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Fig. 1. NH; TPD profiles of WO3/Al,O3 with various
WOs loadings.
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Fig. 2. AH*-AS* compensation plot for gas phase glycerol

dehydration of glycerol over WO3/Al,O3 and HZSM-5.
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107(2017)

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved. 1B03 -



The Japan Petroleum Institute Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposium of JPI)

Utilization of biomass

[1BO4-1B06] Utilization of biomass (2)
Chair:Ayumu Onda(Kochi Univ.)
Thu. Oct 27, 2022 10:30 AM - 11:15 AM Room-B (12C Conf. room)

[1B04] Alkaline earths titanate mixed metal oxides for sugar conversion
ODaniele Padovan', Hideki Kato?, Kiyotaka Nakajima'> (1. Institute for Catalysis (ICAT),
Hokkaido University, 2. Institute of Multidisciplinary Research for Advanced Materials
(IMRAM), Tohoku University, 3. MIRAI, JST)
10:30 AM - 10:45 AM

[1BO5] Development of Zn-supported ZSM-5 catalyst for selective synthesis of
p-xylene from isobutanol -effect of modification of acid sites located on
external surface of zeolite-
OTaisuke Kojima', Taiju Sakanushi', Takaaki Furuya®, Kentarou Kimura', hiroyasu fujitsuka®,
teruoki tago’ (1. Tokyo Institute of Technology, 2. Nippon steel engineering, 3. Kyoto
university)
10:45 AM - 11:00 AM

[1B06] Solvolysis of benzyl phenyl ether in aqueous ethanol solution with a
flowing system
OKenkichi Taniguchi', Etty Nurlia Kusumawati', Hidetaka Nanao', Osamu Sato?, Aritomo
Yamaguchi?, Masayuki Shirai"? (1. Graduate School of Science and Engineering, Iwate
University, 2. National Institute of Advanced Industrial Science and Technology (AIST))
11:00 AM - 11:15 AM

©The Japan Petroleum Institute



1B04

Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposi...

Alkaline earths titanate mixed metal oxides for sugar conversion.
('ICAT, Hokkaido Univ.; 2IMRAM, Tohoku Univ.; SMIRAI, JST) ODaniele Padovan'
Hideki Kato? + Kiyotaka Nakajima'->*

In this work we explore the utility of barium titanates
with different compositions for the selective dehydration
of glucose into 5-hydroxymethylfurfural (HMF), an key
intermediate for biomass-based commodity chemicals.
Precise control on acidity and basicity by changing
crystallization temperatures improved HMF selectivity.
Solid Lewis acid, Biomass conversion, HMF
nakajima@cat.hokudai.ac.jp (Kiyotaka Nakajima)

1. Introduction
Dehydration of glucose produces HMF that is an

important key intermediate for biorefinery processes (Fig.

1). Conjugated Lewis acid-base pairs of phosphate/TiO,
are effective for sugar dehydration in water.""?. TiO, is
characterized by weak Lewis acidic and basic characters,
limiting the tunability of acid-base pairs. Barium titanate
complex oxides have a higher basic character due to the
presence of alkaline earth metal (Ba), greatly expanding
the scope for the modification of Lewis acid-base
properties. In this work, we modify the acid and base
characteristic of barium titanates to increase in the HMF
selectivity in glucose dehydration.

OH OH HO
Fig. 1 Synthesis of HMF via glucose dehydration.

2. Experimental method

Barium titanates were prepared by amorphous metal
complex (AMC) method, followed by calcination at
different temperatures. The catalytic reactions were
performed in a round bottom flask placed in a
thermostated oil bath. Typically, a 2 mL of aqueous
glucose solution (3 wt.%) and NaCl was heated with 100
mg of catalyst and 7 mL of methyl tetrahydropyran
(MTHP) at 140 °C for a set time. After the reaction,
aliquots were analyzed by HPLC.

3. Result and Discussion

BaTi,Os samples calcined at 600, 700 and 900 °C
were examined in glucose dehydration. BaTi,Os@600 °C
is an amorphous oxide consisting of amorphous BaO and
amorphous TiO,, while BaTi,Os@900 °C is present as a
single phase (tetragonal phase) and fully crystalline
material (Fig, 2). In contrast, BaTiOs@ 700 °C is a
mixture of various Ba-Ti oxides including tetragonal
phase of BaTi,Os (Fig. 2).

