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Abstract — Investigation of the possibility to regulate the
boundary processes in the composite material made from scrap
tires and polymer binder must be considered as a perspective
direction so that to regulate the essential properties of composite
material. The modification of rubber crumb was performed by
means of treatment with inorganic acid in order to improve
adhesive interaction between rubber and polymer binder.

The influence of rubber crumb modification on such
parameters as Shore C hardness, tensile strength and elongation
at break, impact strength, apparent density of composite
material in correlation with its composition and adhesion
between rubber and polymer binder were investigated.

Close correlation between composition, modification of rubber
crumb and selected properties of the composite material was
demonstrated.
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I. INTRODUCTION

One of the most perspective direction of used tire recycling
is combination of scrap tires with polymer binder and
production of composite materials /1,2,3/.

The present study is continuation of previous studies
/4,5,6/ and is intended to investigate the possible regulation
of the boundary processes in the composite material made
from scrap tires and polymer binder. The modification of
rubber crumb was performed by means of treatment with
inorganic acid in order to improve adhesion between rubber
and polymer binder /7,8/.

The compressive stress and compression modulus of
elasticity at 10% deformation, Shore C hardness, tensile
strength and elongation at break and impact strength,
apparent density of composite material in correlation with its
composition, as well as adhesion between rubber and
polymer binder were investigated.

Modification of rubber crumb can be useful in the
purposeful improvement of the investigated mechanical
properties and production technology of the composite
material.

II. MATERIALS AND METHODS

Mechanically grinded, modified and non-modified rubber
crumb, obtained from the used tires with particle size from 0.2
to 7.0 mm and polyurethane type binder with selected
reactivity, were used to produce samples of the composite
material. Different compositions of rubber crumb and polymer
binder (from 8 to 23 wt.%) were used.
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Samples of the composite material were prepared under
constant and definite conditions: formation temperature (17—
22°C), moulding pressure (0.004 MPa), curing time (24 h) and
relative air humidity (20-40%).

Chemical modification of rubber crumb with 96% sulphuric
acid was used at the selected time points of treatment to
estimate possible intensification of adhesive interaction
between the polymer binder and rubber particles.

In order to determine changes in rubber surface energy
before and after modification, wetting properties (contact
wetting angle ©° of water droplet on a rubber surface) of solid
rubber samples were examined. Special samples were
prepared to investigate the strength of adhesive bonding
between the polymer binder and modified rubber surface
according to LVS EN 28510-1.

The apparent density AD (kg/m®) of composite material was
determined according to LVS EN 1602. Shore C hardness was
investigated by using Shore durometer (Type C; ISO 7619,
ISO 868). Mechanical properties of composite material
(compressive stress at 10% deformation and compressive
modulus of elasticity) were determined by using testing
apparatus Zwick/Roell7020 according to LVS EN 826. In the
tensile mode of loading, the ultimate tensile strength and
elongation at break for specially prepared samples with
definite dimensions were determined according to LVS EN
ISO 527-3.

III. RESULTS AND DISCUSSION

Modification of rubber crumb with 96% sulphuric acid was
used at different reaction times in order to explore the
possibilities to intensify adhesion between the polymer binder
and rubber particles and thereby, probably, the mechanical
properties of the investigated composite material /7,8,9/.
Chemical modification of rubber crumb showed significant
changes in apparent density compared to the samples of
composite material prepared under the same conditions, where
non-modified rubber crumb was used (Fig. 1). This can
partially be explained by the essential changes in a particle
size distribution of rubber crumb after chemical modification

(Fig. 2).
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Fig. 1. Variation in the composite material apparent density AD (kg/m®) with
composition of material and modification of rubber crumb. 1 — non-
modified rubber crumb; 2 — chemically modified rubber crumb.

70
% 50
€ 40
2
5 30
3
< 20
3
“ 10
0
AN S R R e\
S o A » 23 X

Rubber crumb size, mm

Fig. 2.Particle size distribution of scrap tires prior and after surface
modification with sulphuric acid. 1 — non-modified rubber crumb; 2 —
chemically modified rubber crumb.

70

60 - ml =2

B u
o o
1

Shore C Hardness
N w
S o

=
o
1

O .
13 18 23
Polymer binder content, wt.%

Fig. 3. Variation in the composite material Shore C hardness with composition
of material. 1 — non-modified rubber crumb; 2 — chemically modified
rubber crumb.

