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Coedunenus HukKens u mMeou AGNAIOMCA OOHUMU U3 CAMbBIX ORACHBIX 3aZpA3HUmMeENel
OKpysHcarouierl cpeovl, u ux yoanenue u3 CoO4HvIX 600 AGIAECMCA 8aHCHOU 3a0ayeil. /Ina ux uzene-
YeHUs U3 600HBIX CPeO NPUMEHAIOM MPAOUYUOHHBIE MEMOObl, MaKue KaK WOHHbLI 00MeH, pea-
2CHMHAA OUUCMKA, MeMOpannasa urompauus, aocopouyus. B nocneonee epemsa ona ouucmku
600HBIX CPEO OM UWOHOG MAIHCENBIX MEMANI06 6CE Uauie NPeonazaemcs UCnoab306ams onxoovl
PAa3IUYHBIX RPOU3EOOCH 6, HANPUMED, WIIAKU, WLAMDbL, 3071y, HbLAb U M.0. B pabome paccmampu-
6ATLACH 603MONCHOCHIL OHUCIKU CMOUHBIX 600 om uonoe CU” u Ni** ¢ ucnonvsosanuem 6 kaue-
Ccmee peazenmoeé Nuvliu U3 PYKAGHLIX (PUILMPOE NPOU3EO0CHIEA HCEIe300EeMOHHBIX U30enuil.
Onpeodeneno, umo nvlib pyKAGHHIX PUALMPOE UMEEm MOHKOOUCREPCHYIO CHIPYKMYpPY U codep-
JHcum 3HauumenbHoe KOJU4ecmeo CUIUKamos pasnuunozo cocmasa. B pabome onucanvt xumu-
yecKue npeepaujeHus, nPomeKaruue ¢ 600HON cpede npu 000asneHuU K Hell bl PYKAGHbIX
dunvmpoes 3a600a JKBHU. Ilpusedenvl nexomopuie peazenmul, KOA2YaAAHMbl, COPOUUOHHBIE Mame-
puansl, Komopbsie Mo2ym 0blmb UCNOJIb308AHbL 013 OYUCHIKU CHLOYHBIX 600 O UOHOE MAIHCENBIX
Memannoe. YKazanvl 3HAYEHUs RPOU3EE0eHUN PACHEOPUMOCINU 00PA3YIOUUXCA COCOUHEHUN —
2uopoKcuoa meou, 2uOpoKcuoa Hukeasn, kapoonama 2uopoxcomeou. Ilpusedenvr pezyromamul
ZPAHYTIOMEMPUYECKO20, PEHMZEHOPA3Z06a20 U XUMUUECKO20 AHANU306 NbLIU PYKAGHLIX (husib-
mpos. Co2nacuo npoeedeHnviM UCCAE006AHUAM, IPPEKMUeHOCMb OYUCMKU MOOETbHO20 pac-
Mmeopa om UOHOE MANCENBIX MEMANI06 NPU IMOM cocmagnsiem He menee 99,3%.

KnoueBble cjioBa: bUTh pYKaBHBIX (DUIIBTPOB, BOJHAS Cpejia, XUMHUUECKUE MPeBpaIleHs, 3P PeKTHB-
HOCTh OYHCTKH
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Nickel and copper compounds are among the most dangerous environmental pollutants
and their removal from wastewater is an important task. To extract them from aqueous media,
traditional methods are used, such as ion exchange, reagent purification, membrane filtration, and
adsorption. Recently, for the purification of aqueous media from heavy metal ions, it is increasingly
proposed to use waste from various industries, for example, slag, sludge, ash, dust, etc. The paper
considered the possibility of wastewater treatment from Cu®* and Ni** ions using dust from bag
filters in the production of reinforced concrete products as reagents. It was determined that bag
filter dust has a fine structure and contains a significant amount of silicates of various composi-
tions. The paper describes the chemical transformations that occur in the aquatic media when dust
from the bag filters of the reinforced concrete plant is added to it. Some reagents, coagulants, sorp-
tion materials that can be used to purify wastewater from heavy metal ions are given. The values
of the solubility products of the formed compounds - copper hydroxide, nickel hydroxide, hydrox-
omeric carbonate are indicated. The results of granulometric, X-ray phase and chemical analyzes
of bag filter dust are presented. According to the studies, the efficiency of purification of the model
solution from heavy metal ions in this case is at least 99.3%.

