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Abstract

The process of complex purification of coke wastewater from phenols, rhodanides, ammonia, and resinous
substances with the use of glauconite clay has been studied. Natural and activated glauconite, glauconite in
combination with cationic flocculant brand Extraflock P 70, and activated carbon brand UAF (for comparison of
cleaning efficiency) were used in this research. The activation of natural glauconite was carried out with a 7 %
solution of HNO3 at 95-100 °C, at a ratio "mineral sorbent:acid solution" of 1:6 and an activation time of 5 hours It
has been established that acid activation leads to a change in the chemical composition of glauconite and increases
the specific surface area from 32 m2/g to 128 m2/g. Based on the results of natural glauconite thermal analysis, a
conclusion was made about the phase transformations and chemical reactions that occur in glauconite clay during
heating or cooling. Also, the thermal effects that accompany these changes, and some qualitative characteristics of
the glauconite mineral were found. It was established that the maximum degree of phenols extraction from
industrial effluent is up to 50% and is achieved when glauconite is used in combination with a flocculant. The
maximum degree of purification from total ammonia is 57-58 % when using activated glauconite and glauconite
with flocculant. The lowest degree of purification is achieved for rhodanides removal, not exceeding 20 % for any
adsorbent. The highest degree of purification of 96.8 % is observed when removing resinous substances with
glauconite in combination with a flocculant. Activation of glauconite by HNOs leads to an increase in sorption
capacity by 5-15 % depending on the pollutant. The coke wastewater purification degree of these pollutants with
activated carbon is 20 % of phenols, 14 % of rhodanides, 28 % of total ammonia, and 72 % of resinous substances,
respectively. Therefore, in industrial practice, it is recommended to use glauconite at a concentration of 2 g/dm3 in
combination with 0.1 % solution of cationic flocculant with a volume of 30 cm3/dm3 with the duration of
wastewater treatment 20-180 minutes for complex processing of effluents.

Keywords: coke chemical effluents; differential thermogram; phenol; rhodanides; ammonia; resinous substances; glauconite;
adsorption isotherm.

AOCIIIKEHHA INTPOLECY OYUIIEHHA CTIYHUX BOJ KOKCOXIMIYHOTI O
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AHoTariqa

JlocnipkeHO mpouec KOMIVIEKCHOTO OYMILEeHHSA KOKCOXiMiYHUX CTOKiB Bif ¢eHo.siB, poaaHiaiB, 3arajabHOro
aMOHiaKy Ta CMOJIMCTHX PeYOBUH i3 BUKOPUCTAaHHSAM IJIAayKOHITOBOI I'/IMHU. Y po60Ti BUKOPUCTAaHO NPHUPOJAHUI i
AKTHMBOBaHUM IJIayKOHIT, IVIAQYKOHIT B NO€AHaHHi 3 KaTioHHUM (ioKy/1siHTOM MapkH Extraflock P 70 Ta akTuBOoBaHe
BYTi/IA Mapku YA® (/11 nopiBHAHHA ePpeKTUBHOCTI OYHILeHHs). AKTHBaIil0 NPUPOAHOrO IJIayKOHITY NPpOBeAEHO
7 %-um po3unHoM HNOs npu TemnepaTypi kumiHHA - 95-100 °C, cniBBiAHOLIEHHI «MiHepa/JIbHUH COPGEHT:PO3YHNH
KUCA0TH» 1:6 Ta 4yaci akTuBauii 5 roa. BctaHOB/IEeHO, 10 KUC/IOTHA aKTUBaLisi NPU3BOAUTb A0 3MiHM XiMiYHOro
CKJIaJy IJIayKOHITY Ta 36i/1blIeHHI0 NUTOMOI noBepxHi 3 32 M2/t g0 128 mM2/r. 3a pe3y/ibTaTaMM TepMi4HOIro aHaJIi3y
NPUPOAHOro IJIAyKOHITYy 3p06/ieHO BUCHOBOK Npo ¢a3oBi mepeTBopeHHs Ta XiMiuyHi peakuii, ki npoTikawTb y
IJIayKOHITOBIH I'IMHI NPU HarpiBaHHi a60 0X0J/I0KeHHi, 0 TepMiYHMM edeKTaM, 10 CYyNIPOBOAKYIOTb Iii 3MiHU Ta
OTpUMATH SKiCHy XapaKTepUCTHKY MiHepaJjy IJIayKOHiTy. BcTaHOB/IeHO, 10 MaKCMMaJbHUN CTYNiHb OYHUIIEHHS
deHoIiB i3 NpoMHCI0BUX CTOKIB CTaHOBUTB A0 50 % i AocsAraerbcad Npyu BUKOPUCTaHHI IVIAQyKOHITY B NMO€JHaHHI 3
droky1s1HTOM. MaKkCcUMa/IbHUHM CTYNiHb OYUIIEHHS BiJi 3arajlbHOro aMoHiaky ckjiagae 57-58 % npu 3acTocyBaHHi
AKTUBOBAHOI0 IJIAyKOHITy Ta IJIAyKOHITYy 3 (JOKy/JAAHTOM. HaliMeHIIMHA CTyHiHb OYMINEHHS JOCATAETHCS NPHU
BUJIy4eHHi poJaHiAiB, mo He mepeBumye 20 % Aasa GyAb-Koro ajcop6eHty. Hai6iibmuii cTynmiHb OYMIEeHHSA
96.8 % cnocrepiraeTbcs Npy BUAAJIEHHI CMOJIMCTHX PeYOBHH ITTAyKOHITOM B NOEAHAHHI 3 PJIOKY/ISTHTOM.
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AxTuBauia riaykonity HNOs mpusBoAuTb A0 36ijblIeHHA cOpPOLiiiHOI eMHOCTI Ha 5-15 % B 3aJjIeKHOCTI Bij,
NnoJAKTaHTa. CTymiHb OYMINEHHS KOKCOXiMiYHMX CTOKIiB BiJi HaBeJeHUX MNOJIIOTAHTIB aKTMBOBAaHMM BYri/LIAM
ckiaagae 20 % Big ¢penosis, 14 % Bij poaaHiais, 28 % Bij 3arajbHOro amoHiaky Ta 72 % BiJ, CMOJINCTUX PEYOBUH,
BignoBigHo. OT:Ke, B NPOMMC/IOBii NMPaKTULi PeKOMEHJ0BAaHO BUKOPHUCTOBYBAaTH [JJisl KOMILJIEKCHOI NepepoGKuU
CTOKIiB TJIQyKOHIT KOHIleHTpaui€w 2 r/am3 B noeaHaHHi 3 0,1 % po34YMHOM KaTiOHHOro (pJIOKyJSIHTy 06’€MOM
30 cm3/aM3 3a TPUBAJIOCTi 06POGKU CTOKIB 20-120 XB.

