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TEMPERATURE OF METHACRYLATE COPOLYMERS

Abstract. We have obtained a new synthetic copolymers based on methyl methacrylate (MMA) and butyl
methacrylate (BMA), with use of the dinitrile as an initiator of Azobisisobutyronitrile acid (AIBN). Hence, the
obtained results show the important role of the structure of the polymer melt at a specific temperature or heat
resistance intensive degradation of polymeric materials and other characteristics of the TGA. Heat resistance, as well
as a certain temperature loss of the samples depends on the chemical structure of polymers, expressed in terms of the
glass transition temperature, the compactness of the macromolecular coil in the copolymer, which is also determined
by the structure of the coil. The role of the latter in determining the thermal resistance decreases as the glass
transition temperature of the copolymer. It was found that the thermal degradation of butyl methacrylate copolymers
studied by the mechanism of copolymerization and decomposition side butyl substituent.

Keywords:, methyl methacrylate, butyl methacrylate, copolymers, differential scanning calorimetry (DSC),
thermo gravimetric analysis (TGA).

Introduction. Self-curing PMMA are materials formulated by the mixing of two-component, one
solid (powder) based on PMMA spherical beads and another liquid includes monomer and an initiator to
enable the polymerization reaction to occur at room temperature and a high level of heat being generated
during the exothermic reaction. In self-curing, the polymerization reaction of methacrylate monomers is
initiated by the activation reaction of BPO, with an amine accelerator at room temperature, which gives
free radicals for addition to monomer molecules [3]. A high level of heat being generated during the
exothermic reaction [1]. Authors [2] prepared copolymer latexes based on methyl methacrylate (MMA)
and butyl methacrylate (BMA) using macroradical initiator technique. Different ratios of acrylic
monomers were designed to investigate the effect of monomer compositions on physico-mechanical
properties of acrylic films for paint application. The results showed that, physico-mechanical properties
increased with increasing the ratio of MMA in the copolymer. The work was further extended to include
the application of the obtained copolymer latexes to make acrylic syrups containing varying content of
MMA-monomer to be self curing and modify physico-mechanical properties of paint solvent free.

Materials and apparatus. Methyl methacrylate, butyl methacrylate, Azobisisobutyronitrile acid
production company «Aldrich Chemical Co.» USA was used without further purification and other
chemicals as ethanol and acetone used in this experiment.

Synthesis and Characterization of Copolymer. The preparation of copolymer and the methods of
analysis (FT-IR and SEM) have been previously described [3]. DSC was carried out using a Perkin Elmer
Differential Scanning Calorimeter DSC. The samples were tested under N2 atmosphere at a scanning rate
* 200C min-L The thermal gravimetric analysis (TGA) was conducted on a TGA/SDTA 851e under
nitrogen flow.

Structure of Copolymers. The structure of the copolymer latexes based on methyl methacrylate
(MMA) and butyl methacrylate (BMA) is shown in figure 1.
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Figure 1 - General reaction for the synthesis of MMA/BMA copolymer [3]

The copolymer latexes were synthesized with different ratios (M1=10/90, M2=50/50 and M3=90/10
respectively) using azobisisobutyronitrile (AIBN) as free radical initiator. The properties of the prepared
copolymer latexes have been previously reported by authors [3]. The results showed that physico-
mechanical properties of the copolymer were increased by increasing the ratio of MMA in the copolymer
latexes.

Differential scanning calorimetry (DSC). This assumption confirmed by the results of differential
scanning calorimetry. DSC curves obtained are shown in figure 1and in table 1

Table 1- Differential Scanning Calorimetry copolymer of MMA:BMA

[MMA-BMA] N oC A, °C  Temperature range, Lost mass % Residual PDTmax, °C

mol. % @ ©) C(0) © mass % (0 ©

10-90 43.30 34.15 25-280 17 98,3 435
280-500 98,3 0

50-50 63.10 57.12 24-277 14 935 426
277-500 935 0

90-10 98.40 %34 25-274 10 0 420
274-500 0 0

Note - a- Values from DSC Analysis
6- Values determined by the Fox equation
¢- Values derived from thermogravimetric analysis

