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Abstract

Coagulation is the most widespread method of natural and wastewater purification from the bulk of colloidal, finely dispersed, and partially dis-
solved contaminants. The characteristics of the new composite flocculants-coagulants ASFC and ISFC developed by the authors compared to tradi-
tional aluminum and iron salts are given. The characteristics of natural waters, which were used to study the efficiency of using the obtained floccu-
lants-coagulants, are given. To compare the effect of the developed materials with known products, we used such a parameter as their coagulation
ability to purify high-color water from the Orsha river and medium-color water from the Volga and Tvertsa rivers in Russia. An attempt is made to
assess the effect of magnetic treatment of the developed composite flocculants-coagulants. Based on the conducted research and production tests,
recommendations were developed to use aluminum and iron-containing composite flocculants-coagulants to purify natural river waters and indus-

trial wastewaters.
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Introduction

One of the most important elements of a modern water supply
system is a water treatment complex. There is currently an inten-
sive expansion of the use of various water sources, including those
not used before. Anthropogenic and technogenic almost uncon-
trolled water bodies' pollution continues, and the requirements for
the quality of the water used are increasing. Many industrial enter-
prises do not have treatment facilities and discharge wastewater
into natural reservoirs without treatment. For example, according
to rough estimates, about 5 million m* of domestic wastewater is
discharged into Russia's water bodies without treatment and 4.
2 million m? - with insufficient treatment. Water in natural water

sources is often polluted with highly toxic substances. As a result,
today, in several countries and regions, many natural water bodies
have become heavily polluted, which has led to the impossibility of
their further use for various purposes, and primarily for household
and drinking water supply.'-®

Natural water purification, improvement of existing and devel-
opment of new methods, and water treatment technologies are of
paramount importance. One of the most widely used water treat-
ment methods in systems using water from open sources is coag-
ulation water treatment. Coagulation is a process of coarsening of
dispersed particles due to their interaction and integration into ag-
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gregates. The use of the coagulation method for treating polluted
waters is expanding every year.

When carrying out the coagulation process, the solution is the
main technological task of water purification from colloidal-dis-
persed pollution. It is possible to improve the quality of purified
water using the coagulation method by removing some of its impu-
rities. The most widespread in the world is industrial wastewater
treatment using mineral coagulants (aluminum and iron salts) and
flocculants. The main purpose of coagulants and flocculants is to
increase particles' size due to their aggregation and increase wa-
ter purification efficiency by filtration, settling, or flotation meth-
ods. Water purification with coagulants and flocculants is used to
remove surfactants, colloidal and finely dispersed contaminants.
These include hydrophobic substances such as petroleum prod-
ucts, oils, and fats; hydrophilic substances such as humic com-
pounds, polysaccharides, proteins, and lignin; organic compounds
and mineral impurities include clay particles, oxides, and carbon-
ates of various metals. Simultaneously, removing dissolved organic
and mineral contaminants from the water can occur, which can be
adsorbed by hydrolysis products of coagulants or enter chemical
interaction with coagulants flocculants with the formation of poor-
ly soluble compounds. Such substances are salts of humic and fulvic
acids, anionic and cationic surfactants, dyes, phosphates, complex
compounds of heavy metals, etc.

Among the reagents used in coagulation wastewater treatment,
the most common are inorganic coagulants. Inorganic coagulants
are associated with availability, a large resource base, low cost, and
high efficiency. In recent years, new types of inorganic coagulants
with improved technical characteristics have begun to be produced,
contributing to the expansion of the coagulation method's applica-
bility and an increase in its efficiency. Also, the range of organic
and inorganic flocculants is expanding. Various flocculants can be
used both independently and in conjunction with coagulants, ex-
panding this method's capabilities and making it an irreplaceable
part of technological water purification processes. Earlier, we have
developed composite flocculants-coagulants based on soluble com-
pounds of aluminum and silicon, as well as iron and silicon.® The
matrix isolation technology was developed to combine incompat-
ible aluminum, iron, and silicon compounds, making it possible to
obtain them in the solid form.”® This form of developed materials
allows them to be stored for a long time, safely transported, and
quickly used in places of use.

