-pyrrolidone (2PDN).

Retention of strength (%)
Ul
o

-»(E)
v PA4 degrades in natural environments such as soil, sea, etc. 0 |
. . 0 1 2 3
v In general conditions, PA4 is stable and not hydrolyzed. Test dulation (Month) Seabed
v The mechanical property of PA4 is superior to Nylon6, » Control of Degradation

on the other hand, PA4 has poor processability because

=
-
o

Modified PA4

it's thermal decomposition point is close to melting point.

N
Ul

L
S
. _ e ® «(B)
» Mechanical Strength of the Developed Fiber 2
£ 50 +(C)
<Comparison of Knot Strength and Elongation> °
— O 95 (D)
— -
e EN0) Kot Strength Test 5 o(E)
1000 2 0
™ - ;' =~ Non-Degradable 0 1 2 3
o l/ 15- N S Fishing Lines Test dulation (Month)
Z 750 { Pig ® /‘ (ex. Nylon6, PET) L AT
= N4~ L
2 500 / / _
_g_ / & P 1’. = \ Degradable v We are developing biodegradable and tough biopolymer
‘4‘_"’ 250 \~ - \ ./I Fishing Lines for fishing gears based on polyamide 4.
o : N - . Pol
E o Developed Fiber (ex. Polyester) v The knot strength and elongation of developed fiber is
0 10 20 30 equivalent to commercial non-degradable fishing lines.

v' Marine biodegradability of the fiber was confirmed by lab.
and field test.

_ _ o _ v The degradation rate of modified fiber was reduced to 1/3.
equivalent to commercial hon-degradable fishing lines.

Elongation at Break (%)

v The strength and elongation of developed fiber is
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Organization: Yoshie Lab., The University of Tokyo Contact: Naoko Yoshie | voshie@iis.u-tokyo.ac.jp

Introduction
Topic 1: Development of multi-lock mechanism

Moisture

.
l"-
.

Strong W :

Mech. Prop.

~7
\\f—\\ Degradability

Trade-off between mech. prop. & degradability

Need for high mechanical strength during use
and rapid degradation in environment after use

Topic 2: Combine crosslinking and degradability

Exploring of novel entropy-driven

hydrogen bonds
R
‘ hydrogen bonds

Novel entropy-driven
Hydrogen bond optimization

Tuning degradability using water-responsive dynamic
bonds by using boronate esters

Utilization of silyl esters

HON\FZ 2o~ OC—10 o—10
Chain ! é) | %_f, . (Liquid)
NO, ] . . = ydroxyl-modirie
’%Y"‘%” 7(@ * ol hydrolysis o F o Biodegradation e extension Polyisoprene (PI) _ % o
@A o on ' 202 o* om0 2 PI provided by Bridgestone Co., Ltd - R’SlR R= Me/Et
L O . - - L
CO, hydrolysis test (Tris-HCI buffer, pH =8.1) Marine biodegradability (BOD)
Boronic acid-modified PI * Tannic acid, 100
)\)l b?—@ H,O Silyl extended 3 weeks 2 months _
Natural polyphenol crosslmker Pats R1\$/\07_R2 E R1\[|3/0H . H_O)—Rz PI M, ~ 5.7k M, ~ f.3k M, ~1.4k ."\2.80 "
compounds o) ~
P eol° NDGA 7[ or HO 560 N Silyl extended P11
v " @ or (& H,0 [ ¢ O S (M, ~ 33 k)
chain extension ho _ g a0 L
HQ HQ o o High Mw PI
Repressed .. inTA 1o/ in NDGA 820 (M, ~ 36Kk)
80 °C, 10 MPa, 20 min TANDGA X -— o , IS
t J Recyclable by the reversibility gH _ (E.;H b1 | l = — o m 0
of boronic acid esters in PI In 6 8 10 * 0 102030405060 7080 90

Uniaxial tensile test

Marine biodegradability (BOD)

Retention time (min)

Time [day]

Hydrolysis was confirmed in buffer Extended PI shows faster degradation rate

35 ' TA, ,NDGA 100
1.6 0
3 A < 80 | WM Ooci
T 25 \ Increasing tannic acid O\i 60 Cellulose Crosslink O PLOH 3.5k OO%
. 1 i) B
=) ) = Uniaxial tenS|Ie test . . —o,
? 1 2 TANDGA, -~ g 40 f Natural PI Mn~14k 04 Silyl crosslinked PI Qg) - /O,Si\o\
o 1 ©
= (o) L —~ -
@ 1 = \Gl\"“ o 20 W Boronic acid-modified Pl L 03 “3
0.5 Ao sNDGAgs 2 0 Mn~9.2k = 0.2 »
0 TAg ,5NDGA, 75 220 , , , , —Tannic acid cross-linked ? 0.1 2
PI rubber Mn~9.2k o) Rubber materials cross-
6 1 2 3 4 5 0 20 40 60 80 100 = 0 I Silyl crosslinked PI , ;
Strain (mm/mm) e T N linked by silyl ether were
ime [day] -0.1 0 1 2345 6 7 successfully obtained.

