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Poly (carbonate diol), isophrone diisocyanate®} dimethylol propionic acidZ-E #|Z=¥ E2]-9-dl¥ prepolymer®]
ek NCO 7% aniline® = capping?l#] aniline terminated waterborne polyurethane dispersion (ATPUD)S #3331
t}. o] ATPUDS} =573+ waterborne polyurethane dispersion (PUDYS 242} %A 31411 polystyrene sulfonate™
=3 % poly (3,4-ethylenedioxythiophene)[PEDOT/PSS]¥ £ GAIA =4 T S8 A3t & o] A&
polycarbonate 7] A 9ol T3xsto] T8 Tuhs A3tk PEDOT/PSS7) 2.5 g ©18t2 A9+ H7te Agol=
ATPUDE Alx¥ 78 Zvke] ZWAF kS 1.0x10""~2.5x10° em’Z =%t PUDEFE] AlZ2¥ 78 =rfe)
5.0x10"1~6.3x10° Q/em? BT} $5-3F /)M T =S YeRISITE 121} PEDOT/PSS7) 3.0 g@ & 33 X7kl 9ol
ATPUDZYE] AlzH 5% Eu7) PUDEYE AlZ2H T8 Tk )58 A7 |1 E s Jepdlct,

Abstract — Polyurethane prepolymers were prepared from poly (carbonate diol), isophrone diisocyanate and dimeth-
ylol propionic acid. Then, aniline terminated waterborne polyurethane dispersion (ATPUD) was synthesized by capping
the NCO group of the prepolymer with aniline monomer. Subsequently, ATPUD and waterborne polyurethane disper-
sion (PUD), respectively, were blended with conducting polymer, poly (3,4-ethylenedioxythiophene)/polystyrene sul-
fonate [PEDOT/PSS], to yield antistatic coating solutions, and the mixture was coated on the polycarbonate substrates.
At adequate addition amounts of PEDOT/PSS less than or equal to 2.5 g, the surface resistances (1.0x10''~2.5x108 Q/
cm?) of coating films from ATPUD showed better electronic conductivities than those (5.0x10''~6.3x10° /cm?) from
PUD. However, at excess amount of PEDOT/PSS of 3.0 g, the surface resistance from ATPUD showed similar elec-
tronic conductivity with that from PUD.

Key words: Aniline Terminated Waterborne Polyurethane Dispersion, Electronic Conductivity, Surface Resistance, PEDOT/
PSS, Antistatic
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TEAL T& AAA Wil HrlsAy Bl 8 S5 @735t
Aste] W L5 ZRAPIAY B S5E5 7= i
Aol F5h A7-E0] FEs] W= I QITH4,5].

A% 15AF 5 polythiophene 2 7] At 44 by
o m leto] MEY 1A TR TS IS Wolglon,
polythiophene % ethylenedioxy 71& 2l SJi= poly(3,4-ethylened-
ioxythiophene) [PEDOT]- ethylenedioxy 7]l 2]t AA}g-o] Gijo]]
oal w2 38h4] FXtF (band gap)yS ZEAL 3lo] 7HAEA 9 Y
oM TS A w2 318H] Yl 7] g 0w Qo]
& A7} o] R L QUTH6,7]. 53] 84 E=IESR] polystyrene
sulfonate (PSS)Z E33%¥ PEDOT/PSSE= Hof #Ato] 7Fs3b, 7}
F7g0] Holuhar, thE A= E3o] Zhsste] tidA] Y
OLED -9 W2 ZofellA] g8+ o)A 3L Slrhg].

TER A F 292 € (polyurethane, PU) 27 ©]A+9)
hydroxyl group (-OH)= A1'd polyol¥} isocyanate group (-NCO)S
A diisocyanate®] ZHs7] 1] REg-ell o8| AAdE =g Agt
(-NHCO0-)?] 722 wlEA o2 zh= 1823t} pUus 97 83
(soft segment)¥} 74 7 (hard segment)?] SHi-&oll wfe} Thokst
E3A07} 7sh olel wEbA =5, 15, I8, AF 5 A
2 D Y 255 AR 58 ZHAR FHSsH el de] &
|53 QJEH9-11]. #Zolli= PU 4 T carboxylate =-2 sulfonate
o] =4 0|75 T3] ionomer O F FE3 5 A9l
PUE Aoz FEAATE HEE AR 34 28-5-de
(waterborne polyurethane dispersion, PUD) A|Zzel| thét A7} &
8] 218 3 Qe 12,13].