BaTi,0, 900 °C
BET area: 4 m’g’”

BaTi,0, 700 °C

2 1

BET area: 10 m° g

BaTi,0, 600 °C
BET area: 19m? g’

rr 71T 1T 17T 7 1T 17T 711
0 10 20 30 40 50 60 70 80 90
26 / degree
Fig. 2 XRD and surface area of BaTi,Os samples.
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Fig. 3 HMF formation with BaTi,Os calcined at different temperatures.

(left) conversion vs time and (right) HMF selectivity vs conversion.

Crystallization temperature greatly influences catalytic
performance of the resulting BaTi,Os. The rate for
glucose conversion decreases as crystallization
temperature increases (Fig. 3, left), which is in good
agreement with the trend in their surface areas. Major
differences were found when the values of HMF
selectivity were plotted against those of glucose
conversion (Fig. 3, right). BaTi,Os@600 °C showed low
HMF selectivity, due to strongly basic and water-soluble
BaO that promotes severe side reactions. In contrast,
high HMF  selectivity with

BaTiOs@900 °C. Such unique -catalysis is simply

was  obtained
attributed to original acid-base property of monoclinic
BaTiOs@900 °C. BaTi,Os@900 °C can be reusable
without loss of original activity by simple calcination of
the used catalyst in air after each run.

References

1) K. Nakajima et al., J. Phys.Chem. C, 117, 16028 (2013)
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X2. ZNVT7F—ilaatyMERNMLIZBEO 7 V75—
VRl E TN S

FKIMNEK 1R, TTAT 2= T, wIbk#E
RSB EEFRIEE DG OWNIINERIL A S 72 o 23,

CO & L COMERHE MM S H0 & L COifEHEN
RSN, 77 T — N TlBALKEI D E R
L0 BT, EEBEICENRD L2 &2z, CO
& H0 & L TCOBEEMEtES Tz, ENENDGEH
NI S, 7T A7 a—idaat v Y ilnb
DOKFEMEIZ LY H,0 & L CORBESEI Mt S iz &
EBxohb, — T, AT TR 2 IRT LD
2, by YL OKEEREIIMZ, a3ty
HWMNBAERT D4 L7 1 > & O Diels-Alder SO&Z L0
H0 & L COREREMEE SN EE 2 b, iz,
b~ U VMZRINL7ZBROIE D 23, JREHES DO
RKEL D LR LTz, U EDORERNG, Riafn
JERAEE R U 70 &Y REJRA L, MEER MedE
ST NI EDRIB ST,

1) A. Ibarra et al., Ind. Ing. Chem. Res, 55, 1872-1880

(2016).
2) Z.Zhang et al., Energy Fuels, 33, 4389-4394 (2019).
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The Japan Petroleum Institute Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposium of JPI)

Utilization of biomass

[2B12-2B15] Utilization of biomass (4)

Chair:Hiroyuki Imai(The Univ. of Kitakyushu)
Fri. Oct 28, 2022 2:15 PM - 3:15 PM Room-B (12C Conf. room)

[2B12] Effect of reaction conditions on the formation of cyclic compounds in
the jet-fuel production through decarboxy decomposition of
triglycerides
ORyota Sano’, Kenji Asami', Haruki Tani?, Yayoi Murakami®, Kaoru Fujimoto® (1. The
University of Kitakyushu, 2. Environment Energy Co., Ltd., 3. HiBD Research Institute, Inc.)
2:15 PM - 2:30 PM

[2B13] Design of multifunctional catalyst for biojet fuels production from
coconut oil
OToshiya Tsunakawa', Kenji Kamiya', Eika W. Qian." (1. Tokyo University of Agriculture and
Technology Graduate School of Bio-Applications and Systems Engineering)

2:30 PM - 2:45 PM

[2B14] Development of carbon-supported Cu catalyst for selective
hydrogenation of xylose to xylitol under relatively low hydrogen
pressure
OHiroyasu Fujitsuka', Taku Hiraoka', Yuki Yamaguchi', Teruoki Tago?, Motoaki Kawase' (1.
Kyoto University, 2. Tokyo Institute of Technology)

2:45 PM - 3:00 PM

[2B15] Hydrogenation of methoxyphenol using supported metal catalysts in
supercritical carbon dioxide
OAritomo Yamaguchi', Yuka Murakami’, Norihito Hiyoshi' (1. AIST)

