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The present study will cancontributes to the reduction of carbon dioxide emissions by supporting the
highly efficient power generation system for utilization of coal. IT the mercury removal technology
could be established in Japan it will contribute to the removal recovery of mercury in Japan.

The main purpose of this study was to develop mercury removal agent or
adsorbents from coal gasification fuel gas and coal combustion flue gas with an emphasis on recovery
of mercury through understanding of the removal and recovery mechanism. Various kinds metal
compounds such oxides and sulfides of metals such as iron (Fe), zinc (Zn), cerium (Ce), manganese
(Mn), copper (Cu), etc. were developed. Both the Ce02-Fe203 and Ce02-Zn0 bi-component adsorbent were
more efficient and stable than a mono component adsorbent for mercury removal. Mercury is adsorbed
on the adsorbent by forming mercury oxides and mercury sulfide.For combustion flue gas,10%FeO(0H)
-slaked lime and 10% CuO-slaked lime exhibited high mercury removal performance, with an average
removal rate of was 79.6% and 73.6%, respectively. Metal oxides and metal sulfides are very
promising sorbents for mercury removal from coal combustion flue gas, coal gasification gas as well
as from municipal waste incineration flue gases.
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Mercury emissions from natural and anthropogenic sources enter the global mercury cycle
and are distributed in the environment locally and globally through various processes.
Atmospheric emissions of mercury can enter the environment through deposition onto soils
and water and causes harm to the human and environment. "Minamata Convention on
Mercury" was adopted in October 2013 with the aim of protecting human health and the
environment from emissions. In order not to repeat health damage and environmental
destruction by mercury Japan concluded in February 2016 that the Minamata Convention
will enter into force on August 16, 2017 in Japan.

Coal-fired utilities are the single largest source of anthropogenic mercury emissions in the
world. Because of its high volatility, almost all the mercury present in coal is transformed
into gas phase during combustion or gasification of coal. Control of mercury emissions from
coal-fired power plants is a difficult task, in part due to its high volatility and its much lower
concentration (5—20 pg/ms3) in a large volume of flue gas. In addition, depending on the type
of coal and combustion conditions, most of mercury in Coal Power Plant
the flue gas can exist in the elemental form (Hgo), | S« e o]
which is more difficult to capture than its oxidized [ ==
(Hg?*) or particulate (Hgr) forms.

Development and commercialization of efficient
mercury removal technology has been demanded
from such a viewpoint. Thus, with increasing interest

in mercury pollution, various mercury capture
methods have been proposed. We have been
conducting research that focuses mainly on the
removal of mercury and elucidation of mercury
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removal mechanism. In this study we propose to Programmed Desorption

develop very active sorbents consisting of activated LTE Hrtrmih

carbon, metal sulfides and metal oxides nano-

composites for mercury removal from coal s o

gasification fuel gas and coal combustion flue gas. Fig. 1 Conceptual diagram of the project

The main target of this study is to develop mercury removal agent with an emphasis on
recovery of mercury through understanding of the removal and recovery mechanism. Based
on the results of this basic research, we aim to build a design guideline for the development
of re-generable highly active sorbents. We have developed a thermal desorption method
(Temperature Programmed Desorption, TPD method) commonly used for the catalytic
studies as a method to identify the adsorbed mercury species and, it is a unique method which
based on the thermal behavior of the adsorbed mercury species. Consideration of the
mechanism of Hg adsorption will lead to new ideas for the development of the Hg removing
agent. As described above, the present study can also contribute to the reduction of carbon
dioxide emissions by supporting the highly efficient power generation system for utilization
of coal.

1) Several potential sorbents will be prepared, and evaluation of
mercury removal performance will be carried out. 2). If the
predetermined activity is obtained, the sorbents will be
evaluated for Hg recovery and regeneration. 3). The stability of
the sorbents for repeated use after regeneration and the
characterization of the sorbent will be carried out in parallel. 4). ol :
Our newly developed Temperature Programmed Decomposition ' %

and Desorption (TPDD) technique will be employed to identify = Quitz
the mercury species adsorbed on the sorbents, clarify the adicamo ;-'H < s
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mechanism of mercury removal and regeneration of the

Fig. 2 Experimental setup for Hg capture experiment

sorbents.
(a)Preparation of sorbents:
Based on our previous study results, in these studies we planned to prepare metal compounds,



such as oxides and sulfides of Fe, Ce, Cu, Mn, Zn, etc. for mercury removal experiments

(b). Evaluation of mercury capture ability of the sorbents:

Evaluation of mercury removal performance sorbent was carried out in this study using a
device that has been used so far in our laboratory. A fixed-bed flow type reactor as shown in
Fig. 2 will be used under the conditions of simulated coal combustion flue gas and coal
gasification fuel gas system. Reaction gas atmosphere is expected to use a simulated gas close
to the actual system. Also, the reaction temperature range is considered to be practical

temperatures in coal power plants such as 80-150 °C H7
H Heat treatment
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adsorbed mercury:
Desorption and recovery of mercury after adsorption
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was carried out using the same apparatus as shown i 7 e
Fig. 2 by Temperature Programmed Decomposition Ldeoifcnion of g oompouads od
and Desorption (TPDD) method. Effects of co-existing ' Bl

gases on the TPDD Spectl’a was studied in order to Fig. 3 Temperature Programmed Decomposition
understand the mechanism of Hg adsorption on the — DescrptionMethod
adsorbents.

