Abali ameiHOarbl Ka3¥IY-HiH XABAPLLBICbI, « Qusuka-mamemamuka foiasimoapsi» cepuscel, Ne1(69), 2020

MPHTH 29.19.21
VIIK 543.426; 678.073 EBy:https://doi.org/10.51889/2020-1.1728-79¢g133)

STUDY OF THE ELEMENTAL COMPOSITION OF FILLERS OF IRRADIATED POLYMERIC
COMPOSITE BY THE METHOD OF X-RAY FLUORESCENCE ANALYSIS

Baimolda D.!, Cechak T.2, Tlebaev K. B.!

!Abai Kazakh National Pedagogical University, Almaty, Kazakhstan
2Czech Technical University, Prague, Czech Republic,

Abstract

The article studies the elemental composition of the fillers (polytetrafluoroethylene and carbon nanopowder) of the
polymer composite depending on various concentrations of fillers and electron irradiation and modified
polytetrafluoroethylene (PTFE). The elemental composition of the fillers and their distribution over the depth of the
polymer composite and modified polytetrafluoroethylene were studied by X-ray fluorescence analysis (XRFA) and
confocal micro-X-ray analysis.

X-ray spectra of the polymer composite and modified polytetrafluoroethylene were obtained. It has been established
that an increase in the concentration of one component and an irradiation dose leads to a weakening of the intensities of
the spectra of the polymer composite and modified polytetrafluoroethylene.
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HCCJEIOBAHHUE 3JIEMEHTOI'O COCTABA HATTIOJITHUTEJIEM OBJIYYEHHOT' O IIOJIUMEPHOI'O
KOMITIO3UTA METOAOM PEHTTEHO®JYOPECHEHTHOI'O AHAJIM3A

B crarse mccienoBaHbI 3MEMEHTHBIM COCTAaB HAINOJMHUTENEH (TMOMMTETPad)TOPITHICHA M HAHOIOPLIOK YIIepoza)
MOJIMMEPHOTO KOMIIO3UTA B 3aBUCHMOCTH OT PA3JIMYHBIX KOHIICHTPAIWi HAIOJHHUTENCH W 3JIEKTPOHHOTO OOIydeHHS U
MoauduupoBanHoro monuterpadropatuiena ([ITDI). DneMeHTHBIN COCTaB HAMMOMHUTENICH W HX pacHpeieliCHHE 10
rIyOuHE IOMMMEPHOr0 KOMIO3MTa M MOJU(HIUPOBAHHOTO MOJUTETPA(TOPAITUICHA MCCIEAOBATH METOIOM
penrtrenoduyopecueHTHoro ananusza (POA) u kondokanbHOro Mukpo-POA-ananusa.

[TosyueHbl PEHTIEHOBCKUE CHEKTPHI IOJIMMEPHOTO KOMIIO3UTa M MOJU(UIMPOBAHHOTO MOIUTETPadTOPITHICHA.
Y CTaHOBIIEHO, YTO YBEJIMYEHHE KOHIIEHTPAIIMM OJHONW KOMIIOHEHTHI M JI03Bl OOJy4YEeHHs NPHUBOIAT K OCIAOJICHHIO
WHTEHCHUBHOCTEH CIIEKTPOB ITOJIMMEPHOTO KOMIO3UTa U MOJU(DUIIMPOBAHHOTO MOJIUTETPA(TOPITHICHA.

KiroueBble ci0Ba: >IEMEHTHBI COCTaB, HAIONHUTENb, MOJMMEPHBIH KOMIIO3UT, OOJNydeHHE 3JIEKTPOHAMH,
MOJIUTETPA(TOPITHIIEH, PEHTTCHO(DIYOPECIICHTHBIH aHaN3.
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COVJIEJEHAIPUITEH IMTOJIMMEPJII KOMITIO3UT TOJITBIPFBIILITAPBIHBIH DJIEMEHTTIK
KY¥YPAMbBIH PEHTTEH®JYOPECHEHIUA OAICIMEH 3EPTTEY

