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B nacmosaweii cmamoe paccmompeHsl 60npocsl pa3padomKu HOGbIX U YCOBEPUIEHCE08A-
HUA MPAOUYUOHHBIX MEMOOO8 OUUCIMKU CHIOYHBIX 600 KPACUIbHO-0MOEN0UHbIX RPOU3600cme. Pa3z-
padoman cocmag KOMRO3UYUU HA OCHOBE MECHHBIX NPUPOOHBIX MUHEPANbHBIX conell (benmoHum
Haegbaxopckozo npoucxoicoenus, oucynvhpum Hampus, ROTUAKPUTIAMUO U CYIbpam aAnioMUHU)
07171 OYUCMKU CHIOYUHBIX 600 MEKCMUTbHOU npoMmbluiiennocmu. H3yueno eauanue paimepa uacmuy
Oenmonuma na cmeneny 00eCy8eUUBAHNUA CHIOYHBIX 600 NPU PA3TUYHBIX CKOpocmax nomoka. Ilpu
oduanaszone ckopocmu nooayu cmoyuvix 600 om 0,5 oo 2,0 m/c npu pazmepe uacmuy denmonuma-
aocopoenma ¢ npedenax 0,25-1,0 um docmuzaemca MaKCUMAnbHAA CHENEHb 00eC6eYUBAHUA CINOY-
HbIX 600, u ona cocmasnsnem 84-87 %. /Ina meakonopucmeix adcopoenmos (bKA-100 u 5KA-200)
Ihhekmuenocmov no obecyseuuUBAHUI0 NPAKMUYECKH He 3A6UCUM OM pazmepa 4acmuy u Kojieo-
aemca om 85 0o 87 %. Ycmanoeneno, umo npu npumenenuu 6eHMOHUMOE020 KOMROZUWUOHHO20
aocopoenma mapxu bKA-400 oocmuzaemcsa Haubonvuiasa cmenens OYUCMKU: HO UHMEHCUBHOCHU
okpacku 83-87 %, no e3eeuwennvim eewgecmeam 80-84 %. Haubonee evicokas cmeneHv 0OUUCHKU
CHOYHBIX 600 NPEOIONHCEHHBIM COCHIACOM, NO-GUOUMOMY, O0BACHAEMCA meM, Ymo 6 npoyecce ao-
copouuu, Kpome copouuu npumeceii CoOUHbIX 600 HA NOGEPXHOCHMU AOCOPOEHN 08, NPOUCXOOUM
COpoOYUA UOHOB U MOTIEKY]I PACIMEOPEHHDIX 8EeU4ECINE HA NOBEPXHOCHAX NY3bIPLKOG 6030yXaA U 6bIHOC
ux 6 nennstit cnou. Iokazamenu ouucmku cMmouHbIX 600 KPACUIbHO-0MOE10YHO20 UeXd C UCHOTb30-
éanuem 6EHMOHUM 06020 KOMROZUUUOHHO20 A0COpOEeHma npugedensvl 6 maon. 2, no OAGHHBIM KOMO-
POIl 6UOHO, UMO CMENeHb YOaieHUs 3a2PA3ZHEHUI PA3PAOOMAHHbIM HAMU MEMOOOM 3HAUUMEIbHO
evluie, N0 CPAGHEHUIO C OMCMAUBAHUEM OCAOKO8 OKCUZUOPAM 08 AJIIOMUHUS UIU MHceTle3d ¢ a0copou-
posannbimu 3azpaznenuamu. llpuuem Ighghexmol chuxscenHusn eenuuuHbl NOKAZAMENA XUMUYECKO20
nompeonenun kucaopooa (XIIK) u konuyenmpayuu INAB 6 cmouHnbix 600ax 6 cpeoHem cocmasuiu
65 % u 82 % u no cpasnenuio ¢ Ihhexmamu crudicenun IMUX rHce noKazameneil nPU OMCMAaueaHuu
ocaokoe okcuzuopamos na 48-54 % u na 54-61 % coomeemcmeento.
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This article deals with the development of new and improvement of traditional methods of
wastewater treatment of dyening and finishing industries. The composition was developed on the
basis of local natural minerals (bentonite Navahermosa origin, sodium bisulfite, polyacrylamide
and aluminium sulphate) for the treatment of wastewater of the textile industry. The influence of
bentonite particle size on the degree of wastewater discoloration at different flow rates was studied.
With a range of wastewater supply flow rates from 0.5 to 2.0 m/s with a particle size of bentonite
adsorbent in the range of 0.25-1.0 nm, the maximum degree of wastewater bleaching is achieved
and it is in the range of 84-87%. For microporous adsorbents (CAD-100 and CAD-200) the effec-
tiveness of the discoloration also does not depend on the particle size and ranges from 85 to 87 %.
It was found that, for fine-pored adsorbents (BKA-100 and BKA-200), the efficiency of discolora-
tion also practically does not depend on the particle size and ranges from 85 to 87 %. The highest
degree of wastewater treatment according to the proposed composition, apparently due to the fact
that in the adsorption process, in addition to the sorption of sewage impurities on the surface of
adsorbents, there is a sorption of ions and molecules of dissolved substances on the surfaces of air
bubbles and their removal in the foam layer. The wastewater treatment parameters of the dyeing
and finishing shop using the bentonite composite adsorbent show that the degree of removal of
contaminants by the method developed by us is much higher compared to the sedimentation of
aluminum or iron oxyhydrates with adsorbed contaminants. Moreover, the effects of reducing the
value of COD and concentration of the surfactant in the wastewater was, on average, 65 % and 82
%, and compared to the effects of reducing the same parameters at defending precipitation of oxy-

