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ABSTRACT

In the technology of processing medical waste, including waste generated during a pandemic, the main generally
accepted methods are thermal, using fuel or plasma furnaces, for combustion in an oxygen-containing environment
or for pyrolysis in a reducing atmosphere to produce synthesis gas (H; and CO) that can be further used for the
chemical industry or as a fuel. Moreover, direct combustion or pyrolysis of the initial solid waste, which ensures
the gasification of its organic components, is usually only the first stage of the general technological process.
In general, it consists of three stages. At the second stage, the gas products of the first stage are brought to a
predetermined composition, at the third stage, the inorganic residue is neutralized - ash, the formation of which
is up to 20% of unsorted medical waste. A promising option for the technology under consideration is the use
of electric arc plasma installations. Compared to non-plasma furnaces, even those using intensive gas-dynamic
operating modes, a number of significant advantages are achieved: a decrease in the volume of the furnace (while
maintaining the productivity of raw materials) and a decrease in the volume of exhaust gases by about an order of

magnitude with an increase in temperature in the reaction zone of the furnace to 2000-2300 °C.

Keywords: medical waste, plasma-chemical technology, plasma devices, processed products.

1. Introduction

The problems of medical waste disposal
until recently, considered of little relevance
for many countries, which coincided with the
global assessment of its importance. However,
since the end of the last century, interest and a
variety of approaches to this problem, especially
in highly developed countries (USA, Israel, Japan,
Germany, etc.), have increased significantly.
It is believed that this is due to the strategic
trend declared at the interstate level towards a
comprehensive «greening» of the environment,
as a factor that compensates for its degradation
due to industrial development. And also with an
increase in the specific danger to the population
from the rapidly accumulating volumes of highly
toxic and infected waste from hospitals and
biomedical industries. And also the medical

*OmeemcmeeHHblll asmop
E-mail: alfmosse@gmail.com (A. Mosse)

waste generated during the pandemic. Some
countries did not pay attention to medical waste
processing due to the small volume of medical
waste compared to the industrial, household and
other types of waste. For example, according to
the data of 2000, about 37 million tons of non-
recyclable waste from the chemical industry
was accumulated annually, and 200 thousand
tons from the petrochemical industry. The need
for the annual disposal of hazardous waste
of medical origin was approximately 20 tons.
However, sanitary and hygienic studies of typical
solid medical waste carried out both in Belarus
republic and abroad [1], show that their danger
to the environment is significantly higher than
that of most chemical wastes (with the exception
of only those containing substances of the 1st
hazard class according to the toxicological
classification) and, for example, in the case
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of solid waste containing cytostatic drugs,
antibiotics and others, comparable to the danger
of contamination with radioactive waste of high
and medium level of activity (>10 Bq/kg).

The problem under consideration is
complicated by the fact that the already
accumulated and stored solid medical waste,
as a rule, is not sorted and in some cases has
a very complex composition that cannot be
accurately identified. At the same time, the
standards adopted for the processing of medical
waste in Japan, Italy and other countries [2, 3]
require preliminary sorting of them into groups,
depending on the composition. So, there are four
main groups:

1) ordinary (biochemically stable) and
environmentally friendly waste, which can be
disposed of in open landfills (together with
household waste) even without additional soil
backfill.

2) slightly hazardous, but chemically unstable
waste, which, due to decomposition during
storage, can emit harmful substances, therefore,
they must be disposed of in landfills with an
anti-seepage lining and with a special system for
collecting and processing wastewater.

3) highly hazardous waste requiring special
treatment and subsequent disposal (for
example, in Japan, all medical waste containing
radionuclides is collected and processed by the
Japanese Isotope Society).

4) medical syringes, which are recommended
to be collected and recycled separately from
other waste.

Obviously, in the case of processing unsorted
waste, it will be necessary to use the most
universal methods, i.e. guaranteeing disinfection
and neutralization of any waste components.

