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Construction and humidity sensing performance of PVAL/Sn doped porous carbon nanocomposite fibers
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Abstract : Polyacrylonitrile(PAN), polyvinylidene fluoride(PVDF) and metal salts(FeCl,, CuCl,-2H,0, SnCl,-2H,0) were
dissolved and blended in strong polar solvent N, N-dimethylformamide (DMF), followed by electrospinning to prepare PAN/PVDF
composite nanofibers. Subsequently, through high-temperature treatment, PAN nanofibers were carbonized while PVDF was decom-
posed to release gases, resulting in porous carbon nanofibers (PCNFs) doped with metal elements (Fe, Cu, Sn). These material were
then combined with polyvinyl alcohol (PVAL), which possesses abundant hydrophilic hydroxyl groups to fabricate PVAL/ PCNFs
nanocomposite fibers. The humidity-sensing performance of PVAL/PCNFs composite fiber coating was evaluated using a quartz
crystal microbalance (QCM). The optimal type of metal salt was identified, and the influence of its concentration on the accuracy
and stability of QCM sensing was investigated. Results show that compared with pure PAN nanofibers, the porous defective PCNFs
formed via PVDF decomposition during pyrolysis significantly enhance humidity detection. QCM sensing tests further reveal that
the introduction of metal elements improves the frequency response of the nanofiber coating relative to pure PAN/PVDF, with tin
(Sn) demonstrating the most pronounced effect, the frequency response can reach up to approximately 5 654 Hz, at a fundamental

frequency of 25 MHz. As the concentration of Sn salt increases, the QCM frequency response (the fundamental frequency of 15
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MHz) rises from approximately 2 000 Hz to approximately 3 000 Hz, while the maximum hysteresis (He) decreases from 6.43% to

3.98%. The response and recovery times are <4.82 s and <4.89 s at low humidity, and <3.4 s and <2.9 s at high humidity, respective-

ly. Moreover, QCM sensor based on PVAL/Sn@PCNFs nanocomposite fibers exhibits high selectivity, good repeatability, and stabil-

ity. Compared with other humidity sensors, PVAL/Sn@PCNFs-based QCM sensor demonstrates excellent fitting correlation, offer-

ing a promising solution for the fabrication of low-cost, high-performance, and environmentally friendly humidity sensors.

Keywords :polyacrylonitrile ; polyvinylidene fluoride ; porous carbonized nanofibers ; metal doping ; quartz crystal microbal-

ance sensing performance
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Fig. 1 SEM photos of PAN/PVDF composite nanofibers
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Tab.1 Specific surface area and porosity parameters of PCNFs
and Sn@PCNFs

Surface Pore volume/ t—Plot/ Pore size/
Samples _ N -
area/(m’g’)  (em'g’)  (em™g)  nm
PCNFs 14.6173 0.020 221 0.004 910 31.3135
Sn@PCNFs 92.598 1 0.054 475 0.032 907 10.071 1

Note: t—Plot represents micropore volume.

®2 Sn@PCNFsfLH#SH#
Tab.2 Pore distribution parameter of Sn@PCNFs

P Pore volume Pore area
ore
e Value/ Percent/ Value/ Percent/
distribution P ,
(em’-g™) % (m™-g™) %
Micropore
0.033 62.30 83.183 93.29
(0.35-2 nm)
Mesopore
.012 23.1 678 .
(2-50 nm) 0.0 3.15 5.67 6.37
Macropore
. 14. 304 .34
(50300 nm) 0.008 55 0.30 0.3

Note: Generally, 2 nm is considered the upper limit of micropores,

while 50 nm is regarded as the upper limit of mesopores.
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(b) FTIR spectra of PAN/PVDF and PCNFs
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Fig.3 FTTR spectra of PAN/PVDF and PCNFs composite fibers

2.4 Sn@PCNFs #) XRD 447

N E Sn@PCNFs 52 5 44 K 21 4k 1) 1) 5 )il o3
A A XRD I, 1538 B35 B an 18] 4 s, 4 K]
4a 55 Sn 1 SnO, AR E B 1S 47X Le, 7] LLE B 7E
26.4°.33.7° 5184 A B BN SR ZUMI AR B Y IETE
G3 BN SnO, f(110).(101) ((211)fhTH , 7F 54.8°



6 TR

2026 4E, 45 54 4 55 4 1)

78° Kb A7 4 55 B, XA 2 Sn Y (200) FT(311)
AT, X 2 KR 7 L 25 22 )7 PCNFs i, & B AL &4
TE W AL I KB 4 S & A AR AR R AR R T
SnO,. X &l 4a FIE 4b PE1 T HLEL AT AT, XRD i & Hig
RGP AR A BB, HJEAE 30.5°.32°.65°F11 78°4b
(1) Sn I RFAF IR A T igam , AR SR SnO, I RHIE
WA 543 5 A T8 , 3% 136 B PAN/PVDF/Sn 44 K21 47
FRSE I SR ER AT K SnO, KA TR, AR A T Sn BaL
Jo, 5385 S5 R B A 485 6 T A 40 o A
RERIE S5 Tk e erm L.

Sn0,(110)

Sno,(211)

10 20 30 40 50 60 70 80
26/(°)
(a) XRD pattern of Sn@PCNFs after pre-oxidation

2

Sn(311)

2

10 20 30 40 50 60 70 80
20/(°)
(b) XRD pattern of Sn@PCNFs after calcination
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Fig. 4 XRD pattern of Sn@PCNFs
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Fig. 5 XPS spectra of Sn@PCNFs porous carbon nanofibers
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