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Abstract. Differential scanning calorimetry (DSC) is a useful technique for analysing the thermal behaviour of 

materials by measuring the heat transferred through a sample during temperature fluctuations. For polymers, 

understanding their thermal characteristics is crucial to determine their process capability, mechanical properties, 

stability at high temperatures, and suitability for specific applications. In this context, the electrospinning process 

involves heating polymers and subjecting them to high voltage, leading to changes in their thermal properties. 

Therefore, it is essential to identify these modifications to determine the thermal conductivity, stability, and 

temperature management of the nanofiber for specific applications. This study focuses on the analysis of 

polyamide (PA6) nanofibers produced by electrospinning using DSC and compares them to virgin PA6 to identify 

significant changes in thermal properties. The PA6 nanofibers were prepared by electrospinning PA6 polymer and 

collecting on a rotating drum at a needle tip of 20 cm to the collector centre distance. For comparison of thermal 

properties, the same virgin PA6 was used for DSC testing from which nanofibers were produced. The results show 

that the nanofiber mat’s glass transition temperature increased by 3.2%, while the melting temperature decreased 

by 0.7%. Furthermore, the delta Cp (change in specific heat capacity) of the nanofiber mat was enhanced by 96%, 

and its thermal heat capacity and crystallinity increased by 16%. Therefore, this study provides insights into the 

alterations in the thermal characteristics of the nanofiber mat created by electrospinning. 
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Introduction 

Differential scanning calorimetry (DSC) is a method for measuring the heat flow through a sample 

while its temperature fluctuates [1]. It is frequently used in material science, chemistry, and physics to 

examine the thermal characteristics of a variety of materials, including polymers and different forms of 

polymeric materials, including nano fibers/materials [2-4]. 

Electrospinning is a commonly used technique for the manufacture of nanofibers in the realm of 

nanofiber applications [5-7]. With the help of the electrospinning process, nanofibers can be produced 

with enhanced physical characteristics [8-10]. During the electrospinning process, a polymer solution 

or melt is subjected to a high voltage, resulting in the creation of an electrically charged jet [11]. This 

jet is then attracted to a collector, where it condenses into a fibrous mat or film [12]. The electrospinning 

procedure can alter the polymer’s thermal characteristics [13], including its melting point [14], glass 

transition temperature [15; 16], and thermal conductivity [17]. 

Due to its mechanical qualities and biocompatibility, polyamide 6 (PA6) is a thermoplastic polymer 

that is extensively employed in the manufacturing of nanofibers [18]. Electrospinning has been 

demonstrated to be an efficient approach for generating PA6 nanofiber with enhanced mechanical and 

thermal characteristics [19; 20]. Unfortunately, the impact of electrospinning on the thermal 

characteristics of PA6 nanofibers is little known. 

In this study, PA6 nanofibers were produced by electrospinning, and their thermal behaviour was 

evaluated using DSC. The DSC study findings were compared to those of pure PA6 to determine any 

notable changes in thermal characteristics resulting from the electrospinning procedure. The thermal 

properties of electrospun PA6 nanofibers, including their glass transition temperature, melting point, 

and heat capacity, were examined. 

The findings of this work will give insight in the thermal behaviour of electrospun PA6 nanofibers, 

therefore enhancing their performance in a variety of applications, including filtration [21-23], drug 

administration [24; 25], and tissue engineering [26; 27]. In addition, the research can contribute to 

fundamental knowledge of the electrospinning process and its impact on the thermal characteristics of 

PA6 nanofiber mats. 

Materials and methods 

PA6 (CAS: 25038-54-4, PA6 standard density: 1.06-1.16 g·cm-3) and formic acid (CAS: 64-18-6) 

are chemicals supplied from Sigma-Aldrich (Germany). PA6 solution was created by adding 10% wt/wt 

of PA6 granules to the solvent formic acid and stirring it for 5 hours at +40 ºC and 400 rpm with a 
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magnetic stirrer (Thermo ScientificTM Cimarec + TM Stirring Hotplates Series, USA). To remove air 

bubbles and stabilise the solutions, they were left at room temperature for one hour. 

Electrospinning solution at +22 ± 1 ºC using the Fisherbrand™ Single Syringe Pump, a needle-

based electrospinning equipment, Danbury, CT 06811, United States, and a flat plate collector produced 

composite mats. Utilized were a 3-mL plastic syringe and a 27G needle. The electrospinning parameters 

were 25 kV voltage, 0.5 mL·h-1 flow rate, and 20 cm between the syringe tip and the collector plate’s 

centre. Aluminium foil was put to the plate to collect nanofibers. Before performing any tests or 

characterizations, all samples were held for 48 hours at a temperature of +22.1 ± 1 ºC and relative 

humidity of less than 60% [1].  

Differential scanning calorimetry (DSC) measurements were conducted with DSC 214 Polyma 

(Netzsch, Germany) in nitrogen (N2, CID 947) atmosphere at a flow rate of 30 mL·min-1. The nanofibers 

and pure PA6 were cut precisely, placed in the crucible, and stored for 48 hours at +22 ± 1 ºC and 

relative humidity of less than 60%. The samples were heated from -40 ºC to + 230 ºC at a rate of 

15 K·min-1. The average mass was determined using laboratory scales KERN ABT 100-5NM 

(Germany; max till 101 g, discreteness 0.000001 g) [1]. 

Specific heat capacity means the amount of heat required to increase the temperature of one gramme 

of mass by one degree Celsius. Specific heat capacity (Cp) may be expressed as follows using DSC: 

 DSC = m * Cp * sensitivity * HR, (1) 

where  m – sample mass; 

 Cp – specific heat capacity; 

 HR – heating rate.  

