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When processing and operating polymer materials under the influence of environmental factors (ultraviolet radiation,
moisture, oxygen, ozone, etc.), a change in their properties is often observed. This research is devoted to the study of the
effect of chalk additives on morphology and topography, as well as the physical and mechanical properties of samples based
on recycled polypropylene raw materials after exposure to UV radiation in air. In order to confirm the occurrence of photo
oxidative processes, the data of two methods were used: modified iodometric analysis and IR spectroscopy. The physical and
mechanical properties of polymer composites before and after photo aging were determined on standard 1 mm thick blades.
To study the surface changes of experimental polymer composites under the influence of ultraviolet radiation, atomic force
microscopy was used. The result of the experiment is the proof that the chalk additive interferes with the intensive course of
photo-oxidative degradation. In general, the introduction of a chalk additive in a small amount (2 to 10 weight parts) allows
maintaining the strength characteristics of composites based on recycled polypropylene raw materials after exposure to UV
radiation in air, probably because of crosslinking of macromolecules due to the intermolecular interaction of hydro peroxide
groups accumulated by the polymer, as well as involving only surface layers of composite samples in the photo oxidation
process. Moreover, the analysis of AFM images of samples subjected to ultraviolet irradiation for 18 hours shows that the
surface becomes smoother. This is confirmed by the calculation of the root mean square roughness and the maximum height
of the roughness. Further irradiation for additional 18 hours leads to an increase in roughness, which indicates a change in the
supra molecular structure in the surface layers of polypropylene as a result of photo oxidative transformations. Therefore, from
the obtained composites, one can expect the maintenance of operational characteristics during the period of consumption,
followed by decomposition under the influence of environmental factors.
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Vsyyenue BmusaAHNUA (OTOOKUCTUTETHHBIX IPOLIECCOB
Ha MOP(}OIOTHI0 MOBEPXHOCTU U (PU3UKO-MeXaHNIeCKIe
XapaKTEpUCTUKN 6m0pa3naraeMb1x MaTe€pnaaoB Ha OCHOBE
BTOPUYHOTO MOTNIIPONIIEHA Y MeTIOBOJ F0OaBKN
Camuxos P.B.", basynosa M. B., Canuxos T. P.,, basynosa A. A., 3axapos B.II.
BalIkupcKuit rocyiapcTBeHHbiit yHuBepcuTet, yi. 3aku Bamuu, 32, Yoa, 450076, Poccus

TIput niepepaGoTKe ¥ SKCIUTyaTALI TIOMMEPHBIX MaTePUA/IOB TIOf fiefiCTBIeM $AaKTOPOB BHElIHel cpesb (yIbTpaduoneTosoe
U3MTyueHIe, BIara, KUCIOPOJ, 030H M T.Ji.) JOCTATOMHO HacTo HAG/IOfAeTCsl U3MEHEHNUM VX CBOICTB. JlaHHOe MCCTeoBate
MOCBSIIEHO M3YMeHNI0 BIMAHIUS MeTOBOI 106aBKu Ha Mopdororiio u Tomorpaduio, a Takke PUINKO-MeXaHITeCKIe

