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Abstract 

The MWNT functionaliyed COOH is prepared by  the carboxylation on the surface of 

the MWNTs.The  MWNT-COOH was used to be incorporated in poly acrylamide-co-

acrylic acid (Poly(AAm-co-AA)) to study the thermal, mechanical properties, as well 

as the swelling test. Different concentrations of Poly(AAm-co-AA) (5,2.5,1.25, and 

0.9%) with different concentrations of CNTs-COOH(0.03and 0.015 %) were used to 

prepare Poly(AAm-co-AA) /CNTs-COOH nanocomposite by simple casting method.  

Thermal properties were studied by using Differential Scanning Calorimetric (DSC), 

the results show that the thermal properties were enhanced by the incorporation of 

CNTs into the Poly(AAm-co-AA) matrix. The glass transition temperature (Tg) was 

increased from 55 of neat Poly(AAm-co-AA)  to 70ºC at 0.03,0.015% CNTs-COOH. 

The crystalline was increased to a certain extent.This indicates that part of the 

polymer shifted from the amorphous form to the crystalline form, which leads to a 

reduction in the distances between the polymer chains, and this is evidence of an 

increase in its hardness. The young's modulus was increased to 400% at 5% 

Poly(AAm-co-AA)  and 0.03% CNTs-COOH.The swelling of Poly(AAm-co-AA)  

with different concentrations increased by adding CNT-COOH nanoparticles due to 

an increase in hydrogen bonding from -COOH. The FT-IR spectra of Poly(AAm-co-

AA)/CNTs nanocomposite confirm the strong bonding between polymer and 

nanoparticles in different functional groups. Briefly, the incorporation of CNT into 

Poly(AAm-co-AA) polymer matrix improves the thermal, and mechanical properties 

of polymer due to strong hydrogen interaction between polymer and CNTs particles. 
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Chapter One: Introduction 

1.1 Poly acryl amide- co- acrylic acid 

Poly acrylamides are one of the most extensively used water-soluble polymers and 

should be referred to as poly (acry1-amide-co-acrylic acid). They are made by partial 

hydrolysis or copolymerization with acrylic acid, with APS as the initiator, TEMED 

as the activator, and BIS as the cross-linking agent. As shown in Figure 1.1 

The electrostatic connection in poly (AAm-co-AAc) is strong, resulting in a more 

stable co-polymer[1]. 

 

Fig.1.1Possible mechanism for obtaining poly(acrylamide- co -acrylic acid) in 

presence of ―initial radicals‖ formed from initiator[2]. 

 

 
Fig.1.2Chemical structure of Polyacrylamide- co acrylic acid 

 

 

The hydrogels show unusual swelling patterns, indicating that they are extremely 

sensitive to pH. The swelling of polymeric networks is influenced by the polymer's 

composition, such as acrylic acid concentration, and the nature of the swelling media, 



 

2 

 

such as pH: swelling rate rose as pH and acrylic acid content in the hydrogel 

increased. The swelling of the hydrogels abruptly changes when the swelling media is 

changed from distilled water to a high pH solution, demonstrating the polymers' 

intelligent character[1]. 

 

The single TG in the DSC analysis revealed that the two polymers in the hydrogel 

have strong miscibility; this behavior was due to the polymers' ability to create H-

bonding, which has been reported for polymers with similar properties[1]. 

Superabsorbent polymer hydrogels, for example, Poly(Acryl amid-co-Acrylic acid), 

are a special type of swellable polymeric substance. SPHs may absorb 

disproportionately huge amounts of different activation fluids and swell dependent on 

their unique chemical crosslinks, which include both hydrogen and ionic bonds, 

thanks to their three-dimensional crosslinked polymeric network structure. Their 

hydrophilic functional groups are responsible for their superabsorbent properties, 

which results in the development of an insoluble gel rather than dissolution. SPHs 

have increasingly been used in a wide range of applications in recent decades as a 

result of their versatility and suitability, as summarized below[3]. 

 

Because of their high hydrophilicity, low toxicity, and biocompatibility, hydrogel 

materials have attracted a lot of attention. Hydrogel application suitability is 

determined by various parameters, including swelling performance, equilibrium 

swollen ratio, and mechanical strength from a dry to a highly swollen condition, 

according to studies. The hydrogel's swellability is determined by its response 

mechanism to external stimuli like pH and temperature. Hydrogels have been 

discovered as having a slow temperature response rate and low mechanical strength. 

Hydrogels have been modified using a variety of ways to improve their applicability 

for diverse applications, including crosslinking with nanoparticles[3]. This is what we 

shall do in our research to improve the polymer's qualities. 

 

1.2 Carbon Nanotubes CNT’s 

Carbon nanotubes, which are large-scale allotropes of carbon with a cyclic 

nanostructure with a diameter of approximately 1 nm and a length of about 100 mm, 

were discovered using transmission electron microscopy (TEM) in 1991[4], kicking 
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off the discipline of carbon nanoscience. Single-walled (SWNTs) CNTs are made up 

of a single graphene layer rolled into a perfect cylinder with a typical diameter of 1–

1.5 nm, while multi-walled (MWNTs) CNTs are made up of multiple concentric 

cylindrical graphene layers with typical diameters ranging from 5 nm to hundreds of 

nanometers [5],[6]. As shown in Figure 1.3.The carbon arc-discharge method (using 

arc-vaporization of two carbon rods), the chemical vapor deposition (CVD) method 

(using hydrocarbon sources: CO, methane, ethylene, acetylene), and the laser-ablation 

method (using graphite) are all common methods for manufacturing high-quality 

carbon nanotubes [7]. 

 

 

Fig.1.3(a) single-walled carbon nanotube, (b) multi-walled carbon nanotube 

 
Carbon nanotubes have gained a lot of attention because of their unique structure, 

which includes the arrangement of carbon atoms in their shells, mechanical strength, 

electrical capabilities, and chemical stability, which allows them to conjugate or 

adsorb with a variety of medicinal compounds [3]. 

 

CNTs have revolutionized a variety of scientific sectors due to their properties. 

Medicine and pharmacy, for example, are combined to create functional materials for 

biosensor diagnosis and biomedical scaffolding[3]. Also in many applications, as 

shown in Figure 1.4 for example , energy, biology, electronics, tools, and agriculture.  

 CNTs, on the other hand, have a substantial disadvantage over other carbon 

nanostructures in that they typically contain metallic nanoparticles that remain 

electrochemically active and pose a hazardous threat. It can be avoided by eliminating 

metallic contaminants and performing pretreatment. [6]. 
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Fig 1.4Applicationsof Nanomaterials in different fields[8]. 

 

Carboxylation of MWNTs: 

A sulfuric acid/nitric acid combination solution and MWNTs were used to 

carboxylate the surface of the nanotubes. After the final product was dried, a 

carboxyl-functionalized MWNTs–COOH sample was obtained. [9].Figure 1.5 which 

is depicted the carboxylation process of MWNTs. The MWNT-COOH  we are used in 

our research. 

 

Fig 1.5 Chemical structure ofFunctionalized MWCNT-COOH[10]. 
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1.3 Properties of Carbon Nanotubes Nanocomposites 

1.3.1 Electrical properties of CNTs 

Table (1.1) shows the electrical properties of CNTs in chiral forms, as well as their 

high stiffness and axial strength as a result of C-C (sp2) bonding. As a result, each 

unit retains the fourth valence electron, which is delocalized over all atoms and 

contributes to the electrical character of CNTs. Depending on the type of chirality, 

CNTs can be conducting or semi-conducting [11], [12]. P-type semiconductors are 

used to make semiconducting SWNTs. Because MWNTs are made up of numerous 

tubes of SWNTs, they are unlikely to be a 1D conductor[6]. 

