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Anotauisa. ITocmanogéka npobdnemu. 3Ha4YHE TIONMIMPEHHS MOJIMEPHHX MaTepialiB y pI3HHX Tamy3sax
MIPOMHUCIIOBOCT] 1 cdepaxX MiSIBHOCTI TMOSICHIOETHCS TEPMOCTIMKICTIO TONIMEpiB, iX BHCOKMMHU XapaKTEPUCTHKAMU
MIIHOCTI, TPUBAIIICTIO 1 HAJIMHICTIO EKCIUTyaTalil CHHTETHYHUX MaTepiaiiB. YBEJCHHSIM J00ABOK MOKHA 3MIHIOBATH
¢izuko-mMexaHiuHi, Teruodi3uyHi, ONTHYHI, eJEKTPUuHI, (pHUKLiAHI Ta IHII eKCIUTyaTaliifHi XapaKTepUCTUKH
BUXIJHOTO ToniMepy. Mema po6omu — BUBYEHHS O€3IIEKM BHKOPHCTAHHS HAIOBHIOBaYa 130(hTaeBOi KHCIOTH Y
noJiMepHii komnozuii. Memoouka. 3acTOCYyBaHHSI TEOPETUYHUX METOJIB JIOCIIPKEHHSI, HODMATUBHUX JIOKYMEHTIB.
Pe3ynomamu. Po3risiHyTO cepu 3aCTOCYBaHHS MONIMEPHUX MaTepianiB. BHBUCHO CIOCOOM CTBOpPEHHS IMOJIMEPIB i3
3aJJaHUMH BJIACTHBOCTSAMH IIUIIXOM YBEAEHHS B IX CKJaJ] HAllOBHIOBAdiB, B PE3YJIbTATI YOTO 3MIiHIOIOTHCS HE TIIBKH
eKCIUTyaTalliifHi XapaKTepUCTUKHU, a 1 (i3UKO-XIMIUHI O3HAKM BUXIAHOTO IOJIMepy. 3 ypaxyBaHHAM ineHTH]iIKaril
HeOe3MeKn 3acTOCYBAaHHS 130()TaneBOi KHCIOTH SK HANOBHIOBa4Ya (EHUIOHY BHMBYECHO ii (i3MKO-XIMIUYHHMH CKIaj,
CTaOUTBbHICTh, PeaKIiiHy 37aTHICTh, TOKCHYHICTh, BIUTUB Ha HABKOJHUIIIHE CepeloBUIIe. PO3risHyTO 3ax0am Ta 3aco0u
3a0e3MmedeHHs MOKEeK0- Ta BHOyX00e3mekn, 3aco0M KOHTPOIIO 3a HEOE3NMEeYHWM BIUTUBOM, 3arOODKHI 3aXOIH IS
TIePCOHANY Ta 3aCO0M 1HIHMBITyaTbHOTO 3aXHCTY i 9ac poOOTH 3 130()TaIeBOIO KUCIOTOI0. B pe3ynpTrari qociiKeH s
MOXIIMBE OTPUMAaHHS ONTHMAJIbHOI MOJIMEPHOI KOMIIO3UIT 3 MOJIMIICHUMH IJIACTHYHUMHU XapaKTepPUCTUKAMM Ta
OesneunnMu  BiactuBocTsiMU. Haykoea noseusna. IlokazaHo MOXIHMBICTH OJIEp)KaHHS ONTHUMAJIBHOI IOJIMEPHOT
KOMITO3HMIIT: 3 MOJIMIICHUMHU TJIACTHYHUMH XapaKTEPUCTUKAMM 32 PaxyHOK JOJIaBaHHS JI0 TOJIIMEPHOTr0 Marepiairy
(enizoH 0i0JeCTPYKTOBAHOTO HAIOBHIOBAYa i130()TasieBOl KUCIOTH; OE3MEYHUMHM BIIACTHBOCTSIMM ISl JIIOAWHHM Ta
JIOBKIJIUIS,, @ caMe BIJICYTHICTh BHIUICHHS TOKCMYHHMX PEYOBHH 3a BIUIMBY TEIUIA, CBITJIA Ta IHIIMX 30BHIIIHIX JiM.
Ilpakmuuna  3nauumicmes. OTpUMaHUN  TMOJIKOMIO3UIIIMHUNA  Marepial 3  OHOBJICHUMH  IIACTUYHUMH
XapaKTePUCTUKAMHM Ta BIACTUBOCTAMH OE3MEKM MOXKHA 3aCTOCOBYBATH IS MOJAJIBIIOI NEpepoOKH BTOPHHHOT
MOJIIMEPHOI CUPOBUHH.
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Abstract. The widespread use of polymeric materials in various industries and fields of activity is explained by the
thermal stability of polymers, their high strength characteristics, and the durability and reliability of synthetic materials.
The introduction of additives can change the physical-mechanical, thermophysical, optical, electrical, frictional and
other performance characteristics of the original (base) polymer. The purpose of the article is to investigate the safety
of using isophthalic acid filler in a polymer composition. Methodology. Application of theoretical research methods,
regulatory documents. Results. The spheres of polymeric materials application are considered. Ways of creating
polymers with specified properties by introducing fillers into their composition, which change not only the operational
characteristics, but also the physical and chemical characteristics of the original polymer are investigated. In view of the
identification for danger of using isophthalic acid as a filler for phenylone, its physicochemical composition, stability,
reactivity, toxicity, and environmental impact are studied. The measures and means of ensuring fire and explosion
safety, means of controlling hazardous exposure, precautionary measures for personnel and personal protective
equipment when working with isophthalic acid are considered. As a result of the research, it is possible to obtain an
optimal polymer composition with improved plastic characteristics and safe properties. Scientific novelty. The
possibility of obtaining an optimal polymer composition is shown: with improved plastic characteristics due to the
addition of the biodegradable isophthalic acid filler fenilon to the polymer material; safe properties for humans and the
environment, namely the absence of toxic substances release under the influence of heat, light and other external
actions. Practical value. The resulting polycomposite material with updated plastic characteristics and safety properties
can be used for further processing of secondary polymer raw materials.

