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Antistatic Property from Alkali Metal Salts

Min Gi Hong, Byung Suk Kim, Yong Woon Lee and Ki Chang Song’

Department of Chemical and Biochemical Engineering, Konyang University, 26 Nae-dong, Nonsan-si, Chungnam 320-711, Korea

(Received 14 November 2011; accepted 3 January 2012)

o oF
I =

Poly (carbonate diol)¥} isophrone diisocyanate “12] 1 dimethylol propionic acid®= €] NCO/OH & H|E 0.8, 1.1,
13072 7}7y 248to] 44t E2]-9-8l|gk(waterborne polyurethane dispersion, PUD)S $/J3IAT). o] £-lof &1
F494] LiCIO,, NaClO,, KCIOZ F7Fsto] A8 siat Zel9-ellet 728 g8 Axsigict. o] 2HdelA

L= B =
Ape kel Bse] Akt SR 29 ko] EUAY] vE 93 dvugic. dotel B4 A

7¥gol S7FEATE A% Eure] AR RASISivh. ey PUDel 22 9] k] 550l A7k Aol
LiCl0,>NaClO,>KCI0,°] A2 T8 EHke] o] A%%rt 9438 & 4= 3I3ich T3t PUD W]2] NCO/OH £ H]
7} Skl whet 7)) muke] sEAA|Foe] Sk o] ARwrt FaEisic)

Abstract — Waterborne polyurethane dispersions (PUD) were synthesized from poly (carbonate diol), isophrone diiso-
cyanate and dimethylol propionic acid at different NCO/OH molar ratios. Subsequently, the PUD was mixed with dif-
ferent types of alkali metal salts (LiClO,, NaClO,, and KCIO,) to prepare antistatic waterborne polyurethane coating
solutions. Effects of the types and amounts of alkali metal salts were investigated on the surface resistances of the result-
ing coating films. The surface resistances of coating films were decreased with increasing the amounts of alkali metal
salts added in the PUD. The coating films prepared with the same amount of alkali metal salts showed increased ionic
conductivity with the order of LiClO,>NaClO,>KClO,. Also, the surface resistances of coating films were increased
with increasing the molar ratios of NCO/OH in the PUD.

Key words: Waterborne Polyurethane, Antistatic Property, Surface Resistance, Alkali Metal Salts, Coating Solutions, Ionic
Conductivity
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571742 vESof ol AAE 9wk AFH(-NHCO0-)Y] T35
HHE A 0 2 7= JEALZ soft segment®} hard segment SH-=4]]
upe} TRkt B4 A017E sk ofell Wb TR, 1, 3, A
59 A23A 9 Fev 25 Als 52 IRAR 3 Is e
ga] 2857 §lth4-6]. Holli= VOC (volatile organic compound)
TAZE el wet BTX <] 77184152 AH-E gkl 9
3 PU §4d & carboxylate -2 sulfonate o] =4 0|75 &
A319] ionomer PO F L F 2RI PUS QPIX O = it Al
71 XA A FRAE ET]9-# ¥ (waterborne  polyurethane
dispersion, PUD) A|Zz=¢]| tigt A7} Eks] Zsiw 1 Qleh7-8].

- A5LolA= polyol?! polycarbonate diol, diisocyanate?! isophorone
diisocyanate 2} ionomer & A ZE $J3] 50127121 dimethylol
propionic acid® FUEZAE ARE3I] S50]4 PUDE I3
t}. o] galof A7k F<49<] LiClO,, NaClO,, KCIO & 713t
o gIAYA & it ZEeust IENS Azt o]
oli A7t H= 2ot 5599 A7FE 9 Sk PUD 34 59
NCO/OH H]£-°] polycarbonate(PC) 7| $]oll F& =zl F&
uke] A gl AGA L, A e B4 Wstel] vAE 9
& A ESit

kil
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2-1. A=
2 Ao A= polyol@A] polyester AIE92] polycarbonate diol

