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Comparative study on soil corrosion of copper-clad steel and nickel-chromium-clad aluminum—copper alloy

grounding electrodes

JIANG Weinan ' *, ZHU Zheng?, LIU Yang?2, JIANG Longhua?, ZHOU Xuejie *, CHEN Zhijian 3

1. Chizhou Electric Power Planning and Design Institute, Chizhou 247099, China
2. State Grid Anhui Electric Power Co., Ltd. Chizhou Power Supply Company, Chizhou 247000, China
3. China Academy of Machinery Wuhan Research Institute of Materials Protection Co., Ltd., Wuhan 430030, China

Abstract: [Objective] To compare the soil corrosion behavior of the traditional copper-clad steel and the novel nickel—
chromium-clad aluminum-copper alloy for grounding applications. [Method] The corrosion characteristics of the two
materials in acidic soil and saline-alkali soil were studied through accelerated indoor soil corrosion tests. Their
electrochemical behavior in simulated soil solutions was analyzed by electrochemical impedance spectroscopy (EIS) and
polarization curve measurements. The morphology and composition of the corroded surfaces were characterized using
scanning electron microscopy (SEM) and energy-dispersive spectroscopy (EDS). [Result] Compared with copper-clad
steel, the nickel-chromium-clad aluminum—copper alloy showed only slight corrosion after 30 days of accelerated soil
corrosion testing. After 30 days of immersion in simulated acidic soil solution and saline-alkali soil solution, the charge
transfer resistance of the nickel-chromium-clad aluminum—copper alloy was 2.9 times and 4.3 times that of the copper-
clad steel, respectively, while its corrosion current density was also lower. [Conclusion] The nickel-chromium-clad
aluminum—copper alloy exhibits superior corrosion resistance to the copper-clad steel.

Keywords: nickel-chromium-clad aluminum—copper alloy; copper-clad steel; soil corrosion; grounding;
electrochemistry
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Table 1 Ionic composition of soil samples

L g/kg
T HEPE R R K* Na* Ca2* Mg?* CI N NO;
Rt Tt 0.009 2 0.0142 0.023 4 0.003 5 0.009 5 0.046 0 0.014 1
At JR 2 0.017 9 0.1309 0.072 8 0.030 6 0.176 2 0.346 3 0.009 4

2 PARSADL - 398 e SER B0 2 B SR A ERR IS B B R AR 1 T/CSTM 00046.4-2018 (KA & 45144
RS 25 4 oy BT R R BT, LHEE AN ERYE AR AL AR, TR HARR
T, RS G 20 HE, IS 0 B AR AR, 7R 105°C T 6h, AHSTRE, A
ZTR /K O B3 7K B 20% 0 3 JoT, AR REAT 2 N R ike, TREE 70 °C, IFTE] 30 ds

ISR AR, HERREEE L, PRI, WRENEME. REEH D8 Advance 7Y
X S ERAT AR B o = AT AR A3 A s 48 H ST GSM—-6510A 7 4714 Hi B8 K JH: B 5 1 BB 1S ASCGBEAT SO0 T
SRMEE N TR R T . HRYEE bR GB/T 16545-2015 (& J@ME& &M 8 mukke EE =y rnsis) ot
ITRRES, IR H 50 g 2 B IN 25 5 /K EL A 1 000 mL VAR 2 i NFREE, 5 min J5 BUH A
B E ARG 4K B 100 mL fHER N 25 5 /KL 1 000 mL K AE 60 °C FERES, 20 min f5HUH
R