2. Technologies and methods of toxic
medical waste recycling

In the technology of processing this type of
medical waste, the main conventional methods
are thermal, in particular, using fuel or plasma
furnaces for combustion in an oxygen-containing
environment or pyrolysis in a reducing
atmosphere to obtain H, and CO, which can
be further used as synthesis gas for chemical
industry or as a fuel mixture. Moreover, direct
combustion or pyrolysis of the initial solid
waste, providing gasification of its inorganic
components, is usually only the first stage of
the overall technological process. In general, it
consists of three stages. At the second stage, the

gas products of the first stage are brought to a
given composition (sometimes it is carried out in
a special afterburner), at the third stage, the non-
gasified inorganic residue (ash, the formation of
which, according to [4] is up to 20% of the mass
of unsorted medical waste introduced into the
furnace). The latter stage can be carried out by
melting the ash to obtain a crystalline material to
be buried, or by obtaining vitrified ingots having
a higher chemical resistance. The vitrification
process requires charging with various additives
(iron and silicon dioxide), which makes it possible
to obtain silicate materials, from which, when
stored in ordinary soils, there is practically no
leakage of heavy metal ions, and the rate of their
leaching does not exceed 10 to 10-'° kg/(m?s).

The most promising version of this technology,
actively developed in the USA, Germany and
Japanin the last 4-6 years (Westinghouse, Plasma
Energy Corporation (USA), NUKEM and Siemens
(Germany), Prometron (Japan), Laboratory INEL
(USA), etc.), is the use of shaft-type electric arc
plasma furnaces In this case, compared with
non-plasma furnaces, even using intensive gas-
dynamic processing (pseudo-fluidized bed, etc.),
a number of significant advantages are achieved.
Reduction of the furnace volume by 6-8 times
(while maintaining the volume of raw materials)
and a corresponding decrease in the area of
production systems, a decrease in the volume of
exhaust gases by about an order of magnitude
and anincrease in the temperature in the reaction
zone of the furnace to 2000-2300 °C, makes it
possible to improve the penetration of the ash
residue from combustion and to exclude the
formation of toxic components in the gas phase -
Cl,, dioxins and polychlorinated biphenyls.

In our laboratory the collection and analysis of
information on the qualitative and quantitative
composition of biomedical waste has been
carried out, technologies for the processing and
disposal of biomedical waste by various methods
have been considered, a plasma recycling
technology has been described, and a model
for the process of high-temperature biomedical
waste processing has been selected. Also, a
thermodynamic analysis of the plasma thermal
processing of liquid medical and biological
waste and waste generated in pharmacological
production was carried out, a model of an
experimental installation was developed and
plasma system manufactured, a method for
conducting experimental research was chosen.
Experiments were also carried out to process
samples of real liquid waste from the production
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of medical products obtained duringscientificand
technical cooperation with medical institutions.
The analysis of the obtained gas phase and the
analysis of the remainder of the liquid fraction
of each of the samples, which remained in the
reactor after treatment, were carried out. The
obtained optical spectra were decoded. An
experiment was carried out, the purpose of which
was to refine the treatment of medical waste
and analyze the resulting products. A mixture
of ethyl and isopropyl alcohols and acetone
in various ratios was used as a raw material.
This mixture is a real production waste that is
generated during the cleaning of containers in
pharmacological industries. These are liquids
produced by mexibel: TP-1, TP-2, TP-3 and TP-
4, from the stage of obtaining the substance of
sodium levothyroxine;

During the experiments, with the given
parameters of the plasma reactor in operation,
the percentage of gases H, CO, CO, CH, was
measured using a combined gas analyzer and
the temperature of the exhaust gas (T, is the
temperature at the outlet of the reactor, T, is the
temperature at the outlet of the afterburner). The
operating modes of the reactor and the results of
the experiments performed are shown in Fig. 1.

The decoding of the obtained spectra was
carried out, during which it was found that the
qualitative composition of the liquid fraction is
identical to the loaded material. Thus, it can be
concluded that the synthesis of secondary toxic
substances does not occur in the reactor.

The analysis of the composition of waste gases
such as Cl,, cyanides and undecomposed chlorine-
containing organic substances was carried
out using a RAID-S2 ion spectrometer. These
substances were not found in the exhaust gases.

Similar results were obtained and presented in
[5], where it is shown that the plasma-thermal
technology for waste processing is universal,
because it can be used for the disposal of any waste,
regardless of their composition and preliminary
sorting.

