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Figure 1 Activity test of various carbon-based catalysts. (a) NH; conversion; (b) N, selectivity. The reaction condition: 500 ppm NHj, 5 vol% O,, N,

as balance gas, and gas hourly space velocity (GHSV) = 12000 h!
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Figure 2 SEM images of various carbon-based catalysts
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Figure 3 FTIR and NH;-TPD experiments. (a) FTIR spectra of various carbon-based catalysts; (b) NH;-TPD curves of various carbon-based catalysts
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Figure 4 XPS analysis of various carbon-based catalysts. (a)—(d) O s spectra; (e) percentage of C-OH/C-O-C characteristic peak area
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Ammonia (NH;) is a significant atmospheric pollutant that leads to severe environmental and health risks. NH; can irritate
the respiratory tract, leading to symptoms such as coughing and wheezing. In the atmosphere, NHj is the only alkaline gas
and serves as an important precursor pollutant, combining with acidic gases to form secondary pollutants like nitrate and
sulfate aerosols, which are key components of the fine particulate matter (PM, 5). PM, s is associated with severe health
hazards, including the respiratory and cardiovascular diseases, and can also impact the growth and reproduction of plants
and animals. Therefore, it is essential to eliminate NH; and its secondary contamination.

NH; emissions arise from various sources. In agricultural production, the ammonia fertilizer and the animal husbandry
contribute significantly to atmospheric NH;, which are the main sources of NH; emissions in the atmosphere. This portion
of NH; emissions can be limited through appropriate management practices and policy measures. For non-agricultural
sources, such as stationary sources and vehicles, NH; emissions mainly result from the incomplete reaction of ammonia as
a reductant in the de-NO, process. Methods for treating NH; from non-agricultural sources include absorption, thermal
decomposition, biodegradation, and catalytic oxidation, among which selective catalytic oxidation of ammonia (NH;-SCO)
is an efficient and energy-saving purification method. The development of effective catalysts is crucial for the NH;-SCO
technology. Noble metal catalysts are commonly used in the NH;-SCO reaction due to their high catalytic activity.
However, high cost and poor N, selectivity at high temperatures limit the use of noble metal catalysts. Therefore, there is a
growing need to develop the NH;-SCO catalysts with a low-content or even no noble metal.

Carbon materials possess a large specific surface area and are often used as adsorbent materials to treat wastewaters or
exhaust gases. Additionally, the surface of carbon materials contains abundant oxygen-containing functional groups, such
as carboxyl (COOH), hydroxyl (C-OH), ether (C-O-C), and carbonyl (C=0), which can serve as the active sites for
catalytic reactions. These properties make carbon-based catalysts potential substitutes for the noble metal catalysts.
Currently, the main methods for modifying the functional groups of carbon-based catalysts involve acid oxidation and
alkali treatment. These methods primarily aim to increase the overall content of surface functional groups or to
significantly enhance the specific functional groups. In this study, we modified the surface functional groups of carbon-
based catalysts through nitric acid oxidation, hydrothermal treatment, and inert atmosphere heat treatment. We then
investigated the performance of these metal-free carbon-based catalysts in the NH;-SCO reaction.

The physicochemical properties of the catalysts, especially the effects of the oxygen-containing functional groups on the
NH;-SCO reaction, were analyzed using various characterization techniques, including scanning electron microscopy
(SEM), temperature-programmed decomposition-mass spectrometry (TPD-MS), Fourier transform infrared spectroscopy
(FTIR), ammonia temperature-programmed desorption (NH;-TPD), X-ray photoelectron spectroscopy (XPS), and
thermogravimetric analysis (TGA). The results indicated that the methods of modifying the surface oxygen-containing
functional groups significantly increased the content of C-OH and C-O-C groups, and these species were closely related to
the NH;-SCO activity. Those methods markedly improved the NH;-SCO activity of carbon-based catalysts while
maintaining good N, selectivity. Furthermore, the modified carbon-based catalysts also maintained good thermal stability.

This study reveals the active sites of carbon-based catalysts in the NH;-SCO reaction and proposes feasible methods to
design the metal-free carbon-based catalysts for the treatment of NH;-containing flue gas from stationary sources. This
study also provides a valuable idea for developing efficient and cost-effective substitutes to the noble metal catalysts for
NH; elimination.
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