Karuosi caoea: kokcoximiuHi cToku; gudepeHniiiHa Tepmorpama; $eHOJM; POAAHIM; aMOHiaK; CMOJIUCTI pPEeYOBUHU;
[JIAYKOHIT; i30TepMa aZicop6uii.
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AHHOTanuga

HccnepoBaH nponecc KOMIVIEKCHOM 0YMCTKM KOKCOXMMHUYECKUX CTOKOB OT (peHO0JI0B, pOJaHHA OB, 001lero aMMHaKa
U CMOJIMCTBIX BelleCTB C HCNOJb30BaHMEM TIJIAYKOHUTOBOW TIJIuMHBL. B pa6GoTe HcnoJsib30BaH NPHPOAHBIIA U
AKTHBHUPOBAHHBII IMIayKOHMT, a TaK)Ke IJTAayKOHUT B COYETaHMHU C KaTHOHHBIM ¢uioKy1ssHTOM Mapku Extraflock P 70
U aKTHBUPOBaHHBbIN yroab Mapku YA® (aasa cpaBHeHMsA 3(p(PeKTUBHOCTH OYMCTKHM). AKTHBALUsA NPUPOAHOTrO
rJIayKOHMTa npoBejeHa 7 %-HbpiM pactBopom HNOs npu TemnepaTtype kumeHuss - 95-100 °C, cOOTHOLIEHMHU
«MHHepaJbHbIA COPGEHT : paCTBOP KHUCJOThI» 1:6 M BpeMeHH aKTHMBaLUM 5 4. YCTAaHOBJIEHO, YTO KHUCJIOTHas
aKTHBaLUA NPUBOAUT K U3MEHEHHMI0 XUMUYECKOT0 COCTaBa IJIayKOHUTa U YBeJIM4EeHHUIO0 yAe/TbHOU MOBEPXHOCTH C
32 po 128 m?/r. llo pe3yabTaTaM TepPMHUYECKOr0 aHa/u3a NPHUPOAHOro IJIAyKOHUTA cJeJiaH BbIBOJ O (a3oBbIX
NpeBpallleHUAX M XMMHMYECKHX PpeaKIuaX, NPOTeKalIMX B IJayKOHMTOBOW IJIMHe NpPHU HarpeBaHUU WJIH
OXJaXKAEeHUM, MO TepMu4YecKUM 3¢deKTaM, CONpPOBOKIAWIIMM 3TH H3MEHEHHS M MNOoJy4eHO KadeCTBEHHYI0
XapaKTepPUCTUKY MUHepaJja IJIayKOHUTA. YCTAaHOBJIEHO, YTO MaKCHMMaJbHas CTeNeHb U3BJe4eHHs (eHOJI0B U3
NPOMBILIEHHBIX CTOKOB COCTaBJjsdeT A0 50 % W AgocTHraercs NpM HUCHOJIb30BaHMHU IJIayKOHMTA B COYETAHHMHU C
d1oky1ssHTOM. MakcMMasibHasA cTeleHb OYMCTKHM OT O6IIero aMMHaka cocraBjsieT 57-58 % IpM MCNoIb30BaHUU
AKTHBHUPOBAHHOIO IJIayKOHUTA M IJayKoOHHUTa ¢ GJ0OKyJAAHTOM. HaMMeHbIIasA cTeneHb OYUCTKHU JOCTUraeTcsa NpHU
HU3BJIeYEHUH POJAaHH/0B U He NpeBbimaeT 20% A5 11060r0 U3 agcop6eHToB. HanGosibmas creneHb 04uCTKU 96,8
% Ha6/10jaeTcd NPU yAAJeHUM CMOJIMCTBIX BelleCTB IVIAYKOHUTOM B COYETaHUM C (PJIOKYJSHTOM. AKTUBALUA
rjiaykoHuTa pactBopoM HNOs mpuUBOAUT K yBeJHM4YEHHI0 COPOGLMOHHONH eMKOCTH Ha 5-15% B 3aBHMCHMOCTH OT
NoJITaHTa. CTeneHb OYUCTKH KOKCOXMMHYECKHUX CTOKOB OT MPHBEJEHHBIX NMOJIITAHTOB AKTUBUPOBAHHBIM yrjieM
coctraBiaseT 20 % ot ¢peHos10B, 14 % OoT poAaHuoB, 28 % oT o6mero ammuaka 4 72 % OT CMOJIMCTBIX BelleCTB,