3:00 PM - 3:15 PM

©The Japan Petroleum Institute
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R URIRIAIE NS K B ENTWD Z Lo
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4 fEw
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5.5 F3CHR
[1] H. Tani, et al., Catal. Today, 164, 410 (2011).
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CCO DKFEALUE TIE, 350~400°CD i
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Cio DRALIKFE, BEEFELA(0C), FENIEE(FFA)DS

ARSI, AL EIZ Fig. 1 O XO73 iR M D e
RNz
Fig. 2 (JIX 572 8 LMEA LRI &4 R > Pt &

filii a2 OB O R R B L OV E R (L&Y Dk
= (@), SAF 53D Cr-Cis ALK FEULFH (D), AL
KB EMAL (), Ci-Co IRALKFNHE () ERLT.
Fig. 2 (a)dV), 1 FE Ap s JE Mo A NN & I A AN i
BEDOLAE LR LT, BERFRTEME M BT 2280
otz HEIEMERRBERINZ X~ T Cu/Cre ALK
FIRPCRLEN 1 KB T2 e BRSO R

N AR AL /uL“
TR
AL

SN
(E

N

B R 8 B )8 (DCO) & 0%, 7K 36 AL i 18 35 S i
(HDO)D J5 MEEME L 720, KB HIHE T D IEDMT
HOILTNDZEN DT, Fig. 2 (b)XY, SUSEE
400°C LI M I HEMERRBER AN TR LA LIz, Z
AUZ, NH3-TPD DOf5R T, M SRR Z DR
RFDEEY A RO 0 S, ()DL, EFE7e
ITxX T (CRA)%HDZTI/%_HN}W%Z). LSl
Z DY A SDOYE N (C)DEMALR AR FESE T
HZEbomD. DT, 1 W% D HE FEVE it i
B CIIth O FF R L bl U Cill JE 72 fR Y A MM
L, BV EROGSO) & A EXE7-2EmE 2 NS,

0
H,C—0— g- (CH).CHs H, CsHe

U7, CHy(CH),COOH

CRA Fatty acid (FFA)

HC-0- E! (CH).CHs
HC-0- c (CHCHy
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CHy(CH,),CH,0H CHJ(CHz) 4CHy 50| T
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Fig. 1 Reaction pathway of CCO hydrotreatment.
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Fig. 2 Effect of basic site loadings on FFA and OC
selectivity (a) and C7-Cie hydrocarbon vyields (b) ,
hydrocarbon isomerization (c), C31-Cs hydrocarbon
yields in CCO hydrotreatment.

[1] IATA, Annual Review 2019.
[2] M. Rabaey, et al, Fuel, 161 (2015) 287-294.
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. ERBLUER

ﬁ%bt%ﬁ@iﬁ IHTREGL A Table 1 (TR 7.
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1) Arcafio, Y.D., et al., Catal. Today 344, 2 (2020).
2) Wang, W., et al., Catal. Today, in press.
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1) Hiyoshi, N., Rode, C.V.,, Sato, O., Tetsuka, H.,
Shirai, M., J. Catal., 252, 57 (2007).

2) Hiyoshi, N., Bando, K.K., Sato, O., Yamaguchi, A.,
Rode, C.V., Shirai, M., Catal. Commun., 10, 1702
(2009).

3) Hiyoshi, N., Sato, O., Yamaguchi, A., Rode, C.V.,
Shirai, M., Green Chem., 14, 633 (2012).
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The Japan Petroleum Institute Nagano Conv. of JPI (52nd Petroleum-Petrochemical Symposium of JPI)

Utilization of biomass

[2B16-2B19] Utilization of biomass (5)

Chair:Hiroyasu Fujitusuka(Kyoto Univ.)
Fri. Oct 28, 2022 3:30 PM - 4:30 PM Room-B (12C Conf. room)

[2B16] Investigation of reaction pathways in the hydrogenolysis of xylose using
in-situ hydrogen generated from Fe particles and water during the
reaction
OKota Matsubara’, Ryoga Higuchi', Keita Taniya', Chiaki Ogino', Yuichi Ichihashi’, Satoru
Nishiyama® (1. Department of Chemical Science and Engineering, Graduate School of
Engineering, Kobe University)

3:30 PM - 3:45 PM

[2B17] Oxidative esterification of acetal-protected HMF to dimethyl 2,5-
furandicarboxylate using a nitrogen-doped carbon-supported cobalt
catalyst.

