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Oil Retention Experiments and Evaluations for Electrochemically Etched Porous
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Oil retention experiments were conducted and the performance was characterized for
electrochemically etched stainless steels. The 304 stainless steels were electrochemically etched
in dilute Aqua Regia to form porous structures. The structures were also hierarchical, which
provides very large area for oils to adhere. Also the structures had deep valleys, which act as
reservoir and are able to resist against oil-detaching forces. Several commercial oils were
dispensed to characterize oil retention properties via rotating disk experiment method. The results
showed that the etched surfaces have superior oil retention performance in every conditions. Also
the retention enhancement ratio went particularly higher as the environments became more
severe. This surface modification technique could be applied to other steel products for

pretreatments of various kinds of coatings.
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Fig. 1 Surface morphology of stainless steel, (a) before
and (b) after the electrochemical etching in 10 V
condition. The etching has generated hierarchical
porous structures on the surface

AN PAE ASA FZE(hierarchical structure)$ =
o g Utk oldl Fxe] ;W A{Ae] F2
AR EE AF AF WAl AA Eolve &
#7F ok, AFAdel v HAe] H9E vx
2AGe] FRE ] wite] esls HF
WA o] ST oR zholR = dio] dojdr}. A
Hol| ALget SdEL T wHd digt 3o
Z7] Wl o2 mAlTEE Alo]® AmEo
HE WS 5ola, AXAoEE FAHZFY F3
95 A4 = U

Fig. 29} %] Surface profiler (Veeco Touson
Wyko NT1100)E ©]§3] w¥Y Fx& A3 4
2% e =AU 34E v3AEY FERYS
& F 9don, =4¥  A&7|(roughness) #
Ra(zAHAd Hd AADE 71222 92.43 nmoll A
15.02 ym= A F7Fsglth o9 FxE 29
2 E7] gA & ¥ ofyz}, S (sidewal)S Al



ok

IR U35 X A 312 125 pp. 1171-1176

December 2014 / 1173

Fig. 2 Surface profiler image of electrochemically
etched stainless steel in 2-D (top) and 3-D
images. Deep and steep valleys extremely
increases roughness of the surface
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Fig. 3 Trend of oil retention performance for different

applied forces. Numerical value of retained oil

decreases as the centrifugal force increased.

However, relative value (oil retention enhance-

ment ratio) increases along the force

Table 1 Oil properties used in the experiment

Product name visclzlsrilti:[ I(CCS 0 Note
Cleaning &
WD-40 <1 lubrican%oil
FC-70 12 Fluorinated liquid
S-159 50 Silicone oil
ZIC OW 55 Engine oil
Magnatec SW-40 86 Engine oil
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Oil Retention Enhancement Ratio for Various Oils
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Fig. 4 Trend of oil retention enhancement ratio for various oils in 1000 RPM. Curves show that the etched surface

shows better retention functionality in more severe environments

gon, AFTHA &2 49 FZ=A(AND SV-100E
Abgll A% =435k Table 19 42l atdch. !
Fig. 3& Y3 244 rRPMol| WE 2
E£4%59 Aolg Yehd 18 Zo|th FC-70S A
of A8t orn A2 He xHME =HA
2 Uk g AT 2 ~Y(bare), H= A H2 7
slstr oz o AH A]lH(etched)ol| 9] oYU HE
S yehdo 23 Ax o F"l AJHeA e 2
HEE] d#Ad oz = Yeue A
=tk RPMO] £S5 &4 E o
Wolx WA a¥rt "ol Ko}, Uyt
A AT AR A 7 BREH A9 18
HEY F4E)S AMEIRE 502 AFS 7
= >

2 200% 9 &Y RHFEES HAFEIZ A=
9go] & FAHAFE oA Ay} FHo
= A & 5 9k

Fig. 4& Y3 oA w53 o 1™
of thekst 2 US A8-3) rotating disk A HS 3
39S ) 9o WE BREASY zto]E E
azolg, oA BE AT AolE FHIH
=y F e A¥xde oduit bd2ry] wi
of, A3zkS 3 a2 o ved F dxE=E 54
3 2 AY F 0 BEFH FAES YEO

2 g aHZE JEATH 502 AlAE TIEo R
P& o gro] =2 TAUE WD-402 565%, FC-
702 301%, ZIC OWE 219%, S-159% 201%,
Magnatec SW-402 152%9] HEES HolF9lom
dAEE 7HelE Aol dAAFSE 1 FFE|
oA e AIAHS = F Utk oE 2dEYy
9] WD-402 Al7bol| W FfEo] YA A @
2 AZgS wAFJed], o
Ao 5474 344
EA A o=

