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Ilonyuennt scenezocooepricawue Mamepuanpl nymem Moouuxkayuu O6EHMOHUMOBOU
21Ul Mecmopodcoenus Myxopmanunckoe (Pecnyonuka bBypamus, Poccus) nonumepusimu 2uo-
POKcokamuoHamu iiceneza u nocieoyouiezo nazpesa npu 500 °C. Mamepuanwt oxapakmepuso-
6AHBl MEMOOAMU XUMUYECKO20 AHAIU3A, HU3KOmMeMnepamypHoi aocopoyuu azoma u POA. Co-
depircanue xycenesa é oopazuyax cocmaeuno 14,5-15,8%, ux yoenvnaa noeepxnocmev pagnanace
138-143 M?/2. H3yuenvt adcopoyuonnsle c60iicmea Mamepuaios Ha npumepe adcopouuu Kuciom-
HOo20 Kpacumena Memanunoguiii Kenmulii u3 MooeabHbIX 600HBIX PACMEOPOS. Yemanognena 3a-
GUCUMOCHL AOCOPOYUU KPACUMENA OM (YUIUKO-XUMUYECKUX NAPAMEMPOE RPOYecCd, MAKUX KaK
PH, coodeporcanue copbenma, nauanvnana Konyenmpayusa Kpacumenn. Benuuuna yoenvnou ao-
copoyuu Kpacumensa Ha copdéenmax gozpacmana npu ymenvuienuu pH u ygenuuenuu nauanvHoul
KOHUeHmpayuu 600HbIX PACMEOPOE8 Kpacumena U npu ymeHvuieHuu 3azpy3ku copoenmos. Max-
cumanvhan aocopoyusa kpacumens cocmaguna 88,5 me/e npu pH 3,5 u codepicanuu copoenma
1 2/n 6 unmepeane nauanbHblx KOHUeHmpayuii Kpacumensn 24- 491 me/n. Ipghpexmuenocme yoa-
JleHusa Kpacumens paguanaco 86-95% npu ezo nauanvnoii konyenmpayuu 84 me/n u cooeprcanuu
copbenmoe 3-10 2/n. Copoyuonnas eMKocms NOIYUEHHBIX COPOEHM 08 8 OMHOUICHUU U3YUAEMO20
Kpacumensa AGNANACL OIUIKOU K COPOUYUOHHOU eMKOCHU HEKOMOPBIX Y2lNePOOHBIX COPOEHMOE.
bBovino nokazano, umo usomepma aocopoyuu kpacumena Memanunogwtii Keamoiit na copbenmax
Xopouto onucwvieaemcsa mooenwvio aocopoyuu Opeiunonuxa, Ymo yKasvléaem Ha HEOOHOPOOHOCHIb
noeepxnocmu copoenmos. Pezynvmamot onvimog no decopoyuu u noemopHou adcopoyuu Kpacu-
mena Memanunoguii Kenmutii ceudemenbcmeosanu 0 6vlCOKoI IhekmusHocmu u3eneueHus
Kpacumess u 603MOICHOCHU ROGMOPHOZ0 UCNOIb308AHUA COPOEHMOEG 6 adcopOyuu a3oxpacunie-
neit. Copbenmul MOZym npeocmasisimes unmepec 013 RPUMEHEHUS 8 NPOUeccax OYUCHKU CIOY-
HBIX 600 OM KUCIOMHBIX Kpacumeneil.

Karouessble cnoBa: Fe-moaudunupoBanHas OSHTOHUTOBAS TIIMHA, aJCOPOIHs, KpacuTedh MeTaHHuo-
BBIH JKEIITHIN, TeCOpOITs, OYMCTKA CTOYHBIX BOJ
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Iron-containing materials were obtained by modifying bentonite clay from the Mukhorta-
linskoe deposit (Republic of Buryatia, Russia) with polymeric iron hydroxocations and subsequent
heating at 500 °C. The materials were characterized by chemical analysis, low-temperature nitro-
gen adsorption, and XRD. The iron content in the samples was 14.5-15.8%. Their specific surface
area was 138-143 m%/g. The adsorption properties of materials have been studied using the example
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of the adsorption of an acidic dye Metanyl Yellow from model agueous solutions. The dependence
of the dye adsorption on the physicochemical parameters, such as pH, sorbent loading, and the
initial dye concentration has been established. The specific dye adsorption on sorbents increased
with a decrease in pH and an increase in the initial concentration of the dye aqueous solutions and
with a decrease in the loading of sorbents. The maximum dye adsorption was 88.5 mg/g at pH 3.5
and a sorbent loading of 1 g/l in the range of initial dye concentrations 24-491 mg/l. The dye re-
moval efficiency was 86-95% at an initial concentration of 84 mg/L and a sorbent loading of 3-10 g/l.
The sorption capacity of the obtained sorbents in relation to the dye was close to the sorption ca-
pacity of some carbon sorbents. It was shown that the adsorption isotherm of the Metanyl Yellow
dye on sorbents is well described by the Freundlich adsorption model, which indicates the hetero-
geneity of the sorbent surface. The results of experiments on desorption and re-adsorption of the
Metanyl Yellow dye indicated a high efficiency of the dye extraction and the possibility of re-using
sorbents in the adsorption of azo dyes.The sorbents may be of interest for use in wastewater treat-

ment processes from acid dyes.

