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T84 HEZA YEUC|E(BEN), 47154 U154 AZRA, of=ZEA vikly ¥ IHA/RES widle] Mz gEol
-2 A5 A28 AFEEA (WBC-1, WBC-2, WBC-3, WBC-4) 45FE A|ZFslar). A8 +4AZ-A(WBRO)Y 44
, TEE 40 A 9 A5 AFAS RARIKY. 3 2 WBC 229 9984, B4 © e &
1957, WBC 289 RIS FAGHHANALZ ZABIE T BENe| 8 WBC-2, WBC-3 ¥ WBC4E Mg o}
awdo] vehgdeZA WBCS AR 3t A5AEE WBCY AL AZRAZE Mw/Zn/Ba=1/2/39] HI=Z
EFEAE W, 60°CAN 52EA FHPXE Vehlith 3§ BENe] £3H WBC 229 /|EHxms FHAL A
WBCMC-21W)2] ZEBt} 322~547°C% 51~8.6%2 BHZ 571819, WBC ZE24] UL MC21W<WBC-1<
WBC-4<WBC-3<WBC-22] =42 Z7lslEth d3dog WBC2 52 BEN ¢A7F wadoz widd gHdA4S 713
o2 7 858 EAS VERGTH
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ABSTRACT

Four different composition of autoxidation drying type waterbome coatings (WBC-1, WBC-2, WBC-3, WBC(C-4) were prepared by
the compounding of bentonite (BEN) as a water swellable clay and organometallic soaps as a drier with acrylic binder and coating
additives. The solution viscosity, solid content, rheological properties and drying rate of WBCs were investigated. Also the thermal
stability, the transmittance and the water-resistance of the films casted by WBCs were measured, and the surface topology of WBC
films were investigated by the scanning probe microscopy. As WBC-2, WBC-3 and WBC-4 containing BEN showed the thixotropy
with the shear rate, the storage stability of WBC was a excellent. When the driers was mixed in the ratio of Mn/Zn/Ba=1/2/3, the dry
ability of WBCs showed maximum as 5.0 sec at 60°C. The initial decomposition temperature and the transmittance of WBC films
containing BEN increased in range of 32.2~54.7°C and 5.1 ~8.6% than the commercial WBC (MC-21W), respectively. The water-
resistance of WBC filims increased in order of MC-21W<WBC-1 < WBC-4<WBC-3<WBC-2. Consequently, WBC-2 film showed the
maximum physical property as the surface topology having a regular arrangement of BEN particles.
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o gt AT} =Hol gent AFAT ETH WBCE
23 722 AFE 7T Stk $AFCE 2rAFREE
7} =232, XA vilsiele] A8 B ARGl 1t
w WBCS AAa) &82za] dode] wAdb, ¢ ez
o] ¥RAA 9 o] AE7] wFe] WBC ARA|
e Agke] oAz 2 FEHLA7E FAE = A
Ao}, B AFdA= WBCZF 7R Y A EAS
FollA AzxAdeel 2PE DF] A Feleke 33
gFold, HAgAH o] 8 e Axd 942H
A& AzsrA Ak

gitE oz fa] Aaksle F4 AeiA o) E (phyllosilicate)
AEYSEE WEL|E (bentonite, BENY} tHEZo|w, 5
&4, Fole 2y 2 57 E8A 84%E 2ae
7] vl A3}A) (gelling agent), Z2A (thickener) B #
B4 74 (theological modifien=A] FAA< 4=71 2
Aoz guA Yo 22t #9 BEN FEE B4
o] Eo| FfElo] 7] wEol] FEANAA e sy

2 e BAERALS eI oljdt IEES o
a8 Besty B Ad7AEL FEdo] g
hectorite AEE $g¥oz e wgd I4
hectorite HEZ §-5-5 WBCS] Azl & B3 6} 9}
19 g2 FHHEE Ad9dEY v 34, By 2 &
4 59 o AzFAE AFCFECE tFAL EhdA
= B]7A| o},

