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Experimental studies of sorption on water treatment from ammonium ions by a calcined sorbent based on ash-and-
slag waste from thermal power engineering have been carried out. The calcined sorbent was obtained by calcining samples
of ash-and-slag from coal combustion at the Novocherkassk State District Power Plant at a temperature of 600 °C for
30 min. The sorption capacity of a sorbent with a dose of 2.0 g per 50 mL of a model solution, a stirrer speed of 200 rpm,
pH 7, and sorption time from 10 to 180 minutes was studied. The influence of the initial concentration of model solutions
with the content of ammonium ions 5, 20, 50 and 100 mg/L on the amount of adsorption and treatment efficiency was
studied. The highest treatment efficiency of 60% was obtained for an initial concentration of ammonium ions in a solution
of 20 mg/L. Processing of experimental data was carried out according to the models of pseudo-first, pseudo-second-order
and intra-particle diffusion kinetics. The best description of the experimental data was obtained using the pseudo-first-
order model, which has the highest value of the coefficient of determination. The adsorption equilibrium in the system
ammonium ions — calcined sorbent was studied for the initial concentration of ammonium ions in solution: 5, 20, 30,
50, 100, 200, 300 mg/L. Processing of experimental data on equilibrium was carried out on the basis of two-parameter
adsorption isotherms: Langmuir, Freindlich and Temkin. The value of the coefficient of determination according to the
Langmuirisotherm is the largest B2 = 0.9904. Dependences between the cleaning efficiency at adsorption equilibrium and
the initial concentration of ammonium ions in solution for the system ammonium ions — calcined sorbent are obtained.
With an increase in the initial concentration of ammonium ions in the solution, the treatment efficiency at low initial
concentrations increases, and decreases with increasing concentration.
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[TpoBemerpr HKRCITEPIMEHTATBIBIE MCCTCIOBAHMS COPOIINNT TT0 OUNCTKE BOABI OT TOTOB AMMOHMST TPOKATCHHBIM COP-
GEHTOM Ha OCHOBE 30JI0IIIIAKOBBIX OTXO/[0B TerioaHepreTkit. [Tpokanéuublii COpOEHT MOJTyUYeH ITyTéM poKaInBaHms 00-
pasioB 3oJsotaaka or cxkuranus yrist Hopouepraccroii 'PIC npu remmneparype 600 °C 8 revenne 30 mun. Vcenepoana
copOImoHHast crmoco0HoCTh copoenTa ¢ o301 Maccoii 2,0 T ra 50 cM? MOeILHOTO PACTBOPA, YaCTOTA BPATIECH IS TTePeMellIi-
satotero yerpoiicrsa 200 06./mun, pH 7, Bpemst cop6inn or 10 1o 180 mus. M3yueno BiusiHue nexoaHoil KOHIEHTPAINN
MOJIGILHBIX PACTBOPOB ¢ cofiepsranmeM nonos ammonnst o, 20, 50 u 100 mr/nm? Ha Beamaniry ageopornn i 5HOeRTHBHOCTD
ouncrim. Hanbomnimmas aperruBrocts ouncrrm 60% morydemna 1 mCXOHONT ROHIIEHTPATIIT MOHOB AMMOHTIS B PACTBOPE
20 mr/nv®. O6paboTka HKCIEPUMEHTATBHBIX JAHHBIX POBEICHA 110 MOJEJAM KIUHETHKH TICEB0NEePBOro, NCEeBILOBTOPOTO
nopsiaka u guddysnonnoit. Jlyuriee onncanne sRerepnMeHTaTbHBIX TAHHBIX TOJTYYEHO 110 MOJIEIN HCeBI0NepPBOro Mo-
pAKa, mMeToTelt Hanbombimee 3navenne rodddummenra gerepMunarui. V3yaerno ancopommonnoe paBHoBecHe B CHCTeMe
MOHBI AMMOHUS — MPOKATEHHBINT COPOCHT JIJIsT MCXOHOI KOHIEHTPAINN NOHOB aMMOHs B pacteope: 9, 20, 30, 50, 100,
200, 300 mr/mv?. O6paboTKa 9KCIEePUMEHTATLHBIX AHHBIX 0 PABHOBECHIO TPOBEJIeHa Ha OCHOBE IBYXMapaMeTPIIeCKIX
m3orepm agcopbrum: Jlenrmiopa, Opeiinmanxa n Temrmma. 3Hadere Beamanis KodGPUTIEHTA ETEPMIHATIIN O T30~
repme Jlenrmiopa siBasiercst nanGonapinnm R2 = 0,9904. Tlonyvenn sapncumoctn Mesy 9QQOEKTUBHOCTHIO OYHCTKI P
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aJlcOPOIIMOHHOM PABHOBECHIT 1 MCXOJHOI KOHIEHTPAIeil HOHOB aMMOHIISI B PACTBOPE JIJISE CUCTeMbI HOHBI aMMOHUST —
npoKanéHHbii copoent. C pocToM MCXO[HOI KOHIEHTPAIMY NOHOB aMMOHUsI B pactBope 3 HeKTuBHOCTh OUNCTKI MPH
MAJIBIX MCXOTHBIX KOHI[EHTPAIINAX BO3PACTACT, a ¢ yBeANIeHneM KOHTIeHTPAIINT majjaerT.

