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Abstract. The paper presents data on the synthesis of polymer composites based
on a fluoroplastic matrix and ground titanium hydride. The possibility of mixing
the initial components using cryogenic grinding has been studied. The uniformity
of distribution of the filler in the polymer matrix was investigated by scanning
electron microscopy. For comparison, composites were made in which the mixing
of the components was carried out manually in an agate mortar. It is shown in
the work that when using cryogenic grinding of components, their distribution
is much more uniform than when manually mixing. It has been established that
cryogenic milling will prevent the agglomeration of highly dispersed titanium
hydride particles obtained during milling, ensuring high homogeneity of the poly-
mer composite. Data on the mechanical properties of the obtained composites are
presented. Annealing at 350 °C significantly increased the microhardness of all
the samples under study. For pure fluoroplastic, this value increased by 35.7%,
and for composites by 35.5% and 30.7% when using grinding in a mortar and
cryogenic grinding, respectively.
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1 Introduction

Scientists from various countries are involved in radiation protection. The most common
materials for radiation protection from gamma and neutron radiation are concretes [1–
3]. Recently, special attention has also been paid to radiation-protective materials based
on polymers [4–6]. Such polymer composites consist of a radiation-resistant polymer
matrix and a radiation-shielding filler. Depending on the type of radiation for which
protection is created, the type of filler is selected. For example, organosilicon fillers
can be used to protect against cosmic radiation in which vacuum ultraviolet radiation
is present [7]. In addition, the use of organosilicon fillers significantly increases the
resistance of composites to the incident flow of atomic oxygen in space [8, 9].

Biological protection of nuclear reactors requires comprehensive protection from
both gamma and neutron radiation. The works [10, 11] present data on the radiation-
protective characteristics of a multicomponent material the iron – magnetite – serpenti-
nite cement concrete with high protection. The work [12] summarizes the data on fillers
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used in concrete for biological protection. In [13], using the barite aggregate as an exam-
ple, it is shown that the type of aggregate is more important than the amount of aggregate
used in concrete to protect against γ-radiation.

Metal hydrides [14, 15], in particular titanium hydride, are promising materials for
protection against neutron radiation.Titaniumhydride possesses not only goodprotective
properties against neutron irradiation, but also high thermal stability [16, 17]. Most
of the research is devoted to the introduction of titanium hydride into concrete. This
paper presents data on the possibility of introducing titanium hydride into a polymeric
fluoroplastic matrix.

The creation of polymer composites is associated with a number of problems. The
main one is the uniform distribution of the added filler into the polymer matrix [18, 19].
With an uneven distribution of filler particles, conglomerates are formed, which leads
not only to a decrease in physical and mechanical properties, but also to a decrease in
radiation-protective characteristics. One of the solutions to this problem is the modifi-
cation of the added filler, but this is a rather laborious process [20, 21]. In this work, we
used a method of mixing fluoroplastic and titanium hydride by means of joint cryogenic
grinding of components.

2 Methods and Materials

Fluoroplastic F-4, grade PN-20, was used as a polymer matrix. It was a white press
powder with a particle size of 6–20 μm. Fluoroplastic of this brand is used for products
with increased reliability. The density of the fluoroplastic used is 2.2 g/cm3.

Titanium hydride with the chemical formula TiH1.7 was used as a filler. The starting
titanium hydride was a shot with a diameter of 1–4 mm. To introduce titanium hydride
into the polymer matrix, it was preliminarily ground in a jet-vortex mill for 15 min. After
grinding, the titanium hydride particle size did not exceed 100 μm.

The mixing of the components (fluoroplastic and titanium hydride) was carried out
in a vibrating mill at a cryogenic temperature. To create a cryogenic temperature, liquid
nitrogen was used (T = –196°C). To obtain composites, the homogenized mixture was
molded by hot pressing at a temperature of 200 °C and then annealed at a temperature
of 350 °C. To assess the effect of cryogenic grinding on the properties of the final
composites, composites were also synthesized without using cryogenic grinding. The
mixing of the components was carried out by manual mixing in an agate mortar. The
amount of filler in both cases was 60 wt%.

The surface microstructure of the obtained composites was studied using a TESCAN
MIRA 3 LMU high-resolution scanning electron microscope.

The Vickers microhardness of the obtained samples was investigated on a NEXUS
4504 device at the same load of 200 g.