cooTBeTCTBeHHO. (jiej0BaTe/lbHO, B NPOMBILILJIEHHON IMpaKTHKe JAJIs KOMIUIEKCHONI mepepaGoOTKH CTOKOB
pPeKoOMeHAyeTCsl UCN0J/1b30BaTh IVIAYKOHUT KOHIleHTpanuen 2 r/aM3 B coyetaHuM ¢ 0,1% pacTBOpOM KaTHOHHOIO
dokynsaHTa 06beMOM 30 cM3 /M3 IpU AJIUTE/IBHOCTH 06PaGOTKHU CTOKOB 20-120 MHH.

Kawuesble c108a: KOKCOXUMUYECKHe CTOKH; AUPPepeHIMalbHasA TepMorpaMma; GpeHoJl; poAaHU/bl; aMMHaK; CMOJUCTbIE
BellleCTBa; IJIayKOHUT; U30TepMa aZ,COPOLIUH.

Introduction

On the territory of Kamianske city, there are
effectively operating coke-chemical enterprises,
in particular PJSC “DKHZ” and PJSC “YUZHKOKS”,
which specialize in the production of strategic
products for Ukraine: coke, resin, ammonium
sulfate, and processed products. At the same
time, they are polluters of urban ecosystems.
Environmental problems caused by
environmental pollution by phenols, coal tar, and
oils discharged from industrial wastewater are
attracting the widespread attention of scientists
because of their highly toxic effect on living
organisms [1-3]. Phenols and resins have no
natural destructors and, being transmitted
through food chains, become dangerous to
humans. The increased content of phenols in
water leads to a deterioration of organoleptic
characteristics, causing the appearance of a
specific odor. The maximum concentration limit
of phenols for sanitary water bodies is 0.001
mg/dms3 [4].

Much of the liquid effluents generated at coke
plants are still discharged into water bodies or
are insufficiently treated. In addition, periodic
salvo emissions of phenols, rhodanides,
ammonia, resinous substances occur as a result of
technological process violations of capturing
coking chemical products, which leads to dilution
of wastewater with technical water and increased
costs of water treatment. The load on the
biochemical plant increases and the required
degree of purification is not always achieved.
Such discharges are technologically difficult to
detect because the control sample is taken only 4
times a day, whereas the discharge duration is up
to 2 days. As a result, most pollutants are not
removed under the regulatory requirements,
which leads to the decrease of phenol-destroying
microorganisms in activated sludge [5].

