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ABSTRACT

Poly(ethylene terephthalate) (PET) fibres have been used as a dispersed micro-reinforcement in a cementitious matrix. The
micro-reinforcement in the fibre reinforced concrete absorbs tensile strain and prevents formation of microcracks originating
from concrete shrinkage. The present work has been aimed at studying the effects of aging PET fibres by alkali hydrolysis
and temperature cycles on the compressive and flexural strength of the PET-cement composite. Using differential scanning
calorimetry, infrared spectroscopy and water vapour sorption, chemical changes of PET fibres after their degradation have
been characterized together with their effect on mechanical properties of the fibres and the resulting PET-cement composite.
It has been found that the flexural strength of the composite has been increased by alkali hydrolysis of PET fibres in sodium
hydroxide. A new application, the Raman microspectroscopy mapping technique, was successfully used to study of the
interfacial transition zone (ITZ) around polyethylene terephtalate (PET) reinforcement in concrete. Waste from PET bottles
has been used in form of fibers as a reinforcing element in Portland cement concrete. Raman spectra represent the
compositional variation of the cement matrix within the distance range of 5 to 65 pm from the PET fibre. The Raman band at
357 em™! corresponding to the vibrations of Ca-O bond at Ca(OH), was used for quantitative distribution of portlandite within
the ITZ area. The most intensive band of portlandite occurs at the distance from 0 to 30 um from the PET fibre. Raman
spectroscopy has been completed with nanoindentation and environmental scanning electron microscopy (ESEM) in
combination with microanalysis (EDX), and electron diffraction (EBSD-OIM). The contact zone is characterized by a higher
porosity (both air and water pores) and occurrence of newly formed mineral phases — portlandite, hydrocarbonate, ettringite,
and lower Ca*" saturated C-S-H gels.
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CONCLUSION
e The structural, mineralogical and chemical
e A new application of the Raman micro- variability in the phase and mineral composition
spectroscopy mapping technique and nano- of ITZ is zonal with radial arrangement of the
indentation, ESEM/EDX/EBSD-OIM analyses to mineral phases (ettringite, Ca-carbonates) formed
the investigation of the interfacial transition zone freshly at the boundary.

(ITZ) as a cross-over element between poly-
ethylene terephthalate (PET) reinforcement and
concrete mass has been presented.

e The specific feature of ITZ is increasing volume
of porosity in contrast to bulk concrete. The
porosity seems to be partially caused by

e The width of ITZ in PET reinforced concretes hydrophobic behavior of the PET surface. Two
varies from 20 to 40 um. This statement has been types of pores (water and air) have been
based on micromechanical properties, on distinguished. Water pores of an irregular shape
chemical variability in composition of cement are filled with portlandite, ettringite and calcite
paste, on mineralogy, and on structural formed freshly from segregated water rich in Ca>"

arrangement of freshly formed mineral phases. ions. They are formed in micro-shear zones of the
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material. The air pores have a radial shape and are
filled with thin incrustation of ettringite and Ca-
carbonates on their inner surfaces. The C-S-H
gels of ITZ are thus lower Ca®" saturated and do
not form the C;S-H gels like in the bulk paste.

Good correlations between the spatial distribution
of selected components (types of C-S-H gels,
mineralogy and porosity) and E-modulus have
been found.

Chemical and thermal degradation of PET fibres
used as micro-reinforcement in a cementitious
matrix have been studied. Before addition to the
cementitious matrix, the fibres were either alkali
hydrolyzed with NaOH or Ca(OH), under
elevated temperature, or laboratory-aged using
various temperature cycles. This treatment should
have simulated aging of PET fibres in concrete in
the course of its hydration a weathering.

Infrared spectroscopy has revealed that the alkali
hydrolysis induces scission of polymeric chains
into smaller fragments of ethyleneglycol and
terephthalic acid, and increases the content of
hydroxyl groups on the PET fibre surface. The
thermal aging of PET fibres has increased the
content of carboxyl groups and in some cases also
hydroxyl groups.