Table1.1Electrical properties of CNTs 

 

References Resistivity Electrical 

conductivity 

Electrical 

properties 

[6] 

[13] 

 

(0.34*10ˉ4 – 1.0*10ˉ4) 

ohm.cm 

 (104 s / cm) 

 
SWNTs 

[11] Non-conductors Non-conductors MWNTs 

 

1.3.2 Mechanical properties of CNTs 

Vander Waal's forces can deform two nearby CNTs, according to the first TEM report 

of radial elasticity [14]. When a load is applied to a composite structure, the radial 

direction elasticity of CNTs is critical for the development of CNT nanocomposites 

and their mechanical properties, in which embedded tubes are subjected to substantial 

deformation in the occasional direction. CNTs have ideal potential since the C-C 

bonds found in graphite are among the strongest. They are also the stiffest and hardest 

structures. CNTs have been demonstrated to be elastic and do not break when bent in 

TEM studies [15], [16]. Table (1.2) showed the mechanical properties of single and 

multi-walledcarbon nanotubes and the differences between them. 

 



 

6 

 

Table1.2Mechanical properties of CNTs 

 

Mechanical 
properties 

Young’s 
modulus 

Tensile 
strength 

Elongation% References 

SWNTs 320-1470 
GPa 

13-52 Gpa <50% 

Improved the 
elastic range 

[14],[5] 

MWNTs 1–1.2 TPa 20-90 GPa Improvement 
the elongation% 

[17],[18] 

 

1.3.3Thermal properties of CNTs  

The thermal conductivity and low-temperature specific heat in CNTs reveal direct 

proof of the phonon band structure's 1-D quantization [19]. Despite their modest size, 

quantum effects are significant. 

The addition of pristine and functionalized NTs to various materials can double 

thermal conductivity for loadings of only 1%,  indicating that NT composite materials 

may be useful for several factors that influence thermal properties, such as the number 

of phonon-active modes, the length of the phonons' free path, and boundary surface 

scattering [20]. The atomic arrangement, diameter, and length of the tubes, the 

number of structural flaws and morphology, and the presence of contaminants in the 

CNTs all influence these attributes [21]. And as shown in Table 1.3, which indicates 

that single-walled have higher conductivity than multi-walled due to these attributes. 

Table1.3: Thermal properties of CNTs. 

CNTs Thermal conductivity References 

SWNTs 

 

3,000 W/K [22] 

MWNTs 200 W/m K [22] 

 

1.4 Polymers/CNT’s Nanocomposites 

Polymeric biomaterials were first used in the 1940s[6]. There has been a huge change 

in the usage of polymers in biomedical applications. 



 

7 

 

 

There are two types of polymers used as biomaterials in biomedical applications: 

Polysaccharides such as starch, cellulose, and carbohydrate polymers are examples of 

natural-based polymers[6]. 

Natural polymers offer the advantage of biological recognition, which aids cell 

adherence and function, but they have drawbacks such as weak mechanical 

qualities[6]. Many of them are also in short supply, resulting in higher prices. Poly 

(lactic acid) (PLA), and poly vinyl alcohol (PVA), are examples of B-synthetic 

polymers. The elastic modulus, deterioration rate, tensile strength, and microstructure 

are all repeatable mechanical and physical qualities of synthetic polymers, their 

surfaces, on the other hand, are largely hydrophobic and devoid of cell recognition 

signals[6]. 

 

Carbon nanostructures, such as carbon nanotubes (CNTs), have sparked business and 

academic attention because they improve the mechanical, chemical, and biological 

features of natural and synthetic polymers' cellular adhesion tendency in bio 

applications [3]. Despite the fact that various polymers have been employed in 

biomedical applications, no single biopolymer can cover all of the needs for drug 

delivery systems and biomedical scaffolds. As a result, biopolymers are frequently 

mixed with materials in order to achieve optimal performance and specific biological 

responses. Because of their unique mechanical, chemical, biological, and physical 

features, carbon-based nanostructures have recently gained a lot of attention as 

biomaterials. Because they combine the benefits of polymers with carbon, carbon-

based nanocomposites are the most promising materials for bioapplications such as 

drug delivery and tissue engineering. (biocompatibility and biodegradability) and 

those of carbon nanostructures [23],[24]. 

 

In comparison to conventional systems, carbon-based nanocomposites have particular 

characteristics that make them appropriate biological materials for bone formation and 

therapeutic carrier agents. They have excellent mechanical properties due to their 

compact structure or stiffness, and their small size facilitates entry into cellular 

compartments. They are also the best choice because of their ease of surface 

chemistry modification and large capacity in terms of loading therapeutic and imaging 

molecules [25].And another recent study for CNT has shown MWCNT modified by 
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dendrimer has been used for the delivery of the drug doxorubicin which siused in 

breast cancer treatment [26]. 

 

Self-healing nanocrystalline polymeric hydrogels have the potential to be highly 

useful in the treatment of microcracks. They can be used to protect the environment, 

cure wounds, provide thermal insulation, and regulate medicine flow into the body. 

[27]. Bone tissue is also a current trend in polymeric nanocomposites. It regenerates 

bone tissue at the defect site since it is absorbable and biodegradable. 

This review includes some of the most often used analytical techniques, such as 

spectroscopy and electron microscopy. 

 

The mechanical force that has a significant impact on tissue outgrowth, reproduction, 

and cell attachment, as well as the physical features of biomaterials, have been 

discussed, such as particle size, pore size. [28]. 

 

These studies and the compatibility between CNTs and polymers in terms of 

properties support the idea of the study that we did. 

1.5 Nanomaterial in Pharmaceutical Science and               

Pharmaceutical technology 

As shown in Figure 1.6, Pharmaceutical nanotechnology offers new tools, scope, and 

prospects for illness detection and therapy, all of which are likely to have a substantial 

impact. Pharmaceutical nanotechnology has emerged as a discipline with enormous 

potential as a carrier for Spatio-temporal delivery of bioactivity and diagnostics and as 

a source of smart materials for tissue engineering, as well as a specialized field for 

drug delivery, disease treatment, and diagnosis using nanoengineering tools[29]. 

 

Cancer, cardiovascular disease, and infection control are the key areas where 

Nanomedical products have had an impact. Nanoparticles for pharmaceutical 

applications are in line with a new technology that aims to improve drug delivery 

system solutions. The rate of absorption, metabolism, distribution and excretion of the 

drug or related substances in the body must all be influenced positively by drug 

delivery methods. They must also allow the medication to bind to its target receptors 

and influence their signaling and activity, as well as be capable of being hydrolyzed 
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into fragments and excreted through normal excretory channels after usage. 

Daunoxome®, Doxil®, and Ambisome® are only a few nanotechnology-based 

products and delivery systems that are now on the market. This technique has the 

potential to aid in the identification, diagnosis, treatment, and prevention of disease 

[29]. 

 

 

Fig 1.6Nanomaterial in pharmaceutical applications[30]. 

 

In recent years, cellulose nanoparticles (CNs) have been successfully used in 

scientific disciplines as one of these new uses. The CNs demonstrate significant 

potency in fine-tuning the microstructures and kinetics of Nano-levels abundant 

sustainable materials[31]. 

 

The advantages of CNs over other nanoparticles are numerous: they are human and 

environmentally friendly, recyclable, and have a large amplitude, making them 

readily available and unreliable. Furthermore, a large number of (-OH) groups on the 

surface make CNs adaptable and customizable, which is significant for 

pharmaceutical processing. CNs have applications in a range of fields[31]. 