Various substances (apatites, zeolites, clays)
are used for the adsorption of phenols, but
carbon adsorbents are the most widespread [6].
They are obtained from various raw materials
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(lignin, wood, coal) by physical or chemical
activation.

According to the known method [7] of
extracting phenols from liquid media using
activated carbon, phenolic water is either passed
through a carbon filter or the smallest particles
are added directly to the liquid waste. However,
the service life of activated carbon is short, and
regeneration and removal of retained phenols are
quite difficult. It is necessary to flush the load
with benzene or other phenolic solvents,
followed by the removal of pollutants with lime
or distillation. These factors lead to the fact that
the method of sorption of phenols on activated
carbon is costly, so it is difficult to apply in
practice. It is known that 2 g of activated carbon
sorbent can absorb 40 mg of phenols, which is
not enough for high concentrations of pollutants
and is economically unprofitable due to
significant operating costs [8].

The inevitable condition for the development
of purification technology based on the sorption
method is to determine the ability of each
material to absorb the pollutant. At present of
interest is wastewater treatment with natural
sorbents, which include glauconite. There is a
promising possibility of using glauconite in the
treatment of coke wastewater.

Glauconite itself is a promising mineral of
various uses. Significant advantages of this
mineral are wide distribution, cheapness,
availability, granular structure, heat resistance,
good ion exchange, and filtration properties, as
well as the ability to purposefully change the

technological parameters through chemical
modification [9-11]. When interacting with
resinous substances in coke wastewater,

glauconite is operational in a wide range of
temperatures from -20 to +100 °C.

In [12-14] it is noted that glauconite is a
natural mineral of variable composition. The
chemical formula of glauconite - (K, H20)(Fe3+,
A13+, Fe2+, Mg2+) ' Z[SizAIOm] (OH)Z - nH;0. This
mineral belongs to the layered alum-iron-
magnesium silicates with a porous structure of
2:1 type (between two grids of tetrahedra is one
mesh of octahedra). Homogeneous layers are
separated by layers of K* cations, water, and
exchangeable cations). Silicon ions in tetrahedra
can be replaced by aluminum ions, resulting in a
positive charge.

Due to the layered structure, glauconite has
good sorption and ion exchange properties. This
mineral is a multifunctional sorbent that
effectively removes aniline, phenol, heavy metal

ions Cu?*, Fe?t, Pb2*, cations Ca?*, Mg?* from
aqueous solutions [15-17].

Glauconite is called a catalytic destructor due
to its unique composition and properties, e.g.
[18]:

- high dispersion and hydrophilicity,
formation of moistened sol-gel phases, which
determine the cohesive-adhesive properties of
stickiness and plasticity;

- high physical and chemical activity,
characterized by the absorption capacity and the
presence of a complex absorption complex.

Glauconite analogs include shungite, rubble,
zeolites, bentonites, etc. A distinctive feature of
glauconite from others minerals is its well-
developed surface structure and the fact that it
has not a scaffold, but a layered structure. In this
case, part of the intramolecular forces is not
balanced by the interaction with ions located in
the cavity of one such layer of chemicals
contained in solutions and air. As a result, they
accumulate on the active surfaces of the plates
that make up the total crystal [19-21].

Due to its ion-exchange properties, glauconite
can release mobile elements (K, Na) into the
liquid. At the same time, it "plants" others
substances in its vacated energy centers, as a
rule, more mobile and dangerous. The presence
of a layered structure explains the high sorption
properties of glauconite to petroleum products,
phenols, heavy metals, radionuclides. Physico-
chemical parameters of glauconite: hardness -
1.7-1.8; density 2000-2900 kg/m3; cation
exchange capacity - 15 mg-eq; the capacity of the
monolayer - 1.73 mmol/g [22].

An important feature of natural clays is the
possibility of chemical modification by acids
(hydrochloric, sulfuric, acetic, etc.), salts, alkalis,
as well as heat treatment. Clay activation is based
on the change of their electrokinetic potential
(replacement of Si*+ ions by Ca?+, Mg?+, Fe3+, Al3+
in the diffuse layer of the clay particle) in the
crystal lattice of the mineral. Decationation of
glauconites, which begins with the formation of
hydrogen, breaks Si-O-Al bonds in adjacent
tetrahedra, resulting in the formation of groups
(OH-) associated with the silicon atom, and
coordinated aluminum atoms [23].

