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Electrochemical behavior of copper passivated by
MBT and HQ in 3.5%NaCl solution
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Abstract: The performance of benzotriazole(BTA) and 2-mercaptobenzothiazole(MBT) as corrosion inhibitors for
copper was investigated in 3.5% NaCl solution. Potentiodynamic polarization, cyclic voltammogram and AC impedance
spectroscopy were used to study the electrochemical behaviors of copper electrodes passivated by inhibitors and their
complex. Corrosion morphologies of copper electrodes in 3.5%NacCl solution were observed directly by scanning electron
microscopy (SEM). The results show that the complex compound films formatted by MBT or HQ on copper surface
apparently increase the copper electrode anticorrosion in 3.5%NaCl solution. The anticorrosive efficiency of 0.5
mmol/LMBT+0.5 mmol/L HQ combined inhibitor is 90.3%. The anticorrosive effect order of those corrosion inhibitors is
MBT+HQ>MBT>HQ>>Blank. The mechanism of the synergistic effect for MBT and HQ has also been discussed in detail.
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PEREIATLAE Y, MBT BE-S5HIR 1 Cu'VE - L&
Y, 280 Cu()-MBT JiE, 1] HQ &5 Cu®
A [Cu(TT)HQ]ZE & BRAT Ay il e Ab R AMAS R, IXFF
MBT Fl HQ & e LI Ah, R IF 48 R i 2R A
Bl 2 BRI RN e R, AT RS 0 T RT3 e ) R
e

HAT, A ANK 2 BOCIROE & 32 2 260
T VR PP AN I L ol ) R P S R B, R A
G WAL AT O S PR R 41, EL-TAIB
HEAKAL F 200l 78 2 0l 30 h 45 il MBT 5
TR MR B 1 A ) B S A P S A G ol o Tk R A 2 OV 9
T BTA Fil 8—F2FEMEIR(HQ)TE 3%NaCl i (1 22l
P EIVER . KARPAGAVALLI Z5UOIF57 1 85 45 04
MBT FlER A L /K L AL RE ¥ NaCl i i i Hagh 2
170, KB MBT FIUERE L4 KK WAL A A S5 bl
80N, PR SRS R I8 94.0 %. {2, KT
W2 MBT Hl HQ & LS iyl ab #E, Bt f5 R
FH H Ak 2 T B U H L 4E NaCl #h 7K 3 9 (L
W IC SR AT AE ) HLAR A AT 1) G A WL

AR SCAE A R T AR 2 T AR il A 9 b A 2 T 4
MBT Fl HQ &R AL #E 5 7F 3.5%NaCl 7 il
AT Ry, A BhFRG LG 3 11 22 2 ol ) A P i
A HIESE,  DAVPAN S FL S i v A BSR40 AT
MBT 15 HQ 7r4l4 2 (it ] ot 5 i o L], 4 5
AR S %

1 SR

1.1 BRIRERE

SR Al o TAEHIAR . (5% 10 mmX 10
mm [ TAETA, LR AR 2k FH A
WAGERATIE, Yt)m, FHNEL . JoK Ol k7%
TRAIEYE, WA 6%H, SO T REAT 1 min fRYE, bl
Ja 2y W 1 mmol/L MBT. 1 mmol/L HQ u{ 0.5
mmol/L MBT+0.5 mmol/L HQ ¥ 0.5h, fFH.
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Fig. 1 Cyclic voltammograms of Cu electrodes in 3.5%NaCl

solution
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Fig. 2 Potentiodynamic polarization curves of Cu electrodes

in 3.5%NaCl solution
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Table 1  Electrochemical parameter of Cu electrodes

immersed in 3.5%NaCl solution

Inhibitor Peor/mV Jeon/ (A-cm ) %
Blank —342 13.42 -
HQ -371 7.665 46.5
MBT —407 2.819 79.0
HQ+HQ —420 1.305 90.3
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Fig. 3 Nyquist plots for Cu electrodes in 3.5%NaCl solution
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Fig. 4 Bode plots for Cu electrodes in 3.5%NacCl solution: (a)
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Table 2 Equivalent circuit for Cu electrodes in 3.5%NaCl

solution
Inhibitor Equivalent circuit
Rs RP RI Cl
CPE T
Blank 2
CPE, ’
R, L, R, G
CPE T
HQ )
CPE, ’
Rs RP Rt
MBT [P,
CPE,
Rs Ll Rt
—IO v
HQ+MBT CPE,
CPE,

