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ABSTRACT
Polymer matrix composites (PMCs) are extensively used in numerous applications

nowadays. The low cost, simple manufacturing techniques and the relatively good properties
that these materials exhibit, have placed them in a dominating position in many
technological and scientific aspects.

Moreover PMCs are also characterized by significantly good heat insulation efficiencies in
comparison to conventional materials. This is attributed to the low thermal conductivity
coefficient of the polymer syst e mattixraadthasiled us ua
to their wide utilization in many applications within the construction sector.

During the last decades, researchers have focused on the development of materials with
enhanced mechanical properties. The high costs of some reinforcing additives however,
have driven scientific research into the consideration of alternative kinds of filling
(embedding additives) mat eri als in compositesd manufactur
At the same time, environmental awareness issues created the circumstances under which
byproducts of various human activities were reviewed and exploited as potential fillers in
PMCsd® manuf act ur i md the iSSme cantemingahe tremtmenhaod byproducts
deriving from construction, demolition, and renovation projects combined with the good
thermo-mechanical characteristics of these materials, has intrigued the interest of scientists.
A significant number of research papers in which holistic management strategic plans were
introduced in order to optimize the recycling of construction and demolition (C&D) waste
stream were published. Up until now however, many countries worldwide have been unable
to meet the demands of environmental legislation and achieve the extremely high (in terms
of quantities) targets set for the recycling of waste produced from the construction sector. As
a result, environmentally harmful treatment methods such as landfilling and illegal dumping
are still in use in the management of this specific waste stream.

The high recovery potential of these materials, which at the moment remains unexploited,
has focused the most recent research efforts on the development and study of new
composite materials embedding construction and demolition wastes as filler in the form of

micro-powder.
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The purpose of this dissertation is to investigate the possibility of manufacturing polymer
matrix composite materials in which processed C&D waste of different granular sizes and %
w/w proportions in form of powder are embedded as fillers, via the study of their mechanical
and thermal characteristics.

The degree of innovation of this research work is important considering that the introduction
of C&D waste powder in thermoset polymers results in the production of materials with good
mechanical and thermal insulating properties. In addition, through the manufacture of the
above composite materials, an alternative and innovative way of exploiting the by-products
of the construction sector is introduced, which are produced in very large quantities
worldwide every year. In terms of processing and exploitation, the best scenario for the
utilization of these materials, if not dumped in landfills or in illegal areas of uncontrolled
disposal, is their recovery through the rehabilitation of quarries and the formation of
substrates in rural road projects, mainly.

The results of this study will lead to useful conclusions about the possibility of exploiting
waste of similar type as fillers in the development of new construction materials such as
marble mining and processing residues, concrete and cement industry waste, brick
construction waste, etc.

In the present study, thermosetting polymer composites of epoxy resin (ER), unsaturated
polyester (UP), and novolac resin (N) embedding pulverized C&D waste in micro-scale sizes
were developed using manufacturing techniques that have been described in previously
mentioned studies. More specifically, composite materials of polymeric matrix were made by
adding demolition waste (as afiller)ywi t h f |l exur al p tnthe rampe etween | u e s
2006 0 MPa, s h e a ) with tvaluesnbgtivden 1-8UMPa and thermal conductivity
coefficients (8), between 0.27-1.20 W /m K. The materials developed incorporate AKK in
percentages of 30-50% by weight and in correspondence with the resin used as a matrix.
Through Scanning Electron Microscopy (SEM) X-Ray Diffraction (XRD), the morphological
characterization of these materials was performed and conclusions about the dispersion of

the filling material in each of the three different polymeric matrices mentioned above were

-11-
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drawn. At the same time the identification of possible defective locations such as voids,

bubbles, etc. in the resulting composites was also carried out.

All the composites that were made and studied presented a brittle-type fracture. Besides that
they were characterized by reduced bending and shear strengths compared to these of pure
polymeric materials, as a consequence of the increase of the filling powder content in the

composites.

On the contrary, the thermal properties of these materials and in particular their thermal
insulation performance was improved in comparison to the materials made of 100% resin, as

a result of the increasing content of C&D waste filler in the composites.