OJan Wiesfeld', Kiyotaka Nakajima' (1. Hokkaido university)
3:45 PM - 4:00 PM

[2B18] Sustainable catalytic transesterification of polyesters using
heterogeneous TiO,-supported MoO, catalyst
OS. M. A. Hakim Siddiki', Kotohiro Nomura' (1. Department of Chemistry, Tokyo Metropolitan
University, Japan)

4:00 PM - 4:15 PM

[2B19] Polymer composite of plant-based linear and cross-linked polyesters with
cellulose nanofibers and their mechanical properties
OYuichi Matsumoto Matsumoto’, Kotohiro Nomura®, Lance O'Hari P Go' (1. Tokyo
Metropolitan University)

4:15 PM - 4:30 PM

©The Japan Petroleum Institute



2B16

REXRE (B52EEH - AHbFEHwRS

Fe fIFEKMNDRICHFFEET S in-situ KFRZHL V-
Foo— 7(0)7K?r='3?1|:’\ﬁgli WA Jifﬁ%x%@?ﬁi

G RBE T)OMRE A A, b 1 5Tk,

1. 5

=R =a— T NIRWE E RO A~ ADE
PAEIE CO, DHEHEHI (kK& <HETE %, # L
WCEEIIHET DY 7 ) B a— AR F~ A
lro—2x, AIBLE—Z, UT=0D3 SIS
BRI ENTERD, o —RIMEMZLDE
BUETE 228, R UHETH NI BIETH D~
o —2AOAYEBIIRIFREETH S, ~ILa
—ADHMERE BIE L. ALFEHIZ X 0 BATO A
(b7 7 a e A EANTE AWM ESE DT OICITlESR
EREOEEN AR TH D, TDOHEE L TKHEL
RPN TS D, L, KBRS KT
IHMeaER»bESh D, 22T, BxIHMLAER
M O5EENEIZ BHE L, Fe LK & DRLERTRG
MO G CHAE LT KF 2 AWV D KRB i AT
AZEB LY, A TIEANI LR —RIZELH
ENDNAAL AT 0 A TIIEBRBREE v — 20
Fe Z MW AKFLRICE W TSR EZE 2D Z
& T, ZDORIRIE A HEE LT,
2. Sk

X —RAOKF L, Fr—2R 0.10 g,
Fe ¥3K 0.15g, A A 22#K 4.0 mL & #7224
—h7 LA ZICFE L, R 393 K, ZEHRFH
T 1.0 MPa(gauge). SGHFE 0.25-10 h Tf7o72,
¥ u—ADEFEITX HPLC, A oo#iE GC-
FID, KiasigHh o4k 1L TOC 2 vkl L
72
3. FERRERBIOBE

Fig. 112 393 K TOF 21— ZADKFE LRIz I T
% % v m— 2D LIRS KOS AR ORI L &R
T, FLo—RDEEERIT 4h T100 %IZELTZ, ®
TN 3 DA (Cs, EIZE ReFo 7 & by
TE RaXxo T ) (3GBAAESL D D AR L,
4h THRKEZ R LT, REHDS 2 DERY) (Coy F
ICHEER) bAREIIEW SO, SUSBIREE )B4
W#%méhto — 05, IRFED 4 DR (Cay
FIZTE RV, 18 RX-2-T X V) OIERITS
WTIE, 1h ETIEEAEER LRV, ZORAERK
DIAED . 4h TRKNEZR L, WIHOSOGHERE
IZRBWTH CalllRIT Cov Ca LV BT, FEED
o u—RIRFEE S DILEWTH D, SIS
CsNEonbHZ L, HOET CoDEMRPRLND Z
En, FUr—R T Ce b CalImfiREn Vb EE
2 oNb, Fe ZfW=rva—2x (JRF\E6) DK
FALOFRCRBNT, Zva—R I 7NV h— AT

“0; BEoObLH

SN =28

HIFLW SN D L% ERRe)

(it T
14 A " 100
12+ X e G
LA ey
210 F ® o =
en A :Conversion of ;‘
% g xylose 60
= 4 5
g 6 e 40 7
2 S 2
5] L
“ ! / 5 20 g
2+ @ ~
0 L L n L ! 0
0 2 4 6 8 10 12

