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Study on adsorption mechanism of natural zeolite to

high concentration ammonium
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Abstract: In order to rapidly reduce the NH," concentration in the water source with high NH,", and facilitate subse-
quent biochemical process treatment, the natural zeolite was selected as the adsorbent in this study, and the factors
affecting the adsorption performance of the natural zeolite on high concentration of NH," was investigated. The ad-
sorption mechanism of high concentration NH," by natural zeolite was investigated through adsorption kinetics, iso-
therm and thermodynamic characteristics, together with molecular dynamics simulation. The results showed that the
adsorption capacity of NH,"-N was up to 26.94 mg/g when the condition were of the natural zeolite dosage 50 g/L.,
the initial NH,"-N mass concentration 4 000 mg/L., temperature 35 °C, adsorption time 3 h. The adsorption kinetics
and isotherm analysis showed that the adsorption process of natural zeolite on high concentration NH,” was more
suitable to be described by pseudo-second-order kinetics and Freundlich model. The results of theoretical computa-
tion and FT-IR spectra confirmed the existence of hydrogen bonds and chemical adsorption. The adsorption of high
concentration NH,” by natural zeolite was affected by multiple interactions, including the ion exchange process, elec-
trostatic attraction and chemical adsorption. At the same time, the hydrogen bond also played an auxiliary role in the
efficient adsorption of natural zeolite. This study had important theoretical significance for enriching and expanding
the content about the adsorption mechanism investigation of high concentration NH," using natural zeolite as the ad-
sorbent in water.
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Fig. 1 Optimized structures of natural zeolite (a) and
NH," adsorbed by natural zeolite (b)
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Fig. 2 Basic properties characterization of natural zeolite
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Table 1  EDS analysis results of natural zeolite
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S Al 14.2

M A R RAL XOR TR AR A R Rk
P 8] 25 7 A R g B 8% AL, (AR I FLBOM X b .
EDSr#r (R DAH L Z KRR AE ST KILE, Hi
EDS 4 B3t 845 n(Si)/n (A1) =4.51, % W% W 4 N
P FL 3 5 B K

KRB A 5 H A B A 0 3P BT R b L3 2,
B 5 3 FH 1 IR R b A LA K L 32 T AR A
MFLES

R2 KARARRAHASHMBRNOWIEERITLE
Table 2 Comparison of physical properties of
our natural zeolite and other zeolites
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Fig. 3 Effect of different zeolite dosage on adsorption behavior
of high-concentration NH," by natural zeolite
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Fig. 4  Effect of different temperature on adsorption behavior of
high-concentration NH," by natural zeolite
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Fig. 5  Effect of different NH,"~N concentration on
adsorption behavior by natural zeolite
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Table 3 Comparison of NH," adsorption properties between the
natural zeolite and other reported materials

B Ctmgry  BEH 0l s
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EasiN v 90~3 610 60 11.5 (27)
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23 WHZhNZE FREMBANERR
23.1 HEWHHF

MNH, =N ¥ 45 5T 55 Wk B2 R 4 000 mg/L I, Az £
W o6 S 36 45 4 A 35 °C L A BN AR 50 g/L L BT
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Table 4 Theoretical parameters of kinetic models
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Table 5  Fitting parameters of adsorption isotherm models
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Table 6  The thermodynamic parameters of adsorption of natural
zeolite for high concentration NH,"

AG®/ AH®/ AS®/

/K K,

(kJ-mol™)  (kJ-mol™) (Jemol'-K™")
288 5.80x107* -15.52
298 9.50x107* -16.80
308 1.23x107? -18.21 21.36 128.05
323 1.62x107° -19.85
338 2.42x107° -21.89
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Table 7 The adsorption energy of NH," on the different
adsorption sites in zeolite
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Fig. 6 Bond length between O atom of natural zeolite skeleton
and H atom of adsorbed NH,*
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Fig. 7 FT-IR characterization of natural zeolite before and after
adsorption of high concentration NH,"
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