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ABSTRACT  
 
Coal ash is now mostly recycled as cement raw material (clay-alternative) in Japan. 
Recently, however, cement production has been on a decrease and its future 
substantial increase can hardly be expected. An important issue should be to expand 
coal ash utilization in other fields, like civil engineering materials in particular due to its 
high potential to be used in large quantities.  
 
Ube Industries has researched on coal ash granulated material, named Z-sand, since 
1995. It is produced by putting coal fly ash through a granulation process with adding 
cement and additives to convert it into sand and/or soil for civil engineering material.  
Production technology of artificial civil engineering-work material used as substitution of 
natural resources, such as sand and soil, has been established. It was also evaluated 
about the influence of the product on environment. 
 
 
INTRODUCTION 
 
Advanced utilization of the coal ash is a big issue because of the expansion of coal 
demand.  In Japan coal ash came to be used as a cement raw material in 1978, and 
new effective utilization method of coal ash is also developed. 
 
Practical use technology of coal ash should be a method of consuming a big amount of 
coal ash. Since material for civil engineering-works is consumed in large quantities for a 
short period of time, it needs to be able to store on a large scale easily. 
 
Ube Industries has researched on coal ash granulated material since 1995. Production 
technology of artificial material for civil engineering-works used as substitution of natural 
resources, such as sand and soil, has been developed. It was also evaluated about the 
influence of the product on environment. 
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The production plant of coal ash granulated material subsidized from Clean Japan 
Center, was completed in March, 2002.1 An annual amount of processing coal fly ash is 
approximately 50,000 tons. Performance of product from the plant has been examined 
and evaluated in laboratory scale and also in actual civil structure to prove to be 
available to civil engineering application. 
 
 
CHARACTERISTIC AND PRODUCTION PROCESS 
 
Coal ash granulated material is highly expected as a technology of coal ash effective 
use in civil engineering field, because it can be handled and stored like natural sand or 
soil. Main usage of this material is an artificial grain sand or soil such as embankment 
material, subgrade material, underground pipe back filling material, back filling material, 
etc. The feature of it as a geotechnical material is as follows: 
 

 Features: 
    

1) Achievement of low cost production by using cheap raw materials and adoption of 
simple production process. 

 
2) Similar performances during handling and storage to natural material, such as 

sand and soil. 
 

3) Passing the Japanese environmental quality standards for soil pollution with 
addition of additive agent to decrease heavy metal leaching from the product. 

 
The production plant subsidized from Clean Japan Center, was completed in March, 
2002. After the three months test run of the demonstration plant, operating conditions 
were established and stable operation has been continued as planned. Evaluation as a 
civil engineering material is also developed. After the two years demonstration test 
operation, this manufacturing facility started commercial production in April, 2004. 
 

Capacity: Coal Fly Ash 50,000 ton/yr  
(Z-sand 76,000 ton/yr) 

Facilities: Raw Material Bins 
         Granulator(10m3) 
         Cure house and Storage yard 
Site: 5,200m2 in Ube’s Okinoyama Coal Center, Japan 

 
The outline of coal ash granulated material production process is shown in Fig. 1. Raw 
materials of the coal ash granulated material are coal fly ash, cement, additive for 
efficient granulation, and water.  Another additive agent to decrease heavy metal 
leaching may be used if needed. These raw materials are fed into a batch type 
granulator, and then mixing and guranulation are performed. The typical weight ratio of 
raw materials is coal fly ash: cement: additive =85:5:10. The ratio of supplied water is 
about 25～40 to the above powder raw materials weight 100. 



 
The product from the granulator is transported to the cure house through the belt 
conveyors. It is kept at a cure house for one or two days during the primary hardening 
reaction of cement progresses. The product cured for more than one month at storage 
yard is shipped as a geotechnical material. Delivery is loaded with a tractor shovel and 
transported by a dump track similar to natural sand or soil. 
 
 
PROPERTIES AS Ａ GEOTECHNICAL MATERIAL 
 
The typical quality of coal ash granulated material is shown in Table 1.  Figs.2 and 3 
show the photograph and SEM images of it. It can be used for embankment, subgrade, 
underground pipe back filling, back filling and land preparation by satisfying these 
qualities. 
 
The feature of coal ash granulated material as a geotechnical material is as follows: 
 

1) Particle density is comparatively small, because it has voids in a particle, 
 

2) Amount of gravel is few, and the particle size distribution is similar to sandy soil, 
 

3) Water permeability is high, 
 

4) Water absorption is high and optimum moisture content is also comparatively high, 
 

5) Since bearing capacity characteristic is comparatively large, it can be used as 
embankment material and subgrade material. 

 
Coal ash granulated material has enough characteristic of strength and bearing capacity 
that can be applied to the usages mentioned above. The design basis and the 
construction condition of this material are similar to that of the usual materials. It is also 
a safe material for the environment. 
 
