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ABSTRACT

Poly tetrafluoroethylene (PTFE) is a versatile engineering plastic. It has excellent chemical and water resistance,
moderate mechanical and thermal properties, superior electrical insulation properties with low coefficient of
friction. Asthe virgin PTFE is having low wear creep resistance and low load bearing capacity, the different fillers
areincorporated into PTFE to improve these properties.
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INTRODUCTION

The story of Poly Tetra Fluoro Ethylene (PTFE) brega April 06, 1938, at Du Pont's Jackson Labarato New
Jersey, USA. Dr Roy J Plunkett, who was workinthvgases related to Freon fluorinated refrigeradiss;overed
that one sample left overnight in a cylinder hatyperized spontaneously to a white waxy solidwdis resistant to
practically every known chemical or solvent; itsfaoe was extremely slippery; almost no substanoeldvstick to
it; moisture did not cause it to swell and it diot mlegrade after long term exposure to sun lighthas a melting
point of 327C.

P T F E is a highly crystalline polymer (90-95%)tiwia melting point ~32C. It has excellent properties like
chemical inertness, low coefficient of friction,mtoxic, non-flammable, negligible water absorptinon-adhesive,
anti-stick, high thermal stability, low dielectrmonstant, moderate mechanical properties and canijpatfor
compounding with metals and inorganic pigments.

Though PTFE (virgin) has excellent properties aatinaed above, it suffers from some draw-backs; likev wear
resistance, low thermal conductivity, low load tegrcapacity, high elongation, and low resistarccedmpressive
deformation. Hence, different fillers are incorated into PTFE to improve these properties.

Structure of PTFE:The PTFE molecule has highly lagstructure with a configuration leading to a 1@&8ix. Itis
a fully fluorinated Polymer with a linear chaingreat molecular length (20,000 to 1, 00,000 Monouomgts) and it
has a high melt viscosity (10poise at 38%C). The working temperature of PTFE is -Z6@o +260C and it is
insoluble in anyof the commonly known solvents gtceertain fluorinated oils and molten alkali mstallts
chemical formula is
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(- CF2 —CF2-) n. PTFE is made of a carbon backiobiaén, and each carbon has two fluorine atomsteatthto it
and its structure is
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PTFE is a completely fluorinated polymer manufaetiwhen the monomer Tetrafluoroethylene(TFE) urmesg
free radical vinyl polymerization. As a monomer,ETIS made up of a pair of double bonded carbon stdwoth of

which have fluorine atoms covalently bonded to th&hus the name “Tetra” means there are four atoonsled to

the carbons, “Fluoro” means those bonded atom$lasene, and Ethylene means the carbons joined bipuble

bond as in the classic ethylene structure. When pélgmerises into PTFE, the carbon — to — carbawbtibbond

becomes a single bond and a long chain of carlinsais formed.This chain is the polymer’s backbone.

PTFE based composites:

The virgin PTFE was found to be inadequate for mlmer of more demanding engineering uses. In peaticits

cold flow or creeping properties kept PTFE out afamanical applications. In the sixties, it wacdigred that the
physical properties of PTFE could be improved by #udition of fillers and a range of filled compdsnwhich

were found to be highly suitable for gaskets, valkieets, piston rings, high voltage switches, bgaripipe lining
etc. It turned out that through a proper comboraif basic resin and one or more fillers, compsucduld be
tailor-made for many useful applications, compouagdiechnology development continuously dependingugnd

applications.

Practically any material that can withstand theesing temperature of PTFE (up to 400 can be used as filler
depending upon the end applications. The charatiteriof fillers, such as particle shape, size tedchemical
composition greatly affects the properties of tampounds.

Rudne} in his book filled fluorocarbons-new component enetls, 1955 wrote about filling of PTFE with other
materials to get hardness keeping chemical prasedifected negligibly. For this purpose he sekkgass filled
PTFE.

Later in 1966 Bowdezretal established the friction and wear propertiefew level PTFE resins and PTFE based
composites.

