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Abstract : The aim of this study is to understand the effect of structure on the dispersion of both CNT
and GNF in the phase of synthesized polyurethanes matrix. Various CNT/PU and GNF/PU composite
films were prepared. Polyurethane having a different hard segment was blended with both CN'T and GNF.
PU having HDI as hard segment showed good dispersion with both CNT and GNF because of their linear
structural character and molecular kinesis while PU having aromatic ring showed poor dispersion with
those due to their structural complexity. Structural effect also induced the increase of its electro
conductivity. The PU/CNT composite showed a bad dispersion (because of phase separation between PU
matrix and CN'T) but good electro conductivity at its surface (because CNT was collected on the surface
of composite film due to low density of CNT). PU/CNT and PU/GNF composite films have quite low
normalized sheet resistance value compared with silver/PU nanocomposite film because the fiber type
filler could have much more contact points than that of sphere shaped silver particles have.

Keywords : dispersion, hard segment, CNT, GNF, sheet resistance.
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Alef. EZE)euete] 335 2lall hard segmentE B/d5k= iso—
cyanatet 99.5%°] 178 HDI(1,6—hexamethylene diisocyanate,
Adlrich), TDI(2,6—toluene diisocyanate, Aldrich), NDI(1,5—naph—
thalene diisocyanate, TCI), MDI (4,4'—diphenylmethane diiso—
cyanate, TCD 7} AREHI O, o5 W] A 3= 7AA
ort). A-dFE F93k= PEG (poly (ethylene glycol), Aldrich)
AR Mw) ©] 145081 Zlo] ARgEglem, 80 T X3 2o
A 12A1RF AZAIA GtE 8] AASE & ARgsISic) A <
FA = ARESE BD(1,4—butanediol, Aldrich) 9} Wk~ A S|z A}
$%]= DBTDL (dibuty! tin dilaulate, TCD &= 2] 41774 glo]
ARgBIRlom, o W Al BullE ARE-S DMF (N AV—dimethyl—
formamide, Aldrich)+ HPLC Z1#o]=2] Al2kS 4 A molecular
sievee] 3Yxt Ho] oS 58] AASE = ARESISITE
A FXA2 AFEE CNT (carbon nano tube) = #E°] 20~
30 nme]H, o= 40~50 um WEIZ =% (purity) 7F 95% o1
@] MWNT (multi—wall nanotube) 7} AF&-%|%1 2™, GNF (graphite
nano fiber) & A15°] 100~120 nm, Z°]7} 40~50 um e]o|H,
TE7F95% o131 straight type®] AHE () vheElold ] %
80 T HF2Eo|A 24A7F Ax T ARSI

o2y e 81y, ZE]-uee] BAF (hard segment) 5 &

sk vieksl TR<] EE9-dw P35 H18l & AFelME prepoly —
mer IS AREBISITE TAIZCE HDIE A2 711 Z¢
-elgH(HDI-PU) prepolymer®] 985 fl8lo] wrt7|7} b
24 39171 3k 37 ZE~Tel PEGS) 2 E9e] HDIE 54 &,
50 CZ F&ato] 3031t wnkelley. wnks vzl % 2 ppmé)
DBTDLE 79 5 70 T2 2417 22131l kS sl HDI-PU
prepolymerE $J3Iitt TDI-PU2F MDI-PU prepolymer 2]
P32 HDI 3797} 5L wks-32ellx] o]Foson, Wks2 50 C
oA Z2s| wRE $ A4 2917 el 2 FEY] isocyanates T
T 301t ThA] ks AAfESint o] wf TDISF MDI= Zdth4] o
2 Igo] wel e o] s ARESHA] ke, 70 TE S2A1A
oF 2417kl A W3-8 3l st

NDI-PU prepolymer?] 32 -5 48] AlAgE 37+ &2
2 Qbell AE NDISF PEGE Al ¥ ¥ Zek~a2] oY
< 360 mmHg®= YW § DMF ZdollA] 120 €2 oil baths ©]4
sto] §E3-& A7 prepolymers $MdaH3lth

Z}7] Hhg-& Fato] wheold vkt 72 E29-dk prepoly —
mer+ 71Z% BDS}F 3 oF 2417 W& XIPAA Ze)edes
A 39 Eeedwe] B4 Table 1o YeRfRIT

