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Characteristics of Ammonium ion-exchange on
Zeolite 4A synthesized from Coal Fly Ash
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Department of Invironmental Engineering, Chungju National University
Abstract

A study on the synthesis of zeolite from coal fly ash from power plant was carried out to
reduce environmental problems and reuse industrial waste. The synthesized zeolite was proved
to be Zeolite 4A type by means of the XRD and SEM analysis, and then the synthesized
zeolite was used as an absorbent to remove the NI, ions in the wastewater and water.

In the ion exchange of single NITi ijons by the natural zeolite and the synthesized zeolite,
the 1on exchange reached equilibrium within 10 min. and 1hr, respective 2lv. The amount of ion
exchanged NH, to the unit weight of natural zeolite and zeolite 4A were 1.09 and 3.54 meq/g
respectively, and the amount of NH; ion exchanged by the synthesized zeolite was higher
than by the natural zeolite. The ion exchange kineties fitted very well to the Freundlich and
Langmuir isotherm.

The effects of coexisting cations on the ion -exchange properties of zeolites were studied in
order to apply them to water treatment. In the hisolute svstem of the NH, -K  and NH; - Na
systems, the ion exchange capacity was smaller than the single NH, ion svstem. The effects
of coexisting cations on the ion exchange svstem by the natural zcw)lite’and the svnthesized
zeolite were found 1o be K'*Na™ and Na >K >>Mg” >Ca™ . respectively.
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Table 1. Chentcal compositions of bituminous coal {ly ash.
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Table 2. Chemical compositions of the natural zeolite.
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Fig. 1. Apparatus for zeolite AA synthests.
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Table 4. Material balance on the ion exchanged between extracted cations and adsorbed NI, .

Samp. | Type of C, (mg/L) Ce (mg/1.)
No. | Zeolite ' NI | Na K | Ca | Mg” | NHi | Na K | Ca | Mg”
i 1 01.975 0 0 0 0 A1.079 | 7590 | 7429 | 0410 | 0485
2 jﬁ‘f;‘]r&‘l 6247 0 | 50727 0 0 [ 40350 | 9847 | 41985 | 0600 | 0874
3 0l.205 | 49.829 0 0 0 41640 | 47.713 | 10947 | 1.890 1097
4 o 52.554 0 0 0 0 SLI14 | 26382 | 1184 0.080 | 0175
5 /12()111&1( 86377 0 | 56159 0 0 | 41670 | 29291 1 33361 | 0010 | 0121
6 53.083 | 52.463 0 0 0 11970 | 67517 | 2355 | 0019 | 0.060
NH. other component (melting component)
Samp. .
No, q], 8 ‘ | Qi ' . . '(12* ) v o 2
(mg/g) | (meq/g) | Na K Ca” Mg~ Na K Ca Mg~
1 10.89 | 0.605 | 7.590 | 7429 | 0.410 | 0435 | 0.330 | 0.190 | 0.021 | 0.040 | 0581 | +0.024
2 6.897 | 0383 | 9847 | -8742| 0.600 | 0874 | 0428 | 0.224 | 0.030 | 0.072 | 0.306 | +0.077
3 9565 | 0.531 2116 [ 10947 ) 1290 | 1.097 | -0.092] 0.230 | 0.094 | 0.090 | 0372 | +0.139
4 42879 | 2382 | 527371 2368 | 0160 | 0330 | 2.2094 | 0.061 | 0.008 | 0.029 | 2.392 | -0.010
5 29415 | 1.634 | B8582 |-35.596] 0.020 | 0.242 | 2347 | 0910 0.001 | 0.020 | 1.658 0.024
6 222251 1.235 1 30107 | 4710 | 0.040 | 0.038 | 1.309 | 0.120 | 0.002 | 0.010 | 1.441 0.206
C,, ¢ initial concentration of each cation, (mg of i /1)
Ce @ equilibrium concentration of each cation, (mg of 1/1.)
ar  amount of jon exchanged NIT4- at equilibrium state, (mg of NI1' / g of zeolite)
2 - amount of 1on exchanged NH4+ at equilibrium state. (meq of NI, / g of zeolite)
e - amount of melting cation at equilibrium state, (mg of i 7 g of zeolite)
(e - amount of melting cation at equilibrium state, (moq )of i g oof zeolite)
Yap# ¢ total amount of melting cations (Na 'K +Ca” +Mg™ ), tmeq of i / g of zeolite)
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Nomenclature
a s constant for Langmuir isotherm
Ce sequilibrium  concentration  of NHy  jon.
(mg/1.)
C, “initial concentration of NHy ion, (mg/L)
K. n :constant for Freundlich isotherm
M s weight of zeolite, (g)
MW;  molecular weight of 1 component
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librium state, (mg of NI, / g of zeolite)
Gmas - Maximum amounts of ion- exchanged NH,

for Langmuir isotherm, (mg of NIl 7/ g
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