Figure 2 shows a differential scanning calorimetry (DSC) of the studied samples. Seen from the
curves that the samples undergo transformations, there is no monotony and regularity of change DSK -
signal with increasing temperature. Therefore, we can assume that the melting copolymers requires
energy, which is reflected by a sharp decrease in the DSC signal. From the DSC data it follows that the
curve ofthe copolymer of MMA:BMA has an endothermic peak at 980C, which corresponds to the glass
transition temperature. Then, from 100 to 2000C in all systems, probably no chemical reaction occurs, and
DSC - signal changes due to the removal of volatile impurities. The results obtained are in good agreement
with the known views on the mechanism of thermal transformations of methacrylates [4], DSC and TGA
data are in good agreement. Based on TGA and DSC data expansion process systems investigated under
the temperature can be divided into three areas:

I - 10to 2500C - an area resistant to aging;

Il - from 325 to 4250C - region of rapid aging of the destruction ofthe copolymer;

Il - above 4500C - the area of destruction.

Decomposition MMA:BMA is mainly on the mechanism of copolymerization, and accompanied by
the destruction of lateral substituents of the methacrylate units in the copolymer can be expanded through
the destruction ofthe lateral ester groups.

Destructive flow starts at 2500C. In which the endothermic peak at 3250C indicates the gap of
methacrylate linkages and an exothermic peak area at 4500C - resulted by oxidation. Thus, copolymers
based on MMA: BMA possess high thermal stability and are more resistant to thermal degradation.
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Figure 2 - DSC curves for polymers MMA: BMA 10:90 (1), 50:50 (2), 90:10 (3)

Thermo gravimetric analysis (TGA). To study the thermo physical properties of the synthesized
copolymers and the starting reagents, studying these thermal properties by thermo gravimetric analysis
(TGA) [8, 9]. TGA results are presented in table 1 and figure 3.

In a first step (20...2800C) going destruction of oxygen-containing groups: the carbonyl and ether,
which is accompanied by mass loss of the sample 12, 5...13, 6 % (table 1). Intensive thermal destruction
corresponds to the interval 280-4000C, the loss of mass is 67, 5...68, 4 %.

Figure 3 shows the TGA - curves copolymer MMA: BMA, weight loss of the copolymer observed at
2500C, this is due to the loss and removal of volatile impurities. A loss of mass 10% observed at 2250C.
The rate of thermal-oxidative decomposition of the copolymer increases markedly with temperature
4250C. The endothermic effect at 3250C, in which 4500C becomes exothermic peak showing the thermal
oxidative degradation of the polymer [5, 6]. Over 4500C mass is removed and the remaining 20% of solid
residue (see figure 2). The total drop weight is 80%.

The glass transition temperature of copolymers obtained by radical copolymerization in the presence
of a dinitrile, Azobisisobutyronitrile acid, is higher than for the homopolymers, which indicates the
formation of block copolymers. To analyze the properties of the copolymers are selected in the two
monomers, which were used in the copolymerization reactions of methyl methacrylate (MMA), butyl
methacrylate (BMA).
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Figure 3 - The mass loss versus the temperature of copolymer.
Composition MMA: BMA 10:90 (1), 50:50 (2), 90:10 (3)

Copolymers based on these compounds are completely amorphous high molecular weight substances
which are easily formed in the block and suitable for thermal characteristics of study [7, 8].
The glass transition temperature of copolymers Tc calculated by the following equations.

I we w2 ws

Tg Tgl T TA&B
where Tc - The glass transition temperature of the copolymer, Tg: and Tg2 - two glass transition
temperatures of homopolymers and W1, n W2 - weight of the two repeat units in the copolymer.

In general, there is good agreement between the calculated and experimental values of TC. When
using the experimental values of TC for homo polymers and substituting them into the equation in most
cases corresponds to the calculation experiment is somewhat improved. The calculated values of the
characteristics defined for the ideal polymer system.

Conclusion. Polyampholytic properties of cross linked copolymers of MMA: BMA, partly due to the
presence of unsaturated groups and carboxyl methacrylate structure characteristic for which presence
confirmed also that by decreasing the content of the hydrophobic monomer MMA copolymers are
obtained which are insoluble in water. lonization of the carboxyl groups is a major contributor to the
process of swelling and aspirations to the distribution of solvent throughout the volume of the polymer
network.