CBOIICTBA MaTep1ajioB Ha OCHOBE BTOPMYHOTO IIO/IUITPONIMJIEHOBOI'O ChIPhA IIOCTIE BOSIIeIZCTBI/IH YCD—I/ISTIY‘IGHI/IH Ha BO3[JyXe.
C LENbI0 IIOATBEPIKAECHA TPOTEKAHNA (bOTOOKI/IC)'[I/ITeJ'IbeIX IIPOLIECCOB VICIIO/Ib30BAHDI JAHHDIE NBYX METOAOB: MOIH/I(l)I/IIH/I-
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poBaHHOrO JofoMeTpuyeckoro aHamsa u MK-cnexrpockonyu. Ousnko-MexaHndeckme CBOMCTBA HOMMMEPHBIX KOMIIO3UTOB
o u mocte GOTOCTapeHNMs OIpee/sAIN Ha CTAHAPTHBIX JIONIATKaX TOMIHON 1 MM. [ MccefoBaHMA U3MEHEHNU TT0BepPX-
HOCTH 9KCIIePUMEHTAIbHBIX HOMMMEPHBIX KOMIIO3UTOB TIOJ| JIEHICTBIEM YIbTPadMONIeTOBOTO M3MyYeHNs MCIIONb30BaNICA
MeTOJ] aTOMHO-CU/IOBOI MUKPOCKOIINY. Pe3ynbTaToM 3KCIIepUMEHTA AB/AETCA JOKa3aTeIbCTBO TOTO, YTO Me/IoBast JoOaBKa
HPENATCTBYeT MHTEHCUBHOMY HPOTEKaHMI0 (POTOOKMCIMTENBHON JeCTPYKIMU. B IieroM, BBefjeHMe MeNoBOJ H06aBKM
B HeOonbIIoM KommdecTBe (2-10 MaccOBBIX YacTell) MO3BOMAET COXPAaHUTD IMPAKTUIECKU HEM3MEHHBIMU IPOYHOCTHBIE
TIOKa3aTe/y KOMIIO3UTOB Ha OCHOBE BTOPMYHOTO MOUITPOIIMIEHOBOTO CBIPbs MOC/Ie Bo3aelicTeyA YO 06/mydeHns Ha BO3AyXe,
BEPOATHO, BC/IEACTBNME CHIMBKM MaKPOMOJIEKY/I 3a CU€T MEXMOJIEKYIAPHOTO B3aMMOJENCTBUA THUJIPOIEPOKCUIHBIX
TPYIII, HAKOIUIEHHBIX IIOJIMMEPOM, a TaK)Ke BOBJIEYEeHNMEM B Mpoljecc (OTOOKMCIEHNA MUIIb ITOBEPXHOCTHBIX CIIOEB
obpasiop kommosutoB. Ilpum sTom anamus ACM wusobpaxkeHmit 06pasl[oB, IHMOABEPIHYTBHIX YIbTPadUOIETOBOMY
06TydyeHMIo B TedeHMe 18 4acoB MOKa3bIBaeT, YTO IOBEPXHOCTb CTAHOBUTCA OoJ/ee CIMaXKeHHOI. DTO MOATBEP)KHAeTCA
U pacyeTaMM CpefHEKBaJpaTHYHOI IIEPOXOBATOCTH ¥ MAKCHMAJIbHOI BBICOTHI HepoBHOCTH. JlanmbHeiiliee oOmydeHne
B TEYeHNe JIOTOTHUTEIBHBIX 18 YacoB NPMBOIMUT K YBEMMUYEHUIO LIIEPOXOBATOCTHU, YTO CBUAETENbCTBYET 00 M3MEHEHWMN
HaJIMOJIEKY/IAPHON CTPYKTYPBI B TOBEPXHOCTHBIX CNIOSX MTONUIIPOIIIEHA B pe3y/IbTaTe (POTOOKUCTUTEbHBIX IPEBPaleHIil.
CreyioBaTesibHO, OT MOMTYYeHHbIX KOMIIO3UTOB MOXKHO OXKMJATh COXPAHEHM: JKCIITyaTallMOHHBIX XapaKTePUCTUK B TeUeHMe

Hepuopa NoTpebneHN ¢ ITOCIeNYIOMUM PasIoKeHIeM IO AelicTBMeM (aKTOPOB OKPY>KaloIIell Cpefibl.

KnroueBble cnoBa: gporoperpaanys, MonuMepbl, aTOMHO-CUIOBAsT MUKPOCKOIINSL.

1. Introduction

Currently, a new approach to the development of polymer
materials is being formed, consisting in the need to
obtain polymers that retain performance only during the
consumption period, and then experience the decomposition
process under the influence of environmental factors [1-2],
This approach should be applied to polymer devices and
products, both in electronic and in ordinary household
sphere [3-5].

When processing and operating polymer materials under
the influence of environmental factors (ultraviolet radiation,
moisture, oxygen, ozone, etc.), a change in their properties
is often observed. Such phenomena are commonly called
“aging” of polymeric material [6,7].

Thermoplastics, which include many poly olefins, are
materials that are in the glassy or crystalline state during
operation, and in the viscous flowing state during molding.
They are subject to thermal, thermooxidative and, especially,
light (photooxidative) aging [8,9].

As a result of filling poly olefins, including polypropylene
(PP), composite materials are obtained, the main physical and
mechanical properties of which differ significantly from the
properties of the matrix. First of all, the filler is introduced
in order to strengthen the matrix, the mechanism of which
depends on the type of filler (dispersed, fibrous, woven), their
own properties and the chemical nature of the surface. Under
the influence of the filler, there are also changes in the thermal,
electrical, thermo physical, fractional and other properties
of the material [10-13]. The most common type of filler in
polymer composite materials is dispersed fillers. Calcium
carbonate is one of the cheapest and most common types of
particulate fillers. The advantages of this filler include white
color, a wide range of possible particle sizes, and stability of
properties over a wide temperature range [14].

