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A Study on the High Performance Waterborne Epoxy Resin
for Surface Coating
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2 ok FE(coating) AGlA &7 &4 $E ZLAE FEsE 84 HFAd 283k Astd BA A
B2l L&A ZEA £A7E AL Ho gk 7 A SAE AR woitk W dAle] 25 J|eE B
#317] st MBS F8A4 AZA FA7F ALE gtk HEd 784 AFA FAE STAYE F
AHmasonry)el F2 AMgsIReH, MM EAUE FA B g B4 EUE RId= £oF
A% ol&HoA g} AIMU F&4 AEA FA= WalA(corrosion resistance)e A st FHEA
$71EA(volatile organic compound)?] &< @A HFE= FHo] o] AT FW IFY Zglo|y
(primers)E Azsted ol &HT Ak o] =EL FAA HIo ML £84 AEA FAE o] &3}
o o EA Zzlo|HE wiFT £ Y= FAF stoj=el S ANYT. FEG AZFA £A-ASA Alx
28 #Yyslr] ata AEA FA 9 AAY vEE FAG v FHE FAL

ABSTRACT: Waterborne epoxy resins have been developed in order to meet environmental
regulations for reduction of the emission of organic solvents from coating industry. As each
generation has filled a performance gap in the previous technology, new waterborne epoxy resin
has developed. Initially, waterborne epoxy resins were used primarily on masonry, but the
subsequent generations have found utility for the protection of metallic substrates as well. Indeed,
the third generation systems have been formulated to produce the high performance industrial
maintenance primers which possess the desirable combination of good corrosion resistance and
low volatile organic compound levels. This paper outlines the important guidelines for formulating
waterborne epoxy primers from waterborne epoxy resin that has recently developed in our
company. The importance of using the appropriate resin-curing agent system at the optimized
epoxy to amine ratio is stressed.
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FE&A dEA FAE FEAABFEHF)Y
KER 510& ARt} o] epichlorohydrine,
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ddds ARl Zlejth 7R3 EAe 1Y
£ 3=k 55 wt%, B9 510gleq, == 25 Col
A 6000cps olth. CEA FA 9 HIARE
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3. E4AME

3.1 AZAIZ

284 ANEANAIANE FF VSR ETFH
+32¢ S8l 9o Film Applicator (Erichsen
A}, Model 360)E o} &3td 100 me] FAZ =
oh-g FAANZ o 25 T, 55 %RHeIA d==A
71®A  Drying time recorder (ErichsenAt,
Model 504)8 AHg3ld =2 AE FASHAUT

3.2 7HAHAIZH Pot-Life)

e NEANASANE FF vEE EFH
3d2 100ge& 3t T-Cam Gel Time
Tester (TechneAt, Model GT-3/F925P)& Ah&
st} AstEE NS SA}AT

338 &

224 EANASAE FTF HEZ EJT
3 §eB 9o Fim Applicatorg ol &
o 100 me FAZ =28 FHAZD oE
25T, 55%RHOIA 25U F¢b A=Az
Pendrum Hardness Tester (BYK-GardnerAt,
Model 5854)8 Al&3te =& SAHHA

3.4 MEH

84 NEZN/ABRAE TF ¥R EFT
EFES v} (Steel Panel) 9ol Film Appli-
catorg o] &3l 100me| FAZ =& ¥4
Azl e 925, 55 %RHAA 23U ¢ A=
Edl=3

$uk&  Cross Cut Tester (BYK-GARDNER,
Model Cat. No. 5121)& Ar&3ted Imm A2

A F8A AEA A BF A7 91

%JOPE‘Z'I ‘fd_oixlzl B C‘“-H FE &4
3l th (Cross Cut & Tape Test).

