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PED®EPAT

Kywmoic 30 Oerren, 9 cypteH, 3 kecTeneH, S6 oe0u AepEeKTEH Typabl.

Moaceneniy o3exminiei; Enimizie KypabIC caylachl KQpKBIHIIBI JaMBINT KeJie KaTKaH
HET13T1 3KOHOMHKAJIBIK cajanapably Oipi. byn camaHbiH Jamybl KONTETeH MaHbBI3/IbI
MocenenepaiH ImemiM TaOyblHa KaXKeTTUIIKTIH apTyblHa, CYPaHBICTHIH >KOFapiaybIHa
OaiimanpicTel. Con MaHbBI3ABI MicesdenepaiH Oipi OetonHblH Oepiktiri. Kemnreren
3epTTEyLIIep XKAKChl FBUIBIMH 3€PTTEY >KYMBICTAp/Abl JKacam KaKChl HITHXKEre KOJ
JKETKI3TeHIMEH, OJIapJblH JKacaraH IulacTU(HUKaToOpiap/bl OETOHHBIH OEPIKTIriH
JKakcapTy VIIH 6HJIpicke eHri3reHiMeH Ka3akcTaHHBIH KIMMATTBIK KarJailbiHa
OaillaHbICTBI KONTEreH Tanantapra coiikec kenmeitai. CoHAbIKTaH Oy 3eprrey
OarbITBIHA A1 JI€ DKOJIOTHSIIBIK, DKOHOMHKAIBIK T.0 JKarbIHaH THIMJI1 canajibl O€ TOHHBIH
OEpIKTIT1H apTTHIPATHIH MaTepUal jkacay ©3eKTl Mocese 00JIbIT TaObLIa bl

Kymvicmoly maxcamul: XajaFaHFaH CONOJUMEPIIEY aPKbUIbl MOIUITUICHIIMKOIb
YKOHE aKPWJI KbIIMIKBUIbI HETI31HAET! MOJUMEPAl CUHTE3/IECY KOHE OCTOHHBIH OEpIKTITIH
apTTHIPY YIIH OCBI TOJUMEPIi KOJIaHy.

Tyiiinoi cesdep: 1loMUATUNEHITIUKOIb, AKPHJ KBIIIKBUIBI, MOJIM(DHUKALMAIAHFAH
HOJIUMEpIIEP.

3epmmey Hvicanbl: OETOHHBIH OEPIKTITIH apTThIPFa apHAJIFaH MOJUITHICHIIIUKOb
MEH aKpHJI KbIIIKbUIBI HET131H/er1 MOAU(DUKAIIUSIIAHFAH COTIOJIUMEPIIED.

3epmmey a0icmepi. BUKa acriaObIHBIH KOMETIMEH YJTIHIH KaTy yaKbIThIH aHBIKTAY,
KOHYC HBICaHBbIH MaiijallaHa OTBIPBIN KOCHAaHbIH >KalbUly TUAMETPIH aHBIKTAy, Mpecc-
MaIllMHAHBIH KOMETIMEH YJT1HIH OEpIKTIT1H aHBIKTAY.

Anvinean nomudicenep mMeH oaapobly NPAKMUKANbIK MAHbI30bLIbIRbL, DMYIbCHUSIIBIK
MOJIMMEpPJICY  OMICIMEH TMOJUATUIICHIIMKOI, MEH aKpWJl KBIIIKBUIBI  HETi31HACT1
Mou(UKalMsIIaHFaH COMOJIMMEpIIEpP CUHTE3 eI aablHbl. CUHTE3AENTeH MOIUMEPIIH
KYpbUIBIMBI MEH KypaMblH aHblKTay MakcateiHna WK cnekrockponus  omici
KOJIIaHbLIaAbl. BeTOHHBIH OEpIKTITIH apTTHIPAThIH IUIACTU(PUKATOP PETIHAE KOJJIAHY
MakcaTblHIa MOAU(PUKALMUIAHFAH CONOJIMMEPJEPAl 9p TypJil 3epTTey oJicTepl
KOJIIaHbUIABL. [leMeHTIIeH apanacThIpbUIBI KYHBIIFaH KypaMbIHIa MTOJMMEpITi Oap KoHe
MOJIUMEPCI3 YITIHI CANBICTBIpFaHia OEpIKTITl, Cy CIHIPTIIITIT OHE >KbUIAAM Kahilyi
YKarblHaH MOJIMMEPIIIK KOCTAChl Oap YJTIHIH dKOFaphl HOTUKE KOPCETETIH1 aHBIKTAJIIbI.



PED®EPAT

Pa6ota cocrout u3 30 crpanuil, 9 pucyHKoB, 3 TabnuIl, 56 TUTEpaTypHBIX JAHHBIX.

Axmyanvnocmo eonpoca: CerojHs CTpPOUTENbHAs OTpacib SBIAETCS OTHOU U3
caMbIx ObicTpopactymux B Kazaxctane. B cBs3u ¢ pa3BUTHEM HAyKd U TEXHUKH U
pacTylIuM CIPOCOM, KEJAaHUE YBEIUYUTh MPOYHOCTh OETOHA PACTET C KaXKIbIM JTHEM.
HecMoTpst Ha TO, 9TO MHOTHE yUYEHBIE MPOBEIN OOITMPHBIEC UCCICTIOBAHUS W BHEAPUIN
MHOTO TUIACTU(DUKATOPOB JII TOBBIMICHUS MPOYHOCTH OETOHA, OHM HE CMOTJIH
YAOBIIETBOPUTH MHOTHE TPEOOBAHUS U3-3a KIIMMAaTUYECKUX yCIOBUM B cTpane. [lorTomy
pa3paboTKa SKOJOTUYECKH YHCTBIX, SKOHOMUYHBIX M T.A. BBICOKOKAYECTBEHHBIX
MOJIMMEPHBIX TUIACTU(PUKATOPOB B ITOM 00JACTH JO CHUX TOpP SIBJISETCS aKTyaJbHBIM
BOITPOCOM.

