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Waterborne polyurethane dispersion (WPUD) was prepared from polycarbonate diol (PCD), isophorone

diisocyanate (IPDI) and dimethylol propionic acid (DMPA) as starting materials. Then, waterborne acrylic polyurethane
dispersion (AUD) was synthesized by reacting the WPUD with different types of acrylate monomers, such as methyl
methacrylate (MMA), 2-hydroxyethyl methacrylate (HEMA) and butyl acrylate (BA). Subsequently, the AUD was mixed
with multi-walled carbon nanotube (MWCNT) to yield a conductive coating solution, and the mixture was coated on the
polycarbonate substrate. The pencil hardness, abrasion resistance and chemical resistance of the coating films from AUD were
improved than those from WPUD, while the electrical conductivity of the coating films from AUD was decreased than
that of WPUD. Also, the effect of acrylate types on the properties of coating films was investigated. The AUD obtained
from HEMA showed the strongest pencil hardness, while the AUD obtained from MMA exhibited the strongest abra-
sion resistance, chemical resistance and electrical conductivity among several types of acrylate monomers.

Key words: Waterborne Acrylic Polyurethane Dispersion, Methyl Methacrylate, 2-Hydroxyethyl Methacrylate, Butyl
Acrylate, Multi-walled Carbon Nanotube, Electrical Conductivity
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I tlo]aaJopdlo| EL] wiEE ZAste] kst S-S 7EE AA thekatA §-8-5 L T4
o, YA, F2A, A, ST 52 TRkt Folel A9 £ A7rllA= polycarbonate diol (PCD)2} isophorone diisocyanate
M 580l 7Fsslth3]. Eelfelehe Eeleo] Aot Apdos (IPDDE FUEARE sto] 3174715 243 $I& dimethylol propionic
Qs Az Fgol ] F2 BTX 52 4718417 ARg=lo} ghek. 12t acid (DMPA)9} HEGAIZ] §- ol 244 WPUDE S/33i5ict.
F2of| o]=e] W 7184 (volatile organic compounds, VOC)2] Alzd WPUDSE] 874 % W vjoka/ds 3FdA717] flste] ol
3 A 9 A s Y o RE Qlste] f7]8AIE ARESE £ A Q1 2-hydroxyethyl methacrylate (HEMA), methyl methacrylate
g -dete] Fa AlskS wom Sul2 voC thil E& AR 4 (MMA), butyl acrylate (BAYS WPUDS} Z}7}; &5-A1# waterborne
Fok Za)-9-#l|€h(waterborne polyurethane dispersion, WPUD)Y®| Z+ acrylic polyurethane dispersion (AUD)= A|Z8}53t). 1 3 Alzd
F& ar Qlth4-6]. AUDel| T 821328 (multi-walled carbon nanotube, MWCNT)E
kA 1991 Tijimaol] 2J5}0] ¥EA% BHALb =372 (carbon nanotube, L3slo] AEA] 78 A5 AlFsE 3 o] €95 polycarbonate (PC)
CNT)= 973 71A1A], A714 9 47 5448 2k Qe 7], webA 717 floll Exato] 9 EHe /38t o] oM =H &
B Ve FE 9 2 A S Foldd = gl A9k WPUDS & 2| olaH A e T Wslel ONTO] A7k Mgt 39 =ute
hE Fsto] IR 7)15E 2= 715 IZHAE Az 4 Sl 7R, DA S, drh/d, 2t 9l vjoRi/d 5] =/dell v
Tevk WPUDE 3331813]R1 7ol ARt 8418 e f-aetsct A= Gl thato] ARttt