Keywords: safety; biodegradable fillers; isophthalic acid; phenylone; polymer composite materials

Introduction is known [1; 2]. Also, most modern small craft

Polymeric materials are widely used in  (boats, boats, etc.) are made of polymer
various fields of human activity, from the  materials.
domestic sphere and the food industry to heavy The widespread use of polymeric materials
engineering, aviation, and space. Polymer in various industries and fields of activity is
composites are used in electrical engineering,  explained by the thermal stability of polymers,
machine tool building, tool industry, instrument  their high strength characteristics, and the
making, tractor and agricultural engineering, in  durability and reliability of synthetic materials.
the transport sector, in agriculture, construction, ~ And this is especially important when
light and food industries. But it is the machine-  decorating the interiors of cars, ships, aircraft;
building industry that is the main consumer of  when performing work in aggressive
almost all manufactured materials, including  environments (for example, galvanic baths).
polymers. Currently, mechanical engineering is A positive fact is that the most advanced
one of the world's leading industries and the use ~ technologies and methods are used for the
of polymeric materials in mechanical  production of most polymers. And this
engineering is growing at an unprecedented  increases the useful level of use of not only the
pace in the history of mankind [12]. Thus,  actual polymeric materials, but also their waste,
about 40 % of the plastic produced by the  which increases the exchange rate of expensive
chemical industry is wused in mechanical  materials. Along with this, the cost of living
engineering. Various types of polymers are labor is significantly reduced. Thus, the
used for the manufacture of important parts of  simplest and most convincing example is the
relatively small but structurally complex  manufacture of printed circuits: a process that is
machines and mechanisms, and at the same  inconceivable without polymer materials, and
time in the manufacture of large body parts of  with them, fully automated [5].
machines and mechanisms that carry heavy Thus, the use of polymeric materials
loads. Thus, about 50 % of rotating parts and  ensures the conservation of both material and
gears are made of durable structural polymers,  energy resources, as well as the growth of labor
almost all functional parts of brake systems for  productivity in the relevant industries.

cars and wagons and about 45 % for railway Objective
rolling stock are also made of synthetic press The purpose of this work is to study the
materials [1; 3]. safety of using isophthalic acid as a filler in a

The historical fact of the manufacture and  polymer composition.
practical use of a tram made entirely of plastic
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Materials and Methods research

To create polymeric materials with desired
properties, base polymers are mixed with other
substances — fillers [5].