hydrates at 48-54 % and 54-61 %, respectively.

Key words: polymer composition, polyacrylamide (PAA), pollution, wastewater treatment, color inten-
sity, suspended solids, adsorbent selectivity, dye, bentonite
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INTRODUCTION

The aim of this work is to develop methods for
maximum purification of wastewater from suspended
particles of finishing plants in various processes using
chemicals.

In modern conditions, the issue of environmental
protection from industrial emissions is given great at-
tention. For textile finishing enterprises, the most acute
problem is the treatment of wastewater from impurities
of various origins, including toxic metal ions.

Currently, coagulants and flocculants widely
used in wastewater treatment of textile industry enter-
prises can be used both independently and jointly. If
the results of the use of mineral coagulants to some ex-
tent systematized, it is impossible to say for a large
group of new flocculants and, especially, their com-
bined use with coagulants. The correct theoretical se-
lection of specific reagents for wastewater treatment of
the textile industry, moreover, for their individual
flows, as well as careful studies to determine the opti-
mal doses of coagulants and flocculants, pH, speed and
time of intensive mixing and flocculation, the temper-
ature of the treated wastewater can provide a fairly
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high degree of purification for dyes, suspended solids
and other indicators.

Thus, according to the authors of [1-3], the
two-stage coagulation treatment of wastewater of wor-
sted plants provides a high purification effect both in
the content of dyes and surfactants, and in the Cr3* ions.
According to the data of the same authors for
wastewater of the textile industry, containing along
with dyes of different classes of textile auxiliary sub-
stances (TAS), dispersants, inorganic molecular so-
lutes, more effectively carrying out mandatory coagu-
lation treatment in two stages. In the first stage pH = 5-
7, in the second-the pH value is adjusted within a wider
range and eventually provides a fairly high degree of
purification of surfactants and dyes. Industrial waste water
containing surfactants anionoactivs separately sub-
jected to electro-chemical coagulation at pH = 4.5 to
5.0.

For wastewater treatment from dyes and sur-
factants, the authors of [4] proposed a method of intro-
ducing organic coagulant and sodium silicate with an
interval of 3-10 min with a duration of purification of
10-40 min, the purification stage reaches 98%.
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In the interaction of hydrolyzing mixed coagu-
lants Al(SOa); and FeSO,4 with Ca (OH)2, the degree of
purification of the effluents can be approximated to the
values of the maximum permissible concentrations
(MPC) for these surfactants [5].

