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Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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PREPARATION OF PHTHALONITRILE
MONOMER WITH LOW MELTING POINT

Abstract. This article presents the results of the synthesis of para — and meta-hydroxyphenoxyphalonitrile,
phosphorus-containing chlorangidrides with various substituents in phosphorus and 4-(3-propargyloxyphenoxy)
phthalonitrile, the introduction of which into the binder, allowed to achieve the necessary viscosity indicators without
loss of heat resistance. At the first stage, it was proposed to obtain a monomer with a phenoxy group in phosphorus.
For this purpose, we proposed the use of dimethylacetamide (DMAA) with K,COs, but the product was
hydrolytically unstable in the main medium, so it was impossible to isolate the desired monomer. To solve this
problem, we conducted a number of experiments on the selection of synthesis conditions using various solvents.
Comparing the Tg of the obtained monomers, we found higher values for para-oriented phthalonitriles, which is
probably due to higher structure symmetry, as well as an increase in glass transition temperature (Tg) for
phosphonate-based monomers. Due to the equally high thermal properties of the cured matrices, we decided to use
4-(3-hydroxyphenoxy) phthalonitrile as the main precursor, as well as phosphate chlorangidrides. Based on the
calculated data, a pattern was identified that consists in a decrease in the Ty of phosphorus-containing phthalonitriles
when switching to aliphatic substituents in phosphorus. A decrease in the Tg of monomers was found with an
increase in the size of the aliphatic substituent. As a result of the experiment, we obtained 9 new phosphorus-
containing phthalonitrile monomers with high yield that are resistant to hydrolysis, which is confirmed by the fact
that the products were isolated by flash chromatography on silica gel, as well as two-dimensional TLC. The
synthesized substances were glassy masses with Ty = - 5-58 °C. The consistency of the approach involving the
introduction of phosphate bridges into the structure of phthalonitriles was shown.

Key words: thermosetting polymers, temperature-time-transformation diagrams, isothermal transformation
diagrams, thermal stability, thermal analysis, polymer composite materials (PCM).

Introduction. Intensive industrial development is impossible without progress in the field of
materials science [1,2]. Recently, significant progress in its development has been achieved due to the use
of qualitatively new special-purpose materials for the manufacture of machine parts and mechanisms that
operate at a high level of loads, temperatures and sliding speeds, in aggressive and abrasive environments
when using lubricants and cooling liquids and without them [3,4].

The most promising special-purpose materials are polymers and PCM based on them [3]. The
presence of a wide range of polymer matrices, fillers and modifying systems allows us to obtain materials
with the necessary level of properties, which vary in a wide range depending on the composition and
technology of their production. Modern polymers and PCM based on them approach such structural
materials as metals and their alloys by their physical and mechanical properties, while having a number of
significant advantages: low cost of manufacturing products, a high level of chemical resistance, low
weight, the ability to work in friction units without lubrication, and so on [4,5].
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The paper considers a literature review on the scientific basis of obtaining composite materials in
Kazakhstan, which shows the principal possibility of creating new composite films from alicyclic
polyimide and polyethylene glycol with improved physical and mechanical properties [6]. For example,
the authors point out that the resulting nanocomposites are tin dioxide nanoparticles immobilized in an
inorganic polymer mesh of silicon dioxide and deposited carbon. At the same time, silicon dioxide
provides high adhesive properties and prevents crystallization of the composite, while nano — and
microparticles of tin and carbon dioxide determine gas-sensitive properties. The film-forming solutions
obtained by Sol-gel technology contain tetracthoxysilane, tin salts (SnCI2:2H20), silicic acid
(Si02-nH20) and sodium silicic acid (Na2SiO3-9H20). The resulting solutions were applied to metal
substrates with subsequent heat treatment. Additional introduction of tetracthoxysilane into Sol solutions
as a source of SiO2 allowed to obtain xerogels of oxide compositions of 5% wt. Sn02-95% wt. Si02, 30%
wt. Sn02-70 % wt. SiO2. The change in the content of elements shows that the microstructure of the
obtained compounds changes as carbon nanoparticles build up [7].

The synthesis of phthalonitrile monomers is well studied and described in the literature and includes
the stages of nucleophilic aromatic substitution between 4-nitrophthalonitrile and aromatic amides. To
obtain a phthalonitrile monomer with a low melting point, it was proposed to introduce phosphate
fragments into the structure of the monomer [8-10].

