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Tablel Ultimate analysis of three components of

biomass (dry ash-free basis)
b Sample JEEFZ Element types/%
C H N o
#4i % Cellulose 41.89 6.30 0.02 51.79
Ff4E % Hemicellulose 4212 6.37 0.01 51.50
ARJFE Lignin 50.00 6.58 0.07 43.35
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Fig.1 Schematic of fixed-bed reactor system
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Fig.3 TG and DTG curves of three components of biomass with different catalysts
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Fig.4 Mechanism of reaction of cellulose pyrolysis
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Fig.6 Yield and content of syngas components from pyrolysis of cellulose, hemicellulose and lignin with different compositions (900 C)
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Fig.7 Mechanism of reaction of lignin pyrolysis
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Fig.8 Influence of temperature on yield of syngas components from pyrolysis of three components of biomass
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Synergistic catalytic pyrolysis of biomass using molten
saltsand nickel for hydrogen-rich syngas

Liu Ming*?®, Wang Xiaobo™**, Zhao Zengli**, Li Haibin™?
(1. Guangzhou Institute of Energy Conversion, CAS, Guangzhou 510640, China; 2. Nano Science and Technology
Institute, University of Science and Technology of China, Suzhou 215123, China; 3. Key Laboratory of
Renewable Energy, Chinese Academy of Science, Guangzhou 510640, China)

Abstract: The effects of Na,CO5-NaOH molten salts and nickel on the pyrolysis of 3 components of biomass, i.e. cellulose,
hemicellulose and lignin, were studied in the thermogravimetric (TG) analyzer and fixed bed reactor. In the TG experiment,
the addition of molten salt makes the peak of cellulose TG curve appear ahead of the TG curve of cellulose without catalyst.
The corresponding differential thermogravimetric (DTG) curve has 2 separation peaks, while there is only one peak appearing
in the DTG curve of cellulose without catalyst. In DTG curve of hemicellulose, compared with the hemicellulose pyrolysis
alone, the temperature corresponding to the maximum pyrolysis rate of the peak is decreased by 82 ‘C after adding molten
sat. Asfor lignin, the DTG and TG curve with catalyst basically coincide with that without catalyst, indicating that the low
dose addition of molten salt and nickel had little effect on the pyrolysis of lignin. The results of fixed-bed experiment show
that the molten salt can effectively absorb CO,, which promote the increase of H, and the reduction of CO simultaneously in
water-gas shift reaction. In the process of catalytic cellulose pyrolysis, the OH™ contained in molten salt motivates the
rearrangement of the ring-opening products of cellulose monomer at relatively low temperature, and the rearrangement
products are easily decomposed, thus leading to an acceleration of cellulose decomposition. The Na' contained in molten salt
can react with phenolic hydroxyl groups in lignin structura units and decrease activation energy of ring-opening reaction of
hemicellulose monomer, resulting in an easy decomposition of both lignin and hemicellulose. Under the optimum conditions,
the amount of hydrogen produced by cellulose, hemicellulose and lignin can reach 913, 738 and 1 148 mL /g, respectively, and
the content of H, can reach 85.6%, 78.2% and 90.7%, respectively. The CH, content can be reduced by the synergistic effect of
molten salt and nickel, under which the CH, yields of cellulose, hemicellulose and lignin are decreased by 35.0%, 24.5% and
12.0%, respectively compared with the single addition of molten salt. The synergistic effect of molten salt and nickel can
effectively reduce the content of CO, CO, and CH, in syngas, which is beneficial to the pyrolysis of biomass to produce
hydrogen-rich gas. Under the optimum conditions, the contents of CO, CO,and CHj, in the lignin are only 0.5%, 0.4% and
5.9%, respectively. Meanwhile, in the presence of molten sdt and nickel, the maximum hydrogen yields of cellulose,
hemicellulose and lignin reach 910, 714 and 1 106 mL/g, respectively, and the contents of H, are 77.6%, 77.8% and 91.6%,
respectively. From 700 to 900 ‘C, with the increase of temperature, the reaction of residual carbon and H,O, CO is promoted,
so high temperature is conducive to the conversion of residual carbon. At the same time, CH, production tends to decrease
with the increase of temperature, because CH, is easily decomposed at high temperatures. It can be seen that high temperature
is conducive to the production of H, and CO, and promotes the cracking of CH,, which is in favor of biomass pyrolysis to
produce hydrogen-rich gases.

Keywords. biomass; pyrolysis; hydrogen; molten salt; nickel



