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Acknowledgments Fast pyrolysis of lignocellulosic biomass (beech wood sawdust) provides a highly

oxygenated bio-oil containing phenolics, furans, ketones, acids, aldehydes, etc.
 The use of the acidic microporous zeolites induced pronounced de-oxygenation of the bio-

oil via dehydration, decarboxylation, decarbonylation, cracking, aromatization and
oligomerization reactions.

 The ZSM-5, Beta and USY zeolites facilitated the formation of mono-aromatics and
polycyclic aromatics (PAHs), due to their increased Brönsted acidity strength and
micropore morphology, while other zeolites favored the formation of phenolics.

 In the fast pyrolysis of lignocellulosic biomass components (cellulose, xylan, lignin) the
H-ZSM-5 zeolite seems to favor the formation of mono-aromatics from carbohydrates and
phenolics from lignin.

 H-ZSM-5 (Si/Al = 40) was most effective at producing aromatic hydrocarbons from the
oxygen-rich pyrolytic vapors.
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EPANEK 2014-2020 / Action “RESEARCH - CREATE - INNOVATE” (project T1EDK-04491).

Physicochemical properties of zeolites

Τhe zeolite catalysts were characterized with: ICP-AES (chemical analysis), 
N2 porosimetry at 77K, XRD, HRTEM, SEM, TPD-NH3, FT-IR pyridine adsorptionCatalyst characterization

Py/GC-MS system

Py-GC/MS
(QP2010 Ultra, Shimadzu)

GC-MS analysis – Conditions 

Catalyst Characterization 

A series of zeolites were tested :
 H – Y (Si/Al = 2.55), USY (Si/Al = 6)
 H-ZSM-5 (Si/Al = 11.5, 25, 40), 

silicalite (Si/Al >1000)
 H-Beta (Si/Al = 12.5, 37.5, 150)
Μordenite & Ferrierite (Si/Al = 10)

Catalytic materials

Lignocellulosic Biomass Catalytic Fast Pyrolysis Results

 The pyrolysis experiments were carried
out at 400-600oC, with a beech wood
sawdust as feedstock

 The oven was programmed to start at 50
◦C (hold 5 min), ramp at 10 ◦C/min to 300
◦C (held 20 min)

 GC injector temp.: 300 ◦C

 Split ratio: 100:1

 Column: Ultra Alloy-5 (30m length &
0.75mm diameter) using helium as inert
gas

 Peak classification: Nist11s Library

 The application of pyrolysis technology in the field of industrial and hazardous waste treatment is quite limited and not adequately investigated so far, e.g. for the treatment/management of industrial
sludges (especially oily ones), as well as for the empty packaging of hazardous substances (e.g. dyes) and for the waste wood, impregnated with hazardous substances for conservation purposes.

 A research and technology project entitled "Application of the pyrolysis technology for industrial and hazardous waste management" will be implemented within the frame of the Operational
Programme “Competitiveness, Entrepreneurship and Innovation 2014-2020 (EPAnEK)”, aiming at the development of a relatively innovative method for the management of specific streams of
industrial and hazardous waste (i.e. sludges and sediments, residual dyes, wood wastes), by applying pyrolysis in laboratory, as well as in pilot-scale installations.

 The project will be based on the experience and knowhow developed over the last 20 years on use of fast pyrolysis for the valorization of wood and agricultural (lignocellulose based) biomass wastes
and residues. Biomass Fast Pyrolysis (BFP) of residual wood or other relevant organic wastes offers the production of bio-oil/pyrolysis oil, which has a great potential as “crude” oil for the production
of fuels as well as source of chemicals (i.e. phenolics). Furthermore, the catalytic fast pyrolysis may lead to effective in situ deoxygenation of bio-oil, inducing at the same time favorable composition
depending on the catalyst type. For example, acidic micro/mesoporous zeolites provide a highly deoxygenated aromatic bio-oil.

 As a case study, representative results on the fast pyrolysis of waste wood sawdust on a laboratory micro-reactor (Py/GC-MS system) are presented and discussed in this poster, with emphasis on the
composition of the produced bio-oil and its potential catalytic upgrading.

Catalyst 

 
Chemical 

composition b 
Surface Area (BET) c 

Total acid sites d Type of acid sites e 
   Al Na Total Micropore Meso/macro 

pore 
  

 (wt.%) (m2/g) (mmoles NH3/g) (B/L)  
H-Y (2.55)a 9.68 2.10 918 882 36 3.32 15.1 
USY (6)  5.90 0.03 761 607 154 0.68 1.6 
ZSM-5 (11.5) 3.20 0.06 418 362 56 1.09 3.8 
ZSM-5 (25) 1.50 0.03 454 360 94 0.55 3.9 
ZSM-5 (40) 0.91 0.03 437 332 105 0.27 6.6 
Silicalite  0.26 ~0 390 284 106 0.12 1.7 
Beta (12.5) 2.90 0.01 671 452 219 0.59 1.9 
Beta (37.5) 0.76 0.03 599 386 213 0.34 2.1 
Beta (150) 0.27 0.01 624 441 183 0.08 1.8 
Mordenite (10) 3.63 0.02 528 491 37 0.97 13.7 
Ferrierite (10) 3.72 0.06 368 336 32 0.72 9.3 

 

XRD patterns

Nitrogen adsorption/desorption isotherms

 All samples are highly crystalline and they
all exhibit the characteristic diffraction
pattern of the respective zeolite structure

 The adsorption isotherms of the zeolite samples exhibit the
characteristic plateau over the whole P/Po range, except in
the case of micro/mesoporous Beta zeolite

a Number in parentheses refer to atomic Si/Al. b Chemical analysis by ICP-AES, c Total surface area
was determined by multi-point BET analysis; micropore area by V-t plot analysis and
meso/macropore area by difference. d Determined from TPD-NH3 . e Mole ratio of Brönsted to
Lewis acid sites determined from FT-IR experiments with in situ pyridine adsorption
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Catalytic Fast Pyrolysis of cellulose, xylan & lignin

Fig: Comparison of the % Peak Area of bio-oil produced by H-ZSM-5 zeolites.

Fig: Composition of bio-oil produced in catalytic fast pyrolysis of 
lignocellulosic biomass using various types of zeolitic materials.

Fig: Composition of oxygenated compounds produced in catalytic 
fast pyrolysis of lignocellulosic biomass using various types of 

zeolitic materials.

Fig: Effect of temperature on bio-oil compounds produced 
in catalytic fast pyrolysis of lignocellulosic biomass using 

fixed ratio of catalyst/biomass (C/B).

Fig: Effect of catalyst/biomass (C/B) ratio in catalytic fast 
pyrolysis of lignocellulosic biomass using H-ZSM-5 (40) as 

catalyst.

Figures: Comparison of % concentration of bio-oil compounds produced by H-ZSM-5 (Si/Al = 40) zeolite in fast pyrolysis of 
lignocellulosic biomass components (cellulose, xylan, lignin).

Micro pyrolyzer reactor (Frontier-Lab, PY-3030D)


