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Nanoparticles have attracted considerable and increasing attention in the academic
research area and industry last few decades. Because of the novel physical and
chemical properties different from bulk systems, nanoparticles are used in a varety
of material science and engineering such as optics, electronics, magnetic media and
catalysis. These novel properties of nanoparticles are depend on their shape, size and
composition. So, production of nanoparticles with controlled size, shape and
composition, has fundamental scientific and technological importance. There are
various methods that have been demonstrated for synthesizing nanoparticles such as
solution phase chemical reduction laser ablation, chemical vapour deposition, photon
or ultrasound induced reduction in solution or reversed micelles, ctc. Recent studies
have shown that there is an increase in using block copolymer templates in
production of nanoparticles due to providing good stabilization and control over their
size, shape and composition. In this technique block copolymer forms micelle in
selective solvent to produce one block as core and the second block corona. When a
nanoparticle precursor (salts) is able to coordinate with the micelle core, it is
possible to produce nanoparticle by oxidation or reduction in a confined
environment.

Many strategies have been developed for the preparation of silver
nanoparticles, In this present research, silver nanoparticles were synthesized in PAA
cores of PS-b-PAA reverse micelles in toluene. When this copolyner in dissolved in
toluene micellization occurs as PAA core and PS block corona. Micelles of PS-b-
PAA copolymer in toluen are shown in Figure | pictured by tranmission clectron
microscope (TEM). Micelle morphology 1s spherical. Micelle core can be used as a
nanoparticle template. When Ag salt is added to this solution salt-PAA compexation
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occurs in the core of micelle. Reduction of silver ions to Ag’ gives Ag nanoparticles
in the core. To investigate the effect of dose of adding precursor on the nanoparticles
produced, different molar ratio of preursor:metal were examined. Formation of
nanoparticles was confirmed by UV-vis spectrophotometer and TEM. After adding
reducing reagent colour of the solution turned to yellowish brown confirming Ag
nanoparticle formation. UV-vis spectra of solution has shown characteristic
absorption peak between 400-450 nm seen in Figure 2. After a drop of solution was
cast on carbon coated cupper grid and solvent was evaporated, the grid was used for
I'EM analysis. In Figure 3, TEM image of Ag nanoparticles produced are given

Figure 1. Micelles of PS-b-PAA diblock copolymer in toluene
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Figure 2. UV-vis spectrum of Ag nanoparticles reduced by N,H,
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Avarage particle size 22(+6) nm  Avarage particle size 19(+8) nm

Avarage particle size 18(+5) nm

Figure 3. TEM images of Ag nanoparticles synthesised in PS-b-PAA diblock
copolymer (scale bar 15 0,2 pm).

This work was supported by TUBITAK under the Grant No. TBAG-108T806
Giris

Malzeme biliminde son yillarda nanopartikiiller ve nanoyapili malzemeler {izerinde
yapilan ¢aligmalar ¢ok hizlh bir gekilde artmaktadir. Metaller ve yan iletkenler belirli
sayida atom igeren nanometre  biyiikligiindeki  partikiillere  (nanopartikiiller)
indirgendiginde manyetik, optik, kimyasal, clektronik, katalitik ve biyolojik
dzellikleri gibi buyiikliige bagh olan 6zellikleri tamamen degisebilmektedir. Bu yeni
ozellikleriyle de katalizor sentezi, fotoelektron teknolojisi, yaniletken teknolojisi,
plastik, kozmetik, iletisim, bilgi depolama ve kaplama gibi birgok alanda yeniliklere
yol agmuslardir. Istenilen 6zelliklere sahip nanopartikiiller elde etmek igin,
nanopartikiiliin biiyiikligiiniin, bitytiklik dagihminin ve partikiiller arasi mesafenin
tizerinde dikkatli bir kontrol gereklidir. Nanopartikiil biyiikligi onemlidir ¢iinki
nanopartikiiliin 6zellikleri belli bir boyutta birdenbire degigebilmektedir. Dar bir
partikiil biyiklagi dagihmn da onemlidir ¢linkiit kiigiik bir biyiiklik degigimi,
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ozellikleri aykirt bir sekilde etkileyebilmektedir. Ama genellikle bu inanilmaz
kiigtikliikteki (<100 nm) nesneleri kullanmak ve kontrol altina almak ¢ok zordur.
Ustelik nanopartikiller, kendilerini kolayca toplanabilir hale getiren yiiksek yizey
enerjisine sahiptirler. Ayrica yiizeylerinde kolayca oksitlenmesine ve kirlenmesine
yol agan ¢ok reaktif merkezlere sahiptirler. Bu nedenlerle, dzelliklerini bozmadan
nanopartikiillerin yayilmasi, dagitilmasi ve dizilmesi ¢ok zordur. Nanopartikiillerin
tretim {i¢ simfa aynihr, buhar; gaz faz1 sentezi [1], islak kimyasal sentez (ko-
¢okelme (2], sol-jel [3], mikro-emiilsiyon [4]) ve kuru kaplama [5] sentezleridir.
Kuru kaplama sentezi, metotlar igerisinde en kolay ve biiyiik miktarda nano-
kapsiillenmig malzeme elde etme metodudur. Ama dezavantaj igerinde potansiyel
olarak bulunan kirliliklerdir. Islak kimyasal sentezde, diizenli bir yapiya ulagmayi
zorlagtiran kimyasal reaksiyonun hizimi kontrol etmek ¢ok zordur. Genel olarak bu
metotlar, ¢lde edilen nanopartikiiliin morfolojisi tizerinde zor ve zayif bir kontrol
saglamaktadir. Son yillarda bu metotlara alternatif olarak nanopartikiiliin polimer
kahbi i¢erisinde iiretimi yaygin olarak kullanilmaktadir. Bu metot sentez kolayhg ve
biyiiklik kontrol edilebilirligini saglamasi yaninda ¢ozelti igerisinde mikrofaz
ayrimi yapabilmesinden dolayr da tercih edilmektedir. Blok kopolimerler, 6zcllikle
diblok kopolimerler bu metotta kalip olarak kullanilmaktadir. Diblok kopolimerler
igerisinde  bulunduklan  ¢ozgenin  polaritesine  gore ¢ozgen igerisinde misel
olugturabilirler. Miselin g¢ekirdegi nanopartikiil dretimi i¢in nanoreaktdr olarak
kullanthr [6]. Metal ya da yarimetal iyonlar nanoreaktoriin kapah kompartmaninda
kimyasal reaksiyonla nanopartikiillerine dontstirilliir. Nanopartikiil ile doldurulmug
blok kopolimer misellerin uygulamalar bir¢ok alanlarda (katalitik, biyolojik, ilag,
optik, vb.) denenmektedir [7].

Giimily nanopartikiilleri yukanda bahsi gegen nanopartikiil 6zelliklerinden dolay
bilimsel ve endistride en ¢ok aragtnlan ve kullamlan nanopartikillerdendir.
Ornegin, giimiis nanopartikiillerinin ~ giigli  antibakteriyel  6zelliginin - oldugu
bilinmekte ve medikal driinlerde (ortopetik mplantlar, yara bandlan vb.),
kozmetikte, plastikte, boya iiretiminde ve tekstil iirtinlerinde kullanilmaktadir [8-11].
Diger bir énemli kullanim alam floresans ve yiizey plazmon ozelliginden dolayi
sensor alanindadir, Ornegin DNA sckansini belirlemede [12], histidinin kolorometrik
tayininde [13] ve insan plasmasinda fibrinojenlerin tayininde [14] oldugu gibi.
Ayrica optoelektronik, nanoclektronik optik araglar, bilgi depolama araglan gibi
alanlarda da kullanilmaktadir [9,15,16]. Ustelik, gimils nanopartikiiliin yiiksek
yiizey alami yiiksek yiizey enerjisi saglar dolayisiyla yiizey reaktivitesini artirarak
kataliz olma 6zelligini ortaya ¢ikartir. Bu da kataliz alaninda da kullanmilmasina yol
agar.

Bu ¢ahgmada giimiig nanopartikiillerin organik fazda ters misel olugturan bir diblok
kopolimer igerisinde iiretimi yaptlmigtir.
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MATERYAL ve METOD

Toluen, giimily nitrat (AgNO;), hidrazin (N;Hy), Stren, tert-butilakrilat(TBA),
bakir(Dbromiir, bakir(1l)bromiir, Etil 2-bromopropionat, metanol, ascton, dictil cter,
1. 4-dioksan, hidroklorik asit (HCI), glasial asetik asit, mutlak etanol, kalsiyum hidriir
(CaH,) ve kalsiyum kloriir, pentametildietilentriamin (PMDETA), DOWEX-MSC
iyon degistirici regine, bazik ve noétral aliimina gibi kimyasallar Merck ve Aldrich
firmasindan temin edildigi gibi kullanilmgtir.

Elde edilen kopolimerin GPC ve NMR dl¢iimleri, TUBITAK Ankara Test ve Analiz
Laboratuar’inda (ATAL) yaptinlmistir. Nanopartikill  ¢ozeltilerinin - UV/vis
spektrumlari Carry 5000 marka UV/vis spektrofotometresiyle gergeklestirilmigtir.
Polimer misellerinin - ve  nanopartikiillerin - TEM incelemeleri  ise  Akdeniz
Universitesi Tip Fakiiltesi'nde bulunan Zeiss Leo 906E marka cihaz ile yapilmustr,
PS-b-PAA (polistren-blok-poliakrilik asit) kopolimerinin PS blogu atom transfer
radikal polimerizasyon yontemi ile sentezlenmiy elde edilen PS-Br polimerine yine
ayni yontemle tBA eklenerck PS-b-P(tBA) kopolimeri elde edilmigtir. Bu kopolimer
hidrolizlenerek PS-b-PAA diblok kopolimerine donistiiriilmiigtiir.  PS-b-PAA
kopolimeri toluen igerisinde g¢oziilerck olusan misellerin karakterizasyonu taramali
elektron mikroskopu (TEM) ile yapilmistir. PS-b-PAA  kopolimerinin toluen
igerisinde miselleri olugturulduktan sonra ¢ézeltiye Ag tuzu/ polimer mol oranlan
2:1, 3:1, 5:1 olacak sekilde AgNO; tuzu eklenmistir. Boylece giimilg iyonlan ters
misellerin igine yerlestirilmis ve 48 saat kangmadan sonra ¢ozeltye NaBH,
cklenerek  giimils iyonlanmin  miseller  gekirdeklerinin  iginde indirgenmesi
saglanmigtir.  Gimils nanopartikiilleri 400-500 nm arasindaki goriiniir bolgede
karakteristik bir absorpsiyon gergeklestirir. Bu nedenle, ¢6zeltideki nanopartikiil
olusumunu belirlemek igin UV/vis Spektrofotometresi kullanilmiguir. Sentezlenen
nanopartikiillerin varhgim dogrulamak i¢in nanopartikiil ¢ozeltisinden kaplanan bir
TEM gridi yardimiyla TEM 6l¢timii gergeklestirilmigtir.

SONUCLAR VE TARTISMA

Bu  g¢ahgmada kullamlan PS-b-PAA diblok kopolimeri ATRP yontemi ile
sentezlenmis ve NMR ve GPC olgiimleriyle karakterize edilmistir. GPC analiz
sonucuna gore PDI (Mw/Mn) 1,31 olup molekiil agirhgr 14550 g/mol” diir ve PS-b-
PAA diblok kopolimeri PS(j4912)-b- PAA 334 fraksiyonuna sahiptir.

Gilmils nanopartikiilleri bir ¢ok degisik kimyasal metotla tretilmektedir. Bu
¢aligmada kullanillan  yontem  diblok  kopolimer miselleri igerisinde  Ag
nanopartikiillerini  indirgeyici ajanla indirgeyerek {iretmektir.  Bu  yOntemde
kullanilan diblok kopolimer poliakrilik asit-blok-polistren  kopolimeri  organik
¢ozgen igerisine konuldugunda PAA blogu g¢ekirdek PS blogu sagak olacak gekilde
misel olusturur. Olusan misellerin TEM goriintiisii $ekil 1'de verilmektedir. $ekil
1'de de goriildiigii gibi olugan miseller kiireseldir.
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Sekil 1. PS-b-PAA diblok kopolimerinin toluen igerisinde olusturdugu misellerin
'EM goriintiisii

(ekirdek nanopartikiil i¢in kalip olarak gorev yapar. Organik ¢dzgen igerisindeki
kopolimer ¢Ozeltisine giimily tuzu cklendiginde tuz misel ¢ekirdegine giderek
karboksil grubuyla kompleks olusturur. Giimils iyonlant Ag" ye indirgendiginde
¢ekirdekte bulunan Ag iyonlari birleserek Ag partikiilleri olustururlar. Bu polimerin
toulen igensindekt  ¢ozeltisinde PAA  birimlerine  yerlesen  giimils  iyonlarim
indirgemek i¢in N>Hy indirgeyict ajami kullamilmistir. Nanopartikiillerin olugumu
UV-vis spektrofotometrest ve TEM dlgtiimlenyle kanitlannmgtir. Agagida bahsedilen
yontemle sentezlenmis Ag  nanopartikiillerinin UV-vis  spektrumlan ve  TEM
goriintillert  verilmigtir. Sonug¢ olarak kullanilan  kopolimer miselleri igerisinde
ortalama 20 nm biyiikligiinde Ag nanopartikiilleri sentezlenmigtir. Eklenen giimiis
oranini artrmak olusturulan Ag nanopartikiil biyiikliigiinde herhangi bir etkiye
sahip degildir. Bu konuda detayh ¢alismalara devam edilmektedir
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Sekil 2. N,H; indirgeyici ajam ile %]1°lik (w/v) C diblok kopolimeri igerisinde
hazirlanan Ag nanopartikiillerin UV-vis spektrumu

UV-vis spektrumunda 400-450 nm arahgindaki siddetli pik olugumu  giimiig
nanopartikiillerin varhgini géstermektedir.

