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INTENSIFICATION OF WASTEWATER
PURIFICATION OF MUNICIPAL SOLID
WASTE LANDFILLS

O6’ckmom docuidocenns ¢ dpenamxcii 600u norizonie meepoux nobymosux eioxodie (TIIB) i epexmusnicmo
3acmocysanis KOMOTHAUIT PI3HUX MeXHOI0IUNUX NPULLOMIE, 30KpeMd, NOEOHANNS Peazenmiozo ma 0i0102iuH020
Memodie 3adis dosedeniss akocmi Qirempamy 00 HOPMAMUSHUX BUMOZ. 30Kpema, 00CA2AEMbCS 3HUICCHH He2d -
muenozo enausy openaxcuux 600 norizonie TIIB, sxi micmsamv moxcuyuni opeaniuni 3a6pyonIo8ayt, Ha HAGKOLUULNE
npupoodue cepedosuue ma 300p06’st T0OUNIL.

B x00i docnidacenv 6ye nposedenuil nopisHALIbHUIL ANANI3 eexmUsHOCmi BUKOPUCTANIH 36UUATH020 MA AKMU-
606aH020 PO3UUNHY KOAYAIHMY cYavpamy anominito. Ompumano nesny 3ailelcHicms napamempis axkmusauii ma
epexmusnocmi ouvwenns inompamy nonizonie TIIB. [[isa docsaznenns nocmasnenoi y pobomi memu 6ye susuenuil
XIMIUHUI CKA0 Qiaompamy norizonie na pisHux emanax excniyamayii ma nposedena onmuMizauis napamempis
peazenmnozo ouuuenns cmivnux 600 nouizonie TIIB. A maxoic eusuena Kinemuxa ma 6Ussieni 3aKOHOMIPHOCMI
npouecy Koazyrayii npu akmueauii po3uuny Koazyisanmy.

IIpu npoeedenni docrioncenv 6yra anpobosana 3anpononosana y pobomi mexnoiozis, npogedeni 00ciono-
NPOMUCTOB] GUNPOOYBANHA MA BUKOHAHUTI ANANI3 TMEXHIKO-eKOHOMIUHOI eeKmusnocmi peanizauii mexmonozii.
IIpu euxonanmi excnepumMeHmaroHux 00CI0NEeHb BUKOPUCTOBYBABCS KOMNILEKC MEMOOUK susHauenus pienie pH,
XIIK (ximiune cnoxcusanns xucuio), BIIK (6ionoziune cnojcusanns xucuio) ma in. /fosedeno 6ucoxky epexmus-
HICMb BUKOPUCTNAHMS PEAZenmH020 Memooy 6 KoMOnayii 3 6i0102iunuM OuUwenHam 0N Diiompayiinux 600,
xapaxmepuux oas cmadii memanozenesy. 3anponoHOBad MexXHoI02is MAE PO 0COOIUBOCMET, 30KPeMd, NPOMAZOM
axmueauii posuuny peazenmy 6i06y6aAeMbCa HAKIAOCHHI MAZHIMILO020 NOJLS, 6HACAIOOK 1020 8100Y6aAEMbCs 3Mina
CMPYKMYpu posuuny i ymeopeuus 000amro6Ux UeHmpie Koazyiauyii.

B po6omi npedcmasneno pesyivmamu 00caioNcens MexHoI02iunoi ma exonomiunol epexmusnocmi 3anpono-
HO0BaHOT MexXH002il, 30KpeMa, 006e0eH0 3HUNCCHHI eKCIYAMAUITIHUX GUMPAM NPU 3aNPOBAOICEHHT PO3ZAAHYMOL
MeXHON0ZIUNOT CXeMU A 3aNPONOHOBAN020 ANAPAMYPHOZ0 0QOpMIeHHs. Y nopienaniii 3 iHWUMU BI0OMUMU MeEX-
HOJLOZISAMIUL, U0 MAIOMb CMAOTIO Peazenmiozo OuUuenis, e 00360JUMmb iHmencudiKysamu npouec Koazyisuii ma
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SHUBUMU PO3PAXYHKOBY 003y Koazyrsumy Ha 2530 %, 6e3 nozipuleHns SKOCMI OUUUeHHSL.
Kmouosi crosa: nozizon meepoux nobymosux 6i0xodis, akmueosanuil PO3UUN Koazylanmy, ionni acouiamu,

aAHOOHO-PO3UUHHE 3aTi30, 003 KOAZYISIHMY.

