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Abstract

The impact of organic polysulfonamide Tanlon T700 fiber on the tribological and thermophysical proper-
ties of polychlorotrifluoroethylene is considered in the article. As a result of the researches, it was found out that
developed organoplastics exceed base polymer in intensity of linear wear and coefficient of thermal linear
growth by 2,5-7,5 times and by 25 %. That is due to the decrease in the size of structural elements of su-
pramolecular structure which becomes more orderly and better focused. The results of the research show that de-
veloped composition with optimal fiber content (15 mass.%) can be recommended for the manufacturing of the
parts of moving joints of machines and mechanisms in various industries.

Keywords: organic fiber, polysulfonamide, polychlorotrifluoroethylene, wear, coefficient of thermal
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Introduction

Polymer materials (PM) are highly efficient substitutes for structural materials both economically and
technologically. On the practical side, the process of manufacturing of parts from PM is characterized with
minimum energy consumption and production automation (getting several products for one cycle of formation)
[17]; it also completely exclude further labour-intensive and expensive machining operations (even if we are talk-
ing about complex geometric shape) [2]. However, there are the factors that constrain widespread introduction of
PM. While exploiting, friction units of machines and mechanisms, which are equipped with polymer parts, un-
dergo intensive wear and thermal distortion under the action of variable loads and temperatures [3]. As a result,
premature failure of the parts of tribosystems occurs. Therefore, there is a stop of the equipment operation con-
nected with its repair. That leads to a significant economic loss [4].

That is why, nowadays, the actual tasks of modern material science are purposeful increase in wear resis-
tance and decrease of coefficient of thermal linear growth (CTLG) of PM working in tribocompounds of auto-
motive and agricultural machinery, metallurgical and weaving industries [5].

Purpose and Problem Statement

Organic fibers (OF) are perspective fillers for solving this task due to their unique properties (steady fric-
tion coefficient, lightness, strength, hygroscopicity etc.) [6]. Composite materials reinforced with OF are charac-
terized with low density (as a result, the mass of the part with PM is 2-5 times less in comparison with the mass
of the serial metal part), high resistance to shocks and dynamic loads, stability of the wok under the influence of
aggressive environment and high humidity etc [7].

Taking into account the above, the purpose of the work was in the researches of the impact of organic
polysulfonamide Tanlon T700 fiber on the intensity of linear wear and CTLG of polymer material — polychloro-
trifluoroethylene (PCTFE).

Objects and Methods of Researches

Polychlorotrifluoroethylene was used as a polymer matrix [-CF,-CFCI-] (see Table 1). It is a white dis-
persed powder that is characterized with high compressive strength, chemical resistance and plasticity; it is also
easily machined that allows making the product with exact sizes.
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Table 1
Main properties of polychlorotrifluoroethylene [8]
Indicator Value
Density, g/cm’ 2,1-2,16
Vicat softening temperature, K 403
Watrer rewsistance (growth in water), % 0,00-0,01
Degree of crystallinity, at room temperatue, K 40-70

Organic polysulfonamide Tanlon T700 fiber (made in Shanghai) was chosen as filler (see Table. 2.).
The samples with different ratio of components were made due to the determination of optimal content of or-
ganoplastics (OP).

Table 2
Main properties of the fiber [9]
Indicator Value
Density, g/cm’ 1,42
Strength, MPa 650
Lengthening, % 20-25
Elastic modulus, MPa 7450

The preparation of OP based on PCTFE that contains 5-20 mass.% of discrete Tanlon T700 fiber was
carried out by the method of dry mixing in the apparatus with rotating electromagnetic field (0,12 Ts) with the
help of ferromagnetic particles which were magnetically separated then.

Ready mix was tableted at room temperature and at pressure of 40 MPa. . Received blanks were loaded
in a press-form heated to 423 K, then the temperature was increased to 510-515 K. The blanks were kept at such
temperature during 10 minutes, then they were kept at pressure of 40 MPa. Due to the fixation of the form, the
product was cooled at permanent pressure to the temperature of 490-495 K and pushed out of the mold in water
for hardening. [10].

Triboligical properties were studied in the conditions of friction without lubrication on reciprocating
movement machine at pressure of 1,5 MPa, sliding speed of 1 m/s. Sliding distance was 1000 m. The samples of
composition were cylindrical @=10, h=10 mm; steel 45 was used as a counterbody (45-48 HRC, Ra=0,16-
0,32 um).

Before the start of the researches, each sample of the material underwent wear-in, while in operation, to
achieve full contact with the material of counterbody. Wear of the samples was determined by weight method on
analytical balance VLR-200 (GOST (State Standard) 24104-80) with an accuracy of 0,0001 g.

