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ABSTRACT. In this paper, the structural properties of transparent nylon samples were studied using XRD analysis. Four 

samples were examined at different preparation temperatures: 130 °C, 150 °C, 170 °C, and 190 °C. The crystallite size was 

calculated using two methods: Williamson-Hall and Halder-Wagner. Amplitude (FWHM): 150 °C, (FWHM) was 0.26639 

radians, indicating a larger amplitude. This shows the low content of impurities in the sample and the high degree of crystalline 

order. In the insulation properties test, there is a direct relationship between capacitance and temperature, while resistance and 

impedance exhibit nonlinear behavior and fluctuating values, but the relationship between inductance and temperature is 

inverse.  KEYWORDS. Nylon, Polymer, Crystal Structure, UDM, Williamson Hall Method, Dielectric Properties. 

INTRODUCTION 

   Nylon is a man-made material that has been applied in many industrial fields. Nylon has been studied for its 

ease, and many uses as an engineering plastic that can be easily converted into films, fibers, and molded parts. Nylon 

has desirable chemical stability and tunable mechanical properties, which make this material and its derivatives widely 

used as surgical sutures, catheters, dentures, etc., due to the biocompatible nature of this material (nylon) [1]. We 

knew that there were two main factors responsible for broadening the XRD peaks: lattice strain, crystal size,  due to 

the large area of grain boundaries, and the imperfect nature of crystalline materials. Intrinsic strain of the crystal 

usually occurs [2], [3]. The reality of the volatility of ideal crystalline materials is due to the XRD peaks being broader, 

so we know that there is no perfect crystal due to its limited size. The width of the XRD peak is determined by the 

crystal size. Due to the appearance of polycrystalline aggregates, it is observed that the particle size and the size of 

the crystals are not the same [4], [5]. The low dielectric properties of polymeric materials are essential for high-speed 

signal transmission in high-frequency communications applications and microelectronic devices [6], [7]. Small 

changes in the water absorbed in a sample can cause significant changes in the electrical and dielectric properties of 

hygroscopic materials, meaning these properties are affected by the moisture content of biological materials [6]. The 

dielectric parameters, including inductance, conductivity, capacitance, and loss factor, were analyzed based on 

methodologies where LCR meter measurements under thermal variation were employed, similar to those of the 

research’s [8], [9]. In this paper, transparent nylon for packaging will be studied and prepared practically to find the 

crystal size, use strain, and analyze the XRD result using the Origin 2019b 64Bit program with two methods of 

analysis, and Dielectric Properties. 

THEORETICAL PART       

   (XRD) X-ray diffraction is the most important method for determining crystal structure and size  in nanocrystals. 

To find the geometry of the particles, we use the XRD technique [10], [11], [12]. X-rays contributed to the study of 

this material, enabling the determination of its structural properties and interatomic spacing. The relationship and 
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influence between the structural properties of transparent nylon and temperature changes were also investigated.[13], 

[14].  Using (XRD), nylon samples are examined, and the distance (dhkl) between the planes and the diffraction angle 

at the peak are calculated using Bragg's law [15], [16]. 

𝑑 =  
     𝑛𝜆    

2 𝑠𝑖𝑛 𝜃
                                                                                (1) 

Where d: Is distance (dhkl) between levels and diffraction angle at the peak, λ: Wavelength of (XRD) used  equal 

to 1.54060 Å.  n: An order of integral numbers (1,2,…, etc.), θ: The angle of Bragg's between levels of atoms for 

crystals by Radians unit  [17]. 

Williamson-Hall method 

   The Williamson-Hall(W-H) method is the easiest method used to find the crystalline size and strain. [18], [19]. 

Volume separation and strain expansion analysis were performed using the (W-H) difference, both of which are 

microscopic, due to the small crystal size and the microstrain resulting from the reflection amplitude depending on 

the different θ positions. It is a method that extends the Scherrer equation approach by taking into account the effects 

of microstrain in the crystal lattice. This is the basis of the W-H theory. The overall XRD broadening is assumed to 

be a combination of two factors: (i) strain broadening (due to lattice distortions in the material), and (ii) volume 

broadening (due to the finite crystal size).[20], [21].  