Ui, Wiekad 9 71A1A 24do] Askes AdS Bl ol

thall Hong ‘571> WPUDSF CNTS| E3tol] oJa)] A=A Feg-as 2.4 ¢
A|Z=5}o] ©]& polycarbonate 7|4 $]ol] TR & T8 wuke] A7)
AEAe $4aht AR ek S€) 7142 st 4 21 Al 2 T2
Stk Btk 3 methyl methacrylate (MMA)®} -2 o} H ATellxdi= WPUDS 53& flato] E2l&E polyester A|L<!
A8 FA] = E25-dlg X0l nis| v|wE] 712 o] AHsh, Fof polycarbonate diol (PCD, Mw:1000, Asahi Kasei, Japan)3} T]0]2A]
AT YA 2 71AIE Aher) 9<rste] 78 Ak At oo ER X< AL <! isophorone diisocyanate (IPDI, 98%,
Chemical Molecular
Material Abbreviation Structural formula
fomula weight(g/mol)
N=C=0
Isophorone
IPDI CLHN,0, 22229g/mol
diisocyanate
H,-N=C=0
Poly Carbonate diol PCD no-qcn;,.-s-cm-m.-O-cmqsqrm.-m; _ 1000g/mole
CH,
Dimethylol 1
DMPA HO-CH,= ¢~ CH,~OH CsHy Oy 134.13g/mole
propionic acid COOH
1-Methyl- &O 09.13g/mol
o NMP N CH,NO
2-pyrolidinone CHs
buthane diol DETL14-BD HOCH:CH2CH2CH:0H C.H O 221 4g/mol
[=3
Methyl meta acrylate MMA Foer - 100.12g/mol
o
2-Hydroxyethyl Hac L o OH
methacrylate HEMA (l.:H_«, - 130.14g/mol
0
Butyl acrylate BA PN e 128.17g/mol
CH,CH,
Triethylamine TEA CECBEN, CH N 101.19g/mol
Dributyltin o O'Q‘CCH:)JCHJ
DBTL CH,(CH,),,= C= 0 =Sn = (CH,),CH, C,H,08n 631 56g/mol
dilaurate
(CH,),CH,

Fig. 1. Structures and molecular weights of chemicals used in this work.
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Aldrichy& AHE3FITE 4R fsh 4471 =915 $18ke
dimethylol propionic acid (DMPA, 98%, Aldrich)& AM-313131 DMPA2]
212 1-methyl-2-pyrolidinone (NMP, 99%, Aldrich)E A2-5}5I T,
Zuj 2= dibutyltin dilaurate (DBTL, 95%, Aldrich), =34 2=
triethylamine (TEA, 99.5%, Aldrich), T3 A=9173A4124 1 4-butanediol
(1,4-BD, 99%, Aldrichy& AF&-3}13it}.

AUD?| /el A1g-st o} 33 WA= methyl methacrylate
(MMA, 97%, Aldrich), 2-hydroxyethyl methacrylate (HEMA, 97%,
Aldrich)¢} butyl acrylate (BA, 99.5%, Junsei)= AR&-313aL, 7HA] ]
224 428249 potassium persulfate (KPS, 97%, AldrichyS AM&-3}
Aok T3 A|lZE AUDe] tiAEE Fofslr] Q& = 24t
o] MWCNT (3.0 wt%, World Tube, Korea)ys ARE-3FSI T}, B8tk
Y T ke Ul xHAEE A17]7] S8 dell AlEe
7349 Cymel 327 (CYTEC industries, USA)S AR89t} $12]
AlokEE A 9 okaAe] 3 glo] adE ARgsIgion, A
ToA ARgE F2 A7 BAE0] 247 BARFS Fig 1E Y
ERISiTE.
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571, &5A 2 w7 A" 44 w-87]elA 1PDI, PCDS}
DMPAS EHHEA R 3lo] WPUDES A|xatich 12} w0
PCD, IPDI % NMPe|| €34]71 DMPAS} 1iQl DBTLS 718t 3
75 °CelA] 3 hr <2t HE8-A17 NCO terminated polyurethane prepolymers
AzBT}. 1 5 AREAEE 218l AREIEAIR] 1,4BDE 37181
22 254 1 hr 53t HES-AIHT. Polyurethane prepolymer $1d
o] ¥ $ L5 50 °CE W51l T3] TEAS F9sto] 1 hr &
QF °ESAIA prepolymer 7% H2] COOH & S3AIZILE ©]5- &
FE A8 918k 1,000 ipmCE 30 min E9F wHISPEA 4