The experiment has been done to find out volumimishge by Gan?ietal in 1966. In their book, it is mentioned
that shrinkage depends upon (1) % by volume ofr{il) Performing pressure(3) Dimensions of mowgdiii4)
Sintering cycle.They have done experiments on glags filler percentage and also they took only st 25% of
filler only. And they used disc of dia 73 mm argl7ZLmm for their experiments.

Lewis4 paper, “predicting bearing performance of filleeflon TFE resins confined to discuss about frictioear
and lubrication properties of filled PTFE.

Kobayash|5 established parameters of tools for skiving dedil PTFE in 1967 and the same was published by

McGraw Hill for machining of plastics. He recommexddo heat filled PTFE billet upto 280 when it is required
to skive tapes of various thickness of having sicotface.

Thomas6 described about the apparatus which is speciaeldped for studying the compressive creep of RTFE
He observed that the stress to strain behavio®T&E is time dependent. It is noticed that onasleg this stress,
the creep properties of virgin PTFE is very poatauese of cold flow.
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Horozumi7etal have discussed upon holding a blend of fluolgoper and poly (phyenylene sulphide) containing 5
to 50% carbon fibres which gave products with inweebsurface hardness. Thus a blend containingrgasite on
(A) Teflon G80 [poly (tetrafluoro ethylene)] 70,(Ryton) 30, and carbon fibres 25 parts was preparet 0.55
LAY/kg. Isopar E was moulded and backed that 3@aive a disc with Rockwell hardness (R-Scale);110
compared with 45 for a disc contained from a singamposition not containing carbon fibres.

Hideo kawamur% studied filler for transfer of ceramic surfacesarsfer films for roughening the surface of
laminates containing glass fibres and polyesterspmixy resins were prepared by pressing a fluotgnger film
between a Cu foil having a rough surface and retirig sheet to imprint the rough surface on therfpolymer
removing the Cu, bonding to a polyethylene (I)udeke triacetate, or polypropylene film to tramsfiee rough
surface and separating. Thus a Teflon FEP 200@\ihs pressed between the rough surface of 2CGudeparated
from 1Cu foil, laminated to a 1 film and separatedjive a transfer film 3 polyster preparations eveandwitched

between the rough surface of 2 transfer films, nafld’ at 100 — 178¢ and separated to give a laminated for
planting with Cu.

In Fluon Technical service note F12 /F13 of ICIgties division, Welwyn Garden, He?g;ave results of their
experiments on tensile strength, hardness, elangatid porosity of glass filled PTFE having filarcentage 15%
and 25% respectively which are their commerciatigsa They also gave results on above mentionecefrep on
60% bronze filled PTFE. In Fluon technical liter&twf F13, it is given that the quantity of fillpercentage should
be limited to 40% only.

Bahadu%oetal presented their paper at the internationahjgluof wear of materials. In this paper, experitsdrave
been carried out between PTFE sliders filled witkapgraphite, P{,, MoS, and CusS in different proportions and
combinations rubbing against flat counter facemiddl steel and glass. The counter face surfaces fidshed by
grinding, abrasion against 600 grade emery papérlapping. Graphite as a filler reduced the wete of PTFE
by about a factor of 100 while it increased theffident of friction by about 30%. In contrast, CyfBovided an
equally large reduction in wear rate but did naréase the coefficient of friction. The fillersoguced a uniform
and coherent film of the filled polymeric mater@i the steel surfaces. Whereas the worn materitle case of
unfilled PTFE was in the form of fragmented sheeit) filled PTFE it was broken into fine particle¥he reduced
wear rate of filled PTFE is attributed to the chemin the shape and size of the worn aggregateis,libnding to
the counter face and the relative ease with whiely are dislodged during sliding. The coefficiehffriction of
PTFE sliding at low speeds against metal surfacexéeptionally low and even at high speeds it dmtexceed
that of most other polymers. In contrast, the wese of PTFE is extremely high. However, additairinorganic
and some organic fillers was found to reduce tharwate by a factor of 100, the optimum occurring 4 filler
content of about 40% volume. For these reasongaosites based on PTFE constitute a potential viduahterial
combining both the favorable frictional properties PTFE and the low wear properties of the fillealymer.
However, the choice and filler content are purehpeical because the mechanism of filler actiomeducing wear
is not well understood.

