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ÖZET 

TAZE VE ATIK KAYNAKLI POLİVİNİL BUTİRAL (PVB) / 

POLİVİNİL KLORÜR (PVC) NANOKATKILI KOMPOZİTLERİ VE 

BOZUNMA DAVRANIŞI  

KÖROĞLU, Cansu 

Yüksek Lisans Tezi, Kimya Mühendisliği Anabilim Dalı 

Tez DanıĢmanı: Prof. Dr. Serap CESUR 

Temmuz 2019, 90 sayfa 

 

PlastikleĢtirilmiĢ PVB ve plastikleĢtirilmiĢ PVC'den çeĢitli deriĢimlerde 

Polivinil Butiral (B) / Polivinil klorür (P) filmlerinin hazırlanması ve 

tanımlanması üzerine çalıĢılmıĢtır. PVB‘nin en önemli kullanım alanı güvenlik 

camları olup, geri dönüĢüme giren güvenlik camından kazanılan PVB tekrar 

kullanılabilir ve PVC gibi benzer özellikteki polimerlerle harmanlanabilir. 

Polimerik filmleri hazırlamak için çift gidiĢ geliĢli W50 ve sürtünme oranı 2:3 

olan Brabender yoğurucu cihazı kullanılmıĢtır. Öncelikle, PVB/PVC filmlerinde 

yer alan PVB‘nin orijinal (OB) ve geri dönüĢtürülmüĢ (RB) kaynaklı olmasının 

etkisi araĢtırılmıĢtır. Daha sonra, bu filmlere, iki nano katkı maddesinin (Kil (C) 

ve Kalsit-CaCO3 (K)) ve bunların oranlarının etkisi değerlendirilmiĢtir.  

Üretilen filmlerin farklı uygulama alanlarında yeni bir ürün olarak 

değerlendirilebilmesi için kimyasal, mekanik ve termal özellikleri FTIR, Mekanik 

özellikler, XRD, DSC, TGA, Optik Mikroskop, SEM ve Renk Ölçümü cihazları 

ile belirlenmiĢtir. Fourier DönüĢümlü Kızılötesi (FTIR) analizi ile her film için 

beĢ farklı pozisyonda fonksiyonel gruplar belirlenmiĢtir. Filmler oldukça üniform 

yapıda olup yeni bir fonksiyonel grubun oluĢumu gözlenmemiĢtir. Polimerik 

kompozit filmlere ağırlıkça %5 Kalsit (K) ilavesi, mekanik özellikler açısından, 

ağırlıkça %5 kil (C) ilavesinden daha iyi sonuçlar vermiĢtir. Ancak, orijinal 

OB90_P10 ve geri dönüĢümlü RB90_P10 filmlerine ağırlıkça %0,1 kil 

eklenmesiyle, en yüksek gerilme mukavemeti ve kopmada uzama değerleri elde 

edilmiĢtir. Çünkü az miktarda kil ilavesi, kristallenme, kristal yapısı ve 

http://tureng.com/tr/turkce-ingilizce/fourier%20d%C3%B6n%C3%BC%C5%9F%C3%BCml%C3%BC%20k%C4%B1z%C4%B1l%C3%B6tesi%20spektroskopisi
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kristallenme kinetikleri üzerinde bir etkiye sahiptir, bu nedenle bu filmin, ticari 

olarak kullanılan PVC malzemelerden daha iyi gerilme mukavemetine sahip 

olduğu görülmektedir. Ayrıca, XRD analizinden görüldüğü gibi ağırlıkça %5 kil 

ilavesi, kristallik derecesini düĢürerek, mekanik özelliklerin azalmasına neden 

olmuĢtur. DSC analizi ile orijinal PVB'nin camsı geçiĢ sıcaklığının (Tg) yaklaĢık 

18 °C olduğu ve geri dönüĢümlü PVB'nin yaklaĢık 22 °C olduğu belirlenmiĢtir. 

PVC'nin camsı geçiĢ sıcaklığı -26 °C civarında bulunmuĢtur. Camsı geçiĢ 

sıcaklığı, PVB‘ye PVC eklenmesiyle arttığı görülmüĢtür. Aynı zamanda, tek 

camsı geçiĢ sıcaklığı elde edilmesi filmlerin yüksek uyumluluğu olduğunu 

göstermektedir.  Renk ölçüm testinden, polimerik filmlerin renklerinin, ağırlıkça 

%0,1 ve %1 kil miktarı ilavesi ile değiĢmediği, fakat ağırlıkça %5 kil miktarı 

ilavesi ile sarılık değerinin arttığı gözlenmiĢtir. Filmlerde ağırlıkça %5 Kalsit 

ilavesi ile renk değiĢikliği gözlenmemiĢtir. Polimerik filmlerin termal bozunma 

davranıĢı ayrıca TGA termogramları ile analiz edilmiĢtir. Orijinal PVB, % kül 

değerine göre diğerlerinden daha düĢük değere sahiptir. PVC‘nin (P100) % kül 

miktarı 600 °C'de %12,16 olarak bulundu. % Kül değerlerinin sonuçları OPVB ve 

RPVB'den daha yüksektir ve orijinal ve geri dönüĢtürülmüĢ PVB'ye PVC 

eklendiğinde, PVC'den daha düĢük değer elde edilmiĢtir. Orijinal ve geri 

dönüĢtürülmüĢ B90_P10 polimerik filmlere ağırlık olarak %0,1 kil ilave edilmesi 

ile kül değerinin miktarı hafifçe azalır. Kalsiyum karbonat ilavesiyle % kül 

değerinin sonucu diğer polimerik filmlerden daha yüksektir ve en iyi yanmazlık 

özelliği elde edilmiĢtir. Sonuç olarak, az miktarda kil içeren (%0,1) geri 

dönüĢtürülmüĢ PVB / PVC esaslı kompozit filmler orijinal PVC yerine 

önerilebilir.  

Bu çalıĢma, atık camın neden olduğu çevre sorunlarının çözümüne yönelik 

bir giriĢim olup, elde edilen malzemeler döĢeme, tutkal üretimi, inĢaat 

mühendisliği gibi farklı uygulamalarda kullanılabilir.  

Anahtar kelimeler: polivinil butiral, güvenlik camı, geri dönüĢüm, polivinil 

klorür, kompozit malzeme 
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ABSTRACT 

ORIGINAL AND WASTE POLYVINYL BUTYRAL (PVB) / 

POLYVINYL CHLORIDE (PVC) COMPOSITES WITH 

NANOADDITIVES AND THE DEGRADATION BEHAVIOR 

 

KÖROĞLU, Cansu 

MSc in Chemical Eng.  

Supervisor: Prof. Dr. Serap CESUR 

 

July 2019, 90 pages 

The aim of this study is the preparation and characterization of Polyvinyl 

Butyral (PVB) / Polyvinyl chloride (PVC) blends consisting of plasticized original 

and waste PVB (B) and plasticized PVC (P) at various concentrations. The 

common usage area of PVB is safety glass, and waste PVB obtained from 

recycled safety glass could be utilized again in blends with similar polymers such 

as PVC. The Brabender kneader device which contained two blungers W50 and a 

friction ratio of 2:3 was used to prepare polymeric films. The properties of the 

original and recycled plasticized PVB, used as constituents of the blend was 

analyzed and compared. The contribution of two additives (Clay (C) and CaCO3 

(K)) into the blends was evaluated. The materials obtained from this experiment 

can be used in various application areas such as flooring, production of glue and 

in civil engineering.  

