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Abstract
Mercury is a toxic heavy metal and is present in air and water both. Its increasing concentration levels are matter of concern.
Elemental mercury sorption is very popular Convention sorbents like fly ash and charcoal etc has limited sorption capacity.
This work discusses the standard sorbent synthesis rout and effect of surface modification for mercury sorption. It also
compares the sorption capacities of various sorbents with and without surface modification and explains the reasons behind
increasing sorption capacities with surface modification. This work is very useful for the researchers working in advance
sorbent synthesis and air pollution abatement. This also provides and understanding for selecting sorbent for mercury
respirator cartridges.
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Abbreviations: BAC: Bead-Type Activated Carbon; CNT:
Carbon Nano Tubes.

Introduction

Mercury can be found in atmosphere, hydrosphere
and biosphere and has very good electrical and physical
properties [1,2]. It has wide industrial applicability which
leads to exposure pathways as shown in Figure 1. It was
reported in recent works that coal fire based boilers were
responsible for approximately 50 tons of mercury and
at the same time mercury emission in china was more
than 290 tons [3,4]. Being a heavy metal pollutant is well
known for its toxicity and harmful effects to human health.
Minamata disease, immune system dysfunction, kidney
malfunctioning and central nervous system damages are few
reported aftereffects of mercury exposure [5,6]. Mercury
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has a significant impact on the environment, human beings
and wildlife. It exists in three chemical forms named ionic
mercury (Hg2+), elemental mercury (Hg0) and particle bound
mercury (Hgp) out of which elemental mercury is most
difficult to remove [7-9]. Because of its persistence, mercury
may circulate in ambience for very long period and can be
widely dispersed and transported to farther distances.
Its increasing level of bioaccumulation in environment as
well as in food chain is a reason for concern [10,11]. The
disadvantages associated with the available treatment
technologies as well as strict environmental regulations
have led to search for environmental friendly, low-cost and
efficient processes for the removal of mercury from liquid
as well as air. Moreover, due to scarcity of researchers in the
field and mastery of few commercial companies over the
core technology, there is an urgent requirement of significant
research in the field of mercury sorption [5,12].
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Figure 1: Wide industrial applications of mercury.

Mercury Sorption and Popular Sorbents

Most recent elemental mercury removal techniques from
gaseous effluents has been discussed in detail in various
reported works [13-15]. Among all the recent methods for
mercury contaminated air purification adsorption is most
popular and widely applied due to its simplistic approach and
ease of treatment [16]. Activated charcoal based sorbents are
the most popular for treatment of mercury contamination
through adsorption and when sulfer impregnation is done
over charcoal surface its adsorption capacity is enhances
[17,18]. There are studies showing that when activated
charcoal surface is modified with acid treatment adsorption
capacity increases 3-4 times [19]. Similarly when silver,
copper gold or any other metal doping is done over
activated charcoal surface its adsorption capacity increases
exceptionally.

characterization techniques viz; SEM, TEM and BET etc.
Figure 2 represents the TEM image of acid treated and silver
decorated functionalized carbon nano tube surface. Another
material HA coated Fe3O4 NPs were synthesized using
procedure defined in previous literature with small variation
[21]. It was found that after humic acid coating, adsorption
efficiency increases. Details related to adsorption efficiency
are shown in result & discussion section.

Sorbent Synthesis Surface Modification and
Characterization

Various materials reported in literature were reviewed
for enhancement of performance by material modification.
Few self-synthesized materials viz; carbon nano tubes (CNT)
and iron dust (Fe3O4) were also tested for modification
aftereffects. Carbon nano tubes surface was functionalized
with acid treatment and was decorated with silver using
a method mentioned in literature and sorption capacity
was verified in literature. Method for the silver doped CNT
preparation was adapted from the previous literature [20].
Final sorbent material was characterized using various

Figure 2: TEM image of silver doped synthesized sorbent.

Synthesized material was converted in to adsorption
beads of suitable sizes using spheronizer. Steps involved in
bead formation are schematically represented in Figure 3.
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Figure 3: Bead/Pallet formation from synthesized sorbent.

Experimental Details
Experiments for calculating adsorption capacities were
conducted in a setup schematically represented in Figure 4.
Contaminated air enters to the packed column named bead
packing through a three way valve (3W) which is having a
sample analyzer tapping. Mercury contamination is measured

by a commercial UV based analyzer at inlet as well as outlet.
Suction of contaminated air takes place through a vacuum
pump. Effect of different sorbent beads was observed by
replacing the packing material of bead packing packed bed.
Adsorption of mercury in packing material was determined
using commercial Direct Mercury analyzer instrument.

Figure 4: Experimental setup for adsorption.

Results and Discussion
Sorption capacities of various materials are mentioned in
Table 1. It can be seen that sorption capacity of commercially
available respirators are very high and so is the cost. To
compete the commercially available cartridge materials
in terms of sorption capacity, synthesized sorbents must
be modified but the modification should be feasible and
economic both. It can be seen in Table 1 that if virgin bead

type activated carbon is doped with gold its sorption capacity
increases. Similarly porous carbon shows higher sorption
capacity in comparison to poultry liter and coal based
activated carbon. When humic acid coating is done over iron
dust i.e. Fe3O4 nano particles, sorption capacity increases
exceptionally. Improved surface properties and surface area
are the primary reason behind increased sorption capacities.
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Sr. No

Material

Mercury sorption capacity (µg/gm
sorbent)

Reference

1

3M-6009 respirator cartridge

10500

[22]

Coal-based commercial activated carbon

119.3

[24]

2

Virgin bead-type activated carbon (BAC)

3

bead-type activated carbon with gold doping (BAC-Au)

6

Ag-CNT

4
5

7
8

9

10

0.077

0.093

Char (poultry litter)

100

9292

Ag beads

0.2

Fe3O4 Nano Particles

0.028

HA coated Fe3O4 Nano Particles

343.71

Porus carbon

Table 1: mercury adsorption capacities of various sorbents.

Conclusion & Future Work

In this work as mentioned advance mercury sorbents
were synthesized, characterized and experiments for
obtaining maximum sorption capacities were conducted.
Mercury sorption capacities of synthesized material were
compared before and after modification viz. coating and
doping. Also the sorption capacities from previous literature
were compared and it can be clearly seen that modification in
material properties may improve the adsorption capacity of
sorbent. This work will help the researchers working in the
arena of material synthesis, characterization and research
related to any type of respirator cartridge material synthesis.
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