Xin-ChunIulletaI studied wet ability soil adhesion, abrasiord driction wear of PTFE (TPPS) + alumina
composites. For the development of materials witichld reduce adhesion and friction of soil to smigaging
components of machines for land locomotiop@il+ PTFE (TPPS) composites were obtained by usiagtbhcess
of cold processing followed by adhesion and hosgirey. Behaviours of wetability of water and saihesion,
abrasion and friction wear of the composites aggomnted in this paper. The composites, disperseti an
appropriate content of AD; particles, exhibit superior wear resistance. RPtBe matrix can further improve the
wear resistance of the composites.

Masakl:L2 studied tetrafluoroethylene compositions havingedient sliding characteristics and compressiorre
resistance, containing fillers and injection moul@afluoroplastic powders. Thus Teflon 75 (Tetnafloethylene
resin ) MF 739 111/32" glass fibre powder dia mniii micron (average length 70 milli micron), 2% Teflon
MP — 10 (1) perfluoroalkyl vinyl ether — TFE copahgr average particle dia 36 milli micron. 10 pasisre

thoroughly premoulded at 450 kg/<2:rand heated at 38@ for 3 ohm to preparation of moulding. The tefgpiece
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from the composition should deformation 4.1 and®i6 the compression creep test (140 kg%pml ohm), Tensile
strength 170 and 123 kg/gm Elongation 278 and 233% interface & longitudidakction respectively. Coefficient

of friction 0.36 and abrasive loss 11.8 x 10-6 kgvz compared with 9.1, 5.9, 161, 131, 118, 201, 0182 56 x
10-10 respectively for a test piece without (1).

Tsukas%3 observed fluoropolymer materials giving tack-fiamatings with excellent high temperature, hardness,
are composed of mixtures containing 100 parts sgdigrerfluoro alkoxy polymer powders and 5 to 4@0ts C2F4
polymer powders of smaller grain size. Thus 10Asp®P —10 (perfluoro alkyl vinyl ether tetrafluoathylene
copolymer powder average size 35 microns) werebdended, electro statically coated on an alumindatep

backed 30 min at 35?(03, and left at room temperature to give a coatiitty wontact angle 1&:, excellent tack

resistance at 2(9(0:.

Asle14etal of LNP Corporation Malvern, studied wear bebaw of thermo plastic polymer filed PTFE
compositing. Their study was reported in journalAsherican society of lubrication journals. A vayieof new
PTFE composites has been produced, which demomstrét wear and mechanical properties when compiared
inorganic PTFE composites. Results of their stady interpreted both in terms of mechanical progerand
morphology of the composites. It is demonstrateat thermoplastic polymer filled PTFE compositeterd the
range of utility of PTFE bearing and roller apptioas.

Shunjl15 studies fluorinated alkoxy resins and fluorinagtldylene propylene ether resin containing super ifiert
fillers (dia 1 micron) for adhesion of PTFE to mietar ceramic at a temperature higher than theimgefioint of
PTFE. Thus, Teflon PFA perfluoro alkoxy polymeohtaining 10% AIOs;. A1-125 (dia —0.1 microns) was heated

at 328°C and cooled to give strips, &80, (3mm thick) stainless plate and 0.3mm PTFE werérlatad with strips
at0.1 kg/cr% and 358C for 10 min to give a sample having adhesive gtieb.5 2.5 kg/cr%.