In order to evaluate the films as a new product for other application areas, 

their chemical, mechanical, and thermal properties have been characterized by 

using FTIR, Mechanical properties, XRD, DSC, TGA, Optical Microscopy, SEM 

and Color Measurement devices. The Fourier Transform InfraRed (FTIR) analysis 

has been used to determine the film‘s functional groups in five different positions 

for each film. The films were uniform and no formation of a new functional group 

was observed. Although, the mechanical test results show that the addition of 5 

wt% CaCO3 (K) into polymeric films have given better results than the addition of 

5wt% clay, original OB90_P10 and recycled RB90_P10 composite films which 



x 

contained 0.1% (wt/wt) clay (C) showed the highest tensile strength and 

elongation at break values. As the addition of small amount of clay has an impact 

on crystallization, crystal structure and crystallization kinetics, this film has better 

tensile strength than widely used PVC materials. Clay addition of 5 wt% has 

decreased the degree of crystallinity and has resulted in a decrease at the 

mechanical properties. The DSC analysis determined that the glass transition 

temperature (Tg) of original plasticized PVB was almost 18 °C while in recycled 

PVB it was around 22 °C. The glass transition temperature of PVC was around -

26 °C which has a noticeably lower glass transition temperature than PVB. The 

addition of PVC into PVB polymeric film was found to increase Tg. However, 

obtaining a single glass transition temperature shows that the films have high 

compatibility. The color measurement tests have shown that the addition of 0.1 

wt% and 1 wt% clay did not affect the color obviously, but yellowness increased 

with the addition of 5wt% clay. No color change was observed for the films with 

the addition of 5 wt% of CaCO3. After the fully examined thermal degradation, 

surface properties and color changes, only recycled PVB/PVC with small amount 

of clay (0.1 wt%) based polymeric films can be recommended instead of PVC. 

Thermal degradation behavior of polymeric composite films is also analyzed by 

TGA thermograms. The original PVB has a smaller value than others with respect 

to the amount of ash % value. Remaining weight % of PVC (P100) was found as 

12.16 % at 600 °C. The results of ash % values are higher than OPVB and RPVB 

with addition of PVC into original and recycled PVB but, it is lower than PVC. 

The addition of 0.1 wt% of clay is slightly decreased the amount of ash % value 

than original and recycled B90_P10 polymeric films. The result of ash content by 

the addition of calcium carbonate is higher than other polymeric films and the best 

flammability is obtained. 

This study is an important approach to solve environmental problems 

caused by waste windshield, and the materials obtained can be used in different 

applications such as flooring, glue production, civil engineering. 

Key words: PVB, PVC, clay, calcium carbonate, safety glass, recycling 
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 Original B Recycled B 

 Sample 1 Sample 2 

Color 

Values 

Sample 1 Sample 2 

Color 

Values 
B 

(wt%) 

P 

(wt%) 
Weight 1 (g) 

Weight 2 

(g) 

Average 
Thickness 

(mm) 

Weight 1 (g) 
Weight 2 

(g) 

Average 
Thickness 

(mm) 

20 80 

  

L*: 49.04 

a*: -0.01 

b*: 1.63 

  

L*: 49.33 

a*: -0.11 

b*: 2.03 

20.3 20.3 ���������“�������� 20.1 20.0 ���������“�������� 

10 90 

  

48.40 

1.12 

1.53 

  

46.83 

0.04 

0.83 

21.0 20.5 ���������“�������� 20.5 20.6 ���������“�������� 

0 100 

  

38.38 

1.14 
3.03 

 

20.6 20.0 ���������“�������� 
 

Table 4.1. Visual appearance of B/P polymeric films without additives (Continued) 
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  Original B Recycled B 

  Sample 1 Sample 2 
Colour 

Values 

 

Sample 1 Sample 2 
Colour 

Values 

 

B 

(wt%) 

P 

(wt%) 

C 

(wt%) 
Weight 1 (g) 

Weight 2 

(g) 

Average 

Thickness 
(mm) 

Weight 1 (g) 
Weight 

2 (g) 

Average 

Thickness 
(mm) 

95 0 5 

  

L*: 37.31 

a*: 0.15 

b*: 3.51 

 

  

L*: 37.77 

a*: 0.50 

b*: 4.48 

19.0 19.3 ���������“�������� 19.8 19.8 ���������“�������� 

90 10 0.1 

  

41.58 

0.71 
3.75 

  

42.01 

0.22 
3.97 

18.7 18.7 ���������“�������� 20.5 20.0 ���������“�������� 

90 10 1 

  

41.53 

0.74 

5.59 

  

44.23 

1.28 

7.13 

19.6 19.9 ���������“�������� 19.7 19.5 ���������“�������� 

80 20 5 

  

45.09 

3.50 

13.87 

  

45.34 

5.66 

14.89 

20.5 20.2 ���������“�������� 20.4 20.4 ���������“�������� 
 

Table 4.2. Visual appearance of B/P polymeric films with clay addition 
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  Original PVB  Recycled PVB  

  Sample 1 Sample 2 
Colour 

Values 
 

Sample 1 Sample 2 
Colour 

Values 
 

B 

(wt%) 

P 

(wt%) 

Clay 

wt% 
Weight 1 (g) 

Weight 2 

(g) 

Average 
Thickness 

(mm) 

Weight 1 (g) 
Weight 2 

(g) 

Average 
Thickness 

(mm) 

60 40 5 

  

L*: 45.37 

a*: 5.06 

b*: 15.18 

  

L*: 41.93 

a*: 9.29 

b*: 17.38 

19.7 19.6 ���������“0.05 20.0 20.5 ���������“�������� 

40 60 5 

  

43.94 

11.02 

22.08 

  

45.04 

4.74 

16.80 

20.3 20.5 ���������“�������� 21.3 21.6 ���������“�������� 

20 80 5 

  

41.23 

9.38 
18.24 

  

40.16 

4.90 
12.86 

20.1 20.0 ���������“�������� 20.2 20.2 ���������“�������� 

0 95 5 

  

35.62 

1.70 

5.95 

 

19.6 19.4 ���������“�������� 
 

Table 4.2. Visual appearance of B/P polymeric films with clay addition (Continued) 
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 Sample 1 Sample 2 

Colour Values 

 B wt% 
P 

wt% 
K wt% Weight 1 (g) 

Weight 2 

(g) 

Average 

Thickness 

(mm) 

95 0 5 

  

L*: 63.59 

a*: -3.58 

b*: -1.28 

19.0 18.4 ���������“�������� 

RPVB 

95 
0 5 

  

64.40 

-1.32 

3.91 

20.0 20.1 ���������“�������� 

80 20 5 

  

69.71 

-1.68 

1.84 

20.2 20.9 ���������“�������� 

60 40 5 

  

69.80 

-0.84 

3.41 

19.5 19.8 ���������“�������� 

40 60 5 

  

68.97 

-1.45 

2.35 

19.8 20.0 ���������“�������� 

20 80 5 

  

62.32 

-1.48 

1.11 

20.7 20.6 ���������“�������� 
 

Table 4.3. Visual appearance of B/P polymeric films with calcium carbonate addition 



37 

4.2 Chemical Structural Properties 

�¾ Fourier Transform Infrared (FT-IR) 

The Fourier Transform Infra-Red (FTIR) analysis has been used to 

determine the functional groups polymeric films at five different positions for 

each film. FTIR spectra have been used to check the uniformity of the film as can 

be seen they are very uniform and no formation of a new functional group is 

observed for all polymeric films as shown in Figures 4.1 and 4.2 for original PVB 

and recycled RB90_P10_C0.1 polymeric film, respectively. The functional groups 

of the polymer depend on the plasticizers used. The functional groups of the 

original and recycled films are the same. 

