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Abstract To investigate the formation of nitrogenous pollutants ( NPs) during biomass thermo-chemical
conversion ( pyrolysis and gasification) is significant for the control of air pollution as these NPs are an important
factor for the formation of PM, ;. Research progress on the formation mechanism and influence factors of NPs
during two processes are reviewed. Consistent conclusions from the literature can be summarized as follows: 1)
NPs formed from two processes resemble in their formation paths but differ in their types & components. FEither
NH; or HCN is confirmed to be main NPs for pyrolysis while NH, is dominant for gasification. 2) Comparing
the influence factors it is demonstrated that the increase of any factor such as the heating rate the content of fuel
nitrogen and the concentration of steam involved will enhance the formation of NPs for two processes.
Meanwhile the effect of temperature on the selectivity of NPs towards two processes are similar as well as higher
temperature is inclined to decrease the amount of NPs. 3) Comparing the results of nitrogen distribution it is
found that the percentage of NPs in gaseous phase are approximately 50% for pyrolysis and as much as 90% for

gasification. Therefore to control the formation of NPs in gaseous phase is effective to reduce the pollutants
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during biomass thermo-chemical conversion.

M eanwhile

based on the current conclusions obtained the

deficiencies of formation mechanism are summarized as well as the prospective developments are proposed for

further research.
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Fig. 1 Formation paths of NPs during biomass thermo-chemical conversion * "'
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Table 1 Research results of HNCO obtained by FTIR "~
category biomass or its components quantitative method results for HNCO
1 2 5-diketopiperazine /2-pyridone '* 4 based on the same absorbance al special be detected with a lower concentration; from the
whey/bean '°  phenylalanine/ wavenumber for HNCO in different Jow+emperature cracking of  cyclic/linear
tyrosine 16 glycine/glycylglycine 1718 spectra  quantity with the HNCO spectra amides; decompose into HCN when temperature
sewage sluge ' measured increases
2 bark /shea ' brewer spent grains/coffee  same as category 1 no HNCO detection in gas phase.
waste /fiberboard 2
3 biomass mix/meat and bone meal/chicken  quantity with the standard spectra of HNCO the percentage of HNCO is close to HCN.
litter 2! at a known concentration
4 wheat straw /rice straw/corn cob 2272 the ratio: rice straw ( 33%)  wheat straw
(23%) corn cob( 15%); increase with the

wheat straw »

wheat straw /rice straw /poplar wood 2

phenylalanine /aspartic acid/glutamic acid *'

semi-quantity with the integration firstly
over absorbance then over time under a

same spectra.

increase of the heating rate.

the percentage is approximately 21%  close to
NH;.

a low percentage of approximately 9% ~15% .

a certain percentage for each amino acid.
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Table 3 Effect of heating rate ( Hr) on NPs during ( N 19 29 31 52~54 56 N
pyrolysis T : : 19 43 55 56 ) NH3 500 °C HCN
pyrolysis Hr Tiwa  nitrogen conversion to ( wt%) of
type (K/min) (°C) NH, HCN NPs ’ NH3 ° ( 2) N
slow 10 860  12-~22  1-~3 13 ~25 38 N N N
fast / ~910 22~24 6~9 28 ~33 56 57 . N( N )
slow 10 900 6.9~15.7 1~3.5 7.9~19.2 20 554 ss
fast / 31 ~38 9~18 46 ~52 N( N ) ~H
dow 6.7 700 25~27  5~55 3132 52 HCN N RN
fast / 25 ~27 18 ~20 43 ~47 N 55 NH3 :
slow 10 800 6.4~10.7 6.1~11.8 12.5~21.8 49 5 oss
fast / 3.6~7.7 8.1~19.8 11.7~23.4 N( N N N/ N
10 18.7~24.1 6.2~11.5 27.0~44.3 SN N BT
slow 30 900 16.0~21.5 5.3 ~11.3 22.8~39.4 21 15 19 40 43 53~55 N/ N
100 13.5~17.24.0~9.2 18.6~34.0 19 56 57 HCN .
3 (1) NH, N
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Table 4 Effect of ER on NPs during gasification ® ** 3 3 © 6

investigator range of ER  condition conclusion ref

Zhou et al. 0.18 ~0.37  Sawdust Under suitable ER range (0.25 ~0.37) NH; concentration varies slightly 32

800 C (310 ~350 ppmV) . Below ER =0.25 NH; concentration increases greatly
with the decrease of ER( 620 ppmV at ER =0. 18) .

