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RESUMO

Foi investigado o efeito do método de obtencdo de compdsitos poliméricos com base na mistura de
polimeros sobre uma ampla gama de suas propor¢des nas propriedades reologicas e fisico-mecanicas. Os
compésitos foram preparados (utilizando prensagem ou fundicdo sob pressdo) com base em polipropileno
secundério (PP) e os seguintes polimeros: 1) polietileno de ultra alto peso molecular (UHMPE); 2) monomero
de etileno-propileno-dieno (EPDM); 3) polietileno secundéario de baixa pressao (LPPE). A prensagem foi
realizada em uma prensa hidraulica automética "AutoMH-NE" (Carver, EUA) a 210 °C e resisténcia sob
pressao de 7000 kgfs em 3 min. A moldagem por injecado foi realizada utilizando uma maquina de moldagem
automatica Babyplast do tipo horizontal com um volume de injecdo de até 15 cm3. Em ambos os casos, as
composigcdes também passaram por um estagio de mistura preliminar na estagao de laboratorio (plastograf) de
"PlastographEC" (Brabender, Alemanha) em 15 min a uma carga de 200 N. A estimativa das propriedades
reologicas das fusdes da composicdo do polimero foi realizada usando um reémetro Haake Mars Ill. As
propriedades de resisténcia a deformagéo foram estudadas de acordo com a norma estadual GOST 11262-80
com uma maquina de ensaio de tracdo "Shimadzu AGS-X". Utilizando os dados de reometria relativa, foi
determinado para todos os sistemas estudados (misturas PP com UHMPE, EPDM e LPPE) que a variagédo do
torque maximo com a composi¢gdo composta é ndo-aditiva. Isto parece ser devido a reversao de fase ocorrente.
O presente fato encontra seu suporte ao realizar investigacdes reoldgicas utilizando a reometria absoluta. Foi
demonstrado que variagbes na estrutura de fase dos compdésitos ocorrendo na area de reversao de fase levam
as mudancas correspondentes nas propriedades de resisténcia a deformagao dos compésitos.

Palavras-chave: polietileno secundario de baixa presséo, polietileno de peso molecular ultra alto, composicoes
poliméricas, mistura de polimeros, investigacdes reoldégicas

ABSTRACT

It was investigated the effect of the method of obtaining polymer composites based on the blend of
polymers over a wide range of their ratios on the rheological and physical-mechanical properties. The
composites were prepared (using pressing or pressure die casting) on the basis of secondary polypropylene
(PP) and the following polymers: 1) ultra high molecular polyethylene (UHMPE); 2) ethylene propylene diene
monomer (EPDM); 3) secondary low pressure polyethylene (LPPE). Pressing was carried out on an automatic
hydraulic press "AutoMH-NE" (Carver, the USA) at 210 °C and endurance under pressure of 7000 kgfs within 3
min. Injection molding was performed using a Babyplast automatic molding machine of the horizontal type with
an injection volume of up to 15 cm3. In both cases, the compositions also went through a stage of the
preliminary mixture at the laboratory station (plastograf) of "PlastographEC" (Brabender, Germany) within 15
min at a load of 200 N. Estimation of rheological properties of the polymer composition melts was performed
using a Haake Mars lll rheometer. The deformation-strength properties were studied according to the State
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Standard GOST 11262-80 with a tensile testing machine "Shimadzu AGS-X". Using the data of relative
rheometry, it is determined for all the systems studied (blends PP with UHMPE, EPDM, and LPPE) that
variation of the maximum torque with composite composition is non-additive. This seems to be due to the
occurring phase reversal. The present fact finds its support when performing rheological investigations using
absolute rheometry. It is shown that variations in the phase structure of composites occurring in the phase
reversal area lead to the corresponding changes in the deformation-strength properties of composites.

Keywords: secondary low pressure polyethylene, ultra high molecular polyethylene, polymer compositions,
polymer blend, rheological investigations.