Reaction Time [h]
Fig. 1 Carbon yield of each product obtained by
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1) Q. Schmetz, H. Teramura, K. Morita, T. Oshima, A.
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Eng., 7 (2019) 11069-11079
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Oxidative esterification of acetal-protected HMF to dimethyl 2,5-
furandicarboxylate using a nitrogen-doped carbon-supported

cobalt catalyst

(Hokkaido Univ.) O Jan Wiesfeld, Kiyotaka Nakajima*

1. Introduction

The copolymer of bio-based FDCA and ethylene
glycol (polyethylene furanoate, PEF) is recognized as
a replacement for polyethylene terephthalate (PET).
Recently, our group reported the production of FDCA
and FFCA in high yield (>91%) from concentrated
solutions (>10 wt%) of HMF-acetal with 1,3-
propanediol using supported gold catalysts.! Here, we
examined nitrogen-doped carbon-supported cobalt
catalyst (Co@N-C)? for the oxidative esterification of
MeOH-acetalized HMF (MeO-HMF) to produce
MFDC (Fig. 1).

- ~, -

(o] o
o o
HOO {7 o ~o" T\ J o~ ° °
MeQ-HMF MeO2-DFF

- f ok

o FD!
‘O»UA\D

DFF MFFC
Fig. 1. Reaction pathway from MeO-HMF to MFDC, including
acetalized and free aldehydes as detectable intermediates.

o
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o \,L/;/ o

2. Experimental method

Co@N-C was prepared by pyrolysis of ZIF-67 as
described in literature.”> MeO-HMF was prepared
analogous to procedures described in earlier works.'
Oxidation reactions were performed in PTFE-lined
batch reactors. Reactors were loaded with 100 mg
substrate, 100 mg Co@N-C, 0-0.1 mol. eq. Na,COs
and 1 g MeOH, pressurized with 2 MPa air and heated
for a specified duration. Reaction mixtures were
analyzed by GC.

3. Results and discussion

Pyrolysis of ZIF-67 yielded Co@N-C containing
~37 wt% Co with an average particle size of 12 nm
estimated by the Scherrer equation. The activity of the
catalyst was evaluated in a time course (100 mg MeO-
HMF, 100 mg Co@N-C, 1 g MeOH, 100 °C, 2 MPa
air; Fig. 2a). The reaction stagnated after 90 minutes,
at a conversion of 55%, with MeO2-DFF in 40% yield
and MeO-MFFC in 15% yield. No MFDC was
detected, nor presence of any free aldehydes (Fig. 1).
Addition of fresh catalyst (50 mg) after 2 hours only
led to as small increase in conversion and product yield.
Absence of free aldehydes suggests that the reaction
conditions favor acetalization of free aldehydes.
Additionally, the catalyst might suffer from product
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Fig. 2a. Timecourse for MeO-HMF oxidative esterification to
MFDC, 2b Initial rates for fresh and reused catalyst.

deposition as suggested by a decrease in the initial rate
(Fig. 2b). Deactivation by oxidation of the Co particles
was excluded by XRD (Fig. 3) showing no additional
or changed phase besides metallic cobalt.
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Fig. 3. XRD diffractograms of fresh and spent catalyst

Recovery of the activity was attempted by washing the
catalyst with different solvents (Table 1). The results
indeed indicate that deposits deactivate the catalyst as
the activity is recovered to different degrees depending
on the washing solvent, and that MeOH is the optimal
solvent.

Table 1. Catalyst reuse after washing with various solvents.

Solv. XMeo-HMF | YMmeo-MFEC | Ymeo2Drr | C.B.
(%) (%) (%) (%)
MeOH 459 10.3 33.7 98.6
EtOAc 25.4 2.1 21.8 98.8
THF 28.8 3.8 24.1 99.3
References
1) Kim, M. et al., Angew. Chem. Int. Ed. 2018, 57 (27),
8235-8239.
2) Zhong, W. et al., ACS Catal. 2015, 5 (3), 1850—-1856.
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Sustainable catalytic transesterification of polyesters using

heterogeneous TiO:-supported MoOx catalyst
(AR RBEEE) OS. M. A. Hakim Siddiki,* Kotohiro Nomura*

1. Introduction

The chemical recycling and upcycling of polyesters
to  value-added chemicals under controlled
depolymerization or degradation in fewer reaction
steps with the generation of minimum waste employing
a sustainable catalytic system is a vital challenge in
chemical industries and a prime environmental
concern. However, significantly few such processes
have yet developed.!? A catalytic transformation
process will increase the recycled content, reduce the
dependence on depleting the fossil reserve, and ensure
a benign environment. We have demonstrated a
sustainable transesterification method for a series of
the

esters of alcohols using a simple reusable catalytic

polyesters/polycarbonates to corresponding
system (Mo0Os3/TiO2) under additive-free, solvent-

free conditions.

