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RESEARCH ON POST-TREATMENT AND APPLICATION OF
PVA/SS/AgNPs COMPOSITE NANOFIBERS
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PVA/SS/AgNPs composite nanofibers which prepared by electrospinning were treated by
methanol and ethanol vapor respectively. The nanofibers were scanned and analyzed by
electron microscope before and after treatment. Sterile cotton gauze was used as the
substrate and PVA/SS/AgNPs composite nanomaterials were spun with electrostatic
spinning technology was employed as the inner layer to prepare a wound dressing with a
double-layer structure. The moisture permeability and air permeability of the wound
dressing were tested. The results showed that PVA/SS/AgNPs composite nanofibers were
successfully prepared. With the increase of AgNPs content, the average diameter of the
fibers increased. After 3 days of treatment with methanol and ethanol vapor respectively,
the appearance shape of the nanofibers did not change significantly. The medical dressing,
which is made of sterile cotton gauze and PVA/SS/AgNPs nanofibers, not only has
excellent air permeability and moisture permeability, but also has antibacterial and skin
friendly properties, so it has a good application prospect.
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1. Introduction

Electrospinning technology was first invented by the American Formhals in 1934, and he
continued to study and improve the spinning made by multiple needles or composite spinning,
which can significantly increase the spinning efficiency [1-3]. In 1971, the spinning process
parameters were researched to find out the multiple influencing factors of electrospinning by
Baumgarten in DuPont, which greatly improved the spinning effect [4]. In recent years, the
electrostatic spinning technology has been continuously studied and become more and more
mature. Electrospinning equipment which is widely used in the preparation of nanofibers is simple
and easy to be operated [5-6]. Nanofibers prepared by electrospinning have the characteristics of
high porosity, which can improve the performance of medical dressings [7-11].

Polyvinyl alcohol (PVA) is a water-soluble polymer that has good chemical stability,
biocompatibility, non-toxicity and good spinnability [12-16]. Silk Sericin (SS) is non-toxic and has
anti-oxidation, good biocompatibility and biodegradability [17-20]. AgNPs have highly effective
and broad antibacterial properties against bacteria, fungi, etc. The nanofibers spun with AgNPs
have the characteristics of high efficiency, safety and continuous resistance to germs [21-22].
When the medical dressing acts on the wound, AgNPs can reduce the infection, accelerate the
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healing, protect damaged skin and avoid human fever [23-26]. The silver-containing nanofibers are
compounded with sterile medical cotton gauze. The antibacterial properties of silver ions are used
to reduce infections, promote healing and prevent scarring. Silver ion is conducive to pain relief by
promoting the release of pain causing substances in the wound [27].

In this paper, PVA/SS (8:3) and AgNPs were used to prepare the spinning solution with
deionized water used as the solvent. A double-layer structure composite nano medical dressing was
prepared by electrospinning. The outer layer was sterile cotton gauze and the inner layer was
PVA/SS/AgNPs composite nano material with different mass ratio. The medical dressing
developed by PVA/SS/AgNPs composite nanofibers not only has excellent moisture permeability
and air permeability, but also has good antibacterial and skin friendly properties.

2. Experiments

2.1. Experimental materials

PVA (1797, Macklin Inc) is a polymer material that is easily soluble in water and has an
alcoholysis degree of 96.0-98.0 % (mol/mol). SS (Favorsun Pharmaceutical Co., Ltd, Shanghai)
is a globular protein in the form of yellow powder. The powder sample of AgNPs (Macklin Inc)
are black with the diameter of 60~120 nm.

2.2. Experimental instruments

Constant temperature water bath magnetic stirrer; DF-101S; electrostatic high voltage
generator: D-ES50PN-10W/DDPM; syringe pump: LSPO1-1A; ultrasonic: SYU3-100D;
YG601H-11 moisture meter; YG461Z air permeameter.