35 E:}c.;."g(Bendlng Test)

F8A AEAN/ABRAE THF HER EFT
EHES vl (Steel Pane) 2ol  Film
Applicatorg ) €38t 100 me] FAZ =&
FAAZ o8 25T, 55 %RHeAM 259 F<t
AzAZE A EHE Conical Mandrel Bend
Tester (BYK-GARDNER, Model Cat. No. 5750)
2 180°2 gt 33 EE4 =23 (Crack)
FFE FUdtd S-S S

3.6 ZAZ=(Impact Test)

T84 AEAN/RIAE TF bR ETFT
EFE-L vt (Steel Panel) ¢l Film Appli-
catorg ol &3t 100mel FARZ =% B4
Az L 25°C, 55 %RHAA 239 B¢ H=x
A7tk Ng®He FH7EE Impact Tester
(Toyoseiki, Model H-50)& A+&3tel =43
At

3.7 ZEf FX|=(Gloss Retention)

F24 AEN/AZAE FF HEE EFT
EFHEL FET Yol Film ApplicatorE o] &
3t 100me SAZ =g FPAZN e
25T, 55 %RHAAM 23¢ &Ft 22N =
ot A Gloss Meter BYK-GARDNER, Model
452008 AHE3te 600 dwel #dY FARE
=439

3.8 MEK(Methyl Ethyl Ketone) Resistance
F8A AEZAN/ARAE TF HEE TR
EFES vpds (Steel Panel) ¥l Film Appli-
catorg o]&3d 100me FAZ =4E& 4
A7l T 25°C, 55 %RHAA 23 B¢ A=
AN}, 7 A9l MEKE B3 AgHE EAE
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3.9 Wis=4J(Water Resistance)

T84 AEA/AAE FF ¥R THD}
E3ES fEld Yo Film Applicatorg ol &
3] 100me FAE =& AN g
25 C, 55 %RHoNA 25 F<¢ AZAIZH. Al
HUg 25 CollA FHF) AAANA feBe
ZRE T9o| EYHE AZHE SAHATH

3.10 H=xI4(Solvent Resistance)

F/A NEAN/AIAE BF NER T
EGES #a® ¢4 Film Applicatorg ol &
3o 100mel FAZ =% FAANZ o
25 C, 55 %RHA 23Y Ft A=A A
HH-& 25 CollA 44 (Xylene, Ethanol, Meth-
yl Ethyl Ketone, Cellosolve Acetate)ol] F=|A)
A fHBozRE 9o EEHE AE &
v

3.11 LH3lEA (Chemical Resistance)

F&43 AENAZRANE BH ¥R THD
EPESL FEF Y9 Fim Applicatorg o} &
s 100me FAZ =9e AN gL
25 C, 55 %RHAA 259 F¢ A=zAZ A
HHE 25CTANA Acid =& Base(l0%
NaOH, 10% HCl, 10% H:SOs, 5% CH3COOH)
o HAANA FEUBeRH =] ReHe
NS SA4AS.

312 €8

A3 E0 FEACLE(THE Yolr7] H3t
QB AM7] (SeikoAt, Model DSC2200)E AHE
At % Za e 25 CoA AFdy
T 10CE £ AA AL 258 2507
2 AdAQ3ste &As g

% Jx
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=114

dut2gr] A354 A2z, 2000
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KER 5107 Epilink 700 & Epilink 6602
g vl e G EXE Lotr
7] st B vEE WA AFFE 4
A3ie g 2o

Fig. 12 oZEA/AA] F& vl&of @& 2
ZAZt A%E Jehd Zolth Epilink 7008
ALY A AR AL 12~1343 08E
et on o EA/AsA g vlgo] 111.2¢
Y 12AZFo.2 MR WD, ogo] BF ulE
o] 119 w 12A7F 108l on, Ad =3
Re g Hgo] 1.08Y A%l 1347 308
o]%lt}. Epilink 660& A8 74 ARAIGE
13AZE 458 ~24A28 YERon] o EA|[A
A g% vgo] 1129 m 13A3F 45802
WA W ohgo] 1:19 we 14A17F 5080
Ron, AY =" AL FF vlgo| 1.0.8¥Y
ALY 24Xt olspRe AHE Hol
NEAN/ASA FF vigo] 1129 HSo) w
g A AE 4 F UeS ¢ F Ut
o] AL oEANSG AsA Abolo]l T 8§
HAE 112¢Y o AZA A9 A Aol
o] 7ludE Asol o wEA Y= gE
A HRez AsdTh

2. 7HAAZH(Pot-Life)

