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

Fri. Oct 28, 2022

Room-B

Utilization of biomass

[2B10-2B11] Utilization of biomass (3)
Chair:Tetsuya Fukunaga(ldemitsu Kosan Co., Ltd.)
1:00 PM - 2:00 PM Room-B (12C Conf. room)

[2B10] [Invited] Co-processing of biomass resources in
catalytic cracking process - Reaction analysis
with experiments and machine learning -

Olori Shimada" (1. Shinshu University)
1:00 PM - 1:45 PM

[2B11] Effect of adding triglyceride in the catalytic
cracking reaction of bio-oil
OYoko Tanaka', Mitsumasa Osada’, Hiroshi Fukunaga1,
Nobuhide Takahashi', lori Shimada' (1. Shinshu
University)

1:45 PM - 2:00 PM

Utilization of biomass

[2B12-2B15] Utilization of biomass (4)
Chair:Hiroyuki Imai(The Univ. of Kitakyushu)
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 Fujimoto3 (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 Kamiya1, 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
Yamaguchiq, Teruoki Tagoz, Motoaki Kawase' (1.
Kyoto University, 2. Tokyo Institute of Technology)
2:45 PM - 3:00 PM
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[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

Utilization of biomass

[2B16-2B19] Utilization of biomass (5)
Chair:Hiroyasu Fujitusuka(Kyoto Univ.)
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 Higuchi1, Keita Taniya1,
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 Nakajima1 (1. Hokkaido
university)
3:45 PM - 4:00 PM

[2B18] Sustainable catalytic transesterification of
polyesters using heterogeneous TiO,-supported
MoOQ, 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
OVYuichi Matsumoto Matsumoto’, Kotohiro Nomura',
Lance O'Hari P Go' (1. Tokyo Metropolitan
University)

4:15 PM - 4:30 PM
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Fig. 1 Scheme of hydrogen-transfer deoxygenation in
RFCC process. Oxygenates receive hydrogen species
from hydrogen donors and produce H>O.
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Fig. 2 Oxygen-based yield of reaction products from
catalytic cracking of various guaiacol/n-hexadecane
mixtures (500 °C, WHSV = 16 h™).
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Fig. 3 Oxygen-based yield of reaction products from
catalytic cracking of guaiacol/tetralin  mixture
(guaiacol:tetralin = 40:60 (mol%)) at different
temperature. (a)(c) 450 °C. (b)(d) 500 °C.
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Table 1 Descriptors used in model construction
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Fig. 4 Training (blue)/test (red) error plots with (a) only

basic descriptors and (b)physics-based model.

1) I Shimada, Y. Kobayashi, H. Ohta, K. Suzuki, T.
Takatsuka, J. Jpn. Petrol. Inst., 61, 302 (2018).

2) WGH, KM, f&&, Wik, %51 R - ARy
Fas, 1E14 (2021).
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(2016).
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Copyright(C) The Japan Petroleum Institute 2022 All rights reserved.2B11 -



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



2B12

REAR (B520FH - BHLFHNRR)

Ty MREERECETS
BRIEEVMERICE X IFTRIGEHOER

(LU HISER™ « BRBE L2 — « HiBD #f™)

= U)‘V);")f:* HE BT AL
OB g K, 2=

i L

I

1.4 5
OB & L TAL F~ 2RO &
TR E E - TE TV 5, Fex T mIEEICE R
i 2 O CRRT 5 Z &Ik v iRIbKFEEED
HiBD(High quality Bio Diesel)i: & W 9 87 Lo
FF 4 — SRR L2, 1] £ 2T, 20
IS A L BERIMMN S V= v MBI Z ST 5
HIJET 7a -t A0 ZED TW\WDH, 2O 7 kR
(3 HIBD 7AIZ & 0 LM 2 56E L | RIZ 2 2l
BLTV=y MREHEIZHSD LW D 2 BB 72
S>TW5D, ZOMELEIZ W THRIEHE 2 K & <
T 52 & TERIME A O LR BN N 5 RN
AL TN,
AWFFE Tl HIMELEER B TR T o cE £h
HERALE Y D AR B RIFE T RIS D B %
HETHZEEZHME Lo, HRUSGHEEZ T
ISEATV, BRIRME B E R E A~ DB Z A LT,

