ISSN 2518-170X (Online)
ISSN 2224-5278 (Print)

NEWS OF THE NATIONAL ACADEMY
OF SCIENCES OF THE REPUBLIC
OF KAZAKHSTAN, SERIES OF
GEOLOGY AND TECHNICAL SCIENCES

Ne6
2025



ISSN 2518-170X (Online)
ISSN 2224-5278 (Print)

\\m%

)
S|
3
=
5]

e

,Q.‘&:\
CENTRAL ASIAN ACADEMIC

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN,
SERIES OF GEOLOGY AND TECHNICAL
SCIENCES

6 (474)

NOVEMBER - DECEMBER 2025

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, 2025



2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asusn axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAP Cepusicbly 2bliviMu dcypranvinvily Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRAHUusACul Jcyprandvl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwiioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei men canacwin Ycvinaovl. KP ¥YFA Xabapnapeo.
Teonocus scone mexuuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyl 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2eon02usi JHeaHe MexXHUKAIbIK
EbLIBIMOAP OOULIHUWA KOHMEHMKe a0anoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY N0 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue20 coobuecmsa.
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KYPUHOB Mypar ’KypunoBH4, JOKTOp XUMHYECKHX HayK, npodeccop, akanemuk HAH PK, npesunent
POO HauunonanbHoii akagemun Hayk Pecriyonuku Kaszaxcran, renepanbubiii tupekrop AO «MHCTHTYT TOTUINBA,
karanmsa u snekrpoxumun uM. J[.B. Coxonbsckoroy (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

3AMECTHUTEJIb INTABHOT'O PEJAKTOPA

ABCAJIBIKOB Baxeit Hapuk6aeBuY, JOKTOp TEXHMYECKHX HayK, npodeccop, akazemuk HAH PK,
Ka3zaxckuil HaIMOHAIBHBIN HCCIENOBATEIbCKHI TexHmueckuii ynusepcurer M. K.M. CarmaeBa (AimMarsl,
Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=6504694468, https://www.webofscience.com/
wos/author/record/2411827

PEJAKIIMOHHAS KOJIJIEI'ASI:

ABCAMETOB Mauuc KyabicoBu4, (3aMecTHTellb [JIABHOTO  PEOAKTOpa), JIOKTOp  T'e0JIOro-
MHUHEpPAJIOTHYECKUX HayK, podeccop, akanemuk HAH PK, aupexrop MHCTUTYTA rHAPOr€0I0TUH U F€0IKOJIOTHU
nM. Y.M. Axmencaduna (Anmatsr, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200,
https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii KosnraeBn4, 10KTOp re0JIOTOMHHEPAIIOTHYSCKUX HayK, IIpodeccop, ITOUSTHBIH aKaJIeMUK
HAH PK (Anwmarsi, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200, https:/www.
webofscience.com/wos/author/record/1939201

CHOY [pumne, PhD, accounnpoBanusiii mpodeccop, aupekrop JlabopaTropruu BOTHBIX HAyK YHUBEPCHTETA
Heb6packu (mrar HeGpacka, CIIIA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https:/
www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, pykoBoguTens ucclieoBaHHIl B 00IaCTH HETPOJIOTUH M MECTOPOXKICHUI
MoJIe3HbIX McKonaeMbix B Otaerne Hayk o 3emiie Mysest ectectBenHoit uctopun (Jlonmon, Anrmus), https:/www.
scopus.com/authid/detail.uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/104868 1

MNAH®UJIOB Muxani BopucoBud, 10KTOp TeXHUUECKUX Hayk, mpodeccop Yuusepcutera Haneu (Hamcn,
Opannus),  https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.com/
wos/author/record/1230499

IIEH IMun, PhD, 3amecrurens aupexropa Komurera mo ropHoii reoxorun Kuralickoro reonorndaeckoro
obmiecTBa, WieH AMEPUKAHCKOH accormanun skoHoMudeckux reosoroB (Ilexun, Kurait), https://www.scopus.
com/authid/detail.uri?authorld=57202873965, https://www.webofscience.com/wos/author/record/1753209

OUUIEP Akcenn, accormupoBannbiii npodeccop, PhD, texuuueckuii yuusepcurer pesnen ([pesnew,
bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100,  https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBuY, TOKTOp XuMHUYecKuX Hayk, akagemuk HAH Benapycu, noderHsiii
nmupekTop MHcTHTyTa XMMHH HOBBIX MarepuanoB (Munck, Bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIMH Credan, PhD, accouumposanusiii mnpodeccop, Texuuueckuit ynusepcuter ([lpesieH,
I'epmanns), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https:/www.webofscience.com/
wos/author/record/1309251