CNT2} GNF SEEE MZE. FHol gu% g0 A2 =94
g} ZF7ke] ZXIA(CNT, GNF) & izl 5% vlE=2 41 259
A5 F3l B pasteS AZ3ISAE B3 pasteS 53+ B30
AF= ZH2) spin coating™¥} solvent casting®S $3l diluent
film¥} dense film Feh= AZESIeh FA|] 24 w2 918l
1x1 cm €21 F83 9ol 0.1 wt% A1) diluent 53¢
pasteE YHHF TX $ AWFEIE o]gslo] DES AFsision,
oluff, AWFEY] &5 1000 rpmo |3tk Az e By
*J(orientation) A HEE £J3f] 50 T 2Eel4 307t annealing
AEBIsict W72 EAd9 B3kAle] ks 9J4l solvent casting
< &3l 7] e 249 dense FEE AxsIgloH, Az HE
2 50 C ZAIeg 227 30 T F-eeolA ZH2 3053 24417t
25 T3 3] SHES 2bds] AASISITh
st 9l Mxksn|d 24, Dilute 54+ F71530A419] #4Md &
FS 98] 33Heln| 7 (optical microscope, Olympus, BX—50)
| AREEIS0m, 237} 508l 2008) 72]31 50081] HlgelA] HsE
< SISl B ] B} st kS 918l SEM (scanning
electron microscope, S3400N, Hitachi)-& ARE31 212+ 7000+,
100009 22131 37000912 Hl&ollx] T2 AlEskgic
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Table 1. Physical Properties of Synthesized Polyurethanes in
This Study

] M, PEG HSR/ T.D.T

Pu 5(C) (g/mol) S.S.R? (C)°
HDI based -5 1450 0.231 306
TDI based -9 1450 0.24 320
MDI based ~ —11 1450 0.289 420
NDI based -15 1450 0.345 460

*H.S.R/S.S.R : Hard Segment Ratio/Soft Segment Ratio.
®T D.T(C) : Thermal Degradation Temperature.
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X5 4 point probe (Keithley, USA) & ARE310] S350,
AS5E 32 1A AFE Sste] 2 A gh(Re) o= ARG
i1

(Rs)=(V/D X (C.F1) X (C.F2) X (C.F3) =p/w

N Ve I+ S5 A9 ARE e pot we A7
A& (resistivity) 7 Al=2] F7E vepdich T8k CF1, CF2,
CF3%&= ZH2te] RAATER, CF1S Ao &k D(Ro)) 9 vl&
of wa} Wahk= gro® Zolg} Hlole) tish RAAGI CF2&
AR A (resistivity correction factor) 24 A5 A9}
s(probe tip 7+e] A=) el 23l A= gtoln, CF3& 2% th
& AR (23 0) ol 19] 3k 7 574 gholl & 9%
< A o B ATeME 12 o] ARRISI
2 94 EE

SN BAM. - 7] EFAL Az glo] FXIANL Ak
& MEZ AT} B 3EAke] A 7] nE EakeErde] ¥
Slo]l Y WL o) AF= Bl Budh ul ek o) At
HEXA AF F71Z3AL] ilel] glo] EEA Ak 79 #1EX1
=1 A (re—aggregation) WO R, T} WEZ A A}
T2 AAE T8l 1 S Ao Fr1EIAle] HAVdE
A AL 912 om] Btk vl gk B AelaE ol
Sk A9 A YelA EEf-elete] EAE HElel] mE GNF
9} CNTQ| 1t 57 Wsks #abr] flste] Eue-aee] 244
& A¥T7xE 7% HDIZNE 8|39 of=neld& 711 TD],
1231 oFnElE (aromatic ring) < 271 o1 7E A73=2] MDI,
HA3G22] NDI 50 = tieFstA| vpre] 7he, k] 3 slrt
ek A2 kel XE G vlw, TEEGcE AR &
A2 FaPde AF AAS] AP R BiEe] iR} A7)0 ulet
s W= o dEA glrh olof] # AgellA] Al YAt 716l
w2 Bk JAstel] oidt A7F QA tEof R, 2 ol ARG g
AT7ZARN GNF9F CNTS 749, &k =719 27 P9y
9] Blwd A YR HIAES Ko 1S Wk o e} 5= Ak
A W] T YRR it 54 dolehs & A9 AT
HRE Holu= Fo|B R 1 AFtofM= IxF Z27] W] e &
Abd M3hs kK] ik

ZE| el AR Wslel e A B4
2 ATelrdi= GNF/PUSH CNT/PU H385 AlxE g
R} solvent casting®< AHESIS 0, Ax3E FE-C] A
2lo-dghfe] GNFSF CNTE] 35 242t 1 wi%= A8kl
S Azl on, Feken) S o8, GNF9} CNTE] $33% 2718
Flo], & Figures 13 20l YERARI:
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Figure 1. Optical microscopic photographs of the GNF /PU
dilute composite films with different hard segments of
polyurethane; (a) HDI, (b) MDI, (¢) TDI, and (d) NDI.

