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AbstractThis study examined the selective removal of gaseous mercury contained in combustion flue gas by potas-
sium iodide (KI) loaded on activated carbon fibers (ACF). Activated carbon, such as ACF, although a useful mercury
sorbent, shows poor performance in the direct treatment of high-temperature flue-gases because it removes mercury
only by physical adsorption. KI can remove mercury at high temperatures via a gas-solid reaction between mercury
and adsorbents, and it has been confirmed experimentally that it shows high mercury removal performance in the
temperature range of 100-200 oC. On the other hand, KI in the absence of a porous support with a high surface area
has low mercury-adsorption removal efficiency. Hence, a high surface area support is needed for adsorption removal.
In the present study, mercury contained in combustion exhaust gas could be removed efficiently using KI as an adsorp-
tion activity enhancer on an activated carbon fiber (ACF), which provided a high surface area.
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INTRODUCTION

Recently, the problem of ultrafine dust has been highlighted as a
social issue worldwide. The formation of ultrafine dust has a range
of causes, including nitrogen oxides (NOx), sulfur oxides (SOx), vol-
atile organic compounds (VOCs), and particulate matter generated
in combustion processes, such as energy production and environ-
mental facilities [1]. These materials act as precursors for generat-
ing aerosolized ultrafine dust [2]. To remove the precursors of ul-
trafine dust discharged from the combustion process, it is import-
ant to upgrade the denitration, desulfurization, and dust collection
techniques. The dust-collecting technique for removing the partic-
ulate matter generated in the combustion process can be classified
into two procedures: exhaust gas-cleaning techniques, such as a wet
scrubber, and trapping techniques, such as a bag filter and electro-
static precipitator [3,4]. The techniques for enhancing dust collec-
tion technology using a bag filter have been developed by adding
a membrane filter to remove ultrafine dust as well as heavy met-
als, such as mercury [5-7].

Most studies have focused on removing mercury in the gas phase
using activated carbon because of its high surface area and low
cost. Despite the high surface area (approximately 500 m2/g) of acti-
vated carbon, however, studies have been carried out to support
iodine, chlorine, and sulfur on the surface of activated carbon be-
cause of the low adsorption capacity of mercury. Iodine, chlorine,
and sulfur have low mercury adsorption capacity when used alone.
However, they have improved adsorption capacity and are capable
of selective removal when supported on a high surface area sup-
port [8,9]. According to Seo et al., the surface of activated carbon has

been reported to lose chlorine at temperatures greater than 100 oC
[9]. In addition, sulfur supported on the surface of activated car-
bon may be lost by forming SOx under high-temperature exhaust
gas conditions, where oxygen is present. Therefore, iodine is advanta-
geous as a stable mercury-adsorbed species in the relatively high-
temperature region.

This study examined the removal performance of gaseous mer-
cury in activated carbon fibers (ACF) as a preliminary study focusing
on the addition of ACFs to a filter material and achieving an adsorp-
tion removal function of a gas phase heavy metal using a PTFE
membrane filter. The activated carbon material has a high surface
area and excellent adsorption characteristics for heavy metals. ACFs
were applied as a support for adsorption because of their favorable
results when added to a bag filter. Most of the adsorbent for adsorb-
ing and removing mercury is in a packed bed. Porous metal oxides,
such as activated carbon, zeolite, and porous alumina impregnated
with Cu, are used in commercial facilities [7,10]. On the other hand,
these facilities are operated for the treatment of relatively high con-
centrations of mercury, and the capacity of these facilities is con-
siderably large. The equipment used to remove trace amounts of
mercury is too large for general use. Therefore, in these processes, it
is important to develop high-precision purification technology for
adsorbing and removing trace amounts of gaseous mercury after a
considerable amount of mercury has been adsorbed and removed.

This study compared the mercury removal performance of ad-
sorbents loaded with KI on the surface of the ACF as well as the
performance according to the adsorption temperature. In addition,
the effects of the KI loading were investigated.