Key words: Fe-modified bentonite clay, adsorption, Metanyl yellow dye, desorption, wastewater treatment
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INTRODUCTION

Environmental problems associated with the
increasing anthropogenic pollution of the environment
have acquired particular importance at the present
stage of human development. The total volume of un-
treated wastewater discharged into surface water bod-
ies is increasing from year to year [1]. For example, the
amount of dyes produced annually in the world is about
900 thousand t, of which 10-15% is discharged in the
form of untreated wastewater from enterprises of tex-
tile, paper, chemical and other industries that use dyes
for dyeing products [2]. Adsorption technologies have
become quite widespread in the treatment of industrial
wastewater due to their high efficiency, the absence of
secondary pollution and the simplicity of the used
equipment. Active carbon is most often used in indus-
trial wastewater treatment [3-5]. However, the high
cost of production and regeneration of this sorbent
stimulates the search for alternative effective sorbents
from cheap natural raw materials [6]. Bentonite clays,
the main clay mineral of which is montmorillonite,
have a high affinity for cations and are widely used in
wastewater treatment from metal cations and cationic
organic dyes [7-8]. However, they are characterized by
an insignificant ability to adsorb anions [9]. To develop
sorbents capable of absorbing anions, research is
needed to modify clays with various compounds and to
find the optimal conditions for their use in sorption
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processes. These issues have not been sufficiently in-
vestigated currently. In this work, sorbents were ob-
tained from natural montmorillonite- ontaining clay
and polymeric iron hydroxocations and their adsorp-
tion properties with respect to the acid azo dye Metanyl
Yellow in aqueous solutions were studied, the possibil-
ity of extracting the sorbed dye and reusing the
sorbents was also studied.

MATERIALS AND METHODS

Preparation of sorbents. The initial material
was a finely dispersed fraction (particle size 0.003-
0.005 mm) of natural clay from the Mukhortalinskoye
deposit (Republic of Buryatia (Russia). The content of
montmorillonite (Mt) in this fraction was about 80%.
Natural clay was pretreated with 1M NaCl solution to
obtain the Na-form of Mt [10]. The chemical composi-
tion of the resulting Na-Mt, determined by methods
[11, 12], consisted of oxides of the following elements
(wWt. %): SiO,—65.6, Al,03—14.5, Fe,03 — 1.44, FeO
—0.04, MnO < 0.01, MgO - 0.78, CaO — 0.07, Na,0O —
1.57, K0 - 0.29, P,O5 < 0.03, TiO, — 0.17, CuO —
0.002, H,0O — 15.4. The synthesis of sorbents was car-
ried out by the method of ion exchange of Na* cations
for polymeric iron hydroxocations [13]. A modifying
solution containing iron polyhydroxocations (PC) was
prepared by alkaline hydrolysis of a 0.2M Fe(NOs); so-
lution by adding a 0.2M NaOH solution to molar ratios
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Z = [OH]/[Fe**] equal to 1.6 (sorbent S1) and 2.0
(sorbent S2) [14]. Then the modifying solution was
added dropwise to the Na-Mt suspension and the re-
sulting suspension was left to stand for 24 h at room
temperature. The solid phase was separated from the
solution and washed with distilled water. The resulting
materials were calcined at 500 °C for 2 h. The concen-
tration of iron ions was determined by a photometric
method after treatment of solids with concentrated HCI
[15]. The specific surface area of the sorbents was de-
termined using the BET equation [16] from the iso-
therm of low-temperature nitrogen adsorption using a
setup “Thermosorb LP”.

Adsorption experiment. The adsorption prop-
erties of the materials were studied in aqueous solu-
tions of the azo dye Metanyl Yellow (MY), which is
often present in dyeing wastewaters as it is widely used
in industry for dyeing wool, nylon, silk, paper, ink, alu-
minum, detergents, etc [17]. MY refers to acid dyes
that dissociate into sodium cations and organic anions
in aqueous solutions. The dye adsorption was deter-
mined from the difference between the initial concen-
tration and the concentration of the dye solution at the
moment of reaching equilibrium (24 h). The dye con-
centration was determined by a photometric method.
Absorbance was measured on a UV-spectrophotometer
UV-1800 (Zhimadzu, Japan) at 442 nm (Fig. 1).

