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STRUCTURALAND MECHANICAL PROPERTIES OF POLYMER—PARAFFIN
COMPOSITES

E.A.Aleksandrova,' Zh. T. Khadisova,’ Kh. Kh. Akhmadova,’
L. Sh. Makhmudova,? and A. S. Abubakarova?

The deformation—strength (strength and plasticity) and dilatometric properties (contraction or
volume shrinkage) of binary composites of food paraffin P-1 and the polymers low-pressure
polyethylene, polyethylene waxes, atactic polypropylene, and copolymers of ethylene and vinylacetate
are investigated. The structural and mechanical properties of the polymer—paraffin composites are
plotted as functions of composition. The dependences of these properties on the content of modifying
component in the P-1 composites are compared.

Keywords: polymers, oil paraffin, composite, strength, plasticity, volume shrinkage.

Polymers play an important role in contemporary life by supplying modern technology with new,
inexpensive, and promising materials [1-5]. Composites of oil paraffin with polymers, ceresins, waxes, and
other modifiers of its disperse structure are used in various economic sectors (food, packaging, agriculture,
radioelectronics, engineering, etc.) [6-10]. Thus, polymer-paraffin composites are used to store and ripen
cheeses in the cheese-making industry and to cultivate grafted plants in viticulture and
horticulture [6-7]. Also, they should form a thin, strong, and rapidly solidifying water-impermeable film on the
surface of the preserved product. The paraffin composites should have the required set of operating properties,
which are determined by their composition and crystalline disperse structure, depending on the application

area, each of which imposes certain quality requirements on them.
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Structural and mechanical properties of paraffinic oil products were reported before by us [11]. That
research found that high-molecular-mass polymers affected the structural and mechanical properties of food
paraffin. The ability to control the formation of the polymer—paraffin disperse structures because of the need
to create commercial polymer—paraffin composites with given properties has now become critical. This work
was especially significant for the systematized review of the structural and mechanical properties of
polymer—paraffin composites that was published by us for the first time and provided a scientific basis for
designing new materials with given structural and mechanical properties.

Food paraffin grade P-1 from Ozeksuatskoe oil was used as the base to prepare composites with the
polymer components. Paraffin P-1 and the polymers were melted together at temperatures 20°C greater than the
dissolution temperature of the polymers in the paraffin. Paraffin P-1 had melting point 7, = 328.3 K and

solid-state hexagonal-rhombic H — R phase transition temperature 7, ., = 309.1 K. By comparison,

synthetic n-C,, H, had 7,=323.7K and 7, _, =319.2 K.

Thermal properties were determined using dilatometry, differential thermal analysis (DTA), and thermal
x-ray diffraction. Structural and mechanical properties (strength P _, volume shrinkage or
contraction AV, plasticity ¢ /P, ) were measured on a specially designed laboratory stand, the construction
specifics and study method for which were discussed by us before [11]. Strength was determined
at 293 K (Pnf93 ); volume shrinkage (contraction), in the temperature range from the start of crystallization
to 293 K (AVTi93 ); plasticity, at 293 K. Penetration (depth of needle penetration into solid paraffin) was
determined as én additional physicomechanical characteristic of the composites. This standard method for
measuring hardness within the limits of GOST 25771-83 was selected by us because of its wide acceptance.

Polymers used to formulate binary mixtures with paraffin P-1 included low-pressure polyethylene (LPPE),
polyethylene waxes, atactic polypropylene (APP) [12], and copolymers of ethylene and
vinylacetate (EVA) [13]. LPPE of base grade 273 from Budenovskii Chemical Combine had melting

point 427 K and molar mass 4,250 g/mol. Polyethylene waxes (PW) were prepared in two ways, i.c., via thermal
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Fig. 1. Strength of polymer—paraffin composites as a function of polymer

concentration: EVA (11% VA) (®); LPPE (0); EVA (28% VA) (l); PW-300 (00); and
APP (A).
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Fig. 2. Penetration at 298 K of composites of paraffin P-1 with APP and other
polymers as a function of polymer concentration: EVA (11% VA) (®); LPPE (0);
EVA (28% VA) (Hl); PV-300 (O), and APP (A).

destruction (PW-25, PW-100, PW-300, PW-800, PW-1000) and during polyethylene
manufacturing at various plants. The molecular mass of the thermal destruction PWs varied
from 850 to 4,000 g/mol. PW E-114 (Germany) and samples from Grozny State Petroleum Technical University
and Gur’ev Chemical Plant (GCP) had molecular masses of 1,010, 1,500, and 2,600 g/mol, respectively. Their
dropping points were 369-378 K. EVAs (TU N 6-05-1636-97) differed in vinylacetate (VA) content
(11, 28, 40-44 wt.%). APP (TU 6-05-194-80) with an irregular steric structure had dropping
point 433 K (GOST 6793-74).