EXPERIMENTS

1. Materials
ACFs were used as a porous material for mercury adsorption.
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The material was mixed with water, disassembled in a rotary wet
pulverizer and dried. A sheet-like ACF nonwoven fabric was dis-
assembled in the form of wool in the pulverizing process, as shown
in Fig. 1. The surface area of the ACF (STF-1150, commercial prod-
uct supplied in Korea Activated Carbon Fiber Ltd.) used in the
experiment, was approximately 1,150 m2/g, and the pore volume
and mean pore diameter were approximately 0.623 cm3/g and 20 A,

Fig. 1. Optical microscopy images of ACF foam, (a) digital camera image and (b) magnified image x 600.

Fig. 2. Preparation procedure of the KI-ACF adsorbents.

Fig. 3. Schematic diagram of the experimental apparatus and adsorbent packing column for the Hg adsorption tests, (a) schematic diagram
and (b) column image.

respectively.
KI was used to improve the adsorption performance of the ACF.

As shown in Fig. 2, an aqueous KI solution was prepared for dip
coating. The concentration of the KI solution for a sufficient KI
loading on the ACF surface via dip coating was 3, 6, and 9 M, which
is denoted as KI-ACF3, KI-ACF6, and KI-ACF9, respectively. The
ACFs were immersed in the KI solution prepared at different con-
centrations and left to stand for 24 h. Subsequently, the ACFs were
filtered through a filter net, separated from the KI solution, and
vacuum dried at 50 oC at approximately 0.09 kgf/m2.

The dried ACF adsorbent was stored in a vacuum desiccator to
prevent the absorption of moisture. The adsorbent was weighed in
small quantities and used for the mercury adsorption tests after
packing into an adsorption column.
2. Hg Adsorption Tests

Fig. 3 presents the setup for the mercury adsorption experiment
using ACF. The experimental setup for the mercury adsorption tests
consisted of a Hg evaporator for mercury vapors, an adsorption
column filled with ACF, mercury analyzer (Mercury Instrument,
VM3000 Mercury Vapor Monitor), and mercury absorption bot-
tle (4% KMnO4/10% H2SO4 mixed solution). The mercury absorp-
tion bottle was used to remove mercury prior to discharge to the
atmosphere. Nitrogen gas was used as a carrier gas to transfer mer-
cury vapor from the mercury evaporator to the adsorption column.
Nitrogen gas was supplied directly to the mercury evaporator and
divided into tubing for transfer and for controlling the mercury
concentration. Nitrogen was supplied at a flow rate of approximately
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200 ml/min to a mercury evaporator for gas phase mercury trans-
port, and nitrogen was supplied to the mercury evaporator down-
stream at a flow rate of approximately 1,500 ml/min to control the
mercury concentration. The mercury evaporator was equipped with
a permeation tube filled with liquid mercury, and the mercury was
diffused through the permeation tube to the outside according to
the heating temperature. When the heating temperature of the per-
meation tube was heated to 90 oC and the total nitrogen flow rate
was 1,700 ml/min, mercury was supplied to the adsorption column
at a concentration of approximately 70 ppb. All mercury adsorp-
tion tests conducted in this study were carried out by introducing
70 ppb of mercury to the adsorption column. In addition, a mer-
cury-only analyzer connected directly to the outlet of the adsorp-
tion column was equipped to measure the mercury concentration
during the adsorption experiment. The tubing from the mercury
evaporator to the inlet of the adsorption column was heated to
130 oC using a heating band to prevent the physical adsorption of
mercury inside. To measure the adsorption time accurately, the mer-
cury-containing nitrogen gas was passed through the by-pass line
until the adsorption experiment started. In the mercury adsorp-
tion experiment of the ACF, the adsorption column was packed
with approximately 0.1 g of ACF, and the flow of nitrogen gas con-
taining 70 ppb of mercury passing through the by-pass line was
switched to the adsorption column. The mercury concentration in
the outlet of the adsorption column was measured to obtain a break-
through curve. Finally, the adsorption column was heated using a
heating band to examine the adsorption behavior of the ACF ac-
cording to the temperature. The heating temperature was controlled
by inserting a thermocouple inside the adsorption-bed and con-
necting it to a temperature controller.
3. Characterization of the ACF Adsorbent