AHHOTALUA

B pabote uccrnegoBaHo BnusHME MeTOAda MOMYyYEHWUst MONMMEPHbIX KOMMO3WUMIA Ha OCHOBE CMecU
MONMVMMEPOB B LUMPOKOM AManas3oHe MX COOTHOLIEHUM Ha peonorvdeckme u (OU3NKo-MexaHU4eckue CBOWCTBA.
Komnoauuun 6binn M3rotaeneHbl Ha OCHoBe BTOpu4dHOro nonunponunena (M) n cnegyrowmx nonvmepos: 1)
CBEpPX BbICOKOMOSEKyNnsaApHoro nonuatuneHa (CBMI13), 2) CUMHTETMYECKOro Kayvyka 3TWUIIEH-NMPOMNUIIEHOBOMO
(CK3MMT), 3) BTOpMYHOro nonuaTuneHa Huskoro AasneHus [MHO meTtogamm npeccoBaHWs M NUTbS MNoA
haBneHveM. [lpeccoBaHue OCYLLEeCTBASANM Ha aBToOMaTudeckoMm rugpasnuyeckoMm npecce «AutoMH-NE»
(Carver, CLUA) npu 210 °C u Bblgepxke nog gaeneHvem 7000 krc B TeyeHne 3 MuH. JluTbe nog OaBneHUeM
OCYLLIECTBNANOCH Ha TepmonnacTaBTomate Babyplast ropusoHTansHoro Tvna ¢ o6bemom Bripbicka go 15 cmd. B
obounx crnyyasax KOMNo3uumm Takke NPoLLM CTaguio npeaBapuTensHOro CMeLLeHns Ha nabopaTopHOW CTaHLUMK
(nnactorpadp) «lMnactorpac OK» (bpabeHaep, NepmaHusa) B TeyeHne 15 muH npu Harpyske 200 H. OueHka
pPeonorMyecknx CBOWCTB pacniiaBoB MOSIMMEPHbLIX KOMMO3WuMi Obina npov3BedeHa C MOMOLLBIO peomMeTpa
Haake Mars lll. ledpopmaLMOHHO-NPOYHOCTHbIE CBOMCTBA M3yyanu cornacHo NOCT 11262-80 Ha pa3pbiBHOM
MawmHe "Shimadzu AGS-X". YcTaHOBNEHO, YTO Ansl BCeX U3yveHHbIx cuctem (cmecein MM ¢ CBMIMS, CKIAMT n
MHLA) n3aMeHeHne MakCMMarnbHOIo KPYTSLEro MOMEHTa NO AaHHbIM OTHOCUTENBLHOW PEOMETPUN C UBMEHEHNEM
cocTaBa KOMMO3ULMM NPOUCXOANT He aaanTMBHO, YTO, OYEBUAHO, OBYCIOBNEHO UMEKLLUM MECTO obpalleHnem
bas. [laHHbIN haKkT HaxoaUT cBOE NOATBEPXAEHME 1 NpY NPOBEAEHUN PEOSIOrMYECKNX UCCegoBaHUN METO40M
abcontoTHOM peomeTpun. [lokasaHo, YTO U3MEHEHMS B (Pa30BON CTPYKType KOMMO3WLUA, UMEloLLue MeCcTo B
obnactn obpalleHns a3z, NPUBOAAT K COOTBETCTBYIOLUMM U3MEHEHUSM B AedopMaLMOHHO-NPOYHOCTHBIX
CBOWCTBaxX KOMMNO3WTOB.

KnioueBble cnoBa: emopuyHbIl MOU3MUIeH HU3Ko20 0aerieHusl, C8epX 8bICOKOMOIEKYTSIPHBIU MOUIMUIIEH,
ronuMepHbIe KOMMO3UyUU, CMECh MOUMEPO8, PEOSI02UYECKUE UCCTIe008aHUS.

1. INTRODUCTION

The polyolefines — polypropylene (PP)
and polyethylene (PE) — occupy the leading place
among the industrially produced large tonnage
polymers (Bazunova et al., 2018; Belokurova and
Ageeva, 2011; Cobkallo, 2006; Guseva, 2009;
Sadritdinov et al., 2018; Salikhov et al., 2018).
This is caused by the complex of their useful
properties and, of course, low cost (Makio and
Fujita, 2012). The modification of polyolefines by
physical blending with other polymers seems to
be the simplest and low cost way to make new
materials (Blom et al., 1998; Doroudaini et al.,
1996; Jose et al, 2004; Karian, 2003). For
example, on the one hand, the homopolymers
(HP) are characterized by sufficiently high rigidity,
but also have low impact strength. On the other
hand, the block copolymers have better impact
resistance than HP, but demonstrate a low
modulus of elasticity, which considerably limits
their applications. An addition of small quantities

