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AnoTauisi. Ocaau CTIYHUX BOJ, IO YTBOPIOIOTHCS HA KaHAI3aI[iHHIX OYNCHUX CIIOPYaX, CTAHOBUTH HEBE-
JIMKUHW BIJICOTOK BiJi 00’ €My OUYMINEHUX CTiYHUX BoA. [IpoTe, BUTpaTH Ha 00pOOKY Ta yTHITI3AIlil0 0CaIy CTa-
HOBJIATH JICBOBY YaCTKy €KCIUTyaTalliiHUX BUTPAT KaHATI3allifHUX OYMCHUX criopya. Ocaiu MICTSTh MIKija-
JUBI ¥ TOKCUYHI PEYOBHHU. 3 1HIIOTO OOKY, OCaJH € HPKEPEIIOM BYTIIEIIO, IOXKUBHUX PEYOBHH 1 MiKpoele-
MEHTIB, OTXe iX MOXKHA €eKTUBHO yTUi3yBaTH. Ba)TMBUM eTamoM yTii3allii ocalliB € IXHE 3HEBOTHEHHS,
30KpeMa i3 3aCTOCYBaHHSIM €JICKTPHUYHOTO CcTpyMmy. JOCHiKyBadn eNeKTPO3HEBOJHEHHS aKTHBHOTO MYITY
BoJIOTIiCTIO 98% 3 BTOPMHHMX BiACTIHHHKIB KaHATI3aLIMHUX OYMCHUX CHOPYX M. TepHOMIIb MOCTIHHUM eJie-
KTPUYHUM CTpyMOM. EkcriepuMeHTH mpoBomin Ha nabopaTtopHoMy creHai 3 U-To/1iOHOK0 CKIISTHOIO TPYO-
KOIO 3 BYT'UIbHUMH CTPH)KHEBHMH aHOJOM 1 KaToJoM. EQeKT BIUTMBY €NEKTPUYHOTO TOJIS CIIOCTepiraBcs B
3aracaro4omy TepioJii, KO Micis 3HAYHOTO BiJUIUICHHS BOJM 3 0CA/y CTIYHHX BOJI, TPOIIEC EIEKTPO3HEBOI-
HEHHS CIIOBUIBHIOETHCS. OTpUMaHi pe3yIbTaTH NOPIBHAHO 3 pe3yJIbTaTaMH eJIEKTPO3HEBOAHEHHS aKTHBHOTO
MyJ1y BOJIOTiCTIO 98% 3 BTOPMHHUX BIACTIMHUKIB KaHAII3aI[lIHUX OUYMCHUX CIIOpPYa M. TepHOMLIb Ha CTEH I
3 TpaiTOBUMH CTPHWKHEBUM aHOJIOM 1 IJIOCKUM KaTOJOM, OTPUMAaHHMMH IHIIMMH JTOCTiHUKaMH. EnexTpo-
3HEBOJHEHHS aKTHBHOTO MYJy Ha 000X CTeHIaxX Jla€ MPaKTUYHO OJHAKOBHH edekT. [linTBeppkeHo, mo 3He-
BOJHEHHSI OCaJ(iB CTIYHHMX BOJ 32 JOIOMOT'OIO TIOCTIHHOTO €JIEKTPUYHOIO CTPYMY MOKHAa BHKOPHUCTOBYBATH
Ha MYJIOBHX MailaHYMKax KaHaTi3alliiHAX OYUCHHUX CIIOPY/I.

KuarouoBi ciioBa: xaHanmizamniiHi OYHMCHI CIIOPYIH, OCaTH CTIYHUX BOJI, aKTUBHUI MYJl, 3HEBOJIHEHHS, EJIEKT-
PO3HEBOTHEHHS.

BCTYII YHUM CKJIaJ, CTPYKTypa, B SA3KICTh, CITIBBIA-
HOILIECHHS BUIbHOI Ta 3B’s13aHOi BOJM, CTYIiHb
JIMCTIEPCHOCTI YaCTHHOK TBEPOi (a3u, TOIIO.

Ocap, 10 YTBOPIOETHCS HA OYHUCHHUX CIIO-
pyllax, CTAHOBUTh HEBEJIMKHM BiJICOTOK (OH-
3bK0 1%) Bijl 00’€My OUYMINEHUX CTIYHHX BOJ.
[Ipote, BuTpatn Ha OOpPOOKY Ta YTHIII3AIiIO
ocany craHoBiATh Bifg 20% mo 60% Bim exc-
IUTyaTaliiHUX BUTPAT OYMCHOT cTaHmii [1].

