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Electrochemical Impedance Spectroscopy Characterisation of Red
Mud-Based Solidified Cu** Contaminated Loess-like Powders

PENG Xiaochuang', XIE Jun’, CHEN Tao’, ZHANG Na’, NIE Xiaoqing', HE Bin’, MA Fuli’
(1. Shanxi Academy of Building Sciences Group Co. ,Ltd. Taiyuan, Shanxi, China; 2. College of Civil
Engineering, Taiyuan University of Technology, Taiyuan, Shanxi, China)

Abstract: [Purposes] At present, the treatments of heavy metal contaminated sites are mostly
based on mechanical and chemical property tests, thus proposing non—destructive, fast, convenient,
and cost-effective physical evaluation methods is a key issue that needs to be solved urgently. [Meth-
ods]In this paper, the curing effect of red mud-based curing agent on copper-contaminated loess was
investigated, and the unconfined compressive strength and electrochemical impedance response of the
cured body were systematically analyzed and evaluated, and the corresponding equivalent model was

established for fitting. [Results] The results show that the unconfined compressive strength of the so-
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lidified body shows a trend of increasing and then decreasing with the increasing mass ratio of red mud
fly ash, and the maximum strength value is achieved at the ratio of 13 : 2. By analysing the image
characteristics of Nyquist and Bode plots of electrochemical impedance spectra, the same can be con-
cluded that the mass ratio of 13 : 2 for red mud fly ash is the optimum mass ratio. In addition, the
equivalent circuit of the solidified body electrochemical system is established as (QR)(Q(RW))R, and
the relationships between the parametric components and the strength are analysed. The values of the
equivalent circuit components R, R, and R, parameters are positively correlated with the strength,
and the values of CPE,, CPE,, and W parameters are negatively correlated with the strength. The re-
lationships between the pore solution resistance R, the ion transfer resistance R, within the solidified
body, and the strength and the mass ratio of red mud and fly ash (RM~-FA) are established by parame-
ter fitting, separtely, and the associated polynomials are obtained. The results of electrochemical im-
pedance spectroscopy and the coincidences of parameters of each element of the equivalent circuit
with traditional strength indices, indicating that the electrochemical impedance spectroscopy technique
can be effectively used to evaluate the curing effect of copper—contaminated soils.

Keywords:contaminated soil; red mud-based; unconfined compression strength; electrochemical

impedance spectroscopy; equivalent circuit
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Table 1 Main chemical compositions of test materials
bHR i
Sio, ALO,  Fe0, Ca0 MgO  K,0  TiO,  NaO S P,O. C LOSS
it 58. 68 11.82 4.58 8.24 2.17 2.01 0.54 1.87 0.01 — 2.00 0.8
RM 20.81 23.85 9.86 17.61 1.04 0.42 3. 86 10.13 0.13 — 1.07 11.22
FA 53.96 31.14 4.16 4.02 1.01 2.03 1.13 0.89 0.73 0.67 0.26
HBSC 13.98 18.59 2.02 50. 74 2.15 0.21 0.49 — 11.75 — —
R2 ZRMBTHUERS #3 ZWEEHIHRIT
Table 2 Mineralogical compositions of materials Table 3 Design of test proportions
P EETYERS m(RM): w/ % K
# 4 Si0,.CaC0,.CaAlSi,0, m(FAY  #+ RM-+FA CaO HBSC  Cu* %
Ca,AL(Si0,) (OH), . Ca,Fe,(Si0,),. 5:10 100 20 5 8  0/0.5/1 38
RM Na,Ca,ALSi;0,,* 2H,0 ,CaCO, Na,Ca,Al 28 100 20 . s 0/0.5/1 38
Si;0,,+ 2H,0
. . 10:5 100 20 5 8 0/0.5/1 38
FA a-$i0, . ALSi,0,, Fe,0,.CaCO,
) 12:3 100 20 5 8 0/0.5/1 38
HBSC C,5.CaS0,.C,A,S
13:2 100 20 5 8 0/0.5/1 38
S 100 P .
?é) :lli(lizss i BB | Dyo/pm | Dyy/pm | Dyy/pm 1a:1 100 20 5 8 0/0.5/1 38
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Fig.2 Electrochemical workstation used for experiments
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Fig. 3 Strength values of cured bodies at 0. 5% concentration for

different curing ages and ratios
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Fig.4 Strength values of cured bodies at different concentrations at
28 and 90 d of curing
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Table 4 Equivalent circuit parameters of 0. 5% concentration curing body
CPE,/ CPE,/

R RWE RS R/, (S+s "em D) R/ (oot o2y W/ -

m(FA) (Q-cm®) (Q-cm®) (Q-cm? em’es V9
Q-Y,/uF n Q-Y,/pF n

5:10 1.361X10°  0.491X10°  2.333X107 0.8 1.241x10°  5.835x107 0.513 2.634x107

7:8 1.45X10°  0.707X10°  2.192X107 0.811 1.275X10°  3.161x107 0.667 2.38x107

0.5%-284 10:5 1.571X10°  0.926X10°  2.078x107  0.843  1.505x10° 2.785%10" 0.712 2.36X107
L0/ - - . . . 7
12:3 1.82410°  1.544X10°  1.805X 107 0.88 1.625X10°  2.131X10° 0.803 1.738%X10°7
13:2 2.017X10°  2.422X10°  1.67X107 0.9 2.083x10°  1.812X107 0.874 0.872x107"
14:1 1.71X10°  1.713X10°  1.732X10° 0.884  1.673x10°  2.024x107 0.82 1.163x107

5:10 1.947x10°  1.068X10°  1.303X107° 0.735  1.826x10°  3.526x10° 0.767 2.5%107
7:8 2.727x10°  1.844x10° 1.241X10°  0.774  2.299x10°  2.711x10° 0.793 2.106x107
0. 5%-90 d 10:5  2.843X10°  2.541x10°  1.233X10°  0.837  2.929x10°  2.581X10°  0.800  1.415X10°
L0007 - . o
12:3 3.58X10°  3.275X10° 1.122Xx10° 0.871  3.275x10°  1.334x10° 0.800 1.376X 1077
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