Experimental part and results. To obtain a phthalonitrile monomer with a low melting point, it was
proposed to introduce phosphate fragments into the structure of the monomer [11-13] . For this purpose,
we synthesized para — and meta-hydroxyphenoxyphalonitrile, phosphorus-containing chlorangidrides with
various substituents in phosphorus, and 4-(3-propargyloxyphenoxy) phthalonitrile, the introduction of
which into the binder, presumably, would allow to achieve the necessary viscosity indicators without loss
of heat resistance. The scheme of synthesis proposed in this paper is shown in figure 1 [14].
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Figure 1 — Scheme of synthesis of phthalonitrile monomers
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At the first stage, it was proposed to obtain monomer 1 with a phenoxy group in phosphorus. For this
purpose, we proposed the use of dimethylacetamide (DMAA) with K,COs, but the product was
hydrolytically unstable in the main medium, so it was impossible to isolate the desired monomer. To solve
this problem, we conducted a number of experiments on the selection of synthesis conditions using
various solvents (table 1) [15].

Table 1 - Selection of optimal synthesis conditions

Solvent Synthesis Condition Result
DMA K2COs, 70 °C Monomer hydrolysis
Toluene A°C The desired monomer (yield 81%)
Dichloroethane A°C 4- (3-hydroxyphenoxy) phthalonitrile, insoluble
Bu0O A°C A large number of by-products

Addition of acid chloride to | A large number of by-products
the precursor melt
Pyridine A°C The desired monomer (yield 67%)
THF (Tetrahydrofuran) A°C A large number of by-products

Thus, the desired monomer was obtained only when using toluene and pyridine as solvents, but the
main disadvantage of pyridine is its high toxicity (LD, = 500 mg / kg), whereas when using toluene, the
reaction time is about a week. Since it is necessary to remove the released HCI to shift the equilibrium of
the reaction, we proposed using toluene as a solvent with an equimolar amount of pyridine acid. Thus, it
was possible to reduce the amount of pyridine used and reduce the reaction time to 24 hours.

Comparing the Ty of the obtained monomers 1-4 (table 2), we found higher values for para-oriented
phthalonitriles, which is probably due to higher structure symmetry, as well as an increase in Ty for
phosphonate-based monomers. Due to the equally high thermal properties of the cured matrices, we
decided to use 4-(3-hydroxyphenoxy) phthalonitrile as the main precursor, as well as phosphate
chlorangidrides.

To study the General regularities, researchers from the laboratory of A. R. Khokhlov performed
calculations that allow predicting the glass transition temperature of phosphorus-containing phthalonitriles
[16]. Based on the calculated data, the expected pattern was revealed, which consists in a decrease in the
T, of phosphorus-containing phthalonitriles when switching to aliphatic substituents in phosphorus. In
addition, a decrease in the Ty of monomers was found with an increase in the size of the aliphatic
substituent.

In order to confirm the calculated model, as well as to study the changes in the properties of
monomers and cured matrices depending on the size of the substituent in phosphorus, we attempted to
obtain monomers 5-9 (table 2), using a similar scheme, but only monomer 5 (table 2) was obtained in this
way. In other cases, after the addition of pyridine, a resin began to form in the reaction mixture, which
makes it impossible to isolate the desired product. To solve this problem, we have tested batch addition of
pyridine to the reaction mixture (10%), but the ultimate is the addition of 50% of a given amount of
pyridine, then is quite fast (~ 10 minutes) formation of resin; in addition, the selection of the desired
monomer difficult (yield ~5%). We also proposed the use of Et3N (triethylamine) instead of pyridine and
THF as a solvent, as well as various combinations, but it was not possible to isolate the desired monomer
in any of the cases. As a result, to obtain monomers 6-9(table 2), and study them, THF with NaH was used
as a base with further isolation by flash chromatography. After studying the properties of monomers
6-9(table 2), it can be found that the lowest glass transition temperature is monomer 8(table 2), with a
butyl group at phosphorus (T, = -5 °C), while monomer 6 (table 2), turns out to be crystalline, having a
melting point of T, = 116 °C.

