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Abstract: The corrosion and scale inhibition performance of bi-functional agent were evaluated by measuring anti-
scale effectiveness and corrosion inhibition efficiency. The corrosion inhibition and scale inhibition mechanism of
the agent was discussed by electrochemical technology, density functional theory and molecular dynamics simula-
tion calculations. The results showed that its corrosion inhibition efficiency was as high as 79.32% for carbon steel,
and the scale inhibition efficiency for CaCO; was 93.47%. With the increase of the doseage, the self corrosion poten-
tial kept moving positively, the polarization resistance R, increased gradually, and the self corrosion current density
decreased significantly. The inhibition mechanism of tripyridine was “geometric coverage effect” , in which the an-
odic adsorption retardation was more obvious. The LUMO and HOMO orbitals were mainly located around pyridine
ring and Br atoms, which were the active sites for its chelating effect with Ca® and corrosion inhibition effect by ad-

sorbing onto carbon steel surface. The alkyl chain length had no significant effect on the chelating strength of APMC
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with Ca*. However, with the increase of alkyl chain length, the chelating effect and anti-scale tendency decreased,

while the corrosion inhibition tendency by APMC s adsorption onto Fe(110) increased significantly.

Key words: trimeric pyrdinium ; electrochemical testing technology ; density functional theory; molecular dynamics;

corrosion and scale inhibition mechanism
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Fig. 1 The molecular structure of trimeric pyrdinium APMC
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Table 1  Ion content of aqueous solution

BT COo” HCO,” cl-

Ca™ Mg** S0,”” K*+Na* St Ba®*

JR R/ (mg-17") 0 835.94 6070.25

582.67 35.93

63.70 3547.28 7.64 7.69
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Gy TE 4x Je 2 H W TR JS By R AR AL, W LS A
Bl o

2 HBROSMEWIE

2.1 ZEihiERE
BN 100 mg/1L 25 5] Al
AR L3R 2,

75 10T JIR 2L A S o o 3 5

R2 FHEMERREMBEITELE

Table 2 The calculated uniform corrosion rate and inhibition efficiency

B 75 7 1122 o A S AR A R Ji it JEGE R, B R, B AL
SR ERIR AT I 5 F T A /mm? Bi%/g Dﬂzﬁlg K /g (mm-a™') (mm-a™) ES)
. 1 1401.71 11.576 7 11.544 3 0.032 4 0.393 6
25 0.365 6
2 1 400.95 11.559 3 11.531 6 0.027 8 0.3377 0.3
M 100 mg/L 3 1 380.06 11.3529 11.346 8 0.006 1 0.0753 0.075 6 ’
255 4 1371.27 11.3518 11.3457 0.006 1 0.0759 )

FAE SY/T 0026—1999 Fy #E , 78 B 4Bl K i T b,
25 R 8 SF 25 8 ol ik 28K T 0.254 mm/a, HEE il
TR N P8 s TR 100 mg/L 25 %) 2 )5 ik AR 1y

B At 3 3R O W ARG, HG A 19 U8 ot R A 0.075 6
mm/a, {8 T — il HH 7K A 8] 22 fabt BEL 3 70 JE5 ot o =32
i il 48 A5 CRIAIR F 0.076 mm/a)'™ | 28 1l 20 26 Oy
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Fig. 2 Macro- and micro-morphologies of corrosion
samples before and after adding inhibitor
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Table 3 Consumed EDTA solution volume of
scale-inhibition performance tests mL

yr 0 WE WmMAPMC & H ZEH JHER S ]
" W fra%ld WW O OWW2 B% (/%

1 7.30 050  7.80  93.15
CaCo, 93.47
2 7.35 0.55 7.80  93.79

MR 3 AT AL, % 25 50 X CaCO, 35 19 BH IR %
93.47% , F54 Q/SY 126—2014 AR fE K (Xf T CaCO,
I FHIG %£290% ) .
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Fig. 3 Polarization curves of super 20" steel

in different inhibitor concentration solution
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Table 4 The fitted results of electrochemical parameters of 20*
steel in different inhibitor concentration solution

QW ] =N
(ﬁgzg.%(:g?]?i) E/mV  i/(A-cm™) ba/(mV-decfl) bc/(mV-decfl)

0 -743  4.09x107° 28.03 —
50 -703  8.36x107 30.14 203.5
100 -682  5.53x1077 31.83 205.1
150 -663  5.67x1077 39.28 208.3

FA) 1 ol e A2 T T E RS o 24 SRR N £ 43 1R 50,100,
150 mg/L i, HA 7 IE RS 543591 o 40,2119 mV, R
T 68 b e A B ) S S A 1T AR W R 27 ok 5 A
Y HL b 2B R A o

Wi 25 24 500 B0 4 38 K 20 G ok F 3
5 WA, 24 25 70 B0 > 100 mg/L A, R
FI ol e 57 0E RS o 3G O, HLHL [ ol e 9 B AR AL
AN K (A TF 100 mg/L) o R, 25 51 4 B AR 358 i
254 100 mg/L.

