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Abstract

The objectives of this work are of two folds. One is to investigate
the electrospinning technique used in the manufacture of polyacrylonitrile
nanofibers and their composites with carbon nanotubes, while the other is
to characterize films made from compressed electrospun fibers. This
research can be divided into two parts, the first part is about the
modification of the CNT surface and the second part is about the
production of films from electrospun fibers.

In the modification of the surfaces of carbon nanotubes, 8M nitric
acid solution was used and carboxyl functional groups were found
attached to the surfaces. The attachment of carboxyl functional groups
improved the dispersion of carbon nanotubes in DMF and thus, improved
the dispersion of carbon nanotubes in the composite materials.

The electrospun fibers were in the form of a highly porous film,
with inherent inferior mechanical properties. To reduce porosity, the films
were stacked and hot-pressed into sheets. The sheets were analyzed in
dynamic mechanical analyzer (DMA) and differential scanning
calorimeter(DSC) for the investigation of mechanical and thermal
properties. Finally, a thermal gravimetric analyzer (TGA) was used to
measure the temperature of pyrolysis and the amount of residual material
as the temperature increased. Scanning electron microscopy (SEM) and
transmission electron microscopy (TEM) were used to observe cross

sections of the compressed sheets.



From the characteristic peaks obtained from Fourier transform
infrared spectroscopy(FTIR) analysis this work confirmed that COOH
groups were attached to the carbon nanotubes surface. With increasing
concentrations of carbon nanotubes, the mechanical properties of the

composite increased. For composites with 0.5wt% CNTSs, the storage
modulus of the material increased by 0.3GPa( at -20 C, )and when
1.5wWt%CNT was added to the composites, the storage modulus of
composites achieved a value of 3.5GPa (at -20 “C). The storage modulus

of neat PAN polymer was determined to be 2.5GPa, thus, an increase in
the storage modulus of up to 40% was achieved. The results of
differential scanning calorimetry showed that with increasing
concentrations of carbon nanotubes, the glass transition temperature of
PAN decreased. Finally, TEM was applied to observe the interior of the
composites and the distribution of the carbon nanotubes were found to be
homogeneous and aligned in a direction parallel to the axis of the spun

fibers of PAN.
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v 13 A 5 4.4GPa -
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Tablke 1. Mechanical Properties of PAN~MWCNT Composite Nanofiber Sheets

CNT elongation fensile fensile
0. diameter (nm) content (%) it bregk (%) module (GFa) mpro. (%) strength (MPa) mpro. (%)
I 100-300 0 107 1§ a7
2 100=300 1 08 2 Il 629 i®
3 100300 ] 8.6 26 4 637 U
4 100-300 j 13 il 7 800 7
3 [00-300 10 13 37 106 186 b
b 100=300 ] 09 44 144 371 -19
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B 3-16 T 5 4k se Ak B 9 15 et e [14]
(A)4c $125 B ¥ PAN 7 5 5 ()% (D) 16 o0t i (B) e £02£ B £ 1 1wt

R RE A H(2) 5 (0) 13 ke

% 3-2 4Bt B AT H 4 BT 0B B [14]

Sample Tensile Impro.(%) Tensile Impro.(%) Elongation

P® strength(MPa) TP modulus(GPa) POV at break(%)
Asspun  51.84 1.08 205
hot-stretched 8052 55.32 277 156.48 1161
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HPANVY s QY AT LB IRPIEEF 3 E,ﬂ\? thde ¢ 1 FAF & HH
FTQiE BT ' o H T AFHTQW it BALPANY - 12 DMA:Tangent
WMQﬁ%%w%g’aﬁéﬁwsziﬁﬁﬁPQ%%uwk
[14]  p & &% 0 AL PR - % o

3.5-4DSCA 47 & 1 blif £ HALTgl %

hoid ? 7 & Neat-PAN 0.5wt% 1wt% 1.5wt%
Tg(C) 123.85+ 113.46+ 110.76+ 107.14+
9.29 283 3.19 5.28
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22 - — (5wt CNT
1 wi%CNT
20 + — 1.5Wt%CNT

18 T T ™ T T
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temperature(°C)

B]5-53 £ 1L G4F & 42 DSC A 45 5 % (28 :E & 20°C/min)

-~

30
26
<
E 26
[
-]
5
c m
g
z
8
L
= 22
L — PURE-PAN
—— 0.5Wt%CNT
20 - —— 1 Wt%CNT
1 5W%CNT
18 T T T T T
50 0 50 100 150 200 250

temperature(°C)
Bl 5-54 %L Gl4F & Hl g Bl e DSC A 45+ (2 E i & 20°C/min)
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5-7 TGA # & 1§ erip]

