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ABSTRACT. This paper analyzes the mechanism of increasing cohesive behavior of ash 
powders at elevated temperatures. Model ash powders were prepared from fine pure silica powder 
coated on the surface with 0.5 wt% alkali metal. The cohesive behavior and deformation 
properties of model ash powder beds were determined by using a new split type tensile strength 
tester of powder beds. The behavior of fly ash collected in pulverized coal combustion and model 
ash powders were compared. In the high temperature range above 1100 K, a rapid increase of 
tensile strength and plastic deformation of the ash powder beds occurred in both the natural ash 
and the model silica particles. It is suggested that the coated alkali metal on the silica powders 
reacted with the amorphous silica phase and formed a small amount of low melting point eutectic 
materials. 

INTRODUCTION 

The increase of stickiness and adhesion force of ash powder at high temperatures hinders the 
stable operation and scale-up design of various high efficiency coal combustion power generation 
system, for example, the integrated coal gasification combined cycle (IGCC) and pressurized 
fluidized bed combustor (PFBC) systems. Dry ash particle deposition and the growth of a 
deposited ash layer on the water-cooled wall blocked the gasifier in IGCC systems and 
pulverized-coal combustors'. In PFBC systems, the operation of filter cake detachment on rigid 
ceramic filters by reverse-pulsing has difficulty with the increase of the adhesive force of ash2. 
These cohesive properties of ash particles at these high temperatures depend on many physical 
and chemical factors. 

In our previous paper we measured the tensile strength of fly ash powder beds by using a diametal 
compression test of ash powder pellets3 and a new spfit type tensile strength tester of ash powder 
beds4 at high temperature at a range from room temperature to 950°C. We reported that the 
tensile strength of ash powder beds rapidly increased over a range of 800°C. 

This paper analyzes the mechanism of increasing cohesive behavior of ash powders at elevated 
temperatures by using model ash powders, which were prepared from fine pure silica powder 
coated on the surface with 0.5 wt9b alkali metal. The cohesive behavior and deformation 
properties of model ash powder beds were determined by using a new split type tensile strength 
tester of powder beds. Based on the comparison with these results of fly ash and model powders, 
the increasing mechanism of ash powder stickiness at high temperature is discussed. 

EXPERIMENTAL PROCEDURE 

Model ash powder preparation and characterization 

The original powder samples used a commercial pure fused amorphous silica powder and fly ash. 
Fly ash powder was collected in a commercial pulverized coal combustion plant. The chemical 
component and particle size distribution of each sample were determined using ICP and a 
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centrifugal sedimentation method shown in Table 1. The total impurity such as Na, K, etc. in the 
high-pure amorphous silica powder was about 13 ppm. The concentration of sodium and 
potassium in the fly ash was about 0.5%. The mean particle diameter of each sample was similar 
at about 5 pm. 

Table 1 Mean diameter and chemical component of pure silica and fly ash powders 

Powder I Mean I 
diameter 
5.3 pm 
4.75 pn- 

99.99 13 PPm r- 45.0 

Chemical component [wt%] 
I Ah03 I ~e203 I K ~ O  

Based on the above results, model ash powders were prepared from a commercial pure fused 
silica powder. Firstly, pure silica powder was added to the sodium or potassium oxalate solution. 
The amount of silica particles added and the concentration of the oxalate solution was adjusted so 
that the alkali metal concentration would become 0.5 wt% (silica) after drying. The silica 
suspension was mixed for one minute by a planetary type mixer and dried in an oven at 12OoC. 
After grinding with a pestle and mortar, dried silica powders with alkali oxalate were heat treated 
at 620'C for 1 hour, causing thermal decomposition and removal of the oxalate. 

Split type tensile strength tester for powder beds 

The detail of a sprit type tensile strength test at high temperatures was described in our previous 
paper4. The powders were placed in a circular cell 5 cm in diameter with a depth of 1 cm. The cell 
can be divided equally into a stationary and a movable part; both parts were prepared with 
high-purity silica glass. After fixing the mobile part using a hook, powder samples were packed 
into the cell and consolidated by uni-axial pressing (2.5 kPa for 600 s). Tensile testing was carried 
out at various temperatures ranging from room temperature to 1173 K, with an electric furnace at 
a heating rate of 6OO"Ch. After heat treatment at each temperature for 540 s before the tensile test, 
the hook used to fix the mobile cell is removed, and the mobile cell is pulled in each high 
temperature conditions. The relationship between load and displacement during loading was then 
measured. 

, 

RESULTS AND DISCUSSION 

Tensile strength and deformation behavior of fly ash and pure fused silica 

Examples of tensile load and displacement relationship at room temperature and 1123 K are 
shown in Fig. 1. The brittle failure of both powder beds was observed after elastic deformation at 
room temperature. In the case of the pure silica powder sample, the brittle failure of the powder 
bed appeared at 1073 K. On the contrary, in the case of fly ash samples, viscous deformation 
appeared near the maximum load at 1073 K. Under conditions of relatively low temperatures 
below 1000 K, the adhesive force of both powders increased gradually in proportion to 
temperature. The tensile strength of the pure silica powder bed gradually increased, even in 
elevated temperatures (> 1073 K). However, a rapid increase of tensile strength of fly ash powder 
beds was observed in the high temperature range (> 1073 K). 

Model ash powders 

To analyze this rapid increasing tensile strength of fly ash above 1100 K, the relationship between 
tensile strength and deformation behavior of alkali metal coated pure silica powder beds with 
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different coating condition at different temperature were measured and shown in Fig. 2. The rapid 
increase of tensile strength with viscous tensile deformation was observed by a coating of 0.5 % 

alkali metal on the surface of pure silica powders in a high temperature range above 1073 K. 
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Fig. 1. Examples of tensile stress and displacement relationship of ash and silica. 
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Fig. 2. An example of the tensile stress and displacement relationship of model ash powder beds 
prepared from pure amorphous silica powder and alkali metals. 

The effect of testing temperature on the tensile strength of model ash powder beds with different 
alkali coating conditions is shown in Fig. 3. Regardless of the alkali metal used, the tensile 
strength of the model powder beds exhibited an increase with a temperature rise above 1073 K 
equal to that shown in the fly ash samples. This indicates that the coated alkali metal on the silica 
powders reacted with the amorphous silica phase and formed a small amount of low melting point 
eutectic materials. Hence, above 1073 K, a small amount of liquid phase formed between silica 
particles consisting of amorphous silica and alkali metal. It is suggested that a small amount of 
low melting point eutectic materials, consisting of amorphous silica and alkali metal, formed a 
liquid phase and this was responsible for the majority of the increase in the adhesive force 
mechanism of the ash powders at high temperature. This liquid phase mix was estimated from the 
increase in rupture displacement during tensile test of powder beds at high temperature. 
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CONCLUSION 
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Model ash powders prepared from pure amorphous silica powder and coated alkali metal were 
U s e d  to reproduced the rapid increasing tensile strength of ash particle stickiness and deformation 
behavior in high temperatures above 1073 K. We suggest that low melting point eutectic materials 
consisting of amorphous silica and alkali metal formed a small amount of liquid phase between 
particles and promoted the increase of ash adhesion behavior. 
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