KF PARSTAT 2273 B Ab 24 TAES T B Ak 2R, A PRUERIS vl SR M, A o R P - 498 5 At
A (75 NaCl 0.048 g/L. CaCl, 0.017 g/L. KNO; 0.039 g/L. NaHCOs 0.015 g/L. Na,SO4 0.027 g/L Fll
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MgCl-6H20 0.017 g/L, pH = 4.4~ 4.6) FH Eh5 1338 J& il A AR (7 NaCl3.17 g/L. CaCl, 0.244 g/L. KNOs
0.216 g/L. NaHCO; 0.146 g/L. Na;SO4 2.53 g/L £l MgCl,-6H,0 0.670 g/L, pH=9.2 ~9.4) . i ¥I%H =
A R, TAE BRI (REEIARIN 4 cm?), SHBHEENCHASEHER, SOy 7R Bk
(SCE) o Sk TAF stf BT -3 P BRI HEAT 2 000 s FOFF B B AZ IR . HE Ak 252 BEL BT B I 4 7 B LT
NIEAT, SiFM 100kHz 2 10 mHz, ZHfE SIRIEA 10mV, WHAKEE KA ZSimpWin HAF TG . 3)
LA AR A i 2R AR T 55 % 1 mV/s,  FAZE Rl RO T FF % FELAT) 2—0.2 ~ 0.3 V.
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(a) FRME-L AR AR R 5 i (b) Rtk L4 R R A fS
(a) Copper-clad steel corroded in acidic soil before rust removal (b) Copper-clad steel corroded in acidic soil after rust removal
(c) #hB L rh 4 78 AN B 25 i (d) EhBk A4 AR R A S
(c) Copper-clad steel corroded in saline-alkali soil before rust removal (d) Copper-clad steel corroded in saline-alkali soil after rust removal

() BRMEL P ERE SR & SR T () Btk L A SRS SRR

(e) Ni—Cr-clad Al-Cu alloy corroded in acidic soil before rust removal (f) Ni—Cr-clad Al-Cu alloy corroded in acidic soil after rust removal

(g) EhAHEUR R G & &R T (hy AR E SRR SRR
(g) Ni—Cr-clad Al-Cu alloy corroded in saline-alkali soil before rust removal (h) Ni—Cr-clad Al-Cu alloy corroded in saline-alkali soil after rust removal
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Figure 1 Macroscopic morphologies of grounding electrodes subjected to 30 days of accelerated corrosion testing in
different soils before and after rust removal
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(a) Copper-clad steel corroded in acidic soil (b) Copper-clad steel corroded in saline-alkali soil
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(¢) Ni—Cr-clad Al-Cu alloy corroded in acidic soil (d) Ni—Cr-clad Al-Cu alloy corroded in saline-alkali soil
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Figure 2 SEM images of grounding electrodes after 30 days of accelerated corrosion testing in different soils
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Figure 3 EDS spectra of grounding electrodes after 30 days of accelerated corrosion testing in different soils
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Figure 4 EIS plots of different grounding electrodes in simulated acidic soil solution and saline-alkali soil solution
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Figure 5 Equivalent circuit for fitting the EIS plots
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Table 2 Fitting results of EIS plots

RIGAL R s RGeS Ta)/ d Rs/ (Q-cm?) O/ (Q'-cm2-s") n Ret/ (Q-cm?)
0 622.7 0.000 085 0.589 8 2.43 x 10*
R+
R 30 215.5 0.000 082 0.460 4 1.23 x 10*
7
4
I 0 22.2 0.000 293 0.586 6 2.40 x 10
30 37.5 0.000 116 0.5333 1.12 x 10*
0 536.4 0.000 106 0.798 3 2.16 x 10°
e 30 639.7 0.000 749 0.776 2 3.56 x 10*
BT GG 4 ' : : :
0 15.5 0.000 126 0.8599 1.41 x 10°
ot
30 10.7 0.000 576 0.863 6 4.91 x 10*
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Figure 6 Polarization curves of different grounding electrodes in simulated acidic soil solution and saline-alkali soil solution
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Table 3 Tafel fitting results of polarization curves

e R P B E e e
R R/ d — - : -
Jcorr / (uAcm 2) Peorr (VS. SCE) /V Jcorr / (uAcm 2) Pcorr (VS. SCE) /V
0 0.762 —0.103 0.567 —0.142
AN
30 0.978 —0.022 1.450 —0.080
0 0.179 —0.184 0.458 —-0.229
B RESm G &
30 0.807 —0.109 1.270 -0.214
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