3. Plasma pyrolysis - efficient method for
processing of COVID-19 medical waste

COVID-19 has led to a huge increase in medical
waste around the world, mostly generated in
hospitals, clinics and other healthcare facilities
[5]. This poses an additional challenge in the
management of medical waste, especially in
developingcountries.Improperhandlingofmedical
waste can cause serious public health problems
and have a significant impact on the environment.
Thereare currently three disinfection technologies
available for the treatment of COVID-19 medical
waste (CMW), namely incineration, chemical and
physical recycling. We focus on thermochemical
processes, in particular the pyrolysis process
for the treatment of medical waste. Pyrolysis is
a process that takes advantage of the instability
of organic components in medical waste to
convert them into valuable products. In addition,
the technology is environmentally friendly and
more efficient, requires less disposal capacity,
causes less pollution and is more cost-effective.
The current pandemic situation is generating
a large amount of plastic medical waste, which
contains components such as polyethylene
(PE), polypropylene (PP), polystyrene (PS),
polyethylene terephthalate (PET) and nylon (N).
This plastic waste can be converted into valuable
energy products such as oil and gas. This study
provides information on the handling of KTM,

T, °C
20 1400
A
L 18 /_/ "’VA"
= 3 PNy - 1200
g
g 1 - 1000
g H2
- 800
%f —Co
= . | —C02
- 600
—T1
- 400 —T2
- 200
0

0 60 120

180

240 300 360 420 t,c

Fig. 1. Experimental Data of TP-1 processing.
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Fig. 2. Chemical composition of off gases at average plasma temperature of 1200 to 1300 °C.

processing methods, the production of valuable
products (biofuels) and proper discharge into
the open environment. This plastic waste can be
converted into valuable energy products such as
oil, gas and coal through the pyrolysis process.
The origin of the new human coronavirus (SARS-
CoV-2) and its potential danger have increased
the amount of face masks and medical waste in
the environment, requiring urgent measures
to prevent and control the pandemic. In works
[5-7], the generation of face masks and medical
waste in different countries during a pandemic is
assessed in order to convince waste management
authorities and the scientific community to find
ways to eliminate the negative impact that waste
disposal has on the environment. Standardization,
procedures, guidelines and strict adherence to the
managementof COVID-19-related medical wastein
public habitats and public places must be carefully
considered to reduce the risks of a pandemic in
hospitals, as proper disposal of medical waste
effectively controls sources of infection. Currently,
in connection with the coronavirus pandemic,
the most acute problem is the safe disposal of
masks, gloves and other medical waste. Within the
framework of the legislation of most countries,
during the collection, disposal, temporary storage
of waste in medical institutions, all medical waste
must be disposed of using methods that are safe
for the environment. To solve this problem,
plasma technology is the most optimal technology
in terms of safety, productivity and energy
efficiency [6]. A set of tests was carried out on a
plasma installation to find optimal technological
solutions. Parameters such as the composition of
exhaust gases, its dependence on temperature in
the chambers of plasma-arc reactors/furnaces,
specific energy consumption in the technological

process, etc. have been determined. The need
to obtain these parameters is associated with
the further development of installations with a
capacity of 50 kg/h and more. Experimentally
obtained optimal temperature range is 1200-
1300 °C. Chemical composition of the exhaust
gases is shown in Fig. 2.

The chemical composition of the gas generated
at the high temperature in the furnace chamber is
the best in terms of productivity and composition
of the gases formed. When the temperature rises
to 1200-1300 °C in a plasma-arc furnace, the
elemental composition of the exhaust gases is: CO,
-4.5%, 0, - 0.5%, CO - 22%, H, - 14.5%, NO - 0
ppm, NO, - 0 ppm. According to experimental data,
the gas contains no nitrogen oxides and dioxides,
and also low carbon dioxide content. The peaks in
the graph shown in Fig. 2 are associated with the
discrete feeding of packaged waste. Comparison of
calculated and experimental data for the process
of high-temperature gasification of organic waste
shows good convergence.

4. Conclusion

Thus, the goal of the work was achieved,
namely: determination of optimal technological
parameters: composition of exhaust gases,
dependence of exhaust gases on temperature in a
plasma-arc furnace, specific energy consumption
in the technological process, etc. Temperature
conditions for disposal of medical waste before
their complete decomposition into simple
chemical compounds. At the same time, there are
no harmful components in the exhaust gases.

