RMHA B4k m12M
- 214 - SURFACE TECHNOLOGY 2018 4F 12 A

2 Bz BY L4 7 B B oK 130 Sk Rl Y
thil 2 FOiit ook 4 e

FIBY, XE°, Vg8’ BHSH ' SlRK
SR, BAA’, HoE’
(1. 08A% HRRNSSTRYR, 1§ 200072; 2 DENSRTEMNEARS TRFRH
PENFRSERNSUARAERIEE ISR SHPRARBRLGE,
WL TR 315201; 3IEREMEMTREBAD, WL TR 315201)

 OE:. Be) #E&—FMK VOC., IRFHey KRR EM IR 24T, Fik Bid NN-Z WA T Z 5 LA g
ES1 R R, RJaH) Rk TP Aok 2k, $IAF—F0 RO BRI B RS S, 5 2R AN AT EST R owg Ak
B (651, GT19, DL19. SG) #— eyl R4t 4, TomkdmrE, BURBEEIE, A
R AL (Micro-FTIR ) RAEFLAL A 69 2540, KA 30 SIS E AT (ZETA ) MK FLAL ) L1k
E51 51330650k kase, @i AL LA Ao Al iy &K, BF 7 v Ak B LA B 4L 5 64 A ER B0A B
3.5% NaCl i P e dthkbk, R H3LA 5 BS1 oA 101 8, SLUR-FHEZRDA 520m, 5
B Y, WAL, AELA 651 EFIMARERERD, MWENRR, AEBERD, REMNTR
AEE, EIFR 6005, 15EAE S FAE 5.23%10% Q-cm? Foe 24K B B AR & 7% 2.0x107 Alem?,
SRR BT B VR R . 436 IR 69 R IR AR IS A 2 R B RAFAG I A A, R T ERR
A& VOC iRAHARI

KEBIR . AR, LA RMEIREM S, Ahikie; wibs i

FESZES: TQ630 XHIFRIEEE: A XEHS: 1001-3660(2018)12-0214-09

DOl : 10.16490/j.cnki.issn.1001-3660.2018.12.029

Preparation and Corrosion Resistance of 1onic Reactive Emulsifier
and Its Water borne Epoxy Resin

WANG Juan*?, LIU Tong?, ZHAO Hai-chao?, PU Ji-bin? YU Cheng-bing",
DONG Jian-da®, ZHOU Kai-he®, FANG Yun-hui®

(1.School of Materials Science and Engineering, Shanghai University, Shanghai 200072, China; 2.Key Laboratory of Marine
Materials and Related Technologies, Zhejiang Key Laboratory of Marine Materials and Protective Technologies, Ningbo
Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China; 3.Ningbo
Power Supply Company Co., Ltd of State Grid Zhejiang Electric Power Corporation, Ningbo 315201, China)

WisBHA: 2018-05-31; fEITHHA: 2018-08-03

Received: 2018-05-31; Revised: 2018-08-03

BeWH: #45FHFERRBREREF#ASL (QNLM20160RP0409 ); B M i 4 & A8 # 5 KA A (5211NB16000F )
Fund: The Open Financial Grant from Qingdao National Laboratory for Marine Science and Technology (QNLM20160RP0409), the Project of
Science and Technology from State Grid Zhejiang Electric Power Corporation (5211NB16000F)

TEBEN: 248 (1993—), %, MEHRR L, EBHRH 6 H KEIREAM R LA

Biography: WANG Juan (1993—), Female, Master, Research focus: water-based epoxy anti-corrosion coating.

BiREE: FERA979—), B, ¥+, BIRAR, TLEMRHS QA EEHNEH I HMA. 94 pujibin@nimte.ac.cn

Corresponding author : PU Ji-bin (1979—), Male, Doctor, Professor, Research focus: marine new protective material. E-mail: pujibin@nimte.
ac.cn



