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Absract

Relevance. Wastewater of knitting industry contains various types of dyes, synthetic surfactants, mineral salts and
suspended solids in values requiring deep cleaning. It is advisable to carry out deep cleaning of these drains on non-pressure
filters, which do not require large expenses and are easy to operate. We gave preference to frame-filling filters. First of all, it
allows significant increase in filtration rate, and its two layers with different fractions of filter materials significantly
contributes to differentiated purification of wastewater from suspended solids of various sizes. Aim. To determine the
maximum permissible values of technological parameters of the frame-filling filters operation (filtration rate and duration of
the filter cycle) at which high filtration effect is provided through a highly porous material-crushed expanded clay. Objects.
Wastewaters of the knitting industry and the effluents of the cotton and textile industries that are similar in their
composition of pollution, as well as the identical effluents of some other branches of light industry. Methods. The
experimental method was used on a laboratory frame-filling filter installation. The expanded clay used was obtained by the
method of swelling low-melting clays and clay rocks during their rapid firing, followed by crushing to the state of sand. In
general, the proposed technological methods are justified by those comparative and generalizing methods that can improve
frame-filling filter operation. Results and conclusions. Based on the results of the conducted research, the following
conclusions can be drawn: (1) Pronounced intergranular porosity (on average 1.6 times greater than that of quartz sand)
allows expanded clay granules passing through a significant amount of waste water at relatively high filtration speeds
(20-22 m/h) and retain up to 70% of suspended solids; (2) The duration of the filter cycle when using crushed expanded clay
is at least 1.5 times longer than when using quartz sand; (3) Due to the greater difference in the average coefficients of the
shape of the filtering materials, more complete regeneration of filtering properties of crushed expanded clay compared to
quartz sand is provided 2-3 minutes earlier, regardless of the initial concentration of suspended substances; (4) The filtering
properties of crushed expanded clay during deep wastewater treatment of the knitted production with the main
concentrated pollution indicators (color intensity, BODf, COD and surfactants) practically do not concede the quartz sand
properties. Besides, crushed expanded clay is much cheaper than quartz sand; it can be used on an equal footing with quartz
sand for deep cleaning of low-turbidity and slightly colored industrial wastewater.
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AHHOTanusa

