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YTTRIUM AS A MODIFIER IN CATALYSTS FOR SULFUR
REMOVAL AND IMPROVED STABILITY

This study delves into the use of yttrium-modified catalysts in
hydrotreatment processes, focusing on how they enhance sulfur removal
efficiency and improve catalyst stability. By introducing yttrium into
various catalyst systems, such as palladium-platinum (Pd-Pt) supported
on Y-modified USY zeolite and Y-doped Ni:P phosphides, researchers
observed significant advancements in catalytic performance. These
included better removal of hard-to-treat sulfur compounds like
4,6-dimethyldibenzothiophene (4,6-DMDBT), improved dispersion of
active metals, and fewer strong acidic sites, which collectively reduced
coke formation.

The study emphasizes yttrium’s unique ability to tackle persistent
challenges in hydroprocessing, including the removal of refractory sulfur
compounds that conventional catalysts struggle to address. Additionally,
yttrium enhanced the structural and operational stability of the catalysts,
minimizing coke buildup and maintaining efficiency during extended use.
Combining experimental findings with theoretical insights, the research
positions yttrium as a pivotal modifier for developing next-generation
catalysts capable of achieving ultra-deep desulfurization.

These catalysts not only meet stringent environmental standards but
also demonstrate excellent durability, making them ideal for industrial
applications, particularly in diesel fuel hydrotreatment. Future work
will focus on refining yttrium incorporation methods and scaling these
advancements for widespread industrial adoption.

Keywords: Yttrium-modified catalysts, hydrotreatment, ultra-deep
desulfurization, palladium-platinum catalysts, USY zeolite, sulfur removal
efficiency, coke deposition, hydrogenation.
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Introduction

Hydrotreating catalysts are the key of fundamental process not only in diesel
hydrotreatment but in all the hydrogenation processes. A catalyst formulation and
its preparation play a huge role in their further effectiveness, therefore nowadays
plenty variations of structures have been creating, evaluating and implementing.
Preparation of catalysts generally follows next steps [1, p. 45]:

— Precipitation;

— Filtration;

— Washing;

— Drying;

— Forming;

— Calcining;

— Imregnation of active metals;

— Activation.

Conventional catalysts like CoMo or NiMo supported on alumina often fail
to achieve ultra-deep desulfurization, particularly for refractory sulfur compounds
like 4,6-dimethyldibenzothiophene (4,6-DMDBT). These challenges arise due to
their steric hindrance and low reactivity under standard hydrotreating conditions.
The incorporation of rare earth elements, particularly yttrium, has emerged as an
effective strategy to overcome these limitations [2, p. 211].

Yttrium-modified zeolites, such as ion-exchanged Y zeolites, introduce strong
Bronsted and Lewis acid sites that enhance the adsorption and removal of nitrogen
and sulfur-containing compounds. These catalysts maintain high efficiency even
in the presence of competitive adsorbents like toluene, making them particularly
valuable for industrial applications [3, p. 5].

The multifunctional nature of yttrium-modified catalysts enables processes
like hydrodesulfurization, hydroisomerization, and hydrocracking to occur
simultaneously. Polymetallic systems based on ZSM-5 zeolites demonstrate
significant improvements in pore structure and active metal dispersion, reducing
sulfur content to as low as 0.005 % under optimized conditions [4, p. 814].
Enhanced diffusion properties and improved reactant-product interactions
contribute to their superior catalytic performance under mild operating
conditions [5, p. 35; 6, p. 12].

Yttrium also stabilizes active phases and modifies the electronic properties of
catalyst supports, creating medium-strength acid sites essential for hydrogenation
reactions. This stabilization improves the hydrogenation of refractory sulfur
compounds like 4,6-DMDBT while sustaining catalyst activity at lower
temperatures and pressures, contributing to energy efficiency and process
sustainability [7, p. 52; 5, p. 39].
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The integration of yttrium into hydrotreating catalysts represents a
significant advancement in catalysis, addressing the limitations of conventional
systems and aligning with increasingly stringent environmental regulations.
By enhancing stability, selectivity, and multifunctionality, yttrium-based
catalysts provide a robust pathway for the production of ultra-low sulfur diesel
fuels [4, p. 816; 3, 2019, p. 6].

Materials and methods

Production of diesel fuel meeting the requirements of the latest European
environmental standards at local refineries will be possible after modernization of
existing diesel hydroprocessing units. There are three ways to increase the degree
of desulfarization: 1) modernization of the existing hydrotreating units; 2) use of
high-efficiency catalysts; 3) introduction of an additional desulfarization unit.

