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Imidazoline quaternary ammonium salt corrosion inhibitor modified
montmorillonite/waterborne epoxy nanocoating
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Abstract: Oleic acid imidazoline quaternary ammonium salt corrosion inhibitor, synthesized from oleic acid,
diethylenetriamine and benzyl chloride, was characterized by FTIR and HNMR and filled between
Na-montmorillonite (DKO0) layers through ions exchange to obtain corrosion inhibitor modified montmorillonite
(QACDKO). The dtructure, composition and release properties of QACDKO were then characterized and
andyzed by XRD, TGA and UV-Vis. The results showed that the imidazoline quaternary ammonium salt
corrosion inhibitor accounted for 38.96% of QACDKO (mass), and expanded the montmorillonite layer distance
from 1.28 nm (DKO) to 3.98 nm (QACDKO). DLS and Zeta potential were further assessed to characterize the
stahility of agueous epoxy emulsion with QACDKO. The Zeta potential of emulsion was —27.8 mV, showing
high stability. Electrochemical impedance spectroscopy (EIS) test demonstrated that after 30 d of immersion in
corrosive medium, the varnish film prepared from QACDKO still maintained a high impedance of 2.29x108
Q-cm?, indicating excellent anticorrosive performance. Moreover, in the test of neutral salt spray resistance,
the grey varnish film containing pigment corresponding to QACDKO exhibited a longer sat spray resistance,
demonstrating its good salt spray resistance performance.

Key word s: imidazoline quaternary ammonium salts; corrosion inhibitors, montmorillonite; waterborne
epoxy resin; nanocomposite anticorrosive coatings; functional materials
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Fig. 9 Bode plots of waterborne epoxy varnish films
immersed in corrosive medium for different days
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Fig. 13 SEM images of surface morphology of different
waterborne epoxy varnish films

ML 13 AT LAWLEEE] VQACDKO/WEP I3 2 3K T
g, R ULFL. T VWEP, VDK3/WEP J
VDKO/WEP ¥ /2 2% 1 3 30 T B i ffL (R el b
T3 )o DOFP I A) B 1) R A A R A RAF
(B IS B YERE , A EIS TR . i rp 3k 25 3 K



- 988 -

A% @m & T FINE CHEMICALS

541

W K i b 52 G R BT IS L it 55 B K fE Y
PEFHERHE T A S ARIE
245 FHRELY XRD 4547

MEM S ENIBE A G, NEMIETRES
2R S )RR, #—P KREW A+ doo JZHHE .
PRGN i X 5 B R R S, X T AR
#H47 T XRD Mk, 458 LA 14,

MOE 14w DLW %% %], VDKO/WEP |
V QAVDKO/WEP. VDK3/WEP 152 i 4 B E-ERTET 43
ST 20=5.57°,2.13° . 2.64°, % )2 [ #E 551 4 1.59.,
4.18. 3.33nm, 5 2.2.1 PR SN L 2RI A
Fr R, RWAREM Bt — 24 = 2 5 2]

MWMWXWWWWWWM

VDKO/WEP d =1.59 nm |

/1 VQACDKO/WEP d = 4.18 nm
\vvwv/\ \\/\\/ W\A/LJA/“fV‘/ N/.V«/\\A/\“\/\\—\\\J\\/N\
. VDK3/WEP d =3.33 nm
1 2 3 4 5 6 7
20/(°)

K14 WEEREBE XRD #E
Fig. 14 XRD patterns of varnish films

2.5 FRIEERYIEMERE

K 20 4 FOARIB A AR Y P RE . 3R 2
AL, PR BERERREE T 3Eh 0 9, XAgas TR
R REA L 5 1 B T o

F 2 BEBREAYBMRE
Table2 Basic properties of varnish films
mi vwe YEKY VaACOKO VoK
HYEREREH 2 2 3 2
W 119 0 0 0 0
fiif whifi 5 B fem - 50 50 50 50
SR (60°)  87.1 80.6 99.5 61.9

5 VWEP Hlt, VQACDKO/WEP fy4% 2 fifi i
AT, ORI T RSN+ 248 & T
ACHR R RE R o [RIAS,  IDR nal bk 2 e £ 2% 1l ) 43
ORI B AR T 2 A BB

3 it

(1) JMPARILBKMRIkZ 4L (QAS) ] LIA RL*T
BNRESE M L AT, R HZ AR 1.28 nm B
% 3.98 nm, [EIWF, 7EJE A Tid QAS A] DLtk —4

R, A SRS S A BT B 3% .