F&sle] WPUDE AZs3itt.
PUDe|| o}=18 w2491 MMA, HEMAS} BAS 717}
0.016 mole® 718} 10 min £+ wHFII . WPUDS) o}=1&
TEE 918l W72 *EF 80 °CE 57 & 8
’d 7INAR KPSE 42 Eoll E3lAIZ] 3 3 hr 53 A1413] 4
SAl7H WESAIA HF2] AUDE A|IZ3ISITE. Table 19 o1d2] 2
2ol eJste] A|lzH AUDS] 31814 2408 RSl om AUDS] 3
AAAE Fig 22 YERUSITE 1 3 A|ZE AUDO|l MWCNTS
Table 201 WERE 22/ v]&ol] W} 1 hr 5 EFAA A T8
fAE A2 AxH ATA T LR Aakyl 7w A|¢)
Cymel 327& 33718t 5 PC 7]A 91l applicators AHg-3to] v} 79
Sk 5, 120 °CollA] 30 min &<+ & ASAA T8 Euhs FASISIT
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2-3. A2 2N
2-3-1. FTIR
FT-IR (Cary 630, Agilent TechnologiesyS A+8-511 AUD %2 OH71%2}

232.8%
AZ¥E AUDS] )1%E dynamic light scatterings ©]-8-3+ =&
217](Nicomp, Model 380, USA)Z AFg-slo] =481t}

2-3-3. 1=
oje] z7dol wet AxE AUD Wo] 18E s SAs)
Flste] dFulE S Fell AR
A 1 hr B3 AZAIA LulE FEAR] o8 18 E TR %)

=533k

2-3-4. YmtEA]

FY T UnREE Z7s17] $13 Taber abraser (QM600T,
Qmesys, Korea)s AME31] 500 g2 3% slollA 70 rppme] 22
1008] PFRAIZ] 3 UV-Visible spectrometer (UV-2450, Shimadzu, Japan)=
AREEte] 600 nm| el A] Fale-g S7gste] BHke] Falg &4

%S Z735n.

2-3-5. Ul

T8 Eure] jelEAdS Rubbing tester (SPG, Korea)s AR5l
1 kg 35 3tellA] 40 rpme] 271 0% Z7433itt. Rubbing® #-¢-
M 398 315497 (Munbangsawoo, Korea)s AHE-8F1 0™,
Hebe T} oebE-S 9 Ertel Bxgk & T8 Erto] B w7t
8] IFAGANL FEITE S3e) 8l ™ B2 UleREAS
S =g

2-3-6. FAHE

AIA == AP E S547](CT-PC1, CORE TECH, Korea)°l]
AT 2794 ABL 45° AR 7190, DI 31 keyS VI8
WA 02 Ho] ZH3ISth 9IS Mitsubishi 1H-S ARSI,

H-OH, F, HB, B-6B 5] %28 Uehiie a2 Abgalsint.

237, A2

ASTM D 3359 [8]e] 27510} A3k 515 2o cutter?. T2
A A FH] 1 mm HEOZ 11112 ARE 07 nl=w Fok
& 23S ol 100719 Ee WhEaL 71 flell 3M Hlo| 25 &
WAAIA Qe oz 3] wlojulo] I8 St 7]A9ke] WA
L5 PEsISinh B2 3 9] A7 10070 5B, 9571 o3 4B,
8571 o)A 3B, 6571 ©)AS 2B, 3571 o) 1B, 71 ©]3R= 0BZ
LERA AT

1

2-3-8. 1} 7
9 =ute] FAIE S| 8l Alo1#] nlE] (Model-S112, Mitutoyo,

Table 1. Recipe for the preparation of waterborne acrylic polyurethane dispersions

Sample Soft segment ~ Hard segment Catalyst Neutralizer
code PCD mol IPDImol  DMPA mol 1.4-BD mol MMA mol HEMA mol BA mol DBTL mol TEA mol DDI Water g
WPUD - -
AUDI1 -
0.03 0.0585 0.019 0.014 0.000045 0.019 80
AUD2 0.016 -
AUD3 - 0.016
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HiC N=C=0
CH;
|
HC + HO= CH~"'C '{Hw =0H + HO—(CH;)n =5 - H, —O—CH:—@—CH: w= w={CH;)n =~OH
|
COOH Polycabonate diol (PCDL)
Dimethylolpropionicacid(DMPA)
H.C CH;-N=C=0
Isophrone diisocvanate(IPDI) H
oCN ————-J--—-—--—-.\'C 0 .
I HO H H
NCO terminated urethane Urethanebond
Et;N(TEA)
%
OCN e NCO
1
COONEGH"
Neutralized urethane bond
Water/ Dispersion
Water Dispersed Polvurethane 0
- o]
0
‘ N, \\0/ §;,-k J/\‘_,“ . HL j] J."O ~
1 H,
HEMA
Acrylic Water-borne Polvurethane IMRERS BA
v A e =
MWCNT