 

 

Figure 4.1. FT-IR spectra of original PVB (OB100) polymeric film obtained on five different 

positions and raw material. 
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Figure 4.2. FT-IR spectra of recycled RB90_P10_C0.1 polymeric composite film obtained on five 

different positions. 

As can be seen in Figures 4.3 and 4.4, FT-IR spectra of original plasticized 

PVB obtained from literature and in this study are really consistent. 

 

 

 

 

 

 

 

 

 

 

Figure 4.3. FT-IR spectra of the original plasticized PVB from literature. 
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Figure 4.4. FT-IR spectra of the original plasticized PVB obtained in this study. 

 Figure 4.5 was obtained in this study for the plasticized PVC and Table 4.4 

is taken from the literature that is much consistent. They are also in agreement. 

 

 

 

 

 

 

 

 

 

Figure 4.5. FT-IR spectra of P100 obtained in this study. 
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Table 4.4. Vibrational modes and wavenumbers exhibited by PVC (Ramesha, S., et. al., 2017) 

 

Figure 4.6 gives the FT-IR spectra of the original and recycled PVB and 

PVC films. The profiles are very similar to each other. The film samples are 

uniform and no formation of a new functional group is observed.  

Figure 4.6. FT-IR spectra of selected polymeric film samples. 
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�¾ X-Ray Diffraction (XRD) Analysis  

Crystal structures of all original PVB and recycled PVB in blend with PVC, 

Clay and Calcium Carbonate polymeric films obtained are identified by XRD 

analysis. In Figure 4.7, the XRD analysis of polymeric films and nano-clay 

(Closite 30B) contained polymeri�F���I�L�O�P�V���F�D�Q���E�H���V�H�H�Q���� �&�O�D�\�� �K�D�V���D���S�H�D�N���D�U�R�X�Q�G��������

degrees at 4.7. The peak of clay is disappearing in the polymeric composite films 

meaning that clay is intercalated and fully exfoliated in the polymer matrix.  

 

 

 

 

 

 

 

 

I�Q���)�L�J�X�U�H������������ �W�K�H���P�D�[�L�P�X�P���S�H�D�N�� �Z�D�V���R�E�V�H�U�Y�H�G���D�W�������� �G�H�J�U�H�H�V���R�I�������� �I�R�U�� �D�O�O��

polymeric films which are the characteristic peaks of PVB and PVC. The original 

and recycled PVB patterns are almost the same and this shows that recycled PVB 

has similar degree of crystallinity properties like original PVB. The original and 

recycled PVB has the highest degree of crystallinity. The degree of crystallinity is 

decreased slightly with the addition of PVC into original and recycled PVB. 

 

Figure 4.7. XRD patterns of clay, original PVB (OB), PVC (P) and the selected composite films. 
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The clay addition of 0.1 wt% amount into original and recycled B90_P10 

polymeric film has a small effect on the intensity than original and recycled 

B90_P10 polymeric films. As the addition of a small amount of clay has an 

impact on crystallization, crystal structure, and crystallization kinetics. Clay 

addition of 5 wt% has decreased the degree of crystallinity and caused the 

mechanical properties decreased that will be discussed in section 4.3.  

 

It can also be seen in Figure 4.8 that the addition of calcium carbonate has 

different peak positions than the addition of clay because of the chemical structure 

of calcium carbonate. 
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Figure 4.8. XRD results of original and recycled PVB with PVC, Clay and Calcium Carbonate addition. 
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�¾ Optical Microscopy 

Surface morphology of the original/recycled PVB and PVC with and 

without nano-additives films was examined by optical microscopy and all results 

are given in Figure A1 in Appendix Section. Figure 4.9 and 4.10 show the surface 

morphology of selected polymeric films. Surface morphology of recycled PVB 

shows more heterogeneous structure than the original PVB because recycled PVB 

has several impurities. The surface morphology is a bit heterogeneous with the 

addition of 10 wt% PVC into PVB. The addition of 0.1 wt% clay has similar 

behavior at surface morphology. PVC, Clay, and Calcium carbonate are dispersed 

as smaller particles into PVB. The surface morphology of plasticized PVC is 

slightly heterogeneous than original and recycled plasticized PVB. It can also be 

said that surface morphology of the all obtained polymeric films with recycled 

PVB show more heterogeneous structure than the original PVB. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.9. The surface morphology of OB80_P20_K5 and P100 polymeric films obtained by 

optical microscopy. 

 

Sample Name  

OB80_P20_K5 

 

P100 
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Sample Name Original PVB Recycled PVB 

B100 

  

B90_P10 

  

B90_P10_C0.1 

  

Figure 4.10. Effects of original and recycled PVB polymeric films with the blending of PVC and 

clay on the surface morphology obtained by optical microscopy. 
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�¾ Scanning Electron Microscope (SEM) 

 

Surface morphology of the plasticized PVB and plasticized PVC polymeric 

films was investigated by SEM and results are given in Figure 4.11 for the 

selected polymeric films. It can be seen that there occur two separate interfaces 

with the addition of 10 wt% PVC into the original PVB. The polymeric film with 

the same amount of RPVB shows opposite behavior and PVB and PVC blend is 

very homogenous because of good compatibility. When 0.1 wt% clay is added 

into RB90_P10 polymeric films, well-dispersed surface morphology is obtained. 

The addition of 5 wt% calcium carbonate affects the surface morphology 

negatively than the addition of 0.1 wt% clay. 

The results of chemical element analyses of selected polymeric films are 

given in Figure 4.12 �± 4.19. According to EDS analyses, it is seen from Figures 

4.12, and 4.15 that recycled PVB has small amount Si element which might be 

obtained during the recycling process from SiO2 in glass and it is not in the 

original PVB. From Figures 4.13, and 4.16, 10 wt% PVC added into original and 

recycled PVB films have Cl element because of PVC structure. Also, OB90_P10 

has unexpected different element compositions (Al, Si, K, Ca, Fe) which might be 

obtained from the plasticizer used or the contamination of the film. 0.1 wt% clay 

added into OB90_P10 polymeric film shows Na, Al, Si, and Cl elements. It can be 

seen from Figure 4.18 that the calcium carbonate addition into OB80_P20 

polymeric film shows Ca element as expected.  
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Film 100x 500x 1000x 5000x 

OB100 

    

OB90_P10 

    

Figure 4.11. Effects of different concentrations of PVB, PVC, clay, and CaCO3 on surface morphologies of polymeric films by SEM analysis. 
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Figure 4.11. Effects of different concentrations of PVB, PVC, clay, and CaCO3 on surface morphologies of polymeric films by SEM analysis (Continued). 

Film 100x 500x 1000x 5000x 

OB90_P10_C0.1 

    

RB100 
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Figure 4.11. Effects of different concentrations of PVB, PVC, clay, and CaCO3 on surface morphologies of polymeric films by SEM analysis (Continued). 

 

Film 100x 500x 1000x 5000x 

RB90_P10 

    

RB90_P10_C0.1 
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Figure 4.11. Effects of different concentrations of PVB, PVC, clay, and CaCO3 on surface morphologies of polymeric films by SEM analysis (Continued). 

