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Summary. The article examines the impact of metallic fillers on physical and mechanical properties of
aromatic polyamide phenylone. It is shown that under the influence of fillers phenylone structure is partially
subject to structuring effects, thereby improving its mechanical and tribological characteristics. Also, the article
discusses the possibility of applying the developed metal-containing polymers in friction knots of machines and
mechanisms. Some practical examples of application and profitability of replacing traditional materials with the
developed metal-containing polymers are cited.
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Setting the problem. It is known, that one of the ways to a successful resolution of the
problem of increasing the reliability and wear resistance of machines is applying polymeric
materials (PM) in friction knots. These materials possess specific properties and provide for a
new way to solve a number of technical problems that aim at increasing the life of machines.
However, the use of the initial PM in friction knots is usually impossible due to quite a high
coefficient of friction and lack of wear resistance.

The analysis of recent research. In order to decrease the drawbacks of PM, various
layered antifriction additives (graphite, molybdenum disulfide, boron nitride) are introduced,
which enhances the wear resistance by more than an order of magnitude, but sharply reduces
strength properties by 2—4 times [1]. To increase the strength of the PM, they are filled with
solid particles, namely with metals [2-5], however, due to the uneven distribution of the latter,
this leads to a deterioration in tribological performance.

On the other hand, thermoplastics and composites based on them possess a great
potential in increasing the reliability of friction knots. Because of their high processability and
economical processing into articles, thermoplastic polymers have become most widespread and
advantageous over thermoreactive resins. It is particularly important to develop thermoplastics
that can operate in extreme temperature conditions, while possessing a high modulus of
elasticity and strength [6]. An aromatic polyamide phenylone is of a particular scientific interest
due to the combination of high heat resistance and good physical and mechanical properties.
However, attempts to fill it with the excipients often lead to deterioration of the latter. This is
due to the increased rigidity of macromolecules and strong intermolecular interactions, which
leads to the aggregation of filler particles [7].

The purpose of the article. Based on the mentioned above, studying the effect of metal
dispersed fillers on phenylone properties in case of their even distribution within the polymer
matrix is of great interest.
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Results and Discussion. Today, the significant development of technology favored the
expansion of the use of thermo- and heat-resistant polymers, characterized by long-term
availability in a wide range of temperatures, high strength properties, resistance to deformations
and exposure to corrosive media. Such polymers include the aromatic polyamide phenylone C-
1 (according to TU 6-05-221-101-71 standard) (APP), a polymer analogous to Nomex by
DuPont, which was chosen as a binder for the manufacture of metal-containing polymers (MP).

APP is a promising thermally stable polymer for structural purposes, which can be used
for a long time to a temperature of 533 K, which is not inferior in strength to the best brands of
reinforced plastics. However, the phenylone recycling in products causes certain difficulties,
for example, low deformability and fluidity of phenylone in the softening temperature range
narrow the temperature range of its processing and require the application of high pressures,
resulting in product size limitations. Modification of phenylone with various kinds of fillers is
also accompanied by difficulties associated with insufficient adhesive strength between the
polymer matrix and the filler. As a consequence, strength parameters and heat resistance of
composites are reduced, and, the more, the higher their content. Therefore, the development of
MPs based on heat-resistant APP with an increased adhesion strength between phenylone and
filler is an urgent task in the development of composites with increased physical and mechanical
properties.

Fine powders of carbonyl nickel (PNK-2K10 according to GOST State Standard
9722-97), aluminum (PA-1 according to GOST State Standard 6058-73) and titanium
(PTK-1 (2) according to TU 14-22-57-92 standard) were used as filling materials (FI).

Due to the processing complexity of the aromatic polyamide into the articles we have
developed an original method. Mould compositions of phenylone C-1+5-20 wt.% of fine-
dispersed aluminum, nickel and titanium powders have been prepared by means of mixing the
components within a rotating electromagnetic field in the presence of nonequiaxial
ferromagnetic particles. Due to their chaotic motion, the metal filler has been unevenly
distributed within the polymer matrix. After mixing the particles have been removed from the
composition by means of magnetic separation. The mixture prepared in this way has been
tableted in a hydraulic press at room temperature and the pressure of 40 MPa.

