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Abstract: In this study, the characterization of polymeric wastes released during 

production in Eruslu Global group companies and the re-evaluability of these 

wastes were studied. For this purpose, all polymeric wastes that occur in the 

production of sanitary napkins, diapers, packaging film and printed packaging 

film, which are the basic production products of the enterprise; It was determined 

that it consists of polypropylene, polyethylene (LDPE, MDPE, HDPE), 

polystyrene, polyethylene terephthalate polymers. Considering that all wastes are 

not polluted, it has been evaluated that they can be reused to a large extent. In the 

study conducted for this purpose, it was determined that 20 different waste 

products emerged depending on the product variety produced in the enterprise. 

Thermal analysis for each waste was characterized by calorific value, FTIR, 

XRD, SEM and TG-DSC (TGA-DTA) techniques. It was determined that paint 

was added to polymeric wastes in general. In addition, it has been determined that 

natural micronized calcite is added to some waste in terms of environmental 

impact and cost reduction. This article evaluates the crystallinity, structure and 

surface morphology of polymeric wastes produced during production in Eruslu 

Global group companies. For this purpose, all polymeric waste products formed 

in the production of sanitary napkin, diapers, packaging film and printed 

packaging film, which are the primary production products of the enterprise, were 

characterized. 20 different waste products produced in the enterprise were 

selected for evaluation. Waste is rich in polystyrene, polypropylene, polyethylene 

(LDPE, MDPE, HDPE) and polyethylene terephthalate polymers. Each waste was 

characterized by FTIR, XRD, SEM, thermal analysis and calorific value 

techniques. As a result of the study, dye additive was detected in the structure of 

these wastes. When the XRD results were evaluated, it was determined that 

micronized calcite was added to the polymers to prevent environmental pollution 

caused by the paint additive. In this way, environmental pollution and production 

costs are reduced. Calorific values of all samples are in the range of 4292 - 10965 

cal/g. 
  
  

Hijyenik Ürün Fabrikasında Oluşan Polimerik Atıkların Karakterizasyonu ve Bu 
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Öz: Bu çalışmada Eruslu Global grup şirketlerinde üretim sırasında açığa çıkan 

polimerik atıkların karakterizasyonu gerçekleştirilmiş ve bu atıkların yeniden 

değerlendirilebilirliği araştırılmıştır. Bu amaçla işletmenin temel üretim 

ürünlerinden kadın pedi, çocuk bezi, ambalaj filmi ve baskılı ambalaj filmi 

üretiminde meydana gelen tüm polimerik atıkların; polipropilen, polietilen 
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(LDPE, MDPE, HDPE), polistiren, polietilen tereftalat polimerlerinden oluştuğu 

belirlenmiştir. Tüm atıkların kirlenmediği göz önüne alındığında büyük oranda 

yeniden kullanılabileceği değerlendirilmiştir. Bu amaçla yapılan çalışmada 

işletmede üretilen ürün çeşitliliğine bağlı olarak 20 farklı atık ürün ortaya çıktığı 

belirlenmiştir. Her bir atık için termal analiz, ısıl değer, FTIR, XRD ve SEM 

teknikleri ile karakterize edilmiştir.  Polimerik atıklara genel olarak boya 

katkılandığı belirlenmiştir. Ayrıca çevresel etki açısından ve maliyet düşürücü 

olarak bazı atıklarda doğal mikronize kalsit katıldığı belirlenmiştir. Bu makalede, 

Eruslu Global grup şirketlerinde üretim sırasında oluşan polimerik atıkların 

kristalliği, yapısı ve yüzey morfolojisi değerlendirilmektedir. Bu amaçla 

işletmenin birincil üretim ürünleri olan hijyenik kadın pedi, çocuk bezi, ambalaj 

filmi ve baskılı ambalaj filmi üretiminde oluşan tüm polimerik atık ürünler 

karakterize edilmiştir. İşletmede üretilen 20 farklı atık ürün değerlendirilmek 

üzere seçilmiştir. Atık, polistiren, polipropilen, polietilen (LDPE, MDPE, HDPE) 

ve polietilen tereftalat polimerleri açısından zengindir. Her bir atık, FTIR, XRD, 

SEM, termal analiz ve ısıl değer teknikleri ile karakterize edilmiştir. Çalışma 

sonucunda bu atıkların yapısında boyar madde katkısı tespit edildi. XRD 

sonuçları değerlendirildiğinde, boya katkı maddesinin neden olduğu çevre 

kirliliğini önlemek için polimerlere mikronize kalsit ilave edildiği belirlendi. Bu 

sayede çevre kirliliği ve üretim maliyetleri azaltılmaktadır. Tüm numunelerin 

kalorifik değerleri 4292 - 10965 cal/g aralığındadır. 
  

 

1. Introduction  

 

Polymeric products are widely used in all areas of human life, especially in housing, food, 

medicine, and chemistry (Guyot & Bartholin, 1982). The amounts and compositions of polymer 

wastes have increased day by day as technology has advanced. Today, important industrial chemical 

processes such as OXO, Fischer-Tropsch, and Sasol use polymeric wastes as raw materials. The most 

important advantage of this use will be to include polymeric wastes in the global carbon cycle. 