This work is a continuation of a series of our articles devoted
to wastewater treatment with composite coagulants-flocculants
obtained based on the technology we have developed for their pro-
duction in water convenient for their storage, transportation, and
use at various natural and wastewater treatment facilities.”'” This
work analyzes the characteristics of wastewater pollution removed
using a new group of reagents - composite coagulants-flocculants.
The efficiency of their application for the purification of waste and
natural waters is considered. The ways of choosing the most effec-
tive reagent and improving coagulation-flocculation wastewater
treatment are substantiated and presented. Recommendations
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have been developed to use aluminum and iron-containing com-
posite flocculants-coagulants to purify natural river waters and in-
dustrial wastewaters.

This article presents recommendations on using produced alu-
minum and iron-containing coagulants to purify the natural river
and industrial wastewater. The recommendations were developed
based on studies of their coagulating ability, presented in previous-
ly published works.!*31617 The presented article substantiates the
recommendations for coagulants aluminum-silicon flocculant-co-
agulant ASFC and iron-silicon flocculant-coagulant ISFC. Their ad-
ditional studies are demonstrated.

Justification of the Chosen Research Direction

One of the ways to increase the efficiency of natural and waste-
water treatment is to use new, highly effective reagents that would
meet the following requirements:

e  High coagulation and flocculation activity.
e Convenience and ease of use.
. Low cost.

The tested coagulants ASFC and ISFC, which are powdered re-
agents, readily soluble in water, whose diluted solutions are stable
during storage, fully satisfy these requirements in terms of their
commercial characteristics and chemical composition. The coagu-
lants ASFC and ISFC, in contrast to the sulfate salts of aluminum
and iron, contain silicon compounds and should exhibit coagulant
and flocculant properties. In this regard, in this work, studies were
carried out on the effectiveness of using these reagents for the puri-
fication of natural waters and oily wastewater, for which the coagu-
lation method is widely used, based on which recommendations for
the use of coagulants ASFC and ISFC were developed.

In the second half of the last century, both in Russia and abroad,
many works devoted to using magnetic fields to intensify various
technological processes associated with water systems appeared.
The method is attractive for its technological simplicity and low im-
plementation costs. The general case's magnetic treatment meth-
od consists of passing water or aqueous systems (pulp, reagent
solutions, suspensions) through magnetic fields.?” In several cases,
magnetic treatment of reagent solutions and anhydrous reagents
turns out to be useful. For example, treating a sodium oleate solu-
tion increases the adsorption of this reagent on phosphorite, fluo-
rite, dolomite, and quartz. Also, the treatment of an aqueous water
glass solution enhances this reagent's suppressive ability.’®2°

According to,?° during coagulation of suspensions, their sedi-
mentation rate increases, while the sediment's water permeability
on the filters also increases. By reducing the clogging of the filter
cloth's pores, the filtration rate increases, and the cloth's life is
increased. Also, in works,?’ it was found that after magnetic treat-
ment of water, the sedimentation rate of the fine suspended mat-
ter contained in it increases by 20-90%. This positive effect is also
manifested in adding coagulants such as ferrous sulfate, aluminum
sulfate, etc., to the water that has undergone magnetic treatment. In
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this case, there is a decrease in the electrokinetic potential of colloi-
dal solutions of aluminum hydroxides, etc.?*?' However, the effect
is insignificant at very water high-turbidity (above 500mg/L).** It
should be emphasized that the physical nature of the processes oc-
curring during the magnetic treatment of water and water systems
has not yet been clarified. The existing hypotheses on this issue are
reduced to the idea of a change in water structure under a magnet-
ic field's influence. There is much very contradictory information
about changes in water's magnetic field, such as viscosity, density,
electrical conductivity, surface tension, and some others. For sys-
tems of water purification by reagent methods, the following obser-
vations are of particular interest: the efficiency of magnetic treat-
ment of water increases with an increase in the concentration of
various ions in it; as a result of magnetic treatment, the surface ten-
sion of solutions of several chemical compounds changes greatly;
the wett ability of minerals with water also changes after exposure
to a magnetic field; under certain modes of magnetic treatment,
the chemical activity of oxygen dissolved in water increases signifi-
cantly.?’ In this work, an attempt was made to assess our composite
flocculants-coagulants' effect of magnetic treatment. The reagents
were processed in magnetic fields created using electromagnets
with a magnetic field strength of up to 2000-3000 Oe. In this re-
gard, in this work, studies were carried out on the effect of such a
magnetic treatment of the developed reagents for the purification
of natural waters and oily wastewater, for which the coagulation
method is widely used, based on which recommendations for the
use of coagulants ASFC and ISFC were developed.