Michioleetal took powder copolymers containing 98% teti@ituethylene (TFE) and perfluoro ethylene pulvetize
the same by shear force, and then compacted andtréai@d to give mouldings with excellent compi@sstrength

and creep resistance. powder Teflon 62J at 48¢ v@s stirred 1100 — 2500 rpm to give fibrous pavafalia 25
to 100 micron and length 500 — 1000 micron whicls wampacted in a mould under 100 kg?cmessure to and
heated at 38 to give a moulding with'd’ 2.15 gm/cc ; 1% comgs®n strength 45 kg/czm(:ompressed creep

(breakage temp.) at 280 was reported with this sample.

Barber17etal analysed the transfer film lubrication schefloe5 years, a technique for ensuring lubricatiowler
extreme environment conditions, layer lattice matersuch as MoSand WSeg have typically been targeted for
high temperature service while films of PTFE hasrbesed for service at cryogenic temperatures. olBpial
characteristics of these transfer films have bdwwa to affect the performance and stability ofrbvegs. The
investigations have shown that the lubricant rhgplat the bearing components and that low frictoefficient at
this interface may be required to ensure stahilitger some operating conditions. Efforts to motkabitity require
some knowledge of both the presence and charauateris transfer film.

Gong xuéLSetaI have explained about the friction and wearabilur of PTFE based composites filled by
incorporating a metallic (stainless steel, coppet) with inorganic fillers, was studied by rubbiogmposite pins
against a mild steel block on a reciprocating testéie mechanism of load supporting action of tifier§ in
reducing wear was verified and the process of féatian of smaller wear debris was also discussediak found
that the wear rate of the composites filled withirdess steel net incorporating graphite is moentB0O times
lower than that of pure PTFE. The wear behaviouilletl PTFE has been studied for a long time bywynaorkers
and numerous papers and review articles specifidalinonstrate the action of reducing wear by 8leom various
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view points. Certain inorganic fillers also mayhto reduce the wear of the polymer by increasireggaddition of
the first transfer layer to the counter face. Ehier therefore, a scientific and technologicalcheeunderstand the
essential action of fillers in reducing wear if &odind the best filler and develop better selficating composites.

Michaellgetal has discussed on static and kinetic frictiapeeiments and hardness and tensile tests were to
evaluate epoxy mixtures (i.e. EPON 815 — EPICUREI0). They are typically used as impregnants in the
preparation of super conducting magnets at roonpéeature; mixtures which executed a strong tendémwgrds

visco elastic behaviour also demonstrated conditietéme dependence in the static friction coeéiids. At 77
all the epoxy mixtures were in the glassy state i static friction coefficients were noticeabduced from

their room temperatures (%).Mechanical properties of Teflon TE 3608 filledxtares were similar to those of
the unfilled epoxies with the exception that thetipke filled mixtures were generally much more tthei
Incorporation of the Teflon filler had the additedreffect of reducing the friction coefficients.h@ epoxy mixtures
to values comparable to that bulk Teflon.

Semenozroetal have studied the effects of sliding rates |dathperature, crystallinity and radiation on ttésh
properties of fluoroplastic and other fluoro polymeand the effects of the type and amount ofr§lléheir particle
size shape and orientation and other factors ormuliefriction properties and wear resistance ahposites based
on these fluoropolymers are discussed for usedinglbearings.

Talat Tevruz21 as studied tribological behaviour of carbon fillBAFE in dry journal bearings. Most laboratory
studies on the tribiological behaviours of polymeexe performed on the rigs which were in line with-on disc
or pin-on ring models. Calculation of polymer begs have been generally based on the data obt&ioedthese
studies. But bearings have special geometrical kiimelmatical characteristics. In this study, effeof sliding
distance, bearing pressure, the medium and lowdspedriction and wear injournal bearings made %¥3carbon
filled PTFE composite are examined. Taking intmsideration the large number of factors, and thedely
fluctuating characters and effects on the fricém wear, an optimum bearing construction may béeged.