Ocamu € KepenoM BYIJIELIO, MOKUBHHUX
PEYOBHH 1 MIKPOEJIEMEHTIB, OTKE IX MOXKHA
e(eKTUBHO yTUIi3yBaTH [2].

BaxxnuBum eramom yTtumizaiii ocajiB € ix-
HE 3HEBOJHEHHS, 110 JIa€ 3MOTY 3HAYHO 3MEH-

Ocamu CTIYHUX BOJA € KOHIEHTPOBAHUMU
BigxoxaMH. BoHM MICTATh MIKIAJINBI M TOKCH-
YHI PEUYOBHHHU, a TaKOXK OakTepianbHi 3a0pya-
HEHHsI KOHIICHTPAIIIsIMU B JIECSITKH 1 COTHI pa-
31B OUTBIIE, HIXK Y CTIYHUX BOJIAX.

OcHoBHa 3agaya 0OpoOKH OcajiB — OTpH-
MaHHs 0€3MEeYHOro B CAHITApHO-TITIEHIYHOMY
BIJIHOILIEHHI Ta MPUAATHOTO J0 TPaHCHOPTY-
BaHHS TPOIYKTY, SIKHH MOXHa BHKOPHUCTOBY-
BaTH B CUILCHKOMY TOcmomapcTBi. BHacmimok
3HAYHOTO BMICTY KOJIOITHMX PEYOBHH OCaIU
MOTaHo BiAmaroTh Boay. Ha BomoBimmauy oca-
B 3HAYHO BIIMBAIOTL HOr'0 BOJIOTICTH, XIMi-
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IIUTH BOJIOTICTH (10 65...85%), a oTxke i 00'-
em ocazis [3-6].

KitouoBuM mHUTaHHSM €QEKTHBHOCTI 3HE-
BOJTHEHHS OCaJy € BUOIP BIAMOBITHOTO METOMY
KOHJWIIIFOBAaHHS  3QJIGKHO  BiA  (Pi3UKO-
XIMIYHUX BJIACTUBOCTEH ocany [7]. AHaii3 Me-
TOJIIB CBIYHTH, IO HANYACTIIIEC MOTEPEIHIO
00poOKy oOcaaiB BHKOHYIOTH: JOJaBaHHIM
¢uokynsiaTiB  [8; 9]; ynerpasBykoBoro [10],
MIKpoXBWJIbOBOIO [11;12] Ta TepMiuHOIO
[13; 14] oOpobkoto. [lyisi 3MEHIIICHHST BUKOPH-
CTaHHS XIMIYHMX PEarceHTIB CIIOCOOW KOHJIU-
IiFOBaHHS ocaaiB kKoMmOiHytoTs [15-17]. On-
HUM 3 Hae(EKTUBHIIINX CIIOCOOIB € EIEKTPO-
3HEBOJHEHHS OCaJliB, SIKE Iepeadadae 3acTo-
CyBaHHS €JIEKTPUYHOTO TOJIS i Yac iX Mexa-
HigHOro 3HeBomgHeHHS [17-19]. Binbmicts
MPOIIECiB MEXAHIYHOTO 3HEBOJIHEHHS BKIIOYAE
nBa eranu. [lepmmii — yTBOpeHHs (inpTpariii-
HOI mIapy ocaiy, Ipyruid — CTHCHEHHS, KOJIH
BUIbHY Ta (I3MKO-MEXaHIYHO 3B’S3aHY BOJIY
BUYABIIIOIOTh 3 KEKY 3aBISKH 3aCTOCYBAaHHIO
THCKYy. Enexkrtpruuyne noisie 3acTOCOBYIOTH [0
oaHiel abo 000X crazdiii 3HEBOMHEHHS, a00 110
YH TICIIS TPOIIeCY 3HEBOAHEHHs ocai [17].

META I METOJM JOCJITKEHHS

Mertoro naHoi poOOTH € NOCTIIKEHHS MPO-
1[eCy eNEKTPO3HEBOJHEHHS! aKTUBHOTO MYIYy 3
BTOPUHHUX  BIJACTIHHUKIB  KaHaII3aIlIHHUX
OYHCHUX CIOpYyA M. TepHOmiIb MOCTIHHUM
CIICKTPUIHUM CTPYMOM. BHKOpHCTOBYBaIN
EeMIIPUYHI METOH JTOCIIKESHHS.