Techniques and Objects of Research
Research objects

The work used the well-known standard methods of research
and analysis set out in previous reports. Coagulants' effectiveness
was assessed by reducing water pollution and the optimal dose val-
ue at which the greatest reduction in turbidity, color, and oil content
is achieved. Simultaneously, the pH value of the purified water was
monitored. Using ferrous sulfate and the ISFC coagulant, the water
pH adjustment to optimal values (pH 9.2+9.8) was carried out using
a 0. 4% NaOH solution. Coagulants were dosed into purified water
in the form of 1% aqueous solutions (based on aluminum or iron
oxide). The coagulants' effectiveness was determined by the trial
coagulation method on a laboratory installation "Drop" with me-
chanical stirring according to the scheme: mixing, flocculation, and
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settling. Mixing was carried out for one minute at an average rate
gradient G=500s", flocculation for 5 minutes at G=50s". The settling
was carried out for 5min to isolate impurities with a hydraulic par-
ticle size of more than 0. 03mm/s. The experiments were carried
out on real natural or wastewater described in.!° Natural water had
turbidity range from 10 to 25.6mg/L, color from 85 to 2880 on the
chrome-cobalt scale, with a pH from 7.48 to 7.78. Waste oily water
had turbidity from 47 to 154mg/L, the content of oil products from
5.5 to 140mg/L, with a pH in the range from 6.9 to 7.6.

The characteristics of the studied coagulants are presented in.'
The effectiveness of the coagulants ASFC and ISFC was compared
with the effectiveness of ferrous sulfate and aluminum sulfate.
Doses of coagulants were measured in mg/L for aluminum or iron
oxide. This article also presents additional experiments comparing
the efficiency of using for purification of natural waters activated
at different frequencies of a pulsed magnetic field and the original
samples of ASFC and ISFC. The products were activated in a mag-
netic field according to the method described in.?°

Trial coagulation technique

The trial coagulation method makes it possible to select a co-
agulant or flocculant to determine its optimal dose and effective-
ness for purifying the water under study. The trial coagulation
method's essence is water treatment with reagents in cylinders or
glasses under a certain standard mode of mixing and flocculation
or under conditions that simulate coagulation treatment at exist-
ing treatment facilities. At existing wastewater treatment plants for
trial coagulation, any method adopted at the plant can be used. It
gives a sufficiently good agreement between the doses determined
in the laboratory and required for the facilities' normal operation. If
these doses differ significantly from each other, then the appropri-
ate adjustments should be made to change the intensity, time, and
mixing method. Mixing is usually done with a mechanical stirrer,
first quickly distributing the reagent evenly in the water. Slowly to
create large, rapidly settling flocs of contaminants that are coagu-
lated. For this purpose, special installations "Drop" and "Jar-test"
are used, allowing to process simultaneously up to 6 samples of
wastewater and to carry out mixing with mechanical stirrers with
an adjustable speed in the range from 10 to 200rpm (Figures 1 and
2). Stirring on a magnetic stirrer or manually (with a glass rod,
turning the cylinder) is allowed.

Figure 1: Installation of trial coagulation "Drop."
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Figure 2: Jar Test setup for coagulation tests.

The criterion for the effectiveness of the reagent and the choice
of the optimal dose is the minimum settling time (floating up) of
the formed flakes, the quality of the settled wastewater (transpar-
ency, turbidity, the content of oil products, suspended solids, and
other contaminants), the volume and characteristics of the result-
ing sediment. Simultaneously, during the entire settling time (up
to 30minutes), visual observations of the clarification process are
carried out. The time of the appearance of small, large flakes and
complete clarification is noted.