Ortalama partikiil boyutu 22(+6) nm Ortalama partikiil boyutu 19(+8) nm
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Ortalama partikiil boyutu 18(+5) nm

Sckil 3. Farkh Ag/Polimer oranlannda N,H; ile indirgenmis omeklerin TEM
gortintiileri (Olgek ¢ubugu 0,2 pm’dir) ve ortalama partikiil ¢aplan

Bu galhigma TUBITAK tarafindan  TBAG-108T806  proje  numarasiyla
desteklenmistir,
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TEK TABAKADAN OLUSAN BASIT DOKUMALI

E-CAM/EPOKSI MALZEMENIN KESIT
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Ozet

Yapilan ¢ahgmada tek tabakadan olugan basit dokumah E-cam/epoksi kompozitin
clastik modiil ve egilme rijitlik degerleri variasyonel asimptotik method (VABS)
ile incelenmigtir. Basit dokumali E-Glass/epoksi kompozitin enine ve boyuna
fiberlerden olugan iki boyutlu kesitler Abaqus sonlu elemanlar programi yardimyla
modellenmis ve mesh yapisi olusturulmustur. VABS yontemi yardimiyla farkh
kesit diizlemlerinden elde edilen elastik modiil ve egilme rijitliklerinin aritmetik
ortalamas: alinmus ve tek tabakali E-Cam/Epoksi i¢in elastik modiil ve egilme
rijithigi degerleri elde edilmigtir.  Sonug olarak VABS yoéntemi ile elde edilen
sonuglar dnceden elde edilen Abaqus sonlu elemanlar sonuglarina yakindir,

Anahtar  Kelimeler: Vaniasyonel  Asimptotik  Method,  Kesit — Analizi,
Mikromekanik Modcl
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Abstract

In this study. clastic modulus and bending stiffness of a plain weave single-layer
composite are studied with Variational Asymptotical Beam Sectional Analysis
(VABS). 3D strain energy is reduced to 1D strain energy by using variational
asymptotical method by assuming some small parameters. Hence sectional
properties such as stiffness matrix, flexiblity matrix, mass matrix, mass centroid,
tension center, clastic axis, mass moment of inertia, second moment of area are
obtained using 2D finite elements. Transverse and longitudinal fibers of two-
dimensional woven composite are first modeled by Abaqus finite element program
and then meshed. Several cross-section planes of single layer composite are
considered for the calculation of average stiffnesses. The sectional stiffnesses are
obtained using VABS method, and averaged to obtain elastic modulus and bending
stiffness of single layer composite. The results obtained are in agreement with the
published results which are obtained a 3D model using Abaqus finite element
program.

Keywords: Variasyonel Asymptotic Method, Section Analysis, Micromechanical
Model

1. Girig

Dengeli malzeme  6zelligine sahip olan basit dokumah  kompozitler gesitli
uygulamalarda siklikla kullanilmaktadir. Bu yapilarin malzeme 6zelliklerinin
belirlenmesi giivenli ve islevsel tasarimlar igin olduk¢a 6nemlidir. Polimer matrish
basit dokumali kompozitler gelencksel malzemelere gore ¢ok daha hafif, Gstiin
mukavemet, yorulma ve termal Ozellikleri sayesinde kullanilabilirlikleri giin
gegtikge artmaktadir.

Birkag tabakaya sahip dokumali bir kompozitte clyaflar ardigik olarak birbiri
izerinden gegerek dokumay: olugturmaktadir. Bundan dolayi herhangi bir kesitte
kalinhk boyunca malzeme homojen bir yapida degildir. Dokumali kompozitlerin
diizlem i¢i malzeme 6zelliklerinin analitik olarak belirlenmesi igin ¢ok sayida
mikromekanik homojenlegtirirmis model gelistirilmistir. Karbon elyafli ve polimer
matrisli dokumali kompozitlerle yapilan deneylere gore [1], klasik laminasyon
teorisi ile hesaplanmig cgilme rijitlikleri ve birim uzama degerleri ¢ok bilyiik
farklar gostermektedir. Egilme gerilmesi ve birim uzamalarinda %200, egilme
rijithginde %400 hatalar olugsmaktadir. Bunun sebebi, klasik laminasyon teorisined
clyaflarin ve matrisin tabaka igerisinde tiniform olarak dagildigini kabul etmektedir
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ve makromekanik ozelliklerin hesaplanmasinda bu 6zellikleri kullanmaktadir.
Ancak ince dokumali bir kompozitte clyaflar ardigik olarak birbiri {izerinden
gegerek dokumayr olugturmaktadir.  Naik [2] dokumali kompozitlerin genel ii¢
boyutlu, sicakliga bagh mekanik 6zelliklerini belirlemek i¢in birim hiicre modeli
6nermektedir. Johnson ve dig. [3]  dokumali kompozitlerin ortalama clastk
modiillerine matris dzellikleri elyaf egrilme agisi ve elyaf biiyiikligiiniin etkisini
incelemistir,

Kesit analizi ile ilgili yapilan ¢ahigmalarda, kesitte geometrik olarak lineerligin
olmadigi, kesit ¢arpilmalannin gergeklesebilecegi kompozit rotor palasi, riizgar
tiirbini pervaneleri gibi pargalarin kesit 6zelliklerin belirlenmesinin énemli oldugu
goriilmektedir. Bunun i¢in ilk kez Cesnik ve Hodges [4] tarafindan Variasyonel
Asimptotik  Kirtg Kesit Analizi (VABS) adi ile  bir bilgisayar programi
gelistirmiglerdir. Chen ve arkadaglan [S] riizgar tirbin kanadinin eylemsizlik ve
yapisal  Ozelliklerini bulmak i¢in  farkli  yaklagimlar  kullanmiglar  ve  bu
yaklagimlardan hangisinin riizgar kanat tasanmcilann igin en uygun oldugu
belirlenmigtir. Benzer bir gahigmada Yu ve arkadaglan [6] tarafindan yapilmigtir,
Farkh kesit geometrisine sahip modellerin VABS ile kesit  Ozelliklen clde
edilmigtir. Elde edilen kesit 6zellikleri, farkh yaklasimlardan elde edilen sonuglar
ile kargilagtirllmig ve analitik yaklagimin yetersiz sonuglar verdigi belirlenmistir.
Wenbin ve Hodges, variasyonel assoptotik method igerisine Timoshenko kompozit
kirig teorisini hesaplama kodlarini yerlestirmigtir [7]. Calismada elde edilen
sonuglar ile klasik kiris modeli ile elde edilen sonuglar arasinda farklar oldugu
belirlenmigtir. VABS ile elde idilen sonuglarin  hesaplama zamani ve modelleme
agisindan {i¢ boyutlu sonlu clemanlar metodundan daha 1y1 sonuglar verdig:
belirlenmigtir,

Bu ¢aliymada tek tabakali basit dokumali cam epoksi malzemenin mikromekanik
olarak kesit analizi variasyonel asimptotik kirtg metodu yardimiyla yapilmistir.
Analiz de tek tabakali king igin bey farkli kesit diizlemi belirlenmig bu kesitlerin
her birt i¢in kesit 6zellikleri elde edilmistir. Elde edilen kesit ézelliklerinden
clastisite modiilii ve egilme rijithg (D) elde edilmiy ve onceki ¢aliyma ile
karstlastinlmistr.

2. Kesit analizinde variasyonel asimptotik yontem
Vanasyonel asimpototik kirig kesit analizi, Hodges ve arkadaglan tarafindan

gelistirilen sonlu elemanlar temelli bir yontemdir. Genel olarak yapida meydana
gelen deformasyonlar sonrasi yapimin biriktirdigi enerjiyl hesaplamayr yoncliktir.
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Ug boyutlu sekil degistirme enerjisi bir boyutlu sekil degistirme enerjisine
indirgenir. Bu indirgemede  yapiun karckteristigi ile ilgili olan belirli kiiguk
parametreler asimptotik seriler yardimyla genigletilir. Bu parametreler yapidaki
maksimum sekil degistirme ile ilgili parametrelerdir. Bunlar h/L ve h/R*dir. Burada
h kesit biiyuklagii (geniglik veya yiikseklih), L cksenel deformasyondaki dalga
boyu, R ise kirigteki baglangigtaki egilme yangapidir [S].

Variasyonel asimptotik  yontem  differansiyel  denklemler yerine enerji
fonksiyonlarin1 asimptotik olarak olarak genigletir. Bu da yoéntemi daha az
karmagik ve iglevsel yapar. Bu metotta kesit, sonlu elemanlara béliirek ag yapisi
olusturulur ve ¢éziim gergeklestirilir. Programda kullanicinin istegine gore tiggen
elemanlar veya dikdortgen clemanlar kullamilir. Digiim nokta sayisi saat yoniiniin
tersine gore dizilir. VABS programinda ag olugturmak igin arayiiz olmadign i¢in
piyasadaki analiz yapabilen Ansys, Abaqus, Patran gibi sonlu elemanlar
programlan ile olusturulan modellerin  ag o6zelliklerini ve digiim nokta
koordinatlarini uygun formata ¢evirerek kullanabilmektedir

Sekil I'de VABS'in kirig kesit koordinat sistemi goriilmektedir.  VABS
programinda  koordinatlar sag el kurahina gore belirlenir. x, kiriy boyunu
gostermekte, diger iki dogrultu x, ve xy ise kirig kesitini ifade etmektedir.

— x, |
xl

Sekil 1. VABS kirig koordinat sisitemi,[8] / Figure 1. VABS beam coordinate
system.[8]

xI

NN NN AN

Coziimi gergeklegtirilecek olan modelin VABS programi ¢alistiriimasi ile genel
olarak 4x4 veya 6x6 biyiikligiinde njitlik matrisi, kiitle merkezi, ¢ekme merkezi,
kayma merkezi, gecometrik merkez bilgileri belirlenen kesitin 6zellikleri igin elde
edilmektedir. Elde edilen 4x4 rijitlik matrisi denklem 1°de verilmistir.

o
wn
e



2 ULUSLARARASI KATILIMLI POLIMERIK KOMPOZITLER SEMPOZYUM, SERGI VE PROJE PAZARI
2nd POLIMERIC COMPOSITE SYMPOSIUM, EXHIBITION AND BROKERAGE EVENT (INTERNATIONAL PARTICIPANT)

T Si Sy Sy Sulfw
M, - So Sn Su Su|le
M, Sy Si S5 Sy ||us
M, S Su Su Su “;

(h

burada T M,, M,, M, sirasiyla cksenel kuvvet, burulma momenti ve y ve z
yoniindeki egilme momentlenidir. S; ise rijitlik matrisi, u;, uy, uy yerdegistirmeler
my ise burulma oramdir [9]. Rijitlik matrisi S; yapimin geometirk kesitine ve
malzemesine, kirig koordinat sistemine, Kirigin baglangis egrilik veya biikiilme
durumuna gore degigir. Burada x, ve x5 ekseni ¢ekme ckseni ve temel egilme
ckseni ile ayni konuma gelirse rijirlik matrisi izotrop bir malzeme i.i¢ indirgenerek
asagidaki gekli alir.

EA 0 0 0
0 GJ 0 0
0 0 EILb 0 &
0 0 0 EI

Denklem 2'deki indirgenmiy diagonal terimler mihendislik kirig sabitlert olarak
adlandinhr. EA, GJ, El,, El, sirasiyla gekme rijitligi, burulma rijitligi, egilme
rijitlikleridir. EA'min birimi N, GJ, EL, EI; birimleri ise Nm™'dir.

3. Mikromekanik modelleme

Basit dokumal  kompozitlerde regine emdirilmis enine ve boyuna fiberler
birbirlerinin iizerinden ve altindan gegerek dokunmaktadirlar.  Bu dokumanin
stirekli olmast ile basit dokumali kompozitin makro yapist olusturulur (Bkz. Sckil -
2). Enine ve boyuna fiberlerin egit ve simetrik goriiniimii yapiya dengeli yap
ozelligi  katmaktadir.  Mikromekanik model i¢in birim hiicredeki elyaflann
mikroskopik fotograflan  ¢ekilerek elyaflarin  kesit  gekli  ve  biyiikliikler
belirlenerck  siniizoidal bir dalga formu elde ediir.  Bu birim hicrenin
belirlenebilmesi igin tek tabakali kompozit numune kahplanarak kesit goriintiisii
mikroskop altinda incelenmigtir. Daha sonra clde edilen kesit goriintiisii Sekil 3'te
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gorildiigti gibi  gesitli - ¢izim  programlart  kullamlarak kesitin - ana  hatlan
belirlenmigtir. Elde edilen birim hiicre boyutlan Tablo 1'de verilmistir

Unit cell

Sekil 2. Basit dokumali kompozitte birim hiicre.
Figure 2. Unit cell of plain weave composite

Tek tabakali basit dokumal kompozitin mikroskop altinda clde edilmiy kesit
durumu Sekil 3'te goriilmektedir. VABS yéntemi ile ¢6ziim igin Sekil 4’teki gibi
diizlemlerden kesitler elde edilmistir. x, y ve z yonleri sirasiyla 1, 2 ve 3 yénlerini
gostermektedir.

