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Abstract: The article presents results of research into the influence of aluminum hydroxide concentration
on properties and crystallization regularities of composite materials based on mixtures of high and low
density polyethylene. Studies were carried out with samples containing 1, 3, 5 and 10 % wt. aluminum
hydroxide. All composite materials were based on mixtures of high and low density polyethylene, taken in
50/50 ratio. Dilatometric studies were carried out on an IIRT-1 device in the course of stepwise cooling
of samples with a load of 5.3 kg. Temperature dependence of the specific volume, density and free volume
of composite materials established. Also, density of compositions at a temperature of 190°C was
identified on a capillary rheometer of CEAST MF50 brand. Onset temperature of crystallization and
approximate glass transition temperature of composite materials were determined. Physical-mechanical
properties of composites, such as ultimate tensile stress and elongation at break, were studied.
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Introduction

At present, polymer composites are increasingly attracting attention of scientists and
experimenters to obtain on their basis the high-quality structural materials with high strength,
lightness, resistance to aggressive media, low cost, etc. These materials are available in the form
of physical mixtures of polymers filled with mineral fillers of polymer composites, which are
distinguished by high technology and ability to be processed in various plastics processing
equipment. Through varying the concentration or ratio of mixture components, it is possible to
vary properties of composite polymeric materials in a fairly wide range. It is these features of
polymer composites that make it possible to obtain materials on their basis that can be widely
used in engineering, aircraft engineering, auto industry, ship-building, as well as in space and
military equipment. Interest in these materials has increased mainly due to the ability to change
mechanical properties and adapt them to specific operating conditions. The process of mixing
polymer with polymer has always been one of effective methods for producing compositions
with predetermined properties [1-3].

In recent years, polyethylene-polyethylene mixture has been the subject of great scientific
and practical interest, in which not only quality problems were solved, but also the cost of
products derived from them [4,5]. Scientific and technical progress requires a constant expansion
of the range and applications of polymers. In particular, one of the most important requirements
for polymeric materials is fire safety. Given that polyethylene is the largest and most widespread
polymer, the development of ways to increase its fire resistance is one of the most important
tasks requiring special attention. Metal hydroxides have long been considered cheap fillers for
the development on their basis of fire-resistant polyolefins [6-8]. At the same time, great
attention is paid to composite materials characterized by minimal shrinkage in the course of the
molding machine injection. This circumstance makes it possible to select the composition of the
composite material in such a way that it is possible to significantly reduce changes in its volume
in the process of structural product casting. To control the crystallization process and change the
volume of the material in the process of closed volume cooling, the most effective method is the
method of dilatometric measurements [9].
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In this regard, the purpose of this study was to determine the effect of the concentration of
aluminum hydroxide (AH) on the crystallization regularity of composite materials based on
mixtures of high and low density polyethylene.

Experimental part

Industrial samples of high-density polyethylene (HDPE) of HD 52518 brand, low-density
polyethylene (LDPE) of 17703-01 brand, and filler - aluminum hydroxide (GOST 11841-76,
OKP 631887 repacked by VEKTON) were used as the object of research.

LDPE- density- 912 kg/m?, ultimate tensile stress- 10.3 MPa, elongation at break- 250%.
HDPE — density- kg/m®, ultimate tensile stress- 25.0 MPa, elongation at break- 500%.

Aluminum hydroxide AI(OH); — a colorless solid, insoluble in water, has amphoteric
properties, is a part of many bauxite. Amorphous aluminum hydroxide has a variable
composition Al,O3 - nH,O. When heated above 180-200°C it decomposes depending on the size
of particles.

Composite materials based on HDPE and LDPE mixture in a 50/50 ratio and with different
concentrations of AH (1, 3, 5, 10 % wt.) were obtained by mixing the components on laboratory
rollers at a temperature of 150°C within 8-10 minutes. Then, at a pressing temperature of 170-
180°C, the plates were molded to cut down appropriate samples for testing.

Research into dilatometric characteristics of the composites was carried out on IIRT-1
device during stepwise cooling in the temperature range of 25-180°C, with a load of 5.3 kg.

