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Figure 1. The number of published articles which include keywords
such as “electroplasticity” , “electropulsing” , and “electrically

assisted” in the past 20 years

Figure 2. Schematic diagram of EP and oxidation—reduction reactions

occurring around the surface asperity of metallic specimen

Figure 3. Experimental scheme: (a) EP treatment for removing
oxidation layer and impurities, (b) Quartz sealing of specimen for

protection of EP—treated surface during heat

Figure 4. AFM images of 3 X3 um?®region for morphological analysis
of asperity: (a) The 3D image, (b) Z—axis height distribution contour

map

Figure 5. Surface roughness parameters and base length of asperity
with heat treatment (HT) by different EP time (60s, 120s and 180s):

(a) Ry, (b) Riu and (c) base length |

Figure 6. #A surface roughness parameters and base length of
asperity over EP time (30s, 60s, 120s and 180s) with a mixture of

10% perchloric acid, 90% acetic acid: (a) Rq (b) Rk and (c) base

v A =1



length

Figure 7. #B surface roughness parameters and base length of
asperity over EP time (30s, 60s, 120s and 180s) with a mixture of
10% perchloric acid, 90% acetic acid: (a) Ry, (b) Rk and (c) base

length

Figure 8. #A surface roughness parameters and base length of
asperity over EP time (30s, 60s, 120s and 180s) with a mixture of

10% perchloric acid, 90% ethanol: (a) Ry, (b) Rk and (c) base length

Figure 9. Martensite fraction during EP time for #A (#A60, #A120,
#A180)'s surface using an electrolyte of 10% perchloric acid and 90%

acetic acid(10P90A): (a) a graph, (b) images measured through

EBSD

Figure 10. Martensite fraction during EP time for #B (#B60, #B120,
#B180)'s surface using an electrolyte of 10% perchloric acid and 90%
acetic acid(10P90A): (a) a graph, (b) images measured through

EBSD

Figure 11. Martensite fraction during EP time for #A (#A60, #A120,
#A180)'s surface using an electrolyte of 10% perchloric acid and 90%

ethanol (10P90E): (a) a graph, (b) images measured through EBSD



Figure 12. Surface roughness parameters, base length of asperity
and martensite fraction of #A60 and #A180 during EP time (30s,
60s, 120s and 180s) with a mixture of 10% perchloric acid, 90%
acetic acid: (a) Rq, (b) Rk, (c) base length and (d) martensite

fraction

Figure 13. EP—induced stress caused by the number of electrons per

single Fe atom flowing into the asperity

Figure 14. Surface roughness parameters, base length of asperity and
martensite fraction of #A120 and #B60 during EP time (30s, 60s,
120s and 180s) with a mixture of 10% perchloric acid, 90% acetic

acid: (a) Ry, (b) Riy, (c) base length and (d) martensite fraction

Figure 15. Temperature—dependent Gibbs free energy change of
martensite and austenite calculated by Thermo—Calc at room
temperature (25 C) and Ms temperature: (a) #A (=877TC), (b) #B

(=817C)

Figure 16. Surface roughness parameters, base length of asperity
and martensite fraction of #A60 during EP time (30s, 60s, 120s
and 180s) with a mixture of 10% perchloric acid and 90% acetic
acid or a mixture of 10% perchloric acid and 90% ethanol: (a) Ry,

(b) Rku, (c) base length and (d) martensite fraction

. T [ |
V1 -"x_! — 1_.|



Figure 17. Oxygen concentration according to distance from surface

during EP

Figure 18. Charge build—up according to the permittivity on asperity

with Rq 2.21 and base length 300nm at 20V

Figure 19. Number of electron per Fe atom according to the Ry, and

base length of asperity

Figure 20. EBSD phase maps of the same site surface of #A60 after

EP treatment by electrolyte of 10P90A: (a) 180s, (b) 240s

Figure 21. Interaction energy generated inside the #A and #B unit
cell by EP—induced stress; the number of electrons Fe per atom
corresponding to the EP—induced stress are shown in the top axis of

the graph from the calculation in Fig. 13.
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Table 1. The chemical composition (wt. %) of two similar alloys #A

and #B

Table 2. Setting values for EP equipment

Table 3. Measurement conditions for AFM
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Figure 1. The number of published articles which include keywords
such as “electroplasticity”, “electropulsing”, and “electrically—

assisted” in the past 20 years
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Figure 2. Schematic diagram of EP and oxidation—reduction reactions

occurring around the surface asperity of metallic specimen
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Element
Alloy

C N Si Mn Cr

Ni Mo Fe

#A 0.15 0.1 0.9 0.3 16
#B 0.08 0.1 0.9 0.3 15.9

5 0.7 Bal.

6.1 0.7 Bal.