Llenv pabomwui: CuHTE3 MOIMMEpPa Ha OCHOBE TMOJIMATUJICHTIIUKOJS U aKpUIIOBOM
KHUCJIOTBI MIyTEM MOJIMMEPHU3alUA B 3MYJIbCUH U HCIOJIb30BAaHUE ATOTO MOJMMEpA s
MOBBIIIEHUS POYHOCTH OETOHA.

Kntoueswie cnosa: 110U TUIICHTIIMKOIIb, AaKPUJIOBAs KUCIOTa, MOAUDUITUPOBAHHBIE
MOJIUMEPHI.

Obvexm  uccnedoganusi:  MoaubUIMPOBAHHBIM  CcOMOJIUMEpP HA  OCHOBE
MOJMATWICHTJIUKOJISI YW aKPWJIOBOM KHCIOTHI, MpEJHAa3HAYCHHBIN 11 TOBBIIICHUS
IPOYHOCTH OETOHA.

Memoovwl uccrneoosanus: OnpeaeneHue BPEMEHU 3aCThIBaHUs 00pa3iia mpu MOMOIITH
unctpymenta BUKA, onpenenenue auamerpa pazopacsiBaHUsI cMecH 10 popMe KOHYcCa,
oTpejiesieHre MPOYHOCTH 00pasiia Mpu MOMOIIH Tpecca.

Ilonyuenusie pezyromamol u ux npakmudeckas 3Hadumocms.: MonuduipoBaHHbIe
COMNOJIUMEPHI HA OCHOBE MOJIMATHIICHTIIMKOJIA M AKPUJIOBOW KUCIOThI CUHTE3UPOBAHBI
METOJIOM 5SMYJIbCHOHHOW ToMMMepu3auu. MeTton HHPpaKpacHOW CHEKTPOCKOMHH
UCIIOJB3YETCS ISl ONPENENICHUs] CTPYKTYpbl M COCTaBa CHHTE3MPYEMOIO MOJIUMEpPA.
W cnonb30Banbl pa3iiyHble METObI U3YUYEHUS] MOAUMUIIMPOBAHHBIX COMOJIUMEPOB ISt
WX HUCIOJIB30BaHUSI B KAYeCTBE MIACTU(UKATOPOB, MOBBIMIAIOIIUX MPOYHOCTH OETOHA.
YcraHoBiieHO, 4TO 00pa3el] CO CMEChIO MOJIUMEPOB MOKa3aJl XOPOIINE Pe3yJbTaThl MO
MPOYHOCTH, BOJOMOTJIONMICHUIO U ObICTpOi nuddy3uu Mo CpaBHEHUIO ¢ 00pasiioM, HE
COJIEpIKaIlM TOJTUMEPOB.



ABSTRACT

The work consists of 30 pages, 9 figures, 3 tables, 56 literature data.

Relevance of the issue: Today, the construction industry is one of the fastest growing
sectors in Kazakhstan. Due to the development of science and technology and increasing
demand, the desire to increase the strength of concrete is growing every day. Although
many scientists have conducted extensive research and introduced many plasticizers to
increase the strength of concrete, they have not been able to meet many requirements due
to the climatic conditions in the country. Therefore, the development of environmentally
friendly, economical, etc. high quality polymer plasticizers in this field is still a relevant
issue.

Purpose of work: Synthesis of a polymer based on polyethylene glycol and acrylic
acid by emulsion polymerization and use of this polymer to increase the strength of
concrete.

Keywords: Polyethylene glycol, acrylic acid, modified polymers.

Object of study: Modified copolymer based on polyethylene glycol and acrylic acid,
designed to increase the strength of concrete.

Methods of research: Determination of sample solidification time with vika tool,
determination of mixture spreading diameter using cone shape, determination of sample
strength using press.

The results obtained and their practical significance: Modified copolymers based on
polyethylene glycol and acrylic acid were synthesized by emulsion polymerization. The
infrared spectroscopy method is used to determine the structure and composition of the
polymer to be synthesized. Different methods of studying modified copolymers have been
used for their use as plasticizers to increase concrete strength. It was found that a sample
with a polymer mixture showed good results in terms of strength, water absorption and
rapid diffusion compared to a non-polymer sample.
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INTRODUCTION

Relevance of the issue: Today, the construction industry is one of the fastest
growing sectors in Kazakhstan. Due to the development of science and technology and
increasing demand, the desire to increase the strength of concrete is growing every day.
Although many scientists have conducted extensive research and introduced many
plasticizers to increase the strength of concrete, they have not been able to meet many
requirements due to the climatic conditions in the country. Therefore, the development of
environmentally friendly, economical, etc. high quality polymer plasticizers in this field
is still a relevant issue.

Purpose of work: Synthesis of a polymer based on polyethylene glycol and acrylic
acid by emulsion polymerization and use of this polymer to increase the strength of
concrete.