In [24] it was shown that the textural
characteristics of the natural and activated
glauconite differ significantly. Thus, activated
glauconite has a greater value of the specific
surface area and total pore volume. Natural
glauconite possesses a specific surface area of
21.06 m2/g, while the activated - 35.04 m2/g.
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In Ukraine, the significant production of
glauconite is located in the Adamiv deposit of the
Khmelnytsky region. Glauconite of Adamiv
deposit has the following mineral composition,
%: glauconite - <70; quartz - <10;
montmorillonite - 5-25; phosphorites and other
minerals - <10 [25].

Therefore, it is advisable to evaluate the
sorption properties of glauconite of the Adamiv
deposit to further use it for wastewater
treatment. Based on this, the following tasks
were set:

- to perform thermal analysis of a
glauconite sample from the Adamiv deposit;

- to activate glauconite clay by 7 % HNO3
solution to study its sorption efficiency;

- to determine the effectiveness of coke
wastewater treatment from phenol, rhodanides,

resinous substances, and ammonia with natural
glauconite and in combination with cationic
flocculant, activated glauconite, and carbon;

- to obtain the adsorption isotherms of
natural and activated glauconite to determine the
specific surface area of the mineral.

Experimental

Natural and HNOs-activated glauconite clay
samples from the Adamiv deposit were used
in the study of coke wastewater treatment.
The chemical composition of samples was
determined on the X-ray spectrometer
"Elvax" using X-ray fluorescence analysis
(Table 1).

Table 1

Chemical composition of natural and activated glauconite clay from the Adamiv deposit, % wt.

Content, % wt.

Activated by HNO3

3.82

79.51

0.046

2.02

1.39

0.16

11.19

0.1

0.004

1.73

Component Natural
Al203 7.72
SiO2 64.79
Na20 1.79
K20 5.0
Ca0 2.92
MgO 2.16
Fe203 12.56
FeO 0.5
MnO 0.01
P20s 2.43
TiO2 0.12

0.03

Thermal analysis of glauconite from the
Adamiv deposit was performed on the
asynchronous thermal analyzer STA 409 PC
(NETZSCH, Germany). The initial material was
quartered, wiped through a sieve with mesh cell
0.1 mm. The powder was moistened and formed
into a "tablet". The sample was dried at
temperature 100-110 °C for 20 hours in the oven.
Mode of analysis: heating to a temperature of 300
°C at arate of 10 deg/min.

Acid activation of glauconite clay with nitric
acid was performed according to the following
method. The adsorbent and 7 % HNOs3 solution
were loaded into a heat-resistant glass reflux
flask. The ratio "mineral sorbent:acid solution”
was 1:6. Activation time - 5 hours. Boiling at 95-
100 °C ensured good mixing of the mixture.
Immediately after activation with the acid
solution, the sorbent was washed with water
until the neutral reaction. Then the sorbent was

dried at a temperature of 100-110 °C for 2 hours
in an oven.

To conduct experimental studies of the
process of wastewater treatment of coke
production from phenols and related pollutants a
laboratory installation was used (Fig. 1). Due to
the presence of the separate partition in the
proposed design with the formation of the
separation chamber, air-saturated water from the
flotation chamber and added sorbents, form
flotation complexes with pollutants that float to
the flotation open surface and are removed with
sludge, reducing the concentration of pollutants.
Pollutants are concentrated on the surface of the
bubbles and removed with foam. Since the outlet
pipe is equipped with a control valve for sludge
removal, it is possible to keep the adsorbents in
the flotation process in a controlled time interval
with subsequent unloading and disposal of
sludge.
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Adsorbent, .

flocculant r’ 16 8

R

N

Purified water to
biochemical treatment

Fig. 1. Installation of liquid waste treatment from phenols and related pollutants: 1, 14, 16 - pipelines; 2 -
wastewater tank; 3 - valve; 4 - distribution partition; 5 - flotation chamber; 6 - air blower; 7 - dosing device; 8 - flow
distributor; 9 - limiting plate; 10 - window; 11 - separation chamber; 12 - flotator; 13 - sludge pocket; 14 - drain
pocket; 15 - loading partition

Coke chemical effluent through pipeline 1 was
fed to the flotation chamber 5. The flotation
chamber had an inlet pipe equipped with a
dispenser for supplying adsorbents and
flocculants through the dosing device 7. Sludge
pocket 13 made an annular outside the
cylindrical body and equipped with a scraper for
removing foam. In the central flotation chamber 5
there is a dividing partition, which separates
chamber 11, in which the outlet of the central
flotation chamber 5 has a flow distributor 8
adjacent to the upper part of the dividing
partition and made in the form of a block of
rectangular channels closed from above. An air
supercharger 6 is installed in the bottom of the
flotation chamber 5.

