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STABILIZATION OF POLYVINYL CHLORIDE COMPOUNDS
WITH 1,2,4-TRIAZINE SERIES

EXTENDED ABSTRACT:

Plastic compounds based on polyvinylchloride (PVC) are used in various ar-
eas for the manufacture of a wide range of materials and products. This is due
to the availability of raw materials, their low cost and extensive opportunities
to modify their properties.

Introduction of additives of various functional purposes (plasticizers, stabi-
lizers, fillers, fire retardants, etc.) significantly changes characteristics of PVC.

Ester compounds are the most suitable for plasticization. One of the basic
requirements for ester plasticizers is their resistance to thermal oxidation. The
oxidation stability of plasticizers can be increased by using of antioxidants from
number of nitrogen-containing heterocyclic compounds.

Therefore, this work studied the stabilizing activity of the 1,2,4-triazine se-
ries for plasticized polyvinyl chloride by the chemo luminescence method.
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Having analyzed the results of experiments the authors found out that com-
positions obtained with the use of new additives — octylphenoxypropyl phthalates
and of the 1,2,4-triazine series, acquire high performance properties that leads
to increased service life. The results show that compounds of the 1,2,4-triazine
series reduce the thermo-oxidative destruction of plasticized polyvinyl chloride.
Thus, the use of the 1,2,4-triazine series as anti-oxidant stabilizers makes it pos-
sible to increase the durability of PVC plasticates.

Keywords: antioxidant, chemo luminescence method, octylphenoxypropyl
phthalate, PVC, plasticizers, phthalates of oxyalkylated alcohols, 1,2,4-triazine
series, stabilizer.

DOI: dx.doi.org/10.15828/2075-8545-2018-10-6-112-123

MACHINE-READABLE INFORMATION ON CC-LICENSES (HTML-CODE) IN METADATA OF THE PAPER

<arel="license" href="http://creativecommons.org/licenses/by/4.0/"><img alt="Creative Commons License" style="border-
width:0" sre="https://i.creativecommons.org/1/by/4.0/88x31.png" /></a><br /><span xmlns:dct="http://purl.org/dc/
terms/" href="http://purl.org/dc/dcmitype/Text"” property="dct:title” rel="dct:type">Stabilization of polyvinyl chloride
compounds with 1,2,4-triazine boundings</span> by <a xmlns:cc="http://creativecommons.org/ns#" href="Nanotehnologii
v stroitel’stve = Nanotechnologies in Construction. 2018, Vol. 10, no. 6, pp. 112-123. DOI: dx.doi.org/10.15828/2075-8545-
2018-10-6-112-123" property="cc:attributionName" rel="cc:attributionURL">Maskova A.R., Aminova G.K., Karimov
F.Ch., Sabitov I.N., Timofeev A.A., Mazitova A.K.</a> is licensed under a <a rel="license” href="http://creativecommons.
org/licenses/by/4.0/">Creative Commons Attribution 4.0 International License</a>.<br />Based on a work at <a
xmlns:det="http://purl.org/dc/terms/" href="http://nanobuild.ru/en_EN/nanobuild-6-2018/" rel="dct:source”>http://
nanobuild.ru/en_EN/nanobuild-6-2018/</a>.<br />Permissions beyond the scope of this license may be available at <a
xmlns:cc="http://creativecommons.org/ns#" href="asunasf@mail.ru" rel="cc:morePermissions”>asunasf@mail.ru</a>.

arious additives are used in the preparation of polyvinyl chloride

plastic, that gives the necessary performance properties to it. The
most part of additives is plasticizers, which are introduced to regulate the
rheological properties of molten of PVC-compositions [1-5]. But plasti-
cizers have a significant accelerating effect on the process of destruction
of polyvinyl chloride during processing. Ester plasticizers participates
in free-radical oxidation reactions in the presence of oxygen and activate
the process of HCI elimination from polymer that leads to deterioration of
physico-chemical properties of PVC-plasticates during their processing
and exploitation [6—11].
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The oxidation stability of plasticizers can be increased by using antiox-
idants from number of nitrogen-containing heterocyclic compounds [12—
17]. Outstanding characteristic of this group of stabilizers is their ability
to echo-stabilization of PVC. In this case, nitrogen-containing stabilizers,
which include amino groups, effectively inhibit free radical oxidation of
esters [9-11]. For this reason we investigated compounds of the 1,2,4-tri-
azine series as PVC stabilizers.

