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HIGH PERFORMANCE COM POUNDS FOR FIBRE REINFORCED COMPOSITES
U. Gohg, C. Zschech C. Schefflet, andG. HeinricH?

Yeibnizl nstitut f¢r Pol y mBrestleaGesmanygohs@ipdddes den e . V.
Technische Universitat Dresden, Il nstitut f¢é¢r Wer k-

Aim on these experimental results toughened PP was pr
duced by continuous EIReP for preparation of GR-rei
forced PP. Selected mechanical parameters were- dete
mined.

High performance fibre reinforcedhdrmosets
causegroblems in cycle time and recyclinghe use of
a thermoplastic matrixoffers an alternativelsotactic
polypropylene(PP) is a widespread used thermoplastiResults and discussion
polymer with agood chemical resistan@ad hardness, Polymer properties like viscosity, chemical cea
but low toughnessA significant increase of toughnessyjyity, andmorphology beforeeactive compoundings
can be achieved Hylending witharubber but itresults el as processing parameters like electron enargy
in a lower level ofE-modulus and tensile strengthl.  energy input per timeuring reactive compounding are
In comparison to state of the art technology, increasegongly nfluencing the mechanical performanceR?
tensile strength can be achieved by electron indueed fypber blends. Based on an optimized selection of raw
adive processing [@ 4]. This novel reactive @0- materials and processing parameters toughened PP was

pounding method was used for the toughening of PBroduced. Beside significant improvement in toughness
Finally, this toughened PP was used todpice endless it has values of #nodulus and tensile strength which

ing.

Materials and methods PP (92,5 wt.%)/EOC (7,5 wt.%)-blenc

Two polypropylene homopginers (PP)were used 300
as matrix polymerPP HD120MO was obtained from 050 W E-modulus [%] I
Boreali s, D¢ssel dor f Ge O tensie strength [%] ate of

the polypropylene, measured at 280C and 2
amounts to 8.@/10 min. PP HG455FBwas obtained
from BorealisAG, Vienng Austria The melt flow rate
of the polypropylene, measured at 28€C and 2
amounts t®7 g/10 minThis type of PRan be used for
melt spinning of fibres. EXXELOR PO 1020 (Exxon
Mobil Corporation, Machelen, Belgium), a maleic-a
hydride functionalized PP, issed for mprovedadte-
sion etweenPP andamio-silane treate®F surface Fig. 1. Selected parameters normalised to virgin PP

Three types of rubbers were tested for PP towghe  Endless GF reinforced toughened PP has improved
ing. Buna EP G6850, a ethylidene norbornene (ENBjughness (+15%) in comparison to endless GF-rei
containing ethylene propylene diene rubber (EPDMjorced original PP. Further, the values fomBdulus
was obtained from Lanxess, Lekasen, Germanylhis  and tensile strength are rinfluenced by toughened PP
EPDM contains 51 wt.% of ethylene and Wf% of  wjthin the experimental uncginty.

ENB and has a Mooney viscosity, MLt4) at 125 AC,
of 60. Keltan DE8270C, a vinylidene norbornene 1. Grein C., et alMechanical and Optical Effects of Elastomer |
(VNB) containing EPDM rubber, was obtained from  teraction in Polypropylene Modification: EthyleReopylene

; 0 _ Rubber Poly(ethyleneco-octene) and StyrerButadiene Elasto
DSM, Geleen, Ne;)therlandtt. contans 50wt.% of eh mers / eXPRESSPolymer Lettersd 2012(6), no. 9, 688 696
ylene and 3.0 wt.% of VNB and has a Mooney Vi§cos ; naskar K, et al. PPEPDM Thermoplastic Vulcanisates (TPVs)

ty ML(1+4) at 1 2 EngAge 8100 &ntet8 0 . by Electron Induced Reactive Processing // eXPRESS Polymer
ylene octene copolymer, was procured from Dow Lettersd 2009, no. 3, 673 683
Chemical (USA). The cononomer (octene) content 3. Rajeshbabu R.et al. Preparation ofpolYpropylene(PP)/Ethy