AKTyanbHOCTb. CTOYHbIE BO/Ibl TPUKOTAXXHOM POMBILIJIEHHOCTH COZlEPaT B CBOEM COCTAaBe pa3HOOGpa3HbIe BU/bI KpaCH-
TeJslel, CHHTETUYEeCKHE TI0BEPXHOCTHO-aKTUBHbIE BELIECTBA, MUHEPAJIbHbIE COJIM U B3BellEeHHble BEIECTBA B 3HAYEHMSX,
TPEOYIOIUX TJIyOOKON OYUCTKHU. [JIy6OKYI0 OYMCTKY 3THX CTOKOB II€/1eCO06pa3HO MPOBECTH HA Ge3HANMOPHBIX PUIbTpaX,
KOTOpble He TPe6GYIT GOJIbIIMX pacXoJoB M JIETKM B 3KCIIyaTauuu. HaMu npejnouTeHde ObLIO OTAAHO KapKacHO-
3aCbIIHBIM QUIbTPAM, T. K. OHU MO3BOJISIIOT 3HAUUTEJbHO NTOBBICUTh CKOPOCTb QU/IbTPOBAHMS, a BA UX CJIOSI C PA3HbIMU
dpakuuaAMU GUIBTPYIOIINX MAaTEPUATOB CIOCOOCTBYIOT AU depeHIUPOBAHHOMY OYHMIIEHUI0 CTOYHBIX BOJ| OT B3BEIeHHbIX
BELIEeCTB pa3IMyHOH KpynHocTH. Lleib: onpesiesieHrne Npese/bHO-0NYCTUMbIX 3HAYEHUH TEXHOJIOTMYECKUX NMapaMeTPOB
paboThl KApKaCHO-3aChITHOTO GUIbTPA (CKOPOCTH GUIBTPOBAHHUS U NMPOJO/DKUTENbHOCTH QUIBTPOLMKIIA), TPU KOTOPBIX
06ecrneYruBaeTCs JOBOJbHO BBICOKHH 3¢ deKT PuIbTpanuu yepe3 BbICOKOMOPUCTBIA MaTepuaa - ApPOOGJEeHbIA KepaM3uT.
OGBEKTBI: CTOYHbIE BOJbl TPUKOTAXXKHON MPOMBIIIJIEHHOCTU U GJIM3KHE 110 CBOEMY COCTaBY 3arpsI3HEHUU CTOKU XJIOMYATO-
OYMa)KHOU M TEKCTHUJIbHOU MPOMBILIJIEHHOCTEH, a TaKKe UAEHTUYHbIE CTOKH HEKOTOPBIX APYTUX OTpacjed JIeTKOH Mpo-
MBILIIJIEHHOCTH. MeTOABI: 3KCIepUMEHTa/JbHbIA METO/| Ha JJAG0OPaTOPHOH yCTAaHOBKE KapKacHO-3achlmHOro ¢uibTpa. Uc-
H0JIb30BAaHHBIH KEPAM3UT ObLI NMOJyYeH METOOM BCIYYMBAHUSA JIETKOIMJIABKUX IJIMH U [JIMHUCTBIX IOPOJ, MPU GBICTPOM UX
o6>KUre C MOC/AeAyIOLINM JPO6IeHHEM IO COCTOSIHUSA NecKa. B 1je/1oM npejjlaraeMble TEXHOJIOTHYECKHE METO/bl 060CHOBA-
Hbl TEMU CPaBHUTEJbHBIMU U 06O0GILAIIMMU METOAAMH, KOTOPble MOTYT YJIYYIIUTb PAabOTy KapKaCHO-3aChIITHOTO QUJIb-
Tpa. Pe3y/ibTaThl M BbIBOABI. M cX0/151 U3 pe3y/IbTaTOB IPOBE/IEHHBIX UCCIEJ0OBAaHUH, MOKHO C/leJIaTh CJIe/yIoliHe BbIBO/bI:
1. fpko BbIpaXKeHHas MeK3epHOBasl HOPUCTOCTD (B cpeHeM B 1,6 pa3 6oJiblie, YeM y KBapLleBOI0 NecKa) I03BOJISIET IPaHy-
JIaM KepaM3H1Ta NPoNycKaThb yepe3 cebst 3HauUTebHOE KOJMYECTBO CTOYHON BOJbI IPH OTHOCUTEJIBHO GOJIbIINX CKOPOCTSAX
¢dunbpTpoBanus (20-22 M/4) u 3ajepxkuBath A0 70 % B3BelleHHbIX BellecTB. 2. [IpoA0/IKUTENBHOCTD GUIbTPOLMKIIA IPU
NpUMEHEeHUH JJPO6JIEHOTO KepaM3WTa KaKk MUHUMYM B 1,5 GoJbllle, 4eM NpU NMPUMeHEHUH KBaplLEBOro necka. 3. 3a cyeT
GoJiblIed Pa3HOCTU CpeAHUX K03pPULHEeHTOB ¢GopMbl GUIBTPYIOIMX MaTepHaJoB OoJiee MOJIHOLEHHAsl pereHepanus
GUIBTPYIOIMX CBOMCTB ApPO6GJIEHOr0 KepaM3HTa 110 CPAaBHEHUIO C KBaplieBbIM IIEeCKOM O6ecrneyuBaeTcss Ha 2-3 MHUHYTHI
paHblile, HE3aBUCHMO OT PAaCCMOTPEHHBIX MCXOJHBIX KOHLEHTpALMH B3BelleHHbIX BellecTB. 4. PuiabTpyolye cCBOHCTBA
JIpo6JIeHOro KepaM3HuTa IPH IJ1y60KOM OYMCTKE CTOYHBIX BOJ, TPUKOTAKHOTO NMPOU3BO/CTBA C OCHOBHBIMU KOHLIEHTPHUPO-
BaHHBIMH [TOKa3aTeJIsIM 3arps3HeHui (MHTeHcuBHOCTb oKpacky, BIIKi., XIIK u [IAB) npakTH4YecKH He yCTyNalT CBOMCTBAM
KBapIeBOIo 1ecKa, U K TOMY e JIpo6JIeHblid KepaM3UT HaMHOTO JiellleBJle KBapLeBOro NecKa, I03TOMY ero HapaBHe C KBap-
[IeBbIM N€CKOM MOXXHO IPUMEHATH NPH IJIyOOKOH OYMCTKE MaJIOMYTHBIX U CJAa0OOKpALIeHHbIX IPOU3BOJCTBEHHBIX CTOY-
HBIX BOJ.