MMA:BMA decomposition proceeds predominantly by the copolymerization mechanism, and is also
accompanied by the destruction of side substituents; some of the methacrylic units in the copolymer
decompose through the destruction of side ether groups.

- = 2= -
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METAKPUNAT COMOJIMMEPNEP1IHLL,
WbIHBINAHY TEMIMEPATYPACbBIH AHBLUTAY

AHHOTaUMA. XXyMbIC MakcaTbl peTllje KaHbiknaraH TYP/i MeTakpusi MOHOMEpI Hemn3Lw/je >kaHa ConosmmMep
CUHTe3aenin anbiHAbl. XKaHa TYp/i KaTbiHacTars! cornonvmepnep MMA-BMA CUHTe3[EeB[, X3IHE (PU3NKa-XUMUATbIK
KacueTTepi 3epTTensi.

Hen3n HaTnxXenep:

- atraw peT MMA-BMA HerisiHge cononumepnep 6actankbl Kocrnagarbl MOHOMepAL, TYp/i KaTbliHacTarsl
maccaga 60c pafmKanibl CONoaMMepneHy agici apKblibl CUHTE3AEeNA;

- anbiHraH cononumep TIT »3He ACK 3para HerisiHge TepMuANbIK KacueTTep KapacTbipbligbl. Ocbl
M3/1iIMeTTEp Heri3iHAe WbIHbINaHy TeMMepaTypachl aHbIKTaN4bl.

LLbiHbInaHy Temnepatypackl (TW) - MonuMepnepAll MaHbi3gbl napameTpiHiH 6ipi, nonnMepnepal Xbiay
CbIfibIMAbINbIK enlleMi peTiHAe Kellpek KonfaHbinagpl. byn agic Ynrinepai 6enrwl >xblngamablKNeH Kbi3gplpy
6apbICbiHAa 6eniHreH XblNy arbiHbIH efneyre HerizgenreH. Ocbl Xbly arbiHbl AuddepeHumanipl cKkaHepneyLi
KOMOPUMETPAIK KOHABIPrblAa »asbinagbl. ConosMMepAiH WbiHbINaHy TemnepaTypackl 0Cbl MOHOMEpP/Ep Hen3Lije
afibIHraH >xeKenereH romononuMep TLU M3HLUILL, apacbliHaa 60nafbl 3He cononuMep KypambliHaa 6Genrw 6ip
MOHOMep OYybIHbIHBIH MesiLepi Ken 60ayblHa 6alinaHbICTbl M3LL XbUDKbIM OTblpadbl. MoAnMeTUAMETaKPUNATTbIH
(MMMA) whbIHbINaHy Temnepatypackl 105-1200C, an nonnbyTUNMETaKpUAATTbIH LWbIHbINaHY TeMnepatypackl 200C
Kepcetedi. 3eptrennireH MMA-BEMA cononuMepiHiH LWbIHbINaHY TemnepaTypack! 6acTanksl MOHOMEP KypaMbIHAArsl
MMA wmenwwepi 90% (M3) 6onraHga 980C, an 50% (M2) kepceTkeHge 630C xaHe 10% (M1) 6onraHga 430C TeH
eKkel aHblkTangbl. Cononmmep KypambiHAa MMA  MoHOMepuil, Menwepi Ken 60araH caiblH - LUbIHbIAAHY
Temneparypacbl MMMA LWbIHbINAHY TemnepaTypacbiHa >kakblHAa TYCeTiHi 6aiikanagbl. POKC TeHAeyi apKbiibl
aHbIKTa/IraH MaHi T)KipMbeik MIHMEH YKCacTbIrbIH aHrapyra 6onagp!.