of PE or EPDM to PP is capable of increasing
impact strength and cold resistance of PP, as
well as its oxidation resistance (Shibryaeva et al.,
2006; Tai et al., 2000; Utracki, 1998). In its turn,
the addition of PP to PE makes it possible to
increase mechanical strength and composite
rigidity as well as high temperature strength. An
important practical aspect of studying the
composition and structure of PE/PP blends is that
they represent one of the raw materials for
recycling (Radusch and Ding, 1998; Hechavarria
et al., 2018). As is known, at present separation
of PP and PE in hard domestic wastes is an
enormous difficulty because their densities are
similar (Utracki, 2002; Savinykh and Lang, 2018).
So recycling of polyolefines wastes by their
conversion into blends known as "polymer mix" or
"light fraction" is actively developing now. The
laboratory research of PP/PE  blending
compositions will expand the utilization of the
products of their recycling which also determines
the significance of such research from the
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viewpoint of ecology.

The properties of polymer composites
based on polymer blends primarily depend on the
compatibility of polymers and phase structure of
the composite material. Single-phase blends are
solid solutions of mutually soluble polymers
having a good thermodynamic affinity to each
other (Tugov and Kostrykina, 1989). However,
most polymers are soluble in one another at the
rate of less than 1%, and their critical mixing
temperature is very high. Nevertheless, in certain
conditions (say, when blending polymers are in
melt in an extruder or in roll mills), one can obtain
formally homogeneous systems of two polymers.
Despite the fact that such a system is
nonequilibrium and should divide into two
macroscopic phases, this does not occur owing
to the ability of polymers to mutual segmental
solubility and enormous relaxation time. Thereby,
there is a possibility to purposefully regulate the
structure of polymer blend (by varying the
composition content or the method of its
obtaining), i.e., the complex of its properties.

The objective of this work is obtaining of
blending compositions based on the secondary
PP over a wide range of polymer ratios and
analysis of their rheological and physical-
mechanical properties.

2. MATERIALS AND METHODS

As a polymer base to prepare polymer
compositions, we used blends based on the most
common large tonnage polyolefine - the
secondary PP, corresponding to the primary PP
brand FF/3350, and the following polymers: 1)
UHMPE; 2) EPDM, 3) a test sample of secondary
LPPE corresponding to the primary PE brand
LPPE 273-883.

The composites were obtained in two
ways:

1) pressing at an automatic hydraulic
press "AutoMH-NE" (Carver, USA) at 210 oC and
keeping under pressure of 7000 kgs for 3 min (is
denoted in the text of the article as pressing). The
composition was previously blended at the
laboratory station (plastograph) "PlastographEC"
(Brabender, Germany) for 15 min at a load of 200
N;

2) pressure die casting using of a
thermoplast automat Babyplast of horizontal type
with an injection volume of up to 15 cm3 (is
denoted in the text of the article as pressure die
casting). Similarly to the pressing method, the
compositions were previously blended at the
laboratory station (plastograph) "PlastographEC"

(Brabender, Germany) for 15 min at a load of 200
N.

The rheological measurements of melt
composition based on a blend of polymers were
performed at a modular dynamic HaakeMars |l
rheometer at 220 0C; the oscillation frequencies
varied from 0.01 to 100 Hz. The physical-
mechanical properties of polymer composites
were determined according to the State Standard
GOST 11262-80 at a tensile-testing machine
"ShimadzuAGS-X" (Shimadzu, Japan).

3. RESULTS AND DISCUSSION:

A blend of two polymers is a colloidal
system in which (at specified ratios between
components) one polymer is a dispersed phase
while another is a dispersive medium. As the
component ratios change, a phase reversal
occurs, i.e., a polymer may transform from a
dispersed phase into a dispersive medium, and
vice versa. A phase reversal in polymer blends
may occur at changing not only the components
ratio but also the blending conditions. This may
result in variation of a complex of the physical-
mechanical (deformation strengthening)
properties of the composite, since the properties
of any heterogeneous system are determined to
the greatest extent by the properties of the
dispersion medium.

