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Abstract. The work presents a new approach to the co-
polymerization and co-processing of industrial or-
ganochlorine waste (OCW) resulted in the production of
vinyl chloride at Karpatnaftochim LLC, Kalush, Ukraine,
and liquid wood pyrolysis products (LWPP) generated by
the activated charcoal production at Perechyn Forestry
and Chemical Plant, LLC. Kalush, Ukraine. This article
highlights studies of the composition of the raw materials
and the properties of the resulting products. Through the
use of infrared spectroscopy and DTA analysis, the pri-
mary structure and properties of copolymers, oligomers,
asphalt and bitumen products obtained from OCW and
LWPP were determined. It describes the trial of the liquid
products of wood pyrolysis in bitumen compositions with
OCW.

Keywords: organochlorine, waste, product, pyrolysis
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phalt, compositions, formaldehyde, composites.

1. Introduction

Over the past 10-15 years, the industry has ex-
panded its sales markets of polyethylene (PE) and polyvi-
nyl chloride (PVC) polymers up to 15 million tons. These
polymers have replaced metal and wood products used for
packaging, pipes, various coatings, furniture, profile win-
dows, doors, and other structures. The increase of the
production capacity of organochlorine monomers and
polymers causes the increase of the amount of industrial
organochlorine waste (OCW). The production of vinyl
chloride and its derivatives generates up to 1.5 million
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tons of OCW per year, and this index is growing world-
wide. The authors of the article proposed a new method of
integrated processing and utilization of OCWs by co-
polymerizing them with a heavy fraction of liquid wood
pyrolysis products (LWPP (production name "pulp"). The
purpose of our work is to improve the existing methods
and develop new ways of processing and utilization of
liquid industrial organic (LWPP) at the Perechyn Forestry
and Chemical Plant with organochlorine waste (OCW) of
Karpatnaftochim LLC, Kalush, Ukraine. The results of the
study can be used for production of cheap and non-toxic
polymer that can be applied as a component of water-
proofing, asphalt, and anti-corrosion coatings in bitumen
compositions.

The industrial process of oxidative chlorination of
ethylene (OCE) is the most efficient in the industrial pro-
duction of 1,2-dichloroethane (1,2-DCE) and vinyl chlo-
ride monomer (VCM) at Karpatnaftochim LLC in Kalush,
as it allows to achieve 99% conversion of raw materials
and 98.8% selectivity in terms of 1,2-dichloroethane
yield.1 At the same time, in addition to 1,2-DCHE, a
number of organochlorine wastes are formed.” The reac-
tions of ethylene oxidation to 1,2-DCE (C,H4Cl,) and
ethylene oxidation (combustion) proceed according to the
following chemical equations:”

GH,+2HCI+0.50, » CGHChL + H,O0+ Q @)
CHy+30, —2C0O, + 2H,0 (2)
CH,+20, — 2C0O +2H,0 (3)

In this case, side reactions can occur, which form

the following OCWs products:
1. Carbon tetrachloride:

CHy+ 8HCI+ 30, — 2CCly + 6H,0 @)
2. Chloral:

GH,+3HCI+ 20, — 2C,HCLO + 3H,0 (5)
3. 11,2-Trichloroethane:

C,Hy+3HCI+ Oy — 2C,H;Cl + 2H,0 6)

and other impurities — 1-2% of the obtained DCE.
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2. Experimental

The approximate chemical composition of OCWs
(gaseous, liquid and solid organochlorine wastes) at the
Karpatnaftochim production facility in Kalush, Ukraine,
determined by chromatographic method, is shown in
Table 1. OCWs contain more than > 30% of the total a
residue of unidentified polychlorinated OCWs. These
OCWs also contain small amounts of hydrogen chloride
and chlorine (in the range of millionth of a percent).
The amount of moisture in the OCWs does not exceed 20-
200 ppm.3

Table 1. Procedure for the yield of CWA components
in a chromatographic analysis

No Component Time, min
1 ethylene 0.95
2 vinyl chloride 14
3 ethyl chloride 1.8
4 trans-1,2-dichloroethylene 345
5 carbon tetrachloride + 1,1-dichloroethane 4.0
6 methylene chloride 4.65
7 benzene 5.15
] 1,1 ,2-Uichloroethylene + cis-1,2- 6.35

dichloroethylene
9 chloroform 7.05

10 perchloroethylene 8.2
11 1,2-dichloroethane 10.0
12 chlorobenzene 15.45
13 1,1,2-trichloroethane + 1,1,1,2- 16.5

tetrachloropropane

14 1,2,3-trichloropropane 26.75
15 1,1,2,2-tetrachloroethane 29.6
16 1,2-dichlorobenzene 31.2
17 chlorex 34.0
18 ¥ HOV >35.0

2.1.Methods of analysis

Gas-liquid chromatography was the main means of
analyzing OCW compounds. The analysis of OCWs in the
study of OCW chlorination was performed on a chro-
matograph of the "Tsvet" type with a flame ionization
detector under the following conditions of analysis: (1)
length of the working column 3 m; column diameter
3 mm; sorbent — 12% PEG 1500 on 3 K color chromium;
working column temperature — 373 K and 423 K, set 1.25
min after the peak of 1,2-DCE; evaporator temperature —
463 K; analysis time — 50 min; helium was used as a car-

Sergiy Kurta et al.

rier gas; chromatograms were calculated by the method of
internal normalization.

