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OZET

CAM ELYAF TAKV iYELi POLYESTER RECINELI
KOMPOZ iT MALZEMELER iN GERi DONUSUMU UZERINE
CALI SMALAR

KUTLUATA, Gilden
Yuksek Lisans Tezi, Kimya MuhendigliBolima
Tez Yoneticisi: Prof. Dr. Mesut YENEUL
Kasim 2009, 51 sayfa

Bu tezin amaci, cam elyaf takviyeli polyester (CT&gri dongimu
sgilayacak cakmalari gerceklgirmektir. CTP kompozit atiklarinin yeni trinler
haline getirmek icin geri dégumu calgiimistir. Mekanik geri dongiim tekngi,
atik kompoziti @utme ve boyutsal siniflandirmglemlerini icerir. Burada
boyutsal siniflandiriimgi CTP’nin, dolgu malzemesi olarak yeni kompozit
hazirlanmasinda tekrar kullanimi amaclanir. Isti génisim prosesi ise atik
kompoziti enerji dgerinden faydalanmak icin yakmgemidir.

Atik CTP tozunun, kalsit ile kadastirilarak dolgu malzemesi olarak
kullanilabilirligi calisildi. Deneyler siresince alinan érneklerde, elastkitli ve
bikulme dayanimi testleri gerceftlaldi. Ayrica, sertleme sicaklgl, jellesme
ve sertlgme zamanlarini iceren isisal testlerden de faydedlansisal testlerde
dolgu malzemesi kullanildinda gerek kalsit gerek atik CTP tozu birbirin&ipa
sonugclar vernstir..

Ogitilerek elde edilen CTP tozlari dolgu malzemeaiak tekrar kompozit
yapiminda kullanilabilir. Kalsit dolgu malzemesi ripg atik toz CTP
kullanabilecgimiz bu calsmada goéruldi.

Anahtar kelimeler: cam elyaf takviyeli polyester, , kompozit geri
donlimu, geri kazandirilmicam elyaf, polimer kompozit malzemeler, atik geri
donsumu
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ABSTRACT

STUDIES ON THE RECYCLING OF GLASS FIBER REINFORCED
POLYESTER RESIN COMPOSITES
KUTLUATA, Gilden
MSc in CHEMICAL ENG.

Supervisor: Prof. Dr. Mesut YE&UL
November 2009, 51 pages

The aim of this thesis is investigating reuse tdsg fiber reinforced
polyester composites (GRP) into new compositess Tomposite recycling
waste were studied into new products. Mechaniozyaleng technique includes
waste grinding and dimensional classification psses. Here, classified GRP is
intended to reuse as a filling material to the mirgnix. Thermal recycling
process is an incineration process which usesdhwustion energy of the waste

material.

GRP waste dust was used instead of calcite filethe comparision of the
mechanical and thermal properties. The prepareglsamvere tested for tensile
and flexural strengths and corresponding moduli badding strengths were
found. In addition to mechanical tests, thermahdviour including peak
temperature, gel and peak of time were found. Wherfilling material was used
in the thermal test both calcite and waste GRR dyasve results close to each

other.

The ground GRP waste dust can be used as fillitgnahin new composite
products. In this study, it can be concluded ti@&RP waste dust could be used

instead of calcite as a filling material.

Keywords: glass fiber reinforced polyester, composite réoyc glass fiber
recyclate, polymer composite materials, waste miation, waste recycling,

recycled composite
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1. INTRODUCTION

The glass fiber reinforced polyester (GRP) is omethe@ most difficult
materials to separate into its elemental componamsmely fiber, filler, and
polymers in the waste recycling process. Therefibre,wastes are treated in the

incineration or landfilling without any recyclingpproaches.

The fibrous recyclates have some potential asgaiafnent materials, but
they are not as good as the virgin reinforcement there are problems
associated with the bonding of the recyclate wibtymers and the tendency for
the larger pieces of recyclate to be stress rameasact as failure initiation sites
(Kouparitsas, 2003). The thermal recycling proce$sese the advantage of being
able to tolerate more contaminated scrap materidis. fluidised bed process
produces a very clean fibre product, but it is inothe same form as an existing
virgin fibre products. Development work is thereforeeded to identify the ways
in which the material can be reprocessed into effsctive new products. The

same is also true of the fibre products developaah the pyrolysis processes.

These may have varying degrees of char on the lextyibres, which may
limit the reuse options or require further procegsio remove it. The pyrolysis
processes are generally more complex in principda the fluidised bed process

but do produce potentially useful organic proddicis the polymer.

Applications of composite usage are wide-rangingm& applications
include: car body panels, car bumper beams, hégldshshow, stadium seating,

and circuit boards.

Polyester resins are combined with short glagediland low cost fillers to
produce moulding compounds for applications whégé hmechanical properties
are not required. GRP is a very convenient matdaalthe prefabrication of
bathroom units and components. Composite made é&gspnoulding is used in
the fabrication of cold and hot water storage taWben the matrix is made from

a special type of polyester resin, thorough teshiag shown that the tank can



withstand working levels of pressure and tempeeat@RP composite is also

used in the fabrication of window frames and cotacfermwork.

Mechanical recycling or other forms of thermal @ty mean that the
recyclates currently produced are too expensivgue a clear market advantage
over alternative existing materials Furthermorenowercially viable operations
require large throughputs and markets need to belaged to consume these
guantities of recyclate. Either the recyclates tnfimnsl higher value end markets
and this may mean developing new higher grade la®g or the cost of the
recyclate must reduce to allow the recyclates toeprate further into existing
markets. A recent study investigating recycling tesu for scrap thermoset
composites from the construction industry has regbthat significant incomes
could be earned if recyclates were used as fillatenals replacing woodchip or
recycled plastics. However, it was also noted tihat difficulty of using the
recyclates in processes already optimised for iegigiroducts was a barrier. The
future therefore lies in developing markets intoickihthe recycled products can
be sold at profitable prices and some ongoing etudre focussing on this aspect
(Pickering, 2006). Glass fibre composites comptise bulk of the thermoset

composites currently manufactured.

