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Abstract: Modified mesoporous molecular sieves of Zr-MCM-41 were prepared by sol-gel method and screened
in the catalytic pyrolysis of cellulose. Brunauer-Emmett-Teller (BET) characterization showed that Zr-MCM-41
(Si/Zi mole ratio of 100: 1, 75: 1, 50: 1) had a specific surface area of 886-1157 m’/g, an average pore
diameter of 3.21-4.04 nm, and a pore volume of 0.58-0.94 mL/g. It was confirmed by scanning electron
microscopy and energy-dispersive X-ray (SEM-EDX) characterization that Zr was successfully loaded onto the
molecular sieve pores and the skeleton, and the mass fraction of the doped metal Zr was between 0.79% and
1.75% . The Zr-MCM-41 was used as the catalyst for pyrolysis of cellulose. The results of pyrolysis-gas
chromatography-mass spectrometry (Py-GC-MS) show that molecular sieves of Zr-MCM-41 promote the
degradation of macromolecular compounds (such as anhydrosugars) , and the secondary cracking reaction and
ring-opening reaction of anhydrosugars were intensified. The reactions mainly promote the formation of furan
compounds such as furfural and 5-hydroxymethylfurfural. When furfural is the target product, Zr-MCM-41 with
the Si/Zr mole ratio of 50 shows the best catalytic activity, and the furfural content in pyrolytic products is 12.7
times that of the catalyst-free condition.
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Tab. 1 Doping amount of zirconium oxychloride octahydrate

éﬁ% Hgi Mg, meras/ g Vigos/ mL erOCm-SHZO /g
1 100:1 5.4 22.3 0.3222
2 75:1 5.4 22.3 0.429 6
3 50:1 5.4 22.3 0.644 4
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Tab.2 Content of each element in Zr-MCM-41

s e JRAE 7 H 1 % JEFAEE T %
nsilnz=50 nsinz=75  ns/nz=100 nsilnz=50 nsinz=175  nsing,=100
6 16.55 15.55 30.29 24.34 24.34 40.89
8 49.47 46.41 43.91 54.63 54.63 4481
Si 14 33.18 36.85 24.05 20.87 20.87 28.16
Zr 40 0.79 1.19 1.75 0.15 0.15 0.31
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Fig. 3 Pyrolysis ion flow diagram of pure cellulose
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Tab.3 Distribution of main cellulose pyrolysis products
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Fig. 4 Pyrolysis ion flow diagram of Zr-MCM-41 and cellulose
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Tab. 4 Products distribution of catalytic pyrolysis of cellulose
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Fig. 5 Possible schematic diagram of cellulose pyrolysis
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