2.3. Preparation of PVA/SS/AgNPs solution

Weigh 0.01, 0.02, 0.03, and 0.04 g AgNPs powder and add 88.99, 88.98, 88.97 and 88.96
g deionized water into the blue-cap bottle, then fully dispersed for 45 min by ultrasonic. Weigh 4
parts 8 g PVA, add them into AgNPs solution, swell for 45 min at room temperature, then heated at
95 C for 4 h in the constant water bath magnetic stirrer, finally cool to below 60 ‘C. Weigh 4
parts 3 g SS and pour them into the PVA/AgNPs mixed solution respectively, then placed them in
the constant water bath magnetic stirrer at 60 °C for 2 h, at last it was taken out and left them at
room temperature for use.

2.4. Electrospun nanofiber membrane

5 ml the spinning solution was sucked with a needle tube which was placed on the
electrostatic spinning machine and the point of the needle was connected to the positive pole of the
power supply. The aluminum foil which was connected to the negative electrode of the power
supply was fixed on the receiving screen and the distance between the needle tip and the foil was
15 cm. The spinning speed was 1.5 mL/h and the kilovoltage was 15 kV. At last the sampe was
dried at 60 ‘C for 6 h in the oven for use.
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2.5. PVA/SS/AgNPs nanofibers treated with methanol and ethanol
The PVA/SS/AgNPs nanofibers with different mass ratios were treated with methanol and
ethanol vapor for 3 days respectively, then dried at 60 °C in the oven.

2.6. Electron microscope test and analysis

German ZEISS Sigma 500 scanning electron microscope was used. Each nanofiber
membrane on the foil was cut into the corresponding size and pasted on the conductive metal
sample stage with conductive adhesive. After all samples were pasted, the conductive metal
sample stage was placed in the vacuum pump for scanning and photographing. The mean diameter
and diameter standard deviation of 100 nanofibers were calculated.

2.7. Preparation of medical dressing samples

A "double-layer" composite nano-medical dressing was prepared by electrostatic spinning
technology. The outer layer was sterile cotton gauze and the inner layer was PVA/SS/AgNPs
composite nano-material.

2.8. Moisture permeability of medical dressings

The moisture permeability of medical dressings was examined by YG601H-11 moisture
meter at 38 ‘C for 1 h and the relative humidity was 90 %. For different kinds of nanofiber
medical dressings, the average value of 3 times was used for comparison experiments.

2.9. Air permeability of medical dressings

YG461Z air permeameter was used at 100 Pa. For different kinds of nanofiber
membranes, the mean value of 8 different parts of each nanofiber membrane were
selected for comparison experiment.

3. Results discussion and analysis

3.1. Electron microscopy of PVA/SS/AgNPs composite nanofibers

It can be seen from Fig. 1a that when the mass fraction of AgNPs is 0.01 %, there is an
obvious bonding phenomenon and a small amount of spindle structure in composite nanofibers. At
the same time the fiber evenness irregularity is higher and the diameter is relatively small. Fig. 1c
shows that when the mass fraction of AgNPs is 0.03 %, there is no spindle structure in nanofibers,
but a small amount of bonding phenomenon between fiber and the unevenness of fiber thickness is
obvious. When the mass fraction of AgNPs is 0.02 % and 0.04 % (Fig.1b and Fig.1d) respectively,
there is no spindle structure in the nanofibers and the fiber diameter is relatively uniform.

In order to further analyze the filament formating effect of PVA/SS/AgNPs composite
nanofibers, the diameters were measured and the average diameter and standard deviation of the
diameters were calculated. The results are shown in Table 1.
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c) d)
Fig. 1. Electron micrograph of PVA/SS/AgNPs composite nanofibers with different mass ratios:
a8:3:0.01; b 8:3:0.02; ¢ 8:3:0.03; d 8:3:0.04.

Table 1. Mean diameters and standard deviations of PVA/SS/AgNPs composite
nanofibers with different mass ratios.

