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=5 v B REMWNT) 9] Fdo] 4712 2)g]¥l MWNTZ} polyacrylonitrile PAN) A-2] 43,
ZIAA EA) v kS o} izl Al ko g AEd MWNT(O-MWNT) ZE tolxgy wke-S o|¢
sto] MWNT 3EHeof| o)A~k (sophthalic acid) & F7FE =313tk O-MWNTS} H|wsle] £ wf o]zt
S7 A2l MWNTIPA-MWNT) 7} =A0-8ul dlellA o 9535 24k PA)S Yehigler] o] 5 PANT}
Eolalo] AES AT 3 7] Fod A3 WS RABINS Wl 3 PAN BlwA] whdsto] 7h43)3ick
PAN 358A¢} IPA-MWNTE 8t & AN 532 FYEE olgsto] A7 o 2o A543 vl
ke ARAZT) 7FsslSith 1 wit% ] IPA-MWNTE ¥3135H d&Ako] 171akel PAN A= 5573 PAN 4
1t Hlaste] & o QP 100% S7kelslom, SdE2 160% S7HESIH.

Abstract: To study the effects of the acid group of functionalized MWNT (multiwalled carbon nanotube) on
the thermal and mechanical properties of polyacrylonitrile (PAN) nanofibers, acid (H.SO, /HNOs3) treated
MWNT (O—MWNT) were further functionalized by diazonium salt reaction with 5—aminoisophthalic acid
(IPA). Compared to O—MWNT, IPA-MWNT with isophthalic acid group showed a better dispersion
stability in polar solvents and IPA—MWNT/PAN composite film displayed lower heat of reaction (4/) than
that of homo PAN when stabilized under air atmosphere. The continuous electrospun fibers were prepared
using a conductive water bath. PAN fibers containing 1 wt% of IPA—MWNT showed an increase of tensile
strength by 100% and tensile modulus by 240% compared to the PAN fibers without [IPA—MWNT.

Keywords: polyacrylonitrile, carbon nanotubes, carbon fibers, electrospinning, mechanical properties.
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Scheme 1. Cyclization in PAN initiated through ionic mechanism.’
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9] el =YAIA 57380 <dellxe] MWNTE] i @A
7114} 8hlek " mek ©9l®l carboxylic acid 152 itaconic acid
2 FAAE 7R 3EEAIAE 5 PANS] UEE TIF
1238} HE&-(cyclization) & =8P (Schemel) ©] o #Aeh= 2
oM TS LS EY F Slo] AlRE '
Peg FA 5 gle Aow aeentt
e AEsP ] eiide el 27, 734 A3k,
2RI U 5ol TE|Eolof k= o= dejA
2 o] gsh VAl Al oles s 1EE &
= AR F e IRoE AR AR A
S ] el o L e Alo]z7kA] Zdo] Zssh A
3io] wizzel?] FEjFRl Aol AL Ao®m dulA] girk &
7o) o} T 0% wlo|TE AR DA el LAY
TR Fob—4d T2} A7IA gkt A2 UiF7HA
a2 AgEe] BdG AR AT dE 5 e A
TSt 1Rl ARE Al Qe ] miEdE 1
gaflok stk AR7HA W] midS A1) S8 S
2 1407 AN w2 gast A5 olgeks W xS
ol g3k WM o] Alo] ghek SRk RS 79 Al Al
= ko] AEnt o W o] Pdgelar & 5 gleko o
RATE= e, wound dressing = tissue
scaffolds ‘5ol 218 7Fssht 2542191 AfAlgdell 218=7] flai=
A&7k wigkd ARe) ATt ek A5 ARE AlESH
3 Al of2j7 ] W o o)olA] ghp! 1190
7 ArelM= wijgdo] e A& IAE B RARE Al
al7] flate] Afrs i =9l A3 WAksks Zlo] ohd el
A =2 ARsle] FEHRE olgeles she WS oSSRt &
ATolA] ARGSE A2 A Alrrde- ) Bt oid WiE Fellol”]
iz A2 wliddo] Ttk Qbgs), wisle] A & Fogel Agt
317] wizel 23438t Tl B T 4 kS Ao oA