Fig. 2= IZA/ZAZA B3F vl&o @& 7t
AAZE A#E JERd Zeld. Epilink 700&
ALY AL THAAIZES 150~19128 YE
ov AZA/ASA FF vl&o] L1Y = 150
Foz 714 B3y o] BF Hl&e] 112
d "ol 163%eier AY =¥ AL FF
Hlgol 1:.08Y 799 19182t Epilink
660 AHEE S JHAAZEES 488~498%EE
JetRon o ZA/ARA BF HlEol L1
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Epoxy:Curing Agent Equivalent wt. ratio
Fig. 1. Drying time behavior of unpigmented
films
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Fig. 2. Pot-life behavior of unpigmented films
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Fig. 3& oIZA/ASA BF vlgd e

2
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€

ANEA Fxo} B AT 93

Pendrum A= uebd Zoltl Pendrum AX
= 71%o] 170°]th. Epilink 700¢ A8 A ¢
Pendrum AEE 80~10022 Ueldon o) Z
AN/AsA B Blgo] 1119 W 1002 7HA
ghon ool BF vl&o] 1.0.8Y e 96
olglen AY e AL FF vl&o] 1112¥
7A$-9 80ol%lth Epilink 6608 AMSE AH$
Pendrum ZAXE 79~888 HERon ofF A/
733'5}11} 2k vgo] 1Y w 882 M ESk

I thol ZEF vlgo] 1:0.8Y w 830|L
o AYd @e AL g vlgo] 1:11.2Y H 9
79010tk o] @e AMAE Hol o FA|/HSHA

9% ugol 11 A% MY 5 ARE o
< F eS¢ & AAUTh ol E o EFAG
7ZA8A) Alolol @& nlgo| 11Y W IHSFE
Hel A AYEH stn B=7F Fokl A
o 719% Aoz ALk

120
@ OEpilink 700
g 8 Epilink 660
% =
£

1:0.8
Epoxy:Curing Agent Equivalent wt. ratio

11 1012

Fig. 3. Pendrum Hardness behavior of unpig-
mented films

X Xie

H=

4

Fig. 4= AZA/AsA 33 vlgo] B& A
Z#ee yehd zelth Epilink 700& AH8&
7S HAAYL 0~B%E BT FL& ZAdE
Uehdth olEA/AsA =ZF dlgo] L1f
1129 o 95%¢ AAF& vetdn FF vl
go] 108Y =W 90%2 HIHE e
Epilink 660 A& 4-$ H2=L 95~100%
2 Jehgen oZAASA BF ulgol
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1:0.8% o 100 %22 7H3 R thEo] FF
Blgol 1119 w9} 11.29 w9 95%o|Ah.
ojojzte AR RE AZAN/AZA FF A
S BAGol obF FEF HAHE <& F
A EAF] 2 AFAIE ARl et
7

Feldo] ZUE T nMgoR G EA £
A9 FASLE 38 $O0R7F A=A
A 24 AAw Fa DaEo

@ AAY e Yehd Ao AzEch

102

100 O Epilink 700,
98 8 Epilink 600)
96

94
92
90
88
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84

Adhesion(%)

1:0.8 1 1:1.2
Epoxy:Curing Agent Equivalent wt. ratio

Fig. 4. Adhesion behavior of unpigmented films

5. 284 (Bending Test)

NEAABA FF v BE FTYHE
golsith HA% A% Eopo] o} olgol
Qeg & & AU AHA FF % ABAY
Aspl @@ vlgel BAYel FYYE BT

O.

Fusigich olAe B A2l 4% #4
Auor ojUzel Hae ZAF AR AR
d.

