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Abstract. The study of adsorption kinetics is very useful for understanding the mechanisms that are
involved. In order to predict the mechanism involved during the present sorption process and the potential rate
controlling steps such as mass transport, pore diffusion and chemical reaction processes, several kinetic
models were used to fit the experimental data, namely, zero-order, first-order, pseudo-second-order, simplified
Elovich, parabolic diffusion and power function models. At the present study, an ammonium adsorption
kinetic experiment was conducted using solution containing :.. mg/l of ammonium chloride at the times of
0.25 to 384 h. Kinetic equations for ammonium adsorption were evaluated by comparing coefficients of
determination (r2 and standard errors of estimate (SE) for each equation, which were determined by least
square regression analysis. The results of adsorption kinetic study showed that ammonium is adsorbed fast
within the first hours, but with elapsing the time, it will be slow. The most ammonium adsorption was in
Kordkoy soil and the lowest one was observed in the Houttan soil 2. The rates of ammonium adsorption in all

soils could be best described by the pseudo second order, p
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INTRODUCTION
Nitrogen is an essential macronutrient for

plantand inthe modern agriculture, nitrogen defi-
ciency is very common. Ammonium and nitrate
are importantinorganic forms ofnitrogen in soil.
Ammonium can be fixed among layers of some
..+ clay minerals, particularly vermiculite and
Illite (Hadas etal., 1986). The fixed ammonium
and ammonium-fixing capacity is positively cor-
related with the amount of. .. type clay minerals

(Zhang, 2006).
Understanding the kinetics and reaction

mechanism involved is essential for fully under-
standing the dynamic interactions of nutrients
with soil and predicting their fate over time, dy-
namic, species formation and bioavailability of
nutrients (Sparks, 1989 and 2000). Adsorption
can be known as the accumulation of substance
ormaterial atinterface between solid surface and
surrounding solution. Adsorption and
desorption are time-dependent processes, and
knowledge of adsorption and desorption rates
are essential for planning, evaluation and recov-
ery of adsorbent. Ammonium adsorption kinetic
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ower function and simplified Elovich equations.

was investigated by many researchers and var-
ious kinetic models were used to fit the data.
Various kinetic models like zero, first and
pseudo-second orders, power function, sim-
ple Elovich and parabolic diffusion models
were usedto describe the kinetic ofsoil chem-
ical processes such as ammonium adsorption
kinetic (Sparks, 1986).

Zhu et al (2011), in the study of Kinetic
adsorption ofammonium nitrogen by various
substrate materials reported that ammonium
adsorption by different materials initially
rises sharply, after a while it becomes slow,
and finally reaches a constant level. They also
stated that pseudo-second order equation is
the best model to explain the ammonium ad-
sorption. Kithome et al (1998) in the study of
ammonium adsorption and desorption kinet-
ics by natural zeolite clinoptilotite reported
that the adsorption process reaches equilib-
rium at 60 to 120 minutes. They introduced
the first order, Elovich, parabolic diffusion
and homogeneous diffusion equations as the
best describing equation of ammonium ad-
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sorption. Lebedynets et al (2004) also investi-
gated the adsorption ofammonium on natural ze-
olite and concluded that ammonium adsorption
reaches equilibrium in 24 h and then it becomes
constant. They introduced the first-order equa-
tion asthe bestmodel to explain the adsorption of
ammonium. The aim of this research was to in-
vestigate the adsorption of ammonium in some
loess derived soils in the north of Iran, and to se-
lect the best describing equation of ammonium
adsorption kinetics.
MATERIAL AND METHODS

Soil samples from the areas in Kordkouy,
Houtan and the Karasu in the north of lIran,
Golestan province were collected, air-dried and
passed through a 2 mm sieve. Soil texture (Gee
and Bauder, 1986), calcium carbonate (Nelson,
1982), organic carbon (Nelson and Sommers,
1982), pH and electrical conductivity (Rowell,
1995) and CEC (Chapman, 1965) ofsoil samples
were determined. Kinetic experiments were per-
formed using batch technique (Zhu et al, 2011).
In this method, 2 g soil samples in triplication
were weighed and poured into centrifuge tube.
Then, 2 ml ammonium chloride solution (100
mg/l) was added and shaken for 2, 4, s , 16, 24, 48,
96, 192, and 384 h time intervals (Steffens and