Türkiye has a solid waste plastics rate of 5-14%. These plastics are classified as thermoplastics and 

thermosets (Tayyar & Üstün, 2010; Hejna et al., 2020; Durga et al., 2021; Phakedi et al., 2021; 

Srinivasan et al., 2021; Yuan et al., 2021). Thermoplastics include Polystyrene (PS), Polypropylene 

(PP), Polyethylene (PE), Polyvinyl Chloride (PVC), and Polyethylene Terephthalate (PET). These 

widely used thermoplastics can be re-evaluated using chemical recycling energy recovery, and 

mechanical recycling methods (Paci & La Mantia, 1999; Khadzhiev et al., 2016; Costa et al., 2019; 

Pan et al., 2021; Siwal et al., 2021). There are four different approaches for recyclable 

polymeric/plastic waste. These approaches are primary recycling, secondary recycling, tertiary 

recycling, and quaternary recycling (Ignatyev et al., 2014; Francis, 2016; Singh et al., 2017; Zhuang et 

al., 2022). Primary recycling is carried out by adding waste to the fresh raw material at a certain rate 

during production. Secondary recycling is the use of waste by mixing it with other polymers. This 

method, also referred to as "mechanical recycling," includes physical processes such as separation, 

grinding, melting, and reshaping. Waste polymer can be reprocessed by melt extrusion. In tertiary 

recycling, wastes are broken down (solvolysis) in the presence of various solvents by chemical 

reactions, and thus the obtained raw products can be reused in production (Kumar, 2021). It is also 

called chemical recycling. Decomposition can also be achieved by thermal decomposition (pyrolysis) 

in an oxygen-free environment. In the last method, which is expressed as "quaternary recycling" or 

"energy recovery," the energy content of the wastes is recovered by burning (da Silva & Wiebeck, 

2020). Pyrolysis (controlled combustion in a nitrogen atmosphere) is one of the chemical recycle 

techniques. This technique is frequently used to produce valuable chemicals with high yields. With the 

pyrolysis technique, the excess amount of waste, waste disposal, and environmental pollution that pose 

a problem are eliminated. Thus, renewables, eco-innovation and fossil resource use in the traditional 

plastics industry are improved (Picuno et al., 2020). The efficiency of solids, liquids and gases, which 

are products of the pyrolysis technique, can be increased. There are studies that increase the product 

yield depending on the type of polymer and the catalyst used (Padhan & Gupta, 2018). One article 

studied the recycling of PET bottles and PE bags, which are major plastic pollutants. The obtained 

results were shared in the literature (Rajasekaran & Maji, 2018). In another article, a new composite 
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material was produced using polyethylene terephthalate bottle waste and marble dust. The thermal and 

mechanical properties of the newly manufactured composite material were investigated (Çınar & Kar, 

2018). In another article, chemical recycling of LDPE, HDPE and PP was investigated using two 

different methods (Achilias et al., 2008). In another article, the recycling of polymers by mechanical 

and chemical methods was investigated (Ragaert et al., 2017). In another paper, they investigated the 

usability of major thermoplastic polymers to obtain recyclable materials in a variety of industrial and 

indoor applications. The density, mechanical resistance, design and chemical properties of the 

produced materials have been improved. They worked on the recycling of thermoplastic polymers and 

the development of recycling technology (Grigore, 2017). Issues such as recycling of waste polymers, 

incineration technologies and energy generation have been extensively studied in the literature 

(Ramarad et al., 2015; Bahoria et al., 2018; Padhan & Gupta, 2018; Saleem et al., 2018). Recycling 

plastic and polymer wastes to make them reusable provides a significant economic gain. On the other 

hand, it will play an important role in the protection of natural resources. Many studies have been 

carried out in the literature for the recycling of waste polymers and the application of recycling 

methods (Baechler et al., 2013; Okan et al., 2019). In addition, there are many articles on the physical, 

structural and mechanical properties of recycling products (Hamad et al., 2013; Valerio et al., 2020). 

In the literature, there are many studies on the characterization of recycling products made from 

polyethylene, polypropylene, polystyrene and polyethylene terephthalate materials, which are widely 

used industrially (Achilias et al., 2007; Al-Salem et al., 2009; Ghosal & Nayak, 2022; Hamad et al., 

2013; Suhaimi et al., 2022). This study evaluating Eruslu Health Group wastes was a pilot study that 

will shed light on the importance of waste management, characterization, recycling, and energy 

recovery. The aim of this article is to characterize Eruslu Group waste polymer products by calorific 

value, TGA-DTA, FTIR, XRD, and SEM methods and contribute to the literature on waste polymer 

characterization. 
 

2. Material and Methods 
 

Eruslu Global Group of Companies was established in 1996. This company produces in the 

chemical, textile, construction, packaging, and hygiene sectors. In 2004, it started to produce diapers 

under the Sleepy brand. It produces products such as adult patient diapers, sanitary napkins, wet 

towels, and napkins belonging to the Sleepy brand. In this study, 20 different polymer wastes from 

Sleepy were used as raw materials. The wastes were dried in an oven at 105°C. The dried wastes were 

characterized by calorific value, FT-IR, XRD, SEM and TGA-DTA methods.  
 

