
 

 

 

Abstract—Nano fiber mat which will be used for artificial 

skin, filter, scaffold of tissue engineering, etc. is porous and 

must be manufactured for superior mechanical strength. 

Electrospinning method which is mainly used as a 

manufacturing method of nanofiber has weaknesses of low 

production speed and low mechanical characteristics, so 

method of Air Jet Spinning that has recently been studied 

overcome this weakness. Therefore, this study made solution of 

5, 10, 14, 18, 22 wt% with Nylon6 and Formic acid and made 

polymer fiber with nano diameter with method of Air Jet 

Spinning. And then, effects of solution condition for 

morphologic shape and average diameter were investigated and 

chemical combination and mechanical characteristics were 

examined. As the result, method of Air Jet Spinning made lots 

of effects on chain structure of Nylon6. Unlike the 

electrospinning producing quasi-stable form of gamma type, 

Nylon6 manufactured by method of Air Jet Spinning has a 

structure of thermodynamically stable alpha form and 

mechanical characteristics of Nylon6 mat were also improved. 

 

Keywords—Air Jet Spinning, Nanofiber, Polymer, Nylon6, 
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I. INTRODUCTION 

HE mat, composed of hundreds of diameters of nano fiber, 

has wide surface area and porosity, so it has been used in 

skin graft, medical bandage, filters, and clothing for defense. In 

addition to this, nanofibers are used as a scaffold in tissue 

mechanics and drug transportation in medical field. Scaffolds 

in tissue mechanics improve or replace the biological functions 

of the tissues or materials. As a result, they made replacements 

for the body tissues to maintain, improve, and restore the 

biological functions. Recent studies have been developing a 

technique to manufacture the natural tissue stroma similar to 

natural restoration process and block virus in the body. The 

scaffold with a big surface area with micro tissues of sporosity 

and high machinery strength provide enough space for the cells 
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and provide nutrient to grow. [1-6] 

Electro spinning is widely used to manufacture nano fibers. 

If electricity spinning applies electromagnetic force higher than 

surface tension, mutual repulsive power of induced charge will 

emit and accumulate, and as a result, nano fiber forms. It has 

the strength of using polymers of complex components, but it 

gets affected by viscosity, surface tension, and conductivity and 

it has process variables such as flux and potential. Also, it has 

weakness of low manufacturing speed and machinery 

properties, and the dependency on the high voltage power.[7-9] 

 In the meanwhile, Air Jet Spinning technique is possible to 

produce at high speed of 15 ml/min with electricity spinning 

technique, be used on various substrates, and easy to control the 

thickness of fiber and lamination layer.[10,11] 

 Nylon6 is a semi-crystallizing polymer, which synthesizes 

with natural polymers of great machinery properties with 

various forms on the surface. The collagen proteins and 

activating group are similar, and Nylon6 has outstanding 

stability against body fluid in human. However, the fiber made 

by Nylon 6 electricity spinning is semi-stable type, so it is hard 

to manufacture a stable form of fibers.[12-14] 

Therefore, in this study, we investigate the effects on the 

structure and types of fibers by manufacturing mats with 

different concentrations of biomimetic polymer, Nylon 6 fiber 

with Air Jet Spinning technique.  

II. EXPERIMENT 

A. Materials for experiments 

In this study using Nylon6(C6H11NO) has mp 220℃, d 

1084, particle size 3.00mm, Tg 62.5℃, Formic acid(CH2O2 = 

46.03) and Acetic acid(CH3COOH = 60.05)  

B. Nylon6 mat manufacturing of Air Jet spinning method 

In this study manufactured 50ml of 5, 10, 14, 18, 22 wt% by 

using Formic acid as a solvent on polymer Nylon6. The 

condition was set at 50% of humidity at room temperature, kept 

the length of separation for 70 cm from the substrate, and 

spined the solution with 450 kPa as shown in Fig. 1. Put it in the 

vacuum oven at 40℃ for 24 hours to evaporate the residual 

solvent. 
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Fig. 1 Air Jet spinning method 

 

 
Fig.  2 Dumbbell type sample (Width 3.18mm, Gauge length 7.62 mm) 

 

C. Nylon6 mat manufacturing of Air Jet spinning method 

 Make a solution of 22 wt% with 4:1 ratio of adding formic 

acid and acetic acid to polymer Nylon6, and set other 

conditions to the same, and then apply 16 kV with 15cm of 

separation from the substrate. Remove the residual solvents as 

described in the above.  