Another study looked into the use of polysaccharide-forming hydrogel materials in 

the design of Ag nanoparticles of various shapes and sizes. 

The hydrogels where they are used as covering agents for the fabrication of Ag 

nanoparticles are polysaccharide-based hydrogels. One potential polysaccharide to 

form a hydrogel is glucuronoxylan (GX), which has been used as a vector for the 

targeted release of various drugs of the pH response to switching on and off [32]. 

Wound healing dressings contain GX-Ag nanoparticles. The amount of collagen in 
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the wound and the tensile strength of the epithelial tissue determines the wound's 

method of action[32]. 

 

Diabetes is one of the world's most serious health concerns, with around 25% of 

diabetic people at risk of developing foot complications (diabetic foot ulcers, DFU), 

and wound healing is poor. Nanoparticles have shown extraordinary effects in the 

wound healing process because of rapid breakthroughs in Nanomedicine. When c-

Fe2O3 nanoparticles are utilized, DFU responds well, and the wound healing process 

is accelerated. When there is inflammation, neutrophils and macrophages penetrate 

the wound and increase their number within 1-3 hours of the wound, resulting in the 

development of superoxide radical anions, which slows down the healing process. 

Because CeO nanoparticles are biocompatible, they were used in the DFU treatment. 

[33]. 

Nanoparticles are a promising cancer research candidate. Because they are directly 

connected with sickness in the target and have a controlled release behavior, 

nanoscale-based smart drug delivery systems (DDSs) have blazed the way in the 

pharmaceutical field. Because of their small size and inexpensive manufacturing 

costs[34]. 

Screen-printed electrodes (SPEs) are utilized as immunosensors in conjunction with 

nanoparticle smart devices, and nanoparticle-modified SPEs are used to diagnose 

disorders including Parkinson's and Alzheimer's. Because Ag nanoparticles have 

surface Plasmon resonance (SPR) properties, they were used for ultrasensitive 

analysis. The SPR property is increased further by covering the nanoparticles with 

graphene. Magnetic nanoparticles are coated with lanthanides to generate a bright 

complex for bimodal imaging[34]. 

 

Also, In Figure 1.7 shows the CNTs as tablets, microcapsules, nanocapsules, etc.  

This prompted us to continue working on our studies. 
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Fig1.7 CNT in pharmaceutical applications[35] 

 

1.6 Nanomaterials in Pharmaceutical Packaging 

The main goal of packaging materials with a single layer or multilayer films, whether 

polymers, metal foils, and coatings, is to maintain the quality and components of the 

product. It is important to consider the effects of appropriate packaging design in 

reducing waste for environmental sustainability, especially where waste and shelf-life 

are linked. The polymeric structure of the packing determines the diffusion of gases 

and liquids through the polymeric sheets. Higher crystalline leads in lesser free 

volume, and the orientations of the molecular chains result in a better barrier by 

producing a more twisting diffusion channel. The most crucial consideration is to 

have a thorough grasp of the kinetic process in order to ensure that the chosen 

substance is both efficient and non-toxic. It's worth noting that various properties of 

nanoparticles can be altered throughout the manufacturing process to assure quality 

and quality control in accordance with norms and laws [36].Figure 1.8, showed the 

many applications of Nanoparticles (Nano-sensors) in pharmaceutical packaging. 



 

12 

 

 

 

Fig 1.8 Nanomaterials in Pharmaceutical Packaging.[37] 

 

1.7 polymers / CNT’s Nanocomposites in Pharmaceutical       

technology 

Carbon-based nanostructures, such as carbon nanotubes (CNTs), have piqued the 

interest of both industry and academia because they increase the mechanical, chemical, 

and biological properties of natural and synthetic polymers in bioapplications[3]. 

Despite the fact that various polymers have been employed in biomedical applications, 

no single biopolymer can meet all of the requirements for drug delivery systems and 

biomedical scaffolds[38]. In comparison to traditional systems, CNTs have significant 

characteristics that make them appropriate biological materials for the production of 

treatment carrier agents. Because of their compact structure or stiffness, they have 

excellent mechanical properties; their small size facilitates entry into cellular 

compartments, and their ease of surface chemistry modification and large capacity in 

terms of loading therapeutic and imaging molecules have made them the best 

choice[38]. 
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Natural biopolymers and artificial polymers have been used in therapeutic 

applications in recent studies, and to meet all of the biomedical scaffolds drug 

delivery and best performance, this study was done by combining polymers with CNT 

compounds. They have been used for tissue engineering and drug delivery due to their 

small sizes, large surface area, and ability to interact with cells/tissues, as it improves 

the mechanical, chemical, and biological properties of Cellular adhesion[3].Hydrogels 

can aid in the repair of tiny fractures. They can be utilized to protect the environment, 

cure wounds, provide thermal insulation, and regulate medicine flow into the 

body[27]. Bone tissue is also a current trend in polymeric nanocomposites. 

 

1.8Objectives 

In general, a great deal of research has gone into improving packing materials using 

various approaches. Packaging is a sort of enhanced material used to extend the shelf 

life of pharmaceutical items and make communication between them and consumers 

easier. 

The goal of this study is to look at how nanoparticles are used in pharmaceutical 

packaging. 

These nanoparticles give the polymer extraordinary characteristics, allowing it to 

move toward active packaging. 

As a result, the Poly (AAm co-AAM)/MWCNT-COOH hydrogel nanocomposite 

films will be synthesized, and the mechanical, thermal, and swelling properties of the 

polymer with MWCNT-COOH Nanocomposites will be compared to hydrogels 

without MWNT-COOH. In the field of pharmaceutical packaging, these 

nanocomposites are crucial. 
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Chapter two : Literature Review 

2.1 Introduction 

Pharmaceutical packaging is important for keeping pharmaceutical products clean, 

healthy, safe ,and increasing the shelf life,whether food or pharmaceutical materials.. 

Thereare a lot of efforts to develop these packages by using nanoparticles to improve 

properties of polymers as mechanical and thermal properties. It can also be usedas a 

barrier on packaging materials to reduce permeability and extend the shelf life. 

In this chapter, we will review the thermal, mechanical, swelling properties of CNT's/ 

polymer nanocomposite differential scanning calorimetry (DSC) and Fourier 

transform infrared spectroscopy (FTIR). 

2.2Superior Properties of CNT’s 

2.2.1 Thermal Properties of polymer/CNT’s Nanocomposite 

Researchers are interested in the crystallization and melting properties of polymers 

and MWCNT nanocomposites because crystal structures and polymer crystals play a 

vital impact in influencing mechanical capabilities. The breakdown temperature of 

polymers/MWCNT is greater than that of polymers, indicating that the addition of 

MWNTs improves the thermal stability of nanocomposites. suggesting that the 

nanocomposites had increased thermal stability and resistance to thermal 

deterioration.As shown in Table (2.1) as the addition of 1.5W%MWNT to the 

polymer PHBV led to thermal stability.[38] ,as well in Polypropylene /0.3%MWNT. 

[39]. 

 

2.2.2 Mechanical Properties of Polymer/ CNT’s Nanocomposite 

The mechanical properties of polymers and MWCNT nanocomposite were examined, 

including tensile strength (TS), elongation at break (EB), and tensile modulus (TM). 

The presence of MWCNTs in the matrix inhibited the mobility of the blends' 

molecular chains, resulting in an increase in the TS of composites. 