1. Introduction

Purification of the filtrate is a complex task, both
from a technological and from an economic point of view.
The one-step scheme for purifying the filtrate does not
allow achieving a high efficiency of purification of the
filtrate [1-3]. The main factor ensuring the required qua-
lity of the filtrate at the exit is the multistage process
using reagent purification to facilitate and complete the
flow of the subsequent stages [4, 5]. Physical, chemical,
biological methods, as well as their combination, are used
to purify highly concentrated wastewaters of municipal
solid waste (MSW) landfills [5-7]. In particular, in [6, 7],
it is proposed to use the stage of reagent purification
and electrolytic purification, as well as optimization of
parameters of reagent wastewater purification using FeSOy.
And in [8], the use of denitrification at the stage of stable
methanogenesis using the columns filled with digestate is
proposed. Thus, it is relevant to assess the use of a com-
bination of these methods using an activated solution of
aluminum sulfate coagulant, by magnetic purification and
electrocoagulation. Therefore, the object of research is the
wastewaters of MSW landfills and the effectiveness of
using a combination of various technological methods, in

particular, a combination of reagent and biological methods
for bringing the quality of filtrate to regulatory require-
ments. The aim of research is a theoretical feasibility study
on the application of the proposed purification technology,
in particular, an activated coagulant solution.

2. Methods of research

The quality of the filtrate is directly related to the
operation stage of the landfill («young filtrate» is charac-
teristic of the stage of acetogenesis, «old filtrate» — the
stage of methanogenesis). Thus, the stage of biochemical
decomposition of waste determines the qualitative and
quantitative characteristics of wastewater.

As a rule, the purification of wastewater requires a multi-
stage combination of various physicochemical and biological
methods, significant capital and operating costs.

Laboratory studies were performed using optical and
physico-chemical methods. Studies on the effectiveness
of the use of the selected technology for purification of
wastewaters of MSW landfills were carried out both in
laboratory conditions and at the pilot plant.

Regularities of wastewater purification using an acti-
vated reagent solution were studied on model water and
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wastewater generated at the MSW landfill, characteristic
of the stage of stable methanogenesis.

The qualitative characteristics of wastewater are given
in Table 1. The experiment was performed in parallel for
the conditions of conventional coagulation and for waste
water purified with an activated solution of aluminum
sulfate coagulant.

To activate the reagent solutions, a magnetic activator
is used, which provides for simultaneous and sequential
activation of the solution by the magnetic field and satu-
ration with an anodically dissolved iron [9, 10].

Table 1

Qualitative characteristic of wastewaters of the MSW landfill
(Zaparizhzhia, Ukraine)

Indicator Research period

Winter Spring Autumn
Dry residue, mg/dm® 18052.7 22880.5 21514.3
BODs, mg0/dm?® 167.8 166 186.5
COD, mg/dm® 1215.6 995 1000
Chromaticity, deg. 166 158 170
Suspended substances, mg/dm® 273 208.7 260.4
pH 7.3 7.5 7.6
Nitrogen, mg/dm® 260 83.2 61
Nitrates, mg/dm® 118.2 102.8 106.4
Sulfates, mg/dm3 2108.2 2216.6 1480.3

Note: BODs — hiological oxygen demand (for 5 days); COD — chemical
oxygen demand

The activation mechanism is explained by the impo-
sition of a magnetic field on the solutions, resulting in
a change in their structure and the formation of ionic
associates, which are the nuclei of a new phase and act
as additional coagulation centers.

The stabilization of ionic associates occurs with ano-
dic dissolved iron, the content of which does not exceed
1000—1500 mg/dm? of a 10 % solution of aluminum sulfate
coagulant [10, 11].

Pilot industrial tests were performed at the MSW landfill
in Zaporizhzhia (Ukraine). As a result of research, it is
found that the use of an activated solution of aluminum
sulphate can improve the quality of the filtrate, reduce the
dose of reagents, reduce the size of the reagent economy.

To assess the effectiveness of the implementation of
wastewater purification technology using an activated so-
lution of aluminum sulfate at the purification stage, the
following is determined:

— cleaning efficiency;

— economic effect of the introduction of the developed

technology.

According to the proposed technology, wastewater enters
the collection to ensure uniform and uninterrupted supply.
The reagent activator is installed on the bypass line and is
used according to the research regulations. In the mixer, the
coagulant solution (activated or normal — according to the
regulations) is mixed with wastewater, then the filtrate is
sent to the primary clarifier, a bath with immersion biodisks
and a secondary clarifier section. After the secondary settling
tank, disinfection with bactericidal irradiation is organized.
As an aftertreatment filter with quartz sand is used.

3. Research results and discussion

After completing the experiments, the following samples
were taken to analyze the effectiveness of the proposed
technology:

— source filtrate — indicators: suspended matter con-

tent, chromaticity, COD, BODy;

— purified filtrate — indicators: suspended matter con-

tent, chromaticity, COD, BODyy.

The main criterion for the effectiveness of the appli-
cation of the activation of the coagulant solution is the
residual content of suspended substances, the indicators of
the efficiency of biological purification — BODy,; and COD.
Comparative effectiveness of conventional and activated so-
lution of coagulant aluminum sulphate is given in Table 2.
The economic efficiency of the introduction of an activated
solution of aluminum sulfate is also determined, according
to the results of pilot tests of a pilot plant (Table 3).