The order and time of the components on the OCW
chromatogram are shown in Table. 1. The change in the
composition of OCW during the study of alkaline dehy-
drochlorination and polycondensation of OCW with poly-
sulfides (PSF) of alkali metals was analyzed according to
TUU-24.1.-31256759-005-2004, on a gas-liquid chro-
matograph Carlo Erba GC 8000 series with a flame ioni-
zation detector (steel column d = 3 mm, 1 = 3 m, filled
with a phase of 25% emulsogen on the chromosorb). The
temperature of the thermostat is in the range from 55 to
413 K. Detector temperature is 473 K, injector (evapora-
tor) temperature = 423 K. Carrier gas consumption: he-
lium - 135 KPa, air - 130 KPa, hydrogen - 75 KPa. The
sample volume was 0.8 uL. Peak areas were calculated
automatically.*

2.2. Determination of polymer resin
curing time with OCW and LWPP
on the Vick device

The OGTs-1 device is designed to determine the
normal density and setting time of cement dough (includ-
ing asphalt) in accordance with GOST 310.3-76. For the
test, a free movement of the dough and the permissible
zero deviation are checked first. The test surface is
cleaned and checked for curvature. The needle of the
device is immersed in the test sample of the product of a
given density several times, clensing the needle after each
immersion.

Oxidized bitumen of the BND 70/100 brand ac-
cording to DSTU 4044:2019, selected at PJSC
"UKRTATNAFTA" (Kremenchuk, Ukraine), was used
for the study.’ Bitumen-polymer mixtures were prepared
using a Daihan Scientific HT-50 DX mixer (Daihan Sci-
entific Co., Ltd, Korea) equipped with an impeller in the
form of a six-blade turbine. A sample of the initial bitu-
men (650 g) was placed in a metal container and heated
with stirring on an electric stove to the required tempera-
ture. After reaching the temperature with constant stirring
of the sample, the modifier was gradually added in the
required amount.

3. Results and Discussion

3.1. General characteristics of liquid
wood pyrolysis products (LWPP)

Of all the thermal methods of wood processing,
high-temperature wood pyrolysis is the most important.
Wood pyrolysis involves the decomposition of wood
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through heating to 723 K in the absence of air, resulting in
the production of gaseous and liquid products, including
wood resin, along with a solid residue known as charcoal.
Wood pyrolysis is typically conducted without air access
at temperatures up to 723 K in large-scale facilities, such
as the Perechyn Forest and Chemical Plant. This plant
primarily produces charcoal, acetic acid, and their deriva-
tives, also generating liquid wood pyrolysis products
(pulp) as a byproduct.Solid products of wood pyrolysis
consist of cellulose residues, — (CgH100s), natural poly-
mer, and oxygen-containing hydrocarbons-polysaccha-
rides; they also contain a small amount of nitrogen-
containing substances.® When birch wood is pyrolyzed to
a moisture content of 8-10%, the yield of solid wood is
280-295 kg/m’ of wood, and 350-380 kg/m’ of solid wood
is obtained from air-dry wood. The volume of well-
cooked charcoal decreases and is approximately 60% of
the volume of the initial wood fed for pyrolysis.” To ex-
tract acetic acid, LWPP is usually de-alcoholized and
desaturated. Depending on the method used, the following
useful products can be extracted from 350-380 kg of
"pulp", in kg: 1) Polymer resin 22-29 kg; 2) Acetic acid
18-22 kg; 3) Alcohol-containing products 7-10 kg. Based
onlm’ of pyrolyzed wood, the recovery rate for all acids
can be 66-75% and for the sum of alcohol products - 60-
70%. But mostly at most enterprises, LWPP is burned in
the same furnaces that heat wood and produce charcoal.

The liquid products of wood pyrolysis were ob-
tained from Perechyn Chemical Plant, which serves as a
supplier to the largest activated carbon plants in Europe.
Perechyn Chemical Plant products are regularly stocked
by renowned European manufacturers such as LIDL,
Kaufland, Carrefour, EDEKA, and TESCO. The plant
holds impressive certifications that would be envied by
many industrial enterprises in Ukraine, operating in ac-
cordance with BSCI, PEFC™, and ISO standards. The
characteristics of the produced charcoal include a carbon
content of up to 93% C, humidity ranging from 3% to 8%
H,0, ash content ranging from 2% to 15%, and a particle
size fraction of 0-80 mm.”