To measure the surface area of the adsorbent, the surface and
pore characteristics of the ACF were measured using a nitrogen
adsorption instrument (Micromeritics, ASAP2020) and the sur-
face composition was measured by scanning electron microscopy/
energy dispersive X-ray spectrometry (SEM/EDX, S-4100, Hitachi,
Japan).

RESULTS AND DISCUSSION

1. Effects of the KI-impregnation by Dip Coating
The adsorption characteristics of mercury on the ACF and KI-

ACF samples, which is KI-loaded ACF, were investigated at room
temperature. The Hg-breakthrough curves showed that the mer-
cury adsorption behavior of the ACF and KI-ACF samples was
significantly different, as shown in Fig. 4. The mercury-adsorption
breakthrough curves of the ACF sample revealed the mercury con-
centration to increase gradually, as shown in Fig. 4(a). After a certain
time, the concentration of mercury at the outlet of the adsorption
column increased sharply compared to the inflow concentration.
As shown in Fig. 4(b), the Hg-breakthrough curve of KI-ACF6
revealed mercury after 50min. The mercury concentration increased
gradually and was absorbed sustainably in the KI-ACF6 packed-
bed until 600 min, which was the experimental time. The tendency
of the mercury breakthrough curve confirmed the mercury ad-
sorption behavior of KI loaded on ACF. In addition, the adsorp-

tion sites of the KI-ACF were larger than the adsorption sites on
the ACF surfaces without KI, which indicates more effective ad-
sorption sites for the removal of mercury. The slope of the break-
through curve in Fig. 4(a) and (b) showed a high adsorption rate
on the adsorption sites of ACF, whereas the adsorption rate was
relatively low on the adsorption sites of KI-loaded ACF. The pro-
cess of gaseous mercury adsorption using a solid adsorbent can be
considered the result of an interaction between the solid and gas.
A large number of adsorption sites and a strong adsorption inten-
sity are required to remove the gas phase material at a certain con-
centration with high efficiency. As the number of available adsorption
sites decreases, adsorption is terminated within a short time, so that
the slope of the breakthrough curve tends to rise sharply. On the
other hand, if there are a large number of available adsorption sites
with low adsorption strength, adsorption can proceed for a long
time, despite the low level of removal by adsorption. Hence, high
adsorption can be achieved. In the case of KI-ACF, the adsorption
rate was relatively low at room temperature, but a high level of
adsorption was achieved. Based on these results, it was concluded
that the predominant adsorption behavior of ACF and KI-ACF was
physical and chemical adsorption, respectively.

The mercury adsorption behavior of KI-ACF changed accord-
ing to the concentration of the aqueous KI solution used for the
ACF dip coating. As shown Fig. 5, the amount of mercury adsorp-
tion by KI-ACF6 was higher than that of KI-ACF3. The order of
the mercury concentration at the outlet was KI-ACF3>KI-ACF6>
KI-ACF9. These results suggest that the content of KI loaded on
the ACF surfaces increased with increasing concentration of the
aqueous KI solution for a dip-coating. The KI-ACF9 was subjected
to a long-term adsorption test for approximately 37 h. As a result,
the outflow concentration of mercury supplied to the adsorption
column at a concentration of 70 ppb was maintained at approxi-
mately 10 ppb. The efficiency of mercury removal in this test was
approximately 86%. The long-term adsorption and efficient mer-
cury removal may arise from the low adsorption strength of adsorp-
tion sites as well as the weak gas-solid interaction, as mentioned
above.

