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Anomauin: 30invuienns 3a0pyOHeHHs OO0BKILISL MPAOUYIUHUMU NAACMUKAMU HA OCHOBI
Hagmu cmano 6a)ciugorw NPUYUHOW AKMUBHO20 PO3BUMK)Y OIOpO3KIAOHUX Mamepianis, sKi
8UCOMOBIAIOMb 3 GIOHOBIIOBAHOI CUPOBUHU, 30Kpema noaimonounoi kucromu (I1JI4). Cepeo
YUCAEeHHUX Gopm il 3acmOoCy8aHHs 3HAUHUU THMepeC BUKIUKAIOMb 8OOHI OUCNepPCii, SIKI MOXNCYMb
Oymu 8UKOPUCAHT 011 CMBOPeHHsL (PYHKYIOHATbHUX NOKpummis abo niigok. OOHax cmabinbHicmb
makux oucnepciii ma Mop@onocisi YACMUHOK 3HAYHOK MIPOI0 3aNexcamsv 6i0 MeXHONOIUHUX
napamempis npoyecy ix ooepowcanua. Y yii pobomi npedcmasieno pe3yibmamu O0CHIOHNCEHHs
BNIUBY MEXHONI02IYHUX napamempis Ha ompumanns I1JIA-oucnepciti. Byno po3pobreno memoouxy
ompumanHs cmabinbHoi oucnepcii wiiaxom oucnepeysanus poszuuny IIJIA y ouxnopmemani 8
npucymuocmi 3mouygada SDS 3a HU3bKOWBUOKICHO20 nepemiuty8aHHs, NOCMYN08020 HAPIBAHHS
ma nooanvwioi cmabinizayii cucmemu 32yugyéavem. Ycmanoseieno, wo ouxaopmemar 3abesneyye
PIBHOMIpHe UNAapo8y8anHs ma 00360J1A€ YHUKHYMU NepeoyacHoi Koa2ynayii YaCmuHoK, Ha 8iIOMIiHY
8i0 emunayemamy, AKUU NPOOEMOHCMPY A8 HeOOCMAMHIO eheKMUsHICmb y yboMy npoyeci. Taxoorc
Oyn0 6CmMaHo8NeHo, WO VIbMpa3eykosa 00pobKa 6 3acmoco8aHux yMoeax He 3abe3neuye
3MeHueH A po3mipy yacmunok. Ompumani pe3ynibmamu 003601UNU BUSHAYUMU ONMUMATbHI YMOBU
dopmysanns I1JIA-Oucnepciii 3 uacmuHKamu MiKpOHHO20 PO3MID).

Knrwowuosi cnosa: I1JIA, Oucnepcis, MiKpouacmuHKu, OUXJIOPMEmaH, YIbmpa3eyKoed
obpoodxa.

301blIeHHST 3a0pYJHEHHS JOBKULIS TPAAULIMHUMU IJIACTUKAMH Ha OCHOBI
HAaQTH CTAJO0 BAXJIMBOK NPHYMHOIO AaKTUBHOTO PO3BUTKY Oi0OpO3KIaTHUX
MaTepialiB, sIKI BATOTOBIISIIOTH 3 BiAHOBIIOBaHOI cupoBuHH [1]. Cepen Giomomimepis

nonimosiouHa kuciota (ITJIA) mocinae oHe 3 MPOBIAHUX MICIb 3aBJSKHU IMO€THAHHIO
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TaKUX XapaKTEPUCTHUK, SK O10pO3KIaJAHICTh, TEPMOIUIACTUYHICTh, OIOCYMICHICTD,
JOCTYMHICTh CUPOBUHU Ta O10BIAHOBIIOBAHICTh. 3TIAHO 3 MPOTHO3aMH, Y MEpiof 3
2024 mo 2029 pik puHOK OiOMOJIMEpIB JEMOHCTPYBaTHUME CTIHKE 3pOCTaHHS 13
CepeIHbOPIYHUM TeMIOM O5u3bko 18 %, mpuyomy HaiiOiIblla YacTKa MpUnagaTuMe
came Ha IIJIA [2]. Lle 3pocTaHHs BiAKpHUBAa€ HOBI MOXKJIMBOCTI JJISi 3aCTOCYBAaHHS
ITJIA B pi3HHX Taiy3sX, 30KpeMa B BUPOOHHUIITBI €KOJIOTTYHO O€3MEeYHUX MOKPUTTIB
Ha BOJHIN OCHOBI.