3.2. The process of wood pyrolysis
with separation into fractions and
chromatographic composition of LWPP

Wood pyrolysis is conducted by heating wood to a
temperature of 723 K, leading to its decomposition. The
process of wood pyrolysis relies on free radical reactions
that involve the thermal breakdown of hemicellulose,
cellulose, and lignin. These reactions occur within specific
temperature ranges: hemicellulose at 473-533 K, cellulose
at 513-623 K, and lignin at 523-673 K. At a temperature
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of 593 K, the ratio of rate constants for these reactions is
approximately 10:1:0.25. The composition of charcoal
obtained from wood pyrolysis typically includes 80-92%
of carbon (C), 4.0-4.8% of hydrogen (H), and 5-15% of
oxygen (O). The pyrolysis process can be described by the
following reactions.

C H Og10s — 3.75CH6 O 13+ 2.88H, O +

+0.5C0O, +0.25C0O + C H 0451250338 (7)

CH 06105 — 3.74C + 265H2 O+

+1.17CO, + 1.08CH, 8

The pyrolysis of wood is an exothermic process
that releases a large amount of heat (1150 kJ/kg). The raw
material chosen for the synthesis was LWPP from Pere-
chyn Forestry and Chemical Plant LLC, the largest
Ukrainian and leading European producer of charcoal
products with more than a century of production history.
At the end of 2019, the monthly production volume was
up to 4000 tons of charcoal. The raw material is 100%
hardwood from Ukrainian forests. As a result of wood
pyrolysis, the following 3 fractions are formed: 1) density
at 293 K 1,23 kg/dm’; 2) pH 4.5; 3) Brookfield viscosity
at 293 K (LV-3, 60 RPM): 377 mPa-s; 4) Water content
6.2%.” Determination of heavy resin parameters was car-
ried out for density according to the method of DSTU ISO
2811-1:2019, pH indicator of hydrogen ion activity ac-
cording to DSTU EN 12850:2020, dynamic viscosity was
determined according to DSTU EN 13302:2019, determi-
nation of water content according to DSTU ISO
3733:2017, Table. 2.

Fraction Ne2 (383-393 K ), resin from wood pyro-
lysis to charcoal of GOST 7657-84, obtained after vacuum
distillation of water and other substances at 393 K from
heavy wood pyrolysis resin has the composition 1) Boil-
ing point >393 K; 2) Density at 293 K, 1.320 kg/dm’; 3)
Hydrogen index, pH 5.1; 4) Brookfield viscosity at 293 K
(LV-4, 20 rpm): 1314 mPa-s.

Fraction Ne3. The hydrophobic part had a light yel-
low color, which eventually changed to red-brown, indi-
cating that the reaction was underway. Thus, these may be
light and oxidation-sensitive aromatic hydrocarbons.

Water and light fractions were extracted through a
vacuum process. A vacuum compressor was utilized to
reduce the pressure to 30 kPa, while a water bath main-
tained a temperature of 341-344 K. The following results
were obtained for the composition of fraction No. 3: 1)
4.78-5.1% water and water-soluble compounds of the
distillation; 2) 1.75-2.2% hydrophobic part of the distilla-
tion - a mixture of benzene, phenols and their homo-
logues; 3) 89.1-90.6% residue of dehydrated organic
compounds; 4) distillation losses of 2.2-2.5%.
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Table 2. Chromatographic composition of LWPP, Perechyn Timber and Chemical Plant

No. p/n HARDWOOD Oak, hornbeam, birch. Dimensionality
1 Water Content 4.1
dry: wt. % based on oil weight without water content ( Anhydrous Mass
CAS-No. Compound wt.% wet
1. Acids 4.182
2. 64-19-7 Acetic acid 4.182
3. Nonaromatic Esters 1.409
4. Nonaromatic Ketones 1.842
5. Furans 1.045
6. Benzenes 11.721
7. 108-88-3 Toluene 0.157
8. Aromatic Ketones 0.106
9. 98-86-2 Acetophenone 0.106
10. Lignin derived Phenols 8.505
11. 108-95-2 Phenol 1.472
12. 95-48-7 Cresol, o- 1.517
13. Guaiacols (Methoxy phenols) 2.888
14. 5932-68-3 Guaiacol, 4-propenyl-(trans) (Isoeugenol) 1.603
15. Syringols (Dimethoxy phenols) 5.906
Composition of the LWPP
= set folder —  [hm.%] —2 linear filtler ( [hm.%])
2 1.74

Fig. 1. Chromatogram of a sample of liquid wood pyrolysis products (LWPP)

from Perechyn Forestry and Chemical Plant

250%
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o . - e
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Distribution of LWPP by factions

1fraction 2 fraction Cubic remainder Losses

369-383 °H 383-393 %K 523-573°K 303-573°H

m Contents,% M Density, g/cm3
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303-573 °K

Fig. 2. Fractional distribution of LWPP according to a boiling point
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Table 3. Composition of the copolymer resin OCW and LWPP

Component V,mL % wt.
OCW 10 47.62

LWPP 10 47.62
Catalyst and or initiator 1 4.76

Table 4. Physical and mechanical properties of oxidized bitumen with a copolymer of OCW and LWPP