[

L ME ED 2N

J. H. Hwang¥} S. Kim'*™ % rotating disk 23
ek do] o]&24 A4 gl 1o 7)uke A
A AlEdeld A3 A¥E X vrh gt
I Ao mEw o HEG Xyl

>~

3
WAL aat EWel RagholW, fotol SFEF%
Ad7)el me oo nERe ¥ el Ao
2 oA 2eln ede] B4 FolAE A
Yot EW gEel F 2902 Agate] HAol
wes®, g9 4ol ¥24E 099 wE A4
o] ¥obd oz dZH o)



ok

FEguzsts|x A 313 123 pp. 171-1176

December 2014 / 1175

o

o mu I g 12

to 4y o Il o [o

A AR e BEF] o

°k, Ra gko] 45 mEFo =

o ®3k RPMo] EobA A& A3
==

o e o om
1= == e S 1 1o

i

Iy

_rlli -
™

rir

é‘ wo
N\

18 A e L
> (o j}m} m
o T i
o ¥l
oL o
By ot i e
o < r%
e o
T 2
oL H
to v ox
=
:IO‘:‘G
o
4
tlo fo
o e
O
©

o M2
o+ (o
gL

fx
Y

fo dx
o
B
N
(TR = R W
Mo
2
e,
rE
fO Nt L ork oy min U

>
e
i)
™oL
ot
i,
>
L

o
>
o
o
N
NS
K=
AN
>
=
o
i)
2
i)
-+
B b
o
N o
e
N o

2
-
fr

N

oo ol N orr fo B0 uE

ol o2
o,
i)

O |o o
f
T
Rl
° o
T = ::1’
u
X
NG
o
N
0
=
I
Ay
=
fru
-

[>
I
)

o
H
fe

D3O HosN o, o I (o
o

o
o

4. 4E

3.6 % HCI3} 1.2 % HNO;Z Asjd 2 sl A7)
slstd o Fog AgelEla ~Ee FHE fE
slo] mlolaE 9 U AAAY] FRES A,
I xHe oY BHEY S HA¥dHoen HIFs
At A Fo A AHgHE o] L9ES A3l
AAES 71gs oo »EHS Hrid Ay, o
A AlA e REHe] dAH o2 FA e
Stk 2 ool BHAAEE AT wAFEXES
oz WA T/ 2 ode] FFY A 7
7t AR, SHo] FAHE 53 Wake] 3l
dAgol Aggste THo] T/ WEoez A
Zted. 53] 7}s)

e St Rl

¥0 ot 1 L po >t

oot 2

fu oo o2 K

to o ”

2o, 9o nEHY] PE
w9 Ao &3t FHEA U
o o] A9 A ol2HQl o

[ i po

=

REFERENCES

—_—

Lin, C. K. and Berndt, C. C., “Measurement and
of Adhesion Strength for Thermally
Sprayed Coatings,” Journal of Thermal Spray
Technology, Vol. 3, No. 1, pp. 75-104, 1994.

Dickie, R. A., “Paint Adhesion, Corrosion Protection,
and Interfacial Chemistry,” Progress in Organic
Coatings, Vol. 25, No. 1, pp. 3-22, 1994.

Funke, W. and Dickie, R. A., “Paint Adhesion,
Corrosion Protection, and Interfacial Chemistry,”

Analysis

Progress in Organic Coatings, Vol. 31, No. 1-2, pp. 5-
9, 1997.

Cremaschi, L., Hwang, Y., and Radermacher, R.,
“Experimental Investigation of Oil Retention in Air
Conditioning Systems,” International Journal of
Refrigeration, Vol. 28, pp. 1018-1028, 2005.

He, B., Patankar, N. A., and Lee, J., “Multiple-
Equilibrium Droplet Shapes and Design Criterion for
Rough Hydrophobic Surfaces,” Langmuir, Vol. 19,
pp. 4999-5003, 2003.

Lee, C. and Kim, J., “Surface Modification Method
of Stainless Steel using Electrochemical Etching,” J.
Korean Soc. Precis. Eng., Vol. 31, No. 4, pp. 353-358,
2014.



ok

FEguzsts|x A 313 123 pp. 171-1176

December 2014 / 1176

10.

11.

12.

13.

14.

3M, “Fluorinert™ Electronic Liquid FC-70,”
http://multimedia.3m.com/mws/mediawebserver?mw
sld=66666UgxGCuNyXTtnx TESXz6EVtQEcuZgVs
6EVs6E666666--& fn=prodinfo FC70.pdf (Accessed
11 NOV. 2014)

SK Lubricants, “MATERIAL SAFETY DATA
SHEET,” https://www.skzic.com/kor/service/Pds/
msds_down.asp?intno=832 (Accessed 11 NOV.
2014)

Fischer Scienticfic, “Fisher Chemical Silicone Oil,”
http://www fishersci.com/ecomm/servlet/itemdetail ?c
atnum=S159500&storeld=10652 (Accessed 11 NOV.
2014)

WD-40 Company, “Data Sheets,”
http://www.wd40.co.uk/data-sheet.html (Accessed 11
NOV. 2014)

Castrol, “Castrol Magnatec 5W-40,”
http://msdspds.castrol.com/bpglis/FusionPDS.nsf/File
s/2B865948DSBD6A3480257CBC002870B7/$File/
KRAE-9J6KJW.pdf (Accessed 11 NOV. 2014)
Hwang, J. H. and Ma, F., “On the Flow of a Thin
Liquid Film Over a Rough Rotating Disk,” Journal of
Applied Physics, Vol. 66, No. 1, pp. 388-394, 1989.
Ma, F. and Hwang, J. H., “Stochastic Simulation of
the Flow of a Thin Liquid Film over a Rough
Rotating Disk,” Journal of Applied Physics, Vol. 66,
No. 10, pp. 5026-5033, 1989.

Kim, S., Kim, J. S., and Ma, F., “On the Flow of a
Thin Liquid Film over a Rotating Disk,” Journal of
Applied Physics, Vol. 69, No. 4, pp. 2593-2601, 1991.



