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GENERAL BACKGROUND

The reduction in NOx emissions to 500mg/Nm3 required by the 
EU Large Combustion Plant Directive between 2008 and 2016 can 
be met by primary measures, including the use of overfired air,
reburning in low NOx burners.  

SCR and SNCR are established post-combustion technologies to 
achieve significantly higher NOx reduction levels that will be 
required to meet the limit of 300 mg/Nm3 on NOx emissions 
required beyond 2016.  

However, to achieve even greater longer-term reduction levels 
with the existing post-combustion capture technologies or some 
reduction capacity in conjunction with primary NOx control 
measures, need for other approaches to be developed. 
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BACKGROUND ON CARBONS
Carbonaceous materials have been proposed as potential 
inexpensive reducing agents for NOx under suitable operating 
conditions (ca. 300oC) – avoid slippage, e.g. with hydrocarbons. 
Potassium at sufficiently high concentration has been found to be 
an effective catalyst in the C-NOx reaction, providing high 
selectivity for NOx reduction compared to O2 combustion. 
Previously, K-containing char briquettes for NOx reduction having 
good mechanical strength prepared from a high vol. bituminous 
coal and coal-tar formaldehyde resin and humic acids as binders. 
The briquettes underwent carbonisation at different 
temperatures.
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SCOPE 
Explore other low-cost carbon precursors for their 
suitability and selectivity towards NOx reduction 
and to incorporate these into pellets. 
Taking into account the great number of 
preparation variables (a wide range of potassium 
contents, pyrolysis temperature, type of binder 
used) as well as reaction variables (reaction 
temperature, residence time presence of other 
typical gases in post-combustion processes).
Characterisation of pelletised carbon, identify the 
key factors influencing the potassium catalysed 
NOx-carbon reaction. 
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Samples
The carbon feedstocks selected included:

a tyre pyrolysis char (TPC)

samples of coke fines (low and high T coke and pet. coke)

a Daw Mill low-rank high volatile bituminous coal ( UK Coal)

Chinese anthracite fines (A Coal). 

Cashew nut shell liquid (CNSL) was substituted for the coal-tar 
formaldehyde resole used previously as it can be cured at ca. 
275°C, with little loss in volatile matter. 
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PROTOCOL FOR PELLET PREPARATION
Typical formulation: 65% carbon feedstock + 30% KOH + 5% 

CNSL (cashew nut shell extract) binder.

Step 1. Milling KOH to a fine powder and mixing intimately 
with the dry, crushed carbon feedstock.

Step 2. Adding and blending with the liquid binder.
Step 3. Pelletising (pellets are typically 6 mm diameter by 5 

mm length).
Step 4. Drying for 1 h at 150°C.
Step 5. Heat-curing for 1 h at 275°C.
Step 6. Carbonising in N2 (pyrolysis) for 1 h at 750°C (not for 

all the samples). 

K was determined by ICP-AES after extracting the metal in HCl 
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CHAR PELLET DESCRIPTION
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POTASSIUM CONTENTS OF THE PELLETS

Code K content1 (%) K content2

(%)
K content3

(%)
Average K

content (%)

3 HT 37.15 37.73 37.81 37.56

4HT-C 48.13 47.09 47.69 47.64

5 HT-C 42.62 42.51 42.17 42.43

6 HT-C 38.23 38.59 38.87 38.56

7 HT-C 32.01 31.58 32.42 32.00
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• Tubular reactor coupled to NDIR/UV gas analyzers for: 
NO, NO2, CO, CO2, SO2 and O2. 

EXPERIMENTAL  SYSTEM

Photographs of the empty and full reactor

10 g samples of pellets 
were heated at 325 °C in a 
2 dm3/min flow of gas 
comprising 2000 ppmv 
NOx, 5% O2 with N2 as the 
balance.
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SELECTIVITY FACTOR
A selectivity factor (F), which ranges between 0 and 1, was 

calculated for each pellet sample. 

This parameter defines the proportion of carbon consumed in 
reducing NOx relative to its combustion with O2. 

The selectivity factors were estimated from the total amounts of
NOx and O2 converted as molNOx/(molNOx + 2·molO2). 

The burn off of samples were calculated from CO2 emissions (CO 
emissions were negligible) and also the total amounts of NOx

reduced during the experiments (NOx total in mg/gsample) 

The NOx and O2 reduction percentages after two hours (NOx 2h

and O2 2h respectively) were then determined.
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CONSISTENT PACKING OF THE PELLETS IN 
THE REACTOR

Code
Sample
mass (g)

Bed
Height
(cm)

Bed
Volume

(cm3)

Packing
density
(g/cm3)

Flow/mass
ratio

(cm3/min·g)

Residence
time (s)

GHSV
(h-1)

3 HT 10.0583 5.80 20.50 0.49 198.84 0.62 5854

4HT-C 10.0645 5.95 21.00 0.48 198.72 0.65 5714

5 HT-C 10.0044 5.61 19.80 0.51 199.91 0.59 6060

6 HT-C 10.0494 5.88 20.76 0.48 199.02 0.62 5780

7 HT-C 10.0661 5.91 20.86 0.48 198.69 0.63 5753
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TYRE PYROLYSIS CHAR TESTS
The tyre pyrolysis char was very reactive carbon -
combustion occurred!

This fact can be attributed to Zn or other metals in the char 
used. 

Also, the low temperature used in the pyrolysis process 
(600°C) can be detrimental, yielding a very reactive carbon 
material.

Confirmed high K content needed.
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SUMMARY OF KINETIC DATA
 

Code 
 

NOx red after 2h 
(%) 

 
O2 red after 2h 

(%) 

 
NOx removed after 2h 

(mg/gsample) 
 

 
Burn-off (%) 

 
F* (selectivity 

factor) 
 

 
3 HT 
High T 
coke 

 
26.1 

 
3.0 
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0.4 
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OVERALL SELECTIVITY TREND
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OVERALL REACTIVITY TRENDS
The pet coke (37.1% K) and the anthracite (30.8% K) reached very

low NOx and O2 conversions (6.5-6.3 and 0.1 0.4 %, respectively) while 
the low T. coke (41.2% K) and UK coal (46.7 % K) displayed higher 
conversions (25.5-28.8 and 1.3-1.0 %, respectively). 

In spite of the important differences in reactivity, the selectivity factor 
seems to correlate well with the potassium contents of the samples, 
best for the UK bit. coal.

Best compromise is to use a more reactive carbon, i.e. UK bit. coal, 
investigated here gives high K content due to high weight loss on 
carbonisation. 

Performance of UK bit. coal similar to that obtained both for briquettes 
and loosely bound agglomerates.
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Conclusions
Selective NOx reduction in an O2-lean gas mixture has 
successfully been carried out by K-containing carbon pellets 
using several carbon feedstocks as char, different carbon 
cokes, and coals. 

The carbon precursor does not significantly affect the 
selectivity of pellets for NOx reduction over combustion, 
compared to the loading of catalyst which is the key 
parameter. 

With the most selective (and reactive) sample, a selectivity 
factor of 0.45 was reached, which indicates that 45 % of the 
carbon consumed reacted with NOx.

Possibility of direct injection over right temperature range or 
fluidised-beds to avoid use of (unstable) packed beds in PF 
combustion.  