In Europe, approximately 1 million tonnes of corsipes are manufactured
each year. Although, there are many successfid tgethermoset composite
materials, recycling at the end of the life cydeimore difficult issue. However,
the perceived lack of recyclability is now increagy important and seen as a key
barrier to the development or even continued useoofposite materials in some

markets.

European Composites Recycling ConcepRE)has been focusing on the
development of recycling solutions composite systemainly consisting of
thermoset polyester resin and glass fibre. In Geynm&RP wastes have been
banned to dispose them into landfill, due to thegh (30%) organics content
(Larsen, 2009).



Although the hierarchy of waste management roufegeas to give
preference to those recycling routes that maxinmsaterial recovery, the
mechanical recycling of valuable fibres and resiadillers does not necessarily
give the best environmental return. Pyrolysis pssdeas the potential to produce
chemical feedstocks from the polymer but these beaglifficult to refine from the
mixture of products produced. If a pyrolysis pracesly produces chemicals
suitable for use as fuels then an energy recovesgegs with high quality fibre

recovery may be more acceptable.

Only environmental controls of the recycling routas identify which are
the most acceptable and although some work has beehed much more
analysis of the recycling processes needs to be.®RP composite materials are
used in a wide range of applications in industrsesh as automotive and
construction industry. Depending on formulation aisé, they may be fabricated
into products that are light in weight, transparetransiucent or opaque,
colourless or coloured, flat or shaped sheets, mathimit to the size of object that
can be made. They come in a variety of forms. Meidahrecycling processes are
suitable for scrap composite material which is treddy clean and
uncontaminated and from known origin. The technie®gleveloped produce
powder and fibrous recyclates, which have potefdialeuse. However, the dust
recyclates have limited potential for reuse inte thermoset compounds from
which they originated. Although they are of loweendity, there are other
drawbacks to their use in terms of ease of proegsand lower mechanical
properties in the products in which they are usadrently, regrinding method is

the only commercially applied method.

1.1 The Aim of the Study

The objective of this study is to inveatga recycling technology that
will enable the Glass Fiber Reinforced Polyestelubiry to recycle its glass fiber

reinforced polyester (GRP) into new composite pobsl

The results we obtained with the emsernts of Flexural and Testo

Exotherm devices provided an important scientiitowledge about the quality



parameters of the recycled composite. The chamg®mposite properties with
respect to the changing weight percentages of waRte determined by tensile,
flexural, gelation time, peak temperature and pgaak values will be investigated

by using, mechanical, thermal, etc. testing andyamay methods.

Reusing plastic is preferable to recycling as nstones lesser amounts of

energy and resources.
1.2  General Information and Literature Analyss
1.2.1 Properties of Glass Fiber Reinforced Polyest Composites

Pickering, 2006 stated that the properties of thesled GRP composite
material depend on a great number of compositiandlfabrication factors, some
of the most important being resin formulation,dii|l curing conditions, type and
amount of reinforcement, coupling agent (bondsréisen to the glass), fabrication

process and workmanship.

Kouparitsas et al, 2002 noted that by choice ofradgents, special
properties can be achieved. For example, fire datede can be imparted by
incorporating appropriate additives. Although ipieferable to modify the basic
unsaturated polyester resin to provide built-ine firesistance; weathering
resistance can be enhanced by the use of neopeghtgbl and methyl
methacrylate; and thermoplastic polymers can beecddw reduce shrinkage
during curing. GRP reinforced with chopped stranat i essentially isotropic,
whereas cloth fabric reinforcement and roving qavenaterial that is an isotropic

in character, with properties varying directionally

Because of the great number of factors that dedi@@RP composite, the
range of mechanical and other physical propersesery wide. For example,
tensile strength at room temperature may vary f6@nMPa (10 psi) to 896 MPa
(13 x 1d psi) or higher, wet strength retention (materiaiusated with water)
from 50 to 95 per cent, and specific gravity fror@ 1o 1.9. The range of some

physical properties given in Table 1.1 is typiaal GRP sheet materials produced



with normal care from general purpose polyesteinraad reinforced with three

types of glass-fibre reinforcement.

Physical properties of glass-fibre reinforced gahpurpose polyester sheet
for reinforced with various glass-fibore construotios seen in Table 1.1,

Kouparitsas et al, 2002.

Table 1.1Physical properties of glass-fibre reinforced gahpurpose polyester sheet (reinforced

with various glass-fibre construction) (Koupariteasl, 2002)

Property* Chopped-Strand Type of Chopped-Strand
Mat or Premix** Reinforcement Mat or
Parallel Roving Premix**143***
Fabric
Parallel
Laminated
Glass content, 25-45 50-70 62-67
weight %
Specific gravity 1.4-1.6 1.7-1.9 1.7-1.9
Tensile strength, 76-160 550-900 540-600
MPa (11-23) (80-130) (78-87)
(108 psi)
Tensile modulus, 5.6-12 31
MPa (0.82-1.8) - (4.5)
(10° psi)
Flexural strength, 140-260 690-1400 590-720
MPa (20-38) (100-200) (85-105)
(108 psi)
Flexural modulus, 6.9-14 34-49 31-38
GPa (2.0-2.0) (5.0-7.0) (4.5-5.5)
(10° psi)
Compressive 120-180 340-480 280-340
strength, MPa (18-26) (50-70) (40-50)
(108 psi)

* Resistance to continuous heat: 150-205°C (3008)) heat deflection temperature (as tested
by ASTM Method D648) under a stress of 1.82 MPa4(28i): 190-260°C (375-500°F);
coefficient ~ of  linear  expansion,  f0C: 11-36  or  10/°F:6.0-20.0.

