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Preparation of nano-modified cement-based thermoelectric composite and its self-power

supply behaviors engineered cathodic protection for offshore structure
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(1. School of Civil Engineering, Qingdao University of Technology, Qingdao 266520, China; 2. Marine Environmental
Concrete Technology Engineering Research Center of Ministry of Education, Qingdao 266520, China; 3. School of Civil
Engineering, East China Jiaotong University, Nanchang 330013, China)

Abstract: Under the background of strategic ocean and double-carbon, it is important to use cathodic protection
(CP) technology to enhance the service life of offshore structures. However, it requires additional power supply for
extra drive. Here, nano-size nMnO, was synthesized by hydrothermal method, and then was mixed into cement
mortar along with carbon nanotubes (CNTs) to prepare nano-modified cement-based thermoelectric composites
(NTEC). 20 NTECs were connected in series to form a set of thermoelectric power generation module, and com-
bined with electrochemical methods to comprehensively evaluate the feasibility of NTEC thermoelectric module
based on differential temperature power generation directly serving as a current supply source for the reinforce-

ment CP system of offshore structure. Results show that: The thermoelectric coefficient and thermoelectric power
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factor of NTEC specimens doped with 0.2wt%CNTs and 5.0wt%nMnO, can be up to 3612 pV/C, and

301.4 pW-m'-'C™% respectively. The intrinsic mechanical strength and anti-permeability are accordingly

guaranteed. Applying the CP based on the temperature difference power generation of NTEC, the corrosion

potential of the reinforcement bar positively shifts, and the probability of corrosion is significantly reduced.

Applying the CP based on the NTEC thermoelectric module the corrosion current density of the reinforcement is

reduced by 3 orders of magnitude, the corrosion charge transfer is suppressed, the corrosion rate is greatly reduced,

the self-power supply of CP for reinforcement in offshore structures is realized, and its mechanical properties and

durability are guaranteed when simultaneously serving as concrete cover.

Keywords: offshore structures; self-power supply for cathodic protection; nano-modified cementitious thermo-

electric composites; temperature difference power generation performance; electrochemical proper-

ties
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Fig.3 Schematic diagram of electrochemical testing: (a) Testing without

cathodic protection (NP); (b) Testing with cathodic protection (CP)
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Table 2 Fitting data of polarization curves for two groups of
steel rebars

Group E.on/V  Ion/(pA-cm™)  Corrosion rate/(mm-a™)

CSF-NP -0.762 1.56x10 1.83x107!
CSF-CP  -0.336 7.58x107 8.91x10™*

Note: I,,—Corrosion current density.
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Table 3 EIS fitting data for steel rebars at different
corrosion ages

Group Corrosion RJ/(Q-cm®) Ry/(kQ-cm®) R/(kQ-cm?)
age/d
0 3.24 101.38 —
3 2.85 126.42 236.51
CSE-NP 7 2.88 154.36 180.04
14 2.84 7.20 62.92
21 3.07 1.07 29.26
0 2.97 123.77 —_
3 2.95 253.70 302.64
CSE-CP 7 2.80 501.48 447.21
14 2.83 245.73 3125.21
21 2.95 102.31 3232.93
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