Bitumen + 3 % by Bitumen + 6 % wt. of a
Indicator BND 70/100 weight. Sopolim. copolymer of OCW and
OCWand LWPP LWPP
Softening point, K 320.35 321.35 320.55
Penetration at 298 K, 0.1 mm 82 85 75
Ductility at 298 K, cm >150 >150 117
Adhesion to the glass surface, %. 29 60 77
Adhesion to the surface of crushed stone, %. 3.0 4.0 4.5

3.3. Copolymerization of OCW
with the LWPP fraction

For the copolymerization of organochlorine waste
(OCW) with the LWPP fraction, a dedicated laboratory
setup was utilized, employing a 1-liter autoclave reactor
constructed from stainless steel. The schematic diagram of
this installation can be found in the referenced literature.*
Using the data acquired, the optimal parameters for syn-
thesizing a copolymer of OCWs and LWPPs were deter-
mined.

3.4. Results of the catalytic
copolymerization of LWPP and OCW

The polymerization was conducted using a 1:1 ra-
tio of the components of organochlorine waste (OCW)
and the dehydrated fraction of liquid wood pyrolysis
products (LWPP). The polymerization reaction duration
was 2 hours. After that, a resinous product is formed. As
a result of studying almost all the operating parameters,
the following optimal conditions for the process were
established, which are summarized in Table 3. The vol-
ume ratio of pyrolysis resin and OCW is 1:1; The content
of titanium tetrachloride is 4.5-5% by weight of OCW
with LWPP. The temperature of the copolymerization
process is >393 K.

Based on the copolymerization of DGC products of
OCW and the dehydrated fraction of LWPP, a preliminary
recipe for the production of polymer resin was developed.
The main components of the resin are outlined in Table 4.

In the presented graphs No. 3 and 4, the volume ra-
tio of OCW produced by VC and the unsaturated fraction
of LWPP was maintained at 1:1; the volume ratio of
OCW produced by VC and solvent was equal to 3:1; the

solvent was xylene. From the obtained dependence of the
conversion of OCW and the LWPP fraction on the con-
centration of the cationic catalyst (Figure 4, curve 1), one
can observe a regularity, with an increase in catalyst con-
centrations from 1 to 8%, the conversion of monomers
increases from 78% to 99%, respectively. When the cata-
lyst content is increased above 8%, the conversion of
monomers (unsaturated) does not change. Provided that in
the copolymerization reaction, in addition to mutually
soluble polymers and oligomeric products, it is possible to
form insoluble polymers in xylene and OCW. We studied
the dependence of polymer yields on the amount of cata-
lyst and temperature. The results shown in Figures 3 and 4
(curve 2) confirm this. From the results presented, it can
be seen that the amount of insoluble chloropolymer does
not exceed 20-25%.

In this case, an increase in temperature from 288 K
to 333 K has a greater effect on the intensification of the
copolymerization process, since its increase gives an in-
crease in the yield of insoluble polymer from 1 to 11% (Fig.
4, curve 2). To further explore this, we tested the effect of
temperature factors on the conversion of OCW and the
LWPP fraction Cx (curve 1 of Fig. 4) and the yield of in-
soluble polymer Yn as a function of temperature (curve 2),
as shown in Figure 4. An increase in temperature from
298 K to 341 K gives a slight acceleration to the polymeri-
zation reaction rate, which is expressed by an increase in
conversion from 74% to 87% in this temperature range.
This may be due to the ionic mechanism of this copoly-
merization reaction of the LWPP fraction and OCW. The
amount of catalyst has a greater effect. At the same time, an
increase in temperature from 323 K to 338 K increases the
yield of insoluble polymer compounds by 6 times. The
obtained oligomeric resin products were used to produce
modified bitumen-asphalt road compositions.
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Y, wt. %
100 1 30

0 2 4 8 10
Catalyst content (TiCly), wt. %

Fig. 3. Dependence of the conversion (C,)
of OCW waste and LWPP fraction (curve 1) and the yield (Y,)
of insoluble polymer (curve 2) on the catalyst concentration
(TiCly) 4 % by weight, at 323 K

Cx, wt. % YH, wt. %
100 - 2 rl2
10
95 1 —> |y
90 1 L6
85 p— 1 M
F2
0

80 T T T T T
283 293 303 313 323 333 343
Temperature, °C

Fig. 4. Dependence of the conversion (C,) of OCW
waste and LWPP fraction (curve 1) and the yield (Y,,)
of insoluble polymer (curve 2) on the temperature
of the copolymerization reaction at TiCl,

3.5. Modification of road petroleum bi-
tumen with copolymer resin OCW and
LWPP and products of polycondensation
of this resin with formaldehyde

Initially, we studied the copolymer resin of OCW
and LWPP as a component of road oil bitumen. The
physical and mechanical properties of oxidized bitumen
with different amounts of copolymer of OCW and LWPP
are presented in Table 4. Based on the data in Table 4, the
copolymer of OCW and LWPP can be used as a compo-
nent of road bitumen, since it does not deteriorate the
basic operational properties of bitumen, but at the same
time improves adhesion properties (improves adhesion to
glass and crushed stone surfaces). That shows that the use
of such an additive will eliminate the need to add expen-
sive adhesives to bitumen.”