2.1. Material 
 

In this study, waste polymeric materials released as waste in Eruslu Global Company were 

used (Akdağ, 2019). Waste polymers were directly characterized without chemical pretreatment.  

Abbreviations and polymer types of waste polymers are given in Table 1. 
 

Table 1. Names, types and codes of waste polymers 

Example  Polymer Type Code 

Exterior Cladding (Foam) Polystyrene (PS) 1 

Eco Raw Material Bag (Outside 

Aluminum) 
Polyethylene (PE) 2 

Green Cliche Tape Polyethylene Terephthalate, Polyethylene (PET+PE) 3 

Orange Cliche Tape Polyethylene Terephthalate, Polyethylene (PET+PE) 4 

Fiber Powder Polyethylene Terephthalate (PET) 5 

Sack Circle Polypropylene (PP) 6 

Waste Spunlace Fabric Polyethylene Terephthalate (PET) 7 

Bz Raw Material Bag Polypropylene, Kraft paper (PP+Kraft paper) 8 

C Band Wedge Polyethylene, Polyethylene Terephthalate, Synthetic Rubber 9 

Dirty Cloth Polyethylene Terephthalate (PET) 10 
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Table 1. Names, types and codes of waste polymers (continued) 

Example  Polymer Type Code 

Oily Cloth Polyethylene Terephthalate (PET) 11 

Green Adl Sample Polyethylene Terephthalate (PET) 12 

C Band Sample Polyethylene, Polyethylene Terephthalate, Synthetic Rubber 13 

Flexible Ear Sample Polypropylene (PP) 14 

White Adl Sample Polyethylene Terephthalate (PET) 15 

Tbs Sample Polypropylene, Polyethylene Terephthalate, Synthetic Rubber 16 

Mini Sideband Sample Polypropylene, Synthetic Rubber 17 

Sbs Sample Polyethylene, Polyethylene Terephthalate, Synthetic Rubber 18 

Barrier Sample Polypropylene (PP) 19 

Tissue Sample Polypropylene (PP) 20 

 

The wastes listed in Table 1 are shown in Figure 1, respectively. 

 
     

(1) (2) (3) (4) (5) 

     

(6) (7) (8) (9) (10) 

         

(11) (12) (13) (14) (15) 

      

(16) (17) (18) (19) (20) 

Figure 1. Images and codes of waste polymers. 

 

2.2. Characterization of waste polymers 

SEM analyzes were performed with the “LEO-EVO 40/Cambridge-England” brand device in 

the central research laboratory of Inonu University. Electron acceleration and generation mechanisms 

in the analyzes were carried out with the traditional method. XRD analyzes are Rigaku RadB-Dmax II 
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and Rigaku RINT-2000 X-ray diffractometers available at the Inonu University scientific research 

center (IBTAM). There is also a Jade 6 + crystal analysis program and library integrated into these 

systems. In the analysis, the electromagnetic beam of a certain wavelength was reflected by hitting the 

material surface and the reflected beam was interpreted according to Bragg's Law. FTIR analyses of 

the samples were performed with PerkinElmer Spectrum One device in the Central Research 

Laboratory of Inonu University in the range of 500–4000 cm-1. Thermal analyzes were made with 

Shimadzu brand TA 50 model and DTA 50 model thermal analyzers. The calorific value analysis was 

made with the PARR 1341 Plain Jacket Calorimeter.  

 

2.2.1. Calorific value analysis 

 

Heating values of waste polymers were calculated with the following formula (Equation 1 

and 2). 

 

𝐻𝐻𝑉 =
(𝛥𝑡 ∗ 𝑊) − 𝑒 ∗ 2.3

𝑊
 (1) 

 

𝐿𝐻𝑉 = 1.8 ∗ 𝐻𝐻𝑉 − 91.23 ∗ 𝐻 (2) 

 

where, HHV: Higher heating value (cal/g), LHV: Lower heating value (cal/g), Δt : Change of 

temperature (t2 –t1) (°C), t2 : final temperature, t1 : initial temperature, W: mass of the sample used, E : 

length of wire and H is the hydrogen content of the sample. 

0.5 grams of waste polymers were weighed for calorific value analysis. It is built into the 

calorimeter bomb in the cuvette. Wire was used as a burning apparatus. Combustion was carried out in 

the presence of 25 atm of oxygen. Then the upper and lower calorific values were calculated. 

 

Figure 2. Image of Series 1341 plain jacket oxygen combustion calorimeters. 

 

3. Results 

 

3.1. FT-IR analysis results 

 

FTIR spectra of polymer samples with waste PE structure are given in Figure 3. The FTIR 

spectra of the samples are similar according to the polymers they contain. For the added inorganic 

components, the peak area changes depending on the amount. 
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Figure 3. FTIR spectrum of wastes belonging to eco raw material bag, orange plate tape and green 

plate tape. 