Our experimental studies [8, 9] also made it
possible to establish the possibility and feasibility
of implementing plasma technology.
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TexHOJIOTUU U 060pYAOBaHME AJIS IJIa3MEHHOM
YTUIU3AL MU MeJULUHCKIX OTX0/ 0B

I Ilackanos?, A. Mocca?

ITOO «Plasma Microsystems», 22002 Jluuza /[lp., Top-
peHc, Kanudopnus, CILIA

“MHcTUTyT Teno-mMaccooomeHna um. A.B. JIbikoBa, HAH
Benapycy, ya. I1. BpoBky, 15, Munck, Benapycb

AHHOTaUUA

B TexHoJI0rMHY TepepaboTKHU MeJULIUHCKUX OT-
XOZI0B, B TOM UYMCJIe OTXOJ|0B, 06Pa3yI0IIUXCs BO
BpeMs MaHAeMUH, OCHOBHBIMU O6ILeNPUHSTBIMU
Cnoco6aMH ABJAKTCSA TEPMUUYECKHE, C UCTI0JIb30-
BaHMEM TOIJIMBHBIX WJIM NIJ1a3MEHHBIX lTevel, 119
CKUTaHHA B KHUCJIOpOACOJepxalled cpeje WU
JIJIsl TMPOJIM3a B BOCCTAHOBUTENIbHOM aTMocdepe
¢ nosaydyeHueMm cuHtes-raza (H, u CO), koTopbie
B Jla/ibHEHIIEM MOXHO HCI0JIb30BaTb B XUMU-
YeCcKOW NMPOMBILLJIEHHOCTH WJIW B KauyecTBe TO-

miuBa. [Ipu 3TOM HemocpejCTBEHHOE CXXUTaHUE
WK MMUPOJIU3 UCXOAHBIX TBEPJBIX OTXO/0B, 00€e-
crieyrBawlye rasupuKaiuio UX OpraHUYecKUuxX
KOMIIOHEHTOB, OOBIYHO SIBJISIETCS JIUIIb MEepPBOU
cTajjiell o6l1ero TexXHOJIOTUYEeCKOro Mpoliecca.
B nesioM OH COCTOUT U3 Tpex 3TanoB. Ha BTopoMm
aTare JOBOJSAT /10 33/IaHHOr0 COCTaBa razoobpas-
Hble MPOJYKThl I€PBOr0 3Tana, Ha TPeTbeM 3Ta-
ne 00e3BpeXHBAIOT HEOPraHUYEeCKHUH OCTaATOK
- 30J1y, 06pa3oBaHHUe KOTOPOW COCTaBJISIET [0
20% HecOpTUPOBAHHBIX MEAULIMHCKUX OTXOJOB.
[lepcieKTUBHBIM BapUaHTOM pacCMaTpUBaeMOU
TEXHOJIOTUU SIBJISIETCS UCNOJb30BAaHUE 3JIEKTPO-
JYTOBBIX NIJIa3MEeHHbIX yCTaHOBOK. [1o cpaBHEHH 1O
C HeIlJIa3MEeHHbIMM IedyaMH, JaKe HCIO0JIb3YIo-
IIIUMU UHTEHCHBHbIE Ta30JMHAMUYECKHe pPeXu-
Mbl PabOThl, AOCTUrAETCS PsAJ CYIleCTBEHHbIX
NpPEUMYIECTB: YMeHbIIeHHe 06beMa Medu (mpu
COXpaHEHUH TMPOU3BOJAUTEJNbHOCTU ChIPbsl) H
yMeHbllIeHHe 00'beMa YXOASIIHUX ra30B IPUMEPHO
Ha MOPSA0K IPU MOBbIILIEHUH TEMIIEPATYPHI B pe-
aKIIMOHHOM 30He neuun g0 2000-2300 °C.
Knarueswle cnosa: MeJULMHCKHEe OTXOAbI, IIJIa3MOXHUMMU -
YyecCKasd TeXHOJIOoIr'ud, njiasMmeHHble YCTpOﬁCTBa, nepepa-
60TaHHbIe NPOAYKTHIL.

