Scientific Journal of Riga Technical University
Material Science and Applied Chemistry

2010
Volume 21

Development of Antifrictional Coverings on the
Basis of Aromatic Polyamide Phenylon Modified by
Complex Connections Thioamides

Vladimir Sytar,Ukrainian Sate university of chemical engineering AleksandrStowpnyk,Ukrainian State
university of chemical engineering

Abstract: In given article process of development of antifriction
coverings is considered on the basis of aromatic polyamide
phenylon C-2. Thioamides and their copper compounds have
been used as modifiers to obtain antifriction coatings based on
aromatic polyamides. Friction and wear testswererealized at the
friction machine with the lubrication with the industrial oil by
the scheme shoe-disc. The dependence of the tribotechnical
characteristics on the nature and concentration of the modifying
additive of the elaborated polymer coatings was stated. The usage
of d-addition at the amount of 1 mass % is optimal. It was shown
that the friction and wear of the coating were influenced by the
chemical structure of the compound materials based on
thioamides. Thus, the best quality was registered in the coating
containing the modifier with Cu®"in its composition.
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| INTRODUCTION

Aromatic polyamides have prospective applicationttaes
construction materials in engineering. The compasit based
on aromatic polyamides possess good strength araf-we
resistance, but high coefficient of friction (0.30-5), which
limits the possible obtaining of the qualitativeatiogs of
tribotechnical application on its basis [1].

Earlier [2] we investigated thioamides of displaesi) as
well as their copper compounds as wear-resistard a
antifriction additives for industrial oils applidab. Good
performance properties of such compositions insrstems of
bronze-(oil I-40+additive)-steel is reached by tealization of
the wear-free transfer effect.

Taking this into consideration, it was a certaitreiast to use
thioamides and their copper compounds as modiftecbtain
antifriction coatings based on aromatic polyamii#és

I SUBJECTS AND METHODS OF INVESTIGATIONS

Coatings based on phenylon were modified by meérs o
ompound additive that consists of the followingeitical
tructures:
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The initial materials were: aromatic polyamide pyien C-
2, porous bronze with the ordered pore depth (botayer),
complex compound based on thioamides,
dimethylformamide as the solvent (DMFA).

Poly m-, p-, phenyleneisophthalamide is the linear aromatic
co-polyamide known as phenyldi+2 (Russia). Phenylon is
an amorphous polymer of white colour with the vesfion
temperature of 54K. Phenylon it decomposes heating to 610
— 630K, its melting starts at 700 It possesses good physico-
mechanical properties, which justifydeterminesaipplication
as the construction material [4].

Preparation of specimens for testing the antifsititoating

anigcludes following stages:

- dissolving of phenylon and the modifying additinéo
DMFA;

- clearing and degreasing of the bottom layer inF/

- putting the porous bronze specimens into the gresp
solution into the vacuum barometric chamber. ltvjates
removing the air from pores and creating vacuundes
After taking down the pressure the pores are filldth
the solution;
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- drying of the treated specimens performed witttie
drying oven at the temperature of 42@uring 1.5 hours;

- the second layer of the polymer is directly ceder
realized with a brush or some other method;

- the specimen with the applied polymer surfacelay put
into the drying oven and exposed to the temperatfire
420K for 2 hours.

Friction and wear tests were realized at the &ittnachine
SMT — 2010 with the lubrication with the industrial %40
(GOST 20799-88)) by the scheme shoe-disc. A digh thie
diameter of 50 mm was made from steel 45 (GOST 1B
and thermally treated (45...5IRC, Ra = 0,4 mcm).

[l DISCUSSION OF THE INVESTIGATION RESULTS

At the first stage the influence of modifiers’ naguon
friction with oil lubrication of the coatings at watudied. For
the coatings from initial phenylon and coasting'sdified
with the compounds (1-4) the investigations werkl fa the
specific loadP = 10 MPa, and sliding velocity V = 1 m/sec.
Compound (1) does not contain copper ions in itscaire,
compound (2) contains Cu (l), compound (3) — Cu, (ll
compound (4) — Cu (Ill) [4].