The present work studied the stabilizing activity of the 1,2,4-triazine
series for plasticized polyvinyl chloride by the chemo luminescence method
(CL).

We selected the following objects as stabilizers-antioxidants to study:
PVC of C-70 brand, octylphenoxypropyl phthalate (OPOPP) as a plasticizer
and compounds of 1,2,4-triazine specifically: 3-mercapto-6-furfuryl-1,2,4-
triazinone-5 (compound I), 3-mercapto-4-amino-6-furfuryl-1,2,4-triazi-
non-5 (compound II), 3-methylthio-4-amino-6-furfuryl-1,2,4-triazinon-5
(compound III).

Methods of preparation and physicochemical characteristics of the
proposed chemical additives are given in the works [15-27].

Chemo luminescence in the process of thermo-oxidative destruction
of PVC was recorded on the installation described in [9, 16, 17]. The high
sensitivity of the CL-method makes it possible to quickly and efficiently
measure even insignificant changes in the process of polymer destruc-
tion that occur with the introduction of various inhibitors into polymer.
In our investigations an experimental chemo luminescent device contain-
ing a heating unit with transparent for emission heat-resistant contain-
er with a test sample, placed in a sealed chamber, a photomultiplier unit
with a photocurrent amplifier, and a registration unit with matching and
recording devices was used. The temperature change on the test sample
was carried out with electronic unit that provides a temperature rise rate
2 = 0.2°C/min.

An ampoule containing 50 ml of the test sample was placed in a ther-
mostatically controlled furnace of the CL-installation. Then the difference
in the CL-intensity at the reaction temperature was measured. The tem-
perature in the thermostat and the level of its heating (2 + 0.2°C/min) were
maintained automatically by the electronic unit. The compositions were
prepared by dissolving calculated amount of stabilizer (0.4% by mass) in
the plasticizer.
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Thermo-oxidative degradation of the samples was carried out in the
stream of dry oxygen (0,), which was fed directly to the sample at the rate of
2.5 liters / hour. Investigations were performed in the temperature range
of 100—-200°C. Investigations were carried out in the temperature range of
100-200°C. The stabilizing effect was estimated by the difference in the
intensity of chemo luminescence (Icl) emission of the test samples with ad-
ditions relatively to the intensities Icl typical for the pure plasticizer.

The experimental results of chemo luminescent studies of plasticized
PVC are shown in Fig. 1-3.

Experimental data demonstrate that of the 1,2,4-triazine series (Fig.
1) are weak UV stabilizers, but they exhibit a marked inhibitory effect on
the thermo-oxidative destruction of plasticized PVC (Fig. 2), while the
function of antioxidant stabilizer is manifested in a wide range of tempera-
tures (from 375 K to 480 K and above) (Fig. 3).

According to the effectiveness of the inhibiting effect on the thermo-
oxidative destruction of plasticized PVC, of the 1,2,4-triazine series are
arranged in the following order: I > II > III. It is obviously that their effec-
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Fig. 1. UV-spectrum of the 1,2,4-triazine series
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Fig. 2. The relative intensity change of chemo luminescence during
the thermo oxidative (0,) degradation of plasticized PVC in the presence
of the 1,2,4-triazine series (0.4% by mass)
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Fig. 3. Temperature dependence of chemo luminescence during the thermo
oxidative (0,) degradation of plasticized PVC (1) in the presence
of the 1,2,4-triazine series (2—4) (0.4% by mass)
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tiveness as antioxidant stabilizers is influenced by the chemical structure
of the substituent and their position in the heterocycle. The presence of
the methylthio group in position 3 markedly reduces the effectiveness of
the triazine derivatives as antioxidant stabilizers during thermo-oxidative
degradation. Of the 1,2,4-triazine series is a more effective stabilizer in
comparision with asymmetric triazine with the amino group in position 4,
which is probably associated with an increase in basicity.

Thus, compounds of the 1,2,4-triazine series reduce the thermo-oxida-
tive destruction of plasticized polyvinyl chloride. The suggested antioxi-
dants were used in the formulation of PVC materials taken in an amount of
not more than 0.4% . Therefore, we can confidently note that the nanoaddi-
tives that we used exhibit maximal efficiency.

