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Abstract: Benzotriazole (BTA) is loaded on sulfonated polyaniline functionalized polyhedral oligomeric silsesquioxane
(SPANI-POSS) to obtain benzotriazole @ sulfonated polyaniline functionalized polyhedral oligomeric silsesquioxane
(BTA@SPANI-POSS). Then BTA@SPANI-POSS is blended with epoxy resin to obtain BTA@SPANI-POSS epoxy coating. Finally,
several composite epoxy coatings are prepared on Q235 carbon steel. The structure, slow-release properties and surface morphology
of BTA@SPANI-POSS are characterized by infrared spectroscopy, ultraviolet-visible spectroscopy and scanning electron microscopy.
The hydrophobic and anticorrosive properties of the coating are studied by contact angle measuring instrument and electrochemical
workstation. The results show that with the addition of SPANI-POSS, the wettability of the coating decreases. The electrochemical
impedance spectroscopy (EIS) and tafel curve test results show that compared with SPANI-POSS epoxy coating,
BTA@SPANI-POSS epoxy coating loaded with BTA have higher and longer protection ability for metal substrate, in which the

corrosion current density icoy OFf EB1 5o, IS 16.67 n A » cm2, and its polarization resistance R, is 2.467 MQ - cm?. After soaking in
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3.5wt.% NaCl solution for 15 d, the epoxy coating still has a good anti-corrosion effect, and its impedance value Z; gy, is still

26.89% of that of the first day, showing excellent long-term stability and anti-corrosion performance. Owing to the synergistic effect
between SPANI-POSS and BTA, the prepared BTA@SPANI-POSS epoxy coating reacts complexly with the carbon steel substrate

during soaking, thus playing a long-term protective role.
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S R S Ay B o s 8 ek 5 1
hFR IR B, B Lk AR e F R
—. BRI, CURAYNREZ BRI BN, HERA
L b OB e LAREL 1, B2 B4 IR . 7
VIR RGNS R, A A R, TR
ARV 2 R 7S R R R0 L 4K I )
(AR R . B b A 22 g i 3R], X
L] F b s A G BEL L350, 2 16 R A 5 e i A 2>
SRS T, I A s B
1y RGBS R R, R IR SR AR A
WIEE ., AL R ) 2R — R AR .

2328 3 =M (Benzotriazole, BTA) &—Ff
PRI HLZ U R, ORI ML L .
RTE N B ARE R TR S R e, wr L s
Al 25 B B AT FE W B A G R T, T IR 1
PO, TR A T S R R s, B
@I R P, I, 7R TR BTA fF
KA — e, 104 BTA 1F A K s M L
W, RS BRAERTT, — Haf BTA BT
5 I o A TR, BTA (WA S e 8|
FMAL, SRS R,

PANI 2308 ek T 558 35 e A g Bf AR T T P g —
SHEBAY. T HME R, RO N T
AP A TR Akl g
NI (5 LN £ 116791 11| N N e i
W, g st mig g RS 2 A B
Kl BT AL SRR RS PIR AR FIRAS, Al eds e
A T RIELEEAL, Y5k S B4 T SR rp AR
i, PANI I i 4801 8 J50id 5 LA 9 897 10 T R i
HiB 23], PANIBETRL K45 4870 8 5 K bkt 1 30
T LA R S i R AE VR . BB A
FAAGHE . AT, R 5L S RS
FHLL S AP iR E A HC V2 52 32 A5 bk

POSS 1 —FFi L 5 B | TehL A AL 4K bt
Bl bR T E MR TEAL A R
HAMH A B R JERALR B A, W%

A il U(RSIOLs)n EKm o Hor, R LW LS
(1, AT DR AR PR, LS AR H
B %K. LR, POSS 45 145K B AT IR 5 1)
AT, i S AT oL JE T 5 R R D) REA )
AHUVE, LTG5 ] LI 45 6 ok A S A
R, R ) BAT = YK S5 R A HLEHL
PR, POSS i it A 45K B T BTA [47
W, HH A 5 2A Si-0O-Si [ o] LUK 71 2 BAR 1)
RIHRE, AT EARHS 6 T 2 Tk e

h T B R R B AR I B v e R AR
P, FFR T —Fh SPANI-POSS, Jfifiit 7 SPANI-
POSS [ fi#k BTA, #l% BTA@SPANI-POSS, ¥
BTA@SPANI-POSS 5 If % # JIg 3L & 15 3
BTA@SPANI-POSS M E AiRr)ZE, IHFWIIRIZEN
g K PE BE R B MEBE . WE T R W, BH
BTA@SPANI-POSS [FJ¥s N, ¥ 2 B I 1k e A d
$eTt, 23 Knta] 3.5 wt.% NaCl yviiiitl, A&
X} 4 B A > AR A

1 K%

1.1 RIEA R R 7

M AE (DQ200E) Alfilfk7] (DQ204H) i
VU)EF AR BT BR A T4, X RIIRTE 200 MR A
FEEAC, ERADIINER, 25 CF AL E A
12h; POSS, Hifil; hiR. W, IR, IR
(Ammonium persulfate, APS). Jfi%. ZRILARTIR .
BTA ¥4 50 Hrall, S0+ k4 Tk 2wl oKk
LW, b, WA R s NaCl, 2t
al, Rk KRR AR 2587K, Al
1.2 REHE