Conversion of sulfur-containing compounds occurs in such processes as
oxidative desulfurization, adsorption, extraction, ozonation, ultrasonic action.
Modification of catalysts with Yttrium gains plenty positive characteristics which
provides it better physical characteristics [8, p. 3032-3043].

The preparation and analysis of the catalysts began with ultra-stable Y-zeolite
(USY), chosen for its robust structural and chemical properties. The USY support
was modified with yttrium to enhance its performance characteristics. This
involved impregnating the zeolite with an aqueous solution of yttrium acetate using
the incipient wetness method. After ensuring even distribution of the modifier, the
sample was left overnight at room temperature, dried at 110 °C, and then calcined
at 300 °C in an oxygen stream. This process stabilized the yttrium within the
zeolite structure, with a final yttrium loading of 2.5 wt %.

Following the yttrium modification, palladium and platinum were introduced
to the support. Using precursors of [Pd(NH3),]Cl, and [Pt(NH,),]Cl,, the metals
were impregnated onto the Y-modified USY to achieve a total metal content of
1.2 wt%, maintaining a Pd-to-Pt molar ratio of 4:1. Once impregnated, the catalyst
was dried, calcined, and formed into disks. These were ground into powder and
sieved to ensure particle uniformity for reactor testing [9, p. 2].

Characterizing the catalyst was a crucial step to link its physical properties
with its performance. Surface area and pore volume were measured using nitrogen
adsorption and desorption techniques, while CO chemisorption provided insight
into how well the palladium and platinum particles were dispersed across the
surface. Acid site distribution and strength were determined by measuring ammonia
adsorption heat. Strong acid sites, which can promote unwanted reactions, were
minimized due to yttrium’s influence, while the overall acid quantity remained
stable. Finally, STEM (Scanning Transmission Electron Microscopy) imaging
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allowed to visually confirm the dispersion of active metals and assess any
agglomeration after testing.

The catalytic activity was evaluated through both model and real feedstocks.
The model feedstock was a blend of hexadecane and tetralin, with 500 ppm sulfur
added as 4,6-dimethyldibenzothiophene (4,6-DMDBT). Real feedstock tests used
diesel fuel with 440 ppm sulfur. Reactions were conducted in a fixed-bed flow
reactor under high pressure (4.9 MPa) at 280 °C. For model compounds, the space
velocity (WHSV) was set at 16 h-1, while for the diesel fuel it was reduced to 4
h-1 to simulate industrial conditions. The reaction outputs were analyzed using
gas chromatography equipped with sulfur chemiluminescence detection, allowing
precise quantification of sulfur removal and aromatic hydrogenation.

A control catalyst using unmodified USY was prepared and tested under the
same conditions to highlight the effects of yttrium modification. This comparison
was essential in demonstrating how yttrium enhanced both the stability and
efficiency of the Pd-Pt catalyst, particularly in addressing challenging sulfur
compounds like 4,6-DMDBT [10, p. 2].

The catalytic performance was tested using both model and real diesel
feedstocks. The model feedstock consisted of tetralin and hexadecane mixed
with 500 ppm 4,6-dimethyldibenzothiophene (4,6-DMDBT) as the sulfur-
containing compound. The tests were carried out in a fixed-bed reactor at 280 °C
under 4.9 MPa hydrogen pressure, with a weight hourly space velocity (WHSV)
of 16 h-1, and a hydrogen-to-oil ratio of 500 NL/L. For real feedstock testing,
desulfurized diesel fuel with 440 ppm sulfur was used. These conditions simulated
typical industrial hydrodesulfurization operations.

The outlet gases from the reactor were analyzed for sulfur content and aromatic
composition using gas chromatography coupled with sulfur chemiluminescence
detection (GC-SCD). This allowed for precise evaluation of sulfur removal
efficiency and aromatic hydrogenation activity.