The analysis of the experimental results (fig. Isti®ws the
improvement of the tribotechnical values. Here, dpémum
is observed at the modifying veadditve concentratid 1
mass %. The efficacy of the modifying vesadditiviss
explained by the copper ions’ transfer from thetiogginto
the oil under the effect of self-cancellation systdhe effect
of self-cancellation system is characterized by spdor
chemical processes within the friction zone witbricate; this
allows to maintain a very thin film on the counterdy and to
exclude the phenomenon of its destruction.
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Fig. 1. Dependence of concentration of modifiers on facfofriction in a
mode of friction with greasing®(= 10 Pa, V = 1 m/s)
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The insufficient efficacy of modification at the ditives
concentration (~ 0.5 %) is explained by the low teah of
copper ions in the coating. In this case the cgatioes not
provide for the necessary electrochemical intepactiith the
lubricate, which results in the fact that the fodhrfdm has
local breaches, i.e. the process of the wear-faester is not
realized to a complete extent.

At the second stage of investigations the influernde
specific load on tribotechnical characteristics mdlymer
coatings was studied (fig. 3, 4).

Concerning the wear, in case of increasing the foamh 5
to 10 MPa, it changes insignificantly, not morentsy 5 %,
but at the increase up to 20 MPa the wear growiglsapip to
the catastrophic values.

The data of this stage confirm the initial suppositon the
realization of the wear-free transfer effect withihe system:
phenylon- (Cl" - oil) -steel. As the oxidation-reduction
reaction is realized here: Cu Fé = F€* + C, the efficacy
of the modifiers should increase in the oxidati@grte row
Cu®* > CU#* > Cu', which is observed. For example, as the
coefficient of friction atP = 10 MPa: 0.054 (modif. 2) < 0.049
(modif. 3) < 0.044 (modif.4)).
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Fig. 2. Dependence of concentration of modifiers on wesistance in a
mode of friction with greasing®(= 10 Pa, V = 1 m/s)

The increase of the concentration of the modifying
vesadditives up to 2 mass % and more, leads tgrheual
growth of the wear and the coefficient of frictiaf the
coating, which is characterized by quite strongnaical links
of complex chemical compounds of thioamides ingblymer
coating do not allowing the realization the weaeftransfer
effect.

The analogous extreme dependency of the coeffiadnt
friction and wear from the concentration of the iifigidg
vesadditives was earlier obtained by A. S. Kuzhdamvthe
system steel-oil-(fluoroplastic-copper) [6].
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[V CONCLUSION
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Vladimirs Sytars, Aleksandrs Stowpnyk. Antifrikcijas parklajumu izstrade uz modificeétu aromatisko poliamida fenilonu bazes.

Rakst apskatta jauna augstas kvalies parklajuma izstade, kur$ paredts antifrikcijas konstrukcijas matéliem uz aroratiska polianida
fenilona C-2 Bzes, kas §c savas uzives ir linarais aronatiskais kopoliartds - polim-, p-, fenilena izoftalarmds. Antifrikcijas grklajumu
petijjumos uz aromtisko poliamdu kazes, k& sisemas modifikatori tiek izmantoti kompleksie hetetdiskie savienojumi uz tioatdu pamata
un to vara savienojumi. Berzes un nodilunagbpudes tika realétas berzes iekta ar mipnieciskas dlas pielietojumu & sneri. Ir noteiktas
tribologiskas ipadbas atkaba no iedita polimeru parklajuma sastva un modifikatora konceritijas. Nodilumiztutbas un berzes koeficienta
vertibu izmahas atkaiba no modifikatora koncericijas noteiktas pie nemagas slodzes un iedaldasatruma V = 1m/s. Modifikatora
koncenticijas ietekme uz berzes koeficientu un nodilumikiurir noteikta berzes eksperimaratr sngres pielietojumu. Tika piadits, ka
berzes koeficientu unagklajuma nodilumu ietek@polimeru parklajuma veidojoSo tioamdu un modifikatorikimiska strukiira un daudzums.
Antifrikcijas sisemas ar visoptimiakajam ipa3bam ir nowrotas pie modifikatora piedevas konceénijas ap 1 masas %. Visaugdts
antifrikcijasipagbas tika rgistrétas mirklajumiem, kuri satur CU" jonu modifikatorus.