2. Experimental

The catalyst was prepared by impregnating supports
with an aqueous solution of (NH4)¢Mo07024- 4H,0
followed by calcination at 500 °C to give MoO3/TiO5,.
For transesterification of polyesters, pre-calcined
catalyst (10 mg), 2-7 mmol of polyesters (with respect
to monomer unit), 10-100 mmol of alcohols, and a
magnetic stirrer bar were inserted into a stainless
autoclave (28 cm?®). After being sealed, the autoclave
was charged with 1 bar N, and heated at 130 170 °C
under stirring (500 rpm). After completion of the
reaction, the catalyst was removed by filtration, and the
products were identified by 'H and !*C NMR and GC-
MS equipped with the same column as GC analyses.

3. Results and discussion
Various metal oxides (CeO;, NbyOs, ZrO,, TiO,,

Al,03) supported MoO; catalysts, solid
acids montmorillonite K10 clay, acidic resin
i
o n HyCy, )\/\/Y&
)(0\/\0)‘\/\/\r>j7 + CHiOH Catalyst (10 mg) o 3 [ s ;
1 3 T=130°C 99% yield "
2.9 mmol ) (50 mmoly ¢ =12P ( MoO5(10)/TiO,, catalyst)
(based on monomer unit) i n HO/A\/OH

Amberlyst 15, different zeolites (HZSM-5, HBEA),
and homogeneous Lewis acid Sc(OTf)s, were screened
benchmark model

for a transmethylation  of

poly(ethylene adipate) to the corresponding methyl

ester dimethyl adipate. MoO3/TiO, catalyst calcined at
500 °C generates the highest yield of dimethyl adipate
1 (99%), as shown in eqn. (1). Under the optimized
reaction conditions, we examined the scope of the
alcohol for transesterification of poly(ethylene-
adipate). The result shows that MoO;/TiO; catalytic
system readily promotes the high yield of trans-esters
(86-99%, isolated products) for a series of alcohols.
The same catalytic system is also effective for the
transesterification of polylactic acid, polycaprolactone,
terephthalate),
terephthalate), and poly(bisphenol A carbonate).
MoOL(10)T0; 1 & UL
500 mg (2.9 mmol) 22 t=12-180 5o~

based on repeating monomer unit 8-50 mmol 4

poly(ethylene poly(butylene

o}

o
| |
H3C. (0] (0] -CeH
3 ~o)\/\/\ﬁ CH, "-CussAO)\/\/\ﬁ - 1-CeH13
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Scheme 1. Transesterification of poly(ethyleneadipate) with different alcohols.

We have developed a general heterogeneous
catalytic method for selective transesterification of
polyesters with different alcohols. The catalytic
activity is correlated to the facile activation of ester
carbonyl bond by LA sites in the co-presence of
alcohols, resulting in the formation of carboxylate
Our method has the
following advantages: (1) recyclable catalyst, (2)
broad substrate scope, (3) higher TON, and (4) easy

catalyst/product separation.

species on the surface.

References

(1) Westhues, S., Idel, J., Klankermayer, J., Sci. Adv., 4,
€aat9669 (2018).

(2) Abel, B. A., Snyder, R. L., Coates, G. W., Science,
373, 783-789 (2021).

Copyright(C) The Japan Petroleum Institute 2022 All rights reserved.2B18 -



2B19

REXRE (B52EEH - AHbFEHwRS

FERERE S S DEHB L ORER Y = AT L DOER &
ﬁwm~z%/774ﬂ~@AM’iéwm%¢ﬂﬁ

(#RSLRBEEE)

1. ¥

AR, EIRIEBREA S O AR & L C, W&
P50 D D oy THEREM BEFO BIFE 3 E B 2 O T
%o MEFRETIE, MM E L a— 2N EEES
NAHRAFLD a,0-2 2 %, Ru itz kX 5 IERK
VT ALY A (ADMET) EA L X T Lk#E
iz kv, @S T EORHERHBERY =27
ABRELNDZ L ERELTND Y,

AR TIX, LV EREEM Bl ORI 2 B I
B L OB OKFER Y IXT/W)/\ﬁJZ}:JZ/I/D»—
AF )7 7 A 83— (CNF) & DOHEEEITV, B
HFEE BIERE R L) ~DORY v —0D5 8l
MT5E /) ~—HBLOREL KRG LT,