The results of the studies carried out indicate that these materials can be used as
alternatives in various structural applications. Their low cost and easy curing process in
combination with their adaptability to the conditions and requirements of many structural
applications favors the composite materials of polymeric matrix with the addition of C&D

waste as a reliable solution.
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| Figure 1.1: C&DW Arisings and Recycling (Summary Table) |
Member State ‘Core’ C&DW % Re-Used or % Incinerated or
Arisings Recycled Landfilled
{m tonnes, rounded)

Germany 59 17 83

UK 30 45 25

France 24 15 85

ltaly 20 9 91

Spain 13 =5 =05
Metherlands 11 a0 10
Belgium 7 87 13
Austria 5 4 59
Portugal 3 =5 =05
Denmark 3 81 19
Greece 2 =5 =05
Sweden 2 21 79
Finland 1 45 55

Ireland 1 =5 =05
Luxembourg 0 n'a n/a

EU-15 180 28 72
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Agriculture, forestry
andfishing
08

Wholesale of
waste and scrap
1.0

Households
83
Senices
(except wholesale of
waste and scrap)

39 Mining and
quarrying
282

Construction
347

Manufacturing
10.2

Eurostat).

Total Landfill [ Incineration | Energyrecovery | Backfilling [ Recycling
(million tonnes) (%)

EU-28 23195 47,4 15 4,7 10,2 36,2
Belgium 42,8 82 43 13,6 0,0 739
Bulgaria 1757 97,9 0,0 0,1 0,0 2,0
Czech Republic 19,9 17,3 0,4 51 29,1 48,1
Denmark 17,7 21,7 0,0 20,7 0,0 57,6
Germany 370,7 19,2 2,3 10,5 25,3 42,7
Estonia 20,7 65,6 0,0 2,5 11,9 20,0
Ireland 10,0 42,6 0,1 72 37,4 12,7
Greece 67,1 884 0,0 0,2 81 32
Spain 1034 479 0,0 34 12,6 36,1
France 299,7 29,3 2,0 4,5 10,7 53,6
Croatia 35 51,1 0,0 1,4 2,0 45,5
Italy 129,2 16,0 52 1,6 0,2 76,9
Cyprus 1,8 58,9 0,0 1,7 25,9 13,5
Latvia 19 348 0,0 87 09 555
Lithuania 45 67,6 0,1 41 25 258
Luxembourg 8,5 38,3 0,0 25 16,0 43,3
Hungary 13,7 39,4 0,7 8.9 3,7 47,3
Malta 1,6 28,9 0,4 0,0 37,5 33,3
Netherlands 130,6 45,4 1,0 79 0,0 45,7
Austria 53,9 38,6 0,2 65 20,1 347
Poland 1824 249 04 2,7 215 50,5
Portugal 9,9 31,8 10,0 3,1 0,0 55,0
Romania 172,2 94,4 0,0 1,3 0,6 3,7
Slovenia 54 9,2 0,6 4,9 33,5 51,8
Slovakia 7,1 53,8 0,8 4,4 0,0 40,9
Finland 93,3 80,9 05 438 0,0 1338
Sweden 163,3 844 0,1 47 1,6 93
United Kingdom 209,0 41,5 3,6 0,9 10,4 43,6
Iceland (%) 0,5 30,7 0,0 2,7 0,6 66,0
Norway 11,7 17,9 0,5 35,8 53 40,5
Montenegro 1,0 98,8 0,0 0,1 0,0 10
Former Yuggslav Republic 15 987 13 00 00 00
of Macedonia

Albania 1,2 748 31 05 0,0 216
Serbia 49,4 97,3 0,0 0,1 0,0 2,6
Turkey 79,3 70,2 0,0 0,7 : 29,0
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uetaBaddovv v emupdveln kot Tov Oyko, Omw avadewpr oew;, EMOKEVES, KaTESOPITELS KA.

