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CNT Buckypaper-Polyurethane Composite with Enhanced Strength,
Toughness and Flexible

Yu-Mi Ha*, Da-un Lim***, Yoong Ahm Kim**, Yong Chae Jung****"

ABSTRACT: Carbon nanotube buckypaper (CNTs-BP)/thermoplastic polyurethane (PU) elastomer composites were
successfully fabricated. The CNTs-BP/PU nanocomposites exhibited simultaneous improvements in both tensile
modulus and strength by 1360 and 430%, respectively, as compared to pure PU. Possible reinforcing mechanisms were
evidenced by SEM analyses and tensile tests. The CNTs-BP/PU nanocomposites can be potentially used as an inter-

reinforcing agent in ultra-lightweight, high-strength aircraft, carbon-fiber-reinforced plastics, etc.
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Schematic 1. lllustration of the preparation of CNT-Bucky paper
(SWNT-BP)
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o] ZAPIAH ] 7 (SEM, Nova SEM)& A3} 0.0, A=
Lo Y F 10 kv A shl A Fskart.
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2.3.4 333 (Photoluminescence, PL) £33 B4
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SWNTsQ] Halskz] EAJLS 11216174} Raman(A = 514 nm)
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RBM(Radial breathing mode) T2 & &8 4= Ql=1|,
RBM ¥ ONTsoll A 714 0.8 2HEAS Lehi

o ONTso| H3-5% 5| B3t 2, o] 2Be
7)1 CNTse] 2|20l |2 5, L 8 o] %) e
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(VHS)of| whe} U FH o) A A ()} A" AEE o
oh;]. [14].

Fig. 1(a)ollA] 145 cm™ 2ol £ RBM T35 RIS 4=
oLt o= 14-15 nme| 72 71¥L ojujgith, 2] w
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Fig. 1. Structural properties of used SWNTs in this study; (a)
Low-frequency Raman spectra, (b) Photoluminescence
(PL) mapping images, (c) SEM image, and (d) TEM image

O] 79 W& ARHA HH AL o} 7] E (Excited State)
of] Bg9] FA}H(Photon)S WE3FHA] A AE (Exciton)o] 2t

ALk = o]y W EAL o] gake] CNTse] 7folete)
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(Photoluminescence)©]|t}.

Fig. 1(b)2 SWNTsE 231} A&} 294 E8&
of M3} © SWNTse] HAFG-o}S o] §-5ho] PLE =%
Zto|ct. PL mapping2HE] (7,5), (7,6), (10,2), (9,4) L2]iL
(8,6)] BYu =7} ZsHA =t o)A semiconducting
BH EAS Zh= Aoz 4 4 Qlri16,17].

SWNTs®] 1 RERX| e} 217 J1e|il do| 225 &
312} SEMi} TEM o]-&-5fo] 3259 th(Fig. 1(c)2} (d)).
Fig. 1(c)¢] SEM o|u|x| 27§ ofg 7]o] FEI} M5 2
2 0|20l A shhe] A TAH o] UL 25 A|E A
Y ol tftEo] A2 JAA SR EH FEHE =TS &
o= Q=g o|AL EH 719l 713l van der Waals forceo]] 2]
3 Ao 2 AYPFQl CNTsQ BHEZAE Kol Qjrh

TEM o] n| A 2 KB = & Ao AH-&-H SWNTs9| o)
O] =7t 17 o|ufjolar, Hat2 % o] 1.4-1.7 nmo|w], Z o]
7} 10-15 mm WeJQl AR 22 TS & 4 Uk

CNTsiks o]-gsto] B7|Ho]u & A|x3l7] flsir= &
o WollAl 233} Aefsit 22 WS ol &ste] st
Al BAA 7] &, HA 2 X H (B E Y H(filtering process))<
o]-g5to] Yst= 7)o FANE BE P oA = &
Hol| wd3t AR E A2 4= QU ol H7|HojH o]
woh wl o] FUa ARE Az AHAE Yk
vioh guzbe] FA ko] W BAVE (SHE)} )9 0
3|, Fig. 204 SWNTs(1 mg)E Ethanol, DI water, DMF,
Z12]3l NMPO| 7zt &-ufj (10 ml) o]l 3 7}3F 3 10°Cof A
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Fig. 2. Photo images of dispersion property of SWNTs
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12X 7F o] W 2|8kl S 7 f-olli= NMPof| Z4He SWNTs
&0 7H4F eHg Al EAMIS EAT
5, 8o =4 A=E 2dsto] @] 229 At
S mE H A PFAQ Y FEY E4tEE =T
9It}. E5] NMP(116 + 10 pg/mL)e] -2l DMF(23 + 6 pg/
mL)o]| ¥haf| -8 (AR )7t oF 58 o =t} o]4# DME

NMP, dimethyl sulfoxide(DMSO) 5 =4 2] H|JAA &
] Solli= A 4k A1 5 ok o]} vl=EkA| ofFl
71, 5417, oA E7] (azide) Ti= t]olxE 3kgHE (diazonium
compound)E ZH= 87| Dl-—rX]——O]L]- TEAES CNTs &
Holl FFATAIA st A2 Aa7HA] Ede] o

FE o] @41 QIrH[18-23].