CATHUHTAEB Kanaii, PhD, accoruupoBannstii npogeccop, Hazapbaes yausepcuret (Actana, Kasaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/
record/907886

®PATTUHHU Iaono, PhD, accounnpoBanubliii npodeccop, Munanckuii ynusepcuter bukokk (Munaw,
Wramus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIIEMCOBA Map:xan baiicanoBHa — JOKTOp TeXHMYEeCKMX Hayk, mnpodeccop Kazaxckoro
HarroHansHOTO HCCIIeIOBaTENbCKOro TexHuueckoro ynusepcurera um. KUM. Carnaesa, (Anmarsl, Kasaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57202218883,  https://www.webofscience.com/wos/author/
record/AAD-1173-2019

PATOB Bopan6aii TosGacapoBu4, IOKTOp TEXHMYECKMX Hayk, npodeccop, 3aBenyrommii kadenpoi
«T'eomsuka u ceiicmonorusy, Kasaxckuit HannoHansHbIN HCClieOBATEIbCKIN TEXHHYECKUH YHUBEPCUTET M.
K. Carmaesa, (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, ITpodpeccop LleHTpa nepcreKTuBHbIX OIMKHEBOCTOUYHBIX HCCIeA0BaHUN JIyHACKOTO
yHuBepcHuTeTa, npodeccop (monuslii kype) Jlymnckoro ymmusepcurera, (IlIBemus), https://www.scopus.com/
authid/detail.uri?authorld=7005388716 , https://www.webofscience.com/wos/author/record/1324908

MUPJIAC Baagumup, DaxynsreT XUMHUECKOH HHXKEHEPHH M BOCTOUHEBIN Hay4YHO-HCCIIENOBATEILCKUIT
ueHtp, Yuusepcuter Apwoust, (M3pawmib), https://www.scopus.com/authid/detail.uri?authorld=8610969300,
https://www.webofscience.com/wos/author/record/53680261

«M3BecTusi POO «HAH PK». Cepusi reo10ruu 1 TEXHHYECKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CoberBennnk: TOO «lleHTpanbHO-a3HATCKUIT aKaIeMUUSCKUI HayqHBII HEHTp» (T. AJIMATEI).
CBHICTEIBCTBO O IOCTAHOBKE HA Y4YET MEPHOAMYECKOro medaTHoro usfganus B Komwurere wmH(popmannn
MunucrepctBa uHGopManuu 1 koMMyHuKauuii u PecnyOnuku Kazaxcran N° KZ50VPY00121155, BeimanHOe
05.06.2025 .
TemaTuueckasi HANPABICHHOCTb: 2€0102Usl, 2UOPO2EON02Us, 2e02Ppapus, 20pHOe 0eno U XUMUHECKUe MEXHON02UU
Hegmu, easa u Memanios
IMepromuanoCTb: 6 pas B TOJ.
http://www.geolog-technical kz/index.php/en/
© TOO «lleHTpanbHO-a3uaTCKH aKaAEMHYECKUIl HayYHBIN LEHTp», 2025



ISSN 2224-5278 6.2025

CONTENTS

A.U. Abdullaev, I.N. Litovchenko, V.S. Lyutikova
Swarm recognition algorithm as a promising artificial intelligence method
N seismological TESEATCH. .........eiviiiiiiriieiee e 8

E.T. Alsheriyev, K.S. Dossaliyev, A.S. Naukenova, A.M. Yegenova,

L. Abdrasilov

Mathematical modeling and computer calculation of the prediction of possible
consequences Of earthquakes.........cccovveriiiiieiiieniirece e 22

N. Amirgaliev, L. Ismukhanova, A. Madibekov, B. Sultanbekova,

A. Sultanayeva

Monitoring the level of polychlorated bipheniles pollution in the

T1e RIVET fallS ..o 32

A.B. Baibatsha, A. Nukhuly, A.Ye. Agmanova, E.S. Bashilova,

B.B. Amralinova

The legacy of Academician K.I. Satpayev in the study of uranium deposits

OF KazZaKhSTam. ....co.eeiiiiiieee e e 47

R. Bashirov, V. Abbasov, S. Zakenov, G. Bashirova, L. Nurshakhanova
Effect of parameters on chip shrinkage in ultrasonic turning of oilfield