As a rule, polymers are stronger than solid oil paraffins. Adding them to paraffin helps to increase the
strength of the polymer—paraffin composite disperse structure. Figures 1 and 2 compare the strength properties
of solid polymer—paraffin composites with the studied polymers (LPPE, PW-300, APP, and EVA
with 11 and 28% VA) at concentrations up to 10 wt.%. Adding all these polymers except APP helped to increase
the strength of the polymer—paraffin composites.

Only APP weakened the paraffin disperse structure. It weakened significantly the disperse structure of
its composite with paraffin P-1. The strength of the disperse structure with 10% APP in the paraffin composite
was 1.07 MPa vs. 1.45 MPa for pure P-1. The strength was weakest with 5% APP. The strength of the
polymer—paraffin composites decreased more sharply for APP concentrations up to 5 wt.% and then less
significantly.

The other studied polymers were placed in the following order of increasing
strengthening action: PW-300, LPPE, EVA (28% VA), EVA (11% VA). LPPE and EVA (28 and 11% VA) up to a
concentration of 5 wt.% had practically the same strengthening action on P-1. Concentrations
of EVA (11% VA) >5 wt.% strengthened the composites more than EVA (28% VA) and LPPE (Fig. 1).

PWs were less effective at strengthening the disperse structure of the paraffin composites. The strength
of their disperse structure began to increase more sharply only if the PW molecular mass increased
to >3,500 g/mol, reaching 2.8 MPa for PW-1000 with a molecular mass of 4,000 g/mol (Fig. 3).
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Fig. 3. Penetration (solid line) and strength (dashed line) of polymeric waxes as

functions of their molecular mass.
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Fig. 4. Penetration (solid line) and strength (dashed line) of composites of
paraffin P-1 with polyethylene was PW-1000 as functions of its content at 298 K.

Therefore, PW-300 (mol. mass 2,400 g/mol) and PW-1000 (mol. mass 4,000 g/mol) at a
concentration of 10% in oil paraffin gave extremely insignificant composite strength increases
of 0.1-0.15 MPa (Figs. 1, 3, and 4). Conversely, the composite strength decreased sharply to 3.5 MPa if such
weak PWs as PW-300 and PW GCP were added (10%) to very strong synthetic n-C,,H,  ( Pnf% = 5.4 MPa).

EVA (11 wt.% VA) was the most effective strengthener of the paraffins according
to Figs. 1, 5, and 6. EVA (28% VA) increased the strength of the composites with oil paraffin and
synthetic n-C, H, slightly less than EVA (11% VA).

Thus, the presence of VA groups in EVA was observed to affect its strengthening action on the paraffin
disperse structure. P-1 composites with EVAs containing from 2.5 to 40 wt.% VA groups were studied to define
this effect (Fig. 5).

The results showed that the composite paraffin disperse structure was strengthened most

to 1.9 MPa for EVA with 12 wt.% VA groups (Fig. 5, solid line). The strengthening action decreased smoothly
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Fig. 5. Strength (solid line) and plasticity (dashed line) of composites of
paraffin P-1 (10%) with EVA as functions of the VA content in it.
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Fig. 6. Strength of composite of paraffin P-1 with EVA (28% VA) as a function of

copolymer concentration.

and significantly if the VA content in the EVA was increased above 15 wt.% because of the decreasing strength
of the EVA itself (the tensile strength of EVA decreased from 15 to 5 MPa if the VA content was increased
from 5 to 30%). Thus, the paraffin composite with 10 wt.% EVA (40% VA) was only 0.15 MPa stronger than the
paraffin itself. The strength increased from 1.5 to 3.8 MPa if the EVA (28% VA) concentration in the paraffin
composite was increased from 1 to 50 wt.% (Fig. 6). The strengthening was greatest for EVA concentrations
above 30 wt.%.