Sckil 5'te goriildigi gibi kesit diizlemleri géz Oniine ahnarak bes farkh kesit
diizlemi ele alinmustir. A-A kesit diizlemi enine ve boyuna fiberlerin olusturdugu en
yliksek tabaka kalinhgimin oldugu (0.2 mm) kesitdir. £-E kesit diizlemi ise boyuna
fiber kalinhgimmn olmadigr sadece enine fiber kalinhgmin (0.1 mm) oldugu kesit
kalinhgidir. Bu iki kesit arasinda kalan boliimden ¢ adet daha kesit diizlemi
olusturularak toplam bes kesit diizlemi igin elastik modiil ve egilme rijithgi
degerlen elde edilmistir.

\i
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Sekil 3. E-Cam/epoksi malzemenin kesit goriintiisii.

Figure 3. E-glass/cpoxy cross section
Tablo 1. Basit dokumal E-Cam/epoksi malzemenin mikromekanik dlgiileri

Table 1. E-glass/epoxy of plain weave composite micromechanic size

Dalga boyu Toplam kahnhk Fiber kallnhEI
Malzeme
L (mm) £ (mm) s=¢/2 (mm)
E-Cam/cpoksi 1.70 0.20 0.1

Elde edilmig olan kesitler Abaqus sonlu elemanlar programi yardimiyla 2
boyutlu olarak modellenmigtir [10]. Regine emdirilmis boyuna ve enine elyaflar
sinis  egnsinden  faydalamlarak  elde  edilmistir.  Sinus  egrisi denklemi
v@ssinsc/L,, scklindedir. Model olusturulduktan  sonra  mesh  yapisi
olugturulmug ve mesh yapisi i¢in 8 diigimlii dikdértgen elemanlar kullanilnustr.
Belirlenen kesit diizlemi igin elde edilen mesh yapisimin diigiim noktalarinin ve
koordinatlarinin bulundugu girig dosyasi elde edilmigtir. VABS dosyasi formatinda
yerlestirilen bu bilgilere malzeme ozellikleri, tabaka dzellikleri varsa én burulma
veya egilme degerleride cklenerck VABS programi ¢ahstirihr. VABS programi ile
elde edilen ¢6ziimiin algoritmasi Sekil 6'te goriilmektedir.
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Sekil 4. Tek tabakal dokumali kompozitin kesit diizlemleri

Figure 4. Cross section planes of plain weave composite

Sekil 5. iki boyutlu kesit diizlemleri./ Figure 5. Two-dimensional cross section

planes.
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ABAQUS (SEM) ile Kesitin mesh yapisinin
Kesitin geometrik olusturulmasi (A-8
ozellikleri 2D Kesitin olusturulmasi dikdértgen elemanlar )

ABAQUS Input
dosyasindaki mesh
koordinatlarinin,
malzeme bilgilerinin

VABS prog. \»—

dosyasinin elde

adilmaci

VABS programinin
aktarilmasi

Sekil 6. VABS ile kesit analizi ¢6ziim algoritmasi./ Figure 6. Cross section
analysis algorithm using VABS.

Her bir kesit i¢in elde edilen elastisite modili ve egilme rjithigi (D) degerlen
Tablo 2'de verilmektedir. Bu tabloda E degeri EA degerinin A kesit alanina
béliinmesi ile, D;; degeri E1 nin genislige yani dalga boyu olan L'ye béliinmesi ile
elde edilmektedir. VABS programu ile her bir kesit igin elde edilen E ve Dy,
degerlerinin aritmetik ortalamasi alinarak ortalama degerler elde edilmigtir. Elde
edilen bu degerlerin 6neeki ¢alismalardan elde ettigimiz 3D Sonlu elemanlar
modeli ile karsilastinlmasi ise Tablo 3'de verilmektedir. Tablo 3'ten goriilecegi
gibi elastisite modulii agisindan her iki yontem birbirine ¢ok yakin iken, cgilme
rijitligi agisindan 1se 3D Sonlu elemanlar modeli ile clde edilen deger yaklagik
olarak % 24 kadar daha biiyiktiir.
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Tablo 2. Kesitlerin rijitlik degerlen.

Table 2. Cross sections stiffness values.

d:f:;:':", Hi(mm) | Hy(mm) | t (mm) EA El, . b
(GPa) | (Nmm)
A-A 0.1 0.1 0.2 6537 17.20 23.3 10.11
B-B 0.1 0.075 0.175 5965 11.02 21.3 6.4?
c-C 0.1 0.05 0.15 5393 6.58 19.2 3.87
D-D 0.1 0.025 0.125 4811 3.75 17.2 220
E-E 0.1 0 0.1 4185 229 14.9 1:35

Tablo 3. Sonuglann karsilagtirilmasi

Table3. Comparison of results

Elasitisite modulii, £ Egilme rijitligi, Dy,

(GPa) (Nmm)
3D model (ABAQUS) 19.1 5.93 ]
Kesit analizi (VABS) 19.2 4.80

3. Sonuglar

Yapilan ¢aligmada variasyonel asimptotik kiris kesit analizi kullanmilarak basit
dokumali cam/epoksi malzemenin elastik modiil ve egilme rijitlik degeri (D))
bulunmustur. Enine ve boyuna fiberler birer kirig gibi diigiiniilmiistiir. Enine ve
boyuna kiriglerin birbiri Gstinden veya altindan gegerek olusturdugu basit
dokumali tek tabakali kompozitin ¢ekme veya egilme durumunda hasann
gergeklesebilecegi bes farkh kesit ele ahnmugtir. Sonugta VABS ile clde edilen
elastik modiil ve egilme rijitligi degeri Abaqus sonlu elemanlar yontemiyle elde
ettigimiz 3D sonuglara yakindir.
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Ozet

Ters  osmoz  membran  kihiflarisu  antma,deniz suyu  antim,elektrik
santralleri,metalurji,kimya sanayi,ila¢,gida ve megrubat sanayi gibi birgok alanda
¢ok yaygin olarak  kullanilmaktadir.Elyaf sargi  kompozit membran
kiliflanpaslanmaz ¢eliklere goére yiksek ozgiil rjitlik ve mukavemet,yiiksek
korozyon direnci ve 1s1l izolasyonu gibi birgok avantaja sahiptir.

Elyaf sarg: tiretim prosesi kompozit basingh kap tiretiminde en etkin yontemlerden
birisidir. Bu yontem hem  askerihem de sivil uygulamalarda yaygin olarak
kullanilmaktadir.

Bu proseste kompozit tabakalar dénen bir mandrel {izerine siirekli bir gekilde
sanhr. Bu teknik kompozit tabakalann yerlestirilmesinde yiiksek bir hiz ve
hassasiyet saglar. iki farkli sargi yontemi vardir:

(1) Elyaflanin bir regine banyosundan gegirildikten sonra donel bir mandrel
izerine sanldigr YAS SARGI

(i ) Onceden regine emdirilmis elyaf bantlarinin donel mandrel iizerine sanldig
PREPREG SARGI yo6ntemi.
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Ters osmoz yontemi kullanilarak deniz suyunun antilmasindaki kiiresel talep
membran basingli kap (dreticilerinin kapasitelerini zorlamaktadir. Elyaf sargi
basingh kaplar talebindeki artig meveut direticilerin iiretiminde hizh bir yiikselise ve
pazara deneyimsiz yeni tireticilerin girmesine sebep olmustur.

Bu hizbasingh kap tasarim ve dretiminde kullamcilart gereksiz risklere maruz
birakacak hatalan atlamalan ve yanliglan da koriiklemistir.

Ashnda elyaf sargi membran govdelerinin tiretimi,uzun emniyetli bir  kullamm
periyodunun saglanabilmesi igin birgok kritik degiskenin dikkatli bir sekilde
kontrol edilmesini gerektirmektedir. Yazar bu ¢alismada elyaf sargi kompozit ters
osmoz basingh kaplarin tasanmu,tiretimitest edilmesi ve muayene prosesleri
konusunda bir gozden gegirme sunmaktadir. Kritik proses degiskenleri ve bunlanin
basingli kap emniyeti ve dmrii iizerindeki potansiyel etkileri degerlendirilmektedir.

Abstract

The reverse osmosis (RO) membrane shells are widely employed in many fields
such as water purification seawater desalination,clectric power,metalurgy,chemical
industry pharmaceuticaland food and beverage. Filament wound composite
membrane shells have many potential advantages over those made of stainless
steelsuch as high spesific stiffnes and strength,good corrosion resisitance and
thermal insulation.

The filament winding fabrication process is an effective method for manufacturing
composite pressure vessels. This method has been used extensively for both
military and civilian applications.

In this process composite layers are contiruously wound on a rotating mandrel.
This tecnique offers a high speed and precise method for placing many composite
layers. There are two different winding methods:

(1) Wet winding,in which the fibers are passed through a resin bath and wound
onto a rotating mandrel

( 11 ) Prepreg winding,in which the preimpregnated fiber tows are placed on the
rotating mandrel
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The global demand for seawater desalination using reserve osmosis is pushing the
membrane pressure vessel industry to its limits of capacity. Current peaks in
demand for filament wound fiber reinforced plastic vessels has resulted in rapid
increase in production among existing suppliers and has drawn new and
inexperienced suppliers into market.

The rush has lead to short-cuts,oversights and mistakes in vessel design and
fabrication,subjecting users to unnecessary risk. In factithe fabrication of FW
membrane housing involves careful control of many critical variables in order to
assure along,safe period of usefulness. The auther in this work present an overview
FW  composite RO pressure vessel design,fabrication,testing and inspection
processes. Critical variables and their potential affect on vessel safety and
longevity are considered.
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THE COMPARISION OF CARBON NANOTUBE
COMPOSITE ELECTRODES WITH OTHER CARBON
BASED ELECTRODES IN ELECTROCHEMICAL
SENSORS

THE COMPARISION OF CARBON NANOTUBE
COMPOSITE ELECTRODES WITH OTHER CARBON
BASED ELECTRODES IN ELECTROCHEMICAL
SENSORS

I 2
Yusuf Dilgin |, Giirel Nishi

I
(anakkale Onsckiz Mart University, Science and Art Faculty, Department
of Chemistry, 17100-CANAKKALE

-
Ege University Science faculty, Department of Chemistry, 35100,
Bornova-iZMIR

ydilgin@@hotmail.com

Ozet

Karbon iyi bir elektriksel iletkenlik, kimyasal olarak tepkimeye girmeme ve genis
bir potansiyel arahik gibi bazi Snemli avantajlar sergiledigi i¢in elektrot materyali
olarak artan bir ilgiye sahiptir. Grafit, karbon fiber, camimsi karbon elektrot,
karbon nanotiipler, diizenli orta gézenekli karbon, karbon pasta gibi karbon bazh
materyaller, elektrot materyali olarak clektrokimyasal sensorlerin gelistirilmesinde
oldukga sik kullanmilmaktadir (1-3). Elektrokimyasal sensorlerde daha duyar, segici
ve dogru sonuglar elde etmek igin, bir¢ok bilim adami karbon bazh modifiye
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clektrotlanin hazirlanmasina ve bu elektrotlanin birgok bilesigin elektrokimyasal
analizindeki uygulamalarina yogunlagmaktadirlar. Elcktrotlarin modifikasyonunda
Ozellikle iletken fazhi kompozitler sensor aletlerinin gelistirilmesinde oldukga sik
kullamlmaktadirlar. Kompozit elektrotlar en az bir iletken faz (Ag, Au, Pt, C vb.)
ve bir yahtkan fazdan (polisitiren, nujol, nafyon, epoksi, teflon, silikon)
olugmaktadir ki bu iki faz, son konumda, kati halde karismis olarak bulunurlar.
Kompozit elektrotlar son yirmi yildir yogun bir sekilde kullanilmis ve gelistirilmis
ve bazi durumlarda bu elektrotlar sadece bir iletken faz igeren gelencksel
clektrotlarla bagarih bir gekilde yanigsmaktadir. Bu elektrotlar; disiik maliyet, diisik
agirhik, yiiksek giiriiltivsinyal orani, genis potansiyel penceresi, pasivizasyona
gosterdigi direng, kolay mekaniksel ve elektrokimyasal temizleme, iletken yada
yalitkan fazin veya bunlanin yiizeylerinin kimyasal modifikasyonuna olanak
saglama gibi dstinliikler sunmaktadir (4). Bu nedenle, karbon bazli kompozit
clektrotlar biyiik ilgi gérmiigtir.

