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Poly(propylene fumarate phthalate) and acrylic acid
radical copolymerization constants and parameters

Poly(propylene fumarate phthalate) and acrylic acid radical copolymerization in dioxane solution
molecular ratios of original monomeric mixture was studied in this work for the first time. An uns
polyester resin was obtained using the polycondensation reaction. The composition of the obtainedsp
pylene fumarate phthalate) was determined according to elemental analysis. The studied copolyn

mass spectrometry. Radical copolymerization constants and parameters have be
integral method. Based on the copolymerization constants the Q-e parameters

whole range of the researched comonomer ratios during the radical copolyme F with AA. Based

on the results presented in the article, we can say that all copolymer compo based on poly(propylene
fumarate phthalate) and acrylic acid demonstrate the ability to control physical andi¢hemical properties. This
in turn will allow to create new materials with a pre-defined behavier p . It was found that the unsaturated
polyester resin is characterized by a lower reactivity in case 0 id and poly(propylene fumarate
phthalate) copolymerization.
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plyesters comprising Krebs cycle [1, 2] are of much in-
and biodegradability [3, 4]. Moreover, polyester resins are
makes materials based on them competitive comparing to other

relatively cheap products, which in s
sorts of plastics [5-8].
Poly(propylene fumarate p
cross-linking with various
Cross-linked poly(pro

the most researched material among the. It is a perfect option for
uch as acrylic and methacrylic acid.

, sterilisability and manageability [9-14]. It can be polymerized in situ [15]
echanical properties identical to those of spongeous bone.

ue to this fact, further research in this area appeared to be advantageous.
Reactions of poly(propylene fumarate phthalate)(p-PFP) and acrylic acid (AA) radical copolymerization
were studied in this work for the first time.

Experimental

Initial p-PFP was received by fumaric acid, phthalic anhydride and propylene glycol polycondensation at
temperatures 423-453 K [22, 23]. The reaction was monitored by determining the acid number and the amount
of water emission. The synthesized polyester is a light yellow fusible resinous substance that can dissolve in
chloroform and dioxane. Received resin was obtained from original monomers by multiple acetone washing.
Received substance content was defined by elemental analysis data.
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P-PFP molecular weight was determined by light scattering method at NACH 2100 AN nephelometer
and by gel-permeation chromatography, which is 2272 and 2394 atomic mass units.

P-PFP and AA radical copolymerization was performed in solution of dioxane at different original co-
polymer molecular ratios with benzoyl peroxide (BP) as initiating agent at 333 K. Synthesized polymers were
washed by dioxane and dried in vacuum multiple times in order to refine them from remaining unreacted
monomers until reaching constant weight.

Contents of received copolymers were defined with potentiometric titration and by a highly efficient
chromatograph LC-20 Prominence, Shimadzu (Japan) [24, 25]. In order to find amount of copolymers unre-
acted double bonds (degree of unsaturation) bromide-bromate method was used [26].

P-PFP and AA radical copolymerization kinetics was investigated by dilatometric method
Constants of copolymerization ry and r, were defined based on contents of copolymers receiv
version using Mayo-Lewis integral equation [27].

Results and Discussion

vinyl monomers and having specific physico-chemical and mechanical pro
rated double bonds in p-PFP molecules allow using it as polymeric matri
case of copolymerization with acrylic acid.
P-PFP was received by fumaric acid, phthalic anhydride and propylen col polycondensation [22, 23].
Cross-linked copolymer formation as result of p-PFP olig‘oﬁe ic molecule and AA radical copolymeri-
zation in presence of BP as initiating agent can be shown by the follewing diagram:

OH

Cop ation constant and parameters values are important characteristics when considering mono-
1 2lative reaction ability depending on their structure. However, more comprehensive information on
onomers relative reaction ability at copolymerization can be obtained from kinetic data (Fig. 1).
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Figure 1. p-PFP:AA copolymerization kinetic gr

P-PFP and AA radical copolymerization kinetics at various initial m
order to estimate monomers relative activity (Fig. 1). It was found that the
increase with increasing AA content in the initial monomer mi owever, these parameters decrease with
increasing p-PFP in the reaction mixture. This seems to be detegmi presence of —COO carboxyl func-
tional group in acrylic acid chain, which can participate in reagtio olymer transfer followed by molecular
mass growth due to branching processes. As can be seen in Fi , the radical copolymerization kinetics data
indicate a constant process acceleration in the case of oleeular mass increase in initial monomeric
mixture.