In order to obtain a polymeric bitumen modifier and
bind phenols contained in LWPP, polycondensation of a
copolymer of OCW and LWPP with formaldehyde was
performed. The material balance of the polycondensation of
the copolymer of OCW and LWPP with formaldehyde is
shown in Table 5 ' The polycondensation reaction tempera-
ture is 373 K, the duration is 1 hour. The physical and me-
chanical properties of bitumen-polymer mixtures obtained
using the synthesized polymer are given in Table 6.

Table 5. Material balance of polycondensation of a copolymer of OCW and LWPP with formaldehyde

No. of the polymer composition (P) Nel No2 Ne3
Downloaded, g

Copolymer of OCW and LWPP 30.24 30.17 30.2
Formalin (37% p.o. formaldehyde) 53 7.52 10.52

Concentrated HCI 1.45 1.52 1.57
Total 36.99 39.21 42.29

Received, g

Polymer 18.99 19.99 20.57
Volatile components (vacuum) 18.00 19.22 21.72
Total 36.99 39.21 42.29

The yield of the copolymer of OCW and LWPP, % wt. 62.7 66.2 68.1

Table 6. Physical and mechanical properties of bitumen-polymer mixtures

Indicator e I 7o A R e A I
Softening point, K 320.35 321.55 320.95 320.55
Penetration at 298 K, 0.1 mm 82 55 78 83
Ductility at 298 K, cm >150 89 123 137
Adhesion to glass, % 29 78 72 48
Adhesion to a crushed stone, % 3.0 5.0 4.5 3.5
Homogeneity homogeneous homogeneous homogeneous heterogeneous
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Based on the data presented in the Table 4-6, it is
evident that a heterogeneous binder is obtained when
using polymer Ne3, i.e., the synthesis of a polymer modi-
fier should be carried out at a mass ratio of formalin to the
copolymer of OCW and LWPP of less than 1/3.

4, Conclusions

The paper provides a theoretical justification and
solution of the scientific problem, to improve existing
technologies, develop new ones, simpler, and more eco-
nomical technologies for the integrated processing and
utilization of industrial organochlorine waste and unsatu-
rated resins from charcoal pyrolysis, namely, the liquid
product of wood pyrolysis ("pulp"), which helps to pre-
serve hydrocarbon raw materials with increased environ-
mental safety of technological processes and reduce the
amount of waste in industrial processes of producing
DCE, VC, EP, and charcoal.

It has been established that liquid wood pyrolysis
products (LWPP) can be used together with CWP as a
component of bitumen compositions, as well as for poly-
condensation reactions with formaldehyde to introduce
this modifier into bitumen in an amount of 1-6%, which
improves the physical and mechanical properties and
reduces the cost of bitumen compositions.
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KOITOJIMEPHU3ALISI IPOMUCJIOBAX
XJIOPOPI AHIYHU X BIIXO/IIB 3 ITPOJIYKTAMHU
HIPOJII3Y JEPEBUHU JJISI BITYMHHUX
KOMITO3ULIIA

Anomauyin. YV npeocmasneniii pobomi 3anponoHo8aHo
HOBULL NIOXIO0 00 NPoBedeHHst KONoaiMepuzayii ma cymicHol ne-
PePOOKU NPOMUCTIOBUX XTIOPOpeaHiuHux 8i0xodie (XOB) eupob-
nuymea eininxiopudy TOB «Kapnamnagpmoxim» m. Kanyw,
VYxpaina, ma piokux npodyxmie niponizy oepesurnu (PIIII]]), sixi
VMEOPIOIOMbCS. NPU  BUPOOHUYMG]  AKIMUBOBAHO2O GY2IIA 3
oepesunu na TI[B «llepeuurcokuili nicoXimiunui KomoOiHamy.
Busueno cxnao cuposunu ma enacmuocmi ompumanux npooyk-
mie. I9-cnexmpockonicio ma J[TA ananizom 6cmanogieHo
nepsunHy 6ydosy ma eracmusocmi ooepoicanux i3 XOB i PIIIT/]
Konozimepis, oricomepie ma acghanbmosux i OimymHux eupooie
3 Hux. [Ipoeedeno eunpobyeanus piOKux npooyKmis Miponizy
Oepesunu 6 ckaadi OimymHux komnosuyitl pazom 3 XOB.

