Estimation and Optimization of Physical Properties of
Electrospun PLGA Nanofibrous Mat

Fatemeh Zamani'", Mohammad Amani-Tehran?, Masoud Latifi?

1. Hazrat-e Masoumeh University, Postal Code 3736175514, Qom, Iran
2. Department of Textile Engineering, Amirkabir University of Technology,
P.O. Box 15875-4413, Tehran, Iran

Received: 1 February 2022, Accepted: 30 August 2022

ABSTRACT

a significant effect on the behavior of electrospun mat in interaction with

other surfaces, as well as on its efficiency in various applications. Therefore,
determining and predicting these structural properties using controllable factors in
the electrospinning process are of particular importance. On this basis, in the present
research each of the structural properties of nanofibrous mat, including mat porosity,
diameter and porosity of fiber, were estimated using mathematical relationships. Also,
the prediction and optimization of input factors and the porosity of the mat and fibers
were performed using the response surface methodology (RSM).
Methods: Poly(lactic-glycolic acid) was used to produce nanofibrous mats. After
the determination and optimization of the electrospinning process factors, which
influence the structural properties of nanofibrous mats, 18 types of mats were
Keywords: prepared. Considering the combined effect of three electrospinning factors, including
solution concentration, humidity and collector linear speed, RSM and regression
methods were used to optimize and model the relationship between variables and mat
properties, respectively.
Findings: Based on the mathematical relationships between the input factors and
the structural characteristics of the mat, it can be revealed that the concentration is
the most effective factor on the fiber diameter and mat porosity, and the collection
speed is the most effective factor on the fiber porosity. According to the RSM models,
the optimized values for the initial factors of concentration, humidity and collection
speed based on the model designed for fiber porosity are 2% (w/v), 45% and 0.4 m/s,
and based on the model designed for mat porosity are 3% (w/v), 45% and 2.4 m/s,
respectively. The predicted optimized values of fiber porosity and mat porosity are
0.342% and 0.989%, respectively, which are not much different from the experimental
values obtained from these points. The nanofibrous mat introduced by each of these
models has created the most porosity.

Hypothesis: The physical properties of electrospun nanofibrous mats have
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Fig. 1. SEM micrographs of the nanofibrous mats fabricated in (a), (b), (c) solution concentration of 2% w/v, relative humidity of 30%

and the collection speed of 0.4, 2.4 and 4.8 m/s, respectively and (d), (e), (f) solution concentration of 4% w/v, relative humidity of

60% and the collection speed of 0.4, 2.4 and 4.8 m/s, respectively (magnification:10kx).
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Table 1. The physical properties of the nanofibrous mats fabricated in a solution concentration of 2%w/v.

Physical properties
Electrospun nanofibrous mat Fiber diameter (nm) Fiber porosity (%) Mat porosity (%)
+Tol +Tol
1 Humidity 30%, Collection speed 0.4 m/s 1204+74.4 31+0.1 0.9715+0.00320
2 Humidity 30%, Collection speed 2.4 m/s 1041+60.0 13+0.0 0.9887+0.00110
3 Humidity 30%, Collection speed 4.8 m/s 904+41.2 3+0.0 0.9817+0.00087
4 Humidity 60%, Collection speed 0.4 m/s 1474+123.5 35+0.1 0.9839+0.00208
5 Humidity 60%, Collection speed 2.4 m/s 1462+53.0 37+0.1 0.9853+0.00150
6 Humidity 60%, Collection speed 4.8 m/s 1069+37.8 10+0.0 0.9838+0.00109
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Fig. 3. The fiber porosity of electrospun nanofibrous mats.
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Fig. 2. The mean fiber diameter of electrospun nanofibrous
mats fabricated in solution concentration of 2, 3, 4 w/v%, relative
humidity of 30 and 60% and the collection speed of 0.4, 2.4 and
4.8 m/s, respectively.




e oSS SETY) o Aals 1 0 hab o935 oSl QY 530D oo (5Ll 9 (eSS

L b P 5l eslanal Ll e 2l U Jsle 65101 5 Ges
Sbtle s Bl sbwl 4 GBSl siy sbwl Jsa b5 Sl
JJI.%‘L;O el J.’Z.\Lf &U&)L’I}LA BE oJ\iJ\i U‘i‘ J}J:da B k_‘)L:.N

Al g S cble &S

Fiber diameter vs. model, r= 0.95

1.5

05 o

-0.5 4

-1.5 T T T
-1.5 -1 -0.5 0 0.5 1 1.5

Experimental fiber diameter value
k J

Model output value

(@)

Fiber porosity vs. model, = 0.92

Q
=
§ 1.5
%‘ 11 °
£ 051 A
IS oo .
g5 0 &
é ae L d
s 051 P o
g -1 ' ..... o ® %
-g -1.5 , 1] 1] 1] 1] 1]
& -1’5 -1 -0.5 0 0.5 1 1.5
Model output value
(b)
Mat Porosity vs. model, r= 0.75
8 15
<
>
2 ! ° ';'&
7] ] LY ".."
% 0.5 o 02g®
= 04 e
g 0.5
5 -1 o
g -1.5 T T T T .
g -1.5 -1 -05 0 0.5 1 15
Model output value

(©)
b s e el (o 05 S5 8 S 6 s 0 S
(Ll sl V 5= o alie pled) WY el 5 L s L
Fig. 5. Image of performing a linear regression between the
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porosity, respectively (all values are normalized between -1 and 1).
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Fig. 4. The porosity of electrospun nanofibrous mats.
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Fig. 6. Surface and contour plots of nanofibers porosity vs solution concentration, linear speed of collector.
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