When conducting experiments on the coagulation of water, dif-
ferent coagulant doses are added to glasses with untreated water
in the form of 1-5% solutions. Flocculants are added in the form of
0.1-0.05% aqueous solutions. Doses of reagents vary in the range
covering the assumed optimal dose. For heavily contaminated wa-
ter, the dose range expands in the direction of increasing. Doses of
reagents are taken according to the active part or according to the
commercial product. It is more expedient to compare the effective-
ness of various reagents based on their active substance content.
The recalculation of doses of reagents for commercial products and
volumes of dosed solutions of coagulants and flocculants is carried
out according to the formulas:

D_=(D, -100)/C, (1)

act

Where D_ - the dose of the commercial reagent, kg/m? of waste-
water; D - the dose of the reagent for the active substance, kg/
m? of wastewater;C - the concentration of a commercial product by
active substance, wt. %. For reagents in liquid form, the dose of a
commercial product in volume units can be found by the formula:

V=D, 100)/(p-C,) (2)

Where V_ - the dose of commercial liquid reagent, m’>/m’ of
waste water; p - the marketable product's density, kg/m?>.

The density of dosed 1-5% aqueous coagulants' solutions is de-
termined by a hydrometer or taken from reference books. The den-
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sity of diluted 0.1 and 0.05% aqueous flocculants' solutions differs
little from water density and can be taken equal to 1.

Determination of the optimal dose of coagulant and floc-
culant for independent use

Different doses of coagulant or flocculant are added to 6 bea-
kers with crude water (volume 0.5; 1.0; 1.5 or 2.01), mix rapidly at
150rpm for 1min, and then slowly at 50rpm for 5-10min. Such con-
ditions make it possible to obtain large flakes. Small flocs can be
formed if the given coagulant is ineffective or the pH value is not
optimal in using inorganic coagulants, or the mixing time is insuf-
ficient. In the latter case, slow water addition to mixing the sample
treated with a coagulant, for 5-10minutes. For adjusting pH to be
simultaneously or after the addition of coagulant in the wastewa-
ter to enter the alkaline reagent solution in a 1 - 5% solution. The
consumption of an alkaline reagent (D ,), depending on its type to
compensate for the acidity introduced by the coagulant, is deter-
mined by the formula:

D, =KD/M 3)

Where D_ - coagulant dose, mg/L; M - equivalent (molecular)
mass of the coagulant, mg/mg-mol; K- equivalent mass of alkaline
reagent, mg/meq.

After the end of mixing, the resulting flocs are left to settle. The
settling time is selected based on the flocs' settling rate in the range
from 1 to 30min. The purified water quality is assessed visually or
quantitatively according to the required indicator (color, turbidity,
oil content, etc.). For this, the volume of wastewater required for
analysis is taken by a siphon from each beaker. The results obtained
are entered into tables. For clarity, the dependencies of the main in-
dicators of the quality of treated wastewater on the coagulant dose
or flocculant can be expressed graphically. The coagulant's optimal
dose corresponds to the dose at which the maximum or required
water clarification effect is achieved with the shortest or specified
lag time.

Determination of the optimal dose of a flocculant when
used together with a coagulant

In six beakers with untreated water (volume 0.5; 1.0; 1.5 or
2.0[) add the same dose of coagulant (optimal or less than optimal
by 25-50%), found as shown in part 2. 1, the contents of the glasses
are quickly stirred at 150rpm, then different doses of the flocculant
are added in the studied dose range, additionally stirred intensively
at 150rpm, then slowly at 50rpm for 5-10min further settling, sam-
pling and analysis of samples is carried out in the same way as in
clause 2.1.

Experimental Part

The effectiveness of the use of coagulants ASFC and ISFC
for the purification of natural waters

Coagulation studies were carried out on the Orsha, Volga, and
Tvertsa rivers' river waters and had low turbidity. The samples
have different colors and were taken in Tver. The studies were
carried out using coagulants ASFC and ISFC and basic coagulants,

Global Scientific Research in Environmental Science | Glob Scient Res Env Sci 4



https://www.stephypublishers.com/
https://www.stephypublishers.com/gsres/

Stephy Publishers | http://stephypublishers.com

aluminum sulfate (AS) and iron (II) sulfate,'® with the following
general results obtained. The main indicator that determines the
dose of coagulants is the initial color of natural water. The optimal
dose of coagulants ASFC and AS increases with an increase in the
original watercolor (Figure 3). The type of coagulant affects the op-
timal dose at the high color of the source water. To purify the Orsha
River's water, which has a high color, the coagulant ASFC is required
in a lower dose than AS. For the Tvertsa and Volga rivers' waters
with an average color, the doses of the reagents ASFC and AS are
the same.

