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Abgract. Statics and kinetics of ammonium nitrogen
absorption on natural  zedlite were investigated
experimentally under periodic conditions. A mathematical
kinetics model was developed and a counterion diffusion
coefficient was defined. The influence of phosphate
compounds and protein on equilibrium and a rate of
ammonium ion sorption wasinvestigated.
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1. Introduction

Intensve development of industry, agriculture,
power industry, transport, public service is accompanied by
usage of consgderable volumes of water, with its quality to
be in conformity with the standarts. Depending on the
object of usage, the water quality indices are divided into
certain categories according to harmfulness. Not only water
consumers use water in compliance with the standards
specified. The used (sewage) water before its discharge into
natural water reservoirs should meet certain criteria
concerning the concentration of chemica minera and
organic compounds, bacterial  pollutants, hang-up
substances [1]. Discharge of polluted sewage water into
natural water reservoirs has caused the situation which
shows that presently all surface water sources in Ukraine
according to the content leve of pollutants have
approached the IV-V dass of water quality, and therefore
the mentioned sources are characterized as polluted and
higly poluted [2, 3]. This leads to a catastrophic
degradation of water reservoir ecological systems [4].

Agricultura cattle production complexes and meet and
milk processing plantsareindustrial environmental polluters.

Processing of farm products requires usage of greet
quantity of water which after its industrial use is enriched
with organic substances and aso a number of biogenic
elements, first of dl nitrogen and phasphorus compounds [5].

The occurrence of these elements in water objectsis
limiting for water vegetation causing eutrophication. As a
result of rapid growth of the vegetation, the oxygen
dissolved in water is sharply reduced, the process of its sdf-
cleaning is disturbed, that causes perishing of aercbic flora
and fauna[6].

The nitrogen compounds, which are capable to
accumulate in surface and ground waters and also in air, are
especidly dangerous for humans, animals and plants[7].

Concentration of the ammonium nitrogen in sawage
water from meat processing plants ranges within 1.0~
3.2 mpegydm® and exceeds their maximum allowable con-
centration (MAC of NH, < 1.1 mgpeg/dm?) [12], therefore
the sawage water before discharge from the plant requires
cleaning. In order to decrease the load on water objects, espe-
cialy to prevent the eutrophication of water reservoirs, in
practice cleaning of the sawage water is done by coagulation,
settling with the fallowing filtration through the sand filters.
However, after such cleaning, the sawage water contains a
great quantity of the ammonium nitrogen which cannot be
removed from water by the mentioned methods.

Harmful impurities may be removed from the
sewage water by various methods [1]. Viewing the fact thet
great volumes of the sewage water are subject to cleaning,
the most economically reasonable is usage of natura
sorbents which after the cleaning process may be used as
fertilizers for agricultural needs. This sorbent, apart from
introduction of nutrition elements into the ground, improves
its sructure. Taking into consideration this fact, we used
zeolite as a sorbent which main ingredient is clinoptilolite
inasodiumform|[8].

The object of the work was investigation of the
dtatics and kinetics of the ammonium ion sorpion by zeolite
in the range of low concentrations characteristic of the
sawage water from meat processing plants and also the
influence of the accompanying pollutans of the sewage
water onthe NH,;" absorption processes.



8 Yaroslav Humnytskyy et al.

2. Experimental

2.1. Statics of the Ammonium lon
Sorption

To determine an adsorption capacity of the
ammonium ions, each of the glass flasks was filled with
200 ml of the ammonium nitrate solution, prepared in the
digilled water, of various initial concentrations (Cint =
=0.55-3.33 mgpeg/dm®) and equal portions of dinoptilolite
(~ 1 g) were added. The concentration range corresponded
to concentrations of the ammonium group in the red
sewage water. The flasks were sealed hermetically and kept
a (293 0.5) K for two days with periodical stirring. The
sorbent was separated from the solution which was
andyzed for the content of the ammonium ions using a
photocol orimeter and the known technigue [9].