. lene Octene Copolymer (EOC) Thermoplastic Vulcanizates
amounts to 23 md¥. The melt flow index, raasured at (TPVs) by High Energy Electron Reactive Processingada-

190 AC and 2. 16y/l1&mn, a mo u nt tenPHysls anli Chdhistr§ 2011, no80, 1398 1405

At first, PP/rubber blends of 50/50 weight ratio 4. ThakurV, etal. ElectrorinducedReactiveProcessingf Ther-
were prepared by discontinuous electron induced-rea ~ Moplastic Vulcarizate Basedon Polypropyleneand Ethylene
. . . . . . Propylene Diene Terpolymer Rubber // Polymer Journal &
tive processing (EIReP) in order to investigate theuinfl 2012.n0. 44, 43% 448
ence of polymer properties and processiggameters

on the mechanicadroperties of PP/rubber blends. Based

200 4+ @ elongation at break [%}——— —_

Charpy 1eA [%]

normalised parameters [%)]
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The pull-out and microbondtestsare widely used smallest discrepancy between its theoretical curve and

for interfacial bond strength investigation in fiber experimental points can be regarded t he HAopt i ma
matix systems.n these tests, an adhesional contact isne.
formed between the studied fiber and a matrix droplet,
and after ratrix consolidation, the fiber is pulled out of
the matrix, and the applied force is recorded as a-fun 0.5 .
tion of the dsplacement of theoladed fiber endlThough i A7
these tests are experimentally extremely simple, tt * / 6
guestion of proper bond strength determination (e. o .. 0-# /3,1
taining a specific numerical value) remains rather a 8 %/:71——‘
biguous. At least eight different approaches to bonz o3 .q e il
strength determirimn in the pulout and microbond & 7 ____%"‘"
tests have been proposed, apart from many mathem: £ i — /
cal models of the fiber puiut and calculation of agh  Z 7| _2— ;/ﬁ )
sion strength parameters within eappraach. 1 / _ b i
These approaches can be classified according 0.1 Vi aa
the following altenative features: averaged/locale{d 2 '
termination of fapparent ggl 11 shear
strength (IFSS)); stredsased/energpased (is the ca 000 002 004 006 008 010 012 0.4

hesion strength parameter and failure criterion loci
IFSS_, Tg, OF critical energy release raté;‘-ic)_; di- ig. 1. Maximum force recordedn a pull-out testasa function of the
rec_tll_ndreCt (IS__th_e adhesional strength det?rmmed fro beddedengthfor glassfiber i epoxy resin system Filled circles
individual forcé displacement curves or estimated frompresentexperimentalpoints solid lines correspondo different theo-
the data obtained for a set of sjpeens). Some of these retical models 1 8 apparent IFSSFuax < l¢); 2 8 linear model;
approaches explicitly include filiematrix friction as a 38 direct stresdased approach with preliminaz estimation [2];
separate interfacial parameter, anel tther hide thefe 4 9 direct energbased approactt 8 indirect stresbased p-
fect o f friction i n anl f %ro]ac [1];6 &6 dlrgct sté_eséf)ased ;a)ggoach bryis estlmz;ﬁed fr%mt Fen t h
. . . . e'deba f8rc§a[l'], 75 Cinlirect@ndr ybgse% épﬂ?ogcﬁa[ g
ue. Since theoretical comparison of different methods of
the pultout and microbond data treatment has mst r For the investigated glass fiberepoxy resin sy-
vealed a sole generally recognized one, it seems to #§&s (typical plot is presented in Fip. the best fit has
interesting tacompare these methods experimentally. been obtained using the strémssed approach with the
In our previous paper [1] we have shown that thestimation of both interfacial intergan parameterstq
peak force recorded in the puallit and microbondxe andrt) for each specimen separately. However, as can
periments can be presented as be seen, some other moe@els als
guatelyo. For a better compar.i
a pultout or microbond experiment on a system with

wherep,anis the adhesion strength paramergof Go);  Much wider range aémbedded fiber lengths may ke r