3 Results and Discussion

Figure 1 shows the data on the microstructure of the surface of polymer composites
obtained by mixing the components manually in an agate mortar (a, c) and using
cryogenic grinding (b, d).
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a) b)

c) d)

Fig. 1. SEM images of polymer composites obtained bymixing components manually in an agate
mortar (a, c) and using cryogenic grinding (b, d).

Data analysis Fig. 1 shows that when the components are manually mixed in an
agate mortar, an uneven distribution of titanium hydride (light area) occurs in the flu-
oroplastic matrix (dark area). Particles of titanium with this method are combined into
large conglomerates. When using cryogenic grinding of components, a much more uni-
form distribution is observed (Fig. 1 b, d). This method will prevent the agglomeration
of highly dispersed titanium hydride particles obtained during grinding, ensuring high
homogeneity of the polymer composite. In addition, the use of joint cryogenic grinding
will significantly improve the physicomechanical and radiation-protective characteristics
of finished composites due to the introduction of the maximum amount of filler.

Table 1 shows the data on Vickers microhardness of composites and fluoroplastic
(PTFE) after molding and subsequent annealing. The load in all measurements was the
same –200 g. The measurements were carried out at 5 different points. Table 1 shows the
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arithmetic mean values of the microhardness, taking into account the standard deviation.
Figure 2 shows the obtained prints of a tetrahedral pyramid on the samples under study.

Table 1. Microhardness of composites after molding and subsequent annealing.

Sample Mixing type Vickers microhardness
(HV)

Molded Annealed

PTFE – 4.2 ± 0.32 5.7 ± 0.41

PTFE+
TiH1,7
(60 wt%)

In a mortar 4.5 ± 0.28 6.1 ± 0.36

Cryogenic grinding 5.2 ± 0.29 6.8 ± 0.35

a)

b) c)

Fig. 2. Image of the imprint of the indenter of a microhardness tester when measuring the micro-
hardness of fluoroplastic (a), composites with 60 wt% titanium hydride obtained by mixing in a
mortar (b) and mixing using cryogenic grinding (c).

Analysis of the data presented in Table 1 showed that annealing at a temperature of
350°C significantly increased the microhardness of all the samples under study. For pure
fluoroplastic, this value increased by 35.7%, and for composites by 35.5% and 30.7%
when using grinding in a mortar and cryogenic grinding, respectively. It is noticeable
that the introduction of the proposed filler in both cases increases the microhardness in
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comparison with unfilled fluoroplastic. However, when using cryogenic grinding, the
hardness is much higher.

4 Conclusion

The possibility of using cryogenic grinding for the synthesis of composites based on
fluoroplastic and finely ground titanium hydride has been established. Thismethodmade
it possible to prevent the agglomeration of highly dispersed titanium hydride particles
obtained during grinding, ensuring high homogeneity of the polymer composite. In
addition, the use of joint cryogenic grinding made it possible to significantly increase
the physicomechanical characteristics of the finished composites, which were evaluated
by the Vickers microhardness. For annealed samples without cryogenic breakage, the
microhardness was 6.1± 0.36 HV, and for samples obtained by cryogenic grinding –6.8
± 0.35.

Acknowledgements. The work is realized using equipment of High Technology Center at BSTU
named after V.G. Shukhov the framework of the State Assignment of the Ministry of Education
and Science of the Russian Federation, project No. FZWN-2020-0011.

References

1. Chauhan, R.K., Mudgal, M., Verma, S., Amritphale, S.S., Das, S., Shrivastva, A.: Devel-
opment and design mix of radiation shielding concrete for gamma-ray shielding. J. Inorg.
Organomet. Polym. 27, 871–882 (2017)

2. Yastrebinsky, R.N., Pavlenko,V.I., Karnauhov,A.V.: Radiation resistance radiation–defensive
the ferrous aggregates in the gamma fields. Probl. Atom. Sci. Techn. 2, 46–49 (2013)

3. Pavlenko, V.I., Yastrebinskii, R.N., Voronov, D.V.: Investigation of heavy radiation–shielding
concrete after activation by fast neutrons and gamma radiation. J. Eng. Phys. Thermophys.
4(81), 686–691 (2008)

4. Nambiar, S., Yeow, J.T.: Polymer-composite materials for radiation protection. ACS Appl.
Mater. Interfaces. 4(11), 5717–5726 (2012)