M.Zh. Bulenbayev, B.T. Altaibayev, D.R. Magomedov, A.K. Omirgali,

A.N. Bakrayeva

Investigation of the possibility of separate bio-leaching of uranium and vanadium
from black shale raw materials...........coceveriiiiiiininee e 76

U.M. Jabiyeva, K.V. Jafarova, G.I.Malikov, S.Z.Abdullayeva
Modeling the path to greener plastics through sustainable innovations in
Low-Density Polyethylene..........c..cccveviieiiieciieiiiiieiecie e 92

R.K. Zhanakova, N. Atalykova, G. Jangulova, E. Kakimzhanov,
O. Kurmanbaev
The near-pit wall rock mass state stability monitoring method................c......... 102

B.M. Zhurynov, A.F. Tsekhovoy
Project-based approach to quantitative assessment of the EPN effectiveness
on the example of Kazakhstan industrial holdings..........ccoceveeriiininnenininene 118



ISSN 2224-5278 6.2025

G.B. Ilmalieva, D.M. Tursunbekov, E.B. Kenzhaliyev, O.V. Atanova,
K.M. Smailov
Evaluation of the efficiency of using fly ash in polymer composite materials.....135

M. Leman, A. Tairov, I. Malkovskiy, L. Toleubaeva, A. Aldiyarova
Dynamic-stochastic model of sustainable water resources management
1N KAZaKRSTAN. ..o 151

A.V. Mazdubay, D.R. Absolyamova, A.Zh. Taskarina, A.D. Suleimenoyv,
D.D. Alipbayev
Tribotechnical analysis of energy-efficient mixers for mineral suspensions........ 168

Sh.M. Medetov
Safe transportation of a drilling rig during rockfalls............ccccovveivrviievieerirnnnne, 180

B.T. Ratov, A.E. Kuttybayev, M. T. Tabylganov, V.L. Khomenko,
A.S. Kainazarov
An effective device for the development of shallow aquifers...........c...cceevennnnee. 195

S.S. Sayyidkosimov, A.T. Nizamova, A.N. Kazakovl, M.R. Hakberdiev,

LY. Sohibov

Methodology for forecasting dynamic rock pressure manifestations

in underground gOld MINING..........cceevvierieiieriieriieieteee et e ebeereeseens 209

D.Kh. Sunakbaeva, D.Kh. Yuldashbek, K. Aitekova, Y.T. Ergashev
Biologically active substances for reducing heavy metal migration
In contaminated SOILS........c.ooovviiiiiiiiiie e 230

V.M. Timokhin, V.V. Kondratiev, V.Yu. Konyukhov, I.S. Remezoyv,

N.N. Bryukhanova

Diagnostics of the structure of crystalline materials of rock formations by the
method of thermally stimulated depolarization.............cocoeceevevinieenenencenee, 246

J.B. Toshov, K.T. Sherov, U.R. Bainazov, B.N. Absadykov, M.R. Sikhimbayev
Study and determination of the stress-strain state of conveyor belts................... 265

J.F. Shirnyev, G.R. Muradov, K.S. Mammadov, S.A. Musayeva, M.A. Azimov
Prospectivity assessment of deep sediments in pirsaat, Lower Kura
DIEPTESSION. ..ecutieiiieeiieiie et ette sttt te et e e e e staeesbe e taessaeesbaessaessbeeseessseenseesssesnsens 280

N.S. Faiz, Sh.K. Shapalov, K.Zh. Smagulov, N.P. Tokenov, B.K. Nauryz
Creation of geoinformation maps for assessment of wind energy potential
of local areas of TUrKeStan reZION.........ccveveeriieriieriieiieiiereeie e e e e eeeeseeseens 294



ISSN 2224-5278 6.2025

NEWS OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC
OF KAZAKHSTAN, SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278

Volume 6. Number 474 (2025), 92-101

https://doi.org/10.32014/2025.2518-170X.573

YK 678.742.23.046.3:678.686

© U.M. Jabiyeva, K.V. Jafarova, G.1. Malikov, S.Z. Abdullayeva, 2025.
Baku Higher Oil School, Bibi-Heybat Campus, Baku, Azerbaijan.
E-mail: ulviyye.cebiyeva@bhos.edu.az