1 is the interfacial frictional stress in debonded regiongUired-
le is the embedded fiber length, and other parameters on. zhandarovs. andM? d e PealEForce as Function of thenE

Embedded length, mm

Fimax = Fmax{(Padnh T les --.), (1)

the right side characterize mechanical and thermal-pro bedded Length in the Pulut and Microbond Tests: Effect of
erties of the fiber and the matrix common for all $spec
mens. Therefore, itmakes sense to represent ekper
mental data as a plot &f,a versusle (pointsin Fig. 1).
This plot can also include theoretical curves corredpon
ing to different approaches (solid lines); these differ
from each other in the mathematical form of the trigh
side in Eq(1) and in umerical values of the adhesional
and frictional parameters estimated using the-qudl
and microbond tests. The approach which yields the

26

2.

Specimen Geometry f. Adhesion SciTechnol.d 2005 @9),
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Adhesionalstrengthdetermination using the pull (wetting cone) of the matrix material is present on the
out and micrbond tests is based on the treatment diber, the traditional approach substaryialinderest
forcei displacement curves recorded in these tests. mates thery values (in some cases, by 30% and even
typical forcé displacement curve is presented in Big. more)[3]. The aim of this paper was to determine the
Its shape depends on three main parameters [1]: logaerfacial interaction parameters for specimens with
interfacial shear strength (IFSty), frictional stessin meni s ci using the fdalmernat:i
debonded region«;, and the embedded length, The pare the calculated values witiose obtained within the
interfacial interaction parameters are calculated from tiet r a d i gproaem al 0 a
force values at three characteristic points: the debond We considered model fortdisplacement curves
force, F4 (it does not depend on interfacial friction, andsimulated for glass fibe® epoxy matrix specimens
thereforety can beunambiguously determined from its with different wetting angles [3]. The true interfacia i
value), the force corresponding to debonding cemplteraction parameters were set tq=60MPa and
tion, F, (depends solely ot; and thus can be used fort; =5 MPa; the embedded length was &. As can
its direct calculation), anB, the peak force recorded be seen in Tablg, for cylindrical specimens the pana
in the experiment, depending on brgandr; . eters ckculated using either approach agreed with each
ot her and coincide with the |
droplets, the smaller the wetting amgthe more thry

F values were underestimated. However, while thei-trad
oA tional approach fo$ =1 Oykelded 33% error ity (and
¢ values were overestimated by 4 times!), the erreyin
in the alterative approach was only 4.5%.
L
(5]
& Tablel. Local IFSS and irterfacial frictional stress calculated for
z droplets with menisci using the Atr
'—é approaches 3 is the wetting angle)
= 9, deg Traditionalapproach Alternativeapproach
14, MPa 1, MPa 14, MPa 11, MPa
10 40.17 20.99 57.31 5.05
30 44.36 19.13 57.77 5.00
0 60 46.48 18.49 58.55 5.04
" ] 90 52.20 14.89 59.38 5.04
Displacement Cylinder 60.25 5.07 60.27 5.03
Fig. 1. A typical forcédisplacement curve for a ptdut test. The - Thus we found a new advantagenf the falterra-

bedded fiber length i N . .
gth & tived method which may be crucial for real droplets

Traditionally, the local IFSS is calculated from thewith menisci Even when the real droplet shajseig-
experimentalFy value, and the interfacial frictional nored and interfacial interaction parameters areuealc
stress is then determined frdfp, using already cale | at ed using the fdequivalent
latedtq, or, very rarely, fromF, However, in realxe  alternative method yields correr; values, and the error
peri ments t hedisplakemenkcarves B0 jf 1,6 ®ueh smaller than for the traditional approach.

responding to the debonding onskf)(is often hardly 3 zhandarovs. andM# d E.iPeak Force as Function of thenE
discernible, which results in large errors in measiged bedded Length in the PuDut and Microbond Tests: Effect of

and, Consequenﬂy, in Ca]cu]at»[d] Therefore’ we [- Speacimen Geometry f. Adhesion SciTechnol.d 2005 @9),

~ : A 8179855 : : -
p O S e d an n a I _t ernativeor a pzpzta% 0\()\S.I21ndM[él ggﬂn aﬁelrntﬂive I\X\étno& O?D%termg he n
facial frictional stressty, is first calculated from thexe ing the Local Interfacial Shear tBngth from Force

perimentalF, value, and then the local IFSS is caltula Displacement Curves in the P@iut and Microbond Test$ Intl.