£ Aol = poly(carbonate diol) (PCD), isophrone diisocyanate
(IPDD)?} dimethylol propionic acid (DMPA)ZFE] A|Z%H E2]-¢-
A&k prepolymer®] 3 F&] & NCO 71& aniline FAE
o]-8-3l] ko] NCO 71% cappingA1# aniline terminated waterborne
polyurethane dispersion (ATPUD)S /d38}51tt). ©] ATPUDSF
%4 121 PEDOT/PSSE =/l AIA i it Z2
FHE 79 {AE Az T o] gUE polycarbonate 714 21l =
¥sto] 78RR FAsIlth o] #delA aniline 2 PEDOT/
PSSO A7t Mzt I) Teke] 3 A, 2 AR 2 FEY
5] =4el mA= kel dhal] AvEgich

2.4 #

2-1. H=

2 Aol isocyanate® A<5 AF2] isophorone diisocyanate
(IPDI, 98%, Aldrich)E AF&-3}5] 11, poly(carbonate diol) (PCD,
1000 g/mol, Asahi Kasei)yS polyol= AFE3IATE AR 98] %
7}E = &ol27]1 24 dimethylol propionic acid (DMPA, 98%,
Aldrich), DMPAE €-2l14]7]7] 918 872 1-methyl-2-pyrolidinone
(NMP, 99%, Aldrich) %3+ =0 524] dibutyltin dilaurate (DBTL,
95%, Aldrichys ARSI Pojzl Z2]%-2" prepolymer] %H]
NCO 715 W% 735 Z2Hu3)E aniline (99.5%, Aldrich)©.2
cappingA 7 0™, DMPAS] FSAIZ triethylamine (TEA, 99.5%,
Aldrichy& AHE-SFA T B3k AREAGA|ZE 1,4-butanediol (1,4-
BD, 99%, Aldrichy& ARSIt} 712]a1 ATPUDS} S8 Z) 1A
I EA}E = poly(styrene sulfonate)@® =3 F poly(3,4-ethylenedioxy-

Chemical Molecular
Material Abbreviation Structural formula .
fomula weight(g/mol)
e, N-C-0
Isophorone e
1PDI Cp,H N0, 222.29g/mal
diisocyanate
e p——y
Polyhexamethylene 9
Carbonate Diol BCD HO— R —f— (EH)e-0 -& -0 Jr (cHy,—on - 1000g/mole
Dimethylol e
DMPA HO = CH, = §= CH, = O C;sHy0g 134.13g/mole
propionic acid coon
1-Methyl- . Q§o C.HNO 99.13g/mol
2-pyrolidinone Eny s
Dibutyltin o o-g-(cs,hcm ol
dlaurate DETL CH,(CHy), = C= 8 = S = (CH,CH, CablesOsSn 631.56g/m
mcn,
CH,CH
Triethylamine TEA ememax{ CeHsN 101.19g/mol
NH,
Aniline - CgHsNH, 93.13g/mol
1,4 buthane diol 1,4-BD HOCH:CH:2CH:2CH:OH C2H1002 90.12g/mol

Fig. 1. Structures and molecular weights of chemicals used in this
work.

thiophene) [PEDOT/PSS, Heraeusl& AHE-8IITE. 78 28] 7
st &5 9 39 AEE A7) As ArRIEA Al AlE
©] A3kAIQ1 Cymel 327 (CYTEC INC, USA)S ARg-&1ITh AMS-
H AFES A B oREA ] I gle] IR ARESIlen,
Aol AHE Fo AY 2450 7229 FAE Fig. 12

LHERASIE.