Table 1 — Properties of Pd-Pt/Y-USY and Pd-Pt/USY [§]

Catalyst Surface area Dispersion Acidic properties
Total | Mesopore Initial heat of Acid amount
[m?/g] [m¥g] adsorption [mmol/g]
[kJ/mol]
Pd-Pt/Y-USY | 465 58 0.56 119 0.18
Pd-Pt/USY 484 52 0.50 126 0.19

Table 1 presents the properties of the two catalysts, Pd-Pt/Y-USY and Pd-
Pt/USY. It shows that yttrium modification of the USY zeolite slightly reduced
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the total surface area of the catalyst from 484 m*g for Pd-Pt/USY to 465 m?/g
for Pd-Pt/Y-USY. However, the mesopore surface area increased from 52 m*/g
to 58 m?/g showing that yttrium modification improves the pore structure,
potentially enhancing the catalyst’s accessibility to reactants.

The effect of yttrium modification was compared to a control catalyst,
prepared using unmodified USY, under identical conditions. The comparative
tests allowed to assess how yttrium-modification improved catalyst stability,
sulfur resistance, and overall catalytic performance.

Results and discussion

Summarizing the experiments with Yttrium modified catalyst several
characteristics were analyzed and represented. The first aim is to define the amount
of sulfur as a main contaminant in catalysts comparing with a feedstock and
characterize an impact of implementation of Yttrium modifiers into the catalyst.

Table 2 compares the properties of the feedstock and the hydrotreated products
obtained using both the Pd-Pt/USY and Pd-Pt/Y-USY catalysts. The feedstock
used for testing contained 440 ppm sulfur and 26.8 wt% total aromatics, with
5.4 wt% consisting of multi-ring aromatic compounds. After treatment with the
Pd-Pt/Y-USY catalyst, the sulfur content in the hydrotreated product dropped
to 16.8 ppm after 48 hours, representing a sulfur removal efficiency of 96.2 %.
After 216 hours of operation, the sulfur content was reduced to 28.5 ppm, and
the total aromatic content increased slightly to 8.3 wt%. However, despite this
slight increase, the Pd-Pt/Y-USY catalyst maintained a high sulfur removal rate
of 93.5 %, demonstrating its long-term stability and effectiveness.

Table 2 — Properties of Feedstock and Hydrotreated Product

Hydrotreated product
Properties Feedstock Pd-Pt/Y-USY Pd-Pt/USY

48 h 216 h 48 h 216 h
Boiling point [°C]
IBP 211 180 185 159 183
10% 244 231 236 210 233
50% 286 276 280 272 279
90% 354 349 351 348 351
EP 387 382 384 381 384
Sulfur [wtppm] 440 16.8 28.5 17.4 47.9
Total aromatics 26.8 4.9 83 7.6 11.9
[wt%]
Mono-ring 21.4 4.3 7.1 7.0 10.5
aromatics [wt%]
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2+-ring aromatics 5.4 0.6 1.2 0.6 1.4
[wt%]

HDS [%] - 96.2 93.5 96.0 89.1
HAD [%] - 81.6 68.9 71.7 55.7

To be convinced and study collected data deeply GC-SCD chromatography
was carried out. The figure will ensure to compare data and detailly demonstrate
a rate of removing contaminants after hydrotreatment.

Figure 1 in the study presents the gas chromatography with sulfur
chemiluminescence detection (GC-SCD) chromatograms for both the feedstock
and the hydrotreated products after 216 hours of operation. The chromatograms
provide a detailed analysis of sulfur-containing compounds in the diesel fuel before
and after treatment with the Pd-Pt/Y-USY catalyst.

In the feedstock chromatogram, the presence of sulfur compounds,
particularly 4,6-dimethyldibenzothiophene (4,6-DMDBT), is clearly visible.
These sulfur compounds are challenging to remove and are typically considered
refractory sulfur species in fuel. The peaks representing sulfur compounds are
prominent, confirming that the sulfur content of the diesel fuel is relatively high,
around 440 ppm.
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Figure 1 — GC-SCD Chromatograms of Feedstock
and Hydrotreated Product [8]

In contrast, the hydrotreated product chromatogram shows a significant
reduction in sulfur peaks after 216 hours of operation, particularly for the
4,6-DMDBT and other refractory sulfur compounds. This dramatic decrease in
the sulfur peaks in the chromatogram directly correlates with the sulfur removal
data presented in Table 2, where the Pd-Pt/Y-USY catalyst reduced the sulfur
content of the treated fuel to 28.5 ppm after the prolonged treatment period. The
reduction in sulfur compounds seen in the chromatogram clearly demonstrates
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the high effectiveness of the Pd-Pt/Y-USY catalyst in removing sulfur from the
fuel, particularly from the more stubborn, difficult-to-remove sulfur species like
4,6-DMDBT.

