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Behavior of Surface Roughening in Stainless Steel Sheet Caused
by Alternating Current Etching

Synopsis :

Yoshikazu Morita, Keiji Izumi, Takeshi Shimizu

Surface roughening behavior of fine-hemispherically roughened surface of SUS304 stainless steel sheets by alternating current (AC)

etching in FeCl; solutions is studied. The results obtained are as follows :

1)

Fine-hemispherically roughened surfaces can be formed under the following conditions, FeCl; contents : 20mass%, anode etching

electric current : 3.0kA/m? cathode etching electric current : 1.0kA/m? frequency : 25~5.0Hz.

(2)

The anode etching electric current needs to be kept in pitting region and the cathode etching electric current needs to be kept in

Fe®* — Fe®" reaction region and H, generation reaction region, for forming the properly roughened surfaces.

3)

The passive film thickness after AC etching is different at depending on the portion of etching surface. At the protruding portions of

roughened surfaces is thinner, but at the bottom of pit portions that is thicker.

(4)

The Cr content of passive film at the bottom of pit portions is higher than that at the protruding portions, and then the passive film

at the bottom of pit portions is more protective than that at the protruding portions.

(5)

during the anodic half-cycle.
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The formation of the passive film is apparently related to hydrogen discharge during the cathodic half-cycle, whereas the pits formed
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Table 1 Chemical composition of test specimen. (mass%)

C Si Mn P S Ni Cr

0.05 0.62 112 0.032 0.003 8.58 18.18
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Fig.1 Surface and cross-section morphology of SUS304 No.2B
finished.
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Fig. 2 Schematic model of Alternating current (AC) etching.

* Da : Anode etching electric current

* D¢ : Cathode etching electric current

- Frequency : (Ty+T¢) !
T, : Keeping time for Anode etching
T : Keeping time for Catode etching
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Resin : ceramic resin(enamel)
Baking temperature. : 180C
Baking time : 20min

Resin thickness : 20 u m
Adhesion test : cut adhesion test
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Fig. 3 Influence of adhesion of resin on average pit diameter.
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Fig. 4 Influence of etching solutions on surface morphology of SUS304 after AC etching. (Da=D¢=1.0kA/m? frequency=05Hz, treatment

time=120s)
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Fig.5 Influence of FeCl; content on surface and cross-section morphology of SUS304 after AC etching.
(Da=Dc=1.0kA/m? frequency=0.5Hz, treatment time=120s)
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Fig. 6 Influence of frequency on surface morphology of SUS304 after AC etching.
(FeCl; content=20mass%, D,=Dc=1.0kA/m? T,=T, treatment time=120s)
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Fig. 7 Influence of D¢ on surface and cross-section morphology of SUS304 after AC etching.
(FeCl; content=20mass%, D,=1.0kA/m? frequency=25Hz, treatment time=120s)
¥—Td»Y, LOKA/m*OfE THERROMM 2 > b BE & N5 T TOERMMILR OB EH 7,

EEETAHAIENTELIENDD S,
3.1.4 D DHE

7 — FHOEMRE, AT L ABEREROER O
TEy FORRBICKESEELZBLETLEEZONS,
ZZ T, AW =25Hz, Dc=10kA/m*>—5E& L, D%
1.0~7.0kA/m*% TZAL X & T, MHEOAIRIZE v b 28

1.0, 303 X O°5.0kA/m? THLEE L 72354 @i%m‘olouf
i HE % Fig. 8 127" 3o F 72, Dy & M LB L E 72
ILBERRE I O B4R % Fig. 9 127”96 Dy = LOKA/m* D&
(&, WLPLEFRA3240s 6B 7225, Dy =50kA/m?*F THIK
B LTS A, LAL, TNU LD, ZHAE
BT H DB MBI L v,

Da =1.0kA/m?2 Da =3.0kA/m?2 Da =5.0kA/m?
Surface
Cross-
section
10 um
Treatment 120s 60s 455
time

Fig. 8 Effect of anode current density (D)) on roughing treatment of stainless steel in AC etching in 20mass%FeCls.

(Dc=1.0kA/m? Frequency=25Hz)
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Fig. 9 R.elations.hip bet.ween D, and treatment time for the re- Treatment time 455
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Treatment temperature 50C

(FeCl; content=20mass%, Dc=1.0kA/m? frequency=2.5Hz)

Table 2 Effects of electrolytic conditions on roughing treatment of SUS304 in FeCl, solution at 50C

Small _ Concentratlon Large
FeCl; concentration
SUS304
(10mass%) (20mass%) (30mass%)
Small _ Current density ﬁ Large
Long _ Treatment tlme Short

Anode current density

T

Dy
1.0kA/m? 3.0kA/m? 5.0k A/m?
above 1205 60s 45s
Small _ Curent den51ty Large

Cathode current density

D¢
(0.3kA/m?) (LOkA/m?) (2.0kA/m?)
Small — Frequency ﬁ Large
Large Pit size Small
Frequency
SUS304
1.0Hz 25Hz 5.0Hz

Plt size : 4um P1t size 2 um P1t size : 1 um
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Fig.11 Cross-sectional STEM micrographs of SUS304 at the same
points of Fig.10. a) no-treatment (No.2B finished), b) and ¢)
at the point of No.l1 and No.2 in Fig.10, respectively. (The
numerical labels indicate the point of analysis, No.l : Bulk
metal, No.2 : apparent metal and No.3~5 : passive film)

1 ml

Fig.10 Cross-sectional TEM micrograph of SUS304 after AC etching. The numerical labels indicate the
point of analysis (No.l : protruding portion, No.2 : bottom of pit portion).
(FeCl; content=20mass%, D,=3.0kA/m? D=10kA/m? frequency=2.5Hz, treatment time=45s)
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Fig.12 Comparison of passive film thickness.
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Fig.13 STEM-EDX results from passive films formed in AC
etching. a)no-treatment (No.2B finished), b) protruding
portion and c) bottom of pit portion in Fig.11 respectively.
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Fig.14 Relation betweeen polarization curves for SUS304 and
surface morphologies after AC etching treatment in 10,
20 and 30mass% FeCl; solutions.
(temperature=50TC, potential sweep late=0.1V/s)
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Fig.15 Polarization curves of SUS304 No.2B finished in FeCls
and FeCl, solutions.
(FeCl; content = 20mass%, FeCl, content = 20mass%, pH =
0.4, temperature=50C, potential sweep rate =50mV/s)
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Fig.16 Effect of cathode current density (D¢) on roughing treat-
ment of stainless steel in AC etching in 20mass%FeCl;
and FeCl,.

(pH=04, Dy =30kA/m? frequency = 25Hz, temperature
=50TC, treatment time=120s)
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