Sparks, 1997). After shaking, each sample
was centrifuged at 3000 rpm for 5 minutes,
and then equilibrated ammonium concentra-
tion in the supernatant was determined using
Steam distillation apparatus. The adsorbed
ammonium contentwas obtained from the dif-
ference of initial and equilibrium ammonium
concentrations in the solution. Two drops of
chloroform were added to each sample to in-
hibit microbial activities at the beginning of
experiment. Six kinetic models i.e. zero-
order, first-order, pseudo-second-order, sim-
plified Elovich, parabolic diffusion and
power function, were used to fit the experi-
mental data. Kinetic equations forammonium
adsorption were evaluated by comparing coef-
ficients of determination (r2 and standard er-
rors of estimate (SE) for each equation, which
were determined by least square regression
analysis.
RESULTS AND DISCUSSION

Some physical and chemical properties
of the soils are given in Table 1. The selected
soils had different clay content and minerals.
Smectite was dominant in the soils collected
from Kordkoy and Karasou, while illite was
prevailing in the soils of Hottan (Farshadirad
etal,2012; Bahreini etal, 2010).

Table 1- Some physical and chemical properties ofthe soils

Clay
Soils Texture pH
Houtan 2 SiL 7.2 11
Karasou Cc 7.3 48
Kordkouy 1 SiC 7.5 28

Ammonium adsorption o fsoils
Ammonium adsorption in soils as a function

oftime is shown in Fig 1. Ininitial stages, ammo-
nium is rapidly adsorbed with soil. But with
time, the curve slope and the ammonia adsorp-
tion are reduced. The adsorption capacities ofthe
all soils increased steeply from . to . h, thenrose
progressively from s to 24 h, and finally reached
equilibrium after 24 h. This can be explained
with the availability of adsorbent sites at early-
stage ofadsorption and with the saturationby am-
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CCE OM CEC
% Cmol(+)/kg
13 0.5 13.5
26 - 23.7
. 2.7 26.7

monium by the passing of time. Zhu et al
(2011) also found similar results. When the
adsorption sites were occupied, the adsorp-
tion rate declined and became equal to the
desorption rate at the end. The biphasic ad-
sorption or release (initial rapid and the next
slow phases) is the characteristic of aprocess
that is controlled by diffusion, which has been
previously observed for ammonium (Steffens
and Sparks, 1997; Kithome et al, 1998), and
other similar ions such as potassium



(Feigenbaum et al, 1981); Martin and Sparks,
1983). Ugurlu and Karaoglu (2011) concluded
that ammonium adsorption with fly ash and
sepiolite reaches equilibrium innearly . h, after-
wards, adsorption rate fixes. Kithome et al
(1998) reported that ammonium adsorption by
natural zeolite clinoptilolite reaches equilibrium
at 60 to 120 min. Liu et al (2010) stated that the
ammonium adsorption process from aqueous so-
lution by strawberry leafpowder occurs in three
steps. The ammonium adsorption occurred
slowly and steadily in the initial stage. The ad-
sorption capacities increased sharply within the
middle stage, and the adsorption processes
reached equilibrium in 14 h. The equilibrium
might be due to the saturation ofthe efficient ac-

Among soils, Kordkouy had the most am-
monium adsorption, and Houtan 2 had the low-
est. Higher adsorption in Kordkouy soil can
be attributed to its high percentage and type of
clay. Ammonium adsorption has also in-
creased with the increase of clay content. The
adsorption of ammonium in soils with domi-
nant smectite was more than lllite dominant
soils. Karasou soil adsorption was less than
Kordkouy-1 soil. Because Karasou soil has a
high lime (table . ), it probably masked the ad-
sorbent sites and the ammonium adsorption
was prevented. Steffens and Sparks (1997)
stated that non-exchangeable ammonium re-
lease from soils reduced with acidic resins.
This is due to neutralization with lime.
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Figure 1- Adsorption of soils from ammonium chloride solution

Comparison o fkinetic equations data of ammonium adsorption by soils are

Standard error of estimate (SE) and coeffi- shown in figures. 2 and 3. Lagergren pseudo-
cients ofdetermination (r2 forthe different fitted second-order model was widely used to esti-
equations in different soils are presented in Table mate the ammonium adsorption Kinetics (Ho
2. Mathematical analysis of the ammonium ad- and Mckay, 1994). Researchers found thatifa
sorption data showed that pseudo-second order, reaction is controlled by ion exchange, the
power function and simplified Elovich equations pseudo-second order model has best fit with
were the best model to describe the ammonium the experimental data (Lei etal., 2008); Zheng
adsorption rate by the soils. Pseudo-second- et al., 2008). Pseudo-second-order equation
order and power function equations fitted on the was introduced by Ugurlu and Karaoglu
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(2011) and Moussavi et al (2011) as the best
model to explain the adsorption ofammonium by
fly ash, sepiolite and natural zeolite. Zhu et al.
(2011); Huang et al. (2010); Wahab et al. (2010);
Liu etal. (2010); Guo et al. (2008) and Wen et al.
(2006) also reported that the pseudo-second or-

der equation is the best model to explain the

ammonium adsorption.
The good fit of the power function and

simplified Elovich models to ammonium ad-
sorption data indicate a slow diffusion of am-
monium into interlayer position of the soil