Most modern polymeric materials are
multicomponent systems in which various
additives are present along with the polymer
base. The content of filler additives in the
polymer composition can vary within very wide
limits. Depending on the task, the type of
additive and the nature of the polymer, it can
range from fractions of a percent to 95 % [2; 4].

The introduction of additives can change
the  physical-mechanical,  thermophysical,
optical, electrical, frictional and other
performance characteristics of the original
(base) polymer.

Therefore, it is possible to optimize the
plastic properties of the phenylone polymer by
adding isophthalic acid.

Solid fillers can be mineral, organic,
ceramic and metal. In form, it can be fine
powders and fibrous materials. The most
widely used fine fillers of mineral origin: talc,
chalk, kaolin, mica, asbestos, white soot,
aerosil, metal oxides [4].

Results research and discussion

In this work, as an additive the use of a
dispersed filler of organic origin — isophthalic
acid.

Despite the scope of the polymer and the
filler included in its composition, it is necessary
to determine the safety and additives, and the
resulting polymer composition.

Currently, in the development of polymeric
materials, special attention is paid to three
safety parameters that can potentially cause
significant harm to human health and the
environment:

— it is necessary to take into account the
presence of impurities in polymeric materials
that may be unsafe for human health;

— substances harmful to human health
during the operation of various polymers under
the influence of heat, light or other external
phenomena;

— the formation of substances that can
cause corrosion or other damage to technical
products [6].
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Potential toxicity polymers evaluated
proceeding from from several parameters and
eliminated the introduction of additives of
plasticizers and modifiers that block odors and
other volatile substances.

Toxicity polymers maybe to be rated
requirements proceeding from from next
parameters:

— polymers should not create smell;

— release into the air volatile substances (in
hazardous concentrations);
worsen microclimate
(humidity);

— stimulate development microflora;

— create tension static electric field.

Among the most harmful substances can
name  carbamide epoxy and  phenol
formaldehyde resins that allocate significant
amount harmful and dangerous substances into

premises

the air [6].
Next harmful substances consider styrene-
containing rubber linoleums and

nitrolenoleums, which are not recommended
for use in residential premises.

Additives of plasticizers and modifiers
locking odors and others volatile substances
(they bind esters), allow you to get
environmentally friendly materials [6; 7].

Subject to given information necessary
estimate the safety of using isophthalic acid,
proposed as a filler for the polymeric material
phenylone.

Isophthalic acid (IR) an organic
substance, a dibasic dicarboxylic aromatic acid
with a meta-arrangement of carboxyl groups. It
is an isomer of phthalic and terephthalic acids.
It is colorless crystals, almost odorless.
Isophthalic acid is highly soluble in aqueous
solutions of alkalis, but poorly in water, acetic
acid and lower alcohols. Formula: substances —
CsHsO4. Molar mass — 166,14 g/mol. Density —
1,53 g/cm?® [8]. The structural formula has the
form shown in Figure.

According to its chemical properties,
isophthalic acid, being a typical carboxylic
acid, forms salts and esters (isophthalates) at
one or both carboxyl groups. When interacting
with SOCI2 or acetyl chloride, when heated, it
turns into the corresponding acid chloride. The
benzene ring in the isophthalic acid molecule is
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capable of being reduced to cyclohexane under
the action of hydrogen on platinum catalyst.
Also, isophthalic acid enters into typical
electrophilic substitution reactions: halogenated
in fuming sulfuric acid to a tetrahalogen
derivative, nitrated with concentrated nitric acid
to form 4-and 5-nitro derivatives, sulfonated to
5-sulfoisophthalic acid [9; 10].