Kio4yeBble c/10Ba: KapKacHO-3aChIMHOW QUJBTpP, B3BelleHHble BELECTBA, MEJKO3ePHHUCThIH QUIbTPYIOIIUN MaTepual,
BbICOKOTIOPHCTHIN AP06JIeHbIH KepaM3UT, CKOPOCTb QUIbTPOBAHHSI, ONITHMAaJIbHbIE IapaMeTphI.

JLia nutupoBaHus: llamsan B.J1, Kanantapsan M.A. [IpesesibHO AOMYyCTUMbIE TEXHOJIOTHYECKHE TApaMeTPhbl paGoThl Kap-
KaCHO-3aCbIMHBbIX GUIbTPOB // U3BecTuss TOMKOro NoJUTEXHUYECKOT0 YHUBepCUTeTa. MTHXXUHUPUHT reopecypcoB. — 2023. -
T.334.-Ne12.-C.161-170. DOI: 10.18799/24131830/2023/12 /4175

Introduction the height of the filter is achieved. At the same time,

When treating industrial wastewater, frame-filling
filters (FFF), developed by B.A. Mitin are widely used
[1]. FFF are mounted in standard filters or any
containers that meet functional requirements [1, 2].
The operation of these (and other granular) filtration
facilities is largely determined by filtration properties
of a filter material itself and fractional arrangement of
loading layers [3-5].

The FFF combination of two fractions of granular
material with several dozen times different grain sizes
gives the filter layer properties that neither fine-grained
nor coarse-grained loads have individually [4-7].

The main advantage of FFF, in comparison with
other types of filters, is the principle of filtration in
direction of decreasing grain size of the loading. In this
case, the wastewater with the highest concentration of
impurities passes through the coarse-grained layer first
and then enters the layer with fine grains that have
already been sufficiently purified [4, 8, 9]. Thanks to
this, silting of the fine-pored backfill does not occur,
and more uniform distribution of contaminants along

the rate of increase in pressure loss is significantly
reduced.

The FFF has a peculiar principle of loading
regeneration, which consists in the fact that during
washing, fine-grained backfill is weighed and moved
into the pores of the frame, which remains stationary.
At the same time, the backfill itself is washed
simultaneously and the surface of the frame grains is
cleaned.

FFF also refers to fast filters with high dirt capacity.
An increase in this parameter and filtration rate is
possible with the use of multilayer filters, new filter
materials with high adsorption capacity, as well as the
use of various reagents that improve the suspension
retention.

We can note the specialized non-woven material
“Megasorb” as new filter materials with a high
adsorption capacity. It was successfully used in non-
pressure filters when treating wastewater from car
washes and transport enterprises [10], granular
polymer and expanded clay loadings, the use of which
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significantly intensified oily wastewater purification
[11], as well as granular peat, the use of which
provided up to 75-98% of stormwater and surface
treatment [12, 13].

Structures with immobilized microflora on granular
loading into filtration-type structures are becoming
widespread [14].

In addition to the development of effective methods
for industrial wastewater treatment by sand filtration
[15], the regularities of combined (bio-coal-sand [16],
nanocellulose, by filtration [17]), hybrid (coagulation-
intermittent-sand [18]) filtration are also being studied.
In particular, in [19], coal fly ash was used as the main
frame material for manufacturing a ceramic foam filter,
and the authors of [20] suggest light expanded clay and
clay bricks as substrates instead of gravel.

It should be noted that the filtration method has
always been considered by us as an intermediate stage
in development of a technological scheme for deep
wastewater treatment of textile, cotton and knitting
industries. In the long term, the generalized results
obtained can be compared with similar results of more
modern works [21-23].

Among highly porous materials, granular open-cell
elastic polyurethane foam (PUF) with porosity of 96—
98% [24] and elastic synthetic fiber with porosity of
88-90% [25] can be noted.

However, the listed filter materials do not differ in
their cheapness, they are more labor-intensive in
operation, and are quite specialized in their application.
Therefore, we selected crushed claydite as a highly
porous filling, the porosity of which ranges from 53 to
74% [3, 6-8, 24, 26].

Despite these advantages, there are numerous
constructive and technological methods to enhance the
FFF operation.

