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The phenomenon of movement of organic matter (polypropylene) in a

temperature field
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In the process of studying the oxidative thermal degradation of polypropylene by the method of oxythermography,
the phenomenon of movement of matter in a gradient temperature field was discovered. When the sample was
introduced into a high-temperature reactor, being in a gradient temperature field, the sample passed into a liquid
state, and then in the form of a drop remains on the surface of the quartz tube of the boat holder, where the sample
was placed. The drop in space remained in place, and the boat holder to which the drop was attached moved. A
drop relative to a quartz tube moves from an area with a high temperature to an area with a lower temperature..
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Classical methods of thermogravimetric analysis (TGA)
and differential scanning calorimetry (DSC) [1] are tradi-
tionally used to study the process of thermal destruction of
organic substances heated in air. These methods rely on
programmed heating (in most cases, linear) of a sample.

In recent years, oxythermography has also been used
actively for analysis of matter [2]. The method of thermal
oxidation spectroscopy (oxythermography) is based on
programmed heating and high-temperature oxidation of
organic substances in a flow of a binary mixture (inert
gas—oxygen) or air and quantification of molecular oxygen
spent on high-temperature oxidation. Gases other than
oxygen (carbon dioxide or water vapor) may also be
detected. This method may provide data on the organic
matter content in the bulk [3,4] and in films on the surface of
water, the surface of human skin [5], or a chemically grafted
layer on silica [6] and on the distribution of highly volatile
and non-volatile organic components [7]. The possibility
of oxythermographic monitoring of circulating water aboard
spacecraft in long-term and interplanetary space flights is
being examined [8].

An oxythermography-based method for examining the
oxidative thermal destruction of organic substances was
proposed in [9]. The phenomenon of movement of matter
in a gradient temperature field, which is reminiscent of the
phenomenon of helium superfluidity discovered by Kapitsa,
was observed in oxythermography studies of oxidative
thermal destruction of polypropylene (PP). In spite of the
influence of gravity, the examined substance shifted from its
initial position.

The experimental setup presented in [10] was used in this
study.

This setup was initially designed to examine the process
of thermal destruction of PP samples with stepwise intro-
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duction of a boat into the reactor [11]. Experiments with
linear sample heating, which is customary in TGA and DSC,
were subsequently carried out.

The aim of the present study was to investigate the
feasibility of oxythermographic examination of oxidative
thermal destruction of polymer samples with different filler
(TiO;) content. Samples of original polypropylene or a
composite material filled with TiO, (1-5mass%) had the
shape of disks with a diameter of 3mm and a thickness
of 50um. The sample mass was 0.27mg. A sample
was positioned at the bottom of a boat, and the boat
was introduced into the reactor in accordance with a given
program. Programmed heating of the sample was performed
by transferring the boat into different temperature zones of
the reactor. A decrease in the oxygen concentration and
an increase in the carbon dioxide concentration in the gas
leaving the reactor characterize the process of oxidative
thermal destruction of the sample. An algorithm of boat
motion in the reactor providing linear heating within the
50—400°C range at a rate of ~ 10°C/min was developed.
The end point of the linear heating section is 400°C.
The sample was held at this temperature for 15min and
then transferred rapidly to the region with a temperature
of 700°C for 3-min-long annealing of the condensation
products. Analysis of the gas environment with a linear
(chosen) sample heating gradient provides an opportunity to
determine the initial polymer heat resistance. The temporal
variation of oxygen and carbon dioxide concentrations in
the air flow leaving the reactor measured in the process of
heating of original polypropylene and PP with 1, 2, and
Smass% TiO, added to it is presented in Fig. 1. The
variation of oxygen and carbon dioxide concentrations with
surface temperature of the boat at its introduction into the
reactor was presented in [10].
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Figure 1. Variation of the concentration of oxygen (a) and carbon
dioxide (b) in the air flow leaving the reactor for pure PP and the
samples with 1, 2, and 5 mass% TiO,.

Figure 1 demonstrates that the oxidative thermal destruc-
tion of polypropylene is accompanied by oxygen absorption
and simultaneous emission of carbon dioxide. The obtained
dependencies complement each other and characterize the
process of oxidation of organic matter.