Because MWCNTs are robust, homogeneously dispersed MWCNTs can provide 

stiffness and hardness to polymers via interfacial contact. As a result of this study, 

MWCNTs induced a considerable increase in all mechanical characteristics of 
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polymers (TS, TM, and EB). As shown in Table 2.1like PVA, PS, and PHBV, which is 

an unusual phenomenon. 

 

Table2.1 Superior Properties of CNT’s 

Referen
ce 

Method Result Test CNTs Polymer 

[40] 

 

TEM Low at RT 

150MPa 

The 

stiffness 

 

1%MWNT PVA 

Increase1.8 Elastic 

modulus 

1.6 The 

Young's 

modulus  

[40] 

 

TEM Increase36% The 

elastic 

1%MWNT PS 

42% 

 

stiffness 

 

1.2GPa 

 

 

Neat 

polymer 

modulus 

Increase 25% Tensile 

strength 

 

[38] 

 

Raman 

spectroscopy 

(morphology 

and structure 

of 

MWCNT) 

Transmissio

n electron 

microscopy 

(TEM) 

 

 

Differential 

scanning 

 

calorimetry  

(DSC) 

 

 

Thermogravi

metric 

analysis 

Improved 48% 

 

Mechanic

al tensile  

1.5W%MWNT PHBV 

49% 

 

modulus 

and  

Strength 

 

Thermal 

stability 

 

 

Thermal 

behavior 

 

ncreases 

mechanical 

resistance (48%) 

To provide a 

good dispersion 

Not 

significantly 

 

Slightly 

improve (after 

MWCNT) 

 

mechanic

al 

resistance  
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(TGA) 37% 

[39] By melt Increased  The  0.3%WMWT PP 

  processing 

methods by 

18.4% 

 

tensile. 

strength 

  

  employing 

extruder and 

injection 

molding 

techniques 

 

5.2% 

 

 

Flexural 

strength  

 

  

45% 

 

Modulus 

of 

elasticity  

Decreased18%  

 

T 

he impact 

strength 

 

(690)% 

 

Elongatio

n at break  

 

Thermal 

analysis data 

revealed that the 

MWCNT 

addition slightly 

increased the 

crystallization 

peak onset and 

peak maximum 

temperatures of 

PP under non-

isothermal 

conditions 

Thermal 

behavior 

[41] 

 

SEM 

TEM 

Dynamic 

mechanical 

thermal 

analysis(DM

TA) 

Thermal 

stability 

 

Thermal  

behavior 

2%WMWNT Polyurethane 

 

Increased>10C 

 

 

Modulus  

 

increased tensile 

strength 
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[42] Thermogravi

metric 

analyses 

(TGA) 

 

SEM 

 

Rockwell 

Hardness 

high 

decomposition 

temperature 

(resistance to 

thermal 

degradation(  

and thermal 

stability 

 

Thermal 

properties 

 

 

 

 

 

 

 

2%W MWNT HDPE 

  

Taber 

abrasion 

weight loss 

(mg) 

 

Impact 

strength 

(KJ/m2 

 

 

enhanced 

hardness,  

65.22% 

 

54.69% 

 

 

Mechanic

al 

properties 

  

22.4% 

increased the 

young’s 

modulus 

 

 

 

2.2.3 Swelling ratio of Polymer/ CNT’s Nanocomposite 

In research Bardajee, et al., optimized the elements impacting the hydrogel's water 

swelling (monomer concentration, ammonium persulfate concentration, and N-N'- 

methylene bis acrylamide concentration) and examined the effect of various 

environmental circumstances (pHs, time, and temperature). The rate parameters for 

swelling of the hydrogel without MMWNT are stated to be around 28minutes, 

indicating that the hydrogel's swelling ability is reduced when compared to 

MMWNT/Hydrogel. Because of the nanocomposite's great sensitivity to pH, it can be 

classified as a smart material with applications in pharmaceutics due to its repeated 

swelling–deswelling behavior in pH = 2 and PH = 9. Because of the nanocomposite's 

response to tetracycline hydrochloride release at various pHs, this MMWNT / 

Hydrogel was shown to be acceptable for drug release at pH = 7.4. The VSM results 

revealed that the MMWNT/ hydrogel has a superparamagnetic characteristic, which 

decreases drug release when an external magnetic field is present[43]. 

In addition, a study by Mohammadnezhad, et al.,where poly (acrylamide-co-itaconic 

acid)/MWCNTs were created. The results showed that increasing the MWCNT 
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content improved the hydrogel's stability, which can be attributed to the MWCNTs' 

hydrophobic nature as well as the increased cross-linker density. The MWCNT 

concentration, swelling time, pH, temperature, and salt content all influenced the 

swelling behaviors of Poly (AAm-co-IA) and Poly (AAm-co IA)/MWCNTs.When the 

swelled polymer and polymer/MWCNTs were heated, the water retention value for 

Poly(AAm-co-IA) dropped to zero after 7 hours, whereas Poly(AAm-co-

IA)/MWCNTs retained 13% of the absorbed water. In the presence of the MWCNT, 

the P(AAm-co-IA )'s retention capacity (WRC) increased (10 wt % ). The adsorption 

of Pb (II) from an aqueous solution was investigated using a hydrogel nanocomposite. 

The Poly (AAm-co-IA)/MWCNTs demonstrated better adsorption behavior toward 

Pb(II) than the polymer hydrogel. This aids in the removal of Pb(II), which is one of 

the most dangerous contaminants in water, even at low quantities, and can harm the 

kidneys, central nervous system, and liver. Pb (II) levels in drinking water and 

wastewater are allowed to be 0.05 mg/L and 0.005 mg/L, respectively. [44] 

 

Because solvent absorption into the space between the polymeric chain network 

causes the Nano gels to expand, the swelling behavior of hydrogels is critical. Drug 

distribution throughout the hydrogels may be influenced by the swelling proportion of 

hydrogel composites, which is proportional to the hydrogel mesh size, altering the 

proliferation and differentiation of encapsulated cells. [45] 

 

The researchers Liu, Z., Z. Yang, and Y. Luo, in this study, looked at the swelling 

ratios of MWCNTs–COOH reinforced poly (acrylamide co sodium methacrylate) 

hydrogelslooked at the swelling ratios of MWNTs–COOH reinforced poly 

(acrylamide co sodium methacrylate) hydrogels. As the MWNTs–COOH loading is 

lowered from 2.5 wt percent to 1.5 wt percent to 0.75 wt percent at 25°C, the ESR of 

hydrogels steadily increases. According to the experimental results, the Poly(AM-co-

SMA)/MWNTs–COOH nanocomposite hydrogel with 0.75 wt% MWNTs–COOH 

has a higher ESR value and a larger pore size. The MWNTs–COOH increase the PH 

sensitivity and reversibility when the nanocomposite hydrogels are buffered with 

buffer solutions of various pH values. When nanocomposite hydrogels are switched 

from an alkaline to an acidic buffer solution, they react swiftly and in a short period of 

time. As a result of the development of extra hydrogen bonds. In acidic solutions, the 
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swelling ratio (SR) decreases, while in alkaline solutions, it increases. PH =1.4, 

PH=13 at 25°C [43]. 

2.3Quality Assurance (FT-IR of polymers with CNTs) 

ATR-FTIR analysis of the samples[46], in the investigation confirmed the 

establishment of a covalent link between the functionalized surface of the 

PVDF/MWCNT membrane and the laccase. Due to the existence of COOH- 

MWCNTs, the significant peak detected at 1400 cmˉˡ for all three samples can be 

attributed to -OH bonds in carboxylic acid functional groups. The peak at 1671 cmˉˡ 

for the membrane sample immersed in EDC/NHS solution is broken into two new 

peaks at 1568 and 1659 cmˉˡ, which are identical to peptide C=O stretch and N-H 

bend, respectively, which are related to the amide groups. [46].  