At the following stages, the zeolite adsorption
capacity was investigated relatively to the ammonium ions
at the presence of two or three polluting components in the
solution smultaneously. Among these pollutants in the
sewage water, there are present phosphates and proteins
which concentration is also regulated. The model solution,
in which there were present the ammonium nitrogen and
phosphates, corresponded to the two-component system.
The adsorption of the ammonium nitrogen on the clino-
ptilolite at the presence of the phosphates with the initial
concentrations of the ammonium nitrogen (Ciir = 0.55—
-3.33 mgreg/dm®) and the initial content of the phosphates
(Ciit = 0.03-0.2 mgreg/dm®) was performed with the
periodic stirring of water solutions at (293 + 0.5) K. The
solution : adsorbent ratio was 200 mi:1 g of the
clinoptilolite. The contact time was two days. The sorption
of the ammonium ions from the three-component system,
where albumin with theinitia concentrations (Gt = 0.013—
0.13 moeg/dm®) was added as the third pollutant, was
carried out under the same conditions as in previous inves-
tigations with the solution : adsorbent ratio of 100 ml : 1 g
of the dinoptilolite. The solutions were analyzed for the
content of the ammonium ions by using the pho
tocol ori meter and the technique[9].

2.2. Kinetics of the Ammonium lons
Sorption on Zeolite

To define the kinetics of the ammonium nitrogen
absorption from the sewage water on the clinoptilolite, each
of the three glass flasks was filled with the 1 dm® solutions
prepared previoudy. The first flask contained the solution
with  the ammonium nitrogen content (Ciyy =
=2.19 mgreg/dm?), the second flask had the model two-
component solution with the ammonium ion content (Cii; =
=2.17 mepeg/dm®) and phosphates with the initial concent-
ration (Cirit = 0.207 mgreg/dm®). The third solution was the
three-component system with the initial con-centration of

the ammonium nitrogen (Ci¢ = 217 mgey) dm?),
phosphates (Gt = 0213 mgreg/dm®) and abumin
(Cinit = 0.077 mgreg/dm?®). The pH of the three-component
solution was 6.6. Note that concentrations of the polluting
components in the model solutions corresponded to the
content of the same pollutants in the real sewage water
from the meat processing plants.

Equal portions of the sorbent ~ 10 g were added to
the solutions. The flasks were seded, stirring was
performed by using a mechanical irrer, and samples were
taken in certain intervals of the solution-adsorbent contact
time. The experiments were carried out at (293 + 0.5) K.
The taken samples of the solution were analyzed for the
content of the ammonium ions by wusing the
photocol orimeter and the technique[9].

This sorbent was also tested for the kinetics of
adsorbing by it the above-mentioned polluting components
from the real sewage water with the content of the initial
concentrations as follows ammonium ions (G =
=1.73 mgreg/dm®), phosphates (Ciri; = 0.15 mgreg/dm?), and
protein (Ciit = 0071 mgreg/dm®). The technique for
carrying out the experiment and analysis of the ammonium
ion content are similar to those in the modd investigation.
The pH of the sewage water was 7.68.

3. Results and Discussion

A specific feature of zedlitesisthe fact that they may
be used as adsorbents and as ion exchangers [10].
Otherwise, the sodium ions, which are capable of
exchanging with the additionally charged cations from the
solution, are counterions. The exchange reaction between
the zeoliteand NH," ion can be written as:

R-Na+ NH;" <> R-NH;+ Na"

where R are fixed ions which form a matrix of the ion
exchanger and cannot pass into solution. The obtained
relationships of NH," ion concentration in Cypg. Solution
versus NH;" concentration in a solid phase (zeolite
exchange capacity) a* are plotted in Fig. 1 (curve 1), which
shows that for a given interval of Cyna COncentrations the
relationship with dight deviations in the area of low Cypa+
concentrations <05 mgeyl is linear and for a given
constant temperature of (293 + 0.5) K it isan isotherm of an
ion exchange sorption, that corresponds to the first linear
section of the Langmuir isotherm, and this relationship is
approximated by linear Henry equation (1) which for the
investigated area (mgreg/dm’):

0< CNH," < 2 hasthe form: a* =0.271Cypa+ (1)

Curve 2 (Fig. 1) corresponds to the isotherm of the
ammonium nitrogen sorption in the presence of the
phosphates (normalized pollutant of the sewage water from
meat processing plants). These values indicate the decrease
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of the zeolite exchange capacity due to its competition for
the active centers of the adsorption.