The determination of ammonia, rhodanides,
and phenol in coke wastewater was performed
by photocolorimetric method on a KFK-2
spectrophotometer. The mass concentration of
resinous substances was determined at a
wavelength of 400 nm using petroleum ether as
an extractant (detection limit 3 mg/dm3) [2]. The
content of phenol and its homologs were
evaluated by photocolorimetric method with 4-
aminoantipyrine in the presence of potassium
hexacyanoferrate at pH 10.3+0.2 at a wavelength
of 540 nm [2] Detection limit - 0.05 mg/dm3. The
mass concentration of rhodanide ions (SCN-) was
measured using iron (III) chloride at a
wavelength of 440 nm according to a known
method [2]. The detection limit is 0.2-0.4
mg/dm3. Total ammonia was determined with
Nessler's reagent at pH 10.3+0.2 at a wavelength
of 420 nm according to a known method [2].
Detection limit - 0.05 mg/dm3.

The commercial product Extraflock P 70
cationic type flocculant based on polyacrylamide

was used (JSC PCC "Coagulant” TU U 24.1-
19155069-014-2011) with the dosage of 30
cm3/dm3 and the concentration of the working
solution 0.1%.

An important role is played by the optimal
consumption of flocculant, which is added,
following the regulations of the enterprise,
because at low and high concentrations the
dispersed system stabilization can be observed.
With a small consumption of flocculant in water,
there are not enough macromolecules to bind the
liquid phase under the flocs, and with excessive -
a spatial network of associated polymer
molecules is formed, which prevents the
convergence and aggregation of particles.

The initial content of phenol in wastewater
was 410 mg/dm3, total ammonia - 1200 mg/dm3,
rhodanides - 224 mg/dm3, resinous substances -
312.5 mg/dm3. According to the previous studies
[27], it was found that the clay dose of 2 g/dm3 is
optimal and most economically feasible in the
complex extraction of coke-chemical pollutants.
Therefore, the adsorbents were added to the
reactor in an amount of 2 g/dm3. Wastewater was
floated for 20-180 minutes.

The Langmuir equation was used for
comparative estimation of the capacity of the
monolayer of adsorbents. For the studied
adsorbents, the value of the capacity of the
monolayer a« allows estimating the specific pore
surface of the natural and activated glauconite
available for phenol [28].

The value of phenol adsorption I' (mol/g) was
determined by the formula:

['=(Co-C)-V/m, (1)

where V is the volume of the solution, dm3;
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m is the mass of the adsorbent, g;

Co is the initial concentration of phenols,
mol/dms3.

The specific surface area of the adsorbents
was determined by the formula [28]:

S =axNyjw - 10718, 2)

where S is the specific surface area of the
adsorbent, m?/g;

dw is the adsorption limit value (capacity of
the monolayer), mol/g;

N, is the Avogadro's number, 6,022-1023 mol-1;

w is the area of the adsorbate molecule
(elementary "landing" site), nmz2.

The calculation of the site per molecule in the
fulfilled monolayer on the surface of glauconite
was performed according to the formula
proposed by Brunauer and Emmett [28]:

2

w = 1,091 (ﬁ) /3,

(3)
where M is the molar mass of the adsorbate,
g/mol; p is the density of the adsorbate in the
liquid state, g/cms3.

The calculated value of w for phenol (0.65
nm?) is consistent with previously obtained
experimental data [27] for other organic
aromatic substances with similar structures.

Adsorption concentration isotherms were
represented in I’ - C coordinates (T is the amount
of change in the amount of test ion in the solution
caused by the sorbent, mmol/g, C is the
equilibrium concentration of the studied ions in
the system, mol/dms3).

Results and discussion

The thermogram of the sample of natural
glauconite of the Adamiv deposit is presented in
Fig. 2.
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Fig. 2. Thermogram of glauconite from the Adamivskoye deposit:
1 - differential-thermal curve (DTA), 2 - the first derivative of the DTA curve (rate of phase transformations)
(dDTA), 3 - mass loss curve (TG), 4 - the first derivative of the TG curve (speed) weight loss) (DTG).

The reduction of the mass of the substance
when heated is possible during such processes as
evaporation, for example, removal of interlayer
water from montmorillonite and hydromica, as
well as dehydration. Thus, using a thermogram, it
is possible to obtain a qualitative characteristic of
the mineral type of the substance [26].

