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Preparation of amino-functionalized graphene oxide/sulfonated polyaniline and
its application in water bor ne epoxy anticorrosive coatings
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Abstract: Sulfonated polyaniline (SPANI) was synthesized from chlorosulfonic acid, aniline and
ammonium persulfate. Amino-functionalized graphene oxide composite (PG) was obtained by reduction
graphene oxide (GO) with polyethyleneimine (PEI). Amino-functionalized graphene oxide/sulfonated
polyaniline composite (SPG) was prepared by combining SPANI with PG using the active site on GO. The
waterborne epoxy anticorrosive coating was prepared by blending SPG with waterborne epoxy resin. The
structure of SPG was characterized by FTIR and XRD. The corrosion resistance of waterborne epoxy
coating was measured by salt spray and electrochemical experiments, and the physical properties of the
coating were analyzed. The results showed that the amino group on PEI successfully combined with GO,
and SPANI successfully increased the layer spacing of PG. The waterborne epoxy anticorrosive coating with
2% SPG (based on the total mass of epoxy resin and waterborne epoxy curing agent, the same below) had
the best corrosion resistance. The corrosion inhibition efficiency could reach 99.19%. Compared with those
of pure waterborne epoxy resin (EP), the corrosion current density decreased from 1080 nA/cm’ to
307 nA/cm?, and the corrosion voltage increased from —0.840 mV to —0.347 mV.
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B &

1.2.1 #eHE K pe (SPANI) #9H &
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FyEhme s, 28.6 g (1 mol) WM ELYA T 80 mL /K
H, RPN AR PR A S B VAR HI E 0 °C,
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80 °C, MWHATHL; HL3.63 g EHAFRYS T 5 mL
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CHEZHET, BIFE PG B i o 43 51H 0.1 g PANI
F10.1 g SPANI ¥ T 20 mL 5 g/L 4 PG /K20
A2 hE, 2BInA 1 mL K&, 75 90~95 °C
TR 12 h, 40 CHZHT, PHEEHZ 0.1 g &
i PG/PANI ¥y K F1 0.1 g B0 SPG MoK . & A2k
W PR,

SO;H
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& 1.3.2 X S & AT 4 m X

Frie SPG BEAMARTHLT KBk, &
10 g/L %) SPG /KA 8L o 4%3% 1 BCJ7 ¥ AN [R) JoT 2 1)
HORE CARHNEELRE . 2% ( LIKPEFR ARG 5K MR 4R
£k 50 B i S AT R B, TR ) GO. 2% PG. 2%
PG/PANI. 1% SPG 2% SPG.3% SPG JJil A 1.5 g E-51
KPR ER A, B4 30 min J5, FRIIA 4.5 ¢

IKAERR A, T‘fr'f’ﬁf 10 min, ®7/ 1h, EfEZEE
el u e I GV N é 2 07 s

4% M EP. GO/EP. PG/EP\ PANI/PG-EP. SPG/EP-1 .
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Table 1 Formula of waterborne epoxy coating
Fbh WM NR/e  ELR/g kg Kig

EP 1.5 4.5 0 0
GO/EP 1.5 4.5 0.122 12.2
PG/EP 1.5 4.5 0.122 12.2
PANI/PG-EP 1.5 4.5 0.122 12.2
SPG/EP-1 1.5 4.5 0.061 6.1
SPG/EP-2 1.5 4.5 0.122 12.2
SPG/EP-3 1.5 4.5 0.186 18.6
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i 4 (°)/min,
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& 1c AT UL, SPANI 7E 3100 ~ 3500 cm ' 4b 38—
Fald, XN N—H, C—N FIEA3F E C—H figsticsh,
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U 1149 em " b WO S C—N R 43R 3h 5 ke
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B A RRE R SEAL A7 BRI A R RN R SO A X
Wb, FEH SPANT A 2Bk T3040 & A&, fifi
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LD nis]
Fig. 1 FTIR spectra of GO (a), PG (b), SPANI (c¢) and SPG (d)

