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Release characteristic of NO, precursors during the pyrolysis
of nitrogen-rich biomass
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( 1.Key Laboratory of Renewable Energy CAS Guangdong Key Laboratory of New and Renewable Energy Research and
Development Guangzhou Institute of Energy Conversion Chinese Academy of Sciences Guangzhou 510640 China;
2. University of Chinese Academy of Sciences Beijing 100049 China)

Abstract: The release of NO_ precursors ( NH; HCN and HNCO) in the pyrolysis of two nitrogen-rich
biomass materials viz. soybean straw ( SBS) and fiberboard ( FB) were investigated by thermogravimetric—
Fourier transform infrared spectroscopy ( TGHTIR for slow pyrolysis) and horizontal tubular reactor-X-ray
photoelectron spectroscopy ( HTR-XPS for rapid pyrolysis) ; the effects of final temperature heating rate and
nitrogen form in biomass on the release characteristic were considered. The results indicate that the evolution
pathway is related to the form of nitrogen in biomass; nitrogen in SBS ( SBS-N) is mainly converted to NH,
during the secondary cracking reaction whereas nitrogen in FB ( FB-N) is transformed to NH; HCN ( rapid)

and HNCO ( slow) during the primary pyrolysis reaction. Nitrogen in biomass ( fuel-N) is inclined to convert to
nitrogen in char ( char-N) at low temperature and to nitrogen in tar ( tar-N) or NO_ precursors at high
temperature ( > 600 °C)  which suggests that a pyrolysis temperature below 600 C can suppress the release of
NO, precursors. SBS-N and FB-N are characterized by protein and amide respectively which are partly
converted to pyrrolic-N and pyridinic-N in char forming preferably NH; and HCN respectively.
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Table 1  Ultimate and proximate analysis of soybean straw ( SBS) and fiberboard ( FB)
Sarmolo Ultimate analysis w/%( dry-ash free basis) Proximate analysis w/%( dry basis)
P C H N S 0 v FC A
SBS 46.74 6.59 1.40 0.06 45.21 77.77 16.91 5.32
FB 44.79 6.16 7.49 0.01 41.55 83.56 16.13 0.30
“ . calculated by difference
1 FB N 7.49% - SBS FB 1o
N 0.1% FB N
plant fiber
= polyamide-N 0 o
protein-N iy : CH—
HO/C\N/C\N/C\N/C\N/ 3
H H /[ H
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Figure 1 Structure diagrams of SBS and FB
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Figure 3 Curves of weight and its derivative during the slow pyrolysis of SBS and FB with a heating rate of 40 K/min
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Figure 4 3D FTHR spectra of gaseous products during the slow pyrolysis of SBS and FB with a heating rate of 40 K/min
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Figure 5 FTHR spectra of gaseous products
for the pyrolysis of SBS (a) and FB (b) at 360 C
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Figure 8 Yields of gaseous nitrogen-containing products during the rapid pyrolysis of SBS (a) and FB ( b)
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Figure 10 N 1s XPS spectra of the biomass and derived char by pyrolysis
(a): raw-SBS; (b): SBS-char500; ( c¢): SBS-char700; (d): raw¥B; (e): FB—char-500; (f): FB-char-700

10:* (a) l:lN—A
0 8; ! I N-5
L LZAN-6
0254 BZAN-X(or N-Q)
0.2077
0.157
0.10n
0.05
0.00 1. - . . . .
Raw 300 400 500 600 700 800
Temperature ¢/C
11 FB SB

1.0
o =

] . N-5
r UZ2N-6
0.25(] REZIN-X (or N-Q)
W 0.20]
8 -
0.15]]
0.10

500 600 700
Temperature 7/°C

Ra

N

SIRIE NN

800

Figure 11  Forms of nitrogen in the raw biomass and derived char during the rapid pyrolysis of (a) SBS and (b) FB
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