3a3Buyall TeXHOJIOTIi OTPUMAaHHS JUCIEPCi BKIHOYalOTh po3unHeHHs [1JIA B
OpraHIYHOMY PO3YMHHHKY, TUCIEPIyBaHHS HOro y BOJAHOMY CEPEIOBHILI, a MOTIM
BUIIAPOBYBaHHS PO3YMHHMKA, IO MPU3BOAUTH A0 YTBOpeHHs yacTuHOK [1JIA y Boi.
Onnak CcTaOUIBHICTh TaKUX JUCTEPCid 1 po3Mipu cHOPMOBAHMX YACTMHOK Oarato B
YoMy 3ajJieKaTh BiJ] YMOB IXHBOTO OTPHUMaHHS - 30KpeMa, BiJ BUOOPY PO3UMHHHUKA,
TEeMIepaTypHu, CKJIaay BoAHOI (pa3u Ta pexxumy nepemimyBanus [3]. 3 ornsay Ha 1€,
B poOOTI TPOBEACHO JOCIIPKEHHsS BIUIMBY TEXHOJIOTIYHUX IapaMeTpiB Ha
dbopmyBanas [IJIA-mgucnepciit, s onTUMI3arii yMOB OTPUMAaHHS CTaOUTBHOI
CUCTEMH.

3 mi€ro MeTo Oyno po3poOJEHO EKCIEPUMEHTAIbHY METOAUKY OTPUMAaHHSA
[IJTA-mucnepciit. Ha mouatkoBoMy ertami, 3a temmepatrypu 25 °C 3mificHIOBAIH
posuunenHs 0,17 r HaTpiit noaemmicyiabdaty (SDS) y 42,86 M1 IUCTHILOBAHOI BOJIU
3 BUKOPUCTaHHSIM BEPXHbONPUBIIHOT MIITAJIKK 32 MIBUAKOCTI 00epTaHHs He Buie 40
00/xB. ITinTpuMaHHs HU3BKOI MIBUAKOCTI MEepEeMilllyBaHHS OyJI0 KPUTHYHO BAXKJIUBUM
JUIsl 3aro0iraHHsl 1HTEHCUBHOMY ITIHOYTBOPEHHIO, SIK€ YCKJIAIHIOBAJIO PIBHOMIPHUMN
po3noain kommoHeHTiB. Ilicas moBHoro pos3umaeHHs I[IAP (SDS), B cywmim
noctynoBo BBoauian 40 miu 15% pozuuny nonunakruny (PLA 4060d, Natureworks) B
auxjaopMmetani. Bulip nuxmopMeraHy sK pO3YMHHHKA OOYMOBJIEHHH HOTO
ONTUMAJbHOIO MIBUAKICTIO BHUMapoByBaHHs. [Ipomec mnepemilnyBaHHS TpUBaB
OPOTATrOM 2-3 TOJIMH 3 TOCTYIIOBUM IT1JIBUILIEHHSIM TEMIIEpaTypHu BOASHOI OaHi Bix 25
10 60 °C xoxui 15 xBunun Ha 5-10 °C, micnsg yoro cucreMy BuTpuMyBanu mpu 60 °C
npotsrom 10 xBunuH. Ilicns uporo Oyno gomano 3aryuryBau (Carbopol Ultrez 21) y

BUTJISIZII KOHIIEHTPOBAHOTO BOAHOTO po3uuHy 1o 0,65 mac. % st craOimizamii
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YACTUHOK, ITiCJII YOTO MOBTOPHO MEPEMINITyBAIM HA HU3BKUX 00epTax Ta MPOBOIUIH
BaKyyMyBaHHSI Il BUJAJICHHS 3aJUIIKOBOTO AUXJIOPMETaHy. Y pe3yJibTaTi OyJio
orpumano aucnepcito IIJIA 3 yactuHkamu MikpoHHoro posmipy (Puc. 1) 3