Recycling of secondary polymer material
or composites based on it begins practically from
the estimation of processability whose criterion is
manufacturability. The term "manufacturability”
means a complex of rheological characteristics,
because there is no single universal indicator
whose value could enable one to judge of the
technological properties of a polymer material
(lvanovskii et al., 2014; Mantia, 2002). In this
case, the primary estimation of the recycled
secondary polymer has to begin from determining
the limits of the fluid zone with subsequent
determination of the rheological characteristics
within that state (Eliasov et al., 2001). When
preparing polymer compositions, simulation of
real process conditions (that take place during
polymer recycling and formation of compositions
on their basis) can be achieved using relative
rheometry (torque rheometers or Brabender
plastographs) (Schram, 2000; Baek et al., 2001).
They are designed so as to produce the
maximum possible turbulent flow, high level of
shear stress and optimal blending of all the
heterogeneous components under the conditions
when nonlinear viscoelasticity of materials
appears. Thereby, the Brabender plastograph
makes it possible to estimate the polymer
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systems under the conditions coincident with the
practical conditions of rolling and calendering, as
well as partially extrusion. In this connection, the
relative rheometry (along with the absolute one)
can contain important information about materials
capacity for processing. In other words, if the
absolute rheometry can deal with objects in the
area of laminar flow and linear viscoelasticity,
then in the torque rheometers the samples can
be considered at processing in the nonviscous
flow mode.

The performed investigations showed
that, when preparing a composition with pressing
at the preliminary blending of components in the
chamber of Brabender plastograph, the torque
varies regularly when the components are
blended (Figure 1). In this case, as the chamber
is being filled with material, the torque is
increasing and peaks at the end of loading. In
what follows, the torque decreases and in 3-5 min
achieves its minimum value. The maximum
torque value is a function of composition content.
The obtained data are presented as a diagram in
Figure 2. One can state that the maximum torque
variation with composition content is not additive
for all the examined systems (PP and UHMPE
blends, EPDM and LPPE blends). One can see
that with UHMPE content in the blend of about
40-50 mass%, EPDM content of 80 mass% or
LPPE of about 60-70 mass%, the character of the
maximum torque variation changes. This seems
to be because of the phase reversal.

The data of absolute rheometry also
indicate the phase reversal occurring at the
variation of the composition content. It is clear
that some composition contents have viscosity
above the additive values, while others have it
below the additive values; this is definitely related
to the phase reversal. In this case, the
dependence of the phase reversal area on the
composition preparation method is clearly
observed for the PP-UHMPE composition. For
example, in the case of composition obtained by
pressing, the phase reversal area corresponds to
40 mass% UHMPE in the blend, while for
compositions prepared by pressure die casting,
the phase reversal area is strongly shifted
towards higher UHMPE content in composition
and corresponds to = 80 mass% UHMPE (Figure
3).

For the PP-EPDM composition, the phase
reversal area corresponds to the EPDM content
of about 80 mass% in the compositions obtained
by pressing and 60 mass% to those prepared by
pressure die casting (Figure 4). In the case of the
PP-LPPE composition, the phase reversal area

occurs at about 60-70 mass% content of the
second polymer in the compositions prepared by
both methods.

It is important that the variations in the
phase structure of compositions occurring in the
phase reversal area lead to the corresponding
changes in the deformation-strength properties of
composites. Shown in Figure 3 and Figure 4 are
presented variations occurring at a break in the
values of the modulus of elasticity and strength
for the compositions based on the secondary PP
and UHMPE obtained by pressing and pressure
die casting.

An analysis of the dependences
presented in Figure 5 and Figure 6 makes it
possible to state that the regularities in a variation
of the deformation-strength properties correlate
with the changes in viscosity (and the maximum
torque) occurring at the phase reversal. One can
see from the presented data that variations of the
modulus of elasticity with changing the
composition content become much as variations
of viscosity. Until the PP matrix served as a
continuous phase (dispersion phase), the values
of the modulus of elasticity and breaking stress
were over the additive values. And only after the
phase reversal when the second polymer
became the continuous phase, the values of the
modulus of elasticity and breaking stress became
below the additive values. One should stress that
there is a distinction of the samples prepared
using the different methods also in the case of
deformation-strength  characteristics of the
composites.

It should be noted that for composites
based on PP with EPDM and LPPE they were
similar. In such cases, the variations of the
modulus of elasticity and breaking stress also
correlated with the phase reversal area, and their
values were higher than the additive ones where
the PP matrix is the continuous phase.

Thereby, a possibility appears to vary also
the physical-mechanical (deformation-strength)
properties of the obtained composites by varying
their composition and the method of its
preparation.