The intensity of linear wear (/,) expressed with following ratio was taken as the main engineering char-
acteristic:

_ A dG
! pr A,-dL; ’
A= 4, ,
4,

where * G is the value of mass wear; p, is the density of material that wear out; A, is the nominal area

of the contact; L is sliding distance; AT is the nominal area of friction.

When calculating, it was believed that =1, that is, we studied the wear of the body which had all the
points of surface in contact.

Hardness was determined by 2074 TPR durometer on Rockwell scale (HRLS) according to GOST
(State Standard) 24622-91. The researches of the friction surface of developed OP were carried out with the help
of «NEOPHOT» optical microscope.

Coefficient of thermal linear growth was determined using DKV-5AV dilatometer according to GOST
(State Standard) 15173-70.

Discussion of the Results of the Research

The results of tribological researches in the conditions of friction without lubrication (fig. 1, curve 1)
showed following: developed organoplastics exceed base polymer in intensity of wear by 2,5-7,5 times. These
results can be explained by increase of elastic modulus and yield strength of PCTFE, while introducing Tanlon
T700 OF, by 45-69 % and 14-22 % respectively (studied by the authors in the work [11]) as a result of decrease
in the sizes of structural elements of supramolecular structure which becomes more orderly and better focused
[12].
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The study of friction surface of PCTFE showed that there were deep furrows of ploughing of surface
layer on its surface (fig. 2, a). That is due to its low hardness (fig. 1, curve 2). The introduction of OF leads to the
increase in hardness of polymer matrix by 30-60 % (fig. 1, curve 2) [13] resulting in the increasing of resistance
to deformations. As a result, while detrition of the samples, smoother surface is formed, the products of wear are
formed in small quantities and are mainly removed out of the bonds of counterbody in the process of friction
(fig. 2, b).
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Fig.1. The impact of the content of polysulfonamide Tanlon T700 fiber on the intensity of linear wear (1) and hardness (2) of
polychlorotrifluoroethylene

Fig.2. Micriostructure (x100) of the friction surface of polychlorotrifluoroethylene (a) and organoplasctic (b) that contains 15
mass.% of Tanlon fiber

The increase in the load while friction of OP that contain Tanlon T700 OF (fig. 3,4) leads to the ex-
pected increase in intensity of linear wear. For the OP reinforced with 20 mass% of the fiber this indicator is 1,4
and 3,7 times higher at 2,3and 3,2 MPa than at 1,5 MPa.
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Fig.3. The impact of the load on the intensity of linear wear of the organoplastic based on polychlorotrifluoroethylene reinforced
with 20 mass.% of Tanlon fiber
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Fig.4. The surfaces of counterbody that worked in the pair withy organoplastic based on polychlorotrifluoroethylene reinforced with
20 mass.% of Tanlon fiber at the load: 1,5(a); 2,3(b); 3,2(c) MPa
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Fig.5. The dependence of elongation on the temperature of PCTFE

(1) and organoplastics that contain 5(2); 10(3), 15(4), 20 (5) mass.%
of the fiber

It is interesting to indicate that there the
correlation between tribological and
thermomechanical properties of OP occurs. Re-
search on the curves «elongation () — tempera-
ture (T)» (fig. 5) showed that the introduction of
the filler leads to the decrease of thermal defor-
mation of PCTFE by 25%. It can be explained by
intercomponent interaction between the binder
and OF through the formation of boundary layers
of PCTFE around the fiber. It is known [14] that
macromolecules of «binder-fiber» boundary
layers are located in parallel with fiber surface, in
so doing, the skeleton of macromolecules of
PCTFE «straightens up» that provides more
dense packing and, as a result, decrease of their
mobilityi.

Positive results of laboratory tests al-
lowed us to go to occupational studies.

Experimental sliding bearings from the
proposed OP (fig. 6) with optimal content of the
fiber (15 mass.%) were installed in crank
mechanism of SO-7B  reciprocating  air
compressor on LLC «Pathon-Elektrod» instead
of serial ones which were made from babbit.
This mechanism was chosen due to the fact that
it is one of the main parts of the SO-7B
compressor (fig. 7).