Figure 2 - Kinetic of ammonium adsorption according to Pseudo-second-order model for the

soils

Tiit

e Houtan 2
mKarasou

a Kordkouy 1

Figure 3 - Kinetic of ammonium adsorption according to power function model for the soils

Table 2 - Standard error of estimate (SE) and coefficients of determination (r2 for adsorption

kinetic equations onthe soils

Simplified Power Pseudo-
Elovich function second-
order
Soils SE R SE R SE
Houtan 2 3.28 084 0.02 084 ,...18
Karasou 297 094 0.01 0.93 0.006

Kordkouy 1 3.09 095 0.01 0.94 0.003

minerals and rate controlling process. Kinetic
studies performed on potassium which behaves
very similar to ammonium (Sparks and Huang,
1985) suggestthat parameters similarity ofthree

First-order  Zero-order Parabolic
diffusion

R:. SE R SE R. SE R.

. 038 080 554 052 592 047

v 047 o1 s.7 041 7.46 0.59

+ 053 073 ... 042 831 061
well fitted models of simplified Elovich,
power function and parabolic diffusion is in-
dicative of slow potassium diffusion from/
into interlayer positions ofmica and rate con-
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trolling process. Bache and Williams (1971) indi- sponse that lasted about s h which continued
cated that the energy ofadsorption decreased ex- by aslower reaction and finally reached equi-
ponentially with the increase of surface satura- librium in 24 h. Among the soils, the most am-
tion when the adsorption fitted the Freundlich monium adsorption was in Kordkoy soil and
equation or power function (Kuo and Lotse the lowest one was in the Houttan soil 2.
1974). Comparison of Standard error of estimate
Interactions between the molecules may ex- (SE) and coefficients of determination (r2 for
plain the decreasing energy of adsorpti®n with the equations indicatedthatthe rates ofammo-
surface saturation increase. nium adsorption in all soils could be best de-
CONCLUSION scribed by the pseudo second order, power

The results showed that in all studied soils, functionandsimplified Elovich equations.
ammonium adsorption pattern was as a rapid re-
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PE3IOME
Acmaen Jopaunypnl Cadue Yapkasn2 MoxTaba bapaHn Motnag]

Caep HacponnaHexag.

KWHETUYECKASA ALCOPBLMNA AMMUAKA HA HEKOTOPBLIX TIECCOBbIX MOYBAX
CEBEPHOIO MPAHA

1 [lenapTaMeHT NO4YBOBefeHUA, [OPraHCKuii YHUBEPCUTET CeNbCKOX03A/CTBEHHbIX HAYK U
npupoaHbIX pecypcos, opraH, VpaH, e.dordipour@yahoo.com , Ten: +981714426523
20T enexue 3alNTbl pacTeHNA, FTOpPraHCKnil yHMBepPCUTET CeNbCKOXO3SACTBEHHbIX HAYK W
npupoaHbIX pecypcos, ["opraH, VpaH