2.8

EBIIEE R BN G g 2 AV T T o 72, 18T
I3 300 ‘C(2 h). 400 C(1h), ¥ UTH=A
H:(200 ml/min)T1T -7z, SRS fiE 20 ml,
JiE 430 °C. ¥+ U 7 H A H:(100 ml/min), LHSV
=0.5 h ' Z BB IR EZ OS EAT > 12,
~Z v 7 CHIME LTI AR & B & L ClEl
L GC-MS 3#ric k» TEBIMbAm D EHELZ R
H U=, K N7 v 702 X0 &g L 72 WERIRER D 1
#4274 v ® GC-FID Trib/kFEHE% . GC-TCD T
CO,CO:: &mHT L., AmEAER M L7,

IEREEZE

Bt DURLEE D I % 28 2 S Z AT 2 12556
IRE % EA S5 I206 W BRRAL A D ARl s h 1Y
MU7z, 430 CLLTFO&MH T CidERIbEmoE
RENDI2NE OO, AT RIS TH D
R URIRIAIE NS K B ENTWD Z Lo
720 430 CULTFOHA CTIIBUNEENELS 72D 2
ETERIMEAMDOERB IR SN D & L biT, &
ISR SRS L& 2 b5, 430 C
PLECHIGZI T2 5ATIEY = v NS OAR
BRI L72b 00, BRIEEW DA R E S HIM
THRERE e olz, LLEDREREN S RSB ILER
WA OAREICEELZRKIFL, Y=y NES
DERBEIZORESHETLZENHLNE -

- |7
i

~

Py

)

%

B E
R,

BINFHR L

A

p SLbENED
1:\ ***' E%ﬁ % *kk
7o Fig A ISR % 28 2 7= 856 0 GC-MS 54T
fa Rk & AR OBRRILEM O G R EERT,

FOGGAED IT A i & 25 2 RO 1T > 12356 T
i, iEEKE LT DIV EBRRIEE D DR &
MET Lz, BRSO PERMT DY = v
NEZICRERENTR N2>, X VT
HADREZBIMEE S Z L TERIRMEEWERD
FIRE SNDIRET VHABETLEINRLTL 2D
7o, WEHEMC & bW ERIMbA AR EMVE
TLicEEZRX DD,

B S DR ZE RH BE D I 2 28 % s 24T - 12
LA T, WEMEEEZ K& T HI0E0WDT
BRI G AERENMET LI L biz, Y=y
NESDOAERBELIER T Lz, BIRIELAHLEY = >
NEEAy DAERREDME T U7 IR iR 22 s FE 4 K
LT 5T LTl & OB 23 < 72 0 KOS
DET LI S o TeldbTho EEZLND,

FOGGAE% 28 2 T2 B OB B AR E D 2%
Wl d 2 & ROSIRE &2 2 1235 A RT3 2
DRENWZ ERGhoT,

ok, b ()

e
¢ Co, o, 5 Ve
Qe l
40 50

0 5 ;
S &t =(%)
Rt.time(min) BREEDEEE(%)

Fig.1 GC-MS Z3#rifE & & Akl oAb &%
HEHE
4 fEw

FOSIREE & 7 A & B & W AR BT B
ERIFE L, KISREDOEENRKE N ERGho
776

5.5 F3CHR
[1] H. Tani, et al., Catal. Today, 164, 410 (2011).
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Fig. 1 Reaction pathway of CCO hydrotreatment.
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yields in CCO hydrotreatment.

[1] IATA, Annual Review 2019.
[2] M. Rabaey, et al, Fuel, 161 (2015) 287-294.
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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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1) Q. Schmetz, H. Teramura, K. Morita, T. Oshima, A.
Richel, C. Ogino, A. Kondo, ACS Sustain. Chem.
Eng., 7 (2019) 11069-11079

2) Y. Hirano, Y. Kasai, K. Sagata, Y. Kita, Bull. Chem.
Soc. Jpn., 89 (2016) 1026-1033
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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
PR
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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2] .
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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

3a, 95% © 3b,96% ©

g IO Oy

3c, 88% 3d, 94%

HaC o
3 \©\/\ P S(j\/\ J\/\/\ro
(o}
o o =
CHs

3e, 86%

“\/\OO | 0.
3g,92% (18 h) ©

/\/)/\0)0\/\/\0/0\/(/\/ O\OJO\N\OroO

3h, 86% (18 h)

3f, 94%

isolated yields 3i, 86%

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.
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Figure 2. Structure of cross-linker

IKPEDBRIREHE O isosorbide <° isomannide (ME2,
ME3) ZH 3 57K ~—I% CNF & ORI
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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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