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Abstract — Catalytic upgrading of pyrolytic bio-oil produced from Japanes Larch was carried out over MCM-41 cat-
alyst. Oil with enhanced stability was produced by the MCM-41 catalyst due to transform oxygen known as a main
cause for the instability of bio-oil into H,O, CO and CO,. In addition, the MCM-41 catalyst produced the larger amount
of phenolic compounds in the pyrolytic bio-oil product compared with that in the bio-o0il produced without catalyst.
Especially, the catalytic activity of AI-MCM-41 for the bio-oil upgrading was higher than that of Si-MCM-41 because
Al-MCM-41 has the larger amount of acid sites. Also, the better reforming result was obtained when pyrolytic bio-oil
vapor passed through catalytic layer rather than Japanese Larch was mixed with catalyst directly.
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Fig. 1. Schematic diagram of catalytic pyrolysis process.

1. Reactor 7. Condenser

2. Heater 8. Oil hopper

3. Thermo couple 9. Gas mass flow meter

4. MFC 10. Gas sampling valve

5.N, gas 11. PID temperature controller
6. Chiller
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Table 1. Characteristics of Japanese Larch

Approximate analysis(wt%)

Water 8.8
Combustibles 91.0
Ash 0.2
Chemical composition(wt%)
Cellulose 58.6
Hemicellulose 13.0
Lignin 20.1
Ultimate analysis
C 50.8
H 6.8
N 0.1
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Fig. 2. TGA and DTG curves of Japanese Larch.
H4a5H A4z 20074 88

slstsst

DTG(%/min)

B L
27920 FAF Bajof] 93k Aoz Holr) FnAdEg A9
BT ASZE oA He TR} e o] = AEZ oA 1

Z}7} D-glucopyranoseEhi= 3t 714] WA}z o]Foizl 43t o}
FrEA AEZ A 1A 7He] A (intramolecular bond)°] Tt
AR AR Y e A dE 7= v, | AEE e A o
2 717 oebdat Sede] B EARER olFold EvY thdRE
2] 1RALE (degree of polymerization)’} AEF @ Aof H]Sko] Bt
i, FuAlE R @ A aEARE Alo]f] AYEE AtiA o A7) o
Ql Ao At 4= ok ¥ 271 d-S 200 °C ©179]
Lol SRt e AR AL, 330 °C o) dellA] A
9] FRFEATE dojvitt. o] glado] Habek mitAl S4o]

2ol o]2] Faflel] Hask 2% T §ojA)7] wEo Rz of
AL AEH16].

\=

N ol rfo

3-3. &0 M 2t

- Aol Alzste] AHg-SE Fwlje] BET W 4] Table 201
HeERHSITH MCM-413} H7l5go] 7k FHulE2] 32412 900
oo R 7]Eel| Yzl MCM-41 FrliE2] 3 A 7 fAkekoH 14].

Fig. 31| 3 &1l 2|23k Si-MCM-413} AI-MCM-41(Si/Al =30)
o] XRD A¥E YERJSILE XRD Aol 20 =2, 3.8, 4.3,
5.9 2ol 3709 9|35 A 5= ol 24 (100), (110) 9 (200)
v =10 sfEiei14].

Fig. 4= Si-MCM-413} AI-MCM-41(SV/Al=30) 9] ¢Fx o}
S22 Y (NH,-TPD) AFjo|th, gfR o} S22 pdoflA] b
149] Gt AF A7e] st ARE DS 4 Tk Si-MCM-419] 4
$ #EE= 5371 A9 gli= ¥, A-MCM-41 190 °C 2]l
A 3 37F BEEE ol ofst Abde] F3kE IR UolE vt
tH17]. °]ZM, AI-MCM-41°] Si-MCM-41 Zujjof] 1]8)] Aleko]
= & T Uk

Table 2. BET surface area of catalysts

Catalysts BET surface area (m?/g)
Si-MCM-41 932.7
Al-MCM41 922.4
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Fig. 3. XRD patterns for the catalysts. Fig. 4. NH; TPD of MCM-41 catalysts.
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Table 3. Effect of catalyst on biomass conversion

Yield (wt %)
Contact mode Bio-oil vapor contact with catalyst Direct mixing of catalyst with Japanese Larch
Catalyst No catalyst Si-MCM-41 Al-MCM-41 Si-MCM-41 Al-MCM-41
Oil 54.4 51.0 47.1 50.3 48.1
water content in 0il(wt%) 50.2 64.6 735 62.7 66.8
Gas 21.0 20.6 249 20.7 23.1
Char 24.6 28.4 28.0 29.0 28.8

Table 4. Effect of catalyst on gas composition

Gas product distribution (wt %)

Contact mode Bio-oil vapor contact with catalyst Direct mixing of catalyst with Japanese Larch
Catalyst No Catalyst Si-MCM-41 Al-MCM-41 Si-MCM-41 Al-MCM-41
Cco 349 36.7 37.1 37.5 374

CO, 53.5 46.8 50.4 48.1 504

C,-C, 11.6 16.5 12.5 14.5 122

Table 5. Effect of catalyst on phenolics production

Product distribution (Area %)

Contact mode Bio-oil vapor contact with catalyst Direct mixing of catalyst with Japanese Larch
Catalyst No Catalyst Si-MCM-41 Al-MCM-41 Si-MCM-41 Al-MCM-41
Phenolics* 31.4 42.8 45.5 36.1 39.3

*GC/MS Area % of Bio-oil
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