AKADEMIA E SHKENCAVE DHE E ARTEVE E KOSOVES

ACADEMIA SCIENTIARUM ET ARTIUM KOSOVIENSIS
SEKSIONI | SHKENCAVE TE NATYRES

MATERIALET
KOMPOZITE

Tryezé shkencore
(6 prill 2018)

/A

PRISHTINE
2019



KOSOVA ACADEMY OF SCIENCES AND ARTS

ACADEMIA SCIENTIARUM ET ARTIUM KOSOVIENSIS
SECTION OF NATURAL SCIENCES

COMPOSITE
MATERIALS

Scientific roundtable
(6 April 2018)

Editor: Correspondent member Fetah Podvorica, Secretary of the Section of Natural Sciences.

Za

PRISHTINA
2019



AKADEMIA E SHKENCAVE DHE E ARTEVE E KOSOVES

ACADEMIA SCIENTIARUM ET ARTIUM KOSOVIENSIS
SEKSIONI | SHKENCAVE TE NATYRES

MATERIALET
KOMPOZITE

Tryezé shkencore
(6 prill 2018)

Redaktor: Anétar korrespondent Fetah Podvorica, Sekretar i Seksionit t€ Shkencave té Natyrés.

/A

PRISHTINE
2019



Copyright © ASHAK

KESHILLI ORGANIZUES:

Prof. Fetah PODVORICA, anétar korrespondent i ASHAK-ut, kryetar
Prof. Myzafere LIMANI, anétare korrespondente e ASHAK-ut, anétare
Prof. Ardian MORINA, Universiteti i Leeds-it né Angli, anétar

Prof. Hysni OSMANI, Universiteti i Prishtinés, anétar

ORGANIZING COUNCIL:

Prof. Fetah PODVORICA, associate member of Academy, President
Prof. Myzafere LIMANI, associate member of Academy, member
Prof. Ardian MORINA, University of Leeds, England, member
Prof. Hysni OSMANI, University of Prishtina, member



PERMBAJTJA

Fetah I. Podvorica
VESHJA ME MOLEKULA ORGANIKE E SIPERFAQES SE

MATERIALEVE ...

Jean Pinson

DIAZONIUM SALTS AND COMPOSITE MATERIALS...........cooee.

Indrit Vozga, Jorgaq Kacani
ASPEKTE TEORIKE EKSPERIMENTALE TE KOMPOZITES ME
MATRICE POLIMERIKE TE PERFORCUAR ME PJESEZA POLIMERE

Salih T. Gashi
MATERIALET KOMPOZITE NE TEKNOLOGIJINE E

MEMBRANAVE DHE POTENCIALI I TYRE NE TE ARDHMEN.......

Ardian Morina
MATERIALET KOMPOZITE PER REDUKTIMIN E NDOTJES SE

AMBIENTIT NGA TRANSPORTI ..o

Hysni Osmani, Rrahim Maksuti
ZBATIMI | MATERIALEVE KOMPOZITE NE LEMIN E

INXHINIERISE MEKANIKE ......coooviiiriiieieieicissiese e

Naim Syla, Naser Kabashi, Tahir Arbneshi
COMPOSITE MATERIALS AND APPLICATIONS IN CIVIL

ENGINEERING ..o

Avni Berisha
GARA E NANOVETURAVE — NJE STUDIM TEORIK PER

NANOVETUREN NIMSMANA ........ccooiiiieiiiriieise s

Flamur Sopaj, Fetah Podvorica, Mehmet Oturan
APPLICATION OF TI/IRO2-RUO, AND BORON DOPED DIAMOND
(BDD) FOR THE DEGRADATION OF ORGANIC POLLUTANTS IN

WATER MEDIA ..o

Dardan Hetemi, Fetah 1. Podvorica, Frédéric Kanoufi,
Catherine Combellas, Jean Pinson
FORMIMI | SHTRESAVE ALKILE NE POLIMER PER APLIKIME

BIOMUIEKESORE ...ttt






VESHJA ME MOLEKULA ORGANIKE E
SIPERFAQES SE MATERIALEVE

Fetah 1. Podvorica®

Abstrakt

Veshja e sipérfages sé materialeve mund té béhet me ané té
metodave fizike dhe atyre kimike. Metodat fizike, té cilat funksionojné
né ményra té ndryshme, mundésojné depozitimin e shtresave té holla té
filmave organiké gé pérmbajné grupe té ndryshme funksionale, ndérsa
bashkéveprimi ndérmjet molekulave organike dhe materialit gé vishet
nuk éshté shumé i madh. Né kuadér té tyre do té pérmendim metodat e
depozitimit té avujve. Bashkéveprimi i molekulave té depozituara me
atomet né sipérfage té materialit nuk éshté shumé i shprehur. Me ané té
metodave kimike éshté i mundur formimi i filmave organiké té cilét
jané té lidhur kimikisht me sipérfagen e materialit gé vishet. Deri te
inicimi i njé bashkéveprimi té sipérfages sé materialit dhe molekulave
organike mund té vie, mes tjerash, né ményré kimike ose elektrokimike.
Né kuadér té tyre do té pérmendim formimin e shtresave njémolekulare
té vetorganizuara té tioleve né ari, bashkéveprimin e acideve fosfonike
né sipérfage té oksideve t€ metaleve, etj. Pastaj do t’i trajtoj edhe
metodat elektrokimike gé kané gjetur zbatim shumé té madh kohéve té
fundit pér té aktivizuar molekulat e ndryshme gofté me ané té oksidimit
ose reduktimit dhe né até ményré mundésohet krijimi i shtresave
organike me trashési té ndryshme, té cilét jané lidhur kimikisht né
sipérfage té elektrodave. Né& mesin e kétyre metodave dallojmé
oksidimin e aminave dhe acideve karboksilike né karbon dhe metale
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fisnike. Ndérsa sa i pérket reduktimit t¢ molekulave réndési té vecanté
paragesin kripérat e arildiazoniumit té cilat reduktohen né sipérfage té
karbonit, shumicés sé metaleve, gjysmépércuesve, polimereve etj.

Shtresat e krijuara gjaté kétyre modifikimeve té sipérfages sé
elektrodave té ndryshme gjejné shumé pérdorim né mikroelektroniké,
te celulat fotovoltaike, te baterité, né biomjekési, né zvogélim té
korrozionit té metaleve etj.

Fjalét celés: Shtresat organike, metodat fizike-kimike pér veshje
té sipérfageve, veshja elektrokimike.

1. Hyrje

Veshja e sipérfages sé materialeve me materiale organike
mundéson ¢ ato t’i ruajné vetité karakteristike né brendi té tyre, ndérsa
né sipérfage i manifestojné vetité e materialit me té cilin vishen.
Trashésia e shtresés gé e vesh materialin mund té jeté prej 1 nm deri né
disa pum dhe né kété ményré krijohen materiale nanokompozite ose
kompozite. Nanokompozitet paragesin sisteme té cilat pérbéhen prej dy
apo mé shumé komponenteve, ku sé paku njéra prej tyre i ka
dimensionet né njérin prej drejtimeve < 100 nm.

Ekzistojné njé mori molekulash organike me veti karakteristike,
té cilat mund té bashkéngjiten pér sipérfage té materialit, duke ia
mundésuar atij té keté veti specifike. Aktivizimi i molekulave organike
né formén gé ato té pérgendrohen né sipérfage té materialit mund té
béhet né disa ményra me ané té:

- Metodave fizike té depozitimit,
- Metodave kimike dhe
- Metodave elektrokimike.
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2. Metodat fizike

Krijimi i shtresave té filmave organiké me trashési té kontrolluar
dhe me pérbérje kimike té caktuar luan rol shumé té réndésishém né
shumé lémenj té ndryshém gé kané té béjné me materialet dhe
posacérisht né gatitien e pajisjeve Q€ pérmbajné numér té
konsiderueshém té tranzistoréve né kuadér té gargeve té integruara.
Njohja e vetive fizike-kimike té kétyre materialeve kompozite si dhe
dukurive sipérfagésore ka mundésuar optimizimin e vazhdueshém té
kétyre sistemeve dhe Krijimin e pajisjeve shumé té sofistikuara, né
radhé té paré né kuadér té gjysmépércuesve.

Dallojmé metodat fizike dhe kimike té depozimit té avujve. Te
metoda fizike e depozitimit té avujve, materiali, sipérfagja e té cilit
vishet dhe materiali i cili shérben si burim i molekulave organike
vendosen né dhomé me vakum. Pas nxemjes sé burimit té molekulave
organike deri né avullim ato depozitohen né sipérfage té materialit.
Metoda e depozitimit kimik té avujve paraget formimin e filmave
organiké né sipérfage té substrateve té ndryshme gjaté zbérthimit té
substancave té ndryshme kimike duke pérdorur nxehtésing, gjendjen
plazma, rrezatimin UV ose llojet tjera té energjisé. Kjo metodé pérdoret
shumé edhe gjaté depozitimit té silicit né sipérfage té ndryshme, duke
pérdorur depozitimin kimik té avujve té silaneve dhe klorosilaneve:
SiHa, SiH2Cly, SiCls etj. [1] Temperaturat té cilat pérdoren jané > 1000
°C, ndérsa shpejtésia e depozitimit té silicit éshté 100 — 2000 nm/min.
Ky proces njihet me emrin rritje epitaksiale e shtresés sé silicit.

3. Metodat kimike
- Formimi i shtresave té vetorganizuara né sipérfage té arit

Parimi i késaj metode éshté mjaft i thjeshté: Pllakat e arit me
trashési té ndryshme pastrohen miré me acid sulfurik té pérgendruar pér
disa minuta dhe pastaj pas shpérlarjes miré me ujé dhe tharjes sé tyre
futen né tretésirén e njé tioli, zakonisht pérdoren tiole alifatike me
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formulé té pérgjithshme RSH né alkool gjaté kohés 24 h. [2] Veshja e
sipérfages sé arit me njé film shumé té hollé njémolekular béhet pér
shkak té reaksionit té atomeve té arit né sipérfage me grupin SH té tiolit
alifatik me ¢’rast vjen deri te formimi i lidhjes kimike ndérmjet atomit
té arit dhe atij té squfurit. Filmat e tillé jané té vetorganizuar pér shkak
se gjaté kohés prej 24h sa duhet té géndrojé pllaka e arit né tretésirén e
tiolit né etanol, pérpos lidhjes sé tiolit né sipérfage té arit, mundésohet
edhe njé radhitje e rregullt e grupeve alkile pér shkak té bashkéveprimit
anésoré té vargjeve té tyre dhe pér shkak té forcave té Van der Waals-
it dhe né kété ményré béhet njé paketim i dendur i tyre, si¢ shihet né
figurén e méposhtme. Pér shkak té njé sjellje té tillé krijohet film
pothuajse perfekt njémolekular, prandaj filmat e tillé quhen filma
njémolekular té vetorganizuar.

i
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Fig. 1. Formimi i shtresave nJemoIekuIare té vetorganizuara té tioleve né
sipérfage té arit. Ref. [2]

Filmat e tillé né ari kané gjetur zbatim né raste té ndryshme si pér
pérgatitje té sensoréve té ndryshém elektrokimiké apo pér lidhje té
biomolekulave té ndryshme. Shtresa njémolekulare e alkiltiolit
mundéson qofté lidhjen e vargjeve t& AND-sé ose drejtimin e tyre té cilat
shérbejné pastaj si sensor pér detektimin e pérgendrimeve shumé té vogla
té ADNSse [3,4], si dhe pérdorimin e tyre né elektronikén molekulare. [5]

Metalet e tjera, pérpos bakrit deri diku, nuk krijojné shtresa té tilla
njémolekulare me tiolet pér shkak té lidhjes sé dobét metal-squfur.
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Metodat tjera kimike té modifikimit té sipérfageve té materialeve
me molekula organike pérfshijné acidet fosfonike, acidet karboksilike,
silanet té cilat reagojné me oksidet e ndryshme té metaleve dhe me
gjysmépércuesit. [6,7,8,9] Né shumicén e kétyre rasteve formohet
shtresé njémolekulare e lidhur kimikisht. P. sh. acidet fosfonike té cilat
pérmbajné vargje alkile pérdoren pér formim té shtresave organike né
sipérfage té oksideve té metaleve. [6]

Numri jo i madh i metodave kimike pér veshje té sipérfageve té
materialeve ka béré qé té kérkohen rrugé té ndryshme pér aktivizim té
molekulave organike né ményré gé ato té reagojné me sipérfage té
materialeve. Elektrokimia éshté njé metodé e réndésishme e Kimisé
fizike e cila mundéson aktivizimin e molekulave té ndryshme gé kané
veti té theksuara té oksidimit dhe té reduktimit, me ¢’rast né disa raste
krijohen specie shumé reaktive té cilat kané aftési té lidhen kimikisht
né sipérfage té elektrodés. Metoda e tillé e formimit té shtresave
organike né sipérfage té materialeve quhet elektrogrefim.

Me pérdorimin e metodés elektrokimike aktivizohen me oksidim:
i) aminat alifatike, ii) acidet karboksilike, iii) reagjentét e Grignard-it,
iv) triazenet; [10], ndérsa me reduktim: v) komponimet vinilike, vi)
kripérat e aril diazoniumit dhe vii) halogjenuret e alkileve me ¢’rast jané
modifikuar sipérfaqget e llojeve té ndryshme té karbonit, t&é metaleve
fisnike dhe té atyre té oksidueshme lehté, té gjysmépércuesve, si dhe té
polimeréve. [11,12]

Né rastin e aminave primare alifatike, pérdorimi i1 potencialit
anodik deri né 2.0 V/ENK (Elektroda e ngopur e kalomelit) mundéson
largimin e njé elektroni prej grupit aminé dhe né aférsi té sipérfages sé
elektrodés sé karbonit, arit ose platinés krijohet radikalkationi, skanimi
i paré, shih figurén 2a. [13] Radikal kationi i formuar menjéheré e
Iéshon njé proton dhe shndérrohet né radikalin aminil i cili éshté shumé
reaktiv dhe lidhet kimikisht pér sipérfage té elektrodés, duke e veshur
njé pjeseé té saj. Kété fenomen e shohim né skanimin e dyté, figura 2b,
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sepse intensiteti i rrymés éshté zvogéluar, ndérsa pas skanimit té treté
ajo éshté pasivizuar plotésisht.
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Fig. 2. Voltameria ciklike e butilaminés (c = 2 mM) né acetonitrilé né
elektrodé té karbonit me diameter, d =3 mm: skanimi a) i paré, b) i dyté dhe
C) i treté. Shpejtésia e skanimit, v = 0.1 V/s. Ref.[13]

Filmat e tillé jané shumé té géndrueshém dhe mund té pérmbajné
edhe grupe karakteristike né fund té vargjeve té tyre té cilat ua
mundésojné pérdorimin e tyre té shumté si sensor pér detektim té joneve
té metaleve té ndryshme toksike ose pér detektim té molekulave té
ndryshme né biomjekési. [10]

Acidet karboksilike mund té lidhen kimikisht pér sipérfage té
materialeve pas oksidimit té tyre elektrokimik, sepse gjaté kétij procesi
pas largimit té njé elektroni prej grupit karboksilik largohet protoni dhe
njé molekulé e CO», ndérsa radikali alkil pastaj lidhet menjéheré pér
sipérfage té elektrodés. [10]

E meté kryesore e kétyre metodave té aktivizimit t¢ molekulave
organike me ané té oksidimit éshté se nuk mund té pérdoren si elektroda
pér veshje metalet e oksidueshme lehté si Fe, Zn, Cu, Ni etj.

Pikérisht pér kété arsye jané béré hulumtime pér gjetjen e
molekulave té cilat aktivizohen me ané té reduktimit té tyre dhe né kété
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kategori béjné pjesé komponimet vinilike, kripérat e arildiazoniumit
dhe alkilhalogjenuret. Komponimet vinilike reduktohen né elektrodén
e nikelit, hekurit, né potencial < - 2 V né tretésa organik anhidér
sidomos dimetil formamidé (DMF) [14] dhe né até rast shndérrohen né
radikal anione té cilat pastaj jané té afta té lidhen kimikisht pér sipérfage
té elektrodés, shih skemén né vazhdim: [15]

C
NG

A \ "
X X X : X X

Skema 1. Modifikimi i sipérfages sé metalit me ané té reduktimit té vinilikéve.
Ref. [15], ku X paraget grupin —CN ose grupin —C(=O)OR kurse @ elektronin.

Radikalanionet e tilla jané shumé reaktive dhe mund té sulmojné
edhe grupet e lidhura dhe né kété ményré krijohen polimerét té cilét
jané me trashési té caktuar prej disa nm deri né disa gindra nm. Kéta
filma gjejné zbatim shumé té madh né mbrojtje té metaleve prej
agjentéve té ndryshém né mjedis, si dhe né dekorimin e sipérfages sé
metaleve me molekula té ndryshme. E meté e késaj metode éshté
pérdorimi i tretésve organiké anhidér, ndérsa eksperimentet duhet té
kryhen né pajisje té posagcme, pa prani té oksigjenit, prandaj ajo nuk
mund té aplikohet né pérmasa té gjera.

Metoda kryesore e cila pérdoret pér modifikim té sipérfageve té
materialeve té ndryshme me ané té elektrogrefimit éshté ajo e
reduktimit té kripérave aril diazonium. Me ané té saj sipérfaget e té
gjitha llojeve té karbonit, pérfshiré edhe diamantin, nanotubat e
karbonit dhe grafenin, metalet, gjysmépércuesit dhe polimerét vishen
me filma organiké qé pérmbajné grupe arile, [16] shih skemén né
vazhdim:
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Skema 2. Modifikimi i sipérfageve té materialeve me kripéra arildiazonim,
ku C- paraget llojet e ndryshme té karbonit ; M- metalet ; SC- gjysmépércuesit
dhe P — polimerét, kurse R paraget substituentét e ndryshém gé mund té
vendosen né até pozité té benzenit si (-NO,, -COOH, -NH,, -CHs, -CF; etj.).

