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ABSTRACT: To study the effect of different nano-titanium polymer (NTP) contents on the microstructure and corrosion
resistance of water-based epoxy resin coatings. In this experiment, NTP was used as fillers to improve the water-based epoxy
coatings for the first time by physical blending. Pencil hardness test, cross-cut adhesion test, scanning electron microscope

(SEM), Fourier transform infrared spectroscopy (FT-IR), electrochemical test and salt spray test were taken to detect the
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microscopic morphology, microstructure and anti-corrosion properties of the coatings. The pencil hardness of the coating was
improved from HB to 3H by adding NTP and all coating adhesion grades were 0, which indicated good adhesion between the
coating and the substrate. SEM test results showed that adding NTP could significantly reduce the agglomeration of epoxy resin
latex particles, but agglomeration would occur when NTP was added in excess. Only when the addition amount was 10wt.%, the
surface defects of the coating were the least. EIS tests were performed on the coatings. And the results of each group of coatings
were fitted with two different models. The penetration process of corrosive medium in the coating was analyzed by fitting the
results and the improvement mechanism of NTP on the coating was explained by combining the SEM results: NTP could
significantly alleviate the agglomeration of epoxy resin latex particles and could participate in the cross-linking curing reaction
of the coating to enhance the denseness of the coating, but it could not be added in excess. When the addition amount of NTP
was 10wt.%, the coating was the densest and the capacitive arc radius of the coating in the high frequency band was the largest,
and the impedance modulus value in the low frequency band was the largest, which was three times higher than that of the pure
water-based coating. The results of Tafel curve showed that the addition of NTP positively shifted the corrosion potential of the
coating. When the content of NTP was 10wt.%, the corrosion potential of the coating was the highest, which was —1.024 9 V,
and the corrosion current density was the smallest, which was 8.09x10"® A/cm®. The results of salt spray test showed that the
NTP could significantly improve the corrosion resistance of the coating, and the optimum addition amount was consistent with

the other test results, which was 10wt.%. To sum up the above, when the content of NTP is 10wt.%, the surface defects of the
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coating are the least and the coating has the best anti-corrosion performance.

KEY WORDS: nano-titanium polymer; water-based epoxy; microstructure; corrosion resistance; electrochemical testing
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Tab.1 Coatings with different NTP contents

Number Adding amount of Quality percentage/

NTP/g wt.%
NTP 0 0 0
NTP 0.5 0.5 5
NTP 0.75 0.75 75
NTP 1 1 10
NTP 1.25 1.25 12.5
NTP 1.5 1.5 15
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Tab.2 Judgment standard table of coating adhesion grade

o N it
0 YiEh%we T, T—Huik 0
1 YA XA DV Z <5
2 TEVIH S AR A5 1R 2 5~15
3 WZEIN SR B ALK R R BTE 15~35
4 WRIZWEVIE DGR BT 35~65
5 FIEoFREE T 4 % >65

3 )R A T 5B ( Nova Nano FE-SEM650 )
X 45 1% J2 B SOULE SR A T ARG, O 258 T %o 1% J2 3% T
1TWi 4, SRS - K R AR S RS FEICEE -, R
HL R R S R T, R R e AR R IR
BT A, DUITTREARE it 2 T A SROUE R SR A TR ATE

4 ) R FE B AR 2T ARG R4 (FT-IR, Nicolet
380) XTIRIZALLERIEATRLI , 0 0P BGE A
500~4 000 cm ',

5) AR CS350 HLAb# T AR R 6HA 2
AT ELAL F BETIE S Sl B A I A2 AR
=R R TG, Hodr, TAERCHIRBIKYE
WEMIRRZMEE 4, SRR AT KA,
BN AR A (P, TR FH DR R CS350
ML Ak 22 TAR S o A 7 B Akl ( Potentiodynamic
Polarization ) MJFHHEFE KR 0.5 mV/s, WL7EFH
—0.5~+0.5 V (vs. OCP), 5% R H CorrView
Az Fl Tafel SMEESEATING 4381, AL 2SR
Piitk (EIS) MK IE R A 10 °~10° Hz, HifiH
FEA 20 mV/s, MASE SR ZSimDemo 3.30d A4
HEATILA, TR 2 PRI R R R AR R Il S R



- 192 - * wm #H R

2023 9 H

6) M GB/T 1771—2007 { €& ZE Gt rh ok
ERFEPERERYINE ) XHIRE AT ER IR, IR E R
CE TSR, b RS EC 5% NaCl
VA1 3 2 W O R R 55 S A T, IR I AR
35°C, pH ¥HITE 7.0 2247, 1EURJZ VR R ] X I,
FH/NTIRISC, ARRF I s L, SR A A 78 200+
SOTLIEI N, B — B T WS R S AR AR
IS USRI AL S b i & A R