Solge - 1%

(PCD, Mw:1000, Asahi Kasei, Japan)Z} diisocyanate® A3 7|
&<l isophorone diisocyanate (IPDI, 98%, Aldrich)E A3t}
A7 e = S0l 7|24 dimethylol propionic acid (DMPA, 98%,
Aldrich)?} Zvl|Z+= dibutyltin dilaurate (DBTL, 95%, Aldrich)E
ARG B3 S3AIZE triethylamine (TEA, 99.5%, Aldrich)¥}
DMPAS £3A17]7] €13t -fullZA] 1-methyl-2-pyrolidinone (NMP,
99%, Aldrich)Z AFE3I3IT}H Alx9 PUDSE £33 Aok #4593
o®2E TSR Al ¢7te F5 9 lithium perchlorate
trihydrate (LiClO4-3H,O, 99.99%, Aldrich), sodium perchlorate
hydrate (NaClO,H,O, 99.99%, Aldrich), potassium perchlorate
(KClO,, 99.0%, Junsei)s AHE-3I3low I =ute] As&e 9l
FRAES A7) AE H7HEA 2enl AlEe] FskAd
Cymel 327 (CYTEC industries INC, USA)E AR&3IQILH ARRE
Aleka A Bl oREA ] 3 glo] TuiR ARgEsion, & A
TolM ARE o A BEE] 724 EARE Fig 1R U

BRIt

2-2. Al

S5, 571 2 w7 |I7F A4 343 wk3- 2ol PCD, IPDIS}
NMPel| €3F DMPAE 37} & 75 °CollA 500 rppm .= 12} Wk
-5 A]# NCO terminated prepolymers #|Z3}AT}. ©]F DMPAS]
712 A E prepolymer T3 U12] COOH 7]E TEAZ 50 °C %
zellA 30 min BRF 8 AlA =oll PP FAAA F Qe
= AAIZAT o]F SRTE HAS] Hrkste] 1,000 ripm o=

: g Chemical Molecular
Material Abbreviation Structural formula ]
fomula weight(g/mol)
H,C NeC=0
Isophorone B )
IPDI CIEHISNZOI 222.29g‘m01
diisocyanate
H,C - N=C=O
Polyhexamethylene 1 .
Carbonate Diol PCDL HO— R —— (CH),-0 - C -0 J-(CH),—OH - 1000g/mele
Dimethylol _ _ )
DMPA HO =CH, q- CH,= OH C5H1005 l34.l3gm01e
propionic acid cooH
1-Methyl- i
3 NMP qxo CSH,NO 99.13g/moal
? nvrolidi
2-pyrolidinone éHg
Dibutyltin o o-g-(ca,),cn, S Eal
dlaurate DBTL CH,(CBy = Cm S == ccBycr, C;,Hg045n 631.56g/mol
(CH,),CH,
. . CH,CH, )
Triethylamine TEA CH,CH=N CeH N 101.19g/mol
CH,CH,
Lithium perchlorate . AP . s
trihydrate LiClOs O:(&:;~o Li LiCl0,4.3H,0 160.44g/mol
Sodium perchlorate NaClOs 0:C1-0° Na* NaCl0,.H,0 122 44g/mal
hydrate i
Potassium perchlorate KClO: 0=¢I-0" K’ Ry 138.55g/mol

Fig. 1. Structures and molecular weights of chemicals used in this work.
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Table 1. Recipe for the PUD prepared with different molar ratios of 2-3. Al EA
NCo/oH 2-3-1. FT-IR
h | li - —

NCO/OH Soft segment hard segment Catalyst Neutralizer PUDY| T-2EA S ola) A 22 KBr 9] 9] =8 3 FLLIR
lar ratio PCD IPDI DMPA DBTL TEA - =& T

molar mol mol mol  mol mol (FTIR-8400S. Shimadzu)s AF&-3to] 98 #5719k NCO 7]€] vt
0.8 0.144 & A RS SHsIi
1.1 0.104 0.198 0.076 0.000045  0.076
1.3 0.234 2-3-2. 9%

AZ% PUD?] Y55 dynamic light scatterings ©]-83F {3
417](Nicomp, model 380, USA)E Ag-3to] S48t
20 min 53t Ak A]#A waterborne polyurethane dispersion(PUD)YS