The performed research has been funded through the government grant «Synthesis and investiga-
tion of the modern polyvinyl chloride plasticizers» according to the Decree of the Government of the Repub-
lic of Bashkortostan of 07.02.2018 Ne56 «On providing grants of the Republic of Bashkortostan to young
scientists and groups of young researchers in 2018».
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CTABMNN3ALUA NOJIUBUHUNXIIOPUAHOIO NNIACTUKATA
COEQWHEHWUAMM 1,2,4-TPUASUHOBOI0 PAAA

AHHOTAHI/IH K CTATBHE (ABTOPCKOE PE3IOME, PE®EPAT):

IInacTukarsl Ha ocHOBe moauBuHUIAXJopuaa (IIBX) nmpumensiorca B pas-
JIMYHBIX 00JIACTAX JJI U3TOTOBJIEHHUSI NIMPOKOr0 aCCOPTUMEHTA MAaTepPHAJIOB U U3-
nequii. ITO 00yCJIOBJIIEHO TOCTYITHOCTHIO CHIPhSA, JOCTATOYHO HU3KOM CTOUMOCTBIO
M IINPOKUMH BO3MOKHOCTAMHU MOTU(PUKAIUA NX CBOMCTB.

IlenenanpaBiaenHoe u3MeHeHue xapakrtepuctuk IIBX mocruraercs BBeme-
HUEeM 100aBOK Pa3IMYHOT0 (DyHKIIMOHAJIHLHOTO Ha3HAUEHUI — IJIACTU(PUKATOPOB,
CTa0UJIN3ATOPOB, HATIOJTHUTEJEH, AHTUITHPEHOB M JIP.

Jdaa naactudukanuu HandoJiee IPpUEeMJIEeMbIMHU SABJIAIOTCA CI0KHO3(UPHbIE
coenquHeHuss. OMHUM U3 OCHOBHBIX TPEOOBAHMH K CIOKHO3(UPHBIM ILJIacTH(PHUKA-
TOPaM ABJISIETCS UX YCTONYUBOCTh K TEPMOOKUCIEHNIO. Y CTOMUYNBOCTH IJIacTU(dM-
KaTOPOB K OKMCJIEHUIO MOKHO MOBBICUTH UCIOJIb30BAHUEM AHTHOKCHUIAHTOB psAga
a30TCoJePsKaAlIUX reTePOIMKINYEeCKUX COeJUHEeHNH.
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IloaToMy B maHHOI padoTe M3yuyeHa CTAOMIU3MPYIONIAd aKTUBHOCTH COEIM-
HeHui 1,2,4-TpHa3MHOBOTO PAAA I MJIACTU(HOUIIMPOBAHHOTO MOJUBUHUIXIOPUIA
MEeTOI0M XeMHJIIOMHUHECIIeHI[UH.

Ha ocHOBaHUU NMPOBEIEHHBIX HKCIEPHMEHTOB OBLIO YCTAHOBJIEHO, YTO KOM-
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MOOKHUCJIHUTEJIBHYI0 TEeCTPYKIHIO TIACTH(UIMPOBAHHOTO IOJNBUHUIXJIOPHUIA.
Takum o6pa3oM, NpUMeHeHne coequHeHui 1,2,4-Tpua3uHOBOIO Psiia B KaueCTBe
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KaroueBsie ciioBa: aHTUOKCHUIAHT, METOJ XE€MUJIOMHUHECIEHIIUN, OKTUJI(pe-
HOKcumnpomnmwipranar, IIBX, maacrupurarop, coegmaenusa 1,2,4-TpuasmHOBOTO
pAma, cTabuIM3aTop, (PrajgaThbl OKCUAJKUINPOBAHHBIX CIIMPTOB.