Pérparésia e késaj metode éshté se kripérat arildiazonium
reduktohen né potencial rreth 0 V/SCE, qé éshté shumé i pérshtatshém
pér shumicén e metaleve né krahasim me metodat e oksidimit
elektrokimik. Kationi diazonium sapo e pranon njé elektron
shndérrohet né radikaldiazenil me ¢’rast simultanisht ndodh shképutja
e lidhjes karbon-azot dhe ai transformohet né radikalin aril, Ar® dhe né
molekulé té azotit. Radikalet arile jané shumé reaktive dhe menjéheré e
sulmojné sipérfagen e elektrodés dhe lidhen kimikisht me lidhje
kovalente. [11] Pér shkak té reaktivitetit té tyre shumé té madh,
radikalet arile reagojné edhe me grupet arile té lidhura né sipérfage té
materialit dhe formojné multishtresa. Reaksioni i modifikimit té
sipérfages sé materialeve me kripéra arildiazonium ndodh né tretésira
ujore, né pH té ndryshme, pastaj né tretésa organik dhe né Iéngje jonike.
[16] Ai mund té pércillet lehté me ané t€ elektrokimis€, me ¢’rast né
fillim, gjaté skanimit té paré, fitohet njé valé joreversibile e reduktimit
té kripés sé arildiazoniumit, e cila shuhet kur skanojmé herén e dyté pér
shkak té pasivizimit té elektrodés me filmin me grupe arile.

Sipérfaget e veshura me grupe arile kané aplikime té ndryshme
né mikroelektroniké, né biomjekési, né pérgatitje té sensoréve té
ndryshém, né mbrojtje té metaleve prej korrozionit etj. [11,12,16,17]
Pérparésia e shfrytézimit té filmave me grupe arile géndron né lidhjen
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e tyre kovalente me sipérfaqge té materialit qé ka si pasojé stabilitetin e
kétyre shtresave: i) deri né temperaturé 500-600 °C, ii) ndaj
potencialeve pozitive dhe negative té elektrodés sé veshur me ta deri né
2 V dhe iii) ndaj agjentéve té ndryshém kimiké. Kéto veti nuk i kané
shtresat njémolekulare té vetorganizuara té tioleve.

Llojet e ndryshme té karbonit si grafeni, nanotobat e karbonit,
nanofijet e karbonit, fullerenet, nanogrimcat kuantike té karbonit
(quantum dots) kané gjetur pérdorim té shumté né kuadér té
nanoteknologjisé si: te celulat solare, baterité e litiumit, elektronika
molekulare si dhe te pajisjet e ndryshme né biomjekeési, si p. sh.
implantet. [18] Vetité e kétyre allotropeve té karbonit mund té
pérmirésohen ende po ge se iu shtohen vetité magnetike. Kjo éshté e
mundur duke pérgatitur materiale nanokompozite té karbonit me okside
té hekurit, té cilat kané veti magnetike dhe jané biokompatibile, té
biodegradueshme dhe jotoksike. [19] Kéto materiale kané gjetur shumé
aplikime né kuadér té mjekésisé, ruajtjes sé energjisé dhe té mjedisit. P.
sh. oksidet e hekurit te nanokompozitet e tilla shérbejné si material té
anodés te baterité e litiumit dhe me kété rast béhet zévendésimi i hekurit
me litium duke mundésuar ruajtjen e energjisé. Ekzistojné dy ményra
té lidhjes sé nanogrimcave té hekurit me nanomaterialet e karbonit, si¢
shihet né figurén e méposhtme. Njéra ményré éshté ajo e lidhjes sé
grimcave té oksidit t& hekurit pér sipérfage té karbonit, ndérsa tjetra
bazohet né vendosjen e tyre brenda kanaleve té nanotubave té karbonit.

Materialet nanokompozite té pérgatitura né kéto ményra javé
analizuar me metodat e ndryshme té analizés sé sipérfageve me ané té
cilave éshté déshmuar krijimi i tyre, ndérsa ekzistimi i vetive magnetike
éshté konfirmuar edhe me ané té eksperimentit me rruazat e kuge té
gjakut té deleve té cilat jané orientuar né fushén magnetike me ané té
kétyre materialeve. [20] Nanotubat e karbonit ose karbonit pluhur té
cilét jané té lidhura me nanogrimcat e hekurit po ashtu mund té
pérdoren pér pastrimin e ujit prej ndotésve té ndryshém, sepse
substancat e ndryshme ndotése adsorbohen lehté né sipérfage té
karbonit, ndérsa largimi i kétyre grimcave pastaj béhet me ané té fushés
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magnetike ose duke i oksiduar elektrokimikisht, me ¢’rast béhet edhe

rigjenerimi i sipérfages sé karbonit pér adsorbimin e molekulave tjera.
[19,21]

@ iron oxide NPs
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Fig. 3. Lidhja e nanogrimcave té hekurit me nanomaterialet e karbonit. Ref.
[19]

4. Pérfundim

Metodat kimike pér veshje té sipérfageve me molekula organike
jané béré mé té shumta dekadave té fundit falé pérdorimit té
elektrokimisé. Me ané té saj mund té krijohen shtresa té filmave
organiké me trashési té ndryshme dhe me pérbérje kimike té caktuar.
Kéto materiale nanokompozite kané gjetur zbatim né shumé lémenj té
teknologjisé, duke filluar prej elektronikés molekulare, tranzistoréve,
celulave solare, baterive e deri te sensorét dhe biosensorét.
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DIAZONIUM SALTS AND COMPOSITE
MATERIALS

Jean Pinson*

Composite materials are gaining importance in modern industry
due to their high physical, mechanical or chemical performances.
Concrete is the most common composite material where small stones
(or gravel) are bound together by cement; it is often reinforced by
adding metal rods, wires, mesh or cables to the composite (so creating
reinforced concrete). Newer composites are developed such as fiber
glass where a plastic matrix is reinforced with glass fibers; modern
planes now include up to 30% of composites among which carbon
epoxy composites. In these materials carbon fibers are imbedded in an
epoxy matrix and the adhesion between the carbon fiber and the
polymeric matrix is a key factor in the high mechanical properties of
such composites, a good adhesion can be achieved by chemical
modification the surface of the fiber.

The chemical modification of surfaces is used in many domains
of our daily life, from simple painted door gates to the sophisticated
processes that prevent cars from rusting and also provide the aesthetic
finish. Such processes are also used in the surface treatment of
biomedical implants and sensors. Among the many processes that have
been developed for the modification of surfaces some provide a
chemical bond between the surface and the organic film. For example,
Self-Assembled Monolayers (SAMs) of silanes,[1-3] phosphonates
[4,5] and carboxylic acids [6] are formed on surface oxides, while

Univ Paris Diderot, Sorbonne Paris Cité, ITODYS, UMR 7086 CNRS, 15 rue J-
A de Baif, 75013 Paris Cedex 13, France.
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alkenes and alkynes are bonded to hydrogenated silicon [7] or carbon.
[8]. Long alkyl chain thiols SAMS are attached to gold and some other
metals (Ag, Cu) [9]. Electrografting strategies [10] have also been
investigated (oxidation of amines, carboxylic acids, vinylic
compounds).

This proceeding will describe the modification of surfaces by
diazonium salts [11,12] and the use of such modified surfaces for the
preparation of composite materials. We will first highlight the main
characteristics of surface modification with diazonium salts and then
describe the preparation and properties of composites from these
modified surfaces.

The reaction that permits the functionalization of surfaces by use
of diazonium salts is presented in Scheme 1.

P
S |+ N=N: R—>
Various

reduction
methods
including
Echem multilayers

Scheme 1. Surface modification by use of diazonium salts.

In the presence of a surface, an aromatic diazonium salt is reduced
electrochemically, or by reducing agents (including reducing surfaces);
this results in aryl groups attached to the surface and then to the
formation of a polyaromatic film.

*Diazonium salts are quite easily synthesized, the starting
material is an aromatic amine (most often commercial), the reaction
can also be performed in situ without isolation of the diazonium salt.

The reaction leading to the diazonium salt can be easily
performed in HBF4 aqueous solution (0-5°C) in the presence of a small
excess of NaNOz. The diazonium salt precipitates and can be used after
simple washing with ether and drying. The reaction can also be
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performed in acetonitrile (ACN) in the presence of nitrosonium
tetrafluoborate or isopentylnitrite. In many cases it is not even necessary
to isolate the diazonium salt and the grafting reaction can be performed
in solution in the presence of the amine and the diazotation reagent. [13]

*The reduction potential is quite low (+ 0.2 to -0.5 V/SCE),
therefore mild reducing agents and reductive surfaces as Cu can be
used. Photochemistry can also trigger the reaction.

Figure 1 presents the voltammogram of 4-nitrobenzene-
diazonium, a broad irreversible wave at Ep = -0.02 V/SCE, [10]
therefore any reducible substituent on the aromatic ring will not be
affected by the grafting reaction. The other important characteristic is
the fast decrease of the voltammogram upon scanning (Figure 1b) (due
to the formation of a polymeric film on the electrode). The reaction can
also be achieved with mild reducing agents such as ascorbic acid,
hypophosphorous acid, [14] or by the surface to be grafted (Fe,[15] Cu
[16]).
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Figure 1. Glassy carbon disk electrode (d =3 mm) Figure 2. (a) Raman spectrum of 40 nm gold nanoparticles modified with nitrophenyl

in ACN +2 mM *N,C¢H,NO,BF, +0.1M NBu,BF, groups showing the signature of the Au-aryl bond at 412 cmr,

a)first and b) second scan and c) the same electrode in ACN + 0.1 M NBWBF,.close from the calculated position (414 cnr) of the Au-aryl band of a nitropheny! trimer
grafted to the surface of gold at, b) nit I i gold p:
(c) in the presence of nitrobenzene and d) in absence. (Adapted with permission from ref21).

*Many surfaces can be modified: carbons (glassy carbon, carbon
fibers, carbon nanotubes, graphene); metals (Pt, Au, Cu, Fe...);
semiconductors (Si-H, Ge...); polymers (PE, PMMA...).

Even polymer such as PMMA can be modified by diazonium salts
[17] in the presence of hypophosphorous acid, the polymer remained
transparent but cover with nitrophenyl tetramers.
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* A covalent bond is formed between the surface and the organic
film, therefore the construct is very stable.

This is one of the most important characteristics of this reaction
and many efforts have been devoted to demonstrate the existence of a
bond between the surface and the organic film. The ambient, thermal
and electrochemical stability, XPS, ToF-Sims, Raman-SERS (Figure 2)
and theoretical calculations have been used to demonstrate the existence
of a bond between the surface and the organic film. [18-20]

*The reaction mechanism is based on radicals that attack the
surface and the first grafted layer; therefore, multilayers are most often
obtained.

These multilayers (Scheme 1) can be quite thin (a few nm) or
quite thick (up to 100 nm) depending on the substrate and the grafting
conditions. It is however possible to obtain monolayers either by taking
advantage of steric hindrance [21] or by cleavage of the multilayer. [22]

* The R group can be varied at will, but substituents alpha of the
diazonium group block the reaction.

The substituents in the 4- position of the aryl ring can be varied
at will from simple organic groups such as CHz, COOH, NO; to dyes,
calixarenes, proteins and DNA strands. [23]

The thin aryl films obtained from diazonium salts can be used to
bind the different components of a composite. We will briefly describe
three types of composites obtained from polyaryl modified surfaces:

*Polymers on Surfaces. Polymers can be attached to surfaces
either by “grafting on” or by “grafting from”.

As an example of “grafting on” a polymer terminated by -COOH
groups is bonded through —COO™-Mg?*--O0C- bonds to a Fe-CsHa-
COOH film, this attached polymer provides an excellent protection
against corrosion (Figure 3). [24]
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“Grafting from” reactions can be exemplified by a modified Fe-
CeHs-CH2(-CHa3)-Br surface wused to initiate the growth of
polymethylmethacrylate under ATRP conditions (Figure 4). [25] The
SEEP process grow polymers on surfaces; this is achieved by reducing
an emulsion of butylmethacrylate in the presence of a diazonium salt in
an acidic aqueous solution. [26] Photografting is illustrated by the
growth of a polymethylmetyhacrylate film on an iron surface modified
by the reaction of the diazonium salt of benzophenone (Fe-CeHa-
C(=0)-CgHs) under irradiation. [27]

Drug Eluting Stents. Stents are arterial prostheses that permit to
reopen stenosed arteries, in some cases the stents must be covered by a
strongly bonded film containing an antimitotic drug to prevent re-
stenosis after implantation of the sent. This has been achieved by
modified the surface of a stainless-steel stent by a process somewhat
related to the SEEP process above. [28]

Carbon Fiber-Epoxy Resin Composites. These materials are
made from carbon fiber mats embedded in an epoxy resin. They are
now used for sports equipment such as tennis rackets bicycles but also
for cars and airplanes where they constitute up to 30% of the structure.
The good adhesion between the carbon fiber and the epoxy resin is the
key factor for obtaining high mechanical performances. For this
purpose, carbon fibers have been modified with diazonium salts. Figure
5 presents an example where a carbon fiber is modified by a diazonium
salt with perfluoro and ethyleneglycol substituents, after imbedding in
an epoxy resin, the interfacial shear strength (the strength needed to
extract the fiber from the matrix) is improved to 115% by reference to
an untreated fiber.?®
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ASPEKTE TEORIKE EKSPERIMENTALE TE
KOMPOZITES ME MATRICE POLIMERIKE TE
PERFORCUAR ME PJESEZA POLIMERE

Indrit VOZGA? Jorgaq KACANIP

Abstrakt

Zhvillimi i materialeve kompozite dhe i metodave té projektimit
e té prodhimit gé lidnen me to é&shté njé nga pérparimet mé té
réndésishme gé ka njohur historia e materialeve. Kompozitat jané
materiale shuméfunksionale me veti mekanike dhe fizike té papara. Ato
mund té modelohen me saktési pér t'iu pérgjigjur kérkesave té
aplikimeve nga mé té vecantat. Shumé kompozita, krahas vetive té larta
mekanike, shfagin edhe rezistencé t& madhe ndaj korrozionit né
temperatura té larta, ndaj oksidimit dhe konsumimit. Kéto kara-
kteristika unikale japin mundési projektimi gé nuk arrihen me asnjé nga
materialet tradicionale monolitike. Shumé procese teknologjike té
kompozitave jané pérshtatur mé sé miri pér prodhimin e strukturave té
médha e komplekse, gjé qé ka lejuar kompaktésimin dhe realizimin e
tyre né formén e "njé trupi”, duke reduktuar késhtu kostot e prodhimit.
Interesant éshté dhe rasti i kompozites me matricé polimerike e
pérforcuar me pjeséza polimere. PS dhe HDPE jané dy nga plastikat mé
té pérdorura né boté me shkallé prodhimi prej miliarda ton. Mé pak se
10% e kétij prodhimi riciklohet. Njé pérdorim pér plastikat e ricikluar,
pra vecanérisht e HDPE, éshté shkrirja né forma té cilat i ngjajné
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traréve, nga ku rrjedh dhe termi traré plastiké. Kéto produkte pérdoren
si materiale ndértimi né shumé aplikime. Njé pengesé e disa produkteve
trarésh plastiké éshté tendenca e tyre pér té shkaré. Kjo éshté
vecganérisht e vérteté pér ato produkte té pérbéra nga HDPE. Bashkimet
PS/PE mund té formohen me disa ményra: formimi me ngjeshje ose
formimi me bashkéshtrydhje dhe zakonisht morfologjia e bashkimit
lidhet me vetité e tij mekanike. Réndom pérmasa mé té vogla té fazave
disperse prodhojné veti mekanike mé té mira. Madhésia dhe forma e
fazave té vogla jané kritike pér vetité né goditje.

1. Klasat dhe karakteristikat e materialeve kompozite

Nuk ka njé pérkufizim té pranuar nga té gjithé té asaj se ¢'éshté
njé material kompozite. Ne né kété punim do ta quajmé kompozite njé
material t& pérbéré nga dy ose mé shumé faza té dalluara nga njéra-
tjetra, té lidhura bashke.

Figura 1.1 tregon llojet kryesore té pérforcimeve té pérdorura né
materialet kompozite: fibra té¢ vazhduara dhe té orientuara né njé
drejtim, fibra jo té vazhduara, whisker-a (struktura té zgjatura
monokristalore), grimca dhe forma té shumta té arkitekturave fibrore té
prodhuara me teknologji tekstile, si¢ jané pélhurat dhe rrjetat. Gjithnjé
e mé shumé projektuesit po pérdorin kompozite hibride, gé¢ kombinojné
lloje t& ndryshme té pérforcuesve pér té marré efektivitet mé té madh
dhe pér té reduktuar koston [1].

Kompozitat jané materiale shumé heterogjene. Kjo do té thoté se
vetité e njé kompozite ndryshojné dukshém nga njéra piké e materialit
te tjetra, duke u varur nga ai pérbérés i materialit mbi té cilin koincidon
pika né studim. Ndryshe nga kompozitet, geramikat monolitike dhe
lidhjet metalike, zakonisht, konsiderohen péraférsisht si materiale
homogjene.
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Fibra te vazhduara

Pjeséza Pathuré

Figura 1.1. Format e pérforcimit

Kriteri kyesor i cili pércakton statusin e materialeve kompozite
éshté tretshméria e materialeve té pérdorura. Termodinamika bazé e
pérzierjes vendos gjendjen e tretshmérisé té ¢do pérzierje. Kérkesa
fillestare tregohet nga ndryshimi i energjisé sé liré t€ Gibbs-it té
pérzierjes dhe pércaktohet nga:

AGpixy = AHpixy — TAS i < 0,
ku AH,,;, &shté ndryshimi i entalpisé dhe AS,,;.&shté& ndryshimi i
entropisé gjaté pérzierjes. Q& té ndodhé pérzierje né nivel molekular,
ndryshimi né energjiné e liré t& Gibbs-it duhet té jeté mé pak se 0.