OIIUC JIABOPATOPHOI'O CTEHY
TA METOJUKA JOCJIKEHHS

JUist  AOCHIJDKEHHST TOLECy eJIeKTpO3He-

BOJIHEHHS aKTUBHOTO MYJTy 3 BTOPUHHHX BiJIC-
TIHHUKIB 3alIPOEKTOBAHO JIA0OPATOPHUI CTEHT
[21] (puc. 1).
Ha mrratusi 1 3akpimneno U-nopiOHy ckisiHY
TpyOKy 2 3 BHyTpimHIM miamerpom 20 M.
s mpoBeneHHs nochimkenp B U-momioHy
CKJISIHY TPYOKY 2 3aJIMBaJIH MOPIIiF0 aKTUBHOTO
myny ob'emom 100 cm®. Ilicns wnporo B
U-noai6Hy TpyOKY BCTaBIISUTH HEPYXOMO BYTi-
JbHI enexkTpoau 3. BepxHi KiHII BYTUIbHHUX
€JICKTPO/IIB T €AHAHO A0 BUIIPSAMIISTYA EJICKT-
puuHoro cTpymy 4. Bunpsimisay 4 mifg'ennaHo
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Puc. 1. Cxema 1ab0paToOpHOTO CTEHIY JUISl CJICKT-
PO3HEBOAHCHHA aKTHBHOT'O MYJy 3 BTO-
PUHHHX BifCTiHMKIB: 1 — mTatuB mabopa-
TopHuid; 2 — U-moxmiOHa ckisiHa TpyOKa;
3 — BYTiUIbHHNA €JeKTpon; 4 — BUIPSIMIITY
€IIEKTPUYHOTO CTPYMY

Fig. 1. The laboratory-scale device scheme for
electro-dewatering of activated sludge
from secondary clarifiers: 1— laboratory
tripod; 2 — U-shaped glass tube; 3 — graph-
ite electrode; 4 — electric-current rectifier

70 €JeKTPOMEpEki 3MIHHOTO CTpyMy Hampy-
roto 220 B.

Ha nowatky  J0CHiUKEHHS  BMHUKAaIH
BUIIPSAMJISIY 1 BUCTABJISIIM 3HAUEHHSI HANPYTH.
3 BUIIPSAMIISYA €JIEKTPUYHOTO CTPYMY Ha eJleK-
Tpoau nonasainu Hanpyry 30 B, a ormxe kpi3b
aKTUBHHUM MYJI 10/1aBaIM NOCTIHUNA eNeKTpH-
YHUU CTPYM.

OpHOYacHO 3 BMHUKaHHSIM BHUIpsAMIIAYA PO-
3MOYMHATN BIIJIIK 4Yacy MPOBEACHHS OCII-
JokeHHs. TpuBanicTe 0OpOOJIEHHS! aKTUBHOTO
MyJly TIOCTIHHUM eJEeKTPUYHUM CTpyMOM t
cranoBuna 24 ron i 48 roa. Enextpo3HeBo-
HEHHS IPOBO/IMIIU 32 KIMHATHOI TeMIIepaTypH.

Ilig nmiero eneKTpUYHOro CTpyMy BiaOyBa-
J0Cs BIJICTOIOBAHHS 0Cajy 3 BUALICHHSIM IIapy
MPOSICHEHOT BOAM BUCOTOIO h.

[To 3akiHYeHHIO yacy OOpPOOKM aKTHUBHOIO
MyJy BUOPSAMIISIY €JIEKTPUYHOIO CTPyMY BH-
MuKany, 3 U-noni6Hoi TpyOKku BUiManu enek-
TPOAU Ta BUMIpIOBaJM 00'eM MPOSICHEHOI BO-
M.

PE3YJIBTATHU TA IIOSACHEHHSA
OO0’ €KTOM AOCHIKEHHSI € aKTUBHUN MY 3

BTOPUHHUX BIJICTIH{HUKIB MKOC
M. Tepromine BosoricTio 98%.
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[Tokazano [21], mo mpu 0OpoOIEeHHI aKTH-
BHOro wmyny B U-momiOHii TpyOmi edekr
€JIEKTPO3HEBOIHEHHS € B 3aracarouomy Iepio-
Ji: TICs 3HAYHOTO BiJJIUICHHS BOJU 3 OCaIy
CTIYHUX BOJI, IIPOLIEC CIIOBLIBHIOETHCS.