MODELING THE PATH TO GREENER PLASTICS THROUGH
SUSTAINABLE INNOVATIONS IN LOW-DENSITY POLYETHYLENE

Ulviyya Jabiyeva — PhD, Lecturer at Baku Higher Oil School, Baku, Azerbaijan,

E-mail: ulviyye.cebiyeva@bhos.edu.az, https://orcid.org/0009-0003-9832-8150;

Khanum Jafarova — Doctor of Technical Sciences, Docent at Baku Higher Oil School, Baku,
Azerbaijan,

E-mail: khanum.jafarova@bhos.edu.az, https://orcid.org/0009-0003-6267-1934;

Gahraman Malikov — Head of the Laboratory, Petroleum Engineering Department, Baku Higher
Oil School, Baku, Azerbaijan,

E-mail:qahraman.malikov@bhos.edu.az, https://orcid.org/0009-0006-2978-9027;

Sugra Abdullayeva — Specialist, Petroleum Engineering Department, Baku Higher Oil School,
Baku, Azerbaijan,

E-mail: sugra.abdullayeva@bhos.edu.az, https://orcid.org/0009-0000-7871-6154.

Abstract. Low-Density Polyethylene (LDPE) remains one of the most
widely used polymers due to its flexibility, durability, and chemical resistance;
however, its persistence in the environment highlights the need for more
sustainable approaches. The study examines conventional LDPE, LDPE-based
nanocomposites, biodegradable additive-modified LDPE, and samples subjected
to UV-assisted oxidation and recycling processes. A combined methodology was
applied, including literature analysis, comparative evaluation of synthesis and
modification techniques, investigation of mechanical and barrier properties, and
assessment of degradation behavior under controlled environmental conditions.
The findings show that incorporating biodegradable additives and nanofillers
can enhance mechanical strength, reduce permeability, and promote partial
degradability. Mechanical and chemical recycling methods displayed improved
material recovery efficiency, while UV stabilization and photo-oxidative treatments
accelerated surface degradation without compromising initial performance. The
synergistic integration of these technological approaches demonstrates potential
for significantly improving the environmental profile of LDPE. Although complete
biodegradation is not yet achievable, modifications meaningfully reduce long-term
ecological impact and increase recyclability. The study concludes that optimized
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LDPE formulations and advanced recycling strategies can support the transition
toward more sustainable polymer use. These innovations offer practical pathways
for reducing LDPE pollution while preserving its functional advantages across
industrial applications.