Table 3 Fitting data on equivalent circuit for Cu electrodes in 3.5%NaCl solution

Inhibitor ~ R/(Q-em™)  R/(Qem™®)  R/(Qem™) CPE/(uF-em ®)  CPE/(uF-em®)  C/(Qem?)  Ly/(Q-cm ?)
Blank 4.084 247.8 4.528 %10 2.199X10°° 1.626X10*  1.141X 1072 -
HQ 4.508 - 1.226 < 10* 5.352%X10°° 3.501X10°  7.666X10°° 1.005
MBT 6.483 342.1 7.526x10* 3.701X10°¢ 7.784X 107 - -

HQ+MBT 3.142 - 9.895Xx10* 1.460x10°° 8.329%X107° - 0.313
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Fig. 5 Morphologies of Cu electrodes after immersed with various inhibitors in 3.5%NaCl solution for 14 d: (a) Blank; (b) 1
mmol/L HQ; (¢) 1 mmol/L MBT; (d) 0.5 mmol/L HQ+0.5 mmol/L MBT
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Table 4  Structural parameter and charge distribution on atoms of MBT under various conditions**!
Molecule Charge distribution on atoms Bond length
Cl S2 S3 N4 C1-S1 C1-S3 CI1-N4
MBT(mercaptan) 0.609 —0.829 0.129 —0.258 0.947 0.905 0.944
MBT(thioketone) 0.636 —0.004 0.098 —-1.017 0.890 0.862 1.023
MBT(ionic) 0.661 —0.895 0.095 —1.022 0.884 0.862 0.964

TR EE AR EIR ASAFAE . HHER 4 7150, MBT EM R
T, S2 Bt oA f %, A-0.829, UL I S2
PP SMEFER, T S2 SR IR SR sp’
Zetb, FPUEISMIT 108928, S2 HHTR ¥ K
T TR, T MBT 297~V 1i 55 4 2 1 MR
INEIEL L 6). 10 MBT ZEGREDIRA R, N4 _Eff
GRS, A—1.017, BRI N4 SR sp’ 244k,
WP S R s — RN A s B, RITGie
MBT AR EE s AR MR ASAE4E, MBT fEHZR 1N _-#RF
W P-PER 77 A e, s AR, FER S R ik
T A b BELAS HRLfar 5 AR AT A e, R
T H,0. Cl BFa5/eii &1 BB pt, i, {#15
B AR A R 7K Y R e B 5 FARAEG. J 8 MBT
O3 VT - PAT TR R, AR SR AR ¥ )7 1)
HARA P8, XAl Rel e T s R
LR I S

5 FrAh S SCER[15143 8] HQ #i4) Ji - L1
M A B2 5 ATRLE Y, fErRHEEREE R, N10 Al
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Fig. 7 Proposed structures for 8-hydroxyl decoquinate adsorb

o C

on copper electrodes
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Table 5 Charge distributions on various atoms of HQ
molecule
Atom  Charge distribution | Atom Charge distribution

Cl1 —0.088 227 N10 —0.565 986

C2 —0.146 693 Ol11 —0.562 966

C3 0.140 296 H12 0.090 632

C4 —0.121 714 H13 0.082 368

C5 0.335 001 H14 0.097 099

C6 0.206 416 H15 0.100 229

C7 —0.089 247 H16 0.095 817

C8 —0.114 485 H17 0.102 090

C9 0.107 356 H18 0.332013

Ol1 Jair Baf s lifri %, Wit kvt, *
BIEH N10 Fi1 O11 $2ff i+, MRAERT&PuE 2 it, HQ
() HOMO 45 Cu ] LUMO fEH, JERICAi%E; Cu [
HOMO 5 HQ 1 LUMO fEH, e i, Mimfe
73 HQ W B A1 42 e & 18 o