As mentioned above, cross-linked insolubl
copolymer ratios in process of p-PFP and AA radi

Experimental data received after studyin
shown in Table 1. Copolymer yield rangestro

t0s was studied deeply in

s are formed throughout the range of studied
merization.

pelymerization processes in p-PFP — AA systems are
%.

Table 1

ndence on initial mixture composition in process
and AA (M) [BP] = 8:10~° mole/m?, T =333 K

by mass Copolymer content, % by mass Yield, %
ms ma
6.77 93.23 83.70
20.34 79.66 78.73
44.17 55.17 79.33
68.42 31.58 71.93
86.67 13.33 62.09

can be seen in Table 1, p-PFP-AA copolymers are enriched with AA components throughout the range
ofvnitial mixtures. At that, the proportion of AA components in the copolymer composition increases symbol-
icallyswith respect to their content in initial monomeric mixture.

Copolymer yield and swelling rating increase as share in original AA mixture rises; this seems to be
determined by high degree of branching and cross-linking.

The branching and cross-linking reactions decrease correspondingly with AA molecular concentration
reducsing since benzene rings cannot participate in homopolymerization reactions. While the copolymer un-
saturation degree increases. Besides, the abovementioned reactions are more complicated when p-PFP con-
centration rises in initial monomeric mixture, which leads to higher viscosity.

Copolymer content dependence on initial mixture composition can be shown more conveniently on con-
tent diagram (Fig. 2).
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Figure 2. Composition diagram showing p-PFP — AA copolymer conte
dependence on initial monomeric mixture composition

Copolymer relative activity based on copolymer content and initial mghiomeric e position has
been calculated using Mayo-Lewis integral equation [9], Fineman-Ross,and\Kelen s standard methods.
Table 2 shows the calculated data that illustrate the higher AA activity in radical copolymeriza-
tion.

Table 2

p-PFP — AA binary systems radical copolymerizatign constants and parameters

Q1 €1 Q: €
1,19 1,06 1,15 0,77

M; M; r I r-r
p-PFP AA 0,76 1,21 0,92

but macroradical ending with AA second
polymerization stabilizer derivatives ar, se
static structures.

Conclusions
Therefore, a brief sum 0 studies described in this article shows that new crosslinked polymers
can be obtained by poly(pro marate phthalate) and acrylic acid radical copolymerization.

The obtained resuit'demo es the ability to control the physicochemical properties of a poly(propylene
fumarate phthalate) a -‘@ c acid based copolymer by changing the content of the polymer composition,
which allows yo categnew materials with preset properties.
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MoaunponuwieHpymaparPTagaTTbl aKPHJI KbIIIKbLIbIMEH PaIHKAJIbI
CONOJIMMepJIeyAiH KOHCTAHTAJIAapbl MEH apaMeTpJiepi

Makanana ajrani pet nmoaunponuieHbymapardTanaTTelH 0acTankbl MOHOMEPIIK KOCTIAHBIH TYPJi MOJIBJBIK,
KaTbIHACBIH/Ia IUOKCAH OPTAChIHAA aKPHJI KBIIIKBUIBIMEH OMHAPIIBI paJUKa/Ibl COMOIMMEPIICHY1 3ePTTENreH.
[TonmMKOHACHCAIMS PEAKIUACHIMEH KaHBIKIaFraH MoaudGUpII maiblp anbHabl. ConmonuMepieHy YpIiCiHiH Ku-
HETHKAChl 3epTTe/i. XpoMaTo-Macc CIEKTPOCKONU d/IICiH KOJIIaHy apKbUIbl CHHTE3/IENTeH COMoIuMepJep-
JiH KypaMbl HaKTbUlaHFaH. Maio-JIBIONCTIH HHTErPAIABIK 9liCIMEH PaJNKAaIIbl COMIOIUMEPIICHY KOHCTaHTa-
Japbl MEH mapamerpiiepi aHnbikrainFaH. Andpeii-IIpaiic TeHaeyi G0#bIHIIA COMOINMEpPIICHY KOHCTAHTAChIHBIH
Herizinze Q-e mapamerpiepi ecentenre. n-I1IO® nen AK pagukanabsl cOnoIMMepiey Ke3iHae COMOHOMEP-
JIepAiH 3epTTENIreH apa KaTbIHACBIHBIH OapJIBIK MHTEPBAJIbIH/IA TOPJIbl KYPBUIBIMHBIH €piIMEHTIH omuMepiepi
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Ty3ineriHgiri gonenaenni. Makanana KenTipiireH HoTHKeIep OOWBIHIIA ToMUIponmwieHpyMapar neH akpuil
KBILIKBUTBI HETi31HIETi COMOIMMEpNIEpIiH OapiblK KOCBUIBICTaphl (DHU3UKA-XMMUSUIBIK KacHeTTepaAl Oackapy
MYMKIHJITIH KepceTei aemn aiiTyra 6omanpl. Byt e3 ke3erinae anasiH ana OepinreH Oaraapiama TopTidi 6oii-
BIHIIIA KaHa MaTepUalIap bl )kacayra MyMKiHIIK Gepe/ti. AKpUI KbIIIKBUIBIH HOJMHIIpOnIeHbyMapardTanar-
TICH COTIOJIMMepIIeY Ke3iHAe KaHBIKIIaFaH MoMn3(up ManbIphl a3 peakIMsUIBIK KaOlICeTTUTIKIIEH CHITaTTaFaH.