MeaunMHAJBIK, KaJABIKTapAbl IJIa3MaJbIK,
K9/lere »kapaTy TeXHOJIOTHUSAJIapbl MeH >Ka6-
ABIKTapbl

I [Tackasnos!, A. Moccs?

!Plasma Microsystems LLP, 22002 Jlunza /ip., ToppeHc,
Kanudopuus, AKII

OKbly KoHe Macca aaMacy UHCTUTYThI, A.B. JIBIKOBa,
Benapycb YATTBIK FbUIbIM akageMusichbl, [I. BpoBky,
ke, 15, MuHck, Besapych

AnjaaTna

[Tangemus ke3iHae nanga 60FaH KaablKTap-
Abl Koca aJifaH/la, MeJUIIMHAJbIK KaJAbIKTapAbl
eHJey TEeXHOJIOTHUACBIHJA Herisri AscTypJii apai-
CTep OTTeri Gap opTaja *KaFy HeMece CUHTE3JiK
ra3gbl (H, »kxone CO) asy yumiH KajmnblHA KeJi-
TipeTiH aTMocdepasa NUPOIU3Ai NakjalaHy yIIiH
TePMHUSJIbIK, OTbIH HeEMECe IJIa3MaJlblK MellTepi
naijjasany 60Jiblll Tabblaa/ibl, KeHiHIpeK XUMUS
OHEepKaCibiH/le HeMece OTBIH peTiHAe KoJija-
HbLIYbl MYMKIH. byJ xarfalia osapAblH OpraHu-
KaJIblIK KOMIOHEHTTEPIH rasfaHblpy/ibl KaMTa-
MachI3 eTeTiH OacTamKbl KATThl KaslJbIKTap/bl
Tikesel kaFy HeMece IUPOJIU3/ley 9eTTe XKaJIIbl
TeXHOJIOTHUSJIBbIK MpollecTiH OipiHmii kKe3eHi 60-
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JIBIT TaObLIa bl XKasIbl, 0J1 yII Ke3eHHEH TYPa/Ibl.
ExiHmi ke3eHje GipiHIII Ke3eHHIH ra3 Tapiszaec
eHiMZepi asJblH ajia 6esriieHreH Kypamra KeJ-
Tipineni, ymiHmi KeseHae 6elopraHuKaJbIK KaJl-
JIbIK, 6elTapanTaHAbIPbLIa/bl — KYJI, OHBIH, TY31/1yi
CypbliTaJIMaFaH MeJAULMHANBIK  KaJAbIKTap-
IblH 20% peliin Kypaiabl. KapacThIpbLabI OThI-
pFaH TEXHOJIOTUSHBIH MEepPCHeKTHUBaJbl HYCKAChI
3JIEKTP [IOFaJ/IbIK IJIa3MaJiblK KOHJbIPFbLJIAP/bI
naijlagany 60Jbin TabbLIabl. [l1a3Manbik eMec
NelTepMeH CaJbICThIpFaH/Ja, TINTI MHTEHCUBTI
ras-AMHaMUKaJ/bIK >KYMbIC peXUMJEPIH KOJI-

JlaHATbhIHAAPMEH  CaJIbICTBIpFaHAa, OGipkatap
MaHbI3/lbl ApPThIKIIbIJIBIKTApFa KOJI KeTKi3iliai:
NeIlTiH KeJieMiHiH TeMeHieyi (lIuKi3aT eHiMaii-
riH cakKTaiél OTBIpbIN) JK9He MalJajaHblIFaH
ras KeJieMiHiH TeMeHJeyi NeLITiH peakUus au-
MarblHAaFbl TeMmnepartypaHblH 2000-2300 °C
JeliH >KoFapblaybIMeH rasjiap LiamMmaMeH IliaMa
peTiMeH.

Kinm ce3dep: MeAWLIMHA/BIK, KaJAAbIKTap, IJla3Ma-
JIBIK-XUMHUAJIBIK TEXHOJIOTUA, IJIa3MaJIbIK KYPbIJIFbI-
Jlap, eHJleJITeH eHIM/ep.