Karbon bazl elektrotlar arasinda, karbon nanotiip elektrotlar yiiksek elektronik
iletkenlik, mekaniksel direng, kimyasal kararhlik, yiiksel yiizey alani gibi iistiin
ozellikleri nedeniyle genisge kullanilmaktadir. Ozelikle sensor ve biyosensor
yapiminda kosullandiniimig nanotiipler bilegen olarak biiyiik bir potansiyel sunar.
Boyalar gibi organik ve inorganik molekilller karbon nanotiip duvarlarina
kolayhkla adsorbe olabilir. Boylece kimyasal modifiye elektrotlar, adsorplanmig
materyaller igeren veya igermeyen karbon nanotiiplerin, bir elektrot yiizeyine
nanotiip duvarlarinin yiizeyden fiziksel veya kimyasal baglanmasiyla kolayhkla
hazirlanabilir. Genellikle modifikasyon siirecinde, Oncelikle karbon nanotiipler
camimsi karbon elektrot yiizeyine tutturulur, daha sonra azin tiirii boyar maddeler,
kinolik bilegikler, ferrisiyaniirler, metal kompleksleri vb. gibi organik ve inorganik
redoks mediyatorler, karbon nanotiip yiizeyine dirck adsorpsiyon, kovalent
baglanma ya da elektropolimerizasyon yoluyla modifiye edilir. Son olarak, bu
clektrotlar - dongiisel  voltammetrik, diferansiyel puls  voltammetrik  ya da
amperometrik yontemler kullamlarak kimyasal sensor ve biyosensor yapiminda
kullamlmugtir. Ozellikle dopamin, askorbik asit, iirik asit, NADH, cytochrome c,
katckolamin, serotonin, ecnzim gibi biyolojik éneme sahip molekiiller bu modifiye
clektrotlarla tayin edilmistir (5-9). Gergeklestirdigimiz ¢alismalarda, azin tiiril
boyar maddelerle modifiye edilmig karbon pasta clektrot ve camimsi karbon
clektrot NADH ve askorbik asitin elektrokatalitik ve fotoelektrokatalitik tayini igin
kullanilmigtir (10-14). Bu ¢ahymada elektrokimyasal sensérler ve biyosensorlerde
karbon nanotiip modifiye elektrotlarin - diger  karbon  bazh  elektrotlarla
kargilastinlmasi incelenmigtir. Elde edilen sonuglar karbon nanotiip kompozit
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clektrotlanin clektrokimyasal sensérde camimsi karbon, karbon pasta gibi diger
karbon bazh elektrotlardan daha duyar, segici sonuglar sundugunu gostermistir.

Abstract

Carbon has presented the grown interest as electrode material because it exhibits
some important advantages such as good electrical conductivity, chemical inertness
and wide potential range. Carbon based materials such as graphite, carbon fibers,
glassy carbon electrode, carbon nanotubes, ordered mesoporouse carbon, carbon
paste have largely been used as electrode matenial for the development of
electrochemical sensors (1-3). In order to obtain more sensitive, sclective, accurate
results in the clectrochemical sensors, many scientists have focused on the
preparation of modified carbon based electrode and their applications in the
electrochemical analysis of a lot of compounds. Especially, composites based on
conductive phase in the modification of electrodes have often been used in
developing sensor devices. The composite electrodes are composed from at least
one conducting phase (Ag. Au, Pt, C etc.) and one insulating phase (polystyrene,
nujol, nafion, epoxy, teflon, silicone etc.) which are mixed keeping their final solid
state. They have been intensively developed and used for the last twenty years and,
in some cases, they can successfully compete with traditional electrodes consisting
of only one conducting phase. They offer certain advantages, ¢.g.. low cost, low
weight, high signal-to-noise ratio, broad potential window, resistance toward
passivation and/or easy mechanical and clectrochemical cleaning, the possibility of
chemical modification of the conductor or of the insulator phase or of their
surface(4). Therefore the carbon based composite eclectrodes have found great
attention because composites with carbon exhibit good electrode materials.

Among the carbon based electrodes, carbon nanotubes electrodes have been
extensively used due to the their unique properties such as high electronic
conductivity, mechanical resistance, chemical stability, surface area. Especially,
functionalized carbon nanotubes offer enormous potential as components for
sensors and biosensor construction. Organic and inorganic molecules such as dyes
can be casily adsorbed on the carbon nanotubes walls. Thus chemically modified
electrode can be easily prepared from carbon nanotubes with or without adsorbed
materials on an electrode surface via physical or chemical bonds from the surface
of nanotube walls. Generally, in the modification process, first carbon nanotubes
were immobilized on the glassy carbon electrode then organic or inorganic redox
mediators such as azine type dyes, quinolic compounds, ferricyanides, metal
complexes ete. were modified onto carbon nanotube clectrode surface via their
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direct adsorption, covalent bonding or electropolymerization. Finally these
clectrodes have been used for the construction of chemical sensors and biosensors
using cyclic  voltemmetric, differential  pulse  voltammetric, amperometric
techniques. Especially the biological important molecules such as dopamine,
ascorbic acid, uric acid, NADH, cytochrome c, catecholeamine, serotonine,
enzymes, have been determined with these modified electrodes(5-9). The previous
studies, carbon paste clectrode and glassy carbon electrode modified with azine
type dyes for the electrocatalytic and photoelectrocatalytic oxidation of ascorbic
acid and NADH which are biologically important molecules were used(10-12). In
this study, the comparison of carbon nanotubes modified electrodes with other
carbon based modified clectrodes in electrocehmical sensors and biosensor are
investigated. The obtained results showed that carbon nanotube composite
clectrodes exhibit more sensitive, selective results in electrochemical sensor than
other carbon based modified electrodes such as glassy carbon, carbon paste

electrodes.
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Abstract

One of the most promising areas of nanotube research involves the reinforcement
of polymer composites using carbon nanotubes as additives We have developed
new approaches in carbon nanotube functionalisation and preparation of carbon
nanotube-polymer composite materials. In our work the multiwalled carbon
nanotubes (MWCNTSs) have been functionalised using n-butyllithium and reacted
with bromo-alkyl species of various chain lengths resulting in new functionalised
carbon nanotubes, which are potential additives for polymer reinforcement. The
following addition of the alkyl-grafted nanotubes to polyvinyl chloride PVC matrix
resulted in significant increase of mechanical properties. Our studies have shown
that the optimum chain length for increasing the mechanical properties was sixteen
carbons. Longer chain length docosanyl functionalised nanotubes appear to
aggregate and alkyl chains likely to be entangled and therefore do not allow for
efficient interfacial stress transfer from the nanotubes to the polymer.

Introduction and objective

Due to their unique mechanical, electrical and thermal properties, carbon nanotubes
have generated enormous interest in materials science. One of the most promising
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areas of nanotube research involves the reinforcement of polymer composites using
carbon nanotubes as additives [1-3]. Previously we have developed new
approaches in carbon nanotube functionalization and preparation of carbon
nanotube-polymer composite materials. In our work organometallic approach the
MWCNTs have been functionalised using n-butyllithium and then covalently
bonded to the chlorinated polypropylene. The following addition of the polymer
grafted nanotubes to a chlorinated polypropylene polymer matrix resulted in
significant increase of mechanical properties. For instance, at the nanotube content
of 0.6 vol % the Young's modulus increased by a factor of 3 while both the tensile
strength and the toughness increased by factors 3.8 and 4 respectively [4]. This
new approach in covalent functionalisation of nanotubes makes it possible to get an
efficient dispersion and excellent interfacial stress transfer potentially leading to
new ultra-strong polymer composite materials. This technology has been further
developed and utilized for the reinforcement of polyvinylchloride and polystyrene
using chlorinated polypropylene grafted carbon nanotubes [5]. Kevlar coated
nanotubes have been utilised as additives for various commercial polymers
reinforcement [6,7]. Then we have introduced a new swelling under ultrasound
technique using dispersions of chemically modified carbon nanotubes to prepare
new polymer composites with a multitude of applications [8, 9]. This technology
has several advantages over all currently existing approaches to the fabrication of
nanotube-polymer composites, which involve complicated, expensive and time-
demanding processing techniques such as solution casting, melting, moulding,
extrusion, and in situ polymerisation. All these technologies also need large
amounts of expensive carbon nanotubes to be used to reach the required high
electrical and thermal conductivity. Our new approach enables the incorporation of
nanotubes into already formed polymer products by swelling them in carbon
nanotube suspensions. The nanotubes are incorporated only in a thin top (several
hundreds nm) polymer layer, therefore, only a very small percentage (~1%) of
nanotubes is needed to produce reinforced polymer composites with potentially
high electrical and thermal surface conductivity. As result these composite
materials are cheaper (require minimal amount of carbon nanotubes), light,
mechanically strong (having an increased tensile strength and Young modulus),
robust, easy to process, have high conductivity and are easy to integrate. This
technique can be potentially utilized in the production of flexible transparent
electrodes in displays e-paper and photovoltaic cells. We have also developed
approaches for covalent functionalisation and cross-linking of carbon nanotubes
and graphene oxide sheets [10, 11]. The poly(allylamine) hydrochloride cross-
linked graphene oxide composites showed tensile strengths up to 146 MPa [11].
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We believe that the utilisation of this method should result in the production of new
reinforced composites with potentially high electrical and thermal conductivity that

is very important for various applications

The main objective of the present work was to further develop our approaches for
covalent functionalisation of carbon nanotubes and utilise these nanomaterials as
additives for polymer nanocomposite fabrication.

Experimental
General procedures

All reagents were purchased from Aldrich. The curly Multiwalled carbon
nanotubes (MWCNTSs) were purchased from Nanocyl company. Solvents were
purified by heating them under reflux over potassium-sodium alloy followed by
distillation under argon. Fourier transform infrared (FT-IR) measurements were
performed in transmission mode using a Digilab FTS-6000 spectrometer with the
sample placed in the main chamber, using Perkin-Elmer micro-sampling
attachment, and in the positional stage of UMA 500 IR microscope. For
measurements in the main chamber a wide band Mercury Cadmium Telluride
(MCT) detector in the wave number range of 450-6000 ¢cm ' and a resolution of 2
em’ and 8 em’' was used. A narrow band MCT detector with spectral range of
4500-750 ¢cm' was used in the UMA 500 IR microscope. Thermo-gravimetric
analysis (TGA) was carried out on a Perkin Elmer Pyris | TGA machine the
temperature range was from 30 ° to 900 °C under flowing air and the temperature
was increased by 10 ° every minute.

Lithiation of nanotubes

Before the reaction, MWCNTSs were placed in a porcelain boat which was put into
a CVD machine that was used to anncal at 500 "C under flowing argon at 0.7 s/m
for 1 hr. Then the nanotubes were allowed to cool under flowing argon for a further
two hours.

A small sample of purified anncaled MWCNTS (50 mg) was placed in a clean dry

Schlenk vessel under argon. This was then evacuated to remove any residual air
and then heated using a heat gun up to 250 °C to remove any residual water or
other volatile contaminants from the reaction vessel. Dry and degassed THE, 20
ml, were added to the sample and the mixture was then sonicated for 30 min under
argon in an ultrasonic bath. Then the suspension was cooled to ~10 "C using an
acctone ice bath. n-BuLi, 30 ml of 1.6 M-solution, was added to the suspension at —
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10 "C and the mixture was allowed slowly to warm to room temperature and this
was stirred for 12 hours. The suspension was then allowed to settle and the THF
solution was removed by cannula filtration and the precipitate was washed with dry
THF, 2x25 ml, and then dry hexane, 2x25 ml. The product was dried under vacuum
for 24 hr. Lithiated nanotubes were stored in THF under Ar for further use,

Reaction with 1-bromooctane I-bromohexadecane or 1-bromodocosane

Lithiated MWCNTs (50 mg) in dry THF (20 ml) were placed under ultrasound for
30 min to form a suspension. Then the mixture was cooled to -10 °C using an
acetone ice-bath. 1-bromoalkyl (0.004 mol) was added to the suspension of
MWNTs. The mixture was stirred for 24 hours. The precipitate was then washed
several times with dry THF and then with deionised water until the water was
clear. The residue was then dried in a vacuum for 12 hr.

Polymer film preparation for the mechanical testing using Zwick Z100 tensile

tester

A solution of PVC, 300 mg, in THF 10 ml was added to octyl functionalised
nanotubes (3 mg). This mixture was sonicated under a sonic tip for S minutes and
subsequently in a sonic bath for two hours. Two more solutions were made up
using of butyl functionalised MWCNTs 1.5 mg and 0.75 mg in PVC 300 mg in
THF. These solutions were then allowed to settle for twelve hours and the
supernatant was separated from the residue by decantation. 1 ml of the supernatant
was then placed on a Teflon disk 30 mm in diameter and spread evenly, the solvent
was then allowed to evaporate. This was repeated until a total of 4 ml of the
supernatant was placed on the disk. The film was allowed to dry on the disk for 12
hr and was then removed using a blade. This thin film was then cut into strips of 4
mm in width and 17 mm in length and stored in a sample holder. These strips were
then placed in the Zwick Z100 and a holding load of 0.5 N was applied and then
the sample was extruded by the machine which measured the response of the
material to loads applied. This data was then plotted on a stress strain curve.

Tensile testing

Tensile testing was carried out using a Zwick Z100 tensile tester in the
Biomechanical Engineering Department of the National University of Ireland
Galway University. A 100 N load cell and a cross head speed of 0.5 mm/min were
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used to obtain stress strain curves. The diameter and thickness of each strip was
measured before the strip was placed into the Zwick machine for mechanical
testing. The measurements for diamceter and thickness were inputted into the
machine. The machine then stretched the sample until the sample broke. The
process was repeated approximately three times for cach film so an average
strength could be measured. Each of the polymer-nanotube composites had their
tensile strengths measured against that of the tensile strength of the initial pure
polymer.