** Putty-like mixture consisting of resin, choppétires, fillers, activator and other ingredients,

ready for moulding** Code for a weave style of glass-fibre fabric28 mm (0.009 in) thick



1.2.2 Orthophtalic Unsaturated Polyester Resin foiGeneral Purpose
Applications

An unsaturated polyester resin contains a numb&=& double bonds. A
condensation reaction between a glycol (ethylerapypene,or diethylene glycol)
and an unsatured dibasic acid (maleic or fumariggsyunsaturated polyester
resins(UP), Chawla, 1998. Mechanical propertiesuoéd unsaturated polyester is
seen in Table 1.3 and table 1.4..

Table 1.2 Chemical properties of unsaturated polyester (2E8)

PROPERTIES UNIT SPECIFIC VALUES
Appearance -- Clear
Viscosity at 25°C Cps 400 = 60
Acid Number mgKOH/g Max 25
Solid content % wiw Min 58
Gel-time(*) Minutes 8+ 2
Exotherm peak(*) °C 180 + 20
Stability in the dark Months 4

(*) Gel-time and exotherm peak are measured with agl€@mple of resin in a beaker of

50mm diameter at 2%C with 2 g. of 50 % activated Methyl Ethyl KetonerBxide and 0.25 g.of
6 % solution of Cobalt Naphtanate. (www.poliya.com)

Table 1.3.Mechanical properties of cured unsaturated polyd¢Ste 92 N8)

Properties Unit Specific Values
Hardness Barcol Min.42
Flexural strength MPa Min.900

Tensile strength MPa Min.500




1.2.3 Fillers

GRP waste can be used as fillers with virgin resinsther materials like
concretes or as filler material in road constructiim such applications, chemical
composition of the plastics is generally not vagnsgicant. This is an easy way to
recycle thermosets or contaminated plastics inrebagrade applications. One
such use is thermoplastic wastes that are meltddcaaxtruded or co-injected
into mouldings with virgin resins. These virgin irsswith superior properties are
forced into the perimeter of the mold while theyaed plastics, with inferior
properties, are injected in the center of the n{@drlee, 1986). Plastic wastes
may also be used with some effectiveness as aapagplacement of inorganic
aggregates in concrete applications to decreasalé¢hd weight of structures.
Similarly, recycled rubber can be used in asphalbiccrete mixes (McQuillen et
al., 1998) or as a fill material in road constrant{(Eldin and Senouci, 1992).

The advantages of adding recycled rultbethe asphalt mix include
increased skid resistance under icy conditions,ravgd flexibility and crack
resistance, and reduced traffic noise. Many rebeaschave reported the use of
scrap tire/rubber in cement mortar and concretd, Siddique and Naik (2004)
have published a review paper, detailing the reteam the use of scrap
tire/rubber in concrete. Remias et al. (2000) dgved a system which utilizes
nitrogen oxides and dioxygen to break down and iegidpolyethene. The
principal nongaseous products were acids, maintgisic, glutaric, adipic and
pimelic acids. Ernst et al. (2000) used electroghaim applications for

quantification of heavy metals for the recyclingnaste plastics.

Masuda et al. (2001) developed a new reactor sy$temecovery fuels
from the waste plastic mixture in steam atmosphé&ngs system was composed
of three kinds of reactors connected in series. Weae a reactor filled with stirred
heat medium particles, which enabled the high hreatfer rate, the high holdup
and the good contact of the melted plastics widarst The second was a tank
reactor. The last one was a fixed bed reactor R&@H activator particles, which
showed the catalysis in steam for the decomposiiath of a wax and sublimate

materials generated by the degradation of plastics.



Cavalieri and Padella (2002) reported that a potymiling process with
liquid CO, was applied to polymeric mixed waste, obtainingoavder material
which was successfully utilized as a matrix for ewncomposite material.
Developed materials have interesting mechanicalpgoties, and material
performance can easily be improved. Investigatiomsselected mixtures of PP
and PE clearly showed evidence of chemical comiiaibon.

Miskolczi et al., 2004 reported that flike utilization is one way of
chemical recycling of liquids from waste polymekall and Williams (2007)
investigated three plastic fractions from a comnaérevaste electrical and
electronic equipment (WEEE) processing plant far gossibility of recycling

them by batch pyrolysis.

1.2.4 GRP Applications in Construction

GRP composites used in construction can be dividkedtwo main classes:
the standard items of manufacture such as singtessieet (flat and corrugated)
or sandwich panels, and the custom structures miesitpr a specific application
by an architect or engineer. Details of the martufamy processes, properties and
structural capabilities for standard products hlagen established. Regarding the
use of custom-tailored structures, the buildinggies should consider the basic
characteristics, behaviour of the material, andntfa@ufacturing processes when

selecting the appropriate material for a particalaplication (Blaga, 1978).

As seen in Figure 1.industrial commerciallyproducts are made by GRP

in Fibrosan Inc., Izmir, Turkiye.



Figure 1.1 Industrialproducts made by GRP ( photo courtesy of Erdem IY &@lerosan

Inc., Izmir, Turkiye)

Light-transmitting panels

Because of their relatively high light transmissi(about 85 %), light
weight, toughness and, where appropriate, firerdatecy, transparent and
translucent GRP panels (usually corrugated) haweargety of uses including

glazing for skylights, luminous ceiling or roofinigner partitions and canopies.

Opaque and sandwich panels

GRP sheet material is used as cladding on othactstal materials or as an
integral part of either a structural or a non-loaaliing wall panel. In the former it
functions as a decorative cladding (non-loadbeariog concrete or brick,
providing a wide range of coloured and texturedasigs. The GRP sheet used is

usually opaque, but it may be translucent or trarespt.