Karouessie crosa: 5$HerTuBHOCTH OUNCTRE, HOH AMMOHIS, COPOEHT, 30JI0MLTAKOBBIC OTXOJIBI.

The presence of ammonium ions in surface
and wastewater (WW) indicates their bacterial
contamination by pathogenic microorganisms.
This is due either to the location of the water
body near the disposal site for hazardous objecls
[1], or to insufficient treatment of household
wastewater [2]. In work [3], various technolo-
gies for wastewaler treatment are considered
and the characteristics of sorbents and research
conditions are given. A large number of works
are devoted to the study of mineral natural
zeolites for the treatment of wastewater from
ammonium ions, such as clinoptilolite [4-6],
calcium bentonite [7], halloysite [8], analcime
[9], dispersed silica [10], etc.

Currently, the treatment of wastewater from
ammonium ions using sorbents based on indus-
trial waste has become widespread. Let's look at
this issue in more detail.

In a study [11], the authors used activated
carbon obtained from coconut shells as a sor-
bent to purify water from ammonium ions (In-
dia). The coconut shell was heated to 400 °C in
increments of 10 °C/min in an inert atmosphere
of nitrogen, and upon reaching 400 °C, it was
kept for 4 hours. The resulting coal weighing
00 g was treated with 250 g of an aqueous 85%
solution of orthophosphoric acid with perma-
nentstirring and heating up to 85 °C for 4 hours.
Then the sample was dried in vacuum at a tem-
perature of 110 °C for 24 hours. Next, the sample
was aclivated in a vertical cylindrical muffle
at 800 °C in a nitrogen flow at a nitrogen flow
rate of 100 mL/min. The samples were washed
with water until the pH value was neutral and
dried at 110 °C to obtain activated carbon. The
resulting sorbent weighing 2 ¢ was placed in a
flask with 50 mL of a solution containing am-
monium ions. In the test mixtures, we varied the
pH values of solutions (9, 6, 7, 8, 9 and 10 pH
units), solution temperatures (10, 20, 30, 40 and
00 °C), contact time (up to 120 min), and initial
ion concentration ammonium (500, 1000, 1500
and 2000 mg/L.), sorbent particle size (300 and
600 wm). Based on the data obtained, Langmuir
and Freundlich isotherms were constructed and
thermodynamic coefficients were determined.
At a solution pH value of 9, temperature 10 °C,
initial concentration of ammonium ions
900 mg/L, the maximum equilibrium value

of sorption capacity was noted to be 2.48 and
2.28 mg/g for sorbents with particle sizes of 300
and 600 um, respectively.