30

25

Dose, mg/l
—_ —_ [
(=] wn (=]

T T T

w
T

Volga Twertsa Orsha

Figure 3: Dependence of the optimal dose of coagulant on the
initial color of river water.

The effectiveness of reducing the source water's color and tur-
bidity largely depends on the type of coagulant. Studies have shown
that iron-containing coagulants ISFC and iron sulfate (IS), in con-
trast to aluminum-containing coagulants, are unsuitable for puri-
fying colored natural waters Fe2+ ions form colored soluble com-
plexes with humic and fulvic acids. As a result, the initial water's
color with an increase in the dose of coagulant first increases and
then begins to decrease but remains significantly higher than the
required standards (Figure 4).

1.0

T
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© ISFC, pH=9.4
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0.8 (——-\ © AS
® IS, pH=9.2
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. S

0 5 10 15 20 25 30 35
Dose, mg/L

D400

Figure 4: Dependence of chromaticity (D 400) coagulated and
settled the water of the Orsha river.

The greatest reduction in turbidity and color is achieved when
water is treated with optimal doses of aluminum-containing coag-
ulants ASFC and aluminum sulfate (Figure 5). Moreover, the addi-
tional introduction of the cationic flocculant Praestol 650 reduces
the treated water's turbidity to a greater extent when used together
with ASFC than with aluminum sulfate.
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Figure 5: The effectiveness of reducing the color and turbidity of
the Volga water coagulants (15mg/L) and together with Praestol
650 (Pr650) (0.75mgl/L).

The uniform nature of the dependence of the settled water's
turbidity after coagulation on the dose of coagulants, which pass-
es through a maximum (Figure 6) when using iron and aluminum
coagulants, indicates the same mechanism of coagulation of waters
with high color.

0.5

D540

0.1

0.0 L L L
0 5 10 15 20 25 30 35

Dose, mg/L

Figure 6: Dependence of turbidity (D 540) of coagulated and set-
tled water of the Orsha river with the use of ASFC and AS.

The leading role belongs to the coagulant's chemical interac-
tions with humic and fulvic acids, which determine the color of the
purified water, which leads to the formation of insoluble and solu-
ble polymer complexes. As a result, with an increase in the coagu-
lant dose, the optical density of the purified water first increases
to a maximum, at which the complete binding of humic and fulvic
acids into polymer complexes occurs, after which the rate of their
coagulation and precipitation process becomes predominant, and
the optical density of water begins to decrease. It should also be
noted that for the composite coagulants ASFC and ISFC, the max-
imum value of optical density and the rate of its decrease is high-
er than for single-component base coagulants, which is obviously
due to the higher numerical concentration and larger particle sizes
formed as a result of the interaction of the hydrolysis products of
the coagulant and humate-sulfate polymer complexes.

The activated coagulant ASFC is more effective than the non-ac-
tivated coagulant ASFC in reducing the purified water's turbidity
and color at doses less than optimal (Figures 5 and 6). Activated
ISFC further increases the initial water's color compared with the
non-activated coagulant ISFC (Figures 7 and 8), which can be used
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to isolate dissolved impurities from the water form insoluble com-
plexes with the coagulant. Under the same conditions, activated
ASFC provides lower turbidity and color of purified water com-
pared to non-activated coagulant (Figures 9 and 10). It can be as-
sumed that activation in magnetic fields affects iron hydroxo com-
plexes' structural change since they have ferromagnetic properties.

60
S0 ¢ B Turbidity
40 u Color

Parameter
(o] e
s &

=

Hnul

ASFC, 20 mg/L. AKFC activated, ASFC, 30 mg/L AKFC activated,  AS, 30 mr/n
20 mg/l 30 mg/l

Figure 7: Coagulation of the Orsha river at a temperature of 10°
(initial turbidity = 25mg/L, color 260°, dose 20-30mg/L).

140
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® Turbidity
m Color

IMapamerp
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BN

ASFC activated

ISFC
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Figure 8: Coagulation of the Volga water at a temperature of 10°
(initial turbidity 10mg/L, color 85°, dose 15mg/L).