Further on, the tableted samples have been dried in an oven at the temperature
of 473-523 K, as processing undried phenylone degrades its strength characteristics and leads
to surface defects [6]. Dried samples have been processed into articles (8x10 mm) by
compression molding at the temperature of 593 K and the pressure of 40 MPa. The exposure at
this temperature has made 10 minutes.

As shown by studies of the structure designed metal-containing polymers, mixing
compositions within the rotating electromagnetic field leads to an even distribution of the filler
within the polymer matrix (Fig. 1).

It is known [8] that introducing fillers into polyamides affects the structuring processes.
In the presence of a filler there is a tendency to the formation of ordered structures, as they act
as initiators in the formation of crystallization nuclei.

It is known [9] that phenylone is characterized by a globular structure (see Fig. 2 a).
Aluminum, nickel and titanium have a structuring effect that results in the formation of fibrillar
structures (see Fig. 2 b, c, d), which confirms the active effect of excipients on the polymeric
matrix. The tendency to the structuring of the polymer matrix was confirmed by X-ray
diffraction analysis [10].

New structured areas have a positive impact on the set of physical and mechanical
properties of the developed metal-containing polymers (Table 1), because globular structure
provides phenylone with low mechanical properties due to the possibility of brittle fracture on
the globules’ boundaries.
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Fibrillar structure has a positive effect on physical and mechanical properties, increasing
in hardness by 34-45%, yield strength at compression by 14-18%, proportional limit by 33—
70%, elasticity modulus by 13-22%, wear resistance by 2.6-11 times.

Figure 1. Distribution of fillers within metal-
containing polymers containing aluminum (a),
nickel (b) and titanium (c). Images obtained with an
optical microscope NEOFOT 32, x100

Figure 2. Images of electron microscopy of the surface’s cold break a)
phenylone, x33000; metal-containing polymers containing b) aluminum,
x8000, c) nickel, x8000; d) titanium, x6000
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As for the thermal properties of metal-containing polymers, [11] showed that within the
operating temperature range, the appearance of metal fillers does not cause any quality change.

Table 1

Physical and mechanical properties of metal-containing polymers

Containing of filler, wt. %
Properties 0 | 5 [ 10 | 15 | 20
Aluminum
Hardness HB, MPa 180 209.6 223 221 218
Yield strength 6, MPa 228.8 | 243.5 248 251.3 249
Proportional limit 6o, MPa 152.6 | 1604 | 172.9 187.5 175.6
Elasticity modulus E, MPa 2750 2910 3050 3310 3210
Wear intensity In, 10 3.95 1.6 1.1 1.0 1.35
Nickel
Hardness HB, MPa 180 185.5 208 241 251
Yield strength 6, MPa 228.8 242 245 259.5 255
Proportional limit op, MPa 152.6 | 199.0 | 202.9 212.8 193.1
Elasticity modulus E, MPa 2750 2860 2940 3100 2940
Wear intensity In, 108 3.95 12 2.5 0.35 0.5
Titanium

Hardness HB, MPa 180 189 226 260 256
Yield strength 6, MPa 228.8 | 255.5 263 269 263.8
Proportional limit 6o, MPa 152.6 | 169.5 | 178.2 203.0 194.8
Elasticity modulus E, MPa 2750 | 3140 | 3190 3350 3310
Wear intensity In, 10 3.95 2.15 1.6 1.5 2.0

Note: physical and mechanical properties have been determined according to the GOST for plastics. The
tribological properties under lubrication-free friction conditions were determined on a pin-on-disk wear test
machine with a disk of grade-45 steel with a surface roughness Ra = 0.16-0.32 pm. In the experiments, the sliding
distance was 1000 m. The specific load was 0.6 MPa and the sliding speed was 1 m/s.

With this regard, bushings have been designed from metal-containing polymers for
pivot knots and brake systems of ZIU, UMZ, Skoda trolleybuses instead of bronze. These have
shown good performance and reliability at exploitation. Due to the proposed bushings
dimensions, the entire range of sleeves repair can be solved and purchases of new ones can be
reduced. Before reaching the repair dimensions, the details are processed by conventional
methods of machining. Thus, given the reliability and work efficacy of the mentioned bushings,
replacing the series parts of trolleybus friction knots made of alloys based on non-ferrous metals
with the metal-containing polymers ones becomes profitable.