In [12], scientists from Nepal and South
Korea used activated carbon obtained from waste
tires by pyrolysis in various media as a sorbent to
purify water from ammonium ions. The adsorp-
tion isotherm and kinetic curves were studied at
the optimal pH value of 9. The adsorption iso-
therm was better fitted by the Freundlich model
than by the Langmuir model. The equilibrium
adsorption capacity of the monolayer, calculated
by Langmuir, was 277.8 mg/g at room tem-
perature. The adsorption reached equilibrium
after 120 min, and the kinetic data fit well to a
pseudo-second-order model with a constant rate
of 5.3:10% L-g/(mg-min). Adsorption of ammo-
nium ions by activated carbon was carried out
from real water samples collected from different
places in the Kathmandu Valley (Nepal).

In [13], the authors studied zeolite waste
from fluid catalytic cracking units, which are
widely used in the oil refining industry, as the
basis of a sorbent for treating water from am-
monium ions.

In [14], the authors used fly ash from coal
combustion, generated at a thermal power plant
in Shanghai (China), as the basis of a sorbent for
purifying water from ammonium ions. A sample
of fly ash weighing 15 g was treated with 150 mL
of 2.0 M sodium hydroxide solution at boiling
for 48 hours. Afterwards, the mixture was cen-
trifuged and the supernatant was removed. The
precipitate was washed three times with double-
distilled water, then twice with ethanol, and
dried at a temperature of 45 °C. Next, the sample
was treated with 0.01, 0.1, 0.9 and 1.8 M solu-
tions of sulfuric acid for 6 hours, the precipitate
was separated by centrifugation, washed with
double-distilled water and alcohol and dried.
Then samples weighing 0.4 g were placed in
40 mL of a solution containing 2.5 to
1200 mg/L of ammonium nitrogen and the
mixture was stirred for 24 hours at room tem-
perature. The highest degree of extraction, ahout
60%), was achieved when a sample treated with
a 0.01 M sulfuric acid solution interacted with
a solution containing 10 mg/L of ammonium
nitrogen. The effect of solution pH on the degree
of extraction of ammonium ions was studied.
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The degree of extraction of ammonium ions is
about 60% and is in the pH range of solutions
from 5 to 10.

Chinese scientists in a study [15] used two
types of fly ash from coal combustion generated
al thermal power plants (Yunnan Province) to
purify water from ammonium ions: high cal-
cium oxide content 37.55% and low calcium
oxide content 3.31%. A sample of fly ash was
treated with sodium hydroxide solution, dried at
a temperature of 100 °C for 12 hours and sifted
through a sieve with a mesh size of 150 um. To
study the equilibrium, the resulting sorbents
weighing 0.1 g were placed in a conical flask with
a capacity of 100 mL, 50 mL of a solution with an
ammonium ion concentration of 100 mg /L was
added, and the mixture was stirred at a stirring
speed of 180 rpm for 360 min on a thermostatic
shaker at a temperature of 25 °C. Equilibrium oc-
curred within 60 minutes, so for further studies
a contact time of 1.25 hours (75 minutes) was
adopted. To study the kinetics of the adsorption
process, the authors placed 0.1 g of sorbent in a
conical flask with a capacity of 100 mL., added
25> mL of a solution with a concentration of am-
monium ions from 10 to 300 mg/L, adjusted the
pH of the solution to a value of 8 (optimal pH)
and stirred the mixture at rotation speed of the
mixing device is 180 rpm for 75 minutes on a
thermostatic shaker at a temperature of 25 °C.
The value of the mass fraction of ammonium ions
in the sorbent under experimental condilions
reached about 2 and 16 mg/g for samples with
high and low calcium content, respectively, and
equilibrium occurred already at 60 min. The re-
sults are presented in the form of Langmuir and
Freundlich isotherms. The calculated equivalent
values of the mass fraction of ammonium ions in
the sorbent were 3.17 and 23.8 mg/g for samples
with high and low calcium content, respectively.

Indonesian scientists conducted studies
of fly ash from coal combustion at five power
plants to purify model WW solutions from am-
monium ions. 300 mL of a model solution with
an ammonium ion concentration of 780 mg/L
was placed in glass containers with a volume of
900 mL. Then 4.5 and 7.0 g of fly ash were added
as a sorbent and sorption was carried out for
150 minutes at a mixing device rotation speed of
180 rpm at pH 8. The maximum degree of am-
monium ion extraction of 14% was achieved at a
sorbent dose of 4.5 g, and 17% at a dose of 7.0 g.
The adsorption value of ammonium ions in the
saturated sorbent was 7.17 mg/g [16].