Key words: bag filter dust, agueous environment, chemical transformations, purification efficiency
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INTRODUCTION (_:opper compounds cause liver and kidn_ey

dysfunction, nervous system disorders, muscle pain,

Heavy metal compounds contained in the and mutagenic effects. Poisoning with copper com-
wastewater of many industries are dangerous for envi-  pounds is often combined.

ronmental objects. Due to their high toxicity, carcino- Therefore, wastewater purification from heavy

genicity, mutagenicity, polluting effects on terrestrial  metal ions and preventing them from entering the en-

ecosystems, in addition to the negative impact on ani-  vironment is an urgent task. In recent years, waste from

mals, birds, fish fauna, in the end, it also poses a huge  various industries and various etiologies has been in-

risk to human health. In recent years, awareness of the  creasingly used for wastewater treatment [1-9]. At the

danger of pollution of water bodies and its far-reaching  same time, many wastes successfully compete with the

consequences has been growing all over the world. chemicals used in the practice of water purification
Among the various heavy metals, nickel and  [10-16].

copper are among the most toxic ones. Their danger

can be judged by the values of maximum permissible Table 1
concentrations (MPC) and the limiting sign of harm- Characteristics of harmful substances
fulness (LSH) (Table 1). Tabnuya 1. XapakTepucTHKA BPEIHbIX BeLIECTB
Salts of nickel (11) slow down the action of ox- Water objects of economic | yyior opicts of

idative enzymes, change the chemical properties of and drinking and cultural and| g o imoortance
RNA and nucleoproteins during complex formation, | Metal household water use
and have a carcinogenic effect. Nickel causes cancer of MPC, mg/dm?® LSH mM/F;?T’]g LPH
the nasopharynx, bronchi, dermatitis, impaired hema- C g

. . L . opper 1.0 organolept. 0.001 tox.
topoiesis, embryotoxicosis, exhibits mutagenic and ter- Nickel 0.02 sanit -tox. 0.01 Tox.

atogenic effects.
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At Fig. 1, 2 as an example, the methods and
reagents used in the practice of water purification from

heavy metal ions are indicated.

Fig. 1. Purification of phosphate and metal-containing wastewater
Puc. 1. Ounctka pocdat- 1 METAICOAEPKALIIX CTOYHBIX BOJ

Electrochemical

Phosphate and
HM purification

Adsoption

Calcmm OXIde Calcmed

Bicarbonate of
soda

[ Lime milk

Reagents

[ Caustic soda

Flocculants ]

Organlc Salt of

Fig. 2 Chemical substances used in water treatment
Puc. 2. Xumuueckue BeIIeCTBa, HCIIOJIb3YEMBIC B BOJOOYHCTKE

Purification from Ni?* and Cu?* ions proceeds
due to the formation of poorly soluble compounds, the
solubility product of which (SP) is indicated in Table 2 [1].

Table 2
Solubility products of precipitation
Taoauya 2. IlpousBeieHUusi pACTBOPUMOCTH OCA/IKOB
Substance Cu(OH) Ni(OH), (CuOH)2CO3
SP 2.2:10% 8.7-101° 1.70-10%

The limiting factor in the use of traditional re-
agents is the high cost of the latter, the need for con-
stant renewal, the use of reagent facilities for the prep-
aration of solutions and suspensions of the appropriate
concentration of the active reagent, etc., which leads to
an increase in the cost of the purification process.

In recent years, wastewater from different in-
dustries of various etiology, as well as natural mineral
compounds, has been increasingly used for wastewater
purification [2-10]. At the same time, many wastes suc-
cessfully compete with chemical reagents used in the
practice of water purification [11-17].

Sorption methods are often used for deep puri-
fication. At Fig. 3 substances frequently used in sorp-
tion purification are given [18-40].

Industrial wastes are of particular interest.
They are generated in large volumes and their disposal
at industrial waste landfills leads to the rejection of
large areas of land. One of the ways to use industrial
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production wastes is their use as reagents for the re-
moval of various pollutants from wastewater. In partic-
ular, we have previously shown the possibility of using
waste from the construction industry to extract heavy
metal ions, dyes, and other pollutants. It has been
shown; in particular, that bag filter dust effectively ex-
tracts heavy metal ions from model wastewater [11-
16]. To assess the further possibility of using bag filter
dust in water purification, we considered its supposed
transformations in the aquatic media.