DSC in combination with infrared spectroscopy
was used for determination of the degree of
crystallization and content of the f#rans and
gauche conformation isomers in the original and
modified PET fibres. The PET fibre crystallinity
determined using DSC is lower in all aged
samples except for the sample alkali hydrolyzed
with NaOH. For all modified samples, the total
content of the total and amorphous trans isomers
after the degradation has decreased compared to
the original PET fibres. The content of gauche
isomers has increased in the thermally aged
samples, whereas a moderate decrease has been
observed for the alkali hydrolyzed samples.

Young’s modulus of the degraded PET fibres and
the stress before breakage increases with
increasing content of the trans isomers in the
amorphous fraction of PET fibres, whereas the
gauche and crystalline trans contents follow a
reverse trend.

The degraded PET fibres with a higher content of
the amorphous trans isomers and lower content of
the gauche isomers, namely the alkali hydrolyzed
fibres, have about 90% strength of the original
fibre. The fibres aged by the temperature cycles
with about 65-77 % strength of the original PET
fibre contain a higher amorphous fraction.

The fibres attacked by Ca(OH), and NaOH show
a higher ability for H,O sorption than the original
fibre thanks to an increased fibre surface and
formation of hydroxyl and carboxyl groups on the

fibre surface. Similar trend has been observed for
the content of micropores determined by carbon
dioxide sorption.

e Porosity of the PET-cement composite decreases
with the PET fibre addition and with modification
of their surface by alkali hydrolysis.

e  The three-point bending has shown that a 2 wt%
admixture of PET fibres in cement markedly
increases its maximum flexural strength and
modulus. The highest strength has been obtained
for the cement composite reinforced with the
fibres alkali hydrolyzed with NaOH. It can be
assumed that the chemical degradation increases
adhesion of the fibre to the cementitious matrix in
the interfacial transition zone, and thus improves
mechanical properties of the PET fibre reinforced
cement composite. It is expected that this easy
chemical modification of the PET fibre surface
will provide very sturdy while cheap concretes
reinforced with recycled polymeric fibres.

e The extensometer Ulman I,  enabling
measurement of micromechanical a chemical
properties of PET fibers directly in cement
matrix, has been tailored. It was found, that
original PET fibers placed in the cement matrix
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POUZITIi RAMANOVY MIKROSKOPIE PRO POSOUZENI VLIVU STARNUTI NA
MIKROMECHANICKE ZME,NY, BETONU VYZTUZENEHO
POLYETHYLENETEREFTALATOVYMI VLAKNY (PET)

Vladimir Machovi¢, Pavel Kuklik, FrantiSek Kola¥, Lubomir Kopecky,
Jiti Némecek a Jaroslava Svitilova

ABSTRAKT:

Polyetylenteraftalatova (PET) vldkna byla pouzita jako rozptylend mikrovyztuz v cementové matrici. Mikrovyztuz ve
vldknobetonech absorbuje tahovd namahani a brani vzniku mikrotrhlin vznikajicich pfi smr$tovani betonu. Tato prace je
zaméfena na studium vlivu starnuti PET vlaken alkalickou hydrolyzou a pomoci teplotnich cyklti na pevnost cementového
kompozitu v tlaku a ohybu. Pomoci DSC, infracervené spektroskopie a sorpce vodni parou a byly charakterizovany chemické
zmény PET vlaken po jejich degradaci a jejich vliv na mechanické vlastnosti PET vlédken a vysledného kompozitu PET-
cement. Bylo nalezeno, Ze pevnost kompozitu v ohybu se zvysila po alkalické hydrolyze PET vlaken hydroxidem sodnym.
Pro studium piechodové zony mezi PET vlaknem a cementovou matrici bylo s Gispéchem pouZzito mapovani Ramanovou
spektroskopii. Jako mikrovyztuz byla pouZita vlakna vyrobena z odpadnich PET lahvi a jako matrice byl pouzit portlandsky
cement. Ramanovou spektroskopii byly sledovany strukturni zmény cementové matrice ve vzdalenosti 5 — 65 pm od PET
vlakna. Pas pii 357 cm™ odpovidajici vibraci Ca-O vazby v Ca(OH), byl pouzit pro stanoveni jeho kvantitativni distribuce v
prechodové zéné. Nejintenzivngj$i pasy portlanditu se vyskytovaly ve vzdalenosti 0 — 30 pm od PET vldkna. Vysledky
Ramanovy spektroskopie byly doplnény vysledky elektronové mikroskopie (ESEM) v kombinaci s mikroanalyzou (EDX) a
elektronovou difrakci (EBSD-OIM). Kontaktni zéna vykazovala vyssi porozitu a vyskyt noveé vzniklych mineralnich fazi —
portlandit, hydrouhli¢itan, ettringit a C-S-H gely.
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Starnutim PET vlaken alkalickou hydrolyzou a teplotnimi cykly dochazi ke §tépeni polymernich fetézci na mensi
fragmenty ethylenglykolu a kyseliny tereftalové za vzniku OH a COOH skupin na povrchu vldken.

