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Numerical Model by Finite Element Method for Indirect
Energizing Electrolytic Pickling Process of Stainless Steel

Synopsis:

Akinori Kawano, Taichiro Mizoguchi, Mio Suesada, Shinji Fujimoto

Electrolytic pickling is a commonly used method of removing surface oxide layers that form during the

steel-making process. A three-dimensional model of a simplified indirect energizing electrolytic pickling process
was developed by using a finite element method (FEM) in which the model’s results were compared with those of

experiments. Good agreement was obtained between experimental measurements of the dissolution rate calculated

from the thickness loss after lab-scale pickling and the model’s predictions. In addition, we tried to optimize the size

of anodic and cathodic electrodes by using the FEM model.
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Fig. 1 The model geometry for indirect energizing electrolytic
pickling process.
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Fig.2 The model geometry to study the effect of electrode size.
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Table 1 Chemical composition of SUS430J1L (mass%)

C Si Mn Ni Cr Cu Nb

0.01 0.5 0.3 0.1 182 04 04
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Table 2 Chemical composition of pickling solution (g/L)

H,SO, Fe?* Fe* Ccr¥* Ni#* Cu®*

66.7 10 31 1.6 1 0.02
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Fig. 3 Potentiostatic polarization curve of SUS430J1L in pick-
ling solution.
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current density.
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Fig.5 Thickness loss in the central part of SUS430J1L strip after
lab-scale pickling.
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Fig.6 Potential and current density distribution in electrolyte on longitudinal section of channel, at the center of strip.
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Fig.7 Potential and current density distribution in electrolyte on the cross section of channel, at the center of cathode electrode.
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Fig.8 Current density curve in the central part of SUS430J1L
strip simulated by FEM.

7/ — FEMARO0MmME TR KE LV —F
B (—76mA-cm™?) ASED SN, H v — FEMAAE
(EDIEE S Y — FBFRIZNE L % o720 400mmi
EEETHY— FERPBDOLNELL LY, L) AhY
— FEBFAHRMTIET ) — FEEPEL, 7/ —
NERBEEIEZ S v — FEMKI A OFIZH Y (800mm i
&) T KM (52mA-cm™®) %/~ L 72, Fig.9 I&Fig. 7
WX L72A Y v 7o H Y — FEMHTETOIE
TN BI B BHRBEESATH 5. Wi#TH 5 0mmiy
B, 200mmfiiEB L Z0EHEICERETITERT %
7/ — FEROMRIED 511523, 50 ~ 150mmfiiE
TOBRBEIZFHS0MA - cm > TIEIZ—ETH o 720

44 YIaL—2alRBROZLM

428 TR ANT2 X )T, MEEEL T ERO— A
SARFEADOSIZHE SN D, BRI 72 BRI AKSR

100

Current density (mA-cm™2)

O 1 1 1
0 100 200

Position on the surface of strip
in cross direction (mm)

Fig.9 Current density curve in the part of SUS430J1L strip fac-
ing cathode electrode simulated by FEM.
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Fig.10 Comparison of dissolution rate in the central part of
SUS430J1L strip calculated from the thickness loss after
lab-scale pickling, and simulated by FEM.
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Fig.11 Dissolution rate curve in the central part of SUS430]J1L
strip simulated by FEM when changing the width of
cathode electrode.
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Fig.12 Potential curve in the central part of SUS430J1L strip
simulated by FEM when changing the length of anode
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strip simulated by FEM when changing the length of
anode electrode.
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Fig.14 Comparison of dissolution rate in the central part of
SUS430]J1L strip affected by coverage 0%, 50% or
75% calculated from the thickness loss after lab-scale
pickling, and simulated by FEM.
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