The density and melt flow index (MFI) of the compositions at a temperature of 190°C and a
load of 5 kg were determined on a capillary rheometer of MELT FLOW TESTER, CEAST
MF50 (INSTRON brand, Italy).

The melting point was determined on a Q-1500 D derivatograph of the MOM company
(Hungary) of Paulik, Paulik, and Erdei systems.

Ultimate tensile stress (o, MPa) and elongation at break (e, %) were determined in
accordance with GOST 11262-80.

Results and discussion

In our previous works, the results of studies of physicomechanical, thermophysical,
rheological properties, kinetic regularities of crystallization of composite materials based on
mixtures of high and low density polyethylene in various ratios were published [10,11]. As is
known, a feature of the polyethylene structure is a combination of crystalline and amorphous
phases there in. Many of its physicochemical and mechanical properties depend on their
quantitative ratio in polyethylene. But it will be shown below that they also have a significant
impact on regularities of changes in the specific volume of composites depending on temperature
and filler’s quantitative ratio. The filler’ particles can increase or reduce the crystallization rate
of the semi-crystalline polymer, affect the growth of polymer matrix crystals, as well as the
nucleation effect in the melt [12]. It was interesting to study the effect of AH concentration in the
properties and crystallization regularities of composite materials based on mixtures with high
and low density polyethylene.

The practical application of polymers is determined by the state in which the polymer
(viscous, highly elastic, glassy) is in operating conditions.The temperature regions of existence
of various physical states of polymers are determined by the dependence of the specific volume
on temperature.

. Figure 1 shows the crystallization isotherms, the initial mixture of LDPE and HDPE in a
50/50 ratio, and composite materials based on it at various concentrations of AH. The analysis of
dilatometric curves in this figure shows that with increasing AH concentration, the specific
volume of composite materials decreases, that is, material compaction is observed, the results of
which are summarized in tablel.



Table 1 presents the results of research into the effect of AH concentration at a temperature
of crystallization which characterizes a first-order phase transition. Loading of 1% wt. AH has
almost no effect on the crystallization temperature of the initial LDPE / HDPE mixture and is
equal to 114°C.

Table 1. Effect of AH concentration on the density and crystallization onset temperature of
composites based on high and low density polyethylene mixture

.. . L. Density,

No Composm;)n formulation, | Crystallization oonset g/sm’
Yo Wt. temperature, “C AL25°C | AL190°C

1 | HDPE/LDPE 114 0.941 0.730
2 | HDPE/LDPE +1 AH 114 0.945 0.766
3 | HDPE /LDPE +3 AH 110 0.954 0.782
4 | HDPE / LDPE +5 AH 110 0.962 0.790
5 | HDPE /LDPE +10 AH 110 1.053 0.801

" amixture of HDPE and LDPE were taken in a 50/50 ratio, AH - aluminum hydroxide

With an increase in AH concentration t010%, the temperature at which the composites begin to
crystallize does not undergo any changes and corresponds to a value of 110°C.. Phase transitions
of the first kind arecharacterized by constancy of temperature and volume changes. A
comparison of maximum and minimum specific volume of samples under study at the phase
transition temperature (Fig. 1) says that as AH concentration in composites rises, the difference
between these values first increases, and for samples containing 5% and 10% wt. AH decreases
at index rate.
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Figure 1. Graphic dependence of specific volume on temperature: x— initial mixture of 50 % wt.
HDPE + 50 % wt. LDPE, o— HDPE / LDPE + 1% wt. AH, « — HDPE / LDPE + 3% wt. AH,
00— HDPE / LDPE + 5% wt. AH, m— HDPE / LDPE + 10% wt. AH

The data obtained show that AH smaller concentrations contribute to fuller crystallization
process; however, at concentrations of 5-10% wt. the crystallization process in filled composites
IS somewhat constrained.