Youngiv modul degradovanych PET vlaken roste s rostoucim obsahem frans izomertt v amorfnim podilu PET
vlaken, zatimco u obsahu gauche a krystalickych trans je trend opacny.

Alkalicky hydrolyzovana PET vlakna vykazovala asi 90% pevnosti pivodniho vlakna, vlakna starnuta pfi teplotnich
cyklech majici asi 60 — 80 % pevnosti ptivodnich PET vlaken.

Pridavek PET vlaken k cementu vyznamné zvySuje jeho maximalni pevnost a modul. Nejvyssi pevnost dosahl
cementovy kompozit vyztuzeny vlakny, které byly alkalicky hydrolyzovany hydroxidem sodnym. Touto cestou se
zvySuje adheze vlaken k cementové matrici snizuje se jeji porozita. Touto chemickou modifikaci povrchu PET
vlaken lze ziskat pevné betony vyztuzené PET vlakny.

Mikrovyztuz z PET vlaken, ktera byla starnuta teplotnimi cykly sniZzovala pevnost cementového kompozitu ve
srovnani s mikrovyztuzi s piivodnich PET vlaken.

Byl vyroben extenzometr Ulman I umoznujici stanoveni mikromechanickych a chemickych vlastnosti PET vlaken
piimo v cementové matrici kompozitu Ramanovou spektroskopii. Bylo nalezeno, ze piivodni vlakna v cementové
matrici nevykazovala vyznamné mikromechanické zmény a chemickou degradaci po 100 dnech hydratace cementu.
Alkalicky hydrolyzovana PET vlakna vykazovala asi 90% pevnosti pivodniho vlakna, vlakna starnuta pii teplotnich
cyklech majici asi 60 — 80 % pevnosti ptivodnich PET vlaken.

Pridavek PET vlaken k cementu vyznamné zvySuje jeho maximalni pevnost a modul. Nejvyssi pevnost dosahl
cementovy kompozit vyztuzeny vlakny, které byly alkalicky hydrolyzovany hydroxidem sodnym. Touto cestou se
zvySuje adheze vlaken k cementové matrici snizuje se jeji porozita. Touto chemickou modifikaci povrchu PET
vlaken lze ziskat pevné betony vyztuzené PET vlakny.

Mikrovyztuz z PET vlaken, ktera byla starnuta teplotnimi cykly sniZzovala pevnost cementového kompozitu ve
srovnani s mikrovyztuzi s piivodnich PET vlaken.

Byl vyroben extenzometr Ulman I umoznujici stanoveni mikromechanickych a chemickych vlastnosti PET vlaken
piimo v cementové matrici kompozitu Ramanovou spektroskopii. Bylo nalezeno, ze piivodni vlakna v cementové
matrici nevykazovala vyznamné mikromechanické zmény a chemickou degradaci po 100 dnech hydratace cementu.