With the absorption of oxygen and exposure to UV
radiation, the molecular structure of the polymer changes,
which leads to typical manifestations of aging: cracking,
migration, discoloration and mechanical properties. Due to
the limited ability of UV radiation to penetrate and oxygen

diffusion, the degree of photo oxidation of PP decreases
as it moves deeper into the surface of the material [8,15].
Thus, damage caused by ultraviolet radiation as a result of
embrittlement is greatest in the surface layer, where micro
cracks form. Therefore, a change in the surface topography of
PP-based composite materials is one of the indicators of their
photo degradation.

The aim of this work was to study the effect of chalk
additives on morphology and topography, as well as to
study the physic mechanical properties of materials based
on secondary polypropylene raw materials after exposure to
UV radiation in air. To achieve this goal, measurements were
carried out using iodometric analysis, IR spectroscopy and
atomic force microscopy. In addition, we studied the changes
in the physic mechanical properties (elastic modulus,
breaking stress) of composites based on secondary PP filled
with chalk, exposed to UV radiation in air.

2. Experimental part

The samples for the studies were prepared based on the
following types of raw materials:

1. Recycled PP, corresponding to PP brand “PP 350 white
Masterbach 227 which is crushed material from substandard
products produced by injection molding in the technological
production of ZPI Alternative LLC (Oktyabrsky, Russia).

2. Chalk additive A-LENV3PP-284 manufactured by
Aleko-Polymers LLC

The dosage of the chalk additive was calculated in weight
parts (wt. pts.) per 100 parts by weight PP.

Obtaining polymer composite materials was carried out
in the form of standard blades according to GOST 11262-80,
“Plastics. Tensile test method” (sample type No. 5) by injection
molding on a Babyplast 6/10P injection molding machine:
temperatures in zones H1 230°C, H2 235°C, H3 220°C,
injection pressure 20 bar, injection speed 30%, closing force
35 bar; the cooling water supply temperature of the moving
and non-moving parts is 12°C; sample cooling time 10 s.

To reduce the age of photoaging, the accelerated climatic
aging was applied under laboratory conditions using a
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QUV climatic chamber Q-Lab (Ohio, USA). The radiation
intensity is 0.89 W/m? at 340 nm, the temperature is 450°C,
the radiation duration is 18 h or 36 h.

In order to confirm the occurrence of photo oxidation
processes, the data of two methods were used: modified
iodometric analysis (to confirm the presence of hydro
peroxide and peroxide groups in aged samples) and IR
spectroscopy (to confirm the presence of decomposition
products of hydro peroxide and peroxide groups — carbonyl-
containing groups).

The method of iodometric analysis consists in the
restoration of the group with an iodide ion, followed by
titration of the extracted iodine with an aqueous solution of
sodium thiosulfate:

R!-0-O-R? + 2I- + 2H+ —» R'-OH + [, + R*-OH
I,+2NaS 0, =2Nal + Na,S,O

27476

Prior to the iodometric analysis, the samples of the
composites were crushed by high-temperature shear grinding
in an extrusion-type apparatus with a screw diameter of
32 mm at a temperature of 130°C. The particle size of the
obtained powders is from 80 to 200 nm.

The analysis was carried out in accordance with the
following procedure:

A calibration graph of the dependence of optical density
on the concentration of iodine solution in the presence
of acetic acid at A=490 nm was preliminary constructed.
Precisely 0.1 g of powdered raw material was weighed, 10 ml
of isopropyl alcohol, 2.5 ml of glacial acetic acid, 2.5 ml of
a saturated solution of Nal in isopropanol were added,
purged with carbon dioxide for 3 minutes and heated in a
water bath for 10 minutes at 80°C. After cooling, the solution
was drained and the optical density of the solution was
measured on a KFK-2MP concentration photocolorimeter at
a wavelength of A=490 nm at T=25°C. Using a calibration
graph, the concentration of iodine was determined from the
optical density value, which corresponds to the concentration
of peroxide or hydroperoxide groups in the test sample.