2 ATFAES WEAe] 87%E WBC & s 9
&) A BENS A5l 4F-F7] 2 EA (peptizen)E
Aglsle] =H5AJ0) 9431 BENS Alxeon, AAR
BENS WBCY g4 A 2 SZAZ &L:k7x) g
o} w2 dApeas 98a4 FEZA BEN, vRkiG
24 olzEA FHEs, ARA RN F71EE HFA £ FH
A7HAE MiEdsly 4 59 2648 %% WBCE A=
stAnh Al=E WBCY 24, f53Es] 4 2 AF4E
Fg3al, B¢ WBCERE &S F31 G, ¥
B4 9 UeEe 2AE T 28l WBC 2Ee] 9y
Fe FAREE A o2 AT WBCY Bz B435159 ).
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Table 1. Properties of Materials Used in WBC
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£ a7 WBC A= AHE HA BENGALH)E
e 2ol 4F 2 E7] AAME AHE AA FAsk] AE
sttt WA 01N HCle|l 94 %2 BENS F¢ 5t
80°CollAl 1A1ZF Bt mulEln, A7) S SRR 33
AFHE F, 01N NaOHZ 80°C 2 1X7F 5 F3lslz
TRTE 33 AT AF R @71A2E BENE 80°C
oA 2447 AZF F ball mill2 EHFHew AFYA
< 250 um%Att. FAE BENY FHEAMS AT F
© A (peptizen24] sodium hexametaphosphate(SHPP, &%
sEAhE BAge] 22 AMslEth. ZEa WBCY 7
A BA AR 71844 H]*¥= manganese chloride
(Mn, OsakaA), zinc acetate(Zn, Junsei#]), barium acetate
(Ba, WakoA]), cobalt naphthenate(Co, Flukaz)& =z}t
10% SHOE Az, @% % B 7R 2Po= F33)
o AT B3 & YFeE WBeY Hkids j2e
styrene-butadiene emulsion(SBR, KSL-220, Fy2=A#-3t
gh A8 ALRERZ, WBCY) #F ARSS HrAE
2 Table 1o A5 A=AE TR ¢ AlfEE
WBCMC-21W)= (F)MCKelA Agweol ARg-a13ict

2.2. WBCS| M=
£ A9 BENS ¥3d As4kEl A=2% WBCE A
=y

Ao FLE o thge] TA uiet MEsie] Ax
St IHAFEEY Fshelre SRl 4 -97= 3
A|lE BEN ZHAZ HSPPE FY3I H&xwE7](600
rpm)E. ‘oA 3087 TEAAIA FEE FSHhydration)
AT 22A(EZE A WEE ARA, F8EMA, &
AA, 22, QA 59 ZRFVAE 194 20l
FQlska, 1000 rpm oo 2 2087+ wRtEl ¥ & (com-
pounding)3r}. 397 (B191E EFhol| A= 2dA|e] Bdo]
BRRIT 24 SBRA| 2L, 2¥A] & SH5E FYsty

Material . Wetting & . . . X .

Property Binder Dispersing agent Antifoaming agent Leveling agent Thickener

Grade KSL 220 D‘fﬁegrfyk BYK-028 BYK-333 HEC

Solid content (%) 50.0 £ 0.5 65.0 = 98.0 = 97.0 5.0

Density (25°C) 1.02 1.04 1.04 1.04 0.60

Comments Carboxylgtcd styrene- Polya'Jkylol Polysiloxane ModJﬁed' polydimethyl | 2-Hydroxy ethyl
bula-diene latex ammonium salt siloxane cellulose
BYK-Chemie BYK-Chemie BYK-Chemie .
Supply Kumho Petrochem. Co. GmbH GmbH GmbH Aldrich Chem. Co.
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Table 2, Composition of Waterborne Coatings

Component Sample Composition (phr)
WBC-1 WBC-2 WBC-3 WBC4 MC-21W
Clay Bentonite(BEN) - 50 8.0 8.0 -
Disperbyk-181 1.0 1.0 1.0 1.0
Byk-028 0.5 0.5 0.5 0.5
Additives HEC 10.0 5.0 5.0 - _
BYK-333 02 0.2 0.2 0.2 Modified fluoro
SHPP - 0.5 0.7 0.7 acrylic copolymer
Mn/Zn/Ba : - 0.6 0.6 0.6
Solvent Distilled water 33.0 50.0 140.0 100.0
Binder Latex(KSL 220) 100.0 100.0 100.0 100.0