The incorporation of yttrium into catalysts significantly enhanced their
catalytic performance, including activity and stability. For example, Pd-Pt/Y-USY
(Yttrium-modified Ultra-stable Y zeolite) achieved 96.2 % sulfur removal from
model feedstocks and maintained over 93 % efficiency after 216 hours. Additionally,
Yttrium-modified Ni2P demonstrated a 5.4 % higher hydrodesulfurization (HDS)
conversion rate compared to its unmodified counterpart. The introduction
of yttrium also reduced the number of strong acid sites, thereby mitigating
excessive hydrocracking and coke deposition. Notably, Pd-Pt/Y-USY exhibited
only 2.73 wt% coke deposition compared to 3.65 wt% for unmodified catalysts,
highlighting the stabilizing effect of yttrium. A table below shows it in details to
provide a clearer comparison and description [9, 10].

Table 3 — Properties of Pd-Pt/Y-USY vs. Pd-Pt/USY Catalysts

Catalyst Surface Area Acid Amount Coke Deposit
(m?/g) (mmol/g) (Wt%)
Pd-Pt/Y-USY 465 0.18 2.73
Pd-Pt/USY 484 0.19 3.65

The effectiveness of yttrium-modified catalysts is illustrated in two
complementary figures, providing a comprehensive understanding of their
performance advantages. Figure 2 compares the performance of Pd-Pt/Y-USY
and Pd-Pt/USY catalysts in removing sulfur from 4,6-DMDBT over a continuous
operation of 216 hours. Initially, both catalysts exhibit high sulfur removal
efficiencies, but as time progresses, a clear divergence emerges. Pd-Pt/Y-USY
consistently maintains its efficiency above 93 %, demonstrating its superior
stability and resistance to deactivation. In contrast, the unmodified Pd-Pt/USY
catalyst shows a steady decline in sulfur removal, highlighting the limitations of
conventional catalysts under prolonged operation.
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SULFUR REMOVAL EFFICIENCY OVER TIME
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Figure 3 — Stability comparison of Y-doped Ni2P catalysts

This notable difference in stability can be attributed to the introduction
of yttrium, which reduces strong acid sites responsible for coke formation
and ensures better dispersion of active metals across the support surface. The
sustained performance of Pd-Pt/Y-USY underscores its reliability for ultra-deep
desulfurization processes, particularly in treating refractory sulfur compounds
like 4,6-DMDBT.

Building on these findings, the figure 3 emphasizes the role of yttrium in
enhancing catalyst performance. The graph illustrates the conversion rates of
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Y-doped Ni2P and unmodified Ni2P catalysts during hydrodesulfurization (HDS)
of dibenzothiophene over an extended reaction period. The Y-doped catalyst
exhibits a consistently higher conversion rate, approximately 5.4 % greater than its
unmodified counterpart. This performance enhancement can be linked to yttrium’s
ability to stabilize the Ni2P active phase, preventing phase transformation and
structural degradation during prolonged operation.

Yttrium-modified Ni2P catalysts demonstrated stable hydrodesulfurization
(HDS) performance during prolonged operational periods. This enhanced stability
is attributed to their remarkable resistance to coke formation, as confirmed by
detailed morphological analyses conducted using scanning electron microscopy
(SEM). Moreover, the incorporation of yttrium significantly improved the
structural properties of the catalysts, promoting better dispersion of active phases.
This, in turn, ensured the uniform distribution and accessibility of active sites,
thereby contributing to the sustained catalytic efficiency.

Conclusion

The results of this study demonstrate that yttrium-modified catalysts offer
significant advantages in hydrotreatment processes. By enhancing the structural
and chemical properties of traditional catalysts, yttrium incorporation leads to
improved sulfur removal efficiency, particularly for refractory compounds such
as 4,6-DMDBT. Moreover, the stability of these catalysts, even under extended
operating conditions, underscores their potential to overcome challenges like
coke deposition and deactivation. The consistent performance of Pd-Pt/Y-USY
and Y-doped Ni,P catalysts highlights their suitability for industrial applications
where ultra-deep desulfurization is required. Future research should focus on
scaling up these findings to industrial levels, optimizing yttrium incorporation
methods, and evaluating the long-term economic and environmental impacts of
these modifications [8].
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KYKIPTTI KOO )KOHE TYPAKTBIJIBIKTBI APTTBIPY YIIIH
KATAJIM3ATOPJIAPJIAFBI MOJIAU®UKATOP PETIHIAEI'T UTTPUI

