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2. Treatment of concentrated wastewater from dairy plants with recovery of biologically valuable components

Pedepar:

1. Y po6ori Bliepiie po3po6seHO MaTeMaTU4Hy MOZEJIb 1apaboJIoifHOTO TUITY AJIs1 IPOLECY JIOKAJIbHOTO OYMIEHHS
KOHLIEHTPOBAHMX CTIiYHUX BOJ, MOJIOKO3aBO/iB BiJl 6i/IKiB Ta OpraHiYHUX 3a6PyAHEHbD i3 3aCTOCYBaHHSIM
nocigoBHoro Na+-katioHyBaHHs Ta OH--aHiOHyBaHHS, sIKa J03BOJISl€ BU3HAYMTH PalliOHaJIbHI TapaMeTpH IIPOLEeCy
OYUILEHHS. YIOCKOHAJIEHO METO/, OYMIIEHHS KOHLEHTPOBAHMX CTIYHMX BOJ, MOJIOKO3aBO/IB i3 3aCTOCYBaHHSIM
IIpoLecy iOHHOrO OOMiHY IIJISIXOM CTBOPEHHSI YMOB CHUJIbHOKMCJIO-OKHUCIIIOBAJIbHOTO CEPELOBUIIA 3 HACTYITHUM
nocJigoBHUM Na+-KaTioHyBaHHSIM Ta OH--aHiOHYBaHHSIM, 110 3a6e31e4Yye 3HUKEHHSI OPraHivHOro 3a6pyAHEHHS 3
OTPMMAaHHSM 6i0JIOTiYHO L[IHHMX KOMITOHEHTiB. HabyB nofanbmoro po3BUTKY NPOLEC OYUIEHHS] KOHLIEHTPOBAHUX
CTiYHUX BOJ, MOJIOKO3aBO/IiB IJISIXOM iHTeHCcuiKalii koaryssuii opraHiyHMxX JOMILIOK 32 pPaxyHOK PeryJloBaHHs
KUCJIOTHO-OCHOBHUX i OKMCHO-BiZJHOBHMX BJIACTUBOCTE! CEpeIOBUIIA Ta BMICTY i0HiB-CTabiizaTopis, mo

3abe3revye OpyLUIeHHs arperaTMBHOI CTIMKOCTI 6i/IKiB Ta BUIy4€HHS OpraHiyHOro 3a0pyHeHHs. Habys