DSC may be used to compute (according to ASTM E 1269 or the ratio technique) the specific heat 

capacity of a material based on three measurements (baseline, sapphire, and sample). 

Results and discussion 

Fig. 1 displays the DSC graphs of virgin PA6 and the nanofiber mat during second heating. The 

moisture content of virgin PA6 and the formic acid employed in the electrospinning method to create 

the nanofiber mat evaporated during the first heating cycle, and a second heating cycle was investigated 

to determine the thermal characteristics.  

A polymer specimen undergoing DSC analysis is generally heated at a consistent pace from a low 

temperature to a high temperature +230 ºC. The polymer experiences thermal changes during the initial 

heating cycle, which can considerably impact its thermal behaviour. During the initial heating cycle, the 

thermal history of the sample is imprinted, and this might influence the findings of DSC analysis. 

Typically, a second heating cycle is done after the initial heating cycle has been finished to address 

this issue. The second heating cycle allows for the elimination of thermal history effects, giving the 

experiment a new start. The polymer suffers thermal changes; however, the thermal history effects are 

eliminated by heating the sample from a low temperature to a high temperature again. 

The second reason, why the second heating cycle is necessary for the DSC study of polymers 

(Fig. 1), is that it permits the controlled detection of thermal transitions. The polymer may experience 

thermal breakdown or crosslinking during the initial heating cycle, resulting in permanent alterations to 

its thermal performance. These permanent modifications might impact the accuracy and repeatability of 

DSC analysis findings. 

The thermal characteristics of PA6 granules and the nanofiber mat are displayed in Table 1. The 

glass transition temperatures of virgin PA6 and PA6 nanofiber mat were +55.3 ºC and +57.1 ºC, 

respectively. Both materials melted at around +223.5 ºC and + 221.8 ºC. Delta Cp change in the specific 

heat capacity at glass transition temperature was 0.155 J·(g·K)-1 for virgin PA6 granules and 

0.320 J·(g·K)-1 for the PA6 nanofiber mat. Crystallinity and thermal heat capacity both increased by 

16% in the PA6 nanofiber mat compared to PA6 granules; the values increased from 69.01 J·g-1 to 

80.33 J·g-1 for heat capacity, and crystallinity changed from 36.50% to 42.34%, respectively.  
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Fig. 1. DSC results of second heating of virgin PA6 granules and PA6 nanofiber mat 

Table 1 

Thermal properties of virgin PA6 granules and PA6 nanofiber mat 

Material Tg, ℃ Tm, ℃ Delta Cp, J·(g·K)-1 H, J·g-1 Xc, % 

Virgin PA6 granules 55.3 223.5 0.155 69.01 36.32 

PA6 nanofiber mat 57.1 221.8 0.320 80.33 42.28 

DSC examination of pure polyamide pellets often exhibits a melting peak, which corresponds to 

the energy required to break the intermolecular interactions that hold the polymer chains together in a 

crystalline lattice. Most polyamide nanofibers have a higher ratio of the surface area to volume than 

pure polyamide, which changes how they behave when heated. Particularly, compared to pure 

polyamide, polyamide nanofibers can display a greater degree of crystallinity, a narrower melting 

temperature variation, and a higher glass transition temperature [28]. 

Higher crystallinity of polyamide nanofibers is a result of their nanofiber diameter, which permits 

improved molecular orientation and packing efficiency. Due to the existence of smaller crystallites in 

polyamide nanofibers, which melt at lower temperatures than the larger crystallites in pure polyamide, 

the melting temperature range is narrower. Due to their higher degree of crystallinity and smaller 

crystallite size, polyamide nanofibers have a lower melting point [28]. 

In summary, the improved thermal properties of PA6 nanofiber mats are due to the fact that 

nanofibers have a higher surface-to-volume area. PA6 nanofiber mats have enhanced thermal 

characteristics due to the increased surface area per unit volume of the nanofibers. The glass transition 

temperature and melting temperature were found to increase and decrease, respectively, as determined 

by DSC. Both the glass transition temperature and the melting temperature of PA6 nanofibers are 

affected by the degree of crystallinity. 

Conclusions 

The results shown in Table 1 indicated that the nanofibers fabricated from virgin PA6 have a 

substantial effect on their thermal characteristics. The glass transition temperature of the PA6 nanofiber 

mat was found to be greater than that of virgin PA6, showing that the nanofibers contribute to enhanced 

thermal stability. This may have important impacts for the usage of PA6 in high-temperature 

applications, such as in the automotive and aerospace sectors. 

DSC, mW·mg-1 

Temperature, ºC 
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In addition, the thermal heat capacity and crystallinity of the PA6 nanofiber mat were greater than 

those of PA6 granules. The greater thermal heat capacity means that the nanofiber mat can store more 

thermal energy, which might affect its utility in applications requiring thermal insulation. The rise in 

crystallinity suggests that the nanofibers may have served as nucleation sites, so stimulating the creation 

of organised crystalline structures inside the material. This might enhance its mechanical qualities and 

increase its deformation resistance under stress.  

The results indicate that the glass transition temperature of the PA6 nanofiber mat was 3.2% higher 

and the melting temperature was reduced by 0.7%. The nanofiber mat’s delta Cp was enhanced by 96%, 

while its thermal heat capacity and crystallinity were also increased by 16%.  

Electrospinning of virgin PA6 into nanofibers may improve the thermal characteristics and make it 

more suitable for use in demanding industrial applications, according to the research. 
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