2 #R5HE
21 MARERUM BB EIRE N F1ERE

ol

Z: M8 GB/T 6739—2006, XJ /[ 4 K Sk FL 24 b #4
B RSB R 1 2 P AT A B A0 R I, a2
WK 2 s

Pencil hardness grade

HB

NIPO NTPO0S5 NTPO0.75 NTP1 NTP125 NTIP15
Number

K2 REGOKREREE AR B P2 4R
R AR J2 1) 05 4 8 ) i 45 2R
Fig.2 Pencil hardness of water-based epoxy
coatings with different NTP contents

W 2 iR, 402 B R B A 99 K B SE e A b
L RN TG K, P AR O o IR R K
BRI A R LA AR i 5 B, I AR JZE 5 AT LA
PETHIRZ BT o HUOR ORI 2 b B R T
H—ZAEME, EEES5RZENscHE RN,
MBS IR JZ NS, R UR )2 3T I 2 A T
SRAE SR, fE— B R BRI R S
GB/T 9286—1998 Frife, iz HTFRIt&k, XiRZEM
R I REA TN AN IR 9K R SE 2 AL bR 2 I B
JR LSRR 3 s

AN TR 9 KR JE 2 A b L U 2 1 B 2 0 it 5
Y10 9%, R e A A R i A g, RN
SR o T2 v B PR AR | R R SR AR A
PRI, 3 S0 5L P R S B 43 55 AH SR AT ™ AR L
T Wz B i fb 2 S 5, DRI v 2 5 SR IC TR AT R 5 )
571, FHREELEBY T 2485, 5REZ
() A 285 1 PR R ORI a8, 7 AR - R A& AR M
Gz I A KR B 2= AR Rt B S R i 2 B S T R 2

#*3 AEANKKERUMBEENMENER
Tab.3 Adhesion of coatings with different NTP contents

Number Quality percentage/wt.% Adhesion of coatings/level

NTP 0 0 0
NTP 0.5 5 0
NTP 0.75 7.5 0

NTP 1 10 0
NTP 1.25 12.5 0
NTP 1.5 15 0
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Fig.3 SEM images of water-based epoxy coatings with different NTP contents: a) NTP Owt.%;
b) NTP 5wt.%; ¢) NTP 7.5wt.%; d) NTP 10wt.%; ) NTP 12.5wt.%; f) NTP 15wt.%
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Tab.4 Equivalent circuit fitting data of coatings with different NTP contents

Number R/Q Q R/Q Qu R./Q R,/Q
Y()/ (F‘Sn) n Yo/ (F'Sn) n
NTP 0 0.1 5.41x107 0.83 2.1x10* 1.39x1077 0.98 1.96x10° —
NTP 0.5 0.1 1.26x10°° 0.84 2.4x10° 4.53x10°8 0.83 1.69x10° —
NTP 0.75 0.1 2.47x107°% 0.89 2.6x10° 1.03x10°% 084 3.01x10° —
NTP 1 0.1 1.69%x107° 0.83 3.6x10° 1.57x10°° 0.92 3.28x10° 1.2x10°
NTP 1.25 0.1 2.01x10°% 0.70 3.1x10° 9.45x107° 0.86 2.91x10° —
NTP 1.5 0.1 1.04x1077 0.88 2.1x10° 1.01x107 0.85 1.84x10° —
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Fig.7 Tafel curves of water-based epoxy coatings with different NTP contents: a) Tafel curve;
b) line chart of fitting results
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Tab.5 Polarization curve fitting parameters for
water-based epoxy coatings with different NTP contents
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2.5

Polarization curves parameters

Number E.V 3107 Acm?) BymV BymV ZERUNE 8 PR o KBRS I LA RHA N B3 )2 3

NTPO  —1.2508 1.46 82748 572.82 ZFIE 60 d J5, RIRAL Y Pl AR T AL
NTPO0.5 -1.228 1.45 711.62  443.49 IF HIs BB iR 2 B iE X — B e FL A 2 ST 50 v
NTP0.75 -1.2043 1.44 580.85 503.17 KEA, VLI RERIE A ARG A BE 5 R TR

NTP1  -1.0249 0.809 563.13  326.49 EERIEZ MRS G, fEARERE T Ay
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Fig.8 Salt spray test images of water-based epoxy coatings with different NTP contents: a) NTP
0wt.%; b) NTP 5wt.%; c) NTP 7.5wt.%; d) NTP 10wt.%; ¢) NTP 12.5wt.%; f) NTP 15wt.%
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