Table 1. Chemical composition (wt. %) of two similar alloys #A and

#B

A estm
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(b)

2y
(vacuum)

Water

| : ' " quenghing

Figure 3. Experimental scheme:

(a) EP treatment for removing

oxidation layer and impurities, (b) Quartz sealing of specimen for

protection of EP—treated surface during heat
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Flow

Mode Area Temp. Volt.
rate
Setting Only
lem? 25C 20V 13
value polishing

Table 2. Setting values for EP equipment
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Head Data Scan X-Y
Source
mode width/height rate scan size
Measurement Non 7Z—axis 512pxl/
0.3Hz 3x3m*
condition contact height 512pxl

Table 3. Measurement conditions for AFM
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Figure 4. AFM images of 3 X3 pm?region for morphological analysis

of asperity: (a) The 3D image, (b) Z—axis height distribution contour

map
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60 120 180
EP time before HT (sec)

%

(b) 2.7

244 T

Rku

L 8 S S ——

g0 120 180
EP time before HT (sec)

1.5

(c) 600

4004 T

Base length | (nm)
-
=)

60 120 180
EP time before HT (sec)

Figure 5. Surface roughness parameters and base length of asperity
with heat treatment (HT) by different EP time (60s, 120s and 180s):

(a) Ry, (b) Rku and (c) base length |
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Figure 6. #A surface roughness parameters and base length of

asperity over EP time (30s, 60s, 120s and 180s) with a mixture of

10% perchloric acid, 90% acetic acid: (a) Rq, (b) Rk and (c) base

length
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180s) with a mixture of
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Figure 8. #A surface roughness parameters and base length of
asperity over EP time (30s, 60s, 120s and 180s) with a mixture of

10% perchloric acid, 90% ethanol: (a) Ry, (b) Rkw and (c) base length
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(a)

100 5 5
S | 10Po0A | 5
@ 5----nlh
= 50 e D
Q
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* Electrolyte: 10% perchloric acid + 90% acetic acid

Figure 9. Martensite fraction during EP time for #A (#A60, #A120,
#A180) surface using an electrolyte of 10% perchloric acid and 90%
acetic acid(10P90A): (a) a graph, (b) images measured through

EBSD
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#B180) surface using an electrolyte of 10% perchloric acid and 90%

acetic acid(10P90A): (a) a graph, (b) images measured through

EBSD
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Figure 12. Surface roughness parameters, base length of asperity

and martensite fraction of #A60 and #A180 during EP time (30s,

60s, 120s and 180s) with a mixture of 10% perchloric acid, 90%

acetic acid: (a) Rq, (b) Ry, (c) base length and (d) martensite

fraction
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Figure 14. Surface roughness parameters, base length of asperity
and martensite fraction of #A120 and #B60 during EP time (30s,
60s, 120s and 180s) with a mixture of 10% perchloric acid, 90%

acetic acid: (a) Rq, (b) Rk, (¢) base length and (d) martensite

fraction
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Figure 16. Surface roughness parameters, base length of asperity
and martensite fraction of #A60 during EP time (30s, 60s, 120s
and 180s) with a mixture of 10% perchloric acid and 90% acetic
acid or a mixture of 10% perchloric acid and 90% ethanol: (a) Rq,

(b) Ruy, (c) base length and (d) martensite fraction
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Figure 20. EBSD phase maps of the same site surface of #A60 after

EP treatment by electrolyte of 10P90A: (a) 180s, (b) 240s
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Figure 21. Interaction energy generated inside the #A and #B unit
cell by EP—induced stress; the number of electrons Fe per atom
corresponding to the EP—induced stress are shown in the top axis of

the graph from the calculation in Fig. 13.
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Abstract

A study on electrochemical
polishing induced martensitic
transformation of metastable

austenitic stainless steels

Chanwoo Jeong
Department of Materials Science and Engineering
The Graduate School

Seoul National University

Based on the mechanism of stress—induced martensitic
transformation caused by the charge build—up on the surface of
metastable austenitic stainless steels during electrochemical
polishing (EP), the effect on the phase transformation kinetics was
analyzed under three experimental conditions of the surface
roughness, the chemical composition, and the electrolyte. Before the
main EP experiments to observe the EP-—induced martensitic
transformation, pre—treated EPs by varying the EP time were
performed to prepare samples with various surface states, and then
vacuum heat treatment was carried out to make the initial phase of
samples full austenite.

It was observed that the smaller the base length of the surface

asperity and the larger the root mean square deviation (R,) and
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kurtosis (Rku) of the surface asperity, the higher martensite phase
fraction. The chemical composition of the metastable austenite phase
is related to their stabilities, and the transformed martensite phase
fraction was higher as the critical free energy for martensitic
transformation at room temperature was smaller. In the case of using
an electrolyte having a high permittivity, a higher martensite phase
fraction was obtained.

The results of this study experimentally show that the specific
athermal effect of electric current or charge, which is known to be
the origin of electroplasticity, may be closely related to the change

of interatomic potential energy caused by the charge build—up.

Keywords : Electroplasticity, Athermal Effect, Stress—induced
Martensitic Transformation, Interaction Energy, Electrochemical
Polishing Induced Martensitic Transformation, Metastable Austenitic
Stainless Steels
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