The treatment of wastewater samples from
sewage treatment plants from ammonium ions

(Zaragoza, Spain) before discharge into the Ebro
River was carried oul with zeolites of various
properties and compositions obtained on the
basis of alkaline hydrothermal treatment of fly
ash samples [17]. Various doses of sorbent were
placed into a 20 mLL WW sample with perma-
nent stirring for 30 min at room temperature.
The efficiency of ammonium ions extraction
from the WW sample by three different zeolites
during static sorption ranged from 50 to 84%.
With dynamic sorption by passing 50 mL of dry
matter through a column filled with 100 g of sor-
bent, the efficiency of ammonium ion extraction
reached 71%.

We have developed a calcined sorbent from
ash-and-slag waste (ASW) of the Novocher-
kassk State District Power Plant [ 18], the physi-
cochemical parameters of which were determined
and presented in [19]. The calcined sorbent has
been tested for the treatment of wastewater from
petroleum products [20]. It has been experimen-
tally established that the sorbent has adsorption
capacity towards ammonium ions. The use of
ash waste throughout Russia will reduce the
alienation of territory and reduce the risk of
illness for people living in residential buildings
near ash dumps.

The purpose of the work is to experimentally
study the sorption treatment of water from am-
monium ions using a calcined sorbent.

Objects and methods of research

The object of research was a calcined sorbent
based on the ashes of the Novocherkassk State
District Power Plant, accumulated at the ash
dump according to the hydraulic ash removal
scheme; subject of research — sorption capacity,
treatment efficiency, adsorption equilibrium,
sorption kinetics; research methods — spectro-
photometric analysis.

The air-dry ASW sample was placed in a
laboratory muffle furnace LOIP LF-5/11-G1
with a TS87B control module (Russia) and kept
for 30 minutes at a temperature of 600 °C. Tem-
perature control was carried out using a digital
small-sized thermometer TCM 9410/M1 (Rus-
sia). At the end of the holding time, the result-
ing calcined sorbent was cooled in air at room
temperature. To study the sorption properties
of the calcined sorbent, a 2 g sample of it was
placed in model aqueous mixtures with different
initial contents of ammonium ions with a volume
of 50 mLin conical flasks with a capacity of 100 mL.
Magnetic cylindrical stirrers were placed in the
flasks, installed on a magnetic stirrer MM 2A
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(Czech Republic) and the mixture was stirred
for a certain time at a rotation speed of the stir-
ring device of 200 rpm. Then the solutions were
removed from the stirrer and filtered through
a “blue ribbon” ashless paper filter (Russia)
installed in a glass funnel. In the resulting
filtrate, the mass concentration of ammonium
ions was determined by the spectrophotomet-
ric method by reaction with Nessler’s reagent
with the formation of a colored compound at a
wavelength of radiation passing through the
solution of 425 nm. The content of ammonium
ions was calculated using a pre-established
calibration dependence on the optical density of
solutions. Optical density measurements were
carried out using a PE-5300VI spectrophotom-
eter (Russia).

The content of ammonium ions in solutions
X, mg/L, was determined by the expression:

Y C- 50’ (1)

Vv

where C is the content of ammonium ions,
found from a previously constructed calibration
characteristic, mg/L; V — volume of a solution
aliquot taken for analysis, mL; 50 — volume of
the analyzed solution, mL;

~ D+0.00233 9
0.64269 ~’ (2)

where D is the optical density according to
the spectrophotometer.

The sorption capacity (adsorption value)
of the calcined sorbent A, mg/g, with respect to
ammonium ions was calculated using the equa-
tion taking into account the pore volume of the
sorbent:

_ GV —[C —vpm)] _

" ; (3)
= GOV ¢,
m

A

where C is the initial concentration of
ammonium ions in solution, mg/L; C is the
current concentration of ammonium ions in
the solution after sorption for a certain period
of time, mg/L; V — volume of the initial solu-
tion (V' =0.05 L); m — sorbent mass, g; v, —
specific pore volume of the calcined sorbent
(Up =0.506-103L/g).