Results and discussion
Reactions of lithiated carbon nanotubes with mono-halogenated alkyl species

Lithiated MWOCNTs were reacted with alkyl halides (1-bromooctane,
bromohexadecane and 1-bromodocosane) in a 1:15, weight ratio or 1:1 molar ratio
of carbon to l-bromooctane according to scheme 1. The reaction resulte in the

formation of pscudo *flagella-like * structures as shown in Scheme 1.

-LiBr

s —
Br £ CH, THEF

Scheme 1. Schematic representation of the reaction between lithiated nanotubes
and mono substituted alkylhalide.

Due to the limited number of suitable characterisation techniques (FTIR, elemental
analysis, TGA, TEM) investigation of these products is quite challenging. Figure |
shows examples of the TGA curves of the octyl-, hexadecyl- and dodecyl-
functionalised MWCNTSs. There is a peak at 232 °C which can be attributed to the
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octyl-groups. According to TGA results the content of octyl-groups was 3.5% by
mass.

FTIR has shown the band at 879 cm™ which is typical of the MWCNTSs, as well as
the signal at 1589 cm'. There are then some characteristic peaks of the alkyl chains
which are observed at 1342, 1421 and 962 cm™'. There should also be a band or
shoulder attributed to CH stretches at 2900 — 3000 em™ which is obscured by the
large broad peak. MWOCNT adducts with 1-bromohexadecane and 1-
bromodocosane have shown similar FTIR spectra.

Elemental analysis of the octyl-functionalised MWNT sample showed the presence
of 2.8% of hydrogen. This shows a double in value when compared to 1.4% of
hydrogen of the butyl groups in the initial sample of, hydrolysed, lithiated
nanotubes.

The TGA of the bromohexadecane adduct displayed the peak for the hexadecyl
substituents at 227 °C which is 2.1% of the mass and for the functionalised
nanotubes that has shifted from the higher temperature of 597 °C to 437 °C.
Elemental analysis of this sample gave 4.46% of hydrogen. Once again this shows
an anticipated increase in the hydrogen content. When compared to the previous
alkylated MWNTs it is close to a double hydrogen percentage to compare with the
octyl sample. This is in agreement with an expected double increase due to the
double chain length and hydrogen content in hexadecyl. The TGA of docosanyl
derivative showed the presence of the functionalised nanotubes at a lower than
usual temperature of 438 °C. The peak at 240 °C with 11% of the total mass of the
sample corresponds to the alkyl chain of docosanyl. Elemental analysis was carried
out on the docosanyl functionalised nanotubes and the total amount of hydrogen as
a percentage of carbon was 9.59% which again was approximately double that of
the decyl functionalised nanotube sample.

Alkylated MWNTs as additives in PVC based polymer composites

Alkylated nanotubes were mixed with PVC in THF solution and films of PVC
nanotube composites have been prepared by solution casting for mechanical
testing. The mechanical characteristics of pristine and various alkyl functionalized
nanotube composites are summarized in Table 1.

278



2. ULUSLARARASI KATILIMLI POLIMERIK KOMPOZITLER SEMPOZY UM, SERGI VE PROJE PAZARI
2nd POLIMERIC COMPOSITE SYMPOSIUM. EXHIBITION AND BROKERAGE EVENT (INTERNATIONAL PARTICIPANT)

SR .
Fow sty

- it Prmmmtnnd MWNTs 1 t t e

Figure 1. TGA and DTGA curves of octyl- (top) hexadecyl- (middle) and
docosanyl (bottom) functionalised MWCNTs.

279



2. ULUSLARARASI KATILIMLI POLIMERIK KOMPOZITLER SEMPOZYUM, SERGI VE PROJE PAZARI

It is evident that all alkyl functionalized nanotubes ~PVC composites demonstrated
much better mechanical parameters than those with pristine carbon nanotubes. For
example. for octyl-functionalised nanotube  PVC composites with a low volume
percent (0.16%) there is a significant increase in Young's modulus up to a 1.6 fold
increase. Increseas in ultimate tensile strength are more modest (around 15 %).
Meanwhile hexadecyl-functionalised nanotube - PVC composites showed the most
significant increase in modulus with an increase of 75% at lower content of
nanotubes. The ultimate tensile strength also increased by approximately 50% and
the toughness shows the highest increase of 400% increase at  0.65 vol.% of
functionalized nanotube content. This is a very significant result especially as this
dramatic increase is brought about with a relatively small amount of nanotubes
present.

Table 1. Mechanical properties of pristine, octyl-, hexadecyl- and docosanyl-
functionalized MWNT - PVC composites.

Vol % Young's modulus | UltimateTensile Toughness

[GPa] Strength [MPa]
Of MWNT [KJ/m']

Pristine MWCNT - PVC composites

0 0.56 +/-0.07 15.6 +/-0.5 5.5 +-2.11
0.16 0.44 +/-0.17 13.8+/-2.26 39+-15 |
0.32 0.19 +/-0.04 14.3 +/-1.92 3.1+/-04

0.65 0.39 +/-0.07 12.5 +/-1.68 5.9+/-3.65

Octyl-functionalised MWCNT -~ PVC composites

0.16 0.91 +/-0.15 17.8 +/-2.84 3.9 +/-0.82
0.32 0.61 +/-0.07 16.7 +/-0.18 9.2 +/-3.08
0.65 0.72 +/-0.13 17.9 +/-1.84 6.2 +/-1.5

Hexadecyl-functionalised MWNCT- PVC composites




2 ULUSLARARASI KATILIMLI POLIMERIK KOMPOZITLER SEMPOZYUM, SERGI VE PROJE PAZARI
2nd POLIMERIC COMPOSITE SYMPOSIUM, EXHIBITION AND BROKERAGE EVENT (INTERNATIONAL PARTICIPANT)

0.16 0.98 +/-0.048 23.9 +/-1.53 18.5 +/-1.77
0.32 0.53 +/-0.1 19.4 +/-2.4 150 +/-1.71
0.65 0.77 +/-0.075 20.2 +/-1.5 22 +/-1.3

Docosanyl -functionalised MWNCT- PVC composites

0.16 0.53 +/-0.22 13.7 +/-3.3 3.32 +/-0.6
0.32 0.53 +/-0.004 15 +/-0.99 9.5 +/-0.372
0.65 0.69 +/-0.12 17.2 +/-3.12 8.7 +/-0.371

However, when we increase the chain length of the functional groups on nanotubes
further to 22 carbon atoms, the mechanical properties are going down. PVC
reinforced with docosanyl- functionalised nanotubes at 0.65 vol.% demonstrated
modulus close to the original polymer without nanotubes. This trend is followed
for the strength |, both of the lower volume percents decrease or remain close to the
polymer with the highest volume percent increasing slightly. The toughness levels
for the two highest volume percents show a reasonable increase. However, none of
the increases in the docosanyl nanotube composite material represent as large a
jump as was exhibited in the lower chain lengths. This suggests that the mechanical
propertics are going back to the same level as the original polymer and that this is
the longest chain length, which was used for reinforcement.

Thus our studies have shown that the optimum chain length for increasing the
mechanical properties are hexadecyl with sixteen carbons. Longer chain length
docosanyl functionalised nanotubes appear to aggregate and thus do not allow for
efficient interfacial stress transfer from the nanotubes to the polymer.

Conclusions

Lithiated carbon nanotubes have been shown to be very good precursors for further
covalent functionalisation of the carbon nanotube surfaces. Functionalisation of
nanotubes with different alkyl chains yielded new interesting nano-composites.
TGA results have shown that the decomposition temperature of alkyl
functionalised nanotubes is substantially lower than one for initial non-
functionalised nanotubes. This demonstrates that functionalisation of nanotubes
results in the partial damaging and weakening of the nanotubes structure and
reduces its thermal stability. As expected the hydrogen and carbon content in the
alkylated nanotubes rose proportionally with increasing alkyl chain length. We
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have found the mechanical properties of alkylated carbon nanotube polymer
composites strongly depend on the length of the alkyl chain and vol.% of
nanotubes. In general, it was found that hexadecanyl (16 carbon chain)
functionalised nanotubes additives provide the optimum alkyl chain length for
overall polymer reinforcement. We believe that alkyl functionalized carbon
nanotubes have a great potential as additives for fabrication of new ultra-strong
polymer materials.
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KOMPOZIT SEKTORUNDE ROBOTIK SISTEMLER

Serhat Tannverdi, Gokhan Vargin Gok

Teknodrom Robotik Ve Otomasyon San. Ve Tic. A.S. Kemal Nehrozoglu
Caddesi GOSB (Gebze Organize Sanayi Bolgesi ) Teknopark A.S Uretim 3
41480 Gebze - Kocaeli / TURKIYE

serhat.tanriverdi@teknodrom.com, gokhan(@teknodrom.com

20.Yiizyihn baglannda sadece havacihk sektoriinde kullanilan  kompozitler
giinimiizde birgok farkh scktdérde kullanilmaktadir. Bunlardan en 6nemlileri
otomotiv, altyapienerji, uzay endistrisi... Vb. sektorleridir. Kullanim oranlarinin
artmasindan dolayr kompozit drtinlerin tretim rakamlarn artmaktadir. Bu artig
kompozit triinlerin imalatinda da seri tiretim metotlaninin geligtirilmesini gerekli
kilmaktadir.

Giintimiizde seri iiretim denilince artik aklimiza robotik otomasyonlu iiretim
sistemleri  gelmektedir. Bu  dogrultuda kompozit  scktdriindeki  iiretimdeki
yetersizlikler gézlemlenerek gesith Ar-Ge ¢ahismalan baslaulmistir. Bu ¢ahsmalar
sonucu Kompozit scktériinde birgok iiretim metodunun robotlu diretim sistemlerine
uygun oldugu goriilmektedir. Su anda diinyada kompozit iirtinlerin {iretimi igin
kullamlan Robotlu iiretim sistemlerden 6nde gelenleri;

-Robotics Tape Lying

-Robotics Fiber Placement
-Robotics Filament Winding
-Robotics Tailored Fiber Placement
-Robotics Spray-up

-Robotics modelling
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-Robotics cutting, deburing, polishing
Robotic Tape Lying

Bant Halindeki Pre-preg (6nceden reginelenmis) elyaflann  kalip  iizerine
serilmesine dayanan bir siiregtir. Agirhkh olarak thermoset bazli kompozitlerin
kullamildign fakat malzeme konusundaki gelismeler ile birlikte artik thermoplastic
kompozitlerin de kullanilmaya baslandigi bu iiretim yonteminde, robota adapte
edilen bant serme elindeki bir ekipman yardimu ile elyaflar kahp tizerine serilir ve
bu esnada 1sitict bir sistemde pre-preg halde olan elyaflari ya da kalibr isitarak,
clyafa emdirilmis reginenin yiizeye tutunmaya yardimer olmasi saglanir. Burada
robotun bir diger avantaji ise serme yiizeyini her zaman belirli bir agida takip
ederek tiim yiizeye ayni agida serme islemini tamamlamasidir,

Robotic Fiber Placement

Tape laying yonteminden farkli olarak burada bant halindeki elyaflar yerine 3k'dan
24k’ya kadar boyuttaki elyaflar kalip ya da malzeme iizerine serilmektedir. Bu
yontem ile daha karmagik yiizeylere serme iglemi yapilabilinmektedir. Bunun
yaninda devamli bir yapiya sahip, clyaflarin diizenli olarak birbiri {izerine
bindirildigi daha kuvvetli bir yapi elde edilmektedir.

Robotic Filament Winding

Elyaf sarma iglemi olarak bilinen genellikle iki veya ii¢ eksenli makinelerle
gergeklestirilen devaml bir elyafin silindirik bir yapr tizerinde stirekli olarak diiz
veya ¢apraz sekilde serilme islemidir. Burada elyaflar ip halinde kullanihr ve sarma
iglemi 6ncesinde regine havuzundan gegirilerek kalip ya da cisim etrafina sanlir.
Robotlarm kullanimi ile sarma isleminde katlarin yéniinii ve kalinligim kontrol
ctmek daha kolaydir. Asil 6nemli nokta ise farkh yapilardaki 3 boyutlu cisimlere
de sarma igleminin yapilabilinmesidir ki bu bir ya da iki eksenl elyaf sarma
makinelerinde miimkiin degildir.

Robotic Tailored Fiber Placement

Formlama mantigina dayanan bu tiretim tekniginde ise bildigimiz nakig yontemi ile
clyaf ipleri iglenerek sekillendirilir. Cok yaygin olmayan bu iiretim metodu sadece

o
<
o
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belirli alanlarda kullamlmaktadir. Bu konuda Almanya birgok gelistirme
calismalar yapiimakiadir.