Byn TtepmorpasumeTpuanbik Tangay (TI'T) - AuddepeHumanibl CKaHepreylli KasopuMeTpuanbiK Tangay
CUSAKTBI KeHiHeH KongaHblnaTblH 3410 6onbin caHanagbl. Ocbl aficreH YAri MaccacbiHbiH He MaccasibiK YNeCiHiH
Temnepartypara Hemece yakblTKa Tayenfi e3repiciH enweidar byn Tangay TypakTbl aTMOCHepPasblK KbICbIMAA X3He
25-5000C Temnepatypanblk gnanaszoHbiHaa 1000 C/ MUH XbingaMabIKTarbl ra3 1apisfec a3oTTbl KON4aHy apKbifbl
Xacangpl. XKymbICTa 3epTTe/reH CononmMMepepaiH 4eCTPYKLMAra yLbIpay Xarfaibl KepceTinreH.

Monumepgeri MoHOMepnepAiH TYPAi KaTbiHacbiHa GaiinaHbICTbI LWhbIHbINAY Temnepatypack! (Tin) YHemi earepin
oTbipagpl. OcCbl NOMWMepNep KaTTbiibirbiH T LWbIHbIIAY TemnepaTypacbiMeH aHblkTainabl, oraH POKCTbIH
3AMNMPUKabIK TEHAEYIH KONAaHy apKblibl TemeHgenaeid ecentey XYprisingi.

OcblHAan TepMoKaTTbinaHraH nonuvepnep YLiH ecenTenreH WbiHbiIay Temnepatypachl (Ti) YA4ipaiH COHrbl
Tww M3HI emec, eiiTKeHi monumep Ti36ekTepi TirifireH caibliH OHbIH TLU TeMMepaTypachl XKOrapnaiTbiHbIH eCKepy
KaXKeT.

CuHtesgenreH MMA-BMA  CbI3bIKTbl COMOMMMEPIHIH TepMOMEXaHMKANIbIK  KacUeTTepi 3epTTeNfi >KaHe
GacTankbl peareHTTIH TepMuANbIK KacueTTepw TI'T apkblibl aHblKTay YLWiH ManiMeTTep KongaHbiigbl. MMA
6ybIHbl 10% (M1) 6onraHga 25-2800C apasibirbiHaa cononumMep 6actankbl canMarbiHbiH 1,7% xorantca, an MMA
OybIHbl 90% (M3) 6onraHga 25-2740C Temnepatypa apanbirbiHga 10% maccacbiH Xorantafbl. bactankel caTbiga
Ynri KypamblHZAarbl AbIMKbII, Cy, epiTKill KocnanapblHbIH TeMMepaTypacbiH >KorapbinaTKaHga, onap >Kbligam
blablpaigbl. An 280-5000C TemnepaTypabik aymMakTa eKiHLi PeT MacCacblH XXoraitagbl. Anrawksl YArifep xannbi
MmaccaHblH 98% MaccacbliHaH aiblpblica, COHIbl YA annbl MaccaHbiH 90% >korantagbl. CononnmepaLy,
Makcumangbl bigbipay Temnepatypacel fa (PDT) 4350C, 4260C, 4200C TemnepatypaHbl kepceTwl, MMA 6ybIHbI
10%-gaH 90%-ra apTKaH cailblH TEMEHAENTIHIH aHrapyra 6onagbl. MakcumangplK bigblpay TemnepaTypachl
MosMMep KypblibiMblHA GaiinaHbICTbl. ANbIHFAH HATWKENEep XXYMbICTa KennpLlireH MeTakpuaaTTbiH e3repiCiHiH
Xblly MexaHu3MepiHe Calikec Kenear

AnblHraH manivetTep Herisinge TI'T >xsHe [ACK 6olibiHWwa bigbipay Y/epiciHaeri 3epTTenreH xyiere
TemnepaTypa acepi 3 aliMakka Kenecigeii 6e/liHETIHI aHbIKTaAb!.

| - 10-HaH 2500C peitiH - To3yra kegepri aimarbl; 11 - 325-TeH 4250C geitiH - cononumMep JeCTPYKUMACHIHBIH
Te3 To3y avimarbl; 111 - 4500C xorapbl - AeCTPYKLMS aimMarbl.

