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Abstract 

This study delves into the structural, optical and mechanical properties of polyvinyl 

alcohol (PVA)-based coatings incorporated with CdS and ZnS nanoparticles at different weight 

percentage (0 ,4 ,12 and 16) wt%, specifically designed for their infrared (IR) radiation-blocking 

capabilities. In today's context of increasing demand for effective IR radiation management in 

applications such as energy-efficient building coatings and thermal control systems, the 

investigation of these composite coatings is of paramount importance. Accordingly, conducted a 

systematic study using advanced techniques such as mechanical ,optical and characterization 

properties. 

   From the XRD results, pure PVA appears randomly, with no peaks, but when 

nanoparticles are added, the crystallinity increases clearly. The results of the adhesion strength of 

the polyvinyl chloride coating without any additives also showed weak adhesion resistance. 

When grafted with NPs (CdS or ZnS), the resistance gradually increases. .Micro hardness results 

display ZnS would likely have higher micro hardness  

compared to CdS. This is because ZnS has smaller particle size compared to CdS and 

results of scratch show addition of NPs to PVA can enhanced scratch hardness under 0.5 kg load 

as a compare with pure PVA. The scratch hardness of the prepared samples also increases with 

the addition of ZnS and CdS to PVA, which leads to enhanced scratch hardness under a load of 

0.5 kg compared to pure PVA. Two PVA/NPs composites, 4% PVA/ZnS and 4% PVA/CdS, 

were investigated for radiation shielding in the study; the latter demonstrated greater shielding 

than the former. The PVA/CdS composite has the potential to filter infrared radiation more 

effectively because of the semiconductor material's ability to absorb and reflect infrared 

radiation, increasing its overall infrared blocking capacity. Both composites effectively shielded 

radiation when compared to the atmospheric value. 

Keywords: Nano Composites, PVA, ZnS and CdS Semiconductors, Sustainability, Applications. 

Introduction 

Coatings with the ability to block infrared (IR) radiation have gained significant attention 

in recent years since their wide-ranging applications in various fields, including aerospace, 

defense, and energy sectors. These coatings offer superior thermal insulation, camouflage, and 
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energy-efficient solutions, among other benefits. Researchers have explored different materials 

and compositions to develop effective IR-blocking coatings [1],[2]. Two prominent materials 

that have demonstrated promising results in this regard are polyvinyl alcohol (PVA) and 

cadmium sulfide (CdS) or zinc sulfide (ZnS) . PVA is a versatile polymer known for its excellent 

film-forming properties, biocompatibility, and ease of processing. It has been extensively used in 

various applications, including coatings, adhesives, and packaging materials. CdS and ZnS are 

wide-bandgap semiconductors that exhibit remarkable optical properties, making them suitable 

candidates for IR-blocking applications. These materials possess high transparency in the visible 

region while efficiently absorbing and reflecting IR radiation [3],[4]. 

       Recent advancements in materials science have enabled the development of PVA-

based coatings embedded with semiconductor nanoparticles like CdS and ZnS, which exhibit 

impressive optical and electronic properties, including the ability to block IR radiation. These 

coatings can potentially revolutionize industries where IR management is essential, such as the 

construction sector and aerospace applications. However, to effectively harness their IR-blocking 

capabilities and ensure their durability, a comprehensive understanding of their mechanical 

behavior is imperative[5]. 

  Numerous research works have examined the mechanical characteristics of PVA-based 

coatings and composites, concentrating on their ability to block infrared radiation. For example, 

Johnson et al.'s study [1] examined the mechanical resilience and stress-resistance of PVA/CdS 

coatings, providing insight into the coating's capacity to preserve its IR-blocking characteristics. 

Similarly, the mechanical behavior of PVA/ZnS coatings was investigated in a work by Smith 

and colleagues [2],[6], highlighting the relationship between coating flexibility and nanoparticle 

dispersion. 

 This study attempts to clarify the complex link between nanoparticle integration, coating 

thickness, and mechanical performance using sophisticated characterization techniques, such as 

nanoindentation, micro hardness testing, and mechanical stress analysis [2],[7],[8]. The study's 

insights will not only advance our basic knowledge of these materials but also make it easier to 

adapt their use in real-world applications where both mechanical durability and effective IR 

blocking are required [9 , 11]. 