Knrwuosi cnosa: xnopopeaniumi, 6i0xoou, npooyxkm,
niponiz  Oepesuna, iHiXA0pud, 1,2-ouxnopeman,  OGimym,
acghanem, komnosuyii, popmansoe2io, Komnozumu.
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ATAMANYUK Volodymyr(3) 608 DRAPAK Iryna (2) 339; (3) 701; (4) 916
AULENTA Federico (2) 420 DRONIK Mykhailo (3) 510

AVALIANI Marina (4) 711 DUTSYAK Ihor (3) 608

AZIZOVA Gunel (4) 829
EDDINE Hachani Salah (2) 397; (3) 636

BABICH Olena (3) 655 EL GUENDOUZI Mohamed (1) 179
BACHARI Khaldoun (1) 7; (3) 592; (4) 800 ELHATY Ismail 4. (3) 567
BEDJAOUI-ALACHAHER Lamia (3) 592 ELIZONDO-VILLARREAL Nora (1) 133
BELARBI Assia (1) 118 ELYAMANI Yaktine (1) 179

BELARBI Nadia (1) 7 EMBAREK Nadia (1) 60

BENDEBANE Farida (1) 154 ENNAN Alim (2) 272

BENHARRATS Nassira (1) 118 EVLASH Victoriya (3) 431
BEREZHNYTSKA Oleksandra (4) 748 EZE Cosmas C. (4) 786

BHAUSAHEB Magar Subhash (2) 438 EZEOKONKWO Mercy 4. (4) 786
BILECKYY Volodymyr (3) 666

BILONOGA Yuriy (3) 608 FAHMI Mochamad Zakki (3) 625
BLAHYI Olga (3) 481 FERRAHI Mohammed Issam (1) 81
BODACHIVSKA Larysa (2) 431 FIZER Liubov (2) 315

BOHDAN Anna (4) 774 FUCHYLA Olena (4) 820
BOHDANOYV Ihor (2) 262

BORBEYIYONG Guri Isaiah (2) 450 GAVRYSHKEVYCH Yaryna (3) 495
BOUCHIKHI Nouria (3) 592 GEJADZE loseb (4) 711
BOUMEDJANE Youcef (3) 518 GERASYMCHUK Serhiy (3) 469
BRATYCHAK Jr Mykhailo (1) 70, 101 GHASEMI Avat (4) 878

BRATYCHAK Michael (2) 339; (3) 574, 701 GHASEMI Zhila (4) 878

BRAZHKO Oleksandr (4) 774 GILANIZADEH Masumeh (2) 279
BROSTOW Witold (4) 796 GNATOWSKI Przemystaw (1) 24; (2) 365
BRYZYTSKA Oksana (3) 481 GODAHEWA Sahan (2) 253
BUDIASTANTI Titah Aldila (3) 625 GODWIN-NWAKWASI Evelyn U. (4) 786
BUKIA Tinatin (2) 325; (3) 549; (4) 807 GOGOLASHVILI Ana (3) 549

CASTANO Victor M. (1) 133 GORBAN Maksym (4) 846



GRAZULEVICIUS Juozas (1) 52
GRYNYSHYN Oleg (2) 460; (3) 574, 674, 681 KOMARENSKA Zoryana (1) 18

GRYSHCHOUK Halyna (2) 272 KOMAROVSKA-POROKHNYAVETS Olena (2) 315
GUBSKY Sergey (3) 481 KONDAUROYV Ruslan (3) 601

GUEDIRA Taoufiq (2) 244 KONDURU Mani Divya (1) 164

GUNKA Volodymyr (1) 211; (2) 339; (3) 701; (4) 916, 929 KONOVALOYV Serhii (2) 287

GUZAR Sajid H. (4) 729 KORCHAK Bohdan (2) 339, 450, 460, (3) 574, 674

KOHUT Ananiy (1) 70; (2) 357

GWIZDALA Karolina (2) 365 KORNET Maryna (4) 774
KOUCHKAR Khaoula (3) 518
HACHANI Salah Eddine (3) 518 KOVACHOV Sergii (2) 262

HAFIED Meriem (2) 221

HAGG LOBLAND Haley E. (4) 796
HAMAD Nora A. (4) 796

HAMRI Salah (3) 592

HANANE Benmoussa Mahi (1) 81
HANANE Zeghdoud (2) 397
HEIDARIZADEH Fariba (3) 557
HELZHYNSKYY Igor (4) 923
HNATIV Tetiana (3) 469
HORBENKO Artur (4) 748
HRYNCHUK Yurii (1) 211; (4) 916
HRYNYSHYN Ksenia (4) 923
HUNCHAK Alla (1) 188
HURENKO Olha (2) 262

IBEANU Fidelia N. (4) 786
IMANGAZY Aldan (1) 52
ISMAIL Fadhel (1) 154

JALALISHVILI Sopo(3) 549

JANA Sumit Kumar (2) 438
JARANOWSKI Maciej (2) 315
JAWAD Nizar A. (4) 894
JUMADILOV Talkybek (1) 52; (3) 601

KAKALASHVILI Lizi (1) 35
KALANDIA Elene (4) 758
KARADAG Mehmet (4) 766
KARIMI Gholamreza (2) 386
KARIMIAN Fariba (2) 386
KARPENKO Olena (2) 315
KAUS Noor Haida Mohd (4) 857
KHANKISHIYEVA Rana (4) 829
KHLIBYSHYN Yurii (3) 674
KHOMENKO Dmytro (2) 294
KHOMYAK Semen (3) 510
KHORRAM Mohammad (2) 386
KINDZERA Diana (1) 110
KIOSE Tatyana (2) 272
KLIMOVA Olena (4) 774
KOCHUBEI Viktoria (3) 646; (4) 870