It has to be kept in mind that the method of dilatometric measurements makes it possible to
approximate estimate a crystallization temperature of composite materials. Approximate values
of the glass transition temperature of the studied samples were found at the intersection point of



the upper and lower branches of the dilatometric curves (Fig. 1). The glass transition temperature
of the initial HDPE / LDPE and composites thereon containing 1, 3, 5, 10% wt. AH is equal
respectively to -73, -84, -128, -100, -84°C. From the data obtained, it follows that with AH
loading to 3% wit. there is reduction in the negative area glass transition temperature. When the
AH concentration is over 3% wt. the glass transition temperature rises. All the data above
suggest that at AH low concentrations, the latter in the material melt exhibits properties of
nucleating agents thereby obtaining samples with a fine-spherical structure that favorably affect
the improvement of these properties. At higher temperatures, the filler particles are accumulated
in the amorphous regions impeding the conformational mobility of passing chains and increasing
the fragility of the material and, accordingly, decreasing the glass transition temperature of
composite materials.

According to the derivographic analysis data, the melting point of the composites under
consideration changed as follows: HDPE / LDPE — 120°C; HDPE / LDPE + 1% AH - 120°C;
HDPE / LDPE + 3% AH —-120°C; HDPE / LDPE + 5% AH- 120°C; HDPE / LDPE +10% AH —
125°C. In this case, a decrease in conformational mobility of highly filled composites is due to a
certain increase in their melting point.

Since the experimental determination of free specific volume is a difficult task, it is usually
calculated using the graphical dependence of the specific volume of the polymer on
temperature.As the temperature of absolute zero (0 K) is approached, the free volume becomes
zero, therefore the value of the occupied volume (Vo) is obtained by extrapolation to the ordinate
axis (Figure 1).Using the specific volume (V;) at a given temperature, the free specific volume
(Vs of the test samples was calculated from the difference (Vi—V,).Figure 2 shows the
dependence of the free specific volume on the absolute temperature at various concentrations of
AH.

A comparative analysis of the dependency curves shows that the value of the free specific
volume for AH-filled composites is higher than in case with the initial HDPE / LDPE blend. This
can be explained as being due to the fact that AH particles can create steric hindrances for
complete crystallization of macromolecules in the phase transition thereby facilitating the
loosening of the material and reducing its density. Due to the incompatibility of the polymer
mixture of polyethylene with AH, their contact in the interfacial layer becomes weak. AH
reducing the packing density of macromoleculescontributes to the loosening of its structure.To
this can also be attributed to a decrease in the ultimate tensile stress of composites with a
relatively high content of AH, the results of which are summarized in table 2.
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Figure 2. Dilatometric curves of changes in the free specific volume of the absolute temperature:
x— initial mixture of 50 % wt. HDPE + 50 % wt. LDPE, o— HDPE / LDPE + 1% wt. AH,

e — HDPE / LDPE + 3% wt. AH, o— HDPE / LDPE + 5% wt. AH,

m— HDPE / LDPE + 10% wt. AH



From table 2 it can be seen that the loading of AH does not lead to a noticeable change in
melt flow.Basically, the effect of AH appears on the change in mechanical properties.The results
of the study are in good agreement with the data of dilatometric measurements,according to
which AH contributes to loosening the structure of the composite, which in acertain way affects
the deterioration of the ultimate tensile stress and the elongation at break of the composites.

Table 2. The effect of the AH concentration on physical-mechanical properties of composites
based on high and low density polyethylene mixture

No Composition Ultimate tensile stress, | Elongation at break, MFI,

B formulation, % wt. MPa % g /10 min
1 | HDPE / LDPE 22.2 56 11.784
2 | HDPE /LDPE +1 AH 20.0 37 11.300
3 | HDPE / LDPE +3 AH 20.1 36 10.387
4 | HDPE / LDPE +5 AH 18.5 36 10.222
5 | HDPE / LDPE +10 AH 18.7 28 11.733

" a mixture of HDPE and LDPE were taken in a 50/50 ratio, AH - aluminum hydroxide

Thus, the method of dilatometric measurements makes it possible to obtain sufficiently
complete clarity for determination of the influence of filler particles on the nature of changes in
the structure and properties of composites. On the basis of the data obtained, it is possible to
evaluate the regularity of cooling of the polymer composite into the product in the mold and
thereby predetermine the main trends affecting their quality. Therefore, quantifying these
properties through the use of dilatometry is crucial. By dilatometry, it was found that as AH
concentration rises, the specific volume of composites decreases and a regular increase in density
is observed. The lower and upper limits of the temperature used in these samples were
determined.