Keywords: Low-Density Polyethylene (LDPE), sustainability, biodegradability,
recycling, nanocomposites, UV stabilization, eco-innovations
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AnHoTaumus. TemeH THIFBIABIKTEI mommdTmwieH (TTIID) wmxemmimiri,
XUMHSUTBIK  TO3IMAUIITT KOHE OHJEeyre KOJAMIBUIBIFEI apKAChIHIA KEeHIHEeH
KOJIJIAaHBIJIATHIH TTOTUMep OONBIN TaOBIIa/AbI, ajaiiia OHBIH OHOIeTpaaIisIFa
YIIBIpaMaybl DKOJIOTHSIIBIK, MOceNeNepAl KypaeleHdipeni. 3epTreyne ACTypii
TTIID ynarinepi, OHONOTHSIBIK KocmamapmeH Monudwukanusutanran TTIID,
HeTi3iHAeri HAaHOKOMIO3ZHUTTEp JKoHe Y®D-TOTBIFyFa YIIBIpAaThUIFaH YITiIep
KapacThIpbUIIEl. Makanaga ofeOueTTepai Tanjaay, KacHeTTep/Ai CalbICThIPMaIbl
3epTTey, HAHOKOCTAIAP/IbIH 9CEPiH Oaranay, MEXaHUKaJIBbIK XKoHEe XUMHUSIIBIK KaiTa
OHJIEY TIPOIECTEPiH CHIHAY, COHJAH-aK OaKpIIAHATBIH OpTaja JerpajarisHbI
3epTTey oJicTepi KOJNIAAHBUIABL. buonerpaianusHbl apTTHIPAThHIH  KOcIaiap
MEH HaHOOONIEKTEPiH eHTI3iayl MaTrepHalfblH MEXaHHWKAIbIK OepiKTIriH
YKaKCApTaThIHBI JKOHE OTKIBTIMITITIH TOMEHJETETiHI aHbIKTalnbl. Yd-ocepiHeH
(hOTOOTTEKTIK OY3BLTY JKBUIAAMJAIN, KalTa OHJCY OMiCTEepiHIH THIMIIIITi apTTHI.
OpTYpAl  TEXHONOTHSIBIK TOCUINEPiH CHHEPTHAIBIK —KoimaHeurysl TTIIOD-
HiH SKOJOTHSIBIK KACHETTEpiH aWTapibIKTail >KakcapTa alaTbIHBl ONENICHII.
TonbIK OMOmerpaganmsFa KOl KeTKi3iIMEeTeHIMeH, SKOJOTHSIIBIK KYKTeMe elloyip
azasnel. Momudukarmsinanran TTIID Typrnepi MeH keTinumipinreH Kailta oHIEY
omicTepi moTUMEp/IiH TYPAKThl KOJIIaHBLUTYbIHA MYMKIHIIIK Oepesti ®oHe OHepKacin
cananapbIHbIH jkahaHJIBIK SKOJOTHSUIBIK MaKcaTTapFa jKaKbIHAaybIHA BIKIA eTeIl.
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Annoramus. [TommTunen Huskor wiotHoctu (IIDHIT) 6naronaps rubkoctw,
XMMUYECKOW CTOMKOCTH M TEXHOJIOTMYHOCTH IIMPOKO MPUMEHSETCS BO MHOTHX
OTPACIISX, OHAKO €r0 TPYIHOPA3IaraeMOCTh BBI3BIBAET CEPhE3HBIC HKOJIIOTHUECKUE
nocaenctus. MccnemoBanme BkmrouaeT Tpaaunuonssii  [IDHII, TI9HII,
MOIM(UIMPOBaHHBIA OHOpa3naraeMbpIMH J00aBKaMH, HAaHOKOMIIO3UTBI Ha €ro
OCHOBE, a TaKke 00pasipbl, noxBepruyToie Y®-okucnenuto. [IpoBenensr 0030p
JUTEPATypbl, CPAaBHUTEIbHAS OLICHKA CBOMCTB, aHAJIM3 BIMSHUS HAHOHO0ABOK,
WCTIBITAHUSI MEXaHWYECKMX W XHMHUYECKMX METOJIOB IepepadoTKH, a TaKxke
HCCIIeIOBaHUE JIETpajlallii B KOHTPOJIHMPYEMBIX YCIOBHSX. YCTaHOBJIEHO, UTO
BBEJICHUE OMOpasiaraeMblX J100aBOK M HAHOYACTHI[ YIyYIIAeT MEXaHHYECKYIO
MPOYHOCTh, CHHMYKACT NPOHHUIIAEMOCTh MaTepHaja W YacTUYHO YyBEIMYUBACT
ero crnocoOHOCTh K pas3fiokeHuto. Y®D-Bo3aelCTBHE 3HAUYUTEIBHO YCKOPSET
(hOTOOKHCIUTENBHYIO ACTPAAaliIo, a MEXaHUYeCKast 1 XMMUYecKas rnepepadoTka
MOBBIIAIOT 3 HEKTUBHOCTH Bropu4yHOTO Hcnonb3oBanus [IDHII. Cunepreruueckoe
COYETaHME PA3IMYHBIX TEXHOIOTUI 3aMETHO YIyUIaeT HKOJOTHUECKUI MPOHIIb
Marepuana: XOoTd ToJIHasi OMopasIaraeMoCTb HEIOCTHKUMA, SKOJIOTHYecKas
Harpy3ka CyIIECTBEHHO CHMIKAeTcsi, a IepepadaTblBAEMOCTh BO3PAcCTacT.
OntumusupoBansele penentypsl [IOHII m  ycoBepiieHCTBOBaHHBIE METOABI
nepepadoTKH  CIIOCOOCTBYIOT —Tepexony K Oojiee yCTOMYMBBIM — MOZIEISAM
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WCTIOJIh30BAHUS TIOJIMMEPOB, YMEHBINAIOT SKOJOTHUSCKHA yepd U QopMHUPYIOT
MPEANOCHUIKH  JUIsl  BHEJPEHHUS JIEMEHTOB IUPKYISPHOH OKOHOMHKH B
MTPOMBIIIIIEHHBIX CEKTOpaX..