 

Film 100x 500x 1000x 5000x 
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Figure 4.12. Chemical element analysis of OPVB. 

Figure 4.13. Chemical element analysis of OB90_P10. 

Figure 4.14. Chemical element analysis of OB90_P10_C0.1. 
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Figure 4.15. Chemical element analysis of RB100. 

Figure 4.16. Chemical element analysis of RB90_P10. 

Figure 4.17. Chemical element analysis of RB90_P10_C0.1. 
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Figure 4.18. Chemical element analysis of OB80_P20_K5. 

Figure 4.19. Chemical element analysis of P100. 
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4.3 Mechanical Properties 

For each polymeric film, as can be seen in Figure 4.20, the mechanical tests 

have been repeated six times on six different locations to take an average of 

mechanical values. 

 

 

First without nano-additives, main polymers as original and recycled 

plasticized PVB and PVC films have been prepared, and from the mechanical test 

results obtained, the films that give the good mechanical results have been 

selected and the nano-additives have been added. For original and recycled PVB, 

the profiles are almost the same and for the recycled PVB, they are more uniform. 

The mechanical results are given in Table 4.8. The mechanical property of 

recycled PVB is slightly less than the original PVB. This proves that the recycled 

PVB sheets possess physical properties very similar to those of the extruded 

material before the lamination process, but only the elongation slightly decreases 

because of the impurities. 

On the other hand, it can be further seen from Table 4.5 that the mechanical 

properties of plasticized PVC were improved with the addition of plasticized 

Figure 4.20. The mechanical test results for the selected polymeric films. 
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original or recycled PVB after 70 wt% PVB. The obtained polymeric films can be 

suggested to be used instead of the original plasticized PVC. Moreover, the 

mechanical properties of the plasticized PVC decrease with the addition of 

between 10 and 60 wt% original and recycled PVB. The results can be compared 

in Figures 4.21 and 4.22. 

Table 4.5. Mechanical properties of polymeric films without nano-additives 

 
Tensile Strength (MPa) Elongation at break (%) 

Sample 

Code 
Original PVB Recycled PVB Original PVB Recycled PVB 

B100 �����������“�������� �����������“�������� �������������“���������� �������������“���������� 

B90_P10 �����������“�������� �����������“�������� �������������“���������� �������������“���������� 

B80_P20 �����������“�������� �����������“�������� �������������“���������� �������������“���������� 

B70_P30 �����������“�������� �����������“�������� �������������“���������� �������������“���������� 

B60_P40 ���������“�������� �����������“�������� �������������“���������� �������������“���������� 

B50_P50 �����������“�������� ���������“�������� �������������“���������� �������������“���������� 

B40_P60 ���������“�������� ���������“�������� �������������“���������� �������������“���������� 

B30_P70 ���������“�������� ���������“�������� �������������“���������� �������������“���������� 

B20_P80 ���������“�������� ���������“�������� �������������“�������� �������������“���������� 

B10_P90 �����������“�������� �����������“�������� �������������“���������� �������������“���������� 

P100 �����������“�������� �����������“�������� �������������“���������� �������������“���������� 

 

Results of mechanical tests for polymeric films with the increasing of PVC 

into the polymeric film is getting worse, actually, original and recycled PVB have 

very good mechanical properties and the mechanical properties are deteriorating 

with increasing of the addition of plasticized PVC and original PVC are slightly 

better than those. It can be concluded that this deterioration is because of the in 

compatibility of the two different polymers when they are combined into the 

polymeric film.  
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Figure 4.22. Comparison of elongation at break (%) of original PVB and recycled PVB in blend with PVC. 

Figure 4.21. Comparison of tensile strength (MPa) of original PVB and recycled PVB in blend with PVC. 
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Addition of 10 wt% PVC and 0.1 wt% clay into original PVB and recycled 

PVB have the best mechanical properties than other polymeric films as shown in 

Table 4.6 because small amount of clay influences the crystallization kinetics. 

But, no significant improvement in the mechanical properties of the 5 wt% clay 

addition has been observed as seen in Table 4.6. 

 

Table 4.6. Mechanical properties of polymeric composite films with clay addition. 

 

 

 

 

 

 

 

 
Tensile Strength (MPa) Elongation at break (%) 

Sample Code Original PVB Recycled PVB Original PVB Recycled PVB 

B100 �����������“�������� �����������“�������� �������������“���������� �������������“���������� 

B95_C5 �����������“�������� �����������“�������� �������������“���������� �������������“���������� 

B90_P10 �����������“�������� �����������“�������� �������������“���������� �������������“���������� 

B90_P10_C0.1 �����������“�������� �����������“�������� �������������“���������� �������������“���������� 

B90_P10_C1 �����������“�������� �����������“�������� �������������“���������� �������������“���������� 

B80_P20 �����������“�������� �����������“�������� �������������“���������� �������������“���������� 

B80_P20_C5 �����������“�������� �����������“�������� �������������“���������� �������������“���������� 

B60_P40 ���������“�������� �����������“�������� �������������“���������� �������������“���������� 

B60_P40_C5 �����������“�������� �����������“�������� �������������“���������� �������������“���������� 

B40_P60 ���������“�������� ���������“�������� �������������“���������� �������������“���������� 

B40_P60_C5 ���������“�������� �����������“�������� �������������“���������� �������������“���������� 

B20_P80 ���������“�������� ���������“�������� �������������“�������� �������������“���������� 

B20_P80_C5 �����������“�������� ���������“�������� �������������“���������� �������������“���������� 

P95_C5 ���������“�������� ���������“�������� �������������“���������� �������������“���������� 

P100 �����������“�������� �����������“�������� �������������“���������� �������������“���������� 
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Comparison of mechanical results of original PVB and recycled PVB in 

blend with PVC, clay and calcium carbonate can be seen in Figures 4.23 and 4.24. 

Although, the addition of 5 wt% CaCO3 (K) into polymeric films gave better 

results than addition of 5wt% clay, but 0.1% (wt/wt) clay (C) added original 

OB90_P10 and recycled RB90_P10 films showed the highest tensile strength and 

elongation at break values. Because, the addition of small amount of clay has an 

impact on the crystallization, crystal structure and crystallization kinetics, 

therefore, this film has better tensile strength than commercially used PVC 

materials.  
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Figure 4.23. Comparison of tensile strength (MPa) of original PVB and recycled PVB in blend 

with PVC, clay and calcium carbonate. 
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The selected polymeric films were examined by SEM analysis to evaluate 

surface morphology from the ruptured areas. Effects of different concentrations of 

PVB, PVC, clay, and CaCO3 on surface morphologies of polymeric films after the 

mechanical test are given in Figure 4.25. 

 

It can be seen from Figure 4.25 that mechanical surface morphology of 

original and recycled PVB polymeric films are very uniform and homogeneous. 

The mechanical surface morphology shows two separate interfaces and 

heterogeneous structure with the addition of 10 wt% of PVC into the original 

PVB. When 0.1 wt% of clay is added into OB90_P10, well-dispersed surface 

morphology is obtained. The polymeric film with the same amount of RPVB 

shows a rougher behavior than the blend with original PVB as well. The addition 

of 5 wt% calcium carbonate affects the surface morphology negatively than clay 

addition.  
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Figure 4.24. Comparison of elongation at break (%) of original PVB and recycled PVB in 

blend with PVC, clay and calcium carbonate. 
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Film 100x 500x 1000x 5000x 

OB100 

    

OB90_P10 

    

Figure 4.25. Effects of different concentrations of PVB, PVC, clay and CaCO3 on mechanical surface morphologies of polymeric films by SEM analysis. 
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Figure 4.25. Effects of different concentrations of PVB, PVC, clay and CaCO3 on mechanical surface morphologies of polymeric films by SEM analysis (continued). 