The FTIR spectra of Polymer-MWCNT, MWCNT-COOH, and MWCNT-OH samples 

[39], revealed intense bands at 3436 cmˉˡ. Asymmetric methyl stretching bands at 

2960 cmˉˡ and asymmetric/symmetric methylene stretching bands at 2923, 2853 cmˉˡ 

are detected in the Polymer-MWCNT and MWCNT-COOH spectrum. These groups 

are commonly thought to be positioned at the defect spots on the sidewall surface. 

The spectrum bands at 2923 and 2853cmˉˡ for MWCNT-OH diminish dramatically, 

implying that the alkyl chains have been cleaved from the nanotubes' surface. On the 

MWCNT-COOH surface, the C–O bands indicative of carboxyl functional groups can 

be seen at 1732, 1708, and 1560 cmˉˡ. The carboxylate anion stretch mode is linked to 

the peak at 1560 cmˉˡ.The Polymer-MWCNT and MWCNT-OH spectra [39] do not 

show these bands.[39] 

In another study by Kim, et al., the peak positions symmetrical to C=O stretching, 

v(C=O), are assigned to values in the range of 1650–1750 cmˉˡ in the (Kim et al., 

2018) study, showing small peak shifts of the -COOH derivatives. The spectrum of 

the PAA film showed a peak at v(C=O) of 1693 cmˉˡ, while raw CNTFs showed a 

peak at v(C=C) of 1573cmˉˡ and a peak identical to CH2 stretching vibrations at 2910 

cmˉˡ. When compared to the PAA film, the C=O peak in the CLCNTF–(PVA/PAA) 

spectrum was observed at a higher frequency of 1720 cmˉˡ, indicating that ester 

bonding was formed between the –COOH groups of PAA and the –OH groups of PVA 

after thermal condensation [47]. 
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In research by Salem, et al., [48], the IR absorption bands of the MWCNT/gelatin–

PVA nanocomposite remained the same, despite relative increases in the strength of 

the peaks at 1630 and 1547 cmˉˡ. The rise in the intensity of these bands is attributable 

to MWCNT C=C stretching in conjunction with Amide-I C=O stretching and N–H 

bending for amide II and I, according to the research. [48]. 
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3. Chapter Three: Materials and Methods 

 

3.1 Materials and Equipment: 

The Polyacrylamide co acrylic acid  powder, 80+%, M.wt = 150000-520000g/mol 

and D=0.75g/ml. Carbon nanotube,multi-walled,carboxylic acid functionalized,extent 

of labeling>8% carboxylic acid diam. xL9.5*1.5μm are purchased from Sigma 

Aldrich. 

 

The following equipment was used at Nano lab: Spin coater with timer reaches to 

30sec and speed reaches to 1000rpm, model 37600 Mixer,Analytical Balance,  Digital 

Caliper (STAINLESS HARDENED) 0-150mm.  

 

DSC analysis was performed using DSC Perkin Elmer 4000 (heated for 450 0C) with 

a heating rate of 10 C/min and under nitrogen atmosphere Figure3.1 A, Mechanical 

Test MachineFigure3.1 B. The Fourier transform infrared (FTIR) spectrometer of 

Bruker IFS 66/S, that equipped with liquid nitrogen- cooled MCT detector and aKBr 

beam splitterFigure3.1 C, this equipment refers to physics lab at Al-Quds university. 

 

 

A) B) 
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C)  
Fig 3.1: photographs ofA)DSC, B) Mechanical Tester, C)FT-IR 

 

3.2 Methods 

 

3.2.1   Preparation of Poly (AAm-co-AAc) ThinFilms  

 

A 5, 2.5, 1.25,0.9wt. % of Poly(AAm-co-AA) solutions were prepared under 

continuous stirring for 30 min at room temperature. Afterwards, the Poly(AAm-co-

AA) solutions were casted on Petri dishes and then spin coated at different speed 

(200- 550 rpm) with different times (5, 15, 30, 60s). In addition to opaque appearance 

that produced from 5% Poly(AAm-co-AA). As a result, samples using casting method 

were prepared and allowed to dry in an incubator at room temperatue for 3 days to be 

ready for characterization. 

 

.. 

 

Fig 3.2.Samples of Poly(AAm-co-AA)Films 
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3.2.2   Preparation of (PAAm-co-AAc) /CNT Nanocomposite Films 

Different concentration of MWNT-CNT was prepared using dilution factor from a 

stock solution of CNT(0.3mg/ml). The diluted solution was divided into 5 parts to add 

AAm-co-AA and prepare Poly(AAm-co-AA)/CNT nanocomposite solutions with 5, 

2.5, 1.25,0.9wt% Poly(AAm-co-AA). These four concentrations of Poly(AAm-co-

AA)/CNT nanocomposite were sonicated using bath sonication at RT for 30 min and 

ultrasonicated for two minutes to obtain a homogeneous solution. 

 

 

 

 

 

 



 

24 

 

 

Fig 3.3:  Preparation of Poly (AAm-co-AAc) /MWNT-COOH Nanocomposite 

Films 



 

25 

 

 

Fig 3.4:Poly(AAm-co-AA)/MWNT-COOH  nanocomposite film 

 

 

 

Table 3.1 :Matrix of Poly(AAm-co-AA)/MWNT-COOH  nanocomposite preparation 

 

No. Code Conc.of MWNT-

COOH   

% 

Conc.of  

Poly(AAm-co-AA) 

% 

 0.03 0.015 5 2.5 1.25 0.9 0.6 

1 

 

P5C0.03 X 

 

 x     

2 P2.5C0.03 X 

 

  x    

3 P1.25C0.03 X 

 

   x   

4 P0.9C0.03 X 

 

    X  

5 P0.6C0.03 X 

 

     X 

6 P5C0.015  X x     

7 P2.5C0.015  X  x    

8 P1.25C0.015  X   x   

9 P0.9C0.015  X    X  

10 P0.6C0.015  X     X 
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MWNT-COOH  Nancomposites 

 

 

 

 

 

 

 
50 ml of 15mg/100ml                                                                          50 ml of 30mg/100ml 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Bath sonication at RT for 30min 

 

 

 

 

 

Pouring of different volume 

 

 

 

 

 

Drying at room temperature for 3Days 

 

 

 

 

Characterization 

   

10 ml with 

5%Poly(AAm-co-

AAc) 

 

10 ml with 

2.5%Poly(AAm-

co-AAc) 

 

10 ml with 

1.25%Poly(AAm

-co-AAc) 

 

10 ml with 

0.9%Poly(AAm-

co-AAc) 

 
10 ml with 

0.6%Poly(AAm-co-

AAc) 

 

10 ml with 

5%Poly(AAm-co-

AAc) 

 

10 ml with 

2.5Poly(AA

m-co-AAc) 

 
10 ml with 

0.6%(Poly(AAm-

co-AAc) 

 

10 ml with 

0.9%Poly(AAm-

co-AAc) 

 

10 ml with 

1.25%Poly(AA

m-co-AAc) 
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3.3 Measurement: 

 

3.3.1 Thickness 

The thickness of Poly(AAm-co-AAc) thin films was measured using a digital caliper 

and calculations thatdepend on weighing the sample that was cut into squares, then 

measuring the volume according to the equation: Volume = mass/ density.  

The volume calculation is used for thickness calculation according to the following  

equation:  

Volume of cube= length* width* height (thickness). 

 

The thickness of Poly(AAm-co-AAc) / CNT films were determined by using the 

digital caliper, the thicknessof each sample was measured at 4 different locations. 