Fig. 4. Hg breakthrough curves in the Hg adsorption tests for the
ACF and KI-ACF samples, (a) ACF and (b) KI-ACF6.
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2. Characterization of the KI-ACF Adsorbents: N2-adsorption
Method and SEM/EDX Analysis

As shown in Fig. 5, the level of mercury adsorption on the KI-
ACF adsorbents in the mercury adsorption experiment changed
according to the concentration of the aqueous KI solution used as
the dip-coating agent. The content of KI on the surface of the three
KI-ACF adsorbents prepared with the aqueous KI solutions at dif-
ferent concentrations was analyzed by SEM/EDX. As shown in
Fig. 6, there were significant changes in the morphology of the sur-
face of the KI-ACF samples caused by a change in the concentra-
tion of the aqueous KI solution used in the dip coating process. As
the concentration of KI increased, the loading amount of KI on
the surface of the ACF was clearly observed to increase, and it was
confirmed that KI-ACF9, a sample coated in the 9 M KI aqueous
solution, had a very uniform coating. On the other hand, EDX analy-
sis confirmed that KI was loaded on the ACF sample, and the con-
tent of KI on the ACF was changed. As shown in Table 1, the content
of KI on the ACF surface increased with increasing aqueous KI
solution concentration used to support KI. EDX analysis revealed

a difference in the K and I content. The theoretical K/I atomic
weight ratio in potassium iodide is approximately 0.308 in terms
of stoichiometry. On the other hand, after KI was loaded on the
ACF with an aqueous KI solution by dip coating, the content of I
on the surface of the KI-ACF sample was higher than that of K. In
particular, the K/I weight ratio on the surface of the KI-ACF3 was
significantly low, approximately 0.062. The K/I weight ratio on the
surface of the KI-ACF6 and KI-ACF9 was approximately 0.105 and
0.295, respectively. These results suggest that K+ and I ions in the
aqueous solution are adsorbed on the surface of the ACF. In par-
ticular, as shown in this study, when KI-ACF was prepared by dip
coating, the amount of adsorption on the ACF surface could be
altered by the adsorption characteristics of ions in the aqueous solu-
tion. As described above, the level of mercury adsorption due to
the KI loading tends to increase, even though iodide ions are sup-
ported better and the amount of potassium ions is low. This sug-
gests that the I acts as an effective adsorption site for mercury
adsorption.

As shown in Fig. 7(a), the amount of iodine on the surface of

Fig. 5. Hg breakthrough curves in the Hg adsorption tests for the KI-ACF3, KI-ACF6, and KI-ACF9 sample.

Fig. 6. SEM images of the ACF samples coated with a KI solution of various concentrations for measurements of the KI loading by EDX
analysis, (a) KI-ACF3, (b) KI-ACF6, and (c) KI-ACF9.

Table 1. Elemental composition of ACF coated with a KI solution at various concentrations by EDX analysis

Concentration
of KI solution

 Elemental composition of ACF coated with a KI solution using a dip coating method, wt%
K/I ratio

C K I Total
3.0 M 96.03 0.23 03.74 100 0.062
6.0 M 87.21 1.21 11.58 100 0.105
9.0 M 76.07 5.46 18.48 100 0.295
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the KI-ACF adsorbent increased linearly with increasing KI con-
centration in the aqueous solution during dip coating, whereas the
potassium concentration increased nonlinearly. Fig. 7(b) and 7(c)
show the correlation between the mercury removal efficiency of the
dip-coated KI-ACF adsorbent and the content of potassium and
iodine on the KI-ACF adsorbent according to the concentration of
the aqueous KI solution. This confirmed that the content of potas-
sium was non-linear, whereas the iodine content was linear. The
iodine content is the main activation species affecting the efficiency
of mercury adsorption.

