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Abstract 

This research paper explores the morphology of PVC/PE mixtures and investigates the effects of compatibilizers and mixing 
conditions on particle size and distribution. The study reveals that the addition of chlorinated polyethylene or graft 
copolymers of PVC with PE leads to smaller particle sizes and improved dispersion of the dispersed phase. These findings 
demonstrate the importance of compatibilizers in achieving a desirable morphology. The research also highlights the 
differences in morphology development between PVC-matrix and PE-matrix mixtures. In PVC-matrix blends, the 
compatibilizer and higher mixing speeds result in finer dispersion and uniform distribution of PE particles. Conversely, PE-
matrix mixtures exhibit distinct separation into finely dispersed areas and regions with aggregated PVC particles. Overall, the 
study provides valuable insights into optimizing the morphology of PVC/PE mixtures, leading to improved properties. It sets 
the groundwork for future research on enhancing deformation characteristics through phase separation synergy and 
crosslinking of the PE matrix. 
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1. Introduction 
The objective of polymer blending is to generate 

products that are economically viable with either 
unique characteristics or lower cost than virgin 
polymers. Polyvinyl chloride (PVC) that includes a 
proportion of polyethylene (PE) [1,2], low-density 
polyethylene (LDPE) [3,4], recycled low-density 
polyethylene (r-LDPE) [5], and high-density 
polyethylene (HDPE) [6,7]has been the topic of 
extensive studies because of the overall features of 
the resulting binary system.Fully immiscible 
polymers include PVC-PE, which has an irregular 
morphology, a pointed interface, and inadequate 
interphase adhesion [8]. Polymer blends should be 
compatibilized to guarantee an effective combination 
and development of polymer components. Several 
studies [9,10] have demonstrated that the most 
effective compatibilizers for the investigated polymer 

pair are chlorinated polyethylene (a copolymer of 
methyl methacrylate with butyl acrylate) and a 
copolymer of ethylene with methacrylate. To 
facilitate control over the morphology of this blend, 
an interesting concept has been proposed, which 
involves the dispersion of the PVC phase through the 
introduction of various rubbers (to lower the 
viscosities of the components) and a crosslinking 
agent for PE. As a result, the resulting morphology of 
the mixture exhibits a phase with trapped PVC 
domains within the PE content. A similar, albeit less 
pronounced, effect is also observed in conventional 
mixtures due to the simultaneous processes of 
macrochain breaking and crosslinking, with the ratio 
of these processes being determined by the oxygen 
concentration in the mixing medium [11,12].Adding 
a compatibilizer, such as PA20  or Elvaloy, can 
greatly improve the compatibility of PVC and LDPE 
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blends. The compatibilizer in such blends usually 
reacts with the other components to improve the 
interfacial contact between the PVC and LDPE 
polymers [13]. The use of anhydride maleic (MAH) 
as a compatibilizer to promote the interaction 
between immiscible polymers was also explored. 
[14,15]. The evolution of morphology during melt 
blending is another important  consideration for 
immiscible polymer blends [16]. The absence of 
thermodynamic compatibility between polymer pairs 
at the molecular level leads to the development of a 
coarsely dispersed morphology, resulting in a mixture 
with weak interfacial adhesion. Previous studies have 
shown that this problem can be successfully 
overcome by controlling the development of the 
morphology during the mixing of components in a 
viscous-flow state [10,17,18]. Various mixing 
conditions, such as speed and temperature 
(particularly when the viscosities of the components 
are similar), can be employed to achieve the desired 
particle sizes of the dispersed phase. Stabilization of 
these particle sizes can be achieved by introducing 
compatibilizers or facilitating their formation during 
the mixing process. These compatibilizersare 
positioned at the phase boundary, preventing the 
coalescence of dispersed phase particles. However, 
apart from the PVC/PE incompatibility, the complex 
nature of the morphology of the mixture is also 
influenced by processes such as PVC 
dehydrochlorination, PE dehydrogenation, and the 
interaction of degradation products, leading to the 
formation of graft PVC-PE copolymers. The 
appearance of chlorinated PE cannot be excluded in 
this context. Since its beginnings in 1986, atomic 
force microscopy (AFM) has experienced notable 
development, allowing for quick and precise 
measurements thanks to the introduction of new 
cantilevers, measuring techniques, and other 
enhancements [19,20].  