; ; — J. Adhesion & Adhesive® 2014 §5), 370 42
6?1 from F’T‘g’f L;SIng the gqqatlgﬂfmax Fmas(Ta, I.Tf'dl.e) | 3.Zhandarov S. and M2-Q@uTestBithRAnal ysi ¢
W oge expeit torm was derive . n [1] For cylindrica al Specimen Geometry. Part II: the Effect of Meniscus // JeAdh
specimens, both approaches yield exgyancrt; values. sion Sci. Technold 2014 @8), 653 84

However, for real droplets, especially when a meniscus
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ORGANISED STRUCTURESIN PTFE FILM FILLED WITH DYE
AND METAL NANO PARTICLES AND NOVEL RESEARCH TRENDS

L. lvanoV, K. Grytsenkd, Yu. KolomzaroV, O. TolmacheV, Yu. Slominskif, andS. Schradér

v.A. Belyi Metal Polymer Research Institute of NASB, Gomel, Belarus
?Institute of Semiconductor Physics, Kyiv, Ukraidegrytsenko@gmail.com
3Institute of Organic Chemistry, Kyiv, Ukraine
“Universty of Applied Sciences Wildaujochschulring 15745, Germany

Significant part of the new developments in thetudied by advaced structural sensitive methods.
fields of photovoltaidevices, organic light emitting d
odes, organic field effect transistpreane and molea-
lar electronicsare related witthierarchically oganised
materials in multlayered systems: sedfssembled
nanostructures, nanowires, two interpertetigphases in
thin films. But the stability of the narnabjects during
exploitation frequently is low due tnot equilibrium
state of nao-sized objects. Therefore, for industrigha
plications the stabilisation of the naszed objects is
necessary. The high stability of the nasiped particles
and wires should be expected in the modimponent
thin films with polytetrafluoroethylene {HE) matrix.

The already produced composite thin films are the
PTFE or another perfluoropolymer matrix filled with
metal or dye nanoparticles (NPs) with their arbitrary
distribution in the matrix. The size of the metal or dye
NPsis dependenon the metahature, concentration and Figure.18 Au  NPs ~wi th dye H[ZauAWNPEn PTFE
postdeposition treatment. The deposition conditiohs at°""ected With dye nanowires in PTFE matrix.

o e e e 2 e Nenaeiet Ereel oo Sovevahaamn

The perspective direction in the design of the \anoc
nanecomposite films with new properties seems the S;’%Caz'gﬁ"emw and Neural Networks: 2009 (4, no. 4,
PTFE matrix, containesdrganised system of NPs or 2. Grytsenko K.P. and Schrader ISanoclusters ifPolymerMatri-
nanowires. We already obtained metat dyefilled ces Prepared by GDeposition from a Gas PhadeAdv. in Cd-
PTFE films and self assembled nasystems, including '(‘B"r‘;tgggk';t(e”ggﬁgggr gooasngll%tift:ﬁ ZJI?‘.EaabIe Dveiled
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EVALUATION OF MECHAN ICAL PROPERTIES
OF FRICTION LINING BY LASER VIBROMETER

V.V. Kozhushkd, S.N.BukharoV, V.P.Sergienkd, E. Barkanov

v.A. BelyiMetal-PolymerResearchinstitute, National Academy of Sciences of Beonse| Belarus
?Institute of Materials and Structures, Riga Technical University, Riga, L. akdzhushko@mail.ru