As an integral part of either a structural or noadbearing panel, opaque
GRP can be used in a variety of ways. It is in\dyidhe exterior skin. The most
popular panel is the sandwich type, with an inrmed auter skin of GRP and a
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foam core of polyvinyl chloride (PVC), polystyrengolyurethane or phenolic
plastic. Another application for foam-cored GRPe@sandwich panels is as wall

panels in mobile homes and in boat hulls.

GRP composite in sectional and modular units

In addition to lightness, ease of fabrication ofgé&a components and
simplicity of jointing make GRP composite materipkticularly suitable for use
in modular construction. Building components orteers are prefabricated and
can be rapidly assembled on the building site. Thakes them particularly
suitable where access is limited or where groundnet support traditional
structures without excessive cost for foundatioBxamples include living
accommodation and laboratories at Antarctic baBgbkthouse towers, desert
accommodation, and living accommodation on off-sharilling rigs. The walls
of sections or modules usually consist of a GRRiwah panel with a plastic

foam or honeycomb core.

Miscellaneous applications

GRP is a very convenient material for the prefation of bathroom units
and components. Composite made by press mouldinges in the fabrication of
cold and hot water storage tanks. When the marimade from a special type of
polyester resin, thorough testing has shown thattahk can withstand working
levels of pressure and temperature. GRP compasdeso used in the fabrication

of window frames and concrete formwork.

1.2.5 Durability of GRP Composites

According to durability of glass-fiber/polymer cposites is dictated by the
durability of the components: glass fiber, polynmatrix, and the interface.
Environmental attack by moisture, for example, dagrade the strength of the
glass fiber; plasticize, swell, or microcrack tlesin; and degrade the fiber/ matrix

interface by either chemical or mechanical attack.
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The relative rates of these degradation processesadunction of the
chemistry of the resin, temperature, length of tohexposure, degree of stress
(whether cyclic or static), chemistry and morphgl@d coating of coupling agent
on the GF, and type of GF. Several examples ititisthow the chemistry and
morphology of the coatings of coupling agents Hraton the glass fiber influence
the strength and durability of the interfacial @i

Blaga (1978), Although considerable progress has Imeade in improving
the durability of GRP composites, commercial prdaduaf these materials still
deteriorate outdoors. Deterioration usually statsthe outer surface, its rate
depending on the composition of the material, macturing method, degree of
cure, nature of surface finish and service enviremmRecent studies of sheet
GRP materials at DBR/NRC have demonstrated thae thee two main types of
surface deterioration: breakdown in the glass-regerface resulting in fibre pop-
out, and surface microcracking of the matrix (Fggdr2 and Figure 1.3). Both
affect the appearance of the GRP sheet and it$ trghsmission. If surface
deterioration is severe, mechanical and other ptiegealso suffer. Other changes
occurring with outdoor exposure are discoloratiod gurface pitting, which can
affect the physical properties of the sheet.

st Y

!.
S
ok

Figure 1.2.Surface of GRP (top side) weather outdoors foyd#rs. (Blaga, 1978)
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Figure 1.3. Different coloured flat sheets (aqua-marine,om|lcolourless, green) weathered for
5 years. A) control B) under side C) upper sidgg{nal size of sheets 21.5 x 9.5
cm) (Blaga, 1978)

Fibre pop-out develops under the influence of emmentally induced
(thermally or by moisture) stress-fatigue, whichuses gradual fracture and
spalling of the resin surrounding the glass. Figlr@ shows that weathering
studies indicate that fibre prominence could besmsive in conventional GRP
sheet after a relatively short period (five yeam$)exposure in the Canadian
climate . There was considerably less fibre popauthe under side of a panel
even after eight years of outdoor exposure. Thignderstandable because the
exposure conditions prevailing on the unexpose@ sitk less severe, Blaga
(1978).

Surface microcracking, the other type of breakdogemerally occurs on the
side of the sheet exposed to solar radiation dftee pop-out has become
relatively extensive. It takes place under the coexdb action of physically
induced stress fatigue and radiation-induced terstilesses in the surface layers
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of the resin as a result of shrinkage during weaatge Unlike fibre prominence,
which occurs on either side of the sheet, micrddaragcis confined to the surface

layers (5 to 10 um) of the exposed surface.

Fire-retardant GRP sheets have considerably loesstance to breakdown
when exposed to the outdoor environment. Tests Baoan that one common
type of fire-retardant GRP sheet (based on tetoacphthalic acid polyester)
undergoes surface deterioration 2.5 to 3 timeefdbin sheets based on general

purpose (conventional) polyester matrix.

As most of the deterioration is confined to thefaue material, the surface
region can be modified to increase the resistaftieeoGRP sheet to breakdown.
For example, a gelation coat as a surface finisBRP sheets protects the glass-
resin interface against the effect of moisture amchperature-induced stress-
fatigue so that no fibre prominence occurs. Goaglstance to both types of
deterioration is achieved by coating the GRP shestis a lacquer based on
ultraviolet (uv) light stabilized acrylic resin. &lacrylic coating protects the glass-
resin interface against the effect of stress-faigund the underlying matrix

against the action of ultraviolet light.

Although the appearance of GRP sheets weatherearngt for five years
was considerably affected, deterioration in meatemproperties such as tensile
strength was generally moderate; for example, ¥posed sheets retained 85 to
92 percent of their initial (before exposure) ténsstrength. If the surface
breakdown is in an advanced stage, it can, howdénase a serious effect on the
mechanical properties of the GRP composite andhenlight transmission of

transparent or translucent panels.