Even when measuring biological samples, AFM 
may achieve resolutions of roughly 1 nm, allowing 
for the depiction of individual atoms on flawlessly 
smooth surfaces [21]. 

Although other imaging techniques like scanning 
and transmission electron microscopy (SEM and 
TEM) may achieve comparable resolutions, AFM has 
the advantage of allowing the analysis of various 
physical and mechanical characteristics of the 
specimen's surface. The concept behind AFM 
measurements is based on the use of a cantilever with 

a tip to mechanically detect the surface of a sample 
[22]. The tip may be anywhere from 1 to 20 nm in 
radius and can be used in two different modes: 
contact mode, in which the tip moves along the 
sample surface, and tapping mode, in which the tip  
oscillates with the cantilever. Forces on the tip are 
approximately 10–11 N and 10– 7 N for unmodified 
apexes [22].  

For most modes, the distance between the tip and 
the sample surface is between 0.1 and 10 nm. In the 
tapping mode, the oscillating cantilever is subject to 
both long- and short-range attractive and repulsive 
forces [23], This may improve or degrade contrast 
and resolution depending on the amplitude used; 
hence, choosing the right cantilever is crucial [24]. 

The same holds true for phase imaging, which is 
often utilized in tapping mode with topographical 
data. In many cases, the topographical picture is not 
as crisp as what is seen when the phase and amplitude 
of the cantilever oscillation are used [25]. However, 
the phase also depends on the impact hardness of the 
sample, the elastic properties of its surface, and the 
degree of adherence between the sample surface and 
the tip. Thus, differences in the phase can be used to 
differentiate between materials. AFM and nanoscale 
infrared spectroscopy may be used together for 
quantitative analysis, in which the AFM phase-
imaging mode enables qualitative distinction through 
multiple phases [26], whereas the AFM phase 
imaging mode enables qualitative distinction 
throughout multiple phases. 

Werner et al. [19] compared the results of AFM 
phase imaging of various FDM -printed layers to 
those of SEM images to determine the kind of 
information that can be obtained from each 
technique. These layers ranged fromacrylonitrile 
butadiene styrene(ABS) , a polymer with a well-
known phase separation, to various polylactic acid  
(PLA) blends containing thermochromic or 
photochromic materials.  

Based on the AFM phase pictures of ABS 
andthermoplastic polyurethane(TPU)  blends suitable 
forfused filament fabrication(FFF) , de León et al. 
indicated that at a 10% content , TPU is evenly 
dispersed inside the ABS matrix, whereas at a 30% 
content, TPU tends to develop into a continuous 
phase throughout the ABS network [27]. However, 
there is currently a lack of reports investigating AFM 
phase images of both miscible and immiscible 
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polymer blends. This suggests the need for further 
research in the domain of blended materials. 

Materials and methods 

In this work, we used PVC suspension grade S-
7059-M, TU 2212-012-466963-2008 that was 
manufactured by the Bashkir Soda Company Joint 
Stock Company (Russia, the Republic of 
Bashkortostan). PVC has the following physical 
characteristics according to Table 1. Linear low-
density polyethylene (PE, ρ = 0.920 g/cm3, F-0220 
brand, Shurtan gas-chemical complex of the Republic 
of Uzbekistan). N - dioctyl phthalate (DOP), a 
colourless oily liquid, was used [GOST (State 
Standard) 8728-88, M = 390.56 g/mol, d420 = 0.978 
g/cm3]. Chlorinated polyethylene 3614A (CPE) with 
a chlorine content of 36 wt.% was used (Dow 
Chemical Co). A grafted copolymer of PE-PVC was 
obtained as in an earlier work [28]. 

Blend and composite preparation. The polymer-
polymer mixtures were melt blended in a Brabender 
plastograph (Plasticorder Brabender 
OHGDUISBURG, Germany) by extrusion at a 
rotation speed of 50 rpm and a temperature of 180 ± 
5°C for 15 min. 

 
Table1. Specifications of PVC. 