At the same time, the experiment showed that Shore C
hardness increased up to 15%, when the modified rubber
crumb was used, probably, due to destruction of double bonds

on the rubber surface consequently leading to the loss of their
elasticity (Fig. 3). The chemical modification of rubber
surface with sulphuric acid was mainly carried out to
investigate subsequent changes in adhesive interaction
(bonding) between rubber and polymer binder. To improve
interfacial compatibility in composite materials, surface
oxidant treatment was also demonstrated in the systems
containing polyolefins /9,10/. Experimental results of Peel
Test showed that the chemical modification of rubber surface
promoted adhesive bonding for the selected samples (Fig. 4).
The results of Peel Test correlated with rubber surface
wettability measurements — contact angle decreased after
treatment with acid from 102° to 65°.

A visual evaluation of failure character of adhesive joints
after Peel Test mainly demonstrated the adhesive type of
destruction.
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Fig. 4. Variation in Peel strength with polymer binder activity prior and after
chemical modification of rubber surface. 1 — non-modified rubber
crumb; 2 — chemically modified rubber crumb.

To investigate subsequent changes in mechanical properties,
the ultimate tensile strength (o) and elongation at break (&) in
the tensile mode of loading of composite material (polymer
binder with 2.42% isocyanate group content) were determined
(Table 1).

TABLE 1

ULTIMATE TENSILE STRENGTH (o), ELONGATION AT BREAK (&),
COMPRESSIVE STRESS AT 10% DEFORMATION (G1¢y) AND COMPRESSIVE
MODULUS OF ELASTICITY (E) OF COMPOSITE MATERIAL

Polymer
Rubber binder Vi e Vi0% E
crumb content (MPa) (%) (MPa (MPa)
(Wt.%)
1. Non-
modified 13 0.068 66 0.21 0.25
18 0.152 57 0.28 0.36
23 0.175 51 0.39 0.42
2. Modified
13 0.064 67 0.80 1.50
18 0.104 - 1.00 6.80
23 0.106 62 1.38 7.00

Mechanical properties, such as modulus of elasticity and
compressive stress at 10 % of deformation, were enhanced by
improving adhesion between rubber and polymer binder. This
is highly related to the improvement of wetting capability
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Laimonis Malers, Renate Plesuma. RobeZprocesu reguléSanas iespéju izpéte nolietotu riepu smalkni un poliméra saistvielu saturos$a
kompozitmateriala.

Nolietotu riepu racionala izmanto$ana joprojam ir biitiska, realiz€jot un pilnveidojot materialu reciklé$anas tehnologiju un politiku. Starp
dazadiem 31 materiala utilizacijas veidiem ka perspektivs virziens ir jamin sasmalcinatas riepas izmanto§ana kompozitmaterialu izveids. ST
virziena perspektivitate ieglist sevisku nozimi nemot véra to, ka nolietotu riepu dabiska sadaliSanas prasa loti ilgu laiku, un nepamatoti tiek
noslogoti atkritumu depongsanas poligoni. Sada kompozitmateriala praktiskas pielictoianas iesp&jas var saskatit gan bivnieciba, gan citas
tautsaimniecibas nozargs.

ST darba mérkis ir noskaidrot , ka ,veicot gumijas smalknes kimisku modificé$anua ar neorganisku skabi (sérskabi,), iesp&jams iespaidot
robezprocesus (adhezivo mijiedarbi ) kompozitmateriala, kas satur nolietotu riepu gumijas smalkni un poim@ra saistvielu, un tadejadi art
vienlaicigi kompozitmateriala mehaniskas 1pasibas.

Noskaidrots, ka gumijas smalknes kimiska modifikacija izmaina gumijas dalinu granulometrisko sadalfjumu un virsmas energiju (samazinas
tas hidrofobitate), kas ir par iemeslu intensivakai gumijasun poliméra saistvielas adhezivai mijiedarbei. Konstatéts, ka §ada gumijas apstrSade
biitiski iespaido kompozitmateriala mehaniskas Tpasibas —palielinds materiala Sora C cietiba ,spiedes spriegums un elastibas modulis .
Paradits, ka izveléta gumijas smalknes kimiskas modific€Sanas metode, apvienojot to ar mérktiecigu kompozitmateriala sastava un pielietotas
poliméra saistvielas aktivitates mainu, lauj mérktiecigi mainit kompozitmateriala ipasibas un turpmak pilnveidot ta iegti$anas tehnologiju.