2 AolA= SWNTs= 01%5@4 H 7| o] 3 & A £A|
NMP-guljstof A AKX & 319F BE T 77| & 0]-8-5}of
_El_/d z;(]lﬁ o7 117510] 50 mm LHQ o] % ./] SWNTs-BP
& Az,

HA Z A HE 0] 83}o] A 2% SWNTs-BP2J ?‘ﬂEHO 3
e 83t 1=, 1A 2 S50 ENS
171324} v}QIE 2 NMP g4 & ©]8-3}o] 1-10 wt%«l &

52 7 Eoledehs §Ag A%/ s

S F= (3 wit m[ehe] PU HIRIE (1) 89 SWNTs-

S
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100 1
SWNTs-BP/PU
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40 4 Single layer coated
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Engineering Stress (MPa)

30 A Double layer coated
SWNTs-BP/PU nanocomposite
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Pure PU
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0+ T T T
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Fig. 3. Strain-stress curve of SWNTs-BP/PU nanocomposite film

BPof| FE|E] 3t Aoz N B2 HEEJO R Qs
5 6}1 SWNTs-BP U] H.oj]

(6 wt% o)l A=

2l SWNTs BP2] U] o] PU H}

o Qofo] =83 T8 TR F51A), SWNTs-BP 0]
9 HEe PU 50 JYAE I o] 2dh 2y 42
T 072 71AAQl Aol P vAA ==, 5 wt% PU
vl 8-S A 25}o] SWNTs-BPo|| WE] L 31 790
= &= 28 SWNTs-BP R =% U5 JFE F
B A AE S SHARS & 5 AAth(Fig. 4).

ghH, SWNTs-BP Wjfof PUo| #YUsHA AHE Al&et
H| 23} 7] ¢]8fo] SWNTs-BP2] 3+& wul PUS 3185} 7

FE HE Z17F R T 80°Coll A 7Ax3gt Fof SWNTs-
BP/PU U 53t D53 Azt 7| AH 4 2442 3

7}st Sl ek (Fig. 3).

PUS| FEHIH S Hello] A)2%E SWNTs-BP/PU Ul
ELFO Aot 5445 o] flsto] A o
It (Fig. 3). Fig. 322 B ¥ =3 SWNTs-BPO] QA7 =
= oF 9.8+ 0.6 MPao| 11, 425231 PUQ] 7L ol|= etAA 5
9} QIR Z17) 5+ 0.05 MPa} 20.5 +0.70 MPao|jc}. B}
H SWNTs-BPoj| PUS T} OFHS AT Hfoll=
SWNTs-BP9} PU7ZLO] Ad A 2Felo] F7] L5}1al 01 4A3
% A 2= o] &3 PUA| R Bl B A= =7
vgton; Al 9 I E = vl EAY v A=
545 YEdslth

=, 5}:7] E]—/\-] 7;“5'\_9]_ 0]21—7]—5:

>
F2 ey, F

T

SWNTs-BP2] E-Ajo] <
£A7E Aol BelE o] Fol PUS)
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Pure PU

Fig. 4. SEM image(cross section) of SWNTs-BP/PU nanocompos-
ite films; (@) SWNTs-BP/PU nanocomposite, (b) double
coated SWNTs-BP/PU nanocomposite, and (c) single
coated SWNTs-BP/PU nanocomposite

B o) A ujE vto} &= SWNTs-BP H| 3| A&7} 27}
[e]
AN

5 wt% PU 8902 0] 83}0] A %35 SWNTs-BP/PU L=
Bguge] Aol i FAE 71 AH B0 R BA
Az} Q17 == 717} 73 +0.21 MPa, 109 + 2.08 MPao| 3}
o, PUAJHT|E] BRI A= 1360%, A= 430% o

Z7}51i ek o83t Z3t= SWNTs-BP/PU U235+
29| SEM e At o 2 343 4 9ehFig 4). Fig 4=
SWNTs-BP/PU U3 20] thlAblS 243} SEM A
SRR NI

Fig. 4(a}= SWNTs-BP Ujo]] PUo| - AUsHA| ZH = o]
B7ke] AWYRY L Z/MIA, ARE SAYFoR ol
Al PUZ SWNTso] ZFE3t | z|go 2 =2 7|44 EA
Uehich o] 8jat 124 E4oR HEHoR e
734, 181 843 SWNTs-BP/PU Ui =3t E—%
St 4= 9Jglt}. whH Fig. 4(b)<} (o)= F 2A7ke] AH

A é
4oz N K rUlo o 3

o] £ Fall AAE AF el = QT BAASIE A
qict.
3.4 2

B AN SRS §7]8) Sol A 2ou
o YAlRe] Helg Ba) FUT RS Az F
OJ5E SAZAMEH )R Btk 339 v =Y
T2E 7ML ghe A E(buckypapen) S 434 0.2 A =
ak 4= Qloick. ol E4b 9 RHzlo] Ajtelg Z71417]7]
SJstel PUS sigstel 71414 BAS SAAZOM, HE
Ao g 7|1&E AAPU)YH] S ASE 1360%, A==

430% o4 E4do] FApE|E AntE ol
712 BT L e Ag)e] tha: BETE CNTs-
BPo| iebd &S 2= Eepales 2Ysko] 24
Alzlom, 53] E2| -] SRl mebA 2F CNTs-
BP/PU Um0 B4 Wshs e 4= lolt). &
22 o g o]g]dlt XA EAlS ]_Q_ﬂ AL A 1

= = o1 =
e U B3] 2 A 281y 7|ojst

OS2 7|gidnt.
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