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Background and objective 

Incineration plays an important part of solid waste 

management. It can not only reduce volume of the 

waste to 10%, but also produce energy by using waste as 

fuel. Incineration residue can be divided into mainly 

two categories, bottom ash and fly ash. Different from 

bottom ash which is non-hazardous waste, fly ash is 

regarded as hazardous waste because it contains 

various hazardous heavy metals. Especially, Pb in fly 

ash usually has high content and the leaching 

concentration of it is much higher than the acceptance 

criteria. Thus, to dispose of fly ash into MSW landfill, 

pretreatment for preventing leaching must be done. The 

most prevalent method for treating fly ash is 

insolubilization by using chelating agent. However, it 

was reported that Pb will re-release after several years 

because of the degradation of chelate-metal complex. 

In previous studies on Cs capturing in incineration 

residue, it was found that co-heating fly ash with 

aluminosilicates can insolubilize Cs. And in addition, 

aluminosilicate is used in ceramic industry as glaze and 

there is a lead glaze utilized to coloring ceramic. This 

study aims to prove that aluminosilicate can 

insolubilize heavy metals just like Cs, and also Pb in 

actual fly ash. To confirm them, lab scale co-heating 

experiment of aluminosilicate with pure heavy metal 

chloride was conducted first, and then co-heating with 

fly ash was conducted to see if the insolubilization is 

possible. The optimal condition to insolubilize Pb was 

sought using a series of leaching tests in which 

temperature, ratio of aluminosilicate to fly ash were 

changed.  

Methodology 

For aluminosilicates, amorphized Indian feldspar and 

sol reagent were prepared. Both have been proved to 

have good ability to insolubilize Cs in previous studies. 

Amorphized Indian feldspar was made from powder 

Indian feldspar in a grinder. Sol reagent was made by 

mixing SiO2, Al2O3 and K2CO3. After drying for 48 

hours, it was smashed to pass 45μm sieve. As pure 

metal chloride, Pb, Zn and Cd chloride were used. And  

fly ash was obtained from real MSW incinerator in 

Hokkaido, and it has high leaching concentration of Pb. 

The co-heating was mainly conducted by Muffle 

furnace (TGK KBF-894N1). Tube furnace (Koyo 

L480K) was also used for the co-heating just to 

confirm mass balance. The residue from co-heating 

were treated by the flow showing in Figure 1. The 

method of water washing was same with leaching test 

(JLT-13) and metals detected in this step can be 

regarded as soluble fraction. The residue after 

water-washing was digested by aqua regia and HF for 

determining heavy metals belong to insoluble fraction. 

Different with aqua regia, HF can dissolve glass-like 

structure that was formed during co-heating. So, both 

of aqua regia and HF are used for the digestion to see 

the mechanism of the insolubilization. Solutions 

obtained by water-washing and two acid digestion 

were analyzed by solutions obtained by water-washing 

and two acid digestion were analyzed by two atomic 

absorption spectrophotometers (HITACHI ZA3700 and 

SHIMADZU AA-6800).  

Results and discussion 

Result of co-heating of pure heavy metal chlorides with 

aluminosilicates is indicated in Figure 2. At 700°C, 

although the percentage of insoluble fraction varies by 

metals, formation of insoluble fraction can be 

confirmed. Thus, both amorphized Indian feldspar and 

sol reagent have ability to insolubilize Pb, Zn and Cd. 

Comparing the results of amorphized Indian feldspar 

 

Figure 1: Analysis flow for residue from co-heating 

 

Figure 1: Percentage of each fraction after co-heating of pure metal 

chlorides with aluminosilicates. 
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and sol reagent, sol reagent has better ability to 

insolubilize these heavy metals. Since much less heavy 

metal evaporated during the co-heating, sol was 

selected for co-heating experiment of actual fly ash.  

Figure 3 shows the result of co-heating of actual fly ash 

with sol reagent. Soluble Pb was hardly detected. And 

the amount of insoluble Pb is close to the initial 

amount of Pb which means nearly no Pb volatilized 

during the co-heating. To confirm the amount of 

volatilized Pb precisely, co-heating in tube furnace was 

conducted. As can be seen in Figure 4, only 0.21% of 

Pb volatilized.  

In order to confirm the optimum condition of Pb 

insolubilization, co-heating experiments by changing 

temperature and the ratio of sol reagent to fly ash were 

performed. Temperature was changed from 500 to 

700°C and the amount of sol was changed from 0.01 to 

9g to 3g of fly ash. The result of leaching test after 

co-heating at each condition is indicated in Figure 5. 

Between 500 and 700°C, 700°C shows better ability to 

insolubilize lead compared to lower temperature. At 

700°C, 0.05 g of sol reagent is enough to make the 

leaching concentration lower than hazardous waste 

criteria, 0.1g is enough for satisfying effluent standard 

and 0.5g is enough for environmental standard. But 

regardless the temperature between 500-700°C, 

co-heating around 0.5g of sol reagent with 3g of fly ash 

can insolubilize Pb to the level of satisfying the 

environmental standard. And the amount of sol 

increases, the concentration of Pb further decreases.  

From the view point of stability to restricting leaching, 

insoluble fraction which is only extractable by HF is 

much more important because it implies that Pb is 

captured in glass like matrix. Figure 6 shows 

percentages of each insoluble fraction, i.e., fraction 

which can be extracted by aqua regia and HF, 

respectively. At 700°C, insoluble fraction which was 

extracted by HF increases along with increase of the 

amount of sol. On the other hand, the ratio of it is 

almost stable at 600°C. At 500°C, the trend is similar 

to 600°C, but the percentage of insoluble fraction 

extractable by HF is less than 600°C.Conclusion 

It was confirmed that both amorphized Indian feldspar 

and Sol reagent have ability to insolubilize Pb, Zn and 

Cd, but sol reagent has much higher ability to 

insolubilize them. Co-heating sol reagent with real 

MSW fly ash could insolubilize Pb contained in fly ash. 

There was insoluble fraction that cannot leach without 

HF. The fraction is deemed to be captured by glass-like 

structure which was confirmed in Cs capturing in 

previous studies. Co-heating Sol reagent with fly ash 

can reduce the leaching concentration of Pb. Between 

500°C and 700°C, higher temperature and more 

amount of sol reagent can reduce leaching 

concentration of Pb. But co-heating with 1/30 amount 

of sol with fly ash can make leaching concentration of 

Pb lower than effluent standard. As for the formation 

of insoluble Pb which cannot leach without HF, if the 

amount of sol increases at 700°C, such Pb fraction 

increases as well. On the other hand, at temperature 

lower than 600°C, significant change by the increase of 

sol wasn’t confirmed. Most high percentage of HF 

fraction was confirmed at 600°C. 

 

Figure 2: Percentage of Pb after co-heating with sol reagent in 

muffle furnace. 

 

Figure 3: Percentages of Pb after co-heating with sol reagent in 

tube furnace. 

 

Figure 4: Leaching concentration of Pb after co-heating with 

different amount of sol reagent at 700, 600 and 500°C (amount 

of fly ash: 3g). 
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Figure 5: Mass-balance of Pb in the co-heating residue 


