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Measuring the porosity of PA6 nanofibers
prepared via hybrid electrospinning after the
dissolution of PVA component
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Mohammad Ali Tavanaie*, Zahra Esmaeilzadeh

Textile Engineering Department, Amirkabir University of Technology,
Tehran, Iran, P.O. Box:15875-4413

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.

*To whom correspondence should be addressed:

tavanaie@aut.ac.ir
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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.)

Polymer Concentration | Flow rate cos:ll:en l?(::oie csoa(;l(:l;lfiesr
0,
(Wt.%) (ml/h) dissolution dissolution

Polyamide 6 15 0.2 PA -
Polyvinyl alcohol/ i ) )

polyamide6 6 0.2 PA/P(0.2-6) PA/S-P(0.2-6)
Polyvinyl alcohol/ i ) i

R 8 0.1 PA/P(0.1-8) PA/S-P(0.1-8)
Polyvinyl alcohol/ i ) )

polyamide6 8 0.4 PA/P(0.4-8) PA/S-P(0.4-8)
Polyvinyl alcohol/

PelEeEE 10 0.2 PA/P(0.2-10) | PA/S-P(0.2-10)
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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)

o = oo piitee $0 ) Sl o 1 408 o SARgR ele ok



ol ) s e PVA L 55501 8,5
e Vs o d ags oSt slediged s 88
A oo i | 0dd | 9 xS PVA GL_JIgb SEM
A BLIIgL ecwl ssalin JoB oglar a5 aiilen
C3eiSs g Bl a5 004 o a8l sus] cwo

Al
PVA Jodoo clale g a i &, , 51 F IS Jlog—al
il L amsgn i Sl b gie 15 5 1,
oimlidl BLIGL ,dad o < /¥ ml/h o /Y lasdss &,
St Jytome Sl Gl g L oo
5y B el 5Ls 5o e s Sleat gl
arlgz ;S woad olzl o L by, e o o iS
e sazt w3l aalys Aol LS 4oy s
LY aritonss 558 5 6,500 oiiioes bawgs
s BLIIGL , s op S ooy Ve an f gl clale )il
A yegil VFP g0, S 5 nss ladasdle 6 (e
25 mealy Sl 2T Ly edly il el ¥
Sroeh Loy Glae 6550 Ol Sl Jslone
oo Jloel (2iS (69, )3l A )0 oad iioy
A5 0 g 0l eS S92 S0 Sl las 8 b
saal s 4 BLIIGL ol ,dad ]38l > ge
ey eile Sls e o plde molS 05t o
Dt GBS 5 rablien s gy SLgil L

Frequency
gy inyiy

©
) el ==
-
W
G
v
E..
ﬁn
o
. I
~al L

Diameter (nm)

» W

.‘ ™y - - -

w00l cmns 53 5SI PAR BLIgil g Joddss (6 080 5lu]
4590 SEM ,9ar IS ol A cadolas ol o a s

Sy g aeis ¥

o (g 39,55 (AL BN 56 4k miy 2 V-
9 B3 Sge sla il sl plaS e 5l ol ad> e o
gm0 d youd 98 5l saal Cws 4 BLIGL L
Sk sladgone 5 &85 18 (o) 0 890 4l
0 4S jelailen ol g xS A o> & g0 ay
odaline JoBY i jo Bl o8y, S ymgual
Y10 PA6 SL gl Lawgie ,tnd 5 009 e alls
4, gl YV PVA GLIGL Lo wgio , lad 5 , sogils
ol 0aal Cws 4y PAG 5| ,aS 55 PVA

PVA GLIgib s s adis ¢ i 3 clalé 51 Y- ¥
o s Sl b as ass ol (85 ki o Ly
b iz 5l Gy 0l o0 (S g oy oig
Wbl St At (ol JEbSS o Pl ST -
e g abale i o 8b e i L a5 o
S8 addllas 3550 (o9 Sl plSan PVA Jodono 4 3is

g /Y MUK wdss 5L Y KV g 910 €M alols a5 Sbej (Sjs /) - (&) AA (&) ¥ JS aslol
figure 3 (d) %10, and (e) %10 with distance 15cm, voltage 20 kV, and flow rate 0.2 ml/h.

Vo) roek - ooed owidien 30 o gl gl Ay o (kg oole anlibad



oy mns 35S PAS GLIgL g Jo5l5s (6 08051l

300

(a)
250 4
200
150 4
100 4
50 -
o L L]
0.1

. 0.4
Flow rate (ml/h)

Diameter of nanofiber (nm)

Diameter of nanofiber (nm)

= (b)
150 -
w-<I
°% ' 7 8 | 10 )

Concentration (wt.%)

1

PVA GLIIgU Lasgioylad 5y s y9iS0| Jplome ile (0) 5 2835 ¢ 5 () 31 F U
Figure 4 effect of (a) flow rate and (b) concentration on the average diameter of PVA nanofibers

allar &jpo a4 (Hlej 4 S SLIGL a8
Shalio S oo lay tals g b oo (o 9 S
a5 aad oo plois Plosl il ey 5 S8 Ladiged (54
Lyl s o goo,0 00 L VD S yialS L Ladsgal
aS o, S Leal flod oo donid ) wabdgs axlae i lize
ogdle .l 0oLl slasl JolS &g an sl asl s
Izl 5l ey Lpdiges SEM o glas cals o 5l 5
o=l ymelg § sl onalin JUB O JSi o aS
=l Al 0 PVA GLIsL slonsiledl as el Leol
ouile 8L PA6 LIl o, ol S5 g e ilai 09>y

Ll GBS g Blo loen

SEM ,glai wlwl g &lpas o3lail oy F-Y

aas oo leid el )b g0 5l awglie [14 g VA el

SR S PN Y g P E S SONIT SN L
558 e Bl 5 bad oy 5]

=30 g o o (SLpdiged jlisky ) (i Y

PVA ¢ ;> JSxl
Joo= jo 00t ;S8 bl 3 (g0 pe loadiges
SLIgL sladiges lawgio , b8 ¥ Jgo> .o ool )
ladigad g oud s 9 ,iSIl aslE o> & g0 4y 4 S PVA
e oo i | PVA Plosl sl sy 5 S8 g0 p2
Aib 93 ployed (o y9 S0 45 Gloj Sl 1S5 a0y
99 Ol S e p 4295 Lo 0,5 o0 plosl g 90
WSlaxd S 1,8 K0Sy Jlie p3 4 (S Sl o

e y9550 &lElax & e 4 a5 PAF GUIIGL [a8) PVA 53> Mo jl ey 5 L (504 yud sbotigos s PVA GLIIgL Lavgis ;b3 Y Jgu
(091 o5l YO Sgu> 050 00
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 ::EZ?&;S;?:&EL%
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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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)
[Tl e PA/S-P(8-0.1) 68 (4.1) 53 (13) 75 (6.8)
after dissolution | pp/s.p(8-0.4) 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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