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TEXHIYHUI YHIBEPCUTET «XapKIBCHbKUN MOJITEXHIYHUN IHCTUTYT», 2021.

PoGoTty BukOHaHO Ha Kadeapi XIMIYHOI TEXHIKM Ta MPOMHUCIOBOI
exonorii ~ HalioHanbHOro  TEXHIYHOTO  YHIBEPCUTETY  «XapKIBCbKUU
MOJIITEXHIYHUHM THCTUTYT» MIHICTEpCTBA OCBITHU 1 HAYKU Y KpaiHU.

06’exm Oocniodxcennss — 3a0pyAHEHHS HABKOJMUIIHBOTO CEPEJIOBUIIA
(hapmalieBTUHYHUMU B1X0daMU 31 CKIIa.

Ilpeomem  OocnioxcenHsi — TpollecH Ta 3acoOM  3amoOiraHHs
noTparuisiHH hapMalleBTUYHUX BIAXOIB 31 CKJIa Y HABKOJUIITHE CEPEIOBUILIEC
HUIAXOM 1X yTHIi3auli Ta e(eKTUBHOI CUCTEMU MOBOKEHHS 3 BIIXOJaMHU.

HucepraniifHe JOCHIKEHHSI MPUCBAYEHE 3arMo0IraHHIO HETATUBHOTO
BIUIMBY Ha JOBKULISA (apMalleBTUUHUX BIAXOIIB 31 CKJa, 3a0pyJHEHHUX
(dapMalleBTUYHUMM CYOCTaHIIsIMU, IUISIXOM 1X €KOJIOTIYHO Oe3meyHol
nepepoOKu y KepamMiyHOMY BHPOOHHUIITBI Ta MiJABUIIEHHAM €(QEKTHUBHOCTI
MOBOJIKEHHS 3 PECYPCOILIHHUMU BiixoAaMu. Po3risiHyTo Ta mpoaHaii30BaHO
CBITOBUH JIOCBiJi IWIOJI0 OCOOJMBOCTEH TOBOJKEHHS 3 MEAUYHUMU
(bapMmalieBTUYHUMHK) BIIXOAAaMHU, BKIIOYAIOYM YTBOPEHHS Ta CIOCOOU
yTUII3a1lii BIAXO/IB, @ TAKOXK OCOOJIMBOCTI MOBOKEHHS 3 (papMaleBTUIHUMU
Bigxogamu 31 ckia (OBC) y mepioa manaemii COVID-19, mo npusena no

pizkoro 30unbiieHHs: yrBopeHHs OBC.



VY Bcrymi oOrpyHTOBaHO BHOIp TEMHM AOCIHI)KEHHS Ta aKTYaJbHICTh
aucepTaliiHoi poOoTH, cPopMyIbOBAaHO METY 1 3ajayi, BU3HAUYEHO O0'€KT,
NpeaAMET 1 METOAM JOCIHIKEHHS, MOKa3aHO 3B 30K pOOOTH 3 HAYKOBUMU
TeMaMU, HaJJaHO HAyKOBY HOBU3HY Ta c()OPMYJIbOBAHO MPAKTUYHE 3HAUCHHS
OTPUMaHUX PE3yJIbTaTIB.

[lepuuit  po3ail MOPHUCBAYEHO KOMIUIEKCHOMY aHajizy MnpoosiemMu
3a0pyJHEHHSI HABKOJIMIIIHLOTO cepeioBHINa (hapMalleBTUYHUMU B1IXOJaMU 31
CKJla Ta LUISIXaM 3amo0iraHHs iX HEraTuBHOi il Ha JOBKULIA. Po3risHyTo
MpoOIeMH MOBOHKEHHS 3 (papMaIleBTUIHUMH BiJIXOJaMH B YKpaiHi Ta CBITI.
OxapakTepu30BaHO OCOOJIMBOCTI HECHPHUATIMBOI Jii  (apMaleBTUYHUX
BIIXOAIB 31 CKJIa Ha €JIEeMEHTH JOBKULIA. PO3rIsiHyTO OCHOBHI JKepena
YTBOPEHHS Ta OOCSTM HAaKOMUYEHHS Takux BiAXofiB. I[IpoananizoBaHo
HalllOHAJIbHY Ta MDKHAPOAHY HOPMAaTHUBHO-NPAaBOBY 0Oazy y raimysi
MOBOJUKEHHA 3 (apMalleBTUYHUMM Bigxonamu. Ha miactaBi  aHamizy
chopMyIbOBAHO 3a/1aul JOCTIIKEHHS Ta NUISIXH 1X JTOCATHEHHS.