2.2 XRD ##7

[ 2 /& GO . SPANI Hil SPG f XRD %K, H1K
2a ] UL, GO 7E 20=11.6°4b7 —/N 2RIk, 1E 40°~45°
J R A — R R Al X5 R R Ak BRI I R
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1§, & 3¢ O[T 0L, SPG B &M EH A SPANI HIFHIE
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FI GO #F 20=11.6°KbWEA{LL, 17 /N 7 I RS TS 311
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XRD Z5HBFH, HI4500 SPG B A&+ RS54
S5KHATR]
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1 1 1

1
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20/°)

B2 GO (a). SPANI (b) Fl SPG (¢) ¥ XRD j¥[&l
Fig. 2 XRD patterns of GO (a), SPANI (b) and SPG (c)
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JEFLEIER, $EE Pt — P EEREE, B3 2
PG .PG/PANI Fl SPG TE 7K H1 73 BUAN [] Bsf [] A4 7K 43 1
REE . IR 3 AT, ERERTHE 15 d i), PG
PR CA B B UTRE LS, PG/PANI 43 B A
MBS, SPG FrHOR AR A VIS, =il
TR 30 d i, PG, PG/PANI 43 B0k 52 &0/ , SPG
SO R R AU . PANT (19S5 fiME F1 [ AT 3R i
PG/PANI S B0 AE 15 d 2 )5 HBLULHE , i SPG 43K
W GO Fil SPANI Z M5 Y m-n* AH A F{f SPG
Ay BRI R PR 5, ik SPANT VR N TH fEH2 25 PG
F 4y EctE, f SPG & &R Rz .

0d 15d 30d
c b a c b a c b a

Kl 3 PG (a)., PG/PANI (b) Fl SPG (c) FE/K 43

15 d 1 30 d J& 7K 7 oA i R
Fig. 3 Photos of PG (a), PG/ PANI (b) and SPG (c) aqueous
dispersions after 15 and 30 d
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AN, B PG/PANI (AR INRESEANFLIR , (H PR H 53
Bk %, HHE, NesgaeEs BFLR; mE 4c
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SPG fEARAF Moo HAE PR AR LR 2 T, FLIR A9 91 2% RE R
T N TR A

Kl 4 EP (a), PANI/PG-EP (b) #l SPG/EP-2 (c) JK/E
i SEM &

Fig. 4 SEM images of EP (a), PANI/PG-EP (b) and SPG/
EP-2 (¢)
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At BRI SPGB A MRHK A i, il
3 (1) TR RIS RN (3 A7 HCE
Y1l ). PG. PG/PANI. SPG HIVAMEESY 31K 5.03%
10.63%. 15.17%, 18 SPG 1E/K i v itk fe Ak
26 KEMADH

Kl 5 J& Q235 Hi#f . EP. PANI/PG-EP #l SPG/
EP-1~3 B/ fmE . K 5a 24t Q235 MELlk,
KL A 69.6°; & Sb ' EP /KBl /1
84.9°; &l 5¢ & PANI/PG-EP E-&& )2, /Kl h
89.5°; &l 5d~f & SPG/EP-1~3 B &2, KIE £
¥IRKF 90°,

a b c
69.6° 84.9° 89.5°
d e f

98.8° 106.2° 922°

0

Bl 5 # Q235 MM (a). EP (b), PANI/PG-EP (c) #I

SPG/EP-1~3 (d~f) fy4fili
Fig. 5 Contact angles of bare Q235 electrode (a), EP (b),
PANI/PG-EP (¢) and SPG/EP-1~3 (d~f)

IRSE B, PANI/PG-EP #il SPG/EP-1~3 &
BIRZRMMBBERE SOK Bl A, (IR 2B A HK
. Hrh, SPG/EP-2 B/ RIZH KM R, i
HbABE B Tk B AR, RS Dl B RK S