Yas Uiblfjg3 eaooe 69aaslieesae U U0UGUdysRUJUU Usy ~ U
20162017 (Ydoe: AsE¢g) &) .
AplBuie abeuby Erubaveia (o A m? ) Oyxkog (o yh. m* )
Nepupépera lavoudpiog - AeképBpiog | MetaPody | lavoudpios - AeképBpiog | MetaBols | lavoudpiog - AeépBpiog | MetaPolr
2015 2016 (%) 2015 2016 (%6) 2015 2016 (36)

:“;:",::“5“’““ 572 527 7,9 111,4 104,4 62 445,0 459, 32
:;:::::_iﬂ 1.875 1.798 41 4247 400,0 58 2.161,0 2.280,8 5,5
Autiii MaxeSovia 281 278 11 344.6 57,8 832 41399 262,0 03,7
Ocooahia 712 654 81 1971 161,9 179 | 11842 768,6 35,1
‘Hnepog a76 210 139 86,4 87,3 1,0 354,4 3385 45
16via Nnowk 601 673 12,0 100,5 136,5 35,8 346,4 491,0 41,8
At ENAGBa 1112 1.005 96 1946 159,7 179 835,2 629,0 24,7
Iteped EAAGSQ 1.025 1.003 6,6 216,0 157,1 273 | 10026 736,3 226
NeAonévvnoog 1.452 1325 87 2374 226,6 46 966,3 9532 14
Atk 2397 2.400 01 361,5 434,1 201 | 15573 | 18790 20,7
Bopeto Alyaio 522 324 379 78,5 40,1 48,9 303,1 139,9 538
NéTo Atyaio 1221 1.088 10,9 1873 185,3 1,1 654,0 6785 3,7
Kpfitn 1.011 951 59 231,7 265,8 14,7 826,3 9518 15,2
Tivodo Xopag 13.257 12.526 55| 2771,7| 24168 12,8 | 14.8656 | 10.567,6 289

*Mpoowpivd Froyeio
Ermonpaiveron 6t o1 Suegoponowjoels oty avénan i t peiwon tou appol twy exdofeiowy adeuwdy kot THE EMupdveLas -
dykou upmopel wa opeilovion Of pEpOVWREVES GSEEC pEYAANC empdveias kol dyxkou 1) Of owoboukes dbeies mou B
peraBdddovv tnw enupdvewr ko Tov dyko, Grw avaBewpr oew, EMOoKEVEC, katedapioel KA.
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bas Uiblfg3eesesoaaslicesae U)U0GUdyashaU0UJUU Usy ~ Uy s

20172018 (Ydoe: KSEE| &) .
ApBpog abeuiv Emdvewa (oe xh m?) Oykog (oe yh. m?)
Nepupepera lavoudpiog — AeképPpuo | MetaPolr | lavoudpiog - AekéuBpog | MeraPohd | lavoudpuog — Asképfpioc | MetaBoln
2017 2018 (%) 2017 2018 (%6) 2017 2018 (35)

;"’g;::“ﬁ“"“ 485 483 0,4 112,9 104,2 .7 488,9 214,0 -15,3
:,I‘:z'::‘:ﬁn 1.851 2.219 19,9 452,1 572,6 267 | 25218 29705 17,8
Autikih Maxebovia 285 246 13,7 72,2 72,8 0,9 385,6 420,0 89
Ocooatia 754 874 15,9 189,9 225,6 18,8 937,0| 11621 24,0
‘Hnewpog 474 548 156 1258 158,5 26,0 646,2 623,3 35
16via Nnowk 812 1.014 24,9 196,5 272,8 38,9 634,6 926,3 46,0
Autwe ENAGBa 1.193 1.232 33 1994 192,9 33 802,1 725,1 96
Eteped ENAGS 1.105 1.054 46 1759 233,0 32,4 896,5 | 11595 293
NeAombvvnoog 1330 1.348 14 250,8 247,0 15| 11102 974,9 12,2
Attwi) 2.737 3.090 12,9 532,7 696,3 30,7 | 23124| 34371 48,6
Bopewo Atyaio 438 446 18 52,8 52,7 01 184,2 194,9 58
NéTwo Ayaio 1.379 1.603 16,2 2333 3752 60,8 840,4 | 12614 50,1
Kpfien 1.048 1.168 115 266,1 326,0 22,5 9187 | 11725 276
Z0voho Xipag 13.891 15.325 103 28603 3.5297 234 | 126786 15.4416 21,8