In contrast, the surface area of the three KI-ACF samples deter-
mined using the nitrogen adsorption method decreased slightly
with increasing KI loading, as shown in Table 2. On the other hand,
no significant decrease in surface area was observed, regardless of
the concentration of the aqueous KI solution for dip coating. This
indicates that the KI adsorbent was effectively loaded on the ACF
surface by dip coating. In the case of a forcible loading, such as a
vacuum rotary evaporation, which is generally used as an impreg-
nation method, KI blocks the pores of the ACF, which causes micro-
pore plugging [11]. In the case of dip coating, however, the loading

was small, and no decrease in pore volume was observed. There-
fore, the adsorbent function can be maintained because the high
surface area of the ACF can be preserved. If the mercury adsorp-
tion capacity were increased, it would be necessary to identify the
optimal conditions for increasing the loading of KI and minimiz-
ing the decrease in surface area of the KI-ACF adsorbent.
3. Effects of the Adsorption Temperature

The adsorption behavior of KI-ACF was investigated according
to the temperature of the adsorption column, considering that the
temperature of the combustion exhaust gas ranged from 150 to
250 oC. The adsorption temperature was maintained at 50, 100,
150, and 200 oC. In this mercury adsorption test, KI-ACF6, which
showed relatively high performance, was used. The Hg breakthrough
time increased with increasing adsorption temperature up to 150 oC,
as shown in Fig. 8. Table 3 lists the mercury adsorption capacity of
KI-ACF according to the breakthrough time. Fig. 8 shows the break-
through time of mercury observed from the mercury concentra-
tion in the outlet of the adsorption column according to the ad-
sorption temperature. The increase in mercury adsorption rate with
increasing temperature means that the adsorption strength increased,
which means that the adsorption of KI-ACF and Hg in the gas
phase depends on chemisorption. Thus, mercury was adsorbed
on the surface of KI-ACF via a chemical reaction, and the rate of
adsorption via a chemical reaction increased with increasing tem-
perature according to the Arrhenius equation [12]. This means
that Hg and I were adsorbed chemically in the form of HgI by a
chemical reaction. The adsorption capacity of mercury increased
sharply at 150 oC. The increase in adsorption capacity and adsorp-
tion rate with increasing temperature also means that KI loaded
on the ACF surface was adsorbed chemically by the gas-solid reac-
tion. Chemisorption requires an adequate adsorption energy to
cause the adsorbate to interact with the adsorbent. On the other
hand, the amount of adsorption by physical adsorption decreased
with increasing temperature. Moreover, when the temperature was
excessively high, the desorption of chemically adsorbed mercury
and the degradation of adsorption due to the decomposition of
chemically bound mercury could also occur. As shown in Table 3,
the lower amount of adsorption at 200 oC than at 150 oC can be
attributed to these reasons.

The mercury adsorption capacity of the KI-ACF6 adsorbent on
the temperature of the exhaust gas can be obtained with the cor-

Fig. 7. Correlation curves, (a) content of K and I on the surface of KI-ACF according to the aqueous KI solution concentration, (b) correla-
tion between the mercury adsorption performance and K content, (c) correlation between the mercury adsorption performance and I
content.

Table 2. Surface and pore properties of the KI-ACF samples meas-
ured using the N2 adsorption method

Properties
Concentration of KI

in dip coating process
3 M 6 M 9 M

Single point surface area, m2/g 1044.8 916.2 976.9
BET surface area, m2/g 1020.8 894.5 956.2
t-Plot micropore area, m2/g 896.6 754.4 802.6
t-Plot external surface area, m2/g 124.2 140.1 153.6
BJH-ads. surface area, m2/g 53.2 71.5 80.5
BJH-des. surface area, m2/g 62.4 88.0 97.7
Single point total pore volume, cm3/g 0.5303 0.4819 0.5167
t-Plot micropore volume, cm3/g 0.4629 0.3910 0.4148
BJH-ads. pore volume, cm3/g 0.0343 0.0577 0.0664
BJH-des. pore volume, cm3/g 0.0379 0.0637 0.0728
Ave. pore width, nm 2.08 2.15 2.16
BJH-ads. pore diameter, nm 2.58 3.23 3.30
BJH-des. pore diameter, nm 2.43 2.89 2.98
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relation curve, as shown in Fig. 9. As described above, the mer-
cury adsorption capacity tended to increase with increasing tem-
perature, and showed a second-order function correlation with tem-
perature. In this study, the correlation between the exhaust gas tem-
perature and the mercury adsorption capacity of KI-ACF6 adsorbent
was proposed, as shown in Eq. (1).