Property Value 
K value 69.7 ~ 71.5 
Bulk density 0.45– 0.55 
Degree of Polymerization 1250 ± 50 
Particle Size 
- retained on 63 microns sieve 
- retained on 250 microns sieve 

 
> 97% 
< 1% 

Porosity(plasticizer absorption) 29 – 35 % 
Moisture content < 0.3% 
Thermal stability 60 min at 180°C 

Morphological Studies. The morphology of the 
polymeric mixtures was studied using atomic force 
microscopy (scanning probe microscope Agilent 
5500) at room temperature. Silicon cantilevers with a 
stiffness of 9.5 N/m and a frequency of 145 kHz were 
used. The maximum X, Y scanning area on the AFM 
was 15х15 µm2, and the scanning area for Z was 1 
µm. 
 
3.Results and Discussion  
 

Taking these factors into consideration, we 
analyzed experimental data regarding the 
morphology of a mixture of polyvinyl chloride with a 
linear copolymer of ethylene with butene-1 across a 
wide range of compositions. Due to certain 

limitations of atomic force microscopy, which 
prevents the acquisition of contrasting micrographs 
of surfaces with extracted dispersed phase particles, 
the morphology of the samples was characterized by 
the minimum and maximum sizes of the dispersed 
phase particles. The morphology parameters of the 
mixtures are summarized in Table 2. 
Table 2. General morphology of PVC/PE polymer 
blends with two different speeds and two types of 
compatibilizer 
 

Morphological data for the mixture PVC/PE with PVC - 
matrix 

№ 
 

Composition: 
PVC/PE, + 

compatibilizer. 
% weight 

Particle size of the dispersed phase, 
(nm) 

Speed mixer, 
50 rpm. 

Speed mixer, 150 
rpm. 

1 95/5 600 ÷ 1500, 
there are large 

aggregates 
(inclusions of 
the same size) 

700 ÷ 800, uniform 
distribution 

2 95/5/5-CPE 700 ÷ 800, 
slight 

aggregation 
in selection 

500 ÷ 1000, uniform 
distribution 

3 95/5/10-CPE 900 ÷ 1800, 
aggregated 

particles 

600 ÷ 800, uniform 
distribution 

4 95/5/15-CPE 500 ÷ 900, 
uniform 

distribution 

400 ÷ 600, uniform 
distribution 

Morphological data for the mixture PE/PVC with PE - 
matrix 

1 80/20 500 ÷ 5000, 
(lumps) PE mesh 

with PVC-domains 

 

2 80/20/5-CPE 500 ÷ 4000, PVC 
large domains - 

phases 

200-400 ÷ 
4000, large 

PVC domains - 
phases 

 
To initiate our analysis, we will investigate blends 
where PVC serves as the matrix and polymer melts 
are generated at two distinct mixing speeds: 50 and 
150 rpm. 

  

Fig. 1. PVC/PE 95/5 a) 50 rpm b) (150 rpm) 
 
As observed in Fig. 1 and supported by the data in 

Table 1, in mixtures of PVC with PE, an increase in 
the PE content (with a mixing rate of 150 rpm) 
results in particles of nearly constant sizes, ranging 
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from 600 to 1200 nm, that are uniformly distributed 
within the PVC matrix. Conversely, when the mixing 
rate is reduced to 50 rpm, the presence of zones with 
aggregated particles of larger sizes is evident. This 
indicates the inadequate efficiency of the component 
mixing process in the molten state. 

 
  

Fig. 2а. PVC/PE/CPE 95/5/5;10;15 (150 rpm) 

   
Fig. 2b. PVC/PE/CPE 95/5/5;10;15 (50 rpm) 

 
The addition of 5-15 wt% of chlorinated PE as a 

compatibilizer to a PVC/PE mixture with a 
composition of 95/5 and mixing speeds of 50 rpm 
(Fig. 2a) and 150 rpm (Fig. 2b) brings about 
significant alterations in the size and distribution of 
the dispersed phase particles. 

At lower mixing speeds, a coarsely dispersed 
morphology is maintained, with small particle sizes 
ranging up to several hundred nanometers. 
Additionally, large aggregated particles with a 
ribbon-like structure are observed. 

Increasing the stirring speed up to 150 rpm, as 
determined by the equation (Сa)crit = 1/2 
(16Р+16)/(19Р+16), results in a substantial reduction 
in the particle size of the dispersed phase when 
chlorinated polyethylene is present. In the range of 
CPE content at 5-15 wt%, the sizes are decreased 
from 700 to 400 nm (see Table 2). 

