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EXTENDED ABSTRACT:

Polymer materials based on polyvinyl chloride (PVC) are processed in the
form of multitudinous compositions. One of the main indicators in the processing
of polymer compositions is manufacturability. It is known that in the processing
of polyvinyl chloride compositions manufacturability is estimated by rheology
of melts. The determine polymer processability the melt flow index (MFI) is the
most widespread and almost universally used value. The melt flow index of the
polymer material is the mass of polymer in grams extruded through the capillary
at a certain temperature and pressure overfall in 10 minutes. It allows us to take
decisions on the necessary conditions of processing the polymer composition and
to determine the temperature limits of converting.

In fact, PVC compositions are characterized by high viscosity and various
chemical additives. For example, plasticizers are used to improve the process-
ing conditions. This research studied how oxyalkylated alcohol phthalates de-
veloped by the authors influence on the MFI polymer. The results show that the
synthesized esters, in a greater degree respect to the industrial plasticizer di-
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octylphthalate (DOP), increase the fluidity of the melt of the PVC composition
and reduce its processing temperature thus improving the effectiveness of the
plastic production.

Keywords: oxyethylated alcohol, oxypropylated alcohol, PVC, melt flow in-
dex, flow temperature, oxyalkylated alcohol phthalates.
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Introduction

Additives of various functional purposes — plasticizers, stabilizers,
fillers, fire retardants, etc. — allow achieving the meaningful change in the
characteristics of polymers. The choice of the type and dosage of the ini-
tial components is determined by the conditions of processing the polymer
composition and the necessary complex of operational properties of the
products obtained.

Plasticizers have great impact on the structure and properties of poly-
mers. Physical, mechanical and rheological properties of polymeric mate-
rials can be changed in a guided way with help of plasticizers. Successful
selection of plasticizer expands the polymers scope of use and extends their
lifespan. Most plasticizers produced in industry are used for plasticizing of
polyvinylchloride (PVC).

The widely used method for analysis of rheological properties of poly-
vinylchloride melt is capillary viscometry, which helps to determine melt
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flow index (MFI), that characterizes the speed of flowing of melt through
the standard size capillary at given temperature and pressure. The value
of MF1I is the parameter, which largely determines the choice of processing
conditions of polymer compositions. In addition, MFI can be used for the
quality control of raw materials (components) of polymeric compositions.
Thus, the melt flow index of composition is the important parameter, which
determines the processability of PVC-compositions [1-7].

The aim of the work was to study properties of PVC-compositions con-
taining proposed plasticizers and to estimate efficiency of plasticizers in
comparison with commercial prototype.

Previously we described phthalates of oxyalkylated alcohol, especial-
ly: symmetrical and unsymmetrical phthalates of oxyethylated and oxy-
propylated butanol and phenol. In the papers [8-18] the results of investi-
gation of methods of their obtaining and some physico-chemical properties
are presented. In the present case we focused on investigation of the in-
fluence of developed compounds on the technological properties of PVC-
materials.

Experimental part

We used model PVC compositions containing a thermal stabilizer (cal-
cium and zinc stearates — 3 parts by weight of PVC / 100 parts by weight
of PVC) and a plasticizer — prototypes of esters of oxyethylated alcohol —
butoxyethylphenoxyethylphthalate (compound I), mixed esters of oxyeth-
ylated and oxypropylated alcohol — butoxyethylphenoxypropylphthalate
(compound II), esters of oxypropylated alcohol — butoxypropylphenoxy-
propylphthalate (compound III) or commercially available analogue of di-
octylphthalate (DOP) in the experiments.

The influence of oxyalkylated alcohol phthalates on the melt flow index
was determined by capillary viscometry at 195°C and at the load 2.16 kg on
the apparatus IIRT-AM according to the GOST 11645-73[19].

Results and discussion

From the experimental results one can see (fig. 1) that with increasing
of temperature and quantity of introduced plasticizer the melt flow index
of PVC-composition increases.
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Fig. 1. The influence of quantity of oxyalkylated alcohol phthalates (1, 3, 5)
and DOP (2, 4, 6) on MFI of PVC-compositions.
The content of plasticizer, weight part of PVC: 1,2 - 80; 3,4 — 60; 5,6 — 40
(I-IIT — symbols of oxyalkylated alcohol phthalates)

It was found out that for PVC-compositions with same amount of plas-
ticizer at the same value of MFI the main parameters that influence on the
rheological properties, namely, temperature and content of plasticizer are

linked linearly (fig. 2).

