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In this study, the role of fly ash as a grindin**" aid to facilitate fine *"rinding of limestone for improved 

flowability was examined by canying out batch grinding test for varying fced amount and grinding time. 

while maintaining the limestone to fly ash ratio at 5 : I . As a result, it was found that fly ash was an effective 

grinding aid for the fme grinding of limestone, and the optimum feed amount of limestone and fly ash to the 

grinding mill increased ~~'ith increase of grinding tirne. 
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1 . I NTRODUCTION 

In Japan, about 900million tons of coal ash was generated in 

2001 [1_~j at coal-fired electric power plants and other industries. 

This amount is increasing each year. However, coal ash utilization 

has remained c-onstant at 70-800,,o over the last few years. The 

ratio of fly ash to clinker ash (bottom ash) is about 9 : I ; fly ash 

is widely used as raw material for cement, in cement mixtures, as 

road-bed material, etc. The use of fly ash as cement raw material 

offers environmental advantages by reducing the amount of waste 

on our land, and also improves the performance 'and quality of 

concrete. With the addition ot~ fly ash to Portland cement, the 

strength of the concrete increases while its permeability decreases, 

and the alkali-aggregate reaetion within it is reduced. 

Limestone, the main component of Portland cement, is a 

self-sufficient mineral resource in Japan. The amount produced in 

Japan is about 150- 160 million tons per year. 

In this study, we c.onducted a comminution of limestone with fly 

ash as a grinding aid L2-4i . Our purpose was to examine the fine 

grindability of a limestone-fly ash mixture, and that of the 

limestone in the mixture to produce better fly ash cement 

m'aterials. To this end, we evaluated the influence of the feed 

amount of limestone-ny ash mixture on the fme grinding. 

2. EXPERIMENTAL 

2.1 Sample used 
The limestone used in this experiment was supplied by Ueda 

Lime Co., 1_td. The density and the Vickers hardness of the 

limestone were 2,680kg ' m~* and 2.31 GPa, respectively. The 

limestone feed used in this study was prepared by crushing the raw 

material with a jaw crusher and classifying the crushed product 

with a 10**"-' or 10* *" sieve. 

The fly ash used w'as supplied by Sakata Kyodo Power Co.. L-td. 

The physical properties of the ily ash are listed in Table I , and a 

scanning 

Figure I . 

elec-tron microscope 

Table 

(SEM) image of it is 

1 Prope-rties of the feed matcrials. 

shown in 

Limestone : Ueda Lime Co., Ltd. 

Density : 2,680kg'm~3 

Vickers hardness : 2.31 GPa 

Fly ash : Sakata Kyodo Power Co.,Ltd. 

Density 

Ash content 

Size range 

Median diameter 

. 2,270 kg'm~3 

. 97.0 olo 

: 1-150 um 

; 15.6 um 

Figure 1 SEM. micrograph of fly ash. 
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2.2 Experimental method 

2.2.1 Grinding apparatus : The grinding machine used in this 

study was a laboratory scale ball mill made of alumina with an 

inside diameter of 0.144m and an inner volume of 2.Idm . 

Alumina balls of 3,600 kg ' m~' in density and a ball diameter of 

0.02 m were used as grinding media. 

2.2.2 Grinding method : The feed size oflimestone was 1,000-

850/1 m. The ratio of the amount of limestone and fly ash in the 

feed was 5 : I [5] , and the total feed amount was 0.20, 0.24, 0.28 

and 0.32kg. The balls, occupying about 500/0 of the mill volume, 

weighed 2.0kg. The rotational speed of the ball mill was set at 

l.8rps, which corresponds to 900/0 of the critical speed. Batch 

grinding tests were carried out for durations of I - 1 6 h. Grinding 

conditions are tabulated in Table 2. The grinding test of limestone 

alone, 0.20kg, which was the optimum grinding condition of 

limestone L5] , also was performed. 

2.2.3 Measurement of speclfic surface area ofground products : 

Samples of the ground products were degassed at 200'C for I .5 h, 

and their specific surface areas were measured by the BET 
adsorption method (Flowsorb 230011, Shimadzu Corporation) . 

2.2.4 Measurement of particle size distribution of ground 

products : Ground products of the mixture were classified with 

testing sieves from I ,OO0,Im to 75/lm attached to a Ro-tap shaker. 

Particles finer than 75/Im were measured by a laser diffraction 

and scattering method (Microtrac FRA, Nikkiso Co., Ltd.). The 

particle size distributions of limestone in the ground products 

were determined by the procedure as shown in Figure 2 because 

the main chemical components (SiO, : 64-70"/*, Al,O, : 19-250/o) 

of the residue obtained in Figure 2 were nearly equivalent to 

the components (SiO, : 640/0, Al,03 : 220/0) of fly ash in this 

ex periment. 

Table 2 Grinding apparatus. 
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Grinding machine : Ball mill 

(Alumina) 

Inside diameter : O. 144 m 

Inner volume : 2,1 dm3 

Grinding media : Alumina ball 

Density : 3,600 kg'm~3 

Ball diameter : 0.02 m 

3. RESULTS AND DISCUSSION 

3.1 Ground products of limestone-fly ash mixture 

Figure 3 shows the relationship, for different feed amounts, 

between the specific surface area of the ground products S~ and 

the grinding time t. The specific surface area increases with 

increasing grinding time up to 12h or 14h, and then decreases. 