 

Film 100x 500x 1000x 5000x 
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Figure 4.25. Effects of different concentrations of PVB, PVC, clay and CaCO3 on mechanical surface morphologies of polymeric films by SEM analysis (continued). 
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Figure 4.25. Effects of different concentrations of PVB, PVC, clay and CaCO3 on mechanical surface morphologies of polymeric films by SEM analysis (continued). 
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4.4  Thermal Properties 

Figure 4.26 shows how selected polymeric films changed their color 

�G�X�U�L�Q�J�� �W�K�H�U�P�D�O�� �G�H�J�U�D�G�D�W�L�R�Q�� �E�H�W�Z�H�H�Q�� ���� �D�Q�G�� ������ �P�L�Q�X�W�H�V�� �D�W�� �������� �ƒ�&���� �,t can be said 

that thermal degradation of all polymeric films starts at 20 minutes. The polymeric 

films with recycled PVB are darker than with original PVB polymeric. Because 

recycled PVB was treated for the second time. The visual color of PVC did not 

change during thermal degradation but the changes in the physical structure were 

observed. The addition of 5 wt% of CaCO3 into polymeric films caused very 

different color behavior (like a dried rose-pink color) during thermal degradation 

than others.  

Figure 4.27 shows L*, a*, and b* values for polymeric films after thermal 

degradation.  Lightness (L*) is generally decreasing through 60 minutes for all 

polymeric films. In the same time, the value of a* red color is increasing. There is 

also increment for b* value which represents yellow color. 

It can be seen in Figure C1 in Appendix, at the beginning (0 min), the effect 

of the addition of 0.1 wt% and 1 wt% of clay on the color is not obvious, but for 

the addition of 5 wt% clay, the color yellow increases. Polymeric films with 1 

wt% and 5 wt% clay added were almost black after 60 minutes. These results only 

show color changes during thermal degradation process. 
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Sample 

Name 
0 min 5 min 10 min 20 min 30 min 40 min 50 min 60 min 

OB100 

 
       

OB90_P10 
        

OB90_P10_C0.1 

        

RB100 

        

RB90_P10 
        

RB90_P10_C0.1 

        

OB80_P20_K5 

        

P100 
        

Figure 4.26. Color changes of selected polymeric films after thermal degradation. 
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Figure 4.27. Comparison of L*, a* and b* values for the selected samples. 
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Chemical structure of polymeric film during thermal degradation was also 

evaluated. Figure 4.28 shows that FT-IR spectra of thermally degraded OB100 at 

�������� �ƒ�&�� �I�R�U�� ��-20-40-60 minutes and functional groups �G�L�G�Q�¶�W change during 

thermal degradation process. 

 

 

 

 

 

 

From Figure 4.29, it can be seen that functional groups of Recycled PVB 

stayed the same during thermal degradation process.  

 

 

 

 

 

 

Figure 4.28. FT-IR spectra of �W�K�H�U�P�D�O�O�\���G�H�J�U�D�G�H�G���2�%���������D�W�����������ƒ�&���I�R�U����-20-40-60 minutes. 

Figure 4.29. FT-�,�5���V�S�H�F�W�U�D���R�I���W�K�H�U�P�D�O�O�\���G�H�J�U�D�G�H�G���5�%���������D�W�����������ƒ�&���I�R�U����-20-40-60 minutes. 
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Figure 4.30 shows that FT-IR spectra of plasticized PVC and there are some 

deformation because of HCl formation. 

 

 

 

 

For OB90_P10, FT-IR spectra show slight deformation on the functional 

groups during thermal degradation process in Figure 4.31. 

  

 

 

 

 

 

 

 

 

 

Figure 4.30. FT-�,�5���V�S�H�F�W�U�D���R�I���W�K�H�U�P�D�O�O�\���G�H�J�U�D�G�H�G���3���������D�W�����������ƒ�&���I�R�U����-20-40-60 minutes. 

Figure 4.31. FT-IR spectra of thermally degraded OB90_P10 �D�W�����������ƒ�&���I�R�U����-20-40-60 minutes. 

Deformation of CHCl to CH  
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It can be seen from Figure 4.32 that the functional groups did not change 

during the thermal degradation process for OB95_C5.  

 

 

 

 

 

Functional groups observed were the same during the thermal degradation 

process of OB90_P10_C0.1 in Figure 4.33. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.32. FTIR analysis profiles of thermal degradation for OB95_C5 at 0-20-40-�������P�L�Q�X�W�H�V���D�W�����������ƒ�&. 

Figure 4.33. FTIR analysis profiles of thermal degradation for OB90_P10_C0.1 at 0-20-40-60 minutes 

at 170 �ƒ�&. 
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XRD analysis of selected polymeric films was also evaluated during thermal 

degradation to observe the degree of crystallinity changes. As mentioned before, it 

was observed from the visual changes, the crystal structure and the degree of 

crystallinity did not change for OPVB at 60 min of the XRD pattern in Figure 

4.34. This is the same also for RPVB as well. Both OPVB and RPVB are stable 

because of the good crystal structure and degree of crystallinity during thermal 

degradation. When the XRD pattern of OPVB and RPVB are compared after 60 

minutes, it is not much different. It can be seen that PVC is much faster 

deteriorated than PVB at 60 minutes and is a very sharp degradation because of 

evaluation of hydro chlorination (HCl). Addition of 10 wt% of PVC into PVB has 

slightly decreased the degree of crystallinity and there are small differences 

between 0 and 60 minutes after thermal degradation. 

The small amount of (0.1 wt%) clay improves the mechanical properties, 

but the degree of crystallinity is slightly decreased at 60 minutes from the XRD 

pattern. The same composition with recycled PVB has a lower degree of 

crystallinity than the original PVB at 60 minutes. Because recycled PVB was 

heat-treated for the third time. The degree of crystallinity is slightly decreased 

with the addition of calcium carbonate.  
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Sample Name Original PVB Recycled PVB 

B100 

  

B90_P10 

  

B90_P10_C0.1 

  

P100 

 

not available 

OB80_P20_K5 

 

not available 

Figure 4.34. XRD results of original and recycled PVB with PVC, Clay and Calcium Carbonate 

addition at 0 minutes and 60 minutes during thermal degradation. 
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Surface morphology of the original/recycled PVB and PVC with and without 

nano-additives films during the thermal degradation process was observed by 

optical microscopy and results are given in Figure 4.35 for the selected polymeric 

films. 