DOI: dx.doi.org/10.15828/2075-8545-2018-10-6-112-123

MAIIHHOYUTAEMASI TH®OPMAIHS 0 CC-TUIEH3UN B METATAHHBIX CTATHH (HTML-KOx):

<arel="license"” href="http://creativecommons.org/licenses/by/4.0/"><img alt="Creative Commons License" style="border-
width:0" sre="https://i.creativecommons.org/1/by/4.0/88x31.png" /></a><br /><span xmlns:dct="http://purl.org/dc/terms/"
href="http://purl.org/dc/dcmitype/Text" property="dct:title" rel="dct:type">Stabilization of polyvinyl chloride compounds
with 1,2,4-triazine boundings</span> by <a xmlns:cc="http://creativecommons.org/ns#" href="Nanotehnologii v stroitel’stve
= Nanotechnologies in Construction. 2018, Vol. 10, no. 6, pp. 112-123. DOI: dx.doi.org/10.15828/2075-8545-2018-10-6-112-123"
property="cc:attributionName" rel="cc:attributionURL">Maskova A.R., Aminova G.K., Karimov F.Ch., Sabitov I.N., Timofeev
A.A., Mazitova A.K.</a> is licensed under a <a rel="license” href="http://creativecommons.org/licenses/by/4.0/">Creative
Commons Attribution 4.0 International License</a>.<br />Based on a work at <a xmlns:dct="http://purl.org/dc/terms/"
href="http://nanobuild.ru/en_EN/nanobuild-6-2018/" rel="dct:source">http://nanobuild.ru/en_EN/nanobuild-6-2018/</
a>.<br />Permissions beyond the scope of this license may be available at <a xmlns:cc="http://creativecommons.org/ns#"
href="asunasf@mail.ru" rel="cc:morePermissions”>asunasf@mail.ru</a>.

Paboma evinoanena npu noddepicke HayyHozo zpanma «Cunmes u uccnedoéanue cogpe-
MEHHbLX NAACMUPUKAMOPO8 NOLUBUHULXIOPUIA» 6 coomeemcmeauu ¢ Ilocmanosrenuem Ilpa-
sumeavcmaea P66 om 07.02.2018 2. N¢ 56 «O gvt0enenuu 6 2018 200y epanmos Pecnybauxu Baut-
KOpMOCMaH MOLO00bLM YULEeHbLM U MOJLOOCH HbLM HAYLHbLM KOJLLEKMUBAM» .

e ] )]
http://nanobuild.ru info@nanobuild.ru



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

2018 - Vol. 10 - no. 6 /2018 - Tom 10 - N26 Nanobm

PA3PABOTKA HOBbIX MOJIMMEPHbIX MATEPHAJIOB

Bubnuozpaguueckuil cnucok:

Bapwmeiin P.C., Kupuaaosuy B.U., Hocosckuil FO.E. Ilnactuduratopsl Aas nosumepos. — M.: Xu-
musa, 1982. — 196 c.

Tunuyc K. Ilnactuduraropst. — M.: Xumudg, 1964. — 915 c.

Masumosa A.K., Amunosa I'.K., Hagukxosa P.®., [[ebepdees P.A. OcHOBHBIE IOJMBUHUJIXJIOPUIHBIE
KOMIIOBUIIMY CTPOUTEJIbHOTO HagHaueHusa. — ¥ da. — 2013. — 130 c.

Masumosa A.K., Hagpurkosa P.D., Amunosa I'.K. Ilnactudpuraropsl monuBuHUIXJI0opuaa / Hayka
U smoxa: MoHorpadus; mox ooieit pex. mpod. O.1. Kupukosa. — Bopore:x. — 2011. — C. 276-296.
Mackosa A.P. IlonuBUHUIXJIOPUIHBIE KOMIO3UI[UY CTPOUTEIHHOTO HA3HAUEHUS, IJIACTUDUIIUPO-
BaHHBIE (pTalaTaMU OKCHUAJIKUJINPOBAHHBLIX CIIUPTOB: [luc. ... KaHA. TeXH. HayK. — Yda. — 2012. —
143 c.

Yuaxu 9., Cammepc Houc., Januenc 9. Illonusnaunxaopuz. — CII6.: Ilpodeccusa, 2007. — 728 c.
Kyuyenkxo A.HU., Boromuna JI.M. TepMOOKUCINTEIbHAA ECTPYKIINA CIOKHOI(DUPHBIX IJIaCTUDUKA-
TopoB // ILmact. maccer. — 1971. — Ne 8. — C. 23-25.