ASTa] N 25 e BE 45 1 F 2074 19 IS & 3% Jr G 2%
B o ) WL R 4 B 5, Hoh RGRRVE TR, C,
FORUE WS 42 s v A 2R 18T T B A XU 2 LA L R R
7N L AT FE RS LB L R, C, VR, L A E R 3 T W B R
T BHAR 7 ik T T2 A R BEL R R R

41 5 AT, AU IR Dl st 22 3 BB
A2 HsF T) 5, BRI A X S B aIORMER A9 X R,
FR A X B SO IO (10 bR S AR S A L LA AR
1 DX JRRATT IR 07 P R 2528 Sy B AW S5 o7 o T = 4 8 e
L7 R T 35 R 0, I DX T I H B A 3 4%
PR B M S 0 3 AR DA TS AR SN A . i AN [ 551
R ], 28 A BT 1 3% RS A7 A 2 B ) 4
R 5910 Ay v A0 DX T I RTAER AR X 2R B, L v g A5 X
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Fig. 4 EIS plots of 20 steel in different
inhibitor concentration solution
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Fig. 5 EIS equivalent circuits of 20" steel in

different inhibitor concentration solution
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Table 5 Fitted results for EIS measured of 20" steel in different inhibitor concentration solution

%%TFI%{?EE/ (QR(i/mz) (F'(:('Tr/fz) n_y, Rt/(Q'(:mz) RL/(Q'(:mZ) Rm/(Q~(:m2) Cm/(F'(:miz) n_, RP/(Q'(:mZ)
0 7.355 8.38x107 0.718 92.08 36.42 — 15.83 1 128.5
50 7.160 7.89x107° 0.742 6 634 — 4 406 1.29x107 0.891 4 5.04x10°
100 7.144 8.08x107° 1 918 — 6612 1.15x107 0.91 7.53%10°
150 3.619 3.68x107’ 1 3 — 7318 5.822x107° 0.844 1 7.321x10°

Y 2% 5 AT A, i 2 590 TR R A 38 K, R R e Ak H
FH R, 2 Tt &, 24 25 7 # in& 2 100 mg/L B, R, /&
ik 7.53%10° Q - cm?, I I = B0 I 3 1 A9 H Ak 2 TR
A BEL ¥ 255 1 L 838 B e HER S, RO CR B s 2 2
0 2 — 2 B4 0 #1150 mg/L i, B 1k B BH R,
AR AN K (i 52 300 T e I A 32 ), 243 700 45 o 34
PN N =T 1 ik e R D Ao e
YER AR 25 8 2 1 R 100 mg/L, X 5 ik i
U T TEE S
2.4 ZMARECELTES
241 EFHFHH

fd ] Dmol3 #1 {4 XF 3 A4S [W] bt 2 £ < 1 43 +
AMPC(R 551k 6 12 18) 43 A AT LAk o Jo7 i
FHiZ ¥R B3LYP, Jf R 2 F TS 846 /Y DFT-D £
1E o XG0 o TS5 TH T 4 T T B K

R IR 5L

(D)2 TRTZHLIE . DMol3 JLAT 4k 2 )5 3 b
AN E FBE K (R4 50 6.12.18) APMC 4> T 454
K Hodg € 5 W6 8038 (HOMO) F g A% R |5 36 3
(LUMO) W.1# 6.

H L6 Al R, R TN e BEAE A (R 2031 R 6,12
18),3F APMC 231 40 FRI BB 58 AL, =& 1)
HOMO #138 F1 LUMO Ui ¥ 32 58 5 4 T g 21 FH .
PRI, e BEBE A6 APMC 23 19 TR PR B B B 18 3%
SR . AT APMC 431 8 Al S5 47 8 i e B
KL I Br J5 50 5 TR B L ik i Bt
AL LA i BE 5L A K Br J5 & APMC 235 oAb hr
T AR AR A OGBS PR A R

()85, ARG/ T AT BB TS
3F 4y BT R R 3 AL T I WE PR RN Br T B
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Fig. 6 The frontier molecular orbital of APMC (R=6,12,18)

T Rt — 2 2% 524y F vk E 2R R Br 5 (SR H
H2E A% FR 1, R FH Dmol3 8K 4FE — 2118 T APMC,
Iy F 1Y 48 F 45 B (Fukui indices) , 45 5 W% 6, #
T 4 5 UL T (AL G APMC6 43 1 Ja 33 B Wi I B
JEF 4 ) .

