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Measuring the porosity of PA6 nanofibers
prepared via hybrid electrospinning after the
dissolution of PVA component
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Research subject: The porosity of the electrospun nanofibers web
has always been represented as a significant parameter affecting vari-
ous areas of nanofibers applications.

Research approach: At first, the effect of most effective parameters,
the concentration of polymer solution and flow rate, on the diameter
of polyvinyl alcohol nanofibers, as a dissolving component, were in-
vestigated. Afterwards, the appropriate electrospinning condition was
determined; and the hybrid web of polyamide 6/polyvinyl alcohol
(PA/PVA) was prepared via a two-sided dual-nozzles electrospinning
method. The morphology, diameter, pore size of the nanofibers web,
and the effect of dissolving constituent were studied based on images
of the scanning electron microscope.

Main results: The obtained results suggested that the concentration
of the polymer solution has the most influence on the diameter of elec-
trospun diameter, and the flow rate has not a notable impact on it. It
was observed that after the dissolution of the PVA component, the av-
erage size of pores decreased by 30-46%. To measure the porosity of
nanofibrous webs, three practical and straightforward methods that
have been proposed in the literature were utilized. It was indicated
that the diameter of the resultant web decreased after the dissolution
of PVA, and according to the best-selected method of porosity mea-
surement, the porosity reduced to about 70%. Additionally, the aver-
age pore size of electrospun PA6 webs has been decreased by about
30-58% relative to the original hybrid webs.
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Figure 1 schematic illustration of two-sided dual-nozzles electrospinning setup.
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Table 1 electrospinning parameters of individual and hybrid nanofibers samples and
their codes (applied voltage is 20 kV, and distances to the collector are 10 and 15 cm
for PA6 and PVA, respectively.)
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Figure 2 SEM images and diameter distribution of, (a) PA 6 nanofibers (concentration
15 wt.%, flow rate 0.5 ml/h, voltage 20 kV, distance 10 cm), (b) PVA nanofibers
(concentration 8 wt.%, flow rate 0.2 ml/h, voltage 20 kV, distance 15 cm)
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Figure 3 SEM images and nanofiber distribution of PVA nanofibers with concentration %8, distance 15
cm, voltage 20 kV, and flow rates (a) 0.1, (b) 0.4 ml/h, and PVA nanofibers with concentration (c) %6,
(continues on the following page)
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Table 2 average diameter of PVA and hybrid webs PA/PVA, before and after the dissolution of PVA
(diameter of electrospun PA6 nanofiber was obtained about 215 nm)

Electrospun webs Sample’s code ::z:;?ﬁ;gsia(lggie;rzg
P(0.2-6) 146
Individual electrospun PVA P(0.1-8) 247
web P(0.4-8) 268
P(0.2-10) 303
PA/P(0.2-6) 108
PA/PVA hybrid web before the PA/P(0.1-8) 136
dissolution PA/P(0.4-8) 122
PA/P(0.2-10) 106
PA/S-P(0.2-6) 115
PA/PVA hybrid web after the PA/S-P(0.1-8) 143
dissolution PA/S-P(0.4-8) 106
PA/S-P(0.2-10) 112
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Figure 5 SEM images of hybrid samples (a) PA/P(0.1-6), (b) PA/S-P(0.1-6), (c) PA/P(0.1-8), (d) PA/
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Table 3 the average measured values of pore size of samples based on SEM images, before and after the
dissolution process
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Table 4 the porosity values of electrospun webs based on three methods
Electrospun ) Porosity (CV%)
Sample’s code
web First method | Second method | Third method
Polyamide 6 PA 85 (0.6) 104 (11) 81 (2.6)
PA/P(6-0.1) 86 (0.7) 96 (9) 64 (1.3)
Hybrid PA/P(8-0.1) 86 (2.2) 99 (12) 83 (0.8)
web before
dissolution PA/P(8-0.4) 86 (1.3) 95 (11) 84 (1.1)
PA/P(10-0.2) 84 (2.6) 94 (9) 82 (2.4)
PA/S-P(6-0.1) 70 (4.3) 64 (16.9) 72 (3.3)
Hybrid web PA/S-P(8-0.1) 68 (4.1) 53 (13) 75 (6.8)
after dissolution | pj/s.p(g-0.4) 72 (2.5) 74 (12) 72 (2.3)
PA/S-P(10-0.2) 72 (3.2) 67 (10.5) 74 (2.2)
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Figure 6 the comparison between the porosity of samples before and after the dissolution based on the
first mthod
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