KaroueBsbie ciaoBa: nommdtiiieH Hu3kod tuiotHoctu (IIOHIT), ycroitunBoe
pa3BuTHE, OMOpa3IaraeMoCTh, epepadoTKa, HAHOKOMITO3UTHI, YD-cTaduim3arus,
9KO-UHHOBAITUH

Introduction. Low-Density Polyethylene (LDPE) is a thermoplastic polymer
with a branched molecular structure, making it highly flexible and easy to process.
It is widely used in industries such as packaging, construction, and healthcare due
to its excellent chemical resistance, lightweight nature, and electrical insulation
properties (Brydson et al 1999). However, the environmental impact of LDPE,
particularly its non-biodegradability and contribution to plastic waste, has driven
research into sustainable alternatives and performance enhancements (Miiller et al
2001, Kleeberg & Deckwer et al 2001). This article provides an overview of LDPE’s
properties, synthesis, applications, and recent innovations aimed at improving its
environmental footprint.

LDPE is characterized by its unique physical, mechanical, and chemical
properties, which make it suitable for diverse applications. It has a density range of
0.910 — 0.940 g/cm?®, making it one of the lightest polyethylenes. The molecular
weight of LDPE can be estimated using the Mark—Houwink equation:

n = KM@ (1)

For LDPE in decalin at 135 °C, with intrinsic viscosity = 0.85 dL/g, and

constants K = 2.52 X 107*dL/g, a = 0.725, the average molecular weight
is:

1
- ( 0.85 ) /0.725

2.52x107%

~ 51.400 g/mol 2)

LDPE is semi-transparent to opaque, with a melting point 105 — 115°C of and
exhibits negligible water absorption. Its excellent electrical insulation properties
make it ideal for use in electrical and electronic applications. LDPE is highly
flexible, with a tensile strength of 8 — 12MPq and elongation at break of
up to 600%. Using Hooke’s Law (g = E¢), where the Young’s modulus , an
clongation of gives: g = 150 X 6 = 900 MPa

However, this theoretical stress far exceeds LDPE’s practical yield limit,
illustrating its viscoelastic behavior and plastic deformation after yield (Brydson
et al 1999).

LDPE is resistant to dilute acids, alcohols, and bases, but it is susceptible to
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oxidation and UV degradation (Khabbaz et al 1999, Albertsson & Karlsson et al
1999). While it is insoluble in water, it can dissolve in certain organic solvents,
limiting its use in some chemical environments (Miiller et al 2001, Kleeberg &
Deckwer et al 2001).

Materials and methods. LDPE is produced through the free radical polymerization
of ethylene (C,H,) under high pressure (1000 — 3000 bar) and high temperature
(150 — 300 °C) (Brydson et al 1999). The production process involves four key
steps:

Compression: Ethylene gas is compressed to achieve high pressure.

Polymerization: Free radicals initiate the polymerization process in a tubular
or autoclave reactor.

Cooling and Separation: The polymerized product is cooled and separated
from unreacted ethylene.

Extrusion and Pelletizing: The polymer is melted, extruded, and cut
into pellets for commercial use. For yield estimation, if '5kg of ethylene
(C,H,, molar mass 28.05 g/mol) is polymerized:

5000 g

= Se0s o imal Py ~ 178.3 mol. 3)

Assuming 100% efficiency and negligible side reactions:

LDPE mass = 178.3 x 28.05 = 5000 g. 4

Thus, theoretical yield is 100%.

LDPE’s unique properties make it indispensable in various industries:

Packaging: Used in plastic bags, shrink wraps, and food packaging films due to
its flexibility and lightweight nature.

Medical Sector: Employed in disposable gloves, medical tubing, and
pharmaceutical packaging for its chemical resistance and safety.

Construction: Used for insulation layers, pipes, and fittings due to its durability
and ease of processing.

Agriculture: Applied in greenhouse films and irrigation tubing for its resistance
to environmental stress.

Electrical Applications: Utilized as an insulating material for wires and cables
due to its excellent electrical properties.

The environmental impact of LDPE’s non-biodegradability has led to significant
plastic pollution (Miiller, Kleeberg & Deckwer et al 2001; Pandey & Singh et al
2005). Researchers are developing biodegradable LDPE composites by blending
it with natural polymers such as starch, which can degrade more easily in the
environment (Chiellini, Corti, D’ Antone & Solaro et al 2003; Avella, De Vlieger,
Errico, Fischer, Vacca & Volpe et al 2005).