The reaction of oxidation of hydrogen-containing methyl,
methylene, and methine fragments by atmospheric oxygen
probably corresponds to the first peaks of oxygen consump-
tion and carbon dioxide emission in Fig. 1:

— CH — CH, —
| + O; — CO;, + H;0.
CH; N

As for the second peaks of oxygen consumption and
carbon dioxide emission, it was initially suggested that
they characterize the oxidation of condensed products in
the form of carbon black (soot) left on the boat surface
after rapid heating when the boat is transferred quickly into
the high-temperature region of the reactor. The maximum
reactor temperature was 700°C.

Literature data [12] on thermal destruction of polypropy-
lene in air by the TGA method indicated that the primary
reduction in sample mass (by more than 90%) occurs at
temperatures below 400°C. The reduction in mass during
oxidation of the sample in air corresponds in oxythermog-
raphy to a reduction in the oxygen concentration and an
increase in the carbon dioxide concentration in the air
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Figure 2. Photographic image of a PP drop on the boat holder
in the form of a quartz tube. The drop remains in the region
marked by black lines drawn on the outer face of the quartz tube
of the reactor. The boat holder (quartz tube) moves into the reactor
furnace. The PP drop is in a gradient temperature field and remains
almost stationary.

flow leaving the reactor. The experimental curves (Fig. 1)
contradict the TGA data. The second peaks in Fig. 1 should
be significantly smaller or vanish altogether.

Several features of the experimental setup should be
noted here. A region with a temperature gradient forms near
the entrance to the high-temperature reactor furnace. When
a sample is introduced into the reactor, it passes through
this region. The quartz tube of the high-temperature reactor
is transparent, and the sample on the boat surface can be
seen moving into the reactor.

Monitoring the introduction of the boat into the reactor,
we found that a drop of polypropylene moved along the
surface of the boat holder. The following effect was
observed: when introduced into the high-temperature part
of the reactor, a solid sample of polypropylene entered a
gradient temperature field. It then passed into a liquid state
and was transformed into a drop on the surface of the boat
holder tube. The drop maintained its position while the boat
holder to which the drop was attached moved. This was
observed in the case of slow introduction of the boat into
the reactor at a rate of about 0.8 mm/min for polypropylene
samples with a mass of 20mg. Apparently, samples with
a mass of 0.27mg are also subject to this phenomenon,
but it is very hard to distinguish a drop on the holder tube
surface. Figure 2 shows a photographic image of a drop of
polypropylene hanging on the boat holder at the entrance
to the high-temperature section of the reactor. The mass
of original polypropylene was 20mg. A video recording
of a suspended drop of polypropylene moving along the
surface of the boat holder tube is available online [13]. The
temperature at which this phenomenon was observed was
close to 140°C.

In our view, a viable explanation of this observation
rests on the following assumptions: a drop has certain
spatial dimensions and is in a gradient temperature field,
and the temperature of the surface to which the drop is
attached varies. There is a certain temperature gradient



98

B.K. Zuev, A.E. Zaitseva

across the surface to which the drop is attached. The
drop moves from a region with a higher temperature to
a lower-temperature region. The mechanism of movement
is affected by the temperature dependence of adhesion
(sticking) of the polypropylene drop to the quartz tube
surface and the temperature dependence of surface tension
of liquid polypropylene.

The rate of movement of the drop across the surface
of the quartz boat holder is limited. This provides an
explanation for the emergence of two peaks in Fig. 1. When
polypropylene is heated, it melts, and thermal destruction
of the material is initiated. This is evidenced by the first
peaks in Fig. 1. The sample in the form of a drop remains
in this case on the surface of the quartz tube of the boat
holder in a certain gradient temperature field. The motion
rate of the boat and, consequently, the boat holder is low
(approximately 0.8 mm/min).

When the boat with the holder is introduced quickly into
the reactor at a rate of about 70 mm/min, the polypropylene
drop has no time to move relative to the surface of the boat
holder. As a result, the PP drop enters the reactor region
with a temperature sufficiently high for rapid oxidation of
polypropylene and gets oxidized. Oxygen from the air flow
is consumed in this process (the second negative peak of
oxygen absorption and the positive peak of carbon dioxide
emission in Fig. 1).
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