MiHIMAJBHOKO KOATYIISITIETO.
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Puc. 1. ®oro onTu4HOi Mikpockonii yacTUHOK IIJIA oTpuMaHHuX 3 BUKOPHCTAHHAM
JMXJIOPMETAHy Ta BAKYYMYBaHHAM (30ibmeHHs 10x)

Y pamkax poOoTu Oysio BHUNPOOYBAaHO JOAATKOBI METOAMKHU OTPUMAHHS
aucnepciit [IJTA, mpote okpemi 3 HUX BUSBHIIMCA MAJOPe3yJbTaTUBHUMH B 3a/1aHUX
ymoBax. [Ipu BukopucranHi po3unny IIJIA B ermnauerari crnocrepirajgacsi HU3bKa
CYMICHICTb MOJIIMEPY 3 PO3YMHHHUKOM, L0 MPU3BOAMIIO 10 MOMYTHIHHS PO3YMHY. Y
pe3ynbTaTi IUCTIEpPryBaHHS KOaryJssiis 4acTUHOK BimOyBamacs Bxke B mepii 20-30
XBUJIMH TEPEMIITyBaHHs, 110 MepenIkoxkano GopMyBaHHIO CcTiiikoi nucnepcii (Puc.
2. a). Y iHmmx pobotax [4] ayig yCyHEeHHS 1bOTro e()eKTy 3aCTOCOBYBAJIM POTAIIHUIMA
BumnapoByBad. [1ia yac nocnikeHHs Py BUKOPUCTAaHHI BEPXHbOIPUBIIHOT MILIAIKH
1 BaKyyMHOI KaMepu JOCSITH AaHAJOTIYHUX YMOB HE BJIAJIOCS, IO OOMEXHIIO
e(eKTUBHICTH IIbOTO METO/Y.

JIJ1g 3HMKEHHS pO3MIpy YaCTUHOK AMCIIEPCHO a3y Oyso TakoK BUIPOOYBAHO
yIbTPa3ByKOBY 00poOKy 3 BUKOpucTaHHSAM ycTaHoBKU ¥Y3/IH-2T. Onnak, Ha BiAMIHY
BiJl ONTUCAHUX Y JiTeparypi [S5, 6] pe3ynpTaTiB, B €KCIIEPUMEHTAIbHUX YMOBAxX TaHOI
poOOTH HOr0 3aCTOCYBAHHS HE MPU3BENIO JO 3MEHUIEHHs po3Mipy yacTuHOK (Puc. 2.
06). MOXIUBOIO MNPUUYMHOI € HEAOCTaTHS TMOTY)XHICTb YCTAaHOBKM  abo

HEBIAMOBIHICTh MapaMeTPiB 00pOOKH (IMOTYKHICTh, TPUBATICTh, PEKUM) CUCTEMHU.
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a 0

Puc. 2. ®oro onTH4YHOI MiKpoCcKoMii 0OTpUMaHUX qucHepcii (30l1bmenns 10x): a —3
BUKOPUCTAHHAM €THJIALETATY IK PO3YMHHHUKA; 0 — 3 BUKOpPUCTAHHAM ycTaHOBKU Y3 H-2T.

BUCHOBKH

[IpoBeneHi cripobu Moaudikalii METOUKH MOKa3aju, 110 BUOIP PO3UYMHHUKA 1
cnoco0y BHWAQJICHHS JIeTIouoi (a3 Mae KPUTHYHHUNA BIUIMB Ha CTaOUTBHICTH
onepxxyBanoi gucnepcii IIJIA. 3acrocyBaHHs eTHIANETaTy CYMPOBOIKYBAJIOCS
MIBUJKOK  KOAryJsIi€l0  YacTUHOK  4Yepe3  HEPIBHOMIpHE  BUMAPOBYBAHHS.
BuxopucrtanHs BakyyMHOI KamMepW Ta MIIMIQJIKH BHUSBHIOCS HEIOCTATHIM IS
MIITPUMaHHS HEOOXiAHUX yMOB. Takok IMOKa3zaHo, IO YJbTpa3ByKoBa oOpoOKa i3
3actocyBaHHAM ycTaHOBKH Y3J/IM-1000 He 3a0e3meunsna O4iKyBaHOTO 3MEHIIICHHS
po3MmipiB yacTuHOK. Ha mijcTaBi mpoBeneHUX MOPIBHSAHB Oyl0 00paHO METOAMKY 13
3acTocyBaHHAM po3uuHy [IJIA B nuxjopmeTaHi, 1mo 3a0e3nedye OuUlblll PiBHOMIpHE
Ta MIBUAKE BUNApPOBYBaHHS 1 Jae 3Mory (opmyBath cTabuIbHI aucmepcii 3a
KOHTPOJIbOBAHOTO TEMIIEPATYPHOTO pPEXHUMY. BakyyMyBaHHS BHUKOPHUCTOBYETHCS
nutie K GiHaTRHUN eTan JJIsi TOBHOTO BUAAJICHHS AuxyiopMmetany. Lo cxemy Oyio
B35ITO 32 OCHOBY 1 BUKOPUCTAHO B MOJANBINNX JTOCTIKEHHAX SK TaKy, 10 HAWO1IBII