The arithmetic average of the results of five parallel
experiments, the difference between which did not exceed
5%, was taken as the result of iodometric analysis.

The IR spectra of pressed plates of composites 1 mm
thick were recorded on a Fourier transform infrared
spectrophotometer with a special attachment for recording
the specular and diffuse reflection spectra, the spectrum
of impaired total internal reflection of the Shimadzu
FTIR-8400S.

The physical and mechanical properties of polymer
composites before and after photo aging were determined
on standard 1 mm thick blades. The elastic modulus, tensile
stress and tensile elongation were determined according
to GOST 11262-80 on a Shimadzu AGS-X tensile testing
machine (Japan) at a temperature of 20°C and a moving
gripping speed of a tensile testing machine of 1 mm/min.

To study the surface morphology of recycled polymer raw
materials filled with natural components depending on the
composition, an NT-MDT scanning probe microscope was
used.

3. Discussion of results

One of the main causes of the aging process of polymer
materials is the ultraviolet (UV) radiation of the sun. It
initiates and accelerates such irreversible chemical reactions
as the splitting and cross-linking reactions in polymer
molecules. In this case, not only the appearance changes,
but also a negative effect on the mechanical and physical
properties is exerted. To compare the degree of aging under
the influence of UV radiation and oxygen in the air for
composites based on recycled PP and chalk additives, IR
spectroscopy and modified iodometric analysis were used in
this work.

The results of iodometric analysis are presented in Table 1.

As follows from the data given in the table, the content of
peroxide and hydro peroxide groups in samples of composite
materials based on recycled polypropylene raw materials in
the presence of chalk additives even after 36 h of contacting
materials with UV radiation in air is insignificant and is in the
range 0£0.560-10* - 0.501-10~* mol/g, which indicates a slight
intensity of the course of photo-oxidative transformations.
The results of iodometric analysis are consistent with the data
of IR spectra.

When comparing the IR spectra of samples of recycled
polypropylene and samples of composites recycled PP and
chalk after 36 h of exposure to UV radiation in air, it was
found that in the samples of composites, in addition to the
absorption bands characteristic of methyl, methylene and
vinylidene groups, a band is present in the spectra of these
samples at 1689 cm™, characteristic of carbonyl conjugated
to a double carbon-carbon bond, which may be due to the
photo-oxidative degradation under the influence of UV
radiation. These bands are observed only in the IR spectra
of composites with a minimum content of chalk additives —
2-5 wt. pts. Consequently, the chalk additive partly impedes

Table 1. The concentration of hydroperoxide and peroxide groups in samples of composite materials based on recycled PP and chalk additives

after exposure to UV radiation in air for 18 h and 36 h.

. The content of chalk The concentration of hydroperoxide and peroxide groups after
No. Polymer matrix . . e -
additives, wt. pts. contact with UV radiation in air, C-10™ mol/g
1 recycled PP - 0.456 0.512
2 recycled PP 0.435 0.501
3 recycled PP 5 0.520 0.530
4 recycled PP 10 0.535 0.560
5 recycled PP 30 0.109 0.214
6 recycled PP 50 0.100 0.197
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the course of photo-oxidative transformations. These facts
can be explained by the likely ability of calcium carbonate to
actasa “trap” for free radicals and inhibit the process of photo
oxidation which occurs by a radical-chain mechanism. Also,
the development of processes of possible photo degradation
of the polymer can be judged by a change in the structure of
the surface subjected to UV irradiation. To study the surface
changes of experimental polymer composites under the
influence of ultraviolet radiation, atomic force microscopy
was used.

Atomic force microscopy (AFM) is successfully used
in materials science to study the morphology and local
physical and mechanical properties of a material at the nano
structured level (i.e., at a scale where effects related to the
molecular features of the substance must already be taken into
account, although the material itself can still be considered a
continuous medium). Today it is already well known that the
physical properties of nano particles and clusters, determined
by their extremely high specific surface area, can very
significantly differ from macroscopic characteristics.

The results of studies of samples of recycled PP and chalk
with a different composite composition before and after

treatment with UV radiation in air for 18 and 36 h using an
atomic force microscope are presented in Fig. 1.