2.7 BRERWIEMEEST

% 2 & PG/EP. PANI/PG-EP #11 SPG/EP-1~3 &
FESFA) B 7 A B RTI K FERAEE S . NFR 2 FT A,
PANI/PG-EP Hl SPG/EP-1~3 5 IR (I [t 25 F134 0 0 4%,
EouE MBI 355, PANI/PG-EP Hl SPG/EP-1~2 1Y
WEEE RT3k 2H, HAHRPUAM AR | S48 S SR
[ fiE 77 ; SPG/EP-2 I R AU ML 7K % M\ PG/EP 19 13.26%
FEARE] 4.95%, WoKFRELRESE =B @ TERE. SPG/
EP-3 IR PRIERE FREZ RN Y SPGB in ik
| —E(ER, SR SAERERZ P EERER, 2
ANHL], ME T PG/EP &2, PANI/PG-EP i
SPG/EP-1~2 IRBEM Y EEVERE A it . Hip,
PANI/PG-EP I A 7K 22 W &5 T SPG/EP-1~3 IR
JIES, UEPHERAN SPG J R4 JIE By 68 s SR o 44

#2 PG/EP, PANIPG-EP Fil SPG/EP-1~3 52 1Y)
P RE
Table 2 Physical properties of PG/EP, PANI/PG-EP and
SPG/EP-1~3 composite coatings

i W& /4% iz WK /%
PG/EP 1 1H 13.26
PANI/PG-EP 0 2H 9.48
SPG/EP-1 0 2H 6.39
SPG/EP-2 0 2H 4.95
SPG/EP-3 0 1H 5.33

2.8 HUAFMXSH
2.8.1 A EH Tafel A

%l 6 & EP. GO/EP, PG/EP, PANI/PG-EP Fl
SPG/EP-1~3 ¥ 7 (1) Iy M1 8RR 0 76 B 41 80 3.5%
NaCl % 72 h R R Al 4 ; % 3 B2l fbeS
BB Cieon ) AR (Egon ) FIZZIHAL
F(n, %) BdE. £ 3 PREIEF A CHI660E
P Ak 2% 40 BT SRR A2 T H R il 26 R F i it 2 1 A7
A, BRI AU BT AMEE L AR 3E
ZE SN o T Ecorro MR T 2015

0

7/ % = e —teorr 1 (3)

lCOIT

K MERMBCRE, %; o A TFIEE G Y JE 1
WHERE, nAlem®; o NICIRIE D ORI JE Ml
BREE  pnA/em?,

MF 3 ATAL, M THE Q235 4, EP. GO/EP,
PG/EP. PANI/PG-EP Hl SPG/EP-1~3 B &5 EMIE
TR PR T B 0, Tl L O R TR, Rk
RpWitm . HIELT EP B2, SPG/EP-2 EARIZIE
Tt L 25 BE M EP 114 1080 nA/em? [AIXF] 307 nA/em?,
JE A M EP (19-0.840 mV 34K F]-0.347 mV, JE
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TRACR AT IR 99.19% o HAK A J Tt FeL 3 2 188 RN 1 11
Ji& R G N % A B S P RE, B SPG/EP-1~3
HAWIEMNTT PANUPG-EP & 414265 &t fie
i, H, SPG/EP-2 B A IRIZB S HERE R AL

E/(V vs. SCE)
s
'S

-9 -8 -7 -6 -5
log[i/(A/cm?)]

K6 EP(a). GO/EP(b), PG/EP (c). PANI/PG-EP (d)

I SPG/EP-1~3 (e~g) WRBLL LRI AL e
Fig. 6 Polarization curves of EP (a), GO/EP (b), PG/EP (c),
PANI/PG-EP (d) and SPG/EP-1~3 (e~g) coated
tinplates

#£3 TBRES %k, 4 EP.GO/EP. PG/EP ., PANI/PG-EP
1 SPG/EP-1~3 IR JZ 5 4k JE ph S5

Table 3 Corrosion parameters of bare tinplate, pure EP,
GO/EP, PG/EP, PANI/PG-EP and SPG/EP-1~3 coated

tinplates

Eeon/mV fcor/(NA/cM?) /%
TR ES 0k ~0.882 37700 —
EP —0.840 1080 97.10
GO/EP —0.667 516 98.63
PG/EP -0.591 465 98.77
PANI/PG-EP —0.547 396 98.95
SPG/EP-1 —0.412 336 99.12
SPG/EP-2 —0.347 307 99.19
SPG/EP-3 —0.352 310 99.18

T —FRRREMBEE, O] L.

