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Abstract — The presented work is dedicated to the examination
of effect of hardening temperature and composition on the
mechanical properties of composite material made from
mechanically grinded scrap tires and polyurethane type binder
with different reactivity. The influence of polyurethane type
binder’s reactivity on such parameters as Shore C hardness of
composite material, compressive stress at 10% deformation in
statistic and cyclic mode of loading and compression modulus of
elasticity were determined. Special interest was dedicated to the
examination of freeze/thaw resistance in corelation with
composition of particular samples in order to consider potential
use of created composite material. Close correlation between
composition, reactivity of the polymer binder and selected
properties of the composite material was demonstrated.
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I. INTRODUCTION

Utilization of scrap tires remarkably important from the
aspect of unloading the environment from non-degradable
waste. Various ways of utilization and recycling methods exist
due to the complicated structure of vehicle tires which are
made of various materials such as synthetic and natural
rubber, textile and metal wires /1/. One of the most
perspective directions of scrap tire reuse is the production of
composite materials (playgrounds, tiles, insulation materials,
road barriers etc. /2, 3/) made of polymer binder like
polyurethane.

The presented work must be considered as a rational
continuation of previous investigations /4/. It is devoted to the
clarification of possible correlation between the composition
of the composite material based on scrap tires and polymer
binder, hardening conditions and definite mechanical
properties as well as to acquiring information about the
structure of composite material.

During this research composite material based on crumb
rubber and polyurethane type binder with different reactivity
was created. Various contents of polymer binder and crumb
rubber at different formation conditions were used. The
correlation between mechanical properties and Shore C
hardness was examined as well as special interest was devoted
to determination of freeze/thaw resistance of composite
material.

1. MATERIALS AND METHODS

Mechanically grinded at room temperature scrap tires
(particle size from 0,5 till 5,0 mm) and polyurethane type
binder with different reactivity (various isocyanate functional
groups content in polyurethane type binder) were used to
produce composite material samples for further investigations
in presented work. This process involved mechanical mixing
of the required components, molding of samples in uniform
molds and hardening of samples under definite and variable
conditions.

The Shore C hardness (1ISO 7619, ISO 868), compressive
stress at 10% deformation o1y at different loading modes
(static and cyclic) and compression modulus of elasticity E
(EN 826) in the correlation with composition (wt.%) of
composite material either with following hardening conditions
of samples at temperature T(°C) and relative humidity RH (%)
were investigated. Tests were performed in order to determine
the influence of composite material hardening conditions on
ultimate tensile strength (o)) of material, moreover freeze
/thaw resistance (13 cycles) was investigated for selected
samples.

I11. RESULTS AND DISCUSSION

Direct influence of polymer binder content, T and RH on
investigated parameters was observed. It was clarified that
temperature and relative humidity is interdependent;
respectively by the increase of temperature relative humidity
decreases. It was clarified that the existing polyurethane-type
binder becomes hard in moisture cure reactions between
isocyanate functional groups in polymer and air humidity /5/.
This process has an important role in the hardening process of
composite material and it will be considered in further
investigations. In the presented work various polymer binder
(with reactivity 7,7 %) contents and hardening temperatures
were chosen as it can be seen in Figure 1. The obtained results
show significant influence of hardening temperature on the
tensile properties of composite material. The increase of
ultimate tensile strength is potentially possible due to the
increase of polymer binder content in the composite material
as its role becomes significant in the tensile mode of loading.