Azt 2 Aol AREE AR5 38H] 24E Table 17 2-3-3. %= T
LRIl o, Alx 2 F NCO/OH = HIE-E 242t 08, 1.1, 1.3 Az PUD W] g ohi-E S817] S18ll 105 °CollA 4
o% AL oo TS Fig. 22 UERNSITE 1 F & 9] F8AI(FD-610, Kett, Japan) 415 AAISI3AT
7h] 4991 LiClo,, NaClO,, KC10,9} =ehl7] 7}l (Cymel
327)% Table 28} o] Zkzk Egkalo] LA G- SHak Zel9-2) 2-3-4. 7okt ek
& 29 8ol Azsioich Az 29 golEe] wrke Bya) B o) i R Belsee 9 et
&3l 7 2 mm] polycarbonate (PC) 713+ $]l| H}7H (bar-coating)S- o] Fhg HElE S8 Sl AlxE I8 S92 HEE A
AABI 9-18 pm F71€] v FASRAL Ax 2 E Yok 120 °C E 9ol A2 AxAA TPt o g Azt 7, UV-Visible
ol 1 hr B2 & A3A A 7H Tuhs FAsHsIT Spectrometer (UV-2450, Shimadzu, Japan)E A-3] PO% 200-800 nm
H;C N=C=0
i ]
I
HC + HO=CH=C=CH,=OH + HO-R —}— (CHL-0 -C-0{-(CH)L—OH
|
COOH
Dimethylolpropionicacid(DMPA) Poly hexamethylens Carbonate
Diol(PCD)
H;C CH,N=C=0
Isophrone diisocyanate(IPDI)
H;
OCN - NCO
00H
NCOterminated prepolymer
l Et;N(TEA)
GHs
OCN = ~C NCO
('JOOI\'EQ.H*
Neutralized prepolvmer
Water/ Dispersion
0 0
Y -C-0° Lit 0:=CI-0" Na'
Water Dispersed Polvurethane O'(EIIEO Li N a
0 0
Lithium perchlorate (LiC10y)  Sodium perchlorate (NaClOy )
Li* T
€ Na' 0=ClI-0" K"
K+ I
v 0

L . . . . Potassium perchlorate (KC10y )
Anti-static water-borne polyurethane dispersion coating solution

Fig. 2. Overall reaction scheme to prepare antistatic waterborne polyurethane dispersion.
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Table 2. Properties of coating films from antistatic coating solutions prepared with different amounts of alkali metal salts

NCO/OH PUD LiCIO, NaClO,

KCIO, Cymel 327 Thickness Pencil

Sample code molar ratio (2) (2) (2) (2) (2) (um) hardness Adhesion

PUOS 0 0 0 11 2B 5B
PUO0S-L3 0.3 0 0 10 2B 5B
PUO0S-L5 0.5 0 0 9 2B 5B
PUO0S-L7 0.7 0 0 12 2B 5B
PUO0S-L9 0.9 0 0 10 3B 5B
PU08-N3 0 0.3 0 13 2B 5B
PUO8-N5 0.8 10 0 0.5 0 1 12 2B 5B
PUO8-N7 0 0.7 0 18 2B 5B
PU08-N9 0 0.9 0 11 3B 5B
PU08-K3 0 0 0.3 14 2B 5B
PU08-K5 0 0 0.5 13 2B 5B
PU08-K7 0 0 0.7 14 2B 5B
PU08-K9 0 0 0.9 12 3B 5B

PUI1 0 0 0 10 2B 5B
PU11-L7 11 10 0.7 0 0 { 14 2B 5B
PU11-N7 0 0.7 0 14 2B 5B
PU11-K7 0 0 0.7 13 3B 5B

PU13 0 0 0 10 2B 5B
PU13-L7 13 10 0.7 0 0 { 12 2B 5B
PU13-N7 0 0.7 0 15 3B 5B
PU13-K7 0 0 0.7 13 3B 5B

o] 3 i 9felld Tk SsI3ith. BEg 71411 PC AE fell

FEE T8 oo YrtREE Z73317] 93l Taber abraser
(QM600T, Qmesys, Korea)ys AR5+ 500 g2] szl 4] 70 rppm
o] £E 2 1003] vFEA]Z] - UV-Visible Spectrometer (UV-2450,
Shimadzu, Japan)& ARE3F] 600 nme] 3ol A F-&-8 57935}
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% Ay
=
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=
m&: oY,
tlo kil