2-2. BN

25A, $57], 2z 2 w77 dZAE 500 mL 47 S
Ze}~3of IPDIS} PCD, NMPol| £-38A]7]1 DMPAES 713t % 75
oA 500 rpm = 3 hr 5t RES-AI7H NCO terminated prepolymers-
Azt 71 F anilineS d7k810 50 °ColA] 2 hr FeF HESA]
el &3l prepolymer2] ko] NCO 7% aniline® = capping*lA
aniline terminated prepolymers A|Z3}It AFEAGAZ 1,4-BD
S ARl 50 °ColA 1 hr B2F RESAIZ] T DMPAS] V1R <13
¥ prepolymer 2] COOH (carboxyl acid) 715 TEAZ %7}
&l 50 °CellA 1 hr &<t FEAIA =l sl AR = Q=
FH= AgAZI o] * AR SHRTE H7Fste] 1,000 rpm
© 2 20 min B FEAXFA ATPUDS AIZ3IQIT B ¢dof| 4
AzE ATPUDS] 3}8H4 248 Table 12 YERASIOH, o] u
NCO/OH2| £ H|&2 1322 TAHAFTH

1 3 aniline®] 371S WSkA|A A|ZF ATPUD (Table 12
A0-A3) 10 g A2} PEDOT/PSSE 27 1 hr B¢t EAPGA7]a &
Aeke] Wl 7} A (Cymel 327)Z 37F5F] Table 201 LFERS )
AYRE T8 FNES AZSISIT Fig. 20 tldUAE I8 £99]
AZTHE Hepgglor Azd T8 8948 polycarbonate (PC)
714 £1e1l spin coating $-, 120 °CollA] 30 min <t & HSIAA 7
g Tuks AlZE

2-3. A2 BN

2-3-1. FTIR

Aniline terminated prepolymer?] %45 98]l A|55 KBr
o] $FAl £33+ & FTIR (FTIR-84008, Shimadzu)yS AM&3}1o]
T2 579k NCO 7]9] kS X i-g S4sel).
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Table 1. Recipe for the preparation of aniline terminated waterborne polyurethane dispersion

Sample code Soft segment hard segment chain extender Catalyst Neutralizer
PCD mol IPDI mol DMPA mol Aniline mol 1,4-BD mol DBTL mol TEA mol

A0 0.052 0.117 0.038 0 0.027 0.000045 0.038

Al 0.052 0.117 0.038 0.013 0.02 0.000045 0.038

A2 0.052 0.117 0.038 0.017 0.018 0.000045 0.038

A3 0.052 0.117 0.038 0.026 0.014 0.000045 0.038

Table 2. Properties of coating films prepared from antistatic coating solutions with different amounts of PEDOT/PSS

The amount of The amount of The amount of The amount of  The amount of Coating thickness

Sample code A0 (2) Al (2) A2 (2) A3 (2) PEDOT/PSS (g) (um) Pencil hardness ~ Adhesion
A0-PO 10 0 13 2B 5B
AO-P1 10 1.0 13 2B 5B
A0-P2 10 1.5 10 2B 5B
AO-P3 10 2.0 1 2B 5B
A0-P4 10 25 12 3B 5B
AO-P5 10 3.0 10 3B 5B
A1-P0 10 0 13 2B 5B
Al-P1 10 1.0 13 2B 5B
Al-P2 10 1.5 10 2B 5B
Al-P3 10 2.0 1 2B 5B
Al-P4 10 25 12 3B 5B
Al-P5 10 3.0 10 3B 5B
A2-PO 10 0 14 2B 5B
A2-P1 10 1.0 12 2B 5B
A2-P2 10 1.5 10 2B 5B
A2-P3 10 2.0 1 2B 5B
A2-P4 10 25 12 3B 5B
A2-P5 10 3.0 1 3B 5B
A3-PO 10 0 15 2B 5B
A3-P1 10 1.0 14 2B 5B
A3-P2 10 1.5 12 2B 5B
A3-P3 10 2.0 13 2B 5B
A3-P4 10 25 12 3B 5B
A3-P5 10 3.0 1 3B 5B

2-3-2. Y%= g Ax= dF HAx 57%7](CT-PC1, CORE TECH, Korea)ell
Az =575k PUDS} ATPUD®] Q1%=E #413817] 13l dynamic 8 A S4E AFE 450 A5 7190, AT k(1 ke

light scattering® ©]-8-3t 3] 53741 7] (Nicomp, model 380, USA)E 7¥ebAA o)A-S "ol Akt GBS Mitsubishi FTE AR
ARESISATE 3=, H-9H, F, HB, B-6B 5] 4%=& UE= A& A
2-3-3. 13 E R sk3Act.
Alz¢ PUDSF ATPUD 9] 1= 3= S5t Sl 2-3-6. 12
105 °CellA] 291 5-81(FD-610, Kett, Japan) 1218 AA1813t}. ASTM D 3359[14]] A8t Askd Zo] cutter® vl

