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http://www.onlyzerocarbon.org/co2_emissions.html
https://www.ecotricity.co.uk/our-green-energy/energy-independence/the-end-of-fossil-fuels

Population Growth
Demand per capita

10 billion in 2056
11 billion in 2088

- First generation biofuel (sugar 
source, rapeseed, sunflower)

Food competition

- Second generation biofuel 
(lignocellulose agriculture waste like 
sugarcane bagasse, wood, corn cobs, 
sawdust)

- Third generation biofuel (algae)

http://www.onlyzerocarbon.org/co2_emissions.html
https://www.ecotricity.co.uk/our-green-energy/energy-independence/the-end-of-fossil-fuels


Lignin Structure

Choi, Y.S., et al., Pyrolysis reaction networks for lignin model compounds: unraveling thermal deconstruction of β-O-4 and α-O-4 compounds. Green Chemistry, 2016. 18(6): p. 1762-1773.
Huang, J., et al., Density functional theory studies on pyrolysis mechanism of β-O-4 type lignin dimer model compound. Journal of Analytical and Applied Pyrolysis, 2014. 109: p. 98-108.
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Pyrolyzer

Gas Chromatography

Mass Spectrometry

Carrier gas – Helium
Ultra ALLOY® Capillary Column (30m × 0.25mm × 0.25 μm)
The lignin sample mass was kept constant for all analyzes (=0.5 mg)

Pyrolyzer(Py)-Gas Chromatography (GC)/Mass Spectrometry (MS)



Tailor made entrained flow fast-pyrolysis reactor suitable for complete mass
balance@NTNU



Py-GC/MS results
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HZSM-5(30)

NH3-Temperature Programmed Desorption

[1]Kulprathipanja, S. Zeolites in Industrial Separation and Catalysis, John Wiley & Sons.
[2]Henrique S. Cerqueira a, P. A. a., Jerzy Datka b, Michel Guisnet a,* (1999). "Influence of coke on the acid properties of a USHY zeolite." ELSEVIER.
[3]Lutz, W. (2014). "Zeolite Y: Synthesis, Modification, and Properties—A Case Revisited." Advances in Materials Science and Engineering 2014: 1-20.

HY Hβ HZSM-5

Sodalite
cage

Supercage

0.8nm
0.74 nm
1.3  nm 0.56 x 0.53 nm

0.55x 0.51 nm
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Fixed bed reactor Mass Balance
FP vs FP-CU

t=600 ᵒC
CU: HZSM-5(𝐒𝐒𝐒𝐒𝐒𝐒𝟐𝟐/𝐀𝐀𝐀𝐀𝟐𝟐𝐒𝐒𝟑𝟑=30), particle size: 250-500 µm

Nitrogen flowrate=40 mL/min
Catalyst to lignin ratio = 1

Lignin=0.5 g

0.0000

0.0500

0.1000

0.1500

0.2000

0.2500

0.3000

0.3500

0.4000

0.4500

0.5000

FP FP-CU

0.0440 0.0730

0.1449
0.1596

0.1400

0.1500

0.1390
0.0820

M
as

s, 
g

Gas Liquid Char-coke Total

39.2 wt%

41.71wt%

19.08 wt%

42.57 wt%

44.06wt%

13.38wt%



Fixed bed reactor Gas analysis
FP vs FP-CU

t=600 ᵒC
CU: HZSM-5(𝐒𝐒𝐒𝐒𝐒𝐒𝟐𝟐/𝐀𝐀𝐀𝐀𝟐𝟐𝐒𝐒𝟑𝟑=30), particle size: 250-500 µm

Nitrogen flowrate=40 mL/min
Catalyst to lignin ratio of 1
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Fixed bed reactor
Liquid analysis
FP vs FP-CU

t=600 ᵒC
CU: HZSM-5(𝐒𝐒𝐒𝐒𝐒𝐒𝟐𝟐/𝐀𝐀𝐀𝐀𝟐𝟐𝐒𝐒𝟑𝟑=30), particle size: 250-500 µm

Nitrogen flowrate=40 mL/min
Catalyst to lignin ratio of 1



Conclusions

o The distribution analysis of the FP and FP-CU products was quite similar for the both 
set-ups Py-GC/MS and Tailor-made Entrained Flow Fast Pyrolysis reactor, indicating 
that Tailor-made Entrained Flow Fast Pyrolysis reactor is an useful set-up for fast 
screening of catalysts and biomass with detailed quantitative product analysis.

o The Tailor-made Entrained Flow Fast Pyrolysis reactor is also suitable for the kinetic 
study, since this can provide both qualitative and quantitative analysis.

o Biomass can be fed as a semi-continuous manner to the Tailor-made Entrained Flow 
Fast Pyrolysis reactor, that can be helpful to get primary insights of catalyst 
deactivation.

o By analysing various zeolites with different pore structure and different internal pore 
architecture, it was noticed that HZSM-5 has the proper size for generating high 
yield of aromatic hydrocarbons, especially the MAH.
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