Uniform Deformation Model (UDM) 

   In many cases, (XRD) patterns aren’t affected just by the size of the crystals, but perhaps also by lattice defects 

and lattice strain. UDM stands for where it is supposed to stain uniformly in all crystallographic directions. βcosθ is 

plotted with respect to 4sinθ for the material peaks. The particle size is calculated from the slope and y-intercept of 

the straight-line equation. To  measure  crystallite size by UDM method, (XRD) can be used, shown in the equation 

below [20].  

      DUDM =  (
  𝐾𝜆  

𝛽 cosθ
 ) +  4 ƹ 𝑠𝑖𝑛𝜃                                                              (1) 

Where DUDM: Crystallite size for ordered crystals. K: A factor approximately equal to (0.89-0.9  rad.Å-2).  λ: The x-

ray wavelength in angstroms. β: The line broadening at (FWHM) peaks in Radian units. ƹ: The strain. θ: The angle of 

Bragg's in Radian units.  

The Crystallinity (ϐ)  =
The Area of Crystalline Peaks  

Area of All Peaks
*100                                             (3) 

 Halder – Wagner –   Langford method 

   Advantage: more attention to the peaks of medium and low intensity, this method is very popular for finding the 

strain and size of a crystal simultaneously. The Halder–Wagner (H-W) method shows that the XRD reflectance isn’t 

simply a Gaussian or Lorentzian function; Rather, it is a mixture of both. [22], [23], it follows the Lorentzian function 

with the following equations  

                                                               (
𝛽∗

𝑑∗)
2

=  (
𝑘𝛽∗

 DHW (𝑑∗2)
) + (2 ƹ)2  

(4) 

After simplifying the equation, it becomes: 

DHWL =  (
𝑘

𝛽∗) + 4 ƹ2                                                                                         (5) 

                                                                                                              

 

 

Where DHWL: Is the crystallite size by Halder-Wagner,  𝛽∗ : It is the broadening reciprocal lattice point, as equation 

below: 

𝛽∗  =  
𝛽 𝑐𝑜𝑠𝜃

𝜆
                                                                                                  (6) 

   d = 
2 𝑠𝑖𝑛 𝜃

𝜆
                                                                                                   (7) 

 

 
 

In tensile deformed specimens, the dislocation density (δ) increases linearly for a given stress, and this can be 

calculated from the equation below. UDM should also be suitable for calculating the lattice strain [24],[25], [26].   
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                δ =  
   1    

D2                                                                                                     (8)   

EXPERIMENTAL PART 

    Since impurities negatively affect the quality of the samples, the nylon used for packaging was thoroughly 

cleaned and prepared in the laboratory. The nylon was dissolved in formic acid after being cut into slim pieces. Nylon 

dissolution method: 5 grams of nylon were weighed and placed in a special tube. 550 milliliters of 70% formic acid 

were added.  (Note: To obtain accurate results, samples were prepared in the summer in Iraq and at high temperatures.), 

We observed the nylon becoming more flexible and approaching a liquid state. Then we divided the quantity required 

into four samples to study the effect of temperature changes at four different temperatures. Put  the first sample in oven 

at a temperature of (130), (150), (170), (190) °C, all for ten minutes. Then, four samples were scanned using XRD to 

study their structural properties, which were then examined at the SHIMADZU Laboratory. This is consistent with 

this research. [24]. After that, the dielectric properties of transparent nylon were investigated to assess the thermal 

influence on its electrical behavior. Inductance (L), capacitance (C), and dissipation factors (D) were measured using 

an HF LCR Meter 6500 Series device. Measurements were performed at a frequency of 100 Hz and a voltage of 10 

mV, with the sample connected in parallel. This setup enabled accurate characterization of the dielectric response 

under different thermal conditions. According to this research [27].  

RESULT AND DISCUSSION 

     (XRD) pattern for samples of nylon drawing between (2θ) in degree unit and intensity in arbitrary unit (a.u.), 

which shows that in all samples in one figure, there is a change in values of the peaks, as shown in Figure 1. 