Also, the elaborated metal-containing polymers were used to produce the eyelets of cam
mechanism of crop-harvesting combine DON 1500 which were tested at a stand representing
an assembled cam mechanism with a medium part of a reaper screw contained in a hermetic
chamber. The chamber bottom was poured with silica sand, which in the rotation process was
permeated by the screw cams, creating the conditions for abrasive wear simulation. The results
of tests are cited in table 2.

As it can be seen from Table 2, metal-containing polymers are advantageous over the
known analogues in terms of their wear resistance and can be recommended for the production
of the finger unit eyelets of ZK DON 1500 harvester.
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Table 2

The wear of the eyelets of cam mechanism of crop-harvesting combine DON 1500 reaper screw

Materials Average wear per 600 hours, mm

Caprone of B grade 1.85

Metal ceramics I1Gr3 0.77-1.85

Metal ceramics 1Gr2C2, 5 2.0/420 hours/
Aluminum alloy AK-7 2.0/130 hours/
Composition based on Al 0.49

Composition based on Ni 0.47

Composition based on Ti 0.44

Conclusions. The studies have shown that the partial structuring of phenylone with

metallic fillers leads to an increase in hardness by 34-45%, yield strength at compression by
14-18%, proportional limit by 33-70%, elasticity modulus by 13-22%, wear resistance by
2.6-11 times. Using metal-containing polymers for manufacturing bushings of pivot knots and
brake systems of trolleybuses has shown good reliability in operation, which allows to
recommend them as a replacement for the serial ones. The held stand tests of finger unit eyelets
of the mechanism of ZK DON 1500 harvester indicate that the developed metal-containing
polymers are advantageous over the known analogues in terms of their wear resistance and
therefore can be applied in production.

References

1.

®

10.

11.

Burya A. 1., Prikhod’ko O. G., Kholodilov O. V., Burya A. A. Effect of solid lamellar lubricants on
tribological characteristics of composites based on aromatic polyamides. Journal of friction and wear.
Trenie i iznos. 1995. 17 (1). P. 99-106.

Bliznets M. M., Bogdanovich P. N., Stukhlyak P. D. Epoxy polymer wear characteristics. Soviet Journal
of Friction and Wear. English translation of Trenie i 1znos. 1988. 9 (3). P. 129-132.

Stukhlyak P. D., Bliznets M. M. Wear resistance of epoxyfuran composites modified with polyvinyl
alcohol. Soviet Journal of Friction and Wear. English translation of Trenie i Iznos. 1987. 8 (3). P. 122-124.
Stukach A. V. Investigating the properties of metal-polymer and fullerene-containing composites at
friction. Technical and technological problems of servicing. 2010. 13. P. 10-19.

Stukhlyak. P. D. Antifriction and adhesion performances of thermosetting coatings modified by
thermoplastics. Soviet Journal of Friction and Wear. English translation of Trenie i l1znos. 1986. 7 (1).
P. 173-177.

Arlamova N. T. Development and research of properties of composites based on phenylone for sowing
machinery friction units: diss. ... candidate of Technical Sciences: 05.17. Dnepropetrovsk, 2000.
Bobovich B. B. Non-metallic construction materials: manual / MSEU. Moscow, 2009.

Bryk M. T. Destruction of filled polymers. Chemistry. Moscow, 1989.

Gerasimov V. D. et al Adjusting the structure ordering of poly-u-phenyleneisophthalamide. Highly
molecular compositions (A), 1968. X (9). 1978-1983. https://doi.org/10.1016/0032-3950(68)90070-1
Burya A. I, Yeriomina Ye. A., Rybak T. I. X-ray phase analysis of metal polymers based on aromatic
polyamide. Scientific journal of the Ternopil national technical university. 2016. 3 (83). P. 116-121.
Yeriomina Ye. A., Veremeychenko N. A., Burya A. I. Investigating the influence of fine-dispersed copper
and bronze on the thermal properties of phenylone. IX Ukrainian Scientific Conference of students, post-
graduates and young scientists “Chemical problems of today”. Ukraine, Vinnytsya, 2016. P. 231.

....... ISSN 2522-4433. Scientific Journal of the TNTU, No 2 (94), 2019 https://doi.org/10.33108/visnyk_tntu2019.02


https://doi.org/10.33108/visnyk_tntu2019.0
https://doi.org/10.1016/0032-3950(68)90070-1

Yekaterina Yeriomina?, |Aleksandr Burya1|, |Timofiy Rybak?