Reinickezzetal studied tribological behaviour of injection ahded thermoplastic composites. In their study,
tribiological investigations were carried out orffelient short fiber reinforced thermoplastic begrimaterials, in
particular on injection moulded samples of PPA, RR& PEI compounds with different amounts of gfdsesrs and
PTFE their results prove that using PTFE as aerniad lubricant results in an improvement in thbdliogical
behaviour of all polymers tested. Abrasive effddhe reinforcing short glass fibers was more istennder fretting
wear than under sliding wear conditions. Regardithghe tests performed, PPA compounds were fooned¢ord
the best tribological behaviour.

Hirosh|23etal studied electrically conductive composite $heeElectrically conductive sheets with excellgas
barrier corrosion, preventing properties, with ciehresistance are prepared by extruding a mixtfirg to 40%
PTFE and 60 to 97% electrical conductive powdexv@rage particle size 10 microns and filling anett resin in
to the voids in the sheet obtained. Thus 200 geeteoleum naptha and 100 parts 15: 85 Denka Blo&€KTFE
mixture were mixed extruded and heated to givébaxdin sheet, and two of this sheet were laminatelodim sides

of 50 microns FEP sheet and pressed at%sand 100 ka/ cr%to give a gas barrier sheet with volume resisgivel
0.99 ohm. cm.

Duncar124etal studied thermal conductivity of PTFE and PTdelhposites using measuring apparatus lees disk and
by DSC (Differential scanning calorimetry). The rfaar method was used to study the effect of filiar®TFE /
glass fibre fabric used for conveyor belts in fgodcessing. The effect of crystallinity on therrnahductivity was
investigated. The incorporation of aluminum flakes been found to improve heat transfer througltéimposites.

The thermal conductivity of PTFE with different &g of crystallinity was measured at 982 and shown to
increase linearly with these parameters.
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Oshimazsetal studied fabrication of PTFE / carbon fibre pasites using radiation cross linking. A fabricatio
method for FRP composites based on carbon fibrdsParFE, which was cross linked by electron beam) (EB
irradiation under specific conditions, was studid¢dwas found that the toughness of the PTFE marpoor in the
composite. On the other hand, single sheet oforafibres and cross linked PTFE composite showeadgo
mechanical properties for sheet shape materials.

Jaydeep Khedk%rﬁetal have studied the tribological behaviour of ETdhd PTFE composites with filler materials
such as carbon, graphite, glass fibers, Ma®l Poly-P-Phenyleneterephthalamide (PPDT) fie&rs The filler
additions were found to increase hardness and wesastance in all composites studied. The highesar
resistance was found for composites containin@&®%o carbon + 7% graphite, (ii) 20% glass fiber + BBS, and
(iii) PPDT fibers. Scanning electron microscopef® was utilized to examine composites. 10% PPbES
causes wear reduction due to ability of the fitersemain embedded in the matrix and preferentisligport the
load. Differential scanning calorimetry (DSC) ays$ was also performed to study the relative ladesorbing
capacity and thermal stability of the various cosif@s in an effort to correlate these propertiethéotribiological
performance. The results indicated that composifs higher heat absorption capacity exhibited roved wear
resistance.

Xianhua Chen%g?etal studied tribological investigation of PTFE quusite filled with lead and rare earth modified
glass fiber. PTFE composites were prepared usifg B9 weight lead and 5% by weight glass fiber (GH)e
surface of GF was modified with a coupling agentniature of coupling agent and a rare earth and-earth
respectively. The friction and wear propertiedhs composites under oil lubrications were invedgd on a pin-
on-disc sliding wear machine. It was found that itiodified GF, which was filled into PTFE, decrehttee wear of
the PTFE composite filled with unmodified GF. Thietion and wear properties of PTFE compositeedilwith
lead and rare earth modified GF were found greathyanced.

Huan928etal studied corrosion resistance properties aftedless nickel composite coatings. Electroleskedi
(EN) composite coatings incorporated with PTFE &md SiO, properties demonstrated significantly improved
mechanical and tribological properties as well@s surface energy which are desired for anti-stigkand wear
resistant applications. This work is aimed to stigate the corrosion characteristics of electeotd@skel composite
coatings using electrochemical measurements. Tihet® of the co-deposited particles on corrosiehaviour of
the coatings in 1.0 N}$0O, and 3% NaCl media were investigated. The restitsved that both EN and EN
composite coatings demonstrated significant impmoegt of corrosion resistance in both acidic andysal
atmosphere.