2. Pérforcuesit dhe matricat

Ka disa aspekte té réndésishme gé duhen diskutuar pérpara se té
paragesim vetité e pérbérésve té kompozitave. Materialet tradicionale
té pérdorura né zbatimet inxhinierike jané kryesisht lidhje metalike pér
shumicén e té cilave ekzistojné specifikime (norma) industriale dhe
zyrtare. Gjendja éshté shumé e ndryshme pér kompozitat. Shumica e
pérforcuesve dhe matricave jané materiale specifike pér té cilat nuk ka
standarde industriale. Kjo éshté e ngjashme me statusin e tanishém té
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geramikave. Situata ndérlikohet mé tej nga fakti gé ka shumé metoda
testimi né pérdorim pér vlerésimin e vetive mekanike dhe fizike té
materialeve té pérforcuesve dhe matricave. Té dhénat e paragitura prej
nesh né vijim pérfagésojné njé pérzgjedhje informacioni nga shume
burime, kryesisht nga artikuj dhe botime té prodhuesve. Gjithsesi, nisur
nga pasiguria e diskutuar mé sipér, vlerat e vetive té paragitura né kété
seksion duhet té konsiderohen si té péraférta apo orientuese [2].

2.1. Pérforcuesit

Katér tipet kryesore té pérforcuesve té pérdorur né kompozite
jané fibrat e vazhduara, fibrat jo té vazhduara, wisker-at dhe grimcat
(Figura 1). Fibrat e vazhduara dhe té orientuara paragesin formén mé té
frytshme té pérforcimit dhe pérdoren gjerésisht vecanérisht né zbatimet
e teknologjisé sé larté. Mé té réndésishme mes tyre sot jané pélhurat
dhe rrjetat dy dhe tredimensionale. Materiali i paraqitur do té fokusohet
gjithsesi né pérforcuesit grimcor.

2.2. Materialet e matricave polimere

Ka dy klasa kryesore polimeresh té pérdorura si materiale
matricore: termoreaktive dhe termoplaste. Termoreaktivet jané
materiale gé pésojné njé proces trajtimi termik gjaté fabrikimit, pas té
cilit ato ngurtésohen dhe nuk mund té riformohen. Termoplastet,
pérkundrazi, mund té zbuten dhe té riformohen né ményré té pérséritur
duke i nxehur. Termoplastet ndahen zakonisht né nénklasa: amorfe,
kristalore dhe me kristale té 1éngshme. Ka polimere té shumta né té dy
klasat.

Matricat polimere jané materiale relativisht té dobéta, me ngurtési
té ulét dhe me sjellje viskoelastike. Qéndrueshméria dhe ngurtésia e
PMC-ve i dedikohet kryesisht fazés fibrore. Njé nga problemet kryesore
né pérzgjedhjen e matricés éshté temperatura maksimale e punés, kur
dihet se vetité e polimereve ulen ndjeshém me rritjen e temperaturés.
Njé madhési e pérdorur gjerésisht pér matjen e rezistencés relative ndaj
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temperaturés sé polimereve éshté temperatura e kalimit né gjendje
gelgore (Tg), e cila éshté temperaturé e pérafért né té cilén polimeri
shndérrohet nga material relativisht té ngurté né material gomoz
(viskoz). Polimeret pésojné humbje té konsiderueshme si né
géndrueshméri, ashtu edhe né ngurtési kur nxehen mbi temperaturén e
tyre té gelgifikimit. Polimere té reja me géndrueshméri né rritje ndaj
temperaturés po zhvillohen vazhdimisht, duke i lejuar ato té
konkurrojné me njé seri metalesh [3].

Njé faktor i réndésishém né pérzgjedhjen e matricave polimere
éshté edhe ndjeshméria e tyre ndaj lagéshtisé. Rréshira tenton té thithé
ujé i cili shkakton ndryshime dimensionesh dhe redukton ngurtésiné
dhe géndrueshmériné né temperatura té larta. Shkalla e thithjes sé
lagéshtirés, zakonisht e matur me pérqgindje té rritjes sé peshés, varet
nga polimeri dhe nga lagéshtira relative e mjedisit.

3. Vetité mekanike té kompozitave me matricé polimere

Polimeret jané materiale me géndrueshméri relativisht té ulét. Pér
té siguruar materiale me veti mekanike té pérshtatshme pér pérdorime
strukturore éshté e nevojshme t'i pérforcojmé ato me fibra té vazhduara
ose jo té vazhduara. Pérmirésime né vetité mekanike arrihen edhe duke
shtuar grimca polimerike, ashtu si¢ paragitet né kompozitin HDPE/PS,
ku materiali i pérftuar ka veti té pérmirésuara kundrejt secilit prej
elementeve.

Vetité e PMC-ve, vecanérisht géndrueshméria, varen nga
temperatura. Varésia nga temperatura ndryshon shumé nga njé polimer
te tjetri. Kjo éshté gjithashtu e vérteté pér epokside me pérbérje té
ndryshme, té cilat kané temperatura té ndryshme té vullkanizimit dhe té
kalimit né gjendje gelqore. Disa polimere, si polimidet, ruajné veti té
mira né temperatura té larta, gjé qé i lejon té krahasohen me titanin®.
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4. Pjesa eksperimetale dhe rezultatet:

- Karakteristikat e materialeve té studiuara
- Pérbérjet e kampionéve

Kampionét gé ne studiuam jané polimeret e paspérdorimit,
karakteristikat dhe pérbérjet e té cilave jané paragitur né tabelén 1.

Tabela 1: Disa karakteristika fizike t& homopolimereve dhe
pérbérjeve té pérzierjeve té studiuara

Indeksi i Pérzierja (% véllimi)
| rrjedhjes sé | Densiteti
Polimeri o

shkrirjes (g/cmd)

(/10 min) | ] Il v Vv VI
HDPE 0.3 0.963 50 | 60 70 |75 100 | O
PS 1.53 1.003 50 |40 30 |25 0 100

Karakteristikat e kampionéve

Kampionét pér prova mekanike u prodhuan sipas standardit
ASTM D638 né stampa té parangrohura. Pérzierjet u pérgatitén nga
fraksionet e lehta té griré né copa me pérmasa té rendit t&¢ mm?
népérmjet njé shtrydhési me njé shnek Brabender né T = 180°C dhe me
shpejtési rrotullimi prej 20 rrot/min, u injektuan nga njé makineri Negri
dhe Bossi NB 55 né T = 220°C. Prova e kampoinéve té fituar u realizua
né laboratorét e Rutgers-it té Universitetit Shtetéror té New Jersey-it.

Pérshkrimi i provave té realizuara

Pér pércaktimin e vetive né térhegje té kampionéve u pérdor
dinamometri Instron model 1122 me shpejtési té kokés prej 5 mm/min
bazuar né ASTM D638, ndérsa provat né goditje 1ZOD u kryen né bazé
té ASTM D256 né njé lavjerrés Dynatup model POE 2000 né T = 30°C
dhe T = 23°C. Rezultatet paragesin mesataren aritmetike té 10 matjeve.
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Studimi i aspekteve té morfologjise u realizua népérmjet kampionéve
gé u shkatérruan, u thyen né ményré kriogjenike dhe sipérfaget e thyerjeve,
pasi u veshén me ar, u vézhguan me ané té€ mikroskopit me skanim
elektronik (MSE) model Zeiss 982 GEMINI FEMSE +.

100000
10000 HDPE
0
w 1000 PS
B
=
100
10 - - -
1 10 100 1000 10000
T (5ec'1)

Fig. 1. Viskoziteti i homopolimereve kundrejt raportit té shkarjes né 190°C.

5. Interpretimi dhe diskutimi i rezultateve eksperimetale;
Interpretimi dhe diskutimi i morfologjisé sé testimeve

Né tabelén 2 jepet indeksi i rrjedhjes sé shkriré, densiteti
eksperimental dhe i llogaritur né 190°C me ané té ligjit té shtimit.

Tabela 2. Indeksi i rrjedhjes sé shkriré dhe densiteti
eksperimental i llogaritur né 190°C me ané té ligjit té shtimit

Indeksi i rrjedhjes sé shkrirjes .
o . Densiteti
Pérzierja (9/10 min) (@/em?)
Eksperimental | i llogaritur ?
Pérzierja 1 1.19 1.57 0.9234
Pérzierja 2 1.31 2.04 0.9261
Pérzierja 3 1.81 2.01 0.9261

Né rastin toné, duke marré parasysh sidomos pérbérjen e
komplikuar té pérzierjes, nuk synuam té studiojmé plotésisht
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karakteristikat reologjike té kétyre materialeve, por thjesht té
kontrollojmé nése bashkime té tilla mund té paragesin veti né shkrirje
té cilat mund té ndalojné pérpunueshmériné me makineri té zakonshme.

P A

Fig. 2. Mikrografi e pérftuar me MSE e sipérfages sé thyer né té ftohté né
bashkimin HDPE/PS = 60/40

Né tabelén 2 vlerat eksperimentale té indeksit té rrjedhjes sé
shkrirjes jané krahasuar me vlerat e llogaritura duke pérdorur ligjin e
shtimit. Vlerat eksperimentale jané mé té uléta se vlerat e llogaritura,
cfaré sugjeron se ekzistojné bashkéveprime té dobéta ndérmjet
komponentéve pér shkak té njé strukture kimike té njéjté té pérbérésve
té bashkimit. Kjo na con né pérfundimin se pérpunueshméria e
bashkimeve nuk paraget problem té vecanté.

Densiteti. - Né tabelén 3 jané paraqitur vlerat e densitetit té
pérzierjes 1, 2 dhe 3, té cilat jané rreth 0.5% mé té larta se vlerat e
llogaritura bazuar né mesataren e peshave té kontributeve té pérbérésve
té ndryshém, duke supozuar se shkalla e kristalizimit té polimereve té
kristalizueshme nuk ndikohet nga bashkimi, késhtu gé mund té arrijmé
né pérfundimin se bashkimet kané strukturé kompakte®.

Morfologjité e sipérfageve té thyera té pérzierjes 1, 2, 3 dhe 4 jané
paragitur né figurat 4, 5 dhe 6. Morfologjia e pérzierjes 1, e patreguar
kétu, duket si material me fazé té vetme, cfaré do té thoté se dy
komponentét jané té padallueshém né té tillé pérbérje.
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Pérzierja 2 paraget matricé HDPE me thyerje plastike me
papastérti té PS jo lehtésisht té dallueshme. Né rastin e pérzierjes 5 u
vuné re té njéjtat karakteristika morfologjike nga mbetjet plastike.
Morfologjia e pérzierjes 3 (figura 6) paraget garté domenet e PS té cilét
thyhen me sipérfage té ashpér globule tipike [9]. Me uljen e sasisé sé
PS (figura 6) deri né 25% (pérzierja 4) ky komponent thuajse tenton té
formojé fazé té vazhdueshme né matricén e HDPE; PS éshté ende e
dallueshme né trajtén e pjesézave sferike té ndara [6].

Fig. 3. Mikrografi e pérftuar nga MSE Fig. 4. Mikrografi e pérftuar nga MSE e

sipérfages. e sipérfages sé thyer né té ftohté té
bashkimit HDPE/PS=70/30 dhe thyer
né té ftohté té bashkimit HDPE/PS =

Fig. 5. Mikrografi optike e bashkimit Fig. 6: Mikrografi optike e bashkimit
HDPE/PS = 75/25 né 180°C. HDPE/PS = 75/25 né 140 °C.
Zmadhim 200 x. Zmadhim 200 x.
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Sjellja Kkristalizuese. - Pérderisa procesi i rikristalizimit éshté
shumé i réndésishém né kontrollin e morfologjisé, pra edhe té vetive
mekanike, éshté me interes té diskutohet sjellja e shkrirjes gjaté ftohjes.
Né figurat 8 dhe 9 tregohet efekti i shkallés sé tejftohjes né
temperaturén e rikristalizimit T, t¢ HDPE dhe PS té pastra dhe té
pérziera.

Né té kundért, Tc-ja e HDPE-sé né bashkim éshté pak gradé mé e
larté se ajo e pérbérésit té vetém dhe diferenca thellohet me rritjen e
shkallés sé ftohjes. Kjo sjellje éshté e padéshirueshme duke konsideruar
efektin e favorshém né HDPE dhe PS tashmé té kristalizuar né procesin
e nukleimit t&¢ HDPE-sé. Késhtu, matrica e HDPE kristalizon gjithmoné
kur PS jané solide dhe PS éshté nén tranzicionin e tij gelgor. Gjaté
kristalizimit ndodh reduktim-véllimi dhe matrica rrudhoset mbi
domenet e fazave te shpérndara duke i ngjitur ato bashké shumé fort.
Kjo éshté arsyeja kryesore e kontaktit t¢ miré midis matricés dhe
domeneve té ndryshme polimerike e vézhguar né analizén me
mikroskop elektronik’.

6. Interpretimi dhe diskutimi i rezultateve pér vlerésimin e vetive
mekanike

Sjellja né térhegje. - Vlerat e modulit té elasticitetit E, té sforcimit
né pérkulje oy, té géndrueshmérisé né térheqje on, t€ homopolimereve
dhe pérzierjeve jané paragitur né tabelén 4. Vlerat e modulit té
homopolimereve ndryshojné me rreth +5%, ndérsa pér bashkimet me
rreth +8%. Té dhénat e ndryshimit té o, dhe oy shtrinen nga £12% pér
homopolimeret deri né +18% né rastet e vlerave té bashkimeve;
rezultatet e e, kané shkallé ndryshimi mé té gjeré gé varion nga +20%
deri né +27%.

Reduktimi i sasisé sé HDPE-sé né njé bashkim rrit modulin dhe
sforcimin pérkulés, ndérsa o praktikisht nuk ndryshon dhe &, duket se
arrin maksimumin pér pérzierjen 3, duke pasur 70% PE. Pérzierja 5, e
pérgatitur me fraksionin e lehté t& mbetjeve plastike, tregon praktikisht
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té njéjtin modul elasticiteti dhe géndrueshmérie si homopolimeret e
pastér (pérzierja 4); gjithsesi, kampionét thyhen para se té arrijné
deformimin e madh té pérzierjes 4, ndoshta pér shkak té defekteve té
krijuara nga papastértité, té cilat nuk jané larguar plotésisht gjaté
procesit té flotimit. Rritja e modulit E nga reduktimi i pérgindjes sé
HDPE éshté shumé né parashikimin e rregullit té shtimit, si¢ tregohet
né figurén 10.

Nése konsiderojmé pérzierjet si kompozite me matricé té
mbushur, né té cilén matrica éshté HDPE dhe mbushési éshté PS, mund
té krahasojmé té dhénat tona mekanike me modelin e Nielsen-it té
zhvilluar pér sisteme me pérforcues polimerik. Duhet théné se ky
pérafrim éshté thuajse i thjeshtézuar, sepse diferenca ndérmjet modulit
té HDPE dhe komponentit PS nuk éshté aq i madh sa né rastin e njé
matrice polimerike dhe njé mbushési inorganik. Megjithaté, mendojmé
se ky pérafrim mund té arrihet duke kryer supozimet e méposhtme:

Matrica éshté e pérbéré prej HDPE pér té gjitha bashkimet dhe
moduli 1 saj 1 matur né€ ményré eksperimentale éshté (<151 MPa).

Mbushési éshté i pérbéré prej PS dhe moduli i tij i matur né
ményré eksperimentale éshté (=739 MPa).

Fotot e pérftuara nga MSE ofrojné prova se gjeometria e fazés
disperse éshté komplekse pér shkak té pranisé sé domeneve me formé
eliptike dhe sferike.

Moduli i pérdredhjes. - Moduli i pérdredhjes dhe géndrueshméria
ndaj goditjes jané veti shumé té réndésishme né fushén e aplikimeve té
plastikave té rifituara. Tabela 5 paraget té dhéna eksperimentale mbi
vetité mekanike pér pérbérésit e vetém dhe bashkimet. Rritja e modulit
té pérdredhjes nga shtimi i polimereve mé té shtangéta éshté e dukshme,
cfaré konfirmon se transferimi i sforcimit midis fazave éshté efektiv
edhe né ményrén pérdredhése. Moduli né pérdredhje i pérzierjes 5 éshté
thuajse i barabarté me modulin né térheqje té pérzierjes 2 nése marrim
né konsideraté pasiguriné e eksperimentit.
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Rezistenca ndaj goditjes e paragitur né tabelén 5 tregon varési
shumeé té forté né heterogjenitetin fazor dhe né praniné e papastértive té
shtangéta né HDPE. Megjithése vetité né goditje té bashkimeve
zakonisht pérmirésohen me rritjen e HDPE, efekti éshté dramatik né
temperaturé té ulét, cfaré kérkon kujdes té vecanté nése kérkohet
aplikim i tillé.® Papastértité jané shkaku i rezistencés sé ulét ndaj
goditjes né 30°C (220 J/m) né pérzierjen 5 né krahasim me pérzierjen 2
e cila nuk thyhet. Kjo sugjeron se nevojiten ndarje dhe stade larje mé té
sakta para se té pérpunojmé bashkimin.

7. Pérfundim

Pércaktimi i raportit optimal té bashkimit t¢ HDPE/PS té
paspérdorimit dhe krahasimi me materialet e papérpunuara éshté
studiuar pér gytetit e Tiranés, me materiale HDPE dhe PS té mbledhura
dhe seleksionuara népérmjet metodés sé flotimit. Falé pérvojés dhe
eksperimenteve té kryera né laboratorét e Universitetit Shtetéror té New
Jersey-it, Rutgers u arrit, té pércaktohet si raporti optimal i pérzierjes
75/25 HDPE/PS.

Nga studimi i kampionéve té marra me raport optimal pérzierje
75/25 HDPE/PS rezultoi se:

- né sjelljen reologjike té pérzierjeve, viskoziteti kundrejt
sforcimit shkarés éshté devijues negativ (PS/HDPE) dhe devijues
pozitiv (HDPE/PS);

- densiteti éshté rreth 0.5% mé i larté se vlerat e llogaritura bazuar
né mesataren e peshave té kontributeve té pérbérésve té ndryshém, té
cilét kané strukturé kompakte;

- morfologjia e pérzierjes, si¢ shihet dhe né figurat e mésipérme,
tregon se raporti 75/25 ka shpérndarje fazore mé té qarté.