It can be said that the thermal degradation of all polymeric films starts at 20 

minutes. The original PVB is almost the same from 20 minutes to 60 minutes, and 

it has some crystallites after 20 minutes but as mentioned before the degree of 

crystallinity does not change after 60 minutes. Recycled PVB is dark at 40 

minutes, but the degree of crystallinity does not change during thermal 

degradation. The changes in the structure were observed during thermal 

degradation for PVC. Addition of 10 wt% of PVC into original and recycled PVB 

caused color changing at 40 minutes. Surface morphology gives better 

homogenous and smooth results with the addition of 0.1 wt% of clay than without 

clay addition during thermal degradation behavior. The addition of calcium 

carbonate has caused black color and some deformations on the surface 

morphology than others.  
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Sample Name 0 min 20 min 40 min 60 min 

OB100 

    

OB90_P10 

    

 

Figure 4.35. Effects of different concentrations of PVB, PVC, clay and CaCO3 on surface morphologies of selected polymeric films during the thermal degradation by Optical 

Microscopy. 
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Sample Name 0 min 20 min 40 min 60 min 

OB90_P10_C0.1 

   

not available 

RB100 

   

not available 

 

Figure 4.35. Effects of different concentrations of PVB, PVC, clay and CaCO3 on surface morphologies of selected polymeric films during the thermal degradation by Optical 

Microscopy (continued). 
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Sample Name 0 min 20 min 40 min 60 min 

RB90_P10 

    

RB90_P10_C0.1 

   

not available 

 

Figure 4.35. Effects of different concentrations of PVB, PVC, clay and CaCO3 on surface morphologies of selected polymeric films during the thermal degradation by Optical 

Microscopy (continued). 
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Sample Name 0 min 20 min 40 min 60 min 

OB80_P20_K5 

   

not available 

P100 

    

 

Figure 4.35. Effects of different concentrations of PVB, PVC, clay and CaCO3 on surface morphologies of selected polymeric films during the thermal degradation by Optical 

Microscopy (continued). 
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�¾ TGA Analysis 

Thermal degradation behavior of polymeric films is also analyzed by TGA 

thermograms which are given in Figure 4.36. The thermal decomposition was 

carried out under nitrogen atmosphere from 30 �ƒ�&���W�R�������� �ƒ�&���D�W���D���K�H�D�W�L�Q�J���U�D�W�H���R�I������ 

�ƒ�&���P�L�Q���E�X�W���3�9�%���D�Q�G���3�9�&���D�U�H��completely thermally decomposed (in nitrogen) at 

500 �ƒ�&���� 

From Figure 4.36, weight loss of PVB occurs in two distinct regions 

between 200�±300 and 300�±���������ƒ�&���D�Q�G���F�R�U�U�H�V�S�R�Q�G�L�Q�J���W�R���D�E�R�X�W���������D�Q�G�����������P�D�V�V��

loss. The PVB was primarily losing plasticizer in the temperature volatilization 

process between 200-���������ƒ�&�� The major products of the decomposition above 300 

�ƒ�&�� �Z�H�U�H�� �L�Q�L�W�L�D�O�O�\�� �E�X�W�\�U�D�O�G�H�K�\�G�H�� �D�Q�G�� �E�X�W�H�Q�D�O�� �S�U�R�G�X�F�H�G�� �E�\�� �W�K�H�� �H�O�L�P�L�Q�D�W�L�R�Q�� �R�I��

�E�X�W�\�U�D�O�� �J�U�R�X�S�V�� �I�R�O�O�R�Z�H�G�� �E�\�� �D�F�H�W�L�F�� �D�F�L�G�� �D�E�R�Y�H�� �������� �ƒ�&�� �I�U�R�P�� �W�K�H�� �H�O�L�P�L�Q�D�W�L�R�Q�� �R�I��

acetate groups. The thermal degradation of PVC occurs through two degradation 

steps. The temperatures at the maximum weight losses of PVC were observed at 

330 and 500 �ƒ�&���� �7�K�H�� �I�L�U�V�W�� �V�W�H�S�� �F�R�U�U�H�V�S�R�Q�G�V�� �W�R�� �W�K�H�� �Z�H�L�J�K�W�� �O�R�V�V�� �F�D�X�V�H�G�� �E�\�� �W�K�H��

dehydrochlorination of PVC, while the second step presents the total weight loss 

resulted from the degradation of the dehydrochlorinated residuals. Onset 

�W�H�P�S�H�U�D�W�X�U�H�� �R�I�� �S�R�O�\�P�H�U�L�F�� �I�L�O�P�V�� �Z�K�L�F�K�� �D�U�H�� �2�%�������� ���������� �ƒ�&������ �5�%�������� ���������� �ƒ�&������

�2�%�����B�3������ ���������� �ƒ�&������ �5�%�����B�3������ ���������� �ƒ�&������ �2�%�����B�3�����B�&�������� �������� �ƒ�&������

�2�%�����B�3�����B�&�������������������ƒ�&�������2�%�����B�3�����B�.���������������ƒ�&�����Z�H�U�H���G�H�W�H�U�P�L�Q�H�G�����3�9�&���K�D�V���D��

�K�L�J�K�H�U�� �R�Q�V�H�W�� �W�H�P�S�H�U�D�W�X�U�H�� ���������� �ƒ�&���� �W�K�D�Q�� �R�W�K�H�U�� �S�R�O�\�P�H�U�L�F�� �I�L�O�P�V, therefore its 

thermal stability is the best.  

�7�K�H�� �D�P�R�X�Q�W�V�� �R�I�� �D�V�K�� ���� �Y�D�O�X�H�V�� �D�W�� �������� �ƒ�&�� �D�U�H�� �D�O�V�R�� �J�L�Y�H�Q�� �L�Q�� �)�L�J�X�U�H�� ���������� �W�R 

clearly understand the results. The amounts of ash % of original PVB (OB100) 

and recycled PVB (RB100) were found as 1.30 % and 3.16, respectively at 600 

�ƒ�&�����,�W��was seen that the original PVB has a smaller value than others with respect 

to the amount of ash % value. Remaining weight % of PVC (P100) was found as 

�����������������D�W���������ƒ�&�����7�K�H���U�H�V�X�O�W�V���R�I���D�V�K�������Y�D�O�X�H�V���D�U�H���K�L�J�K�H�U���W�K�D�Q���2�3�9�%���D�Q�G���5�3�9�%��

with addition of PVC into original and recycled PVB but, it is lower than PVC. 

The addition of 0.1 wt% of clay is slightly decreased the amount of ash % value 

than original and recycled B90_P10 polymeric films. The result of ash content by 

the addition of calcium carbonate is higher than other polymeric films and the best 

flammability is obtained.  
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Figure 4.36. Thermograms of selected polymeric polymeric films. 
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Figure 4.37. �7�K�H���D�P�R�X�Q�W���R�I���D�V�K�������D�W�����������ƒ�&. 
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�¾ DSC Analysis 

The DSC analysis determined that a glass transition temperature (Tg) of 

�R�U�L�J�L�Q�D�O�� �3�9�%�� �Z�D�V�� �D�O�P�R�V�W�� ������ �ƒ�&�� �D�Q�G�� �U�H�F�\�F�O�H�G�� �3�9�%�� �Z�D�V�� �D�U�R�X�Q�G�� ������ �ƒ�&, little bit 

higher as shown in Table 4.7. The glass transition temperature of PVC was around 

-�������ƒ�&���Z�K�L�F�K���K�D�V���D much lower glass transition temperature than PVB. The glass 

transition temperature of the addition of PVC into PVB polymeric film is actually 

expected that it should lower the value, but it was found as increased thanks to 

beginning good molecular interaction. However, obtaining a single glass 

transition temperature shows that the films have high compatibility. 