VY napyromy po3aiini omucaHl MaTepiaad, METOAWKUA Ta MPHIAAA IS
MPOBE/ICHHS €KCIIEPUMEHTATBHUX JAOCIIKEHb. AHTOOHI HUTIKEpU FOTYBaTUCS
METOJIOM MOKPOTO ITOMeNTy KOMIIOHEHTIB y Ta0OpaTOPHUX KYJIbOBUX MJIMHAX 1
HAaHOCWJIMCSI Ha BINPECOBAHI 1 BUCYILIEHI IJIUTKA METOAOM MOJIUBY. XIMIUHI
XapaKTePUCTUKHU MIJITOTOBJICHUX /10 €KCIEPUMEHTY BIIXOJIB CKISHUX aMImyJl
Ta 0a30BOi aHroOHOiI (PUTTH BHU3HAYAIHUCH METOJOM PEHTIE€HIBCHKOI
crekTpoMeTpii. JIOCHIPKEHHSI XapaKTePUCTUK IUIABKOCTI MPOBOJUIIOCH
TEPMOMIKPOCKOIMIIYHUM MeTOoAOM. TemmepaTypHuil Koe(Iili€eHT JiHIHHOTO
PO3LIMPEHHS BIAXOMIB CKISHUX amIyJ BHU3HA4aBCA 3a JOMOMOTOIO
nuiatometpa DIL402 PC.

Y TperboMy poO3IUII MOPOAHATI30BAHO E€KOJIOTIYHI Ta TEXHIYHI
nepeaymoBu ytuiizanii ®BC y BUpoOHUIITBI KepaMiuHOi MIIUTKU. BuzHaueHo

€KOJIOTIYHY  JOUIIBHICTh Ta TEXHIYHY MOMJIMBICTh  PalllOHAIBHOTO



Bukopuctania ®BC y AKoCTi BTOPUHHOTO PECYPCY, IKHI JO3BOJISIE 3SMEHILIUTH
00CsSITM BUKOPUCTAHHS MIHEPAIbHUX PECYpPCIB Yy TEXHOJOTil BUPOOHHUIITBA
KepaMorpaHiTy. 3alpolOHOBAHO  MPUHIMIOBY  TEXHOJOTIYHY  CXEMY
MIJITOTOBKU BIAXOJIB JIJIsl iX 3aCTOCYBAaHHS SIK CUPOBHUHHOTO KOMIIOHEHTY Yy
ckiaal mmxtu aHroOy. Po3poOneHa 3BOpoTHAa cHUCTEMa BUKOPUCTAHHS
MIPOMUBHHUX BOJI JO3BOJISIE OYMCTUTH BIJIXOAM BiJ] MEXaHIYHUX 3a0pyJAHEHD,
€(EeKTUBHO 3HEUIKOJIUTHU 3aJTUIIKA (PapMalleBTUYHUX PEUOBUH Ta CIPUSE
€KOJIOTIYHO Oe3MevHoMYy 1 palioHaiabHOMY pouecy yruiizanii @BC.

YeTBepTuid pO3JUT MPUCBIYEHO EKCIEPUMEHTANbHIN YacTUHI MO
pO3pOO0ILI UXTOBOrO CKJIaAy aHroOy Juisl IJIa3ypoOBaHOTO KEpaMOIpPaHITY 3
noAaBaHHAM (apMalleBTUYHUX BIIXOIIB 31 CKIIa.

3a BUKOHAHHSIM JJAHOTO PO3JLTy OTpUMaH1 HACTYMHI pe3yJbTaTu:

- BcTaHoBjeHO, mo ®BC, ski ABISIOTH CO00I0 CYMIII PI3HUX MapoOK
MEIUYHOTO CKJIa, 32 XIMIYHUM CKJIaJ0M BITHOCSTHCS 1O OOPBMICHOT OKCHIHOT
CUCTEMH, SIKa € OCHOBOIO CKJIOMATPUIll YKpPaiHCBKUX CKIOQPUTT, aje
BIIPI3HAIOTHCS BiJ HUX MigBHIIeHUM BMICTOM SiO:. ITopiBHSIHHS B’SI3KOCTI
posmnary ®BC 3a temmepaTypu BHUMNaly KepaMmOTpaHITy Ta BUOpaHOI st
JOCHIIPKEHh KOIITOBHOI (PPUTTH BU3HAYUIIO HEMOMJIMBICTh 31ACHEHHS
NOBHOI 3aMiHM (pUTTH BiAXogamMu y CKiIaal aHrody. BwusHaueHi
TEPMOMIKPOCKOIIYHI Ta AwiatoMeTpuuHi xapakrepuctuku ®BC Tta ¢puttu
MOKa3aau HaOMMKEHl 3HAYEeHHS: TeMMEpaTypHI TMMOKa3HUKUA ILJIABKOCTI
pizHmuce Ha 50-100 °C, a TemmeparypHuid Koe(illieHT JIHIHHOTO
posmmpenHs — Ha 1,64 - 10 rpag!. Bceramosneni ximiumi ta Qismuni
BractuBocTi ®BC 103BONSIOTE PEKOMEHIYBaTH BIIXOAU SK (DIIrOCyroul
KOMITOHEHTH aHT001B;