J1J1s1 TIOPiBHSIHHSL PO3TIITHEMO JTOCIIJKCHHS
€JIEKTPO3HEBOJHCHHS OCAQ/IiB CTIYHHX BOJ Ha
CTeH1 3 TpadiTOBUMH CTPHIKHEBUM aHOIOM 1
wiockuM karoaom [22]. Ilig gac gociimkeHHs
BUKOPHUCTOBYBJIA CHUCTEMY ITHEBMATHYHOTO
nepeMilryBaHHS OCaIiB.

PozmapyBanus ¢a3 "Boga—ocan" 3a 006po0-
JICHHS TOCTIHHUM €JIEKTPUYHUM CTPyMOM Ha-
BefeHO B KoopauHatax ttmax —h/(t/tmax), me
tmax — MaKCHMajbHa TPHBAJICTh OOpPOOICHHS
0Cajy CTIYHHX BO/I.

Pesynbratu (puc. 2), oTpuMaHi Ha CTEH/I 3
CTPM)KHEBUM aHOJIOM 1 IUIOCKHM KaTOJOM
[22], 3anexare Bim peXHMY JOCIIIKCHHS
(Tabm. 1). Ane eneKTpO3HEBOIHCHHSI aKTUBHO-
ro Myiy Ha 000X CTEHAAxX JIa€ MPAKTUYHO OJ-
HAKOBHH ePeKT. AJKe CTPUIKHEBUU aHOI 3a-
Oesmeuye JUIIE  JIOKAJbHE  OOpOOJIEHHS
00’eMiB 0Cajly CTIYHMX BOJ 1 BUKJIMKA€E HOro
LUPKYJIALII0, SKa 3aBaka€ PIBHOMIpHIN [ii
€JIEKTPUYHOrO 1oJs [22].

Ta6u. 1. Pexxumu 1oCTiPKEHHS HA CTEHII 3 CTPHU-
JKHEBUM aHOJOM 1 IINIOCKUM KaTOJI0M

Table 1. Research modes on a bench with a rod
anode and a flat cathode

Y/u IToka3HuK
Enexrpuuna Bincrase Mixk
Hampyra U, B €IEKTPOJaMHU, M
1. 10 0,06
2. 15 0,04
3. 20 0,02

VY mporeci €IeKTpO3HEBOAHEHHsT Ha 000X
CTEeHJIaX BHACIIIOK €JIEKTPOIIi3y CIoCTepiraau
BUJIUIEHHS Oynb0aIoK ra3y Ha eleKTpojax.

BUCHOBKU TA PEKOMEH AT

EnexTpo3HeBOAHEHHS OCaiB CTIYHHUX BOJ 3a
JIOTIOMOTOF0 TIOCTIHHOTO EJIEKTPUIHOTO CTPY-
My MOXXHAa BUKOPHCTOBYBaTH Ha MYJIOBHX
MalJaHurKax KaHaal3aliiHUX OYHCHHUX CIIO-
PYyX.

VY nopaneiomMy BapTo JOCTITUTH €EKTHB-
HICTh 3HE3apaXKeHHS OCAIiB CTIYHMX BOJ KHUC-
HEM, 110 BUAUBIETHCS Ha €JIEKTPOJIl B PE3yJib-
TaTi NEKTPOIII3Y.
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Puc. 2. EQexkT 3HEBOIHEHHS aKTUBHOTO MYy 3
BTOPUHHUX BiJICTIHHUKIB MKOC
M. TepHorminas mpu 06pobIeHH] MOCTIHHIM
CIIEKTPUYHUM CTPYMOM Ha CTE€HZAxX 3
CTPWKHEBUMH aHOJOM 1 KaTOJIOM IpH Ha-
mpy3i U=30B (1) Ta cTpmkaeBuM aHO-
JOM 1 TockuM karonom (2-4) [22] mpwu
Harpy3i U = 20 B (2); 15 B (3); 10 B (4)

Fig. 2. Effect of dewatering in experiments with
stable electrical current of activated sludge
from secondary clarifiers from the Ter-
nopil wastewater treatment plant on stands
electro-dewatering cell with a rod anode
and cathode at an applied voltage of 30 V
(1) and electro-dewatering cell with a rod
anode and a flat cathode (2—4) [22] at an
applied voltage of 20V (2); 15V (3); 10 V

(4)

JITEPATYPA

1. Foladori P., Andreottola G., Ziglio G. Sludge
reduction technologies in wastewater treatment
plants 1 IWA publishing, 2010.
https://doi.org/10.2166/9781780401706.