A less pronounced yet similar effect is observed 
when a graft copolymer of PVC with PE (up to 10% 
wt.) is introduced. Stabilization of the particle size of 
the dispersed phase is also observed in compositions 
with high PE content, such as 90/10 and 80/20 (see 
Table 2). 

The smallest particle sizes of the dispersed phase 
were observed in the PVC/PE 80/20 mixture with the 
addition of 10% graft copolymer (300 nm). This 
effect is likely attributed to the predominant 
localization of the compatibilizer at the phase 

boundary, effectively preventing the coalescence 
process. Additionally, an optimal concentration of the 
compatibilizer (20% wt.) allows for the coating of the 
PE-phase particles' surfaces. This effect is further 
enhanced by the formation of graft copolymers of 
PVC with short chains of PE fragments through the 
reaction of macroradicals from thermally degradable 
products of the mixture components. 

The morphologies of PVC/PE blends with a 
polyethylene matrix are of particular interest. As 
mentioned earlier, the deficiency of oxygen in the 
mixing zones of the Brabender plastograph or in the 
extruder can lead to the breakage and intermolecular 
crosslinking of the polyethylene matrix. The 
micrograph in Figure 3 illustrates the presence of 
areas with a striped structure and PVC particles of 
larger sizes (over 5 μm) in the PE/PVC 80/20 
composition. 

  
a b 

PE/PVC 80/20 

  
a b 

PE/PVC/CPE 80/20/5 
Fig. 3.Micrographs for PE/PVC 80/20 composition 

 
The enlargement of the striped areas, which are 

likely composed of slightly cross-linked PE phases, 
allows for the identification of a finely dispersed 
structure within them (ranging from 500 to 1000 nm). 
The presence of a bulk network formed by PE phases 
with dispersed PVC particles serves to prevent 
coalescence and stabilize the morphology. 
Furthermore, the introduction of chlorinated 
polyethylene enhances the morphology, leading to a 
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noticeable reduction in the concentration and size of 
aggregates (2-3 μm). 

Upon analyzing the deformation behavior of the 
mixtures, it can be observed that the extreme 
dependence of the elastic modulus at low PE contents 
and its location above the additive curve up to equal 
compositions, as well as the absence of such an effect 
in mixtures with a PE matrix, are consistent with the 
data on the morphology of the mixtures. 

 
4. Conclusion 

Based on the analysis of the morphology of 
PVC/PE mixtures with a PVC matrix in the presence 
of a compatibilizer, the following observations can be 
made: 

Systems without a compatibilizer exhibit a 
thinning of the mixture morphology as the content of 
the PE phase increases. Along with areas containing 
finely dispersed PE particles, different-sized particle 
aggregates are also present. 

The introduction of a compatibilizer and an 
increase in the mixing rate of the mixture components 
in the melt lead to further dispersion of PE particles 
(down to 300 nm) and their uniform distribution 
within the PVC matrix, without the presence of 
particle aggregation. 

The observed formation of nanostructural 
morphology at low compatibilizer concentrations 
confirms the hypothesis of additional optimization of 
the compatibilizer content through the formation of a 
graft copolymer of PVC with PE at the phase 
boundary. This effect becomes more pronounced 
with increasing PE content in the mixture. Notably, 
this phenomenon is most significant for the 50/50 
composition, while the difference in morphology 
between mixtures with and without a compatibilizer 
is negligible. 

For mixtures with a PE matrix, the dynamics of 
morphology development are distinctly different. 
Two types of morphology can be observed: finely 
dispersed areas within a weakly cross-linked PE 
matrix and areas with aggregated PVC particles. 

The concept of phase separation synergy and 
simultaneous crosslinking of the PE matrix, achieved 
through the introduction of elastomers (to ensure 
optimal component viscosity ratio) and a cross-
linking agent (to control the density of the PE 
network), successfully addresses the enhancement of 
deformation characteristics. These approaches will be 
further explored in future research. 

These findings provide valuable insights into the 
optimization and enhancement of the properties of 
PVC/PE mixtures, both with a PVC matrix and a PE 
matrix. 
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