The thickness of Poly(AAm-co-AAc) and Poly(AAm-co-AAc) / MWNT-COOH  

nanocomposite were measured as described with Poly(AAm-co-AAc) samples. 

 

3.3.2 Thermal Properties 

DSC was performed for 5%, 2.5%,1.25%,0.9%,0.6% of polymer films and for 

samples contained different concentrations of  MWNT-COOH  with different 

concentrations of Poly(AAm-co-AAc). 

 

A 3.0 mg of each sample was cut using a scissors and weighed on a digital balance, 

the samples were sealed inside DSC pans, the changes in its heat capacity are tracked 

as changesin heat flow. This process provides thermal information as glass transition 

temperature, melting/crystallization behavior, degree of crystalline, solid-solid 

transitions, polymorphism, cross-linking reactions, specific heat, purity determination, 

and decomposition behavior. 

 

The heating program was performed in the range from 25 ˚C to 200˚C and then 

cooled to 25˚C at a rate of 10˚C to obtain melting and crystallization temperature. The 

sample was reheated to 400 ˚C at the same rate to obtain glass transition temperature 

and degradation temperature. 
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3.3.3Mechanical Properties 

The tensile properties (TS) and elastic modulus for all films were performed using 

Universal Mechanical Test Machine. Mechanical properties of material provide 

information about the mechanical resistance and its suitability for our application. 

The films were cut into rectangular strips (2×4 cm) with a thickness maintained at 

(0.01_0.05) mm. The basic idea of a tensile test is placing a sample between two 

clamps, which pull the material until it breaks. The force and the elongation are 

measured and the plot of stress versus strain can be generated. 

A mechanical test was performed only for high concentrations ofPoly(AAm-co-

AAc),(5%).  

The 2.5%,1.25%,0.9%  PVA are not applicable in this machine. 

3.3.4 Fourier-Transferred Infrared Spectrometer (FT-IR) 

The FTIR is a technique used as a fingerprint of the sample depends on IR radiation 

that passes through the sample, some of the IR radiation absorbed and some of it 

transmitted. The resulting spectrum represents the molecular absorption and 

transmission. 

FT-IR can supply a qualitative analysis about each kind of samples and determine the 

functional groups decorated the polymer matrix and loaded CNTs.  

The absorption spectra in the IR region (4000-400 cm-1) were taken and discussed. 

3.3.5 Swelling Test 

The swelling were calculated by immersing the weighted samples in the phosphate 

buffer pH=7.2  for 20 minutes, Thereafter, the film was removed, dried, and weighted 

in order to measure the amount of adsorbed solution by the film sample. The samples 

were dried at a temperature of 400
0
C in an oven and then weighing them again to 

calculate swelling using the following equation: Swelling ratio= ((M2-M1)/M1)*100% 

M1: Initial weight of film.    M2: After immersing in the phosphate buffer over night 
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Chapter Four: Results and Discussion 

4.1 Introduction 

In this chapter the results were divided into thermal properties of multi-walled carbon 

nanotube with Poly(AAm-co-AA), mechanical properties of MWNT-COOH with 

Poly(AAm-co-AA), swelling films, and solubility of MWNT-COOH with the polymer. 

All samples were characterized via FTIR, DSC and mechanical testing machine. 

4.2 Superior Properties of Poly(AAm-co-AA), Poly(AAm-co-AA) 

MWNT-COOH 

4.2.1Thermal Properties of Poly(AAm-co-AA) with MWNT-COOH 

The thermal properties of Polymer/MWNT-COOH were investigated by using a 

differential scanning calorimeter. The glass transition temperature of 2.5% 

Poly(AAm-co-AA) is 55◦C .As shown in Figure (4.1). After the addition of MWNT-

COOH to the polymer, it was increased to reach the value of 70◦C at a 0.03%,0.015% 

concentrations of  MWNT-COOH with 5% polymer, and 65◦C of 2.5% Poly(AAm-

co-AA) /0.03%MWNT-COOH .As shown in Figures (4.2.a,b,and c).Respectively, this 

behavior is attributed to the strong bonding between MWNT-COOH and the polymer 

matrixes. That means a very good enhancement in thermal properties for the 

nanocomposite compared with the neat polymer. The melting temperature for the 

Poly(AAm-co-AA) is around 290◦C. By the addition of 0.03% MWNT-COOH   for 

both polymer concentrations 2.5% and 5%, the melting temperature is 250 ◦C and  

2.5% Poly(AAm-co-AA) /0.03%MWNT-COOH the Tm=247◦C. The difference in the 

Tm among both concentrations of the polymer is due to the spaces or the volume 

between the polymer chains being reduced in the lower polymer concentration.  

In comparison to the free polymer, the depth of the Tm peak was increased in all 

nanocomposites thermograms based on the % of crystallinity. This suggests that a 

portion of the amorphous section becomes crystalline, implying that the presence of 

CNTs improves closed packing. The above findings are consistent with those found in 

a search for nanocomposite containing PLA-g-AA copolymer and MWNT-OH [49]. 

Tg of the hybrid composites is linked to a cooperative motion of long-chain segments, 
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which could be hampered by the MWNT-OH. As a result, PLA-g-AA/MWNT-OH 

observed higher Tg than the copolymer, as expected. 

It's possible that the higher Tg of PLA-g-AA/MWNT-OH hybrids is due to the 

MWNT-OH phase's ability to make chemical interactions with hydroxyl group sites 

offered by PLA-g-carboxylic AA's acid groups. Excess MWNT-OH could have 

separated the inorganic and organic phases and reduced their compatibility, resulting 

in an increase in the (Tg) value. In addition, as the MWNT-OH level increased up to 1 

wt%, the Tm decreased. The significant decrease in Tm of PLA-g-AA/MWNT-OH is 

due to the MWNT-OH impeding polymer chain movement, making polymer 

organization more difficult, as well as the hydrophilic feature of MWNT-OH 

producing poor adhesion with hydrophobic PLA. [49] 

 

Fig 4.1: DSC thermogram ofPoly(AAm-co-AAc) 
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Fig4.2.a :DSC thermogram ofPoly(AAm-co-AA)/CNT-COOH (5.0mg/ml:0.3mg/ml) 

 

 
Fig 4.2.b: DSC thermogram of Poly(AAm-co-AA)/CNT(5.0mg/ml:0.15mg/ml) 
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Fig 4.2.c: DSC thermogram of Poly(AAm-co-AA)/CNT(2.5mg/ml:0.3mg/ml) 

 

 

Table 4.1:DSC results 

Sample Tg   (◦C) Tm   (◦C) Depth of Tm peak 

Poly(AAm-co-AA) film 55 290 Not deep 

Poly(AAm-co-AA)/MWNT-COOH 

(5/0.3)mg/ml 

70 282 More than the polymer  

Poly(AAm-co-AA)/MWNT-COOH 

(5/0.15)mg/ml 

70 285 More than the polymer  

Poly(AAm-co-AA)/MWNT-COOH 

(2.5/0.3)mg/ml 

65 290 More than the polymer 
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4.2.2 Mechanical Properties of Poly(AAm-co-AA)with CNT-COOH         

Figures (4.3.a, b and c) shows the stress-strain curve of Poly(AAm-co-

AA),Poly(AAm-co-AA)/CNT-COOH(5.0:0.15)mg/ml. Poly(AAm-co-AA)/CNT-

COOH (5.0:0.3)mg/ml respectively. The elongation of Polymer film was around 

98%,comparing the young’s modulus (Y) for neat polymer and polymer loaded CNT-

COOH at  different concentrations. 