1o 12 1o to
i_,
b

O
)

i
2
oY, A=

K
> b
)

i

24
n

==
=
ot
=

o

ok

=

123

5%

7
A

45
(o3
il

1o & 30 ox
~|
8
o H
>

o

il

1o
o
:

S o
X
o
Y

(<0
FIF
&
i1/

12
o

o
30
°

©
s
Mo
e
ﬁ
(e}
4

4 g

2. MWNTE ®7]ell2] NanocylAllA 4% Nanocyl3100
(#7: 9 nm) & ARSIt MWNTS] S 7idsh] S8 At
(60%, PFP Matunoen chemicals Ltd) @} 4H97%, PFP Matunoen
chemicals Ltd, Japan) ~12]3% 5—aminoisophthalic acid (TCI, Japan)
= ARESISITE MNESES AR Al PANS] g2 DMF
(99%, Samchun Pure Chemical Co., Korea) S AFE319 o, 1

2@

(raw MWNT)

wa

(o-MwNT)

(IPA-MWNT)
Figure 1. Surface modification of MWNT via the diazonium salt
reaction.

AR AZE 93] AR 1A= BxlEo] oF 120000 g/molSl
PAN(Jilin Co., China)& ARESISIEE & Aol AR PAN 4
o7 FAnfjEl= A58 PANo|7] wjie] o] X2® fA)
£ AP flate] FAlsh 3 1izslo] ARSIk

MWNT EHHE. 100 mL2] 3MHH,SO4), ZAHHNOs) & 311
o] En® £3151 100 mL g8l 1 g MWNT 721 3 3083t
Z53 AR AATE F 110 T dollA] 1A1RE B2t HhSAIRICE ¥k
o] Bvt Tt THTE oy A MFsle] FERAAE F AT
EollM] 60 T %2 24413 F3E Axsio] dwle) 7i25214k
(COOH) 155 41X MWNT(O-MWNT) & AZ35Itk O—
MWNTE= 99]] 2314 0% isophthalic acid 782 £311717] 9
&) diazonium salt ¥F8-2 018330 0.5 go] O-MWNTE 4t
ool Z7PAIA 30 B9t 25T FARS AATE T APES olF
E3ME-S 60 T AellA] 1.2 g9] 5—aminoisopthalic acid2} 0.46 g2]
sodium nitrite (NaNO2) & FH7M AT & 1A &<t kst
HRSAIZTE Whgo] Tk BAS DMFR A133810] w|RkS 5—amino—
isopthalic acidE A|AdE F, vAH oz ofek&-Z A& slo] A|A =
A 911 Holgl= DMFE AAsIItE s MWNTE 2l 0
ol 60 CTL] 5= 244K 5% AFAIA [IPA-MWNTE A%
3199k Figure 12 O—MWNTS} IPA-MWNTE] AlZHE B
s

PAN MSHZ. MFAZE S5t WA Az=E S5kl DMF
= g2 AMskal PANS a#2-3817] (DL—6000, Daelim Co.,
Korea) & ©]83}0] 50 T3l 4~8A7F -5t E3lI8I3ich HARE-
o] 1= 10 wt R SIier, MWNTZL 37k Aol &
5 20 wt%E A3 F MWNT7E 24k g9 &35k 10
wt% 7} ¥ == 130tk