Because the matrix is a plastic material and thyggroc in nature and
inherently combustible, GRP composites will decosgand burn when exposed
to a fire. The architect or design engineer usimPGnaterials should, therefore,
have a full understanding of their potential figzhrd and fire behaviour ( Blaga,
1978).
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1.2.6 Problems in Recycling Thermoset Composites

Pickering (2005) stated that the problems in riegc thermoset
composites are given as; thermosetting polymerscarss linked and cannot be
remoulded, in contrast to thermoplastics which easily be remelted. Some
thermosetting polymers can be converted relatieglgily back to their original
monomer, such as polyurethane. It is well knowr, ttiteermosetting resins, such
as polyester and epoxy are not practical to depefiga to their original

constituents.

Composites are by their very nature mixtures offedéint materials:
polymer, fibrous reinforcement (glass or carbonefjband in many cases fillers
(these may be cheap mineral powders to extenddki@ or have some other
function, such as fire retardants). There are feamdard formulations and for
most applications the type and proportion of resgmforcement and filler are

tailored to the particular end use.

Composites are often manufactured in combinatidh wather materials. For
example, there may be foam cores to reduce weightcast or metal inserts to
facilitate fastening onto other components. In addito these specific problems,
there are the other problems associated with rexyeny material from end-of-
life components, such as the need be able to dehl centamination and the

difficulty of collecting, identifying, sorting anseparating the scrap material.

European legislation now requires that recyclingtee are available for
composites, as other waste management methodsnuwillbe allowed. The
European composites industry is responding witltCRE to manage waste from
composites and stimulate recycling activities. Récehanges to waste
management legislation and likely future directiomsan that recycling routes are
urgently needed to be in place for thermoset cortgasaterials if they are to
continue to have a place in the markeecognising that composite recycling
activities need stimulation and financial assistaifcthey are to succeed, the
European Composites Industry Association (formdrey GPRMC) is proposing a
ECRC.
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1.3 Technologies of Recyling of Glass Fiber Reinfoed Polyester

1.3.1 Incineration of GRP Waste

According to Siddique et al., 2008, the heat cantéiplastic wastes can be
recovered by incineration. Plastic wastes are addael source because most
resins have a heating value almost equivalent @b @h the coal. In addition to
providing an attractive source of alternative egemgeserving natural resources
and minimizing the impact of dependency on enemgineration also greatly
reduces the volume of garbage by about 90-95%. tRate is always public
resistance emerging against incineration becausbeoemission of some toxic
fumes. However, current technology makes it posstbl operate incineration
plants in a way that emissions would not be a gmbhnd, therefore, would
conform to the Clean Air Act Amendments of 1990téAl 1993 and Yakowitz,
1990).

Two types of ash are produced by an incineratiacgss; fly ash (the very
fine particles entrained in incinerator exhausegasnd bottom ash (the large and
heavy particles removed from the bed of the inata), which require disposal.
Landfilling these ash residues may not always bee@t@able because of the
potential for groundwater and soil pollution duddachate carrying heavy metals
such as lead and cadmium. Methods of protectingingtwater and soil from
leachate, such as lining the landfill, can be espenand are not always effective
from an environmental standpoint. Accordingly, somesearch is being
undertaken to effectively stabilize and recycle inecation residues in

construction applications (Goumans et al., 1991).

1.3.2 Using Subcritical Fluids and Separating the @mponents of the

Unsaturated Polyester

Tomoko et al., 2008 developed a new recycling neethsing subcritical
fluids where unsaturated polyester resin in GRPbmefficiently depolymerized
to separate glass fiber from filler and polymera&®ns were carried out with or
without a activator (KPQy) in diethyleneglycol monomethylethter (DGMM) and
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benzyl alcohol(BZA) under their subcritical statetemperatures 463—623 K for
1-8 h in a batch reactor. The conversion of UP imecafast as the
activator/solvent molar ratio increased and it veafianced in the presence of
K3PQ, activator in subcritical BZA. The glass fiber rgeced after the FRP
treatment in subcritical BZA was relatively longhie it became short and
somewhat damaged at temperature higher than 57BhK.similar trend was

observed when DGMM was used as a solvent.

1.3.3 Pyrolysis and Thermal Gravimetric Behaviour & GRP

Composites

According to Cunliffe et al, 2003 used a staictiench-scale reactor, as
shown in Figure 1.4., to pyrolyse the composite am Nitrogen was passed
through the reactor during the experiments to swhepderived pyrolysis gases
out of the hot zone of the reactor and thereby gmegecondary reactions of the
pyrolysis vapours and also to aid in the quantiftcaof the product gases. The
sample was heated at 20/ min to final temperatures between 350 and’800
held at the final pyrolysis temperature for 60 ntimen allowed to cool under
nitrogen. The average product recovery from allgkperiments represented over

98% of the initial sample mass.

Purge Gas Inlet
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Sample
Thermacouple
- — Preheater
% 7] ] Retort

|cere ]
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— To Exhaust

oy e |

3 & =
Water Cooled Dy lee Cooled Glass Weol  Dreschel
Condenser Condensers Mist Trap Bottle

Figure 1.4 A diagram of the bench-scale pyrolysis reactor (ifferet al, 2003).
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Cunliffe and Williams, (2003), pyrolysed glasisré reinforced polyester
plastic waste in a fixed-bed reactor at 450 °CglFe 1.5). The glass fiber present
in the solid residue recovered after pyrolysis doog easily separated from the
residue via oxidation of the carbon and sievingha resultant filler and fiber
mixture. The glass fibre recovered from the solesidue had mechanical
properties which indicated that they could replapeto 20 wt% of virgin glass
fibre in Dough Moulding Compound(DMC). The gladsrés have successfully

been re-used in test plaques and sample piecebl@sipolyester composites.