SPANI-POSS [1f|4% : SPANI-POSS [t fil 4% /7 2
CERT A2, ¥ 4.564 g APS /) BfE 25 ML 1 M
R KL % APS YR A, VAT . o 259
H i) POSS-NH, Fl 3.46 g Z L R R 73 HAE:
25mL 1 M /K, @A 10 min, FCE K
POSS-NH, / 2 LRI A WE I BEFE T, ¥
1.86 g A< N\ POSS-NH, / 5k K R R Vi 2 v
W ] RTRA, BRI APS YA, TN



o541

KRG, 25: BTA@SPANI-POSS SR = 1K) il 46 A9 Jo3 P g 163

SEHEE, RISRSORMBIAR, REFZARREE
WEHHE 24 he [RONVEEHRTE, Rk R L5
TR, FERIHE VLT, Wi, HKER 2
B /KPR B L PTIE A TR, BB L= ok,
135 B4 SPANI-POSS B, He o FH L2 T4
60 C NEAS T4 48 h, 7331 SPANI-POSS.
BTA@SPANI-POSS Ryl &: Wl 1 Prow, f&
40 “C I [ K 1 £ 5 4 wt.% BTA (1) 100 mL
K. B EES R MK/ D & SPANI-POSS
IAZIFERR T, RO HE 6 ho KRRk i ug,
HTE/K ClEDES, Brlafe SPANI-POSS K1 AL
A1 BTA, 5o 40 CTFEZ T4 12 h,

APS solution

/1,_,'\ o Room 2
i, ¥ / £ \temperature
o | ——- [ O

fIRoom temperature/” | &
N % N < | —
ﬁ Stirfor]2hb_-)/

o

KAdr for2ah |7, ¥
\_‘_, ir for %
f 3
\ / \Aminuh:nzcncsu]l’onic acid, Y
e aniline,POSS ('nntingqhh_‘

TR

' o T o

- 4 * F- s
SPANI-POSS BTA BTA@SPANI-POSS
Carbon steel

K1 BTA@SPANI-POSS M4 ik 2l 4 i
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Fig. 2 FT-IR spectra of BTA, SPANI-POSS and
BTA@SPANI-POSS
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Fig. 4 Ultraviolet-visible spectra of supernatant

under a series of soaking times
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(a) Images of BTA@SPANI-POSS

(b) SEM magnified image
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Fig. 5 SEM images of BTA@SPANI-POSS
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Table 1 Polarization curves parameters of Q235 carbon steel sheet and Q235 carbon steel sheet coated with

EP, ESisw, EBosw, EBi1gws, EBi1sy and EB, oy after immersion 1 days

Eoprr/ MV icor/ (A = cm2) 2/ (MV » dec™) b/ (mV « dec™) Veorr/ (MM + @) Ryl (KQ - o) IE /%

Bare -676.2 2.489x107* 78.11 -1160 2.894 0.1277 -
EP -613.3 1.005x10°° 84.83 -563.8 1.169x1072 31.86 99.60
ES150% -598.5 4.074x1077 93.81 -504.6 4.737x107° 84.31 99.84
EBo 50 -510.1 1.866x10~" 135.4 -350.8 2.170x10° 227.3 99.93
EB1.0% -573.1 5.834x1078 123.4 -567.4 6.784x107* 754.4 99.98
EB1.50 —647.2 1.667x107° 135.9 -312.5 1.938x10™* 2467 99.99
EB3.0% -611.9 4.613x10°® 94.29 -438.3 5.364x107* 730.4 99.98
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Fig. 8 EIS impedance spectrum of Q235 carbon steel sheet and Q235 carbon steel sheet coated with

EP, ES; 5%, EBg 506, EB1.09%, EB1.59 and EB, oo, respectively immersed in 3.5 wt.% NaCl solution for 1 d
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Table 2 Electrochemical impedance parameters of Q235 carbon steel sheet and Q235 carbon steel sheet coated with

EP, ES150, EBo596, EB1.0%, EB159, and EB; g9 respectively immersed in 3.5 wt.% NacCl solution for 1 d

Q Qui
samples R/ Q i R./KkQ Ra/ kQ
Yo/ (S« 5" cm™) ne Ya!/ (S + 8"+ cm™) Nai

Bare 24 2.067x107* 0.8314 0.01
EP 117.8 1.291x10° 1 24.11 5.947x10° 0.348 7 19.58
ESy1su 31.91 3.507x10°8 1 12.96 5.519x10° 0.5337 873.9
EBosy 97 8.511x10°8 0.776 7 340.4 1.039x10°° 0.999 7 584.3
EB1.o% 141 3.546x107 0.9252 1621 3.059x10~" 0.556 3 624.5
EBy.50 51 9.871x107 1 969.3 1.176x1077 0.4278 4039
EBy.0s 62 2.629x107° 1 153.3 1.331x10°° 0.488 9 4069

Notes: R; is solution resistance, Q, is constant phase of air layer, R, is air layer resistance, Q. is constant phase of coating, R, is coating resistance,

Qu is constant phase of double-layer, R is charge transfer resistance, Y represents the proportional factor, n is adjustable parameter.
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Fig. 10 EIS impedance spectrum of Q235 carbon steel sheet
coated with EB; s, immersed in 3.5 wt.% NaCl solution for 15 d
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