The extraction efficiency of ammonium ions
E, %, was determined by the ratio of the amount
of ammonium ions absorbed by the sorbent to
the amount of ammonium ions in the original
solution, expressed as a percentage:

£ COV_(V_VPm)C'IOO:
CoV ) (4)

_[C=C_ %wmC 0
Cy CoV

The phase equilibrium constant K, L/g,
was calculated as the ratio of the equilibrium
adsorption value 4, mg/g, to the equilibrium
concentration of ammonium ions €' in the solu-
tion, mg /L

K oA (5)

Results and discussion

The influence of the initial concentration
of ammonium ions in solution on the amount
of adsorption and treatment efficiency.
7 model solutions each containing ammonium
ions of 9, 20, 50 and 100 mg /L were prepared.
The sorption capacity of the sorbent was stud-
ied with a dose of 2 g per 50 m L of model solu-
tion, the rotation speed of the mixing device
was 200 rpm, pH = 7, and the sorption time
was 10 to 180 min. The research results are
shown in Table 1.

Figure 1 shows the dependences of the treat-
ment efficiency E, %, of water from ammonium
ions on the sorption duration t, min, at various
initial values of ammonium ion concentrations
in the solution €, in mg/L: 5, 20, 50 and 100.
The highest efficiency £ = 60% was obtained for
C,=20mg/L.

From Figure 1 it follows that the efficiency
of water treatment from ammonium ions reaches
its maximum value with a sorption duration of
180 minutes.

Kinetic models of adsorption. We have
processed the experimental data on the basis
of two-parameter kinetic models of adsorption,
widely used in the study of sorption by modified
sorbents [9, 21, 22]:

— pseudo-first-order (Lagergren):

A, =A(1-e T (6)
— pseudo-second-order (Ho and Mackay):
_ AZkyt (7)
T Ayl

— diffusion (Morris-Weber):
1/2
A =kpt 7 +C (8)
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where A_is the value of sorption capacity at
timet, mg/g; k,, k, — adsorption rate constants of
the pseudo-first and pseudo-second-order mod-
els; k — diffusion rate constant; C' — parameter
associated with the thickness of the boundary
layer, mg/g.

Linearization of equations (6)—(7) has the
form:

Tables 2—4 show the values of the param-
eters of equations (6)—(8), obtained by process-
ing data forinitial concentrations of ammonium
ions in solution of 5, 20, 50 and 100 mg/lL.. The
parameter 4 _in the pseudo-first-order model is
determined by the selection method until the
value In4_is reached, equal to that intercepted
by a straight line on the ordinate plotted in co-
ordinates In(4, -4 ) from t. The relative error