 

Table 2. FTIR spectrum and ash evaluation (Asgari et al., 2014)  

Sample Ash (%) 
 

Peak (cm-1) Group 

Eco Raw Material Bag 16.33 
 

2 900  
Aliphatic C-H  

(Campbell et al., 2000) 

Green Cliche Band 0.68 
 

1 407, 871 and 718  
Calcite and aragonite  

(Özsin et al., 2020)  

Orange Cliche Band 6.45 
 

2 900, 1 752 
Aliphatic C-H, C=O 

(El-Saftawy et al., 2014) 

 

The change in the peak intensities according to the polymer inorganic additive ratios is clearly 

seen. 

  

Figure 4. FTIR spectrum of wastes from C Band wedge, C band sample and SBS sample. 
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Table 3. FTIR spectrum and ash evaluation (Kaur et al., 2023)  

Sample Ash (%) Peak (cm-1) Group 

C-Band wedge 0.74 2 916, 1 715 
Aliphatic C-H, C=O  

(Campbell et al., 2000) 

C-band sample 0.25 1 407, 871 and 718 
Calcite  

(Özsin & Pütün, 2018) 

SBS Sample 1.61 1 715 
C=O  

(Achilias et al., 2007) 

 

The PE ratio of the C-Band wedge is high. The mixture of rubber and PE prevented PET 

bands from appearing prominently in the FTIR spectrum. The low PET ratio was also effective in this. 

SBS Sample mainly contains synthetic rubber. In addition, it contains low percentage of PET and PE. 

Since the PE ratio is low, the aliphatic C-H stretch is in the form of a very weak peak. The calcite 

contribution in this waste is lower than the others. 

 

Figure 5. FTIR spectrum of fiber dust, waste spunlace fabric and soiled cloth. 

 

Table 4. FTIR spectrum and ash evaluation (Tonetto et al., 2013)  

Sample Ash (%) Peak (cm-1) Group 

Fiber Powder 0.74 1 708, 1 018 
C=O  

(Gulmine et al., 2002) 

Waste Spunlace Fabric 0.62 
2 922, 2 852, 1 718, 1 453,  

1 242, 1 089 

Aliphatic and Aromatic C-H, 

C=O  

(Caro & Comas, 2017) 

Dirty Cloth 2.54 
2 916, 1 715, 1 407, 1 236,  

1 089, 1 006 

C=O, Calcite  

(Barrios et al., 2012) 

 

Figure 5 calcite, 718 cm-1 peak of pure PET fiber powder is weakly visible. Waste Spunlace 

fabric is a typical FTIR spectrum of PET. The broad band of 3 089 - 3 533 cm-1 in the spectrum of the 

waste spunlace fabric belongs to the -OH stretch in water absorbed by PET. The peak around 1 242 

cm-1 belongs to the vibration of the ester group. 1 453, 824 and 718 cm-1 peaks indicate that the sample 

in question contains calcite. Dirty cloth is in PET structure and belongs to the vibration of 1 715 cm-1, 
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aliphatic and aromatic C-H stresses in its structure. The 1 713 cm-1 peak belongs to the -C=O 

(carbonyl) stretch specific to the carboxyl groups. Dirty cloth is used in the factory environment for 

cleaning daily machines and the environment. 

 

Figure 6. FTIR spectrum of oily cloth, green adl sample and white adl sample. 

 

When Figure 6 is examined, the peaks of the oily cloth sample are quite weak. Although the 

green adl sample and the white adl sample have the same content, the spectra differ. The green adl 

sample contains dye. The white adl sample is in pure PET structure. The broad band 3 089-3 533 cm-1 

in the white adl sample belongs to the -OH stretch of water. This band shows that the PET sample 

binds water with hydrogen bond. 

 

Figure 7. FTIR spectrum of sack circle, flexible flap, barrier sample and tissue sample. 

 

Table 5. FTIR spectrum and ash evaluation (Riaz & Ashraf, 2014) 

Sample Ash (%) Peak (cm-1) Group 
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When Figure 7 is examined, peaks of aliphatic C-H stretching are seen in the Sack Circle. The 

Flexible Ear material made of polypropylene is the flexible parts on the sides of the diaper, the barrier 

sample serves to prevent the liquid from coming out on the sides, the tissue sample is the material that 

gives a soft feeling to the skin in the diaper. This part is the part that receives the liquid and transmits 

it to a substrate. 
 

Figure 8. PP and other waste polymer FTIR graph. 

 

Table 6. FTIR spectrum and ash evaluation (Kaur et al., 2023) 

Sample Ash (%) Peak (cm-1) Group 

BZ Raw Material Bag 9.31 2 916, 1 031 
Aliphatic C-H  

(Verdurmen-Noel et al., 2001) 

TBS Sample 11.66 2 916, 1 453, 1 254 
Aliphatic C-H 

(Fang et al., 2012) 

Mini Sideband Sample 0.29 2 916, 1 376 
Aliphatic C-H  

(Arutchelvi et al., 2008) 

 

BZ Raw Material Bag Sample (PP-Kraft Paper) material is made of thick cardboard (Kraft) 

paper inner part is made of PP material. The peak with a peak minimum of 3 200 cm-1 belongs to the –

OH stretch of water in cellulosic structure and hydrogen bonded. The 2 916 cm-1 peak belongs to the 

aliphatic C-H stretch in both cellulosic and PP structures. TBS Sample is a mixture of PP, PE and 

synthetic rubber. The aliphatic C-H stretch is seen as a sharp peak depending on all three materials in 

aliphatic structure. M-O peak around 1 000 cm-1 of the additive material calcite is clearly visible. The 

Mini Sideband sample contains only PP and synthetic rubber, and the aliphatic C-H stretch is clearly 

visible. 
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Figure 9. Facade ladding foam sample (PS) FTIR spectrum. 
 