Proposed bearings were working during
2160 hours without fail. That allows recommend-
ing them to introduction in the serial production.
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Fig.6. Friction unit of the mechanism of crank mechanism of Fig.7. SO-7B reciprocating compressor
SO-7B reciprocating compressor

Conclusion

In general, the analysis of tribotechnical and thermomechanical properties of the developed organoplas-
tics shows that the use of organic Tanlon T700 fiber as a filler is a perspective way of increasing exploitation
characteristics (decrease in wear and thermal deformation) of polymer materials. Due to this fact, this organo-
plastic can be recommended for the manufacturing of the parts of moving joints of machines and mechanisms
that are able to work at high temperatures in the conditions of friction without lubrication.
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Byps O.1., Kaniniuenko C.B., Tomina A.-M.B., HauoBnuii I.I. Brutu opraniynoro BosokHa TaniioH
Ha eKCIUTyaTaliiHi TOKa3HUKHU MO TPUPTOPXIOPETHICHY

[MomimMepHi Marepiasim € BHCOKOS(EKTHBHHUMHU 3aMiHHUKaMHM KOHCTPYKIIIMHUX MarepiaiiB sK B
€KOHOMIYHOMY, TaK i TexHoyoriuHomy ruiaHi. [Ipomec BHIOTOBIIEHHS AeTalieid i3 MOJIMEPHUX MaTepiajiiB i3
MPAaKTHYHOI CTOPOHHM XapaKTEepU3YETHCS MIHIMAIBHOIO EHEPrOEMHICTIO Ta aBTOMATHU3AIi€l0 BUPOOHUIITBA
(oTpuMaHHs 32 OIUH IUKI (pOpMYBaHHS JEKUTBKOX BHPOOIB), MOBHICTIO BUKIIIOYAE TOAANBII TPYIOMICTKI Ta
Jopori orepaiii MexaHiuHOI 0OpoOkH (HaBiTh CKJIagHOI reoMerpu4yHoi Qopmu). Aje, iCHYIOTh (aKTOpH sIKi
CTPUMYIOTh IIMpOKe BhpoBamkeHHs [IM. B mporeci ekcrutyaramii By3nu TepTss MallMH Ta MEXaHi3MiB
YKOMIUIEKTOBaHI IOJIMEPHUMH JIETAISAMH, TiJ Mi€l0 3MIHHMX HaBaHTQXXEHb Ta TEMIIEpaTyp 3a3HaloTh
IHTEHCHBHOTO 3HOIIYBaHHS Ta TemioBoi nedopmanii. B pe3yapraTi 4oro akTyalbHOI 3aJaduer0 Cy4acHOTO
MaTepialo3HABCTBA € PO3POOKA MOJIMEPHUX KOMIIO3UTIB, 3MIITHCHUX OPraHIYHHMHU BOJIOKHAMH, 3 IiJBHUIICHUMHA
eKCIUTyaTalliHHIMU XapaKTepHUCTHKaMU.

Y craTrti po3IJISIHYTO BIUIMB OPraHiyHOrO BOJIOKHA mnomicyibdonamin Mapku Tammon T700 Ha
TpUOOJIOTIUHI Ta TeIUIO(i3UYHI XapaKTEPUCTUKU MOMITPU(TOPXJIOpETHIeHy. B pe3ynbraTri NpoBeaeHHX
JIOCHI/DKEHh  BCTaHOBJIEHO, IO PO3pOOJIEHI OpPraHOIUIACTHKM —IepeBepuIyloTh 0a3oBWil momimep 3a
IHTEHCHUBHICTIO JIIHIHHOTO 3HOUIYBaHHS Ta KOE(IIlIEHTOM TEPMIYHOTO JIHIHHOTO pO3IIUpPEHHs B 2,5-7,5 paszu Ta
Ha 25 %, 1m0 00yMOBJIEHO 3MEHILIEHHSM PO3MIpiB CTPYKTYPHHUX €JIEMEHTIB HaJMOJIEKYIISIPHOI CTPYKTYpH, sIKa
cTae OULTBII BIOPSIKOBAHOI 1 OpieHTOBaHOW0. OTpuUMaHi pe3yabTaTH IOCHIHKEHb CBiAYaTh, IO PO3POOJICHA
KOMITO3HIIiSl 3 ONTHUMAaJbHUM BMicTOM BosokHa (15 mac.%) mMoxe OyTH pekoMeHIOBaHa JJIsi BUIOTOBJICHHS
Jietaneil pyxoMux 3’€IHaHb MAIIWH i MEXaHi3MiB, SIKi BAKOPHUCTOBYIOTBCS Y Pi3HUX chepax MpOMHUCIOBOCTI.

Knarw4oBi caoBa: opraHiyHe BOJOKHO, MOJICYJIb(pOHAMIN, NOMITPH(TOPXIOPETHICH, 3HOIIYBAaHHS,
Koe(ilLliEHT TePMIYHOTO JIIHIHHOTO PO3LIMPEHHS, eKCILTyaTalliifHI XapaKTePUCTHUKY.



