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Abstract

The ammonium ion exchange characteristics of natural zeolite were investigated to remove NH4'-N. The effect of water
temperature, particle size and competitive cation on the exchange capacity was examined. Ammonium ion exchange capacity
tended to decrease when the temperature increased from 25°C to 40°C. Exchange capacity was increased according to the
particle size of natural zeolite comes to be small. Batch isotherm experiments were conducted for measuring ammonium ion
exchange capacity. The ion exchange capacity was well described either by the Langmuir isotherm model or by the Freundlich
isotherm model. The ammonium ion exchange capacity (gm) of zeolite carrier can be calculated 11.744 mg-NH,'/g-carrier.
The ion exchange capacity of manufactured zeolite carrier was showed a similar tendency as ion exchange capacity of
powder-sized natural zeolite. Therefore, zeolite carrier can be used for increasing of nitrogen removal efficiency in the
wastewater treatment plants.
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Table 1. Experimental condition of NH," ion kinetic test
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Items Units Values
Initial concentration mg/L NHs-N 50
Amount of zeolite weight g 10
Zeolite size ASTM Standard No 8, 16, 28, 35, 150, 200
Mixer rate rpm 150
Experimental time hr 48
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Table 2. Vaues of various co-existing cation concentrations at each set

Items 1 set 2 set 3 set 4 set
Cation NH4" Na' NH4" K* NH," ca** NH4" Na' K* ca**
0 0 0 0 0 0
Concentration 25 25 25 50 25 25
50 50 50 50
(mglL) 50 50 50 25 50 25
100 100 100 25 25 50

Intensity

10 15
Angle

Fig. 1. XRD patterns of natural zeolite.
(O: dlinoptilolite mgjor patterns, @: mordenite mgjor patterns)
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Fig. 2. SEM patterns of natura zeolite.
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Fig. 3. NH," ion exchange characteristic according to zeolite
sze.

A7AAY FAA I FoPAA NHioles HEE + 9)
£ 187k Bokeke] olend S¥ol e Aoz A
E56, £ ALl Ugol 25 FAAY Aw
(dead volume)e] #2317 &) NHio] 29 AAge] %
e Aoz BN, 35 S(100)9 AT AT
FAE BB Gl

a3 AE HESAIZE 27] 60E7MA EE AP FNA
HE ol2ud £EE HIOH, 608 o|FoE ol2m3t
&£&7t JAA Fastd ﬁOWEM Egdte Ae I
4 AT ASTM No. 200 3% %7] 6087HAY AAE
< 80%°lH, 12417t & 95%, 24/\]7J T 96%9 NHs-N

AAES e AT
AgolE FJFo] w2 NH, ol2ng 54& Fig. 4
o Uetiden, i oj2md g %7 1A%

L0 g
Q9

a0 s . .
0 10 2D a0 40 50

Time (hr)

(@ Case 1 (NH," conc. :

50 mg/L)

1] 10 -1 D 40 20
Time (hr)

(b) Case 2 (NH," conc. : 100 mg/L)

03 r “~1gCo0mg/l) -0-2(Co Hme/L)
02 r -t 3g (CoDmg/l)  -+- 1g (Co 100 me/L)
ol f a2 (Co 10 mg/l) -+ 3g (Co 100 ma/L)
00 n : n :
0 10 20 30 40 80
Time (hr)

(c) Case 3 (NH4" conc. : 50 mg/L vs 100 mg/L)
Fig. 4. NH," ion exchange rate according to zeolite weight.
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Table 3. Freundlich and Langmuir adsorption isotherm parameter according to temperature

Freundlich Langmuir
Temp. 2 2
1n Kt R Om b R
5°C 0.441 5.1843 0.97 9.624 0.0037 0.94
10°C 0.438 5.0152 0.96 9.234 0.0072 0.96
25°C 0.334 7.8484 0.98 11.842 0.0042 0.94
40°C 0.756 1.4564 0.95 8.942 0.0062 0.97
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Table 4. Relative removal efficiency of ammonium ion at co-existing cation conditions

Mixing ratio NH," remova efficiency (%) [at two co-existing cation]
[NHs' : N&'/K*/Ca] [N&] [K'] [Ca]
1:0 84 84 84
1:05 69 61 78
1:1 54 51 64
1:2 46 41 54
NH. r\/l;\);;rjg: rztlo: cel NH," removal efficiency (%) [at four co-existing cation]
1:0:0:0 84
1:1:05:05 54
1:05:1:05 51
1:05:05:1 61
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Fig. 5. Relative removd efficiency of ammonium ion at co-existing cation conditions
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[Natural zeolite]

Fig. 6. Manufacturing process of zeolite

[Crush / Sort]
[Paste / Compression]
[Drying]

carrier.

Table 5. Physical properties of zeolite carrier by BET analysis

[Zeolite carrier]

(@Tmm , @15mm)

Items Units Zeolite carrier  Natural zeolite - Literature - X
Natural zeolite (powder) Synthetic zeolite (powder)
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FALE(K)7E 2-1041 9] e AW FHo] §old A

o7 HiEd
Aol E o]
A8 B¢ f5

2 202 Als "

ATHelA A 5, 1987).

=i}
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2u% 595 Itz 74
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EECIEL
gAs A%
28 g%t

U
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e

e 5(2008)2 NaCl &9 7} MicrowaveE o83t A
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Table 6. Freundlich and Langmuir adsorption isotherm parameter of natural zeolite and zeolite carrier

Items Freundlich Langmuir
Parameter 1n Ky R? O b R?
Natural zeolite 0.335 4.207 0.98 11.924 0.0042 0.98
Zeolite carrier 0.313 4.345 0.97 11.744 0.0039 0.98
1.4 0.60
127 * 0.50
<Natural zeolite>
1! ¥ = 3.8547x + 0.0838
L <Natural zeolite> 0.40 A? = 0.9807
=08 i i y =0.3126x + 0.6239 <Zealite carrier>
= <zealle carfer> R2 = 0.9847 So.30 y = 3.8425¢ + 0.0851
2 ¥ =0.3348x + 0.6380 = B? = 0.9804
=06 R2 = 0.9714
0.20
0.4
- B zeolite carrier
0z - 0.10 + natural zeolite
o L " L " " ! 0.00 L ‘ |
1] 0.2 0.4 0.6 0.8 1 1.2 0.00 0.02 0.04 0.06 0.08 0.10 0.12
log Ce 1/C,y
(&) Freundlich (b) Langmuir

Fig. 7. Adsorption isotherm parameter of natural zeolite and zeolite carrier.
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