Keywords: Polyethylene glycol, acrylic acid, modified polymers.

Obiject of study: Modified copolymer based on polyethylene glycol and acrylic acid,
designed to increase the strength of concrete.

Methods of research: Determination of sample solidification time with vika tool,
determination of mixture spreading diameter using cone shape, determination of sample
strength using press.

The results obtained and their practical significance: Modified copolymers based
on polyethylene glycol and acrylic acid were synthesized by emulsion polymerization.
The infrared spectroscopy method is used to determine the structure and composition of
the polymer to be synthesized. Different methods of studying modified copolymers have
been used for their use as plasticizers to increase concrete strength. It was found that a
sample with a polymer mixture showed good results in terms of strength, water absorption
and rapid diffusion compared to a non-polymer sample.



1 Literary review

1.1 Methods of producing oligo(ethylene glycol)methacrylates

The main application in practice among polyoxyethylated methacryl esters is
methoxyoligoethylene glycolmetacrylates, so the absolute majority of works is devoted to
the synthesis of these very representatives of this group of compounds. In order to obtain
them on an industrial scale, methacrylic acid (MAC) etherification or
methoxyoligoethylene glycols (MOEG) with varying degrees of oxyethylation and,
consequently, molecular weight are used.

The esterification reaction is as follows:

CH,=C(CH3)COOH + HO(CH,CH;0)R«~CH; = C(CH3)COO(CH,CH;0)R + H,O (R.1)

Etherification reaction takes place at an elevated temperature, the interval 110 - 120
°C is considered optimal. At temperatures above 130 °C, side processes, mainly the
formation of esters, begin to take place [1]. In the absence of catalysts, the reaction is very
slow. Acid-type catalysts are used to intensify the process. Strong inorganic and organic
acids such as sulfuric acid, methane sulfonic acid, alkylbenzene sulfonic acids, phosphoric
acid, hydrochloric acid, chloric acid, acidic ionites and Lewis acids (boron chloride,
aluminum sulfate, trichloride iron, etc.) can be used as catalysts [2]. An acid catalyst
should have a high boiling point (at least 150 °C, preferably 200 °C). In many papers
preference is given to sulphuric acid (Tyei = 317 °C) and p-toluene sulphonic acid (Tyoi =
185-187 °C). The optimal concentration of sulfuric acid is considered to be 0.5 - 0.7% of
the total mass of reagents [3]. If the concentration is less than 0.1%, the reaction takes
place at a low rate, at the same time the use of high concentrations of the catalyst leads to
the formation of a large number of by-products, in particular resins. In addition, a strong
acid catalyst can cause destruction of the polyethylene glycol chain, which impairs
product quality.

Along with the etherification reaction, the reverse reaction of complex ether
hydrolysis takes place. At etherification of MAC, taken in 4-fold excess in relation to
MOEG with molecular weight 1000 (i.e. with degree of oxyethylation n=23), at 120 °C
85% equilibrium conversion of alcohol is achieved [2]. To achieve high conversion rates
of initial substances it is necessary to remove reaction water from reaction zone. Water
forms hydrogen bonds with polyalkylene glycols, and water activity coefficient decreases
approximately to 0,3, therefore, water volatility is insufficient to conduct its distillation at
atmospheric pressure [2]. The literature suggests several ways to solve this problem. In
the first variant it is suggested to use inert azeotrophic solvents, they can be n-paraffins,
iso-paraffins, cyclo-paraffins, aromatic hydrocarbons and their mixtures with boiling
point of azeotrope 70-130 °C. Use of solvent with boiling point 110-130 ° C not only
facilitates water removal, but also prevents excessive temperature increase during
synthesis. It is suggested to introduce a different amount of solvent. Thus, in the work [3]
the authors use as a solvent a mixture containing 30 parts of heptane for 70 parts of
toluene, the share of solvent is from 40 to 60% of the total mass of the mixture. In work
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[4] it is suggested to use benzene and its content is 30-40 %. In works [5] and [6]
preference is given to toluene; its concentration makes 4-15 % and 16-20 % accordingly.
In [7] cyclohexane is used, mass fraction in initial mixture is 14 %.

The course of side polymerization and the formation of "microgels"” is sharply
increased if the initial methoxyoligoethylene glycols contain impurities of oligoethylene
glycols, for which the etherification reaction can take place with the participation of two
hydroxyl groups:

2CH,=C(CH3)COOH + HO(CH,CH,0O)H «
<> CH,=C(CH3)COO(CH,CH,0)O0CC(CH3)=CH, + 2H,0 (R.2)

The monomers formed have two active vinyl groups, which results in the formation
of cross-linked polymers (which is the basis of "microgels”) when the polymerization
cannot be completely suppressed. The formation of "microgels”, in turn, further
accelerates the polymerization of monomers and reduces their yield.

1.2 Emulsion polymerization of polymers based on acrylic acid and ethylene
glycol and their application

Acrylates and methacrylates are universal building blocks that can be easily cured
or copolymerized with many other monomers. Many homopolymers and copolymers are
considered membrane materials. One of the main requirements for a polymer to form a
film is good adhesion to various hard surfaces such as metals, wood, cement, glass and so
on. Acrylic acid is used in emulsion polymerization to improve colloidal stability in latex
products [8].

Copolymers of acrylic and methacrylic acids are one of high-molecular weight
compounds and are used in engineering, agriculture, medicine and various fields. They
have availability, transparency of raw materials, stability of fuel and oil and good physical
and chemical properties.