OH
C

O O
C

V2N

N 7

HO
Fig. Structural formula and zophthalic acid

From the point of view of the safety of use,
isophthalic acid belongs to the second hazard

class, namely, to the group of substances with a
general toxic effect [8]. May cause functional
disorders of the central nervous system if
inhaled. If the maximum allowable
concentration (MAC) is exceeded, allergic
diseases are possible. In large quantities,
isophthalic  acid  irritates the  mucous
membranes of the skin and eyes. Therefore,
recommended MPCs in the air have been
determined, which are 0,2 mg/m?, LD 50 in rats
—about 120 mg/kg [11; 12].

Based on the analysis of the information
provided, generalizations were made regarding
the safety of using isophthalic acid as a filler
for the polymeric material phenylone for a
number of indicators (Tables 1, 2).

Table 1

Fire o — and explosion hazard

Index Special Hazards Preventive measures Fire extinguishing
Fire and | Fuel. Fine particles | DO NOT wuse open flame. Closed system, | Use water spray, foam,
explosion | form explosive | explosion-proof (for dusty environments) electrical | powder, carbon dioxide

mixtures in the air. equipment and lighting. Avoid settling of dust.
Table 2
Dust generation
Avoid the formation of dust
Symptoms Preventive measures First aid
Inhalation | Functional disorders of the | Apply local extraction Fresh air, peace
central nervous system
Skin Irritates the mucous | Protective gloves Remove contaminated clothing. Rinse skin with plenty of
membrane water or take a shower
Eyes Irritates the mucous | Use eye protection First of all, rinse with plenty of water for several minutes
membrane (remove contact lenses if possible without difficulty), then
seek medical attention
Ingestion | Nausea Do not eat, drink or | Drink at least two glasses of water
smoke while working

For the personal safety of workers: eyes
and faces, it is recommended to use open
protective goggles with shields that have passed
the test or EN 166 (EU); respiratory organs
respirators with filter type P1; non-trile rubber
gloves to protect the skin of the hands.

Additional information on the biological
safety of isophthalic acid is as follows
isophthalic acid was also not confirmed [13].
The product is chemically stable under standard
environmental conditions. Germ  cell
mutagenicity testing was performed on hamster
ovaries. A negative result has been obtained.
Checking the metabolic activity of cells under
the action of isophthalic acid was also not
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confirmed. There are no data on the
carcinogenicity and reproductive activity of
isophthalic acid, its specific selective activity in
which individual target organs are affected. It
has been established that isophthalic acid is a
biodegradable  substance under  aerobic
conditions by 85 % within 14 days.

Taking into account the available data on
the properties of isophthalic acid, the main
areas of its use are also considered: as an
intermediate product in the production of
unsaturated polyester and alkyd resins (mainly
for surface coatings), paint, reinforced plastics,
and packaging. Isophthalic acid is used as a
comonomer in the production of polyethylene
terephthalate bottle resins and some rubbers. It
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provides excellent hardness, corrosion and stain
resistance, hydrolytic and thermal stability and
low resin levels. It is also used to make
insulation materials, and polymerization with
maleic anhydride and subsequent crosslinking
with styrene results in high performance
unsaturated polymers. Esters of isophthalic
acid: dimethyl isophthalate, diethyl
isophthalate, dioctyl isophthalate, diallyl
isophthalate are important products of the
chemical industry and are indispensable in the
production of PVC plasticizers, they are
characterized by a low degree of phytotoxicity.
Derivatives of isophthalic acid are of limited
use in the pharmaceutical industry.

Conclusion

The possibility of obtaining an optimal
polymer composition with improved plastic

based on isophthalic acid to the phenylone
polymer material is shown. The resulting
polymer composition has safe properties for
humans and the environment: no release of
toxic substances under the influence of heat,
light and other external influences.

Prospects further research

The need to obtain a polymer composition
with optimal characteristics is also explained by
the fact that polymer composite materials are
one of the most important and widely used
classes of modern structural materials. Their
consumption is constantly growing and in
developed countries is more than 100 kg per
year per inhabitant. The polymeric material
phenylone with updated plastic characteristics
and relatively safe properties can be used for
further processing of secondary raw materials.

characteristics by adding a biodegradable filler
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