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Based on our new concept of total resourcing of lignocellulosic biomass as
chemical feedstock, fundamental technique of catalytic reaction process was developed for utilizing
aromatic structure in depolymerized lignin, and producing feedstock of aromatic polymer. As a
result, we have found the following three achievements: 1) furan ring and aliphatic ether bond were
successfully decomposed by in-situ hydrocracking using methanol as a hydrogen source with Pt/A1203
catalyst. 2) p-Propylphenol was converted into aromatic amines, which could be employed as monomer
feedstock of engineering plastics, using NH3 gas with zeolite catalysts. 3) Transalkylation of
p-propylphenol i1n benzene solvent co-produced phenol and C3-benzenes using zeolite catalysts.



(AL,0; Ti0,, Zr0,, Si0,)
Pt Pd
(
) ( )
( )
W02014/142289 A1, ( )
5605797  (2014/9/5) 174
220 ,1 48
GC-TCD, FID  GC-MS
OH
2 1 p-
2-
(DMF)
DMF
NMR  GC-MS LC-MS
in-situ 2 (1%-He )
p_
450
MFI(Si/Al=45) BEA(Si/Al=13.5)
GC GC-MS
p_
OH 300 400
0 8
(MOR MFI, BEA) GC GC-MS
HPLC
(T6)




in-situ

lwth Pt
220 24

Ti0,, Zr0,, AL,

Pt/ALQ,

in-situ
1wt% Pt/AlL0,
Pt
(lwth Pt/AL0,
- 2wt% Pt/AL0;)
Pt
Pt 1.9 nm

3.0 nm(CO )

1 wth
Pt/AL0,
in-situ
1 48 24

2,3-

24 48

24

RISV ERILE%] 0
7}<§*UFFI§)J$’1[(‘>%] 0

1.85 0.82
17.8 4.2

7.32
18.6

4.53
20.6

1.93
38.2

SAH,

KRS |
HESNIH, |

Yield of liquid products [mol%]
N
Hydrogen production [mmol]

1wt%
Pt/Si0, PY/TiO,

1wt% 1wt% 1wt% 2wt%  0.53wt%

Pt/2r0, Pt/ALO, Pt/ALO, Pd/ALO,

in-situ
( 6.8 mmol,
mmol, 0.59g, 220 , 24 )

53

4.7
1.4

1wt% Pt/AlLQ,
in-situ

( )

220 , 24

w

N

=

The amounts of liquid product [mmol]

ok
0 10 20 30 40
Reaction time [h]
in-situ
( 6.8 mmol,

mmol, 1 wt% Pt/AL0; 0.5 g, 220
)

ORI I—TIVERIEE: 105%
KREFIAZE: 34.0%
20, 2

SUFEH,

10+ ; 1
O~

Yield of liquid products [mol%]
Gaseous H, production [mmol]

0
ORI I—TIL6.8 mmal
+ A2 /—)L 53 mmol

+Pt/Al,0, 0.5, 220°C, 24 h

in-situ

53
24

Hydrogen production [mmol]



in-situ
Pt

OH

MFI
(Si/Al=13.5)

91% 25%

400

MFI

Pt/ALD,

p_

450
(Si/Al=45)  BEA

BEA
Pt ALQ,
Grubbs
MOR
BEA
C3-

MOR

3
MFI(Si/AI=100) BEA(75)
C3- MFI1
MFI(Si/Al=45)
0 8
0
4hr Others
C3-
0 8
3. 1wtk
(H. Kondoh

Carbon yield /C-mol%

Phenol

Without MOR MFI  MFI  BEA
Catalyst (Si/AI=120) (100) ~ (45)  (75)

p_
7=400 P=10-12MPa 2
100 | [ ]
r Unreacted
80 - | P:propylphenol
=
E L Others
S 60 - Di‘-aromatics
= F == C,,C,-benzenes
> 40k s-benzenes
s |
2 | C,,Cy-phenols
O 5l
o ==
0 4 8
Reaction time /hr
p_
7=400 P=10-12MPa Cat=MFI1(45)



et al., Fuel Process. Technol. 145, 96
(2016), G. Watanabe et al., Chem. Eng. J.,
312, 288 (2017))

(Tc=289 , Pc=4.9WPa)
400 MF1(45)
0.24
¢ )
MFI
p_
7=400 P=10-12MPa, Cat=MFI(45)
1% 46 96
Phenol IC-mol% 22 46
C3-Benzenes /C-mol% 12 25
2
Hiroyasu Fujitsuka, Masaki Tamura,

Teruoki Tago, Production of monocyclic
phenols by the liquid-phase
hydrogenolysis of benzofuran and dibenzyl
ether using in situ hydrogen production
from methanol, Catalysis Today, ,
Vol.303, pp.213-218, 2018

Yuta Nakasaka, Takuya Yoshikawa, Yuki
Kawamata, Teruoki Tago, Shinya Sato,
Toshimasa Takanohashi, Yoshihito Koyama,
Takao Masuda, Fractionation of Degraded
Lignin by Using a Water/1- Butanol Mixture
with a Solid- Acid Catalyst: A Potential
Source of Phenolic Compounds, ChemCatChem

, Vol.9, pp.2875-2880, 2017

11

16
3/12, 2018

Takuya Yoshikawa, Takahiro Umezawa,
Yuta Nakasaka, Takao Masuda, Conversion of
Alkylphenol to Phenol via Transalkylation

Using Zeolite Catalysts, The 8th
Asian-Pacifc Chemical Reaction
Engineering Symposia, 11/12-15, 2017
in-situ
49
9/20-22, 2017
120 9/12-14,

2017

Hiroyasu Fujitsuka, Masaki Tamura,

Teruoki Tago, Hydrogenolysis of
benzofuran over Pt/A1203 in methanol used
as solvent and hydrogen source, 16th
Korean-Japan Symposium on Catalysis,
5/15-17, 2017

Pt

12 1/18-19,
2017

in-situ 46
11/17-18, 2016

in-situ

118 9/21-23, 2016

Takao Masuda, Teruoki Tago, Yuta
Nakasaka, Takuya Yoshikawa, Shinya Sato,
Toshimasa Takanohashi, Yoshihito Koyama,
Recovery of phenolic compounds from
lignin-derived slurry oil, International
Symposium on Catalytic Conversions of
Biomass, 6/27-30, 2016

Yuta Nakasaka, Ryota Konishi, Yuki
Kawamata, Takuya Yoshikawa, Yoshihito
Koyama, Teruoki Tago, Takao Masuda,
Production of phenolic compounds from
lignin by two step process, The

International Chemical Congress of




Pacific Basin Societies 2015, 12/15-20,
2015

116 9/16-18 2015
0
o 0
o 0
@D
MASUDA, Takao
20165715
&)
TAGO, Teruoki
20304743
NAKASAKA, Yuta
30629548
YOSHIKAWA, Takuya
20713267
®

*