Sjellja e materialit té shkriré gjaté ftohjes, rikristalizimi si proces
shumé i réndésishém né kontrollin e morfologjisé u studiua me
mikroskop elektronik me skanim. Nga analiza e matricés rezultoi se
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HDPE kristalizon gjithmoné kur PS jané solide dhe PS éshté nén
tranzicionin e tij gelgor®.

Faktor tjetér i réndésishém, ku ne u ndalém éshté dhe sjellja

mekanike e bashkimit. Bazuar né Nielsen, PS kané efekt pérforcues né
matricén HDPE dhe transferimi i sforcimit né deformime té uléta éshté
i miré. Rritja e modulit té pérdredhjes nga shtimi i polimereve mé té
shtangéta éshté i dukshém, cfaré konfirmon se transferimi i sforcimit
midis fazave éshté efektiv edhe né ményrén pérdredhésel®.
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E MEMBRANAVE DHE POTENCIALI I
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Abstrakt

Materialet polimerike té osmozés sé kundért (OK) kané gjetur
pérdorim komercial té gjeré qysh kur éshté instaluar stabilimenti i paré
aktiv i OK pér shkripézimin e ujit né pérmasa industriale. Falé
zhvillimit teknologjik, kéto materiale fabrikohen me kosto té ulét dhe
kané pérformancé, pérkatésisht selektivitet dhe permeabilitet té larté.
Osmoza e kundért éshté aktualisht teknologjia mé e réndésishme e
shkripézimit té ujit dhe ka treguar rritje sinjifikante. Né& kété punim
éshté diskutuar zhvillimi i membranave té OK, Kklasifikimi dhe
performancat e tyre jané vlerésuar nga aspekti i shkencés sé
materialeve. Kétu jané pérfshiré materialet membranore organike
(polimerike), inorganike, hibridet organike-inorganike (nanoma-
terialet) dhe potenciali i tyre né té ardhmen.

Fjalét celés: Osmoza e kundért, materialet membranore organike
dhe inorganike, performanca e membranave.
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Hyrje

Pastrimi 1 ujit pér nevoja humane, pér bujgési, industri dhe
menaxhimi i ekosistemit sot shpérfagen si prioritet global kryesor. Me
rritjen e popullsisé dhe zhvillimit industrial né dekadat e fundit, kérkesa
pér ujé té pastér éshté rritur shpejt. Nga rezervat globale té ujit vetém
2.5% jané ujé i pastér, ndérsa pjesa tjetér éshté ujé i njelmét. [1] Deri
tani materialet polimerike, pérkatésisht acetati i celulozés dhe filmat e
hollé t¢ membranave kompozite té poliamideve kané dominuar né
industriné e osmozés sé kundért pér shkripézimin e ujit. [2] Hulumtimet
e tilla kané béré gé performanca e membranés té osmozés sé kundért
éshté ngritur. Megjithaté, avancimi i pérzgjedhjes sé materialeve
membranore né dekadén e fundit ka gené relativisht i ngadalésuar dhe
fenomeni i shtupimit té tyre mbetet edhe mé tutje i pazgjidhur.
Zhvillimi i fundit i dizajnimit té materialeve membranore é&shté
pérdorimi i materialeve hibride organike - inorganike té cilat nxisin
tejkalimin e kufizimeve gé lidhen me sistemet polimerike membranore.
Futja e pjeséve inorganike né rrjetin e sistemit polimerik, pervec
separimit ofron dhe mund té rrisé hidrofilicitetin, fortésiné mekanike,
pérshkueshmeriné e ujit, vlerén e separimit dhe vetité antishtupuese. [3]
Té dhénat gé bazohen né pérzierjen e materialeve kompozite (polimer—
qymyr) pér gatitjén e membranave asimetrike heterogjene kané treguar
performance té larté. [4]

Qéllimi i kétij punimi éshté prezantimi i vetive dhe Kkara-
kteristikave té materialeve membranore té OK gé ndikojné né shtim té
performancés sé separimit dhe produktivitetit té ujit si dhe éshté
theksuar potenciali i tyre né té ardhmen.

Membranat dhe klasifikimi i tyre

Né kuptimin mé té pérgjithshém, membrana sintetike éshté njé
ndérfazé gé ndané dy faza dhe zvogeélon transportin e grimcave té
ndryshme né ményré specifike, me fjalé té tjera, membrana éshté
ndérfazé fizike g€ mundéson kalimin apo jo té tyre varésisht nga vetité
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e tyre fizike dhe kimike. Prandaj termi “membrané” pérfshiné njé
numér té madh té materialeve dhe strukturave dhe ajo shpesh mund té
pérshkruhet mé miré né bazé té asaj se ¢ka bén sesa cka éshté. Té gjitha
materialet qé funksionojné si membrané zakonisht kané njé veti
karakteristike: Ato e zvogélojné kalimin e specieve kimike té ndryshme
né ményreé specifike. [5]

Membrana mund té jeté homogjene, heterogjene, simetrike ose
asimetrike: Ajo mund té jeté e ngurté ose e l1éngét dhe mund té jeté
neutrale, mund té keté ngarkesé pozitive, negative ose té dyja. figura 2.
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Asimetrike integrale Kompozite me film té hollé

Fig 2. Llojet e membranave: a) membranat simetrike: mikroporoze, joporoze
e dendur dhe e ngarkuar elektikisht, si dhe membranat asimetrike:
membranat asimetrike integrale dhe kompozite me film té hollé.
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Membranat simetrike ndahen né mermbrana mikroporoze,
joporoze dhe té ngarkuara elektrikisht, figura 2. Ato formohen nga
materialet (polimeret rigjid) me diameter té poreve 0.1 um. Filmat e
dendur kané pak pore ose ato jané shumé té vogla.

Membranat asimetrike jané jouniforme dhe pérbéhén nga shtresa
aktive dhe poroze me diameter té poreve pérkatésisht 0. 2 dhe 200 um.
Membranat asimetrike ndahen né integrale dhe kompozite si dhe
heterogjene asimetrike. Membranat integrale pérb&hen nga materiali i
njéjté polimerik. Membranat kompozite pérbéhen nga shtresa té
ndryshme: shtresa ultra e holl€¢ 0.1 um, shtresa mikroporoze dhe ajo
mbéshtetése 40 um.

Membranat asimetrike heterogjene

Lloji tjetér i membranave gé gatiten me teknikén e inversionit té fazés
jané membranat asimetrike heterogjene. Pér kéto membrane mund té thuhet
se né njéfaré ményre jané kompozite, sepse pérbéhén nga materiale té
ndryshme (p. sh. acetat celuloze dhe qymyri), ndérsa shtresat e materialeve
nuk jané té vecguara, por kané pérbérje heterogjene. Ato jané né zhvillim e
sipér dhe jané premtuese pér shkak té selektivitetit dhe permeabilitetit té
miré. [4]

Materialet membranore polimerike

Materialet polimerike né pérgjithési ofrojné njé gameé té gjeré té
strukturave dhe vetive.

Acetati dhe nitratet e celulozés [6-8], poliamidet, polisulfonet [9]
polietersulfonet [10], poliakrilonitrili [11,12], polivinildien fluoruri [13,14],
polipropileni, polivinilalkooli, politetrafluoretileni, poliimidi paragesin
materialet membranore organike (gjenerata e paré) té cilat tani pérdoren mé
sé tepermi [15]. E meta kryesore e shumicés sé kétyre membranave
polimerike éshté hidrofiliciceti i pérhershém gé rezulton né tendecé té
madhe pér shtupim, shpesh ¢on né kosto té larté té operimit, me jetégjatési
mé té vogél, performanceé té pareprodukueshme dhe interval mé té ngushté
té pérdorimit. Shtupimi parésisht shkaktohet nga formimi i proteinave,
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substancave organike, inorganike, mikroorganizmave dhe pjeséve tjera
mikrobiale né sipérfagen e membranés. [16] Né pérgjithési, asnjé material
polimerik membranor i pérmendur mé lart njékohésisht nuk tregon
stabilitet kimik/termik, oksidim/rezistencé ndaj pH dhe fortési mekanike.
Pérpjekje sinjifikante jané béré né drejtim té rritjes sé fluksit, rezistencés
ndaj ndotjes, stabilitet té shtypjes sé operimit dhe kohézgjatjés sé jetés sé
membranés.

Membranat kompozite me film té hollé

Tregu akual i membranave t¢ OK dominohet nga membranat
kompozite té poliamidit me film té hollé. Membranat kompozite me
film té hollé zakonisht klasifikohén si membrana nanofiltruese dhe té
osmozés sé kundért. Té dy llojet formohen nga shtresa e hollé e
poliamidit (< 200nm) e depozituar né pjesén e epérme té shtresés poroze
té polietersulfonit ose polisulfonin (rreth 50 pum) né pjesén e sipérme té
mbéshtetésit struktural né formé té fletés sé pathurur. [17] Madhésia e
poreve té membranés éshté normalisht mé e vogél se sa 0.6 nm pér té
arritur separim té kripés né ményré konsistente mé té madh se 99%. [18]
Konfiguracioni treshtresor jep vetité e kérkuara té separimit té larté té
materialeve té padéshiruara (si¢ jané kriprat), shpejtési té larté té
filtrimit dhe fortési mekanike té miré. Shtresa e larté e poliamidit éshté
pérgjegjése pér separim té larté dhe é&shté zgjedhé parésisht pér
permeabilitetin  (pérshkueshmerin€) e saj ndaj ujit dhe
jopérshkueshmériné relative té papastértive, duke pérfshiré jonet e
kriprave dhe molekulat tjera té vogla té pafiltrueshme.

Membranat e OK me film té hollé shumé té réndésishme jané gatitur
nga polifurani, poleter-polifurani, polisulfonet e sulfonuara, poliamidet
pérmes polietileiminés dhe poliepiaminés polivinilaminés, polipirrolidinés,
polipiperaziné-amidit, krygézimit té ploté t& poliamidit aromatik-1,2,3 dhe
aralkil poliamidit té cilat kané separim dhe rrjedhje shumé té larté, por jané
shumé té ndieshme ndaj sulmeve kimike (klorit) dhe biologjike (19-22).
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Materialet membranore sipas strukturés dhe vetive mund té jené
organike ose inorganike. Pothuajse té gjitha membranat organike gé jané
shfrytézuar deri tani jané prodhuar nga materialet polimerike. Membranat
mund té formohen gjithashtu nga materialet inorganike, si¢ jané geramika
dhe zeolitet. Materialet inorganike gé jané pérdorur kryesisht jané oksidet e
metaleve (p. sh. Al2Oz, TiO2, SiO2, ZnO, Fe203), metalet (p. sh. Cu,Ag) dhe
materialet me bazé té karbonit [p. sh. grafeni dhe nanotubat (nanogypat) e
karbonit.

Membranat e geramikés

Membranat e geramikés kryesisht formohen nga alumini, silica,
titani, cirkoni dhe c¢farédo pérzierje e kétyre materialeve. Né pétgjithési
membranat e geramikés pérbéhen nga mbéshtetési makroporoz dhe shtresa
aktive meso ose mikroporoze. Membrana zeolite éshté 2 pum e trashé.
Kombinimi Si/Al (né raport 50 : 50) ka gjeneruar pérmirésim té
jashtézakonshém té separimit té joneve té natriumit 92.9% dhe fluks té
ujit 1.129 kg m2 h "1 né 28 bar. [23] Né raportet e reja nga grupi i njéjté
éshté paraqitur se trashésia e membranés éshté zvogéluar né 0.7 um,
duke fituar separim té shkélgyeshém té materieve organike (> 99 %)
dhe té kripérave (97.3 %) si edhe pérmirésim té fluksit té ujit pér katér
heré. [24 25] Tani membranat komerciale té geramikés pérdoren
gjerésisht né mikro dhe ultrafiltrim, ndérsa membranat e geramikés pér
nanofiltrim jané né hulumtim e sipér. [26] Pérdorimi i materialeve
inorganike né shkallé té gjeré éshté i kufizuar pér shkak té kostos sé larté té
prodhimit dhe brishtésisé mekanike inherente deri tani. Detajet tjera rreth
kétyre membranave dhe proceseve té operimit mund té gjenden né
literaturé. [27-31]
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Materialet membranore kompozite organike- inorganike

Objektivi kryesor i materialeve té pérziera éshté kombinimi i
pérfitimit nga secili material, do t& thoté dendési té larté té paketimit,
pérshkueshméri té miré, veti kimike superiore, stabilitet biologjik dhe
termik. [32]

Membranat polimerike/nano grimca

Nano grimcat zeolite gjithashtu jané pérdorur pér gatitjén e
membranave té pérziera, figura 3.

"0 Shtrasa barierike
% Nanogrimca zeolite
(Poliamid aromatik
plotésisht 1 krygzvar)

Mbéshtetési mikroporoz
(polisulfon)

Fig 3. Skema e prerjes sé térthorté t&é membranave nanokompozite zeolite.

Nanogrimcat zeolite kané madhési prej 50-150 nm me raport té Si/Al
1:15. Kéto grimca jané shumé hidrofilike (kéndi i kontaktit 5° me pore 0.4
nm) me ngarkesé negative té cilat jané shumé refuzuese ndaj anjoneve. Pér
gatitjen dhe vetité e tyre lexuesi udhézohet né literaturé. [3] Kéto membrana
tregojné fluks shumé mé té madh dhe separim té pérmirésuar né krahasim
me membranat kompozite me film té hollé pa nanogrimcat zeolite.

Membranat polimerike/ nano-tuba té karbonit

Kéto membrana kompozite jané gatitur duke pérzier nano tubat e
karbonit né tretésirén e trimesoilit e klorureve izoftalike, figura 4.

Edhe pse me kéto membrana éshté arritur separim deri né 97% dhe
dyfishim té fluksit né krahasim me membranat tjera té llojit té njéjté, ato
duhet zhvilluar edhe mé tutje pér t’i pérdorur né shkallé industriale. Pé&r mé
tepér pér membranat nanokompozite lexo né literaturé. [33]
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Nanotubi i

karbonit

Shtrasa barieriks
(Poliamid aromatik
plotasisht 1 krygézur
Mbéshtetisi mikroporoz
(polisulfon)

7 Mbéshtetési

& strukuror

Fig. 4. Skema e prerjes sé térthorté t& nano tubave té karbonit té ngulitura
(mbérthyera) né shtresén barrierike t& membranés kompozite me film té hollé.

Pérfundim

Shkripézimi me osmozé té kundért (OK) éshté né pérdorim industrial
afér gjysmé shekulli. Ajo éshté teknologjia mé efigiente pér trajtimin e ujit
té ndotur (trajtimin terciar) dhe éshté njé prej teknologjive mé té mira pér
shkripézimin e ujérave t& njelméta dhe ujin e detit. Fabrikimi i kompozitave
con né rritjen e pérdorimit t¢ membranave dhe materialeve té avancuara né
trajtimin e ujit. Zhvillimi i materialeve membranore e béjné OK mé
ekonomike, duke rritur performance dhe efikasitetin. Membranat
nanofiltruese dhe t¢ OK krijojné alternative t& energjisé sé ulét pér
shkripézimin e ujit. Megjithékété, studimi i materileve multifunksionale gé
ofrojné permeabilitet mé t& larté, separim té larté té joneve dhe ndotésve té
tjeré organiké éshté né zhvillim e sipér dhe paraget bazé té miré pér rritjen
e efikasitetit té kétyre sistemeve.
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MATERIALET KOMPOZITE PER REDUKTIMIN E
NDOTJES SE AMBIENTIT NGA TRANSPORTI
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Pérmbledhje

Transporti &shté njéri ndér kontribuesit mé té médhenj té ndotjes
sé ambientit né boté, si pér nga aspekti i gazrave CO> gé kané ndikim
né nivel global, po ashtu edhe né aspektin e emitimit t& mikrogrimcave
dhe gazrave tjera toksike né nivel lokal. Né vecanti transporti rrugor
éshté shkaktar pérreth 20% té té gjitha llojeve té ndotjes sé ajrit né
Europé ! (COM(2017) 675).

Né kété punim seminarik shtjellohet efikasiteti i organik/MoS;
nanokompozitave né reduktimin e humbjeve energjetike né makina
motorike dhe si rezultat né ndotjen e ambientit népérmjet reduktimit té
férkimit né kontaktet rréshqitése. Eksperimentet tregojné gé distribuimi
i MoS; nanostrukturave né matricén organike éshté me shumé réndési
pér pérfitimin e férkimit t& ulét. Punimi synon té ilustrojé nevojén e
studimeve multidisiplinar pér gartésimin e mekanizmave sipas té ciléve
kéto kompozita formohen si pikénisje pér optimizimin e pérfitimit té
tyre.
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makina motorike, tribologjia.
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1. Hyrje

Industria e makinave motorike éshté né presion té vazhdueshém
nga legjislacioni pér ofrimin e teknologjive té reja pa ose me ndikim té
reduktuar né ambient. Deri né vitin 2021 konsumimi mesatar i 1éndéve
djegése pér njé makiné té re pritet té jeté rreth 4.1 | benzin dhe 3.6 |
nafté né 100 km (EC Regulation 443/2009). Njé studim i detajuar i
humbjeve energjetike né makina motorike, i béré né Japoni [1],
konfirmon gé 20% té konsumimit té pérgjithshém té Iéndéve djegése né
njé makiné tipike motorike éshté pér shkak té férkimit né sistemet
tribologjike né makiné (

Fig. 1). Reduktimi i férkimit ndikon né rritjen e eficiences sé
motorit gé pastaj rezulton né reduktimin e gazrave CO», mikrogrimcave
dhe gazrave NOx. Né kété drejtim, zvoglimi i férkimit né sistemet
tribologjike né makina motorike éshté me shumé réndési pér reduktimin
e ndotjes sé ambientit nga humbjet energjetike.

Pérderisa reduktimi i férkimit né sistemet tribologjike qé operojné
né regjimin hidrodinamik (kushinetat rréshgitese, pompa) mund té arrihet
népérmes pérdorimit té lubrifikanteve me viskozitet té ulét (Fig. 2a),
reduktimi i férkimit né sistemet gé operojné né regjimin tribologjik
kufitar dhe té perzier (valvola dhe pjesérisht né sistemin e pistonéve)
arrinet népérmjet aditivéve kimiké né lubrifikant (Fig. 2b).