 

Table 4.7. Results of DSC analysis for original and recycled PVB/PVC polymeric films 

 

 

 

 

 

 Original PVB Recycled PVB 

Sample Name Glass �7�U�D�Q�V�L�W�L�R�Q�����ƒ�& �*�O�D�V�V���7�U�D�Q�V�L�W�L�R�Q�����ƒ�& 

B100 17.77 22.75 

B80_P20 18.06 38.44 

B50_P50 26.76 28.93 

B20_P80 34.19 25.21 

P100 -25.69 -25.69 
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Figure 4.39. DSC profile of selected polymeric composite film with original PVB. 

Figure 4.38. DSC profile of selected polymeric composite film with recycled PVB. 
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5. CONCLUSION  

In conclusion, investigating the possibility of new applications of recycled 

PVB will help to solve a major environmental problem and decrease the price of 

traditional PVB and PVC as obtained good product properties of polymeric films 

that can be seen below: 

 

�‰ The inter glassed PVB sheets possess physical properties very similar to 

those of the extruded material before the lamination process.  

�‰ It can be mentioned that as 0.1% (wt/wt) Clay added OB90_P10 and 

RB90_P10 polymeric films showed the highest tensile strength and 

highest elongation at break when compared to the other additive and 

amounts based polymeric films�����,�W�¶�V���S�U�R�Y�H�Q���W�K�D�W��RB90_P10_C0.1 film has 

good tensile strength than commercially used PVC materials. 

�‰ FT-IR spectra of original plasticized PVB obtained from literature and in 

this study are really consistent. The functional groups of the original and 

recycled films are the same. 

�‰ The FT-IR profiles are very similar to each other. The polymeric films are 

uniform and no formation of a new functional group is observed. It means 

during the production the chemistry of the polymers did not change. 

�‰ Addition of 0.1% clay has decreased the degree of crystallinity a little bit 

but it has given very good mechanical properties.  

�‰ 5 wt% amount of clay addition has decreased the degree of crystallinity. 

�‰ Additions of 5 wt% CaCO3 into polymeric films have given better 

mechanical results than addition of 5 wt% clay.  

�‰ The polymeric film color of PVC was unchanged, but its crystallinity was 

reduced after the thermal degradation process.  

�‰ Surface morphology of recycled PVB shows more heterogeneous structure 

than the original PVB because recycled PVB has various impurities.  

�‰ The surface morphology is a bit heterogeneous with the addition of 10 

wt% PVC into PVB. The addition of 0.1 wt% clay has similar behavior at 

surface morphology.  
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�‰ It can also be said that surface morphology of the all obtained polymeric 

films with recycled PVB show more heterogeneous structure than the 

original PVB. 

�‰ PVC has a higher Tonset, therefore its thermal stability is the best. 

�‰ The result of ash content by the addition of calcium carbonate is higher 

than other polymeric films and the best flammability is obtained. 

�‰ Obtaining a single glass transition temperature shows that the films have 

high compatibility. 

�‰ Consequently, recycled PVB/PVC/Clay based composite films can be 

recommended as a new material instead of PVC.  
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COMPUTER SKILLS 

 

 Microsoft Office (Word, Excel, PowerPoint)  

 Matlab  

 Bricsnet IntelliCAD2000 

 ChemCad 

 Polymath  

 

 

FOREIGN LANGUAGES 

 

English :  

 Ege University, School of Foreign Languages Preparatory School      

 EGESEM English Speaking Club Certificate 

 Writing, reading, speaking (intermediate) 

 

PUBLICATIONS & PROJECTS 

 

 �&�H�V�X�U���� �6������ �.�|�U�R�÷�O�X���� �&���� �D�Q�G���<�D�O�o�Õ�Q���� �7���� �+������ ���������� Antimicrobial and 

Biodegradable Food Packaging Applications of Polycaprolactone/Organo 

nanoclay/Chitosan Polymeric Composite Films, Journal of Vinyl & 

Additive Technology, doi: 10.1002/vnl.21607, 376-387pp. 

 Master Thesis ''Original and waste Polyvinyl Butyral (PVB) / Polyvinyl 

Chloride (PVC) composites with nanoadditives and the degradation 

behaviour" which is carried out in Tomas Bata University of Department 

of Polymer Engineering, under the Erasmus+ co-advisor of Assoc. Prof. 

�'�U�����'�D�J�P�D�U���0�H�U�t�Q�V�N�i�����I�L�Y�H���P�R�Q�W�Ks).  

  Diploma Project "Antimicrobial and Biodegradable Food Packaging 

Applications of Polycaprolactone/Chitosan Polymeric Composite Films" 

which is supported by the Scientific and Technological Research Council 

�R�I���7�X�U�N�H�\�����7�h�%�ø�7�$�.�����W�K�U�R�X�J�K���W�K�H���S�U�R�M�H�F�W�����������$. (2014-2015).  

 

SYMPOSIUMS AND CONGRESSES 

 

 5
th

 International Polymeric Composites Symposium and Workshops, 

�ø�]�P�L�U�� 2-5 November 2017, Cansu �.�|�U�R�÷�O�X, Serap Cesur, Dagmar 

�0�����t�Q�V�N�i, �³Enhancement of Product Properties of Original and Waste 
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Polyvinyl Butyral (PVB) / Polyvinyl Chloride (PVC) Composites with 

Nano-Additives�  ́(orally presentation). 

 �ø�1�2�9�$�6�<�2�1���+�D�I�W�D�V�Õ���� �ø�]�P�L�U�� 17-18 March 2016, �&�D�Q�V�X�� �.�|�U�R�÷�O�X���� �(�U�J�•�Q��

�'�R�÷�U�X�N�D�ú���� �*�L�]�H�P�� �,�ú�Õ�N���� �6�H�U�D�S�� �&�H�V�X�U���� �³�3�R�O�L�P�H�U�L�F Composites in 

Antimicrobial and Biodegradable Food Packaging Film Applications, 

Project 1- The Production of Antimicrobial Food Packaging Films, 

LDPE/Chitosan/Nanoclay,  

Project 2- The Production of Biodegradable Food Packaging Films, 

�/�'�3�(���3�&�/���1�D�Q�R�F�O�D�\�´ (poster presentation). 

 �3�2�/�ø�.�2�0���� �,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �:�R�U�N�V�K�R�S�� �R�Q�� �6�S�H�F�L�D�O�� �7�R�S�L�F�V�� �R�Q�� �3�R�O�\�P�H�U�L�F��

Composites, February, 24-26, 2016, �ø�]�P�L�U�����7�X�U�N�H�\�����&�D�Q�V�X���.�|�U�R�÷�O�X�����%�X�U�F�X��

�6�Õ�U�P�D���� �6�H�U�D�S�� �&�H�V�X�U���� �³�.�L�W�R�V�D�Q���� �g�]�H�O�O�L�N�O�H�U�L�� �Y�H�� �8�\�J�X�O�D�P�D�� �$�O�D�Q�O�D�U�Õ�´��(orally 

presentation).  

 KOMPEGE III, 05-������ �1�R�Y�H�P�E�H�U�� ������������ �.�X�ú�D�G�D�V�Õ��- �3�L�Q�H�%�D�\���� �ø�]�P�L�U����

"Antimicrobial and Biodegradable Food Packaging Applications of 

Polycaprolactone/Chitosan Polymeric Composite Films" (orally 

presentation).  