In(4, — A;)=In A4, — kit (9)  (discrepancy) is no more than 0.02%. A similar
approach, called the trial and error method, is
. 1 . (10) considered iq [23]. . o
—= y The obtal‘ned coefficient of determination of
4, kyAg 4 the models R*> 0.9 (Tables 1-3) indicates the
Table 1
The effect of the initial concentration of ammonium ions in the solution
on the amount of adsorption and treatment efficiency
Contact Mass Solution Aliquot Concentration of Treatment | Adsorption
time T, of sorbent optical of solution ammonium ions efficiency £, | valueA,
min m, g density D taken for in solution after % mg/g
analysis V, mlL | sorption C, mg/L
Initial concentration of ammonium ions in solution > mg/L
10 1,9999 0,306 4,797 9,992 0,0075
30 1,9993 0,265 4,160 18,492 0,0231
60 2,0010 0,206 3,242 36,482 0,0456
90 1,9981 0,184 ) 2,899 43,188 0,0540
120 2,0005 0,172 2,713 46,848 0,0586
150 2,0002 0,169 2,666 47,763 0,0597
180 2,0009 0,168 2,650 48,068 0,0601
Initial concentration of ammonium ions in solution 20 mg/L
10 1,9980 0,366 19,104 6,414 0,0321
30 1,9992 0,305 15,940 21,914 0,1096
60 1,9989 0,238 12,465 38,937 0,1948
90 1,9989 0,197 1,5 10,338 49,354 0,2469
120 2,0008 0,162 8,923 58,248 0,2911
150 1,9980 0,156 8,212 99,771 0,2992
180 2,0006 0,155 8,160 60,026 0,3000
Initial concentration of ammonium ions in solution 50 mg/L
10 2,0007 0,306 47,975 9,993 0,0749
30 2,0018 0,284 44,552 12,701 0,1586
60 2,0013 0,238 37,394 26,726 0,3339
90 1,9984 0,225 0,5 35,372 30,687 0,3839
120 2,0010 0,216 33,971 33,433 0,4177
150 1,9997 0,211 33,193 34,957 0,4370
180 1,9987 0,209 32,882 39,966 0,4449
Initial concentration of ammonium ions in solution 100 mg/L
10 2,0000 0,374 97,592 4,383 0,1096
30 2,0018 0,338 88,257 13,531 0,3380
60 1,9995 0,309 80,736 20,898 0,5226
90 1,9996 0,302 0,3 78,921 22,676 0,5670
120 2,0016 0,289 75,5950 25,981 0,6490
150 2,0015 0,286 74,772 26,743 0,6681
180 2,0017 0,284 74,253 27,251 0,6807
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Fig. 1. Dependence of treatment efficiency E, %, on sorption duration t, min,

at various initial values of ammonium ion concentrations in solution C

mg/L

07

(sorbent dose 2 g per 0.05 L of solution, pH 7, t = 25£2 °C, v = 200 rpm)

Table 2
Pseudo-first-order model constants
Initial concentration Equilibrium value of | Adsorption rate constant | Determination coefficient
of ammonium ions in adsorption 4 , mg/g k,, min™! i
solution €, mg/L
) 0.0619 0.0214 0.9719
20 0.3255 0.0159 0.9610
20 0.4614 0.0192 0.9922
100 0.6967 0.0212 0.9917

Pseudo-second-order model constants

Table 3

Initial concentration Equilibrium value of

Adsorption rate constant | Determination coefficient

of ammonium ions in adsorption 4 , mg/g k,, g/(mg min) R
solution €, mg/L
b) 0.0983 0.1088 0.9087
20 0.5605 0.0137 0.8922
50 0.6583 0.0202 0.9613
100 0.9344 0.0181 0.9774
Table 4
Intra-particle diffusion model constants
Initial concentration | Adsorption rate constant Parameter C, mg/g Determination coefficient
of ammonium ions in k, mg/(g-min'/?) R?
solution CO, mg/L
) 0.0054 - 0.0038 0.9106
20 0.0277 - 0.0368 0.9556
20 0.0382 - 0.0194 0.9269
100 0.0547 +0.0168 0.9214

external diffusion mechanism of physical ad-
sorption and the applicability of the considered
kinetics models for describing the adsorption
of ammonium ions by a calcined sorbent based
on ASW. The pseudo-first-order (Lagergren)

model most adequately reflects the adsorption
of ammonium ions.

Figure 2 shows the experimental data
and calculated values of the adsorption value
A, mg/g, from the sorption duration t, min, cor-
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Fig. 2. Dependence of the adsorption value on the contact time at different values
of the initial concentration of ammonium ions in the solution (sorbent dose 2 g per 0.05 L of solution,
pH7,t=25£2°C,v=200rpm): a) pseudo-first-order model;
b) pseudo-second-order model; ¢) intra-particle diffusion
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Table 5
Study of adsorption equilibrium in the system ammonium ions — calcined sorbent
Initial Mass | Solution | Aliquot | Equilibrium | Treatment | Equilibrium Phase
concentration of optical of concentration | efficiency value of equilibrium
of ammonium | sorbent | density | solution |of ammonium E, % adsorption 4 ,| constant, K,
ions in solution| m, g D taken for ions in mg/g L/g
C,, mg/L analysis | solution after
V,mL |sorption of C,
mg/L
) 2.0009 | 0.168 ) 2.650 48.068 0.0601 0.0227
20 2.0006 | 0.155 1.5 8.160 60.026 0.3000 0.0368
30 2.0057 | 0.201 1.0 15.819 48.341 0.3615 0.0229
o0 1.9987 | 0.209 0.5 32.882 39.566 0.4449 0.0135
100 2.0017 | 0.284 0.3 74.253 27.251 0.6807 0.0092
200 2.0009 | 0.215 0.1 169.078 17.173 0.8583 0.0051
300 1.9987 | 0.169 0.05 266.583 12.936 0.9709 0.0036