2. Meng X., Huang Q., Gao H., Tay K., Yan J.
Improved utilization of phosphorous from sewage
sludge (as Fertilizer) after treatment by Low-
Temperature combustion // Waste management,
2018, 80, 349-358.
https://doi.org/10.1016/j.wasman.2018.09.034.

3. Wu B., Dai X., Chai X. Critical review on
dewatering of sewage sludge: Influential
mechanism,  conditioning  technologies and
implications to sludge re-utilizations // Water



https://doi.org/10.2166/9781780401706
https://doi.org/10.1016/j.wasman.2018.09.034

lpobaemu sodonocma4vaHHs, 80008i08edeHHA ma 2idpasniku, eun. 48, 2024

research, 2020, 180, 115912.
https://doi.org/10.1016/j.watres.2020.115912.

4. Cao B., Zhang T., Zhang W., Wang D.
Enhanced technology based for sewage sludge
deep dewatering: a critical review // Water
Research, 2021, 189, 116650.
https://doi.org/10.1016/j.watres.2020.116650.

5. Skinner S. J., Studer L. J., Dixon D. R., Hillis
P., Rees C.A. Wall R.C. Cavalida R.G,,

Usher S.P., Stickland A.D., Scales P.J.
Quantification of wastewater sludge dewatering //
Water Research, 2015, 82, 2-13.

https://doi.org/10.1016/j.watres.2015.04.045.

6. Wajcik M., Stachowicz F. Influence of
physical, chemical and dual sewage sludge
conditioning methods on the dewatering efficiency
/I Powder Technology, 2019, 344, 96-102.
https://doi.org/10.1016/j.powtec.2018.12.001.

7. Zhang X., Ye P., Wu Y. Enhanced technology
for sewage sludge advanced dewatering from an
engineering practice perspective: a review //
Journal of Environmental Management, 2022, 321,
115938.
https://doi.org/10.1016/j.jenvman.2022.115938.

8. Wang H. F., Hu H., Wang H. J., Zeng R. J.
Combined use of inorganic coagulants and cationic
polyacrylamide for enhancing dewaterability of
sewage sludge // Journal of Cleaner Production,
2019, 211, 387-395.
https://doi.org/10.1016/j.jclepro.2018.11.208.

9. Hu P, Zhuang, S., Shen S., Yang Y., Yang H.
Dewaterability of sewage sludge conditioned with
a graft cationic starch-based flocculant: Role of
structural characteristics of flocculant // Water
Research, 2021, 189, 116578.
https://doi.org/10.1016/j.watres.2020.116578.

10. Ghafarzadeh M., Abedini R., Rajabi R.
Optimization of ultrasonic waves application in
municipal wastewater sludge treatment using
response surface method // Journal of Cleaner
Production, 2017, 150, 361-370.
https://doi.org/10.1016/j.jclepro.2017.02.159.

11. Bozkurt Y. C., Apul O. G. Critical review for
microwave pretreatment of waste-activated sludge
prior to anaerobic digestion // Current opinion in
environmental science & health, 2020, 14, 1-9.
https://doi.org/10.1016/j.coesh.2019.10.003.

12. Jakoi Z., Lemmer B., Hodur C., Beszédes S.
Microwave and ultrasound based methods in
sludge treatment: A review // Applied Sciences,
2021, 11(15), 7067.
https://doi.org/10.3390/app11157067.

13. Tsybina A., Wuensch C. Analysis of sewage
sludge thermal treatment methods in the context of

15

circular economy // Detritus, 2018, 2(1), 3.
https://doi.org/10.31025/2611-4135/2018.13668.
14. Verbovskyi O., Zhuk V., Orel V., Popadiuk
I. Optimization of the process of decreasing the
filtration resistance of sewage sludge by thermal
pretreatment: a case study for the Lviv WWTP //
Water Science & Technology, 2023, 88(7), 1688-
1698. https://doi.org/10.2166/wst.2023.317.
15.LiuZ., LuoF., He L., Wang S., Wu Y., Chen
Z. Physical conditioning methods for sludge deep
dewatering: A critical review // Journal of
Environmental Management, 2024, 360, 121207.
https://doi.org/10.1016/j.jenvman.2024.121207

16. Kowalczyk M. The Influence of the Addition
of Cement and Zeolite on the Increase in the
Efficiency of Sewage Sludge Dewatering in the
Pressure Filtration Process // Energies, 2024,
17(3), 685. https://doi.org/10.3390/en17030685.
17. Mahmoud A., Olivier J., Vaxelaire J.,
Hoadley A. F. Electrical field: a historical review
of its application and contributions in wastewater
sludge dewatering // Water research, 2010, 44(8),
2381-2407.
https://doi.org/10.1016/j.watres.2010.01.033.