2-3-4. FAEI} YRt RS

7AYol A g 2 Teke] FaE B@FE‘;Z‘
ga7] S8l Az I®W A= 71AR] PC AE flo 8 &
AZAA ZuRE 343 5], UV-Visible Spectrometer (UV-2450,
Shimadzu, Japan)& A28 200-800 nm2] 33 HEJo| A F3-&
< SAsI8lh =31 PC A E Hofl Z9E 78 =9 YriEes
743171 $18ll Taber abraser (QM600T, Qmesys, Korea)s AR5}
o 500 g2 3% 3tolA 70 pme] EE2 1008] PEEAIZ] & UV-
Visible Spectrometer (UV-2450, Shimadzu, Japan)E A3 600
nm?| IPgeA TS STt

2-3-5. 93 A
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2 179k F 9ol 3MEo lié’ ES |
o7 F3] wojule] ' F3 71A2le] WA= i&%_ STt &
HE AAA il 1 mm IFH R 11x112 AAFE o2 7318 1
o] 100709) F3ES wsar, 71 9o Ho]E (3 M Tape)s F-213t
T J378] ol xS Uit @2 = 472 A5 100
719 5B, 957] o1 4B, 8571 0142 3B, 6571 ©)A42 2B, 3571
o2 1B, 71 ©]8k= 0BE YERJGIT.

2-3-7. =2 A
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HiC N=C=0
CH;
I

g Az 617

|
HC + HO=CR=CCH~OH + HO-R _|_ @,)-0-C-0 # (CH),—CH

COOH
Dimethylolpropionicacid(DMPA)

Polyhexamethylene Carbonate

Diol(PCD)
H;C CH-N=C=0
Isophrone diisocyanate(IPDI) H,
OCN = NCO
00H
NCO terminated prepolymer

NH;

D
OCN F N=C=N
COOH

Aniline terminated prepolymer €

HOCH:CH:2CH:2CH20H

Et,N(TEA)

Chain extender 1,4-butanediol

R-lg—g—O-R'-o-g-E—R“

Urethane bond

CH; 0O H
ocx L E.a-&-@
(IEOO'NEt_;H*

Neutralized aniline terminated prepolymer

‘Water/ Dispersion

Water Dispersed Aniline terminated Polyurethane

—— wrﬁ H ‘}-\z _l'ﬁ-;

=]

A\ Poly(34-ethylenedioxythiophene)-poly(styrenesulfonate)
Aniline terminated water-borne polyurethane/PEDOT/PSS

Coating solution

Fig. 2. Overall reaction scheme to prepare antistatic coating solutions.

2-3-8. % A&

PC 714 9ol ZHE ddixg 38 2o awAgs 54
sh7] §18l 32, a5o] AR 27004 B A g S7471(SIMCO,
ST-3, Japan)E AMHE3}SIT).

i
-

3. 41 2

3-1. ZE2|22E} prepolymer2| TZEM

Fig. 3 aniline terminated prepolymer®] 3}&+24] 384 Z3}
Z a), b), ¢) &5 Table 12] A3 A5 U3t Holt}, Fig. 3a)y=
polyol, diisocyanate?} DMPAE- 3 hr F<F HHS-A|A Aojx E£2]9-
A& prepolymer?] FT-IR spectra® 3,300 cm™' ol A -NH
stretching peak, 1,700 cm™ <*4llA4] -C=0 band, 2,900 cm™! 4

ol -CH, band, 1,100 cm™ 420l -C-O band, =3 2,260 cm™
FLoflA] -NCO peak?} &l © 24 Z2]-9-dl&F prepolymer”| &
AEFSE & 5 AADTH9-11]. T3 Figs. 3b-c)= Z35-eler
prepolymer®} anilineS ZtZ} 1 hr, 2 hr 59 HHSA|7A AR
aniline terminated prepolymerfl] FT-IR spectraolq-. o] Jygo g
E] aniline 7} ol Wkg-AI3te] ol el wat 2,260 cm™ 2ol
A1€] NCO stretching ¥ 7.2] 7357} oFsliA]i= Ao 2RE 2|4
gt prepolymer 5419 NCO #5717} aniline® 2 capping®]+=
Za GRIE 7 QUi

250
200 4 o
e sieihtn, T
C) \ P - f \ n , |
Vo v ! P
150 - WAV S R
1700cm1C=0

2900cm*-CH: .