With the presence of the third component (albumin,
wich is a proteins substance) in the solution, there is
observed a grester decrease of the zedlite sorption
capability to the ammonium ions (curve 3). Thus, in the
presence of the phosphates the equilibrium capacity
decreases approximately by 30%, then in the three-
component system its decrease is about 70 %.

Subsgtantiation of the kinetics of the ion exchange
and its mathematical description are based on the sorption
mechanism which allows to establish the process stage by
limiting. The experimental investigations permitted to
obtain the relationships of the change of the ammonium
nitrogen concentration in the solution versustimet (Fig. 2).

The analysis of the kinetic curve of the ammonium
nitrogen adsorption (Fig. 2, curve 1) reveds dynamics of
the ammonium ion content decrease in the solution during
the given solutionrsorbent contact time, with a great
quantity of the ammonium cation decreasing in the first
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time interval (5 min) and its content decreasing gradually in
the following time intervals. During the 20 min solution-
sorbent contact, the concentration of the ammonium
nitrogen decreased in relation to the initial one approxi-
meately twice and reached the maximum permissible normal
whichis allowed for the discharge of the sewage water into
common sewer nets (MAC of NH," < 1.1 mgreg/dm?).

It is known [1] that the ion exchange mechanism
consists of five stages:

1) Diffusion of NH," ions from the solution to the
exchanger surface.

2) Internal diffusion of NH;" ions in the sorbent
grain.

3) Chemical substitution reaction for subgtituting of
NH," for Na" counterion.

4) Internal diffusion of Na* counterion to the surface
of the sorbent grain.

5) Na diffuson from the grain surface to the
solution.
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=)
(=]
‘
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Equilibrium concentration of ammoninm ion (CNH,*), mg*eq./dm?

Fig. 1. Isotherms of ammonium nitrogen sorption on natural zedlite: isotherm of ammonium nitrogen sorption (4);
isotherm of ammonium nitrogen sorption at the presence of phosphates (m) and isotherm of ammonium nitrogen sorption
at the presence of phosphates and albumin (A)
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Fig. 2. Kinetics of ion exchange sorption of ammonium nitrogen: sorption of ammonium nitrogen (¢); sorption
of ammonium nitrogen at the presence of phosphates (m); sorption of ammonium nitrogen at the presence of phosphates
and albumin (A ) and sorptions of ammonium nitrogen from sewage water (X)
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The stage of the ion-exchange reaction (3) proceeds
very quickly, therefore only diffusion processes may be
limiting: external or internal diffusion. External-diffusion
processes (stages 1 and 5) are determined by
hydrodynamics. In case of intensive girring, which was
used in our experiments, the external-diffusion resistance is
much lower than the internal-diffusion resistance, therefore
the kinetics of the processislimited by stages2 and4 and is
described by mathematical methods using the differential
equations of the molecular diffusion in capillary-porous
bodies [11]. Assuming that the adsorbent grains are
ballshaped, the differential equation of the molecular
diffusion hasthe form:

) y

s =D Sy 22 @
qt ™ r Mty

where C, is a volume concentration of NH," ionsinside the

zeolitegrain; r isavariable grainradius; tistime.