(2) DLS, ZetaHLfliX#EH, QACDKO/WEP
kiR BN  Zeta L —27.8 mV, PDI %% DKO/WEP
W REAG, HE.Oa b, Ea3LmEA R
A E Mo

(3) EISTXFE, VQACDKO/WEP 7 J# A
iR 30 d JE BB AR 1x10° Q-en? LU F, {1
R BT ER S5 A AE SRR, 47 QACDKO A E A H
B ABAER, AT KB ERCR .

(4) SEM Fnmg ok =A%, VQACDKO/WEP
VRIS ELAT T R U W 25 R AU AR AR, AR T
I )65 1 R PR 4 1

(5) ARMFTREE G YK 7 )2 B 9k 20 B JE 2z ik
TR A B 57 J ) SR, Ry K P SR e

[1]  NJOKU C N, BAI W, ARUKALAM 1 O, et al. Epoxy-based smart
coating with self-repairing polyurea-formal dehyde microcapsules for
anticorrosion protection of aluminum aloy AA2024[J]. Journal of
Coatings Technology and Research, 2020, 17(3): 797-813.

[2] DUONG N T, AN T B, THAO P T, et al. Corrosion protection of
carbon steel by polyurethane coatings containing graphene oxide{J].
Vietnam Journa of Chemistry, 2020, 58(1): 108-112.

[38] LIUD (X, WU F ({iy), ZHAO W J (% 3CA), et al. Advancein
anticorrosion performance of epoxy resin[J]. Materials China (' [
FHRIERE), 2015, 34(11): 852-861.

[4 ZHANG Y, PROCOPLO L J. Waterborne epoxy dispersions and
curing agents for garage floor coatings[J]. JCT Coatingstech, 2015,
12(1): 34-43.

[5] YANG M L, WU J H, FANG D Q, et al. Corrosion protection of
waterborne epoxy coatings containing mussel-inspired adhesive
polymers based on polyaspartamide derivatives on carbon steel[J].
Journal of Materials Science & Technology, 2018, 34(12): 2464-
2471.

[6] NIUK H (4-8L#E), SONG W Q (Kfhig), XIE B Z (545, et al.
Research progress and application on waterborne epoxy resin coating
[J]. Guangzhou Chemical Industry ()"t T7), 2015, 43(13): 20-23, 49.

[7] HU Z Y, DONG L Z, SHANG P, et al. Preparation of non-ionic
emulsifier for waterborne epoxy late[J]. Paint & Coatings Industry,
2020, 50(2): 28-31, 7.

[8]  NEMATOLLAHI M, HEIDARIAN M, PEIKARI M, et al. Comparison
between the effect of nanoglass flake and montmorillonite
organoclay on corrosion performance of epoxy coating[J]. Corrosion
Science, 2010, 52(5): 1809-1817.

[9] GHAZI A, GHASEMI E, MANDAVIAN M, et al. The application of
benzimidazole and zinc cations intercalated sodium montmorillonite
as smart ion exchange inhibiting pigments in the epoxy ester coating
[J]. Corrosion Science, 2015, 94: 207-217.

[10] NAVARCHIAN A H, JOULAZADEH M, KARIMI F. Investigation
of corrosion protection performance of epoxy coatings modified by
polyaniline/clay nanocomposites on steel surfaces[J]. Progress in
Organic Coatings, 2014, 77(2): 347-353.

[11] YUK S(THULR), YANG J(H%), WANG H H (Eif#4£). Properties
of halloysite nanotubes/waterborne epoxy resin composites{J]. Fine
Chemicals (K54ii{k T°), 2016, 33(10): 1176-1182.

[12] SHUAI C, PENG B, LIU M, et al. A sdlf-assembled montmorillonite-
carbon nanotube hybrid nanoreinforcement for poly-L-lactic acid
bone scaffold[J]. Materials Today Advances, 2021, 11: 100158.



55 5 3] sk T, A DR IR ER G iR oM S R K R R AR B A TR R - 989
[13] HUANG L J, HAN X X, CHEN H B, et al. Preparation and barrier influences of the structure of chain segments of emulsifier on the

[14]

[15]

[16]

[17]

[18]

[19]

performance of layer-modified soil-stripping/cassava starch composite
films[J]. Polymers, 2020, 12(7): 1611.