Thus, for the purification of colored waters with low turbidi-
ty, the coagulant ASFC can be used before and after its activation
in a magnetic field. The effectiveness of the use of ASFC is much
higher, and the doses are 20-30% lower than that of aluminum sul-
fate when used together with the cationic flocculant Praestol 650,
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Figure 9: Dependence of turbidity and color of groundwater on
the dose of ISFC activated and non-activated.
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Figure 10: Dependence of the turbidity of the settled ground-
water and the color of filtered groundwater on the dose of ASFC
before and after activation.

as well as when purifying colored waters with a high color value
of 260-300° and with low turbidity. The characteristics of settled
river water after coagulation treatment using the optimal doses of
coagulants ASFC and AS are presented in Table 1.

Table 1: The effectiveness of the use of the coagulant ASFC and AS together with Praestol 650 for the purification of natural waters by settling.

. Turbidity **, Chromaticity Turbidity reduc- The effect of color
* *%k
RIveS Eucnbhn Dose, mg/L. mg/L **, degrees i tion effect, % reduction, %
AS 15 4,7/12 17/102 6,2/7,78 61 83,3
Tvertsa
ASFC 15 4,7/12 17/102 6,6/7,78 61 83,3
AS 15 2/10 10,6/85 6,7/7,75 80 87,5
Volga
ASFC 15 1,3/10 12,7/85 6,5/7,75 87 85,1
AS 20 8/25,6 36/288 59/7,48 68,7 87,5
Orsha
ASFC 25 7,3/25,6 25,5/288 6,3/7,48 71,5 91,1

*- Coagulant / flocculant dose ratio =20.

**-in the numerator is the indicator of water quality after cleaning, in the denominator - before cleaning.
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The effectiveness of the use of coagulants ASFC and ISFC The optimal doses of coagulants ASFC, ISFC, and basic coag-
for the treatment of oily wastewater ulants are the same when treating wastewater of the same com-
position. Doses of iron-containing coagulants are equal to or less
than the optimal doses of aluminum-containing coagulants (Table
2). Coagulant ISFC can be used only for the purification of natural
waters with low color.

Table 2: The effectiveness of the use of the coagulant ASFC and AS together with Praestol 650 for the purification of natural waters by settling.

The results obtained on the efficiency of reducing the content
of suspended solids (turbidity) and oil products in various types of
wastewater10 allow us to draw the following conclusions.

Wastewa- Coagulant * | Dose, mg/L Turbidity *, pli‘?)zﬁli:g:‘, pH** Tu'r bidity reduc- til;eczrflff:;tosfr z?ll;c:)lg
ter mg/L L tion effect, % ucts, %
AS 20 6/47 2,3/5,5 6,9/7,48 87,2 58
ASFC 20 9/47 2,5/5,5 6,9/7,48 80,9 54,5
Oilerreﬁ“' IS 10 8,7/47 4,3/5,5 8,5/7,48 81,5 22
Y ISFC 10 8,7/47 2,8/5,5 8,5/7,48 81,5 49
- 20 8/47 2,1/5,5 8,5/7,48 83 61,8
AS 5 61 /107 10,6/140 6,5/7,1 43 92,4
Cor wash ASFC 5 43/107 10,6/140 6,5/7,1 60 92,4
IS 5 38/75 2,4/50,5 9,9/7,1 49 95,2
ISFC 5 28/75 0,98/50,5 10,2/7,1 63 98,1
AS 10 26/154 7,4/83 59/7,6 83 87,5
Industrial ASFC 10 26/154 7,3/83 6,3/7,6 83 91,1
:Z:,C?r IS 5 36/84 3,95/47 10,3/7,6 57 91,6
ISFC 5 22/84 2,25/47 10,1/7,6 74 95,2

*- Dose ratio coagulant / flocculant 10.