4. CONCLUSIONS:

In the course of the investigation, the
phase reversal areas were determined for the
composites based on the secondary PP with
UHMPE, EPDM, and LPPE. For the composites
based on PP with UHMPE and EPDM, the
influence of the way for obtaining composite on
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the composition was revealed at which the phase
reversal occurs.

The result of changing the phase structure
of the samples (as indicated by the phase
reversal) is a regular variation of the deformation-
strength properties of composites. In all cases
studied, the variations of modulus of elasticity
and breaking stress correlate with the phase
reversal area and are over the additive ones in
the region where the PP matrix is the continuous
phase, and are below the additive ones if the
second polymer is the continuous phase.
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Figure 1. Dependence of torque of composition on the basis of secondary software (90% PP) and
SVMPE (10% UHMPE) from time of mixture of composition in the camera of a plastograf Brabender
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Figure 2. Dependence of the maximum torque in the blending chamber of plastograph on the
composition for the PP blends with UHMPE (1), EPDM (2) and LPP (3)
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Figure 3. Dependence of the complex viscosity on composition of the secondary PP—-UHMPE
obtained using pressing (1) and pressure die casting (2) determined at 0.01 Hz from the volume
fraction of the dispersed phase of the second polymer
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Figure 4. Dependence of the complex viscosity on composition of the secondary PP-EPDM obtained
using pressing (1) and pressure die casting (2) determined at 0.01 Hz from the volume fraction of the

dispersed phase of the second polymer

Periédico Tché Quimica. ISSN 2179-0302. (2019); vol.16 (n°32)
Downloaded from www.periodico.tchequimica.com
145



|
Q.
Q.
>
3
<
Q
&)
)
n_ o
() :
[5a] mn//_\ d =
= = B c D = =
2 = = - = S S g
! = = =] = 4~ d
m = ) = b = m s 0 .
=] p B - 08 b
= - 2]
s 89
= F/ Y = L3
] LY — ne
/ QO <
; %%
QL
mo.
©
O ¢
c ®
o ~
2T
ok
= g
S
(@)
| 35
\ 23
23
©
o . =% Mm
& A o °
il ,.h/. £ %M._: rd
E3¥ = o s = o = SIS B
=1 — =] =
% B g 4 S =~ = =5
— oy i oy nU \.._
) o] =]
& S
D —
(65)
g
S
©

“J0"t/Agrsesuasiybio-suowwosanneasd; :dny psia ‘asuaol siy) jo Adoo e main o] “1apjoy jybuidos ay) woy Apoanp uoissiuued urelqo o} pasu [jm noA ‘asn papiused 8y} speadxa Jo
uonejnbai Aojnjels Ag papiwiad Jou §| SN Papualul JNOA PUB asuadi| SUOWILWIOD SAREAITD) S,8121UE 23U Ul P3pN[oUl JoU SI [BLIS]BW J| © [BUSJELW Y] 0] 3UJ| JIP240 B Ul 3SIMIAYI0 PaJBIIpU] SSIJUN 85UAD)| SUOWIWOYD SAIlEaIT S, 3IUE
2y} ul papnjoul aJe ajoIUe SiYl Ul [euajew Aued-paiyl 1au1o Jo sabew) ay) apew alam sabueyo ji a]ed1pul pue ‘asuadl SUOWIWIOY SANEAID 2y} 0} yjul| B apiAod *22inos ay) pue (sjoyine [euibuo ayj o} paso ajeudoidde anlb nok
se Buoj se ‘jewuo} Jo wnipaw Aue uj uonanpoJdal pue ‘uonnguisip ‘uoneidepe ‘Guueys ‘asn sywuad YaIym ‘asuaor] [euonewalu) (0% AG D0) 0'F UCINGUIY SUOWLWIOYD SAIIEID B J3pun pasuadl| sl 3PRINEe Syl "SS300Y NId0

(shouiny ayL @
“suoseal aouendwod Joj L Z0Z Ul 3]l SIY} Ul PAONPOIJUI SBM ]X3) SIY |
“wioa edunnbauo) mmmydiy "DL1d/LLSES 01 10Q [BUINor "pO0Z 39uls [euinol ssaaoe-uado ue si (Z0E0-621Z ‘PZE0-9081 “NSSI) BIWIND Y0 L 0J1PoUSd ayL

100% UHMPE

100%, PP

Figure 6. Dependence of breaking stress on composition based on the secondary PP—-UHMPE
obtained using pressing (1) and pressure die casting (2).
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