Discussion of results. As a result of the experiment, we obtained 9 new phosphorus-containing
phthalonitrile monomers with a high yield, which are shown in table 6. they are resistant to hydrolysis,
which is confirmed by the fact that the products were isolated by flash chromatography on silica gel, as
well as two-dimensional Thin layer chromatography (TLC). The synthesized substances were glassy
masses with Ty = - 5-58 °C, which is significantly lower than for classical phthalonitriles[17,18] and
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lower than for oligomers [19,20]. In addition, monomer 6 was a crystalline substance with a T, = 116 °C,
so the developed calculation method is not applicable. Thus, the consistency of the approach involving the
introduction of phosphate bridges into the structure of phthalonitriles was shown. The thermal properties
of the resulting monomers are shown in table 2.

Table 2 - Thermal properties of the obtained phthalonitrile monomers
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Conclusion. The introduction of phosphate fragments into the structure of the monomer is proposed
to obtain a phthalonitrile monomer with a low melting point. Para - and meta-
hydroxyphenoxyphthalonitrile, phosphorus-containing chlorangidrides with various substituents in
phosphorus and 4-(3-proparhyloxyphenoxy) phthalonitrile were synthesized, the introduction of which
into the binder allowed to achieve the necessary viscosity indices without loss of heat resistance. 9 new
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phosphorus-containing phthalonitrile monomers resistant to hydrolysis were obtained. The synthesized
substances were glassy masses with Ty = - 5-58 °C. In addition, monomer 6 was a crystalline substance
with Tmp = 116 °C, in connection with which the developed calculation method is not applicable. Thus, the
consistency of the approach implying the introduction of phosphate bridges into the structure of
phthalonitriles was shown.
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naiijanany Herizinae Ko xeTki3ingi. OHbIH KaTapblHa MOJIMMED JKOHE COHbIH Herizinze xacanran [IKM xaTkbpizyra
OoJamsl.

[Momumepmik MaTpHIa, TONTBHIPFBINI JKOHE TYPICHIIPTIM >KyHelepaiH KeH CHEeKTpi OONyBl THIC KACHETKE He
MaTepHaldbl alyFa MYMKiHAIK Oepenmi. Omap KypaMbl MEH NaWBIHIANy TEXHOJOTHACBIHA Opall TypIimie KeJemi.
Kasipri 3amanrbl nomumepiep MeH [IKM ¢u3uKaibK-MeXaHUKAIBIK KacHETiHE COWKeC, MEeTall MEH KOpBITIa
CHUSIKTBI KOHCTPYKIMSJIBIK MaTepualjiapra >KakblH Keleli, OyJ1 peTre eHAipic eHIMiHIH TeMEH KYHBI, XUMHUSJIBIK
TO3IMIUTIKTIH JKOFaphl JICHreHi, a3 calMak, MailanOaraH yiKeJic KOHABIPFBIIAPBIHIA )KYMBIC aTKapy MYMKIHIIri
CBIH/IBI €JICYJTi apTHIKIIBLIBIFEL 0ap.

DranoHUTPUIIBI MOHOMEpJIEP CHHTE31 3E€PTTEreH o/leOueTTep/e JKeTe TYCIHIIPUITeH opi CUIATTajJFaH JKOHE
KypambIHaa 4-HUTPO(TATIOHUTPHIIII KOHE XOII WICTI JHOJIAAP apachbIHIArbl HYKJICO(QMIbIl XOM WICTi alMacThIpy
cateulapel 0ap. banky Temmeparypackl TeMeH (GTaJOHMTPHILI MOHOMEp aily YIIiH MOHOMEp KYpbUIbIMBIHA
(hocharTsl hparMeHT eHri3y YChIHBULABL. byl yiIiH napa »oHe MeTa-ruApoKcH(peHOKCUTanoHnTpuiai, Gocdop MeH
4- (3-mponapruiOKCU(PEHOKCH) (TATOHUTPUIIACTI TYpJIi aIMacTBIPFBINBI 0ap (ochOopibl KBIIKBUT XJIOPHIATEP
CHHTE3IeN[Ii J)KOHE OHBI OalIaHBICTHIPYIIBI KYpaMFa €HTi3y JKbUTyFa TO3IMAUTIKTI JKOFAITIACTAH TYTKBIPIIBIKKA KOJ
JKETKi3yre MyYMKIHIIK Oepei.