 

 

FIGURE 1. The XRD of Nylon. 

 

     Calculate Crystallinity, the area of all Peaks, and Area of Crystalline Peaks, for these samples at different 

temperatures. To calculate the average of FWHM in degrees and in radian units, after that, calculate the average of 

Interplanetary spacing in Angstrom units. As shown in Table 1.  

 Table (1) Values of crystallinity, Average of (β), (d), area of all Peaks, and area of crystalline Peaks in the fourth Temperature. 

Temp. 

̊C 
Crystallinity 

% 
Avg. 

(FWHM=β)  

(radian) 
Avg. Interplaner 

(d) 
Area of all 

Peaks 
Area of 

Crystalline 

Peaks 
130 ̊C 95.589 0.243246131 2.276207124 6526.84 6238.96 

150 ̊C 57.108 0.266394491 2.283260036 5933.88 3388.74 

170 ̊C 59.381 0.241872033 2.532272092 6199.12 3681.10 

190 ̊C 57.959 0.243098127 2.277942960 6303.34 3653.36 
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     After calculating, crystallization was noted to have the highest percentage of crystallinity, 95.589%, at the lowest 

temperature, 130℃, used in this research. This means the rate of movement of atoms and molecules was acceptable, 

and they had sufficient time and temperature to reach organization and arrangement, which led to the formation of 

small crystalline or amorphous grains.  Relationship between 4sinθ on X-axis and βCosθ on Y-axis in Uniform   

Deformation Model, and draw a better straight line by Origin 2019b program, and calculated crystallite size from 

slope of curve, as shown in Table 2, Figure 2. 

Table (2) Crystallite size, dislocation Intensity, Intercept, and slope by UDM. 

Uniform Deformation Model (UDM) 
Tem. 

̊C 

D 

(Å) 

δ*10-5 

(𝑙𝑖𝑛𝑒𝑠 /Å-2) 
Slope Intercept 

     130 C̊ 132.194 5.72235 0.30026 ± 0.25044 -0.25973 ± 0.42008 

150 ̊C 119.987 6.94584 0.32956 ± 0.27165 -0.28527 ± 0.45553 

170 ̊C 140.015 5.10094 0.29927 ± 0.24685 -0.25988 ± 0.41440 

190 ̊C 143.344 4.86671 0.30030 ± 0.24943 -0.26019 ± 0.41857 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
FIGURE 2a,b,c,d. Samples for Nylon using UDM. 

 

     Relationship between β*/d*2 on X-axis, (β*/d*)2 on Y-axis in Halder-Wagner Method, and draw the best straight 

line and calculate crystallite size from the slope of the curve, as shown in Table 3, Figure 3. 

Table (3) Crystallite size, dislocation Intensity, Intercept, Slope by Halder-Wagner Method. 

Halder-Wagner Method 

Tem. ℃ 

 
D (Å) 

δ*10-5 

(𝑙𝑖𝑛𝑒𝑠 /Å-2) 
Intercept Slope 

130 ̊C 146.495 4.65965 -0.08872 ± 0.07959 0.69922 ± 0.14510 

150 ̊C 132.912 5.66066 -0.10879 ± 0.08867 0.77822 ± 0.14997 

170 ̊C 155.650 4.12760 -0.08571 ± 0.08187 0.68365 ± 0.15059 

190 ̊C 158.879 3.96153 -0.08582 ± 0.08394 0.68524 ± 0.15252 

a   b 
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FIGURE 3a,b,c,d. Samples for nylon using the Halder-Wagner Method. 

 

   The dielectric properties of the transparent polymer film were studied over a wide temperature range to evaluate 

the material's behavior. Dielectric analysis is an important indicator for understanding a material's stability and 

efficiency in thermal and electronic applications. Capacitance (C), resistance (R), impedance (Z), and dielectric loss 

factors (tan δ) were measured using a suitable measuring device at increasing temperatures of (130, 150, 170, and 

190) °C. The obtained values are shown in the table below and discussed later to explain the changes resulting from 

the thermal effect, as shown in Table 4. 