Mateuszgetal has studied ceramic / fluoropolymer compositatings by thermal spraying. The polymer coatings
are widely used for industrial applications andrtiperformance are often limited by a poor scratsistance or a
high water and gas permability. Thermal sprayiraymelp to over come these limitations. The airthief paper is

to develop composite coatings by plasma sprayiue to different thermal characteristics of PTFERA
polymers and AlO; / TiO,Ceramic materials, three types of powders injestiare elaborated. To compare these
three conditions, microstructure, surface wettgbitind wear resistance deposited behaviour wereactesized
Al,O3 / TiO, / Fluoropolymer composite coatings are characdriny a well melted ceramic matrix in which
rounded polymer particles are randomly distributédighest polymer / ceramic ratio is observed ia toatings
made with the separated injection of the@y/ TiO, and PFA powders. The lowest friction coefficiémtalso
measured for this coating.

Jinhua Che%oetal have prepared new polymer electrolyte membfaglecell (PEMFC) by simultaneous radiation-
induced grafting method. The polytetrafluoroethg@de(PTFE) films, cross-linked by electron-beam atidn at
molten temperature were used as substrates fairngraff two alkyl vinyl ether monomers, propyl vingther (n
PVE) and isopropyl vinyl ether (ipve), under colizd grafting conditions followed by sulfonationaeions.
Thermogravimetric analysis (TGA), differential soarg calorimeter (DSC), water contact angle and rieou
transform infrared (FT-IR) were used to charactette cross linked PTFE (e PTFE) and grafted PTIRESf The
degree of grafting was found to be dependent orgthfting parameters such as irradiation tempesgatnd lewis
acid catalyst, in which in the presence of lewigl axatalyst or at a temperature close to the lpipinint of each
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monomer, the grafting reaction significantly accaled even when the relatively low dose was irtadia Finally,
the grafted PTFE films were suffocated in a chlah@sic acid solution.

Surface profiles of composites with PTFE matrix waslied by Tomescgéletal the paper presents the influence of
load and glass fibre concentration on profile partms obtained after running composites with PTREipnagainst
steel in water. PTFE seems to have the poordsilagical and profile characteristics. Adding gldibres, the
surface characteristics become better at leas2a# but concentration of 30 — 40% produces wednigls as the
polymer under the same testing conditions.

Effect of nuclear radiation exposure to RT/durlgpet PTFE based composites was studied by M/s Rogers

corporatior%32 USA RT/ durold materials based on PTFE combinetth \glass microfibre or ceramic filler was
developed and studied in detail. The component susteptible to nuclear radiation damage is theEPAécause
of the low coercive forces between PTFE molecuteairts. It was reported that mechanical changed FEPappear
to depend on the total radiation dose and to bepeddent of dose rate. During irradiation the diele constant
and loss factor will be temporarily increased. Tdféect of radiation on these properties is lesslavvated
frequencies. The degree to which PTFE is affectedsisentially a function of the amount of energgoabed
regardless of the identity of the radiation. Theiation dose unit usually employed in radiationdgs is the “rad”
one rad equals to 100 ergs/gm.