Aditivét lubrifikanté jané molekula kimike gé shtohen né
lubrifikanté pér té pérmirésuar performancén e pérgjithshme té tyre, e
né vecanti reduktimin e férkimit dhe mbrojtjen e materialeve nga
konsumimi i tepért. Kjo arrihet népérmjet reaksioneve tribokimike
ndérmjet aditivéve dhe siperfages sé komponentéve mekaniké gé
rezultojné né formimin e triboshtresave me veti té férkimit té ulét dhe
géndrueshméri té larté [2]. Té njé réndésie té vecanté jane triboshtresat
gé formohen nga aditivi molybden dialkyldithiocarbamate, i njohur si
MoDTC. Né kété punim éshté prezantuar natyra kompozite e MoDTC
triboshtresave dhe efekti i tyre né reduktimin e férkimit né kontaktet
rréshqitése.
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Fig. 1. a) Makina motorike me sistemet tribologjike,
b) Humbjet energjetike né makinat motorike Ref [1]
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Boundary Mixed EHD Hydrodynamic
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lower power loss, lower wear

Speed/Load
b)
Fig. 2. Reduktimi i humbjeve energjetike né: a) sistemet tribologjike
hidrodinamike dhe b) né sistemet gé operojné né regjimin tribologjik kufitar
dhe té pérzier

2. Performanca tribologjike e MoDTC triboshtresave

Fig. 3 tregon efikasitetin e lubrifikantit gé pérmban aditivin
MoDTC me pérgindje prej 0.56t% né reduktimin e férkimit [3].
Lubrifikanti pa aditiv (Base Qil) rezultoi né koeficient té férkimit prej
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rreth 0.11 kur éshté testuar né regjimin kufitar, pérderisa lubrifikanti me
MoDTC rezultoi né reduktim té férkimit prej 50% né 0.06.

0.14 Dry friction
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Fig. 3. Efikasiteti i aditivit MODTC né
reduktimin e férkimit né rréshqitje. Ref [3]

Studimet e deritanishme [4, 5] me XPS (X-ray Photoelectron
Spectroscopy) dhe Raman spectroscopy [6, 7] konfirmojné gé férkimi
reduktohet si rezultat i formimit t¢ Molybden Disulfidit (MoS,) né
sipérfagen kontaktuese.

Fig. 4a dhe b tregojné spektrat Raman nga sipérfaget kontaktuese
nga eksperimenti me lubrifikant bazé (Figura 4a) dhe MoDTC (Figura
4b). Spektrat né figurén 4b tregojné formimin e MoS; sinjalet (Alg né
411 cm™ dhe E2g né 381 cm™) gé shfagen si rezultat i reaksioneve
tribomekanike né mes MoDTC dhe oxideve né sipérfagen e celikut té
testuar.
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Fig. 4. Spektrat Raman nga sipérfaget kontaktuese pas eksperimenteve me
a) lubrifikant bazé dhe b) lubrifikant MoDTC. Ref [3]

3. Natyra kompozite e triboshtresave MoDTC

Studimet e métutjeshme té triboshtresave MoDTC me ané té
Transmission Electron Microscope (TEM), figura 5, tregojné qé
trashésia e kétyre shtresave né sipérfagen e gelikut éshté diku rreth 100
nm (varésisht nga pérmbajtja kimike e lubrifikantit) dhe gé MoS; éshté
i shpérndaré né formé té nanostrukturave (fibra me dimension 2-5 nm)
né matricén e triboshtresés. Kjo matricé mund té jeté organike apo
inorganike, si pér shembull, Zn fosfat qé formohet nga aditivét tjeré né
lubrifikant.

Njé karakteristiké interesante e performancés sé lubrifikantit
MoDTC né regjimin tribologjik kufitar éshté se férkimi bie vetém pas
njé kohe té rréshqitjes me férkim té larté, p. sh. né figurén 6 pas rreth 5-
7 minutave rreshqitjeje [8]. Analizat komplementare me spektroskopi
Raman, figura 6, tregojné gé reduktimi i férkimit lidhet me pozitén e
majave Alg dhe E2g né spektrin Raman. Spektrat Raman japin
informata pér strukturén kimike (amorfe apo kristaline) dhe fizike
(numrin e shtresave te MoSy).
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Fig. 5. Struktura e triboshtresés MoDTC e pérfituar me TEM

415

410 4 |
405 \ T

I+ m Alg peak

0.12

0.1

- 01

0.09

— 0.08

0.07

+ 0.06

0.05

+ 0.04

400 ii |
_E i + E2g peak
B 305 | .
: H - Coefficient of friction
3 390 i
o L}
g
2 \&‘
o
o~ = 7' -
380 i Y R
i I
375 | § § ?
370 T T T T
0 10 20 30 40 50 60 70

Time (minutes)

0.03

Coefficient of friction

Fig. 6. Varésia e koeficientit té férkimit nga struktura kimike dhe fizike e
triboshtresés MoDTC. Té gjitha detajet lidhur me eksperimentin mund té

gjenden né punimin [8]

Analiza e triboshtresés MoDTC, qé jep férkim té ulét me ndihmén
e TEM, figura 7, konfirmon hipotezén gé vetém formimi i MoS;
nanostrukturave né triboshtresé nuk éshté i mjaftueshém pér reduktimin

e férkimit dhe gé renditja e tyre né shtresa éshté e nevojshme [8].
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Fig. 7. Kompoziti organik / MoS2 — Imazhet e fitura me mikroskop me
transmision té elektroneve (TEM). Ref [8]

4. Perfundim

Ky punim i shkurtér synon té tregojé réndésiné e triboshtresave
nanokompozite té formuara né komponentét rréshqités tribologjiké pér
reduktimin e férkimit si dhe nevojen pér gasje multidisiplinare pér
studimin e tyre. Reduktimi i férkimit né makina motorike ka réndési
disa dimensionale pasi gé& mundéson rritjen e efigiencés, mbrojtjen e
detajeve mekanike nga konsumimi i pakontrolluar, zvogélimin e
shpenzimeve né mirémbajtje dhe reduktimin e gazrave té emituara.
Sfida mbetet pér modelimin eksperimental dhe numerik té formimit té
kétyre nanokompozitave.

Optimizimi i formimit té nanokompozitave tribologjike do té
mundésonte zhvillimin e materialeve te reja (si mbeshtjellés té
sipérfages) dhe zhvillimin e molekulave té reja kimike si aditivé né
lubrifikanté. Impakti i punés kérkimore né kété Iémi shtrihet pértej
fushés sé transportit, si pér shembull né pajisje medicinale (implante)
dhe né sisteme mikroelektromekanike (MEMS) me réndési té vecanté
né Iémin e robotikés.
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ZBATIMI I MATERIALEVE KOMPOZITE NI
LEMIN E INXHINIERISE MEKANIKE

Hysni Osmani;* Rrahim Maksuti?

Abstrakt

Materialet kompozite, t& formuara me bashkimin e dy e mé tepér
materialeve té ndryshme, té cilat kané veti mekanike dhe fizike-kimike
mé té mira se secili veg e ve¢ kané gjetur zbatim té konsiderueshém né
Iémin e inxhinierisé mekanike. Pér shkak té vetive specifike té tyre,
materialet kompozite mund té pérdoren pér detaje dhe konstruksione
makinerike gé duhet té sigurojné fortési t€ madhe, peshé specifike té
vogeél, pércueshméri termike té miré, rezistencé té madhe ndaj
thyeshmérisé né goditje etj. Pérdorimi i kétyre materialeve ndikon
drejpérdrejt né afatin e shérbimit té detaleve dhe konstruksioneve, sepse
vetité mekanike té cilat kéto i sigurojné jané bazé pér llogaritje dhe
dizajnim duke u mbéshtetur né géndrueshmériné statike dhe dinamike
té cilat duhet té pérballojné gjaté kohés sé eksploatimit. Pérparési e
pérdorimit t& materialeve kompozite né Iémin e inxhinierisé mekanike
éshté edhe mundésia e pérzgjedhjes sé shumé materialeve gjaté procesit
té konstruktimit dhe pérdorimit té tyre.

Lloji i matricés (mbushésit) ndikon mjaft né vetité eksploatuese
té kétyre materialeve dhe produkteve té fituara, andaj né varési té saj
duhet té zgjedhet edhe ményra e pérfitimit dhe e pérpunimit té detaleve
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dhe konstruksineve inxhinierike. Pér kété géllim pérdoren kompozitat
me matricé metalike, geramike dhe polimere.

Zbatim té vecanté né inxhinieri mekanike kané kompozitat me
fortési té larté té cilat pérfitohen me metalugjiné e pluhurit dhe pérdoren
pér formésimin e pllakave prerése pér pérpunim me prerje me metodén
e shpimit, frezimit, tornimit dhe pérshkimit. Metalet e forta qé pérdoren
pér kéto pllaka prerése pérbéhen nga matrica me fortési té madhe dhe
géndrueshméri né temperatura té larta, si¢ jané karbiti i volframit,
karbiti i titanit dhe karbiti i niobit, kurse pér cilési té vecanta té
sipérfaqges sé pérpunuar pérdoret karbiti i molibdenit, karbiti i kromit
dhe karbiti i vanadit. Si material pérforcues, pérkatésisht lidhés, mé sé
shpeshti pérdoret kobalti, por mund té pérdoret edhe nikeli dhe hekuri.
Kéto produkte zakonisht i nénshtrohen edhe procesit té sinterimit.

Fjalét celés: materialet kompozite, pllaka prerése, inxhinieri
mekanike.

Hyrje

Materialet kompozite kané gjetur zbatim té konsiderueshém né
Iémin e inxhinierisé mekanike pér realizimin e detajeve, konstru-
ksioneve mekanike, veglave dhe instrumenteve metalprerése, sepse ato
sigurojné: fortési t&¢ madhe, géndrueshméri té larté né térheqgje, né
shtypje etj., rezistencé té madhe ndaj thyerjes me goditje, peshé
specifike té vogél, pércueshméri termike té mirg, etj.

Duhet theksuar se pér pérfitimin e njé produkti éshté shumé
véshtir€ té€ gjendet ose té zgjedhet njé material “i vérteté” i cili do t’i
plotésojé té gjitha kérkesat dhe nevojat e detajit apo konstruksionit,
andaj duhet té zgjedhet njé material i cili i plotéson mé sé miri kérkesat.
Konstruktori né kohén e sotme ka mundési té shumta zgjedhjeje, sepse
ai ka né disponim shumé lloje materialesh né té cilin grup béjné pjesé
edhe kompozitat, késhtu gé para se té zgjedhet materiali i pérshtatshém
pér realizimin e njé detaji ose konstruksioni, duhet té merren parasysh
disa faktoré sic jané:
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-pérpunueshméria e materialit né formé té duhur,

- arritja e tolerancave - shmangieve té kérkuara,

- ruajtja e formés dhe gjendjes sé materialit gjaté pérdorimit,

- pandryshueshmeéria e vetive gjaté pérdorimit,

- pajtueshméria (kompatibiliteti) ndérmjet materialeve té detajeve té
konstruksionit,

- mundésia e riciklimit té lehté té materialit dhe

-aspekti ekonomik i procesit té pérpunimit e eksploatimit té€ materialit.

Materialet gé pérdoren né inxhinieri mekanike
Materialet inxhinierike mund té ndahen né tri grupe t€ médha
sipas vetive té tyre karakteristike (Fig. 1).: metalike, geramike dhe
polimere (ose materialet sintetike). Me bashkimin e tyre fitohen
materialet kompozite.

Metalet jané pérques té miré té elektricitetit, e reflektojné dritén,
né temperatura té ulta mund té deformohen né ményré plastike dhe né
té shumtén e rasteve kimikisht nuk jané aq té géndrueshme. Mund té
jené me bazé hekuri-ferrite dhe me bazé johekurore-joferrite.

Materialet geramike jané pércues té dobét elektrik, shpesh té
tejdukshme, nuk mund té deformohen né ményré plastike dhe shpesh
kimikisht jané shumé té géndrueshém; ato shkrihen né temperaturé té
larta. Né kété grup béjné pjesé geramika okside dhe geramika jookside.

Materialet polimere jané pércues té dobét té elektricitetit, té
brishté né temperatura té uléta, por né temperatura té larta mund té
deformohen né ményré plastike, kimikisht jané té géndrueshém né ajér
né temperatura té mjedisit, kané njé dendési té ulét dhe shkrihen ose
zbérthehen né temperatura relativisht té uléta. Né kété grup béjné pjesé
termoplasti, duroplasti dhe elastomeri.
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kompozit
Metal-Polimer

Kompozit
Qeramiké—Metal-Polimer

kompozit

Qeramiké-Metal

Fig. 1. Ndarja e materialeve inxhinierike

kompozit
Qeramiké-Polimer

Zgjedhjen e materialeve inxhinierike e bé&mé duke marré
parasysh vetité e tyre dhe kérkesat gé duhet t’i pérmbushin ato gjaté
procesit té pérfitimit, pérpunimit dhe eksploatimit.

Né tabelén 1 jané dhéné disa nga vetité e materialeve dhe
krahasimi i tyre me vetité e kompozitave.

Tabela 1. Vetité e materialeve inxhinierike dhe kompozite

Stabiliteti né

Materiali Dendésia Qéndrueshméria | Duktiliteti
temperaturé té larté

Metalet Larté Mesatare Larté MIRE

Shumé e Larté

(termoplastet) .
Plastika Ulét Ulét JO E MIRE

I ulét

(duroplastet)
Qeramika Mesatare | Larté Ulét Shumé i miré
Kompozitat | Ulét Larté Mesatare Jo e miré
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Vetité e materialeve kompozite

Materialet kompozite jané trupa anizotropiké vetité e té ciléve
varen prej drejtimit t& provés. Pér kété zhvillimi i kompozitave e ka
diktuar edhe zhvillimin e provave né ményré gé té gjenden té dhéna
reale pér llogaritje dhe konstruktim cilésor. Qéndrueshméria, moduli i
elasticitetit dhe moduli i prerjes varen shumé prej orientimit té fijeve.
Vetité mekanike té kompozitit normal né kahun e fijeve jané té
barabarta me vetité mekanike té materialit bazé. Moduli i prerjes arrin
maksimumin kur drejtimi i ngarkesés dhe i fijeve ndodhet nén kéndin
45°, Vetité e kompoziteve varen prej llojit té masés plastike dhe té
mbushésit aktiv si dhe prej raportit té masés dhe ményrés sé prodhimit.
Numri i madh i masave plastike dhe mbushésve me veti té ndryshme
bén t€ mundshém pérfitimin e numrit t¢ madh té kompozitave. Pos
vetive mekanike duhet t’i kemi parasysh edhe vetité fizike. Pér shkak
té numrit atomik té materialit bazé dhe té fijeve, kompozitat kané
depértueshméri té miré té rrezeve jonizuese. Kompozitat nuk jané
magnetike, kané rezistencé té larté né lakim. Materialet kompozite e
kané edhe njé 1€mé t€ gjeré pérdorimi. Pér konstruksionet “sandui¢” ato
kané veti té jashtézakonshme sidomos né té lakuar. Elementet sanduic
alumin—bor—epoksid kané rezistencé té dyfishté né lakim ndaj aluminit
té pastér, duke e ruajtur ményrén teknologjike té pérpunimit té aluminit.
Réndési té vecanté si material konstruktues kané kompozitat me bazé
masé plastike té pérforcuara me fije gé né praktiké njihen me emrin
masat plastike té armiruara. Me armirim pérmirésohet géndrueshméria,
moduli i elasticitetit, géndrueshméria né térheqje, géndrueshméria ndaj
nxehtésisé, etj. Masat plastike gé pérdoren mé sé shumti pér prodhimin
e kompozitave jané: polietileni, polipropileni, polisteroli, poliamidi, etj.
Fijet gé pérdoren pér armirimin e masave plastike prodhohen prej gelqi,
kuarci, azbesti, pambuku, liri, karboni, etj.

Materialet kompozite mund té kené rrjeté (matricé) metalike,

polimere dhe geramike. Né figurén 2 jané paraqitur disa shembuj té
pérdorimit té materialeve kompozite me matricé té ndryshme.
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Fig. 2. Detajet e punuara nga materialet kompozite: a) me matricé metalike,
b) me matricé polimere, ¢) me matricé geramike

Kérkesat qé duhet t’i plotésojné materialet kompozite

Kérkesat gé duhet t’i plotésojné materialet kompozite qé pérdoren
né inxhinieri mekanike mund té definohen né tri grupe Kryesore:
kérkesa eksploatuese, kérkesa teknologjike dhe kérkesa ekonomike.

Gjithashtu kérkesat gé duhet t’i plotésojné materialet kompozite
mund t’i pérkufizojmé edhe né kérkesa qé rrjedhin nga: eksploatimi dhe
funksionaliteti; teknologjia — pérpunueshméria; disponimi dhe
furnizimi; standardizimi dhe normimi; riciklimi dhe ekologjia; kérkesat
ekonomike dhe estetika.

Pérdorimi i materialeve kompozite né inxhinieriné mekanike
Pérdorimi i materialeve kompozite né inxhinieri mekanike éshté
shumé i theksuar dhe até né procesin e pérfitimit té produketeve, né
procesin e pérpunimit t& produkteve dhe né procesin e shfrytézimit té
produkteve. Gjithashtu kané pérdorim té madh edhe né industri té
ndryshme si:

Né industriné e prodhimit té telave (matrica kalibruese,
nofulla, stampa, etj.);

» NEé industriné e petézimit (stampa pér kuposje, stampa
kalibruese, rula petézimi, etj.);

» Né industriné e ndértimit t¢ makinave (maja konike pér
makina metalprerése, bokola drejtuese, kushineta precize,
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kushineta vetlubrifikuese, prizma mbéshtetése, forma pér
derdhje nén shtypje, etj.);

» Né industriné e prodhimit té instrumenteve matése dhe
kontrolluese (sfera pér matjen e fortésisé sipas Brinellit (HB),
piramidat pér matjen e fortésisé sipas Vickers-it (HV),
shablloné, kalibra, etj.) dhe

» Né industriné e pérpunimit me prerje (instumente
metalprerése nga lidhjet e forta).