[Synthetic materials [ Natural ] Activated coal]

Sawdust

}6 Tows of wool

Slags

A\ 4
[ Ash ] [ Basalt fiber ] Knop ]
Fig. 3. Alternative reagents used in sorption wastewater purifica-
tion
Puc. 3. AnnpTepHaTHBHBIC PEareHThI, UCIIOIb3yeMbIC B COPOIIIOH-
HOM OYHCTKE CTOYHBIX BOJ

Adsorption

Burnt rock materials

Chitosans

MATERIALS AND METHODS

Dust from bag filters of the ZhBI-4 plant (Bel-
gorod) was used in the work. The size of the dust par-
ticles, determined using a standard set of sieves, did not
exceed 1.4 mm. For research, a fraction with sizes from
0.315 to 1.4 mm was selected.

The relief structure of the particle surface was
studied using electron microscopy with a Hitachi-8-
800 instrument combined with a personal computer
and a high-resolution scanning electron microscope of
the TESCAN MIRA 3LMU brand.

The phase composition of the dust was deter-
mined using an ARL 9900 Intellipower Workstation
instrument using a tube with a Co-anode.

Model solutions containing Ni?* and Cu?* ions
were prepared by dissolving reagents CuSO4-5H,0
(chemically pure) and NiSO4-7H2O (chemically pure)
in distilled water.

Purification of model solutions was carried out
by adding a certain mass of dust to 100 cm? of the so-
lution placed in a conical flask with a capacity of 250 cm?®,
after which stirring was carried out, followed by filtra-
tion through a paper filter. The content of Ni?*and Cu?*
ions in the filtrate was determined by the photocolori-
metric method. The purification efficiency was calcu-
lated using the standard formula:

E = (Cin - Cfin)/Cin-100,
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E — purification efficiency, %; Cin and Cfin — initial
and final concentrations of pollutants in solution,
mg/dm?,

RESULTS AND ITS DISCUSSION

In accordance with X-ray phase analysis, an-
hydrite, hartrurite, larnite, albite, gypsum, brownmil-
lerite, grossite, belite, aliite, tricalcium aluminoferrite,
tetracalcium silicate, calcite, and quartz were found in
the dust of bag filter composition.

The mineral composition of dust of bag filter
is represented by the following compounds: CsS —
alite: 3Ca0-SiO; (d, A° = 3.043; 2.978; 2.898; 2.64;
2.191; 1.771); C,S — belite: 2Ca0-SiO- (d, A° = 2.898;
2.784; 2.614; 2.452; 2.404; 2.191); C3A — tricalcium
aluminate: 3Ca0-AlxO; (d, A° = 2.702; 1.937); C4AF
— tetracalcium aluminoferrite: 4CaO-Al,O3-Fe;O3 (d,
A° = 7.661; 3.678; 2.784; 2.67; 2.056); SiO, — quartz
(d, A° = 4.181; 3.351; 2.452; 2.327; 2.28; 1.983;
1.826); CaCOs3 — calcite (d, A° = 3.043; 2.503; 1.937).

Graphic formulas of some substances are pre-
sented in Table 3.

Table 3
Characterization of some compounds
Tabauya 3. XapakTepUCTHKA HEKOTOPBIX COeMHEHUI

Ne | Name Formula Graphic formula
0 0
Har- . Ca < "~ _ Y
L1 trurite | CaeSIOs ca<<° o Y
Anhy- Ca —~0_=0
2 drite CaSO4 ~ 0— S o
0 0
. . Ca TN~ .. —~—
3 | Larnite Ca,SiO, N o0— Si ~o— Ca
0 = Al — o
Gros- Ca — 0 — A=
41 site CanliOr T O0— Al — o
0O =A —
o | om [ao-a=0
ite (AlLFe*),05 | Ca =/ 0Oo— F =0

Such compounds as 3CaO-SiO; — tricalcium
silicate, CaO-SiO; — calcium metasilicate, 2Ca0O-SiO;
— calcium orthosilicate are also found in the selected
dust samples.

When DBF enters the aqueous environment,
the following processes may occur:

Ca,Si0; — 2Ca®t + SiOs*
3Ca0-SiO; + 5H,0 —

— 3Ca0-2Si02'H20 + 3Ca(OH), + Q

3Ca0-SiO: + 3H,0 —
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— 2Ca0-Si0,-2H,0 + Ca(OH)2 + Q
2(2Ca0-Si0,) + 3H,0 —
— 3,3Ca0-2Si0,2,3H,0 + 0,7Ca(OH);

During the dissociation of compounds such as
Ca38i05; Ca28i04 Ca38i05 CaA14O7; Caz(Al, Fe3+)205
and others, solution acquires an alkaline reaction due
to the transition of Ca?*, Na* ions into the solution.
When dissolving silicates of various composition
(Si04*); (SisOs)* due to the ability of silicate ions to
polycondensate, the formation of network structures
with a large surface having a negative charge is possible:

H—O. . O
25558 o — ool ] o 0 o
H—0—~0r

The formation of structures with a large nega-
tive surface in the solution promotes the process of ap-
proaching the positively charged metal ions Ni?*,
NiOH*, [Ni(H.0).]>* and negative surface charges,
which leads to faster removal of heavy metal ions from
the solution.

