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ABSTRACT: Release and transformation mechanisms of nitrogen during thermal fuel conversion are important for 

environmental reasons. Release of NH3, HCN and HNCO from three different fuel samples (dried digested domestic 

sewage sludge, wheat distillers dried grain with solubles mixed with wheet straw, and rapeseed cake mixed with 

bark) with high nitrogen contents were investigated in this study. Samples were heated in a nitrogen flow in a 

thermobalance coupled to a Fourier transform infrared spectrometer (FTIR). Thereby time and temperature resolved 

release profiles for the nitrogen compounds were collected. By comparing FTIR signals (compound specific peaks) 

with weight loss rates it was possible to determine if the release patterns and mechanisms were different depending 

on raw material. The nitrogen was found to be released mainly in the form of NH3 for all three samples. Sewage 

sludge showed a somewhat different release profile where NH3 constituted a larger part of the weight loss at lower 

temperatures. For the biomass samples the NH3 release correlated well to the overall mass loss, indicating it was 

more evenly distributed in the gas evolving during conversion. The results are of importance for the research on 

nitrogen release and transformations and for the efforts on finding possible measures to reduce problems related to 

NOx formation. 
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1  INTRODUCTION 

 

During thermal conversion of solid fuels, much of the 

fuel bound nitrogen is converted to NOx. Primarily NO 

and NO2, but also N2O. Environmental problems 

associated with these compounds include formation of 

acid rain, photochemical smog and emission of a strong 

greenhouse gas respectively. Ammonia (NH3), hydrogen 

cyanide (HCN) and isocyanic acid (HNCO) release or 

formation from biomass pyrolys have been studied since 

they are known to be important precursors for NOx 

formation [1-6]. The distribution between the nitrogen 

compounds depends both on the biomass used and on the 

operational parameters of the conversion process. Few 

studies have included detailed information on nitrogen 

release in the low temperature region, and therefore the 

objective of this study was to determine at what 

temperatures the nitrogen containing compounds in the 

biomass samples were released. This information is of 

interest for the understanding of nitrogen release and 

transformation mechanisms, and also a key to find 

measures to reduce environmental problems related to 

NOx emissions. 

The three biomass samples used in this study were all 

chosen for their high content of nitrogen. Nitrogen in 

biomass is typically in the form of proteins (amino acids). 

Digested domestic sewage sludge was also included since 

its fuel bound nitrogen is also in the form of urea and 

caffeine, possibly making a difference to the nitrogen 

release. The samples were studied using a 

thermogravimetric analyzer coupled to a Fourier 

transform infrared spectrometer. 

 

 

 

2  EXPERIMENTAL 

 

The three samples tested were 1) pellets made of 

dried digested domestic domestic sewage sludge 2) 

pellets consisting of a 50/50 blend of straw and wheat 

distillers dried grain with solubles (S/DDGS) 3) pellets 

consisting of a 10/90 blend of bark and rapeseed cake 

(B/RC). The samples were ground and evenly spread on 

the TGA crucibles. The thermobalance was a Q5000IR, 

TGA, TA Instruments. 

 

Table 1. Composition of the fuels. Weight% on dry basis. 

 
 Sewage 

sludge 

S/DDGS B/RC 

Ash content 38.9 5.05 7.5 

Volatiles 60.1 N.A. 77.8 

C 32.4 47.1 50.0 

H 4.7 6.25 6.6 
O 19.0 37.1 29.8 

N 4.0 3.4 4.9 

S 1.2 0.6 0.5 

 

The samples were further dried at 50°C in the TGA 

gas cell and kept at that temperature for ten minutes 

before the samples were heated at a heating rate of 

20°C/min to a final temperature of 500°C. Nitrogen was 

used as a purge gas at a flow rate of 100ml/min to 

provide an inert atmosphere for the devolatilization. The 

evolved gases were led through a heated sampling line 

into the gas cell of the FTIR (FTIR, Perkin Elmer, 

Frontier/TL 8000) and analyzed with a DTGS detector. 

The sampling line and gas cell were heated to 300°C to 

avoid condensation.  

The nitrogen compounds in the gas were detected by 

searching the IR-spectrums for characteristic absorbance 



peaks for NH3, HCN and HNCO. For NH3 characteristic 

peaks are known to appear at 966cm-1 and 930cm-1, for 

HCN at 714 cm-1 and in the interval of 3200-3375cm-1 

and for HNCO peaks can be found at 2250cm-1 and 

2280cm-1. For nitrogen compounds found in the 

spectrums, absorption data was collected for the entire 

FTIR run time.  

To compare release of nitrogen compounds with the 

overall decomposition, the time resolved release curves 

were plotted together with the TG and TDG curves.  

 

 

3  RESULTS AND DISCUSSION 

 

Comparison between the IR-spectra and the specific 

absorbance wavenumbers for nitrogen compounds 

showed that NH3 was present in the gas from all three 

samples. The NH3 was released earlier from sewage 

sludge compared to the other two samples. No peaks 

corresponding to HCN or HNCO could be found for any 

of the samples. Depending on the design of the 

experimental setup, HNCO is known to react with water 

and form NH3 which may cause release of HNCO to 

instead be detected as NH3 [2]. 

Comparison of the TGA weight loss curve with the 

absorption data for NH3 (Figure 1) showed that for 

sewage sludge the ammonia starts releasing at about 

100°C and reaches an early peak at about 200°C. At this 

temperature the weight loss rate curve is proportionally 

lower than it is at 330°C where NH3 has its second peak 

indicating that NH3 is predominating in the gas at lower 

temperatures.  

 

 
Figure 1: Weight loss rate and NH3 release from dried 

domestic digested sewage sludge.  

 

 
Figure 2: Weight loss rate and NH3 release from straw 

and wheat distillers dried grain with solubles mixture. 

 

 
Figure 3: Weight loss rate and NH3 release from the bark 

and rapeseed cake mixture. 

 

For the S/DDGS and the B/RC (Figures 2 and 3) the 

NH3 release began at higher temperatures and followed 

the curve for weight loss rate indicating that nitrogen 

release in the form of ammonia was occurring more 

evenly over the temperature range. 

The reason for the different behavior of NH3 release 

from the sewage sludge is probably associated with the 

forms of nitrogen in the fuel, meaning there is an effect 

of the content of e.g. urea, caffeine or other nitrogen 

containing compounds in the sewage sludge that are not 

found in the other samples.  

 

 

4  CONCLUSIONS 

 

NH3 release from dried domestic sewage sludge was 

found at lower temperatures than from of the two 

compared biomass samples (straw/wheat distillers dried 

grain with solubles and bark/rapeseed cake).  

Sewage sludge should be further studied for detailed 

information on the release in relation to the form of 

nitrogen occurring in the material. 

The results from this study should be considered as 

preliminary. The next steps in the investigation will 

include detailed studies of the spectra and quantification 

of the nitrogen release. 
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