F6 APMCHFEHDREFRHIEY

Table 6 Fukui indices of some atoms in APMC, molecule

Fukui(-) Fukui(+)
T - - - -
Mulliken Hirshfeld Mulliken Hirshfeld

c(19) 0.011 0.048 0.005 0.027
C€(20) 0.066 0.006 -0.063 0.06
C(21) -0.026 -0.026 0.231 0.190
C(22) 0.053 0.027 -0.068 0.027
C(23) -0.046 -0.022 0.169 0.127
N(24) -0.063 -0.053 0.133 0.134
Br(119) 0.694 0.508 -0.053 0.012

22 6. & 7 A AR Fukui (=) AT RLHE 4> 119
SRR, T L APMC 20 F L mE A b 3 ZURF (N(24) )
R H R B SR [C(21) ) AR Bk S 7 (C(23) )T )
TR S R, B T AR B R, 2 AR
Fukui(+) 0] PLAIE 50 F 10 R0 T WL, APMC 431
M E B e (9 4y 3 ik J 1~ (C(19) .€(20) .C(22) ],
DL K Br J5 - (Br(119) J ¥ 5y T WKy 55 A% A6 a5, 51 i
mFREHET.
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Fig. 7 Schematic illustration of inhibition
mechanism for AMPC molecule
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i (E,,) B8 TR 454 68 (binding energy , E,) :
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Fig. 8 Initial and final models of APMC (R=6,12,18) and
PBTCA molecules in the vacuum Ca® boxes

B 25 b il S APMC (8% PBTCA) 4 + 1 R &

(B itece) » WIIR Ca™ B % & F M RE I (E, o) »
R 2315800 B fE ( adsorption energy, Ea,,) :
E =E = Eeemmotecute ™ E unrelaxed-hox (5)

T 15 B i 45 5 e (E,) Tk Bt Bk (E ) 45 5%
k7,
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Table 7 Binding energy and adsorption energy of APMC and
PBTCA molecules in vacuum Ca™ hoxes

S APMC,  APMC,  APMC,  PBTCA
E/(kJ-mol™)  1546.81 154020 154882  710.87
E /(kJ-mol))  -681.61  -494.49  -418.64  -393.15

AR E O ALY TAER
23 oh 5 B T B S 2R N T B TR I g
o XA RE RN ON IR, e R R, R 0T
LR W B A 2 R as AR . R Tl
L BEE APMC 7 T Y R B K 4% KO C H M I 48
JNE]C L H, 1 CHy, 304y FAE 2 T 5 Ca” N ZE &

RE X IEAE , =35 M /b 2 R HE P IR 2 APMC, <
APMC<APMC B = F LEEE 1 AE 5 A0 T, AH 25X
1E0.6% LN o 1] UL, APMC 43 1 14 e i B 4 %o H: 2%
B REE A I

W R A 1) 4 B SR o R R 2 I LS
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JERPRE RS, HRSERSWREE 2. %A
N A BE, B3R B4 5 Ca i R B A 1)
MK, MR TATAL FEE APMC 4T 9 A R G 3EBE K
M CH, MY I %) ¢, H,, F1 € Hy,, 3 Fh 4y 78 H 28
rh 558 B (0 W2 B R X R (A, = I R H
% RHEF MR & APMC,,<APMC,,<APMC,, H =% =
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Fig. 9 Initial and final models of APMC (R=6,12,18) and
PBTCA molecules absorbed onto Fe(110) surface
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Table 8 Binding energy and adsorption energy of APMC and
PBTCA molecules adsorbed onto Fe(110) surface

—molecule Eum’ela\(ed*surfﬂ('e

T APMC,  APMC, APMC,  PBTCA
E/(kJ-mol™) 189195 197278 260620  427.35
E_/(kl-mol))  -129544 -1323.03 -1619.40 -363.97
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Fe (110) 2 If Y W R 1) B% K o Hh 26 8 T 0, Bl %
APMC 43 F i R ot B 55 1< N CH 4K U 38 i 21
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