Clean flue gas

If

Afterbumer

Induced
Draught
Fan

Recovered

'H ﬁ ™ Fluidised
Fibres Bed

o Air distributor

Air Preheating Elements Do
‘ﬂ' 1] plate

skl Ty P R PR

Figure 1.5 A schematic diagram of a fluidised bed thermal pssc(Pickering, 2006)

Cunliffe et al, 2003, used TGA instrument to stulde pyrolysis of the
composite samples. The sample was heated &CAGnin  to 900°C, with
nitrogen passing through the furnace at 50 ml/fire furnace temperature was
then increased by 18T to trigger the gas supply to change over toaid held
at this temperature for 15 min. The sample weighd vecorded against time and
temperature at 4 s intervals to produce a thernmodias). Figure 1.6 clarifies

the nomenclature adopted in the discussion of Tit& plots.
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calcium carbonate

(&)TG curves (b)dTG curvesnli@e et al, (2003).
Optical image of the loose fibers that make up podion of recyclate.

(Figure 1.7). Clearly the fibers have both remi filler bonded to them. The

other particles making up the recyclate are laggaticles of resin, filler, and

fiber. Unlike the loose fibers, the particles udd of a significant portion of
resin and filler.
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(b)

Figure 1.7. Optical microphotographs (a) Optical image of libese fibers that make
up one portion of recyclate. (b) The other paggainaking up the recyclate
are larger particles of resin, filler, and fiber.

1.3.4 Recycling by Regrinding

GRP were used by the auto industry alone makirngné& of the highest

volume composites and therefore most in needaytctimg.

The regrinding recycling process involves the ipooation of finely
powdered polymer matrix back into the same apptioatThis technology is best
suited for the low levels of production scrap or fow-volume post costumer
waste (Scheirs, 1998).
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The primary recycling of a plastic manufacturingagcby regrind recycling
offers the best return for th recycle investmentsiit allows the manufacturer to
reduce raw material costs at the production stagg & modest capital
expenditure. This is the case with GRP regrind whens used as an
extender(non-reinforcing filler) back into similaapplications. This process
involves size reduction of the scrap by two operat first granulation followed
by fine grinding (Scheirs, 1998).

Material recycling, in which the recovered scragnisorporated into new
generation of composite materials. Generally, rfileaterial Calcium Carbonate

(Calcite), talk, dolomite can be used as fillersmcommonly.

Kouparitsas, 2002 obtained the composite scraptterdincorporate it into
a new composite structure. In most cases this iggndpproach includes the
initial cutting of the thermoset composite into #ierapieces and then grinding
these pieces to produce a very fine powder, whscleused as an active filler,
thus replacing standard commercial fillers. Typieglipment for the grinding of
thermoset composites includes: a) a basic granutatca hammer mill, b) a
pulverizer for turning the ground material in powderm and c) a classifier for

separat- ing the different fractions.

In the case of fiber reinforced composites, anceddmg on the type of the
granulator used as well as the extent of grindihg,recovered material may be
classified in two distinct categories: a) a fibrduaction containing the largest
portion of the reinforcement agents (fibers), djn@ powder fraction containing
the bigger part of the polymeric matrix. This fragmmation is important for an
optimum recycling, without any further treatmemnt. garticular, fibrous fraction
reuse seems promising as reinforcement in Bulk MgldCompound (BMC)
composites. On the other hand, resin-rich finetivas are useful reinforcements
in either BMC or Sheet Molding Compound (SMC) comipes. Then, and in
order to avoid producing recycled composites witipredictable properties, it is
important not to mix different polymeric matrixesreinforcements (Kouparitsas,
2002).
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2. EXPERIMENTAL STUDY
2.1 Materials
2.1.1 Matrix

Orthophtalic unsaturated polyester which its conuiadly name is CE 92
N8, obtained from Poliya Poliester Ltd .

2.1.2 Fillers

Nonwoven glass fibers (425gr) produced by Cam Elyaf 8.
Calcite was obtained from OMYA.

GRP dust were the wastes of Fibrosan.

Figure 2.1. The waste GRP during production of GRP coating
sheets (photo courtesy of E.Yucel, Fibrosan Inc.)
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Figure 2.2. Waste GRP after production (photo courtesy ofu€ef, Fibrosan

Inc., 1zmir, Turkiye)

Table 2.1Properties of reinforcing glass fibe€hawla K.K., 1998)

Characteristic Glass Fiber
Diameter (um) 8-14
Density (g/crm) 2,55
Young’s modulugGPa)parallel to fiber axis 70

Young’'s modulugGPa)perpendicular to fiber axis 70

Tensile Strength (GPa) 15-25
Strain to fracture (%) 1,8-3,2
Coefficient of thermal expansion(£&™) parallel to fiber axis 4,7
Coefficient of thermal expansion(£&™) perpendicular to fiber axis 47
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2.1.3 Additives

Two type wastes, dust and production wastes whieltslaown Figure 2.1

and Figure 2.2. The photos of waste GRP obtainedgl production by courtesy
of E. Yucel, Fibrosan Inc.

Initiator(methyl ethyl ketone peroxide, 40% in d@ithyl phtalate),
Akzo-Nobel and activator (Cobalt naphtanate, 1%@ ased in curing
reactions of composites.

2.2 Method
2.2.1 Grinding and Sieve Analigs
Grinding of GRP waste were done by using Fimakding machine and
the sizes of sieves were 2.0, 1.0, 0.5 mm. feredsieve method of waste of

production dust of cutted edge of sheets in dSan Inc.

In the second part of the experiment gelation,ike@sd flexural properties
of composite sheet samples were determined.

Six composite samples were prepared. The weiglteptages of GRP dust or
calcite were 0%, 5%, 15%, 20%, 25%, 30% basedbdyrepter used.