Hence, the studied modifiers of solid paraffin P-1 disperse structure could be divided into
strengthening and weakening groups. The first group included PW-300 and PW GCP ( Pnf% = 1.55 MPa),
EVA (40% VA) (1.6 MPa), EVA (28% VA) and LPPE (1.7 MPa), and EVA (11% VA) (1.9 MPa). The strengths of the
paraffins with 10 wt.% of the modifier are given in parentheses. The second group included PW-25 (1.2 MPa)
and APP (1.07 MPa).
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As a rule, modifiers that increased the strength of the paraffin composites increased their hardness as
evaluated from the penetration depth of a needle and vice versa (Fig. 1 as compared to Fig. 2). The less the
penetration was, the greater the hardness was.

The polymeric modifiers were placed in the following order of increasing effect on the hardness of the
paraffins: EVA (28% VA) (9-10*m), PW-300 (8.7-10* m), EVA (11% VA) (8.2-10*m), PW GCP (7.5-10* m),
and LPPE (6.5-10* m). A comparison of the effects of these polymeric modifiers on the strength and hardness
of the polymer—paraffin composites showed that highly effective strengthening did not always correspond to
increased hardening. For example, composites with PW-300 and PW GCP were weaker than those
with EVA (28% VA) although they were harder than them. The same conclusion could be drawn by comparing
the strength and hardness of oil paraffins with oil ceresins. Thus, the strength of oil paraffins was 0.8-1.4 MPa
with penetrations varying from 32-10~*to 13-10~* m, respectively. Penetrations ranged from 28 to 16-10~* m for
oil ceresins with Pnf% =0.2-0.6 MPa, i.e., much weaker (by 2-6 times) ceresins had penetrations and; therefore,
hardnesses that were practically the same as those of the paraffin.

Thus, penetration may be the only physicomechanical quality parameter of paraffin oil products limited

by a GOST but it does not always correlate with the strength. Therefore, it cannot replace the latter for
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Fig. 7. Effects of polymers on plasticity of paraffin P-1 disperse structure at 293 K:
PV-300 (®); APP(0); EVA(28% VA) (l); and EVA (11% PA) (O).

17 =]
\2\
®

St

0

_fi
DO!II

1] 2 - 6 3 1
Polymer concentration, wt.%

Fig. 8. Contraction of composites of paraffin P-1 with polymers as functions of their
content: PV-300 (®); APP (0); EVA (28% VA) (l); and EVA (11% PA) (0O).
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evaluating crystal structure specifics and intermolecular interactions determining their strength. Penetration
characterizes to a certain extent the tendency of the crystal structure to undergo plastic deformation.

The penetration should be greater for softer and more plastic crystals and those packed less densely.
Polymeric products (PWs and others) consisting of higher molecular mass hydrocarbons than paraffins have
finer crystalline disperse structures with more densely packed crystals. Small plate-like wax crystals consisting
of many layers should be less susceptible to needle penetration (deformation) than larger plate-like paraffin
crystals with fewer layers. This is also the major factor for measuring the hardness of paraffin composites.
Paraffin composites with the wax of highest molecular mass PW-1000 (mol. mass 4,000) at
concentrations >40 wt.% had the highest hardness at 298 K (penetration <5-10* m). Waxes of lower
mol. mass (<1,500) or with low contents in the composites (<10%) had less effect on the paraffin structure.

The polymeric products were plasticizers of the paraffin disperse structure (Fig. 7). Plasticizing action
was evaluated from the plasticity of the solid polymer—paraffin composite. PW-300 was the most effective
plasticizer.

The polymeric modifiers decreased contraction of the paraffin composites and most significantly at
concentrations up to 10 wt.% (Fig. 8). This was consistent with the disordering action of the modifiers,
regardless of their nature, on the paraffin crystal structure.

Separate crystallization first of high-melting and then low-melting components in the R- or H-systems
typical of them at this temperature was characteristic of paraffin composites with polymeric products and oil
wax-ceresin modifiers. Solid oil paraffin P-1 crystallized first in the H- and then in the R-system. Polymers
adopted only the R-system. Binary composites of solid oil paraffin with polymeric products at 293 K were
heterogeneous systems consisting of two rhombic-system phases. Combining P-1 with polymeric products

helped to reduce and if the added polymers had parameters less than those of the paraffin and vice versa.
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