F41E 12

ABSTRACT: The work aims to fabricate a new waterborne epoxy resin coating with low VOC and low toxicity. An aqueous
epoxy resin emulsifier was prepared by reaction of epoxy E51 with N,N-dimethylethylenediamine and then neutralized to salt
with glacial acetic acid obtain a reactive water-based epoxy emulsifier. Reactive water-based epoxy emulsifier was mixed with
epoxy resin ES1 and four types of amine-based curing agents (651, GT19, DL19, SG) based on certain proportion and then
coated on the electrode surface and sealed after being cured to film. The structure of the emulsifier was characterized by Mi-
cro-FTIR spectrometer. The particle size of the emulsion obtained by emulsifying the emulsifier ES1 was tested by a dynamic
light scattering particle size analyzer (ZETA). Electrochemical impedance spectroscopy and polarization curve tests were con-
ducted to study the corrosion resistance of four curing agent-cured waterborne epoxy coatings in 3.5% NaCl solution. When the
mix proportion of emulsifier and E51 was 1 : 1, the average size of emulsion was the minimum, distribution was uniform and
the system was stable. The coatings obtained with 651 curing agent had the maximum hardness and the strongest adhesion.
Cross-linking density was the highest and coating cross section was the densest. After immersed in 60 hours, the coating still had
a higher impedance modulus value of 5.23x10* Q-cm” and a lower self-corrosion current density of 2.0x1077 A/cm?, thus exhib-
iting significant anti-corrosion properties for the base carbon steel. The prepared waterborne epoxy resin coating has good pro-
tective performance for the steel substrates and is suitable for the field of environment-friendly low VOC coatings.

KEY WORDS: reactive emulsifier; waterborne epoxy resin; anticorrosion performance; electrochemical impedance spectroscopy
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Tab.1 Performance index of water-based epoxy resin emulsion mixed by NNDEDA-E51 and E51 according to proportion

NNDEDA-ES51 ratio with ES1 1:5 1:4 1:3 1:2 1:1
Emulsion appearance Milky yellow  Milky yellow  Milky yellow Milky Milky yellow
Storage stability/d 1 3 3 36 90
Mechanical stability (8000 r/min, 30 min) Layered Layered Layered Layered Stable
Average particle size of emulsion d/nm 181.5 165.3 142.7 67.6 52.2
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Fig.3 Emulsion particle size distribution
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Tab.2 General performance parameters of waterborne epoxy resin coating

Items GT19-EP DL19-EP 651-EP SG-EP Detection method
. Colorless and Colorless and Colorless and Colorless and . . .
Exterior Visual inspection
Transparent Transparent Transparent Transparent

Thickness/pm 52 48 51 49 Thickness meter

Hardness SH SH 6H 6H GB/T 6739—1996
Bond strength/MPa 5.40 2.67 6.75 6.50 Pull test
Bond strength 1.24 0.99 129 132 Pull test

(after salt spray test 32 h)/MPa

a GT19-EP

¢ 651-EP
&l 4

Fig.4 Fracture morphologies of waterborne epoxy coating
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Fig.5 Potentiodynamic polarization curves for Q235
and coating systems after immersion in
3.5% NaCl solution for 60 h
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Tab.3 Electrochemical corrosion parameters of Q235 and
coating after immersion for 60 h in 3.5% NaCl solution

Sample Econ/V Joor/(A-cm™?)
Q235 -0.93 3.4x107°
GT19-EP -0.90 9.5x1077
DL19-EP -0.86 2.5x1077
651-EP -0.81 2.0x1077
SG-EP -0.85 2.3x1077

TRVEFR M BRI Z R 2 00 136 1 r A7 A kv T AN
R, L el e A %R R W N TR A LR, T ELAE
3.5%NaCl ¥ T, KRR A A i 24 220K itk 4N
A RN 1 DEEEDR . TP, Jeoneesier<
Jeorr(sG-EPy<Jcorr(DL19-EP)<Jcorr(GT19-EP) » XUt A 651 5
SG LB /K PRI IR 2 B P RO T AT, BRAS A AL
e 4 TG A TS o L)

K6 2 Q235 KUK LR EMARIRIZTE 3.5%
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coatings after immersed in 3.5% NaCl solution for different time
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Tab.4 Low frequency impedance value of different coatingsin different immersion time

Zi—o.01 Hz/(Q'sz)

Sample

3h 7h 24h 48 h 60 h
Q235 1.44x10° 0.79x10° 1.01x10° 1.11x10° 1.16x10°
GT19-EP 0.51x10° 79.4x10° 44.6x10° 42.3x10° 41.9x10°
DL19-EP 0.14x10° 36.2x10° 26.5x10° 22.2x10° 23.1x10°
651-EP 56.8x10° 1.11x10° 60.9x10° 53.7x10° 52.3x10°
SG-EP 0.81x10° 16.6x10° 24.7x10° 27.6x10° 41.2x10°
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Fig.7 Corresponding equivalent circuit
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Fig.8 R, of four waterborne epoxy coatings after
immersion in 3.5% NaCl solution for different time
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