Table 2.2Experimental weight percents of ingredients afiposite samples

w,Filler/w,Bulk
Ingredient
%0 %5 %15 %20 %25 %30
w, Filler/'w,Composite% 0 4 13 17 21 26
w,Virgin GRP/ 15 15 15 15 15 15
w,Composite %
w,UP/w,Composite % 85 81 72 68 64 59
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(b)

Figure 2.3 (a) Grinding Machine, made by Fimak Co. (b) Tnmded GRP waste
after grinding process (photo courtesy of E.YuE#&yosan Inc.)
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Figure 2.4 Different sizes of waste GRP a) greater tham® rb) between 2 mm to 0.5
mm c) less than 0.5mm

There were sieves with different sizes, 2.0,ah0 0.5 mm. The Figure 2.4

shows that different sizes of ground waste aftex fiieve process.

Sieve analysis of waste GRP dust obtained dirdadiy the cutting edge
of sheets were made by different sizes as 500,Z8(band 125 um.

2.2.2 GRP Composite preparation method

The experimental set-up was used in the laboratbryibrosan Inc. GRP
consists of three elements, that were, nonwoveer tylass fiber, unsaturated
orthophtalic polyester (UP) resin, filler and ctdci
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Hand lay up technique was the simplest compositegssing tecnique.
Fibers can be laid into a mold by hand and thenrel was brushed with hand
roller. Frequently, resin and fibers are brushegktioer into the mold surface.
Curing may be done at room temperature or at a ratelg high temperature in
an oven Chawla, 1998).

GPR composite was made from hand layup process itttk and
nonwoven glass fiber. Transparent film layer wasedudor protect the
experimental GRP sheets. All experiments were aplished at 23°C climatized

room.

2.2.3 Analysis of Gelation Behaviour

Determination of gelation properties mainly accosigd by measuring the
temperature of the mixed polyester plus GRP dugtaarcalcite. The percentage
of filler were 0%, 5%, 15%, 20%, 25%, 30% basedUP resin and filler,
initiator (MEK peroxide, 1%) and activator (Cobalaphtanate, 1%). Gelation
time was observed with a chronometer by stirrirgy gistem with a glass stick,
the gelation time was observed as the solidificatibthe liquid mixture by naked

eye.

Testo exotherm device; 1775 - T3 was used for gdetation the peak time,

peak temperature as exotherm parameters.
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Figure 2.5Experimental set up for hand lay up procces indsan laboratory, lzmir

2.2.4 Tensile Measurements

The AGS-J Shimadzu Autograph Flexural test machiag used for tensile
strength and tensile modulus measurements.

ISO 527- 4 was International Standard that expldie determination of
tensile properties of plastics for test conditibmsisotropic and orthotropic fiber
reinforced plastic composites.

2.2.5 Flexural Measurements

The AGS-J Shimadzu Autograph Flexural test mackwvas working by
center loaded type, 10 kN and 150 mm gauge lefidta.photograph of AGS-J
Shimadzu Autograph Flexural test machine was shoviaigure 2.6.
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Figure 2.6 The AGS-J Shimadzu Autograph Flexural test machine

Prepared composite sheet samples having thicknbs¢esen 1.6-2.0 mm
were cutted into 25mm width by cutting aparatugph®tograph okexperimental
GRP composite sheet samples after hand layup mees® shown in Figure 2.7.

ISO 14125 was International Standard that expl#wesdetermination of
flexural properties for fiber reinforced plasticgposites.
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Figure 2.7 The experimental GRP composite sheet samples afterlagog process
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3. RESULTS AND DISCUSSION

3.1 Grinding and Sieve Analysis

It was understood that ground GRP waste can bedeuis new composite
formulations. The critical factor in the reuse dRI&dust was the particle size and
its distribution. Table 3.1 shows fractions whighre obtained from GRP scrap

composite after grinding process.

Table 3.1 Fractions obtained from GRP scrap composite afiending process

Screen size,mm | Reground fraction wiw %
+2,0 Separated short GRP 57 %
+1,0 Very short GRP 21 %
+0,5 Coarse UP pieces and GRP 14 %
-0,5 Fine GRPdust 8 %

As it was seen in Table 3.1; 43% of GRP is gtbbelow 2.0mm, it could
be understood that complete grinding should nespeaially designed grinding

machine.

The GRP dust used in recycling experiments hasithe analysis in Table
3.2. It was directly obtained from the process aondother classification was

applied.



31

Table 3.2Sieve analysis of waste GRP dust obtain dirdobdiyn the cutting of edge of

sheets
Screen Size, um Reground fraction wiw %
+ 500 Fine GRP dust 1%
+ 315 Powder 30 %
+ 250 Powder 27 %
+ 125 Powder 28 %
- 125 Powder 14 %

3.2 Analysis of Gelation Behaviour

The results were seen in Table 3.3.

Table 3.3The results of exotherm parameters obtained frogstol éogger device.

% wiw Filler ) GelationTime Peak Time, | Peak Temp,
_ Filler Type
in Bulk (Sec) (Sec) oC
0% Pure resin 485 1500 174
Calcite 455 1260 181
5%
Dust 398 1200 180
Calcite 368 1080 175
15%
Dust 396 1200 170
Calcite 365 1260 163
20%
Dust 392 1260 162
Calcite 361 1260 147
25%
Dust 385 1260 148
Calcite 352 1260 156
30%
Dust 362 1140 155

It was well-known that calcite was a good filler fcomposite materials.
Peak temperature was nearly same after additioGRP dust as filler instead of

calcite. The change of curing temperature is seéngure 3.1.



32

200 -
OO 150 -
)
2
© 100 -
()
o
€
@
50 -
O T T T T T T T T T T T T T T T T T T T T T T T T T
1 3 5 7 9 11 13 15 17 19 21 23 25
Time, Min
—s— 25% Calcite+75% Resin —— 25% GRP dust+75% Resin ‘

Figure 3.1 Exotherm graph for 25% weight of filler with cugrime (Other results
of exotherm graphs in Appendix I, about 5%, 12@%, 30%).

Histogram graphics for comparison of peak tempeesatuof filled

composites were shown in Figure 3.2.
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Figure 3.2Histogram for comparison of peak temperatures déddillers.