QUIGLEY J P, BAIRD D G Improved mechanica properties of
organoclay/nylon 6 nanocomposites prepared via a supercritical
carbon dioxide-aided, melt blending method[J]. Polymer Composites,
2015, 36(3): 527-537.

BAGHERZADEH M R, MAHDAVI F. Preparation of epoxy-clay
nanocomposite and investigation on its anti-corrosive behavior in
epoxy coating[J]. Progress in Organic Coatings, 2007, 60(2): 117-120.
LIMA A C, JOU L M, BARCIA O E, et al. Montmorillonite as
corrosion protective pigment[J]. Corrosion Science, 2018, 141: 182-194.
LIU C (XI1%), CHEN X (FJi), YANG J (#7L). Corrosion
inhibitors and its application in CO, corrosion[J]. Chemical Industry
and Engineering Progress (ft. T-i/ J&), 2021, 40(11): 6305-6314.
SUN F (#V &), FU X P (i), LI B G (Z=4#). Review on the
research and application of imidazoline corrosion inhibitior[J].
Petroleum Processing and Petrochemicals (4 li1#:H 51k T0), 2014,
45(6): 96-102.

XU C X (K7, FANG J B (Jr#i), REN Q ({Eif). The

[20]

[21]

[22]

(23]

[24]

performance of waterborne epoxy resin[J]. Paint & Coatings Industry
(FRETlk), 2022, 52(4): 44-50, 58.

WANG P X, WU X L, XUE D H, et al. Preparation and
characterization of cationic corn starch with a high degree of
substitution in dioxane-THF-water media]J]. Carbohydrate Research,
2009, 344(7): 855.

OKAY O, DURMAZ S. Charge density dependence of elastic
modulus of strong polyelectrolyte hydrogels[J]. Polymer, 2002,
43(4): 1215-1221.

XU W B, BAO SP, HE PS. Intercalation and exfoliation behavior of
epoxy resin/curing agent/montmorillonite nanocomposite[J]. Journal
of Applied Polymer Science, 2002, 84(4): 842-849.

BAKSHI M I, AHMAD S. In-situ synthesis of synergistically active
ceria doped polypyrrole oleo-polyesteramide hybrid nanocomposite
coatings: Corrosion protection and flame retardancy behaviour[J].
Progressin Organic Coatings, 2020, 147: 105778.

KIM H, YARIN A L, LEE M W. Self-healing corrosion protection
film for marine environment[J]. Composites Part B: Engineering,
2020, 182: 107598.

(LBF 942 7)

[38]

[39]

[40]

[41]

[42

[43]

(44

[49]

[46]

[47]

[48]

BIAN X C, TANG JH, LI Z M, et al. Dependence of flame-retardant
properties on density of expandable graphite filled rigid polyurethane
foam[J]. Journa of Applied Polymer Science, 2007, 104(5): 3347-
3355.

ZHANG H M (3K i), ZHANG Q (5KHL), SANG X M (FLEH).
Preparation and property of APP/EG compounding flame retardant
rigid polyurethane foam[J]. New Chemical Materials (ft T HrEi44
#}), 2016, 44(11): 103-104, 107.

WANG Y T, WANG F, DONG Q X, et al. Expandable graphite
encapsulated by magnesium hydroxide nanosheets as an intumescent
flame retardant for rigid polyurethane foams[J]. Journa of Applied
Polymer Science, 2018, 135: 46749-46756.

FAN R L (JEH22), WANG L S (EF4), LI M Y (ZEHKS).
Synthesis and applications of phosphorus-nitrogen containing flame
retardant[J]. New Chemical Materials (fb T H 414}, 2008, 36(7):
9-12.

JANG H H (), LIU X L (X§isE), ZOU Y (4F5), et al.
Preparation and flame retardant properties of rigid polyurethane
foam/ammonium polyphosphate composites[J]. China Plastics
Industry (¥} Tllz), 2019, 47(1): 89-93.

DING H Y, HUANG K, LI SH, et al. Flame retardancy and thermal
degradation of halogen-free flame-retardant biobased polyurethane
composites based on ammonium polyphosphate and auminium
hypophosphite[J]. Polymer Testing, 2017, 62: 325-334.