6. =ZZ=(Impact Test)

NEAN/AZA FF v g UE 23 P=E
2A3t9tr. FAZEs AFdA FF L AdF
AZAEA 3 vl FAQel dH(Direct),

A Reverse) 25 1kgx50cm ©)4& YERR
o} o] A& B AxEle] HHYo] e 8
ohiel fdAel ¥Id Zo JUF o=
AtsETh

AP 22w A35H AH2x, 2000

A%

2

7. el RX|Z(Gloss Retention)

Fig. 5& olZA/A3A T vl g & 3
g fFAZE Ve Zolt FY fAZE
Epilink 700& AT 7% 111~140¢ vehy
ot oA ZEA/AsA G vlgo] 1.0.8Y o 140
o= N BY FAEM FUI TR0 T
Bl -go] 1:1Y wfe] 1280 AU Hox=
Ae BF ulgo] 1129 A% lllo|Uch
Epilink 660-¢ At8& 39 FH{FAZE 135~
140& JEetdor o ZA|/AstA ZF bl
L1y o 14002 713 %1 theo] @ u
£o] 1:08¢ = 136012 1:1.2¢Y w135
o]t} olglzxte Aldz B Epilink 7008
AR AeEs odEA/EA FF b Lo] 2
7148 3" A7 G AT wd
Epilink 6602 AMEE S oFA/AsA &
2 8] &d FARe] vl FAE RAFT

160

140 O Epitink 00|
6120 M Epilink 680
£100
80
60
40
20

Gloss rete

1:0.8 11 1:1.2
Epoxy:Curing Agent Equivalent wt. ratio

Fig. 5. Gloss retention behavior of unpig-
mented films

8. MEK(Methyl Ethy! Ketone) Resistance

Fig. 62 oZFA/ASA FF bvlgd mE
MEK Double Rubbing Test Z3Z yehd A
o]t}. MEK Resistance= Epilink 700& Al4&
A% 100~134E JebdT. o ZA/ASA ¢
2 d)gol 1:11d o 13402 71A Fgow o
So] gaF vl &o] 1:0.8¢ e 1050129 A
Y dolxE AL BF Bl&o] 1129 A99



D ZHE HE 24T F84 oFA X BF A7 95

10001tk Epilink 660€ A28 A9 MEK
Resistances 90~110& WUeElRon o ZA)/7A
A FHF vlgol 1Y w 11002 A Ft
T g&o] FF ulgol 1:1.29 uw 1000iQ o
AY BojAE e FF vlgol 1:08Y w9
90olTh. olgt e ANATRE AAY F
Foll @Al AZA/ASA ZFF nlgo] 1]
d of P4 MEK Resistance7t J&siches A
A4e @ F AUTE ol AEAN/AA G
Blgol I1Y wW siw "W=rb AR FolA
MEK7F =& HFEstA Eshe Aol 719
3 ez A"

160

o 140 O Egilink 700
2 120 B Epilink 660
'
5 100
3 80
a
¥ 60
g 40
20
0
1:0.8 11 1:1.2

Epoxy:Curing Agent Equivalent wt, ratio

Fig. 6. MEK resistance behavior of unpig-
mented films

9. L4 (Water Resistance)

WS A $F R AZANBRA 2

% g WA RF 909 4ol AuE
Sote) olgol §&g Ve Fol Aol
$59e ¢ F AT

10. LIS XA (Solvent Resistance)

WEAEE FREY) H4F 8AE Methyl
Ethyl Ketones} Cellosolve Acetated A#3t%
o A" olfe dutdoz AEFA FA7}
AEF otAElolE ATl 4 Aoz Uy
2 g7l oty =3 BAE kst 9
3ol xylenes} ethanolo] ti@t W-EAHE &

stlth. A7l 47EA &A@ weAge
BA F7 R AZAN/ASA TH v gl
Aglel =% 909 ool AUE Zeto) o]
°of §&& Yehh Fo iAo $5¥e
& & AU