Mercury removal efficiency (mgHg0/g sorbents)
=35.750.2267T+0.004T2 (1)

To observe the desorption behavior of adsorbed mercury, the
desorption behavior of mercury from the ACF and KI-ACF6 sam-
ples, which had adsorbed mercury at room temperature, was exam-
ined as a function of temperature under a nitrogen gas stream. The
mercury concentration in the outlet of the adsorption column was
measured during the mercury desorption tests. As shown in Fig.
10, the mercury desorption behavior of the ACF and KI-ACF6
showed a clear difference. In the case of ACF, mercury was desorbed
to a concentration of above 10 ppb immediately after the start of

the desorption test. The amount of mercury desorbed increased from
140 oC, and the amount desorbed increased rapidly to 35 ppb after
225 oC. In the case of KI-ACF6, mercury was desorbed at concen-
trations lower than 10 ppb at room temperature, and the amount
of mercury desorbed increased at 140 oC but decreased at 170 oC.
The maximum mercury desorption concentration was less than
15ppb. The desorption of adsorbed mercury increased with increas-
ing temperature for ACF. In the case of KI-ACF6, the desorption
of mercury was observed, but most of the mercury remained in
the adsorbed state. In this way, the desorption behavior of the
adsorbed mercury according to temperature was different because

Fig. 8. Hg breakthrough curves in Hg adsorption tests at various adsorption temperatures for KI-ACF samples coated with a 6.0 M KI solu-
tion, (a) 50 oC, (b) 100 oC, (c) 150 oC, and (d) 200 oC.

Table 3. Hg breakthrough time and Hg capacity of KI-ACF accord-
ing to the adsorption temperature

Adsorption
temperature, oC

Hg breakthrough
time, min

Hg capacity,
mgHg/g-sorbent

025 049 0.53
050 125 1.35
100 180 1.95
150 525 5.68
200 470 5.08

Fig. 9. Correlation curve between the Hg-removal capacity vs. tem-
perature of exhaust gas on KI-ACF6 sorbent.
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the ACF adsorbs mercury by physical adsorption, whereas KI-
ACF adsorbs mercury by chemisorption. Overall, ACF is useful as
an adsorbent to provide a large surface area, and KI supported on
the surface of the ACF can act as an active material for enhancing
the adsorption strength.

CONCLUSIONS

ACF and KI-ACF were applied to adsorb and remove mercury
from exhaust gas. The mercury adsorption performance of ACF
was improved by impregnating KI on the ACF by dip coating. In
addition, when mercury was adsorbed using KI-ACF as an adsor-
bent, the adsorption efficiency of mercury increased with increas-
ing temperature. This is because the KI component loaded on the
surface of ACF adsorbs mercury chemically. The adsorption strength
is a very important factor for adsorbing and removing mercury in
the gas phase using a solid adsorbent, and KI acts as an active spe-
cies for increasing the adsorption strength, which is due to the
adsorption behavior corresponding to the chemical bond. There-
fore, to maintain the high surface area of the adsorbent, an adsor-
bent such as ACF may be applied and the active species for in-
creasing the adsorption strength may be supported on the surface
of the adsorbent to improve the performance. In the future, it may
be possible to remove trace amounts of mercury precisely by using
a filtration and dust-collecting process by adding KI-supported
ACF to the surface of a PTFE membrane filter.
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