Acrylic Water-borne Polvurethane dispersion coating solution

Fig. 2. Overall reaction scheme to prepare waterborne acrylic polyurethane dispersion.

Table 2. Properties of coating films prepared by blending MWCNT with different types of AUD in Table 1

Sample code Types of AUD in Table 1 The amount of AUD (g) The amount of MWCNT (g) Coating thickness (um) Pencil hardness Adhesion
WCl 2 11 2B 5B
WwC2 WPUD 10 4 12 2B 5B
WC3 6 14 2B 5B
WC4 8 13 3B 5B
AlCl 2 14 F 5B
AlC2 4 12 F 5B

AUDI1 10
A1C3 6 15 HB 5B
AlC4 8 15 HB 5B
A2C1 2 13 H 5B
A2C2 AUD2 10 4 13 H 5B
A2C3 6 11 F 5B
A2C4 8 14 F 5B
A3Cl 2 12 HB 5B
A3C2 AUD3 10 4 14 B 5B
A3C3 6 12 B 5B
A3C4 8 13 B 5B
Japan)= ARg-8lo] FRE]7] Ke] PC 78] FAIE 71RO R Bl 2-3-9. A7) A=
Ashd wuko] T2 =Ast) PC 714 Slell 298 78 9o 7] Arwes S| Sl
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Japan)s ARg-3lo] EAEE S5t

7 7](SIMCO, ST-4,

3-1. NCO terminated prepolymer2| 328 17X =10]

Fig. 32 [NCOJ/[OH]®] EH|E 1.322 1173t Fig. 22| AUDS]
A & F4EAQ IPDI, PCD 2 DMPAS E¢s}o] Zu|$-

&t prepolymer®] 3 Al EAJAIZE WM 3}of] hE NCO terminated
prepolymer®] FT-IR spectra 57 230t} Fig. 3(a)c HF&J\VPO]
0 hr?! =, ¥-3317] Ao AeiE IPDIZRE X 2,260 cm’!
2] Z+8F NCO peaks ER1E = 33Tt Figs. 3(b-dje EUE é"{
IPDI, PCD$} DMPAE 37Fetal 22} 1, 2, 3 hr -5t WH&-5F -
spectra AT 2260 cm™! F-22] NCO peak?] =7} WH-g-A|7L
ol mh} ksl Ag ERIE 4= Qi o= Hhgo] X1aH
we} 37K IPDIS] NCO7]9} PCD2 DMPAS] OHY] Alolo]l $-7
€ ZSH-NHCOO-] BA= 1L Q155 SJw|shH9]. $HH Figs. 3(e)9}
(HE 247 AREIAIR]D 1,4-BDE H7Islo] iiteto] ozl
FA Z2] o el (WPUD)} 037]0)] o}ad WAl (MMA)S @7}0}
o ojxl HFE] At ol ZEPHRHAUD) BHIE AREA
A (1,4-BDYF F7Fell 23l wot = NCO717F B whgoll 7
ofaf ko NCO7I7F A9] glas & = AU