Note: Sorption duration 180 min, magnetic stirrer speed 200 rpm, pH 7, temperature 252 °C.

responding to the initial concentration of am-
monium ions, in mg/L: 5, 20, 50, 100 according
to the pseudo-first, pseudo-second-order and
diffusion models.

With an increase in the concentration of am-
monium ions in the initial solution €, the adsorp-
tion value 4 increases and tends to the maximum
value at a contact time of 150—180 min.

In equation (8), parameter ('is a segment cut
off on the ordinate axis by a straight line in coor-
dinates A_=f(t"?). This dependence, constructed
using experimental points, has the greatest
deviation from a straight line compared to the
location of experimental points and straight lines
constructed using equations (9) and (10). On
the one hand, this explains the deviation of the
experimental points from the calculated curve in
Figure 2 ¢), the coefficients of which were found
by the linearization method, on the other hand,
it confirms the assumption about the limiting
stage of the external diffusion mechanism.

In real household wastewater, the con-
centration of ammonium ions reaches about
20 mg/L. In this case, the maximum value of
adsorption will be about 0.325 mg of ammonium
ions per 2 g of calcined sorbent according to
the pseudo-first-order model, which has the
largest average value of the coefficient of de-
termination.

Study of adsorption equilibrium in the
system of ammonium ions — calcined sorbent.
An additional series of solutions containing
ammonium ions of 30, 200 and 300 mg/L were
prepared. 2.0 g of calcined sorbent was placed in a
container with a model solution with a volume of
90 mL. The container was placed on a magnetic
stirrer. The solution was stirred for 180 minutes
at pH=7 at a stirring speed of 200 rpm. The ad-

sorption equilibrium results are shown in Table 5,
including the equilibrium data in Table 1.

Analyzing the data in Table 5, it can be
noted that with adsorption equilibrium in the
system of ammonium ions — calcined sorbent,
the cleaning efficiency and phase equilibrium
constant increase with an increase in the initial
concentration of ammonium ions in the solution
and reach a maximum at an initial concentration
of ammonium ions of about 20 mg/L and then
decrease.

We will process the experimental data on
adsorption equilibrium on the basis of two-
parameler adsorption isotherms [24, 23], relat-
ing the equilibrium adsorption value (sorption
capacity) A, mg/g, with the equilibrium con-
centration of ammonium ions in the solution C
after sorption, mg/L:

— Langmuir
K;C
A, =Amaxﬁ; (11)
— Freundlich
1/
4. =KpC,'", (12)
— Temkin
RT
A, =B—ln(KTCe)_ (13)

T

We determine the coefficients using the
linearization method:

— Langmuir isotherms

Ce_ Ce L . (14)
4 Amax KLAmax

e
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— Freundlich isotherms

1
Ind4, =InKp+—InC,; (15)
n
— Temkin isotherms
RT RT X
Ae :EIHKT +Elnce, (16)

where Amax, KL are Langmuir constants;
K,, n — Freundlich constants; B, K, — Temkin
constants; R = 8.314 — universal gas constlant,
J/(g'K); T — temperature, K.

The Langmuir model is used to describe
adsorption on a monomolecular layer. The 4
value shows the maximum (limiting) value of
the adsorption value at the initial concentration
of ammonium ions in the solution €, and the
K, constant is called the Langmuir adsorption
equilibrium constant.