Exterior Cladding Foam Sample is polystyrene and is consistent with the literature. The peak 

around 3 000 cm-1 belongs to the aromatic C-H stretch (Campbell et al., 2000). 

 

3.2. XRD analysis results 

 

The XRD spectra of all waste polymer samples are given below. Since the additives such as 

inorganic calcite added to the polymeric material show a crystal structure, both the amorphous 

structure and the crystal structure of the additive are clearly seen in the XRD analysis. 

 

Figure 10. XRD graph of waste polymer in PE and PET+PE structure. 

 

When the XRD spectrum of the Eco raw material sample made of PE is examined, the inner 

part is PE structure. The exterior is aluminum coated. The amorphous structure of PE is clearly visible. 

A crystalline structure peak is observed around 20 and 27 2θ depending on the aluminum on the 

outside. A semi-crystalline peak is observed around 22 and approximately 27 2θ of the orange cliché 

band (Tsai et al., 2015). 
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Figure 11. XRD graphic of waste polymer in PE+PET+Synthetic Rubber structure. 

 

Both amorphous and crystalline structures are seen around 10 and 22 2θ of the C-band sample 

made of PET. The amorphous structure of the C-band wedge sample made of PET around 30 2θ is 

clearly visible. It is proved that it contains calcite with d=3.036 Å (Khanam & AlMaadeed, 2015). 

 

Figure 12. XRD graph of waste polymer in PET structure. 

 

There are 3 peaks in amorphous structure around 20 2θ belonging to the dirty cloth (PET) 

sample. When the XRD of the waste spunlace sample made of PET is examined, it shows structural 

similarity with wet wipes. The inorganic additive content is very low (ash 0.62%). There are two 

amorphous structures around 20 2θ. There is a small crystalline peak of calcite. When the XRD 

spectrum of the fiber powder sample made of PET is examined, the PET in fiber structure is 

amorphous. Due to its linear structure, there are four amorphous peaks that are wide and have a 

maximum of around 20 θ (Bian et al., 2022). 
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Figure 13. XRD graph of waste polymer in PET structure. 

 

Figure 14. XRD graph of waste polymer in PP structure. 

 

There are 4 different amorphous regions of the flexible flap sample made of PP. In the XRD 

spectrum of the sack circle sample made of PP, there is a large amorphous structure at 27 2θ (Michell 

& Müller, 2016). 

 

Figure 15. XRD graph of waste polymer in PP structure. 
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Crystalline peak is seen at 30 2θ of TBS sample (PP+PET+Synthetic Rubber). There is also a 

calcite peak as an additive in the structure (Sharma et al., 2011). 

 

Figure 16. XRD graph of waste polymer in PS structure. 

 

In the XRD spectrum of EPS (expanding polystyrene) foam used in exterior cladding, the 

structure is largely amorphous. There are two separate amorphous structures in 12 and 22 2θ (Woo et 

al., 2001). 

 

3.3. SEM analysis results 

 

The results of SEM analysis performed to determine the structural properties of waste 

polymers and other materials are given below. In Figure 17, the siding foam sample is called 

expandable (PS, EPS) made of polystyrene. SEM images are in harmony with the literature and have a 

honeycomb appearance. Since the sample is waste, it is seen that the honeycomb structure is 

deformed. The thin-walled polystyrene structure between the honeycombs is evident. 

 

Figure 17. SEM photographs of the exterior coating foam sample (EPS). 

 

SEM image of PE Eco raw material bag contains calcite. The ash value is 16.33%. Calcite 

particles are clearly visible in the SEM images and the grain size varies. However, it is seen that it is 

partially homogeneously distributed in PE. 
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Figure 18. SEM photographs of PE eco raw material bag sample (PE outside aluminum inside). 
 

Figure 19.a. and b. are SEM images of the green and orange cliché band samples, respectively. 

The only difference between the two samples is the color difference and the material is a PE+PET 

mixture. SEM images show that both polymers are structurally separated into separate phases. 

Although it is not a homogeneous mixture, there is a structural harmony. The polymers are adhered to 

each other. 

 

  
(a) (b) 

Figure 19. (a) Green plate tape sample (PE+PET) SEM images, (b) Orange plate tape sample 

(PE+PET) SEM images. 
 

Figure 20 is the SEM image of the powder sample obtained from PET fiber. PET fibers are 

clearly visible from the SEM image. The fiber thicknesses are not homogeneous and have different 

diameters. However, as a result of milling, the fiber structure is not divided into very small pieces. It is 

seen that there are random breaks at the breaking points of the fiber particles. 

 

Figure 20. Fiber powder sample (PET) SEM images. 