byn sepmmey euopomasapmy npoyecmepinoe ummpuiimen
MOOUDUKAYUATAHRAH KAMATUZAMOPILAPObI KOIOAHY2A APHANObL, O1APObIH
KYKipmmi 2ot muimMOinieiH apmmulpy2a HCIHe Kamaauzamopiapobiy
MYPAKMuLIbISbIH JHCAKCAPMYyea acepin 3epmmeyee 6aca Hasap ayoapobi.
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Hmmpuiioi apmypai kamarumukansly scyienepee, aman aumKanod,
ummpuiimen moougpuxayusianzan USY yeorumindezi naniaouti-niamuna
(Pd-Pt) sicone ummpui Kocwolnzan Ni:P pocghuomepine eneisy apxuinvi
Kamanumuxanislk muiMOoiiikmiy e0ayip srcakcapaanst 6atikaiovl. Mynoati
arcemicmixmepee 4,6-oumemunoudenzomuogpen (4,6-DMDBT) cusxmul
Kypoeii KyKipm KOCbLIbICMAapblH MUiMOi 2coto, benceHoi memanoapobiy
OUCNEPCUACHLIH apMMbIPY AHCOHE KYWMI KbIUKbLL OPMALbIKMAPbIHbIY
CAMbIH a3aimy apKblibl KOKCMbLY MY3iLYiH MOMEHOemy Hcamaobl.

3epmmey ummpuiioiy 0ocmypi KAMaru3amopap wewe arMaimoli
mypakmel KyKipm KOCbLIbICIMAPLIH HCOI0 CUAKMbL 2UOPOMA3APMY
npoyecmepindeei Hezizei mocenenepli wieutyoei epexuie Kadiiemin
kopcemeoi. Convimen Kamap, ummpuil KamaiusamopiapoblH KypbLIbIMObIK,
Jlcone naroanany mypakmolibleblH HCAKCAPMbIN, KOKCMblY nanod
OOIYbIH A3aUmadvl HcoHe y3aK YaKvim 00uUbl MUiMOLNieiH cakmauobl.
Dxrcnepumenmmik oepekmep MeH MmeopusiblK MyHCoipblMOapobl Oipikmipe
omvipuin, Oyn 3epmmey ummputioi yiempamepey oecyib@ypusayusiad
apuan2an JHcana OYvlH KAmaiu3zamopidpvlH 93ipaeyoeei Heeisel
MoOugpuxamop peminoe manuobl.

Byn kamanuzamopaap kamar 9Koa02UANLIK MALANMapad 2aHa coukec
Kenin Koumail, sco2apvl mypakmelivieblh 0a Kopcemeoi, COHObIKMAH
011apObl OGHEPKACINMIK KOIOAHY, dcipece Ou3eib OMbIHbIH 2UOPOMA3apmy
ywin eme xKoaaunel emedi. bonawaxma scymeic ummpuiioi eneizy
80icmepin OHMAlIAHObIPY2A HCOHE OCbl Homuxicenepoi Key ayKblmobl
OHEPKACINMIK KOLIOAHY YWiH Macumadmayaa 0azelmmanamvii 601aobl.

Kinmmi co30ep: ummpuiimen Mmoouukayusianaan Kamanuzamopaap,
euopomasapmy, yiempamepey O0ecyibdypuzayus, naiiaouti-niamura
Kamanuzamopaapul.
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TOO «KazMynaitXum»,

Pecny6imka Kazaxcran, [TaBmomap.
Ioctynuino B penakuuio 16.12.24.
Ioctynuio ¢ ucnpasnenusimu 17.12.24.
IIpunsTo B nevars 23.12.24.
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UTTPUIA KAK MOJITU®UKATOP B KATAJIM3ATOPAX
JJIA YIAJIEHUSA CEPBI U TIOBBIINEHUA CTABUJIBHOCTHU