Venkateswarlt? in his ph.D. thesis studied about the effect dfedént fillers namely; glass, granite, graphite,
garnet, antimony trisulphide, allumina, carbon, l&r mica, sand, porcelain, bronze, tixolex-25nehclay and
wollastonite on various physical, mechanical, eleat and chemical properties like bulk densityrtigte size,
specific gravity, hardness, tensile, % elongatthametrical shrinkage, expansion or contractioheight, dielectric
strength and compressive strength, etc, of virgifrEP and different filled PTFE composites (fillerntent 5-50%)
were made with an idea to arrive at optimum fitentent, for achieving maximum properties. In addit thermal
analysis (TGA and DSC), XRD analysis, SEM studiesulation resistance, peeling strength (on etahedtched
tape) and compressive stress, strain and facteafefy are done and reported on virgin PTFE and fil#d PTFE
composites on weight basis in all the cases. #isoeffect of temperature and pressure at congtassure and
temperature respectively for 15% filled PTFE conif@sswere discussed. His findings are Addition efagnic,
metallic and non-metallic fillers greatly affectethitensile properties, hardness, dielectric strengtbulation
resistance and compressive strength of PTFE. Diglestrength, tensile strength and elongationiikéd PTFE
decreases on increasing filler content (in moghefcases). Among the 14 filled PTFE compositediad, higher
specific gravity was found in case of bronze fillBIFE containing 40% filler content and kwest is carbon
filled PTFE containing 50% filler content beforatgring; and highest is 50% antimony trisulphided PTFE and
lowest is 50% mica filler content after sinterifidne highest hardness value-based composites fauine dbtained
for 15 & 25% garnet filled PTFE; 50% marble fill@IFE and 40% porcelian filled PTFE. 5% bronzedlPTFE
shows highest tensile strength and 50% bronzelfil@FE shows highest percentage elongation vallreslowest
tensile strength of sand filled PTFE and lowesteetage elongation of garnet filled PTFE, amondil&d grades
studied, may be due to the fact that fillers ar&t jiying embedded in the resin matrix without amemical
bonding.5% bronze filled PTFE shows highest dielestrength value than other filled grades anddstdielectric
strength value obtained on is 20% graphite filledFB as graphite itself is a conductive materialleBi PTFE
composites with 15% filler content (glass, grangernet, graphite, marble, antimony trisulphidecamicarbon,
alumina, bronze, porcelian and wollastonite, et@je selected for XRD, SEM, DSC, TGA, IR and pegbitrength
because almost all properties are in acceptablgerarin the Study made, in addition to virgin PTB&rcelian and
alumina filled PTFE composites were found to haighést insulating resistance values compared terdthed
PTFE composites.

Yunxia Wang* et al prepared PTFE based composites containingll® mo$, graphite, aluminium and bronze
powder by compression molding at room temperatoceteeat treatment in atmosphere. These fillersccprolong
wear life of PTFE based composites. They also peeptmansfer films of virgin PTFE and compositessarface of
AISI — 1045 steel bar using a friction and weateef a pin on disc containing configuration, indihg study on
tribiological properties of these transfer filmsings tribometer by sliding against GCr15 steel hialla point
contacting configuration and found that tribiolagiproperties of transfer films are sensitive tadahange.
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Herbold® et al demonstrated dynamic mechanical properfiésgh density mixtures of PTFE, Al and W powders
tailored by changing the size of the particles pambsity of the mixture. Composites of fine metafparticles and
high porosity exhibited higher ultimate compressitength than less porous composites having egaas ratios
with W particles.

Preparation of Carbon black filled PTFE composites discussed by Dongxiang

Zhou*®et al by compact molding of a dry mixture of carboiack and polymer powders followed by sintering
technology. The composites showed a very low paticol threshold about5 vol.% which attributed te th
segregated distribution of carbon black in therfatgal regions of PTFE particles.

Vail*et al used high tenacity expanded PTFE filamentso#s fiber reinforcement and reservoir for solibricants
to reduce the wear of the composites by regulatiegPTFE transfer. Reports show that yield stremjtthese
filaments can exceed 500MPa and the wear ratesnebtérom the inclusion of expanded PTFE filamentre
better than conventional powder filled PTFE — PEihposited reaching values as low as k=730 /Nm.