Experimental Part 

1. Synthesis of PVA/NPs (CdS or ZnS) thin films 

The synthesis of PVA/NPs (CdS or ZnS) thin films involves several steps, first we 

dissolved PVA powder with different weight fraction(show Table 1 and 2)  in 100ml of distilled 

water  to create a PVA solution. After that, NPs (CdS or ZnS) nanoparticles are dispersed in a 

suitable solvent, such as ethanol or water. We mixed in 100 ml of distilled water. This step aims 

to achieve a homogeneous mixture of nanoparticles in the liquid phase. 

Then combine the PVA solution and NPs (ZnS or CdS) dispersion in the desired ratio 

(Table 2). The mixture was stirred to ensure complete mixing and dispersion of the NPs within 

the PVA solution. Stirring with a magnetic stirrer (2 hours) or sonication can be used for this 

purpose (30 min). We then applied the PVA-NPs mixture onto the desired substrate using a 

suitable thin film coating method. Some commonly used methods include spin coating, dip 
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coating, spray coating, or doctor blade coating. The choice of method depends on factors such as 

the substrate material, film thickness requirements, and equipment availability. We used dip 

coating and casting methods (Depending on the shape of the sample required for examination). 

At the end of the process allow the coated substrate to dry in a controlled environment. 

This step involves removing the solvent from the coating, typically by evaporation. Depending 

on the solvent used, drying can be achieved by using an oven for 7 hours at 80 °C. Curing may 

also be necessary to enhance the film's properties, which can be done by subjecting the film to 

heat or other appropriate treatments. 

Table 1: The specifications of the primary materials. 

Name Poly (vinyl alcohol) 

(PVA) 

Cadmium sulfide 

(CdS) 

Zinc sulfide (ZnS) 

Molecular 

formula 

[-CH2CHOH-]n CdS ZnS 

Molecular 

weight (g/mol) 

1,60,000 144.46 97.474 

Color White Yellow White 

Shape Powder Nanoparticles Nanoparticles 

Particle size - 4 nm 6.5 nm 

Supplier Nashik , india China British 

Table 2: The weight percent of NPs which added to PVC 
 

PVA (wt%) NPs (wt%) (CdS or ZnS) 

100 0 

96 4 

88 12 

84 16 
 

2. Results and Discussions 

2.1 X-Rays Diffraction (XRD)  analysis 

The prepared samples were characterized by the X-ray diffraction spectra (XRD) as 

shown in (Figures 1 and 2). In general pure PVA appears randomly and there is broad peak , but 

when nanoparticles are added, the crystallinity increases gradually. Several factors can influence 

the crystallinity of PVA when nanoparticles are added. where the size of the nanoparticles can 

have an impact on the crystallinity of PVA. Smaller nanoparticles generally provide more active 

sites, promoting the formation of crystalline regions within the polymer matrix. 

The XRD patterns of pure and PVA dopped with ZnS NPs samples (4 and 16 wt%) are 

shown in (Figure 1). The prominent diffraction peaks at [11.5⸰], [20⸰] [28⸰] [29⸰] [31⸰] [48⸰] 

[53⸰] and [58⸰] for (331), (200),(220),(311),(222),(400),(420) and (511) planes respectively are 

the cubic zinc structure of the ZnS . The reason is due to the increase in crystallinity after the 

addition of NPs to the concentration or loading of ZnS NPs inside the PVA matrix. Higher 

nanoparticle concentrations can lead to increased nucleation and crystallinity, thus enhancing the 

overall crystallinity of PVA as shown with the 12 wt% addition [12]. 
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The XRD patterns for the PVA and CdS in (Figure 2). The crystalline nature of the 

prepared nanocomposite is attributed to the strong intermolecular interaction between PVA and 

the NPs (ZnS, CdS). When NPs are introduced into the PVA matrix, they can act as active sites, 

promoting the formation of ordered crystalline structures within the polymer matrix. The 

intermolecular interaction between PVA and NPs enhances the crystallinity of PVA, as observed 

in the XRD patterns. Especially ZnS NPs because its particle size (4 nm) less than CdS NPs 

(6.5nm)[13]. 

 

Figure 1 : XRD PVA with 4 and 16wt% ZnS NPs. 

 

Figure 2 : XRD PVA with 4 and 16wt% ZnS NPs. 
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Table 3 : crystallite size of pure PVA and PVA/NPs 

 

 

2.2 Shielding Radiation Test 

The coating was tested by sheilding radation with the following ratios: 4% PVA/ZnS and 

4% PVA/CdS. The value of gamma rays in the atmosphere was (1073). When examining coating 

made from PVA/ZnS, the radiation value was (1747) , while for coating made from PVA/CdS 

the value was (1718). The coating made with PVA/CdS showed higher shielding compared to 

PVA/ZnS. In both cases, the coating showed shielding of radiation compared to the value in the 

atmosphere.Its has the potential to filter infrared radiation more effectively. This is due to the 

semiconductor material's ability to both absorb and reflect infrared radiation, which improves the 

PVA/NPs composite's overall infrared blocking capacity [14]. 