Z747](CT-PC1, CORE TECH, Korea)°]
45° 212 71931, A4S 3kl kg)S 7}
Akt ‘Evéﬁ Mitsubishi 915 A&k
B 59 =g Yehle A& AHEet
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o ox
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2-3-6. 4=+

ASTM D 3359[9]°ll 718t Asld I8 ZFell cutter® W=
Bk F& H % 1 9ol 3M Hlo| =5 & dAA dAHs 3o
T3] dlojulo] 8 S 71Aeke] WAy eg wEkelnh. I8 9
AAA FHe 1 mm 702 11x112 AP o2 23S o
100712] EE w1, 71 9ol HOlXZ(3M Tape)s 7-2Heh £
FA8] FoldA g 7RIt B8 = 2] A7t 10071
5B, 95711 o142 4B, 85711 o= 3B, 6571 o1’ 2B, 3571 o1
& 1B, 1 ©]3k= 0BE YR

2-3-7. =0k A

28 o) TS 28] 918 B2 ) 247)(Model-
S112, Mitutoyo, Japan)s ARE-810] FRE 7] A 2] PC 7]1A2] F7
2 7oz slo] Ak ool Sl S,
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3-1. Z2[22E prepolymer2| F1TEM

Fig. 32 NCO/OH & H|& 1302 1173t A U&=l
IPDI, PCD, DMPAE Z313t0] &&]-9-2& prepolymer 4 Al &
AJAI1ZE Wslel] we} 232 E prepolymer®] FT-IR spectra =7 22}

o]t} Figs. 3(a-cqi= Z2|9-2%t prepolymer /9 3 242+ 0, 1, 2 hr 7

200
9)
150 3400cm™-OH
£
o
2
£ 100 b)
£ 2260cm “NCO
<
g
-
50 1
a)
04
4000 3000 2000 1000

Wavenum ber(cm'1)

Fig. 3. FT-IR spectra of polyurethane prepolymers obtained after
reacting with different times. a) 0 hr, b) 1 hr, ¢) 2 hr
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Fig. 4. Particle size distributions of PUD prepared with different
molar ratios of NCO/OH. a) 0.8, b) 1.1, ¢) 1.3

2} 59 spectra A2 HESAITto] Ao we} 2,260 em™ F

o] 42] -NCO peak®} 3,400 cm™' ol A -OH peak®] =7} oF
A= Zle gl = QU o] vhgo] Kol whet 7}
% IPDI2] NCO 71¢} PCD2] OH 7] Ao]eof| $-d|gk AgH-NHCOO-)
o] YAHUUSE 2Jw|gtti6,7,10].

= =1

32. &4 pUDQ| Q= I SHE skt

NCO/OH & HE WA A AZ¥ w5 PUDS] B+t JEE =
AF3E7] 918l dynamic light scatterings ©]-8-3F A TRA7]1E AN
ato] QriAS =35It} Fig. 4014 & 5= 915-0] NCO/OH =
HI7} 0.8, 1.1, 1.3% wje] PUDS] B+t 91782 242 12.6, 17.2, 27 nm
% NCO/OH & H] Z7ell wh} B3t 7o) S7keh= dds B
t}. o]= PUD &4 Al NCO/OH = 17} S7Fstel| whet E25-d)
gk prepolymer W19] v] ¥H-5-% -NCO 7]¢] %ol F7I16H o). uf
2hA] FEAE 3 Fol] OHH (1-2) el <J3) vehkes A3 2ol
prepolymer W] 7] §E&-¥ -NCO 717} &3} AE5E WA A==
urea A¥H-NHCONH-)©] ol 22 pUD =7} A43to PUD
o] it Y7ol T8k witolztal dekEint,

R-NCO+H,0—>R-NH,+CO, (1)
R-NH,+R'-NCO—>R-NHCONH-R' )

Fig. 5= NCO/OH = W& 2elslo] A% PUDS| 113 57
[e]

