B8 104 *oamH TR
2021 4F 10 A EQUIPMENT ENVIRONMENTAL ENGINEERING 69 -

B HlAgKIRIR R 8- EIEM X B10 SIS &
HIEMITAMTR R
WEE ', BT, XA, SIS

(1.5 AR TR B TIBERMERTmIARDIN), &K 400039;
2\ RZE bR LTk, Wik WE 264005)

WE: B8 FFRAEDERIRRE P 8- A%k (8-HQ) *F BI0 sA&6& 0% kAT A . ik RAshwiitiiiw
%, WAL mE (EIS) Ak ExFFHK, AIARBRE 8-HQ /£ 1 mol/L NaCl J&i& T 4 A-4 89 45 4k ik
R, FFRAMG et TR EDATIA S LR TG E RS IITHN . &R FEF, E A BRI TR
Ay, FABMENE R, A 8-HQ REMTTE, 8-HQ sH4RAE-A ikl 2RI k7t 3. & T HayiBobksd
JE, BARAAIZ A 10 mg/L 8-HQ % NaCl ik P iy, FLAUAE Fo % 42 B L A i3 B 18] 09 28 K Bk R L
B3 RegMH . BN, sHEE B SArt—FEA T Cu(8-HQ), ¥ A, % 8-HQ 8 A LR T 47
A2 NaCl ik 7 ey ki &, X5 §-HQ E4RSEE B R T ¥ B, ML EMIZER T & AR R BT
¥, % 8HQ MR HRAA 10 mg/L i, HatiAbetBirac R itt, F LR TARA 20 & iR bt
[ A2 Rt ) 6 2 K4 AR, 22 R B 8-HQ A= Cu™ H s #9[Cu( 11 ) HQ] %At 5 7R W7 3% /R4 CuCl, 4297
AR A KT T AMRAER, Amipd T SR IR

IR BB 8-BAEvk; 4RA4; LA4RITA; EIS

FENES: TG174.42 MERFRIZAD: A XEHS: 1672-9242(2021)10-0069-07

DOl : 10.7643/ issn.1672-9242.2021.10.012

Study on the Corrosion Inhibition Behavior of B10 Copper Alloy by
8-hydroxyquinolinein Simulated Seawater Environment

ZHANG Xian-yong', LU Zhong-hai*, LIU Jie*, LI Chuan-peng*

(1.Weathering Test and Research Center of Science Technology and Industry for National Defense, Southwest Institute
of Technology and Engineering, Chongqing 400039, China; 2.College of Chemistry and Chemical
Engineering, Yantai University, Yantai 264005, China)

ABSTRACT: This paper aims to study the corrosion inhibition behavior of 8-hydroxyquinoline (8-HQ) on B10 copper alloy in
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simulated seawater environment. The corrosion inhibition effect of different concentrations of 8-HQ in 1 mol/L NaCl solution
on copper alloy was studied using potential polarization curve, electrochemical impedance spectroscopy (EIS) and weight loss
experiments. The composition of the rust layer on the surface of the copper alloy was analyzed by the Fourier Transform Infra-
red spectrum analyzer (FT-IR). When copper alloy was immersed in NaCl solution with 8-HQ, its self-corrosion current density
decreased and the impedance modulus value increased. With the increase of the concentration of 8-HQ, the corrosion inhibition
efficiency of 8-HQ on copper alloy showed a stage characteristic of increasing first and then decreasing. When the copper alloy
is immersed in 10 mg/L 8-HQ NaCl solution, the impedance modulus value and corrosion inhibition efficiency generally
showed an increasing trend with the extension of the immersion time. Meanwhile, the presence of Cu(8-HQ), was further
proved by the infrared spectrum analysis of the rust layer. The corrosion rate of copper alloy in NaCl solution was reduced due
to the presence of 8-HQ, which was related to the formation of a protective film on the surface of copper alloy by 8-HQ to pre-
vent the migration of oxygen from the solution to the cathode region. When the concentration of 8-HQ was 10 mg/L, it had the
best corrosion inhibition effect on copper alloy. And the corrosion resistance of the copper alloy at this concentration continued
to increase with the extension of the immersion time, which was mainly attributed to the fact that the [Cu( Il )HQ] chelate film

formed by 8-HQ and Cu®" and the increasing thickness of CuCl, protective film produced a synergistic effect on the surface of
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the copper alloy, thereby inhibiting the corrosion reaction of the electrode.