Selection of optimal design parameters (fractions of
filter grains and thickness of their layers). The FFF was
based on the data we obtained before for identical
wastewater from the cotton and textile industries [6, 9,
26, 27]. In this part, only some adjustments were made
and only the main technological parameters are
considered in the work. They are: the issues of
determining optimal and maximum permissible
filtration rates and duration of the filter cycle when
using highly porous backfilling of crushed claydite.
The data obtained are compared with the data for
quartz sand.

The search for methods for intensifying wastewater
treatment by filtration shows that higher results can be
achieved with a simultaneous approach to improving
both the design parameters of the filter and the
technological parameters of filtration. Among the
technological parameters, the trends of accelerating
filtration and increasing the filter cycle period are
particularly supported.

Materials and methods

The proposed technological methods and available
constructive proposals are substantiated by those
comparative and generalizing methods that, in
principle, can improve the FFF performance.

Theoretically, separating impurity particles from
wastewater during filtration comprises three stages:
transfer of particles from the wastewater stream to the
surface of the filter material, their fixation on the
surface of the grains and in the cracks between them,
and separation of particles with their transition back
into the wastewater stream. The phenomena of inertia
and diffusion play the main roles in transferring
particles. The retention of particles by the surface of
the filter material mainly occurs due to particle
adhesion because of the action of intermolecular Van
Der Waals forces.

Practically, the regularities of impurity particles
filtration were studied according to a generally
accepted indicator — the release of suspended solids
from industrial wastewater.

The experimental filtration plant was assembled in
the basic laboratory of the Institute of Water Problems
and Hydro-Engineering named after 1.V. Yeghiazarov
of Yerevan and consisted of a dark gray plastic
cylinder with a thickness of 8 mm, an inner diameter of
25 cm, and a total height of 1.8 m (Fig. 1).

Fig. 1.
Puc. 1.

Laboratory installation of a frame-filling filter
Jla6opamopHasi ycmaHo8Ka KapKACHO-3ACbINHO20
dusrompa (K39)
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The studied model drain was fed from the top of the
central part, and the filtrate was discharged through the
lower (on the right side of the filter) hose. The upper
convex part provided a uniform supply of wastewater
across the cross-section during cleaning, and the lower
concave part — during washing the laboratory
installation. Provided at heights of 0.42, 0.86, and
1.30 m, diverting hoses with clamps (on the right side)
allowed taking samples for analysis and monitoring the
dynamics of filtration for retention of suspended
substances. The flushing water was supplied from
below through the fitting provided in the central part
and was discharged through the upper (on the left side)
hose.

A valve installed on the discharge line by changing
the flow rate of wastewater coming from the filter
regulated the filtration rate. The filtration rate remained
constant during each cycle of the FFF operation and
varied only when a new cycle started.

It should be noted that the laboratory installation,
the schematic diagram of which is similar to the
scheme described in the following studies [6, 26], is
assembled with promising capabilities. In particular,
with the help of an additional hose provided on the
lower left side, it is possible to carry out separate
studies on the upstream filtration flow, and the
horizontal plane provided above the filter can serve as
a stand for the necessary equipment (dispenser, mixer,
etc.), when studying the regularities of reagent
filtration.

In this laboratory installation of the FFF, all the
research was carried out on the retention of suspended
substances, the reduction of chemical oxygen demand
(COD) and biological oxygen demand (BODyy)),
surface-active substances, as well as the optimal
technological filtration parameters for the selected
design parameters of the filter.

Gravel with a fraction size of 40...50 mm was used
as a loading (frame), and fine-grained (0.63-1.0 mm)
and medium-grained 1.0-1.6 mm quartz sand or

Table 1.

crushed claydite were alternately used as filling (in a
mixed layer together with gravel).

In general, quartz sand is quite wear-resistant and,
in comparison with other filtering materials, provides
optimal dirt capacity. Therefore, it was used as a
reference in the work.

The main component of quartz sand is silicon
dioxide (quartz), the content of which in the initial
mineral is usually not less than 93-95%. Its formula is
SiO,, but its composition may also contain organic
impurities, clay, iron oxides and other metals.

Claydite also has sufficient mechanical strength and
is resistant to corrosion. But the most important
advantages of claydite are its low price, availability,
practicality, efficiency of use, and durability.