Né 1émin e pérpunimit me prerje pérdorim té vaganté kané né
pérfitimin e lidhjeve té forta nga té cilat pérpunohen instrumentet
metalprerése, pérkatésisht pllakat prerése (fig.3.).

Fig. 3. Pllakat prerése nga lidhjet e forta

Lidhjet e forta karakterizohen me:

- Temperaturé té larté té shkrirjes; afér ose me e larté se temperatura e
shkrirjes sé karbonit, volframit;

- Fortési shumé té larté (9-10 shkallé sipas Mohs-it) dhe

- Stabilitet kimik shumé té larté, etj.

Prandaj pérparésité e pérdorimit té materialeve kompozite pér
instrumente metalprerése (IMP) jané:
i) Saktésia e pérpunimit me prerje, ii) Rritja e shpejtésisé sé prerjes
né makinat metalprerése, iii) Mundésia e formésimit té pllakave
prerése, iv) Pérpunimi i materialeve gé formojné ashkél té gjaté dhe
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shkritore, v)Pérdorimi i ashkélthyesit, vi) Qéndrueshméria né
temperatura té larta dhe vii)Rezistenca e madhe ndaj konsumit.

Pér pérfitimin e lidhjeve té forta pér IMP zakonisht pérdoret
karbiti i volframit, karbiti i titanit (TiC) dhe karbiti i niobit (NbC), kurse
pér cilési té vecanta pérdoret karbiti i molibdenit (Mo2C), karbiti i
kromit (Cr3Cz) dhe karbiti i vanadit (VC).

Si material lidhés i materialeve té forta zakonisht pérdoret kobalti
pér shkak té géndrueshmérisé sé larté né temperatura té larta, por mund
té pérdoret edhe nikeli dhe hekuri.

Metalet e forta pérfitohnen me ané té sinterimit té€ pérzierjes
mekanike té karbitit t&€ volframit né trajté pluhuri té imté dhe matricés
sé kobaltit né temperaturé relativisht té larté 1400°C deri 1600°C (kur
matrica metalike shkrihet dhe i lidh kokérrizat e iméta té volframit).
Sipas standardit ISO instrumentet metalprerése klasifikohen sipas llojit
té pérpunimit dhe até né tri grupe: P, M dhe K (Tab. 2).

Tabela 2. Klasifikimi i instrumenteve metalprerése

ISO | Ngjyra Pérdorimi
kodi

Pér pérpunimin e materialeve gé formojné
P E kaltér | ashkél té gjaté; celiget karbonike dhe celiget e
lidhura ulét

Pér pérpunimin e materialeve qé formojné
ashkél té gjaté dhe té shkurtér; materialet me
bazé hekuri, p. sh. ¢eliget gé nuk ndryshken dhe
materialet johekurore

M E verdhé

Pér pérpunimin e materialeve gé formojné
ashkél té shkurtér; materialet me bazé hekuri
dhe me bazé johekuri, p. sh. giza e hirté, tunxhi,
etj.
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Pérfundim

Pé shkak té vetive specifike té tyre, materialet kompozite
pérdoren pér detaje, pér konstruksione makinerike, pér vegla, pér
instrumente metalprerése, instrumente matése dhe kontrolluese, etj.

Duke u mbéshtetur né hulumtimet e béra dhe té publikuara né
botimet e prezantuara né bibliografi mund té konstatojmé se konsumi i
pllakave prerése nga metalet e forta gjaté pérpunimit me prerje té
celikut té lidhur éshté shumé mé i arsyeshém, sepse me kété arrihet
cilési shumé e miré e sipérfages sé pérpunuar si dhe géndrueshméri mé
e larté e teheve prerése. Gjithashtu pérdorimi i pllakave prerése
mundéson njé diapazon mé té gjeré té ndryshimit té parametrave té
regjimit té pérpunimit.
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COMPOSITE MATERIALS AND
APPLICATIONS IN CIVIL ENGINEERING

Naim Syla,? Naser Kabashi” and Tahir Arbneshi?

Abstract

Development of technology and needs for composite materials is
actual request in different fields. In general, the Composite Materials
are the combinations of the two or more individual materials with
different properties. The individual properties of the materials are initial
points for improvement the properties during the composition in
different directions or different axes. The improvement or increasing
the requested parameters is focused in following ratios: Strength-
Weight; Strength-Durability; Strengthening —Bearing Capacity, etc.

In our study apply the composite materials will be limited in
engineering fields or direct in Civil Engineering.

Materials property, including the physical and mechanical
properties will be used in strengthening or increase the bearing capacity
of concrete elements, from our point of view: internal and external
strengthening. The properties of materials, in our case the properties of
Polymer materials will be used in increasing the flexural behavior;
increasing the behavior in cracking stage and improvement the behavior
the masonry structures under different type of loading.

Our work in this paper is oriented in full filling the requests
according the European Standards and main aim is to improve the
behavior of the elements of structures or structures in general. Also, the
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durability concept will be presented the behavior the structures under
several environmental conditions and applications the composite
materials such grouts or coatings layer in contact surface.

Also, the facades in contemporary architectural constructions will
be part of our analysis, focused on the visual aspect and durability of
facades.

The different applications of composite materials are directly in
relations of copolymerization process, especially in some typical
requested parameters, including the thermal bridge or other efficiency
parameters. Contribute of the authors in this paper is a tendency for
wider applications of composite materials in different applications
interdisciplinary fields.

Keywords: Composite Materials; Tensile strength; FRP;
Strengthening the structures; Concrete;

Introduction

A composite is a multiphase material formed from a combination
of two or more materials that differ in composition or form, which are
bonded together, but retaining their identities and properties. The
outcome of this “composition” is that the newly formed material has
superior properties over the individual components.

Composites are one of the most widely used materials because of
their adaptability to different situations and the relative ease of
combination with other materials to serve specific purposes and exhibit
desirable properties. Composites can benefit Civil Engineering. The
two aforementioned disciplines are more and more getting acquainted.
If the advantages that Composites offer are combined with the physical
limits of Civil Engineering an interesting development can occur.
Composites are more often a part of the material forming and basis for
Civil Engineering projects. Over the last thirty years Composite
materials, plastics, and ceramics have been the dominant emerging
materials. The volume and number of applications of Composite
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materials has grown steadily, penetrating and conquering new markets
relentlessly. Modern Composite materials constitute a significant
proportion of the engineered materials market. As the years go by, Civil
engineers have realized the benefits of using Composite materials in
construction. Composite Engineering is therefore taking a turn in the
manner in which it is being applied today. There has been a substantial
increase in the amount of structures in building and construction that
use Composite materials. In addition, with increased demand on
strength, safety and reliability it has become imperative for many
industries to use Composite Engineering.

Despite the fact that Composites are generally more expensive in
comparison to traditional construction materials, and therefore not as
widely used in many constructive and building activities, they have the
advantage of being lightweight, more corrosion resistant and stronger.
The fibre reinforcements provide good damping characteristics and
high resistance to fatigue.

1. Benefits of the Composite Materials in Civil Engineering

Civil engineers should acquire profound knowledge on chemical,
physical and mechanical behavior of the different types of polymers as
well as their application and possible damages in construction. This will
allow them to make suitable decisions for materials for the case on hand
as well as to avoid damages during the planning and execution. Civil
Engineering today faces challenges that require building reinforced
structures that can overcome natural disasters like earthquakes and
hurricanes. This requires the creative use of Composite materials in
existing structures and structural systems. Composites are now
successfully applied in making concrete structures more earthquake
resistant around the world. It is expected that Composite Engineering
will make more and successful inroads into Civil Engineering and will
play a more and vital role in pushing the future of the building and
construction process to the limits.

The main focus on this research will be should be on:
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Composition of polymer composites; Production and processing
of polymers; Strength and deformation behavior; Chemical resistance;
Ageing and weather conditions; Special features concerning the
application of polymers in the field of new buildings and restoration;
Damages in polymers and how to avoid them.

1.1. Composition of polymer composites

In scope of analyzing the Compositions of Polymers and
improvement the mechanical properties the basic parameters are to
combine the resins and fibers. The materials such are glass, carbon and
aramid have the high tensile and compressive strength but in 'solid form’
these properties are not readily apparent. This is due to the fact that
when stressed, random surface flaws will cause each material to crack
and fail well below its theoretical 'breaking point’. To overcome this
problem, the material is produced in fibre form, so that, although the
same number of random flaws will occur, they will be restricted to a
small number of fibers with the remainder exhibiting the material's
theoretical strength. The combine a resin system and reinforcing fibers,
the properties of the resulting composite material will combine
something of the properties of the resin on its own with that of the fibers
presented in the Figure 1.

) Fibre

FRP Composite

Tensile Stress

Resin

Strain
Fig. 1- Mechanical properties of compositions of Fig. 2- The composites:
polymers clay —straw

The properties of the composite are determined by:

e The properties of the fibre
e The properties of the resin
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e The ratio of fibre to resin in the composite (Fibre Volume
Fraction)

e The geometry and orientation of the fibers in the composite

An example from previous very old period of the constructions,
such comparisons with composite polymers is presented in the Figure 2.

1.2. Strength and deformation behavior

The description of stress-strain behavior is similar to that of metals,
but a very important consideration for polymers is that the mechanical
properties depend on the strain rate, temperature, and environmental
conditions. The stress-strain behavior can be brittle, plastic and highly
elastic (elastomeric or rubber-like). Mechanical properties change
dramatically with temperature, going from glass-like brittle behavior at
low temperatures (like in the liquid-nitrogen demonstration) to a rubber-
like behavior at high temperatures. The behavior of different types of
polymers under load apply is presented in the Figure 3.

Brittle Plastic

Tough & Strong Plastic

Stress (o)

Strain Hardening
Hard & Tough Plastic

Elastomer

Y

Strain (g)

Fig. 3. Stress-Strain behavior the polymer composites
1.3. Environmental Impact of FRP

Evaluation of the environmental impact of FRP composites in
infrastructure applications shows direct and indirect benefits that are
more competitive than conventional materials. The environmental
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impact of FRP composites should be studied in terms of its advantages
such as: high tensile strength; corrosion resistance; higher performance;
rehabilitation and seismic enhancement application; lightweight: ease
of installation; ability to recycle; extended usable life.

2. Applications of the Composite Materials in the Civil Engineering
2.1. Development of Composites Materials in Civil Engineering

A Fiber Reinforced Polymer (FRP) composite is defined as a
polymer (plastic) matrix, either thermo set or thermoplastic, that is
reinforced (combined) with a fibre or other reinforcing material with a
sufficient aspect ratio (length to thickness) to provide a discernable
reinforcing function in one or more directions. FRP composites are
different from traditional construction materials such as steel or
aluminum. FRP composites are anisotropic (properties apparent in the
direction of the applied load) whereas steel or aluminum is isotropic
(uniform properties in all directions, independent of applied load).
Therefore, FRP composite properties are directional, meaning that the
best mechanical properties are in the direction of the fiber placement.

1. The FRP Composites are different on the functions of type of
fibers, such are: Glass

Fiber (G); Carbon Fibers (C). Aramid Fibers (A) or other types.
The typical classification is presented in the Figure 4.

2.2. Development of Civil Engineering has been intimately connected
to innovation in structural materials

Development of mud bricks reinforced with straw
(Mesopotamia), the Figure 5. Reduction of construction to human scale.
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Architecture with partition walls

e ‘&J" £
Fig. 4. Classifications of different types Fig. 5- Reinforced with straw
of FRP (Mesopotamia)

The development of FRP is on the functions of the properties,
which will be the main parameters on the improving the conventional

materials, such are concrete, steel; wood or other, presented in table 1.

Table 1- Properties of FRP different materials.

Property E - Glass Carbon Aramid
Strength [MPa] 2350 - 4600 | 2600 - 3600 | 2800 -4100
Elasticity modulus [GPa] 73 -88 200 - 400 70 -190
Strain at failure [%] 25-45 06-1.5 2.0-4.0
Density [g/cm?®] 2.6 1.7-1.9 1.4

3. Structural application of frp materials

The advantages of an FRP composites deck are lightweight, high
strength and high performance, chemical and corrosion resistant, easy
construction and handling, rapid project delivery, and in most cases,
high quality shop fabrication. Its lightweight (88-171 kg/meter2
without a wearing surface overlay) reduces the overall superstructure
weight and foundation requirement. In areas of high seismic zones, a
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reduced mass may be highly desirable. Although the composite
materials are of high tensile strength, the current deck design is
governed by stiffness requirements. The stiffness modulus of glass FRP
composites is about one-fifth that of steel.

3.1. FRP Strengthening-Case Study—University of Prishtina-Kosovo

The restoration and preservation masonry buildings, including
historic buildings and existing buildings is the need for strengthening
and retrofitting of the masonry parts of the structures. In older approach
design purposes masonry is considered as homogeneous material but in
reality it shows very complex heterogeneous and anisometric
characteristics. New method analyses are based on the mathematical
models, but they need professional software and hardware for
calculations. Research into the use of FRP’s in masonry has been
reasonably wide ranging, with the same issues in mind as with concrete.
From the durability perspective, GRFP’s have been examined and
propose such a possible strengthening material in wall construction.

Internal External Hybrid Fully-
reinforcement of strengthening of structures composit
RC structures RC structures (with e
traditional) structures

FRP-rebars FRP Laminates and FRP Profiles and panels
Sheets
Fig. 6. Applications of FRP in Civil Engineering Structures
Case Study 1- Improvement the behavior and increase the bearing
Capacity of Masonry Wall Structures

Case 1.1- with dimensions 100 x 100 x 12 cm, and to create the
uniformity is just “closed” with steel frame profile U 140. The typical
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sample is presented in fig. 7a; and 7b, such common sample without
strengthening.

WD 00l
WD 0oL

100 CM

Fig.7a- Geometry of preparing wall for examinations Fig.7b- Prepared walls for testing

Case Study 1.1-wall strengthening with GFRP in diagonals is

presented in the Figure 8.
Case Study 1.2-wall strengthening with mortar layer, is presented

in the Figure 9.
In the Case Study 1.2 and Case Study 1.3, we apply the
strengthening using the FRP in different domains, such as: FRP Glass

Fibers and Polymer Mortar.

g

Fig. 8- Strengthening wall with GFRP  Fig. 9- Strengthening wall with layer of mortar
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3.1.1 Experimental Setup and Procedure
Examinations and behavior the masonry wall are presented in the

Figure 10 and 11.

Fig.10-Failure mode and delamination of GFRP

100
z
=
o
-
O T T T 1
°  DiSpacemerts fum %%

Fig. 11. Bearing capacity under Cyclic Loads

« Study Case 2- Comparison the Concrete Beams behavior
Reinforced with GFRP and Conventional steel bars

Concrete beams reinforced with glass fiber-reinforced polymer
(GFRP) bars exhibit large deflections and crack widths compared to
concrete members reinforced with conventional steel. Current design
methods for predicting deflections under the loading and crack widths
developed for concrete structures reinforced with steel may not be used
for concrete structures reinforced with GFRP, except some parameters.
GFRP rebar, as alternative material, are used to reinforcement of the
beams with different diameter. In our case the diameter of GFRP was
@6 mm and @10 mm, always in comparison with conventional steel
bars, @10 mm. In scope of detail behavior of GFRP, the samples are
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examined and the properties of materials are presented in Table 2 and

in Figurel2.

Table 2. Properties of examined samples

Sample Type Nominal Modulus of | Tensile
diameter(mm) | Elasticity | Strength

(GPA) (N/mm2)

“1” @6 mm | GFRP 6.05 47.55 1022.1

“27 @10 | GFRP 10.05 38.45 1194.3

mm

“3” Conventional | 10.00 200 585.5

@10mm

Case Study 3- Reinforcement Concrete Beams with Polypropylene
fibers and effects in Flexural Behavior

Benefits from using the fibers in concrete are multidimensional
and we are focused in some of improving parameters in concrete:
flexural behavior; serviceability, crack control. The amount of fibers
added, and plays a great role for durability. As of today, there exist no
generally accepted design and analysis procedures, and if the technique
with fibers is to move forward, there is a need for development of such
methods.

The effect of using the fibers is judged by the flexural toughness
obtained by load-deflection curves. The flexural toughness of concrete
depends on different types of fibers in use. Its toughness will be
represented in the behavior of RC members at failure. Sometimes, it is
difficult to use the flexural toughness to judge the behavior of concrete
structures under service load.