The Freundlich model characterizes un-
limited adsorption on heterogeneous surfaces
in several layers. The K, constant is called the
Freundlich adsorption equilibrium constant. The
constant n (or 1/n — heterogeneity coefficient)
shows the intensity of interaction between the
adsorbent and ammonium ions at equilibrium.

The logarithmic Temkin adsorption iso-
therm was obtained taking into account the
heterogeneity of the surface, which distinguishes
it from the Langmuirisotherm, which describes
adsorption on a homogeneous surface. Adsorp-
tion is monomolecular in nature.

Adsorption isotherm constants are given in
Table 6.

The value of the coefficient of determination
according to the Langmuir isotherm is the larg-
est (R?=0.9904). A comparison of experimental
data and calculated adsorption isotherm curves
(Figure 3) shows that the best description is
achieved using the Langmuir model. It can be
concluded that the adsorption of ammonium ions
on a calcined sorbent based on ASW of thermal
power engineering corresponds to the theory of
monomolecular adsorption.

The relationship between the initial Cj and
equilibrium € concentrations of ammonium ions
is almost a straight line with the coefficient of
determination R? = 0.9977, when described by
a quadratic dependence R* = 0.9994. A slight
deviation from linearity is observed at small €.
However, at low initial concentrations of am-
monium ions in the € solution, the calculated

Table 6

Langmuir, Freundlich, and Temkin isotherm constants

Langmuir isotherm Freundlich isotherm Temkin isotherm
Amax’ KL’ 2 2 9
mg/g L./mg & " & B, K &
1,0864 0,02624 0,9904 | 1,8823 0,06304 | 0,87255 12769,67 0,462 0,9822

A, mg/g

0 50 100 150

C,, mg/L

O Experiment

Langmuir eeeeee Freundlich == =Temkin

Fig. 3. Langmuir, Freundlich, and Temkin isotherms
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Fig. 4. Influence of the initial concentration of ammonium ions in the solution
on the efficiency of water treatment from ammonium ions by a calcined sorbent
(sorbent dose 2 g per 0.05 L of solution, pH 7, t = 25%2 °C, t = 180 min, v = 200 rpm)

values of the equilibrium efficiency of water
treatment from ammonium ions significantly
exceed the experimental ones. The graphical
shape of the efficiency curve is decreasing
and does not have an extremum point. In this
regard, we proposed to describe the relation-
ship between the equilibrium € and initial
C, concentrations of ammonium ions in solu-
tion by two approximating curves: for initial
concentrations of ammonium ions from 0 to
20 mg/LL — a linear dependence (equation
(17)), above 20 mg /L. —quadratic dependence
(equation (18)).

C, =0.36733-Cy +0.81333; (17)

C, =0.00037-C2 +0.80857-C, ~8.69258 . (18)

Figure 4 shows a comparison of calculated
and experimental efficiency values at adsorp-
tion equilibrium. The efficiency was calculated
using equation (4), where C'= C . Analysis of
the results shown in Figure 4 shows that a cal-
cined sorbent based on ash-and-slag waste from
thermal power engineering is most effective for
removing ammonium ions from water at initial
concentrations from 5 to 30 mg/L. Such values
of ammonium ion concentrations are typical for
domestic wastewater.

With an increase in the initial concentra-
tion of ammonium ions in the €, solution, the
efficiency of treatment £ at low concentrations
of € increases, and with an increase in the con-
centration of € it decreases.

Conclusion

Based on the results of the research, we can
conclude that the calcined sorbent based on ash-
and-slag waste from thermal power engineer-
ing is applicable for the treatment of household
wastewater from ammonium ions. The pseudo-
first order kinetics model best describes the
experimental data on the sorption of ammonium
ions from water for all initial ammonium ion con-
centrations of 5, 20, 50 and 100 mg/L. Among
the two-parameter adsorption isotherms, the
best description is obtained using the Langmuir
isotherm.

The research is carried out with the financial
support of the Kuban Science Foundaltion in the
Jramework: of the scientific project MFI-20.1/57.
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