* To oroyela yuo to wive AekeuBpio Tou 2018 elvon mpoowpivd.
Emeanuaivetan dtr n abénan i n pelwan tou gpuuon twv exkdoBeiowy abeiwv Sev guvenayeta avlnarn ) pelwan OTnv EMUPEVEIR KXl TOV
Opko. AUTO OQPELAETOL OE PMENOVIWUEVES GOEIEC UEPDANS EMUPAVELXG KOl OPKOU 1} OF OlKoSOUIKE; dOEEC mov & perabBaldouv v EMUPAVELD
Kl Tov dpko.

a3 U3 casoe 8o9oclasesae Uy U004y shUqUU Usy U
2018-2019( Ydoe: KASE¢| ¢) .

Ap1Bpde absuiy Empdvera (oe yh. m?) Oykog (o yh. m?)
Nepupépera lavoudpiog — AexépPpog | MeraPol | lavoudpiog— Aekéufpog | Meraohsi | lavoudpuog — AewépBpuog | Metafoln
2018 2019 (%) 2018 2019 (%) 2018 2019 (35)

:"g‘p"::“ﬁ“""“ 483 907 87,8 104,3 201,9 93,6 414,0 7814 88,8
"ME:I'::‘:HM 2219 2565 15,6 572,6 553,9 3,3 2.970,4 29575 0,4
Autiei) MaxeSovia 246 223 9,3 72,8 63,6 12,6 420,0 363,8 13,4
Ocooohia 877 1.038 18,4 226,0 242,7 73| 11636 1.278,1 9,3
‘Hrepog 548 586 6.9 158,5 164,5 3,8 6233 635,0 9,9
Iévia Nnod 1.013 1.240 22,4 272,8 220,5 -19,2 926,3 719,1 22,4
Autue) EAAGSa 1.233 1.061 139 193,0 190,0 1,5 725,1 7932 9,4
Iteped ENAGGa 1.054 922 125 233,0 146,3 372 11595 773,1 33,3
Nehondvvnoog 1.349 1.325 1,8 247,0 191,6 22,4 974,8 7713 20,9
ATk 3.091 3643 17,9 696,3 965,1 386 | 34402 43381 26,1
BApeLo Alyaio 446 434 2,7 52,7 58,5 11,0 194,9 218,1 11,9
Néto Awyaio 1.613 1771 9,8 376,7 3834 18| 12618 1.356,6 7,5
Kpritn 1.170 1.567 33,9 326,9 396,6 213 | 11739 1516,1 29,1
Zivoho Xipag 15.342 17.282 126 | 3532,7| 3.7787 70| 154479 | 165514 7,1

* To orowyelo yie Tov priva AsképuBpio tou 2019 slvan Apodwpiva.
- Emonumiverm o1 mp acénon § 0 pelwon tov apifpod Twy exbodeiowy abewv Sev ouvendyeran aufnon ) uEiwon oTRY EMUPOVELT KO TOV OpKo. AUTO
opeideTar ot pepovarpéves G8eEs pepadng empdvee; kot Spwou ff oF owodopires absieg mov S perafaAouy TV EmupdvELR KoL TOV dyRO.
- Tuyov Swpopsc site peTabl Tou afipolouoTe; TV EMESOUE TOGHV Ko TV IOSWV oL avaypdpoviar we cuvolda site ora nocoora petoBodc, opeilova
oTn oTpoyyLATin .
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opEiAEToN OF pENOVIOEVES GSELES pEpadny; EMEAVELR; Kot OproU 1) OF oodoukes abeicg mou St peTaBallouy TV EMPAVELE kXL TOV OPRO.
- Tuydv Siopopet it peToéy Tou afpolouaTos TWy EMUEPOUC MOTWW KOl TWV MTOCLV IOV QUIppa@ovTal Wi ouvola site ota mogootd perafolns, opeilovrom

ot oTpoyyUd ormolno.