PVA:SS:AgNPs 8:3:0.01 8:3:0.02 8:3:0.03 8:3:0.04
Average diameter/nm 370.1 381.8 399.9 455.7
Standard deviation 107.7 62.8 88.4 119.2

It can be known from Fig. 1 and Table 1 that as the content of AgNPs increases, the
conductivity of the composite solution increases, the spinning speed increases, so the diameter of
the nanofibers becomes larger and larger. When the mass fraction of AgNPs in the composite
nanofibers is 0.02 %, the diameter standard deviation of the SS composite nanofibers is the
smallest.

3.2. Electron microscopy of PVA/SS/AgNPs composite nanofibers treated with

methanol vapor

As can be seen from Fig. 1, Fig. 2, Table 1 and Table 2, the average diameter and diameter
standard deviation of the PVA/SS/AgNPs composite nanofibers treated with methanol vapor have
no significant change. In Fig. 2 and Table 2, when AgNPs are 0.01 g, 0.03 g and 0.04 g, the
average fiber diameter of PVA/SS/AgNPs composite nanofibers treated with methanol vapor
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become thinner, but AgNPs is 0.02 g, and the average fiber diameter become thicker; when AgNPs
is 0.01g, the diameter standard deviation of nanofibers is smallest, but AgNPs are 0.02 g, 0.03 g,
and 0.04 g, the standard deviation of nanofiber diameter increase. The bonding between the
composite nanofibers is more obvious and the nanofibers have a bending phenomenon
simultaneously.

c) d)
Fig. 2. Electron micrograph of PVA/SS/AgNPs composite nanofibers treated with methanol vapor
a8:3:0.01; b 8:3:0.02; ¢ 8:3:0.03; d 8:3:0.04.

Table 2. Mean diameter and standard deviation of PVA/SS/AgNPs composite nanofibers
with different mass ratios after methanol vapor treatment.

PVA:SS:AgNPs 8:3:0.01 8:3:0.02 8:3:0.03 8:3:0.04
Average diameter/nm 367.9 394.7 397.7 420.0
Standard deviation 99.7 83.0 108.1 120.8

3.3. Electron microscopy of PVA/SS/AgNPs composite nanofibers treated with

ethanol vapor

As can be seen from Fig. 1, Fig. 3, Table 1 and Table 3, the average diameter and diameter
standard deviation of the PVA/SS/AgNPs composite nanofibers treated with ethanol vapor have no
significant change. In Fig. 3 and Table 3, when AgNPs are 0.01 g, 0.03 g and 0.04 g, the average
fiber diameter become thinner, but AgNPs is 0.02 g, the average fiber diameter becomes thicker.
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When AgNPs are 0.01 g and 0.04 g, the standard deviation of fiber diameter becomes smaller,
While AgNPs are 0.02 g and 0.03 g, the standard deviation of the diameter becomes thicker. At the
same time, the morphology of the composite nanofibers treated with ethanol vapor changes. When
AgNPs is 0.02 g, it can be seen that the nanofibers are bent after treatment and the surface of the
fibers was not as smooth and even as before (Fig. 1b and Fig. 3b). When AgNPs is 0.04 g, the
nanofibers have a slight bending phenomenon and the bonding phenomenon is also more obvious
than before ethanol treatment (Fig. 1d and Fig. 3d).

a) b)

c) d)
Fig. 3. Electron micrograph of PVA/SS/AgNPs composite nanofibers treated with ethanol vapor
a8:3:0.01; b 8:3:0.02; ¢ 8:3:0.03; d 8:3:0.04.

Table 3. Mean diameter and standard deviation of PVA/SS/AgNPs composite nanofibers with
different mass ratios after ethanol vapor treatment.

PVA:SS:AgNPs 8:3:0.01 8:3:0.02 8:3:0.03 8:3:0.04
Average diameter/nm 349.7 384.7 389.1 427.1
Standard deviation 96.7 79.5 954 95.3

3.4. Moisture permeability

In this experiment, PVA/SS/AgNPs composite nanofiber medical dressings with different
mass ratios (8:0:0, 8:3:0, 8:3:0.01, 8:3:0.02, 8:3:0.03 and 8:3:0.04) were examined, the results are
shown in Table 4.
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Table 4. Moisture permeability of PVA/SS/AgNPs composite nanofiber medical dressings
with different mass ratios.