FEAEL] &0 k5 cm 207 B2 A § mEA; golo]
ANE w5 2 ALe]2] 7EA(TCD: tip to collector distance) =
15 cm® s EEFo] 3 mL/h7) 5 208 Ak
o] 0.51 mme! #55 A w58 AMgslo] wdt S
o] AFAoR A Aeks Tleialom Ak vldelEo] &
AF 4 QYEE AYS 10~15 kVE FAshax] WAlslgitt it
B A el IFEIR olAl Hi=t, o)F AL
2 4.2 m/min®] £57Z 3HeHs YR o517 HH d&5He
2 URARE ol wf S0 SAQNE B e o st
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EMEM 1S AE)d MWNTE 3do] 349 247) 15
o] 4 55 2t 471 (Lab RAM HR, Horiba, Japan) £} XPS
(X—ray photoelectron microscopy, AXIS—NOVA, Kratos Inc,
USA) & &3l ARSI oH, xuzs B3l 9% 287 159
sk TGA (%% 4971, Q50, TA instrument, USA) & A5}
o] A7 BtellA 40914 900 C7FA 10 C/min®] £5% %
2PHA ZABISITE MWNTS] 3E7ido] PANS] €7 B¢l
X s Lok 98] MWNTE PAN S3UH] 1 wt% 37}
AJA AFZE BES ARgSlo] ZARSIITE MWNT/PAN 252 DMF
gl S5 PANS} 3534 PANS 217t 83iA1712 MWNTE
A7WIATE F 1ARE &9 259t Aejso] B A ERHeelE A
Z3h) AFsE £3589 petri dishell Fol F 60 T e A
QollA] 244 AZAIA HEAR AES AXsIlch Az &
SAFS] 1183} 2% (cyclization temperature, 7p) 2+ &3] A
3l DSC(AAPARE AL, Q50, TA instrument, USA) & ARE-
3] Akn917] SlellA] 40014 400 T7HA] 5 C/ming] HE2 &
2AA ZARSICE DMF 40 Qlefle] MWNTS] 42 g
1] 0.26 wt%2] MWNTE 37 A 3087t 253 Far AT &
ool BAGS uwsisl o, UVvis spectroscopy (V—670,
TS Science, Korea) & A3t 0.26 wt% §4S 8AIKF 53t
& slel] gt &S] FaHEE 630 nmelx] S5l MWNT
o] FrlkP S 78ISt AR PAN vhadf-2] del= SEM
(GFARIARER]7, S—4700, Hitachi Co., Japan) & ©]8-510] ZAK3}
Ak theadfrell WiES F™EkE 5 10 kVe] Hske 7hsto] vha)
Stk B3 MWNT/PAN A= Al kel MWNTS] 24k Bl ulék
FeiE wEsl] flslol TEM (FaAkn)7d, JEM 2200FS, JEOL
Co., Japan) & ol-&ato] ZARISILE AlxH Z12te] Ao 71A14
EAS S5 fIslel UTM(WFsAIE #4171, 5567A, Instron

Co., USA)& ©]&3l3itt. ofmf A|52] o= 25 mmE sl3lom,

cross—head $5= 5 mm/minC.=E 3l 71A1F A4S S48
om A5e] Fejell met 20709 AEE Sste] Hitgks ekl
o} ] A 59 A8 A7ave] WS o]8sisio olu
o] WE 1.2 glem’ 2 ARKSIQICE A2
A Y EE
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S R o2 S8l MWNTS] Ewo] COOH 1Eo] SAs
s FRIsIITE
Figure 32 raw MWNT% #W-S 7§23 MWNT(O—MWNT,
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YoJx)i= D—band®} G—band®] T2 J9E& ARt Ap/Ag v
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Figure 2. XPS spectra of (a) raw MWNT and surface func—
tionalized MWNT; (b) IPA—MWNT; (¢c) O—-MWNT.

B9 raw MWNT (1.48)< O—MWNT (1.51)< IPA-MWNT (2.25)
o= Hlgo] ARS #4185 9=, o= MWNT E5elA IPA
7} sfEkH 0w Agskow Qle) MWNTS sp” Adlo] sp’ Agtow
wako 2 MWNTS] 9ol defect’} 2718 Ha1* -1 Av}s
4] D—band”} 7kl Ap/Ag vlE©] 71t 2 0= A7t ekt
2HEY 2AAne} XPS BA47E B4 [PAS) W= v2|3es
o] FHA%S B3 MWNT 3Hol| A8 22 2lelslgict