11. LH&t&+(Chemical Resistance)

10% NaOHell th& ujatstAd e AsA)
R AFA/ASA FF vlgo] BAG] 2E
0¥ oS Yeh) Fo 10% NaOHol| wid
Watstdol ¢¢3E 4 &£ AU} Fig 7~
Fig. 9% AZA/A3A g3 vl gd e s
4 AaE Jebd Zolth Epilink 7008 Ab
€% 724 10% HClol oigh wisletgd e 35~52
P2 YEon AZAAFA FF vl
Lld wf 5292 718 Fgtoy thgo] o
H]go] 1:0.87 1:12¢ wio] 35¢0)ith. Epilink
6602 AL&T 7% 10% HCll tidt ujatsta
2 31~3594& Yvelgon oZA/ASA G
Hlgo] 11¥ of BYE M Fgon trLol
B Hl&e] 1:.0.8Y W 33d °lslen l1.2¢
W 31¥oiqich Epilink 700& AH&E A$
10% Sulfuric acidell ol Walgge g2 u
&o] 1119 o 354z 7 Fgkon o)
g Blgo] 1:12¢ e 31Y clded gF
ol go] 108Y Z9ol= 309 o|Uth Epilink
6602 AMEE 79 10% Sulfuric acidel] o
W3etgd & 2 vl go] 1:1Y o 86dE It
F9kony o] g Hlgo] 1:0.8Y wel 52
Y oo B vlgo] 1:12% H{oe 35
9 ol Epilink 700& AE¥ AL 5%
Acetic acidell oh3t WAL A E A/ 3}A
T OHEol 1Y o) 27TYE A o
tgo] 2 Hjgo] 1:0.83 1:1.29 w 20¢ )
Art. Epilink 660& A% A$ 5% Acetic
acidoll thd WislatAd & o EAABA) Dk v
€o] 1087 111Y uwf 86Y=Z 7tA Fgtow

T ofN
nodu
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B vlgo] 1129 We 2098t olg 2
S AMHERE Hop ko digt WEE e A3
A FFel BAYC) AFAASA T AZA
A% ZgA Aole] stw Wert o ulg
o LY =f 7 ¢t olAe FA/A
gt4] B3 wleol AU HE&d 11Y
m ofF wA FAH W] FolAle

60

50 OEpilink 7200
@ Epilink 620

40+

10% HCl(days)

1:0.8 1:1 1:1.2
Epoxy:Curing Agent Equivalent wt. ratio

Fig. 7. Chemical resistance behavior of unpig-
mented films

100
80 OEpilink 700
80 BEpilink 660
70
60
50
40 |
30
20 |
10

10% Sulfuric Acid{days)

1:0.8 1:1 11.2
Epoxy:Curing Agent Equivalent wt. ratio

Fig. 8. Chemical resistance bahavior of unpig-
mented films

0O Epilink 700
@ Epilink 650)

6% Acetic Acid{days)
(&)
o

| B

1:0.8 1:1 1:1.2
Epoxy:Curing Agent Equivalent wt. ratio

Fig. 9. Chemical resistance bahavior of unpig-
mented films

d2Ew 2354 A2, 2000

- 2%9A

120

100 |
80
60

Tg('C)

40
20

1:0.8 11 1:1.2
Epoxv:Curing Agent Egquivalent wt. ratio

Fig. 10. DSC(Tg) behavior of unpigmented
films

Aoz Amdth
12. e

Fig. 102 olZA|/7FstAl F&F v]go oia
E3 A3 Eed g DSC2 SAF Tg 27
£ Uehd Aoty Epilink 7008 A&E AL
NEAN/ZAB A FF wgo) 1119 w Tgr}
926 CTEZ 71 oy tgo] BF v|go
1:1.2¢9 Wl 87.7 CHey 713 e 7L o
% wlge] 1.0.8Y wel 77.3 Colgltt. Epilink
660S AMEE A ANZA/AZA FF v go
L1 of Tgrh 95.7 CE 7F4 ko 2o
FF vlgo] 11.2¢ w9 943TCHey 7
o Ao ogF ulgo] 1:0.8Y wel 936 C o]
Ak Tge ZA3A F/ FAGl ANZFA/A
A FF vgo] 11Y # A Utk oA
& AEA FRA 9 AIA Abold] sim W=st
ANEA (B A FF vlgo] FstFEZQ vl &
QA 11Y uf olF A FAHIET= Al 7]
U3 R AtgHTH

J\ < | £

FA A H o R FEA AEA F2
9l KER 5103 $8%4 7ZshAl Epilink 700/
Epilink 660-& wi¥ste A¥d Ad= g3
2t}
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239 42l 11¥ @ 7FARAZE, Pendrum 73
&, MEK Resistance, W3tstd, Tg €40l F
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FRA, WA, WsA4e AsA F
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