Gelation time decreases by the filler addition th& decrease is slightly
higher in the case of GRP dust. It seems GRP alistas a curing catalyst in
these systems due to the residual unsaturationhwiecomes active and forms

additional radical sites.
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3.2 Flexural Analysis

On the other hand, flexural testing indicates thiagin material
performs well, and compare favorably with a refeeerset of samples

containing GRP dust recyclate.

Table 3.4 Flexural strength for the composite samples witlecite and GRP dust.

% , weight | Calcite, MPa | GRP dust, MPa
0 195 195
5 106 133
15 155 142
20 140 138
25 110 84
30 130 87
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Figure 3.3 Flexural strength of composite with calcite and GRBt recyclate.

The Figure 3.3 shows that calcite or GRP dust esuie decrease the

flexural strengths of composites..

Table 3.5Flexural modulus for the composite samples witleitaland GRP dust.

% , weight | Calcite, MPa | GRP dust, MPa
0 8310 8310
5 7812 6250
15 7583 8356
20 6009 7995
25 5427 6044
30 4849 6477
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The Figure 3.4 shows that flexural modulus of cosigowith calcite and
GRP dust recyclate decreases with the increagemaentage weight of added
fillers. The decrease of modulus is seen as amegliway, up to 20% of calcite

addition a slight decrease and then a rapid deereasld be seen. In the case of

GRP dust, a continuous decrease is seen.
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R?=0,7032
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3,539x + 8308
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Figure 3.4Flexural modulus of composite with calcite and GREst recyclate.

3.3 Tensile Analysis

Data obtained for calcite and GRP dust and cafoitdensile strength for

the sheet samples are given in Table 3.6.
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Table 3.6Tensile tests of calcite added as filler in bulk.

%  weight Tensiltlawitarlength, Tensile Strain, % TenSilﬁﬂggdU|us
0 82.3 25 5774.4
5 64.5 2.3 3873.4
15 61,6 2.3 3684.1
20 54.4 1.8 3639.2
25 54.3 1.6 4229.4
30 55.2 1.8 4294.5
Table 3.7Tensile tests of GRP dust added as filler in bulk.
. Tensile Tensile Tensile
Weight % Strength Strain % Modulus
MPa MPa
0 82.3 2.52 5774.4
5 63.9 2.46 4116.0
15 65.9 2.33 3990.5
20 57.8 2.00 3863.3
25 58.4 1.99 3489.1
30 60.2 2.20 3904.3

Figure 3.5 shows the variations of tensile strengthcomposite sheet
sample with calcite and GRP dust recyclate. As &xpected, tensile strength of
sheets with calcite and GRP dust decreases bgasitry weight percentage of
filler.



37

Table 3.8 Tensile strength for the composite samples wéthite and GRP dust.

% , weight | Calcite, MPa | GRP dust, MPa
0 82.3 82.3
5 64.5 63.9
15 61.6 65.9
20 54.4 57.8
25 54.3 58.4
30 55.2 60.2
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70 | R%?=0,9561

60 +

e
2\ g
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40 R®=0,7919
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%w/w, weight GRP dust or Calcite

& calcite m GRP dust

Figure 3.5 Tensile strength of composite with calcite andRGRust recyclate.

Tensile modulus is also important parameter for posite systems the
values for both calcite and GRP dust added sanapéegiven in Table 3.9.
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Table 3.9Tensile modulus for the sheet sample

% weight Calcite, GRP dust,
MPa MPa
0% 5774,4 5774,4
5% 3873,4 4116
15% 3684,1 3990,5
20% 3639,2 3863,3
25% 4229,4 3489,1
30% 4294,5 3904,3

As seen in Figure 3.9, tensile modulus of compositeet samples with
calcite and GRP dust recyclate decrease by isicrgaveight percentage adding

filler.

7000 -
- 2.
6000 4 y 6,2304x2 215,18x + 5397,6
< " R?=0,7824
S 5000 -
@
= 4000
=)
3
= 3000 y = 4,0167x? - 171,48x + 5448,6
= R? = 0,8232
2 2000 -
()
'_
1000 -
O T T T T , : ‘
0 5 10 15 20 25 30 35

%w/w, weight GRP dust or Calcite

¢ calcite B GRP dust

Figure 3.6 Tensile modulus composite with calcite and GRBt decyclate

In flexural and tensile test experiments, handugpytechnique was used and
slight deviations inevitably occur in thicknessdsspecimens so the result was

scattering of the data obtained from mechanicéstes
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4. CONCLUSION

In this sudy, GRP waste was considered as a ftleing and mechanical
properties were compared with the properties ofitmaladded samples. Similar
results were obtained in both calcite and GRP ddded samples. In fact some
reinforcement of GRP dust added composite was ¢sgedue to the fibrous
structure of the waste but short fibrous structiréSRP and weak interfacial
bonding strength of the mixture due to the abs@&fcmupling agents led to low
strength composite materials. If the breakageilmieflength during grinding
could have been controlled by using a specialigiteed grinding machine, the
mechanical properties might have been expectedetdigpher than the calcite

added materials.

Gelation time with GRP dust is slightly loweraththe time of calcite, the
difference of peak temperatures of these two §llex very low and the time
needed for the systems to reach to this temperauaso low which is nearly

two minutes .

If we consider to reuse these wastes as 5% w/wti@adto virgin
composite mixture, tensile strength will fall b2%, and modulus by 30%. In
certain applications this decrease might be ttddraery well. Similar results

could also be obtained from flexural data.

In conclusion, we can easily recognise the probdédandfilling and apart
from the economics of the process of the additib@RP dust, we need to reuse

these wastes as a filler and as a replacementaitieca
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APPENDIX | : Exotherm graphs of each composites sheet samples
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Figure 1.3 Exotherm graph for 20% weight of added filletm¢uring time
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