Munckep K.C. u dp. OKucauTe bHAA TePMOIECTPYKIIUS IIaCTU(MUIITPOBAHHOTO ITOJUBUHUIXJIOPU-
na // Beicokomoiek. coex. — 1980. — T. 22, N2 9. — C. 2131-2136.

Mumnckep K.C., @edoceesa I'.T. [lecTpyKkniua u crabunusdanua noauBuHmiIxjgopuga. — M.: Xumnda,
1979. -272c.

T'opoynos B.H., I'ypesuy A.M., Macaosea H.II. XuMusa 1 TEXHOJOTUSA CTAOUIN3aTOPOB IIOJIUMEPHBIX
maTepuaios. — M.: Xumusa, 1984. — 367 c.

Crapenue u crabunusanusa moaumepos / IToxg pex. M.H. JleBauToBckoit. — M.: Xumusa, 1964. —
347 c.

Xamaes B.X. Cunres u nccjaefoBaHNe CBOMCTB CJA0KHOI(UPHLIX COeIUHEHUH 1 paspaboTKa HAa UX
OCHOBE IIJIaCTU(PUKATOPOB ¥ KOMIIOHEHTOB CUHTETHUECKUX Maces: [uc...n-pa. TexH. HayK. — Yda,
1982. -373 c.

Macnosa H.I1. Xumuueckue n1o6aBKu K nmoaumepam. CopaBounuk. — M.: Xumusa, 1981. — 264 c.
Amunosa I'.K., Kydaaposa P.P., Byadaxos A.K., Masumosa A.K. O 610JIOTHUECKO!l aKTUBHOCTHU
1,2,4-TpuasuHagnoH0B-5,6 // Bamkupckuit xumuueckuii skypHai. — 2004. —T. 11, Ne4. - C. 15-16.
Masumosa A.K, Cyxapesa H.A., Aezamos P.P., Byiinoea E.A., Hedonexun /[.B. XumMmuecKkue 1mpe-
BpaIleHus 3-MepKalnTONPON3BOAHBIX HECUMMETPUYHBIX TPUA3UHOB // BamKupcKkuil XuMuuecKuit
skypHaa. — 2017. —T. 24, Ne 2. — C. 75-80.

Karimov F.Ch., Mazitova A.K., Khamaev V.Kh., Minsker K.S., Zaikov G.E. Stabilization of plasti-
cized polyvinyl chloride by 3-mercapto-1,2,4-triazine-5-one derivatives // Oxidation Communica-
tions. —1997. - T. 20, Ne 2. — P. 286-289.

Karimov F.Ch., Mazitova A.K., Khamaev V.Kh., Zaikov G.E., Minsker K.S. Stabilization of plasti-
cized polyvinylchloride by 3-mercapto-1,2,4-triazine-5-one // Russian Journal of Physical Chem-
istry B. —1997. - T. 16, Ne 7. — P. 1241-1245.

Mazitova A.K., Aminova G.K., Maskova A.R. Research of thermostability of phthalates of oxyalkyl-
ated alcohols. Nanotehnologii v stroitel’stve = Nanotechnologies in Construction. 2018, Vol. 10,
no. 2, pp. 157-170. DOI: dx.doi.org/10.15828/2075-8545-2018-10-2-157-170. (In Russian).
Maskova A.R., Mazitova A.K., Aminova G.K., Rolnik L.Z., Faizullina G.F. Investigation of the
rheological properties of PVC compositions containing phthalate plasticizers. Nanotehnologii v
stroitel’stve = Nanotechnologies in Construction. 2018, Vol. 10, no. 3, pp. 127-137. DOI: dx.doi.
org/10.15828/2075-8545-2018-10-3-127-137.

D 2%
http://nanobuild.ru info@nanobuild.ru



U

PA3PABOTKA HOBbIX MOJIMMEPHbIX MATEPHAJIOB

2018 - Vol. 10 - no. 6 /2018 - Tom 10 - N26 Nanobui

20. Maskova A.R., Aminova G.K., Faizullina S.R., Faizullina G. F., Mazitova A.K. Production of PVC-
films with specific properties. Nanotehnologii v stroitel’stve = Nanotechnologies in Construction.
2018, Vol. 10, no. 4, pp. 102—-115. DOI: dx.doi.org/10.15828/2075-8545-2018-10-4-102-115.