2260cm -NCO

Transmittance

1100cmC-0

T T T
4000 3000 2000 1000
Wavenumber (cm™)

Fig. 3. FT-IR spectra of aniline terminated polyurethane prepolymers
obtained after reacting with aniline monomer during different
reaction times. a) 0 hr, b) 1 hr and ¢) 2 hr.

Table 18] Z® §42A A0-A3°] 33 7S dynamic light
scatterings ©]-2-3F Y= FA7|E ARESle] ZALSISITE. Fig. 49l
A ek 4= 9)5%0] aniline®] H7FEA] ¢kskA 5731 PUDS! A0S &
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Fig. 4. Particle size distributions of aniline terminated waterborne
polyurethane dispersions prepared with different amounts
of aniline monomer in Table 1.

A0 Al A2 A3

Fig. 5. Solid content of aniline terminated waterborne polyurethane
dispersions prepared with different amounts of aniline mono-
mer in Table 1.

38

34

32

30 A

28 A

26

Solid content (%)

24 4

22 A

20

Tt WAL 14 = B0} Al A2, A3 A B 712} 18 nm, 32 nm,
34 nm®] FUES Ho aniline®] H71E0] 1S H
7ol T7kehe AEs Btk ol& 4 ol anilinee] Eo] A7}t
=2 22988k Az aniline®] B @] cappings 22 34
® JAke] V)5 F7MAA ATPUDY B3t 157t S7keckar
e T) B3 Fig. 55 <55 PUD(A0)2} ATPUD(A1-A3)Q] 1184
=7 Ao aniline H7FF2] Z7}o) we} 7H2} 35.8, 36.0, 36.2,
36.5%2] LI THFS Kol § 9] 3L SAHE oKt 5
7Vele AdE Rt

3-3. TFEl £olo| 50 st

Fig. 6= Table 1°l4] aniline®] F7}=]A] 92 53t PUDRI A0
A 22} aniline®] ZF2} 0.013, 0.017, 0.026 mol F7}Eo] Az o
7 Al, A2, A3 A 52| PEDOT/PSS 713 Wil w2 38 &
ulo] ¥ A Aot A0 A5 79 PEDOT/PSS 37}
o] 2.0 gZ7HA= 79 43k A AR (5.0x10" Yem?)E B
o]t} PEDOT/PSS A710] 2.0 g o]4d<1 7A9-oll= 343 % A
o] Frag 1o 3.0 gl -7l 2.5x10° Q/em??] -5 17] A
TE 2 el wide] ATPUD AlEE59¢ Al A2, A3E
PEDOT/PSSE] 71 S7tell whet dsh 3 Ao 7as B
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logR (f2/cm?)

1 15 2 25 3
Amount of PEDOT/PSS (g)

Fig. 6. Surface resistance of coating films obtained from antistatic
coating solutions in Table 2.

o] PEDOT/PSS 710 1.0 gollA 1.0x10" Q/em?] A&7}
PEDOT/PSS 71%9] 3.0 goll e 1.5%108 Q/em?= A B9 A
gro] 7HA4skit). 18y PUD A 59 aniline 3715 W3l=
ATPUD A|552] W A&l & FES 74 X8l A9 st 47
AEEE eIt o1& S8l E2)-¢-aet S2el capping®| o]
aniline®] aromatic rings> &2]-9-dlet 7| 2} A d=F2] PEDOT/PSS
7} B3 9le A] A7) AT gFA7IL PEDOT/PSSS] H7}
ol 3.0 g0 & HwA g HrhE Aeels e 73 Ul
aromatic ring®] f7$h= AdAglo] Blssdt W Ags Kol 7]
AEEE TA FIATNA 8=

