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INFLUENCE OF POLYSULFONAMIDE TANLON FIBER ON
RESISTANCE INDICATOR OF POLYTHETRAFLUORETHYLENE

The article considers the effect of Tanlon T700 polysulfonamide fiber on the wear re-
sistance of polytetrafluoroethylene under conditions of friction without lubrication. It
is established that the introduction of the filler leads to an intensive reduction in
wear of the original polymer (486-1215 times), reaching a minimum at a fiber con-
tent of 15 mass.%. These results are due to the fact that in the process of friction of
the developed polymer composite materials a transfer film is formed on the counter-
body: the wear products are fixed in the micro-irregularities of the counterbody; as a
result its roughness is reduced. With regard to the coefficient of friction, it was found
that the introduction of polysulfonamide fiber reduces this idicator by 15%, reaching
minimum values at a filler content of 5-15 mass.%. Further increase in the fiber con-
tent (up to 35 mass.%) leads to a sharp increase in the coefficient of friction, due to
the high frictional characteristics of the filler. It is determined that the effective con-
tent of filler in the polymer matrix is 15 mass.%. Consequently, this composite was
recommended for the manufacture of plain bearings of friction units as a coating for
rollers of the roller conveyor of the extrusion line of aluminum profile.
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Introduction. Today it is impossible to imagine the development of society with-
out the use of agricultural, textile and automotive machinery. Reliability, durability
and efficiency of it directly depends on the operation of tribological units [1]. The
maintenance of the machinery equipped with serial metal parts, in turn, requires sig-
nificant economic resources connected with their insufficient resistance to fatigue,
erosion and corrosion, aging. The use of polymer materials of tribotechnical purpose
allows to solve this problem. Thus, the use of polymer materials allows to obtain parts
(plain bearings, gears, etc.) with such high technical characteristics like environmental
friendliness in operation, chemical and thermal resistance, lightness, low coefficient of
friction and thermal linear expansion, corrosion resistance and resistance to many ag-
gressive environments or influence of various loadings, stability of work at the in-
creased indicators of humidity and temperatures [2].

Problem statement. One of the promising thermoplastic polymers is polytetra-
fluoroethylene (PTFE) due to its low coefficient of friction, wide range of operating
temperatures (from 73 to 523 K), chemical inertness and the ability to work stably
without of lubricants. However, its use in heavily loaded tribological units is con-
strained by low wear resistance and fluidity. The use of fibers (basalt, carbon and or-
ganic) is a promising way to improve the wear resistance of PTFE. In view of the
above, currently a significant part of materials scientists are researching the develop-
ment of new compositions of polymer composite materials (PCM) based on polytetra-
fluoroethylene in order to improve its performance characteristics [3, 4].

Purpose of the work: the study of tribological properties of polymer composite mate-
rials based on polytetrafluoroethylene reinforced with Tanlon T700 discrete organic fiber.



ISSN 03702197  Problems of friction and wear, 2021, 2 (91) 75

Objects and methods of research. Polytetrafluoroethylene (GOST 10007-80)
was chosen for polymer composite materials. It is white powder with a bulk density of
0,2-0,3 g/cm® that is intended for the manufacture of products by direct pressing or
sintering. Polysulfonamide fiber Tanlon T700 (manufactured by «Shanghai Tanlon
Fiber Co.» China) was used as a filler. This fiber is characterized by such high tech-
nical properties as modulus of elasticity (7450 MPa), elongation at break (20-25%),
long-term operating temperature (523 K). The samples with different ratios of compo-
nents (5-35 mass.%) were prepared by compression molding to determine the effective
content of the filler [5].

Before the start of tribological studies each sample was tested in working mode
until full contact with the counterbody. The study of the tribological properties of the
developed composites was carried out in the friction mode without lubrication on a
reciprocating machine at a load of 1,91 MPa, a sliding speed of 0,5 m/s. The friction
path and the experiment time were 1000 m and 3600 s, respectively. Samples of the
compositions were made of cylindrical shape @ = 10, h = 15 mm, steel 38H2MYUA
(45-48 HRC, R, = 0,16-0,32 um) was used as a counterbody [6].

One of the common counterbodies in the friction units is cast iron, so, taking into
account the above, PTFE and composite with an effective filler content (15 mass.%)
were tested in the mode of friction without lubrication on reciprocating motion ma-
chine. SCH20 cast iron (R, = 0,35-0.60 um) was used as a counterbody. The sample
was under the load of 0,64 MPa, the sliding speed was 0,98 m/s. The friction path and
the experiment time were 1767 m and 1800 s, respectively.

