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In order to characterize and control adhesion behavior of sewage sludge combustion ash at high
temperature, tensile strength of various ash powder bed was determined and discuss the mechanism of
adhesion behavior control by the addition of some kinds of nanoparticles in this thesis.

In Chapter 1, the background and purpose of this thesis were introduced.

In Chapter 2, two kinds of controlling factors were discussed. 1st is a chemical effect, i.e., changing the
composition of fly ash to prevent the formation of eutectic systems with relatively low melting points,
2nd is physical effect such as a porosity, which can be a key enabler for controlling fly ash adhesion at
high temperatures. In particular, the addition of fine particles to fly ash powder beds is an effective
method for increasing the porosity, which leads to the suppression of tensile strength.

In Chapter 3, the role of P in particle adhesion at high temperatures using synthetic ashes, which
consist of P and Si were clarified. The tensile strength of synthetic ash powder beds was quantified using
a specially developed device. Since synthetic ash has few components compared to incineration ashes
collected from commercial incineration plants, evaluating the role of P is easier. Iron (Fe)-containing
chemical species are used for water treatment as chemical conditioners, and Fe also is concentrated with
P in the sludge-incinerated ashes. To determine the interactions between Fe and P, iron oxide
nanoparticles were added to P-containing synthetic ashes and their adhesiveness was evaluated. A
small addition of iron oxide nanoparticles significantly decreased the adhesiveness of P-containing
synthetic ashes at high temperatures, information that can help to control adhesiveness of sewage
sludge-incinerated ashes.

In Chapter 4, the ability of three types of nanoparticles (NPs: SiO2 NPs, AloOs NPs, and FesO4 NPs) as
additives to control the adhesiveness at high temperatures was investigated. Synthetic ashes served as
model compounds because they exhibited adhesiveness properties while having relatively simple
chemical structures. The controllability of each type of NP with respect to the adhesiveness of various
synthetic ashes was evaluated to clarify the role played by the different NPs. To demonstrate the
practical utility of the NPs as additives, ash samples derived from the incineration of sewage sludge
were investigated. Given the chemical complexity of the ash systems, it was discovered that a chemical
effect and an increase in the porosity of the powder bed can effectively decrease the adhesiveness of ash
particles produced at high temperatures.

In Chapter 5, the conclusion of the thesis was described.