6 G HSCHRR(1513 8] HQ M4t Eidi 2
. HE6FH, HQ /¥ LBx HI8 LIS, HAhR+
Bb T R—Fif b TR FRPIERM R EIE T 21
RS, (R PR, SO 2 N10. O11
JRF5ER,  BIEEAN 71 HOMO FEZERI A N10 Al
Oll [MRTLHE. TR TR sp” 241k, N10
KH sp” 241k, O11 KA sp’ A4k, Wow & 55
%mm%$@ﬁa%mﬁ@ A HQ 3 111 HE L
T, AEEWE 7 P, XA AR R S 7R
mmﬂ¢m@%ﬁgﬁ%%ﬁ;@mm%HQﬁ?&
) 2 THT YA R R T AR, B HQ 2R s R
EARU MBT HIZ2 R

T HQ 71 EL R B e R i, 21 I Ak
ORGP, SEU N R AL b 4552
BN TR RIVER, HAERA Y TR0 EArde
—ANHUK Ly, IXR R 2 757 HQ IR W i 552
%%¢ H T —ANHUE TR SR R . L far (4 #% 2
T I B HQ 43 2 18] I 15 40 2 T 4 i 1) S 5 -1k
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Table 6 Structural parameter of HQ molecule

Parameter Value Parameter Value
R(1,2) 1.379 4 D(12,1,2,13) 0
R(1,4) 1.4142 D(2,1,4,5) 0
R(2,3) 1.418 8 D(2,1,4,14) 180
R(3,6) 1.4258 D(12,1,4,5) —180
R(3,7) 1.418 6 D(12,1,4,14) 0
R(4,5) 1.3809 D(1,2,3,6) 0
R(5,6) 1.4305 D(1,2,3,7) 180
R(5,11) 1.3496 D(13,2,3,6) 180
R(11,8) 0.978 4 D(13,2,3,7) 0

D(4,1,2,3) 0 D(2,3,6) 0

D(4,1,2,13) 180 D(2,3,6,10) 180
D(12,1,2,3) 180

A7, BUT e R HIBH AN, 2 T HQ 2 aCR .
Mz MBT 5 HQ 22| SR 5,
T MBT LU R 7 2 B A i i, I 54
K CufEHER— 21 Cu(D)-MBT i; HQ
) LA B 7 SO B E R T, IR Cut AR
[Cu( I1)HQIZ A1 HQ 15 MBT 4 1 {E 4 1 A 44
G, STATWMN S T E AL &, AT RER, 7E
WM IR T SR A AR M R s S, Al
B 5 7 3.5%NaCl ¥ iR U8R B o, HQ
FMBT 20145 B 2 22 i b AR, LGl Tk
90.3%; ¥l 8 fT7n % HQ+MBT & I ib 3 £r4 4 i A
PRI 45 T T T NaC V3RS b i) 7~ 725

Cu,0 o MBT
ocCr  0eNaCl  E9H,0

8 it Z: HQHMBT SRCHALELSTE 3.5%NaCl ¥l
PHE AT g

Fig. 8 Corrosion behaviors of Cu electrodes after immersed
HQ+MBT liquor in 3.5%NaCl solution
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1) £ MBT 8% HQ Z& il db i J5 , Hi 1t 3.5% NaCl
W) B AL AR, TR B Jeon W SRR
fik: 5 HQ fEHI b4, MBT i A hf: R

HQ+MBT K EL AN S, () 8 ik e 7 32— 20 £
B, B Jon WE—D AL, A S0P
N, SRR 22 A AT IA 90.3%

2) MBT & HQ {E4i 2[RI ) 2 5 W s, A v
R HIBHIE O, i S A S LA RN, R
B HAE 3.5%NaCl ¥l T ke /. HQ 5 MBT
Z W T EVER], 4 HQHMBT EECWALEE, Hifif
L N ERT S iy NP o] 7 K A v e 757 =18

3) % MBT A3, MBT 231454 Fbl 26 i3 -
SR 77 B, I Cu™E FAE Cu/d i St it Pty
% Cu(I)-MBT i, 22 HQ AbPE)5, HQ 4 F{EH1 K 1H
T 17 B, IF S Cut Rk AR A AR FE K
[Cu( I1)HQ)IZ4 /1 MBT SRR 44y 1 MBT 43
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