Kinm ce3dep: nomumnponmiendymapardTanar, akpul KbIIIKBUIEL, ONOBIIBIPAFBIMITHIK, TIOJIMKOHICH AL, Pa-
JUKaJbl CONOIMMEPIICHY, KUHETUKA, COIOIUMEPIICHY.

M.X. bypkees, .M. )Kymanazaposa, E.M. Taxx0aeB,
I' K. Kynaii6epren, C.b. Aykanuesa, 9.2K. KakynOexoBa

KoHncTanTsl 1 mapamMeTpbl paIuKaJabHON CONMOTHMEPHU3ANNHU
noJMnponuiIeHpymaparpranara ¢ aKpuJIoBOH KUCI0TOM

C aKpUJIOBOH KHCIIOTOH B pacTBOPE AMOKCAHA MPHU PA3IMIHBIX MOJIBHBIX COOTHOIIEHUSIX HCXO
HOM cMecH. Peakmueli MOJMKOHACHCAINH TTOJTyYeHa HEHACHIIICHHA TOIMI(PHUPHAs CMOJL

TIOJTUMEPBI TIEPCTICKTHBHBI JUTS JaIbHEHIIEro N3y4eHHUs MX HabyXaroIen croco
THUBHOCTH, OMOZErpaaupyeMoi crocoOHOCTH. MccnenoBana KMHETHKA PEaKIH
COTIOJIMMEPOB OIPE/ENIEH ¢ IIOMOIIBI0 XPOMaTo-Macc-crieKTpockonuu. ITap
pH3aIMU ¥ KOHCTAHTBI PACCUNTAHBl HHTETPAIBHBIM MeToioM Maiio-JIpronca. -€ pacCUUTaHbl HA
OCHOBaHMM KOHCTAaHT COIOJIMMEpa3alliy 1o ypasHeHHIo Andpes-Ilpaiica. bpuio A@ka3zaHO, 4TO HEPaCTBOPU-
MBI€ TTOJMMEPBI CETYATON CTPYKTYpHI BO BCEM HHTEpBaje HCCHJ& IX COOTHOLIEHHII COMOHOMEPOB 00-

OH COIOJIHME-

pasyloTcst npu pagukanbHoi cononmumepuszanuu n-I1dd ¢ AK. Ilo €/ICHHbIM B CTaThe€ pe3yJbTaTaM
MOJKHO 3aKJIFOUUTh, YTO BCE COEANHEHHS COMOIMMEPOB Ha OCHOBE eH(ymapardTanaTa 1 akpuIo-
BOH KHCIIOTHI IEMOHCTPHPYIOT BO3MOXKHOCTHU YIIPABICHUS ¢ €CKHMH CBOWCTBaMH. JTO, B CBOIO
oyepe/ib, MO3BOJMT CO3/1aTh HOBBIE MaTEPHAIIBI C 3apaHee Zaal aMMOH MOBEJEHUs. Y CTaHOBJIEHO,

Kniouesvie cnosa: nomunponuieHpymapardranar, Qu IUPYEMOCTh, aKpUJIOBasl KUCJIOTA, TTOJMKOH/ICH-
canusi, paluKaibHas COMOIMMEPU3AIHs, KI ]
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