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Preparation and anticorrosive properties of waterborne epoxy
composite coating with stearic acid/chitosan modified
multi-wall carbon nanotubes

TONG Qingling, CUI Bao, YANG Jianjun’, WU Qingyun, WU Mingyuan,ZHANG Jian’an,.LIU Jiuyi

(Anhui High Performance Engineering Laboratory of Water-based Polymer Materials , College of Chemistry
and Chemical Engineering , Anhui University , Hefei 230601, China)

Abstract: To improve the corrosion resistance of waterborne epoxy coating, chitosan is adsorbed onto the
surface of multi-walled carbon nanotubes via surface-deposition crosslinking with glutaraldehyde as the
crosslinking agent. Then, stearic acid has been grafted using a water-soluble coupling agent, 1-ethyl- (3-
dimethylaminopropyl) carbodiimide hydrochloride (EDC-HCI) , to synthesize stearic acid/chitosan-modified
multi-walled carbon nanotubes (SA/CS-CNTs). Aqueous epoxy anticorrosive coatings are prepared by
blending SA/CS-CNTs with aqueous epoxy resin. The structure of SA/CS-CNTs has been characterized ,
and the corrosion resistance performances of the coatings have been explored. The results show that the
epoxy resin with 0.5% (mass fraction) SA/CS-CNTs filler has the best corrosion resistance. Compared
with the pure waterborne epoxy coating, its low-frequency impedance modulus is increased by about 5
orders of magnitude, the corrosion inhibition efficiency increases to 99.66%, and the water contact angle
reaches 104.2°. The corrosion potential increases by 0.39 V, and the corrosion current density decreases
from 4.17<10 ° A=cm ?to 1.44X10 % A-cm 2. After being immersed in 3.5% NaCl solution for 96 h, its
impedance modulus is still above 10" Q-cm®.,

Key words: multi-walled carbon nanotubes; chitosan; stearic acid ; waterborne epoxy resin; metal corrosion

protection
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Fig.1 Synthesis route diagram of SA/CS-CNTs composites
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Table 1 Formula of waterborne epoxy coating
Sample CNT category EP/g Curing agent/g  Filler/g H,0/g Anhydrous ethanol/mL  Defoamer/g
EP 4 2 0 0 0 0.1
CCNTs/EP 0.5%CS-CNTs 4 2 0.03 1.5 0 0.1
SCCNTs/EP1 0.3%SA/CS-CNTs 4 2 0.018 0 0.9 0.1
SCCNTs/EP2 0.5%SA/CS-CNTs 4 2 0.03 0 1.5 0.1
SCCNTs/EP3 0.7%SA/CS-CNTs 4 2 0.042 0 2.1 0.1
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FESL: (a), (b)CNTs; (¢),(d)SA-CS/CNTs; Wiz : (e)EP; (1) CCNTs/EP; (g) SCCNTs/EP1; (h)SCCNTs/EP2; (1) SCCNTs/EP3
Fig.2 SEM photographs of samples
Morphology: (a), (b)CNTs; (¢), (d)SA-CS/CNTs; fracture surfaces: (e )EP; (1) CCNTs/EP;
(g)SCCNTs/EP1;(h)SCCNTs/EP2; (1) SCCNTs/EP3
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Fig.3 FT-IR spectra of samples
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K4 CNTs.CS-CNTsHISA/CS-CNTs i XPS 1% &l
(a) 5% ; (b)CS-CNTs 19 C 1s i (0)CS-CNTs YN Is % ; (d)SA/CS-CNTs 19 C 1s i ; (e)SA/CS-CNTs N 1s i
Fig.4 XPS spectra of CNTs,CS-CNTs,and SA/CS-CNTs
(a)survey spectra; (h)C 1s spectrum of CS-CNTs; (¢)N 1s spectrum of CS-CNTs;
(d)C 1s spectrum of SA/CS-CNTs; (e)N 1s spectrum of SA/CS-CNTs