Bipinmri ke3erne pocdoprarsl peHOKCH TOOBI Oap MOHOMED ATy Typabl YCHIHBIM jkacanasl. O ymmin 6i3 k2co3
6ap mumernnaneramuy (JJMAA) naligananypl YCIHIBIK, aaiiia @HIM HEri3ri oprajga TMAPOIMTHKAJIBIK TYPaKChI3
OonranapIKTaH, 013 i37]ereH MOHOMEpIiH OelliHyl MyMKiH eMec eni. OCbl MaceseHi ienry YIIiH TYpil epiTKimTepai
naiijajgana OTHIPBIN, CHHTE3/IEY IApTTapbIH TaHAay OOMbIHIIA OipKaTap TaXiprOe KYpri3uik.

AnbiaraH MoHoMepaiH TcT-iH cajbICThIpa OTBHIPBIN, Napa-OarbITTaNFaH (TATOHUTPWITE apHAIFaH J>KOFaphl
MOH[I alKbIHIAIBIK. BYJl KYpBUIBIMHBIH JKOFapbl CUMMETPHSChIMEH, coHaai-ak ¢ocdonaT HeriziHgeri MoHOMepre
apHasirad Tst-HiH )KoFapbUIayblHa OaiIaHbICThl 00JTybl BIKTUMaI. KaThIpbUIFaH MaTpULIAHBIH TEPMHSUIBIK KAaCHETIHIH
Oipaeit )KOFapbUIBIFBIH €CKEPE OTHIPBII, HEri3ri mpeKypcop xkoHe Gocdat xiopuai perinae 4- (3-ruapokcupeHoKCH)
(raToOHUTPUIIII KOJIJAaHFaH KOH JeM TalThIK.

Ecentenren momiMertep Herizinae ¢ocdop kKypambiHgarsl annarTsl aJMacThIPFBILITAPFA OTYAE KypambIHIa
tdochoper Oap ramonuTprnaepain Tst azaro yIepiciH KepceTeTiH 3aHABUIBIK aHBIKTANAsl. COHBIMEH KaTap,
anndaTTHl ATMACTHIPFHINI MeJIIepi YiFaitFanaa Tct MOHOMEpIiH TOMEHICHTIHI aHBIKTAIBI.

ToxipuOe HOTIKECIHAe THAPOIM3re To3iMai 9 kaHa Gocopiel HTATOHUTPHUIINI MOHOMEPIIED albIHIBL, aTallFaH
OHIMJIEp cWIMKarenbae ¢uen-xpomarorpadus omiciMeH, coHmaii-ak ekiemmemai TCX Heri3iHae aHBIKTAJIBL.
Cunresnenren 3arrap — Tst = -5-58 © C GonarblH oifHeK Maccanap, Oy KJIACCUKAIBIK (TATOHUTPUIITE, OJIUTOMepre
KaparaHaa aiTapieikTaii TomeH. COHbIMEH KaTtap, MOoHOMep TIl = 116 °C kpucTanasl 3aT OOJFaHIBIKTaH ECENTIK
ozlic KoJaaHbuIMai b, DTaJOHUTPHUIT KYpbUIbIMBbIHA (hochaT KemipiH eHri3yai OUIAipeTiH TOCUIMIH ayKbIM/IbUIBIFbI
KepceTii.

Tyiiin ce3mep: TepMOpPEaKTUBTI IMOJUMEp, «TEMIIEpaTypa-aliHally yaKbIThD» JAHarpaMmachl, H30TEPMHSUIBIK
TYpJIEHY IMarpaMMachl, TePMISIBIK TYPaKTBUIBIK, TEPMHSIBIK Talfay, ITOJMMEPIiK KOMIIO3ULHMSIIBIK MaTepuai
(IIKM).
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TOsxH0-Kasaxcranckuii rocy1apcTBeHHbINH yHUBEPCHTET UM. M. Aye3oga, [lIbivMkenT, Kazaxcran;
2MHCTUTYT TOTIMBA, KaTanm3a u snektpoxumun um. J[.Coxonbckoro, Kasaxcran;
SLleHTp yCTOMYMBOTO pa3BUTHS SHEPTETHYECKHUX, BOJHBIX M OKOJOTUIECKUX CHCTEM, (PaKyJIbTET MAIIUHOCTPOEHHUS
1 BOCHHO-MOPCKOH apXHUTEKTYPHI, 3arpeOCKuii yHHBEpCHUTET, 3arped, XopBaTHs

