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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:
Clarification of partitioning behavior of trace elements in coal combustion plant and

their elution behavior from coal ash

Name: Furuzono Takuya

This dissertation’s subject is “Elucidation of the partitioning behavior of trace elements in a coal
combustion plant and their elution behavior from coal ash,” in which selenium and boron in coal
combustion are focused on and the behaviors of trace elements associated with coal combustion,
including their partitioning in a plant and their elution from coal ash are systematically summarized.

Chapter 1 is an introduction section, where after being described the positioning of coal in the
primary energy supply in our country, general issues in coal use, the issues related to trace elements,
and so forth, in regard to the legal restraints on trace elements including selenium and boron, the
volatile behaviors of the trace elements associated with coal combustion, the adsorption behaviors of
trace elements on coal ash, and the elution behaviors of trace elements from coal ash, previous study
examples are explained to define the significance of this study, and also the objectives and
composition of this study are described.

In Chapter 2, out of selenium behaviors in a coal combustion plant, as for the partitioning of
selenium to ash in coal combustion, by using the method to analyze selenium in flue gas, which has
been developed through previous studies, the behaviors of selenium were examined with the use of a
combustion test furnace. In the test, five kinds of coals with different properties in selenium content,
fuel ratio, ash composition, and others were employed, and as for the partitioning behaviors of
selenium to ash, the coals’ properties, combustion conditions, and the influences of temperatures
were evaluated. As a result, it was confirmed that the ratio of selenium in solid phase is increased
associated with a decrease in temperature and also that the transition of the ratio of selenium in solid
phase associated with a decrease in temperature significantly varies depending on coal type.
Accordingly, the parameters influencing the transition to of selenium to ash were examined in the
area where temperature is 300°Cor above and in the area where temperature is 300°C or below,
respectively. The examination proved that in the area where temperature is 300°C or above, there
is a correlation between the amounts of iron, calcium, and others contained in coal ash and the
partitioning of selenium, and also that in the area where temperature is 300°C or below, likewise,
combustion conditions (unburned carbon in ash) have a correlation to the partitioning of selenium.
That is, the test proved that the partitioning of selenium is influenced by chemical or physical
adsorption on coal ash. Additionally, the test revealed that the partitioning behaviors of selenium is
dominantly influenced by the physical adsorption in the area where temperature is 300°C or below.

In Chapter 3, as for selenium and boron contained in coal ash and fine particles, after considering the



chemical forms of the elements contained in ash based on the partitioning behaviors of them to ash
which have ever been found, the optimum pretreatment conditions for analyzing the elements,
selenium and boron in coal ash were examined. Concretely, by using coal ash collected in a
commercial power plant or a combustion test furnace, the study focused on the differences in the
components of coal ash was implemented. In the previous studies, in order to analyze the trace
elements in coal ash, hydrofluoric acid was used to be employed due to the complete decomposition
of silica, alumina, and others in samples. However, in the current study, it was found that most of
selenium contained in coal ash and fine particles tend to adsorb onto the surfaces of them and
therefore there is no need to apply the complete decomposition with the use of hydrofluoric acid.
On the other hand, it was also found that the amount of hydrofluoric acid needed at the time of the
pretreatment of boron varies depending on the amounts of acid components (SiO,, Al,O3, TiO;) and
alkaline components (Fe,O3, CaO, MgO, Na,O, K;0) in coal ash. Furthermore, the study proved
that hydrofluoric acid is unnecessary for the analysis of boron in fine particles because the particles
are lower in acid component than coal ash. Moreover, by using the optimized pretreatment method,
the concentrated behaviors of various trace elements including selenium and boron to fine particles
were examined. As a result that the pretreatment of the trace elements was conducted under the
optimized pretreatment conditions to examine the concentration of the elements to fine particles, it
was confirmed that the generation rate of fine particles (generated due to coal combustion) varies
depending on coal type and that selenium and boron are concentrated into fine particles.

In Chapter 4, the trace elements in coal ash were focused on to examine the elution behaviors of trace
elements including selenium, and additionally, coal ash from low selenium coal which has been
recently used in Japan was focused on to analyze the elution behaviors of selenium circumstantially.
Furthermore, technologies to control the elution of trace elements including selenium through aging
treatments were also examined. In a test, 23 kinds of coal ash, which were collected from a power
plant or a combustion test furnace, were employed. As a result of examination, it was revealed that
the elution amount of selenium obtained when the dissolution test of low selenium coal ash is
conducted, which has recently occurred in Japan, depends on the selenium content in coal ash and
that because in some cases, the elution amount of selenium obtained from low selenium coal ash
exceeds soil environmental standards , the countermeasure technology for the control of selenium
elution is necessary. Additionally, it has already been clarified that aging treatments for coal ash
produce a water-insoluble trace element, oxyacid-containing Ettringite, which leads to the control of
the elution of trace elements from coal ash. However, there are coal ash with high inhibiting effect
on selenium elution and one with low effect on the elution, and the reason why the inhibiting effect
differs depending on each coal ash has not been cleared up. Therefore, in this study, we examined
the effect focusing on the production of Ettringite that is estimated from the contents of Ca, Al and S
in coal ash. As a result, a positive correlation was found between the presumed production of
Ettringite and the inhibiting effect on selenium elution. The presumed production of Ettringite was
confirmed by measuring the amount of Ettringite produced through aging treatments with XRD
(X-ray diffraction) and TG (tomography). From the above, it was suggested that the reduction effect
of selenium elution through aging treatments can be predicted based on Ca, Al, S, and Se contents in
coal ash.

In Chapter 5, the results obtained through this study are generally summarized.
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