7 B]5-55% [@]5-58+ IF“; IEELEF A AT RIS BEE
TR BEISE55 b BP 2 F HEEEES REEATIET 0 b - AR
TR A 55 5 30%~40%2 BF 0 pt- MR E2013E KT FH
% [20]4- HPANR S s c7F7 3 4F 4 4p D1 e TR R E $1225°C~325C ®
B PF > PANSR ‘B ena F S M- 7ME N2 TRV F o A58 5 A
Pl R S S F - PR ZE R A R T RS BB RIDE - 1
B xRABERFER A5 Ged 7 g N IR 2 B
CRAFRAR AR e B ERAE MERA AR R S
0.5Wt% 2 1.0Wt% P erd ~ £ 4 f2/8 & & %] 14286.31+6.53C -
285.3+3.93°C >+ &4 341 ¢19291.64+2.717C > ia';?ﬂ]‘ v ¥ i 1 1.5Wt%FF £ 7]
fRR R & 1294.142.79 -

Aok T R B H[20]5 7 BlRs RFBREF RO

ARF > FCNHEELZEHFAF A A00C 2+ BEHFL BN A

B~10% » + #§ M E - FEE 0 B PRI - R ET LR § T



T4 9 49.80+15% > @ d B E AR ITDIERENF F RS
FTRE Y 0 B RIFRBE G 2T RE U L 42 [15] - £
Fok? b gplE 7B A WS 0.5Wt% ~ 1.0wt% ~ 1.5wit% > & TGA &
1765 PAN 22 & 0L Gl HenT a4 2 £ 800 R A B9 5 5.19% -
5.09% ~ 6.11% » i FEH 2 AT H P BE FRF NF S 0 oy Ge ¥
FX[11]» tdf 2 ¢ HTCGA A TR I Mipthenfim » P D vy &

@t g 4 2 g B e

110
— PLIRE- PAN1
1% —— PLIRE- PANZ
—— PURE- PAN3
a0 o
% 80 /
2 ™ ~’...nl-l""""‘.
=
[
= o
40 . . . - .
o 200 400 #00 200 1000

Temperature("C)

Bl 5- 55 % PAN #:#L TGA 4 #7
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W eightiut ™)

W eight{ut™)

110

— 0.5wtHCNT-1
—— D.5wtCNT-2
— 05wt CNT-3

110

a 200 400 800 800

Temperature("C)

Bl 5- 56 7 0.5Wt%CNT 4f ++ TGA # +7

1000

— 10wt%CNT-1
— 10wt%CNT-2
— 10wtWCNT-2

Temperature("C)

B 5-57 7 LOWt%CNT 4g +#+ TGA 4 7
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110

W aightfut™)
2

—— 1.5Wt%CNT-1
—— 1.5Wt%CNT-2
—— 1.5Wt%CNT-3

.m -
) . . . .
200 400 200 500 1000
Temperature{°C)
8] 5-58 7 1.5Wt%CNT 4§ 4 TGA 4 7
% 5-54f £ H#1 TGA 4 4
#2428 & (C) #4EE %)
neat-PAN 291.6+2.71 49.80+1.5
0.5%CNT+PAN 286.3+6.53 44.61+0.33
1.0%CNT+PAN 285.3+3.93 44.71+2.65
1.5%CNT+PAN 294.1+2.79 43.69+1.37
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AEF LR RED BT SSS SNWUE 5 0 e i
P ARE TR R ORF G AT &M e B R E Al
TAF & MR R E Y €5 A4T7 393 2 B ML - A
e BULE TSR T AP g RN E A AR A G
R bo " A7 FRR(DMF) P sl is 4 I P i BE S R 1

-7
e L

e

o B fs 0 1 SEM~ TEM BLER ¥ B & F ¢ il dpikin » R

$HF & PR F SR BRFREIEH T R AR g

3. v r L5Wit%enz sfpk F 6-20°C 7 1 A7 £ MR8 32%:00
R 0 @ 2-20°C PF4e ~ 0.5Wi% ~ 1.0Wt% 3 A F B A B 7
3% %) 16% ~ 20% -

4. DSC i 47/ % Bim 2 A BLE S » 2 (847 & MR en Tg Mot

PAN ¢1Tg % 15°C » * & DMA h Tandelta 4 45 5 % 4p 14 & o
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5. & TGAGHE A7 % wilod ~ £ A 2E A 225§ 0.5Wt%
115 1OWtO0RE # S &t ie vk |3t 5§ L5Wt%sE ¥ it
e st REr ERPERIF A PRSP LF RS AT RE
By LA 0 de kT R OKRUE e~ A & IR R L

L 2 en

LR TE BT P & K A PAN ¥ REE T 8 Sk ek (FRLF o
&R

# A_Deneuve [12]5 & * #'p 3 i & # A Zhang [21] =
F Al 3IL R TEET A AR R KR A G B
P Eadh o RERMEBREEEHE KR R S BUR >
ME A I G R AR T R - B Bl ke
FE PR 2l A A F RE R FEmE T3] &
150°C eh# B iR B se v i i PAN 3 4 B d § 1 enfFa) >  4r 7 i
%R A MR S 0 ol 7 AT & HEF BB
EOFRTRAFRRDIGET PSR SEE > L EEHFY
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