The chemical composition of crushed claydite
includes 95% CaCO; and 5% MgCOs. Since claydite is
made of clay and slate, it is one of the most
environmentally friendly materials.

Claydite density can be increased by crushing, after
which the specific surface area of pore channels also
increases and more favorable conditions for filtration
are created. When a highly porous backfill is used, the
duration of the filter medium protective action
increases while the pressure growth rate decreases.
Under these conditions, it becomes possible to increase
the filtration rate without deterioration of the filtrate
quality.

The studied claydite was obtained by the method of
swelling low-melting clays and clay rocks during their
rapid firing (1050-1350°C). After heat treatment,
claydite gravel was crushed to the consistency of sand
and sorted into fractions through hummingbird sieves,
followed by washing and drying at 105°C. The main
physical and mechanical properties of this crushed
fine-grained claydite were obtained in the laboratory
"Building Materials and Structures" of the National
University of Architecture and Construction of
Armenia (NUACA), and together with the data on
claydite and quartz sand properties obtained by other
researchers [3, 7, 8] are presented in Table 1.

Basic physical and mechanical properties of the studied filter materials

Ta6auya 1. OcHosHble Pu3uKo-MexaHuyeckue ceolicmaea ucc1e008aHHbIX GUALMPYIOUUX MAMEPUAI08

Grain diameter, Mechanical strength, % - . -
. . Porosity, % Grain shape coefficient
Material mm Density, g/cm?3 MexaHuuecKas IPOYHOCTb, %
3 — _ . [opucrocth, | KoadouuueHt popmsl
Marepuan JuameTp 3epeH, |Iln1oTHOCTB, T/CM abradability grindability % aepen
MM WMCTUPAEMOCThb | M3MeJIbYaeMOCTh
Quartz sand [3] 0.5..3.0 24..2.6 0.5 2.7 38..42 1.07..1.17
KBapueBblil necok
Quartz sand [7] 0.63..0.80 2.02 0.4 0.07 36..45 -
KBapueBblil ecok
ﬁi“iﬁ:ﬂ?ﬁy‘ﬂ;[f] 0.9 17..18 3.31 0.63 74 -
b: AP 1.78 1.68 212 0.12 66 439
HbIN
Crushed claydite
Kepam3surt apo6ie- 0.8...1.5 1.3..1.6 3.3 0.15 58...64 2.35
HbIH
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In addition to the data given in Table 1, the data of
various researchers [6, 8] also confirm that the values
of the characteristic physico-chemical components of
quartz sand and crushed expanded clay separately
fluctuate within significant limits. In particular, the
values of the most important component — quartz sand
porosity ranges from 36-45%, and crushed expanded
clay is usually in the range of 58-74%. This is mainly
due to the content of the corresponding raw materials
(untreated sand or clay rocks) and the specifics of their
processing.

The filter efficiency is determined by the filtration
rate, which should be understood as the speed of water
vertical movement over the filter layer.

The filtration rate (V) was determined by the ratio

V =Q/A. &)

where Q is the amount of water passing through the
filter in a unit of time; A is the filter area.

According to expression (1), the filtration rate is
directly proportional to the flow rate of water
(wastewater) and inversely proportional to the filter
surface. But since the surface (cross-section) of the
laboratory installation is a constant value, the speed
was regulated by the flow rate of the studied
wastewater.

The pressure loss per unit thickness of the filter
layer (i) is determined by the following formula:

\
y @

E)

I, =

and the pressure loss in the clean filter layer (hp) is
determined by the following formula:
. VL
hOZIO.Lzlf//diz, (3)
where  is the wastewater viscosity; d is the grain
diameter of the filter material; L is the thickness of the
filter layer.

It follows from expression (2) that the unit pressure
losses in the pure filter layer increase in proportion to
the filtration rate and the water viscosity and increase
significantly with a decrease in the grain size and
porosity of the filter material.

It also follows from expression (3), that the pressure
loss in the clean filter layer is in direct proportion to
the thickness of the layer.

It should be noted that the height of the mixed layer
(gravel + high-silica sand or gravel + crushed
expanded clay) was assumed to be 1.05-1.10 m in all
series of experiments. The immutability of this
indicator made it possible to more accurately assess the
ratio of other indicators.