D. Characteristic analysis 

 Observe the surface property of the fiber by using FE-SEM 

(Hitachi S-7400), investigate morphologically more stable  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

concentrations of the polymer. For the observation of 

structural property, analyze with XRD and FT-IR analyze the 

functional group of bonding and crystal structure. Lastly, make 

samples with Dumbbell type(Width 3.18 mm, Gauge length 

7.62 mm), and understand the machinery properties through the 

tensile test (Speed 10 mm/min) with UTM (universal Test 

Machine) as shown in Fig 2. 

III. RESULTS AND DISCUSSIONS 

A. Fiber properties by polymer concentration 

Fig 3 shows the surface property of the polymer mat made 

with AJS and ETS technique. (A) Formation of the fiber is not 

seen at 5 wt% (B) Formation starts to be seen at 10 wt%. (F) 22 

wt% is the fiber surface with electricity spinning, and similarity 

between (D) 18 wt% made with AJS and (E) 22 wt%. Table 1 is 

a diagram shows the properties and diameter based on the 

concentration and polymer spinning techniques. The fibers 

made with AJS have constant fibers as the concentration 

increases. Also, AJS 22 wt% has thinner fiber and more regular 

fiber than ETS 22 wt%. This is because AJS fiber has better 

porosity than ETS fiber. Therefore, AJS 22 wt% is structurally 

adventitious as a scaffold in tissue mechanics. 

 
TABLE I 

N6 FIBER FEATURE AND DIAMETER ACCORDING TO THE CONCENTRATION 

Method 

Polymer 

concentration 

(wt%) 

Fiber feature 

Fiber Diameter (nm) 

Mean SD 

AJS 5 No fiber - - 

AJS 10 Many Beads - - 

AJS 14 Many Beads 113 8.5 

AJS 18 Fiber + Beads 117.2 6.8 

AJS 22 Fiber 143.9 3.8 

ETS 22 Fiber 169.5 15.6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 FE-SEM of AJS (A)5 wt%, (B)10 wt%, (C)14 wt%, (D)18 wt%, (E)22 wt% and ETS (F) 22 wt%2 Fig.  3 FE-SEM of AJS (A)5 wt%, (B)10 wt%, (C)14 wt%, (D)18 wt%, (E)22 wt% and ETS (F) 22 wt% 

International Conference Recent treads in Engineering & Technology (ICRET’2014) Feb 13-14, 2014 Batam (Indonesia)

http://dx.doi.org/10.15242/IIE.E0214518 44



 

 

 

Fig.  4 XRD according to spinning method (A)AJS 22wt%, (B)AJS 

14wt%, (C)ETS 22wt% 

 

 

 

Fig.  5 FR-IR according to spinning method 

 

 

 

Fig.  6 Universal test according to spinning method (A) AJS 22 wt%, 

(B)ETS 22 wt% 

 

B. Effect on the characteristics a combination of polymer 

spinning method 

Fig 4 shows a XRD graph based on the spinning techniques.  

If you look at the ETS fiber (C), α form, which is a stable type, 

is barely seen, and γ form, which is a semi-stable type, is more 

apparent. Based on the graph of (A) and (B) using AJS, α 

bonding gets clearer as the concentration of the polymer 

increases. α -bonding, which is hard to obtain by ETS, is a short 

H-bond. Chemical bonding using AJS polymer fiber is more 

stable.  

 For the better judgment, we observed FR-IR (Fig 5), which 

classifies more sensitively than XRD. If you look at the 

spectrum, it shows the substitution of IR band about the radio 

frequency of 1120 cm-1 in (1) and (2) made with AJS. This 

means that γ type was not formed in bonding α type with AJS 

technique, and the existence of a stronger H-bond.  

C. Observed changes in the mechanical properties 

Fig 6 is the graph about the results of the tensile strength 

based on the spinning techniques with UTM. As it shows, fiber 

mat with AJS has superior machinery properties. For the exact 

values of each property of matter, extreme tensile strength of 

(A) is 21.8 MPa, (B) is 12 MPa, extreme deformation of (A) is 

105%, (B) is 106%, and the tensile strength of (A) is 67.2 MPa 

and (B) is 56 MPa. The reasons why the machinery strengths 

increased are not only because the fiber mat made with AJS is 

denser but also it has extremely maximized H-bonds due to the 

increased number of α type bonding. This shows that AJS could 

provide better machinery stability as a tissue mechanic scaffold 

compared to using ETS.  

IV. CONCLUSION 

AJS can manufacture N6 mats with cheaper prices and better 

efficiency. Produced mats were similar to the fibers made with 

ETS, but the diameter is more condensed, which leads to the 

structural advantages. Also, α type bonding, which is 

chemically superior, was formed a lot. Furthermore, we could 

confirm that it has higher machinery properties from the results. 

This shows the possibility of various applications of the nano 

fibers on many different fields along with scaffolds in tissue 

mechanics.  
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