Robotic Spray-up

Diger sistemlerden farkl olarak burada yiiksek mukavemetli degil de daha diisiik
mukavemetli kompozit iriinlerin imalatinda kullanihr. Burada spray-up tabancasi
ile polyester ve kirpilan elyaflar kahp ya da cisim iizerine ayni anda piiskiirtiilir.
Normalde maniiel olarak gergeklestirilen bu yoéntem robota adapte edilerek birgok
avantaj saglanmigtir. Bunun yaninda jelkot atma islemi de robotlar ile
yapilabilinmektedir,

Kompozit scktériinde, robotlarin kullanildigi bu sistemlerin yaninda iiretim sonrasi
kullanilan robotik sistemlerde vardir. Bunlann 6nde gelenleri; iiretimden g¢ikan
tiriinlerde; ¢apak alma, kenar kesme ve delme iglemleri igin robot kullanilmasi ve
de tiretilecek tiriin kalibinin ya da ilk prototipinin yapilmasi igin kullamlan robotik
isleme hiicresidir.

Yiiriitmekte Oldugumuz Ar-Ge Projeleri

Su anda firmamizin 3 tanc TUBITAK destekli projesi bulunmaktadir; Robotik cnc
hiicresi projesi, robotik cam elyaf puskiirtme projesi ve Robotik elyaf serme
projesi.

Robotik cnc hiicresi ile esnek bir yapi elde edilmistir. Bilindigi tizere cnc'lerde
boyut kisitlamasi bir sorundur ve boyutlar arttikga da fiyat ¢ok yilksek diizeylere
¢itkmaktadir. Fakat robotik cnc hiicresinde béyle bir simrlandirma yoktur ayrnca
sahip oldugu 6, 7 veya 8 cksen ile (yardimer ckipmanlar ile esken sayisi daha da
arttirabilinir) cnc'lere (5 cksen) gore daha avantajlidir. Maliyet olarak daha
crigebilinir bir seviyede olan robotik cnc uygulamasi ile 3 boyutlu tasarimim
yaptiginiz iiriinleri direk gergege doniistiirebilirsiniz ve de sahip oldugu tersine
miihendislik kabiliyeti ile clinizde 6rnek olarak bulanan bir pargay: taratip robota
aktararak aym dirtiniin modelini ya da kahibini ¢ikarabilirsiniz.

Robotik cam elyaf piiskiirtme projesi, normalde maniiel olarak spray-up tabancasi
ile ger¢eklestirilen uygulamanin robot ile yapilmasidir. Burada uygulamanin robot
ile yapilarak oncelikle spray-up uygulamalarinda Kkargilagilan  ciddi  saghk
sorunlanmin 6niine gegmeyi amaghyoruz. Bunun yanminda robotun sahip oldugu
yiiksek tekrarlanabilirlik 6zelligi sayesinde piiskiirtme sirasinda gergeklegen ¢op
tiriin miktar azaltilmakta (%4-%6 arasi ¢op iriin miktari). Ham madde bedellerinin
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yiiksek oldugu diisiiniiliirse burada ciddi bir maliyet avantaji saglamaktadir. Sistem
sahip oldugu, patent bagvurusu yapilmug fiber boyutu ayarlanabilir elyaf kirpma
mekanizmasi ile retim sirasinda {ireticiye biiyitk esneklik saglamaktadir. Bunun
yaninda sadece cam elyaf piskiirtme i¢in degil aym zamanda jelkot uygulamasi
iginde kullanmilmaktadir.

Robotik elyaf serme projesinde ise hem robotik tape laying hem de robotik fiber
placement uygulamas: gerceklestirilmektedir. Sistem i¢in 2 adet patent bagvurusu
yapilmigtir. Sistem emsallerinden daha avantajh bir yapiya sahiptir. Sistem hem
thermoset hem de thermoplastik kompozit malzemelerle ¢ahsacak sckilde
tasarlanmugtir.  Sistemde karmagik yiizeye sahip cisimlere dahi serme iglemi
yapilabilmekte ve hibrid yapilar elde edilebilmektedir. Tiirkiye pazannda da
kullanicist olan bu proje igin dncelikli olarak uluslararasi pazar hedeflenmistir.

Tiim sistemleri bir biitiin olarak diisiindiigiiniizde 3 boyutlu cad datasi olan
herhangi bir driinii kompozit malzemeden higbir ¢k ckipman gereksinimi
duymadan tiretebilirsiniz.

Tiirkiye'de ve diinyada bu yapisi sayesinde bir ilk olan sistem "Hayalden Gergege"
bashg altnda, TUBITAK-TTGV-TUSIAD tarafindan diizenlenen 9.Teknoloji
ddiillerine aday olmug ve 6n elemeyi gegmistir.

Tiirkiye'de Robotik Ve Kompozit Sektorii

Tirkiye'nin hem robotik agidan hem de kompozit agisindan daha yeni yeni
gelismekte oldugu diigiiniiliirse robotik ve kompozit scktdrleri bir arada pek
bulunmayan iki sektor diyebiliriz. Yaptigimiz AR-GE ¢aligmalan ile bu iki sektorii
bir araya getirip kompozit sektoriinde {retimi daha verimli ve kaliteli hale
getirmeye ¢aliymaktadir.

Ozellikle maliyet agisindan erigimi gii¢ olan ve sadece ileri diizey iriinlerde
kullanilan karbon elyafi gibi yiiksek mukavemetli elyaflarin kullanim Tirkiye'de
diger ilkelere gore ¢ok dusgiktir. fleriki donemlerde bu  kategorideki
kompozitlerin, otomotivde sektdriindeki artan enerji tiketimi  kaygilan ile
kullamminin daha da artacagim soyleyebilinz. Kompozit scktdrii  teknolojik
diizeyde iizerine 1srarla durulmasi gereken bir sektor.
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FUNCTIONALIZATION OF POLYSTYRENE BY

VINYLCYCLOPROPANE AND COMPOSITIONS ON
THE BASIS OF THE PREPARED POLYMERS

A.M.Guliyev, R.Z.Shahnazarli, G.A.Ramazanov

Institute of Polymer Materials of Azerbaijan National Academy of Sciences,

abasgulu(@ yandex.ru; ipomat@science.az

Abstract

By polymerization of styrene in the presence of functionally substituted PPs (PP)
and functionalization of polystyrene (PS) by vinylcyclopropnes (VCP) in the
presence of radical initiators the PSs with the improved impact resistance and other
physical-mechanical indices have been prepared. On the basis of the prepared
functionalized PS and polyethylene the polymer-polymer compositions have been
developed.

Introduction

High-impact PS is the valuable construction material and finds a wide application
in various areas of technique [1.2]. It is a multicomponent heterogencous system.
The components entering into its composition are such that between them there is
no unequivocal bond. The important characteristic of such composition is its
melting flow index stipulating a regime of reprocessing of material to product. It
was known that the size of particles of clastomer, availability of occluded PS,
degree of cross-linking of elastomer phase, cte influence on value of melting flow
index.

The existing marks of high-impact PS are the copolymer of PS and butadicne or
other special rubbers which have a value of impact elasticity to 60-70 kJ/m’.
However the rubber presence does a material too plastic and “fluid™ at heating, and
in the process of the sheet forming from high-impact PS “does not hold™ a form.
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Results Of Experiments And Their Discussions

The structural closeness of functionally substituted PP synthesized by us with diene
rubbers allowed us to use them as elastomer phase in making of impact material on
the basis of styrene monomer. The control of change of properties was realized by
measurement of melting flow index of the prepared compositions. We have
synthesized the functionally substituted PP by free radical polymerization of
substituted VCP in the presence of initiators of the radical polymerization at 70°C
in benzene solution.

n%\—* AN

X XJs

X = COSE (1) . COH (2). Chy (3).. COCH,CH—CH, (4), CH,OCHCY

1—CH, (5)
N
o

The polymers prepared thereby are well dissolved in acetone, chloroform, in
aromatic hydrocarbons and other polar solvents.

Some reological and physical-mechanical indices for the prepared compositions on
above-described method are presented in Table 1.

Table 1. Conditions of making and some properties of compositions.

Elastomer Conversion, MFI, v, g, 1,
phase, % : <

% 2/10 min MPa kgf cm/cm” %

2 92-94 13.0 26.0 6.5 16

5 92-95 8.2 28.5 7.5 17

7 90-93 3:2 27:2 7.2 19

10 93-95 1.5 28.0 7.0 15

v — breaking stress at stretching; g
elongation; plasticizer

- impact elasticity; / — specific
2 mass %; temperature 145-150°C.

The results of turbidimetric titration showed that at complete precipitation an
optical density of reaction products is lower than optical density of PS itself. These
results show that MW of the prepared polymers is larger than MW of PS. A
measurement of viscosity of solutions of these polymers confirms this conclusion.
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According to the data of DTA the polymers, prepared at polymerization of styrene
in the presence of PP, have a larger thermal stability than PS.

Mass loss, %

0 N N i A
200 300 400 500 T,

Fig.1. TGA of PS prepared in the presence of various quantitics of PP (% mol): 0
(1).5,0(2),8,0(3), 10 (4)

It means that in the process of styrene polymerization in the presence of PP,
probably, the grafting of PS macromolecules to PP takes place.

The data of turbidimetric titration show that the prepared products generally consist
of three components having definite precipitation points. A content of components
and also their relative quantity depend on conditions and duration of
polymerization. In Table 2 the data relevant to precipitation points of high-impact
PS. block PS (MW “10%) and PP (MW=6000) are presented. It follows from the
data of Table 2 that the first and third components on values of volume fractions of
precipitator in precipitation points correspond to PP and PS. The second
component having an intermediate precipitation point is, most likely, the grafted
copolymer.

Table 2. Volume fraction of precipitator in precipitation points of polymers from
solutions (concentration 310" g/ml).
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Components entering into composition of

reaction pmducls Polystyrene rp

0.42-0.43 0.73-0.74 0.71-0.78 0.71 0.43

In Fig,2 the dependence of optical density of solutions (D) on volume fraction of
precipitator is presented.

D
0,15 4

0,1 1

0,05 4

04 0.5 0.6 0.7 08 1

Fig. 2. Curves of turbidmetric titration of solutions: 1 — PP, 2, 3 - grafted
polystyrene, 4 - polystyrene

It follows from fig,2 that the curve knees correspond: y=0.74 and y=0.78, and as
indicated above, at low conversions only the grafted copolymer is formed but at
higher conversions besides the grafted copolymer a PS is also formed.

According to the data of IR-spectroscopy the total quantity of PP free and
undergone the reaction has been determined.

It follows from Table data that at low values of conversion the found quantity of
PP on data of IR-spectroscopy is close to calculated one which indicates to the
proceeding of polymerization process almost without participation of the double
bonds.

At higher degrees of conversion an appearance of cross-linked, insoluble products
being grafted copolymer of PP with styrene is observed. The IR-spectra of this
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product show an availability of absorption bands characteristic for PS and PP. At
maximal conversion (about 100%) practically all PP enters into composition of gel.

Table 3. Total fraction of PP in composition of high-impact PS prepared in various
stages of polymerization

Weight fraction of PP
Ne of samples | Conversion, %
calculated, % on IR-spectrum, %
1 5.0 58.0 57.3
3 9.8 41.6 43.5
3 11.10 40.2 41.0
4 11.8 372 38.0
5 100 4.6 4.7

Thus, a totality of methods of turbidimetric titration and IR-spectroscopy allowed
estimating the composition of products of polymerization reaction of styrene in the
presence of PP both in the initial and in the final stages of the process.

At the same time it was known that one of the cfficient methods of preparation of
new polymer composition materials possessing necessary properties, including
impact resistance is the mixing of industrial (base) polymers [3, 4]. However, this
process is complicated owing to their incompatibility with cach other. For
improvement of compatibility of the polymer mixtures and reinforcement of
interphase interaction between components of the system one of the most
accessible methods — functionalization of polymers by monomers containing
functional groups is used [5].

Some polymer additions possess specific advantages. They can be surface
modifiers, modifiers of impact resistance and low-migrating additions. Such
polymer additions have the following advantages: simplicity in circulation, low
indices of migrating ability, volatility and toxicity.
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An introduction of unmodified polymer modificates into polymer does not yield
larger modifying effect, as they have no thermodynamic affinity and besides are
the non-polar compounds. Therefore at their combination with polymer at the
border of division of phases the lasting bonds are not formed. A formation of the
lasting bonds of functional polymer with the basic polymer, as it is presented in
Fig.3, prevents their layering as a result of which an impact resistance of a
composition essentially increase

Fig.3. Scheme of formation of bonds (1) between particles (2) of functional
polymer modifier with matrix (3)

The polymer modifiers are used for increase of impact resistance of the
composition materials. An effect of such modifiers is considerably reinforced due
to modification of modifiers by grafting of functional groups which form the
lasting bonds with active groups of polar polymer (for ex. polyamide) to polymer
chain.

It has been established by the experiments that an introduction of 10-15%
functional polymer gives a possibility to prepare an impact composition with good
combination of stability to impact, frost resistance, elasticity and also sufficient
strength and heat stability. The products prepared from them have higher stability
of sizes at change of moisture of the environment.

Continuing investigations we have carried out the functionalization of PS by
monomers from series of VCP in extruder-reactor in the presence of dicumyl
peroxide. Such modification first of all was carried out with the aim of elimination
of defects inherent to PS, appearing in low adhesion and its incompatibility with
other polymers due to absence of any functional groups in macromolecules.
Generally an introduction of functional groups of various nature into composition
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of polymers is widely used for giving a number of specific properties to polymers
and products: higher adhesion, heat and frost stability, biological activity,
incombustibility, antistatic properties and also ability to form the three-dimensional
structures as a result of intermolecular reactions [6]. Each functional group in this
case multiply influences on properties of the polymers.