HAS & 4= Qlrk AA o olZulElRS 7Kl Eelg-uerd §-
71579 FPdE EAT R ofmntE Rl el 30 EAds)
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o] ¥i= Zlojct
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AZE B3l A5 Zeedsbd ONTE 24t E4E niklr]e] &
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Figure 2. Optical microscopic photographs of the CNT/PU
dilute composite films with different hard segments of poly—
urethane; (a) HDI, (b) TDI, (¢) MDI, and (d) NDIL
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Figures 3%} 4+ Figures 13} 204 o2 REZ2x4) B4 E
Ao B8 o8 HelEe] WS 10000H 2 Ehfato] B2
31 SEM ARlolt). Figures 33} 4ol)A] o5 ulg) o] Za}9-
gke] 4435 HDI, MDI, TDI 78]al NDIZ 223t 4 F572] 77)
o Egede vkl 5 A% #5225 7k HDI-PUSH
MDI-PU E3Ael4 CNTE} GNFollA] 25 9475+ HAMA1S Le}
Uiltk GNF/PU 259 Z2A2 333 Figure 38 B,
Figure 3(a) ¢} Figure 3(b) 2] HDI-PU$} MDI-PU HQIE] ol A=
& MEgTze] Zelewge] st E A HE3EFA 7715
FAF By 123 fFAsH HEEo] Qle-g wEs 4= glon, A
=9] FHoA T3 12 A2 (roughness) S K3} EAlo, 4
oA WAE= GNFE -§33do] A2 #HEA] obks5 & 4= Qlth
1t ofegt e AR vlE o] AR, ofmnElRo] &
7Vl el wheh 39 Ak o) Akl SAle 1 A=
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Figure 3. SEM images of the surface of GNF/PU composite
films with different hard segments of polyurethane; (a) HDI,
(b) MDI, (c) TDI, and (d) NDI.

Figure 4. SEM images of the surface of CNT/PU composite
films with different hard segments of polyurethane; (a) HDI,
(b) MDI, (c) TDI, and (d) NDI.
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S7FskaL, kA FEl] SAE EeleERto s lEl AVdE Hw
(bump) 7} 8] ARVE G5 AsAFE & 4 ok oles @
2 AR AT Hido] S7Fsks NDIOlA Xt dgt
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Elgfo} 22 woks 71l vk GNFoL WS 943 Zu)9-dst
o] HRRIE E2] 80% oVds Hil U5S & = Qlth ol AefA
drggl vie}l o] v e] EAHEE 7H TDISE NDIC| W&
Al 502 QlE FrIEHAL] FAado] @8] Woix7] wiE
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a8y, AA FUsE ZY9dEs vklgE AM-SE GNF/PU
9} CNT/PUS] B39 ¥ AL S nwsle] B Z2)9-eee]
TAZIE AEsle] CNTE o] Fojxl B3A7F GNFR o] Foizl
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Figure 5. Sheet resistance of the composite films; (a) GNF/PU
and (b) CNT/PU.
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of W2 ) Axxe] W= sliver/PUA 217] AEw9] Walkel
Hw, ¥slo] o= Figures 63 701 YeRSITE

23k Zal| 9] Zel$dEr e A 217 tE WS
ARA AEES AFBeoH, AxE silver/PU, GNF/PU 18|31
CNT/PU E3EEe] ¥ ATws 574, vlwsle] o)1= Figure 6
of] YERpSITE ojul, AMgE BE F1EA et Zeleaed
FakAdo] 7k vk NDI based PU7F AREEIQICE 1ol ®i= n}
9} 2] silver/PU E3H17} CNT/PU, GNF/PU E3Ao] vls) €
58] T W AEEE VERES & ol ol & R =2
Hada} Al 2 A 7B 1f-e] ARt 7R (carbon) Al -
715 3A ] gl €53 7] WiEoZ AlsEch 18, Figure 7
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oA Al ZA7te] TR ate] 7] AwAS st wst
oF 18t 1 A== silver/PU B} 71 vk 3 4
EEE VRS o 3l ol B8] i Aot 2abdat g
7 XA inter—connection =l 7191517 wWlZo|ck

FH Aydael] wh=d Ak 22 ONTEF 22 &2 2=(rod)
FHje] ZAF FxAlet GNF9F 22 71 AR o] dagiiAz
ool HHAE 247t WhESlS 73 Scheme 149} o], A
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Figure 6. Sheet resistances of the silver/PU, CNT/PU, and
GNF/ PU composite films.
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Figure 7. Normalized sheet resistances of the silver/PU, CNT/PU,
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