18. Tuan P.-A., Mika S., Pirjo I. Sewage sludge
electro-dewatering treatment — a review // Drying
Technology, 2012, 30(7), 691-706.
https://doi.org/10.1080/07373937.2012.654874.
19. Olivier J., Mahmoud A., Vaxelaire J.,
Conrardy J.-B., Citeau M., VVorobiev E. Electro-
dewatering of anaerobically digested and activated
sludges:an energy aspect analysis // Drying
Technology, 2014, 32 (9), 1091-1103.
https://doi.org/10.1080/07373937.2014.884133.
20. BepooBchkuii O. B., Kocux B. II., IliBex
I'. b. KonumitoBaHHs ocaly CTiYHUX BOJ BUTPS-
MJICHHM eJIeKTpUYHUM cTpyMoM // Bicauk [lepxa-
BHOro yHiBepcutery "JIpBiBChKa TONITEXHIKA".
Cepis: TeruoeHepreruka. I[mKeHepis TOBKIJUIS.
Aptomatuka, 1996, Ne304, C. 9-11.

21. BepooBchkuii O., Opea B., MamnieBcbka O.,
Jepkau JI. 3HEBOJHEHHS OCaJiB CTIYHHMX BOJI 3a
JIOTIOMOTO0 enekTpuyHoro modst // [Ipobnemu Bo-
JIOTIOCTaYaHHs, BOJOBIJBEICHHS Ta TiJAPABIIKH :
HayKOBO-TeXHIYHMUA 30ipHuK, 2022, Bum. 40,
C. 16-25. https://doi.org/10.32347/2524-
0021.2022.40.16-25

22. Birenbko T. M., Kapmincska I. A. Jlocui-
JOKCHHA BIUIMBY CJIICKTPUYHOI'O ITOJIA Ha 0663BOI[-
HEHHs ocaaiB cTiyHuX BoJ // BichHuk Harionans-
Horo yHiBepcuteTy "JIpBiBchbka momiTexnika". Ce-
pist: XiMis, TEXHOJIOTiSl PEYOBHH Ta iX 3aCTOCYBaH-
Ha, 2002, Ned61, C. 227-230.



https://doi.org/10.1016/j.watres.2020.115912
https://doi.org/10.1016/j.watres.2020.116650
https://doi.org/10.1016/j.watres.2015.04.045
https://doi.org/10.1016/j.powtec.2018.12.001
https://doi.org/10.1016/j.jenvman.2022.115938
https://doi.org/10.1016/j.jclepro.2018.11.208
https://doi.org/10.1016/j.watres.2020.116578
https://doi.org/10.1016/j.jclepro.2017.02.159
https://doi.org/10.1016/j.coesh.2019.10.003
https://doi.org/10.3390/app11157067
https://doi.org/10.31025/2611-4135/2018.13668
https://doi.org/10.2166/wst.2023.317
https://doi.org/10.1016/j.jenvman.2024.121207
https://doi.org/10.3390/en17030685
https://doi.org/10.1016/j.watres.2010.01.033
https://doi.org/10.1080/07373937.2012.654874
https://doi.org/10.1080/07373937.2014.884133
https://doi.org/10.32347/2524-0021.2022.40.16-25
https://doi.org/10.32347/2524-0021.2022.40.16-25

lMpobaemu sodonocma4vaHHs, 80008i08edeHHs ma 2idpasniku, sun. 48, 2024

REFERENCES

1. Foladori, P., Andreottola, G., & Ziglio, G.
(2010).  Sludge reduction technologies in
wastewater treatment plants. IWA publishing.
https://doi.org/10.2166/9781780401706.

2. Meng, X., Huang, Q., Gao, H., Tay, K., &
Yan, J. (2018). Improved utilization of
phosphorous from sewage sludge (as Fertilizer)
after treatment by Low-Temperature combustion.
Waste management, 80, 349-358.
https://doi.org/10.1016/j.wasman.2018.09.034.