IOJIYYEHMSI ®TAJIOHATPHJIBHOI'O MOHOMEPA
C HU3KOU TEMIIEPATYPOM IIJIABJIEHUSA

AHHOTanusl. 3HaYWTENbHBIE YCIIEXW B PA3BUTHUU IPOMBIIUIEHHOCTH JOCTUTHYTHI 32 CYET HCIOJIb30BaHMUS
Ka4eCTBEHHO HOBBIX MaTEepHAaJIOB CHELUAIbHOTO HAa3HAYEHWs JUIS U3TOTOBJICHUS JEeTayeil MallMiH U MEXaHU3MOB,
paboTarouyxX Mpy BHICOKOM YPOBHE Harpy3o0K, B YHCJIO KOTOPBIX MOKHO oTHecTH noiumeps! 1 [TKM Ha ux ocHoBe.

Hanmuue mmpokoro criekTpa HMONIMMEPHBIX MaTpHL, HANOJHUTENeH W MOJU(UIMPYIOMINX CUCTEM IO3BOJISIET
MOJy4aTh MaTe€pHanbl C HEOOXOAWMBIM YPOBHEM CBOMCTB, KOTOpbIE H3MEHSIOTCS B LIMPOKOM HWHTEpBaJle B
3aBUCHMOCTH OT COCTaBa M TEXHOJIOTHH MX nosydeHuns. CoBpemenHble nonumMepsl u [IKM Ha nx ocHoBe 1o ¢uzuko-
MEXaHWYECKUM CBOMCTBAM MPUOIMKAIOTCS K TAaKUM KOHCTPYKIHOHHBIM MaTepuallaM, Kak METaljbl M MX CIUIABBI,
uMes TIPH 3TOM DSl CYIIECTBEHHBIX MPEHMYIIECTB: HEBBICOKasl CEOECTOMMOCTh M3TOTOBJICHHS H3IEIHHA, BBICOKHI
YPOBEHb XMMHYECKON CTOHKOCTH, HEBBICOKAsl Macca, BO3MOKHOCTb pabOThI B y3/1aX TpeHHs 0€3 cMa3bIBaHMUS.

CuHTe3 (TaJOHUTPUIBHBIX MOHOMEPOB JOCTATOYHO XOPOIIO W3y4YeH M OIHCAH B JINTEPAType M BKIIOYAET B
celst ctanuy HyKJI€O(QUIBHOTO apoMaTHYECKOTO 3aMELICHUs] MEeXAy 4-HUTPOPTAIOHUTPUIOM M apOMaTH4eCKUMU
quonamu. J{ist monmydeHust pralloOHUTPUILHOTO MOHOMEpPA C HU3KOW TeMIlepaTypol TUIaBJIEHHsT OBUIO MPEJIOKEHO
BBeieHHe (ocdaTtHbIX (parMeHTOB B CTPYKTYpy MoHOMepa. /Iyt 3Toro ObLIM CHHTE3MPOBAHbI Mapa- U MeTa-
runpokcupeHoKCuGTanoHUTpHI, (ochopcosepKaue XJIOPAHTHAPUABl C PasIMYHBIMM 3aMECTHTEISIMH  IIpU
dochope u  4-(3-mpomapruioKCUPEHOKCH) (PTAJTOHUTPHI, BBEACHHE KOTOPOIO B COCTaB  CBS3YIOIIETO,
MPEATIOI0KUTEIBHO, TTO3BOJIMIIO OBl JOCTHYb HEOOXOJMMBIX ITOKa3aTelNel BI3KOCTH Oe3 MOTepH TepMOCTOHKOCTH.

Ha mepBom stame ObIIO TpeIIOKEHO MONy4YeHHE MOHOMepa ¢ (heHokcu-Tpynmnoi mpu ¢ocdope. dns sToro
HaMH OBUIO TpeIoskeHo ucmonb3oBaHue amMerminaneramuna (IMAA) ¢ K,COs;, ogHako MpOIyKT OKa3ajics
THIPOJUTHYECKH HecTaOWIIeH B OCHOBHOM Cpefe, B CBS3M C YEM BBIICIEHHE MCKOMOTO MOHOMEpa ObLIO
HEBO3MOXHO. I pemeHus 3ToH mpoOieMbl HaMK OBLT MPOBEIEH PSR AKCIEPUMEHTOB 1O NMOAOOpY YCIOBHH
CHHTE3a C MCHOIb30BAHUEM PA3IMIHBIX PACTBOPUTEICH.

