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Nano-CT as a novel method for porosity measurements of
nanowebs

Abstract

Nanofiber layers have privileged properties such as fine fiber diameter, small pores,
suitable relationship between pores, special surface area and high porosity. These
properties make nanofibers applicable for a variety of applications, such as
high-performance filters and tissue engineering scaffolds. Different applications of
electrospinning layers require different porosities. Therefore, it is very important to
measure the porosity of nanofiber layers to express their application. To date, many
methods have been expressed for this purpose, but all methods have disadvantages.
Therefore, presenting the best method is a challenge that will be addressed in this project.
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1. Introduction

In recent years, multifunctional properties have been expressed for nanofibers obtained
from polymers, metal composites and metal oxides. Additionally, surface modification
nanofibers are easy to produce, economical and comfortable. This is due to the specific
properties of nanofibers, which include high tensile strength, high specific surface area
(surface area per unit mass) and porosity[1, 2]. Nanofibers have a high length-to-diameter
ratio [3]. This makes nanofiber properties important for high-performance filters,
absorbent textiles, medical textiles, drug release and many other applications[1,4].

Electrospinning is a continuous method for the continuous production of nanofibers with
diameters below micrometers to nanometers. This process can produce layers with a high
specific surface area, high porosity and good mechanical properties[5].

Electrospinning is a method widely used in the preparation of scaffolds. Various patterns
of electrolyzed nanofibers are used to prepare layers that have medical applications, from
artificial skin to endocrine organs and from the nervous system to cardiovascular
applications[6].



Electrospinning layers have different porosities according to their application. In some
applications, porosity is needed less than usual, and in some cases, it requires more
porosity than usual. Therefore, there are different methods to achieve sufficient porosity.

In this project, a suitable solution for measuring porosity will be presented.

1.1. Electrospinning

Electrospinning is the only method of preparing large-scale nanofibers. The reason is
comfortable control, high speed, minimum solution consumption, control of diameter and
pores and makeup of fibers, process comfort, inexpensive, simple and reproducible fiber
production process and technical advances [7]. This process can use a variety of polymers
to obtain polymer fibers in the submicron range, which is difficult to achieve by
conventional spinning methods [8]. Many parameters, including environmental and
soluble parameters and processes, affect electrospinning. Environmental parameters
include relative temperature and humidity. Soluble parameters include concentration,
conductivity, molecular weight and viscosity. Process parameters also include feeding
rate, voltage and needle head distance to the collector. With increasing temperature, the
diameter of fibers decreases, and with increasing humidity, the diameter increases[7, 6].
The diameter of the electrospun fibers ranged from 10 nm to 100 μm. In most cases,
polymer solutions are used for spinning electricity, but in some cases, polymeric melts
with higher direct current voltages can also be used to produce fibers with diameters less
than micrometers[6].

1.2. Porosity

Porosity is the amount of air, gas or vacuum in a solid material, often as the percentage of
nonsolid portion volume on the total volume (total solid and nonsolid volume) of a unit
of matter[14]. The porosity of the ratio of fluid volume or empty space in the filter
environment is based on the total volume of the filter and therefore has no unit, and its
value can be from zero to one. Porosity is one of the most important parameters in the
design and operation of filters. The porosity and sufficient surface area of the nanofiber
layer have made nanofiber coatings the most important candidates for high-performance
filters. [12] Porosity, pore size distribution and membrane bending make it easy to pass
steam through the membrane and collect steam as a filter outlet[9]. Previous studies have
shown that the thickness and porosity of the nanofiber layer can be controlled by
changing the sedimentation rate of fibers. The total porosity in the electrospinning layers
is related to the pore space in the layer[12].

Nonwoven materials have a pore structure, and this feature is very important in their
application. There can be three types of vents in matter. Package vents are not accessible.
Restricts the blind pores inside the material and does not allow fluid to pass through.
Open pores are outwards and allow fluid to pass. Open pores are useful for many



applications of nonwoven textiles. Their main characteristics are the highest stenification
of the pore diameter, the largest pore diameter, the distribution of pores, the surface area,
the permutation of gas and the perimeter of the liquid.

2. Discussion

In this chapter, the best method of measuring porosity and summarizing the previous
parts are discussed.

Among the porosity measurement methods that were discussed in the previous season, all
had disadvantages. Methods based on sample liquidizers had more difficulty in making
the sample, which caused changes in structure and errors in measurement. In addition,
non-wetting liquids can also rupture due to the need for pressure, which can change the
structure of the layer and can even rupture it. The density method is also in error due to
the need to measure dimensions, and the scale is necessary with appropriate accuracy. Of
course, SEM images can be used accurately to measure dimensions, but in any case it is
some a problem to measure and in addition to the thickness of the layers is not uniform
and because the dimensions are too large, then the error increases, on the other hand,
many methods are incapable of measuring the pore size of the pores, i.e., much smaller
than the pores of nanofiber layers. It is suitable for the pores of the fork itself. SEM
images are two-dimensional and the layers are stacked together and still question how to
consider pores, the best method is nano-CT scan, but this device is not in many places
and its advantages are measuring pore size by machine and operator, the method gives a
completely intuitive accurate method of layer structure and is very precise. Nanofiber
imaging with micro-CT scanners is not possible due to the thickness limit of at least 200
μm, and it is good for microscale images, not nanoscale images.

3. Experiments

3.1. Materials

PA6 pellets with a melt flow index of 26.3 g/10min with textile grade prepared from
Parsilon Khorramabad company (Iran). Formic acid and n-butanol with analytical grade
prepared from Merck Company. 1 nozzle horizontal electrospinning (digital pump from
DAWHA company with MS-2211 model, drum collector, voltage supply with voltage
range of 1-20kV) used to prepare (polyamide 6) PA6 nanoweb. The electrospinning
condition was 15wt%, 15cm, 0.5ml/h and 20kV. Electrospinning continued for 4h.



3.2. SEM

SEM images of the nanofibers prepared from Seron Technology (South Korea, AIS2100
model) microscope. Nanober’s diameter is measured by ImageJ software. The average of
100 nanofiber diameters used (figure 1).

Figure 1. The SEM images of the nanofiber web.

3.3. Nano-computed tomography (Nano-CT)

The electrospun fibers were placed inside a 1 mm Kapton tube (DuPont, Shanghai,
China). All specimens were scanned by a nano-CT (SkyScan 2211 Multiscale X-ray
Nano-CT System, Bruker micro-CT, Kontich, Belgium) with a 20–190 kV tungsten
X-ray source and a dual detection system: an 11- megapixel cooled
4,032 × 2,670-pixel CCD-camera and a 3-megapixel 1,920 × 1,536 pixel CMOS flat
panel. The specimens were scanned at 40 kV, 300 μA and 1000 ms over 360o with a
rotation step of 0.290°, leading to a final voxel size of 400 nm. The scan duration for
samples was about one hours. Nano-CT projections were reconstructed using the
system-provided software. NRecon (version 1.7.4.6) with smoothing kernel 2, ring
artifact correction 9, and beam hardening correction of 20%. The 3D image sets were
visualized with CTAn (Bruker micro-CT, Kontich, Belgium, version 1.18.4.0).



4. Results

As the above nano-CT images could give the real pore size and porosity of the nanowebs,
this is the best way to measure the porosity and pore size of nanowebs, without any of the
discussed problems of the previous methods.
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