BIJITBOPIOETHCS 1 TEXHOJIOTIUHO PEaTi3y€eThCS.

®IHAHCYBAHHA
JlocmimkeHHsT BUKOHAaHI B pPaMKax HAYKOBO-TEXHIYHOI poOOTH, 110 (HiHAHCYIOTHCS 3a
pPaxyHOK 30BHINTHBOTO I1HCTPYMEHTY pgomomoru €Bporneiicbkoro Cor3y i BHKOHAHHS

3000B’s13aHbp YKpainu y PamkoBiii mporpami €Bporeiickkoro Coro3y 3 HayKOBUX JOCTIIKEHb Ta
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igHoBarii “I'opuzoHT 2020” «CTBOpEHHS HOBOI TEXHOJIOTil BUPOOHUIITBA O100CHOBHHX IOKPHUTTIB

3 BUKOPUCTaHHAM 10HHUX piaun» (Jorosip NePH/53-2024).

Chnmcok giteparypu:
1. Rajeshkumar, G., Seshadri, S. A., Devnani, G., Sanjay, Siengchin, S., Maran, J. P., Al-
Dhabi, N. A., Karuppiah, P., Mariadhas, V. A., Sivarajasekar, N., & Anuf, A. R. (2021).
Environment friendly, renewable and sustainable poly lactic acid (PLA) based natural fiber
reinforced composites — A comprehensive review. Journal of Cleaner Production, 310,
127483. https://doi.org/10.1016/j.jclepro.2021.127483
2. Lovelace, A. (2025, January 12). Global bio-based polymer production capacity to grow
18% annually through 2029; total capacity expected to reach 5.7 million tonnes with PLA
leading  growth: Renewable Carbon Initiative. Industry Intelligence Inc.
https://www.industryintel.com/news/global-bio-based-polymer-production-capacity-to-
grow-18-annually-through-2029-total-capacity-expected-to-reach-5-7-million-tonnes-with-
pla-leading-growth-renewable-carbon-initiative-167362071552
3. Belletti, G., Buoso, S., Ricci, L., Guillem-Ortiz, A., Aragén-Gutiérrez, A., Bortolini, O.,
& Bertoldo, M. (2021). Preparations of Poly(lactic acid) Dispersions in Water for Coating
Applications. Polymers, 13(16), 2767. https://doi.org/10.3390/polym13162767
4. Calosi, M., D’lorio, A., Buratti, E., Cortesi, R., Franco, S., Angelini, R., & Bertoldo, M.
(2024). Preparation of high-solid PLA waterborne dispersions with PEG-PLA-PEG block
copolymer as surfactant and their use as hydrophobic coating on paper. Progress in Organic
Coatings, 193, 108541. https://doi.org/10.1016/j.porgcoat.2024.108541
5. Buoso, S., Belletti, G., Ragno, D., Castelvetro, V., & Bertoldo, M. (2022). Rheological
Response of Polylactic Acid Dispersions in Water with Xanthan Gum. ACS Omega, 7(15),
12536-12548. https://doi.org/10.1021/acsomega.1c05382
6. Belletti, G., Ronconi, G., Mazzanti, V., Buratti, E., Marchi, L., Sotgiu, G., Calosi, M.,
Mollica, F., & Bertoldo, M. (2023). Morphology and Mechanical Properties of Poly(vinyl
alcohol)/Poly(lactic acid) Blend Films Prepared from Aqueous Dispersions. Macromolecular
Materials and Engineering, 309(1). https://doi.org/10.1002/mame.202300237