KEY WORDS: simulated seawater; 8-hydroxyquinoline; copper alloy; corrosion inhibition behavior; EIS
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Fig.1 Photo of B10 copper alloy samples
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Tab.1 Chemical composition of B10 copper alloy

JLE Ni+Co Fe Pb C Cu
RS EU% 9.5~10.5 <020 <0.01 <0.03 =89.5

1.2 BHEikEH
JE ALY 5 M, A HERAR L 2.

x2 AREIKE8-HQMEMAR
Tab.2 Corrosion solutions with different
concentrations of 8-HQ

g FERREIE e
/(mg-L )
Blank 0 1 mol/L NaCl
1 5 1 mol/L NaCl+5 mg/L 8-HQ
2 10 1 mol/L NaCl+10 mg/L 8-HQ
3 50 1 mol/L NaCl+50 mg/L 8-HQ
4 100 1 mol/L NaCl+100 mg/L 8-HQ
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Fig.2 Polarization curves of copper alloy in 1 mol/L NaCl
solution with different concentrations of 8-HQ
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Tab.3 Fitting results of polarization curve

éﬁm%ﬂﬁiﬁ% J(pA-cm™) E/mV  by/mV  bJ/mV  5/%
JE/(mg-L™)
Blank 26.880 —261.15 15.388 —16.522
5 22.163  -279.45 10.853 —11.967 21.28
10 19.556  —280.33 12.026 —11.381 37.45
50 24833  -263.08 15.548 —14.074 8.24
100 26324 -271.43 17.611 —17.932 2.11
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Fig.3 The reaction equation of Cu®*" chelating with 8-HQ to
form Cu(8-HQ),
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Fig.4 Nyquist plot (a) and Bode plot (b) of copper alloy in 1
mol/L NaCl solution with different concentrations of 8-HQ
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Tab.4 The fitting parameters of the EIS curve and corrosion inhibition efficiency of copper alloy in 1 mol/L NaCl solution with

different concentrations of 8-HQ

ZF REWE/(mg' L") RJ/Q  CPEJ(uF-cm?) R /(kQ-cm?) CPEy/(uF-ecm ) Rf/(kQ-cm?)  W/(x107)  #/%
0 19.17 232.2 34.12 3.529 —

5 23.59 29.71 332.0 58.74 1575 2.636  30.06

10 15.21 27.14 582.8 49.24 2126 2.892  60.16

50 15.63 32.26 282.0 58.74 1293 2.600  17.66

100 15.25 31.59 245.7 105.5 1109 2.796 5.49
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Tab.5 Corrosion rate and inhibition efficiency of copper al-

loys immersed in 8-HQ solutions of different concentrations
for 72 h

b 8-HQ MR E W ¥ /(mg' L) B/(mm-a™) /%
Blank 0.003 23 —

5 0.00251 2222

10 0.00203  37.04

50 0.003 00 7.41

100 0.003 11 3.7
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Fig.6 Nyquist plot of copper alloy after immersed in 10 mg/L
8-HQ NaCl solution for different time
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&6 B10HAEETE 10 mg/L 8-HQ #y NaCl A HiRiBARE R E/GF EIS &M ESE
Tab.6 Fitting parameters of the EIS curve of B10 copper alloy after immersed in NaCl solution with
10 mg/L 8-HQ for different times

Immersion time/h  R/Q  CPE;/(WF-cm™?) Ry/(kQ-cm®) CPEg/(UF-cm™®) Yoou(x10° Q") Ngy  Rf/(kQ-cm®) W/(x107)  y/%
Blank 19.17 — 160.9 105.5 — — 3.529
1 15.47 34.23 324.4 66.96 — — 1.307 2467 5040
6 15.88 31.22 458.7 39.54 — — 2.426 1303 64.92
12 17.79 3121 522.6 33.9 — — 3.923 1.033 6921
24 15.7 31.25 589.9 29.60 — — 3.805 1.114 7272
48 20.49 24.58 511.9 25.17 — — 5.438 0.939  68.56
72 19.91 20.99 232.2 23.69 — — 7.208 1453 3071
96 16.68 12.41 1526 — 4538 7.426 11.48 1.545  89.45
120 16.38 10.49 15510 — 4.68 7.176 15.77 2352 98.96
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Fig.7 Bode plot of copper alloy after immersed in NaCl solu-
tion with 10 mg/L 8-HQ for different time: a) impedance
modulus; b) phase angle
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Fig. 8 FT-IR spectrum of the rust layer of copper alloy after
immersed in NaCl solution with 10 mg/L 8-HQ for 120 h
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