  
(a) (b) 
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In Figure 21.a. the PP sack circle sample is shown and it does not contain additives (ash value 

0.05%). Structurally, there is a very homogeneous structure present. Contaminations observed on the 

surface are the ones that have subsequently spread to the structure. In Figure 21.b. SEM image of PET 

waste spunlace sample is shown. The material has a fiber structure and the diameters of the fibers are 

very homogeneous, i.e. there is no breakage in the fibers. 

 

  

(a) (b) 

Figure 21. (a) Sack circle sample (PP) SEM images, (b) Waste spunlace sample (PET) SEM images. 

 

Figure 22.a. It is the SEM image of the packaging in which more polluting substances found in 

many industries, especially in cement, is shown. The outer part is paper and the inner part is mostly 

made of PP material. While the paper (cardboard) part has a puffy appearance with a partial air gap, 

the inner coating of the PP polymer has a thin layered structure. There is no adhesion-like interaction 

between the paper and the polymer. In Figure 22.b. This is the SEM image of the PET-containing 

material is shown. It remains solid while recycling the part of the diaper to which the mini side tapes 

are attached to the front. Ash content is high (15.53%) and appears as a separate phase in the polymer 

and on the surface. The additive is inorganic and has a calcite structure. 

 

  

(a) (b) 

Figure 22. (a) BZ raw material bag sample (PP+Kraft Paper) SEM images, (b) C band wedge sample 

(PE+PET+Synthetic Rubber) SEM images. 

 

The SEM image of the polymeric cloth used for cleaning is shown in Figure 23.a. The 

homogeneous fiber structure is clearly visible and the impurities attached to the fiber are also clearly 

visible. Inorganic structures resulting from pollutants collected from the environment caused an ash 

value of 2.54%. As seen from Figure 23.b, SEM image of the cloth used to clean oily impurities and 

homogeneous polymeric fibers are clearly visible. It is clearly seen that they have structural integrity 

as a result of the adhesion of the oil to the fiber surface. 
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(a) (b) 

Figure 23. (a) Dirty cloth sample (PET) SEM images, (b) Oil cloth sample (PET) SEM images. 

 

The sample shown in Figure 24.a is the SEM image of the layer in the diaper that absorbs and 

diffuses the liquid. The material is in fiber structure and it is seen that the fiber is in the form of a 

hollow tube. With the help of these channels, the liquid is absorbed and transferred to the other part. 

The fiber diameter is homogeneous. Figure 24.b. shows the SEM image of the front part of the diaper 

on which the mini side bands are attached. There is a formation in the form of channels in the fiber 

structure to ensure adhesion to the surface. 

 

  
(a) (b) 

Figure 24. (a) Green adl sample (PET) SEM images, (b) C band sample (PE+PET+Synthetic Rubber) 

SEM images. 

 

There are flexible parts on the sides of the diaper and it is a material made of PP (Figure 25.a). 

It is produced in the form of filaments of different diameters to increase flexibility throughout the 

material and prevent breakage. Figure 25.b. shows the part that absorbs and spreads the liquid in the 

baby diaper made of PET and consists of fibers that have been converted into cotton. Since PET fiber 

surfaces are thinned too much, water is retained by hydrogen bonding at the carbonyl groups and 

polymer end ends on the surface and the liquid is absorbed. 
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(a) (b) 

Figure 25. (a) Flexible atria sample (PP) SEM images, (b) White adl sample (PET) SEM images. 

 

Figure 26.a. the diaper made of PE-PP contains the SEM image of the outermost layer. PE and 

PP have been transformed into a very thin filament form to increase flexibility and to allow the skin to 

breathe. Figure 26.b. SEM image of mini sideband sample made of PP. The material is a very flexible 

material and is in filament form. The SEM image shows that the fibers are homogeneous and 

intertwined. This structure contributes to its flexibility. 

 

  
(a) (b) 

Figure 26. (a) TBS sample (PE+PP+Synthetic Rubber) SEM images, (b) Mini sideband sample 

(PP+Synthetic Rubber) SEM images. 

 

Figure 27.a. SEM image of outermost layer of diaper made of PE and PET. From the SEM 

images, it is seen that both polymers are in fiber structure. While PE provides flexibility to the 

material, PET creates a barrier to prevent the liquid inside from escaping. It is clearly seen that the 

fibers are of very homogeneous diameter. Figure 27.b. It is the SEM image of the part that prevents 

the liquid from coming out on the side parts made of PP. Thin fibers were formed in order to provide 

impermeability by interpenetrating each other in different diameters by stripping the PP surfaces. 

Since PP does not hydrogen bond with water, this structure provides an extra contribution. 
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(a) (b) 

Figure 27. (a) SBS sample (PE+PET+Synthetic Rubber) SEM images, (b) Barrier sample (PP) SEM 

images. 

 

Figure 28 it contains the SEM image of the part that receives the liquid made of PP and 

transmits it to a substrate. Although the SEM image is similar to the previous structure, this structure 

has the appearance of a partially sieve structure. Since PP does not like water, the sieve structure is 

designed to allow the liquid to pass down to the part that holds the liquid. 

 

Figure 28. Tissue sample (PP) SEM images. 