Three sets or night beams are prepared with dimensions
150x150x600 mm, were each of set presented the different constituent:

Set “1”’- Without reinforced or without fibers-such etalon set

Set “2” using the Polypropylenes fibers in percent of 0.5 %, and
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Set “3” using the Steel Fibers in percent 0.5 %
In all cases the loading was static or repeated

TEMSILE TEST - ASTM A370 / EN 10002 - STRESS/STRAIM GRAFH

Funim Diplome E. Hrasnig

GFRP Test daler 30062017

Ercder E

Fig. 12. Examinations of mechanical properties of GFRP bars

Comparison the structural behavior for serviceability (such as
maximum deflections and accelerations) shall be chosen with due
regard to the intended function of the structure. Serviceability shall be
evaluated using appropriate load combinations for the serviceability
limit states identified and used the different types of fibers, presented in

Figure 13.
Deflections , 28 days O=SF

- —0—PP
e 3
E
5
= 2
ko
a 4 035

0.33

0.19

10 20 30 a0 Force kN

Fig. 13. Deflections behavior for three sets, examined in 28 da
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4. Conclusions

The development of Civil Engineering has been intimately
connected to the innovation in structural materials. FRP composites are
promising materials, presenting several advantages over traditional
materials for both new construction and rehabilitation: strength,
lightness, ease of application, durability under aggressive environments
and low maintenance. CFRP strengthening systems are an already well-
established “standard” solution for RC strengthening, with several
advantages over alternative techniques. The limitations of other FRP
materials are the motivation for seeking “material adapted” structural
solutions, the main goal of the ongoing research projects at IST.
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GARA E NANOVETURAVE - NJE STUDIM TEORIK
PER NANOVETUREN NIMSMANA

Avni Berisha*

1. Hyrje

Pér té véné né pah arritjet e médha né kiminé organike-sintetike,
eksperimentimin né nanoshkallé si dhe pér ta béré mé té gasshme e pér
té nxitur bashk&punimin shkencor né kété fushé u zhvilluan nanogara.
Kjo garé e paré e llojit té vet — konstruktimi dhe manipulimi / garimi i
veturave né nanoshkallé nxiti kureshtjen jo vetém té shkencétaréve nga
kjo fushé, por edhe té publikut té gjeré, duke u béré piké fokusi i
mediave té ndryshme. Né kété garé, e cila u zhvillua né gytetin Tulus té
Francés né vitin 2017, morén pjesé 6 grupe té ndryshme té garuesve nga
vende té ndryshme té botés [1]. Pjesémarrésit e garés kané pasur si cak
té sintetizojné njé nanoveturé dhe ta vozisin até mbi sipérfagen e metalit
(ari me orientim kristalografik 111) né temperaturén 5K, duke pérdorur
majén e mikroskopit me skanim efekti tunelor (STM - Scanning
Tunnelling Microscope) né njé shteg me gjatési 100 nm. Vénia né
Iévizje e nanoveturés ishte realizuar pérmes gradientit té fushés
elektrike té induktuar nga maja e STM apo rrymat e tunelimit elektronik
joelastik [1]-[3]. Secili grup konstruktoi makinén e tyre duke pérdorur
strategji té ndryshme sintetike nga ato mé té thjeshtat deri te reaksionet
komplekse té cilat deri né sintezén e nanoveturés shpesh marrin kohé
rreth 6 muaj. Dinamika molekulare paraget njé metodé té& simulimit
atomistik e cila, pérvec géllimeve tjera, pérdoret edhe pér té marré
informata gé mundésojné sjelljen strukturale-dinamike pér njé numér té
gjeré fenomenesh né cilat ndodhin né materialet nanoskopike (nga
metalet e deri te biomolekulat) [4], [5]. Kjo metodé shpreh forcat
ndérvepruese ndérmjet atomeve duke pérdorur potencialet ndératomike

Universiteti 1 Prishtinés “Hasan Prishtina”, Fakulteti i Shkencave Matematike-
Natyrore, Departamenti i Kimisé, 10000 Prishtiné, Republika e Kosovés.
E-mail: avni.berisha@uni-pr.edu.
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e duke pércjellur trajektoren e atyre atomeve kur ata lévizin ndaj
atomeve fqinjé pérmes aplikimit té Ligjit té dyté té Njutnit [6] [7]. Ndér
veturat pér té cilén kemi shfaqur interesim né punén toné éshté vetura e
grupit NIMSMana (National Institute for Materials Science dhe
International Center for Materials Nanoarchitectonic) - e sponsorizuar
nga TOYOTA. Né fakt vetura e tillé éshté njé dimer binaftilik.
Komponimet naftilike jané té ndértuara nga dy cikle aromatike, ku
secila nga kéto cikle né fakt paragesin pedalet e nanoveturés
NIMSMana. Edhe pse jané té limituara dhe nuk jané térésisht fleksibile,
rrafshet e unazave naftile mund té fluktuojné rreth lidhjes kimike duke
shpiré né lévizje e cila gjason me até té€ shumékémbéshit [2] .

Sinteza e késaj veture ishte realizuar né ményré relativisht té
lehté. Pérzierjes sé (R)-(+)-1,1'-bi(2-naftolit) (1.00 g, 3.49 mmol) né
aceton té tharé (100 mL) i é&shté shtuar 1,2,4,5-
tetrakis(bromometil)benzeni (715 mg, 1.59 mmol) dhe ajo éshté
refluktuar 24h. Pérzierja éshté ekstraktuar me diklormetan (2 x 200 ml)
dhe éshté pérgendruar nén vakum. Materiali mé tej éshté purifikuar
pérmes kromatografisé né koloné me silikat gel (eluenti:
CH2Clz/heksan), duke dhéné dimerin e pastér binaftil (410 mg, 37%).
Komponimi i tillé mé tej éshté pastruar pérmes sublimimit (< 300 °C)

[1], [2]. [8].

2.1 Analiza konformacionale

Gjetja e modelit molekular me energji mé té ulét i késaj
nanoveture éshté realizuar pérmes modulit Conformer né Material
Studio 7.0. (Figura 1). Llogaritjet marrin parasysh rrotullimin e kéndeve
(torzionale) né vlera té ndryshme dhe llogaritjen e energjisé sé sistemit
né ¢do hap té tillé té ndryshimit. Metoda e kérkimit té konformereve ka
pérfshiré Metodén e mostrimit té rastésishém (Random Sampling),
duke pérdorur fushén e forcave Dreidding [6] .
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Fig. 1. Konformeri me energji minimale pér nanoveturén NIMSMana i

gjeneruar pérmes aplikimit té fushés sé forcave Dreiding (Metoda e mostrimit
té rastésishém).
2.2. Simulimet Monte Carlo

Ndértimi i sipérfages sé Au(111) e cila pérmban 1296 atome té
tij éshté realizuar pérmes pérdorimit t¢ modulit Adsorption Locator
né Materials Studio 7.0. Modeli i nanoveturés NIMSMana éshté
realizuar duke pérdorur softuerét Avogadro (versioni 1.0.1, Softonic)
[9] dhe ChemOffice Professional 17 Suite (PerkinElmer). Pér
optimizmin gjeometrik té modelit éshté pérdorur fusha e forcave
COMPASS Il (toleranca e konvergjimit té energjisé 2 x 107°
kcal/mol, toleranca e konvergjimit té forcés 0.001 kcal/mol/A)
(Figura 2a). Simulimet Monte Carlo té ndérveprimit nanoveturé
NIMSMana/Au(111) jané realizuar né kubin e Au(111l) me
dimensione: 51.908 x 51.908 x 7.114 A nén kondidata periodike né
hapésirén e vakumit me trashési 60 A e pozicionuar mbi sipérfagen e
Au pérgjaté boshtit ¢ (Figura 2b). Evaluimi i konfiguracioneve
sorbtive té nanoveturés (fusha e forcave, COMPASS Il) éshté
realizuar pérmes metodés Metropolis Monte Carlo.

2.3. Simulimet e dinamikés molekulare [Molecular Dynamic (MD)]

Simulimet e Dinamikés Molekulare jané realizuar pérmes
pérdorimit té modulit Forcite (Materials Studio 7.0 nga BIOVIA).
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Dinamika molekulare éshté realizuar duke pérdorur bashkésiné
kanonike NVT (temperaturé Kkonstante, véllim Kkonstant) né
temperaturén 5 K (temperaturé e pérdorur né nanogaré), me pérdorim
té fushés sé forcave COMPASS 11 [7]. Llogaritjet jané realizuar né
hapin 1fs me kohézgjatje totale té simulimit 300 ps (300000 hapa).

a. b.

1

Fig. 2. Modelet e optimizuara (fusha e forcave COMPASS II, llogaritje té
mekanikés molekulare): (a.) modeli i nanoveturés NIMSMana [dimenzionet: 9.459
x 20.691 A, CsoH3304] dhe (b.) model i kubit t¢ Au (111), Auize. Ngjyré hiri:
atomet e C, ngjyré té bardhé: atomet e H, ngjyré té kuge: atomet O dhe ngjyré té
verdhé atomet e Au.

Temperatura e sistemit gjaté llogaritjeve é&shté mbajtur
konstante me ané té termostatit Berendsen.

2.4. Funksioni i shpérndarjes radiale

Funksioni i shpérndarjes radiale (Radial Distribution Function
- RDF) [7], [9] jep probabilitetin e gjetjes sé molekulés né njé
distancé r nga atomet e sipérfages sé modelit pérkatés. Llogaritet
pérmes ekuacionit:
(n(r))
g(r) = ZnrArp (1)
ku r (A) paraget distancén nga sipérfagja e modelit, n(r) numri i
normalizuar né kohé i atomeve né sipérfagen r + Ar, p paraqet numrin
e densitetit né sistem.
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3. Rezultatet

Pas gjenerimit té konformerit me energji mé té ulét (Figura 1),
fillimisht jané realizuar simulimet e llojit Monte Carlo né sipérfagen
e Au (111) (Figura 2b) té cilat jo vetém gé japin gjeometriné finale té
energjisé mé té ulét té nanoveturés mbi sipérfagen e Au, por ato
mundésojné edhe té shikohet shpérndarja e energjive dhe e pozitave
mé té favorshme té adsorbimit té késaj nanoveture mbi sipérfagen e
tillé, gjé qé paraget interesat e vegantaé né pérzgjedhjen e mundshme
paraprake té: a) dizajnit té nanovetures dhe b) pérzgjedhjes sé
sipérfages metalike pér garim.

Nga figura 3, shohim se interaksioni me sipérfagen i késaj
molekule shpie né njé rang relativisht té gjéré té vlerave té energjive
(nga -212 deri -270 kcal/mol), por shpérndarja me probabilitet mé té
shprehur éshté né -258 kcal/mol, vleré e energjisé e cila paraget
absorbimin e nanoveturés NIMSMana mbi sipérfagen Au(111) né
temperaturén 5K.

0.4

0.3

P(E)

0.2

0.1

0.0
-270  -260 -260 -240 -230 -220 -210 -200 -190

Energjia (kcal/mol)

Fig. 3. Shpérndarja e probabilitetit té energjive té adsorbimit gjaté
interaksionit t¢ NIMSMana me sipérfagen Au(11l) e fituar
nga llogaritjet MC (fusha forcave COMPASS I, 5K).
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Fig. 4. Pozita me energji mé té ulét e NIMSMana e fituar pérmes llogaritjeve MC
(T=5K, fusha e forcave COMPASS II, termostati Berendsen)

Dallimi i vetém ndérmjet gjeometrive té NIMSMana nga
llogaritjet MC dhe MD mbi sipérfagen e Au(111) é&shté pozionimi i
grupi —O-CHz2-, grup i cili mundéson fluktuacionet e késaj molekule
mbi sipérfagen né fjalé. Nga rezultate e konformacionit me energji
mé té ulét té marré nga llogaritjet MD, shohim se nanovetura mbi
sipérfagen e Au (111) (Figura 5) éshté e adsorbuar né ményré planare,
gjé gé éshté interesante kur marrim parasysh faktin gé ky nuk paraqget
konfiguracionin me energji minimale té késaj molekule né rastin kur
ajo gjendet e liré né vakum (shikoni figurén 1 pér krahasim, planet
naftile nuk jané né rrafsh me planin e unazés benzile).

Mundésia gé té kemi rastin e tillé rrjedh nga kompensimi i
energjisé totale si pasojé e energjisé sé larté té absorbimit té saj mbi
kété substrat (e konfirmuar nga llogaritjet MM e po ashtu edhe nga
llogaritjet MC, figura 3). Né figurén 6 kemi paragitur analizén RDF
té atomeve té ndryshme té NIMSMana nga plani i sipérfages sé Au
pérgjaté gjithé kohézgjatje sé simulimit 300 ps.
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Fig. 5. Pozita me energji mé té ulét e NIMSMana e fituar pérmes llogaritjeve MD
(t=300ps, T=5K, fusha e forcave COMPASS I, termostati Berendsen).

Nga vlerat RDF shihet gé gjaté kohés sé simulimit MD atomet e
C nga unaza benzile né té shumtén e kohés gjenden né distancén mé
larg se ato naftile, prania e njé densiteti té vogél té tyre né distancén
rreth 2 A sigurisht lidhet me fluktacionin e unazés gjaté kérkimit te
energjisé minimale mbi sipérfagen Au(111). Atomi i oksigjenit nuk prek
fare sipérfagen e arit pasi qé distanca e tij nga sipérfagja éshté relativisht
e madhe, rreth 2.6 A, krahasuar me atomet C té unazave benzile apo
naftile. Kontakti i atomeve té hidrogjeneve (shkaku i radiusit mé té
vogél van der Walsian 120 pm, né krahasim me atomin e karbonit 170
pm) ndodh né distance mé té largét se sa ai me atomet e karbonit. Nga
té dhénat e tilla, marré parasysh edhe gjeometriné e adsorbimit té
NIMSMaana (Figura 5 dhe 6) arrijmé né konkluzion se pér
interaksionin sorbtiv me sipérfagen e Au(111) pérgjegjés né shkallén
mé té madhe jané atomet e karbonit.
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Au--H(-CH2)
600 Au--H(benzile)
500 i ‘ Au--H(naftile)
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Fig. 6. Largésia e atomeve té ndryshme té NIMSMana nga sipérfagja e
Au(111) e analizuar pérmes funksionit té shpérndarjes radiale pér té gjitha
pozat e trajektores MD (t=300ps, T=5K, fusha forcave COMPASS IlI,
termostati Berendsen).

4. Pérfundimi

Interaksioni i nanoveturés NIMSMana mbi sipérfagen e arit éshté
studiuar pérmes simulimeve Monte Carlo dhe dinamikés molekulare.
Rezultatet e fituara tregojné se né temperaturén 5K energjia e
adsorbimit té nanoveturés éshté 258 kcal/mol (vleré e cila tregon se
kemi kemisorbim). Nga simulimet MD kemi kuptuar gé kontribut
kryesor né vlerén e tillé té energjisé sé adsorbimit kané atomet e
karbonit né cilat gjenden té vendosura né plan mbi sipérfagen e
Au(111). Shpérndarja e energjive té adsorbimit tregon se shkaku i
fleksibilitetit te lidhjet njéfishe té cilat urézojné unazén benzilike me
ato naftalike, né fakt éshté e mundur lévizja e késaj strukture mbi
sipérfage, sepse kjo ia jep mundésiné e fluktuimit. Studimi i kétillé
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éshté me interes té vecanté pasi mundéson predizajnimin e molekulave
para garimit té tyre.

Falénderim: Autori falénderon Ministriné e Arsimit, Shkencés

dhe Teknologjisé (MASHT) né mbéshtetjen e tyre pér projektin nr.2-
5069, nga ku éshté mundésuar qgasja né stacionin e punés me
performancé té larté me té cilin jané realizuar llogaritjet né kété
hulumtim.
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APPLICATION OF TI/IRO2-RUO2 AND BDD FOR
THE DEGRADATION OF ORGANIC
POLLUTANTS IN WATER MEDIA

Flamur Sopaj;* Fetah Podvorica® and Mehmet Oturan®

Abstract

Electrochemical methods for polluted water treatment are being
studied widely as they offer a clean and effective way for organic
chemicals destruction. Electrochemical degradation of organic
pollutants is brought about in two main ways; direct oxidation of
molecules on the anode surface (mostly by hydroxyl radicals created on
it), and indirect oxidation by hydroxyl radicals produced from Fenton’s
reagent (H202 + Fe?*) which is generated in situ. The second way is
called the electro-Fenton process. In both cases the process is performed
in an electrolytic cell which is equipped with given electrodes. Since an
electrolytic process is in consideration, it is obvious that the material of
electrodes plays a crucial role. In this work only the anode material will
be discussed, namely composite materials Ti/lrO2>-RuO2> DSA
(dimensionally stable anode) and Ti/BDD (boron doped diamond)
anodes.

DSA anodes are a group of anodes which are resistant to material
loss during long time electrolysis at high current intensity. They are
mixed metal oxides deposited on proper pure metal substrates such as
titanium Ti. One method of preparation can be thermal decomposition
of metal salts (Lyons and Floquet et al, 2011). Unlike carbon anodes
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that are destroyed during electrolysis the DSA anodes preserve their
geometrical form and physical chemical properties. The DSA anode has
been developed to catalyze chlorine production but it is used also in
environmental electrochemistry (Sopaj et al, 2016) for the degradation
of various water pollutants such as medicaments pesticides etc. BDD is
a high overpotential oxygen evolution anode with outstanding oxidation
power towards organic pollutants (Sopaj et al, 2016). It can be prepared
by hot filament chemical vapor deposition method (HFCVD) (Perret et
al, 1999).

It will be shown that Ti/lrO2-RuO2 DSA can be used for
degradation of medicament pollutants in direct anodic oxidation as well
as in electro-Fenton process, while BDD is the most successful material
currently used for water pollutants removal in either electrochemical
polluted water treatments.

Key words: Materials, anodes, preparation, pollutant,
degradation.

Introduction

Among the methods newly developed for polluted water
treatment, electrochemical advanced oxidation methods are being
intensively studied, because of their high oxidation power towards
organics and environmentally compatible character. There are two
electrochemical methods for organic pollutants removal from water;
anodic oxidation [1-4] and electro-Fenton [5-7]. Both techniques are
performed in an electrolytic cell equipped with the given pair of
electrodes. The solution containing the pollutant is put in the
electrolytic cell, supporting electrolyte is added and finally an electrical
current intensity is applied. The applied current generates the oxidants
which oxidize organic matter in the solution.

Anodic oxidation [1] consists on direct organic pollutant
oxidation on the surface of the anode by electron transfer, or by
hydroxyl radicals ‘OH formed on its surface. Depending on the
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supporting electrolyte added on the solution, mediated oxidation can
also occur by species such as S,0s* created by the oxidation of SO4%,
when Na>SOs is used as supporting electrolyte.

Electro-Fenton [8] is also brought about in an electrolytic cell at
pH 3, but in this case the cathode is of particular importance and also
Fe?* is added in the solution as a catalyst. Oxygen is reduced on the
cathode to hydrogen peroxide H20,, then it reacts with Fe?* and gives
hydroxyl radicals *OH according to the reaction (1):

H20; + Fe?* - Fe3* + OH- + *OH (1)
*OH + Pollutant — CO> + H,O 2)

Hydroxyl radicals being highly oxidizing species, immediately
react with organics transforming them in fragments (degrading them)
and finally to CO, and H.0O (mineralizing them). Fe?* is consumed in
the reaction with H20., but it regenerates on the cathode, reaction (3):

Fe** + e — Fe?* (3)
The regenerated Fe?* enters again in the reaction with hydrogen

peroxide to form hydroxyl radicals, and the process is repeated
continuously during electrolysis.