Soft acrylic polymers obtained by emulsion polymerization without plasticizers
have high weather resistance. They can be used to produce waterproof membranes. They
are part of a cellulose lacquer to improve adhesion, water resistance and weathering
resistance. Acrylic dispersion is used to improve the water resistance of concrete and as a
primer for porous building materials and interior walls.

The problem of emulsion polymerization as one of the main methods of obtaining
polymers is constantly attracting attention of researchers. This is primarily due to the need
to improve the quality of polymer and latex synthesis processes and create materials based
on this set of properties. These problems are especially important for polymerization of
acrylic monomers, which are characterized by high reactivity, high dispersion of primary
emulsions and insufficient stability of the reaction system during the polymerization
process.



One of the most effective ways to improve cement quality is to use various modified
additives and plasticizers.

Plasticization is one of the methods to modify the polymer. Here, low molecular
weight compounds are introduced into the polymer, as a result of which their glazing
temperature and fluidity are reduced and their plasticity and plasticity are improved. The
plasticizer can be added to a mixture of monomers or to finished polymers in the solution
and melted before synthesis [9].

Plasticizers are water-soluble powder materials to form viscous solutions or weakly
alkaline, neutral solutions. They can be pure inorganic substances, their mixtures, organic
compounds, organic-mineral complexes. The polymers differ in composition, production
methods and physical and chemical properties. This allows them to be widely used in
various technical fields, including construction.

In today's world cement concrete is used in many construction industries and in
various structures. Due to a wide range of characteristics of cement, concrete, its physical-
mechanical and other characteristics require constant improvement. The key task is to find
various ways to improve the properties of cement, reduce possible defects and give them
special properties. One of the ways to improve the properties of cement is the introduction
of special modifying additives-plasticizers, which are classified by origin and chemical
and mineralogical composition [10,11].

Acrylates mainly act as internal plasticizers, which are part of an acrylic copolymer
macromolecule. Conventional plasticizers move over the plastic surface over time,
accelerating its aging. Each time it remains on the polymer surface it becomes sticky,
unpleasant, and if it leaks, the material becomes brittle. Internal plasticizers, on the other
hand, give polymers flexibility, which is stable. The plasticizer for building solutions
based on lignosulfonates, inorganic salts and acrylic polymers is strong.

Soft acrylic polymers obtained by emulsion polymerization without plasticizers
have high weather resistance. They can be used for waterproof membranes. They are part
of a cellulose lacquer to improve adhesion, water resistance and weathering resistance.
Acrylic dispersion is used to increase water resistance of concrete and as a primer for
porous building materials and interior walls [12,13].

1.3 Usage of ethylene glycol based polymers

Oligo (ethylene glycol) methacrylates are a promising class of monomers, polymers
based on which are increasingly being used. First of all it concerns the MOEGM. The
presence of methacryloilic fragment allows to obtain polymers by cationic, anionic, free-
radical, controlled radical and other polymerization variants [17]. The most applicable is
free-radical polymerization, in which OEGMs show high reactivity.

Homopolymers and copolymers of MOEGM, depending on the length of the
oxyethylated chain in polyoxyethylated links and other parameters, can be soluble or not
soluble in water and, due to the amphiphilicity of MOEGM links, can exhibit heat-
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sensitive properties, ie at certain temperatures and other conditions are able to perform
reversible conformation and phase transitions. By changing the structure of
methoxyoligoethylene glycolmetacrylates, the hydrophilic-hydrophobic properties of
polymers based on them can be varied within a wide range. For example, homopolymer
MOEGM, which contains one oxyethylene link, shows only weak hygroscopic properties.
Polymer MOEGM containing two oxyethyl links becomes water-soluble, but it has the
lowest critical solubility temperature (LCST) of 26 °C only. Polymer based on MOEGM
with values n=8 - 9 has the value of LCST about 90 °C, and poly(MOEGM) with values
n=10 and more do not have temperature-sensitive properties in aqueous solutions, because
they are water soluble up to boiling point of solutions [18, 19].

In [20] the authors have shown by the example of two MOEGMs with the number
of okyethylated links 2 and 6 - 7 that by changing the ratio of monomers it is possible to
obtain polymers with a given value of LCST with an accuracy of 0.5 - 1 °C. Therefore, in
recent years, heat-sensitive ("smart") polymers based on homopolymers of MOEGM are
actively researched in many world scientific centers. These copolymers combine the
advantages of polyethylene glycols (biocompatibility, low toxicity, good biodestruction)
and thermosensitive polymers. In addition, they have a number of advantages over
traditional polymers based on N-isopropylacrylamide: excellent biohydrophobicity at
temperatures below LCST values, absence of hysteresis in reverse phase transitions,
bioinert properties (no specific interaction with biological materials) [21].