Ce-Zn (Reference and Presentation [2])
Mercury Removal from Coal Gasification Gas by Ce-Zn Oxides

In this study, we focused on cerium oxide and zinc oxide, w

which are relatively cheap and stable. Cerium oxide has _* :%gézgoég
lattice oxygen and is reported to be effective in oxidizing : e oceorm0
mercury by redox reaction between Ce4" and Ce3*. A two-

component mixed remover was prepared by combining

~3-100Ce0.

Hg removal ratio (%)
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these two kinds of metal oxides. The prepared remover was e Z\%
tested in a simulated coal gasification gas atmosphere, and .
its mercury removal performance and durability were Time (h)
evaluated. maCeomOmmeaonides
Figure 4 shows the time course of mercury removal rate
for 3 hours with each remover. It was found that the [

30Ce0,Zn0

combined adsorbent improved the mercury removal
performance more than the remover consisting of CeO:
and ZnO alone. In addition, the higher the CeO: content
of the compositeadsorbent, the higher the mercury
removal performance tended to be. The average mercury

removal rate was highest with the 50 %CeO2-ZnO. T o ®
Therefore, we decided to conduct a detailed study focusing Fig. 5 TPDD spectra of ZuO, CeO, and CeO-ZnO
on 50 %Ce02-ZnO. Fig. 5 shows the results of the TPDD ~ mixed oxides

experiment for the adsorbent used in the mercury

removal experiment. Mercury desorption peaks appeared % —=tseere e
around 300 °C for all adsorbents. Since it has been £% e !
confirmed from previous studies that this peak is derived
from HgO, it is presumed that the adsorbents prepared in
this study immobilizes mercury in the form of HgO.
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Furthermore, since CeO2 has an oxygen storage capacity, e & 8 & & 2%
it is thought that HgO was produced by the reaction Time (h)

H Fig. 6 Effect of HCI and SO, on the Hg removal
between the active oxygen of CeO2 and mercury. rate of ZnO, CeO, and (‘a()z-Zn(.'uuxad oxide

Since sulfur species are believed to contribute

significantly to the mercury removal reaction, the effect of H2S as a source of sulfur was
investigated. In addition, as previous studies have shown that chlorine also affects mercury
oxidation, the effect of HCI as a source of chlorine was also investigated (Fig. 6). Mercury
removal rate decreased significantly when the experiment was conducted in the absence of
H2S. This indicates that H2S is required for mercury removal. However, when the experiment
was performed in the absence of HCI, the mercury removal rate increased significantly. This
is probably because HCI consumes the active oxygen of CeOz, which is important for mercury
removal.

Development of sorbents for the removal of elemental mercury from coal gasification gas



(Reference and Presentation [1] and [4])

The aim of this study is development of sorbents
suitable for the removal of elemental mercury from coal
gasification gas. Fe2Os and CeO:2 were chosen as sorbents
because they are inexpensive and stable in the mercury
removal reaction. The effects of combination of Fe2Oz and
CeO:2 at various ratio were investigated.

The simulated coal gasification gas was used for the
mercury removal experiment. It was found that the
inclusion of Fe203 in CeO2 improves the mercury removal
performance and also improves the durability in
repeated use. After the mercury removal experiment,
TPDD experiment was performed to examine the

adsorption state of mercury by the sorbents
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7 Mercury removal rate on Fe,05, CeO, and Fe,05- CeO,

mixed oxide

from the desorbed mercury peak (Fig. 7).
Since the peaks derived from HgS appeared
in all the sorbents, it was suggested that
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¢,05 CeO, and Fe&;0;- CeO, mixed oxide after Hgremoval

Both H:S and HCI are believed to '
contribute to the mercury removal reaction
(Fig. 8).

TPDD spectra of CeO2, Fe-Ce mixed oxide
supported on slaked lime revealed that
desorption peaks corresponded to HgS and
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study. It was found that CeO2-Fe2Os3 bi- 20
component adsorbent is more stable than a v

the TPDD peak corresponding to HgS _»
decomposition was observed. Figure 9 shows 3
the stability of the adsorbents used in this £«
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Fig 9 1 Stability of FeyO, CeO, and Fe,05 - CeO, mixed oxide for Hg removal

(Reference and Presentation [5])

Removal of metallic mercury from waste incineration flue gas using a remover that combines

metallic compounds and slaked lime

The main purpose of this study was to extend this research to the removal of elemental
mercury removal from municipal waste incineration flue gases using metal oxides (FeO(OH),
MnOz2, RuO2 and CuO) and metal sulfides (FeS, FeS2, ZnS) supported on slaked lime.
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Fig. 10 Mercury removal rate on ZnO-. CeO,-. and
CuO-slaked lime composite

Fig. 11 Mercury removal rate on FeS-, FeS,. Zns,
FeO(OH)-slaked lime composite

Figure 10 and 11 show the mercury removal rate on the 10 wt%MnO2-, RuO2, CuO, FeS, FeSa,
ZnS, FeO(OH)-slaked lime sorbents. 10%FeO(OH)-slaked lime and 10% CuO-slaked lime
exhibited high mercury removal performance, with an average removal rate of was 79.6%



and 73.6%, respectively. Thus, metal oxides and metal sulfides are very promising sorbents
for mercury removal from coal combustion flue gas, coal gasification fuel gas as well as from
municipal waste incineration flue gases
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