In order to consider the potential use of the created
composite material special interest was paid to the
examination of freeze/thaw resistance in correlation with
composition of particular samples and hardening conditions.
In order to create uniform samples various binder contents
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were used. Part of the samples from one set was subjected to
tensile mode of loading before freeze/thaw resistance test, and
other set of samples was subjected to 13 cycles of freezing
(2h) at temperature T=-21,5 °C and RH= 48,0 % and thawing
(1h) at room temperature. Figure 2. presents the correlation
between hardening temperature and ultimate tensile strength
of samples which increases with the increase of hardening
temperature. Nevertheless the ultimate tensile strength does
not show signifficant decrease after the freeze/thaw resistance
test. To obtain more precise information about the changes at
the microscopic level in the composite material after
performing the freeze/thaw resistance test, scaninng electron
microscopy (SEM) was used.
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Fig. 1. Correlation between ultimate tensile strength oy, MPa, hardening
temperature T, °C of composite material and binder (reactivity 7,7 %)

content VVp, wt.%; relative humidity RH = 10-30 %.
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Fig. 2. Correlation between ultimate tensile strength om, MPa, hardening

temperature T, °C of composite material and binder (reactivity 7,7 %)
content Vp, wt.% before and after freeze/thaw resistance test.

Figure 3 illustrates that there are no significant changes at
the interface between both components (polymer binder and
rubber particle). Meanwhile this may lead to unproved
statement that there is good adhesion between rubber particles
and polymer binder, yet this is not proved by experiments in
this paper.

Previous investigations /4/ showed that at the compressive
mode of testing results are highly dependent on the polymer
content in composite material; furthermore present
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investigations show the influence of content of the existing
isocyanate functional groups in polyurethane type binder on
mechanical properties of composite material. Figure 4 and
Figure 5 illustrate that compressive stress at 10% deformation
and compressive elastic modulus increases steadily by
increasing of content of isocyanate functional groups in
polymer binder.
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Fig. 3. Scanning Electron microscopy (SEM) illustration (Mag. 6000 x) of
rubber particle and polymer binder interface after freeze/thaw
resistance test of composite material with binder (reactivity 7,7 wt.
%) content Vp, 13 wt.% at relative humidity RH=13,9%, hardening

temperature T= 60°C, hardening time 1,58 h.
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Fig. 4. Effect of material composition (binder content from 8 till 28 wt. %)

on compressive stress at 10% deformation: isocyanate functional
group content in polyurethane type binder 1- 2,4 %, 2 — 7,7 %.
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Effect of material composition (binder content from 8 till 28 wt. %)
on compressive modulus of elasticity E (10% deformation):
isocyanate functional group content in polyurethane type binder 1-
2,4%,2-17,7%.

Fig.5

It is shown that values of Shore C hardness increase with
the increase of polymer binder content in the composite



Scientific Journal of Riga Technical University
Material Science and Applied Chemistry

2011
Volume 22

material for both isocyanate functional group contents in
polyurethane type binder — 2,4 % or 7,7 %. (Figure 6).

Figures 4 and 5 show that higher content of isocyanate
groups in the polyurethane provides higher degree of cross
linking of polymer and therefore provokes increase of tested
mechanical properties as well as higher Shore C hardness of
total composite material sample.
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Fig. 6. Correlation between isocyanate functional group content in

polyurethane type binder and Shore C hardness of composite
material: 1 —2,4 %, 2 7,7 %.

The correlation between hardness and the compressive
stress at 10% deformation as well as the compressive modulus
of the composite material were determined and the results are
illustrated in Figure 7. Thereby determination of hardness may
be considered as an express-method for the estimation of the
selected mechanical properties (E and o10) of the composite

material without direct experimental testing of given
parameters.
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Fig. 7. Correlation between Shore C hardness and compressive stress at 10%
deformation and compressive elastic modulus; isocyanate functional
group content in polyurethane type binder 2,4 %.

The determination of hardness may be considered as an
express-method not only for the estimation of the selected
mechanical properties, but also as a tool for measuring
hardening kinetics of composite material. The hardening of
composite material was carried out at various temperatures
and compositions regarding to the used binder content,

however main tendency was similar. It can be seen (Figure 8)
that hardening temperature does not have great influence on
hardness of composite material, probably due to its specific
structure. Total hardness of material is highly dependent from
the hardness of separate components (tire rubber and polymer
binder).
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Fig. 8. Shore C hardness as a method for estimation of hardening kinetics of

composite material (binder content 18 wt. %): isocyanate functional
group content in binder 7,7 %.