Omo uccredosanue NOCEAUWEHO UCNOIB30BAHUIO KAMAIUZAOPOS,
MOOUDUYUPOBAHHBIX UMMPUEM, 8 NPOYECCAX 2UOPOOYUCMEKU, C
AKYEHMOM HA NOGbLUEeHUE IPDEKMUSHOCTU YOATIEHUS CePbl U YIIVHULeHUe
cmabunbHOCMU Kamaiuzamopos. Beedenue ummpus 6 paziuynvlie
Kamanumuyeckue cucmemsl, maxkue Kaxk nauiaoui-niamuna (Pd-Pt),
Harnecénnvie Ha USY yeonrum, moouguyuposannviil ummpuem, u poc@uovl
Ni:P, necuposannvie ummpuem, no360aun0 00OUMbC 3HAUUNENIbHBIX
yayuuwieHuil kamaiumuieckot axmusHocmu. Cpedu 00CmudiceHutl
MOJICHO 8bl0eums boiee 3pekmusHoe yoanienue mpyoHoyOansieMbix
cepocooepIcauux coeOUHeHUll, MaxKux Kax 4, 6-oumemunoubenzomuopen
(4,6-DMDBT), ynyuuienue oucnepcuu akmuHblx MEmMauio8 U yMeHbUIeHUe
KOIUHeCMBA CUTbHBIX KUCTIOMHBIX YEHMPOS, YO 8 COBOKYNHOCU NPUBETL0
K CHUICEHUIO 00pa3068aHUs KOKCA.

Hccnedosanue noduéprusaem YHUKALbHYIO CHOCOOHOCHb
ummpus pewams Kirouegvie npoodiemMvl cUOPOOUUCMKU, 6KAI0UAS
yoaneHue yCmouyugblx cepocooepiICayux COeOUHEHUll, ¢ KOMOPLIMU He
CRpasasomes mpaouyuonnsle Kkamaiusamopsl. bonee mozo, ummpui
ycunugaem cmpykKmypHyO U 3KCHIYAMAYUOHHYIO CMAOUIbHOCb
Kamaniuzamopos, CHUdicas 00pazoeanue KOKcd U noooepiucusas
agpexmuenocms ¢ meuenue OaumMenrbHo2o epemeru. Komounupys
IKCHEPUMEHMANbHbIE OAHHbLE U MeOpemudecKue 6bi600bl, UCCIE008AHUE
OeMOHCmpUpyem NoMmeHYUaL Ummpusi Kak Kio4es020 Moouguxkamopa oJis
PazpabomKu Kamanuzamopos HO8020 NOKOIEHUS, CHOCOOHbIX 0becneuuny
VAbMPAzyb0KyI0 0ecynb@ypu3ayuro.

Omu kamaiuzamopsvl He MOJIbKO COOMBEMCMEYIONM CMPOSUM
IKONOUHLECKUM CMAHOAPMAM, HO U OeMOHCMPUPYIOM BbLCOKYIO
0012086€YHOCMb, YMO Oendaem ux UOedrbHblMU O NPOMbIULICHHbIX
NpUMEHeHUU, 8 YACMHOCMU, O 2UOPOOUUCIIKU OU3ETIbHO20 TMONIUBA.
B 6yoywem paboma O6yoem cocpedomouena Ha onmumu3ayu Memooog
66e0eHUsL UMMPUsL U MACUINMAOUPOBAHUU NOTYYEHHBIX Pe3YIbMamos Ois
Ooee WUpOKO20 NPOMBIULEHHO20 UCTONb30BAHUS.

Kniouesvie cnosa: kamanuzamopul, MoOupuyuposantvle ummpuem,
2UOPOOHUCIIKA, Cc8epXeyOoKas decynb@ypayus, NAIIAOUN-NIAMUHOBbIE
kamaauzamopul, USY yeonum, s¢pgpexmusnocmo yoanenus cepeol,
06paszosanue KoKca, cUOPUpoOBaHue.
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Tepyre 18.12.2024 x. xib6epinmi. bacyra 23.12.2024 k. K0T KOUBUIIHL.
DneKTpoHEI Oacta
1,98 Mb RAM
[HapTTe! 6acna Tabars! 8,06.
Tapanemver 300 naHa. barackr kemiciM OOWBIHIIIA.
Kommsiotepne 6erreren A. K. Temupranunosa
Koppexropnap: A. P. Omaposa, JI. A. Koxac
Tanceipsic Ne 4320

Cnano B HaOop 18.12.2024 1. [Toanucano B mevats 23.12.2024 r.
DNEKTPOHHOE U3/1aHue

1,98 Mb RAM
Ve n. i 8,06. Tupax 300 3x3. Llena noroBopHast.
Komnsrotepnas Bepctka A. K. Temupranmunosa
Koppexropsr: A. P. Omaposa, 1. A. Koxac
3aka3 Ne 4320
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