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Research subject: Polymer nanofibers have attracted much industrial
interest over the past decade. In general, these fibers are suitable for
a variety of applications including medical applications, insulation,
capacitors, advanced aerospace technologies, and so on. However,
many of these polymer nanofibers suffer from low temperature
degradation and low electrical conductivity, limiting their use in many
potential applications. Graphite has unique properties such as high
conductivity and high thermal stability. This exceptional material
can be included as a nanoparticle in polymer nanofibers to modify
electrical and thermal properties.The aim of this research was to
investigate the effect of addition of graphite nanoparticle on thermal
and electrical propertiesof polymer fibers.

Research approach: For this purpose, polyvinyl alcohol 72000 (PVA)
as a non-conductive polymer and graphite nanoparticles were used.
Polyvinyl alcohol-graphite nanofibers were synthesized method by
electrospinning technique under optimized parameters. The optimum
conditions for the electrospinning process were: PVA concentration of
%8, applied voltage of 22 Kv, flow rate of 10 ml/h and tip/collector
distance of 20 cm. The solution containing graphite nanoparticles was
ultrasonically homogenized before electrospinning.

Main results: Scanning electron microscopy (SEM) studies showed
that produced PVA fibers were smooth, continuous without any bead,
with a diameter of about 350 nm. The PVA / graphite nanofibers
were also smooth but much thinner (about 200 nm) than PVA fibers
at the same processing parameters. Moreover, X-ray patterns of PVA/
graphite nanofibers include peaks of graphite particles in the structure
and slso the suppression of crystallinity. According to the results
of 4 point probe teste, by increasing weight percentage of graphite
in the fibers, electrical conductivity increased up to 0.5 S/mm. The
thermal behavior of PVA nanofibers after mixing with graphite was
also investigated by Differential Scanning Calorimetry (DSC) and
Thermogravimetric Analysis (TGA). It was demonstrated that PVA
/ graphite nanofibers are thermally stable up to 300 ° C. This work
shows the benificial addition of graphite nanoparticles in PVA fibers
in order to broaden the application of these fibers in the industries,
where thermal stability and electrical conductive is a prerequisite.
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Table 1: Specifications of A Samples (Weight percent of graphite < 10%)

Al A2 A3 A4 A5 A6
?g‘“:‘)l’h‘te Slonnt 0.04gr | 0.001gr | 0.04gr | 0.01gr 0 0
Graphite Weight 10%W | 0.25%W | 10%W | 2.5%W 0 0
Percent (%ow)

polymer so.lutlon %8 %8 %10 %8 %8 %10
concentration

(Cdl S S35 00,0> W) B 5, lo diges SlaseinY Jso
Table 2: Specifications of B Samples(Weight percent of graphite >10%)

B1 B2 B3 B4 B5S B6
Graphite amount 0.375 0.25 0.05 0.1 0.5 0.5
(gr)

Graphite Weight

9 0
Percent (%w) 93.75 %W | 62.5 %W

12.5%W | 25%W | 125 %W | 125 %W

1 luti
polymer sol ution %8 %8
concentration

%38 %38 %38 %10

Samplel3: 0.4 gr Graphite in PVA %8 solution
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Fig 1. The schematic of 4-point probe set up for the measurement of the electrical conductivity
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Table3: Specifications of selected samples for DSC tests

B1 C1 A5
Graphite Weight
Percent 0.375gr 0.4gr 0
polymer solution %8 %8 %8
concentration
Condition before test | Ultrasonic cleaning | probe Ultrasonic _

Ab a3 S | 8 TGA 4 DSC

oSl 69 7 Gl ogeil @)Y
PVA ;o4 sl o oo oo oloid o —ig Sl alas
o sl o)1 jo 4 cul csu )l a5l JS ke
Gloings an a2y Ly oy b e odaldie 5 oS
slo,sh a5 c oo b el oo o bplol
sl 4 i ezl a3 )0 s0d LS5 S_zsS
Sr9k L5l digdi oo (2 ye lmo iy sloml sl
C ol PVA o o YO = Y+/VA® 4 YO = YUAA® |5 (555
O V)50 - V) Slmio a by pe slacljlbas
3IY JSs I Joiin S ige asly ol
ol |y e cdIS lSe il e Sol g5 bl
ol |y el SLlS sl S 1S 55, o as

)_n)La.n ol s U_" C_>L».v 6‘)_1 w00 c\.._..ul.‘x.n
R @laLw)la OMJUL..MJ ‘ra.».n

9 Lol (i gy (Friilo ) (9T P-T-Y

‘el o3¢
Sy S Sl (g e O (g (le S
9 =l L) e jelateds S o b Leo L)
s gl S ol 5l Ladiged a2 loogas
ey Ly (NETZSCH,STA 449 F3) 5,l,> (358 5
a0 ¥V LY. kool oV min/°C ol s
—xioo o8l e —ele S a0 ol )5 il
L aged 00w oy 5l dbged dw .l oolaiwl oy Lganl
O] G g oLl ¥ Jgos 0 ooi 5 Lyl

4000

3000

2000

1000

poe - A
0
0 20 40 60 80 100
S Sl 5l S (555 il 5T IS
Fig 2: XRD pattern of graphite nanoparticles
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Fig 7: SEM images of A1, A5 electrospun fibers

Fig 8: SEM i 1mages ofBl B2 samples
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Fig 9: SEM images of B5, B6 samples
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Fig 10: SEM image of electrospun fiber of C1 (treated by ultrasonic probe)
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Table 4: surface electrical conductivity and resistance for 5 selected samples

B4:1 B1:2 B5:3 C1:4 :5
0.1grG 0.375grG 05grG 0.4grG pure PVA
surface 0.458 0.57 05grG 0.465 -8.79
Resistace
surface
Conductivity 0.481S/Cm 38.0 S/Cm 0.5S/Cm 0.47S/Cm nonconductor
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Fig 11: Comparison of DSC traces of three samples. From bottom to top, respectively: A5, C1 and B1
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