 �7�•�U�N�L�\�H�� �ø�Q�R�Y�D�V�\�R�Q�� �+�D�I�W�D�V�Õ�� �ø�V�W�D�Q�E�X�O���� ��-5-6 December 2014, 

�³�3�R�O�L�N�D�S�Uolakton/Kitosan Kompozit Filmlerinin Antimikrobiyal ve 

�%�L�\�R�E�R�]�X�Q�X�U���*�Õ�G�D���$�P�E�D�O�D�M�Õ���8�\�J�X�O�D�P�D�O�D�U�Õ����(poster presentation). 

 �.�L�P�\�H�Y�L�� �0�D�G�G�H�O�H�U�� �Y�H�� �0�D�P�•�O�O�H�U�L�� �6�H�N�W�|�U�•�Q�G�H�� ������ �$�U-�*�H�� �3�U�R�M�H�� �3�D�]�D�U�Õ����

�ø�V�W�D�Q�E�X�O���� ���� �1�R�Y�H�P�E�H�U�� ������������ �³�3�R�O�L�N�D�S�U�R�O�D�N�W�R�Q���.�L�W�R�V�D�Q�� �.�R�P�S�R�]�L�W��

Filmlerinin A�Q�W�L�P�L�N�U�R�E�L�\�D�O���Y�H���%�L�\�R�E�R�]�X�Q�X�U���*�Õ�G�D���$�P�E�D�O�D�M�Õ���8�\�J�X�O�D�P�D�O�D�U�Õ����

(poster presentation). 

 

INTERESTS AND HOBBIES 

 

Playing Piano, acting and teaching in Theatre, Painting 

REFERANCE 

 

Prof.  Dr. Serap Cesur 

Ege University, Chemical Engineering Department 

Phone Number: 0232 311 4045, 0533 462 4077    

E-mail: serap.cesur@ege.edu.tr, cesur.serap@gmail.com  
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A. Optical Microscopy 
 

 

Figure A1. Effects of original and recycled PVB polymeric films with the blending of PVC and 

clay on the surface morphology obtained by optical microscopy. 

Sample Name Original PVB Recycled PVB 

B100 

  

B90_P10 

  

B80_P20 

  

B70_P30 

  

B60_P40 

  



 

 

Figure A1. Effects of original and recycled PVB polymeric films with the blending of PVC and 

clay on the surface morphology obtained by optical microscopy (continued). 

Sample Name Original PVB Recycled PVB 

B50_P50 

  

B40_P60 

  

B30_P70 

  

B20_P80 

  

B10_P90 

  



 

 

 

Figure A1. Effects of original and recycled PVB polymeric films with the blending of PVC and 

clay on the surface morphology obtained by optical microscopy (continued). 

Sample Name Original PVB Recycled PVB 

P100 

 

not available 

B90_P10_C0.1 

  

B90_P10_C1 

  

B95_C5 

  

B80_P20_C5 

  



 

 

 

Figure A1. Effects of original and recycled PVB polymeric films with the blending of PVC and 

clay on the surface morphology obtained by optical microscopy (continued). 

Sample Name Original PVB Recycled PVB 

B60_P40_C5 

  

B40_P60_C5 

  

B20_P80_C5 

  

P95_C5 

 

not available 

B95_K5 

  



 

 

Figure A1. Effects of original and recycled PVB polymeric films with the blending of PVC and 

clay on the surface morphology obtained by optical microscopy (continued). 

 

Sample Name Original PVB Recycled PVB 

B20_P80_K5 

 

not available 

B40_P60_K5 

 

not available 

B60_P40_K5 

 

not available 

B80_P20_K5 

 

not available 



 

B. Mechanical test results for all polymeric films 

 

Figure B1. The mechanical test results for the selected polymeric films. 

Sample Name Original PVB Recycled PVB 

B100 

  

B90_P10 

  

B80_P20 

  

B70_P30 

  



 

 

Figure B1. The mechanical test results for the selected polymeric films (continued). 

 

Sample Name Original PVB Recycled PVB 

B60_P40 

  

B50_P50 

  

B40_P60 

  

B30_P70 

  



 

 

Figure B1. The mechanical test results for the selected polymeric films (continued). 

 

 

Sample Name Original PVB Recycled PVB 

B20_P80 

  

B10_P90 

  

P100 

 

not available 

P95_C5 

 

not available 



 

C. Thermal Degradation 

 

 

 

 

 

 

 

 

 

 

Figure C1. Color changes of OB/P polymeric films after thermal degradation. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure C2. Comparison of L*, a* and b* values for OB/P samples. 

 

 

 

 



 

 

 

   

 

 

 

 

 

 

 

Figure C3. Color changes of RB/P polymeric films after thermal degradation  



 

 

 

 

 

 

 

 

 

 

 

Figure C4. Comparison of L*, a* and b* values for RB/P samples. 



 

 

 

 

 

 

 

 

 

Figure C5. Color changes of OB/P and clay polymeric films after thermal degradation.  

 

Figure C6. Comparison of L*, a* and b* values for OB/P/C and clay samples.  



 

 

 

 

 

 

 

 

 

Figure C7. Color changes of RB/P and clay polymeric films after thermal degradation.  

 

 

 

 

 

 

 

 

 

Figure C8. Comparison of L*, a* and b* values for RB/P samples with clay 

 



 

 

 

 

 

 

 

Figure C9. Color changes of OP/P and calcium carbonate samples after thermal degradation.  

 

 

 

 

 

 

 

Figure C10. Comparison of L*, a* and b* values for OB/P/K5 sample. 

 



 

D. X-Ray Diffraction (XRD) Analysis  

 

 

Figure D1. XRD results of original and recycled PVB with PVC, Clay and Calcium Carbonate 

addition at 0 minutes and 60 minutes during thermal degradation. 

 

Sample Name Original PVB Recycled PVB 

B100 

  

B90_P10 

  

B80_P20 

  

B70_P30 

 
 



 

 

 

 

 
Figure D1. XRD results of original and recycled PVB with PVC, Clay and Calcium Carbonate 

addition at 0 minutes and 60 minutes during thermal degradation (continued). 

 

 

Sample Name Original PVB Recycled PVB 

B60_P40 

  

B50_P50 

  

B40_P60 

  

B30_P70 

  



 

 

 

 
Figure D1. XRD results of original and recycled PVB with PVC, Clay and Calcium Carbonate 

addition at 0 minutes and 60 minutes during thermal degradation (continued). 

 

 

 

Sample Name Original PVB Recycled PVB 

B20_P80 

  

B10_P90 

  

P100 

 

not available 

P95_C5 

 

not available 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure D1. XRD results of original and recycled PVB with PVC, Clay and Calcium Carbonate 

addition at 0 minutes and 60 minutes during thermal degradation (continued). 

 

Sample Name Original PVB Recycled PVB 

B20_P80_C5 

  

B40_P60_C5 

  

B60_P40_C5 

  

B80_P20_C5 

  



 

 

 
Figure D1. XRD results of original and recycled PVB with PVC, Clay and Calcium Carbonate 

addition at 0 minutes and 60 minutes during thermal degradation (continued). 

 

 

 

 

Sample Name Original PVB Recycled PVB 

B95_C5 

  

B20_P80_K5 

 

not available 

B40_P60_K5 

 

not available 

B60_P40_K5 

 

not available 



 

 

 

Figure D1. XRD results of original and recycled PVB with PVC, Clay and Calcium Carbonate 

addition at 0 minutes and 60 minutes during thermal degradation (continued). 

 

Sample Name Original PVB Recycled PVB 

B80_P20_K5 

 

not available 

B95_K5 

  

B90_P10_C0.1 

  

B90_P10_C1 

  