5. Zhang, K., Tang, W., Fu, K.: Modeling of dynamic behavior of carbon fiber-reinforced
polymer (CFRP) composite under X-ray radiation. Materials 11(1), 143 (2018)

6. Arbuzova, A.A., Votyakov, M.A.: Estimation of the influence of the state of the reinforcing
polymer in the structure of polymeric fiber material using mathematical prediction methods.
Chem. Bull. 1(1), 12–17 (2018)

7. Pavlenko, V.I., Zabolotny, V.T., Cherkashina, N.I., Edamenko, O.D.: Effect of vacuum ultra-
violet on the surface properties of high-filled polymer composites. Inorg. Mater. Appl. Res.
5(3), 219–223 (2014)

8. Minton, T.K., et al.: Atomic oxygen effects on POSS polyimides in low earth orbit. ACS
Appl. Mater. Interfaces. 4(2), 492–502 (2012)

9. Pavlenko, V.I., Novikov, L.S., Bondarenko, G.G., Chernik, V.N., Gaidar, A.I., Cherkashina,
N.I., Edamenko, O.D.: Experimental and physicomathematical simulation f the effect of an
incident flow of atomic oxygen on highly filled polymer composites. Inorg. Mater. Appl. Res.
4(2), 169–173 (2013)



Study of the Effect of Cryogenic Grinding on the Microstructure 273

10. Pavlenko, V.I., Bondarenko, G.G., Yastrebinsky, R.N.: Radiation resistance of structural
radiation-protective composite material based on magnetite matrix. Inorg. Mater. Appl. Res.
5(7), 718–723 (2016)

11. Pavlenko,V.I., Bondarenko,G.G.,Yastrebinsky,R.N.:Attenuation of photon andneutron radi-
ation using iron–magnetite–serpentinite radiation-protective composite. Inorg. Mater. Appl.
Res. 2(8), 275–278 (2017)

12. Samarin, A.: Use of concrete as a biological shield from ionising radiation. Energy Environ.
Eng. 1(2), 90–97 (2013)

13. Akkurt, I., Basyigit, C.,Kilincarslan, S.,Mavi,B.,Akkurt,A.:Radiation shielding of concretes
containing different aggregates. Cement Concr. Compos. 28(2), 153–157 (2006)

14. Hayashi, T., Tobita, K., Nakamori, Y., Shinichi, O.: Advanced neutron shielding material
using zirconium borohydride and zirconium hydride. J. Nucl. Mater. 386, 119–121 (2009)

15. Shen, H., Chen, F., Han, Y., Yang, M., Li, G., Liang, R.: Research status of metal hydrides
for neutron shielding. Mater. Rep. 33(Z2), 484–487 (2019)

16. Yastrebinsky, R.N.: Attenuation of neutron and gamma radiation by a composite material
based on modified titanium hydride with a varied boron content. Rus. Phys. J. 12(60), 2164–
2168 (2018)

17. Yastrebinsky, R.N.: Decrease gripping gamma–radiation scale composite neutron and protec-
tive material on the basis of the modified hydride of the titan with various content of atoms
of bor. Probl. Atom. Sci. Techn. 4(110), 103–106 (2017)

18. Sorokin, V.V., Sharapov, O.N., Shunkin, N.M., Kiryushina, N.Y.: New polymeric composites
based on epoxy resin with techogenic wastes. Bull. BSTU V.G. Shukhov 6, 8–13 (2019)

19. Abramyan, S.G., Burlachenko, O.V., Oganesyan, O.V.: The use of composite materials in the
reconstruction of floors of industrial buildings. Constr. Mater. Prod. 2(3), 58–64 (2019)

20. Matyukhin, P.V., Pavlenko, V.I., Yastrebinsky, R.N., Cherkashina, N.I.: The high-energy radi-
ation effect on themodified iron-containing compositematerial.MiddleEast J. Sci. Res. 17(9),
1343–1349 (2013)

21. Yastrebinsky, R.N., Pavlenko, V.I., Matukhin, P.V., Cherkashina, N.I., Kuprieva, O.V.: Mod-
ifying the surface of iron-oxide minerals with organic and inorganic modifiers. Middle East
J. Sci. Res. 18(10), 1455–1462 (2013)


	Study of the Effect of Cryogenic Grinding on the Microstructure and Mechanical Properties of Polymer Composites
	1 Introduction
	2 Methods and Materials
	3 Results and Discussion
	4 Conclusion
	References