References:
1. Rajeshkumar, G., Seshadri, S. A., Devnani, G., Sanjay, Siengchin, S., Maran, J. P., Al-
Dhabi, N. A., Karuppiah, P., Mariadhas, V. A., Sivarajasekar, N., & Anuf, A. R. (2021).
Environment friendly, renewable and sustainable poly lactic acid (PLA) based natural fiber
reinforced composites — A comprehensive review. Journal of Cleaner Production, 310,
127483. https://doi.org/10.1016/j.jclepro.2021.127483
2. Lovelace, A. (2025, January 12). Global bio-based polymer production capacity to grow
18% annually through 2029; total capacity expected to reach 5.7 million tonnes with PLA
leading  growth: Renewable Carbon Initiative. Industry Intelligence Inc.
https://www.industryintel.com/news/global-bio-based-polymer-production-capacity-to-
orow-18-annually-through-2029-total-capacity-expected-to-reach-5-7-million-tonnes-with-
pla-leading-growth-renewable-carbon-initiative-167362071552
3. Belletti, G., Buoso, S., Ricci, L., Guillem-Ortiz, A., Aragon-Gutiérrez, A., Bortolini, O.,
& Bertoldo, M. (2021). Preparations of Poly(lactic acid) Dispersions in Water for Coating
Applications. Polymers, 13(16), 2767. https://doi.org/10.3390/polym13162767
4. Calosi, M., D’lorio, A., Buratti, E., Cortesi, R., Franco, S., Angelini, R., & Bertoldo, M.
(2024). Preparation of high-solid PLA waterborne dispersions with PEG-PLA-PEG block
copolymer as surfactant and their use as hydrophobic coating on paper. Progress in Organic
Coatings, 193, 108541. https://doi.org/10.1016/j.porgcoat.2024.108541

116



CEKIIA 1. Kommo3swumiitai MaTepiaiv Ha OCHOBI IOIIMEpPiB

5. Buoso, S., Belletti, G., Ragno, D., Castelvetro, V., & Bertoldo, M. (2022). Rheological
Response of Polylactic Acid Dispersions in Water with Xanthan Gum. ACS Omega, 7(15),
12536—12548. https://doi.org/10.1021/acsomega.1c05382

6. Belletti, G., Ronconi, G., Mazzanti, V., Buratti, E., Marchi, L., Sotgiu, G., Calosi, M.,
Mollica, F., & Bertoldo, M. (2023). Morphology and Mechanical Properties of Poly(vinyl
alcohol)/Poly(lactic acid) Blend Films Prepared from Aqueous Dispersions.
Macromolecular Materials and Engineering, 309(1).
https://doi.org/10.1002/mame.202300237

INFLUENCE OF TECHNOLOGICAL PARAMETERS ON THE
FORMATION OF STABLE PLASMA DISPERSIONS

Anna BILOUSOVA

PhD student,

Denys BAKLAN

PhD, assistant ,

Oleksiy MYRONYUK

Doctor of Technical Sciences, Head of Department
Igor Sikorsky Kyiv Polytechnic Institute

Abstract: Increasing environmental pollution by traditional oil-based plastics has become
an important reason for the active development of biodegradable materials made from renewable
raw materials, in particular polylactic acid (PLA). Among its numerous applications, aqueous
dispersions are of great interest, as they can be used to create functional coatings or films.
However, the stability of such dispersions and the morphology of the particles largely depend on
the technological parameters of the process of their preparation. This paper presents the results of
a study of the influence of technological parameters on the preparation of PLA dispersions. A
methodology was developed for obtaining a stable dispersion by dispersing a solution of PLA in
dichloromethane in the presence of SDS wetting agent under low-speed stirring, gradual heating,
and subsequent stabilization of the system with a thickener. It was found that dichloromethane
ensures uniform evaporation and avoids premature coagulation of the particles, unlike ethyl
acetate, which demonstrated insufficient efficiency in this process. It was also found that sonication
under the applied conditions does not reduce the particle size. The obtained results allowed us to
determine the optimal conditions for the formation of PLA dispersions with micron-sized particles.

Key words: PLA, dispersion, microparticles, dichloromethane, sonication.
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