2. EB

AR LTZARY =—iZ, NMR A7 MUz LY IAE
E L, GPC TH & wir&amEilE L, &
J~w—%t FrXs 7o /L TESAM L 7Z CNF
(FEEHETHR) % 1~5 wt%DEIATRA L, AES
¥ A MES L IZMBINERRIEIET T 4 vV AERR L
o, LA A — & — CHIRISEE 2 JIE L7z,

3. BERBIUBE
3.1. SRR Y =—& CNF L DBEE
HG2 il 2 % 4 FFOE /) ~—DHEEG LD
DL BT LIKFET (Figure 1), HIEMED 7y 15
AT HESFER) ~—%217- (Table 1),
BEon-ARY <~—L CNF L OBEEILT7 s V2%
ER L, IR AEZ T T, £ ~— O HIfH]

PHNE

CWKK'%—Aﬁﬁfxa*IJOHmu?Go

Db ZLDA

‘ﬁ ADMET / il
oy polymerization ‘1'\_/#.

T e Rucat HG2) |~ T O q \
,f"“l"' o~.\ = |‘ /S~ |
o mM | Yoty

H \O_ A Mcs'N- Nomtes | e H \D - /
rr N‘—\ \ I I A?\
o o, N
HG2 o—< °
- o = H; 1.0 MPa, 50 °C tandem
; o~ ‘0 ME1 1.0-1.7 Wi% ALD, | Nydrogenation
a i
o qH /% \
oy Ty v \
o Sl ‘ s ‘
H o, H oo, | S |
o | - /
ME2 ¢ ME3 ¢ \ Y |
. . . \ O. ~
O \ T
ot + o \ /
N ME4 o] h

i
o L
SN '»JL. cLs g l\“’l, o [o]

=R o PR ) P

(1 o 0. L4 or Ay O o
P AP R B ‘7
KO H«E e 1 S b

© © cLa ik
[}

Figure 2. Structure of cross-linker

IKPEDBRIREHE O isosorbide <° isomannide (ME2,
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1) ACS Omega, 29, 18301-18312 (2020)
Table 1. Physical properties after polymerization and hydrogenation
a a CNF film making o] € Toughness Young's Modulus
Monomer — Mn" MuMn™ ‘o1 method [Nimm2] [%] [Nmm2] [N/mm2]
- 6.49 (£0.31) 1.40 (£0.10) 5.41 (£0.85) 5.31 (:0.58)
ME1 18700 170, soventeast oo 401y 143(:006)  4.86(:067)  6.38(:0.19)
solvent-cast  7.08 (+0.26)  68.56 (5.58)  341.95(+12.69)  0.82 (:0.04)
hotpress  5.83 (+0.30)  203.46 (x0.58) 1017.01(¢88.92)  0.55 (+0.03)
ME2 35100 2.06 , solventcast 975(:055)  1807(#273) 9353(x18.11)  2.17(:031)
hot-press  8.87 (+0.30) 4177 (+6.47) 25145 (+47.43)  1.57 (0.37)
solvent-cast  6.95(:0.33)  81.61(+1.58) 39547 (+13.60)  0.96 (£0.22)
VIES 12500 191 hotpress  8.19 (+0.59)  278.89 (x9.10) 1982.78 (£188.20) 0.82 (+0.06)
: : , solventcast 952(:045)  1372(x132) 7283(:2242)  233(:0.15)
hotpress  9.72 (+0.38) 4452 (+3.93) 367.29 (+39.75) 224 (+0.78)
- 923 (t0.44)  16.08(z0.29)  108.70 (+5.58)  1.61 (:0.06)
ME4 32000 1.72 1 sohenteast ;o5 1026) 550 (£0.22)  26.03(+1.86)  2.07 (x0.05)
ME2 28000 178 . solvent-cast 651 (:040)  34.00 (:0.70) 147.51 (+16.26)  1.26 (£0.22)
ME2 + 0.5% CL4 28500  3.40 solvent-cast  9.03 (:0.24)  114.17 (+4.01) 857.76 (+31.85)  1.13 (0.35)
ME2 +1.0% CL4 24,400  3.12 solvent-cast  12.96 (+2.64) 42562 (+44.21 3925.06 (+512.63) 1.00 (0.13)

#GPC data in THF vs polystyrene standards (sample after ADMET polymerization and hydrogenation)
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