The results of experiments conducted by the
authors [6] showed that the most effective reagents for
the treatment of industrial wastewater from surfactants
is aluminum sulfate, lime and polyacrylamide (PAA),
as well as flocculant WSPC-402. Many examples show
the effectiveness of flocculants for the treatment of
waste water from dyes and surfactants. The separate
use of mineral coagulants in most cases provides the
necessary effect of purification by the intensity of
color, however, the joint use of coagulants and floccu-
lants improves the structural and mechanical properties
of precipitation, while reducing their volume and hu-
midity, allows several times to reduce the dose of min-
eral coagulants. The use of flocculants accelerates the
separation of liquid and solid phases during coagulation.

Thus, in studies [7], the consumption of so-
dium polyphosphate with a degree of polymerization
from 20 to 40 was from 0.5 to 200 g per 1 m? of the
processed solution containing dyes and suspended sol-
ids. At different flocculant doses, the removal effi-
ciency of the suspension and dissolved cationic dyes
varies from 10 to 90% regardless of the pH value.

The authors of the work [8] found that the ef-
fect of wastewater treatment of dyeing and finishing
shops of the worsted cloth factory in terms of intensity
of color can reach 92% with the use of flocculant VA-
2 dose of 5 mg/l in combination with aluminum sulfate
dose of 150 mg/I, which is 2 times more than the clean-
ing effect when using only aluminum sulphate the
same dose.

According to the authors of [9] the optimal
dose of PAA (and WSPC -402) 2-3 mg/l for 20-30 min
settling removes 90-95% of the suspended particles.
The hydraulic particle size at the height of the settling
zone of 2 m is less than 1.8% of the volume of
wastewater at a humidity of 90-95%. According to the
authors [10], the use of PAA doses of 0.5-2 mg/l can
reduce the settling process from two hours to 20-30 min,
and PAA dose of 3 mg/I-up to 10-20 min.

In General, to the issue of wastewater treatment of
textile enterprises industry flotation treated a lot of
swelling and foreign specialists. A great contribution
to the development and implementa vision of new de-
sign solutions of flotators, as well as new ones nologi-
cal schemes, including for the purpose of re-recycling
of treated water, and made the staff of the Department
of Wastewater MSU at the head of the Y. M. Gentle
[11-18].
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The problem of wastewater treatment of textile
enterprises has a number of features, which is primarily
due to the large volume of discharged water. Thus, the
specific amount of wastewater generated in the pro-
cesses of finishing production is 200-350 m?® per 1 ton
of produced fabrics. The detailed analysis of techno-
logical and waste water at one of the large finishing
enterprises showed that the main source of pollution
with dyes, surfactants and other suspended substances
are dyeing and finishing factories.

EXPERIMENTAL PART

Reagents and materials. The paper used ben-
tonite of Navbahor origin (Uzbekistan) with a particle
size of 0.1 to 1.0 mk, sodium bisulfite — NaHSO3, PAA
and aluminum sulfate — Alx(SO4)s 18H20 (Russia)
physical and chemical properties of which are de-
scribed in [19, 20].

Instrumentation. The selectivity or efficiency
of cleaning for this component is calculated by the for-
mula
Csou Clet . 100%

Csou R ; ;
where, CsouCriir — concentration of this component in
the separated solution in source wastewater) and fil-
trate (mg/l).

Conditions of the experiment. To develop a ra-
tional technology of the maximum of sewage treatment
enterprises of the cotton industry, which we adhered to
the principle of the separation of waste according to the
pollutant at two of the main thread:

1st flow — wastewater dyeing, printing and siz-
ing workshops;

2nd flow — wastewater desizing, bleaching ot-
warci and range of shops.

The process of deep wastewater treatment of
these two streams is a combination of the following
treatment methods: settling in thin-layer sedimentation
tanks with and without reagents, filtration on bubbled
adsorption plants. In this case, the proposed technological
scheme allows the above methods of cleaning in a
combination of parallel and sequential methods.

In laboratory settings conducted studies to de-
termine the selectivity of (R, %) mentioned methods
according to the basic indicators of sewage of the en-
terprises of the cotton industry at various values of op-
erating parameters. The initial values of the main indi-
cators of the waste water of the 1st stream entering the
deep treatment at the bubbled adsorption plant corre-
spond to the values of the indicators of these flows that
passed through solid polymer compositions consisting
of a system of bentonite-bisulfite sodium-polyacryla-
mide (PAA)-aluminum sulfate i.e. bentonite composite
adsorbent (BCA).

The composition of the composition for
wastewater treatment are presented in Table 1.

