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Abstract: In view of the natural endowment of mercury in fossil fuels and mineral resources, as well as the mercury emis-
sion controlling and regulating in the energy and resource utilization processes, the research and development on the mer-
cury continuous emissions monitoring system (Hg-CEMS) with proprietary intellectual property rights is the most import-
ant requirement in science and technology in China. As a critical component of the Hg-CEMS system, the flue gas pre-
treatment system is a core technology that limits the development and application of the Hg-CEMS technology in China.
This paper presents a comprehensive review of the research progress in the four key modules of the Hg-CEMS flue gas
pretreatment technology, including the dilution sampling, Hg/Hg*" separation, Hg"" reduction and Hg*" calibration gas

generation. Firstly, the dilution sampling techniques are highlighted in their characteristics and principles. The working
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principles, structures, and design considerations of the critical parameters for both critical hole and thermal dilution inject-
ors are summarized. Emphasis is focused on the connection of numerical simulation with the optimal design methodology
for the thermal dilution injector and critical hole. Secondly, regarding the HgO/Hg2+ separation technology, various parti-
tioning methodologies encompassing the wet absorption separation, physical adsorption separation and chemical adsorp-
tion separation are discussed. Particular attention is given to the separation and adsorption efficiency of the advanced dry
chemical adsorption techniques involving the novel selective adsorbents of KCI and CaO with their updated theoretical
and experimental outcomes under practical operating conditions. Thirdly, in aspect of the Hg2+ reduction technology, a
comparative analysis of wet chemical reduction, low-temperature reduction and high-temperature reduction techniques is
expatiated. Particular focus is on the active components of solid-state reducing agents, the impact of temperature on the re-
duction of divalent mercury, and the detrimental influences of flue gas components on the re-oxidation of the reduced ele-
mental mercury in the low-temperature reduction techniques. An in-depth investigation of the impact of filler materials,
acidic gas components and acid removal techniques on the reduction of divalent mercury in the high-temperature reduc-
tion techniques is highlighted. Finally, facing the technical problems, a solid generation method of the Hg”" calibration gas
is invented and its industrial utilization feasibility is verified in chemistry and experiments. In conjunction with the current
status of research and application of the Hg-CEMS technology, the research technical routs, the solutions to some prob-
lems and development prospect for the above-mentioned four key modules are put forward.

Key words: Hg-CEMS; pre-treatment unit; dilution sampling; Hg’/Hg”" partitioning and transformation; Hg*" calibra-

tion gas
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Fig.8 Adsorption properties of the active components of the adsorbent and the carrier under different conditions
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