Tuning degradability of fast biodegradable PCL

% i : K e e )
: : e .
: . ‘ ! B-oH w i

C):B_():B :--.::_.,\ —_— _) HO HO:B / ‘:;‘3) *
i B-0 _Q-é i HQB-OH HO _<i Q
IQ _________ 'I {__\ __________ _4: ﬁ) Co
Boroxine Water reSpOnS|Ve & 2
B hydrophobic bonding H,0
................. E X
o H wo = @
/@O’B_Q— o -> SEOH HO'B_C C/\ _>
Boroniclate ester T
BE Optimally delayed fragmentation Rapid biodegradation
due to hydrophobicity of fragmented polymers
S~ . PCL
. 3-point bending test1 o ow- MW pcL'
*ond — © | —high-MW PCL
Y 8 111 Optimal delay = 8 ——PCL w/ boronate ester,
il - 53 —PCL w/ boroxine
a w 6F
0
5 £
© n 4F
= ©
Pt = No degradation S Al
E S 3
Time in Aqueous Environment - 0 L
Solid-state 11B NMR 00 05 10 15 20 25 30
........... Flexural Strain & [%]
i H1.|-,-:OH i @ 100 ... Celllulose I
OH \\ . -PCL-OH
-------------- ] e
e —PCLBCat " et
After 13 d 2 -
in water Y\ ®
<)
3
Dry . o
s MY

0 2 4 6 8 10 12 14
ppm Time [days]

Optimally delayed fragmentation
due to hydrophobicity

50 40 30 20 10 0 -10

Bond dissociation by water
was confirmed.

Strain Degradability under test

Exploring of novel entropy-driven hydrogen bonds

S AH NS
X Y WM“N
v Vicinal amino alcohol
(VAA)
V/ Favorable universality
¥ Easy to Synthesize
¥ High mechanical toughness
Entropy-driven strong Exploring of novel ¥ Good dynamicity
hydrogen bonding entropy-driven hydrogen _
Previous work bonds This work
Pl e e e e e B R i e i B N
I R1\N R2

/(%/
- Amine OH P
Polybutad|ene (PB) _mCPBA _ ZnCl,

|
|
M ~ 0 THF
I > 90-130 °C Z O,
| X z/ y | n 24-48 h m " OH P
! O
|
\

Pol st rene-b-pol butadlene b- o
Y golystyre?]ey(SBS) = H, R, = Bu (butylamine) sample definition : z

~ M, ~ 84 k R1 Et, R, = Et (diethylamine) PB/SBS-Bu/Et-X x+y+z /
_____________________________ -

Uniaxial tensile test

5
40
D PB-Bu
$~ 354
Increasmg 30
\ <
VAA \\ EZS SBS-Bul
Bu26 \ % 20-
/|
%15—
I 10
, l==""|pe-Bu12 . .
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Theme: Research and development of multi-scale analysis methods for marine degradable polymers

from a hierarchical point of view fc
Organization: National Institute of Advanced Industrial Science and Technology (AIST) HEONE 1

FLEZARCH & DEWELO M IAT FROCRH

Contact: Hiroshi Morita @ AIST

4 1. Introduction

Our technology Issues in development of multi-lock-type polymer materials

* Multi-scale simulation technology for polymer @Elucidation of degradation mechanisms for the development of multi-lock
materials from atomic to mesoscopic scales. functions for polymers

* Material analysis using informatics technology @ Material designs for toughened polymer with physical cross-linking

Objective until end of FY2024
Model study of degradation of multi-lock polymer : Yoshie et al developed the dynamic bond elastomer having the functions of

toughness in use and degradation in marine. In this study, we made the model of dynamic bond elastomer to clarify the functions of
both toughness and degradation. In the near future, we will design its material having those functions in high level.

\_
-

/
2 . Model study of degradation of multi-lock polymer Y. Yasuda, et al, Macromolecules, 2023, 56(18), 7432 h

2.1 Modeling of Dynamic bond elastomer
- Dynamic bond elastomer developed by Yoshie et al

N

Enthalpy-driven ;Mdmr_:ﬁ\,@ : .&ﬁ i—wh Entropy-driven !
(UPy) o 1 I (vicinal diol) : : o -
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4 4 . Future work N

Model study of degradation of multi-lock polymer

- Refinement of the model along the corresponding experiment and simulation study using its model. Conducting a detailed
analysis of the state of the association, which is not known by experimentation.

- In-depth collaborative research with companies by the simulations contributed to material design.

N /
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Photooxidation and Fragmentation Behaviors of itPP Films
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