CpaBuB T TOJNy4eHHBIX MOHOMEPOB, Mbl OOHAapyXWwid Oojiee BBICOKME 3HA4YEHMS Ui Iapa-
OPHEHTHPOBAHHBIX (PTAJIOHUTPHUIIOB, YTO, BEPOSTHO, CBSI3aHO C OoJiee BBHICOKOW CHMMETPHEH CTPYKTYpBI, a TaKxke
Bo3pactaHue T JUII MOHOMEPOB Ha OCHOBE (ocoHATOB. BBHUIY OIMHAKOBO BBICOKHX TEPMHYECKHUX CBOMCTB
OTBEP)KICHHBIX MATPHIl, HAMUA OBUIO PEIICHO HCIOJb30BaTh 4-(3-Tuapokcu(eHOKcH) (TaJOHUTPWI B KadeCTBE
OCHOBHOT'O TIPEKypcopa, a Taxke hochaTHbIE XITOPaHTHIPUIBL.

Ha ocHoBe pacdeTHBIX MJaHHBIX OblIa BBISABJICHA 3aKOHOMEPHOCTbH, 3aKJIIOYAIOIIASCS B CHIDKEHUH T
thochopconepxkamux GTATOHUTPUWIIOB NIPH nepexojie K anudaTudeckuM 3amecturessiM mpu ¢ocdope. Kpome toro,
6bUT0 OOHAPYKEHO CHIDKEHHE T¢r MOHOMEPOB IIPH YBEIWYEHHH pazMepa annpaTndecKoro 3aMeCTUTENI.

B pesynpraTe skcnepuMeHTa HaMH OBUIM TOJYYEHBI C BBICOKHM BBIXOAOM 9 HOBBIX, (ocdopconepkaiiux
(pTaTOHUTPUIBHBIX MOHOMEPOB, YCTOHUYHMBBIX K THIPOJIN3Y, YTO MOATBEP)KIACHO TEM, YTO MPOAYKTHI OBLIN BBIACICHBI
MeronoM ¢uienm-xpomaTorpagu Ha cuiaukarene, a Taike IBymMepHod TCX. CuHTe3HMpOBaHHBIE BEIECTBA
MpeacTaBiIsu co00i cTekmoo0pasHpie Macchl ¢ Ter = -5-58 °C, 4T0O 3HAYNTENBHO HIDKE, YeM JUIS KIACCUYECKHX
(TaNOHUTPHUIOB M HWXKE, YeM Ul oluromepoB. Kpome TOro, MOHOMEp MpeACTaBIsUT COOOH KpPUCTAJLIMYECKOe
BewecTBo ¢ Ty = 116 °C, B cBsi3u ¢ 4ueM pa3paboTaHHBI pacueTHBIH METO]| HenmpuMeHUM. Takum oOpazoM Obuia
MOKa3aHa COCTOSATENLHOCTh MOAXOZa, NOApa3yMeBalolIero BBeleHHEe (OChaTHBIX MOCTHKOB B CTPYKTYPY
(TaTOHUTPUIIOB.

KiroueBble cjIOBa: TEpMOPEAKTHBHBIE IIOJIMMEPHI, JHarpaMMbl — «TEMIIEpaTypa-BpeMs-IIPEBPAILCHUS,
JarpaMMbl  M30TEPMHUYECKUX IIPEBpALICHUH, TepMHUUYEcKas CTAOWIBHOCTh, TEPMHUYCCKMH aHalM3, IOJMMEpHbIE
KoMno3umoHHbIe Matepuansl ([TIKM).