MOJAJIbIIOr0 PO3BUTKY Ipoliec (Pi3UKO-XiMiUHOrO OUYMILEHHS KOHIIEHTPOBAHUX CTiYHMX BOJ, MOJIOKO3aBO/IiB
IIJIIXOM CYMICHOTO 3aCTOCYBaHH4 3aidoBMicHoro koaryssHTy (FeCl3) Ta nepokcuny BogHio (H202) y my>xHOMY
cepenoBulli, o 3a6e3redye BUCOKY €(PEKTUBHICTb KOaryJisilii opraniyHux gomimok. OTpuMaHi pe3ysibTaTu
OOCJiIKE€Hb MAIOTh IPAKTUYHY LiHHICTb [1JIS1 MOJIOYHUX IiANIPUEMCTB. 30KpeMa, PEKOMEHIOBAaHE B POOOTI YaCTKOBE
[IOBEPHEHHS MOJIOYHOI CHPOBATKY B OCHOBHUI TEXHOJIOTIYHU NTPOLieC, 3a0€31eUnTh MiIBULIEHHS BUXOY
IIPOAYKTY Ha 7% Ta 3HU3UTb OpraHiuHe 3a0pyHeHHs. BogHovyac iMnsieMeHTyBaHHS Po3po6sieHO0i KOMOGiHOBaHOI
TEXHOJIOTIYHOI CXEMU OYMIIEHHS 3a6e31ednTh BumydeHHs 70% 6isikiB ¢pakiuii 0-akranb6ymiHy, a Takox 65% O6iKiB
¢dpaxuii o-nakrornao6yniny Ta 3HrmkeHHs: XCK Ha 54% (no 16000 mrO2 /1) Ha J10KaJIbHOMY LIMKJIi OYUIIEHHS, BUCOKUI
CTymiHb Qi3UKO-xiMiyHOTO ouMIeHHs 10 92% 3a nokazHukoM XCK (3 9200-9600 mrO2 /1 mics 3mimysaya 10 750-
1055 MrO2 /1), a TakOXX JOCSITHEHHSI HOPMATUBHUX 3HaU€Hb IicJIsl 6i0JI0rYHOrO OUMIIEHHS Ha LJ€HTPaJli30BaHOMY
LMKJI JOOYNIIEeHHs. Y BCTYIi HaBeJJeHO OOIPYHTYBaHHS BUOOPY Te€MHU Ta ii akTyasIbHICTb, METY, 3aBIaHHsI, 00'€KT Ta
IpeIMeT OOCiIKEHHS, HAyKOBY HOBU3HY Ta IIPAKTUYHE 3HAYEHHSI OTPUMAaHUX PEe3yJIbTaTiB. TaKoK OKpECIEHO
0CcobKMCTHI1 BHECOK 37,00yBaya Ta anpobaliiio MatepiasiB fucepTalii, 38’5130k po60TU 3 HAYKOBUMU IIPOrpamMaMu,
IIJIaHaMi, TEMaMU, IpaHTamu. Y MEPIIOMY pPO3/ijii HaBe[eHi pe3ybTaTh aHajli3y HAayKOBUX ITpalib 3 OYMILEHHS
KOHLIEHTPOBAHUX CTiYHUX BOJ, MOJIOKO3aBOZiB. 30KpeMa HaBEeJE€HO: OIJIsl]], 3 MTUTaHb XapaKTE€PUCTUKU
KOHIIEHTPOBAHUX CTIYHUX BOJ, MOJIOKO3aBO/iB; OTJISA, 3 TOCIiIKEHHS CUCTEM OYUILEHHS TAKUX CTIYHUX BOZ,. Takox
y PO3[iJli HaBeleHO pe3yJbTaTh TEOPETUYHOTO JOCIiIKEHHS 1I0J0 arperaTMBHOI CTIMKOCTI OiJIKiB, @ TaKOXK
Pe3yJIbTaTU aHaJli3y NPOLEeCy iOHHOTO OOMiHY B JIOKQJIbBHUX CUCTEMAaX OYMILEHHS. 3a OTPUMaHUMU pe3yJibTaTaMU
cpopmMOBaHO MeTy Ta 3aBJaHHS NOCIiIKeHHS. Y IPyroMy po3fiii HaBeleHO KOXKEH 3 €TalliB eKCIIepUMEHTAJIbHUX
Ta PO3PaXYHKOBUX JOCJIIIPKEHD, & TAKOXK [JI51 KOXKHOTO 3 €TalliB: METOI0JIOTiI0 IIPOBEIE€HHS JOCiIKEHD Ta