21. Faizullina G.F., Gabitov A.I., Maskova A.R., Ahmetova I.I. Plastifikacija polivinilhlorida novymi
plastifikatorami[Plasticization of polyvinylchloride with new plasticizers]. Neftegazovoe delo [Oil
and gas business]. 2017. Vol. 15, no. 3. pp. 106—-111. (In Russian).

22. Mazitova A.K., Aminova G.K., Maskova A.R., Yagafarova G.G., Mazitov R.M. New plasticizers for
PVC-compositions in construction. Nanotehnologii v stroitel’stve = Nanotechnologies in Construc-
tion. 2017, Vol. 9, no. 4, pp. 48-63. DOI: dx.doi.org/10.15828/2075-8545-2017-9-4-48-63.

23. Mazitova A.K., Aminova G.K., Maskova A.R., Zentsov V.N., Nedopekin D.V. and Rayzer Ju.S., 2017.
Development of Oil-Benzen-Resistant PVC-Plastics. Journal of Engineering and Applied Sciences,
12: 7865-7869. DOI: 10.3923/jeasci.2017.7865.7869.

24. Mazitova A.K., Aminova G.K., Maskova A.R., Sabitov I.N., Nedoseko 1.V. New polyvinylchloride
plasticizers. Nanotehnologii v stroitel’stve = Nanotechnologies in Construction. 2017, Vol. 9,
no. 6, pp. 168-180. DOI: dx.doi.org/10.15828/2075-8545-2017-9-6-168-180.

25. Masumosa A.K., Amunosa I'.K., 'abumos A.H., Mackosa A.P., Paxmamyanruna P.I'. HoBvie tactu-
duraropsl [IBX-komMImosumuii cnenajabHOTO HadHaUeHNA // BalIKUPCKUT XUMUYECK U sKyPHAJ. —
2015.-T. 22, Ne 3. — C. 23-26.

26. Masumosa A.K., Amunosa I'.®D., 'abumos A.U., Mackoga A.P., Xycnymounos B.P., @ammaxosa
A.M. Pa3zpaboTKa HOBBIX ILTaCTU(PUKATOPOB mosauBuHUIAXJIopUAa // Hedrerasosoe gemo. — 2014. —
T.12,Ne 1. - C.120-127.

27. Masumosa A.K.,Cmenanosa JI.B., Amunosa I'.®d., Mackosa A.P. PazpaboTKa (PyHKIIMOHAJIbHBIX J[0-
0aBOK IJIA TMOJUBUHUIXJIOPUIHBIX KOMIO3UIIUHA CTPOUTEIHHOTO HasdHaueHusA // IIpoMbInieHHOE
IIPOM3BO/ICTBO U UCIIOJIb30BaHMeE dytacToMepoB. — 2015, — Ne 2. — C. 27-31.

¥ BAKAEMBIE KOJIJIETH!
IIrn HUCIIOJIB3OBAHUU MATEPHUAJIA I[AHHOP'I CTATHHU
IIPOCUM AEJATH BUBJIUOTPA®PUYECKYIO CCBIJIKY HA HER:

Mackosea A.P., Amunosa I'. K., Kapumos ®@.4., Cabumos U.H., Tumogees A.A., Ma-
sumosa A.K. Crabuinsanusa MOJUBUHUIXJIOPUAHOTO IIJIACTUKATA COETUHEHUSIMU
1,2,4-TpuasuHoBoro pana // Harnorexuoaoruu B crpouTenbeTBe. — 2018. — Tom 10,
Ne 6. —C. 112-123. — DOI: dx.doi.org/10.15828/2075-8545-2018-10-6-112-123.

DEAR COLLEAGUES!
THE REFERENCE TO THIS PAPER HAS THE FOLLOWING CITATION FORMAT:

Maskova A.R., Aminova G.K., Karimov F.Ch., Sabitov I. N., Timofeev A.A., Mazi-
tova A.K. Stabilization of polyvinyl chloride compounds with 1,2,4-triazine series.
Nanotehnologii v stroitel’stve = Nanotechnologies in Construction. 2018, Vol. 10,
no. 6, pp. 112-123. DOI: dx.doi.org/10.15828/2075-8545-2018-10-6-112-123.

e |23
http://nanobuild.ru info@nanobuild.ru

®