Mass before mass after Weight Moisture Av.erage
PVA:SS:AgNPs moisture moisture difference permeability m0|stu'rej>
permeability/g permeability/g /g [24h*1m? permeability
[24h*1m?
171.581 171.908 0.327 2065.26
8:0:0 172.491 172.798 0.307 1938.94 1938.94
171.655 171.968 0.313 1976.84
= 181.202 181.562 0.36 2273.68
8:3:0 185.166 185.594 0.428 2703.15 2587.36
210.396 210.837 0.441 2785.26
179.833 180.232 0.399 2520
8:3:0.01 178.539 178.877 0.338 2134.73 2355.79
179.952 180.334 0.382 2412.63
175.646 176.007 0.361 2280
8:3:0.02 178.597 179 0.403 2545.26 2421.05
184.237 184.623 0.386 2437.89
183.288 183.707 0.419 2646.31
8:3:0.03 174.116 174.498 0.382 2412.63 2486.31
175.112 175.492 0.38 2400
183.999 184.448 0.449 2835.78
8:3:0.04 171.893 172.264 0.371 2343.15 2677.89
185.434 185.886 0.452 2854.73

It can be seen from Table 4 that PVA/SS composite nanofiber medical dressing has better
moisture permeability than the PVVA nanofiber medical dressing. In this experiment, no more than
0.03 g AgNPs of PVA/SS/AgNPs composite nanofiber medical dressing has better moisture
permeability than PVA nanofiber medical dressing, but it is worse than PVA/SS composite
nanofiber medical dressing. With the content of AgNPs increasing, the moisture permeability of
PVA/SS/AgNPs composite nanofiber medical dressings increases

3.5 .Air permeability

In this experiment, PVA/SS/AgNPs composite nanofiber medical dressings with different
mass ratios (8:3:0, 8:3:0.01, 8:3:0.02, 8:3:0.03 and 8:3:0.04) were adopted for air permeability.
The results were average by 8 different parts of each PVA/SS/AgNPs composite nanofiber medical
dressings, as shown in Table 5.
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Table 5. Air permeability of PVA/SS/AgNPs composite nanofiber medical dressings
with different mass ratios.

Unit: mm/s
PVASS:AgNPs
Serial o 8:3:0 8:3:0.01 8:3:0.02 8:3:0.03 8:3:0.04
1 56.7 48.4 39.2 29.8 15.9
2 51.4 40.5 36.3 28 15.9
3 50.9 43.2 39.8 22.4 14.8
4 54.8 49.6 35.5 25.8 15.3
5 51.5 49.6 35.3 26.4 14.2
6 53.3 46.5 32.9 29.3 15.1
7 54.6 43.1 32.3 21.5 14.9
8 51 43.8 32.9 21.6 15.6
Average value 53.03 41.84 35.53 21.85 15.21

It can be seen from Table 5 that the breathability of the PVA/SS/AgNPs composite
nanofiber medical dressing decreases with the content of AgNPs increasing. This is mainly
because silver ions have conductivity. The number of silver ions in the solution increases as the
content of AgNPs increases, which increases the conductivity of the solution and spinning speed
of nanofibers, so the thickness of medical dressings increases and breathability reduces.

4. Conclusions

PVA/SS/AgNPs composite nanofibers with different mass ratios were successfully
prepared by electrostatic spinning technology. When the AgNPs content was 0.02g, the composite
nanofibers have relatively small diameter, minimum standard deviation and smooth surface. After
3 days of steam treatment with methanol and ethanol respectively, PVA/SS/AgNPs composite
nanofibers did not change significantly. In this experiment, no more than 0.03 g AgNPs,
PVA/SS/AgNPs composite nanofiber medical dressing has better moisture permeability than PVA
nanofiber medical dressing, but it is worse than PVA/SS composite nanofiber medical dressing.
With the increase of AgNPs content, the moisture permeability of PVA/SS/AgNPs composite
nanofiber medical dressings increased and the air permeability of medical dressings gradually
decreased. PVA/SS/AgNPs composite nanofiber medical dressing not only has excellent moisture
permeability and breathability, but also is skin-friendly and antibacterial, so it has a good
application prospect.

