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The hydroxyapatite (HAp) for the present study was prepared by precipitation method in semiconductor
fabrication and the crystallized at ambient to 950°C for 30min in electric furnace. The ion-exchange characteristics
of HAp for various heavy metal ions such as Cd®, Cu®, Mn*, Zn®, Fe*, Pb®, AI*, and Cr* in aqueous solution
has been investigated. The removal ratio of various metal ions for HAp were investigated with regard to
reaction time, concentration of standard solution, amount of HAp and pH of solution. The order of the ions
exchanged amount was as follows: Pb”, Fe*>Cu®>Zn*>AP>Cd*>Mn*>Cr™. The Pb” ion was readily
removed by the HAp, even in the strongly acidic region. The maximum amount of the ion-exchange equilibrium
for Pb® ion was about 45 mg/gram of HAp. The HAp would seem to be possible agent for the removal of
heavy metal ions in waste water by recycling of waste sludge in semiconductor fabrication.
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Fig. 1. XBRD spectrum of HAp fired at various
temperature :(A) dried waste sludge, (B) at
300C, (C) at 500C, (D) at 700C, (E) at
900°C.



Fig. 2. Scanning electron micrograph of HAp fired at(A) 700C and (B) 900TC.

Table 1. Residual concentrations of various cations
in an aqueous solution as a function of
reaction time for 0.5g of HAp

Elements Reaction Residual Removal
time(hr) conc.(ug/g) ratio (%)

05 384 616

_ 10 316 68.4
cd 20 301 69.9
30 1.86 814

40 1.78 8.2

05 082 018

) 10 0.75 95
Cu® 20 043 %7
30 0.36 %4

40 031 %9

05 721 279

1.0 6.87 313

Mn* 20 525 475
30 495 505

40 452 54.8

05 1.03 897

' 10 0.88 91.2
Zn” 20 071 029
30 069 03.1

40 0.48 %2

05 ND 100

1.0 ND 100

Fe” 20 ND 100
30 ND 100

40 ND 100

05 0.04 06

_ 1.0 ND 100
Pb* 20 ND 100
30 ND 100

40 ND 100

05 1.70 3.0

10 2.00 80.0

A" 2.0 284 716
30 0.64 936

40 0.58 942

05 935 65

10 925 75

cr 20 9.34 66
30 9.39 6.1

40 950 5.0
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Fig. 3. Comparison of removal ratio of various
cations as a function of reaction times for
0.5¢ of HAp.
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Fig. 4. Comparison of removal ratio of Cd*, Cu®" and
Zn”" ion mixture as function of reaction times
for 0.5g of HAp.
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and pH change for 0.5g of HAp.
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Fig. 6. Comparison of removal ratio of various
cations as a function of the pH changes for
05 g of HAp
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Table 2. Equilibrium ion exchange amount of Pb”

ion per unit HAp at different initial
concentration
Initial conc.
% Removal
of Pb™, Ecdlmg/g) Re(mg/D) .

Ic (mg/) ratio(%)
50 999 0.04 9.9
100 19.99 0.06 99
150 29.83 0.84 99.4
200 36.58 17.1 915
250 3884 55.8 ViNi
300 39.08 104.6 65.1
350 42.02 139.9 60.0
400 44.84 175.8 56.1
500 45.22 273.9 455
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