As follows from Fig. 1, the structure (morphology and
topography) of the surface of composite materials depends
on the concentration of the chalk additive. The effect of UV
radiation on the samples with the addition of chalk for 18 h
leads to a decrease in the mean square roughness by 3 times
and the maximum surface height by 2-3 times — based on a
comparison of the data in Table 2. The surface relief is smoothed,
namely, the bands disappear. Processing for 36 h leads to a new
increase in irregularities compared with irradiation of 18 h. But
at the same time, the irregularities have a completely different
character, apparently related to the appearance of depressions in
separate parts of the surface (the destruction effect).

Thus, from the AFM images of the samples subjected
to ultraviolet irradiation for 18 h, it is seen that the surface
becomes smoother. This is confirmed by the calculations of
the root mean square roughness and the maximum height
of the roughness. Further irradiation for additional 18 h
leads to an increase in roughness, but the initial values are
not reached. Surface treatment for 36 h in all cases leads
to the appearance of small dark areas of a spherical shape

Fig. 1. (Color online) The surface morphology of the composite based on secondary PP and 2 (a-c), 5 (d-f) and 10 wt.pts. chalk
additives (g-1i): before (a,d, g) and after 18 (b,e,h) and 36 hours (c,f,1) UV irradiation.
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due to enhanced photodestruction of local areas. Still,
photooxidative transformations affect the change in the
supramolecular structure of the surface layers of composites
based on recycled PP, despite the presence of a chalk additive.

Thus, the effect of UV radiation leads to a change in the
surface relief of polymer composites, as well as the formation
of new polar centers, which can affect their deformation-
strength properties [16]. In this regard, we studied the changes
in the physic mechanical properties (elastic modulus, tensile
stress) of composites based on recycled PP filled with chalk,
exposed to UV radiation in air. Generalizing dependences
are presented in Figs.2,3. It is seen that for all mixed
compositions, the nature of the dependences of the elastic
modulus and breaking stress on the ratio of components after
exposure to UV radiation is similar to such dependences for
unmodified samples, and the change in physic mechanical
properties is generally insignificant.

These facts can be explained by two reasons. Firstly, the
processes of photo-oxidative degradation of PP under the
influence of UV radiation in air are accompanied by cross
linking of macromolecules due to the intermolecular interaction
of hydro peroxide groups accumulated by the polymer. Second,
photo oxidative transformations under the studied conditions
affect only the surface layers of composite samples and do not
affect the properties of materials in bulk [7].

4. Summary

It was found that the chalk additive slightly reduces
the intensity of the occurrence of photo-oxidative
transformations under the influence of UV radiation in air
in composite materials based on secondary polypropylene.

The effect of UV radiation on samples of composites
based on recycled PP with the addition of chalk for 18 h
leads to a decrease in the root mean square roughness. In
this case, the surface relief is smoothed, namely, the bands
disappear. Processing for 36 h leads to a new increase in
irregularities compared with irradiation lasting 18 h. But at
the same time, the irregularities have a different character,
apparently related to a change in the supramolecular
structure in the surface layers of polypropylene as a result of
photooxidative transformations.

In general, the introduction of a chalk additive in a
small amount (2-10 wt. pts.) allows you to keep the strength
properties of composites based on recycled polypropylene
raw materials practically unchanged after exposure to UV
radiation in air.

Consequently, from the obtained composites, one can
expect the maintenance of operational characteristics during
the period of consumption, followed by decomposition under
the influence of environmental factors.

Table 2. Quantitative characteristics of the surface structure of samples of composite materials based on recycled PP in the presence of chalk

additives after exposure to UV radiation in air for 18 h and 36 h.

The content of RMS roughness, nm The maximum height of roughness, nm
halk additives,
cha ? tl tves before UV after treatment before UV after treatment

wt. pts.

P treatment 13h 6h treatment 1sh 6h
73 24 58 359 109 227
5 124 45 49 550 232 218
10 150 51 90 630 255 458
E. MPa U‘, MPa
i 30 |-
2500
25 E
— After UV (36 )
/
2000 20
Before UT
: : -
\ Afier UV (18 1) Afier UV{I8 b)
15 |-
1500 |-
| | | | lO ] | | | 5| -
10 20 30 40 50 10 20 30 A0 ?

chalk content, parts by weight

Fig. 2. The dependence of the elastic modulus of composites based
on recycled PP and chalk on the chalk content before and after
exposure to UV radiation in air at 45°C.

chalk content. parts by weight

Fig. 3. The dependence of the breaking stress on the basis of recycled
PP and chalk on the chalk content before and after exposure to UV
radiation in air at 45°C.
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