REFERENCES

1. Mishra J., Tiwari S.K., Abolhasani M.M., Azimi S., Nayak G.C. The book “Micro and
Nano Fibrillar Composites (MFCs and NFCs) from Polymer Blends”. Chapter 2.
Fundamental of polymer blends and its thermodynamics. Woodhead Publishing Series in
Composites Science and Engineering. 2017, pp. 27-55.

2. Runt J., Huang J. Chapter 8- Polymer blends and copolymers. Handbook of thermal
analysis and calorimetry. 2002, vol. 3, pp. 273-294.

3. Kahramanov N.T., Huseynova Z.N., Hasanova A.A., Mustafayeva F.A., Allahverdiyeva
Kh.V. Influence of technological parameters of injection moulding on physico-mechanical
properties of dynamic elastoplasts based on polyolephines and nitrile-rubber. Chemical
Problems. 2018, no. 3(16), pp. 420-428. (In Azerbaijan).

4. Nabeela A.M. Studing the mechanical properties and morphology of ternary blends of
polyethylene. Ebg.&Tech. Journal. 2009, vol. 27, no. 6, pp. 1197-1202.

5. Anour S., Abdalah K., Rabea E., Shalh A., Hassan E., Wael E. The influence of LDPE
content on the mechanical properties of HDPE/LDPE blends. Res. & Dev. Material Sci.
2018, vol. 7, no. 5, pp. 791-797.

6. Glikshtern M.V. Flame retardants. Polimernyie Materialyi — Polymer Materials. 2003, no.
5, pp. 15-18. (In Russian).

7. Xu Z., Yan L., Chen L. Synergistic flame retardant effects between aluminum hydroxide
and halogen-free flame-retardants in high-density polyethylene composites. Procedia
Engineering. 2016, vol. 135, pp. 631-636.



8. Han Z., Wang Y., Dong W., Wang P. Enhanced fire retardancy of polyethylene/alumina
trihydrate composites by graphene nanoplatelets. Materials Letters. 2014, vol. 128, pp.
275-278.

9. Maurice H.E. van der Beek. Specific volume of polymers: influence of the
thermomechanical history. Eindhoven Technische Universiteit. 2005, 113 p.

10. Kakhramanov N.T., Mustafaeva F.A., Arzumanova N.B., Guliev A.D. Kinetic regularities
of the crystallization of composite materials based on a mixture of polyethylene of high
and low density. Materialovedenie — Materials Science. 2019, no. 5, pp. 43-48. (In
Russian).

11. Kakhramanov N.T., Mustafaeva F.A., Osipchik V.S., Arzumanova N.B., Khamedova L.H.,
Lyalyaeva R.N. Rheological properties of polymer blends based on low and high density
polyethylene. Kompozity i nanostruktury — Composites & nanostructures. 2018, vol. 10,
no. 4(40), pp. 166-170. (In Russian)

12. Das S., Samal S.K., Mohanty S., Nayak S.K. In the book “Crystallization in multiphase
polymer systems”, chapter 11 - Crystallization of polymer blend nanocomposites. 2018,
pp. 313-3309.

ALUMINIUM HIDROKSIDIN MIQDARININ YUKSOK VO ASAGI SIXLIQLI
POLJET/LEN QARISIGI 9SASINDA OLAN KOMPOZIT MATERIALLARIN
XUSUSIYYOTLORING VO KRISTALLASMA QANUNAUY GUNLUQLARINA TOSIRI

F.9. Mustafayeva

AMEA Polimer Materiallar: Institutu,
AZ 5004, Sumqay:t s, S. Vurgun kucasi, 124
e-mail: mustafayevafatima@mail.ru