R =
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Table 1
The ratio of the components in bentonite composite ad-
sorbent
Tabnuya 1. CooTHOLLIEHHE KOMIIOHEHTOB, BXOASIINX B
CcOCTaB 0EHTOHHUTOBOIO KOMIIO3UITUOHHOI'O aucopﬁeHTa

The ratio of components in the composi-
Type .O.f tion

COMPOSItION  Fa i onite | NaHSO; | TIAA | Al(SOa)s
BCA - 100 1,0 0,05 0,05 01
BCA — 200 1,0 0,05 01 01
BCA —300 1,0 0,10 0,2 01
BCA — 400 1,0 0,15 01 0,2
BCA - 500 1,0 0,3 0,2 0,3

Metrological processing. Calculation of met-
rological characteristics of the presented methods was
carried out in accordance with [22].

RESULTS AND DISCUSSION

In [21, 25] proposed sewage purification from
impurities by the creation of technological schemes, al-
lowing to re-recycling of deeply treated wastewater in
various technological process of manufacturing tis-
sues. As a flocculant has been proposed PAA iono-
genic the possible co-monomer acrylamide, the drug
VPK-101, and as a coagulant used was aluminium sul-
phate Al2(SO4);-18H,0 and ferrous sulfate — FeSO..

The author M. M. Amonova has developed and
experimentally tested a new scientifically based com-
plex technology of deep wastewater treatment of the
cotton industry;

experimentally, the choice of flocculants and
rational combination of doses of mineral coagulant and
flocculants at their joint use;

- rational technological modes of purification
and the ratio of the design parameters of thin-layer sed-
imentation tanks are determined:;

In the development of the method [23], we in-
vestigated the possibility of maximum (up to 90%) pu-
rification of industrial waters from surfactants and dyes
by chemical method consisting in their isolation from
the solution by adsorbed reagents.

Since the intensity of color and surfactant are
the main indicators of pollution for the wastewater of
the textile industry, the studies on the effect of the size
of the adsorbent particles and the rate on the adsorption
process were primarily carried out for these indicators.

It is known that an increase in the flow rate of
more than 2.0 m/s leads to a significant increase in en-
ergy costs with a slight increase in the permeability of
the adsorbent. Therefore, for the adsorbent type BCA-
500 studies have been conducted to study the effect of
the size of the adsorbent particles on the efficiency of
discoloration at the rate of wastewater supply in the
range of 0.5 to 2.0 m/s.
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Depending on the degree of discoloration of
the particle size at a specific value of the wastewater
flow rate, according to the developed object-oriented
programming environment DELPHI 5.0, take the form
of a parabola. These relationships with the equations of
the approximation is illustrated in Fig. 1 [24].

Since the velocity value in the range from 0.5
to 2.0 m/s almost equally affects the efficiency of the
adsorbent BCA-500 by discoloration (Fig. 1), then in
further studies the flow rate over the adsorbents was
assumed to be 1.0 m/s.
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Fig. 1. The effect of particle size on the degree of discoloration of
wastewater at the following flow rates over the adsorbent of BKA-
500 type: 1-V=05m/s, y =-363.1x2+123.6 x + 84.8; 2 - V=1.0 m/s,
y=-3742x2+1159x +85.6; 3- V=15mfs, y =-415.98 x> + 131.4 x
+83.1;4-V=2.0mfs, y=-392.9x% +116.7 x + 83.01
Puc. 1. BiustHue pa3mepa 4acTuIl Ha CTereHb 00SCIIBEUHBAHMS CTOY-
HBIX BOJI TIPH CJICIYFOLINX 3HAUCHHUAX CKOPOCTH ITOTOKA HaJl aICOpOCH-
tom Tina BKA-500: 1 - V=0,5 m/c, y =-363,1 x>+ 123,6 x + 84,8; 2 -
V=1,0M/c,y=-3742 x2+115,9x +85,6;3 - V= 1,5 w/c, y =-415,98
x?+131,4x+83,1;4-V=2,0 m/c,y=-392,9 x>+ 116,7 x + 83,01

According to the research results, the curves of
discoloration at the maximum initial value of the color
intensity —KO0 = 1:40 (Fig. 2).