Jlaiimonuc Masnepe, Penare Ilnecyma. HccienoBanme B 00,1aCTH BO3MOKHOCTEH peryJiMpoBaHHsi T'PAHHYHBIX MpPOLECCOB B
KOMIO3UIHOHHOM MaTepHaJie, cofep kalieM KPOLIKY H3HOIIEHHBIX IIHH U NM0JUMepPHOe cBs3ylolliee.

PannoHanpHOE HCIIONB30BaHNE U3HOMICHHBIX LIMH SIBJISETCS CYLIECTBEHHBIM (DaKTOPOM IIPU peaM3aliy ¥ COBEPIICHCTBOBAHMN TEXHOJIOTHHU U
MOJINTHKY PENUKIN3aluy  MarepuaioB. Cpean IpPOYMX CIIOCOOOB YTHJIM3AlMU IIMH IEPCHEKTHBHBIM HAIpaBJICHHEM CJeAyeT IpPH3HATh
HCTIONb30BAHNE M3METbYEHHBIX IIHH IJIS CO3JaHUsl KOMIIO3MI[MOHHOTO MaTrepuana. IlepcreKTHMBHOCTh 3TOr0 HampaBlCHUs NMPHOOpPETaeT
0c00YI0 BaXKHOCTb, YUHTBIBAsI TO, YTO €CTECTBEHHOE PA3JIOKEHHE LIMH TPeOyeT oueHb OONBIIOro BPEMEHH U HEOOOCHOBAHHOTO 3arpy KeHHs
MIOJIMTOHOB pa3MEIIeHHsT OTX0H0B. IIpakTHueckoe MPEMEHEHHE TaKOTO0 MaTepHana MOXHO OXHAATh KaK B CTPOHMTEIBCTBE, TAaK B APYTUX
OTpacisIX HapOIHOTO X03aKcTBa. Llenpio HacTosImIel paboThI SBISECTCS BBIICHEHHE BOZMOXXHOCTHU BIMATH HEOPTAHHMUYECKOH (CEpHOI) KHCIOTOM
Ha TPaHUYHBIE IIPOIECCHl (aAre3MOHHOE B3aNMMOJCHCTBHE) B KOMIIO3MIMOHHOM  MaTepuajne, COAEpXKaIleM H3MENbYeHHBIC MIMHBI U
MIOJIMMEPHOE CBSA3YIOIIee, U TaKMM 00pa3oM OJHOBPEMEHHO Ha MEXaHHYECKHe CBOMCTBA KOMIIO3MIMOHHOTO MaTepuaja. Y CTaHOBJICHO, YTO
XUMHYECKass MOOU(MUKALMS PE3MHOBOM KPOLIKM MEHSET IPaHYJIOMETPHYECKOe pACIpeieIieHHe YacTHI M HMX ITOBEPXHOCTHYIO SHEPIHIO
(moHmxaercst ee ruIpoOOHOCT), YTO SIBISETCS HNPUYMHON 00Jee MHTCHCHBHOIO aAr€3MOHHOTO B3aUMOJCHCTBUS PE3MHBI M MOJIUMEPHOTO
ces3ytoiero. ITokasaHo, 4To Takas 06pabOTKa Pe3UHbI CYHIECTBEHHO BIUSET Ha MEXaHHMYECKHE CBOICTBA KOMIIO3UIIMOHHOTO MaTepHana —
noBsimaeTcst TeepaocTh 1o Hlopy C, HanmpskeHHe ¥ MOJYJIb YIPYTOCTH IPH CHKaTHH.

IToka3zano, uT0 BEIOpaHHBII METO MOAU(HUKALINY PE3MHOBOH KPOIIKH B COUYETAHUH C HAIIPABIEHHBIM H3MCHEHHEM COCTaBa KOMIO3HUIIMOHHOTO
MaTepHuaia, a Tak)ke aKTUBHOCTH IOJIMMEPHOTO CBSI3YIOIIETO, IO3BOJISIET LIEJICHANIPABICHHO MEHATh CBOMCTBA KOMIIO3UIMOHHOTO MaTephaia
U B JJaJIbHEHIIEM COBEPIIEHCTBOBATH TEXHOJIOIHIO €0 MOTyYEHHUS.
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