Information about the authors:

Botagoz M. Kaldybayeva, PhD, Associate Professor of M.Auezov South Kazakhstan State University, Shymkent,
Kazakhstan, kaldybaeva.b@mail.ru, https://orcid.org/0000-0002-1570-2107;

Alisher Ye. Khussanov, Candidate of technical sciences. Associate Professor of M.Auezov South Kazakhstan State
University, Shymkent, Kazakhstan. khusanov_1975@inbox.ru, https://orcid.org/0000-0002-1563-6437;

Arlan Zh. Abilmagzhanov, Candidate of technical sciences. Candidate of Chemical Sciences, head of Applied Research
laboratory of JSC “D.V. Sokolskiy Institute of Fuel, Catalysis and Electrochemistry”, Almaty, Kazakhstan,
arlandez_81(@mail.ru, https://orcid.org/0000-0001-8355-8031;

— 132 =——



ISSN 2224-5286 Series chemistry and technology. 3. 2020

Baurzhan N. Korganbayev, Doctor of Technical Sciences, Associate Professor of M.Auezov South Kazakhstan State
University, Shymkent, Kazakhstan. mr.baurs@mail.ru, https://orcid.org/0000-0001-9428-2536;

Zhakhongir Ye. Khussanov, Candidate of technical sciences. Associate Professor of M.Auezov South Kazakhstan State
University, Shymkent, Kazakhstan. zhakhangir@mail.ru, https://orcid.org/0000-0001-7482-4828;

Stanislav Boldyryev, Candidate of technical sciences, Researcher at the Center for Sustainable Development of Energy,
Water and Environmental Systems, Faculty of Mechanical Engineering and Marine Architecture of the University of Zagreb,
stanislav.boldyryev(@fsb.hr, https://orcid.org/0000-0002-2866-3995.

REFERENCES

[1] Mihajlin YU.A. (2011) Teplo-, termo- i ognestojkost' polimernyh materialov. Nauchnye osnovy i tekhnologii, Sankt-
Peterburg. ISBN 978-5-91703-021-0. (in Russ.).

[2] Erenkov, O. YU., Koval'chuk S.A. (2016) Innovacionnye tekhnologii polimernyh kompozicionnyh materialov. Izd-vo
Tihookean. gos. un-ta, Habarovsk. ISBN 978-5-7389-2060-8. (in Russ.).

[3] Suvorova Y. O., Chervakov O. V. (2014) Coatings based on products by condensations of bisfenol A and formaldehyde
for protect metal against corrosion. Physical and chemical mechanics of materials. Problems of corrosion and anticorrosive
protection of materials. 1(10): 361-367. (in Eng.).

[4] Burya, AL, Dubkova V.I. , Kobets A.S. (1991) Antifriction materials based on thermoplastics reinforced with metal-
carbon fibres. Proceedings Of The International. Symposium on tribology of friction materials. YAROFRI-91. 1: 45-49.
(in Eng.).

[5] Kabat O. S., CHervakov O. V., Kobel'chuk YU. M., Andriyanova M. V., Suvorova YU. A. (2017) Konstrukcionnye
fenoplasty s vysokim urovnem termicheskoj stabil'nosti. Technological systems: Materials of the sixth technical conference of the
Ukrainian branch of SAMPE] [Tekhnologicheskie sistemy: Materialy shestoj tekhnicheskoj konferencii ukrainskogo otdeleniya
SAMPE]. 2: 33-39. (in Russ.).

[6] ZHubanov B.A., Umerzakova M.B., Kravcova V.D., Iskakov R.M., Sarieva R.B. (2012) Kompozicionnyj material na
osnove matricy iz aliciklicheskogo poliimida ¢ dobavkami polietilenglikolya. News of the National Academy of Sciences of the
Republic of Kazakhstan. Series chemistry and technology [Izvestiya NAN RK. Seriya himii i tekhnologii] Volume 3, Number 393
(2012), PP.19 -23. (in Russ.).

[7] Sadieva Kh. R., Massalimova B. K., Abisheva R. D., Tsoy I. G., Nurlybayeva A. N., Darmenbayeva A. S.,
Ybraimzhanova L. K., Bakibaev A. A., Sapi A. K. (2019) Preparation of carbon nanocomposites on the basis of silicon-tin
containing substances. News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technical
sciences. Volume 4, Number 436 (2019),PP. 158 — 166. https://doi.org/10.32014/2019.2518-170X.110 ISSN 2518-170X (Online),
ISSN 2224-5278(Print). (in Eng.).

[8] Zhao F., et al. (2014) A novel high-temperature naphthyl-based phthalonitrile polymer: synthesis and properties. RSC
Advances. 4(16): 8383-8390. DOI:10.1039/C3RA46638H (in Eng.).