300 ppm ez 1A7F F<¢F EF(mixing)gc}. o]4Fe] 3wiA
2 el M= AgEe] ThE WBC 435 Axs[ e,
A z5 AE2E AZE WBCY &AL Table 29 v}et
WA

2.3. WBC2| R3sid HZ &£X

AZ5 WBCS SAH-E=E 25°Co)A Brookfield H =7
(DV-II+, spindle No. 31, Brookfield*hy& ©]-&3ts] &3}
AT}, ES Table 19 Webd SAAZA BENe| XFHA|
9k-2. WBC-1, BEN} AEz27 24491 HEC/F 34
WBC-2 & WBC-3, BENYTlo] T&H WBC-42 4F7<]
WBCE com & plate® <] 3] 2 0)E](Physicarl, UDS200)Z
AVg3le] 25°CollA] AT (shear rate)e 1072~10°s7'e]
A= sl FewslE 23

2.4, WBCe| =M SH Y IE M=
ANze T35 AzE WBCY AR dFZe
WBCE #2138 Arg#)el FA7E dAHFES castingdt
T By 2%7F 60°CE YT T Az
45 AZ@FHTFR] 0.2% UTHEIYL we] Al
Z74go 24 FI9ct. 227 WBC ZE2 AT
5t BFHO 2 casting®he] WA o] ¥
Bala, geoA 1A 17 Az 2 40°C
QBN 24x2r 23 Axsle] AQYE WBC BF
YR ARSEHTE £ WBC ZE2e T4, UlF
HEFS dHrr] g5 dFd FAE JRe=
g9 AEE spin-coater(ECHAF, SC-300)2 ©|-835}
20 mmx 20 mme] Fel@ 94 WBC ¥AHS AHshdt &,
IAIZ 800 rpm = 20HA|Z 2200 ipme] &2 AW
& F, AeoA 308 g 40°Ce] XFoEA 2447k
Z3pch 2928 WBC 282 FAE 6.0+£1.0 um

o},

& oﬂ{f, -l
N o Ry
i)

il
o
o

&t o I o ¢
P
o)
b

59
22

0 N ool

2.5. WBC Y&2| 245H

F38% WBC ZE9 d#42 TG-DTA(Rigakurl, 8078
G5 o83l 10°C/minY] FL&E2A 229 w2 F
AT g 500°CAM Y char yieldE =485 g
WBC &9 EHAL UV-VIS E3#%F%A (Shimazu’l,
UV-240PC)E 500 nm T3e] Hel] tigt =2 243519
o} W5Ae WBC ZE9 ¢ 03mie] LS FAVIE
Pom B 0% Fet AlZF Al w2 FEHzhe] HIlE
BEZ ANE7IGL, EmarbE Fs%t 282 WBC
HEZ9 FTHE A (topology)r2 Digital Instrument*}2] AT
&7 (scanning probe microscopy, nanoscope Ma AFM)
S o843} tapping modeZ &-FetH ).

3. &1 ¥ oE

3.1. XtsL s} (autoxidation) Z4Z=2] 2% ufZA
AEHE WBCE 8] 60% o =l 7l d&
T8 FRlEs S 2 AW FYsE #4
ZA) (drier)7F BA] 7HgE A ol
A=A 4R ARAY TR/ FH 2ol 3FRVL
Yo F3A (emulsifier)s] Wael] TEAZIG. WA, 132
= AEPlEe] S40)5 (metal soaps)EA1 4t} - &
HAgkgo] Fdsl= cobalt(Co), manganese(Mn), vanadium
V) 2 cerium(Ce) 5] 9t} 2z AZA= Y7H(single)
EPdele] FEEREA 1A ARA S} Al FvlEat
E ZfA7)E calcium(Ca), zinc(Zn), barium(Ba) % stron-
tium(Sne] Utk 227 FEAZRAE zrconum(Zr)Z 7o)
vieltie] =38 hydroxy”], carboxyl”] & ¥H&3t4
7AZE Fhsle 98¢ v upEh WBCY) FER A
ZAE ML), [O0R],(M:E%, L 2 OOR: #j¥=}, m:
&0l A7}, n A 2 fUIEE FHE
(organometal complex) FE|2] F&0]FA] {AZA 4F

=2,
L
AU
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1 step. Oxygen absorption of binder and peroxide formation
Binder(B-H) + O, B-O0OH

Ll

2 step. Peroxide decomposition to free radicals by redox reaction
B-QOH + Drier(M2*) B-0O: + M¥* + OH-
B~O0OH + Drier(M) B-00 » + M2+ + H*

ags

3 step. Crosslinking and curing of binder by free radicals

B-O- + B-00 B-B + B-O-B + B-00-B

Fig. 1. Flow chart of autoxidation drying mechanism in WBC.