The following results were obtained as follow: the young's modulus  for the 

Poly(AAm-co-AA) is 105%, for  Poly(AAm-co-AA)/CNT-COOH (5.0:0.3)mg/ml is 

400%, and for Poly(AAm-co-AA)/CNT-COOH (5.0:0.15)mg/ml is 197%, the 

addition of CNT-COOH plays an important role in the improvement of mechanical 

properties of hydrogels. Our results show enhancement mechanical properties and it is 

increased from a good dispersion of CNT on the Polymer matrix, and a strong 

hydrogen bonding between Poly(AAm-co-AA) and CNT.  The increasing ofCNT 

concentration in the matrix of polymer leads to an increase in the (Y) and so the 

mechanical properties of the nanocomposite. The plastic strain region was noticed that 

disappeared in the nanocomposite. This is because the nanocomposite behavior was 

close to the fiber materials' mechanical behavior. These results agree with a search 

was made in 2004 about PS and MWNT[40]. The researchers got improvement in 

youngs modulus results for PS with 1.0 weight percent of MWNT [40]. The above 

results also go with 0.3Wt % MWNT nanocomposite of with polypropylene (PP). The 

tensile strength(TS) and elastic modulus(EM) of the nanocomposite hydrogel 

increased by 18,4%,and45%, respectively with 0.3%Wt. MWNT loading[35]. The 

PLA/CNTs/CIN,the TS(MPa), EM(MPa), Elongation(ε%) improved by 

22.9%,1343%,and 11.87%,respectively with MWNT-COOH[50]. 
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Figure 4.3.a The Stress-Strain of Poly(AAm-co-AA) 

 

Figure 4.3.bThe Stress-Strain curve of Poly(AAm-co-AA)/CNT(5.0:0.15)mg/ml 
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Figure 4.3.cThe Stress-Strain of Poly(AAm-co-AA)/CNT(5.0:0.3)mg/ml 

 

4.2.3 Swelling ratio of Polymer Poly(AAm-co-AA)/CNT-COOH  

As shown in table 4.2.a, the swelling ratio of Poly(AAm-co-AA)  at  different 

concentrations were estimated. The swelling ratio for a polymer with the highest 

concentration shows the lowest swelling ratio. That's because the strength and the water 

absorption ability of the hydrogel are low when the amount of cross-linking is high, so 

the network density increases which leads to lowering the water absorption ability of the 

hydrogel. From the other hand, the lower concentration of polymer has more porous than 

that of a higher concentration, so there is more volume between the polymer network for 

water to go through. In phosphate buffer, the degree of the ionization is enhanced, and 

electrostatic repulsions among the -COO2 groups are created . This increased repulsive 

force would push the chain segments apart and attract more water into the hydrogels, and 

the values of SR increased with an increase in CNTs–COOH concentrations in shown in 

Table (4.2.b). The reason is that the introduction of the suitable CNTs–COOH loading 

can effectively improve pH sensitivity and SRs .The higher the CNT-COOH content 0.03% 

CNT-COOH   in the nanocomposite, the higher the swelling ratio obtainedmore  than the 

0.015%CNT-COOH  .   
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They indicated in a study published in 2020 that all hydrogels had larger swelling 

ratios in buffer solutions with higher pH values than in buffer solutions with lower pH 

values. In other words, as the pH rises, the swelling capacity rises as well. The 

presence of hydrogen bonding in Poly(AM-co-SMA) networks in an acid media could 

explain this phenomena. The hydrogen bond complex would prevent network chains 

from moving or relaxing, resulting in the formation of a compact hydrogel network 

and a reduced swelling ratio at pH =7 compared to pH =1.4 for P. (AM -co-SMA). [9]. 

 

Table4.2 a: Swelling ratio results of Poly(AAm-co-AA) 

# of 

sample 

% of P(AAm-

co-AA) 

% of swelling ratio 

(SR) 

S1 5% 0.21% 

S2 2.5% 0.3% 

S3 1.25% 0.91% 

S4 0.9% 1.67% 

 

Table 4.2 b: Swelling ratio results of  P(AA-co-AA)/CNT-COOH  

# of sample %Poly(AA-co-

AA) 

%CNT-COOH %Swelling ratio 

1 5% 0.03% 0.12% 

2 2.5% 0.03% 0.19% 

3 1.25% 0.03% 0.75% 

4 0.9% 0.03% 1.23% 

5 5% 0.015% 0.10% 

6 2.5% 0.015% 0.17% 

7 1.25% 0.015% 0.66% 

8 0.9% 0.015% 1.15% 
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4.2.4 Quality Assurance ( IR of Functionalized CNT-COOH and Poly 

(Acryl amide- co- acrylic acid)) 

4.2.4.1 FT-IR of Pure Poly(AAm-co-AA) and Pure  CNT-COOH 

 

In order to obtain information about the structures of different hydrogels, including 

the pure Polymer and nanohybrid hydrogels such as  Poly (AAm-co-AA)/CNT-

COOH,  we carried out the examination of the  FTIR spectra. According to the FT-IR 

spectrum of Poly(AAm-co-AA) as  shown in Fig(4.4.a), the functional groups were 

observed as the following: NH2, CH2, C=O, C–N can be assigned at the bands of 

3337 cm-1, 3190 cm-1,1646 cm-1,1428 cm-1 respectively. At 1118 cm−1 is another 

peak related to the amide group. The peak appearing at 1322cm−1 is the 

characteristics (C–O) bending  peak of –COOH, the FT-IR spectrum of CNT-COOH 

is shown in Fig(4.4.b), the oxygen functional group were observed as the following: 

C=O and C-O can be assigned at the bands of 1635 cm-1, 1068cm-1respectively. The 

hydroxyl group (O-H) can be noticed at 3300cm-1. C=C group appeared at 1404 cm-1. 

 

Fig 4.4.a: FTIR spectrum of  Poly(AAm-co-AA). 
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Fig 4.4.b: The FTIR spectrum of  Functionalized CNT-COOH. 

 

4.2.4.2 FT-IR of  Poly (AAm-co-AA)/CNT-COOH 

In order to obtain information about the structures of different nanohybrid hydrogels 

such as  Poly (AAm-co-AA)/CNT-COOH, we carried out the examination of the  

FTIR spectra. 

The shift of CH2, C=O, CN, and COOH groups can be assigned to the interaction that 

occurred between Poly(AAm-co-AA) and MWNT-COOH. At all concentrations of 

Poly(AA-co-AA)  the shifts are clear whether to lower frequency happened a change 

in the interatomic distance along with the bond (bending vibration), and  in the higher 

frequency a change in the angle of peaks (stretching vibration), as shown in  Fig (4.5 a, 

and b). 
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Fig4.5. a  The FT-IR spectrumof  Poly(AAm-o-AA)/CNT(5.0:0.3)mg/ml 

 

 

Fig 4.5.bThe FT-IR spectrum of  Poly(AAm-o-AA)/CNT(2.5:0.3)mg/ml 
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Table( 4.3):FT-IR results for each of Poly (AAm-co-AA) film,CNT-

COOH,Poly(AAm-co-AA)/CNT-COOH nanocomposite. 

 

Functional 

groupe name  

Wavelength 

of  

Poly(AAm-

co-AA) 

(cm−1) 

Wavelength 

of  CNT-

COOH(cm−1) 

Wavelength of  

Poly(AA-co-AA) 

with CNT 

nanocomposite 

(cm−1) 

Shiftting 

O-H - 3300 - - 

NH2 3337 - 3323 14 –Right 

CH2 2850 - 2850 - 

C=O 1646 1635 1650 4-Left 

C-N 1428 - 1416 12-Right 

C=C - - 1612 - 

COOH 1322 1236 1237 85-Left 

 

 

4.2.5Thickness test of  P(AAm-co-AA), P(AAm-co-AA)/CNT-COOH 

nanocomposite. 