The test banking construction was executed. The performance as a filling material of 
coal ash granulated material was examined. 2 Table 2 shows the conditions of the twice 
examination construction. It was confirmed that the coal ash granulated material 
possessed an enough performance like strength and bearing capacity demanded as 
filling material in the results of both laboratory and in-situ tests. 
 
In addition, the follow-up survey for about two years after the construction has been 
executed. The stability of coal ash granulated material properties was confirmed. And 
the change of bearing capacity and an environmental performance according to the 
passage of time was examined. 
 
Table 3 shows the comparison of particle size distribution of the coal ash granulated 
materials among the sample that were collected soon after banking, after 12 or 24 



months passed from the construction, and used materials for the test filling before 
rolling compaction. It was observed that the change of particle size of coal ash 
granulated material with passing time is few as a result. It was confirmed that these are 
included within every ranges of the quality control standard shown in Table 1. 
 
It is shown in Fig.5 that the field observation of CBR after the constructions. In-situ CBR 
was able to rise and to have gained necessary strength as a filling soon after the 
construction work. And it tends to converge afterwards. 
 
To evaluate the environmental safety of coal ash granulated material, the leaching tests 
were performed, and it checked to pass the Japanese environmental quality standards 
for soil pollution. Table 4 shows the results of them. It was confirmed that had suited 
environmental standards as a result for a long term. Therefore, it can be said that it has 
environmental safety stability for passing time. 
 
 
 
CONCLUSIONS 
 
Coal ash granulated material production technology has established with the 
demonstration/commercial plant operation for more than three years. This plant is still 
operating continuously as planed. 
 
The practical usage as an alternative material (embankment material, subgrade 
material, underground pipe back filling material, back filling material, etc.) of sand and 
soil has been evaluated. Expansion of coal ash granulated material market in civil 
engineering-works field is promoted. 
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Fig.1. Outline of coal ash granulated material Z-sand production process
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Item Range of quality 

Maximum grain size 4～50mm 

Mean diameter 0.3～2mm 

Gravel fraction 
(+2mm) 15～50% 

Fine-grained fraction 
(-0.075mm) 30% or less 

cle density 2.4g/cm3 or more 

t of permeability 1.0×10-4cm/s or more  

riction angle φ' 35゜or more 

ified CBR 
compaction 95%) 20% or more  

vironmental quality 
 for soil pollution 
ching test) 

passed 
Table 1. Typical quality of coal ash granulated material



 
 
 

 
Fig.2. Coal ash granulated material, Z-sand 
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Fig.3. SEM images of Z-sand 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 1st construction 2nd construction 
Amount of used 

material 48m3 330m3

Compaction 
machine Vibration roller 

Weight: 6.5t 
 

Vibration power: 
69kN 

Pneumatic tired 
roller 

Weight: 9t 
 

Water filled: 
4.5t 

Height 1.5m 1.5m 
Gradient of slope 1 : 1.5, 1 : 1.8 1 : 1.0, 1 : 1.5 

 

Table 2. Conditions of test banking constructions 

Fig.4. Test banking 

Table 3. Particle size distributions of Z-sand used in the test banking 

 
1st banking 2nd banking 

Item Used 
material

After 
banking

After 
12 

months

Used 
material

After 
banking 

After 
12 

months 

After 
24 

months
Maximum grain size (mm) 19 19 19 26.5 26.5 26.5 26.5 

Mean diameter (mm) 0.55 0.47 0.55 0.59 0.58 0.93 0.61 
Gravel fraction (+2mm)  

(%) 25.1 24.5 27.7 23.6 19.0 29.0 27.4 

Fine-grained fraction  
(-0.075mm)  

(%) 
24.5 26.6 22.6 21.5 22.0 16.0 24.8 
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Table 4. Results of leaching tests used for the test banking 

Fig.5. In-situ CBR  
 
 
 
 
 
 
 
 

1st banking: leaching concentration (mg/l) 2nd banking: leaching concentration (mg/l) Item Used material After 16 months Used material After 24 months 
Cd N.D（＜0.001） N.D（＜0.001） N.D（＜0.001） N.D（＜0.001） 
Pb N.D（＜0.001） N.D（＜0.001） N.D（＜0.001） N.D（＜0.001） 

Cr6+ N.D（＜0.01） N.D（＜0.01） N.D（＜0.01） N.D（＜0.01） 
As N.D（＜0.001） N.D（＜0.001） N.D（＜0.001） N.D（＜0.001） 

T-Hg N.D（＜0.00005） N.D（＜0.00005） N.D（＜0.00005） N.D（＜0.00005） 
Se 0.003 0.001 0.004 N.D（＜0.001） 
F 0.5 0.4 0.2 0.3 
B 0.8 0.3 0.4 0.6 
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