By makanajga moiuMepii KOMIO3UT TONTHIPFBIITAPBIHBIH DJIEMEHTTIK Kypambl (TMOJUTETPadTOPITHICH KOHE
KOMIpTeTi HAHOYHTAFbI) Op TYPJIi TONTHIPFBIIITAP IBIH KOHIIEHTPAIHMSICH JKOHE DJIEKTPOHIBI COYIIEIICHY KaFIaibl COHIal-
aK Moau¢ukanusulaHraH(esrepicke ymbiparaH) nosnuterpaduopostwienre (PTFE) kaTeicTbl 3epTTenreHi Typassl
aiiTeiagsl. TONTHIPFBIIITAP/IBIH 3JIEMEHTTIK KypaMbl JKOHE OJIApAbIH MOJIMMEPITi KOMIIO3UT XKoHE MOAM(PUKAIHsIIaHFaH
NOJIUTETPa)TOPITHIICHHIH KaHIIAJIBIKTEI TEpeH Tapajly >Karaaibl peHtreHdiyopecuenuus oxicimen (PDA) xoHe
KOH(OKaJIIbl MUKPOPEHTTEH 9/1iCIMEH 3epTTEI/Ii.

KoMmo3uTTik >koHE e3repicke YIIbIparaH IOJUTETPa(TOPOOITHIEHHIH PEHTIeH CIEKTpiepi anbHabl. bip
KOMITOHEHTTIH KOHIGHTPAIMsACHl MEH COyJieJIeHy MOIIIEpiHiH KOFapbl OONybl IIOJMUMEpPIi KOMIIO3UT IKSHE
MoUHUKAIMATIAaHFaH MOTUTETPA(GIOPOITHIICH CIEKTPiHIH KapKbIHIBUIBIFBIHBIH JICIpeyiHe acep eTeTiHi aHbIKTAJIbI.

Tyiiin  ce3aep: dJeMEHT Kypambl, TOJTBIPFBILI, [OJMMEP  KOMIIO3UT, ODJEKTPOHIBIK  COyJIEJeHY,
MOJIUTETPAYTOPITUIICH, PEHTTEHPIIYOPECIISHITUS 3EPTTEY SIICI.
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INTRODUCTION

Among the materials used in modern technology, one of the important places occupies materials, the
feedstock for the production of which is powders of metals, non-metals and various compounds.

Porous materials, many anti-frictional, frictional, heat-resistant, instrumental compositions, materials with
special electrical, magnetic, nuclear and other properties are currently being obtained by mainly using powder
technologies. These materials are used in mechanical engineering, aviation, chemical, food, metallurgical and
other industries.

Quality control of finished products of powder technologies, as well as control of technological processes,
requires the determination of the chemical and phase composition of both the feedstock - powders of various
materials and finished products, most of which are porous materials.

In this case, two types of problems can be distinguished: determining the average composition of a powder
or porous material and determining the composition of individual particles or the distribution of the
concentration of the main and impurity components in porous materials.

The second type of tasks should also include determining the degree of homogeneity of the powder (or
porous material) in composition.

The determination of the average composition of powder materials is successfully carried out using
traditional for metallurgical production of chemical and spectral methods of analysis, neutron activation and
other methods.

However, these data are insufficient for both production control and the targeted development of new
technologies. To determine the characteristics of individual particles and the distribution of properties by
particles, the methods of local analysis and surface analysis are most adequate.

Among these methods, a special position is occupied by X-ray fluorescence analysis, the high locality of
which (units and fractions of a micrometer) provides a fundamental opportunity to solve the problem of
analytical control, and the hardware design of most modern micro analyzers combining the capabilities of a
scanning electron microscope (SEM), and in some cases and transmission electron microscope, allow the
determination of the composition of individual particles, morphological and particle size analysis.

The traditional methods of elemental analysis (atomic and emission spectrometry) are very laborious,
expensive, and require the involvement of highly qualified personnel. Currently, for the elemental analysis of
various materials in production conditions, X-ray fluorescence devices, including wearable are wider applied.
This is due to significant achievements in the field of x-ray technology over the past ten years.