Acknowledgements

The authors gratefully acknowledge Henan University of Engineering Doctoral Fund

Project (D2017005) and China National Textile And Apparel Council Guiding Project Plan
(2018010).



807

References

[1] X. Jiajia, W. Tong, D. Yungian et al., Chemical Reviews 119, 5298 (2019).
[2] A. Valizadeh, S. M. Farkhani, The Institution of Engineering and Technology 8(2), 83 (2014).
[3] N. Tucker, J. J. Stanger, M. P. Staiger et al., Journal of Engineered Fibers and Fabrics 7,

63 (2012).
[4] A. L. Yarin, S. Koombhongse, D. H. Reneker, Journal of Applied Physics 89(5), 3018 (2001).
[5] J. Lannutti, D. Reneker, T. Ma et al., Materials Science & Engineering C 27(3), 504 (2007).
[6] W. Lulu, S. Xilin, Y. Fang, Micronanoelectronic Technology 45(7), 392 (2008).
[7] B. Shuang, H. Dengyong, S. Xianrong, Chinese Journal of Marine Drugs 38(02), 1 (2019).
[8] W. Gong, J. Li, G. Ren et al., Journal of Bioactive and Compatible Polymers 34(1), 83 (2019).

[9] G. C. Ingavle, J. K. Leach, Tissue Engineering Part B Reviews 20(4), 277 (2013).
[10] L. Yan, Z. Jie, Materials Review 29(9A), 1 (2015).
[11] W. Chao, H. Yifan, H. Aihua, Polymer Bulletin 8, 24 (2018).
[12] Z. Linlin, S. Li, C. Yuanyuan, New Chemical Materials 1, 8 (2010).
[13] E. Tamizi, M. Azizi, M. S. S. Dorraji et al., Polymer Bulletin 75, 547 (2018).
[14] C. C. Huang, C. K. Lin, C. T. Lu, Fibres & Textiles In Eastern Europe 17(3), 34 (2009).
[15] A. M. C. Santos, E. L. G. Medeiros, J. J. Blaker et al., Materials Letters 176, 122 (2016).

[16] R. Zhao, X. Li, B. Sun et al., Chemical Research in Chinese Universities 33(6), 986 (2017).
[17] Z. Xianhua, F. Xiangwei, Z. Rong et al., Digest Journal of Nanomaterials and Biostructures
14(3), 797 (2019).
[18] S.J. Kim, I. C. Um, Fibers and Polymers 20(2), 271 (2019).
[19] M. N. Padamwar, A. P. Pawar, Journal of Scientific & Industrial Research 63(4), 323 (2004).
[20] L. Lallepak, G. Mario, Y. Guang et al., Biotechnology Advances 33, 1855 (2015).
[21] C. A. Mecha, V. L. Pillay, Journal of Membrane Science 458, 149 (2014).
[22] F. Shohreh, A. Fatemeh, G. Mansour, Ecotoxicology and environmental safety 168,
260 (2019).
[23] M. Nosheen, A. Rashid, T. Muhammad et al., International journal of pharmaceutics 559,
23 (2019).
[24] M. Liu, G. Luo, Y. Wang et al., Scientific Reports 7(436), 1 (2017).
[25] T. T. Nhi, H. H. Minh, T. M. P. Nam et al., Materials Science and Engineering: C 91,
318 (2018).
[26] M. Adil, T. Khan, M. Aasim et al., AMB Express 9(75), 1 (2019).
[27] O. Gordon, V. S. Tunde, P. S. Brunetto et al., Antimicrob. Agents Chemother. 54(10),
4208 (2010).



