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limit its wide application. Phase change materials (PCMs) , as efficient thermal energy storage media
with good thermal management properties, can facilitate the utilization of solar energy. Sodium di-
hydrogen phosphate dodecahydrate (Na,HPO, + 12H,0) is an inorganic phase change material that is
inexpensive and readily available, with good thermal conductivity and a high latent heat of phase
change, but its widespread use introduces a high concentration of corrosive ions, leading to severe
corrosion of the metal container. In order to better realise the application of Na,HPO, - 12H,0, it is
particularly important to study its corrosion mechanism on metal containers and explore effective corro-
sion inhibition methods. In this study, we investigated the synergistic inhibition effect of benzotriazole
(BTA) and thiourea (TU) composite corrosion inhibitor on the corrosion of Q235 carbon steel in
Na,HPO, - 12H,0 molten liquid. The protective mechanism of BTA and TU composite corrosion in-
hibitors on metal surfaces was investigated by electrochemical techniques including open circuit poten-
tials (OCP), electrochemical impedance spectroscopy ( EIS) and polarisation curves with surface
characterisation methods such as scanning electron microscopy (SEM) , X-ray photoelectron spectros-
copy (XPS) and atomic force microscopy ( AFM). The results demonstrated that the combined effect
of BTA and TU markedly enhanced the corrosion inhibition efficacy. In the 24-hour immersion experi-
ment, the composite corrosion inhibitor system exhibited the highest corrosion inhibition efficacy
(98.26% ), a figure that was considerably higher than the inhibition efficacy of a single corrosion in-
hibitor. EIS tests have shown that the corrosion inhibitors BTA and TU are effective in reducing metal
corrosion by forming a dense protective film on the metal surface. The BTA300TU100 composite cor-
rosion inhibitor has the best protective effect on the metal surface with high corrosion inhibition effi-
ciency and thicker oxide film. For the application of inorganic phase change materials Na,HPO, -

12H,0 in solar thermal energy storage, this study provides an effective corrosion inhibition strategy.

Key words: inorganic hydrated salt phase change materials (PCM) ; sodium dihydrogen phosphate
dodecahydrate ( Na,HPO, - 12H,0) ; benzotriazole ( BTA) ; thiourea ( TU); corrosion inhibition
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Fig.1 The weight loss data and surface morphology of carbon steel soaked in Na, HPO, - 12H,0 solution without the addition of

corrosion inhibitor and the addition of corrosion inhibitor for 24 hours
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Fig.2  EIS spectra of Q235 carbon steel measured in Na, HPO, - 12H, 0 solution without corrosion inhibitor and with the addition

of BTA and TU corrosion inhibitor, respectively
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Table 2 Fitting results of EIS test data for Q235 carbon steel immersed in different Na, HPO, + 12H,0 solutions
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10 6.95 0.51 0.96 46.06 1700 2.31 - 0.70 1331 109 - -
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Fig.5 Polarisation curves of Q235 carbon steel after 24 hours
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immersion in Na, HPO, - 12H,0O solutions containing

different concentrations of corrosion inhibitors
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Table 3  Fitted parameters for dynamic potential polarisation test of Q235 carbon steel after 24 hours immersion in Na, HPO, -

12H, O solution with different concentrations of corrosion inhibitors

E.. I.. B. B.
K 15/ %
/(mV - SCE™") /(A - em™) /(mV « dec™") /(mV + dec™)

Blank -875 36.10 =75 69 -
Tud400 - 857 15.90 -132 122 57.06
BTA400 -508 1.05 -170 133 97.09
BTA100Tu300 - 880 13.90 -122 62 61.50
BTA200Tu200 -672 1.01 -98 256 97.20
BTA300Tul00 -504 0.59 - 65 406 98.37
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Fig.6  Surface SEM images of carbon steel after 24 h immersion in Na,HPO, + 12H,0 solutions containing different corrosion
inhibitors
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Fig.7 Raman spectra, XRD spectra of surface corrosion products of carbon steel specimens after 24 h immersion in different

Na,HPO, - 12H,0 solutions
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