5 - Suhge] o AEe @Eete Fed AxE

Act>? Fig. 1& WBCO| £3€ §7]134
AZA Y AHEAkE AZF mechanisme TAER
B SATt.

B aME B EFe 7185 FEFIM B
Z Adsiga, aFda 234%0] ©
B2 2Pslel ABAEE TN Aeidee RAEt
7, FPEEe) AuEye 3 H]?]-‘,:—
sk o
(BEN)$} 2ol ulld (SBR}E HE 53 ukelnlg
T o B fale} Ayt =T, BRlE Yxb
7} AskE FEQR Zalolof VA ¢lF B 2EQte
FAHoz MIHE FHE Py FF SAHEEr]
BTVl awRg @%sml 2 i}, tiie} WBCl A
FOrHAE = 4 9le Aot} e Azxae T
3he WBCE ZE7FA] AT (shear rate)ol] 2]al] 2ol
A Fger 4 Aggoz AFEH ZHE Fo|x,
Fig. 15} o] 27139 Aags 9 AxAY 3} - g
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3.2. WBCS| 24

=274 2 Ja94 A=A FAE BEN JE, Bily
24 SBR T~ g z}E IRAIAES Wgesle Az
WBCE t]j&de] oEAARS L)L, Table 39 AR
& 4%2] WBC(WBC-1, WBC-2, WBC-3, WBC4) H
Al WBCMC-21W)e| 71824, 44, AAR184

2 AzxAdEe Ut AlEF WBC 455 204 BEN
01 F3E WBCY BE:= BENe| X&xXA % WBC-I

FABT 67.5~1183cP2) W= EA et o
2 FE BENe| ¥38hd WBCE X Eo] B %%%1
T TSN HAE Z BENY| g8t SR &7 Ve E
ST

Azitsl AZE WBCE| 41144 (dispersion stability)
S ZARE] el 24XI7F A Fof A JEE AwE
A}, 459 WBCS Al# MC-21W E5F FFo] dAlskR
grop iAol fralsith. et 37llvé°1 A o] A
A A (storage stability)yg W& H¥), B AFdA A=
S WBC 452 AHEE o] glo] odd dEigle, 539
BENe] %&rEl WBC-2, WBC-3 ¥ WBC4:= ZE7] &
SR} 216 A A(eelyde JEIYT 2RV
Al MC- ’)IW_’: Loj=3l gleAa=o) M2 /\G}_,_g] (phase
separation)¥ = @42 UERE 0 ZA AAeEgAdo] 2 A#
oAl AFg WBC Ko} A vtepstcl, $HH, Table 34
60°CY] Az=ATL AWE 47, §71F5A Bl A=A
7F £89 ZA(WBC-2, 3, )2 522+ AFA 7} £PF
A @& ZHWBC-1) 2 AlF MC21W Et} ZFzh 3]
9 1gefe] fpek £748 eIt o] Ade B A
2] WBCH A=A7} ZeETEE B4R 3 AR
goll FEL HIRA] FOoUA AXRFTS TN F A

1003
£ Ape et

3.3. WBCe| R=8H M3

Sof o5 wlHe) 7ka(crosslinking) 2 73K curing)& H A8 WBCY EE BENS ZHA =AM B
o] doljozA 2pEiksl AZE WBC Feo] A4E A Bt} A5 AES) 98, 107~10° s Eee) HAnEs]
olct. He YEEse o SYReEN FEUE 42e
Table 3. Physical Properties and Dry Ability of Waterborne Coatings
Sample WBC-1 WBC-2 WBC-3 WBC4 MC-21W
Property

Solid content (%) 31.7 30.3 26.5 25.7 352

pH 78 84 8.3 84 8.8

Brookfield viscosity (25°C, cP) 132.5 200.1 250.8 232.0 110.0

Dispersion stability (after 24 h)

No precipitation

No precipitation

No precipitation

No precipitation

No precipitation

Storage stability (after 3 month) No th.ise No phz.ase No ph’flse No phE.iSC Phase separation
separation separation separation separation
Drying time (60°C, sec) 15.0 5.0 5.0 50 90.0

A e
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Fig. 2. Relationship between the shear rate and the solution
viscosity in WBCs.
A WBC-1, ¥ :WBC-2, ¢ : WBC-3, @ : WBC4.