From Fig. 2 it can be seen that 87% discoloration
is achieved by using the adsorbent BCA-400 regardless
of the particle size.

In accordance with the experimental studies
developed by us, they were aimed at studying the effi-
ciency of wastewater treatment in the dyeing and fin-
ishing shop by the bentonite composite adsorbent
method and determining the optimal process parameters.
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Fig. 2. Influence of particle size on the degree of discoloration of
waste water for 1-d flow on the adsorbents: 1 - BCA-100; 2 - BCA-
200; 3 - BCA-300; 4 - BCA-400; 5 - BCA-500
Puc. 2. Biusinne pa3smepa 4acTHIl Ha CTENeHb 00eCIBEYNBAHUS CTOY-
HBIX BoI 17151 1-ro motoka Ha aacopbenrax: 1 - BCA-100; 2 - BCA-
200; 3 - BCA-300; 4 - BCA-400; 5 - BCA-500
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The efficiency of the process of bentonite com-
posite adsorbent was estimated by the degree of re-
moval of surfactants, dyes and other textile auxiliary
substances (TIA) from wastewater by the indicators of
COD, color intensity and concentration of surfactants,
in addition, the degree of removal of suspended solids
was determined.

A series of experiments on the bentonite com-
posite adsorbent of waste water of the dyeing and fin-
ishing shop was carried out at the contact action plant.
The studies were carried out in accordance with stand-
ard methods. Pressure flotation of waste water of the
dyeing and finishing shop was carried out at saturation
with air of 30, 50 and 100% purified water.

The study of the kinetics of the removal of con-
taminants from the waste water of the dyeing and fin-
ishing plant showed that the highest degree of purifica-
tion for all indicators of pollution is achieved under the
regime of 50% recirculation of purified water. The pro-
cess of flotation ends in 20-25 min, with the cleaning
effect on the intensity of color is 83-87, by suspended
solids-80-82%, in terms of COD-69-71%, by surfac-
tant-71-73%.

Table 2

Indicators of wastewater treatment of paint and finishing shop by bentonite composite adsorbent
Taﬁﬂuua 2. IToka3zaTejm OYMCTKH CTOYHBIX B0 KPACWJIBHO-0TACJIO0YHOT0 1I€Xa ¢ NOMOIIbIO OEHTOHHUTOBOI0 KOMIIO-
SUIIUOHHOI'0 aucopﬁeHTa

Before cleaning After cleaning Cleaning efficiency, %
Indicators min. | max. |environments.| min. | max. [environments.| min. | max. | environments.
value | value | thevalue | value |value| thevalue |value|value| the value
Intensity of colouring 11511400 1250 | 1:16 | 1:40 | 128 | 83 | 87 85
by breeding
Suspended solids, mg/l | 240 | 430 335 40 55 47 80 | 84 82
Dry residue, mg/I 1400 | 2500 1950 300 | 680 490 - - -
Ash contentofdry |4y | 44 42 42 | 46 44 -] - .
residue, %
CHOD, mg O/l 500 | 920 710 150 | 300 225 61 | 68 65
BOC full, mg O/l 250 | 350 300 110 | 30 70 54 | 58 56
pH 7,70 110,20 8,90 5,33 | 7,64 6,47 - - -

The high degree of removal of surfactants and
other organic contaminants from the waste water of the
dyeing and finishing plant is explained by the fact that
in the process of bentonite composite adsorbent, in ad-
dition to sorption of these substances on the surfaces of
adsorbents, there is a sorption of ions and molecules of
dissolved substances on the surfaces of air bubbles and
their removal into the foam layer [18].

SUMMARY

The proposed technology contributed to the
wastewater treatment of the textile industry from the
main pollutants-dyes, surfactants, dressing preparations,
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etc. the Study of the effect of the size of bentonite par-
ticles on the degree of discoloration of wastewater at
different flow rates and kinetics of removal of impuri-
ties from wastewater shows the principal possibility of
using bentonite-containing compositions. It was found
that the use of bentonite composite adsorbent BKA-
400 brand reaches the highest degree of purification:
the intensity of color-83-87%, by suspended solids 80-
84%. On the basis of the obtained data and developed
new chemical methods to achieve almost 83-87% com-
pleteness of the impurity from the solutions.
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