TywH cesgep: MeTUAMETaKpunat, OyTUAMEeTakpunar, cononumepnep, AuddepeHumanibl CcKaHepney
kanopumetpuscel (ACK), TepmorpasumeTpusnsik tangay (TTA).
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OMNPEAENEHNE TEMMEPATYPblI CTEK/TOBAHWNA
METAKPUAATHBLIX COMOJIMMEPOB

AHHoTauusa. Ans aToil uenm 6bi1 CUHTE3NPOBAH HOBbIV COMO/IMMEP Ha OCHOBE Pa3fIMUHbIX HEHACBILLEHHbIX
METaKpWIOBbIX MOHOMEPOB. CHUHTE3MPOBaHblI HOBbIE COMOMMMEPbI pasHbIX COOTHOLWeEHUT MMA-BEMA 1 n3yyeHsl
NX (PU3NKO-XUMUYECKME CBOMCTBA.

OCHOBHbIe pe3ynbTaThbl:

- BnepBble Ha ocHoBe MMA-EMA cononvmepbl Obiin CUHTE3MPOBaHbI METOLOM CBOOOAHO paguKaibHOW
COMOMMMEpM3aLIM MOHOMEPA B MCXOAHOI CMEeCK B pasHbIX Maccax.

- TepmuyeCKMe CBOICTBA NOTYHEHHOTO cononnMepa 6binn n3yyeHsl metogom TI'T n ACK. Ha ocHoBaHWM 3TMX
[aHHbIX Oblna onpejeneHa TemnepaTypa CTeKI0BaHuA.

TemnepaTypa cTeknoBaHus (T” ABNAETCA OAHUM W3 BaXHEMLUMX NapameTpoB NOAMMEPOB, KOTOPbIe LUMPOKO
MCNOJb3YIOTCSA B KaYeCTBe KPUTEpPWs TErjoeMKOCTM MOMMMEPOB. 3TOT METOZ OCHOBaH Ha WM3MepPeHWW TensoBbIX
MOTOKOB, BbIJeNseMbIX MNPW HarpeBaHuyM 06pasLoB C OMNpefeneHHoW CKOpPOCTblO. ITOT TensjoBOM MOTOK
perucTpupyetca Ha AuddepeHUManbHOM  CKaHepe  KOnopumeTtpa. Temnepartypa rnasvpoBaHus  comonvmepa
HaxXoAWTCS MeXy 3HaUYeHVUAMM UHAMBUAYaAIbHOTO roMmononumepa Tsh, NosyyYeHHOro Ha OCHOBE 3TUX MOHOMEPOB, U
3Ta Be/IMYMHA BapbUpyeTCs KU3-3a 60M1bLIOr0 KONMYECTBA KOHKPETHBIX MOHOMEPHbIX 3BEHBEB B COMOIMMEPE.

Bblno 06Hapy>KeHo, UTO TeMNepaTypbl CTEKN0BaHUSA nccnegyemoro cononmmepa MMA-BMA coctasnsioT 980C
npu 90% (M3), 630C npu 50% (M2) n 430C npu 10% (M1). 3ameuyeHo, UTO YeM Bbille COAepXaHue MOHoMepa
MMA B cononumepe, Tem 6vXe TemnepaTypa cTeknosaHus K MMMA. BugHo, 4TO 3HayeHWs, onpegensemMble
ypasHeHVem PoKca, aHanorMyHbl 3KCNePUMEHTaIbHBIM 3HAUEHNAM.

JTOT TepmorpasuMeTpuyeckmii aHaims (TIT) ABAAETCA LUMPOKO MCNOMb3yeMbIM METOAOM, TakuM Kak
AnddepeHLManbHbIA CKAHUPYOLWLMIA KaNOPUMETPUYECKUIA aHam3. STOT METOL WM3MepseT U3MEHEHWe Macchbl Uiu
mMaccoBoii gonn o6pasla B 3aBWCHMOCTM OT TemrnepaTtypbl WAW BPEMEHW. ITOT aHam3 Obll BbINOAHEH C
MCMNOMb30BaHVEM ra3000pasHOro asoTta npu NoCTOAHHOM aTMOCHEPHOM JABNEHWUU W TeMMNEepaTypHOM WMHTepBase 25-
5000C co ckopocTbio 100° C/ MmH. PaboTa MoKasbIBaeT, YTO U3yUYeHHbIE COMOIMMEPbI Pa3pyLLEHbI.