3. Wu, B, Dai, X., & Chai, X. (2020). Critical
review on dewatering of sewage sludge: Influential

mechanism,  conditioning  technologies and
implications to sludge re-utilizations. Water
research, 180, 115912.

https://doi.org/10.1016/j.watres.2020.115912.

4. Cao, B., Zhang, T., Zhang, W., & Wang, D.
(2021). Enhanced technology based for sewage
sludge deep dewatering: a critical review. Water
Research, 189, 116650.
https://doi.org/10.1016/j.watres.2020.116650.

5. Skinner, S.J., Studer, L.J., Dixon, D.R.,
Hillis, P., Rees, C. A., Wall, R. C., Cavalida,
R. G., Usher, S. P., Stickland, A. D., & Scales,
P. J. (2015). Quantification of wastewater sludge
dewatering.  Water  Research, 82, 2-13.
https://doi.org/10.1016/j.watres.2015.04.045.

6. Wojcik, M., & Stachowicz, F. (2019).
Influence of physical, chemical and dual sewage
sludge conditioning methods on the dewatering
efficiency. Powder Technology, 344, 96-102.
https://doi.org/10.1016/j.powtec.2018.12.001.

7. Zhang, X., Ye, P., & Wu, Y. (2022). Enhanced

technology for sewage sludge advanced
dewatering from an engineering  practice
perspective: a review. Journal of Environmental
Management, 321, 115938.

https://doi.org/10.1016/j.jenvman.2022.115938.

8. Wang, H. F., Hu, H., Wang, H. J., & Zeng,
R.J. (2019). Combined wuse of inorganic
coagulants and cationic polyacrylamide for
enhancing dewaterability of sewage sludge.
Journal of Cleaner Production, 211, 387-395.
https://doi.org/10.1016/j.jclepro.2018.11.208.

9. Hu, P., Zhuang, S., Shen, S, Yang, Y., &
Yang, H. (2021). Dewaterability of sewage sludge
conditioned with a graft cationic starch-based
flocculant: Role of structural characteristics of
flocculant. Water Research, 189, 116578.
https://doi.org/10.1016/j.watres.2020.116578.

10. Ghafarzadeh, M., Abedini, R., & Rajabi, R.
(2017). Optimization of ultrasonic  waves
application in municipal wastewater sludge

16

treatment using response surface method. Journal
of Cleaner Production, 150, 361-370.
https://doi.org/10.1016/j.jclepro.2017.02.159.

11. Bozkurt, Y. C., & Apul, O. G. (2020). Critical
review for microwave pretreatment of waste-
activated sludge prior to anaerobic digestion.
Current opinion in environmental science &
health, 14, 1-9.
https://doi.org/10.1016/j.coesh.2019.10.003.

12. Jakéi, Z., Lemmer, B., Hodur, C. &
Beszédes, S. (2021). Microwave and ultrasound
based methods in sludge treatment: A review.
Applied Sciences, 11(15), 7067.
https://doi.org/10.3390/app11157067.

13. Tsybina, A., & Wuensch, C. (2018). Analysis
of sewage sludge thermal treatment methods in the
context of circular economy. Detritus, 2(1), 3.
https://doi.org/10.31025/2611-4135/2018.13668.
14. Verbovskyi, O., Zhuk, V., Orel, V., &
Popadiuk, 1. (2023). Optimization of the process
of decreasing the filtration resistance of sewage
sludge by thermal pretreatment: a case study for
the Lviv WWTP. Water Science & Technology,
88(7), 1688-1698.
https://doi.org/10.2166/wst.2023.317.

15. Liu, Z., Luo, F., He, L., Wang, S., Wu, Y., &
Chen, Z. (2024). Physical conditioning methods
for sludge deep dewatering: A critical review.
Journal of Environmental Management, 360,
121207.
https://doi.org/10.1016/j.jenvman.2024.121207
16. Kowalczyk, M. (2024). The Influence of the
Addition of Cement and Zeolite on the Increase in
the Efficiency of Sewage Sludge Dewatering in the
Pressure Filtration Process. Energies, 17(3), 685.
https://doi.org/10.3390/en17030685.

17. Mahmoud, A., Olivier, J., Vaxelaire, J., &
Hoadley, A. F. (2010). Electrical field: a historical
review of its application and contributions in
wastewater sludge dewatering. Water research,
44(8), 2381-2407.
https://doi.org/10.1016/j.watres.2010.01.033.