Aznar et al. 0.21 ~0.30  Sewage sludge 850 °C A change of ER from 0.3 to 0.21 involves an increment of 29.8% in NH; 34
content and slight increments of 13.2% in N, content and 10. 8% in HCN
content.

Liu et al. 0.2~0.4 Modeling Model on biomass gasification predicts that the NH; concentration decreases 8

750 ~900 °C from 410 to 170 ppmV when ER varies from 0. 2 to 0. 4.
Aljbour et al. 0~0.3 Cedar biomass Increasing the ER promotes the yield of NH;. The conversion of fuel-N to NH; 58
850 C increases from 25 wt% at ER =0 to 45 wt% at ER =0. 3.
Vriesman et al. 0~0.25 Miscanthus The conversion to NH; increases with the ER. When ER varies from 0 to 63
700 ~800 °C 0.25 fuel-N to NH; goes up from 26% to 46% .
Broer et al. 0~0.4 Switchgrass NHj; yields increases as ER is increased with the trend line rising from 6% 64
750 C yield at ER of 0 to about 15% vyield at ER of 0. 4.
ER o N
ER NH, N, .
ER NH, 6.1
8 32 34
. 0, . WH/O .
NH, N, : N
NH, NO, . Becidan 2
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58 63 64 .
. . 0, N o
N N
NH, . NH, - Rem 2%
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15
NH, NH, 54% 43% CO,  Hansson NH; 0
N o N o Llu 8
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Table 5 Effect of additives on NPs during pyrolysis or gasification '* 2 ¢ @ -7
process type of additive conclusion ref
pyrolysis KOH CaO N-conversion to NH; and HCN are promoted by K while restrained by Ca at lower 22
temperature. Nevertheless the total yield of NPs decreases by K while increases by Ca.
Fe,0; AL O; SiO, Fe Si or Al decreases straw-N into NH; with sequence of Fe > Si > Al. Fe or Si suppresses 67
straw-N into HCN  while Al has no influence.
Ni-based catalysts For pig manures and sewage sludge all NPs can be converted to N, at 650 C with dried or 68 69
wet conditions using Ni/Al,O;. Moisture is unfavorable for the catalytic decomposition of
NH;.
KCl CaCl, * 2H,0 In the presence of K and Ca the formation of NH; and HCN is enhanced. Fe can promote the 14
FeCl; *6H,0 formation of NH; but inhibit that of HCN.
gasification ~ Ni-based catalysts Reductions of NH;yield are 30% ~50% and more than 97% using dolomite and Ni-based 70 71
dolomite catalysts respectively.
dolomitic limestone Fuel-N into NH; goes up by 10% with the increase of limestone concentration from 25% to 65
50% .
ilmenite sand calcined ~ NHj conversion can be reduced from 45% to 20% using catalytic bed materials with the S/F 61
olivine ratio at 0. 6 ~0. 8.
6 N 1220 30 32-34 40 48 49 53 54 62 64
Table 6 Nitrogen distribution for fast pyrolysis and gasification '* 20 30 3273 40 48 4953 3¢ 62 64
. final nitrogen conversion to ( %)
process biomass reactor agents ; ; ; ref
(C) Nin gas  NH; HCN N, Nin tar N in char
fast coffee waste vertical tube 900 52.0 38.0 14.0 / 48.0 20
pyrolysis sewage sludge fixed bed 800 58.3 0.5 39.5 ~18.3 28.0 13.7 30
water hyacinth drop tube 800 / 15.3 0.7 57.4 26.6 48
sludge fixed bed / 800 57.2 3.6 19.9 33.7 29.9 16.0 49
soybean cake drop tube 800 / 10.5 0.5 78.0 11.0 40
sewage sludge drop tube 700 45.8 36. 1 5.9 3.8 34.8 19. 4 53
pig compost drop tube 900 45.5 27.3 3.2 15.0 32.3 22.2 54
gasification leucaena fluidized bed air 800 >90 48.7 0.09 66.9 / 5.2 32
waste wood dual fluidized bed  steam 850 99. 6 68.5 5.9 23.8 0.4 33
sewage Sludge fluidized bed air 850 89.7 18.5 0.8 70.5 8.9 1.4 34
reed canary grass fluidized bed 0, 900 98.0 34.3 0.1 / 1.3 0.7 12
switchgrass fixed bed CO, 850 62.0 14.8 11.4 35.8 15.6 22.4 62
switchgrass fixed bed air 850 68. 4 15.1 9.8 43.5 20.7 10.9 64
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