Yas UiOUd Egssasayd

"6 UAh

OquU0d |

AYT ~@8g

"Ujaelie2@0’ 6 (Hiwkdvevw.eoan.gr).

[h_ h 6w " 1  A*w_ A <t S AT SE T RANS fETCBEA>
B~ "0 <" _ [P _BLhg®awh o+ hA AShTY g TSt LA g
dasUBUdJEgseasore 690acUGEesaps iy 00dd) é6dg UKo &% w0 °
2019-2020 (Ydoe: AsE¢g) &) .
ApBpog abewv Eruddvera (oe b m?) Oyxog (o b m?)
Nepidpépera lavouapws — Sexépfpwy | MetoBodr | lavoudpog — deképfpos | MetaBoki | levoudpuog — dexépBpws | MetaBolr
2019 2020 (%) 2019 2020 (%) 2019 2020 (%)
Avert. MoxsSowa 9209 956 52 201,7 206,5 2,4 780,8 828,3 6.1
& Bpaxn
:z:gzﬂdn 2.565 2,676 a3 554,1 5936 71 2957.9 | 28756 28
Autiki Maxebovia 273 253 13,5 63,6 57,3 9,9 363,8 277.4 -23,8
Ocooohia 1.038 1.198 15,4 2425 299,3 23,4 1.277,7 | 15435 20,8
*Hmewpog 587 675 15,0 164,5 180,7 9,8 85,0 804,9 17,5
Iévia Nnow 1.242 1.276 2,7 2205 278,4 26,3 718,9 952,7 32,5
Autiki) EAAGBa 1.069 1.248 16,7 190,2 199,0 26 7931 8399 5.9
Iteped ENAGSa 918 1.068 16,3 146,9 2172 47,8 7732 | 12866 66,4
Nehonévvnood 1.327 1.493 12,5 192,2 2325 20,9 773,0 865,4 11,9
At 3.643 3.965 88 9650 | 11221 16,3 43377 | 47147 8,7
BApeLo Atyaio 434 416 4.1 58,4 57,9 0,9 217.9 204.4 6.2
Néwo Awaio 1.787 1.891 5,8 385,4 3231 -16,2 13670 | 10671 -21,9
Kpritn 1.566 1.792 14,4 396,0 361,9 8,6 15140 | 13258 12,4
Zivoho Xipag 17.308 18.907 9,2 3.781,0 | 4.1294 9,2 16.559,9 | 17.586,2 6,2
* Ta oroysia pua Tov prva AsképBplo tov 2020 sivon mpoowpivd.
- Fmeqpaiverm Arg anknan 8 g peiseeg oo mpefunn e eefnfermiv mheimiv Aev auuerdaperm miknan f§ peinnn ame empdveny gon tow dpen. Aurd

slidoeddaUs

. Anophnta . - .
2::1?;:{: Kataokevwv - Iovolho AEKK EUE::::En = v?::ﬂ:*m“(
Katebadioewv s
2016 370.930 154.346 525.276 9 40%
2017 457.448 527.581 9g85.029 9 &0%
2018 1.513.976 1.052.930 2.566.906 9 63%
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https://www.eoan.gr/
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rh h
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el 1}

10.

11.

12.

13.

14.

15.

1 Vr mj 391

Co

] . pPBUsmspddeticesahd cOusUlehd 209U e9U pot loce
AouhtUsd EgeeOUpaU , jdesU 2007

European Topic Centre on Sustainable Consumption and Production:
http://scp.eionet.europa.eu/themes/waste

.Koadsosahd ByoUsslehd j3Usioavldd, AKAB)?, 2017:

https://www.eoan.gr/el/content/30/nomothesia

European Commission, DG, Environment, Waste Policies, Construction and Demolition
Waste: http://ec.europa.eu/environment/waste/construction demolition.htm

European Commission, DG Environment, Policies, Waste:
http://ec.europa.eu/enterprise/policies/innovation/files/swd Imi_mideterm progress.pdf

Koadsosoahd ByoUsslehd | #URL savldd, KB) ?, 201
https://www.eoan.gr/el/content/7/sustimata

Koadsooahd ByoUsslehd | 3Usioarvridd, AB)?, 2017
URL:http://www.eoan.gr/el/content/14/apovlita-ekskafon-kataskeyon-katedafiseon-aekk

European Commi ssion, DG, Environment, Waste P
Waste Management and their obGX)Ewopdar | mpact sé,
Commission, Symonds, ARGUS, COWI and PRC Bowcentrum,1999.