TFE 50| 7_}71 28.5, 29. 2 29 4%Z= ¥.0o] NCO/OH & H]7}
S7FS PUD €99 1 3F T o Tk A3E B
At

3-3. T EOio| EMX{Et

PUDel &7h] w4¢s 7lste] 42 AxA &ods
mm?2] PC 7]A] $]¢l ¥} (bar-coating) $F - 120 °Col|A] 1 hr
ot o Aslstol| oal] 9-18 um FA12)(Table 2 #%) I8 U 3
351}, Fig. 62 Table 22] NCO/OH % 1] 0.82] 210 A%
¥ PUDel tekst E57-2] 4okl 599 37FE Wsle] wet o
ozl ¥ Tuke] AT Ao}, LiClo ) 7 §do=
Y T APE Al 2599 H7EEo] 0.3 gollA] 0.9 g2
Z7FE 5.01x10'°Q/cm?A 3.16x103QV/em*E FHA o] 7

oft offl

H

ol

AL Z2) el FElgel A% 431

Solid content (%)

Z] T T T
0.8 11 13

NCO/OH molar ratio

Fig. 5. Solid content of PUD prepared with different molar ratios of
NCO/OH. a) 0.8, b) 1.1, ¢) 1.3

14

. e - -+ KCIO,

10 4

Log R (2/cm?)

03 05 07 09
The amount of alkali metal salts (g)

Fig. 6. Surface resistances of antistatic PUD prepared with different
types of alkali metal salts.

A ARt 1Y Liclo, 7o) 0.9 g0 2 7wk
PU08-L9 A Z(Table 2 &%) 7-¢- TAAF0] 3.16x1080/ecm>2.
2 7PF 98 o] AREE BANE A FREH A3 A
PUD &3} 554 Afo]9] Algt S-S B3ict

NaClO,8} KCIO,7} %7he) g0 Axs 78 TulSt Fig,
6°ollA & 7 Qo] 559 7 el wat ﬂﬂ?ﬂ%‘ﬂ g e
9 £H] o] ARwr) Frlehs dEE Bt ¢ 2
o] F£90] 7k 7$-oll= LiCl0,>NaClO,>KC10,2] %Aﬁ
Bl Tulko] o]l AT} 958ke oF 5= 010%\;]. o)== = 0]29]
Hgo] 245 I8 Tuf UjellA] 544 o]9] o]Fo] AHF-E Y
|22 79 9] o] ARwrt Fleithar ke ojzict, ki
A5 &9 A% Al NaClo,oF KCIO & H7HiS 2% Licloel
131 PUD 8-ofel gk gelli=rt viokom 53] Ko7k 171
T ZANFE A, Az 5 ©F 24 hr $ol] @AYo HAsISITh

Fig. 72 PUD @4 Al NCO/OH £ H]E 717} 0.8, 1.1, 1.3°%

N

[‘0 [,
02

R

¢

E

jud
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14

13 4

12 A

11 -

Log R (2/cm?)

—e— LiCIO,
81 -0 NaCIO,
—e— KCIO,

7 . . ;

11
NCO/OH molar ratio

Fig. 7. Surface resistances of antistatic PUD prepared with different
molar ratios of NCO/OH.

13

HSIA|A dojzl PUD 545949 7S 0.7 g0 & 13k
%919 272 LiClO,, NaClO,, KCIO,Z W31 A dojxl 379
oko] A g 54 Aol LiClo7) 7 =2k 2.5x10°0
em?6.3x101°Q/cm?S] EHA S-S Hof t}E AR Eof v]al| 71 -
S ol AEEE B oy KCloF A7tE =uke) A%
1.25%10"2Q/em?1.00x10/em?] FHA TS B 71 £
o o] HEEE Ko Fig 69 A¥e} dx|eh= Aag Rl
RE 79 SEEL Fig. 7914 PUD W9 NCO/OH £ H|7
7Vt whet A o] Flelo] o] HMEwET £4] Zgth
HSt} o] NCO/OH = H|7} A&4% PUD 2] OH 7|2 <=7}
Hojx| B 7 d7te] F459-S PUD §o H7lste] 28