18. Tuan, P.-A., Mika, S., & Pirjo, I. (2012).
Sewage sludge electro-dewatering treatment — a
review. Drying Technology, 30(7), 691-706.
https://doi.org/10.1080/07373937.2012.654874.
19. Olivier, J., Mahmoud, A., Vaxelaire, J.,
Conrardy, J.-B., Citeau, M., & Vorobiev, E.
(2014). Electro-dewatering of anaerobically
digested and activated sludges:an energy aspect
analysis. Drying Technology, 32 (9), 1091-1103.
https://doi.org/10.1080/07373937.2014.884133.
20. Verbovskii, O. V., Kosyk, V. P., Shved, H. B.
(1996). Kondytsiiuvannia osadu stichnykh vod
vypriamlenym elektrychnym strumom. Vishyk



https://doi.org/10.2166/9781780401706
https://doi.org/10.1016/j.wasman.2018.09.034
https://doi.org/10.1016/j.watres.2020.115912
https://doi.org/10.1016/j.watres.2020.116650
https://doi.org/10.1016/j.watres.2015.04.045
https://doi.org/10.1016/j.powtec.2018.12.001
https://doi.org/10.1016/j.jenvman.2022.115938
https://doi.org/10.1016/j.jclepro.2018.11.208
https://doi.org/10.1016/j.watres.2020.116578
https://doi.org/10.1016/j.jclepro.2017.02.159
https://doi.org/10.1016/j.coesh.2019.10.003
https://doi.org/10.3390/app11157067
https://doi.org/10.31025/2611-4135/2018.13668
https://doi.org/10.2166/wst.2023.317
https://doi.org/10.1016/j.jenvman.2024.121207
https://doi.org/10.3390/en17030685
https://doi.org/10.1016/j.watres.2010.01.033
https://doi.org/10.1080/07373937.2012.654874
https://doi.org/10.1080/07373937.2014.884133

lpobaemu sodonocma4vaHHs, 80008i08edeHHA ma 2idpasniku, eun. 48, 2024

Derzhavnoho universytetu "Lvivska politekhnika". 22. Vitenko T.M., Karpinska I.A. (2002).
Seriia: Teploenerhetyka. Inzheneriia dovkillia. Doslidzhennia vplyvu elektrychnoho polia na
Avtomatyka, 304, 9-11. [in Ukrainian] obezvodnennia osadiv stichnykh vod. Visnyk
21. Verbovskyi, O., Orel, V., Matsiyevska, O., Natsionalnoho universytetu "Lvivska
Derkach, D. (2022). Sewage sludge dewatering by politekhnika".  Seriia: Khimiia, tekhnolohiia
electric field. Problems of Water Supply, Sewerage rechovyn ta yikh zastosuvannia, 461, 227-230. [in

and Hydraulic, 40, 16-25. [in Ukrainian] Ukrainian]
https://doi.org/10.32347/2524-0021.2022.40.16-25

Electro-dewatering of activated sludge of sewage treatment plants, Ternopol
Orest Verbovskiy, Vadym Orel, Oksana Matsiyevska, Nazarii Zheplinskyi

Abstract. The sewage sludge formed at wastewater treatment plants constitutes a small percentage
of the volume of treated wastewater. However, the costs associated with sludge treatment and
disposal account for the lion's share of the operational expenses of wastewater treatment plants. The
sludge contains harmful and toxic substances. On the other hand, sludge is a source of carbon,
nutrients, and trace elements, meaning it can be effectively utilized. An important stage in sludge
disposal is its dewatering, particularly with the use of electric current. The study investigated the
electro-dewatering of activated sludge with a moisture content of 98% from secondary clarifiers at
the Ternopil wastewater treatment plant using direct electric current. Experiments were conducted
on a laboratory setup with a U-shaped glass tube and carbon rod anode and cathode. The effect of
the electric field was observed during the fading period, when, after a significant amount of water
had been separated from the sludge, the electro-dewatering process slowed down. The obtained
results were compared with those from the electro-dewatering of activated sludge with a moisture
content of 98% from secondary clarifiers at the Ternopil wastewater treatment plant on a setup with
a graphite rod anode and a flat cathode, as reported by other researchers. Electro-dewatering of
activated sludge on both setups produced practically the same effect. It was confirmed that sludge
dewatering using direct electric current can be applied on sludge drying beds at wastewater
treatment plants.

Key words: wastewater treatment plant, sewage sludge, activated sludge, dewatering, electro-
dewatering
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