Fig. 2. The dependence of flow
temperature of PVC-composition from
the content of plasticizer

in mixture:

1 — oxyalkylated alcohol phthalates;

2 — DOP) at constant value of MFI,
5g/10 min

(I-IIT — symbols of oxyalkylated
alcohol phthalates)
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For quantity estimation of influence of plasticizer on the flow of poly-
mer melt, the index of effectivenes 0, which equal to the slope ratio of the
obtained experimental straights to the x — axis, was used. The value of in-
dex 0 corresponds to changing of flow temperature of PVC-composition
when in its formulation 1 weight part of plasticizer is introduced in case of
constant value of the melt index of composition. From the experimental re-
sults (fig. 1) follow that proposed plasticizers in a greater degree than DOP
increase the flow of melt of PVC-composition and decrease its processing
temperature.

It is found that the flow of the melt of PVC somewhat depends from
chemical nature of used plasticizer. According to the obtained results due
to the influence on the flow of melt of polymer, phthalates of oxyalkylated
alcohol can be arranged in the following series: esters of oxyethylated al-
cohol > mixed esters of oxyethylated and oxypropylated alcohol > esters of
oxypropylated alcohol. In the case of introduction of developed plasticizers
within compatibility with PVC, the flow of the melt increases proportion-
ally that indicates on better compatibility with PVC.

Conclusion

Thus, the nature of plasticizer influences on the melt index. The pres-
ence of the plasticizer with specific structure to a greater or lesser degree
increases the flow of the melt of PVC-composition, this allow us to suppose
that their using in the composition of PVC-compounds improves their pro-
cessing characteristics.

The performed research has been funded through the government grant «Syn-
thesis and investigation of the modern polyvinyl chloride plasticizers» according to
the Decree of the Government of the Republic of Bashkortostan of 07.02.2018 N 56
«On providing grants of the Republic of Bashkortostan to young scientists and groups
of young researchersin 2018».
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AHHOTAHI/IH K CTATBHE (ABTOPCKOE PE3IOME, PE®EPAT):

ITonmumepHbIe MaTepHuadabl HA ocHOBe moauBuHMIAXJopuaa (IIBX) mepepada-
THIBAIOTCS B BUJAE€ MHOTOYHMCJICHHBIX KOMMIO3uIMii. OMHUM M3 OCHOBHBIX IIOKa3a-
TeJieil Mpu mepepadoTKe MOJUMEPHBIX KOMIIO3UIUN ABJIAETCH TEXHOJOTHYHOCTb.
H3BecTHO, UYTO TEXHOJOTUYHOCTH IIPH MepepadoTKe MOJIUBHHUIXJIOPUIHBIX KOM-
MO3MI[UI OIEHUBAIOT IO PeoJioruu pacmiaasoB. Haubojiee pacmpocTpaHeHO Ha
MpPaKTHKEe M MCIOJb3yeTCA NMPAKTHYECKH ITOBCEMECTHO oIpeaesieHHe mepepaoda-
THIBAEMOCTH IOJHMEPOB IO BeJWYMHE MOKasaTejsa TeKkyuectu pacimiaasa (IITP).
IToka3aTess TEKy4eCTH paciljlaBa IOJHMMEPHOT0 MAaTepHajia — Macca IoJmMepa
B r'paMMaX, BbIJaBJHBaeMas yepe3 KaNWIJIAP MPU ONpeaeieHHON TeMIeparype
u nmepemnajae gaBjaeHud 3a 10 munyT. OH I03BOJIAET CYAUTH O HEOOXOAMMBIX YCIOBH-
X MepPepadoTKH MOJNMEPHON KOMIIO3UIINN U ONPEIeIUTh TeMIIepaTypPHbIe Ipee-
JIBI MepepadoOTKH.

HN3BecTHO, uTOo IIBX-KOMIO3UIIUM XapaKTEPU3YIOTCA BHICOKOM BA3KOCTHIO
U IJIS YIYYIIEeHUA YCIOBHH X MePepadoTKN MCIOIb3YIOT PA3JINYHbIe XUMUKATHI-
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