A A B4 o)o] ko] ErolA o] o) FHA]
Fo=7 e

l'ﬂ il

3-4. Y E9io| oLl HE B
Table 22 oj8] ZACE A=
9 T8 FAE vERH o]tk NCO/OH &
ERE AZ2¥ E2E(PU0S, PULL, PU13) 2
7He SEE 2BO] HlwA] st AR RS UrE}ﬁigUr PUOS-
L9, PU08-N9, PU08-K99} 7o) nlw 7] wjeke] etrhe] F45¢do] &
} 73%94 PU11-K7, PU13-N7, PU13-K73} 0] PUDS} #4:¢]
] 07]354/@_, Eoﬂtﬁ B_OUEETH Mo{x] 1:1:!1—5/1 751_?_
57} 3BE Yol S Btk v g Tu
o] BAY L BF SRR 48 Ak HGlvk md 71 et
7= 9-18 pm®z 7] HIS:3E 15 Bl
Fig. 82 UV-Visible Spectrometers AFE3l 200-800 nme] 27
oA 8 wuke] =ulg-S =43t Aulo]t}. Table 2014 NCO/OH

3%

e rloi
4t EO“

A=
)
2

-1(1 i rir Ao

= 1] 082 =53 PUD (PUOS)E Al x¥ 742k o] §el
LiClO,7} 0.7 g F7Fa 7A-9-(PU0S-L7)S] T8 =ute] Fole-e- 3

T 90%E =& 32 JeRfict. 18t 4258 PUD (PU0S)
NaClo,8k KCI0,7F 247} 0.7 g & 7kl -9-(PU08-N7, PUOS-
K7)olli= 8 =ee] Fakgo] A fashs Ade Balon, 5

3] KCIO/7F 37kl 7B--oll= AAlA 0= 70% ofste] W Fakas
K}, o= 3-3delA Agst vk} o] =%t PUDS} NaClO,
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Transmittance(%)

Wave length (nm)

Fig. 8. UV-visible transmittances of antistatic PUD prepared with

different types of alkali metal salts.

a)

Transmittance loss(%)

1] T T T T T
0.9

0.3 0.5 0.7
The amount of LiCIO; (g)

80

b)

70 A
60
50
40

30

Transmittance loss(%)

20 H

10 4

PUD LICIO4 NaClOg4 KClOs
The type of alkali metal salts

Fig. 9. Transmittance loss % of coating films after Taber abrasion
test with a load of 500 g. a) Antistatic PUD prepared with
different amounts of LiClO4 b) antistatic PUD prepared
with different types of alkali metal salts.
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= KCIO,2ke] gt E7)o] o] FoA|A] okof GellS 7| Aol &1
B A 39 mEe] Evdsi 9499 Al A

3-5. LHOp=A

Fig. 9(a)= Table 2014 NCO/OH = H] 0.82] 710 & Az
<73k PUDe LiC10,2) J7FS 0.3-0.9 g2 2ejslo] Alxd
A5 39 590 Y=g S4¢ Aot} oy I¥
ko] Yek g S4387] f18te] 70 rpm, 1003]72] Zz10lA
500 g ] Umte. g7 79 v vpRAI] § el JEE UV-
Visible Spectrometers AFE-3ll 600 nm gl A o] FE] Fuke]
Fo-&-8 Z4st] Aot 78 muke Uplknes vgy 2
o] F3-& =24 9% (Transmittance Loss %)E “d2Jslo] 273515
o, B &4 %t S5 Tk UnE s 4] X3S 9
o1& 11].

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

A=A RO Y 574 $-9] 600 nm gl 9] F3-5(%)

B=Al£9] Wr}R: =4 A2] 600 nm ol A Q] FaHe(%)

WA Fig. 9a)°lX 5573 PUDE A|ZH 7ol 78 =1k
T8 24 %= 12%%.01, LiCl0,2] 71] 0.3, 0.5, 0.7 g2l
A9-olli= ZH2E 11, 8.5, 1.3%% F3-& &4 %7} H4shas] vk
TAo] TR AeE Btk 18 Liclo,7) 0.9 go & 7))
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