Chenxi Xu® et al prepared thin CsSPOMo-PTFE-QDPSU compositmimane and characterized for use in a high
temperature PEMFC. The ionic conductivity of thenpmsite membrane, loaded with a low content ¢?®}, was
0.04 Scrit at 156C which was twice that of the pristine loaded PBDRScrit) with the same PA doping level. In
fuel cell tests power densities of 240 mWnd 140mWcri

were achieved using oxygen and air respectivelye TUsPOMo-PTFE-QDPSU composite is considered as a
candidate membrane for high temperature PEMFC Isecalits acceptable conductivity and fuel cellfpenance
with a low PA acid loading.

In the paper of Pushkar Venkat&sat al composite materials was comparatively irigaged under actual load and
sliding velocities by using in a pump. In additimfiluence of inorganic fillers Mo®n the wear of glass and bronze
fabric reinforced epoxy composites under dry antinwening conditions has been discussed in detailfaund that
fillers bronze and MoScombined with PTFE provide excellent bearing props.55%bronze+5%Mag$40%PTFE
was found to be suitable for pump application.

Ramteké et al studied optimization of ultrasonication mss to improve the mixing of PTFE in lubricatin¢gpai
the effect of PTFE on wear preventing and extreresgure properties of lubricating oil with AISI Sl steel balls
using four ball testers. The composition of oildghants changed by addition of 0.5wt% to 4.0wt%dFE powder.
Reports show that the optimum condition of ultrasdreatment is 75W/cfultrasonication intensity, 60 min time
duration, and 0.5 -2% total solids concentratiooef@icient of friction decreases with increase iINHE percentage
in lubricating oil.

Baronirf* et al presented the new methods of fluoro polybered nanocomposites obtaining from the gas phase
environment and evaluation of their operational pgrties and main technological method of homogeseou
fluoropolymer based nanocomposites production igturgé pyrolysis which contains PTFE block and easil
decomplsed inorganic ammonium fluoride with thesagfluent condensation of pyrolysis products. Thesoubdr
PTFE composites obtained by this method with,Ji®0, and CoQ indicated as TFP,SFP,and CoFP are used as
the modifying additives for PTFE.

Dongya Yan& et al prepared the blend composites of polyphestgr polytetrafluoroethylene by cool pressing and
hot sintering inorder to develop high performanealing material for stirling engine. The effect pdtassium
titanate whisker (PTW) and calcium sulfate whisk€SW) on the tribiological properties of the POBHET
composites was studied. It shows that the POB-Pddtaposites were used as matrix for seal materiatiiting
engine and the creep and shear resistance of POE-Rfe improved by the addition of PTW, the friatio
coefficient of the composites need not be changédthve variation of load.

CONCLUSION

Polytetrafluroethylene(PTFE) is the material whiska choice for a variety of applications. Currgnit is finding
increasing utility owing to its unique propertigkel chemically inert to almost all known substanaeduding
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corrosive liquids(especially Cl and Caustic), vapsoand gases. Nowadays, virgin PTFE is widely wsebtearing
material which is a self lubricating and subject$ow coefficient of friction. As virgin PTFE hageellent chemical
and water resistant property, moderate mechaniwhtizermal property, superior electrical insulatpoperty with
low coefficient of friction, low wear creep resista and low load bearing capacity, the differelher like Glass
fibre, Granite, Tixolex-25, Antimony trisulpide, Relain, Bronze, China clay etc. have been incateatr to
improve these properties. The problem with PTFRigh wear-rate also can be reduced by adding Seifillers.

It was found that, most of the works done on PTRSed composites were focused mainly on commercial
requirements. Some of the research which has beea oh scientific and technological studies on e filled
PTFE composites by varying types and concentraifdillers were used with an idea to establish Wiglstrs and
filler combinations for specific commercial usesdand applications. Work has also been done oreffieets of
different fillers on various mechanical properti€aermal analysis, XRD analysis, SEM studies, agiriand filled
PTFE composites to identify optimum filler contemthich corresponds to maximum different mechanical
properties.

Further, focus can be made on thermal propertiesefd dielectric strength and insulating resistyace chemical
resistance properties, on virgin PTFE and filleadgr PTFE for different uses and end applications.
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