V]IK 678

BUBYEHHS BIIVIMBY JIPIBHOJUCIHEPCHUX AJIIOMIHIIO,
HIKEJIIO I TUTAHY HA BJIACTUBOCTI ®EHIJIOHY

Karepuna €pnomina’;|Ounexcanap Bypsl;| Tumodiii Puoax?

Uluinposcoxuii 0eparcasnuii mexuiunuii ynisepcumem, Juinpo, Yxkpaina
2 TepHoninbcokutl HayionanbHull mexuiynuti yHieepcumem imeni leana ITymios,
Tepuonins, Ykpaina

Pe3tome. Pozensanymo 6niue Memanesux HANnoeHIO8A4i6 HA (DI3UKO-MEXAHIYHI ma mpubonociuHi
XapakmepucmuKky — apoMamuyHo2o noaiamioy ¢eniion — 0acamooobiyawuull  MepMOCmIiuKul  nouimep
KOHCMPYKYIUHO20 NPU3HAYEHHs, AKUL MOdce 00820 eKcnayamyeamuci 0o memnepamypu 533 K ma wHe
NOCMYNAEmMvCa 34 MIYHICMIO Kpawum mapkam apmoeanux naacmukie. Iloxkazano, wjo 3a HasaeHocmi
OpIOHOOUCHEPCHUX Memale8ux HaN08HIBAYI8 (ANFOMINIU, HIKelb, MUMAH) CMPYKMYPA apoMaAmui4Ho20 noaiamioy
Y4ACMKOBO NIOOAEMbCA CMPYKIMYPYIOUOMY GHIAUBOSI, WO BUPAICAEMbCA Y BUSIAOL PIOpUTAPHUX YMBOPEHb MA
niOmeepodHCye aKmuHUll 6NIUE HANOGHIV8AYI8 Ha nodimepHy mampuyio. Hoei cmpyxmyposamni Oinauku
NO3UMUBHO 6NAUBATOMb HA KOMNUIEKC (Qi3uKO-MeXaniunux ma mpudono2iyHux e1acmueocmeli po3podneHux
Memanonoaimepis, OCKiIbKU 6UXIOHA 2100YIAPHA CMPYKMYypd HAOINAE (DeHINIOH HeBUCOKUMU MeXAHIYHUMU
Xapakmepucmukamu y 36's3Ky 3 MONCIUBICINIO KPUXKO20 PYUHYBAHHA NO medcax enobyn. Takum yunom, eeedenns
HANo6H108a4ié NPU3B00UMsb 00 NidsUWeHHs meepoocmi noaimeproi mampuyi y 1,2—1,3 paza, medxci mexywocmi
npu cmucuenni — y 1,1-1,2 pasa, meoci nponopyivinocmi — y 1,3—1,4 pasza, mooyns npysxcuocmi — y 1,1 pasa,
3Hococmilikocmi — Ha 54—79%. Po3ensmnymo moxicaugicmes 3acmocy8ants po3pooienux Memaionoiimepis y 6ysnax
mepms MAWUH i MEXAHI3MIG OJis1 3aMIHU KONTbOPOBUX MEMANi8 i IXHIX CNIagis, a maKoic 3apyOidcCHUX NOTIMEPHUX
amanozie. 3okpema, UKOPUCMAHHA MEMATONONIMEDPIG Olisl GUSOMOBIEHHS GMYNIOK WKBOPHEBUX BY3/i6, A MAKOIC
2anbMIBHUX cucmeM mpoaeibycie noKkazaio 0006py HAOIIHICMb NPU eKCIYamayii, wo 00360JI1€ PeKOMeHOY8AmMU
ix ons 3aminu cepitinux demanei. IIpoeedeni cmendosi unpoOysants GiYOK NANLYUKOBO2O MEXAHIZMY UHEKA
arcamxu 3K JJOH-1500 ceiouams, wo po3pobaeni memaniononimepu nepesepuLyioms 3a 3HOCOCMIUKICIIO 8I00MiI
C8IMOBI AHANIO2U T MOJCYMb OYMU GUKOPUCMAHT OJiA CePIliHO20 BUPOOHUYMEA.

Knrouoei cnosa: apomamuynuii noniamio, memanononimep, amoMinil, Hikeib, MUmMat, izuKo-mexaniymi
e1acmusocmi, mpuboOmexHiuHi XapaKkmepucmuku, 3acmocy8anHs.
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