V3yyeHvie KMHETUKM afcopoLummn OYeHb BXKHO AJ19 MOHUMAHMWSA YYaCTBYIOLWMX MeXaHU3MOB. [1/18 Toro
4T06bI NPeAcKas3aTb MEXaHU3M, MPUHUMAIOLLWIA YUacTVe B HACTOSALLEEM NpoLiecce COpOLMM M MOTEHLMANbHYIO
CTeneHb Perynmpyowmx 3TanoBs, TakMX Kak nepeMeLLeHne Macchbl, MNPOLEeCcCOB MOPO3HOW Auddysun u
XUMWUYECKOW peakuumn, Oblin MCNOMb30BaHbl HECKO/IbKO KUHETUYECKUX MOofeneli i COOTBETCTBMA
3KCnepyMeHTa/IbHbIX JaHHbIX, @ UMEHHO, HY/IeBOro MOpsAKa, NMepBoro nopsaka, ncesfo-BTOPOro nopsaka,
ynpoLeHHbIi Elovich, napabonuueckme gudidysnm n mogenu ¢yHKUMU cunbl. B fjaHHOM  1ccneoBaHmu,
MPOBOAMNCS KMHETUYECKINIA 3KCNEPUMEHT aAcop6Ly aMMOHWMA C MUCMO/b30BaHMEM PaCcTBOPa, COLEPXKALLEro
100 mr/n xnopwga ammoHus B TeueHne 0,25 [0 384 y. KnHeTuMueckue ypaBHeHUst afcopbLum aMMOHMA
OLiEHVBa/IN MYTEM CPaBHEHWA KOIP(MLMEHTOB OMnpefeneHns (r) v CTaHLAPTHbLIX NMOrPEeLUHOCTel OLEHKM
(SE) pna Kaxporo ypaBHEHWs, KOTOpble OMNPeAensnuncb N0 MeTOAy aHam3a HavMeHblUell KBagpaTHOW
perpeccun. PesynbTaTbl UCCnef0BaHNA KMHETUYECKON aacopbumm nokasanu, YTo aMMOHWiA afcopbupyeTtcs
ObICTPO B TeUeHWE NepBbiX HECKOMbKMX YacoB, HO CO BPEMEHEM, 3TO MPOUCXOANT MeadseHHee. Hanbonee
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BbICOKast agcopbums aMmoHua Habnoganack B noyse B KopaKOCKOM paiioHe, a Hu3kas Habnroganach B
noyse B XyTTaHe 2. CTeneHb afcopbLym aMMOHUSA BO BCEX MOYBAX MOXXHO /yYLLIE BCEFO ONMcaTb NPy MOMOLLU
MCeB/0 BTOPOro NopsKa, CTENeHHOM yHKLMM U yNPOLLEHHBIX YPaBHEHWIA SNM0BMYA.

KntoyeBble cnosa: afacopobuys, aMMOHUIA, KNHETUYECKNIA.
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CONTYCTIK MPAHHbLL, KEMB1P CAPIbILL TOMbIPAATbI XXEPNIEPIHAE AMMUAKTbL,
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Clpy KUHETUKACbIH 3epTTey KaTbICyllbl TETiKTepai Tycwy YwWiH eTe maubisgpl. Civipy YPZiciHe
KaTbICYLLbI TETIKTI YX3HE MacCaHbLL, KO3rasibICbl, )XeKe apanacy YpAici )KaHe XUMUSA/bIK peakLMsaHbI anblH ana
6omkay YLWiH 3KCnepuMMeHTanAblK MafiiMeTTepre caiikec Keny YLWiH GipHewe KuHeTuKanbiK Yhri
nanganaHbingbl, 43ipeK aTkaHaa Hengik peTTen, 6ipiHwWi peTTeri, XanFaH-eKiHLWi peTTeri, XeLwaeTLureH
Elovich, napabonanbik apanacy »aHe ™ L PYHKLMACBIHbIL, Y/ITICi.

B/n 3epTTeyae 0,25 meH 384 ¢ wwge 100 Mr/n aMMOHUIA X/TOPUALL KAMTUTBIH epITIHAI NaiiganaHyMeH
aMMOHWUAIL, CinipyiHe KUHETMKaNbIK T3 pu6e XY prisingi. AMMOHUEIL, CiVipYiHIN KUHETUKa/IbIK TeUrepiniMmi
el a3 LaplbINblK KemiMengi Tangay agici 6iibiHWa aHblKTanFaH 3p6ip Teurepim YwWiH 6GaFanaygbi
CTaHAapTThl KeMLinikTepi (SE) MeH aiikbiHAay Koa(hdurumeHTTepiH (rd canbiCTbIpy apKbiibl 6aFanaHp!.

KnHeTVKanbIK CiLipyai 3epTTey HITWKeNepi KepceTKeHAeN, aMMoHMiA anFaLLKbl GipHelue caFar iwiHae
Te3 ciuipinegi, 6ipak yakbIT eTe 6asy ciyipinesi. AMMOHMALL el Ken cilipinyi Kopakock ayaaHbIHAa, an el a3
ciuipinyi XyTTaHe 2 TonblpaFbiHAa 6aiikangbl. AMMOHUZIL 6ap/biK TOMbIpakka Cilipiny geureiiiH xanFaH
eKiHLLI PeTTil, A3pexkenik (yHKUMA X3He SMOBMYTLL >XeUingeTinreH TeurepiMi kemerimeH cunattaFaH
YaKchbl.

FONTTT CB34€ep: CLLPY, aMMOHWIA, KNHETUKAbIK.
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