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ABSTRACT: The work aims to design and simulate the introduction of heterogeneous pollution on site, study the effects of
heterogeneous pollution on pipeline welds to solve the phenomenon of unexplained coloring in the pipeline welds of nuclear
power plants. Orthophenanthroline color detection method was used to evaluate the heterogeneous iron contamination of 316L
stainless steel welds using ER316L welding wire, welding wire doped with iron wire and iron powder, and pure iron wire.
Combined with energy spectrum and dynamic potential polarization test, the effect of heterogeneous iron pollution on the
structure and corrosion resistance of the weld seam was analyzed. The results showed that the continuous color development on
the large surface of the weld was mainly iron oxide and the iron-rich phase in the weld, and the dot-like continuous color
development inside the weld was iron oxide slag; under grinding conditions, the weld under the action of no pollution and
iron-rich phase prolonged with the air storage time, and the color development degree a* gradually decreased; while the dot
color development did not change significantly; according to the percentage of the integrated area at the critical chromaticity
(a.=5.3) under the critical red pixel, when the percentage of dot color development was less than 1%, and the color
development of band shape was 20%~30%, a. = 5.3, the color development began to appear. In 3.5% NaCl solution, the order of
316L stainless steel welds' resistance to electrochemical corrosion was as follows: ER316L + iron powder welds > ER316L
welds > ER316L + wire welds > pure iron wire welds. The addition of iron pollution will cause the color development
phenomenon to occur more easily, and also reduce the corrosion resistance of 316L stainless steel welds.

KEY WORDS: stainless steel weld; iron pollution; color detection; a.; potentiodynamic polarization curve; Nyquist diagram;

Bode diagram
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Tab.1 Chemical composition of 316L stainless steel, welding wire, iron wire and iron powder
wt. %

Element C Si Mn S P Cr Ni Mo Fe

316L <0.03 <0.65 <2.00 <0.03 <0.03 18.0~20.0 11.0~14.0 2.00~3.00 Bal.

ER316L <0.08 <1.00 <2.00 =<0.03 <0.045 16.0~18.5 10.0~14.0 2.00~3.00 Bal.
Wire 0.22 0.50 0.30 0.04 0.04 =98.0
Iron powder 0.03 0.10 0.35 0.02 0.02 =98.5
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Fig.1 3D simulation of weld color of 316L stainless steel after rough grinding (LAB): a) ER316L weld; b) ER316L welding wire
+ iron wire weld; ¢) ER316L welding wire + iron powder weld; d) pure iron wire weld
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Tab.2 EDX chemical composition analysis of the selected area of pureiron wireweld and er316l + iron powder weld in Fig.6

wt.%
Element C (0] Si Ca Mn Fe Al Cr Ni Mo Color
1-WZ 23.34 70.81 3.77 2.08 Red
2 56.39 0.47 41.69 0.96 0.33 0.17 Red
3-FZ 5.87 0.89 69.42 15.93 7.89 No
4 35.71 0.42 51.32 2.56 Red
5 0.53 99.47 Red
6 14.70 15.19 1.00 50.05 1.24 10.73 7.09 Red
7-matrix 1.03 69.18 17.89 9.90 2.00 No
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Tab.3 E316l + EDX element composition in corresponding area of spot color development of iron wire weld

wt.%
Element C 0] Si Ca Mn Fe Al Cr Ni Mo Color
8 56.12 8.62 3.59 3.60 13.73 12.66 1.69 Red
9 1.34 0.82 67.69 15.54 13.54 1.06 No
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Fig.8 Potentiodynamic polarization curve and impedance spectrum of sample in 3.5% NaCl solution after color development test:
a) potentiodynamic polarization curve; b) Nyquist diagram; c) equivalent circuit; d) Bode diagram
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Tab.4 Fitting parameter s of electrochemical impedance spectroscopy equivalent circuit of 4 kinds of stainless steel welds

Weld zone RJ(Q-cm?) CPE/(Q'cm™2s") n R/(Q-cm?)
ER316L+Iron powder 7.918 2.46x107 0.925 4.5x10°
ER316L+Iron wire 9.358 1.06x107* 0.874 6.71x10°
ER316L 6.764 2.313x107° 0.919 3.46x10°
Pure Iron wire 9.675 1.45%x107* 0.848 5.72x10°
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