First of all it should be expected as a result of reaction carried out by us that the
high activity forming in the process of free radicals (and consequently, low
selectivity of reaction) will not allow a priori to except a possibility of
oligomerization of VCP. However, the functionalization reaction carried out by us
didn’t show that in the course of free radical reactions it is provided the selective
entry of group of CH,CH=CH-CH,-X into macrochain (side cross-linking
reactions and irreversible destruction of PS are completely suppressed in the
presence of VCP.

RO—OR —3— 2 RO’

RO™ + WY ll;—&ll—( H_‘_([HN W W('H_»“(l'—('ll;—ﬁ”-'v‘
Ph Ph Ph Ph

PS (A)
A+ CH=CH=CH—CH—X ——A—('u!éu—('u——/('u—x——»
O, OH,
—— A—CH,CH=CHCH,CH— X

) R= phe(CH)—
) 2

X =CQ0,Et, COH ., Q1

Bt PS—eBrHT A CO,CH,CH—CH, , CH,OCH,CH—CH,
oA \o/

In the IR-spectra of the isolated polymers the absorption bands at 1740 ¢cm', 975
em” and 1170 em’, indicating to a presence of PS ~-C=0, -CH=CH- and -C O-C
groups in macromolecule are observed. By comparison of the spectra of the
functionalized PS and the spectra of model compounds the structure and degree of
functionalization which was 2,5-3,0 mol.% have been established. At analysis by
the method of IR-spectroscopy the ratio of optical densities of carbonyl band and
band of phenyl groups was compared with the same ratios for mixtures of PS with
polyvinylcyclopropane of the known composition. A similarity of the spectra
confirms the assumption of formation of individual links of CH,~CH=CH CH, X
along polymer chain as a result of functionalization.

In accordance with the proposed mechanism at first the free radical, arising at
thermodecay of the initiator, removes hydrogen atom from macromolecule of PS,
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then the forming macroradical attacks at once a molecule of the unsaturated
functional monomer — VCP, providing its addition to a polymer chain with
simultancous opening of double bond and three-membered cycle in position-1,5.
The further hydrogen transfer between macroradicals and macromolecules of PS
leads to the end of this reaction with formation of new macroradicals.

The results of turbidimetric titration show that for beginning of precipitation of the
functionalized PS it is required a large volume fraction of precipitator. It has been
seen from results of turbidimetric titration that in full precipitation an optical
density in a case of the functionalized PS is lower than for PS itself.

According to the data of DTA a functionaization leads to a noticeable change of
Tews and T, A value of integral decomposition temperature (IDT) of the
functionalized PS, calculated from primary thermograms by the Doyl method [7],
is higher than integral decomposition temperature of the initial PS (Table 4).

Table 4. Results of thermogravimetric analysis of PS and its functionalized
dertvatives on air

Ne of sample Material ﬁmclil())?lf,::?:az‘on. % IDT,*C
1 PS 360
2 functionalized PS 34 364
3 R 52 375
4 = 6.3 381
5 7.1 385
6 - 8,2 386
7 - 9.3 380

An increase of thermal stability can be explained by the fact that the functionalized
PS contains branches. At functionalization below 5% a noticeable influence on IDT
is not observed. With increase of degree of functionalization and number of
branches a polarity of PS grows.
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With the aim of optimization of conditions of the functionalization process the
influence of nature and concentration of monomer, quantity of initiator on degree
of functionalization were investigated (Fig.4),

DF, % DF, %
12 r 6 }
10 b a) s |
8t !

1 4
6} 3 }

3
4} L
2 f 2 |
0 L 1 L 1 1 0 1 1 L L
200 210 220 230 240 T € 12 34 5 %

Fig.4. Dependence of degree of functionalization (DF) on temperature (a) and
concentration of the initiator for monomers | and 3

It appeared that a dependence of degree of functionalization on quantity of
monomer and initiator has a maximum, when the functionalization is carried out in
the twin-screw extruder (200°C, t,=3 min, revolution rate of screw 75 rev/min), but
extrudate is subjected to the destruction. For prevention of the destruction the
process should be carried out in mixer of periodical action at the same temperature
for 15 min, revolution rate of screw 60 rev/min.

It should be noted that with increase of temperature from 210 to 260°C a degree of
functionalization passes through a maximum. The further increase of temperature
leads to the decrease of a degree of functionalization owing to the destruction of
the side groups.

It has been established that a degree of functionalization is also increased with
rising of concentration of the initiator. However, MWD of the functionalized PS in
this case is not practically changed in comparison with MWD of the initial sample.

M., of the functionalized PS is decreased and MWD is narrowed (Fig.5).
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Fig.5. Curves of MWD of the functionalized PS of the prepared in the presence of
5,10,12,15% mass. Quantity of VCP.

MWD curves for samples with various contents of functional groups don’t coincide
and their mass fractions are differed. MWD curves for PS with functional groups
have been displaced to high-molecular field and have a more narrow distribution.

M, and polydispersity calculated on the basis of GPC are presented in Fig.5. It is

w
seen that the polymers are high-molecular and have sufficiently higher
polydispersity. It should be noted that the conditions of carrying out of the
functionalization essentially influence on molecular-weight characteristics of the
functionalized PS.

Consequently, a degree of functionalizaton is determined by holding time in the
extruder. The curves of dependence of a degree of functionalization on
concentration of initiator pass through a maximum. An increase in this part of the
curve is explained by a growth of concentration of radicals forming in decay of the
initiator. The further increase of concentration of the initiator leads to decrease of
MW of the side chains owing to increase of break probability. In increase of
duration a degree of functionalizaton firstly rises, after that is remained constant
(initiator is confined).

A degree of functionalization depends also on relation of PS/VCP. With the
increase of this relation a degree of functionalization at first is increased and then is
decreased. This is typical for the functionalization reaction which occurs as a result
of the chain transfer. A rise of concentration of PS increases a probability of chain
transfer reaction between radicals of the initiator and basic chain of PS. In increase
of concentration a viscosity of system is increased, which complicates the radicals
diffusion attacking macrochain. This leads to the acceleration of the break reaction.
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With the increase of concentration of PS an efficiency of the functionalization
linearly grows too, which has been apparently connccted with the increase of
probability of the break reactions of hydrogen by radicals of the initiator from
polymer chains and by increase of concentration of radical centers on the basic
chain of PS.

Some physical-mechanical properties of the prepared functionalized PSs are
presented in Figs. 6 and 7.

v, MPa
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Fig. 6. Dependence of v - breaking stress at stretu.... on a degree of
functionalization
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Fig.7. Dependence of g impact elasticity on a degree of functionalization
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In most cases the polymers do not mixed with each other, i.e. are incompatible,
which impedes a formation of truly homogencous product, In a case of low
adhesion between phases the mechanical working characteristics of mixtures of the
polymers will be low. A low adhesion is observed between polymers where there is
no specific interaction. The additions, favoring compatibility and acting on surface
of division of phases, decrease a surface energy between phases and favor more
thin dispersion of components in mixing process, lead to the improvement of
adhesion between phases. A combination or cohesion can occur as a result of
specific interaction between polar groups in polymers.

There are almost no data about industrial use of compositions of PS and
polyethylene; with reliability it is known only about application of LDPE with any
share of PS for production of the synthetic paper [9]. However, potentially such
polymer-polymer compositions are of great interest. As truly heterophase ("non-
molecular”) systems, they should possess the interesting combination of propertics
due to conservation and (or) synergetic reinforcement of specific properties of
components under condition of their successful combination and stabilization of
system. Moreover, they can be prepared from such cheap raw materials as the
wastes of production and consumption, solving simultaneously ecologically
important problem.

At ratio of PS and PE 50:50, i.c. in a variant the worst from the point of view of
optimal combination of properties, the compositions with preliminarily treatment
have the low indices of specific elongation and tensile strength. An introduction of
compatibilizer into system it is succeeded to nse a specific elongation and tensile
strength. In this case the compositions are prepared by mixing in Brabender
plastomixer at 20 min." and 170°C.

An essential value for improvement of physical-mechanical properties has a size of
particles. It has been shown that at ratio of PE and PS 25:75, 50:50 and 75:25 a
considerable increase of clongation at break and impact resistance in insignificant
decrease of tensile strength is reached, if an average size of particles of PPC is
succeeded to stabilize within the limits of 4-6 mem (Fig.8).
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Fig.8. Dependence of breaking stress at stretching of compositions on the basis of
LDPE containing FPS with DF (mass %): 2,0 (1); 3,4 (2); 5.2 (3): 7,1 (4); 8,2 (5)
and 9,3 (6)

It has been established in these conditions that at dispersion of PE to PS a size of
particles is less than at dispersion of PS to PE (melting viscosity of PS
approximately twice more than at PE), and grows in increasing of concentration of
PE. For stabilization of composition we have used the functionalized PS prepared
by the grafting of VCP to PS as compatibilizer as well as cocomponent
(compositions with structure of 75% PE and 25% functionalized PS in the range of
95:5-75:25 we have prepared on Brabender mixer at 30 min' and 150°C).

Our investigations showed that the stipulating propertics, in particular impact
resistance, of the systems of PS-PE depend on three factors: incorporation of
chains of copolymer-compatibilizer to combined phases of PS and PE, degrees of
cross-linking and degree of crystallinity of more elastic phase [10].

Thus, one can assume that the functionalized PS as modifier of impact resistance
can be also used at increase of impact resistance of PC, PBT, PET, PA, PVC, PU
and copolymers of ABS, CAN, etc.
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Abstract

The use of biodegradable polymers in the manufacture of composite materials has
gained tremendous attention recently. Several studies were conducted to analyze
the effect of filler type and content on the mechanical properties of the polylactide
acid (PLA) based composites. These studies should be continued with the other
biodegradable polymers such as polycaprolactone (PCL), polyhiydroxybutyrate
(PHB), etc. In this study, polycaprolactone (PCL) based composite materials were
manufactured through compression moulding using wheat straw flour as a filler.
The effects of wheat straw flour loading on the mechanical properties of the
manufactured composites were investigated.

The Universal testing machine was used to determine the tensile, flexural, and
impact properties of the manufactured composites. According to test results the
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addition of wheat straw flour into PCL matrix reduced tensile strength, elongation
at break and impact strength. On the other hand, with the addition of wheat straw
flour loading, tensile modulus, flexural strength and flexural modulus has increased
significantly. TGA, DSC and SEM analysis were also conducted. In conclusion,
wheat straw flour can be utilized as a filler to produce PCL-based composites.

Ozet

Biyolojik olarak bozunabilen polimerler kullanilarak kompozit malzeme iiretimi
her gegen giin artmaktadir. Biyolojik olarak bozunabilen polimerlerden polilaktik
asit (PLA) kullamlarak kompozitler iretilmis ve bunlanin mekanik 6zellikleri
iizerine kullanilan dolgu maddelerinin tirii ve miktaninin etkileri arastinlmistir.
Polikaprolakton (PCL) ve polihidroksi butirat (PHB) vb. gibi diger biyolojik olarak
bozunabilen polimerler ile bu yondeki gahigmalar devam etmelidir. Bu ¢alismada
dolgu maddesi olarak bugday sapr unlan kullanilarak pres kaliplama yontemi ile
polikaprolakton (PCL) esasli kompozitler iretilmistir. Uretilen kompozitlerin
mekanik 6zellikleri izerine bugday sapi unu miktarinin etkisi incelenmistir.

Uretilen kompozitlerin gekme, egilme ve darbe direnci testleri Universal Test
makinesi yardimiyla tespit edilmistir. Test sonuglarnina gire PCL igerisine bugday
sap1 unlanimin eklenmesiyle ¢ekme direnci, kopmada uzama degeni ve darbe direnci
degerlerinin - azaldify tespit  edilmigtir.  Diger yandan bugday sapi unlarninin
eklenmesiyle ¢ekmede elastikiyet modiilii, egilme direnci ve egilmede elastikiyet
modiilii degerlerinin artug belirlenmistir. Uretilen drneklerin Termogravimetrik
analizleri (TGA), diferansiyel kalorimetre analizleri (DSC) ve taramali clektron
mikroskobu (SEM) analizleri yapilmigur. Sonug olarak polikaprolakton esash
kompozitlerin  iretilmesinde  dolgu  maddesi  olarak  bugday sapr unlarinin
degerlendirilebilecegi gériilmiigtiir.