The equilibrium dye adsorption (qe, mg/g) was

calculated by the formula:
Co—Ce
Qe ===V 1)
where C, and C. — initial and equilibrium dye concen-
trations in solution, mg/L; V — the solution volume, L;
m — the mass of the sorbent, g.
The dye removal efficiency E (%) was calcu-
lated by the formula:
E =100 @)

e

RESULTS AND DISCUSSION

Physicochemical properties of sorbents. The
diffraction pattern of the original clay revealed reflec-
tions at 20 equal to 9.16, 19.82 34.98 and 62.19°, char-
acteristic of montmorillonite, as well as reflections
characteristic of cristobalite (21.89, 35.98°) and feld-
spar (27.63°) [18]. The diffractograms of the sorbents
showed a shift of the first basal reflection, characteris-
tic of Mt (9.16 A), to small angles 20 (11.48 A), which
was due to the penetration of iron PC into the interlayer
space of Mt and the appearance of weak reflections
characteristic of hematite (33.18, 36.69 A), which was
formed as a result of the dehydration and dehydroxyla-
tion during the calcination at 500 °C [19]. Modification
of Mt with iron complexes and its heat treatment led to an
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increase in the specific surface area (Ssp) from 90 m?/g
(initial Mt) to 138 m?%g (S1) and 143 m?/g (S2). The
iron content in the initial Mt was 1.04%, and after mod-
ification, the iron content increased to 14.2% (S1) and
15.8% (S2).

Study of the dye adsorption. The effect of pH
on the dye adsorption was studied in experiments car-
ried out at pH 3.5, 5.7 and 7.0 with the sorbent loading
of 1 g/L and MY concentration of 54.3 mg/L. The re-
sults are shown in Table 1.
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Fig. 1. UV-Vis spectrum and structural formula of Metanil Yel-
low dye

Puc. 1. Y®-cnexrp kpacurenss Meranunosslii XKenTsiii u ero
CTPYKTypHas ¢popmyiia
Table 1
Dependence of adsorption ge on pH
Tabnuya 1. 3aucuMocThb aacopouuu qe ot pH

Sorbents pH Je, Mg/g
35 22.5
S1 5.7 7.7
7.0 0.2
35 24.1
S2 5.7 11.3
7.0 0.5

Modification of Mt lead to an increase in the
anion-exchange capacity due to an increase in the num-
ber of Fe-OH groups. The maximum of dye adsorption
was observed at pH 3.5. An increase in pH led to a de-
crease in the adsorption as the adsorption centers on the
surface of oxide sorbents are charged negatively with
an increase in the pH of solutions [9].

To study the effect of the MY concentration
experiments were carried out with the sorbent loading
(S2) of 1 g/L and at the initial dye concentrations 23.6;
52.8; 84.1; 184.4; 278.3; 373.8; 491.0 mg/L at 25 °C
and pH = 3.5 (corresponds to maximum adsorption)
and pH = 5.7 (natural pH value of the dye and sorbent
suspension without acid addition). The obtained de-
pendences of the adsorption values (qge) on the equilib-
rium dye concentrations are shown in Fig. 2.

25



C.1I. Xanxacaera, C.B. baagmacsa

100 -
80

60

q,.,mg/g

40

20

0 T T T 1
0 100 200 300 400

C...mg/L

Fig. 2. Isotherms of MY dye adsorption on sorbent S2 at different
pH values: 3.5 (1) and 5.7 (2)
Puc. 2. U3otepmsl ancopOimu kpacurens MY Ha copbente S2
mpu pasHeIX 3HaueHusx pH: 3,5 (1) u 5,7 (2)

The experimental data were analyzed using the
Langmuir and Freundlich adsorption models, which
describe adsorption on a homogeneous and non-uni-
form surface, respectively [20].

The linear form of the Langmuir isotherm is
expressed by equation (3):

Co  Co 1
T an ok, )
where gm — constant corresponding to the maximum

adsorption, mg/g; K. is a constant depending on the
adsorption energy and temperature, L/g.

The linear form of the Freundlich isotherm is
expressed by equation (4):

logqe = logKr + % (logCe) (4)

where K is the Freundlich adsorption constant, L/g; n
is an experimental constant describing the intensity of
adsorption [21].

Figure 3 shows the experimental data on the
adsorption of the MY dye in the form of the linear form
of the Freundlich equation.

1.5 7

log g.