F. Hendricks, A. Nijkerk, A. Van Koppen, 2000, The Building Cycle, Aeneas, The
Netherlands.

https://www.aanel.gr/

http://anabe.qgr/

https://www.sanke.qgr/

https://www.anakem.qgr

https://anaekk.qgr/

http://www.sedpekat.qgr/
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http://scp.eionet.europa.eu/themes/waste
https://www.eoan.gr/el/content/30/nomothesia
http://ec.europa.eu/environment/waste/construction_demolition.htm
http://ec.europa.eu/enterprise/policies/innovation/files/swd_lmi_mideterm_progress.pdf
https://www.eoan.gr/el/content/7/sustimata
http://www.eoan.gr/el/content/14/apovlita-ekskafon-kataskeyon-katedafiseon-aekk
https://www.aanel.gr/%cf%84%ce%bf%cf%83%cf%8d%cf%83%cf%84%ce%b7%ce%bc%ce%b1/%ce%b5%cf%84%ce%ae%cf%83%ce%b9%ce%b5%cf%82%ce%b5%ce%ba%ce%b8%ce%ad%cf%83%ce%b5%ce%b9%cf%82/
http://anabe.gr/wp-content/uploads/2020/05/2019.pdf
https://www.sanke.gr/apologistiki-ekthesi-2019/
https://www.anakem.gr/422-2/
https://anaekk.gr/
http://www.sedpekat.gr/
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Formation of nylon

hexamethylenediamine adipic acid
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+*
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Name(s) Formula Monomer Properties Uses

Polyethylene iaY _ ethylene 4 . ’ .

low density (LDPE) (CH,-CH.) CH.=CH, soft, waxy solid filmwrap, plastic bags
Polyethylene ethylene o - electrical insulation
high density (HDPE) HCHGH ) CH,=CH, i Hanshicentisod bottles. toys
Polypropylene [CH-CH(CH,)] propylene atactic: soft, elastic solid similar to LDPE

(PP) different grades kL i CH,=CHCH, isotactic: hard. strong solid | carpet. upholstery
Poly(vinyl chloride) : . vinyl chloride 4% ; ; s :
(PVC) —{CH,-CHCl)— CH.=CHCI strong rigid solid pipes, siding, flooring
Poly(vinylidene chloride) » . i vinylidene chloride o - : .
(Saran A) (CH.-CCI,)- CH.=CCl, dense. high-melting solid seat covers, films
Polystyrene —[CH.-CH(CH)]— styrene hard. rigid. clear solid toys, cabinets

(PS) z il CH.=CHC.H. soluble in organic solvents | packaging (foamed)
Polyacrylonitrile CH.-CHCN) acrylonitrile high-melting solid rugs, blankets

(PAN. Orlon. Acrilan) gt h- CH.=CHCN soluble in organic solvents | clothing
Polytetrafluoroethylene tetrafluoroethylene . . non-stick surfaces
(PTFE. Teflon) HER<OF 2 CF,=CF, FeSbUEE oot sold electrical insulation

Poly(methyl methacrylate)
(PMMA, Lucite, Plexiglas)

—[CH,-C(CH,)CO,CH,]—

methyl methacrylate
CH,=C(CH,)CO,CH,

hard. transparent solid

lighting covers. signs
skylights

Poly(vinyl acetate)
(PVAC)