_\d
2 o 1o

of

32, UEEM 3 THE s

Fig. 4= WPUD$} o5 A =2 310 Z2]9-2E prepolymer thH]
15 mole%2] tik3t ol=19 TaEAl(MMA, HEMA, BAYS 37151
st AUDS Ht9)73-S ekl T18o]th. WPUDS] 1 qd&
38 nmE YER$ Ot MMAE ARESE AUDIS 47 nm, HEMAS
A}%ﬂ AUD2:= 109 nm, BAS A3 AUD3E 62 nme] H++ 74

il

& UERle] &% WPUD Krhk= Hwi7de] 73S & 5 S
t}. o]&= WPUDE A== 3lo] 4% AUD 9A7F WPUD Xt
2260cm™!
I
? a)
: ‘v\(“«/
e T fwwm ,m,\,
| /
] |
k<3 L
il} ol : ‘l A ‘
4 - Y [ Y\, e -~
s | v
k= I !
| y
E N d) S T Ay -
§ 24 l \[vw
[ ! |
\ T
e I
14 I
|
]
f | TN
|
: : v : : :
4000 3500 3000 2500 2000 1500 1000
Wavenumber(cm™)

Fig. 3. FT-IR spectra of NCO terminated polyurethanes obtained
after reacting with different reaction times. a) 0 hr, b) 1
hr, ¢) 2 hr, d) 3 hr, e) waterborne polyurethane dispersion
after chain extension, f) waterborne acrylic polyurethane
dispersion.

T W a2 ol EEeaRe] Bl viRle 4% 455
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Fig. 4. Particle size distributions of waterborne acrylic polyure-
thane dispersions prepared with different types of acry-
late monomers in Table 1.

40

38 A

36

34 A

Solid content (%)

32 A

30 A

28 T T T T
WPUD AUD1 AUD2 AUD3

Sample code

Fig. 5. Solid content of waterborne acrylic polyurethane disper-
sions prepared with different types of acrylate monomers.

A77F S Sulskc) mst o3 wekA| o] Exjeko] 2 &+
191 HEMA>BA>MMAZ2] <=4 T2 AUDS] H1ql7o] AXl=d
ol=E ol dRAle] Aol AUDS IAF Aol
u] —]h paRR o ol_ 2= 01041:].

Fig. 55= WPUDS} o123 ©egA)| 9] 5575 HSIAA Dol AUDY

UG SEIE WPUDS T I 31.0%019. 01t of =11
ARl MMA, HEMA BAE ARE3H AUDS| 18 sk 747
33.0, 36.3, 342%% SY= ). ol T o] EAFRo] Sk
T3 AUDS| I EE SVl 43S HYlal o]=7H of
T A ] EAFFe] AUDS] 13 el JEs Frhe

AL ¢ 5 A

3-3. 3 90| HEFE I BAH

Table 2 WPUD, AUDI, AUD2 4l AUD3 Al 10 g¥] MWCNT
W71 28 g0 WS A Al 39 =t oA, A
Tk 7S vehl dajolt. o] RE o= WFA7E A7
A ¢ WPUDZHE] Alxd Al59] 84 % 2B B 3BE K
o T4 x2S Hlow, of g™ WA ke Aees A
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AL TS BT 5, MMA7| H71H Al (AUDI )= F 5=
HBS| SEAEE, HMMAZ} H7F Al 5(AUD2)R! 49+ H B
Fo] AF4EZ, BA7} 37F9 A E(AUD3)R! 79+ HB &= B9

MMAUY BA Bt} 7340 545 Hol7] whzo|tt.
[e) [e)

o O L
29 wvte] ANPEE gashe JES Btk o= MWCNT 3
Pigo] F7VE4% e g9 o) B PP F7H5l0l 79 ©

At EEp-eRhS 394 ©0]27]]1 DMPAZF 1419} K12
AL FA) Yepr 2 ZE]-eet o dd o] S RALS 7V sEHA

9 L] Hshd Fof 54 fvllol] HFsHA Hw Euto] 4
Al F3ll=s viekErde] At EAldo] BAEIT) 1 el
jeREAd o] ad-s $lto] Sitat Eelg-eletel] thoakst 7o) of2
I =S 37181930} Table 32 Table 2141 WPUD, AUDI, AUD2,
AUD3 A& 10 gl MWCNT 4 g¥-5 212 71ste] Alzd 78
Tk Yok S 5%t Aol ZY =uhe] yekEAlS
rubbing testers ARE-3t] A SRl HlEkE T olehe-S I T
o T3t § I8 THko] BIAZA w7k o] 157979 4 35
£ S5l 23l Brretoletl S 3157 2ol s vlekE o]
4ERS vERdL ol WAV H7TEIA] oS W2 AlEE |
EhE 2553], oflekE 524312 U9REA S VERIGITE Z12Y AUD
29 ot=2E T ol whet WelE S MMA>HEMA>BA &
AE 38T £, MMAZT 371 A1C2 Alsa= RS 3683, ol
B 6123]9] 7HE 9 WokiAs YERLOH], HEMA7E 3
7Fe A2C2 A B mlEkE- 3403], ole-E- 60935 YERNI oL BAZ}
b 5= vieke 2313], ollgkE 4708] 2 o3 w7 7}
HA] o> WC2 K} UjoRi/do] $£4] ok A3k Bt