Transportis a main source of noise inthe cities.PiezanechaniksmbH LE 150/02fed thevoltage signal
The ecological demands require decreasing of the noisk periodic chirpwithin bandwidth from 50 Hz to
level produced by vehicles this is why the vibration ani2800Hz. The measurements at 220 points of the speci
noise are topical issus automotive and aerospace-meme n6s sur face were done withi
chanical engineeringl]. The engines, transmissis The averaged displacement velocity spectrum gave
and brakes combine moving gears, which induce undélpeaks of different magnitude, whichwere identified
sirable vibrationsand acoustical noideinite element by software aseigenfrequencies. The distribution of the
methodisacommonsimulationtechniquedmademicand amplitudes of the first four modes are shownin
industrialinvestigationsofbrakenoif®l. The method can fig. 1.The loss factor was calculated from the ratio of

calculate the vi omplex o@n sioy eMydhenk 6Qf wi ¢i/ 2 tothe valub of | ev el
structions comprised of several parts if the properties (Ef equency Tére | oss

epeakds f
each component, sluwsh, afso frfﬁ?%%ﬁ‘%‘ﬁm f(gpﬂléic%nsidered range. The gsroc

ratio and loss factors as well as their changes V.V'th t%re ofcalculationof friction liningeigefrequencies
temperatureare known.When the modes and eigenfr

quencies are establishedetblaming and sound k& was redked via finite element modal analysis. Varying

solhing materials can be applied. Thevariety ofypol the values of . voungos modul us
) . o the leastsquare method yielded thevalues of GRa
mers and composite materials on their base canrbe e .
. o R and 0.15, respectively.
ployed for damping of the vibrations in wide tenwper
turesd r anges an dades ofvrequa npa
cies [3]. ;

The wide rangeof temperatures and mechanicalg
|l oads are typical condi
friction linings consist of numerous functional compo
nents,which influence mechanical and thermophysic}:
properties. Theaimofourworkisnondestructivedeteamin
tionoftheYoungdédsmodul us anda- |
tional lining.

The scanning laser vibrometersare state of the &g
technique, whichallows noncontact detection of the s
face velocities spectra that after numerical treatm
yield the modes and eigenfrequenciestha construe 5
tion. Laser DopplervibrometerPolyted00 SDVwas |iusiicoy
employed in our experiment. Owing to the acousit- 663 1306 Hz 1803 Hz 2690 Hz
cal modul at or based on B MinininteSestetekbm—t " "mapossible
measure both the amplitude and the direction dasar
displacement velocity. Theibrometerattairs a resal-
tion of 2nm, and with digital demodulaticiecmiques The authors gtafully acknowledge the support of
even down to the pnrangeln the presented ex theEuropean Commission, Marie Curie programme,
periments, the measurements were carried out at ro@@ntract no. PIRSEGA-20123 18 8 7 4, project
temperature of 20 C. The hi ghest Vaive jorReatreigive destingt ahdeAdvanced Compo
br omet er 0 sbandwdthisaloi®krizaWsu- site Repair of Pipelines with Volumetric Surface-D
ally the loudspeaker or piezoelectric transducetuthis f ect s (I NNOPI PES) o.
the specimen within defined bandwidth. Théoegy of
displacement increases at the natural fregesrof that 1. Seagienko V.P. and Bukharov S.N. Noise and Vibration ircFri

. . . tion Systemsd Springer Series in Material Sciengée2015
system that gives the peaks in the frequency domamz Esgandari M. and Olatunbosun O. Implicitexplicit co

The speci mend skg/ndveas abtained byo f  sikufdtién @f brake noise // Finittlem Anal. Des.d 2015
Archi mededs met HO&]HMEin‘e v)liame

confined the specimen. The piezoelectric transducers: _Nasgiffﬁ-vmnezg-'-%anldgg;ndefse”B-Vibfatio“ darp-
with the size of B4l 5 mn*and the mass of 0.45 g was ~ '"9'¢ ~onnwiey &son
glued on the backside of the specimen. The amplifier

Fig. 1. The first four measured modes of the friction lining
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