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TABLE 1.  Chemical composition of paper sludge ash, determined by 
energy-dispersive X-ray spectrometry

 Oxide (wt%) Minor elements (mg / kg)
SiO2 40.9 
Al2O3 22.9 
CaO 25.8 
Na2O 0.2 
K2O 0.2 
MgO 6.9 
Fe2O3 1.3 
TiO2 1.8 
Cr  N.D. (< 0.5)
Cd  N.D. (< 0.1)
Hg  N.D. (< 0.01)
Pb  8.3
As  N.D. (< 1)
Cu  130
Zn  480

Paper sludge ash

Product
(Zeolite)

Residue
(Si,Al) Solution

(Ca and other elements)

Acid treatment
1-5M HCl solution, 

Solid (original ash): Liquid (HCl) = 1:10 - 5:10
Leaching time: 24 hours,

Temperature: room temperature

Alkali reaction
Fixed conditions

2.5M NaOH solution,
Solid (leached ash): Liquid (NaOH)= 1:10

Reaction time: 24 hours, Temperature: 80 ∫C

High [Ca] : extracted

Low [Ca] : remained
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