Thermosensitive polymers based on MOEGM can be used as hydrogels. The
authors of the work [22] obtained cross-linked MOEGM thermopolymer (with 2 and 9
links in the oxyethylated chain) and ethylene glycol dimetacrylate by means of controlled
polymerization by ATRP mechanism. Value of LCST of cross-linked copolymers is
comparable with values of their uncross-linked analogues. The resulting hydrogels are
capable of swelling at room temperature, but at temperatures above LCST the swelling
quickly disappears. In [23] the method of obtaining monodisperse microgels based on
MOEGM with adjustable diameter in the range of 100-1000 nm is described. Later the
same authors developed a method for obtaining temperature-sensitive microgels of the
"core-shell" type [24]. Microgels based on MOEGM are self-organized in aqueous
medium with formation of linear-crystalline structures, giving iridescent colors to
solutions [23, 24]. Besides, these colloidal crystals can be stabilized by inter-particle
cross-linking, which allows obtaining stable photonic hydrogels [25]. Researches have
shown, that microgels of type "kernel- The "envelope" can also be used for controlled
drug release [26]. Medicinal substances, poorly soluble in water, are retained in the
hydrophobic nucleus of the microgel and released during the transition of macromolecules
from micellar to open form in conditions of elevated temperatures and changes in pH.

Due to the low adsorption of proteins and cell adhesion of polyethylene glycol
fragments, there is growing interest in using MOEGM to create bioactive surfaces.
Surfaces modified with MOEGM polymers prevent biofouling (27, 28). These surface
coatings are hydrophilic even at high temperatures and are capable of inhibiting protein
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and cellular adsorption (29). Anti-fouling coatings can find wide application in biosensors
and implants [30-32]. In [33] it was suggested to modify hydrophobic acrylic interocular
lenses by covalent grafting of OEGM to their surface. The obtained results showed that
on the hydrophilic-modified surface the adhesion of platelets, macrophages as well as their
spreading and growth decreased significantly. In work [34] the study of physicochemical
and biological properties of polydimethylsiloxane surface (widely used in prosthetic
devices) modified by OEGM grafting was carried out.

OEGM thermosensitive polymers have significantly expanded the use of modified
surfaces. By measuring the equilibrium wetting angles [35] by means of neutron
refractometry [36] and atomic force microscopy [37] the thermo-sensitive properties of
the modified surface have been proved. These measurements have shown that the
adhesion properties of modified MOEGM polymer surfaces differ significantly at
temperatures below and above LCST of polymers. In addition, thermally induced
transition for such polymer coatings is fast and reversible. Thus, surfaces based on
thermosensitive OEGM polymers are very promising for creating modern materials. In
particular, they can be used for controlled bioadhesion (38). For example, work [39]
shows that on a surface modified by an MOEGM copolymer, fibroblasts are almost
quantitatively detached. OEGM-modified silica can be used for steroid and protein
chromatography [40]. Heat-sensitive stationary phases allow fast and effective separation
at isocratic elution in high performance liquid chromatography. It was demonstrated in
[41, 42] that surface "brushes" based on MOEGM can be used to create intelligent
antibacterial surfaces.

The above described temperature-sensitive properties of homo- and copolymers of
MOEGM and new promising applications of such polymers are directly related to the
amphiphilic nature of these monomers. Amphiphilic properties of MOEGM have not been
studied before, therefore the studies in this direction, important for practical application
of oligoethylene glycolmetacrylates of different structure, became a part of the presented
thesis.

In addition to MOEGM thermosensitive copolymers with limited water solubility,
MOEGM-based polymers with a high degree of oxyethylation that are well soluble in
water have found wide application. In industry MOEGM copolymers with (meth)acrylic
acid, maleic anhydride and other hydrophilic monomers in large scale are used as highly
effective plasticizing additives in concrete [43, 44]. The main purpose of such additives
is to increase the mobility of concrete mixture or reduce its water content, which provides
a reduction in energy and labor costs when laying concrete in monolithic building
structures, precast concrete products and contributes to the intensification of the
technological cycle, improving the quality of concrete materials. Used as plasticizers,
OEGM copolymers have a comb structure and consist of a chain containing carboxylic
groups and side alkylenoxide branches of different molecular weight. Carboxylic acid
links in the main chain of the copolymer ensure anionic charge and are "responsible™ for
the adsorption capacity of the plasticizer. Long side polyoxyethylene chains in

11



macromolecules are responsible for stabilization and dispersion of cement particles in the
moving mixture (by a mechanism called "spatial effect"). The authors [45] show that the
length of side chains of oxyethylene methacrylate affects the hydration rate of cement and,
consequently, the growth of mechanical strength of the finished concrete. When added to
the concrete polymer plasticizer obtained on the basis of OEGM with a high molecular
weight of 4468 (number of oxyethylene links n = 100), cement curing occurs very quickly,
even in adverse climatic conditions. To preserve the mobility of the concrete mixture for
a long time (1 hour and more), plasticizers based on OEGM with an average molecular
weight of 1000 - 2000 (n = 23 - 45) are used [46, 47].

In order to improve the dispersion ability of plasticizers, sulphonic-containing links,
such as sodium metal sulfonate, are introduced into their composition [48]. In work [16]
the copolymer OEGM with AMPSA is offered as a plasticizer. One of the new directions
in plasticizers efficiency increase is creation of cross-linked macromolecules. Cross-
linked polycarboxylates due to regulation of speed of their hydrolytic splitting allow to
maintain mobility of concrete mixture for a long time as quantity of active product is
constantly fed at transition of the main product to normal polycarboxylate plasticizers [45,
49]. Another method to increase plasticizer duration is replacement of part of carboxylic
links with non-ionic ones, which are capable of hydrolysis in alkaline medium with
carboxylic group release. Most often acrylamide [50] or methylacrylate is used for this
purpose [51]. Choosing the types of monomers and their ratio, it is possible in wide limits
regulate the ionic charge in the macromolecule, number of stitches, molecular weight,
number and length of side oxyethyl chains. This allows the creation of copolymers with
predefined properties depending on the intended application of plasticizers.