BMMIipIOBaHb; OCHOBHI MaTepiajy, 3pa3ky Ta peareHTH, 110 BUKOPUCTOBYBAJIMCh Y XO/i €KCIIEPMMEHTIB; 00J1aJHaHHS
17151 IPOBEJIEHHS €KCIIEPMMEHTIB Ta BUMIPIOBaHb. Y TPETbOMY PO37iJli HABE€IEHO PE3yJIbTaTh €KCIIEPUMEHTAIbHUX
IIOCJIiIKEeHb MOI0 PO3POOKM KOMOIHOBAHOI TEXHOJIOTIYHOI CXeMU OYUIIEHHS! KOHIIEHTPOBAHUX CTiYHUX BO/I
MOJIOKO3aBO/IiB 3 OTPMMAaHHSM Gi0JIOTiYHO I[iHHUX KOMITIOHEHTiB. BCTAaHOBJIEHO MOXKJIMBICTh 3MEHILIEHHS
OPraHiYHOro 3a0pyAHEHHS Y CTIYHMX BOZAX 32 PAXYHOK YaCTKOBOTO [IOBEPHEHHS MOJIOYHOI CUPOBATKU B OCHOBHUI
TEXHOJIOTIYHUH Npouec. HaBeneHo pe3ysibTaTu €KCIIePUMEHTAIbHUX AOCIIKEHD JIOKQJILHOTO OYHUIIEHHS
KOHLIEHTPOBaHUX CTiYHUX BOJ, MOJIOKO3aBO/iB i3 3aCTOCYBaHHSIM IIPOIiecy iOHHOro 0OMIiHY, 3 METOIO BUJIyYEHHS
OpraHiYHOro 3a0pyAHEHHS, IOPYLIEHHS arperaTuBHOI CTIKOCTI 6iJIKiB Ta OTpMMaHHS 6i0JIOTiYHO LiHHUX
KOMIIOHEHTIB. 30KpeMma HaBeIE€HO: Pe3yJIbTaTU NMilo0py iOHOOOMIHHUX CMOJI; Pe3y/IbTaTUu JOCAiIKeHb 32
TEXHOJIOTI€I0 NOCIiToBHOro Nat+-kaTionyBaHHs Ta OH--aHiOHyBaHHS; KPUBi IOTEHLiIOMETPUYHOIO TUTPYBAHHS
IPYroro NopsiiKy [jisi KOXKHOTO 3 IIPOTOHiB; pPe3ysIbTaTy 3MiH BMiCTy 6iJIKa; 3MiHY BMICTY OKpeMUX 6iJIKOBUX
(dpakuii Ta ioHiB. HaBeneHo 6asaHCOBY CxeMy Mpoliecy NocaifoBHOro Na+-kationyBaHHsl Ta OH--aHiOHyBaHHS 3a
CUJIbHOKUCJIO-OKUCJIIOBATIbBHOTO CEPEIOBUINA, & TAKOXK PO3PO0JIEHO MaTeMaTUYHY MOJEJIb JAaHOTO Tpolecy. Takox
HaBeJEeHO Pe3yJIbTaTU JOCIIIPKEHHS WOA0 LEHTPai30BaHOTO NOOYUIIEHHS KOHIEHTPOBAHUX CTiYHUX BOJ,
MOJIOKO3aBO[IiB, 30KpeMa IO0CiIHO-TIPOMUCIIOBI AaHi (i3KO-XiMiYHOTO OUMIIEHHS Ta aHi 1010 AOCTiIKEHHS
PO6OTH iICHYIOUMX OYMCHUX CIIOPY/, 6i0JIOTiUHOTO OUMILEHHS. Y YeTBEPTOMY PO3iji po3po6sieHO peKoMeHAallil
BUPOOHULITBY 11070 BIIPOBAIKEHHS JIOKAJIBHOTO LIMKJTy OUMIIEHHS KOHLIEHTPOBAHUX CTIYHUX BOJ, MOJIOKO3aBO/IiB, a
TaKOX 371i/ICHEHO M0ro TeXHIKO-€KOHOMIYHe OOI'PYHTYBaHHsI, 30KpeMa 32 3BeJIeHUM €KOHOMIUHUM e(PEeKTOM y
NIOPiBHSIHHI 3 TEXHOJIOTIIMU yibTpadinbrpatii Ta UASB-pekTopy. 3a pesysbTaTaMy IPOBEIEHUX JOCiIKEHb
[IPOLIECiB OYMIEHHS KOHIIEHTPOBAHMX CTIYHMX BOJ, MOJIOKO3aBOJiB Ta PO3POOKK KOMOIHOBAHOI TEXHOJIOTIYHO]