**-in the numerator is the indicator of water quality after cleaning, in the denominator - before cleaning

The coagulant ASFC and AS have approximately the same effi- .
ciency for reducing oil products' content in the studied wastewater. ® ISFC + Pr650
In combination with the cationic flocculant Praestol 650, the coag- o IS + Pré50
ulant ASFC reduces turbidity better than aluminum sulfate (Figure !
11). 2
g -
160 £
© ASFC-Turbidity az 3
© AS - Turbidity g
® ASFC+Pr650-Colour = 1\1*\@\‘\
120 E
@ AS+ Pr650 - Colour & 1k
O ASFC+ Pr650 -P/P
‘;T“: ® AS+ Pr650 -P/P
E 80 |
£ 0 .
0 5 10 15 20 25
Dose, mg/L
40
Figure 12: Dependence of the oil products' content in the settled
wastewater of a car wash on the dose of coagulants when used
0 | - S ¢ together with the flocculant Praestol 650 (Pr650) at a ratio of
0 5 10 15 20 25 10:1 and pH = 9.8-10.4. The content of oil products in the source
Dose, mg/L water = 50.5mg/L.
Figure 11: Dependence of the quality of the car wash wastewa- Recommendations for the Use of Coagulants ASFC and
ter settled after coagulation on the dose of aluminum-containing ISFC for the Purification of Natural River Waters and
coagulants without flocculant and with flocculant Praestol 650 .
(Pr650) at their ratio of 10:1 and pH = 6.4-7.0. P/P - Petroleum Industrial Wastewaters
products. .
General provisions

When using ISFC, the content of oil products in purified water
is significantly lower than when using ferrous sulfate (Figure 12,
Table 2).

Coagulants ASFC and ISFC (TU 2163-001-3578061-08) are pro-
duced at "Trivektr" company based on aluminum sulfate and iron
sulfate, respectively, in the presence of silicic acid salts. They are
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powdery products that are readily soluble in water. Coagulant solu-
tions have an acidic environment and are stable during storage.

Coagulants ASFC and ISFC, as well as other aluminum- and
iron-containing coagulants, are intended for the enlargement of
fine suspended contaminants and the release of soluble contam-
inants that can enter into chemical interactions with coagulants
with the formation of insoluble substances with the aim of their
subsequent separation by settling, filtration or flotation.!

Scope of coagulants

e  Coagulants ASFC and ISFC are recommended to be used in
technological schemes of natural and wastewater purifi-
cation by settling, flotation, and filtration. To mix reagents
with water and form flakes of the required size, the puri-
fication schemes, as well as using traditional coagulants,
must include mixers and flocculation chambers.?

e  Coagulant ASFC can be used instead of aluminum sulfate
to intensify natural and wastewater treatment at existing
treatment facilities.

¢  Coagulant ISFC can be used at existing treatment facilities
instead of ferrous sulfate to intensify natural waters and
wastewater purification, including oily wastewater. Coagu-
lant ISFC and ferrous sulfate are not recommended for the
purification of colored waters containing humic acids.

e When clarifying water by settling, coagulants ASFC and
ISFC are recommended to be used in conjunction with
cationic flocculants such as Praestol 650 at a dose ratio of
reagents 20:1 for natural waters and 10:1 for wastewater.

Preparation and dosing of ASFC and ISFC coagulants
solutions

¢  Coagulants ASFC and ISFC are recommended to be dosed
into purified water, depending on the consumption, in the
form of 1-5% solutions of aluminum or iron oxides.

Volume 1 - Issue 1

¢ The formula calculates the required amount of a commer-
cial product G (kg) required to prepare 1000kg of a coag-
ulant solution of the required percentage concentration:

(4)

Where C, u C, -Percentage concentrations of the dosed work-
ing solution and the commercial product in terms of metal oxide.

G=1000C,, /C,,,

e The flow rate of the working solution of the coagulant (Q,)
to ensure the required dose of the coagulant D, for water
purification is determined by the formula:

Q,[kg'h]=(Q, [m*h*]-D , [mg1'])/(10-C, [%]) (5)
Q,['h7]=(Q,[kegh"])/p (6)
e Where p - the density of the dosed coagulant solution.

e  The preparation of ASFC and ISFC solutions can be carried
out using the same technological equipment as coagulants
of aluminum and iron (II) sulfates.?

¢  Duetoinsoluble impurities in the coagulants, the dosage of
the prepared solutions of ASFC and ISFC can be carried out
using the same metering pumps as coagulants - aluminum
and ferrous iron sulfate, but after preliminary settling of
the prepared solutions.

The effectiveness of the use of coagulants ASFC and ISFC

The effectiveness of the use of coagulants ASFC and ISFC for the
purification of natural and wastewaters of the same composition
is comparable to the effectiveness of aluminum sulfate and ferrous
sulfate, respectively, at equal or lower doses of ASFC and ISFC (for
aluminum or iron oxide). Doses of reagents and the effectiveness
of coagulation purification of natural waters and oily wastewater
according to the scheme: mixing, flocculation, settling, using coagu-
lants ASFC and ISFC and the corresponding base coagulants, alumi-
num sulfate and ferrous sulfate, are presented in Tables 3.1 and 3.2.