2.1.4 $ESrHT

K 5 4 CNTs,CS-CNTs,SA/CS-CNTs ) i &
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g 0% BE AR 40 T AR 22 BE I/ 1 e VAl Bk R4 R e e 1) A
JE® 5 CNTs A, CS-CNTs #l SA/CS-CNTs [
D I GG B FEALR R AL ,CS-CNTs 19 1,/ 1 i
GR ) 1.13 FE 31 0.88, F B CS il & # i /E H UL A #E
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7 1.17, 38 SA/CS-CNTs B A B & 1 L F K F,
E— 4 T CNTs itk . P ot RBIZ CS
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£ \ 1/.=088
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Fig.5 Raman spectra of CNTs,CS-CNTs,and SA/CS-CNTs
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Fig.6  Water contact angles of coatings
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Table 2 Physical properties of EP,CCNTs/EP,and SCCNTs/EP coatings

Sample Adhesion/grade Hardness Impact resistance/ (kg+cm) Water absorption/ %
EP 1 2H 40 11.34
CCNTs/EP 0 2H 40 5.96
SCCNTs/EP1 0 3H 40 4.78
SCCNTs/EP2 0 3H 45 3.75
SCCNTs/EP3 0 3H 45 4.04
24 RRWALEEHH ool
RSN LA DRI 22 15 00 2 4 I
LRMIAE , FUAE S5 T B A AT 53 IR B T Lo B Ee R, B
1] 3 (2) Stream-Geary J B A8, Rl 5 B0 POCNTSER!
HERENCI T 2
K.K.
R i — a C ( 2)
" 2.303(K, +K.) Loy -8
Icorr o Icorr — 1 L L 1 L 1 L
=TT 100% (3) 05 =9 =& v =6 =5 =

J
2 Lo e AL EP U2 00 5 1ol L I 28 B 5 Lo R AR DUARE
i P T Db R 2 B 5 R AR JE AL L BE 5 K, VK539 h
FEFS A1 BHA% Tafel #H% .

K 7 2% F EP.CCNTs/EP #1 SCCNTs/EP &
HURIZTE 3.5% B NaClIE W iR 96 h A Ak il £
23 RITHE B RENBRAESEO B . —
TR 1% 5 ok L 2 R I , e A R U E A AL
Fh LA G, LT ok PR R Pl e 3 R A AR T Al
EP )2 ,CCNTs/EP #1 SCCNTs/EP & )2 1 L. 34
JIT T B, T Eo B 3948 e8I . Hop, SCCNTs/EP2
BRI L, 1.44X10 % Arem 2, LA EP )2 (4.17 X

Ig il(A-cm2)
7 WRZEAE3.5% NaClHiEHfa 96 h i Ak i £k

Fig.7 Polarization curves of coatings immersed in

3.5% NaCl solution for 96 h

107 Acem DN T A 2.5 MG E.. 8 —0.21V,
4l EP 3 hn 1 0.39 'V 2 il &0 M 89.50 %0 3§ K F
99.66 %0, R, KRBT ¥ )2 1 My B BH e P fig , SCCNTs/
EP2 % )2 R A K, A 1.81X10° Q-cm?, i & 5 T
4l EP % 2 (5.69X10° Q -cm?) il CCNTS/EP & )2
(6.20<10* Q +cm?) . DL E ¥ £ W, 5 4i EP.
CCNTs/EP Z /W ZHM L, SCCNTs/EP E /21
4 J@ Hb e B O R R B I P RE

&3 EP.CCNTS/EP.SCCNTS/EP R EHIRU S H
Table 3 Polarization parameters of EP,CCNTs/EP,and SCCNTs/EP coatings

Sample E../V I,./(A~cm ?) K/(Vedec ') K./(Vedec ) R,/(Q+cm?) /%
EP —0.60 4.17x10°° 0.1078 —0.1106 5.69x10°

CCNTSs/EP —0.45 4.38X1077 0.1218 —0.1285 6.20<10* 89.50
SCCNTs/EP1 —0.31 2.17X1077 0.1371 —0.1278 2.3210° 94.80
SCCNTs/EP2 —0.21 1.44%107¢ 0.1273 —0.1139 1.8110° 99.66
SCCNTs/EP3 —0.24 6.42107° 0.1321 —0.1222 4.2910° 98.46
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