Table (4) Dielectric values of nylon at different temperatures 

Temp. 

T 

̊C 

Capacitance 

C 

(PF) 

Inductance 

L 

(KH) 

Impedance 

Z 

(µΩ) 

Resistance 

R 

(µΩ) 

Dissipation 

Factor 

tan𝜹 

Quality 

Factor 

Q 

130 ̊C 404.648 25.0393 5.09209 6.68067 1.17748 0.84927 

150 ̊C 547.747 18.4978 2.98318 3.47617 1.67174 0.59817 

170 ̊C 602.585 16.8144 5.21436 32.5908 0.16208 6.16968 

190 ̊C 933.214 10.8572 3.17957 8.78335 0.38833 2.57508 

    

After calculating and measuring dielectric values at changing temperatures. We drew Relationship between 

Capacitance C in (PF) unit, Inductance L in (KH) unit, Impedance Z in (µΩ) unit and  Resistance R in (µΩ) unit with 

changing temperature as shown in Fig. (4). We note that the capacity started at a low value compared to the low 

temperature for this research, and as the temperature increases, the capacity increases with it, this indicates an increase 

in the electrical insulation capacity of nylon as a result of thermal structural changes, i.e. there is a direct relationship 

between capacitance and temperature. As for inductance, the higher the temperature, the lower the inductance value. 

This indicates the effect of temperature on the internal structure of nylon, which affects its magnetic properties, i.e., 

the relationship is inverse [28]. The impedance and resistance showed non-linear behavior and fluctuated in value, 

sometimes rising and sometimes decreasing with increasing temperature, which indicates the presence of many 

irregular transition processes that affect the electrical and microscopic properties of Nylon [29]. 

a   b 
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FIGURE 4a,b,c,d.  Relationship between C, L, Z, and R with changing temperature. 

     Both the insulation loss factor and the quality factor were measured on the Y-axis versus the temperature on the 

X-axis. Figure (5) (A), (B) illustrates the results in the previous table, showing the inverse relationship between them, 

because the insulation loss factor started its movement at a temperature of 130°C, rose at 140°C, decreased until it 

reached a lower slope at 170°C, and then rose slightly at 190°C. The quality factor (Q) started at 130°C and decreased 

significantly, forming a slope at 140°C, then rose abruptly to reach its highest level at 170°C, and then declined at 

190°C. This indicates the presence of a thermal transition point that affects the response and properties of the insulating 

material, leading to internal structural changes in the polymeric material, specifically the nylon material used in this 

paper. 
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FIGURE 5. (A) Relationship between tan insulation Dissipation factor with changing temperature. (B) Relationship between the 

Quality factor with changing temperature.  
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CONCLUSION 

      Transparent nylon samples were successfully synthesized in the laboratory using formic acid as a solvent. The 

samples underwent thermal sintering at four distinct temperatures, and their structural properties were investigated via 

XRD. The analysis revealed that temperature variations significantly influenced the (FWHM) values, calculated using 

Origin Pro 2019b software. Crystallite size was determined through both Halder-Wagner and Williamson-Hall 

methods. The Williamson-Hall approach allowed for peak broadening analysis, enabling the estimation of crystallite 

size and micro strain. The highest average crystallite size was recorded at 158.879 Å (Halder-Wagner) and 143.344 

Å (UDM) at a sintering temperature of 190 °C. Interestingly, the highest crystallinity value of 95.589% was observed 

at 130 °C, indicating a non-linear relationship between temperature and crystallinity.  Regarding the insulation 

properties, we observed a direct relationship between capacitance and temperature, and an inverse relationship 

between inductance and temperature. At the same time, resistance and impedance show nonlinear behavior. 

FUTURE RECOMMENDATIONS 

• Combining annealing with irradiation or plasma treatment and exploring how these treatments can affect 

crystallinity.  

• Study the properties of nylon and relate the results to the medical and food industries. 

• Study of the Optical and Mechanical properties of Nylon. 
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