Moaqalado aluminium hidroksid migdarmzn yiksak va asagr sixligl: polietilen garisigr 2sasinda olan
kompozit materiallar:n xisusiyyatlorina va kristallasma ganunauygunluglarna tasiri tadgigatlarzzn
naticalari taqdim olunmugdur. Tadgigatlar tokibinds 1, 3, 5 va 10 kitlo % aliminium hidroksid olan
nimunalarla aparidmisdir.  Bltin kompozit materiallar 50/50 nisbatinda goturtlmis yuksak va asag:
sixliglz polietilen qarisig: asasinda olmugdur. Dilatometrik tadgiqatlar //RT-1 qurgusunda, niimunalarin
5.3 kq yuk alt:nda pillali soyutma prosesinda apar:dmisdir. Kompozit materiallar:n xtisusi hacminin,
sixligimin va sarbast hacminin temperatur asiiigi miayyan edimigdir. Kompozitlorin 190 T uygun
sixliglar:  CEAST MF50 markal: kapilyar reometrda muayyan olunmusdur. Kompozit materiallar:n
kristallasmasimin  baglang:ic temperaturu vo toxmini giisologma temperaturu miayyan olunmugsdur.
Kompozitlarin dart:imada mohkamlik haddi va nishi uzanmas: kimi fiziki-mexaniki xtsusiyyatlari tadqiq
edilmigdir.

Acar sozlar: kristallagma, dilatometriya, xususi hacm, polimer qarusig:, yuskoak sixligl: polietilen, asag:
sixliglz polietilen, altiminium hidroksid.

B/IMAHHUE KOHLEHTPALIUH T'H/IPOKCHA AJTIOMUHHA HA CBOUCTBA H
34KOHOMEPHOCTb KPHCTAL/TH3AITUH KOMITO3UTHBIX MATEPHAIOB HA
OCHOBE CMECEH ITOJIHATHJIEHA BBICOKOH U HU3KOH IUIOTHOCTH

D.A. Mycmagpaesa

HUnemumym Ionumepnvix Mamepuanos Hayuonanwnot AH Azepbaiioscana
AZ5004, 2. Cymeativim, ynuya C.Bypeyna, 124; e-mail: mustafayevafatima@mail.ru
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B cmamwve npusoosmcs pezynbmamul UCCIe008aHUU GIUAHUS KOHYEHMPAyuu 2uOpOoKcUod
ANIOMUHUSL HA CBOUCMBA U 3AKOHOMEPHOCMb KPUCANIUZAYUU KOMNOZUMHBIX MAMEPUATIO8 HA
OCHOBe cmecell NONUIMUTIEHA BbICOKOU U HU3Kou niomuocmu. Hccnedosanusi npogoounucs ¢
oopaszyamu, codeparcamumu 1, 3, 5 u 10 % macc. euopoxcuda anromunus. Bce komnosummuole
mamepuanvl OblIU HA OCHOBe CMecell NONUIMULEHA BbICOKOU U HU3KOU NIOMHOCU, 630MbIX 8
coomnowenuu 50/50. /Junamomempuueckue uccieoosanus nposoounucs na npubope UUPT-1, ¢
npoyecce CMYyneHu4amoz2o OXIAaxicoeHus obpaszyoé npu Haepyske 5.3 ke. Ycemanoenena
MeMNepamypHas. 3a6UCUMOCMb  YOeTbHO20 00béMA, NIOMHOCMU U  CB0D0OH020 00bEMA
KOMNO3UMHBIX MAMepuaios. IInomnocme  komnosuyuii npu memnepamype 190 °C Ovina
uoenmughuyuposana ua ranuniaprom peomempe mapku CEAST MF50. Onpeoenerul
memnepamypa Hawaia —KpUCMAauiu3ayuu U  NPUOTUICEHHble  3HAYEHUs MeMNepamypbl
CMEKN06aHUsi  KOMNO3UMHbIX ~Mamepuanog. Hccnedosanvl makue —Quuko-mexaHuyeckue
CBOUCMBA KOMNO3UMO8, KAK PA3PYULAioujee HanpsjiceHue U OmHOCUMenbHoe YOIUHeHue.
Kniwouesvle cnosa:. xpucmaniuzayusi, ounamomempus, YOeIbHblll 00beM, cMeCb NOIUMEPOs,
ROIUIMUTIEH 8bICOKOU NIOMHOCMU, NOAUIMULEH HUZKOU NIOMHOCU, 2UOPOKCUO ATIOMUHUSL.



