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A Novel Thermal Diffusion Method to Produce Marine Corrosion Resistant Steel Bar

and Its Corrosion Resistance
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Abstract: The thermal diffusion treatment was performed on a self-developed steel bar to form a stainless-steel-like surface
layer with stainless steel chemical composition and excellent corrosion resistance. The phase structure, surface morphology
and cross-section composition distribution of the thermal diffusion layer were analyzed and characterized by XRD, SEM and
EDS. Immersion test, potentiodynamic polarization and electrochemical impedance spectroscopy were used to study the
corrosion behavior and mechanisms of HRB400, 316L and stainless-steel-like steel bar in simulated concrete pore solution
with chloride ions. Results show that the thermal diffusion layer is mainly composed of Cry;Cg4, Fe-Cr and Cr,N phases. In
simulated concrete pore solution with chloride ions, the corrosion resistance of stainless-steel-like steel bar is 287.4 times
better than HRB400, and 1.4 times better than 316L. The corrosion current density of stainless-steel-like steel bar is 1/299 of
HRB400 and 1/223 of 316L. The polarization resistance R, of stainless-steel-like steel bar is 28.7 times larger than that of
HRB400 and 4.5 times larger than that of 316L. Therefore, the corrosion resistance of stainless-steel-like steel bar in simulated
concrete pore solution with chloride ions is obviously better than that of 316L and HRB400.
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Table 1 Chemical composition of steel bar for experiment

(W/%)

Element C Mn P S Si
Content 0.04 0.12 0.02  0.000 05 0.2
Element Ni Cr Cu Ti Fe

Content 0.13 5.06 0.28 0.017 Bal.
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Table 2 Preparation of concrete simulated pore solutions with

different pH values (g/L)
pH 12.68 11.68 10.68 9.68
Ca(OH), Saturated 2.5 2.5 2.5
NaHCO; 0 3.5 4.8 10.8
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(a) Surface morphology of the thermal diffusion layer
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(b) XRD patterns of the thermal diffusion layer and substrate
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Fig.1 Surface morphology and XRD patterns of the thermal
diffusion layer and substrate
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(a) Section morphology of the sample after thermal diffusion treatment
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Fig.2 Section morphology of the sample after thermal diffusion
treatment and the corresponding composition distribution by EDS
linear scanning
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Fig.3 Corrosion morphologies of three kinds of material immersed
for 20 days (Wnac=10%, pH=9.68)
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Fig.4 Micro corrosion morphologies of three kinds of material immersed for 20 days after removing the corrosion products (Wy,ci=10%,

pH=9.68)
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Table 3 Corrosion rate of the three different material immersed

for 20 days (Wyaci=10%, pH=9.68) (mm-a™)

Types of material Corrosion rate
HRB400 0.459 8
316L 0.002 3

0.001 6
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Fig.5 Potentiodynamic polarization curves of the three different

samples in simulated concrete pore solution (wy,c1=3.5%,
pH=12.68)
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Table 4 Fitting parameters for the polarization curves of steels

Types of material E o/ mV icorr/ (MA-cm?)
HRB400 —468 3.891
316L —461 2.895
Chromized sample —217 0.013

24 ZRMEIUMIRER

B 6 lghth T 3 Pl RIAE 3.5%NaCl it 4
%, pH=12.68 HYTREE - FLBM IR 2 h J5 I H
FE2E BRI . APUIRAAR A /N D) 4 S e 7 3]
IR A e, AR, SR A R ) i



48 B X W L & 2017 4
30 10° 100
—e—Chromized sample —e— Chromized sample
75 #3161 10 —-316L
—=—HRB400 —=—HRB400 80
£ 10 <
s s S 60 f
= S o g
N N 2 40t
I 102 _Q:‘: 4
A —e—Chromized sample &
10 L 20 - P —-316L
—=—HRB400
1 ! L L L L 0 L L L L L 83
3 102 10" 1 10 10> 10° 10* 10° 102 10" 1 10 10> 10° 10* 10°

(a) Nyquist plots

Z'/10° ohm

Frequence / Hz
(b) Bode plots (|Z|-frequency)

Frequence / Hz
(c) Bode plots (phase angle-frequency)

6 3 pRTEIREE T BHULFLBI IR 2 h SR Ak BT

Fig.6 EIS plots of three kinds of samples immersed in concrete simulated solution for 2 h (Wy,c=3.5%, pH=12.68)
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Table 5 Fitting values of various units in simplified equivalent
circuit
Types of material HRB400 316L Chromized sample
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