[9] Yu X.Y., et al. (2013) Synthesis and Properties of a High-Temperature Naphthyl-Based Phthalonitrile Polymer.
Macromolecular Chemistry and Physics, 214(3): 361-369. DOI:10.1002/macp.201200492. (in Eng.).

[10] Dominguez D.D., Jones H.N. and Keller T.M. (2004) The effect of curing additive on the mechanical properties of
phthalonitrile-carbon fiber composites. Polymer Composites, 25(5): 554-561. https://doi.org/10.1002/pc.20049. (in Eng.).

[11] Augustine D., Mathew D. and Reghunadhan C.P. (2015) End-functionalized thermoplastic-toughened phthalonitrile
composites: influence on cure reaction and mechanical and thermal properties. Polymer International, 64(1):146-153.
https://doi.org/10.1002/pi.4774. (in Eng.).

[12] Zong L. et al. (2015) Enhanced thermal properties of phthalonitrile networks by cooperating phenyl-s-triazine moieties
in backbones. Polymer, 77: 177-188. https://doi.org/10.1016/j.polymer.2015.09.035. (in Eng.).

[13] Bulgakov B.A. et al. (2016) Mechanical and physicochemical properties of matrices for fiber reinforced plastics based
on low-melting phthalonitrile monomers . Russian Chemical Bulletin, 65(1): 287-290. DOI: 10.1007/s11172-016-1299-x.
(in Eng.).

[14] Luo Y. et al. (2016) Effect of Ortho-Diallyl Bisphenol A on the Processability of Phthalonitrile-Based Resin and Their
Fiber-Reinforced laminates. Polymer Engineering & Science, 56(2): 150-157. DOI: 10.1002/pen.24237. (in Eng.).

[15] Keller T.M. (1993) Imide-containing phthalonitrile resin. Polymer, 34(5): 952-955. DOI:10.1016/0032-3861(93)90213-T.
(in Eng.).

[16] Laskoski M., Dominguez D.D. and Keller T.M. (2007) Synthesis and properties of aromatic ether phosphine oxide
containing  oligomericphthalonitrile  resins with improved oxidative stability. Polymer, 48(21): 6234-6240.
DOI:10.1016/j.polymer.2007.08.028. (in Eng.).

[17] Burya A.IL, Arlamova N.T. (1999) Friction and wear of phenilon filled by ultra-dispersed oxynitride of silicon-yttrium.
Applied Mechanics and Engineering, Special issue: NCBS ’99, 4: 115-120. (in Eng.).

[18] Sytar V.I, Kuzyayev LM., Sukhyy K.M., Belyanovskaya E. (2019) Influence of the nature and concentration of
porogens on the structure and properties of phenylone. Questions of chemistry and chemical technology [Voprosy khimii i
khimicheskoi tekhnologii], 6: 213-220. DOI: 10.32434/0321-4095-2019-127-6-213-220. (in Eng.).

[19] Kabat O. S., Sytar V. L. (2016) Thermostable composites based on fenilon with high level of technological
effectiveness. The issues of chemistry and chemical technology, 3(107): 60—64. (in Eng.).

[20] Burya, A.IL, Yeriomina Ye. A. (2018) Study of thermophysical characteristics of graphite plastics based on phenylone.
Polymer Journal, 40(3):179-183. DOI: 10.15407/polymerj.40.03.179. (in Eng.).

— 133 ——



News of the Academy of sciences of the Republic of Kazakhstan

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[TpaBwia opopMIICHHS CTATBU IS Ty OJITHKAIIHH
B )KypHaJile CMOTPETh Ha CaiTe:

www:nauka-nanrk.kz

http://chemistry-technology.kz/index.php/en/arhiv

ISSN 2518-1491 (Online), ISSN 2224-5286 (Print)

Penakropsl: M. C. Axmemosa, I. b. Xanuoynnaesa, /. C. Anenos
Bepctka Ha kommbroTepe A.M. Kynveunbaesoii

ITonmucano B reuats 08.06.2020.
dopmat 60x881/8. bymara odcernas. [leuats — puszorpad.
10,8 m.a. Tupax 300. 3aka3 3.

Hayuonanvnas akademus nayk PK
050010, Armamur, ya. [llesyenxo, 28, m. 272-13-18, 272-13-19