Heating glauconite in the temperature range
120-200 °C leads to moisture loss. Dehydration is
characterized by an endothermic effect with a

maximum at a temperature of 120 °C. The course
of the DTA curve indicates the occurrence of a
single endothermic process in the temperature
range 70-200 °C. It characterizes the removal of
hygroscopic moisture from the sample, as well as
interlayer molecular water from the crystal
structure of the mineral. During this process,
weight losses of 7.5% occur. Further increase in
temperature leads to slower weight loss, as
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evidenced by the appearance on the curve of the
sloping area.

Fig. 3 shows the experimental dependences of
the degree of extraction of phenol from coke
wastewater at a dose of adsorbents 2 g/dm3 for a
treatment duration of 180 minutes.
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Phenol removal
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Fig. 3. Changing the phenol removal degree over
time: 1 - glauconite with cationic flocculant; 2 - acid-
activated glauconite; 3 - glauconite; 4 - activated carbon

Fig. 3 shows that when using acid-activated
glauconite, the degree of phenol removal reaches
43.7 %, natural glauconite - 38 %, while
glauconite with cationic flocculant was much
more effective — up to 50 %. The degree of phenol
removal by activated carbon is about 20 %. A
combination of glauconite with cationic flocculant
proved to be the most effective method.

Fig. 4 shows the degree of extraction of the
total of ammonia in coke wastewater at a dose of
adsorbents 2 g/dm3 for a treatment duration of
180 minutes.
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Fig. 4. Changing the ammonia removal degree over time:

1 - glauconite with cationic flocculant; 2 - activated
glauconite; 3 - glauconite; 4 - activated carbon

During the experiment, it was found that after
120 min the total ammonia content decreased
from 1200 mg/dm3 to 511 mg/dm3 when using
acid-activated glauconite and glauconite with
cationic flocculant - up to 507 mg/dms3, with a
recovery rate of up to 58 %. The efficiency of
treatment with natural glauconite is up to 681
mg/dm3 (56.8 %), whereas activated carbon is
less efficient - up to 864 mg/dm3 (28 %). It
confirms the effectiveness of glauconite mineral
in the complex purification of effluent compared
to others adsorbents. This can be explained by
the microporous structure of the acid-activated
glauconite, which can adsorb inorganic
substances like ammonia.

Fig. 5 presents the degree of extraction
rhodanides in coke wastewater at a dose of
adsorbents 2 g/dms3 for a duration of treatment of
180 minutes.
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Fig. 5. Changing the rodanides removal degree over
time: 1 - glauconite with cationic flocculant; 2 -
activated glauconite; 3 - glauconite; 4 - activated carbon

It was found that when using acid-activated
glauconite the content of rhodanides from the
initial concentration of 224 mg/dms3 decreases to
180 mg/dm3 (19.6 %), glauconite with cationic
flocculant - up to 187 mg/dm3 (16.5 %),
activated carbon - up to 192.64 mg/dm3 (14 %).
The use of sorbents in the extraction of
rhodanide ions leads to bringing the content of
pollutants to regulatory standards after biological
treatment of industrial effluents ( < 5 mg/dm3).

Fig. 6 presents the degree of extraction of
resinous substances in industrial wastewater at a
dose of adsorbents 2 g/dm3 for a treatment
duration of 180 minutes.
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Fig. 6. Changing the resinous substances removal degree over time: 1 - glauconite with cationic flocculant; 2 -
activated glauconite; 3 - glauconite; 4 - activated carbon

Fig. 6 shows that the adsorption of residual
resins and oils decreases to a concentration of
140 mg/dm3 within 20 min and reaches the
regulatory standard before the mechanical stage
of biochemical treatment which is 25 mg/dm3 (92
%), within 45 min, while glauconite in
combination with 0.1 % flocculant - 96.8 %. This
standard was not reached when using activated
glauconite within 40 min, the concentration of
resinous substances was - 39 mg/dm3 (87.5 %)
and for activated carbon - 87.5 mg/dm3 (72 %).

Therefore, the maximum treatment efficiency
when using glauconite in combination with
cationic flocculant is 50-96.8% depending on the
pollutant and its initial concentration. However, it
should be noted, that in this study we used
effluents with higher contaminants content.
Treatment efficiency was mostly dominated by
activated and natural glauconite with the
addition of flocculant than the classic sorbent
activated carbon.