These devices are designed for mass consumers; the main task is the express analysis of samples of rock
samples, widespread alloys, and technological control of products during production, etc.

The X-ray fluorescence method has no competitors in the analysis of waste, as it allows screening and
guantification of all elements present in samples at significant (> 0.001%) concentrations, and elemental
analysis is quick and cheap. The method is based on the fact that atoms of chemical elements emit characteristic
radiation when excited.

The emission of characteristic spectral lines can be caused by any bombardment by accelerated particles
such as electrons, photons, alpha particles and ions; or high energy radiation from an x-ray tube or other
suitable radioactive source. In the field of creation of polymer composite materials for special purposes, the
greatest relevance acquired polymer composites, whose properties are largely determined by the interaction of
the polymer with the filler at the interface.

That is a group of new polymer composite materials was created as a result of scientific research conducted
in the educational physical-technological center of the Kazakh National Pedagogical University named after
Abai.

Therefore, the regulation of adhesive interaction with the aim of improving the properties of composite
materials when creating functional filled polymers is an important task and requires focused basic research,
including in the field of modifying the surface of the filler, changing its structure, synthesis, phase and structure
formation of metal-oligomeric fillers capable of chemical interaction with reactive groups of the polymer
matrix. In the synthesis of small quantities of new materials, the ability to determine the composition of small
particles plays a large role. In connection with the foregoing, the development of quantitative X-ray
fluorescence analysis (XRF) of powder materials is an urgent problem.

So to obtain information about the elemental compositions of the modifiers and the matrix and their
distributions over the depth of the polymer composite, studies were performed using XRF and confocal micro
X-ray analysis.
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MATERIALS AND METHODS

Composite materials with different concentrations of components and modified PTFE by using of XRF and
confocal micro-X-ray analysis were studied[1-6].

The investigated samples were polymer composite materials made in the form of tablets with different
concentrations of the components:

a) 10% - PTFE nanopowder, 30% - carbon, 60% - epoxy resin

b).20% - PTFE nanopowder, 20% - carbon, 60% - epoxy resin.

¢) 30% - PTFE nanopowder, 10% - carbon, 60% - epoxy resin.

The method of obtaining polymer composite materials is given in [4].

Modified PTFE samples were obtained from PTFE nanopowder in two ways, the first by pressing and
sintering at a temperature T = 410° C and the second by pre-irradiating the nanopowder in vacuum with a dose
of D = 0.18 MGy, followed by pressing and sintering at temperature T = 410°C.

Irradiation of composites and modified PTFE samples was carried out on an ELU-6 electron accelerator
with energy of 2 MeV to integral doses of 20 and 30 kGy.

The investigated samples were analyzed using XRF method, a very useful technique for a non-destructive
investigation of elemental composition of materials. The principle of XRF analysis lies in emission and
detection of so called characteristic X-rays. When any object is exposed to ionizing radiation (e.g. X-rays or
gamma radiation), the irradiated atoms absorb its energy and characteristic X-rays are produced. Since the
energy of characteristic X-rays is directly related to the atomic number of the atom, the spectrometry of emitted
characteristic X-rays enables us to determine the elements present in the investigated sample.

The investigated samples were measured using the XRF setup designed at the Department of Dosimetry
and Application of lonizing Radiation at the Faculty of Nuclear Sciences and Physical Engineering, Czech
Technical University in Prague. The device contains an X-ray tube (type M47 Newton Scientific) with Rh
anode and an SDD (silicon drift) detector (type X-123 SDD from the AmptekCompany).

The measurement conditions for all samples on XRF and confocal X-ray analysis were: voltage - 30 kV,
current - 10 pA, spectrum acquisition time - 120 s: axis X = E [keV] is the energy of the characteristic X-rays.
Y axis = Log10 (count) logarithm decimal measured pulses.

An X-ray tube with a voltage of up to 30 kV and a high current strength allow obtaining detection limits
and reproducibility/accuracy for elements throughout the periodic table, as well as reducing test time.

