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CONTROLLING MERCURY IN CEMENT MANUFACTURE

Francisco M. Benavides
1. INTRODUCTION

The manufacture of cement may emit mercury into the atmosphere if mercury is present in the raw
materials or the fuel. To reduce emissions, the United States Environmental Protection Agency (EPA)
established the National Emissions Standards for Hazardous Air Pollution or (NESHAP) with the first
mercury emission limit set in 2006 at 41 ug/dscm at 7% oxygen. However, since 2015, the annual mercury
emissions for existing cement facilities are set to 55 lb/million t of clinker (8 - 13 pg/Nm?3) and 21 Ib per
million tons of clinker (3 - 5 ug/Nm?3) for new kilns; resulting approximately in 92% reduction in mercury.

To reduce mercury emissions, an in-depth look into all of the stages of the cement process is needed.
Controlling the source of the mercury, whether in the raw materials or fuels is the first consideration that
needs to be taken. However, if the source can't be controlled, treatment of the off-gases becomes
necessary. Activated Carbon Injection (ACI) is a potential solution but expensive; depending on the
amount of mercury present, other solutions can be considered.

2. MERCURY PROPERTIES

Mercury (Hg) is a natural-occurring element found in limestone and some fossil fuels in the earth’s crust.
Mercury may present itself in the form of elemental or metallic mercury, inorganic mercury, and
methylmercury as well as other organic compounds. Mercury's most troubling issue is that elemental
mercury is liquid at room temperature, with a low melting point (-38.9°C), and it can evaporate into
odorless toxic vapor with a low boiling point of (356.7°C). This means it easily becomes airborne, migrates
into water sources and foods especially as methylmercury. Mercury poses very harmful effects to the
main functions of the brain, kidney and immune systems.

3. GLOBAL MERCURY EMISSIONS

Even though the cement industry has decreased mercury emissions over the past few decades, it still
remains an environmental concern. According to the 2018 Global Mercury Assessment, cement
production accounted for 233,168 kg of mercury emitted, resulting in 11% of global mercury emissions.
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Figure 1. Mercury Emissions by Sector
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Note. Adapted from Adapted from Mercury Emissions: The Global Context. (2021, February 1). US EPA.
https://www.epa.gov/international-cooperation/mercury-emissions-global-context

Mercury particulate captured in the process off-gas baghouse can be encapsulated by a method known
in the industry as dust shuttling. The adsorbed mercury in the filter dust is ‘shuttled’ or fed to the cement
mill, and eventually encapsulated in concrete.

4. SORBENTS

Selection of sorbents and their subsequent capacities derive from many different factors such as: flue gas
composition, temperature, residence time of sorbent, mercury concentration in the gas stream, surface
area covered by sorbent and species of mercury (i.e., elemental, oxidized). Operation impacts can be
possible corrosion from bromine or sulfur impregnated activated carbon and how to handle and dispose
of the filtered dust. Controlling the injection system can be complicated and requires constant
monitoring and maintenance to meet the environmental emission target.

Powdered Activation Carbon (PAC) is injected into the gas stream after the main baghouse filter; thus, it
requires two dust collectors in series. The injection system must be placed upstream enough to meet the
required residence time the temperature must be controlled to meet the maximum possible absorption.
Lower temperatures are favorable for mercury absorption using PAC, thus seasonal changes in ambient
temperature can alter the operations of the PAC system. Controlling the temperature of the exit gas
stream is paramount in utilizing the PAC to its full potential, as temperature variations can lead to higher
amounts of PAC to meet the regulations required.

PAC is typically halogenated, usually brominated-activated carbon as it enhances absorption of
elemental mercury. This brominated-activated carbon can capture up to 90%, but there are limited
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industrial references. Bromine, however, is corrosive and can cause damage to downstream processes
such as bag filters and metals.

When using PAC, control, capture, and disposal of sorbent-laden dust must be declared and approved
by the State regulating agency. The dust could be partially shuttled to the cement mill under strict quality
controls. The balance needs to be disposed of as a hazardous waste or reprocessed by the supplier of the
activated carbon.

The capacity of absorbing oxidized mercury and elemental mercury will differ, and the total
concentration of mercury will affect the selection of activated carbon. In the cement industry, the levels
of hydrocarbons and other volatiles such as SO, will need to be considered, as this can lead to reduction
of mercury absorption and could prevent PAC from being effective for mercury removal.

Another important factor in mercury capture capacity is surface area and pore size for the activated
carbon. However, some studies have shown that saturation such as dispersion and contact time between
the reagent and mercury may be more significant.

Table 1. The Specific Surface Area of Some Sorbent Types

Sorbents Zeolite Lime Products Activated Lignite Activated Carbon
Grain Size 0-50 um 0-2mm 0-04mm 0-02mm
Specific Surface | 400 - 600 m?/g 1-50 m%/g 300 m%/g 500 - 1,600 m?/g

Note. Adapted from Cement Sustainability Initiative. (2016, June). Guidance for reducing and controlling emissions of
mercury compounds in the cement industry. World Business Council for Sustainable Development.
https://www.wbcsd.org/Sector-Projects/Cement-Sustainability-Initiative/Resources/Guidance-for-reducing-and-
controlling-emissions-of-mercury-compounds-in-the-cement-industry

Implementing a PAC solution is capital intensive and other mercury solutions should be considered in
combination with the emissions control of other pollutants.

The quantity of activated carbon used can be reduced by blending it with hydrated lime. Operating costs
are dependent on the sorbent usage, which can range from 1to 1.25 dollars per ton of clinker.

5. KILN DUST SHUTTLING

Dust shuttling has been identified by the US EPA as a means of reducing the emission of Hg from the
clinker plant stack. Thanks to the efficiency of a vertical roller mill (VRM) acting as a scrubber, the raw
meal captures the Hg from the gases exiting the kiln preheater. However, as the raw meal is fed to the
preheater, the cycle of meal fed to the preheater and the mercury in the meal evaporated by the hot
preheater gases keeps concentrating the level of mercury in the gases exiting the preheater. When the
raw mill stops operating for maintenance, the mercury in the gases solidifies as the gases are cooled and
then collected in the baghouse. This cement kiln dust (CKD) then has a high concentration of Hg that
needs to be disposed of, so this dust is “shuttled” to a bin in the cement grinding area to be trickle-
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metered into the cement mill. The cement containing the Hg will then eventually be incapsulated in
concrete.

Since the CKD shuttled to the mill is acting as an additive, partially replacing limestone additive, this
method of Hg emission control tends to have an economic benefit in the operating cost as well as solving
an environmental issue.

To effectively capture the mercury in the baghouse during VRM-off operations, the gases need to be
cooled below 140°C ahead of the baghouse. This is usually accomplished by water evaporation in the gas
conditioning tower.

6. CONCLUSIONS

The potential for mercury entering the cement plant process is either with the raw materials or fuels. The
most likely source could be in the limestone, as it is known that limestones in certain areas contain
mercury and, it being the largest component of the raw mix, particular care needs to be taken in
sampling and testing the limestone for mercury when analyzing a potential deposit. Raw material
additives also need to be tested.

A common source of mercury is in the coal burned in the kiln system, so obtaining an analysis of the
heavy metals present in the coal is essential and these pollutants need to be limited in the supply
contract.

With the increasing use of alternative fuels, mercury content also needs to be an essential consideration
in sourcing these fuels. In an existing operation, with no alternatives, there is no choice but to use
abatement technologies to limit emissions, but the best option where possible is to avoid mercury
entering the process.
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