The wear of the samples was determined by the weight method on VLR-200 ana-
Iytical scales (GOST 24104-80) with an accuracy of 0,0001 g. The intensity of linear
wear I, was taken as the main engineering characteristic of the wear process:

A dG
" A dly
where G is the value of mass wear; pr is experimental (hydrostatic) density of the wear
material; A, is nominal contact area; L+ is friction path.

The obtained results were processed using the methods of mathematical statistics.

The surface roughness of the rod «before» and «after» the experiments was determined
using 252 profilograph-profilometer. The study of the friction surface of the developed or-
ganoplastics was performed on «Hitachi SU1510» scanning electron microscope.

Discussion of the results. Analyzing the results of tribological researches (see
Fig. 1), we can see that the reinforcement of PTFE with polysulfonamide fiber in the
amount of 5-15 mass.% leads to a sharp decrease in linear wear by 486-1215 times
reaching minimum values at a filler content of 15 mass.%.
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Fig. 1. The effect of Tanlon T700 organic fiber on the intensity of linear wear of
polytetrafluoroethylene
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Fig. 2 shows the wear products of the samples.

samples after friction

Fig. 2. Wear products of pure polytetrafluoroethylene (a) and organoplastics (b) containing
15 mass.% of Tanlon T700 fiber

The obtained results indicate the ability of the developed PCM to resist the load
in the process of interaction (see Fig. 2) with the steel counterbody (the composite
sample is less deformed in the comparison to the base polymer). On the other hand,
the increase in wear resistance of the initial polymer is due to the formation of a fric-
tion transfer film [7]: wear products formed by friction are fixed in the microrough-
nesses of the steel counterbody and reduce its roughness, and also block the share of
the surface occupied by adhesive-active metal in relation to PCM [8]. A further in-
crease in the filler content up to 35 mass.% leads to an increase in wear intensity that
is connected with the weakening of the surface layer of the material that is probably
due to the spread of cracks at the «binder-fiber» border, and as a result, subsequent
pulling out the fiber from the polymer matrix [6].

With regard to the coefficient of friction (recorded at the time of failure), it was found
that the introduction of Tanlon organic fiber in the amount of 5-15 mass.% reduces this
indicator by 15% (see Fig. 3). Increasing the amount of filler in the binder up to 35
mass.% leads to its sharp growth due to the high coefficient of friction of the fiber [9].
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Fig. 3. Influence of Tanlon T7OO orgamc fiber on the friction coefficient of
polytetrafluoroethylene
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It can be seen (table 1) from the data given in table 1that the introduction of or-
ganic fiber Tanlon T700 leads to a decrease in the coefficient of friction and the inten-
sity of linear wear of PTFE by 1,13 and 73 times, respectively. As in the case of the
steel counterbody, a transfer film is also formed; that reduces the roughness of the rod

by 0,048 pum (Fig. 4).

Table 1

Tribotechnical characteristics of polytetrafluoroethylene and composite

Fiber content, mass.%

Indicator 0 15
Coefficient of friction, f 0,83 0,73
Intensity of linear wear 1,x10°, m/m 659,0 8,96
Roughness of a rod «before» work, R,, pm 0,516 0,406
Roughness of a rod «after» work, R,, um, 0,482 0,358

Fig. 4. The surface of the counterbody and the sample after friction of polytetrafluoroethylene

(a) and composite (b) based on it, containing 15 mass.% of the fiber

Conclusion. Analysis of the results of tribological researches of the developed
PCM showed that the use of polysulfonamide fiber Tanlon T700 as a filler for polytet-
rafluoroethylene is a promising way to improve its performance, because of the in-
crease in wear resistance by 1215 times. Organoplastic with an effective filler content
(15 mass.%) was recommended for the manufacture of plain friction bearings as a
coating for rollers of the roller conveyor of the extrusion line of aluminum profile.
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BIIJINB ITOJICYJb®OHAMIJIHOI'O BOJIOKHA TAHJIOH HA TTIOKA3HUK
3HOCOCTIMKOCTI HOJITETPA®TOPETHJIEHY