CXEeMU OuuIleHHs COOPMYJIbLOBAHO 3arajlbHi BUCHOBKU.

2. In this work, for the first time, a parabolic mathematical model has been developed for the local treatment of
concentrated wastewater from dairy plants to remove proteins and organic pollution using sequential Na+-
cationisation and OH--anionisation, which allows to determine the rational parameters of the treatment process.
The treatment method of concentrated wastewater from dairy plants using ion exchange has been improved by
creating a strongly acidic-oxidising medium followed by sequential Na+-cationisation and OH--anionisation,
which reduces organic pollution and recovers biologically valuable components. The treatment process of
concentrated wastewater from dairy plants was further developed by intensifying the coagulation of organic



impurities through the regulation of the acid-base and redox properties of the medium and the content of
stabilising ions, which disrupts the aggregate stability of proteins and removes organic pollution. The physico-
chemical treatment process of concentrated wastewater from dairy plants has been further developed through the
combined application of iron-containing coagulant (FeCl3) and hydrogen peroxide (H202) in an alkaline
environment, which ensures high efficiency of organic impurities coagulation. The results of the research have
practical value for dairy enterprises. Particulary, the partial return of whey to the main technological process will
increase product output by 7% and reduce organic pollution. Moreover, implementation of the developed
combined technological scheme for the treatment will ensure the extraction of 70% of o-lactalbumin protein
fraction, and 65% of n-lactoglobulin protein fraction, and a 54% reduction by COD (to 16,000 mgOz2 /1) in the local
treatment cycle, and a high degree of physico-chemical treatment of up to 92% by COD (from 9200-9600 mgO2 /1
after the mixer to 750-1055 mgO2 /1), as well as achieving regulatory values after biological treatment in a
centralised post-treatment cycle. In the introduction, justification for the choice of topic and its relevance, the
objective, tasks, the object and subject of the research, scientific novelty and practical significance of the obtained
results are presented. It also outlines the personal contribution of the author and the dissertation materials
approbation, connection of the work with scientific programmes, plans, topics, and grants. The first chapter
presents the results of analysis of scientific works on the treatment of concentrated wastewater from dairy plants.
Particularly: an overview on the characteristics of concentrated wastewater from dairy plants; an overview aimed
at studying systems for treating such wastewater. The chapter also presents the results of a theoretical study on
the whey proteins aggregate stability, and the results of an ion exchange process analysis in local treatment
systems. Based on the results of the analysis, the research objective and tasks were formed. The second chapter
describes each stage of the experimental and calculation research, and for each stage: the methodology for
conducting studies and measurements; the main materials, samples, and reagents used in experiments; equipment
used to conduct experiments and measurements. The third chapter presents the results of experimental studies
on the combined technological treatment scheme development for the concentrated wastewater from dairy plants
with the recovery of biologically valuable components. It is shown that organic pollution in wastewater can be
reduced by partially returning whey to the main production process. The results of experimental studies on the
local treatment utilising ion exchange are presented, with the aim of removing organic pollution, disrupting the
aggregate stability of proteins and obtaining biologically valuable components. Particularly: the results of ion
exchange resins selection; the results of studies on sequential Na+-cationisation and OH--anionisation technology;
second-order potentiometric titration curves for each run; results of changes in protein content; changes in the
content of protein fractions and ions. The balance diagram of the sequential Na+-cationisation and OH--
anionisation process in a strongly acidic-oxidising medium is presented, as well as a mathematical model of this
process. The results of research on centralized post-treatment are also presented, particularly experimental and
industrial data on physico-chemical treatment and data on the study of existing biological treatment plants. In the
fourth chapter, recommendations are developed for the implementation of a local treatment cycle, and technical-
economic justification is provided, in terms of the combined economic effect compared to ultrafiltration and UASB
reactor technologies. Based on the results of conducted research on the treatment processes of concentrated
waste water from dairy plants and the development of a combined treatment scheme, general conclusions have
been formulated.
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