 

3.4. TGA-DTA analysis results 

 

Figures 29-37 are DSC-TG spectra of some of the samples studied, respectively. Figure 29 is a 

green ADL (PET) material with exothermic peak maximums at 245, 360, 450 and 560°C. The ash 

value was low (0.07%) and the TG value was close to zero. Depending on the ethylene and 

terephthalic acid groups in the PET structure and the chain structure of the polymer, exothermic 

decomposition peaks at different temperatures are the expected result (Ng et al., 2002).  
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Figure 29. Green ADL sample (12) (PET) thermal analysis chart. 

 

Figure 30 is the DSC-TG thermal decomposition spectrum of the PE+PET+Synthetic Rubber 

mixture material, and the endothermic peak at 125°C indicates the removal of water, and the 

exothermic peaks at 240, 420, 440, 480 and 540°C belong to the thermal decomposition of all three 

polymers. The ash value of the material is 0.25% and the TG value is close to zero (Prime et al., 

2009).  

 

Figure 30. C-Tape sample (13) (PE+PET+Synthetic Rubber) thermal analysis chart. 

 

Figure 31 is the DSC-TG spectrum of the flexible tab material made of PP. The endothermic 

peak at 160°C belongs to the melting of PP, and the 360, 400 and 460°C exothermic peaks are the 

thermal degradation peaks of PP (Doyle, 1961). The ash value is zero and the TG value is close to 

zero. 
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Figure 31. Flexible ear sample (14) (PP) thermal analysis chart. 

 

Figure 32 is the DSC-TG spectrum of the white ADL material made of PET. An endothermic 

peak is observed at 260°C and an exothermic peak at 440 and 520°C. 

 

Figure 32. White ADL sample (15) (PET) thermal analysis chart. 

 

Figure 33 DSC-TG thermal degradation spectrum of PP+PE+ Synthetic Rubber mixture 

material is given. Two endothermic peaks at temperatures of 170 and 240°C belong to the melting of 

polymeric materials. The exothermic peaks at 380 and 480°C are the degradation peaks of the polymer 

mixture. In addition, an endothermic peak of around 700°C is observed for the inorganic additive. 
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Figure 33. TBS sample (16) (PP+PE+ Synthetic Rubber) thermal analysis chart. 

 

Figure 34 is the DSC-TG thermal degradation spectrum of the mini sideband material made of 

PP+Synthetic Rubber. The endothermic peak of the melting of PP at 180°C and the broadband 

exothermic peak with the peak maximum at 400°C belong to the thermal decomposition of PP. 

 

Figure 34. Mini sideband sample (17) (PP+Synthetic Rubber) thermal analysis chart. 

 

Figure 35 is the DSC-TG thermal degradation spectrum of PE+PET+Synthetic Rubber 

mixture SBS material. The endothermic peak in the form of a broad band in the temperature range of 

260-360°C belongs to the melting of the polymer mixture. Exothermic peaks at 400, 460 and 520°C 

are the degradation peaks of the polymeric mixture. The endothermic decomposition peak of the 

inorganic additive is clearly visible at 740°C (Doyle, 1961). 
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Figure 35. SBS sample (18) (PE+PET+ Synthetic Rubber) thermal analysis chart. 

 

Figures 36 and 37 are DSC-TG thermal degradation spectra of barrier and tissue materials 

made of PP. The endothermic peak of both samples at 170°C belongs to the melting of PP, and the 

exothermic peak at 390°C belongs to the thermal degradation of PP (Yuan et al., 2021). 

 

Figure 36. Barrier sample (19) (PP) thermal analysis chart. 
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Figure 37. Tissue sample (20) (PP) thermal analysis chart. 

 

3.5. Calorific value analysis results 

 

The LHV and HHV values obtained as a result of the thermal value analysis are given in 

Table 7. 

 

Table 7. Calorific value of polymeric waste  

Sample 

Lower heating  

value (LHV) 

(cal/g) 

Higher heating 

value (HHV) 

(cal/g) 

Sample 

Lower 

heating value 

(LHV) 

(cal/g) 

Higher 

heating value 

(HHV) 

(cal/g) 

Exterior Cladding 

(Foam) 
9 444 9 065 Oily Cloth 7 134 6 713 

Eco Raw Material 

Bag (Outside 

Aluminum) 

9 902 9 422 
Green Adl 

Sample 
4 655 4 462 

Green Cliche Tape 8 836 8 317 C Band Sample 6 646 6 316 

Orange Cliche 

Tape 
8 451 7 973 

Flexible Ear 

Sample 
10 797 10 103 

Fiber Powder 4 491 4 292 
White Adl 

Sample 
5 007 4 783 

Sack Circle 5 543 5 334 Tbs Sample 8 921 8 344 

Waste Spunlace 

Fabric 
5 548 5 289 

Mini Sideband 

Sample 
10 578 9 941 

Bz Raw Material 

Bag 
6 585 6 156 Sbs Sample 5 396 5 207 

C Band Wedge 7 008 6 648 Barrier Sample 10 965 10 305 

Dirty Cloth 6 220 6 017 Tissue Sample 10 525 9 844 

 

Calorific values of all samples are in the range of 4 292-10 965 cal/g values. When wastes are 

evaluated in terms of energy production, the amount of waste is very high. For this reason, waste 

recycling is at a level that can be achieved with incineration systems. When the thermal values are 



YYU JINAS 28 (2): 591-619 

 Keleş et al. / Characterization of Polymeric Wastes in the Hygienic Product Factory and Energy Recovery from These Wastes 

614 

 

examined, enough energy can be obtained from wastes to meet all the energy needs of the enterprise. 