& o o

Table 3. Chemical resistance of coating films prepared with different
types of acrylate monomers

The number of revolution

Sample code Methanol Ethanol
wWC2 255 524
AlC2 368 612
A2C2 340 609
A3C2 231 470

Table 4. Chemical resistance of coating films prepared with different
amounts of MWCNT

The number of revolution

Sample code Methanol Ethanol
AICI 391 630
AIC2 368 612
AIC3 339 587
AlC4 307 >19

Korean Chem. Eng. Res., Vol. 52, No. 4, August, 2014
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Table 4= o138 T S5/ AP 71 95735 vekEds
BIY MMA7F 3718 AUD AlZ 10 gol MWCNTS] 37135
Table 28} o] 2~8 g0 & Ha|ato] A|ld I E9re] o3&
=743 Aot} MWCNTY} 2 g0 & A H71E AICL A= )|
B 39138], oghe 6503] 2] 9575 vjeRE 43S vERISITh. e
MWCNT®] H7Fgo] S71tel| uhet yoREA)S 7Ha-ste] MWCNT
7} 8 g H7FE A1C4 Al E viRkE 3073, ofl§he 5193]9] E4] &
3 UjekEAlS LERYQITE. o] MWCNTE] H7lke] 718t uh
g} 74 wuke] wjekEalo] 7H43ths Huh 51019 Axkel 9]

afaL it

3-5. [ =9i9| LiniR T

Fig. 62 Table 12] WPUD, AUDI, AUD2, AUD3 A 555 PC
71A] Sl IRt Fojzl 9 k] YR s 73 Ao
o}, ojuj] 78 Tuko] UjwlE == Taber abrasers ARE-5101 500 g 5
o U E=2 70 rpme] £5F I8 E25 1008] A F
RS UV-Vis spectrometers A3l 600 nm2] 3ol A T5
Lrte] Fakgs Skl Asiolt A% EEre] uirhi s of
22} o] F3% =4 %(Transmittance Loss %)g 7 2Jste] 274
atglom, Tk & %t 2SS AR T FeE ©
ulseh11].

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

A=ANZ PR 54 F9] 600 nm el ] FrHE(%)

B=A52] Urkite 57 2] 600 nm 2Hgelx] o] F3kE(%)

N

HA] o3 TS HUSHA] 92 WPUD T8 =He] -9
Fig. 601l LFER 213} o] ks &4 o7} 61%2 4] 53 A9=
HY o ofad kAol MMAYE A71E AUDIA| B 45%,

HEMAZ} 37} AUD2E= 50%, BA7F 2718 AUD3 Al8.9] 79+
56%= o} A7 H7E el wheh Uehi do] dEE A

B3It} o]i= WPUDE A= slo] T34 ofad wefAlso] 7%
o] sk 7twHEE F7HA717] Wi AT 10].

Fig. 7 Fig. 604 wkEAlo] 93d MMA~} 37H8 AUDI
Al&o] Table 20142} 220] MWCNT 71 2~8 g© & W3IA|A
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Fig. 6. Transmittance loss % of coating films in Table 1 after Taber
abrasion test with a load of 500 g.
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Fig. 7. Transmittance loss % of coating films with different amounts
of MWCNT in Table 2 after Taber abrasion test with a load
of 500 g.
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Fig. 8. Surface resistances of coating films prepared with differ-
ent types of acrylate monomers in Table 2.
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Fig. 9. Surface resistances of coating films prepared with differ-
ent amounts of MWCNT in Table 2.
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