10° 10"

ZARST.

Fig. 2i= £ Aol AR WBCY AR & 3
=H3E Jeld o=, BENS {3 WBC(WBC-2, 3,
4°] Bz Aol we 107 ge|A 1.0x10°~7.0X
10° cP9] WUE Vel y e AP 10° s E o
1.5X10°cP2 A9 27 veht we AgE 107 s =
£ AHE10° sHANS HEE ok 70~350009) AolE
Uehliict. o] d75% ¥ BENS E3% WBCE vi$
@ ARl AGE UehfAw AdEe] zopd
T2 SE g Age] HopA]7] g Fxrt wHe &
oz Aol @Al oo 24 %A (thixotropy)e] U}
Ehdthe ARE @ 4 3lth ZEh) BENS 49l e
WBC-19] 7%= AdEe] zjold] et Fxo] A3}
Aolg UepiA] 2gith. Aadom, 2 Ao WBCH
8 BENY 58 Ffgo2 Qs =S =d &
 2RARA A48, vEel WBCY AR
718 Aeolgla &8 F itk

A, o)z @7V Uit AF= 04 249} 5
Bi AEZE E8E 499 F= A5 E TN (synergic
effectyS> ZAESH] Hall, =FA 54 HEC/BENe] &3

ofd ¥ n2 fu

Table 4. Effect of Driers in WBC-2

AAsNE Az SAFYAL] AlE T B4

1071

WBC-33 BEN®o] ZEE WBC-49] Aueld] ujsh Az

HEE &A% A3, Fig 2004 B Z3% HEC/BENO]
£33 WBC-3= BENT T3E WBC4 Hu} deiEo)

0.8 s o]olM RE] MmArse] dojyth o] Wi
e A2 02A 34l HECY BENS E3sid B
T2 WBCE HSAHEA FZE o Zole AsEap)
webde & § AT

3.4. WBCe| 4=

B aye) 2Rl A8 WBCY ARAES BT
B AFEZ] 98], Table 28] WBC2 439 #7155
HlAl ZzAS Frisky, A=A S5 2 g
E ZAZAE 60°ClA 43t Table 4o WeRAT
Table 49X HE vl 7re] AZxA 7} £ X L2
WBC-2¢9] AL 60°CA 302E Jehgtovt, A=A}
Z8E WBC-28] AFAZE 5~20% @EE o] vt
3], &715% v¥A A=A WBCY ©Eog FHrkE
< BT} MwZn/Ba=1/2/3¢] HlEE EYH 24 A
ZAZr] 52E 713 et AN TS vepigda, Egt
Table 39 AJ# MC-21we] AzA|7te] 90xg) o) B3}
A 7zA7 Z3E WBC-28 A4 184 Frher A
ot} wela B 7] WBCHE §7)3% H)RA A=A
£ Mn/Zw/Ba=1/2/32 2 &% sle] AMEI9E W, Fig. 19
AF5448l AZE mechanism¥ 2] AZA= 44E)- gelvks
o] &gt gt AREHERES o2 ukine
2o Rz 2 glE2e] A3 Uz S4AE 5
AEAkst AxE WBCE AZRE ¢ Ut

|m

2 1

ol=
AR

3.5.WBCEEe| S4

BENe] Z¢Hg #b54tel A% WBCE 7 F2¥ T
2o MG FAY] 93 exd) mE FARHE €

SHEA7|E 283193, WBC €59 £7ESHE%(Ty),
AP EN = (Tymy) 2 500°CNH 2] char yield®] FF¢)
dataZ® ¥¢] Table 5 <&Hslich