One of the potentially promising uses of OEGM is the production of materials with
variable phase state, which are used for thermal energy conservation. Thus in [52]
homopolymers of MOEGM with average molecular weight of 1100 and 2080 were
obtained by polymerization in mass. These samples have good thermal stability and high
value of phase transition enthalpy.

There is a growing interest in using MOEGM to obtain super-sorbents. Thus, in
[14] a cross-linked copolymer of partially neutralized acrylic acid and MOEGM with
molecular weight 475 was obtained. The introduction of MOEGM reduces the glass
transition temperature of the polymer and allows reducing the content of residual
monomers in the process of their extraction, which is a key parameter when using
superabsorbents for hygienic purposes. However, the increase in MOEGM content leads
to a reduction in the amount and speed of water adsorption. In [15] a salt tolerant super-
sorbent obtained by reverse-suspension polymerization of partially neutralized acrylic
acid, acrylamide and MOEGM with molecular weight 2080 was proposed. The
dependence of the absorptive capacity of the super-sorbent on the mass fraction of
MOEGM passes through the maximum (39.4 % wt.). It is also shown that MOEGM acts
as a co-dispergent during polymerization, improving the quality of products.
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One of the promising directions is the production of organosoluble copolymers
OEGM with hydrophobic monomers, which polar oxyethyl fragments can give dispersing,
adhesive and other properties. In particular, organosoluble copolymers of OEGM and
higher alkyl(meth)acrylates are proposed as viscosity-dispersion additives to motor oils
[53-56]. However, they are wide no research has yet been carried out on the production,
properties and application of organ-soluble copolymers of OEGM.

Thus, oligo(ethylene glycol)(meth)acrylates are widely used monomers, and the
development of new effective materials based on them is developing rapidly all over the
world. In the given work the task of development of the complex technology providing
synthesis of MOEGM and MOEGA and reception of final products on their basis -
effective plasticizers for cement compositions and additives for oil products is set.
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2 Experimental part

2.1 Characterization of initial substances and solvents
Acrylic acid «Sigma-Aldrich» firm’s product, 98%. Used without addition
purification. (Twi.=300.3K/4kPa, np°=1.4222; Thei=414K/101kPa, np?°=1.4224).
CH2=(I:H
c=0
I
OH

Polyethylene glycol (PEG) «Sigma-Aldrich» firm’s product, molecular weight is
equal to 2000, density 1.21g/cm3(20°C).
H—(O—CH,—CH,),—OH
2,2-azo-bis-isobutyronitrile (AIBN) used as initiator, (produced by Aldrich firm)
twice crystallized from ethyl alcohol solution, Tme=101°C.
N HiC, CHj
Se N XK
X SNT ey
HiC" CHj N
Sodium dodecyl sulfate (SDS) consisting of 99% of anionic surfactants. «Sigma-
Aldrich» firm’s product.

o

o

Ethyl alcohol (T =78°C/101.325kPa, np?°=1.3612-1.3618).

2.2 Physico-chemical methods of research and description of devices used

The Vika tool is used to determine the normal density of viscous materials as well
as the initial and final solidification time of cement. Measurement of these characteristics
is specified in TOCT 310.3-76. This tool is mainly used in construction industry. The
small tool consists of a needle, pestle, ring and plate. The standard length of a needle with
a diameter of 1 mm is 50 millimeters. The size of the gun (diameter x length) is 10 x 50
millimeters (the image of the tool is shown in Figure 1).
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Figure 1 — Vika tool for determining the solidification time

The consistency of the cement dough is determined using a cone and shaking table
(Fig. 2). The cone is located in the center of the shaking table disk. Cement paste with
normal density is used to determine the consistency of the cement paste. The inner surface
of the cone and the table surface are pre-wiped with a damp cloth. Fill the cone with
cement paste. Place the cone in the center of the table disk for shaking and level the
surface, tapping on the table 10 times. After smoothing the surface of the mixture remove
the cone and shake the table 15 times, then measure the diameter of rolling cement paste
(device for measuring the diameter of rolling cement paste shown in Figure 2).

Figure 2 — Apparatus for shaking and compacting the mixture in the cone
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A hydraulic press (MIT-500) was used to determine the strength of a cement test
(Figure 3). To determine the strength of a cement dough, pour the pre-cooked cement
mixture into cubes. Three samples (one form) are made for each specified test period (a
drawing of the hydraulic press and forms is shown in Figure 3).

Figure 3 — Hydraulic press and forms for strength determination

The cubes are stored in a form for 24 £ 1 hour. After a short time, the cubes are
gently removed from the form and then marked. The ready-made cubes are placed
horizontally in a water bath so that they do not touch each other. The water changes every
14 days. The cubes are removed from the water after 3, 7, 21 days. Before placing the
cubes in the water and after a certain time, their weight is measured, i.e. water absorption
is calculated. At the end of the storage period, the cubes are removed from the water and
checked at the latest after 30 minutes.