RESULTS AND DISCUSSION

Analysis of the X-ray spectra of the composites is given in Fig. 1 — 4. They showed that at low gamma-
guanta energies, characteristic fluorescence of silver-Ag, calcium-Ca, titanium-Ti, iron-Fe, zinc-Zn and gold-
Au elements is observed on the spectrum. Moreover, the characteristic peaks of iron are more intensive.

At high energies, a continuous spectrum is observed.
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Figure 1. X-ray spectrum of the composite: Figure 2. X-ray spectrum of the composite:
10% - Teflon, 30% - carbon, 60% - epoxy resin. 20% - Teflon, 20% - carbon, 60% - epoxy resin.
Radiation dose of 30 kGy. Radiation dose of 20 kGy.

It was found that with increasing in the concentration of PTFE nanopowder and decreasing in the
concentration of carbon in the matrix volume and with increasing in the radiation dose, the intensity of the
characteristic lines is weakening, indicating a decrease in the atoms of a given substance (see Fig. 2).
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The study of the distribution of the elemental composition over the depth of the sample (see Fig. 4) shows
that with a low X-ray energy and with a high PTFE concentration and radiation dose, a maximum is observed,
indicating the prevalence of PTFE atoms in depth.
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Figure 3. X-ray spectrum of the composite: 30% - Teflon, ~ Figure 4. X-ray (3D) spectrum of the composite: 30%

10% - carbon, 60% - epoxy resin. Radiation dose of 30 kGy. Teflon, 10% carbon, 60% epoxy resin. Radiation
dose of 30 kGy.

Analysis of X-ray spectra of modified PTFE samples, illustrated in Figure 5 a, b shows that the intensity of
the characteristic lines of other chemical elements is significantly reduced, due to the decrease in the
concentration of atoms of these substances in the sample.
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Figure 5. X-ray spectrum of modified PTFE samples obtained:
a) by pressing and sintering at a temperature T = 410° C and b) by irradiation in vacuum with a dose of D = 0.18
MGy, pressing and sintering at a temperature T = 410°C.

The data on the study of the distribution of elements in depth in the modified PTFE samples (Fig. 6 a, b)
show peaks. Moreover, the peak for the first sample is more intense than for the second sample, which says
about uniform, dense distributions of fluoroplastic atoms in depth.
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Figure 6. X-ray (3D) spectrum of modified PTFE samples obtained by
a) pressing and sintering at a temperature T = 410° C and b) irradiation in vacuum with a dose of D = 0.18 MGy,
pressing and sintering at a temperature T = 410°C.

CONCLUSIONS

New polymer composite materials and modified polytetrafluoroethylene (PTFE) based on PTFE and carbon
nanopowders have been investigated. The results of elemental analysis of new composites, performed by x-
ray fluorescence spectroscopy are presented for the first time.

The research results allow making the following conclusions.

They showed that at low gamma-quanta energies, characteristic fluorescence of silver-Ag, calcium-Ca,
titanium-Ti, iron-Fe, zinc-Zn and gold-Au elements is observed on the spectrum.

Moreover, the characteristic peaks of iron are more intensive. At high energies, a continuous spectrum is
observed.

It was found that with increasing in the concentration of PTFE nanopowder and decreasing in the
concentration of carbon in the matrix volume and with increasing in the radiation dose, the intensity of the
characteristic lines is weakening, indicating a decrease in the atoms of a given substance.

The dispersed carbon filler with respect to PTFE nanoparticles is not homogeneous and consists of
impurities that do not exhibit structural activity and do not affect the morphology and degree of order of the
modified polymer matrix.

With an increase in the concentration of one filler in the volume of the matrix and the dose of radiation,
significant attenuations of the intensity of characteristic lines are observed.

Analysis of X-ray spectra of modified PTFE samples showed that the intensity of the characteristic lines of
other chemical elements is significantly reduced, due to the decrease in the concentration of atoms of these
substances in the sample. The distribution of elements in depth in the modified PTFE samples exhibits peaks.
It was found that the peak for the first sample is more intense than for the second sample, which says about
uniform, dense distributions of fluoroplastic atoms in depth.

A significant change in the morphology and phase composition of the supramolecular structure of the
polymer matrix is possible with the use of fillers with a more developed specific surface.
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