—(CH,CHOCOCH,)—

vinyl acetate
CH,=CHOCOCH,

soft, sticky solid

latex paints, adhesives

cis-Polyisoprene
natural rubber

—[CH,-CH=C(CH.)-CH_]—~

isoprene
CH,=CH-C(CH.)=CH,

soft, sticky solid

requires vulcanization
for practical use

Polychloroprene (cis + trans)

(Neoprene)

—[CH,-CH=CCI-CH_].—

chloroprene
CH_=CH-CCI=CH,

tough, rubbery solid

synthetic rubber
oil resistant
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‘ CLASSIFICATION OF POLYMER
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Based on stucture ‘

| |
Based on molecular

| |
Based on mode of
polvmerisation

forces

1. MNatural 1L ol 1 Elasto 1. Addition
polvmers . Linear polvmers . Elastomers polymers
2. Semi- || 2. Branched chain 2 Fib 2. Condensation
svnthetic polvmers <. T1bres polvmers
3. Svnthetc 3. Cross-linked .
polyvmer | polymers ‘ e e
4. Thermosetting

polvmers
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Cryogenics

A

Aircraft components
Protective apparels

/

Liquid crystalline polymers H
s

Surface Mount
Technology
(SMT)
components

Electronic connectors

Surgical instruments v

Optical information
storage
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Conducting Polymers

jig Uncharged (undoped) Charged (doped) iii

Electroactive Polymeric
Composites/Blends

Conductivity

Scm’”’

10" 10" 10" 10° 10° 10° 10°
L 1 1 1 ) 1 )

" Metallic

: .
Insulators 1 Semiconductors Condictors

Koofh3U2308YWUsd "eageUjsat 3 gasat s byYOU:

Koo h3U-33. 804y ecco0yd Uoitosexs “eagelji13 aUlq

UU; &8 dUs Uesdre (Bigakeresistant polymers): ) o Us UUs

C«

Uy UsaUdyaees3lUUs U Uds UsUsce

x9 B adleo o

"6g “Uyeghlc

OGUyecoyd gydet 3 jdyUsdafy B@dswi Usoe U dU) e Us

gasat s U eUUessis h ¥vdAS9 a4 @3 edosg Uk chli sUH. 3

-102-




rh_h> S "y A" w_ oA 1<t C T ersE gAh S f R BE AS
B~ i <' _h p_BLRg®M&®h" ', h A" C_ A ShY g8 > A
250
| Toray TORELINA® -
PPS Polyimide
200 A
Continuous ] PES (polyether sulfone)
use 7 o
temperature - -
() _
PSF (polysulfone) PET ]:Phe”"'
— L] [ ] $ Epoxy
Heat distortion ~ § PBT Nylon 66 @ Reinforced
y femperature © Unreinforcedforced
_ (C, 1.80 MPa)
100 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 T 1T
100 200 300 400

Heat distortion temperature (°C, 1.80 MPa)
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Thermopstic Compasition Uses
Polyethylere, PE H Tubirg, fim, bottes, cups, electrical inss ation
| [ pockoging
)
13
Porly crysalire
Polypropylene, PP f H H N Same wees as PE, bet ighter, stither, more resisiont ©
| | ‘ sunlight
| 1
\. H CH,
Ponly crystaliire
Polysetrallvorosthyens { F Teflon. Good, hightemperatore polymer with very ow
PTFE | friction and odhesion chorocteristics Non -sick
i_‘fl T savcepans, bearings, seak
Pomly crystalire
Polysyrere, PS H H \ Checp movlded cbjects Toughered with butexliare ©©
i | make high-impact polystyrerne (HIPS] Foomed with
< CO, 1o moks common peckaging
| |
H }
Amo'ph:.s
Polyvinyehloride, PYC f H H Y Archilecty ral uses (window fomes, exc | Plosticised 1©
| | moke arfificial lecther, boses, cbthing
| —C 32
\ H C
Amorphows
Polymethylmethocr e ¢ H CH, Perspex, lucie. Transparent sheet and mouldings
PAMMA | | Alreralt windows, lom irated windscreens
|
H H
Amarploes
Nylon 66 —CH W NDO —L Texfles, rope, mouldings
Portly cryswxalline when
draw
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Thermoset Composition Uses
Epoxy CH, OH Fibreglass, adhesives.
| Expensive.
—0—CH,—C —CH—0—CH,—CH—CH,—
CH, )
Amorphous,
Polyester 0 0] CHLOH Fibreglaiss, kaminates.
| [ | Cheaper than epoxy.
—C—{CH,),,,—C—O—(IZ—
CHOH /,
Amorphous.
Phenol-formalcehyde CH Bakelite, Tufnol, Formica.
| Rether britt.
—(ist—CHz—
CH, !
Amorphous.