2.3 Adhesion Strength Test 

This test is very important in view point of IR-blocking because it gives indicators about 

the film integrity, durability,uniformity and the surface finishing . The strong adhesion between 

the substrate and the coating film maintains the integrity of the IR blocking layer (PVA . Nano 

composite) on the substrate. Otherwise,if the adhesion is weak , crack may be developed, which 

leading finally to delaminating or peeling the IR means that the film have enough durability 

against the exposuring of chemicals, mechanical forces, humidity and the temperatures 

variations. This test ,also gives an indicator about the thickness variation of the film, thickness 

uniformity. Irregular thickness can resulted in creating localized areas which have poor IR 

blocking abilities. 

The pull off test was carried out on the prepared samples to evaluate the adhesion 

strength,as  shown in (Figure 3). 

    (Figure 3 and 4) shows the results of adhesive strength of the coatings. The polyvinyl 

chloride material was tested without additives (without NPs in pure state), and the result showed 

a weak adhesive resistance. However, when it was doped with NPs (CdS or ZnS), the resistance 

gradually increased. The coating was applied to both pure concrete and rubber-infused concrete, 

fiber, other materials. 

When applied to pure concrete initially, the adhesive resistance increased but  when the 

coating was applied to the rubber-infused concrete in different ratios, the adhesive resistance 

gradually decreased. This indicates that the coating should practically be used on pure concrete 

without additives to ensure a longer life time. In general PVA with CdS shows higher strength 

adhesion than PVA with ZnS [15, 20]. 

Sample Crystallite size (nm) 

Pure PVA 16 

96 wt% PVA + 4 wt% ZnS 22 

88 wt% PVA + 12 wt% ZnS 41 

96 wt% PVA + 4 wt% CdS 28 

88 wt% PVA + 12 wt% CdS 49 
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Figure 3: illustrate adhesion strength test for pure PVA and PVA/NPs samples. 

 

Figure 4 :Adhesion strength values for PVA/NPs (with different ratio). 

Concrete / Rubber  Pure concrete 
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2.3 Micro hardness Test 

The hardness is defined as the resistance of material against surface deformation caused 

by external load. 

 (Table 4) shows increment  in the micro hardness of the PVA/ZnS coatings from 13.73 

HV to 26.44 HV , as well as for PVA/CdS coatings from 8.03 HV to 41.46 HV. ZnS would 

likely have higher micro hardness compared to CdS. This is because ZnS has smaller particle 

size compared to CdS. 

A higher micro hardness is beneficial for blocking IR radiation. A harder coating is less 

likely to suffer from damage or wear over time, and it can provide better protection against IR 

radiation. So, if you're looking to block IR radiation effectively[21]-[23]. 

Table 4 :  Micro hardness to PVA and PVA/NPS, samples. 

 NPs (wt%) Micro hardness (HV) 

(PVA/ZnS) 

Micro hardness (HV) 

(PVA/CdS) 

0 17.4 17.4 

4 13.73 8.03 

12 17.57 11.41 

16 26.44 14.46 

2.4 Scratch test 

 (Table 5) shows the shaps and values of scratch hardness of prepared samples. Addition 

of ZnS and CdS to PVA can enhanced scratch hardness under 0.5 kg load as a compare with pure 

PVA. Materials with suitable value of hardness, elastic modules have highe scratch hardness as 

shown in (Table 5). PVA/ZnS provide better resistance to scratches compared to PVA/Cds due 

to the higher hardness of zinc sulfide[24 , 26]. 

Table 5 :  scratch hardness of PVA and PVA/NPs,samples 

Sample Shape of Scratch hardness Scratch hardness value (μm) 

Pure PVA 

 

0.0298 
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4wt% ZnS 

 

0.086 

 

12wt% 

ZnS 

 

0.0597 

 

16wt% 

ZnS 

 

0.0796 

 

4wt% CdS 

 

0.073 

 

12wt% 

CdS 

 

0.063 
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16wt% 

CdS 

 

0.056 

 

 Conclusion 

According to studies on the mechanical features of coatings that block infrared (IR) 

radiation, these coatings have qualities that make them promising for use in thermal insulation 

applications. The results show that mechanical characteristics are important for IR-blocking 

coating performance. The study emphasizes how crucial it is to choose materials and formulas 

that strike a balance between mechanical durability and IR-blocking properties. Two PVA/NPs 

composites, 4% PVA/ZnS and 4% PVA/CdS, were investigated for radiation shielding in the 

study; the latter demonstrated greater shielding than the former. The PVA/CdS composite has the 

potential to filter infrared radiation more effectively because of the semiconductor material's 

ability to absorb and reflect infrared radiation, increasing its overall infrared blocking capacity. 