Baagumup Curap, Anekcanap CropnHuk. PaspaGorka aHTHGPHKIMOHHBIX NOKPBITHI Ha OCHOBe MOAHM(HMIMPOBAHHBIX
apoMaTHYecKHX NMOJHAMHIHBIX (DeHHIOHOB.

B naHHOi#l cTaThe paccMarpuBaeTCs Hpolece paspaboTKH aHTU(GPUKUMOHHBIX MOKPHITHH UL KOHCTPYKLMOHHBIX MaTepHaloOB HA OCHOBE
apomaTtuueckoro nonuamuna ¢ermiona C-2, KOTOPBIH SBISAETCS JIMHEHHBIM apoOMAaTHYECKMM COIOJIMMEPOM IOJIMaMHuia — Ioau M, pP-,
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¢benunennsodranamua. Ilokasanbsl pe3yabTaThl MCCIEIOBAaHUH TPUOOTEXHUYECKMX 3HA4YCHMIl MOKPBITHII B KOTOPBIX, KaK MOAM(UKATOPHI,
HCHOJIb30BAIUCH CJIOXKHBIE T€TEPOLIMKIMYECKHE COCIMHEHMS THOAMUZa U NMPOU3BOJIHBIX COCAMHEHMH THOaMHIa C Meablo. VcrblTaHus Ha
TPEeHHEe M WCTUPAHHE OBbUIM OCYIIECTBIEHbl Ha SKCICPUMEHTAJIbHOI YCTAHOBKE IPOBEPKM TPEHUS C NPUMCHEHHEM HPOMBIIIICHHBIX
CMa304YHBIX MaTepuajoB. TpuOOoJOTMUecKue CBOMCTBA ONpEIelIeHbl B 3aBUCHMOCTH OT COCTaBa IOJIMMEPHOTO IIOKPBITHS. 3aBHCHMOCTH
YCTOHYMBOCTH K UCTHPAHUIO U KO3()(UIMEHTA TPEHNS OT KOHIEHTPAIIMN MOAN(HUKATOpA ONPEIeIsUTH IIPH MOCTOSIHHOM Harpy3Ke U CKOPOCTH
skcrepuMenTa V = 1 m/c. BbISICHEHO BIMSIHUE KOHLEHTpALuy Moaudukatopa Ha KO3()GUIHMEHT TPEHHS M M3HOCOCTOMKOCTH MOKPBITHS MPH
MIPOBEICHHUH IKCIICPHMEHTA Ha TPEHHE C HCIIOJIb30BaHUEM CMa3KH. BBIIO MOKa3aHO, YTO TPEHHE U U3HOC IOKPHITHS 3aBUCAT OT XHMHUYECKOH
CTPYKTYpBI M IIPOLIEHTYAIBHOT0 KOJIMYECTBA THOAMK/A U 100aBKH MoaudukaTopa. OnTuManbHble aHTUGPUKIMOHHBIE CBOHCTBA UCCIEAYEMBIX
cucteM ObUIM OOHapyKeHbl IPH KoHUeHTpauuu Moaudukaropa 1 % mo macce. Camble BBICOKHE aHTH()PHUKIHOHHBIE CBOWCTBA ObLIN
3apErHCTPHPOBAHBI JUTsl TIOKPHITHET comepykartix Moaudukarops ¢ CUP* monamu.
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