On the basis of the general stock of the knitting
factory “TOSP" in Yerevan studied a 5-fold diluted

model runoff with the following indicators: color
intensity by dilution — 1:40-1:50, suspended solids —
36-48 mg/l, BODygy — 135-170 mg Oy/l, COD —
240-260 mgO,/I, surface-active substance (SASio) —
11-23 mg/l.

Since we previously obtained high purification
efficiency at the FFF, when using crushed expanded
clay and quartz sand to detain suspended solids at their
initial concentrations of about 20 mg/l [6, 9, 26, 27], at
this stage studies were conducted at higher values of
suspended solids in order to investigate the maximum
permissible filtration rates and the duration of filter
cycles.

The data from the research results based on the total
runoff of knitting production are given in Table 2.

Table 2. Purification data of the total runoff of knitted
production at the FFF
Ta6auya 2. [laHHble ouUCMKU 00We20 CMOKA mpukomabsc-

HO20 npousgodcmea Ha K3®

Value of suspended
g = o substances, mg/1
. g = = 3HayeHMe B3BelIeHHbIX
Fllte'r £5 % o BEIECTB, MI'/J1
materials g = SR N
dunbTpyto- o0 S8&|=s ° a
S A 5 28|§ E o E X g
lue Mate- 9 9 E2a|l5Eq| 2&| 5¢E
pHUaJIbl 3 2 2o g |- HZ| 5& 226
S E = =882 248 s E&
£z S|E8° =5| &%
£ == |2 s
m
% 0.63...0.8 12 48 14 70.0
T .3 | 08.10 14 43 13 69.7
+ S+ E
T @ ’E = 0.8..1.0 14 38 11 71.1
E N ER 0.63...0.8 15 46 14 69.5
© 8 iy ::;: 0.8...1.0 16 39 13 66.7
o 3 0.63...0.8 18 47 17 63.8
= 0.8...1.0 22 41 17 58.5
1.0..1.2 13 45 12 73.3
2 = 1.2..1.6 14 36 11 72.2
=8 E 1.0..1.2 15 46 14 70.5
%’ S 1.2..1.6 16 42 12 71.4
S & 1.0..1.2 19 44 13 70.5
'§ g § 1.0..1.2 20 43 13 70.0
5 2 1.2..1.6 22 39 12 69.2
< 3 1.2..16 25 48 17 64.6
E = 1.2..1.6 27 42 16 62.0
© 1.2..1.6 30 44 19 56.7
1.2..1.6 31 41 20 51.2

Further studies to determine the maximum permissible
values of filter cycles were carried out at constant speeds
of 15 and 22 m/h, respectively, when using quartz sand
with a grain fraction size of 0.8-1.0 mm and crushed
expanded clay with a grain fraction size of 1.0-1.25 mm.
It should also be noted that the average initial values of
suspended solids when using crushed expanded clay were
42-43 mg/l, and when using quartz sand — 47-48 mg/l. In
accordance with empirical data, the constructed curves
are shown in Fig. 2.

165




Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2023.V. 334.12.161-170
Shamyan V.L., Kalantaryan M.A. Maximum permissible technological parameters of frame-filling filters

©
o

[0}
o

~
o
‘}

(o2}
o

\\\

Effectiveness, E/2ddextusnocts, 3, %

al
o

~

12 15 18 21

—e—using crushed claydite —#—using quartz sand

IIpu IIpUMEHEHNHN IIpyu MIPUMEHCHUU

Ipo6JIeHOTO KepaM3uTa KBapIEBOTIo Mecka

24 27 30 33

Duration of the filter cycle, T, hours
ITpomomkuTenbHOCTD GUIBTpOLHKIa, T, 1

Fig. 2.  Filtration duration effect on the efficiency of suspended substance retention
Puc. 2. BausiHue npodosxcumensHocmu puibmpayuu Ha 3hPhekmusHocmb 3a0epHcaHusl 836eUECHHbIX BeUjecms
Table 3. Perification indicators for total knitted production runoff at the FFF