Table 59 vjepd #je} Zo] BENe] xdE WBC-2~
WBC-4 ZE2 Ty 2 Tymws BENo] TFIHx e
WBC-1 2581} ZH2} 51.9~744°C 2 66.2~80.1°Ce] ¥

Drier Composition (phr)®
Co-naphthenate - 0.2 - 0.2 02 0.1 - - - -
Mn-chloride - - 02 0.2 - - 0.2 0.1 0.1 0.1
Zn-acctate - - - - 0.2 02 - 02 - 0.2
Ba-acetate - - - - - 03 - - 0.2 0.3
Drying time (60°C, sec) 30.0 20.0 20.0 13.0 12.0 15.0 13.0 10.0 8.0 5.0

® Used WBC-2 composition.

238 A 11 &(2001)
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Table 5. Transmittances and Thermal Properties of Waterborne Coating Films

bain Sample WBC-1 WBC-2 WBC-3 WBC-4 MC-21W
T (CC) 181.0 232.9 250.1 255.4 2007
Tamae (CC) 3454 4116 419.1 4255 3792
Char yield” (%) 1.3 36.1 17.8 2671 305
Transmittance” (%) 98.7 97.8 96.5 96.2 90.1

YT, is initial decomposition temperature.

b)l“dmax is maximum decomposition temperature.

“The char yield measured by the residue weight at 500°C.

Transmittance measured with 500 nm light transmitted through the waterbome coating films (water 100%).

A2 JedaL, 500°CoN 9] char &% 16.5~34.8%%] i
W2 F7REITE 53] WBCAY Tg ¥ Tapee AF
MC21W Hrt} Z7b 54.7°C 2 463°CE &718 gqﬁ—
Vehligit). o)ake] dA9) AZ== RE) WBCY 53
F84 HE BENE SBR #He2F F¥sle] A& @
Hel= Jehie ZA ZEg2o] dolaio] L2=3 zq_L
AZyEct Y mela] B el BENe| ¥ WBCE 3
Ee] 953 g0 ola] AT o] 9-2FE B
gt ol)el ZEAEe] TRIgd Sk WIANE
9.'=_] T ME}'.

AEAts Ax¥ WBC ﬁlé.oq =oe FAbE
500 nme] | gt FFHEE UV-VIS EEAETAE = ) 15 20
2 5}"4 Table 54 e Sic). Table 54 WeRd 42 H Time(min)

EA=E AuRH, WBCY BENe] E@"&]Eﬂ Fig. 3. Relationship between the water contact angle and the

Z.0)

r:J_Jr_,_:E &g 7hAFE 7:131-_. YeEliiQed}, 2% 96.2% time in WBC films.
o]}J— o ko Eirs Ughloza 2 7o) 1\1 z—]]:zst :f:dvgg'll\;vv:WBC'Z”:WBC‘B”.‘WBC“"

col " Eosign}. a8 Ald MC21W ¥ I
=5 E‘: 90.1%2X4 B @72l WBC EE1wT ¥7 Ler
Wk w2 A9 BENO| $i-E WBCE F=d 2 T+
B9 FHo] ¢slr] wiiEo ZRE AT A 2 A o
HEZ AsA TR odA Ty AREA] s 7 2
g <= )& Aol

T o ~ o
i [=] L= [=]
T

s
o
T

Contact Angle{s}
3 B 8
T

3

S

1
[=}
T

(48

=g o 2A] B
2], 2 = BEN B2
58 ol e el daely dekdn),

Ll
£
it
offt
2,
lo
-
ok
e
¥
J
=
3
o
rlo
ol

N M
=3 & G791 WBC B9 W8 as) A9 3 3.6. WBC 5| Eeisiat
22 AR A7) BE WIS wsE s, 2 AZE WBCE ABRRoIMS} Po| WL T FZA]

2l
§

A5 Fig. 39 e Fig. 3014 Ee AAH, /\]11' A48 TAHF Y (surface opology)s Eelsk7] A3l Fig 4
MC-21W7} A48 H&L2 oF 102 59t Exbgo] A4 o FAEEED A (SPM) A2 eI} Fig. 4014 B

ol

Z"%F— G4E Hols v B d79] WBC ZEL2 = 1A%, BENo] ®35A] 942 WBC-1 &S EAF4Y
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