LY S (ZEM), HAO JY (FSH#T), GUAN SY (CGilRz), et al.
Synthesis of flame-retardant melamine-polyether polyol and its
application in rigid PU foam[J]. Polyurethane Industry (8% T.
i), 2018, 33(6): 28-30.

LI X, YU Z Q, ZHANG L. Synthesis of a green reactive flame-
retardant polyether polyol and its application[J]. Journal of Applied
Polymer Science, 2021, 138(14): 50154-50164.

WU Y Q (fiffi#®). Synthesis of reactive phosphorous flame
retardant and its application in rigid polyurethane foam[D]. Fuzhou:
Fujian Normal University (fe 2l K 2%), 2016.

ZHANG L Q (3k37.5%). The synthesis of castor oil phosphate-based
flame retardant polyols and the preparation of rigid polyurethane
foam[D]. Beijing: Chinese Academy of Forestry (H E Ml RR2EAF 58
k%), 2014.

XU JS WU Y Q, ZHANG B L, et al. Synthesis and synergistic
flame-retardant effects of rigid polyurethane foams used reactive
DOPO-based polyols combination with expandable graphite[J].

[49]

(50]

(51]

(52

(53]

(54]

(59]

(56]

(571

(58]

(59]

Journal of Applied Polymer Science, 2021, 138(16): 50223-50232.
YAN J, XU P F, ZHANG P K, et al. Surface-modified ammonium
polyphosphate for flame-retardant and reinforced polyurethane
composites[J]. Colloids and Surfaces A: Physicochemica and
Engineering Aspects, 2021, 626(1): 127092-127102.

LUO F B, WU K, LU M G, et al. Surface modification of aluminum
hypophosphite and its application for polyurethane foam composites
[J]. Journal of Thermal Analysis and Calorimetry, 2017, 129(2): 1-9.
ZHANG B (7k7K), YANG S J (%), HAN X X (#it£+f), et al.
Preparation and properties of melamine phytic acid modified rigid
polyurethane foam[J]. Journal of Nanjing Tech University (Natural
Science Edition) (FA%E Tk K2F224R: FARRAAR), 2021, 43(2):
197-203, 218.

LIU H G (XI548F), HE D P (BU#5H), SHI M X (AHUE), et al.
Study on preparation and flameretardancy of silicone modified
polyurethane foam[J]. Journal of Wuhan University of Technology
(I T R2244R), 2018, 40(7): 5-9.

ZHANG Q H (3KFk4T). Synthesis of novel N-phenylaminomethyl
silsesquioxanes and their cooperation with PU[D]. Nanjing: Nanjing
University (5 K%%), 2012.

GAO X (F5E%). Nano SiO, grafted with polyether and its application
in polyurethane foam (PUF)[D]. Mianyang: Southwest University of
Science and Technology (P iRl k=), 2015.

LIN SL (#k&84%), LUO Z H (F#13K), CHEN D Q (H4/S175), et al.
Research progress on halogen-free flame retardant rigid polyurethane
foam[J]. Materials Reports (#1#} F+4ft), 2021, 35(1): 1196-1202.

MA S C (ittH¥). Synthesis of DOPO derivatives and study on
properties of flame retardant flexible polyurethane foam[D]. Hefei:
University of Science and Technology of China (*1 BRI AR K
2£), 2020.

HUANG H L (¥748), HE J X (faf#E2%). Preparation and flame
retardancy of P-Si modified graphene/waterborne polyurethane
composites]J]. ChinaDyeing & Finishing (EN%Y), 2021, 47(5): 35-39.
ZHANG C (7kE#), SHANG X L (Hi/M&), LUO X L (3% I5#5), et al.
Preparation of phenylferric phosphate and its flame retardation for
TPU[J]. Journal of Zhejiang Sci-Tech University (Natural Sciences)
(AT TRAE2: 4 FARBIEM), 2022, 47(5): 671-677.

ZHAO X L (#&/JE), ZHOU H T (JH¥#4), ZHOU S C (JEIER),
etal. Preparation and properties of intumescent flame retardant
thermoplastic polyurethane composites[J]. Journa of Tsinghua
University (Science and Technology) (IR 2F2AR: I AARFEIR),
2022, 62(6): 1074-1080.