Probably, during the adsorption treatment of
effluent with glauconite clay, there was the
formation of agglomerates of "glauconite-

0,3

0,5 1

flocculant chains", which effectively bound and
adsorbed pollutant molecules. It was noted that
the combined effect of all coke-chemical
contaminants causing the specific brown color of
coke wastewater, almost completely disappeared
when we used glauconite with the addition of
flocculant. The addition of a cationic flocculant to
glauconite increases the rate of deposition of
agglomerates by connecting them by polymer
bridges. As a result, the formation of sediment
induced noticeable clarification of coke water.

The use of glauconite as a sorbent is quite
rational because there is no release of toxic
impurities into the aqueous phase, and this
mineral has a low cost, suitable for modification
with further improvement of its sorption
properties.

The specific surface area of the natural and
activated glauconite samples during the
extraction of phenols from the effluent was
determined. Adsorption isotherms are presented
in Fig. 7 (glauconite dose 2 g/dm3; adsorption
duration 180 min).

15 2

C, mmol/dm?3
Fig. 7. Adsorption isotherms of phenols onto glauconite samples: 1 - natural; 2 - activated
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A similar type of sorption isotherms indicates
the same nature of the interaction of phenols in
the system "aqueous solution - glauconite
sorbent".

The linearity of the isotherm in the Langmuir
coordinates is essential for proving the validity of
the theory of monomolecular adsorption. To find
the coefficients of the Langmuir equation, we
used the known method of graphical processing
of the corresponding isotherm [28]. From Fig. 7
follows:

- for natural glauconite:

a.=AC/A(C/T)=0.28/3.43 = 0.082 mmol/g.

Thus Sm =32 m?/g;

- for activated glauconite: a. = AC/A(C/T) =
1.27/3.90 = 0.326 mmol/g.

Thus Sm =128 m2/g.

The data obtained indicate that the process of
acid activation of glauconite clay leads to a
significant increase in its sorption capacity.

Glauconite is characterized by a developed
surface and the presence of functional groups
(silanol, siloxane) capable of binding ions of
different nature, including pollutants of coke
wastewater, as previously shown in [7].

Thus, glauconite can be recommended for use
in the complex treatment of effluents of coke
plants, e.g. PJSC "DKHZ", PJSC "YUZHKOKS" at the
stage of mechanical treatment, thereby, reducing
the activated sludge loading at the stage of
biological treatment, also, eliminating the need
for dilution due to high concentrations of
pollutants. This method brings pollutants content
to the regulatory standard, e.g: resinous
substances <25 mg/dm3, total ammonia < 960
mg/dms3, rhodanides < 400 mg/dm3, and phenols
< 415 mg/dm3. Application of the proposed
method for effluent treatment could significantly
improve the overall effectiveness of the
mechanical purification stage and reduce the
concentration of toxicants after the biological
treatment stage.

Conclusions

The adsorption properties of glauconite of the
Adamiv deposit towards phenol, resinous
substances, rhodanides, and total ammonia of
coke-chemical wastewater have been studied.

A thermogram of glauconite from the Adamiv
deposit was obtained. The method of activation of
glauconite clay with 7% HNOs solution was
studied and the chemical composition of the
mineral before and after activation was
determined.

The phenol extraction degree from effluents at
an initial content of 410 mg/dm3 reaches up to 50

% when using natural glauconite with a
concentration of 2 g/dm3 in combination with
cationic flocculant, while the classic sorbent
(activated carbon) at these concentrations gives
only 20 %. It was found that when using acid-
activated  glauconite and glauconite in
combination with cationic flocculant
concentration of 2 g/dm3 and contact duration of
180 min, the degree of removal of total ammonia
at an initial concentration of 1200 mg/dms3 is up
to 58 %, sorbent in native form - 56 %. The
rhodanides removal degree by the activated
mineral at the initial concentration of 224
mg/dm3 was achieved up to 19.6 % compared to
native glauconite - up to 16.5 %. When using
activated carbon, the degree of removal of
rhodanides was 14 %. The normative
concentration of rhodanides has been brought to
regulatory standard at the mechanical stage of
biochemical treatment. The extraction efficiency
of resinous substances was 93.3 % for natural
glauconite, 96.8 % for glauconite with cationic
flocculant, 87.5 % for activated glauconite, and 72
% for activated carbon.

The values of the specific surface area of
glauconite samples were determined: natural -
32 m?/g; activated - 128 m?/g. These data
indicate that the process of acid activation of
glauconite clay leads to a significant increase in
sorption capacity. Thus, the usage of glauconite
clay at consumption of 2 g/dm3 and a treatment
time of 180 min for wastewater treatment of coke
plants seems promising, considering the low cost
and availability of glauconite, as well its ability to
effectively remove various pollutants at high
concentrations.
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