- po3pobiieHo ckian anroOy 3 gonaBaHHsM OBC s rima3ypoBaHOro
KepaMOIpaHiTy, SKUW 103BoJisie BBecTH y muxty 30% wmac. BiAXOAIB Ta

3MEHIIUTH KUIBKICTh MPUPOJAHUX CHUPOBUHHUX MaTepialliB, KOLITOBHOI



aHroOHoOi (puTTU 1 po3pimxKyBada. OTprMaHa aHTOOOBaHA KepaMiyHa IUIUTKA
st remnepatypu Bunany 1185 °C 3 Bogonornunanssm 0,3—0,4 % 1 rpanuiiero
MilIHOCTI Tipu 3ruHl 52—-54 MIla, mo BiAMOBia€e BUMOraM CTaHAApTy A0
BUCOKOMIIIHMX IUIUTOK TUNY KepaMorpaHiTy. AHroOHEe MOKpPUTTS
XapaKTepU3y€eThCcsl BUCOKOI Oumnu3HOI0 (75,8 %), 110 103BOJIIE OTPUMYBATU
aKIIEHTH1 KOJbOPH TJIa3ypOBaHOI MOBEpXHi. BU3HaueHO, 110 y MOPIBHSAHHI 3
0a30BUM CKJIaJIoM aHroOy, 3alpONOHOBAHA IIMXTa JO3BOJISIE 3MEHILIUTU Ha
10 % kinbkicTh aHrooHoi ¢purtu, Ha 1 % — rimaN «Becko — Ilpumay Ta
rirHo3eMy, Ha 23 % — kBapuoBoro micky Ta Ha 0,15 % Tpunonidocdary
HaTpIIO.

VY n'sTomy po3auTi OTPUMAHO HACTYIIHI PE3YJIbTATH:

- 3alpONOHOBAHO HAMPSAMKU MIJBUINECHHS €()EKTUBHOCTI CUCTEMU
MOBOJIKEHHA 3 (hapMaleBTUYHUMHU BIAXOJaMU B YKpaiHi, II0 y TOMY YHCII
BtouaroTh @BC Ta 1HIII pecypcolliHHI BIAXOIU T1KAPChKUX 3aCO0IB;

- Ha OCHOBI aHai3y CTaTUCTUYHOI iH(dOpMalii Ha MOpUKIAIl
ytBopeHHs ®BC y mepion 3axBoptoBaHocTi Ha COVID-19 po3pobieHo
MOJIeIb TEHEPYBAHHSA BIJXO/IIB B JIIKApHAX YKpaiHu, 110 PEKOMEHIYETHCS TS
IJIaHyBaHHS 1 ONTUMI3alli 311iICHEHHS €K0JIorTYHOro MeHekMeHTy OPBC;

- TEOPETUYHI Ta MNPUKIATHI Pe3yiabTaTH AUCEPTaAlIiHOI poOOTH
BUKOPUCTAHO Yy HaBUaJbHOMY Tpoleci kadeapu XiMIYHOI TEXHIKM Ta
npomucioBoi ekosorii HTY «XIII» nns HaBYaHHS CTYAEHTIB CHEIiadbHOCTI
101 «Exonoris.

- YKJIAJEHO JIOTOBIp MpO HAyKOBY Ta TBopdy cmiBmpaiio 3 TOB
«TCK Picailkiinr rpym».

Kniouosi cnosa: 3a0pynHeHHsT AOBKULIA, (hapMarleBTUYHI BIAXOIU 3i
CKJIa, KepamiyHa TUIMTKAa, aHroO, eKoJIoTiYHa Oe3neka, IOBODKCHHS 3

BIAXOJaMHU.
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SUMMARY

Baranova A. O. Prevention of the negative environmental impact of
pharmaceutical glass waste. — Qualifying scientific work as a manuscript.

Thesis for the degree of Doctor of Philosophy in specialty 101 "Ecology"
(10 — Natural Sciences) — National Technical University "Kharkiv Polytechnic
Institute", Kharkiv, 2021.

The work was carried out at the Department of Chemical Engineering
and Industrial Ecology of the National Technical University "Kharkiv
Polytechnic Institute" of the Ministry of Education and Science of Ukraine.

The object of the research is environmental pollution by pharmaceutical
glass waste.

The subject of the research is the processes and means of preventing the
ingress of pharmaceutical waste from glass into the environment through their
disposal and an effective waste management system.