1. Giriy

Niifus artigina paralel olarak dogal ya da sentetik materyallerin kullanilmasi ile
bilyiik miktarlarda atiklar meydana gelmektedir. Bu atiklar ¢evre problemlerini
ortaya ¢ikarmaktadir. Cevre problemlerine neden olan plastikleri yok etmenin bir
yolu plastiklerin toplanarak topraga gomiilmesi ya da bu plastiklerin yakilmasidir.
Bu iglemlerin pahali olmasi ve zehirli gazlanin agiga ¢ikmasina neden olmasindan
dolay: tercih edilmemektedir. Bu atiklarin etkili bir sekilde geri déniisiimii, yeniden
kullamlmasi ve yeni kaynaklar olusturulmasi ile ¢evre kirliligini azaltmaya ihtiyag
duyulmaktadir. Diger yontemlerden bir tanesi ise plastikler ve lignoselilozik
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liflerin kullamlarak elde edilen biyolojik olarak bozunabilen kompozitlerin
iretilmesidir [1.2.3.4]. Bu amagla sentetik plastikler kullanilabildigi gibi biyolojik
olarak bozunabilen plastiklerde kullamilabilmektedir. Biyolojik olarak bozunabilen
polimerler polikaprolakton (PCL), polilaktik asit (PLA), polihidroksi butirate
(PHB) vb. olarak siralanabilmektedir [5.6.7.8]. Bunlarnin arasinda bulunan
polikaprolakton en onemlilerden bir tanesidir. Biyolojik olarak bozunabilen
kompozitlerin iretilmesinde kullanilan polikaprolakton (PCL) disiik yogunlugu,
bozunabilirligi, atik plastikler ile farkli formlardaki uyumlulugundan dolay ticari
olarak kullanilabilmektedir [9]. Ancak PCL maliyetinin yiiksek olmasi ve buna
bagli olarak uygulama alanlarimi sinirlandirmasindan dolay igerisine lignoseliilozik
dolgu maddeleri katilmaktadir. Bu dolgu maddelerinin avantajlari; bol miktarda
bulunmast, diisitk maliyetli olmasi, yiiksek elastikiyet modiiliine sahip olmasidir.

Ulkemizde bol miktarda bulunan bugday sapt unlarimin dolgu maddesi olarak
kullanilmast énemli bir potansiyele sahip olabilecektir. Bu amagla bu ¢alismada
bugday sapt unlarinin PCL igerisinde dolgu maddesi olarak kullanilmasi ve
mekanik 6zellikler tizerine etkisi aragtinlmsgtir,

2. Materyal ve Metot

2.1. Materyal

Bu ¢aligmada polikaprolakton (PCL) ve bugday sapi unlari kullamlmigtir. PCL
satin alma yoluyla temin edilirken bugday sapi unlari Kahramanmaras ve
¢evresindeki  ¢iftgilerden temin edilmistir. Bugday saplarn Wiley degirmeni
yardimiyla un haline getirilmistir. Elde edilen unlar sarsak elek yardimiyla 20-200
mesh arasinda eleme islemine tabi tutulmug olup bu cahgmada 80 mesh
boyutundaki unlar degerlendirilmistir. Uretimde kullanilacak olan bugday sapi
unlarinin igerisinde mevcut olan rutubetin uzaklastirilmasi ig¢in kurutma iglemine
tabi tutulmustur.

2.2. Termogravimetrik Analiz (TGA) ve Diferansiyel Taramah
Kalorimetre (DSC)

TGA analizleri i¢in Shimadzu TGA-50 kullanilmistir. Ornek miktarlarmin 5-10
mg olarak alindigi bu testlerde TGA analizi igin 20 mL/min akig hizinda azot gazi
kullanilmuistir. Bu test esnasindaki sicakhk oda sicakhgindan 800 °C” ye kadar 10
°C/dak.’lik 1sitma oraminda artirllmistir.  Sonucun elde edilmesi igin, termal
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bozunma sicakliklan, bozunmaya baslama sicakliklari ve farkh sicakliklardaki
artik madde mitan goz oniine alinmugtir.

DSC analizlen igin ise Shimadzu DSC-60 kullamlmistir. DSC analizi esnasinda
sicaklik oda sicakligindan 500 °C” ye kadar 10 °C/dak 1sitma oraninda artirntlmigtir.
Bu test esnasinda kullamlan azot gazimin akis hizi ise 30 mL/min olarak
belirlenmisur.

2.3. Kompozitlerin Uretimi

Kompozitler, PCL. matrisi igerisine %10, 20 ve 30 oraninda bugday sapi unu
katilmasi yoluyla iiretilmistir. PCL ve bugday sapi unlan 6nce yiksek devirli bir
kangtinc: yardimyla homojen bir kangim haline getirilmigtir. Daha sonra
olugturulan bu kangim tek burgulu ekstruder igerisine besleme agzindan verilmigtir.,
Ekstruderin vida hiz1 40 rpm ve sicakhik ayarlari 70-100 °C arasinda ayarlanmigtir.

Ekstruderden ¢ikan 6rnekler soguk su igerisinde sogutulduktan sonra plastik kirma
makinesi yardimiyla kiigiik pargaciklar (boncuklar) haline getirilmigtir. Daha sonra
bu boncuklar sogutma 6zelligi de bulunan sicak pres igerisinde baski kaliplama
yontemi 5 dakika pres siiresi kullamlarak 4x150x160 mm boyutlarinda kompozit
levhalara doniigtiriilmistiir.

2.4. Mekanik Ozelliklerin Belirlenmesi

Uretilen  kompozitler iizerinde ¢ekme, cgilme ve darbe direnci testleri
gergeklestirilmistir. ('ckme ve egilme direnci testleri 10 KN lik Universal test
makinesinde ve sirasiyla ASTM D 638 ve ASTM D 790°¢ gore belirlenmistir.
Darbe dayamimu testleri ise Zwick marka HIT 5.5P test makinesinde ASTM D
256'ya gore gergeklestirilmistir. Darbe direnci testi éncesinde drneklerin tizerinde
Polytest RayRan ¢entik agma makinesi kullanilarak ¢gentikleri agtlmigur,

2.5. Taramah Elektron Mikroskobu (SEM) Analizi

Kompozit malzemelerle ilgili taramali elektron mikroskobu (SEM) analizleri Jeol
marka ve JSM 6400 model makine tizerinde ger¢eklestirilmistir. Analiz 6ncesinde,
ornekler sivi azot igerisinde bir siire bekletildikten sonra sert bir cisim yardimiyla
kinlarak temiz bir kink yiizey (fractured surface) elde edilmistir.  Ornck
yiizeyinden meydana gelebilecek yansimalan ortadan kaldirmak amaciyla kink
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ylizeyler altin tozuyla 10 mA de 120 sn siireyle kaplama islemine tabi
tutulmuglardr.
2.6. Data Analizi

Mekanik  6zelliklerin - analzi  edilmesi amaciyla  Design-Expert 7 programi
kullanilmigtir.

3. Bulgular ve Tartismalar

3.1. TGA ve DSC Analiz Sonuglar:

Kompozitlerin tiretimi dncesinde kullanilacak malzemelerin bozunma sicakliklarini
ve plastik matrisin erime noktasini belirlemek amaciyla TGA ve DSC analizleri
gergeklestirilmigtir. PCL’de bozunmanin 318 °C de basladign ve en yiiksek
bozunmanin ise 383°C"de oldugu goriilmektedir (Sekil 1). Bugday sapi unundaki

Atttk (%)

Tamperature (*C)

Sekil 1. Polikaprolakton (PCL)'ye ait TGA ve DTGA grafikleri

bozunma ise 222 °C'de baglamig ve en fazla kayip 295°C’de meydana gelmistir
(Sekil 2).
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Sekil 2. Bugday sapi ununa ait TGA ve DTGA grafikleri

PCL igin erime noktalart DSC sonuglari ise 59.5 °C civarinda bulunmugtur (Sekil
3). Bu sonuglara gore PCL igin tretim sicakliklarinin 60°C ile 318 “C arasinda
olmasi gerektigi tespit edilmistir. Bu plastikler kullanilarak {dretilececk olan
kompozit levhalarin igerisinde bugday sapt unu kullanilacagr igin kompozit
iirctiminde kullanilacak maksimum sicakhgin 222 °C olarak belirlenmesinin
gerekliligi gosterilmigtir.
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Sekil 3. Polikaprolakton (PCL)"a DSC grafigi
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3.2. Kompozitlerin Mekanik Ozellikleri

Uretilen kompozit malzemeler {izerinde mekanik 6zellikleri belirleme ¢ahismalan
yapilmigtir. Kompozitler %10, 20 ve 30 oranlarinda bugday sapi unu kullanilarak
tiretilmigtir. Ayrica saf plastik drneklerde (dolgu maddesi olmayan) tretilmigtir,
(‘ckme direnci 6zellikleri belirlenmesi esnasinda ¢ekme direnci degerlen, ¢ekmede
clastikiyet modiilii degerleri ve kopmada uzama degerleri belirlenmistir. Yapilan
istatistik analiz sonucunda dolgu maddesi miktarindaki artis malzemenin direng
ozelliklerini istatistiksel olarak énemli diizeyde etkilemistir.

(ckme direnci degerlerine ait grafik Sekil 4'de verilmistir. Dolgu maddesi
miktarindaki artiga paralel olarak gekme direncinde azalma meydana gelmistir. Bu
azalmamn  plastik matrisi ile bugday sapt unu arasindaki uyumsuzluktan
kaynaklandigi digtiniilmektedir. Plastigin hidrofobik bir yapida ve bugday sap
ununun hidrofilik yapida olmasi buna neden olabilmektedir [10.11.12].Sckil 5'de
gosterilen SEM  goriintillerinde  polimer matrisi igerisinde dolgu maddelerin
bagimsiz olarak durduklan kolayhkla gorilebilir. Uygun uyumsuzluk giderici
kimyasallannn ~ kullanilmasi  yoluyla  bu  degerlerin  yiikseltilebilecegi
diigtiniilmektedir [12].

One Factor

Cakme Drenc: (MPa)

A Doidu Maddes Minkan (%)

Sekil 4. PCL/Bugday Sapit Unu Kompozitlerinin ('eckme Direnci Degerleri
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Sckil 5. %30 Lignoseliilozik dolgu maddesi katkili PCL esash kompozite ait SEM
gorintileri

(‘ekmede elastikiyet modiilit degerlerine bakildiginda ise dolgu maddesi miktarinin

son derece etkili oldugu ve sonuglart olumlu yonde etkiledigi belirlenmigtir

(P<0.0001).  Bu durum dolgu maddelerinin  clastikiyet — modiillerinin

polimerinkinden daha yiiksek olmasindan kaynaklanmaktadir [10].

One Factor

A Doldu Maddes Mikan

Sekil 6. PCL/Bugday Sapi Unu Kompozitlerinin ('ckmede Elastikiyet Modiilt

Degerlen
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Kompozitlerin 6zelliklerin belirlenmesi amaciyla yapilan ¢ekme testi esnasinda
clde cdilen kopmada uzama degerlerine bakildiginda ($ckil 7) katki maddesi
miktarindaki artisa paralel olarak bu degerde ciddi azalma meydana gelmektedir
(P<0.0001). Bu durum polimer igerisine dolgu maddesi olarak lignoseliilozik
malzemelerin konmasindan kaynaklanmaktadir. Bu tip dolgu maddeleri iiretilen
kompozit malzemeyi daha kirilgan hale getirmektedir [11]

o One Factor
4“2 |
1
= ns 4
£ \
|
P
CL RS 2
| ! |
t i|
T I - . T
L 10 20 0

A Doldu Maddes Mikan (%)

Sekil 7. PCL/Bugday Sapi Unu Kompozitlerinin Kopmada Uzama Degerleri

Uretilen kompozitler iizerinde gergeklestirilen egilme direnci testleri sonuglari
incelendiginde dolgu maddesi miktannin etkili oldugu gorilmistir (Sekil 8)
(P<0.0001). Dikkat edilmesi gercken husus ¢ekme direnci degerlerinden farkh
olarak burada lignoselilozik dolgu maddesindeki artis kompozit malzemenin
egilme direncini artirmistir.
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Sckil 8. PCL/Bugday Sapr Unu Kompozitlerinin Egilme Direnci Degerler

Egilmede elastikiyet modiilii degerlerine bakildiginda (Sekil 9) ise ¢ekmede
clastikiyet modiiliine benzer sonuglann elde edildigi goriilmektedir. Dolgu maddesi
miktarindaki artisa paralel olarak egilmede clastikiyet modiilii degerlerinde de artig
oldugu gérilmistir (P<0.0001). Sekil 10" da darbe direnci degerlerine
bakildiginda ise dolgu maddesi miktaninin - son  derece ctkili  oldugu
gozlemlenmektedir (P<0.0001). Polimer matrisi igerisine dolgu maddesinin girmesi
kompozit malzemenin elastikiyet modiiliinii artirmakta, malzemeyi daha kinlgan
hale getirmekte ve dolayisiyla darbe direnci degerlerini de diigiirmektedir.
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Sekil 9. PCL/Bugday Sapi Unu Kompozitlerinin Egilmede Elastikiyet Modiili
Degerleri

One Factor
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Sekil 10. PCL/Bugday Sapi Unu Kompozitlerinin darbe Direnci Degerleri
4. Sonuglar

Bu ¢alismada bugday sapi unu katkili PCL esash kompozitler diretilmistir. Uretilen
polimer kompozit malzemelerin ¢ekme, egilme ve darbe direnci gibi mekanik
Ozellikleri belirlenmistir. Test sonuglarina gére PCL igerisine bugday sapr unlaninin
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cklenmesiyle ¢ekme direnci, kopmada uzama degeri ve darbe direnci degerlerinin
azaldigr tespit edilmigtir. Diger yandan bugday sapi unlanmin cklenmesiyle
¢ekmede elastikiyet modilil, cgilme direnci ve cgilmede clastikiyet modili
degerleriin artigi belirlenmigtir. Elde edilen sonuglar 1siginda; bugday saplan gibi
tanimsal atiklanin, plastik endiistrisinde dolgu maddesi olarak degerlendirilmesi
Onerilebilir.
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