In Figure 9 strong influence of composite material
composition and type of binder (different reactivity of
polymer binder) on compressive stress at 10% deformation in
cyclic mode is demonstrated in a selected rage of polymer
binder content. Previous investigations in comparison with
present examinations showed that compressive stress at 10%
deformation does not keep constant values /4/. The observed
decrease of compressive stress at 10% deformation is greater
in the case of polymer binder with a higher content of reactive
groups which lead to higher hardness of composite material as
it was shown previously in this paper. Feasibly the conclusion
can be made that the strength of composite material under
mechanical load — mostly in the frame of first 5 cycles highly
depends on the used polymer binder, its properties and the
adhesion between two interfaces of used components.
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Fig. 9. Effect of loading cycles on compressive stress o0 Of composite

material. Isocyanate functional group content in polyurethane type
binder 2,4 % (1-4), 7,7% (5-8); content of polymer binder 8 wt.%
(4,5), 13 wt.% (1,6), 18 wt.% (2,7), 23 wt.% (3) un 28 wt.% (8).
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Laimonis Malers, Renate Plesuma, Liena Loémele. Sastava un tehnologijas ietekme uz nolietotu riepu smalkni un poliméra saistvielu
saturoSa kompozitmateriala ipasibam

Nolietotu riepu raciondla izmantoSana joprojam ir bitiska, realizgjot un pilnveidojot materialu reciklé$anas tehnologiju un politiku. Starp
dazadiem §1 materidla utilizacijas veidiem ka perspektivs virziens ir jamin sasmalcinatu riepu izmantoSana kompozitmaterialu izveide. St
virziena perspektivitate ieglist sevisku nozimi, nemot véra to, ka nolietotu riepu dabiska sadali$anas notiek Joti ilgi un nepamatoti tiek
noslogoti atkritumu depon&$anas poligoni. Sada kompozitmateriala praktiskas pielictosanas iesp&jas var saskatit gan biivnieciba, gan citas
tautsaimniecibas nozargs.

S1 darba mérkis ir noskaidrot to, ka kompozitmateriala sastavs, poliméra saistvielas kimiska aktivitate un ta iegfiSanas tehnologija izvéletaja
temperattras diapazona pie atbilsto$a vides relativa mitruma iespaido materiala mehaniskas Tpasibas. Noskaidrots, ka poliméra saistvielas
kimiska reakcijsp€ja un tas daudzums bitiski ietekmé kompozitmateriala mehaniskas ipasibas. Konstatéts, ka parauga iegusanai izvéleta
tehnologiska parametra — temperatiiras nozimigums intervala no 20 lidz 90 °C péc ta ietekmes uz kompozitmaterila paraugu stiepes stipribu ir
ievérojams. Tika novértéta materidla Sora C cietiba, spiedes spriegums un spiedes elastibas modulis (tai skaita cikliskas spiedes slogosanas
rezima) un stiepes stipriba saistiba ar kompozitmateriala sastavu un saistvielas aktivitati. Noskaidrots, ka gan saistvielas daudzums materiala,
gan tas kimiska aktivitate liela mera iespaido izv€létos materiala kontroles parametrus. Paradits, ka kompozitmaterials ir salturigs.Tadgjadi
noskaidrots, ka pastav savstarpgja un prognozgjama sakariba starp kompozitmateriala sastavu, poliméra saistvielas reakcijas sp&u un materiala
pasibam.