The thickness of Poly (AAm-co-AA), films, and Poly(AAm-co-AA)/CNT-COOH 

nanocomposite was measured by using caliber and calculations: Each film was weight 

separately in order to get the mass.  

The following equations were used for calculations. 

V=L×W×H 

V: volume ,L: length ,W: width H: Hight 

D=M/V 

D: Density ,M: Mass, V: Volume 

 

The thickness of Polymer and Poly(AAm-co-AA)/CNT-COOH was maintained 

between 0.043 to 0.33 mm,that means as the concentration increased the thickness 

increased.As show Table 4.4. 
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Table 4.4:Thickness results for polymer alone by calculation and caliber and 

Poly(AAm-co-AA)/CNT-COOH by caliber  

Poly(AAm-co-
AA)% 

CNT-
COOH% 

Thickne
ss by 
caliber(
mm) 

Thickne
ss by 
calculat
ions 
(mm) 

Total 
average 

5% - 0.325 0.295  

 

    0.1408 2.5% - 0.133 0.095 

1.25% - 0.060 0.055 

0.9% - 0.045 0.04 

5% 0.03% 0.334 -  

    0.1505 
2.5% 0.03% 0.151 - 

1.25% 0.03% 0.067 - 

0.9% 0.03% 0.050 - 

5% 0.015% 0.333 -  

    0.1453 
2.5% 0.015% 0.142 - 

1.25% 0.015% 0.063 - 

0.9% 0.015% 0.043 - 
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5. Conclusionandfuturework 

The preliminary assessments have shown that a  Poly(AAm-co-AA)/CNT-COOH  

nanocomposite films were prepared by a simple casting method.  

as the interaction between the polymer and the carbon nanotube leads to improving 

the thermal properties,so it leads to an increase in Tg,  crystallization temperature, and 

a decrease in melting and degradation. 

The hydrogels presented good equilibrium water absorbency, and barrier properties of 

CNT-COOH were interpreted by increasing in swelling as the concentration of CNT-

COOH increased in  solution (PH=7), and high compression mechanical properties, 

satisfactory pH behavior. 

Fourier transform infrared(FTIR)  has confirmed that Poly(AAm-co-AA) networks 

covered the  CNT-COOH closely due to the strong interaction, and different 

microporous or sub microporous structures have been formed. 

In the future, it will be applied to pharmaceutical packaging such as a capsules shell in 

drugs that included hydrophilic and hydrophobic ingredients. 
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 ٍعحَضبىجىىُأمزَوليهمجمىعةالكاربىكسلالىظيفية إتحضيرووصفمركبالكاربىننانىتيىبمضاف

ٍُذاىَشززميزطجُقبرزغيُفبىَسزحضزاربىظُذلاُّخأ  

 

طقبطقخ ٍحَذمزً أرغزَذ: إعذاداىطبىجخ  

  جبٍعخ اىخيُو–سبٍٍ ٍخبرسحدمزىراه: اىَشزفبىزئُسٍ

ودَع سيطبُ دمزىراه: اىَشزفبىثبٍّ  

:الملخص  

 ٍجَىعخ اىنزثىمسو ثىاسطخ عَيُخ اىنزثىمسو  ٍضبف اىُه ىقذ اسزخذٍْب اىنبرثىُ ّبّى رُىة ٍزعذد اىجذراُ 

ىُزٌ دٍجه ٍع ثىىَُزحَض ثىىٍ امزَو اٍبَذ مى امزَيُل اىَشززك ٍِ اجو دراسخ اىخظبئض 

.اىحزارَخ واىَُنبُّنُخ ومذىل اخزجبر اىزىرً  

٪ٍع رزامُش  ( 0.9 ,2.5,1.25 ,5)رٌ اسزخذاً رزامُش ٍخزيفخ ٍِ ثىىَُز حَض ثىىٍ امزَو اٍبَذ مى امزَيُل

٪ىزحضُز ٍزمت اىْبّى حَض ثىىٍ  (0.015 و 0.03)ٍخزيفخ ٍِ اىنبرثىُ ّبّىرُىة ٍزعذد اىجذراُ 

مبرثىُ ّبّىرُىة ثبسزخذاً طزَقخ اىظت اىجسُطخ/ امزَو اٍبَذ مى امزَيُل .  

وأظهزد اىْزبئج أُ اىخىاص اىحزارَخ رحسْذ ٍِ رٌ دراسخ اىخىاص اىحزارَخ ثبسزخذاً ٍسعز اىَسح اىزجبٍَْ 

.  اىَشززك ثىىَُز حَض ثىىٍ امزَو اٍبَذ مى امزَيُلٍع دٍج اىنبرثىُ ّبّى رُىة لاهخ  

 درجخ ٍئىَخ عْذ 70 ىجىىَُز حَض ثىىٍ امزَو اٍبَذ مى امزَيُل اىْقٍ إىً 55سادد درجخ حزارح اىزشجج ٍِ 

وهذا َذه عيً . ٪ ٍِ اىنبرثىُ ّبّى رُىة،حُش رٌ سَبدح اىجيىرَخ إىً حذ ٍع0.015ُِ، 0.03اضبفخ 

أُ جشء ٍِ اىجىىَُز رحىه ٍِ  اىشنو اىلاثيىرٌ اىً اىشنو اىجيىرٌ ٍَب َؤدٌ اىً اىزقيُو فٍ 

.وهذا دىُو عيً سَبدح طلاثزه, اىَبسبفبد ثُِ سلاسو اىجىىَُز   

قىح اىشذ فٍ ثىىَُز حَض ثىىٍ امزَو اٍبَذ مى امزَيُل سادد ثشَبدح ّسجخ جشَئبد اىنبرثىُ اىْبّىُّخ  

٪0.03٪ عْذٍب مبُ رزمُش اىنبرثىُ ّبّى رُىة400إىً  

سادد ّسجخ  رىرً اىجىىَُز اىَحضز  ثززمُشاد ٍخزيفخ ثئضبفخ اىجسَُبد ّبّىَخ ثسجت سَبدح اىززاثظ 

. اىنزثىمسواىهُذروجٍُْ اىحبطو ٍِ ٍجَىعخ  

حَض ثىىٍ )ثىىَُزُّخ أُ  اىْبّىادىَزمت ا أطُبف رحىَو فىرَُه اىطُفٍ ثبلأشعخ رحذ اىحَزاءىزحيُو ّزبئجرؤمذ

عيً ٍع اىنبرثىُ ّبّىرُىة ٍزعذد اىجذراُ اىَضبف اىُخ ٍجَىعخ اىنزثىمسو (امزَو اٍبَذ مى امزَيُل

. رزاثظ قىٌ ثُِ  اىجىىَُز واىجسَُبد اىْبّىُّخ فٍ عذح ٍجَىعبد وظُفُخحذوس  . 

أدي دٍج جسَُبد اىنبرثىُ اىْبّىَخ  فٍ ٍظفىفخ اىجىىَُزوهى حَض ثىىٍ امزَو اٍبَذ مى امزَيُل , ثبخزظبر

ثسججت اىزفبعو اىقىٌ ثُِ جشَئبد اىجىىَُز , اىً رحسُِ اىخىاص اىحزارَخ واىَُنبُّنُخ ىيجىىَُز

.واىَزمت اىْبّى  
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