2.8.2 H AR B EIS AAE

% 7 & EP. GO/EP., PG/EP, PANI/PG-EP I
SPG/EP-1~3 1R )2 12 M0 7E it it 734K 3.5% NaCl %5 i
96 h ) Nyquist ¥ Fll Bode K. Nyquist # £k H 25FH
PR, JEMRCRAL . H & 7a Nyquist ff14k
AL, EP IR JZ LA BT 42 B /N, GO/EP . PG/EP
PANI/PG-EP Fl SPG/EP-1~3 4 /2 Il A BH YL 1R 5
Wi, Hodb, SPG/EP-2 I3 JZ ML A BHIT AR e Kk
& 7b Bode HHZEH] W, EP EA fHefik AT BT
|Zloor = 1.25x10° Q-ecm® ; GO/EP . PG/EP .
PANI/PG-EP 1 SPG/EP-1~3 & &9 2 A5 B 4115
A&, PANI/PG-EP B &R 2 RMBH ST = T
291 MECE S, SPG/EP-1~3 & A1 2 By A5 B i 42
EABRT 1 AR, Hp, SPG/EP-2 B AIRIZW)

{Eﬁﬁﬁm:ﬁﬁwhm Hz:1-07><105 Q'szs BT LHWA
B g, & 7c Bode HHZE R WL, EP .GO/EP .PG/EP .
PANI/PG-EP U2 8 T WA, 2 BIJE bl i
E &R T , M SPG/EP-1~3 )2 HA —4
N, RGN TR A BA A R . 25 LR
iR, SPG N4 ek PG B IETERE, GO/EP,
PG/EP & A IRIZBIERCRA I PANI/PG-EP B &1k
JZ, i PANI/PG-EP & & & )2 B J& 8 R
SPG/EP-1~3 H&WR)Z. Hrf, SPG/EP-2 EAIR)E
%) 55 5 P B R X5 e S e A o

6.0x10°
-‘g 4.0x10°
o
)
N
" 2.0x10°

0r ~- SPG/EP-3
0 5.0x10° 1.0x10* 1.5x10*  2.0x10*
Z'/(Q-cm?)

log[|Z]o: 1/ (Q-cm?)]

—— EP —— SPG/EP-1

GO/EP —— SPG/EP-2
2 b — PG/EP - SPG/EP-3

—— PANI/PG-EP

-2 -1 0 1 2 3 4 5
log(f/Hz)

120 © — EP

—
x O
S O

log[|Z]o.o1 1/ (Q-cm?)]
FNEE-N
S S

[\
(=]

0 o NN

-2 -1 0 1 2 3 4 5
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¥ 7 EP. GO/EP. PG/EP. PANI/PG-EP #1 SPG/EP-1~3
TRIZTER L 3.5% NaCl R RH 96 h 1)
Nyquist #1 Bode ¥

Fig. 7 Nyquist and Bode curves of EP, GO/EP, PG/EP,
PANI/PG-EP and SPG/EP-1~3 coatings after immersing
in mass faction 3.5% NacCl solution for 96 h

29 HEMWRXSH
K 8 f& EP. GO/EP. PG/EP. PANI/PG-EP #i
SPG/EP-1~3 ¥R ) 5 O BRAEER 255250 3. 15 Fl 30 d
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Fig. 8 Photographs of EP, GO/EP, PG/EP, PANI/PG-EP and SPG/EP-1~3 coated tinplates after salt spray text for 3, 15 and 30 d
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