[NomiterpadropeTuiieH € OJHUM 13 EPCIIEKTHUBHUX MOJIIMEPIB TPUOOTEXHIYHOTO MpPU3HA-
YEeHHS 3aB[SIKM HU3bKOMY KOe(iIliEHTY TepTs, IINPOKOMY IHTepBally TEMIEPATyp eKCIUTyaTaiii
(Bix 73 mo 523 K), XiMi4HOi iHEpPTHOCTI Ta 3[1aTHOCTI JI0 cTalblIbHOI pOOOTH B YMOBax BiJICYT-
HocTi MacTwiL. [Ipore Horo BUKOpUCTAaHHS Y Ba)KHOHABaHTAXXCHUX TPHOOIOTIYHMX 3’ €THAHHSIX
CTPUMYIOTh HU3BKI ITOKa3HUKH 3HOCOCTIMKOCTI Ta INTMHHOCTI. BUKOpHCTaHHS BOJIOKOH JI03BO-
JIsi€ BUPILIUTH JaHy mpodiemy. Y cTaTTi po3IIIsIHYTO BIUIMB MONiCYIb()OHAMITHOIO BOJOKHA
Mapku Tammon T700 Ha TOKa3HUK 3HOCOCTIHKOCTI MOTITETPaPTOPETHICHY B YMOBax TepTs 0e3
3MalleHHs] TIPH 3BOPOTHO-NIOCTYNAJIbHOMY pyci. BcraHoBIeHO, 10 BBEAEHHS HaIOBHIOBaYa
MIPHU3BOJMTE 10 IHTEHCUBHOI'O 3MCHIIICHHS 3HOIIYBaHHS BUXiTHOTO moiimepy (B 486-1215 pa-
3iB), csira€ MiHIMyMY TIpH BMicTi BosokHa 15 mac.%. Taki pe3ynbraT 0OyMOBIIEHI TUM, 11O Y
TIPOLIECi TePTsl PO3POOJIECHNX MOJIMEPHUX KOMITO3MILIHHUX MaTtepialliB Ha KOHTPTiJ YTBOpPIO-
€THCS IUTIBKA MEPEHOCY: MPOIYKTH 3HOIIYBAHHS 3aKPIIUIIOIOTHCS B MIKPOHEPIBHOCTSX KOHTP-
Tijla, BHACIIOK YOr0 3HIDKYIOTH HOro mopctkicts. [ omo xoedimieHTy TepTs, TO BHUSBICHO,
110 BBEJCHHS MOJNICYIb(OHAMIZHOTO BOJIOKHA 3MEHINYE JaHMK MOKa3HUK Ha 15 %, csraroum
MiHIMaJIbHUX 3HAYCHb MPU BMICTI HamoBHIOBaYa 5-15 mac.%. [Tomanblie 301bIIEHHS BOJIOKHA
(mo 35 mac.%) mpu3BOIUTE 10 PI3KOTO 3pOCTaHHS KOe]illi€HTy TepTs, 110 00YMOBJIEHO BHUCO-
KUMH (PUKIIHHUME XapaKTepUCTUKAaMM HalloOBHIOBada. Bu3HadeHO, 1m0 epeKTUBHHUN BMiCT
HAINOBHIOBa4a B MOJIIMEpHil MaTpuli ckianae 15 mac.%. 3 orisaay Ha BUllle3a3HAUSHE, JaHUN
KOMIIO3UT OYB PEKOMEH/JIOBAHWI JUI BUTOTOBJICHHS IiJIIIMIHUKIB KOB3aHHS BY3JIB TEPTS B
SIKOCTI TIOKPHUTTS POJIMKIB POJIbTAHTY JIiHIT eKCTPY3ii atoMiHi€BOTO MPOdiIIo.

Karwuosi cioBa: noniterpadToperusieH, moiicylibhpoHaMiHe BOJIOKHO, IHTEHCHBHICTh
JIHIHHOTO 3HOLIYBaHHS, OPTaHOIUIACTUK, KOeillieHT TepTs, 03 3MalleHHs

Kaniniuenko Cepriii Bonogumupouu — menemxep, TOB «CIIELITEXOCHACTKAY,
prof@3g.ua

Tomina Anna — Mapisn BagumiBHa — kaHII. TeXH. HayK, 3aBilyloua J1abopaTopisiMu Ka-
(benpu Qi3uKH KOHIEHCOBAHOTO cTaHy J{HIMPOBCHKOTO AEPKABHOTO TEXHIYHOTO YHIBEPCHUTETY,
an.mtomina@gmail.com

[Bypst Ontexcanap IBaHOBHY| — KaHI. TEXH. HAyK, Tpodecop

HayvoBHuii Inis IBaHoBMY — KaHJ. TeXH. HAayK, JIOLIEHT, JOUEHT Kadelpy iHHOBAIIHHOT
IHXeHepil Ykpaincbkoro JIepKaBHOT'O XIMIKO-TEXHOJIOTYHOT O YHIBEPCUTETY,
dekan.udhtu@gmail.com



mailto:prof@3g.ua
mailto:an.mtomina@gmail.com
mailto:dekan.udhtu@gmail.com