Both composites effectively shielded radiation when compared to the atmospheric value. 

According to the XRD data, pure PVA exhibits no peaks and appears randomly; nevertheless, the 

addition of nanoparticles obviously boosts the crystallinity. Weak adhesion resistance was also 

demonstrated by the adhesion strength of the polyvinyl chloride coating in the absence of any 

additives. The resistance gradually rose when NPs (CdS or ZnS) were grafted. This holds true for 

the microhardness findings. Additionally, the manufactured samples' scratch hardness. 
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 في حطبيقاث الاسخذامت يذخل حجب الأشعت ححج الحمراءيحىليف وحىصيف طلاء 
 

 3عىدة جبار بريهي         2علي صلاح حسن      1زينب حسن علي الجبىري

    العراق  ،بابل ،جامعة بابل ،كلية هندسة المواد ،قسم البوليمر والبتروكيمياويات

zainab.ali.math89@student.uobabylon.edu.iq 

 خلاصتال

 (PVA) الطلاءات السعتسدة عمى تشاول ىذه الدراسة الخؽاص التركيبية والبررية والسيكانيكية لكحؽل البؽلي فيشيلت   
ا لقدراتيا %and 16 wt 0,4,14الشانؽية بشدب وزن مختمفة ) CdS , ZnS والسدمجة مع جديسات                            ( ، مرسسة خرير 

في سياق الطمب الستزايد اليؽم عمى الإدارة الفعالة للأشعة تحت الحسراء في  .(IR) عمى حجب الإشعاع بالأشعة تحت الحسراء
، فإن دراسة ىذه الطلاءات السركبة ليا أىسية قرؽى. تطبيقات مثل طلاءات السباني السؽفرة لمطاقة وأنعسة التحكػ الحراري 

 .وبشاء عمى ذلغ، أجريت دراسة مشيجية باستخدام تقشيات متقدمة مثل الخرائص السيكانيكية والبررية والتؽصيفية

نقي بذكل عذؽائي، مع عدم وجؽد قسػ، ولكؼ عشد إضافة الجديسات الشانؽية، تزداد  PVA ، يعيرXRD  مؼ نتائج
بدون أي إضافات ضعف مقاومة الالتراق.  يدالتبمؽر بذكل واضح. كسا أظيرت نتائج قؽة التراق طلاء البؽلي فيشيل كمؽر 

 ZnS                                                                               ، تزداد السقاومة تدريجي ا. تعير نتائج الرلابة الدقيقة أنو مؼ السحتسل أن يكؽن لـZnS أو NPs CdS عشد تطعيسيا بـ
وتعير نتائج الخدش  CdSلو حجػ جديسات أصغر مقارنة بـ  ZnSدمجة. وذلغ لأن مقارنة بالأقراص الس صلابة دقيقة أعمى

الشقي. كسا تزداد صلابة  PVAكجػ مقارنة مع  5.0يسكؼ أن يعزز صلابة الخدش تحت حسل  PVAإلى  NPsأن إضافة 
كجػ  5.0يبمغ  ، مسا يؤدي إلى تعزيز صلابة الخدش تحت حسلPVAإلى  CdSو ZnSالخدش لمعيشات السحزرة مع إضافة 

، لمؽقاية مؼ الإشعاع في PVA/CdS% 4و PVA/NPs ،4% PVA/ZnSمؼ  ندبتيؼست دراسة ت الشقي. PVA           مقارنة  بـ 
بالقدرة عمى ترفية الأشعة تحت الحسراء بذكل أكثر  PVA/CdSالدراسة؛ أظير الأخير حساية أكبر مؼ الأول. يتستع مركب 

فعالية بدبب قدرة السادة شبو السؽصمة عمى امتراص وعكس الأشعة تحت الحسراء، مسا يزيد مؼ قدرتيا الإجسالية عمى حجب 
 .قيسة الاشعاع في الجؽالأشعة تحت الحسراء. كلا السركبيؼ يحسيان الإشعاع بذكل فعال بالسقارنة مع 

 ، أشباه الموصلات، تطبيقات الاستدامة.CdSو PVA ،ZnSمركبات النانو، ت: ذالث الالكلما
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