In this study, thermal values of waste polymers are given. The total amount of energy is 18 790 

MJ/hour (Akdağ, 2019) (This value has been calculated by evaluating all the wastes produced in the 

factory.) 

 

4. Discussion and Conclusion 

 

The waste amounts for 2017, 2018 and 2019 at the factory are given in the table below by the 

month. 

 

Table 8. The waste amounts for 2017, 2018, and 2019 years 

2017 2018 2019 

Months 
Waste amount 

(kg) 
Months 

Waste amount 

(kg) 
Months 

Waste amount 

(kg) 

July 543 197 January 443 712 January 263 808 

August 513 030 February 431 254 February 256 135 

September 356 980 March 411 220 March 330 221 

October 311 940 April 397 680 April 339 476 

November 319 966 May 353 454 May 304 328 

December 419 840 June 350 730 June 203 562 

  July 400 760 July 319 194 

  August 429 106 August 237 217 

  September 268 168   

  October 357 317   

  November 260 255   

  December 270 166   

 

As can be seen from the table, the amount of waste is increasing every year. For this reason, 

the measured calorie values of the wastes, FT-IR, XRD, SEM, TGA-DTA graphics gave information 

about the pollution status of the wastes. As a result of the thermal value analysis, a total energy value 

of 18 790 MJ/hour emerges. When the Bz raw material bag materials in stock in the factory are burned 

regularly within 3 years, an energy value of 108 MJ/hour is obtained, and when the calculation is 

made for C band waste materials, an energy value of 1 586 MJ/hour. In total, 18 790 + 108 + 1 586 = 

20 484 MJ/hour energy can be obtained. This energy can be used to generate electricity. If it is used in 

electricity generation, 2,276 MWh of electricity production emerges. The production capacity of the 

factory continues to increase. It is thought that the amount of energy will remain constant even if the 

wastes in the stock are finished. Waste polymers from this factory are not suitable to be disposed of in 

the landfill. Waste should be stocked. And it should be used in electricity generation by direct 

combustion. In this way, it should be brought back to the economy. According to the characterization 

results, the basic compositions of the wastes did not change. The structure has been preserved. 

Polyethylene, polypropylene, polystyrene, and polyethylene terephthalate polymers in the structure of 

the sanitary napkins, diapers, patient diapers and by-products studied did not undergo any chemical 

change. In this case, these raw materials can be reused in different areas of the industry. 

Studies in the literature evaluating polymer wastes are given in Table 9. Existing factory waste 

products can be used as a source of raw materials in the fields of textile, insulation, toys, automotive, 

health, bottles, as in these studies. When their structural properties are examined, it has been 

determined that polymer types are widely used in industry (Tayyar & Üstün, 2010; Çınar & Kar, 2018; 

Padhan & Gupta, 2018; Dieterich et al., 2020). 
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Table 9. Previous studies on the evaluation of polymeric wastes 

Reclaimed polymer Usage Areas Reference 

Polyethylene (PE) Industrial uses and road applications, 

composite production, production of 

jerrycans, bottles, plates and toys 

(Achilias et al., 2008; Duarte & 

Faxina, 2021) 

Polypropylene (PP) Insulation applications, yoghurt cups, 

suitcases, pipes, buckets 

(Tayyar & Üstün, 2010; Tufan et 

al., 2015) 

Polyethylene 

Terephthalate (PET) 

It is used to make food and Beverage 

bottles and synthetic yarn., fiber and so 

on. 

(Ahrabi et al., 2012; El-Saftawy et 

al., 2014; Sharma et al., 2011) 

Polystyrene (PS) Yogurt cups, foam packs, cassettes, 

thermal insulation material 

(Demirkır et al., 2017; Özsin & 

Pütün, 2018; Woo et al., 2001) 

Polyethylene (PE), 

Polyethylene 

Terephthalate (PET), 

acrylonitrile butadiene 

styrene 

Bags, sacks, and wraps, other packaging, 

other containers, and soft drink, milk, and 

water containers, appliances, furniture, 

casings of lead-acid batteries, and other 

products. 

(Al-Salem et al., 2009) 

Polyethylene (PE), 

Polypropylene (PP) 

Packaging film, bags, pipes (Achilias et al., 2007) 

Polyethylene terephthalate 

(PET) 

Packaging, food, beverage and automotive 

industries 

(Ghosal & Nayak, 2022; Raheem 

et al., 2019) 

 

It is possible to obtain heat energy by incineration of wastes directly. Polymeric wastes can be 

used for energy recovery in the industry, and thus energy costs can be reduced. The results of the 

thermal analysis and calorific values of wastes showed that a significant part of the electricity need of 

the factory could be met. The recovery heat energy can be used to convert water to steam in steam 

boilers, to run electric generators, and to generate heating and hot water. In this way, energy savings 

will be achieved, and environmental pollution will be reduced by waste disposal by incineration. 
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