Temnepatypa cTeknoBaHua (T MNOCTOSHHO MeHSETCA U3-3a Pa3iMYHbIX COOTHOLUEHWA MOHOMEPOB B
nonumMepe. TBepAoCTb 3TWX MNOMMMEPOB OMpPefenisieTcs TeMnepaTypoil CTeknoBaHWs T/ [0 KOTOpoW 6biiu
BbIMO/IHEHBI CMIEAYIOLLME pacyeTbl C UCMO/b30BaHWEM 3MNUPUYECKOTO ypaBHeHMS PoKca.

PaccumTaHHaa Temnepatypa cteknoBaHus (T gns Takux TEPMUYECKUX MOANMEPOB He ABIAETCA KOHEUHON
BEe/MUMHOA T NMeHKM, Tak Kak crnefyeT yuuTblBaTb, YTO MPU CLUMBAHWM NOMUMEPHbLIX Lenel ee Temnepartypa T
YBe/IMYMBAETCA.

TepmoMexaHnueckue CBOWCTBA CMHTE3MPOBAHHOIO nuHeiHoro conomumepa MMA-BMA 6biin U3yYeHbl U
JaHHble 6blM UCMO/Mb30BaHbl 415 OMpefeneHNs TEPMUYECKMX CBOMCTB UCXOAHOTO peareHTa C MCMo/b30BaHWEM
1IT. Cononumep TepsieT 1,7% CBOeid HauasibHO Macchbl B MHTepBasie 25-28000C B napax MMA npu 10% (M1) u
TepseT 10% cBoeii Maccbl B MHTepBane Temnepatyp 25-27400C B mapax MMA npu 90% (M3). Ha HauvanbHoi
CTagun, Korfa cojepxaHue Bnarv B obpasue, TemnepaTypa CMeceii BOAbl W PacTBOPUTENS MOBbILLAIOTCH, OHU
ObICTPO pasnaratoTcd. A B TemnepaTypHoM MHTepBane 280-5000C TepsieT Bec BO BTOpOW pa3. B To Bpems Kak
nepBble 06pasupbl TepstoT 98% oT 06Leii Macchl, mocnegHue obpasupl TepatoT 90% oT o6uweii maccbl. MOXHO
BUAETb, YTO MakCUMaslbHas TemmnepaTypa pasnoxeHus cononumMepa (PDT) Takke YMeHbLUAETCA C YBE/IMYEHWUEM
Temnepatypbl 0T 10% go 90%, uTo ykasbiBaeT Ha Temnepatypy 4350C, 4260C, 4200C. MakcumMasibHas Temneparypa
pasnoXXeHWs 3aBUCUT OT CTPYKTYpbl nonmmMepa. MonyyeHHble pe3ynbTaTbl COOTBETCTBYHOT TEM/I0BbIM MeXaHW3Mam
M3MEHeHVs MeTakpunara, NpuBeLeHHbIM B paboTe.

Ha ocHoBaHum faHHbix TFA 1 ACK npouecc pasnoxeHns uccnefyembiX CUCTEM MOS, AeCTBMEM TemmepaTypbl
MOXHO pa3fenuTb Ha 3 06acTu:

| - ot 10 go 2500C - 06nacTb, yCTONYMBAsA K CTAPEHWIO;

Il - o1 325 go 4250C - 06nacTb BLICTPOro CTapeHUs C AECTPYKLMEN COMOMMMEPA;

111 - Bbiwe 4500C - 0651aCTb AECTPYKLUMN.

PasnoxxeHne MMA:BEMA ungeT npevMMyLLeCTBEHHO MO MexaHW3My COMofumepusaumn, a TakKke
COMPOBOXAAETCS paspyLLeHneM HOKOBbIX 3aMeCTUTeNel, YacTb METaKpPWIOBLIX 3BEHLEB B COMOMMMEPE pa3/naraeTcs
yepes paspyLLeHne 60KO0BbIX 3MPHLIX rpynm.

KntoyeBble cnoBa: MeTWIMETakpuiat, OYTUNMEeTakpuiart, COMoSIMMEPbI, Kpacka, M/eHKa, MPOYHOCTb Ha
pacTskeHWe, OTHOCUTENbHOE YA/IMHEHWE MPY pa3pbiBe, TBEPLOCTL Mo LLopy.
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