Ta6auya 3. [lokazameau o4ucmku ob6uje2o cmoka mpukomaicHo2o npou3godcmea Ha K3®

Filter medium, gravel+/®uabTpyomuil MaTepuaJ, rpaBuii+
quartz sand /KBap1eBbli Necok crushed expanded clay/npo6ieHbli kepaM3UT
Main indicators min.-max. Values/MHH.-MaKc. 3HaueHUsI
OcHoBHbIe nokasaTesH b.e.fore. after purification o b.e.fore. ?f.ter. o
purification OCIE OUHCTKH E, % purification purification E, %
A0 OYUCTKH 10 OYUCTKHU I1ocCJie OYUCTKHU
Intensity of speed by breeding 1:40-1:50 1:36-1:44 10..12 1:40-1:45 1:37-1:40 9..10
HNHTEHCUBHOCTH CKOPOCTH IIO pa3BeJEHUI0
Suspended substances, mg/l 36-48 10-14 70,8..72,2|  38..46 10..13 71,7..73,6
B3BellleHHbIe BellecTBa, MI'/J1
BODsui, mg 02/1 135-170 81-100 40..41 140...168 95..97,4 39,2..42
BIIKm., Mr Oz2/1
COD mg 02/1
XIIK, mr 02/ 240-260 168-180 30..32 240...250 168...173 30...30,8
Surfactants (SAS), mg/l nonionic 11-16 9-13 18,2..22,0 12..18 10..15 16,7...20,0
[1AB, Mr//1 HEHOHOTEHHbIE
anionic 13-23 11-19 15,4..20 14..23 11,5..18,5 18..19,6
AHUOHOAKTHUBHbIE

In parallel, for crushed expanded clay at a filtration
rate of 15 m/h and for quartz sand at a rate of 12 m/h,
analyses were also carried out to reduce the indicators
of COD, BODyg,, nonionic, and anionactive
surfactants. The results are shown in Table 3.

Results and discussions

Comparison of the efficiency of two filter media
(Table 2) shows that if at filtration speeds of 12-15 m/h
the use of crushed expanded clay provides a slight
advantage over quartz sand, then at higher speeds

(16-22 m/h) the difference between these indicators
only increases and specifically at a speed of 22 m/h
reaches more than 10%.

In general, at high filtration rates, the use of crushed
claydite provides more stability and efficiency. In
particular, at speed of 19-22 m/h, almost the same
effect is provided on the retention of suspended
substances (70.5-69.2%).

According to the results of these studies, it can also
be said that the maximum permissible filtration rate on
the FFF, when using crushed expanded clay, can be
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taken up to 27 m/h and when using quartz sand — up to
18 m/h.

According to the data obtained and available [6, 9,
18, 19], it can be said that the use of the FFF provides
more stable purification with significant fluctuations in
the initial values of suspended solids.

The use of crushed expanded clay provides more
efficient purification by suspended solids, with their
relatively high initial values (32-48 mg/I).

It follows from Table 2 that with relatively elevated
initial values of suspended solids, the use of crushed
expanded clay in the range of filtration speeds from 15
to 25 m/h provides a filter cycle duration of 30-24
hours, and at the same time the cleaning efficiency is
71.8-64.6%.

The relatively high filtration rates could not be
significantly affected by the temperature regime, since
the study was carried out indoors (at 20+2°C) and the
viscosity of wastewater remained practically constant.

From the characteristic curves, shown in Fig. 2, it
can be said that at initial concentrations of suspended
solids of 42-48 mg/l, the maximum permissible
duration when using crushed expanded clay can be
taken up to 27-30 hours, and when using quartz sand —
up to 20-22 hours.

This means that even with an initially higher
filtration rate (22 m/h), the duration of the filter cycle
when using crushed expanded clay is almost 1.5 times
longer compared to quartz sand.

During the operation of the FFF installation, the rete
ntion of suspended substances was reduced sharply for
longer than the specified filter cycles.

The research results shown that at extreme initial
values (36-48 mg/l) of suspended solids, crushed
expanded clay provides higher efficiency due to higher
intergranular density. More angular shape of crushed
expanded clay also has a beneficial effect on backfill
washing, since the friction of the angular shape of
crushed expanded clay grains is greater than the
friction of the spherical shape of quartz sand grains.

From our point of view, it was the pronounced
intergranular porosity (with a large grain shape
coefficient) that allowed highly porous (66—74%)
expanded claydite granules passing through a
significant amount of wastewater at relatively high
filtration rates. A slight reduction in washing time is
explained by the greater friction of angular grains of
crushed expanded claydite compared with spherical
grains of quartz sand.

As the filter becomes dirty, the pressure loss
increases, and the valve of the regulating device opens
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