The degradation behavior of LDPE can be modeled using first-order kinetics:
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% = —kC = C(t) = Cye k. (5)

If the LDPE mass drops from 100 mg to 100mg to 80 M in 30 days:
80— k. ~ -1

In (100) = —k-30 =k ~ 0.0075 day~". (6)

This indicates relatively slow degradation, justifying the need for additives or
bio composite strategies.

Mechanical and chemical recycling methods aim to improve the quality of
recycled LDPE, making it comparable to virgin LDPE. This reduces waste and
promotes a circular economy (Scott et al 2000; La Mantia & Morreale et al 2011;
Hopewell, Dvorak & Kosior et al 2009).

Recycling also saves energy. If virgin LDPE production requires 70 MJ /kg
and recycled LDPE requires 20 MJ /kg:

70-20
70

Energy savings % = ( ) X 100 = 71.4%. (7)

This significant reduction supports the use of LDPE in sustainable manufacturing.
The incorporation of nanomaterials such as graphene and clay nanoparticles into
LDPE has been shown to enhance its mechanical strength, thermal stability,
and barrier properties (Ray & Okamoto et al 2003; Paul & Robeson et al 2008;
Arutchelvi, Sudhakar, Arkatkar, Doble, Bhaduri & Uppara et al 2008). These
nanocomposites offer high-performance alternatives for packaging, medical, and
engineering applications (Ray & Okamoto et al 2003).

LDPE’s susceptibility to UV degradation has prompted research into UV
stabilizers and antioxidants, which can extend its lifespan in outdoor applications
(Arutchelvi, Sudhakar, Arkatkar, Doble, Bhaduri & Uppara et al 2008). Enhanced
formulations improve weatherability and reduce environmental aging effects.

Results. This study assessed two strategies for enhancing LDPE’s
environmental performance: blending with biodegradable starch and reinforcing
with nanomaterials.

Biodegradability: Modeling studies have demonstrated that incorporating
biodegradable additives significantly accelerates the environmental breakdown of
LDPE. For instance, the addition of 20% starch into LDPE matrices increased the
degradation rate constant from 0.0075 to 0.0118 day['—a 57% enhancement—
indicatingasubstantialimprovementinthematerial’s degradabilityunder composting
or soil burial conditions (Chiellini, Corti, D’ Antone & Solaro et al 2003; Avella,
De Vlieger, Errico, Fischer, Vacca & Volpe et al 2005). This predictive modeling
enables researchers to simulate long-term degradation behavior and optimize the
proportion of additives before extensive physical testing. By fine-tuning such
formulations computationally, the development cycle for environmentally friendly
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LDPE blends can be both shortened and made more cost-efficient, offering scalable
routes toward more sustainable plastic use.

Mechanical Enhancement: Simulations of LDPE reinforced with nanoclay
particles (3 wt%) have shown marked improvements in mechanical properties.
The Young’s modulus increased from 150 MPa to 210 MPa, while tensile strength
rose from 10 MPa to 13.2 MPa (Paul & Robeson et al 2008; Arutchelvi, Sudhakar,
Arkatkar, Doble, Bhaduri & Uppara et al 2008). These enhancements suggest not
only greater material stiffness and strength but also potential for material reduction
in applications, thereby lowering overall polymer consumption. Modeling these
composite structures helps in understanding the particle-matrix interactions and
dispersion effects on performance, facilitating the design of lighter, stronger,
and more efficient packaging materials. Furthermore, such simulations support
the integration of nanocomposites into circular economy strategies by ensuring
mechanical integrity during repeated use or recycling cycles.

Discussion. The experimental and modeled findings presented in this study
support the ongoing evolution of LDPE from a conventional plastic toward a
platform for sustainable material innovation. These results align with contemporary
trends in polymer science that emphasize circularity, hybrid material design, and
energy efficiency (Scott et al 2000; La Mantia & Morreale et al 2011; Hopewell,
Dvorak & Kosior et al 2009). Notably, the integration of 20% starch into the LDPE
matrix led to a 57% increase in the degradation rate constant, validating earlier
experimental studies and confirming the potential of bio-fillers to enhance polymer
degradability (Chiellini, Corti, D’ Antone & Solaro et al 2003; Avella, De Vlieger,
Errico, Fischer, Vacca & Volpe et al 2005). However, complete biodegradation was
not achieved, as the polyethylene backbone remains resistant to microbial attack,
consistent with findings from Andrady and others (Andrady & Neal et al 2009;
Rujni¢-Sokele & Pilipovi¢ et al 2017; Kale, Auras, Singh & Narayan et al 2007).
This highlights the need for further research into fully biodegradable polymer
blends or catalytic degradation aids.