0.5 7

1.0 15 2,0 2,5

log C,
Fig. 3. Experimental data on the dye MY adsorption in the linear
form of the Freundlich equation at: pH 3.5 (1) and pH 5.7 (2)
Puc. 3. DkcriepuMeHTalbHbIE IaHHbIE 110 acopOimu MY B Bujie Ju-
HeliHo#t popme! ypaBrenns Opeiinmixa npu: pH 3,5 (1) u pH 5,7 (2)
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The correlation coefficients according to the
Langmuir and Freundlich models were 0.203 and
0.996 (pH 3.5); 0.902 and 0.972 (pH 5.7), respectively.
The MY adsorption was satisfactorily described by the
Freundlich adsorption model (5):

1
ge = Ki - C,/", (5)
where K_ was 0.535, n was 1.389 (pH 5.7) and Kr was

0.313, n was 0.961 (pH 3.5).

The influence of the sorbents loading was stud-
ied at initial dye concentration 84.1 mg/L and pH 3.5.
Fig. 4 shows the ge values and the dye removal effi-
ciency depending on the loading of sorbents.

501

401

% ‘d

O T T T T T
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sorbents loading , g
Fig. 4. Dependence of ge and the efficiency E on the loading of
sorbents: S1 (1) and S2 (2)
Puc. 4. 3aBucumocts qe u E 0T coneprxkanust copOeHTOB B pac-
tBOpe: S1 (1) u S2 (2)

The number of surface adsorption centers in-
creased with an increase in the of sorbents loading,
which led to an increase in the total amount of the dye
sorbed and the efficiency of dye removal. The effi-
ciency of MY removal was 86.2 and 90.4% for
sorbents S1 and S2, respectively, at loading of 3 g/L.
The efficiency of removal increased to 92.8 (S1) and
94.7% (S2) at the loading 10 g/L. The specific dye ad-
sorption (ge) decreased due to the fact that the number
of adsorption centers involved in adsorption decreased
with an increase in the ratio of the sorbent loading to
the dye concentration. The sorption capacity of the ob-
tained materials was close to the sorption capacity of
some carbon materials as shown in the Table 2.

Study of MY dye desorption and re-adsorption.
The primary adsorption of the dye was carried out from
MY solution with an initial concentration of 85 mg/L
at pH 3.5. Desorption was carried out by adding dis-
tilled water or an aqueous solution of 0.001 M NaOH
to the sorbent S2 containing 23 mg/g of sorbed dye. 10,
20, 30 ml of water or 10 ml of 0.001 M NaOH were
added to 0.01 g of the sorbent, the suspension was
stirred and left to stand for 24 h. The desorption effi-
ciency was 38.8, 70.5, and 93.3% at a ratio of the
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sorbent mass to the volume of added water of 1.0, 0.5
and 0.3 g/L, respectively. When 0.001M NaOH solu-
tion was used, the desorption efficiency was 82.4% in
2 h and 97.2% in 24 h at the ratio of the sorbent mass
to the added solution volume 1 g/L. After the dye de-
sorption the sorbent was filtered from the solution,
washed by distilled water, dried at 104 °C for 2 h, and
reused in the adsorption. Secondary adsorption was
carried out under the same experimental conditions as
primary adsorption. The adsorption value was 22.1 mg/g.
This value was close to the sorption capacity observed
at the primary use of the sorbent. The desorption effi-
ciency was 95 and 93% in the second and third desorp-
tion cycles, respectively. The efficiency of secondary
and tertiary adsorption was equal to 95 and 90% of the
primary adsorption. According to these results, the ad-
sorption capacity of sorbent S2 was retained in three
repeated cycles. The adsorption capacity decreased in
the quaternary use of the sorbent to 70%.

CONCLUSIONS

Adsorption properties of iron-containing mate-
rials obtained by modifying the bentonite clay with
polymeric iron hydroxocations were studied in the ad-
sorption of Metanil Yellow dye. The dependence of the
dye adsorption on the physicochemical parameters
(pH, sorbent content, the initial dye concentration) has
been established. The results showed that the materials
are effective reusable sorbents for acid dyes removal.

This work was carried out with support from
the Program of Basic Research of Baikal Institute of
Nature Management SB RAS Ne(273-2021-0006. Re-
search was conducted using equipment of the CCU
BINM SB RAS (Ulan-Ude, Russia).
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Table 2
Comparison of the sorption capacity of materials
Tabnuya 2. CpaBHeHHEe COPOLMOHHOI €eMKOCTH MaTepH-

aJI10B
Sorbents Dye gmax ,» Mg/g|References
Activated carbon
produced from MY 132 22
saw dust
Activated carbon
produced from MY 99.2 22
coconut shell
Activated carbon
produced from MY 66.2 22
rise husk
Amlno function- MY 76.3 23
alized draphene
Sorbent S2 MY 88.5 This work
The commercial
Activated Car- | Acid Red 97 52.1
bon supplied by | Acid Orange 61| 169.5 24
J.T. Baker |Acid Brown 425| 222.2
(Holland)

*Qmax - Maximum adsorption capacity
*Qmax - MaKCHMaJIbHas a}:[COp6III/IOHHa${ CIIOCOOHOCTE
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