Thus, when dust from bag filters is added to
the aqueous medium, the purification from heavy
metal ions can proceed according to the reagent mech-
anism due to the formation of poorly soluble hydrox-
ides such as Ni(OH),, Cu(OH) and due to the probable
sorption interaction, since due to the high surface im-
perfection dust particles have sorption activity (Fig. 4).

To confirm the possibility of using dust from
bag filters of reinforced concrete products plants in wa-
ter purification, we purified model solutions containing
Ni2* and Cu?* ions at concentrations of 10 mg/dm?.

The studies were carried out under static con-
ditions at a temperature of t =20 °C on model solutions
containing metal ions, stirring time T = 20 min. After
stirring, the suspension was quantitatively transferred
to a settling cylinder p and subjected to sedimentation
for 30 min. Then, a layer of the clarified liquid was
taken with a pipette and analyzed for the residual con-
tent of Ni?* and Cu?* ions.

It has been established that the purification ef-
ficiency for both studied substances sharply increases
when even small amounts of dust are added to the so-
lution. This is due to the fact that with the introduction
of dust, the pH of the solution greatly increases and fa-
vorable conditions are created for the formation of
poorly soluble hydroxides.

Thus, when only 0.2 g of dust is added per 1
liter of solution, the purification efficiency reaches
73% for Ni?* and 68% for Cu?*. Then the increase in
efficiency slows down and with the addition of 0.5 g,
the efficiency increases by only 15%. It is most likely
due to the fact that in the first time since the formation
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of Ni(OH), and Cu(OH). precipitates, the concentra-
tions of hydroxide ions and metal ions in the solution
drop sharply, the product of their concentrations de-
creases, and in order to achieve the solubility product
of hydroxides in the same solution, it is necessary to
add new portions of dust. With the addition of new por-
tions of dust, the purification efficiency increases, but
its growth is less and less intense, which can be ex-
plained by a decrease in the concentrations of metal
ions in solutions.

Due to the fact that substances contained in the
solid phase (dust) and liquid (model solution) take part

Det: SE
SM: RESOLUTION 2 pm
WD: 5.00 mm

: 10.00 pm
SEM HV: 5.0 kV
BI: 6.00

MIRA3 TESCAN
-

BITY um. B.I. Luyxoaan

E.A. Belovodsky et al.

in the purification process, many physical and chemi-
cal processes proceed with the participation of the
phase interface. For such processes, the magnitude of
the phase separation surface or contact surface is of
great importance. In our case, such a contact surface is
the surface of dust particles. With the participation of
this surface, the processes of dissolution and crystalli-
zation, adsorption and desorption proceed. Since the
surface of the solid phase in the case of non-porous and
low-porous sorbents depends to a greater extent on the
particle size, it was of interest to study the dependence
of the purification efficiency on the fineness of the ap-
plied dust.

View fleid: 10.00 ym
SEM HV: 5.0 kV

Det: SE | JLa |
SM: RESOLUTION 2 pm
WD: 6.00 mm

MIRA3 TESCAN

BI: 6.00 BITY um. B.F. LLIyxosan

Fig. 4. Fragments of DBF sections
Puc. 4. ®parments! yuactkos [1PD

Dependences of the efficiency of the purification
process of model solutions on the used sorbent fraction
were obtained, i.e. E(%) = f(d). In this case, model solu-
tions were used, where [Ni?*]init = [Cu?"]init— 10 mg/dm?;
dust consumption was 1 g/dm?®; duration of the purifi-
cation process - 20 min.

According to the data obtained, the largest
amount of metal ions is removed from the solution by
a dust fraction of less than 0.1 mm, which is explained
by the smallest size of the average diameter and, as a
result, a larger specific surface area.

Thus, the possibility of using industrial waste
such as bag filter dust as a reagent for removing heavy
metal ions from aqueous media was considered. The
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dust composition was determined by X-ray phase anal-
ysis. It was revealed that in its composition there are
inorganic compounds of calcium, silicon and alumi-
num, which, when dissociated in water, contribute to
the formation of the corresponding hydroxides of
heavy metals that precipitate. Another alternative
mechanism for the removal of heavy metal ions is ad-
sorption on the surface of the sorption material.

The authors declare the absence a conflict of
interest warranting disclosure in this article.
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