KROPYVNYTSKA Tetiana (1) 170
KSHYVETSKYY Bogdan (1) 110

KUCINSKA-LIPKA Justyna (1) 24; (2) 365
KURTA Sergiy(4) 929

KVINIKADZE Nikoloz (1) 35; (2) 325; (4) 807

KYCHKYRUK Olga (1) 45

LAMPEKA Rostyslav (2) 294
LAZARENKO Andriy (2) 262
LAZAREVA Tatyana (3) 481
LEBEDEYV Volodymyr (2) 357
LERARI Djahida (1) 7; (3) 592; (4) 800
LEVYTSKYI Volodymyr (1) 101
LISNEVSKYI Roman (3) 688
LITVINCHUK Mariia (3) 542
LONDARIDZE Levan (1) 35
LOPATINA Hanna (2) 262
LUBENETS Vira (2) 315
LUTSYUK Iryna (3) 495
LYKHOMANOYV Mykyta (4) 929

MAAMRI Sarra (1) 141

MAHDY Achmad Affan (3) 625
MAHORIVSKA Halyna (4) 820
MAISURADZE Vera (4) 711
MAJDI-NASAB Afrooz (3) 557
MAKHARADZE Giorgi (4) 740
MAKHARADZE Tamar (4) 740, 758, 807
MAKOTA Oksana (1) 18

MALOVANYY Myroslav (3) 666; (4) 870
MAMMADOY Jovdat (4) 829
MAMMADOY Shiraz (4) 829
MAMMADOYVA Gunel (4) 829

MANAP Sevda (4) 766
MARKARASHVILI Eliza (1) 35
MARTYAK Roman (2) 304

MASYUK Andprii (1) 101

MATIYCHUK Vasyl (2) 304
MATLAKH Yuliia (2) 450
MEDETALIBEYOGLU Hilal (4) 766
MELNYK Stepan (4) 820



MELNYK Yurii (4) 820 POVAZHNYI Volodymyr (2) 373

MESLI Salima (1) 118 PROKOP Roman (2) 460
MIHSEN Hayder Hamied (4) 729 PRYSIAZHNYI Yuriy (1) 211; (2) 450; (3) 574; (4) 916
MILYUKIN Mikhaylo (4) 846 PRYSTYNSKYI Serhii (4) 836
MIROSHNICHENKO Denis (2) 357 PYLYPENKO Oleksij (2) 237
MOHAMMED Saad Shahad (3) 503 PYSHYEYV Serhiy (2) 357, 450; (3) 574
MONKA Nataliya (2) 315
MOSHTAGHIOUN Seyed Mohammad (2) 420 RAFIK Abdellatif (2) 244
MOTAMEDI Hossein (3) 557 RAHAYU Sri (1) 126
MOUSSA Amrani (1) 141 RAHMAH Ulfa (3) 625
MOVLAYEYV Ibrahim (4) 829 RAJAPAKSE Chandima. S. K. (4) 903
MUKBANIANI Omar (1) 35; (2) 325; (4) 807 RAKITSKAYA Tatyana (2) 272
RASHID Sarmad A. (4) 887
NADERI Hojat (2) 420 RASHIDOVA Sayyora (2) 347
NADIRASHVILI Marina (4) 711 RASPERTOVA Ilona (2) 294
NAGURSKYY Andriy (3) 674 RAZIMOWICZ Marta (1) 24
NAIFE Tarig M. (4) 887 REHMAN Rabia (2) 407
NAIFE Tarig M. (4) 894 REUTSKYY Volodymyr (1) 211
NEPOLRAJ Amaladoss (4) 774 RIABCHYKOV Mykola (3) 481
NGUYEN Khoa Dang (4) 857 RIY Volodymyr (4) 929
ROHOVTSOV Oleksandr (4) 748
OBUSHAK Mykola (2) 304 ROMAN Gheorghe (3) 532
OKORO Uchechukwu C. (4) 786 ROMANCHUK Victoria (1) 195
OLIYNYK Lilianna (1) 18 ROMANENKO Yanina (4) 774
ONOABEDJE Efeturi A. (4) 786 ROSTAMI Mohamad-Taghi (3) 617
ONYSHCHENKO Artur (3) 688 RUDACHENKO Nataliia (2) 237
ORLOVSKYY Vitalii (3) 666 RUIDAS Bidhan Chandra (2) 438
OUIS Nora (1) 118 RUSAKOVA Nataliya (4) 748
OVCHAROV Valery (1) 88 RYBCHYNSKYI Sergii (3) 688
PACHULIA Zurab (2) 325 SADEGHI Roohollah (3) 617
PAL Dan Bahadur (2) 438 SADRABADI Saeed Hassani (2) 420
PAPEIKIN Oleksii (2) 431 SAHLI Nabahat (1) 60
PATRYLAK Lyubov (2) 287, 373 SAIDMUHAMMEDOVA Muhlisa (2) 347
PATTANAYAK Satarupa (2) 438 SALIYEVA Lesya (3) 542
PERERA Rajith A. (4) 903 SALYHA Yuriy (1) 188
PERERA Ruwan T. (4) 903 SANYTSKY Myroslav (1) 170
PERMANA Ahmadi Jaya(3) 625 SARIEVA Rakhima (3) 601
PERTKO Olexandra (2) 373 SAVCHENKO Irina (1) 45; (4) 748
PETRIASHVILI Ana (4) 758 SAVVOVA Oksana (3) 655
PETRIASHVILI Gia (2) 325; (3) 549; (4) 758, 807 SERHEYEV Valentyn (1) 1; (3) 469
PETRIASHVILI Tamar (4) 711 SHAIK Feroz (1) 164
PILAT Edyta (1) 24; (2) 365 SHAPAKIDZE Elena (4) 711
PIRTSKHELIANI Nana (2) 325; (4) 807 SHEVCHENKO Olena (1) 203
PITKOVYCH Khrystyna (2) 304 SHEVCHENKO Olga (4) 929
POKHODYLO Nazariy (2) 304 SHISHKINA Svitlana (3) 542
POKROIEVA Yana (3) 655 SHOKOL Tetyana (2) 294
POLIAK Olha (3) 688; (4) 916 SHUPENIUK Vasyl (4) 774
POLIUZHYN Ihor (3) 469 SHVED Maria (2) 450
PONJAVIDZE Nino (4) 758 SHYIKO Orest (1) 170