2.3 Preparation of polyethylene glycol -grafted- acrylic acid

The polymer was synthesized in a special unit. A mechanical stirrer and a drip tray
equipped with a thermometer, a 250 ml round bottom flask placed in a water heater, the
internal temperature was controlled by a regulator (the synthesis unit is shown in Figure
4),
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1 - three-neck flask; 2 - drip tray; 3 - tripod; 4 - mechanical stirrer; 5 - gas pipe;
6,7 - thermometer; 8 - water bath

Figure 4 - Polymer synthesis unit

A mixture of polyethylene glycol (MW=2000) and sodium dodecy! sulphate (DDS)
is added to the three-necked flask located in the synthesis unit and mixed until the polymer
is completely dissolved in water. Add a certain amount of acrylic acid (AA) to the fully
dissolved mixture and increase the temperature to 60 °C and accelerate the rotation of the
mixer to a certain level. After a while, 2.2-azo-bisobutyronitrile (AIBN), dissolved in
water, dropped through a drip tube. The synthetic mixture starts to turn into a viscous in
more than 2 hours. The mixture is then cooled, poured into another container and sent for
further study and use.
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3 Results and their analysis

3.1 Copolymer based polyethylene glycol-and its use to increase concrete
strength

A mixture of polyethylene glycol and sodium dodecyl sulphate (DDS) is added to
the three-necked flask located in the synthesis unit and mixed until the polymer is
completely dissolved in water. Add a certain amount of acrylic acid (AA) to the fully
dissolved mixture and increase the temperature to 60 ° C and accelerate the rotation of the
mixer to a certain level. After a while, 2.2-azo-bisobutyronitrile (AIBN), dissolved in
water, dropped through a drip tube. The synthetic mixture starts to turn into a viscous in
more than 2 hours. The mixture is then cooled, poured into another container and sent for
further study and use.

H, H AIBN, 60°C Hy Hs
H*{OCQC:%‘OH + HQCZCEH — H{OCC%O C——flﬁH
n C=0 N LAY e
OH OH

The infrared spectroscopy method was used to determine the structure and
composition of the polymers under study. Although infrared spectroscopy is one of the
oldest methods of studying polymers, it has not lost its relevance in modern studies
(infrared spectrum of polyethylene glycol and acrylic acid polymers is shown in Figure
5).
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—— 94783
— 58758
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0.05

0.00

3500 3000 2500 2000 1500 1000 500
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Figure 5 — Infrared spectrum of polyethylene glycol and acrylic acid polymer
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Absorption bands in the infrared spectrum were recorded in the range of 400-4000
cm™ . Here are the signals given by the functional groups of ethylene glycol and acrylic
acid copolymer, i.e. groups O-H (3379 and 3400 cm™), C=H (1712 and 1726 cm™?), C-O
(1081 and 1270 cm?), and C-H (820 and 970 cm™).

Different research methods have been used to use synthesized ethylene glycol and
acrylic acid-based polymer as plasticizers to increase concrete strength.

Initial chemical composition of used cement paste is showed in the table 1.

Table 1 — The chemical composition of the cement paste
Compounds | SiO; | Al,O3 | Fe,03 [CaO | MgO |SO;3 | NaO | KO | Losses

Mass, % 2148 16.03 |4.22 (6429 [068 |039 (021 |0.11 |259

Portland cement used as cement sample.

Determination of the normal density of the cement slurry (cement/water ratio). The
comparative analysis of plasticizer-based cement paste and pure cement-water paste is
performed.

Determining the normal density of cement paste is necessary for further testing of
cement (determining the residence time, determining the spraying diameter of cement
paste). The normal density value depends on water consumption, density and strength of
the cement paste.

Normal density of cement paste is determined in accordance with TOCT 310.3-76
and by Vika tool with pestle.

According to the standard, 400 g of cement, 116 g of water and 2 g of plasticizer
are added. The plasticizer is a synthetic polymer based on ethylene glycol and acrylic acid
(pH = 7). Wait 30 seconds until water is absorbed, then vigorously stir the paste in
perpendicular directions for 5 minutes. Fill the cement paste into the Vika tool ring. The
ring is in the centre of the Vika tool and the paste is filled until the surface touches the
pestle. Push the fixed screw so that the pestle can fall freely. 30 seconds after the release
of the rod, the depth of penetration of the pestle is determined on the scale of the device.
The density of the cement paste is normal if the pestle does not reach the 5-7 mm plate.
The pestle was immersed in the cement paste and did not reach 6 mm on the plate. That
is, for normal paste density, the ratio of 400 g of cement to 116 g of water was preferred.

Normal cement density is the ratio of the cement weight required to prepare the
cement paste to the amount of water, expressed as a percentage. According to the results,
the Cement Water Ratio is determined by the following formula. It is taken 22-30% of the
cement weight.

d — Gwater

* 100 %

. Gcem_ent
where, Guwatr, 1S the amount of water in the paste, g;
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Geement - Mass of cement, g.

116 100% = 29%

= * =

400 0 0
d 107 100% = 25,75%
— * —

400 0 11070

The normal density of plasticizer-based paste is 29%, and the normal density of
pure cement-water paste is 25.75% (a comparative analysis of normal densities of cement-
water paste is shown in Figure 6).

Application of plasticizer for cement:
Cement/water ratio

30.00%

29.00%

%

_ 28.00%

27.00%

26.00% -

25.
25.00%

Cement/water ratio

24.00%
C/wW EaA

Figure 6 — Comparative analysis of normal cement paste densities

Vika needle tool was used to determine the initial and final hardening time of a
cement test (TOCT 310.3-76). Normal density cement paste is used to determine the
hardening time. Cement paste, which is poured into the Vika tool ring, is fed before it
touches the tool needle. It allows the needle to drop freely when pressed on a fixed screw.
The needle is dipped in the cement paste every 5 minutes before the hardening time and
every 15 minutes from the beginning of the hardening time to the end of the hardening
time. Hardening time starts at 1 hour and ends at 1 hour 50 minutes.