This tendency was independent of the feed amount. The maximum 

value of the specific surface area depended on the feed amount 

and rose with additions to the feed amount. 

Figures 4 and 5 show the cumulative undersize distributions of 

products ground for 4 h and 1 2 h, respectively. In general, the 

size reduction was very effective in the initial stages of grinding, 

especially when the feed amount was 0.2 kg. However, the most 

effective feed amount for the production of fine particles grew 

with increases in the grinding time. 

Figure 6 shows the undersize distributions of the mixture under 

the limit of grinding for different feed amounts. A grinding time of 

14h was found to be useful for fine grinding, the mixture with a 

feed amount of 0.32 kg. 

Figure 7 shows the relationship between the median diameter of 

Ground products (mixture of limestone and fly ash) 

Measuring of surface area of 

ground products 

(BET adsorption method 

Adsorptive gas: N2 ) 

Dissolving of limestone products 

3 M-solution of h drochloric acid 

Distilled water 

Filtration Filtrate 

(A) Measuring of size distribution of 

ground products 

(Laser diffraction and scattering method) 

Residue 

Drying at 50 ~C, 6 h 

Recovery of fly ash products 

(A~ (B) 

= alculating of size distribution 

of limestone products 

(B) Measuring of size distribution of 

fly ash products 

(Laser diffraction and scattering method) 

Figure 2 Processing scheme for the determination of the size distribution of limestone-fly ash mixture and limestone in ground products. 
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the ground product, x 0.5, and the grinding time, t for each feed 

amount. From these results, it was confirmed that the effect of 

the feed amount on the fme grinding was similar to the results 

shown in Figure 3 . 

Figure 8 shows the relationship between the median diameter, 

xa5, and the specific surface diameter, xs~, of the ground products. 

The correlation found between the two diameters can be expressed 

as follows : 

x0.5 = 4.09 xs~ I sl 6 (1 ) (xs~~pS ) 

where p is the density of the mixture of limestone and fly ash. 

From this empirical equation, it is possible to use the specific 

surface area to evaluate the median diameter, regardless of the 

feed amount and grinding time. 

3.2 Ground products of limestone in limestone-fly ash 

mixture 

Figures 9 and I O show the size distributions of the limestone 

products in mixtures ground for 4 h and 12 h, respectively, together 

with the size distributions of the ground products for limestone 

alone. These results indicated that the addition of fly ash is 

effective for a satisfactory limestone grinding. 

Figure I I shows the size distributions, for different feed 

amounts, of limestone ground to the grinding limit. Fine grinding 

of the limestone was achieved when the feed amount of the 
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mixture was 0.32 kg and the grinding time, 14 h. 

Figure 1 2 shows the relationship, for the same feed amounts, 

between the median diameter of the limestone products, x~=, *, and 

the grinding time, t. From the results shown in these two figures, 

it was concluded that the limestone grindings with higher feed 

amounts require longer time duration. 

Figure 1 3 indicates the relationship between the median 

diameters of the limestone, x ~,, * , and the limestone-fly ash 

mixture, x~=, for different feed amounts. The median diameter of 

the limestone alone was about 3 % Iess than that of the mixture. 

The equation below describes the relationship : 

x* ,= * = 0.97 x*.= (2) 
Evidently, the ground products of the mixture consist mostly of 

limestone particles. The fine grinding was less effective in 

breaking the fly ash particles, and, for the most part, occurred 

through the size reduction of the limestone particles. This result 

may be explained by an adhesion of the fly ash, made up of 

spherical particles as shown in Figure I , to the limestone surface. 

This adhesion evidently improved the flowability of the limestone 

particles, so that the collision frequency of the balls and particles 

increased, and the breakage in the ball mill became more effective. 

4. CONCLUSION 
Fly ash, generated mainly at coal-fired electric power plants, is 

utilized as part of a cement mixture or as cement raw material, 

while limestone is the main raw material of cement. 

In this study, we performed batch ball mill grindings of 

limestone with fly ash as a grinding aid, and investigated the 

influences of the feed amount on the grindability of the mixture or 

limestone. The results are summarized as follows : 

( I ) Within the experimental limits, increases in the feed amount 

of limestone and fly ash mixture enhanced the fme grinding 

of the mixture or limestone. 

(2) For the ground products of the mixture, we noted a 

correlation between the median particle diameter, determined 

by laser diffraction and scattering, and the surface area 

diameter, evaluated by the BET method. This relationship 

was independent of the feed amount and grinding time. 

(3) Fly ash was found to be an effective grinding aid for the fine 

grinding of the limestone cement material. 
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Nomenclature 

S* : specific surface area of ground products of the mixture 

(m" kg~*) 

t : grinding time (h) 
Q : undersize fraction (-) 
x : particle size (fl m) 
x*, : median diameter of ground products of the mixture (/1 m) 

x *=,* : median diameter of ground products of limestone in the 

mixture (/Im) , (m) 
xs~ : specific surface diameter of ground products of the mixture 

(/~m), (m) 

p : density of the mixture of limestone and fly ash 

( = 2,600 kg ' m~*) (kg ' m~*) 
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