POPYTAILENKO Daryna (1) 203 SHYSHKIN Eduard (3) 688



SIDUN lurii (4) 916
SIENKIEWICZ Maciej (1) 24; (2) 365
SKOROKHODA Volodymyr (4) 923
SKRYPKINA Maria (1) 88
SLYUZAR Andriy (4) 870

SLYVKA Nataliia (3) 542
SMIRNOVA Olha (2) 237
SMYRNOVA Yuliia (3) 655
SOKOLOVA Lina (1) 88
SOKOLOVSKYI Ihor (1) 110
SOKOLOVSKYY Yaroslav (1) 110
SOMAR Halyna (1) 110
SOZANSKYI Martyn (3) 510
STADNYTSKA Nataliya (2) 315
STARCHEVSKYY Volodymyr (1) 188
STASEVYCH Maryna (3) 510
STEFANYSHYN Olha (1) 188
STERNIK Dariusz (1) 45

STYBEL Volodymyr (3) 608
SUCHIKOVA Yana (2) 262
SUKHA Iryna (1) 88

SZARLEJ Pawet (1) 24; (2) 365

TATRISHVILI Tamara (1) 35; (2) 325; (3) 549; (4) 758, 807
TILLEKARATNE Aashani (2) 253
TOPILNYTSKYY Petro (1) 195; (3) 681
TORRES-BARRERA Rubén O. (1) 133
TOTKHUSKYZY Bakytgul (1) 52

TRAN Anh Thi Hoang (4) 857
TRUNOVA Olena (4) 748
TSISKARISHVILI Manana (3) 549
TSYBULIAK Natalia (2) 262
TSYKHANOVSKA Iryna (3) 481
TUPYCHAK Mykola (2) 304

TURBA Yuriy (3) 681

TURDIKULOV Islom (2) 347

UMARUDIN (1) 126
UMERZAKOVA Maira (3) 601
UTIASHVILI Mariam (3) 549

VAKHULA Yaroslav (3) 495
VANGALAPATI Meena (1) 164
VASYLECHKO Volody(2) 272myr
VASYLYUK Sofiya (2) 315
VENGER Iryna (2) 431

VERASTE GUI-DOMINGUEZ Luz-Hypatia (1) 133

VIESICH Ivan (3) 688
VOLOSHYNA Yuliya (2) 373
VOLOVENKO Yulian (2) 294
VORONOYV Hennadii (3) 655
VOVK Mykhailo (3) 542

WARSIT (1) 126
WIDYARTI Sri (1) 126

YACINE Moussaoui (1) 141
YAHOLNYK Svitlana (4) 870
YAKOVENKO Angela (2) 373
YAKOVENKO Anzhela (2) 287
YANOVSKA Elina (1) 45
YAREMCHUK Yaroslava (4) 870
YARMOLA Tetiana (1) 195
YASSMINE Chennai (2) 397
YUKSEK Haydar (4) 766

ZACZYNSKA Ewa (2) 315
ZARE Hamid Reza (2) 420
ZAVHORODNII Mikhail (4) 774
ZEYNIZADEH Behzad (2) 279
ZIMECKI Michat (2) 315

ZNAK Zenovii (3) 646
ZOBEIDI Zohreh (3) 617
ZOUIHRI Hafid (2) 244
ZUBENKO Stepan (2) 287
ZVARYCH Viktor (3) 510