The start of hardening time of pure cement-water paste was 1 hour 40 minutes and
the end of hardening time was 3 hours 58 minutes (comparative analysis of cement paste
hardening time is shown in Fig.7).
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Application of plasticizer for cement:
Hardening time
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Figure 7 — Comparative analysis of cement test hardening time

The initial and final hardening time of cement paste was measured in a room with
a temperature of 15 - 20 ° C. The initial hardening time of plasticizer-based cement paste
was 1 hour and the end was 1 hour 50 minutes. That is, at normal temperatures, the
hardening time was + 30 minutes. For reference: in industrial production hardening time
of concrete products does not exceed 10-20 minutes.

To obtain a high strength cement paste, it is necessary to apply it before the initial
hardening time. Too fast or too slow hardening of a cement paste is one of the main
disadvantages. If cement hardens quickly, it will harden before use. When working with
such cements, they must be transported quickly after mixing with water, which is a
problem. And if hardening time is slow, it slows down the construction pace. According
to 'OCT10178-85, the initial time of cement hardening should not exceed 45 minutes and
the end should not exceed 10 hours.

The consistency of a cement paste is necessary to determine the diameter of its
spread. If the spreading diameter of the paste is in the range of 142-149 mm, the
consistency of the cement paste is normal.

The consistency of the cement paste was determined using a cone and a shaking
table. Cement paste with normal density is used to determine the consistency of the cement
paste. Fill the cement paste in the form of a cone. Place the cone in the centre of the
shaking table disc and align the surface by pressing 10 times. After aligning the mixture
surface, remove the cone shape, shake the table 15 times and then measure the diameter
of the cement paste. The diameter of the paste has spread d = 14.7 cm = 147 mm. The
distribution diameter of the pure cement-water paste is d = 14.2 cm = 142 mm (a
comparative analysis of the consistency of the cement paste is shown in Figure 8).
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Figure 8 — Comparative analysis of the consistency of the cement paste

The diameter of the cement paste should be between 142-149 mm. The large
spreading diameter increases its overall area coverage in production, resulting in material
savings.

A hydraulic press is used to determine the strength of a cement paste. To determine
the strength of a cement paste, pour the pre-cooked cement paste into cubes lubricated
with machine oil. Three samples (one form) are prepared for each specified test period.
The dice shall be stored in a mould for 24 £ 1 hours. After a certain time, the dice shall be
carefully removed from the mould and then marked. The finished cubes shall be placed
horizontally in a water bath so that they do not touch each other. The dice are removed
from the water after 3, 7, 21 days. Before placing the cubes in the water and after a certain
time, their weight is measured, i.e. water absorption is calculated. At the end of the storage
period, the cubes are removed from the water and tested after 30 minutes at the latest.

Mass of cubes after 24 hours and after 3,7,21 days (water absorption of cement
paste based on plasticizer is given in table 2).

Table 2 — Water absorption of cement paste based on plasticizer

Mass, g.

No 1 day 3 day 7 day 21 day
1 720 746 - -

2 664 678 - -

3 720 - 740 -

4 702 - 721 -

5 730 - - 765
6 738 - 750
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Mass of cubes (pure cement-water paste) after 24 hours and after 3,7,21 days (water
absorption of pure cement paste is shown in table 3).

Table 3 — Water absorption of pure cement paste

Mass, g.

Ne 1 day 3 day 7 day 21 day
1 716 742 - -

2 712 738 - -

3 710 - 738 -

4 736 - 762 -

5 734 - - 760
6 718 - - 744

The strength of the cement test is one of the main factors. It is not used in industry
without determining the strength. Pure cement-water paste has high water absorption, but

low strength. That is, cement paste based on plasticizer has high strength (comparative
analysis of the strength limits of cement paste is shown in Figure 9).

Application of plasticizer for cement:
Strength limit of cubes
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Figure 9 — Comparative strength limit analysis of a cement paste

We conducted a study using a polymer based on synthesized ethylene glycol and
acrylic acid as a plasticizer. According to the analysis, the plasticizer has a large spreading
diameter, good water absorption, high strength, as well as colorless, odorless, low cost.
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CONCLUSION

1. Copolymer based on polyethylene glycol and acrylic acid was synthesized by
emulsion polymerization.

2. The IR spectroscopy method is used to determine the structure and composition
of the polymer to be synthesized.

3. Various research methods have been used to use cross-linked copolymer based on
polyethylene glycol and acrylic acid as a plasticizer to increase concrete strength.

4. To increase the strength of concrete, the ratio of cement to water, as well as the
hardness and pressure resistance of a standard sample (without polymer) and a sample
with polymer were studied.
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AA
AIBN
PEG
DDS
IR

AMPSA
MOEGA
LCST
OEGM
MOEGM
MAC
MOEG

LIST OF ABBREVIATIONS

acrylic acid
2,2-az0-bis-isobutyronitrile
polyethylene glycol

dodecyl sulfate

infrared spectroscopy

molecular weight

acrylamide propane sulfonic acid
methoxyoligoethylene glycol acrylate
lowest critical solubility temperature
oligoethylene glycol methacrylate
methoxyoligoethylene glycol methacrylate
methacrylic acid
methoxyoligoethylene glycols
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