KoohaU2.8g398Y UU,speibsall ) dge shtaps/winkslideshare.net).

Trade Useful
Chemical (Common) Elongation Temperature Major Application
Type Name (%) Range [°C (°F)] Characteristics Typical Applications
Natural poly- Natural Rubber 500-700 —55to 120 Excellent physical properties;  Pneumatic tires and tubes;
isoprene (NR) (=65 to 250) good resistance to cutting, heels and soles; gaskets
gouging, and abrasion; low
heat, ozone, and oil resis-
tance; good electrical prop-
erties
Styrene-buta- GRS, Buna S 450-500 =60 to 120 Good physical properties; Same as natural rubber
diene (SBR) (=75 to 250) excellent abrasion resis-
copolymer tance; not oil, ozone, or
weather resistant; electrical
properties good, but not
outstanding
Acrylonitrile-  Buna A, Nitrile 400-600 -50 to 150 Excellent resistance to vegeta- Gasoline, chemical, and oil
butadiene (NBR) (=60 to 300) ble, animal, and petroleum hose; seals and O-rings;
copolymer oils; poor low-temperature heels and soles
properties; electrical prop-
erties not outstanding
Chloroprene Neoprene (CR) 100-800 —=50 to 105 Excellent ozone, heat, and Wire and cable; chem. tank
(—60 to 225) weathering resistance; good linings; belts, hoses, seals,
oil resistance; excellent and gaskets
flame resistance; not as
good in electrical applica-
tions as natural rubber
Polysiloxane Silicone (SIL) 600 =90 to 250 Excellent resistance to high High- and low-temperature
(—130 to 480) and low temperatures; low insulation; seals, dia-

strength; excellent electrical
properties

phragms; tubing for food
and medical uses

Ao o883 ¢g akeY G Ueckalg@y aMandbook of specialty elastomers, 2008).
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1. i 3dUUU geasa¥Y o(fgrdhi Matrix Gompositdg, CMLs)
2. Bi 3dU0U gomwd = dMBialdgirx Composites, MMCs)

3. Ei 3dUU0U g eswmerd ~wéRomibgVatrix Composites, PMCs).
] 30a U8 sfplls Gliiss Y& doey g Uasadiigady Uxs U gb ¥iydi clga
UsaldgggyY)ycegsslfigadyUiwssgasal 3:

a. £ 3 i3 dds& yEibrous Composites)

b. Beag iU} ve UUs a ¥ IAininatedCotpoditesy o ¥ (

c. Te oo Bidg d& & e@articulate Composites).

Composite materials

I 1
Fiber—reinforced composites Particle—reinforced composites
{fibrous composites) [particulate composites)

i L
Random Preferred
orientation orientation

[ 1
Single—layer composites Multilayered (angle—ply)
{including compasites having composites
same orientation and properties |

in each layer] I 1
Laminates Hybrids

T 1
Continuous—fiber—reinforced Discontinuous—fiber —reinforced
coOMmposites COmposites

I 1 I 1
Unidirectional Bidirectional Randorm Preferred
reinfarcement reinforcemeant orientation orientation

(woven reinforcements)
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wHumidity measurement

2nd stage ]
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processed).
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3d stage

w1t pulverisation stage@500>m)
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4th Stage wStorage of finally processed CDW
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1. https://www.metal.ntua.gr/?page id=4770

2. ASTM C 136-01. Standard Test Method for Sieve Analysis of Fine and Coarse
Aggregates; ASTM International, West Conshohocken, PA, USA, 2001.
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