Table 3.1: The effectiveness of the use of the coagulant ASFC and AS together with Praestol 650 for the purification of natural waters by settling.

. Dose by Turbidity *¥, Chromaticity Turbidity reduc- Color reduction effect,
* *%k

Rives Lo BT ALO,, mg/L mg/L ** degree B tion effect, % %

AS 15 4,7/12 17/102 6,2/7,78 61 83,3
Tvertsa

ASFC 15 4,7/12 17/102 6,6/7,78 61 83,3

Vol AS 15 2/10 10,6/85 6,7/7,75 80 87,5
olga

ASFC 15 1,3/10 12,7/85 6,5/7,75 87 85,1

orsh AS 20 8/25,6 36/288 59/7,48 68,7 87,5
rsha

ASFC 25 7,3/25,6 25,5/288 6,3/7,48 71,5 91,1

*- Dose ratio coagulant / flocculant 20.

**-in the numerator is the indicator of water quality after cleaning, in the denominator - before cleaning

Table 3.2: The effectiveness of the use of coagulants ASFC and ISFC together with Praestol 650 for the purification of oily wastewater by settling (with

adjustment of the pH value of the treated water).

Wastewa- Coagulant * Dose for metal | Turbidity **, | Petroleum prod- H* Turbidity reduc- The effect of reducing the
ter g oxide, mg/L mg/L ucts **, mg/L p tion effect, % content of oil products, %
0il refin- AS 20 6/47 2,3/5,5 6,9/7,48 87,2 58
ery ASFC 20 9/47 2,5/5,5 6,9/7,48 80,9 54,5
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IS 10 8,7/47 43/55 8,5/7,48 81,5 22

ISFC 10 8,7/47 2,8/5,5 8,5/7,48 81,5 49
- 20 8/47 2,1/5,5 8,5/7,48 83 61,8
AS 5 61 /107 10,6/140 6,5/7,1 43 92,4
. ASFC 5 43/107 10,6/140 6,5/7,1 60 92,4
IS 5 38/75 2,4/50,5 9,9/7,1 49 95,2
ISFC 5 28/75 0,98/50,5 10,2/7,1 63 98,1
AS 10 26/154 7,4/83 59/7,6 83 87,5
Industrial ASFC 10 26/154 7,3/83 6,3/7,6 83 91,0
:Z‘);nr IS 5 36/84 3,95/47 10,3/7,6 57 91,6
ISFC 5 22/84 2,25/47 10,1/7,6 74 95,2

*- Dose ratio coagulant / flocculant 10.

**-in the numerator is the indicator of water quality after cleaning, in the denominator - before cleaning

Optimal doses and pH values (in the range from 6.5 to 7.5) for
water purification with coagulant ASFC are in the same range of val-
ues as when using aluminum sulfate. They should be specified in
each specific case using trial coagulation (see section 2.2). Optimal
doses and pH values (within 9-9.5) for water purification with ISFC
coagulant are in the same range of values as when using ferrous
sulfate. They should be specified in each specific case by a trial co-
agulation method (see section 2.2). The pH can be adjusted with
alkaline reagents (caustic soda, milk of lime, etc.).

Conclusion

The coagulating properties of the coagulants ASFC and ISFC
have been studied, and recommendations have been developed
for their use for the purification of natural and wastewaters. It has
been experimentally shown that the composite flocculant ASFC,
at equal or lower doses, is more effective than aluminum sulfate
when treating waters with high color, medium color, and low tur-
bidity in terms of the color index. The simultaneous achievement
of a high-water purification rate by settling in terms of color and
turbidity is achieved when using ASFC together with the flocculant
Praestol 650 at a coagulant: flocculant ratio of 20. Composite coag-
ulant ISFC and ferrous sulfate do not provide the required effect of
purification of natural waters in terms of color, even in an alkaline
medium, which makes their use for these purposes impractical. It
has been experimentally shown that the composite flocculant ISFC
is the most effective coagulant among the tested coagulants (AS,
IS, ASFC, ISFC) to purify oily wastewater when it is used together
with the Praestol 650 flocculant. Composite coagulant ASFC and
aluminum sulfate have the same efficiency in the treatment of oily
wastewater.
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