o] A¥= Figure 40X B8k Ve h=t] 2k87] T3] RallEe &
521 9k 100~300 T Folre] Eallgige ARkt dx O-MWNT
= 2H87) TEo] AAEETE] oF 3 wt% o] EAsh= Wb IPA-
MWNT?®] 745 ¢F 8 wt% A EAsh= A ER1E 4= ik ol
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Figure 3. Raman spectra of raw MWNT (a); O—MWNT (b);
IPA-MWNT (o).
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Figure 4. TGA thermograms of raw MWNT (a); O—MWNT
(b); IPA—MWNT (c).
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gl sy WskE DSCE o84l 1418k 237} Figure 5ol ViRt 9l
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25 S PAN w3 vlws)) A) fakeht sk Zols= A
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PANUel| Z=4l61= itaconic acid([A) W<l A 02 37470t} Scheme
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Figure 62 O—MWNT$} IPA-MWNTZ DMF -&vjti®] 0.26
wt% MWNT/PAN; 1.2/98.8 w/w) 7 A #4171 MWNTEAE
Follo] ARkS: BefEr): Figure 694 Hofxlo] O-MWNT= DMF
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3lo]] SJahA] -2HEle] BHe] MWNT S4A7} Holi= 7S 318t 4=
gtk ol vkl IPA-MWNTE DMF-&+) oo 73k HArks
sl om, O-MWNTS} nlwsle] waldo] IA) e 718 &

% Slglck

(a)
T
[e]
x
w
=)
< Homo PAN
2
2
[T
©
(4]
T
IPA-MWNT/PAN A
150 200 250 300 350

Temperature(°C)

(b)

P(AN-co-1A)

IPA-MWNT/PAN

Heat Flow(A.U) Exo—

150 200 250 300 350
Temperature(°C)
Figure 5. DSC thermograms of (a) homo PAN and composites; (b)
copolymer, P(AN—co—IA) and composites.

Table 1. DSC Characteristics of PAN Precursors in Air Atmosphere
at a Heating Rate of 5 "C/min

Types 7.(C) AH(J/g)
PAN 292 1,601
PAN/IPA-MWNT 292 998
P(AN=-co—IA) 275 997
P(AN-co—IA)/IPA—MWNT 274 853

(a) (b)
Figure 6. Photographs of dispersed O—MWNT (a); [IPA-MWNT
(b) in DMF.

Figure 7-& O—MWNT$} IPA-MWNT2] DMF {5 2lojjxe] &
AF eFgAS ERe13E UV/vis spectroscopy 2] A3E HojEr) [PA—
MWNT7F O-MWNTXREE} i 9Pg¥ #ARPIAS Hol=d), o)
MWNT 3EHe]] tig 2:87] 1552 o] 571k Q18] MWNT
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Figure 7. Transmittance of O—-MWNT and [IPA-MWNT solution.

(b)
Figure 8. SEM images of (a) pure PAN; (bh) MWNT/PAN(1/99
w/w); (¢) MWNT/PAN(2/98 w/w).
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HALge] At Z7eP ] whiell eZelr] vy o] FAE
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Figure 9% IPA-MWNTZ PAN Z3H] 1 wt% 721
MWNT/ PAN A3-52] TEM ARS HolFrh MWNT/PAN A2
AdAS 2ARBINE W AdH ol MWNTYF EAlehs Ze glg
T o (Figure 9(a)) 53] Aol SbHelx Alfre] A= wake
= MWNT7F A8 218 RofEnt ofF B3l W5 3718k =
o] AdolM FHER A7t olEatar] W= el 2Jsll MWNT7}
Afre] g5 WEEe 7 Higko) o] Folxl Zow et

Figure 108 =578+ PAN 412} IPA-MWNTE F41%F MWNT/
PAN 35<] strain—stress 41& HERATE IPA-MWNT7} PAN
S 1 wt% 88 MWNT /PAN A7) 7P 2 e gk
= HEpISom, IPA-MWNT7} S35A] ¢S <=8t PAN Aol
Hlg}e] QIAE7E 100%, §dE°] 160% FI=I0c WA 2 wt% 2]
[PA-MWNT7} 8% A-f= IPA-MWNT7} 1 wt%7F 249 A
ol vlwslo] 7|44 EAdo] 7hAeigiet), o= IPA-MWNTS] &
Frgo] Z7ksPaA MWNTZFDMF 8] Qlolx] st Habike- &
el Fetar A= dde] ISl Han, PAN Al lefA

Figure 9. TEM images of (a) longitudinal section; (b) cross
section of MWNT/PAN fiber (1:99 w/w).
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Figure 10. Strain—stress curves of (a) IPA-MWNT/PAN (1:99
w/w); (b) IPA—MWNT/PAN (2:98 w/w); (c) pure PAN.
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