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OBJECTIVE 

The overall goal of our program is to develop a coal char or carbon capable of selectively 
removing NOx species from combustion exhaust streams (e&, exhaust from coal burning power 
plants) containing both oxygen and NOx. Inexpensive methods to achieve NOx abatement from 
such streams is presently a major environmental concern. Both fundamental studies of carbodcoal 
char surface chemistry and tests of different materials under realistic conditions are underway. 

SUMMARY OF TECHNICAL PROGRESS 

During the first 15 months of this project significant insight into the charactex of active sites 
on carbon surfaces was developed. This information is potentially of great sigmficance in 
developing carbons which are capable of selectively removing NOx from the lean burn (e.g. 
electrical genmting stations) exhaust of coal combustion. Indeed, the primary difficulty with 
employing carbon for the purpose of NOx removal at present is a lack of selectivity. Carbon often 
reacts as readily With oxygen (m0 exhaust ratio > 100) as with NO. Thus, most of the carbon 
employed as a NOx removal agent ‘bums’, rather than performing the function for which it was 
intended. 

Is it possible to create a carbon surface with active sites which will selectively react with 
NO? In order to answer this question the first requirement is to achieve a better understanding of 
the character of ‘active sites’ on a carbon surface. It is also important to develop methods for 
manipulating the active site population. As described below, we have achieved both of these 
objectives. 

Microcalorimetry, point of zero charge and isoelectric point studies were all employed to 
test the following hypothesis: Activated carbon treated at high temperatures (ca. 950 C )  in 
hydrogen will not react with oxygen at ambient tempera-, whereas the same carbons treated in 
an inert gas (e.g. N2) will react strongly with oxygen at ambient temperatures. The basis of this 
hypothesis is a structural modeL To wit Treatment at high temperatum in any gas will lead to the 
desorption of oxygen surface functionalities in the form of CO andor CQ. Absent any atom re- 
arrangement, the desorption of these species will leave highly unsaturated carbon atoms (dangling 
carbon) on the surfke. In an inert gas these dangling carbons will remain, but hydrogen 
treatments will remove these species. Specifically, hydrogen reacts with any highly unsaturated 
carbons in the surface to form methane. 

The hypotheses can readily be tested. Indeed, the postulated differences in site structure 
resulting from the identity of the breatment gas should have a significant impact on the adsorbing 
properties of the carbon. Those treated in an inert gas will adsorb oxygen and other species 
strongly at dangling carbon sites even at low temperatures. In contrast, those treated in hydrogen 
should not adsorb oxygen at ambient. That is, only at elevated temperatures will sufficient 
activation energy be available for oxygen to adsorb at active sites on the hydrogen treated surface, 
as on this surface there are only ‘mildly’ unsaturated carbon sites. 

All completed experimental work is consistent with the above hypotheses. For example, 
microcalorimetric studies clearly show (Attachment #1) that nitrogen treated samples adsort, a great 
deal of oxygen at 300 K with very high heats of adsorption. In fact, the heats are consistent with 
oxygen bonding with nearly ‘free’ carbon. Heats of this magnitude are consistent with adsorption 
on ‘dangling’ (nearly free) carbons. In contrast, virtually no oxygen adsorbs on the hydrogen 
treated samples at 300 K. Adsorption does occur at 450 K (Attachment #2), but with far lower 
heats. This is expected for activated oxygen adsorption on mildly unsaturated edge atom sites. 
Point of zero charge (PZC) measurements also produced results consistent with the above 
hypotheses. Hydrogen treated carbons retained basic PZC values (>7.0) even after several months 
of exposure, indicating that oxygen adsorption, which creates acid sites, did not occur in air. In 
contrast, the PZC of nitrogen treated carbon became acidic after only minutes of air exposure. 



Even weight change measures were consistent with the hypotheses. Indeed, carbons treated in 
hydrogen lost more than twice as much weight (methane formation) as those treated in nitrogen. 

The demonstration that it is possible to generate carbon surfaces which do not adsorb 
oxygen at 300 K naturally suggested a test. Will this same surface adsorb NO at 300 K? A 
surface which will selectively adsorb NO rather than 02 at 300 K is potentially of value for the 
removal of NO from lean burn exhausts. Preliminary tests are complete, and it appears that 
hydrogen treated activated carbon will selectively adsorb NO. As shown in Figure 1, the amount 
of NO adsorbed on the hydrogen treated sample is significant at 300 K, whereas the amount of 
oxygen adsorbed on the same material is almost negligible. There are some surprises in the results 
which suggest the need for further study. For example, the measured heats of adsorption follow a 
non-equilibrium pattern. As discussed elsewhere, this can be explained if a linear free energy 
relationship is not assumed (1). More NO than oxygen adsorbed on nitrogen treated samples as 
well (Figure 2). Still, the relative selectivity was not as great as that found for the hydrogen treated 
sample. 

In sum, work performed for this study demonstrates that the identity of the treatment gas 
strongly impacts the surface chemistry of actwated carbon. Carbon treated in an inert gas will have 
dangling carbons on the surface which strongly react with oxygen, and NO, at 300 K. In contrast, 
hydrogen treated activated carbon will adsorb very little NO at 300 K, but will adsorb significant 
amounts of NO. The relative selectivity of hydrogen treated carbons toward NO adsorption makes 
this material a candidate for removal of NO from the exhaust of lean burn combustors. 

FUTURE WORK 

Fqther work is designed to achieve two objectives. The first objective is to produce 
further detailed analysis of the differences in adsorption behavior resulting from changes in the 
treatment gas. Initial efforts will be focused on water adsorption on high temperatme hydrogen 
and nitrogen treated samples The primary instrument to be employed is the microcalometea. 
Water was selected for study as a truly ‘stable’ carbon will adsorb neither oxygen nor water at 300 
IS. Thus the question regarding the stability of the hydrogen treated samples is not fully answered 
until water adsorption is studied. Second, the selective removal of NO from ‘mock’ exhaust gases 
by,both hydrogen and nitrogen treated samples will be studied. This test will determine if the 
‘selectivity’ toward NO exhibited by the hydrogen treated sample in pure gases can lead to effective 
NOx removal from complex mixtures. 
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Figure 1. a) The amount of NO strongly adsorbed (AI&& > 20 Kcal) at 300 
K by a hydrogen treated sample is almost 10 times greater than the amount of 
0 2  strongly adsorbed. b) The total amount of NO adsorbed is more than 20 
times more than the adsorbed oxygen. 
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Figure 2. a) The ratio of N0/02 strongly adsorbed on nitrogen treated carbon 
is about 2. b) The total NO102 adsorbed ratio is about 3. 
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