(US|

3-4. TE TAo| oEl AE,

Table 2= oJ8] 207 A2 78 Tl
9 I FAE vERd stolvh. I8 0~15 pm= 7|
9] H|=3E TS B30, PEDOT/PSSS] 7Fo] 0~2.0 g0 &2
Hlwz 23] A7k AlRES 2BY 9 ALE VeSO
2.5 g oo ko7 Myl AZE2(A0-P4, AO-PS, Al-P4,
A1-P5, A2-P4, A2-P5, A3-P4, A3-P5) 3BS] @& 9l AEE
ERISIT). o) FH &4 Yol Z1AIA Aert W AR 1wt
o] ol F7kEle] UERt Avfet AlsEtt, FEgt aniline H7F
o] Wisglel W2 ¥ AR I figlon IH =uke] 2
g2 25 SBE e A¥9E Bl

Fig. 7> UV-Visible Spectrometers A3}l 200~800 nme] ¥+
oA Table 22] A|E A3-P0, A3-P1, A3-P2, A3-P3, A3-P4, A3-P5
25 dojz 39 =2 BiE-S 4% Ayoltt. PEDOT/
PSS7} H71EA] 9k AlE2) A3-POS H 90%2] 2 FIeS
UERIA%F PEDOT/PSS7} 3 7Hel Al 55> PEDOT/PSSS] 371
o] T7FE THke] Rago| 7AEkglon| £3] PEDOT/PSSY]
A71eFo] 71 w2 A3-Pst =He] Hit Fgo] 70% ©lHE 7t
2 FA Ko FHEE B o) IW &9 Ul A& FE 4
&&= PEDOT/PSS?] H71go] S71=S17] wito = widst),

3-5. LHOF2A

219w bR

70 rpm, 1003]:12] 24 500 g &
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Transmittance (%)

T T T T
200 300 400 500 600 700 800
Wave length (nm)

Fig. 7. UV-Visible transmission spectra of coating films obtained from
antistatic coating solutions in Table 2.

2] Unt 2 PC 714 2ol dAE 28 B vEAIZ &
nkR AJE=E UV-Visible Spectrometers A3l 600 nm 3ol A
o] Z¥ £ R SAste] A4t 8 £ uink
BEE o o] 53-8 &4 % (Transmittance Loss %) 7
osto] A3l o, kg &4 vt 255 o] vk ert
FA e AnF1s).

Transmittance Loss % = 100(B-A)/B

A= AR b
B = Ao Uk

574 F2] 600 nm Tl A 2] F3-E(%)
=7 9] 600 nm TolX Q] F7-E(%)

Fig. 82 =573 PUDS! A0 A9} aniline®] 37+ ATPUDS!
A3 A E(Table 1 &%)l PEDOT/PSSS] A7FES 242 W3iA A
Azxd 78 2] 5 &4 %olok. &5 PUDERFH Alxd
A252 PEDOT/PSS 71 S71o] whet 78] wuke] Fabg &
2 %7t 1819014 27.8%% Tk 0, Begk ATPUDS! A3 A&
% PEDOT/PSS H7Fgo] S71krs Tk &4 %7t 2119014

50

40 4

30 A

20

Transmittance loss (%)

10

—— Al
Qe A3

0 T T T T T
0 1 15 2 25 3

Amount of PEDOT/PSS (g)

Fig. 8. Transmittance loss % of coating films prepared from A0 and
A3 with different amounts of PEDOT/PSS.

30.4%2 F7Fste] impAdo] 2] X3k A3kS B3tk o]
sk v} o) Z1AA Aert W AEA Akl S
o] Yeht Avlel Algdc) 3 525 PUDE #|lZ2¥ ARt
+ ATPUDE Alx¥ A559 Foke &4 %7t 714 tinpido]
X Z3 A8 & g el o] 2RE Z2]9-elgk 2ol capping
H % aniline®] aromatic ring> F& T URRAS £4] X

S she g = & g 3l

S

ofN
S

4.2 B

IPDIS} PCDE WHEAIA fofl Hit Skl Sole7])
DMPAE #7138 & o] NCO 155 aniline®E cappingAl A
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