The electrodes material obviously is one of the most important
parameters in these processes. In this work two of them will be
discussed, the composite materials DSA (dimensionally stable anode)
Ti/lrO2-RuO. and Ti/BDD (boron doped diamond) anode. Ti/lrO2-
RuO: is prepared by thermal decomposition of metals’ salts [9],
whereas BDD by hot filament chemical vapor deposition technique
[10]. In this paper the efficiency of amoxicillin oxidation by anodic
oxidation technique and sulfamethazine oxidation by electro-Fenton
technique will be studied.
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Materials and methods

Chemicals. Sulfamethazine (SMT) was a sigma Aldrich product
> 99% purity and amoxicillin (AMX) (> 97% purity) was provided from
Fluka. Methanol and phosphoric acid used in preparation of HPLC
eluents, and Na2S04 (> 99% purity) as supporting electrolyte were
Sigma- Aldrich and Acros products.

Electrolytic system and analytical methods. Electro-Fenton and
anodic oxidation processes were carried out in an electrolytic cell
containing a carbon felt cathode of dimensions 23 x 6 x 0.5 cm and the
corresponding anode of 2 x 24 cm?. The electrolysis of the SMT and
AMX solutions were performed with a Hameg HM8040 triple power
supply at constant current, in a cylindrical glass cell of 300 mL for
electro-Fenton and 250 mL for anodic oxidation, with magnetic stirring.

Oxidation of SMT was carried out at room temperature at pH =3
for the case of electro-Fenton. The experiments were performed under
current-controlled electrolysis conditions, at various constant current
intensities. The analysis of SMT and AMX during electrolysis were
performed with HPLC, and the total organic carbon removal with a
TOC-Vcsh.

Results and discussion

In the Figure 1 is presented the degradation of amoxicillin
(AMX) by anodic oxidation under different current intensities, using
Ti/lrO2-RuO — Cf (carbon felt) couple of electrodes. The increase of
current intensity has resulted in quicker AMX degradation. This is
because at higher current intensities more hydroxyl radical are
generated on the anode surface and also more S;0s% is produced from
SO+ oxidation. Similarly, the increase in current intensity results in
higher removal of total organic carbon (TOC), only here longer
electrolysis process is performed. During TOC removal the organic
substance is transformed to CO, H.O and inorganic ions which emerge
from molecule destruction when it contains heteroatoms. Thus, the
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mineralization process is longer and more complicated then
degradation, as it goes through intermediate generation and their
subsequent oxidation until mineralization is reached. Anyhow, neither
degradation nor mineralization amount of AMX are very high (40%
degradation and 25% mineralization). This is because Ti/lIrO2-RuOz is
low oxygen evolution overpotential material [11], which means that the
oxidation of the organic substance takes place in competition with
oxygen evolution.

40

35 ay *M

30
% 25
< 207 ——50mA
5 15 ——100 mA
£ 10 - 300 mA

5 - —8—500 mA
0 20 40 60 80 100

t/ min

Fig. 1. Effect of current intensity on the degradation of AMX in the
electrolytic cell Ti/IrO2-RuO; - Cf. [AMX] = 0.1 mM, [Na,SO,] = 50 mM.

In contrast with anodic oxidation the organic substance
degradation is very efficient when electro-Fenton is performed.
Sulfamethazine (SMT) concentration falls to zero in 30 min when 400
mA is applied. Complete degradation is reached owing to the additional
hydroxyl radicals generated in Fenton’s reaction, which are the main
oxidizing species in these experimental conditions.

Similarly, the TOC removal is enhanced as a result of the high
concentration of hydroxyl radicals produced by Fenton’s reaction.
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Fig. 2. Effect of current intensity on the mineralization of AMX in the

electrolytic cell Ti/IrO2-RuO; - Cf. [AMX] = 0.1 mM, [Na,SO,] = 50 mM.
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Fig. 3. Effect of current intensity on the degradation of SMT in the
electrolytic cell Ti/lrO,-RuO; - Cf. [SMT] = 0.2 mM, [Fe?*] = 0.2 mM,
[Na2804] =50 mM, pH = 3.

Figure 4 shows that total organic carbon is eliminated up to 93%
under 500 mA. Further increase of current intensity caused the
mineralization degree to lower because it favored the oxygen evolution
reaction. Anodic oxidation of AMX with BDD anode was very much
faster than that with Ti/lrO2-RuO.. It can be seen that complete
degradation of AMX can be reached at 30 and 40 min at 500 and 300
mA, and even at 100 and 50 mA the degradation extent is almost
guantitative.
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Fig, 4. Effect of current intensity on the mineralization of SMT in the
electrolytic cell Ti/lrO2-RuO; - Cf. [SMT] = 0.2 mM, [Fe?*] = 0.2 mM,
[Na.SO4] = 50 mM, pH = 3.

Complete degradation can be achieved with BDD anode due to the
higher amount of hydroxyl radicals generated on its surface, see Figure
5. This is possible due to high oxygen evolution overpotential on BDD,
which is 2.5 V and also hydroxyl radicals are only physically adsorbed
on its surface, thus free to react with organic matter.

[AMX] / mM

0 20 40 60 80 100
t/ min

Fig. 5. Effect of current intensity on the degradation of SMT in the
electrolytic cell BDD - Cf. [AMX] = 0.1 mM, [Na;SO4] = 50 mM.
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The TOC elimination also is very effective with BDD, only the
time required to attain complete removal is longer as shown in Figure 6.

20 —+—300mA
5 | 500 mA
—=— 1000 mA

TOC (mg/l)

0 2 t/Flll 6

Fig. 6. Effect of current intensity on the mineralization of AMX in the
electrolytic cell BDD - Cf. [AMX] = 0.1 mM, [Na;SO4] = 50 mM.

During the degradation of SMT with the electro-Fenton process
using the BDD anode a similar trend was observed for different current
intensities, Figure 7. The concentration of SMT decreased
exponentially and the complete depletion of SMT for optimal current
intensity was reached at about 30 minutes.

—»—100 mA
0.2 ——200 mA
S —— 300 mA
£ 0.15 —e— 400 mA
: —=—500 mA
E 0.1
o,

0 10 20 30 40 50 60 70 80
t/ min
Fig. 7. Effect of current intensity on the degradation of SMT in the
electrolytic cell Ti/lrO2-RuO; - Cf. [SMT] = 0.2 mM, [Fe*] = 0.2 mM,
[Na2SO.] = 50 mM, pH = 3.
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It is observed almost the same trend as with Ti/lrO2-RuOa,
because the hydroxyl radicals created in the bulk solution prevail the
whole degradation process, see Figure 8. So being the quantity of bulk
hydroxyl radicals similar in both electrolytic systems, the degradation
trend is also similar too.

30 —e—100 mA
25 ——300 mA
20 - ——500 mA

- ——700 mA

—a— 1000 mA

TOC (mg/l1)

Fig. 8. Effect of current intensity on the degradation of SMT in the electrolytic
cell Ti/lrO,-RuO; - Cf. [SMT] = 0.2 mM, [Fe?*] = 0.2 mM, [Na;SO4] = 50
mM, pH = 3.

The mineralization of SMT with BDD is outstanding, almost all
the TOC content of the solution is removed in 4 hours at 1000, 700,
500, and 300 mA. Unlike with Ti/lIrO2-RuO, even at 1000 mA the
extent of TOC removal has not been lowered. Because of the high
oxygen evolution overpotential, the oxygen evolution has not become
significant enough to compete as much as to decrease the TOC removal.
However, from 700 mA no significant TOC removal increase is
observed, which means that oxygen evolution begins to be more
intensive.



108 Materialet kompozite

Conclusion

The experiments on the degradation and mineralization of AMX
by anodic oxidation, have shown that Ti/lrO2-RuO> anode is not very
effective in organic pollutant oxidation. On the contrary, BDD showed
great degradation and mineralization of AMX due to the high amount
of hydroxyl radicals generated on its surface which oxidized the organic
molecule. When electro-Fenton process was applied to degrade and
mineralize the organic molecules, even in the case of Ti/IrO.-RuO; the
oxidation was very effective. In fact, this improvement of the oxidation
efficiency occurs thanks to hydroxyl radicals generated from the
Fenton’s process. And obviously the BDD still was outstanding and
could remove almost all the organic matter from the solution. Thus,
both materials can be successfully used as anodes to degrade organic
pollutants in water.
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Abstrakt

Ky punim ka pér géllim pérshkrimin e procedurés sé vendosjes sé
molekulave organike né sipérfage té polimeréve. Strategjia mbéshtetet
né devijimin e reaktivitetit té radikaleve arile (té fituara nga kripérat
diazonium) dhe formimin e radikaleve alkile gjaté bashkéveprimit té
kétyre radikaleve me alkil bromuret. Pér kété gjé pérdoret kripa e 2.6-
dimetil benzendiazoniumit, e cila pér dallim prej kripérave tjera
diazonium ka sjellje t& veganté falé pengesés sterike né pozitén orto té
grupit diazonium dhe gjaté reduktimit elektorkimik té saj radikali 2,6-
dimetilfenil edhe pse formohet pér shkak té késaj karakteristike nuk
mund té lidhet né sipérfage. Kétu jané paragitur edhe shembuj té
aplikimit biomjekésor té filmave té veshur me ané té késaj metode.

Fjalét celés: Kripa e 2,6-dimetil benzen diazoniumit, alkil
bromuret, devijimi i reaktivitetit té radikalit, polietileni dhe
polimetilmetakrilati.
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Hyrje

Njé prej arsyeve pér modifikimin e sipérfageve té polimereve
éshté ndryshimi i karakteristikave fiziko-kimike té tyre dhe kjo arrihet
duke vendosur molekula (biomolekula/barna) té ndryshme né sipérfage
t€ tyre me ¢’rast u jep atyre karakteristika té vecanta si dhe pérdorim té
caktuar né organizmat e gjallé. Ekzistojné metoda té ndryshme pér
modifikimin e sipérfageve té polimerive, ku ndér té tjera pérmendim
metodat e modifikimit direkt dhe mé té njohurat jané ato me rrezatim
me plazmé [1], si dhe modifikimi i polimeréve i ashtuquajtur
“postpolimerizim” [2]. Kripérat diazonium jané po ashtu shumé té
pérdorura pér modifikimin e sipérfageve té polimereve, si shembull
konkret mund té pérmendet modifikimi i sipérfages sé
polimetilmetakrilatit (PMMA) me radikale arile [3] té krijuara nga
kripérat diazoniume dhe né kété ményré mund té krijohen sipérfage
hidrofile ose hidrofobe.

Né kété punim ne e paragesim njé metodé té re t&€ modifikimit té
sipérfageve té polimereve me ané té grupeve alkile té krijuar nga
kripérat diazoniume. Kjo strategji e vecanté pérdoret pér héré té paré né
modifikimin e sipérfageve té ndryshme, duke shfrytézuar shképutjen e
atomit t¢ H [4]. Polimeret e pérdorura jane polietileni (PE) dhe
polimetilmetakrilati (PMMA). Kjo njéherit &shté njé metodé elegante e
modifikimit té kétyre dy lloje té polimereve me grupe té ndryshme
organike, e cila para dy vitesh éshté publikuar né njé revisté me
recension ndérkombétar.®

Pjesa eksperimentale

Si substrate jané pérdorur polietileni dhe polimetilmetakrilati, té
cilat paraprakisht jané pastruar né etanol pér 480 s.

2.6-dimetilanilina (50 mM) é&shté pérzier me acidin 6-
bromoheksanoik (100 mM) né isopentil nitritin e pastér me ¢’rast
formohet kripa e 2,6-dimetilbenzen diazoniumit. Kjo pérzierje éshté
vendosur né sipérfagen e polimereve gé jané ngrohur né temperaturé
60°C pér 30 minuta. Pas modifikimit té sipérfageve té polimereve éshté
béré pastrimi i tyre né etanol, ujé dhe aceton né ultratingull pér 480 s
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dhe pastaj éshté analizuar sipérfagja e trajtuar pér té€ provuar praniné e
grupeve alkile né té.

Rezultatet dhe diskutimet

Sinteza e kripés sé 2,6-dimetilbenzen diazoniumit nga pérzierja e
anilinés dhe isopentil nitritit mundéson gjenerimin e kripés dhe
pérdorimimin e saj aty pér aty (in situ) pér krijim té radikaleve 2,6-
dimetilfenil pas ngrohjes né temperaturé 60°C. Detajet rreth keétij
reaksioni mund té gjenden né artikullin e publikuar né Langmuir. [5]
Kéto radikale pér shkak té pamundésisé pér t’u lidhur me sipérfage té
polimerit e pér shkak té pengesave sterike reagojné me acidin 6-
bromoheksanoik, me ¢’rast kétij komponimi ia shképutin atomin e
bromit dhe e krijojné radikalin e acidit heksanoik i cili lidhet pér
sipérfage té polimerit dhe krijon shtresa té kétij acidi karboksilik té
lidhura me ané té karbonit té 6-té té vargut té drejté té acidit heksanoik.
[5] Shtresa e tillé i ka grupet karboksilike (COOH) té lira dhe né kété
meényré pas aktivizimit té kétij grupi ka mundési gé té lidhé molekulat
e ndryshme té cilat kané grupe amine pérmes krijimit té lidhjeve amide.
Né ményré skematike i téré reaksioni qé zhvillohet duke pérdoruar
molekula té ndryshme si nitroaniliné, aminoatrakinon etj., mund té
shihet né vazhdim né Skemén 1, ku molekula e acidit heksanoik, e cila
lidhet pér sipérfage —CH2(CH2)sCOOH éshté shkruar me R. [5] Né kété
skemé shihet pérve¢c modifikimit té sipérfageve té polimereve edhe
postmodifikimi i tyre, duke krijuar lidhjen amide né mes té grupit
karboksilik dhe amineve té lartpérmendura. Pér té vertetuar praniné e
kétyre platformave t& materialeve kompozite, shtresa e krijuar éshté
karakterizuar me metoda té ndryshme si me spektroskopiné Infra té
kuge (IR), spektroskopiné e rrezeve X (XPS) por dhe me matjen e
kéndit té pikés sé ujit pér té treguar ndryshimin e vetive hidrofobe té
polimerit pas modifikimit. [5]

Né kété punim jemi fokusuar né aplikimet e mundéshme gé ka
kjo metodé né pérgjithési dhe né vecanti né fushén e biomjekésisé. Ky
pérdorim konsiston né dy vecori té késaj metode: i) vendosja e
grupeve/biomolekulave té ndryshme né sipérfage dhe pérdorimi
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specifik i grupeve/biomolekulave té cilat kané veprim té caktuar
bakterostatik/baktericid apo né ndryshimin e hidrofilitetit té sipérfagés.

& >
» ~-R
S - °_R
A m—R
IR =-(CH,);-COOH (1) -

PMMA (or PE) — COOH

PMMA (or PE) — AQ
R = -(CH,)s-C-NH
1

0
F(CH,)5-=COOH + NH, - X —— H(CH,):-C-NH-X + H,0
o)

[ PMMA or PE |

[ PMMA or PE |

NH, — X = 4-nitroaniline post PMMA (or PE) - NO,

NH, — X = 1-aminoanthraquinone post PMMA (or PE) — AQ
NH, — X = neutral red post PE—-NR

' am—

PE

(CH,)s;-COOH+ OH- PEG ———>|& (CH,)s-C-OPEG + H,0
o)

—

post PE - PEG

Skema 1. Paraqgitja skematike e téré reaksioneve té mundshme gé mund té
ndodhin. [5]
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Né vazhdim paragesim efektin baktericid t€ nanogrimcave té
argjendit. Né momentin kur ato vendosen né sipérfage e shfagin kété
efekt, i cili mund té vérehet né figurén 1. Pllaka e Petrit gé nuk éshté e
modifkuar me grimca té argjendit lejon rritjen e baktereve pérderisa
pllaka e modifikuar me kéto grimca shfaq efet té larté baktericid. Ideja
e pérdorimit té metodés soné éshté gé fillimisht té vendoset shtresa me
grupe alkile dhe mé pas né grupet funksionale té béhet lidhja me grimca
té argjendit. Vendosja paraprake e grupeve alkile mundéson fleksibilitet
mé té miré pér grimcat e argjendit.

Madifikuar me nanogrimeca Ag

Pa-Madifikuar me nanogrimca Ag

Figure 1. Paragitje e pllakés sé Petrit t¢ modifikuara dhe t& pamodifikuar mé
nanogrimca té argjendit. Kjo paragitje mund té konsdierohet skematike
vetém pér ta krijuar idené se si duket pllaka e Petrit kur modifikohet me

nanogrimca té argjendit té cilat posedojné veprim baktericid.

Ne do té provojmé gé té gjejmé ményrén gé nanogrimcat e
argjendit t’i lidhim pér sipérfaqe té cilat pérbajné grupe alkile dhe pastaj
té testojmé veprimin baktericid té tyre. Njé koncept i tillé mund té
pérdorét edhe pér rastet tjera, si “Lab on Chip” p. sh. kur béhet lidhja e
polietilenglikolit né sipérfage té polimerit dhe kur sistemi i tillé pérdoret
in vivo gé e pengon ngjitjen e proteinave né sipérfage, pra shfaq efektin
“antibiofouling”. Né ményré t& njéjté do té tentojmé t€ b&jmé vendosjen
e barnave té ndryshme né sipérfage té polimereve.



116 Materialet kompozite

Pérmbledhje

Ky punim paraget procedurén e vendosjes sé molekulave
organike né sipérfagen e dy polimereve mé té pérdorura PE dhe
PMMA. Strategjia mbéshtetet né devijimin e reaktivitetit té radikaleve
arile prej kripés sé 2,6-benzendiazoniumit dhe pas reaksionit té tyre me
alkil bromuret, me ¢’rast formohen radikalet alkile té cilat lidhen pér
sipérfage té polimerit. Radikalet 2,6-dimetilfenile mund té shképusin
atomin e halogjenit edhe prej alkil jodureve [6], duke gjeneruar
radikalin alkil R* qé éshté i afté té ngjitet né sipérfage té karbonit.
Shtresa alkile éshté e lidhur kimikisht me sipérfage. Besojmé gé me
kété metodé mund té lidhen barna té ndryshme [7] dhe né kété ményré
té mundésohet aplikimi né mjekési, pérkatésisht né farmaci.
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