The dissertation research is devoted to the prevention of the negative
impact on the environment of pharmaceutical waste from glass, contaminated
with pharmaceutical substances, through their environmentally friendly
processing in ceramic production and increasing the efficiency of handling
resource-valuable waste. Considered and analyzed the world experience on the
peculiarities of handling medical (pharmaceutical) waste, including the
generation and methods of waste disposal, as well as the behavior with
pharmaceutical glass waste (PGW) during the COVID-19 pandemic, which has
led to a sharp increase in the PGW formation.

In the introduction, the choice of the research topic and the relevance of
the dissertation work are substantiated, the goal and objectives are formulated,

the object, subject and methods of research are determined, the connection



between work with scientific topics is shown, scientific novelty is provided and
the practical significance of the results obtained is formulated.

The first section is devoted to a comprehensive analysis of the problem
of environmental pollution by pharmaceutical glass waste and ways to prevent
their negative impact on the environment. The problems of pharmaceutical
waste management in Ukraine and in the world are considered. The features of
the adverse effect of pharmaceutical glass waste on the elements of the
environment are characterized. The main sources of formation and volumes of
accumulation of such wastes are considered. The national and international
regulatory frameworks in the field of pharmaceutical waste management are
analyzed. Based on the analysis, the research objectives and the ways to achieve
them are formulated.

The second section describes materials, methods and devices for
conducting experimental research. Engobe slips were prepared by wet grinding
of components in laboratory ball mills and applied to pressed and dried tiles by
irrigation. The chemical characteristics of the waste glass ampoules and basic
engobe frits prepared for the experiment were determined by X-ray
spectrometry. The study of the characteristics of fusibility was carried out by
the thermomicroscopic method. The temperature coefficient of linear
expansion of glass ampoule waste was determined using a DIL402 RS
dilatometer.

The third section analyzes the environmental and technical prerequisites
for the PGW utilization in the production of ceramic tiles. The ecological
feasibility and technical feasibility of the rational use of PGW as a secondary
resource, which makes it possible to reduce the use of mineral resources in the
technology of production of porcelain stoneware, have been determined. A
basic technological scheme for the preparation of waste for their use as a raw

component in the composition of an engobe charge is proposed. A reverse



system for the use of rinsing water has been developed, which allows cleaning
waste from mechanical impurities, effectively neutralizing the remains of
pharmaceutical substances and contributes to an environmentally safe and
rational process of PGW utilization.

The fourth section is devoted to the experimental part on the
development of an engobe charge composition for glazed porcelain stoneware
with the addition of pharmaceutical glass waste.

After completing this section, the following results were obtained:

— 1t was found that PGW, which are a mixture of various brands of
medical glass, in terms of chemical composition, belong to the boron-
containing oxide system, which is the basis for the glass matrix of Ukrainian
glass frits, but differ from them by a high content of SiO,. Comparison of the
PGW melt viscosity at the firing temperature of porcelain stoneware and the
valuable frit selected for research determined the impossibility of completely
replacing the frit with waste in the composition of the engobe. The
thermomicroscopic and dilatometric characteristics of the PGW and frits were
determined; they showed approximate values: the temperature indicators of
fusibility differed by 50-100 °C, and the temperature coefficient of linear
expansion — by 1.64 - 10 deg!. The established chemical and physical
properties of PGW make it possible to recommend waste as fluxing
components of engobes;

— the engobe composition with the addition of FOS for glazed porcelain
stoneware has been developed, which allows to introduce 30% of the mass into
the charge and reduce the amount of natural raw materials, valuable engobe frit
and thinner. The resulting engobe ceramic tile for a firing temperature of 1185
°C with a water absorption of 0.3—0.4% and a flexural strength of 52 — 54 MPa
meets the requirements of the standard for high-strength tiles such as porcelain

stoneware. The engobe coating is characterized by high whiteness (75.8%),



which allows obtaining accent colors of the glazed surface. It has been
determined that, in comparison with the basic composition of engobe, the
proposed charge reduces the amount of engobe frits by 10%, Vesco—Prima clay
and alumina by 1%, quartz sand by 23% and sodium tripolyphosphate by
0.15%.

In the fifth section, the following results are obtained:

— directions for increasing the efficiency of the pharmaceutical waste
management system in Ukraine are proposed, which, among other things,
include PGW and other resource-valuable waste of medicines;

— based on the analysis of statistical information on the example of the
PGW formation during the period of COVID-19 incidence, a model of waste
generation in hospitals in Ukraine is developed, which is recommended for
planning and optimizing the implementation of the PGS environmental
management;

— theoretical and applied results of thesis were used in the educational
process of the Department of Chemical Engineering and Ecology of NTU
"KhPI" for teaching students of specialty 101 "Ecology".

— an agreement on scientific and creative cooperation was concluded
with TSK Recycling Group LLC.

Keywords: environmental pollution, pharmaceutical glass waste,

ceramic tiles, engobe, environmental safety, waste management.
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