Jlaiimonuc Maunepc, Penate Iliiecyma, Jluena Jloumese. Biausinue coctaBa M TEXHOJIOTHHM MOJYyYeHHs] KOMIIO3UIIMOHHOIO MaTepHuaJia
HAa 0CHOBe W3MeJbYEeHHBIX IIHH 1 MOJIMMEPHOTro CBSI3YIOIIEro HA €ro CBoiicTBa

PanuoHanbpHOE HCIOB30BaHNE U3HOIICHHBIX [IMH SBISIETCS CYIIECTBEHHBIM (DaKTOPOM ITPU PEaTH3AUK M COBEPIICHCTBOBAHUN TEXHOIOTHH U
MOJUTHKA PELUKIN3alMi MarepuaioB.Cpeand MpOYMX CIIOCOOOB YTHIM3ALMK LIMH MEPCIEKTHBHBIM HANpaBIeHHEM CIEAyeT MpPU3HATH
HCIOIb30BAHME HM3MENBUCHHBIX INUH JUIS CO3JaHHs KOMITO3HMIIMOHHOTO Marepuana. [IepCrieKTHBHOCTh 3TOTO HaIpaBieHHs MprobOperaer
0co0yI0 BaXHOCTh C YYETOM TOTO, YTO €CTECTBEHHOE PAa3JIOKeHHE IIMH MPOUCXOAUT B TE€YEHHE OYEHb UIUTEIFHOTO BPEMEHH W INUHBI
HEOOOCHOBAHHO 3arpy’kaloT IOJIMTOHBI pa3MeIIeHUs] OTXO0JOB. [IpakTHdeckoe NPHMEHEHHE TaKOro MaTepHala MOXKHO OXHAATh Kak B
CTPOUTENBCTBE, TaK B JPYTHX OTPACisiX HApPOJHOTo Xo3siicrBa. Llenmplo HacTosimel pa®oThl SIBISETCS BBUICHEHHE BIMSHUS COCTaBa
KOMIIO3UIIMOHHOTO MaTepHala, PEeakIMOHHONH aKTHBHOCTH CBS3YIOLIETO M TEMIepaTypbl MOJNy4YeHUs OOpas3loB IPH COOTBETCTBYIOIIEH
BJI@)KHOCTH CpeJllbl Ha MEXaHWYECKHEe CBOICTBAa KOMITO3MIIMOHHOTO MaTepuaia. YCTaHOBJEHO, YTO PEaKIHOHHAs aKTHBHOCTh M KOJNYECTBO
MOJIMMEPHOTO CBSI3YIOLIETO CYIIECTBEHHO BIIMSIET HA MEXaHHYECKHE CBOWCTBAa KOMIIO3HIIMOHHOTO Marepuaia. KOHCTAaTHPOBAaHO TAaKXKe, YTO
3HAYMMOCTB TEXHONOTHIECKOTO MTapaMeTpa — Temreparypsl B maTepsaie 20 — 90 °C 1o oTHOIIEH IO K POYHOCTU TIPH PACTSHKCHHIH MaTepHana
CYIIECTBEHHA.

Onenena tBepmocth no Llopy C, HampshbkeHHE W MOIYNIb YIOPYrOCTH TpPU CKAaTHH, a TaKKe BIHMSHUE NUKIMYSCKON Harpy3Ku
KOMIIO3UIIMOHHOTO MaTepHajia BO B3aHMOCBSI3H C COCTABOM KOMIIO3MIIMOHHOTO MaTepHalla M PEeaKIMOHHOH aKTHBHOCTHIO CBSI3YIOIIETO.
Y CTaHOBJICHO, YTO KOJMYECTBO U MPUPO/A MOJTUMEPHOTO CBSA3YIOIIETO CYIIECTBEHHO BIUSIOT Ha KOHTPOJIBHBIE TApaMeTPhl KOMIO3UIIMOHHOTO
Martepuana. BbIsICHEHO, YTO KOMIIO3UIIMOHHBINH MaTepuall 06JagaeT Xopouie Mopo30yCTORYHBOCTEIO.

Takum 00pa3oM yCTaHOBIIEHO, YTO CYIIECTBYET B3aMMHasi M MPOTHO3UpPYEMasi B3aUMOCBSI3b MKy COCTaBOM KOMIIO3UIIMOHHOTO MaTepHana,
PEaKIMOHHOHN CIIOCOOHOCTHIO MOJIMMEPHOTO CBA3YIOIIETO M CBOHCTBAME MaTepHaa.
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