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Morphological and Thermal Properties of TEOS/PVP Silica Nano-web
Fabricated Using a Conveyor Belt-Type Electrospinning System
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Abstract: Fine dust is a primary cause of air pollution, and to prevent this issue, silica web
filters have been utilized to measure fine dust. The fabrication of these silica web filters
involves wet-laid nonwoven methods and electrospinning techniques. However, when
tetraethyl orthosilicate (TEOS)/polyvinylpyrrolidone (PVP) silica nano-webs are manufactured
using these methods, limitations arise in terms of productivity due to the batch-based pro-
cess and the implementation of continuous fibers. In particular, the wet-laid nonwoven
method has a drawback in that it cannot control the pore size, which determines the filter's
performance. Therefore, this study aimed to address issues related to pore size control and
product scalability by manufacturing TEOS/PVP silica nano-web using a newly conceptual-
ized conveyor belt-type electrospinning apparatus. During the preparation of the TEOS/
PVP solution, stirring for more than three hours facilitated hydrolysis and condensation
reactions. It was observed that nanofibers with diameters ranging from approximately 100 nm
to 1000 nm were formed successfully when the TEOS content was 13 wt.%, 18 wt.%, and
24 wt.%. Also, the formation of bead varies depending on the viscosity of the solution and
the degree of hydrolysis and condensation reactions. Silica nanowebs produced with the
lowest TEOS content of 8 wt.% failed to form continuous fibers and were instead deposited
as powder on the belt. Conversely, silica nanowebs produced with the highest TEOS con-
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Table 1. Specimen code for the TEOS/PVP silica nano-web with
various weight percent of the TEOS/contents and stirring time with
1hr, the PVP content is fixed at 30 wt.% for all specimens

Stirring time (hr) TEOS (wt%) Specimen code
8 1TP-8
13 1TP-13
1 18 1TP-18
24 1TP-24
30 1TP-30
8 3TP-8
13 3TP-13
3 18 3TP-18
24 3TP-24
30 3TP-30
8 5TP-8
13 5TP-13
5 18 5TP-18
24 5TP-24
30 z5TP-30
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Nozzle: 50 gauge
Spinning distance: 10cm
Spinning speed: 1.5mL/hr
Voltage: 15kV

Relative humidity: 30%

Figure 1. (a) A schematic diagram of the conveyor belt-type electrospinning system, (b) a photo of the formation of TEOS/PVP silica nano-web,
(c) a photo of the conveyor belt-type electrospinning system, and (d) photos for TEOS/PVP solution for electro-spinning.
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Figure 2. Photos and optical microscope Images of electro-spun TEOS/PVP nano-web prepared from solutions with TEOS contents of 8 wt.%,
13 wt.%, 18 wt.%, 24 wt.%, 30 wt.% with different stirring time for 1 hour, 3 hours, 5 hours.
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Figure 3. Optical microscope images of electro-spun TEOS/PVP nano-web prepared from solutions with TEOS contents of 18 wt.% and 24 wt.%
stirred for 5 hours.

Figure 4. SEM images of electro-spun TEOS/PVP nano-web prepared from solutions with TEOS contents of 18 wt.% with different stirring time
for (@) 1 hour, (b) 3 hours, (c) 5 hours and electro-spun TEOS/PVP nano-web prepared from solutions with different TEOS contents of (d) 24 wt.%
and (e) 30 wt.% stirred for 5 hours.
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Table 2. Preparation conditions of spinning solution for producing
TEOS/PVP silica nano-web and Success and failure condition table
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Figure 5. Schematic diagram of TEOS/PVP silica nano-web formation mechanism by chemical reaction between TEOS and PVP (a) TEOS
hydrolysis reaction, (b) condensation reaction, and (c) chemical reaction between PVP and Si-O-Si.
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Figure 6. DSC curve of TEOS/PVP silica nano-web prepared from
solutions with TEOS content of 18 wt.% stirred for 5 hours.

Table 3. Viscosity measurement results of TEOS/PVP solution with
18 wt.% TEOS after stirring 5 times
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Figure 7. (a) TGA curves of TEOS/PVP silica nano-web prepared from
solutions with different TEOS contents of 18 wt.%, 24 wt% and
30 wt.% stirred for 1, 3, 5 hours and (b) TGA curves of TEOS/PVP silica
nano-web prepared from solutions with different TEOS contents of
18 wt.% stirred for 1 and 5 hours.
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Lo ARgA o2 H7IHARE FS o 434 <l TEOS/
PVP Ag|7} Yle-4S AT 5= = FES AARsIT
1TP-182] 7%, 3TP-18, 5TP-18%7} H| WL uf, oF 48% A
T2 dA3] E2 A7 FF @S vetded, olgs |
2 g2 wRk AZEe & Qlel TheEdl &3 Bhgol SR
5] dojutx] grol TEOS/PVP A2]7} -9 HiFol {7]

= ¢ PVP7} EA1817] wole} £t vio], 3TP-18,
5TP-189] 7-%-, 210-370 °C Apo]9] 25 7FoflA] vl 2]
=2 F 68%, 71% Hreo] R FF g Hiled, ol
43 TEOS?| 5= % M=o} mut A]7ko] TEOS/PVP
A7 e -ge FAs] Rt et Thadel] St
So] Yol AL YeRdT). 5TP-18 MZ90] WA o] thgt

.

4]
2 Bo WA B3 A7 TEOS/PVP Aelt
Upie-19] TGA 3419] 75, 25 Fapo] oF 59%, 55% 4
=7} H RS ISy, ol THE] WAL Gl
ofgh M= & wolct. AR} g5 Dofuk 475°C
ole] LA BE MBS 25 Fupel 2 el
Qloich. wheba] A3 TEOSS] Fk(ie. 18 wido)th i
ARHie. 3hr, 5hr)el WAk §ote E3) zAujolo] ME &}
Qo] A2 WS B ), dH o ]
22l TEOS/PVP Alej7} thie- 92 AT 4 gtk
TS ATH2). o] efFt WAL A7) WAt A] M AT go
Aok SHE 7P F gl 71213t Soln],
7} fE 20k PVP 719 TR BTG BT L S
I ATAgoR Qs £ 4 B YA stojnel
22 27} Qs H A £ 4 .

[e)

A i)
M my ™ 1o to oXt

4.4 B
£ ATE AEA AEste Avelo] WEY A7l
422 AHg3to] TEOS/PVP Alej7h thie Y& A 230 2
W B3 37 Aol W A ALY BAS Sastugt 3
T, TEOS/PVP §} Zu] ZHgol A 3417F ol ik §
o ZbeRe) B &% urgol HAE UL TEOS Ffol
13 wt.%, 18 wt.%, 24 wt.%<! w], 27 o] 2F 100 nmoj A]
1000 nm #9]el] HFBH Lhe HA7L HFHOR G4
2 s, WA, TEOS §ol 71 W 8 ik A
25 Aot e 9% MRS YAsH Rot we
Slofl £ el HEhEgick. TEOS Ffo] 14 & 30
wt%E A2E g7t L g TEOS/PVP WAL 8919
o HER s et @ HIE bead)t 9 L& ol
FAY. Aot o] 98 SHS A5 AL G
27(DSC) ¥ AFF HA(TGA)S B3l £k £4
A3k, e} the 4o deltk Aael wg
sfo] 948 A& SHS vehdS Bl

ZHAFE] 2 Following are results of a study on the “Leaders
in Industry-university Cooperation 3.0” Project (202401650001),
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supported by the Ministry of Education and National

Research Foundation of Korea.
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