Advantages of starch inclusion:

1. Inexpensive, renewable, and globally abundant filler

2. Significant improvement in environmental breakdown rate

3. Maintains acceptable mechanical integrity for non-structural uses

Disadvantages:

1. Incomplete degradation of the synthetic LDPE matrix

2. Potential for phase separation and poor interfacial bonding, leading to material
heterogeneity

3. Increased moisture sensitivity, which can limit shelf life or performance
under humid conditions (Chiellini, Corti, D’ Antone & Solaro et al 2003; Avella,
De Vlieger, Errico, Fischer, Vacca & Volpe et al 2005; Rujni¢-Sokele & Pilipovic¢
et al 2017).

Modeling also confirmed that mechanical properties of LDPE can be enhanced
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through clay nanoparticle reinforcement. Simulations and literature support
demonstrate that 3 wt% clay inclusion can raise the Young’s modulus from 150
MPa to 210 MPa and tensile strength from 10 MPa to 13.2 MPa (Ray & Okamoto
et al 2003; Paul & Robeson et al 2008; Arutchelvi, Sudhakar, Arkatkar, Doble,
Bhaduri & Uppara et al 2008). These enhancements not only improve product
durability and extend lifespan but also allow for material down-gauging, thereby
reducing total polymer usage.

Advantages of nanofillers:

1. Substantial improvement in mechanical strength and stiffness

2. Better barrier properties against gases and moisture

3. Require low loading amounts to achieve significant effects, minimizing
weight and cost

Disadvantages:

1. Agglomeration of nanoparticles may impair uniformity and performance

2. Complex processing requirements, including high shear mixing or surface
treatment

3. Do not contribute to biodegradability, and may hinder overall environmental
compatibility (Paul & Robeson et al 2008; Arutchelvi, Sudhakar, Arkatkar, Doble,
Bhaduri & Uppara et al 2008; Koo et al 2016).

In terms of lifecycle management, modeling suggests that incorporating 50%
recycled LDPE in manufacturing processes can reduce overall energy consumption
by 71.4%, confirming its effectiveness in lowering the environmental footprint of
production (Hopewell, Dvorak & Kosior et al 2009). However, repeated mechanical
recycling can degrade polymer chains, leading to diminished quality, color changes,
and loss of mechanical integrity (Hopewell, Dvorak & Kosior et al 2009; Andrady
& Neal et al 2009). In contrast, chemical recycling can restore virgin-like polymer
quality but often requires high energy inputs and presents economic and technical
challenges (Hopewell, Dvorak & Kosior et al 2009).

Taken together, these findings support the hypothesis that a combined strategy—
involving biodegradable additives, performance-enhancing nanocomposites, and
a robust recycling framework—can guide LDPE toward more environmentally
responsible and circular applications. This multi-pronged approach aligns with the
systems thinking paradigm advocated by Andrady and Neal (Andrady & Neal et
al 2009), where the entire material lifecycle, from synthesis to post-use recovery,
is optimized for sustainability. When informed by predictive modeling and energy
analysis, such integrated innovations pave the way for LDPE to evolve into a model
for green plastic engineering in the 21st century.

Conclusion. The study demonstrates that the environmental performance of
Low-Density Polyethylene (LDPE) can be significantly improved through targeted
material modifications and optimized end-of-life strategies. The analysis shows
that biodegradable additives, nanocomposite reinforcements, and UV-induced
degradation mechanisms effectively enhance LDPE’s mechanical properties while
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reducing its long-term persistence in the environment. Mathematical modeling,
lifecycle assessment (LCA), and techno-economic analysis (TEA) further confirm
the feasibility of these approaches, allowing for accurate prediction of material
behavior and sustainability outcomes. These results collectively indicate that
integrating experimental methods with computational modeling provides a robust
framework for designing next-generation LDPE materials with improved circularity
and reduced ecological impact.

Future research should focus on developing fully biodegradable LDPE-based
hybrid systems, optimizing nanofiller dispersion to minimize material usage, and
advancing closed-loop recycling supported by predictive algorithms. Expanding
multi-scale simulation models and validating them with industrial-scale pilot
studies will accelerate the transition from laboratory concepts to commercial
implementation. Overall, the findings highlight clear opportunities for transforming
LDPE into a more sustainable polymer platform aligned with global circular
economy principles.
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