The intensive girring of the solution and changing
the process to the internal-diffuson one means that the
concentrations of NH," in the solution and on the outer
surface of the zeolite grains are egual, and the number

Bi=y (Bi=2R)
D
In Eq. (2) C, is a variable concentration of NH4 on
theradiusr of thezeolitegrain (0<r <R; Risgrainradius).
It is not the variable concentration that is defined
experimentally, but its averaged value:
3

Ca=— riC.dr 3)
a—R3Q a

The relation between NH," concentration C; in the

solution and an averaged concentration C . is defined from
the material balance equation:

m JE—
V(Clo - Cl) :r_Ca

ad

(4)
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a

Note that ; =a ; Cypistheinitial concentration
ad
of the solution; m is the zeolite mass; r 4 is the zeolite
density; V isthe solution volume.
The problem incudes additionaly initial and
boundary conditions and the condition of the symmetry of
concentration distribution on the zedlite grain. Using non-

N Dt
dimensional parameters. | = E; Fo= ?—the Fourier
number, the problem can be written as.
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Inthe system (5):
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The system solution f5) was peaformed by the

operational method based on Laplace transform [13].

In the transforms the system has a zero root and a set
of roots which are defined from the characteristic equation:
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Taking into cons deration the zero root and the set of
roots, the general solution of the system (5), represented
through the changes of the concentration C; in a liquid
phase of its change under conditions of the periodical
process of the ion exchange sorption, can be written in the
form:

LSRR Y exp(- nfFo

C Tl g B A ASem ]

where &:MWith great values of the root
9+9a +a’ny

m, and great time t, the exponent value tends to zero,
therefore the use of only the firss root m of the
characteristic equation (regular operation area) is sufficient,
and Eq. (7) can be reduced to:

C, a
Cp a+l:Ale'”fF° )
a+l
which in the semilogarithmic coordinate system
G a
inCo_a+l_ f (1) Givesastraight line (Fig. 3).
a+l

A dope of the straight line y of the regular operation
represents a value of:

tog =nt = ©
We define the internal counterdiffusion coefficient
D* for the experiment conditions. The initial concentratlon
for the ammonium ions is Cyp = 39.5 mg/dm The
equilibrium volume capacity of the zedlite (Fig. 1) a ¢ is
10.7 mg/ga. The zeolite density r o is 2150 g/dm?®, the grain
porosity €, is0.3 [10]. The diameter of the zedlite fraction d
i$3.0 mm.
Vr adCIO
a0
According to the relation (6), define the first root of
the characteristic equation:

tgm = 3, .
m 3+0.369n7

Having defined tgg = 1.2840° (Fig. 3) from the

relation (9), we find the internal counterdiffusion
coefficient D* = 2.8420™ ni’/s. The find value of the
concentration C, for the given periodical stirring conditions,
with this value corresponding to the number of Fo = oo, and
the condiitions corresponding to equilibrium ones, from Eq.
(7) will equal:

G =8 _( 260;
C, 1l+a

Definethevalue of a: a= =0.369

m =10.0668

Cieq = 10.645 mg/dm®

The presence of other compounds in the solution
decreases the value of the ammonum nitrogen sorption
(curves 2 and 3, Fig. 2), that is explained by ther
competitiveness while they are moving in the adsorbent
pores and by the competition for active centers.

Fig. 2 aso shows the kinetics of the ammonium ion
absorption from the real sewage water from the meat
processing plant. The presented data indicate that NH,"
adsorption rate is adequate to curve 3 which corresponds to
the model solution with the three-component system
present.
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CTATHUKA TA KIHETUKA COPBIIIf HITPOTEHY
AMOHIMHOI'O HA IPUPOTHOMY IIEOJIITI Y
IMEPIOJJMYHUX YMOBAX

Anomauin. ExcnepumenmanvHo 00CHiOx*CeHO CmMamuxy ma
KiHeMUKY NO2IUHAHHA HIMPO2eH aMOHII0 HA NPUPOOHOMY COpOeHmi )
nepioouunux ymosax. Pospobaeno mamemamuuny mooenv KiHemuxu,
susHaveHo Koegiyienm Ougysii npomuionie. Jlocniodceno enius
Gocpamnux cnonyk i 6ika na pienosazy ma weuUOKicmv copoyii
AMOHITIHO20-LIOHY.

Knwuogi cnoea. mimpoecen amouiiinuil, yeonim, pisHosaza,
MaAmemMamuyHa Mooeib, CIMIYHI 600U.