Tahle 2

The effectiveness of conventional and activated coagulant solution of aluminum sulfate

A o . ops Improving the per-
Indicators of the initial wastewater AEU\.IEUDH £, Indicatars of purified E formance of purified
options EN wastewater Ew towater, %
Z3 E'E wastewater, %
) & 5 b = FE| L™ 5| . @ B =] )
Series of 5 E | E E ZE|le_|EF|SEl 8| E —~E|SEl 8| E
experiments Date _:‘:;n = 3 = ES S 5 5 5 E% = 5 - .:é = ;-IE:: = 3 -
@ E = =1 S s |2 93| E| | 2 |a|lg8|l® E|l B =] =
o = E TE|Ta|lwBlTE |J=| PloleaE|T | = 2| o
£ 3 g & . EB|leglogl 58 g BE|®m|cS|Eg | BE| =
] g = = o o EE%”%E s| g = & B g =
a8 & =] 2 ZFET|S |AEE| B = |&g £ | B
I (conventio-
2.09.17- | 255.4- 994.7-
nalc.nagulant 150917 | 2675 150-165 10065 172.3-184.5| 325 | 12.5| 210 | 13.5| 36 |289(9.3|0.35 | - - - -
solution)
II (activated
16.09.17- | 265.4— 1010.2-
cnag%llant 290917 | 2715 152-164 1025 6 164.8-181.5| 325 | 125|210 | 7.7 [19|19.8|6.3| 0.15 | 43.0 | 472 | 31.5 | 32.3
solution)
III (ordinary
30.09.17- | 242.6- 1010.4-
cnagplant 131017 | 269.3 157-172 10215 166.2-174.5| 325 | 125 | 210 | 13.4 | 34 | 264 (9.1 025 | - - - -
solution)
IV (activated
14.10.17- | 238.2— 1029.3-
cnagplant 271017 | 254.1 160-175 10516 147.8-161.5| 325 [ 125|210 | 78 |20 |182| 6 |0.17 | 418|412 |31.1|34.1
solution)
TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Neo 2/3(46), 2019 23 )



CHEMICAL ENGINEERING:
REPORTS ON RESEARCH PROJECTS

—

I55N 2226-3780

Tahle 3

Initial data for calculating the economic effect

No. Type of indicator Legend Units Base version Implement version
1 | Performance of purification facilities g m®/day 300 300

2 | Average dose of coagulant Aly(S04)5 iR g/m? 250 200

3 | Annual consumption of coagulant Aly(S04)3 F. T 27.4 219

4 | Cost of coagulant Aly(S04)5 C. USD/t 360 360

5 | Electricity cost C, USD/kW-h 0.06 0.06

6 | Cost of reagent activator C UusD - 200

7 | Beagent activator power N kW-h - 0.5

The cleaning scheme according to the basic variant
includes: a reagent farm, a mixer, a primary and secondary
settling tank, submersible biodisk filters, a bactericidal
lamp and a frame-fill-in filter. The cost of the manufacture
and installation of the reagent activator is equal to the
cost of construction and reconstruction of the reagent
economy in the base case.

According to the Table 3 and calculations (basic op-
tion), to clean 300 m?®/day of wastewater, 0.08 m® of 10 %
normal and 0.06 m® of activated aluminum sulfate coagulant
solution is necessary (taking into account a 25 % reduction
in dose). Considering the required volume, the activator
capacity is 0.01 m®/h with reagent activator duration of
6 hours per day.

It is expected that the annual economic effect from the
introduction of an activated solution of aluminum sulfate
coagulant will be about 2 thousand USD (compared to
the base case).

The use of membrane technologies (disk-tube mem-
branes) at the main stage can be justified by the possibility
of their repeated use in the <«filtration — regeneration —
filtration» cycles. However, operating costs (costs of mainte-
nance and electricity) amount to about 35 thousand USD,
including the annual replacement of modules, which is
absolutely inexpedient for economic reasons.

4. Conclusions

It is shown that the intensification of wastewater pu-
rification processes of landfills using activated aluminum
sulphate solution can be explained by the violation of
the dynamic equilibrium of the water-dispersed system.
This contributes to the formation of ionic associates, the
nuclei of a new phase, which play the role of additional
coagulation centers. An analysis of the conducted studies
allows to conclude that the use of an activated coagu-
lant solution can reduce the calculated dose by 25-30 %,
without reducing the effectiveness of wastewater purifica-
tion. In the process of cleaning, hardening of the flakes
of the precipitate formed and an increase in the degree
of its precipitation are also observed. It should also be
noted that the proposed technology is more effective at
the stage of methanogenesis, i. e., for the <«old» filtrate,
which is characterized by a more stable composition. When
using this technology for a «young» filtrate (acid phase —
acetogenesis), it is necessary to adjust the activation pa-
rameters of the solution, increasing the magnetic field
strength and the dose of anodic dissolved iron.

The results of this research will be useful in the de-
velopment of technical documentation for the operation of

solid waste landfills, as well as interesting to researchers
in studying the difficulties in purifying specific concen-
trated wastewater.
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