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Abstruct

This study surveyed the amount of dissolved aluminum, reflectance of

aluminum surfaces, and thicknesses of the anodic oxide films after

electropolishing under conditions of several solution temperatures and

current densities. Based on results obtained when phosphoric—sulfuric acids

were used on pure aluminum A1050, we assessed electropolishing effects on

surface structures and specular glosses.

Results show the optimum conditions for electropolishing of pure

aluminum: current density at 60 °C that is greater than 0.113 A/cm? and

greater than 0.151 A/em? at 80 °C. Moreover, electropolishing of pure

aluminum with current density 0.151 A/cm? at 80 °C can provide flat, smooth

surfaces having both high reflectance and specular gloss, creating almost no

anodic film.

However it is very difficult to make a complicated surface shape object smooth and

glossy almost without porous anodic film by electropolishing. Therefore we think it

effective that first a complicated surface shape object becomes smooth and glossy by

electropolishing, but it gets to have thick porous anodic film. Afterward, this thick film

can be removed by posttreatment.



Thus this study also investigated specular glosses of aluminum surfaces,

and thicknesses of the anodic oxide films after posttreatment of

electropolishing under conditions of several posttreatment solution

temperatures. Based on results obtained when hydrofluoric acid were used on

pure aluminum A1050, we evaluated posttreatment effects on surface

structures and specular glosses.

Results show posttreatment with temperature of electrolyte 10 °C in the

dipping time of 15 seconds can provide flat, smooth surfaces having higher

gloss, creating almost no anodic film in comparison with the case of only

electropolishing.Moreover, posttreatment with temperature of electrolyte 30 °C

in the dipping time of 15 seconds can produce smooth surfaces having high

gloss, creating completely no porous anodic film.
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Fig.1 An amount of aluminum dissolved by electropolishing at several current densities.
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Fig.2 The textures of pure aluminum A1050 at two different specular glosses at angle of
8°. The samples of 1500 gloss units (a) and 1800 gloss units (b) were made under the
condition of 0.106A/cm? at 70 °C and 0.113A/cm? at 60 °C , respectively.
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Fig.3 The specular glosses at angle of 8 ° of pure aluminum electropolished on several
current densities.
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Fig.4 The reflectances of pure aluminum electropolished on several conditions.
B K= il 4O)TRTERBD, 85%ZE L, E5HI280° C, 0.151
A/em* TIERAO)TRT LBV, KINRE rnSBIZEm< R0 90%E< &ir oz,

ZZT60° C, 0.151 A/en’ TIIRHTR r DR ORE S L & HITABIIZE
BT 52 LR L, ZORMTEMIIBLIEZIT o727 VI =0 AEREK
HIZIF TR SN TR Y . 2 OBGIIIERFEE AR L2 BRL R DR
BBETOTEEEZ NS, LML 80° ¢ 0.151 Alen’ TIXREE r O

RIEMIZ R BN o7,

2. 3. 4 MTAI=ULARELEIZE LR OBILREDOES EXRED

Btk

WRIZ RS ALERIZ K » TR L2 LR & & IR Sg & DRIRIZD

14



WTRRFET L7z, BEBRORE S OHEEIFFERGIETRE LT L O ITHBEDH %

WOCIE Ab 2 TE LTz,

5 CIXEMMEERIO T VI =7 LFMFHE & ROSRE N 60° C £ 80° C |Z

BUWNTHE R 5 BB FE CREARME LR 2 6 L 7= K F D FT-IR AT ML &

ARLTWD,
1.40°F (a) Untreated
(b) 60 °C, 0.038A/cm2 .
1201 (¢) 60 °C, 0.189A/cm2 i
= (d) 80 °C, 0.038A/cm2 a0
S100r  (¢)80°C, 0.151A/cm2 "F ’
< (f) 80 °C, 0.302A/cm2 0
=< 0.80 1€ == ()
£ 0.60 \ ': : \\
5 A
£ 040 AN N
0.20 L
0.00

2000 1600 1200 800 400
Wave number / (cm')

Fig.5 FT-IR spectra of pure aluminum electropolished on several conditions.
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Fig.6 The relationships between the absorbance of oxide film on aluminum surface and

specular gloss.
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Fig.7 FE-SEM images of pure aluminum electropolished on several conditions.
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40°C All ranges Fuzzy texture with Dull glossy or 76~81% Thick
submicron-pores partially glossy
60°C >0.113A/cm” | Submicron-porous | Uniformly glossy 85~89% Thick
80°C <0.151A/cm’® | Rough in micron Etched surface — Thin
to submicron without glossiness
~0.151A/cm’ Flat Uniformly glossy 86~90% Thin
>0.151A/cm” | Porous surface of | Uniformly glossy 85~91% Thick
dozens of
nanometers in
diameter

Table 1 Summary of surface states of pure aluminum A1050 after electropolishing at

several conditions.
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Surface changes Surface states
during electropolishing after electropolishing

; Diffusion to bulk solution
Bulk solution of the dissolved metalic ions

SRR

(a) Defective Dissolved metalic ions

Anodic oxide film
viscous layer (b)

with submicron pores

Aluminum /
substrate V4 Aluminum substrate

All ranges of current density at 20~40°C

Bulk solution Diffusion to bulk solution
of the dissolved metalic ions

YNV NYYRINY!
1 A o A

e e Anodic oxide film
(G) Viscous layer Dissolved metalic ions (d) with submicron pores

= D000

Aluminum substrate

Aluminum
substrate

Larger than or equal to 0.113A/cm? at 60°C
orlarger than 0.151A/cm? at 80°C

Diffusion to bulk solution
Bulk solution of the dissolved metalic ions

® e Yl 777

Aluminum substrate
Smaller than 0.151A/cm? at 80°C

; Diffusion to bulk solution
Bulk solution of the dissolved metalic ions

(g) Viscous layer

Dissolved metalic ions
(h)  Thin enedic oxide fila

Aluminum
substrate

0. 151A/cn? at 80°C
Fig.8 Schematic illustrations of cross section of the phenomena of the aluminum surface

during electropolishing on several conditions and appearances after electropolishing by

our considerations.
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L., Wl L7zl e— D —OFICiE L, 2 B TITo 72, BRRFEIR S LT
I%. 85% Y L% : O8%HilA : KA ARELLT6.5:0.5:2 DT 3dn’ DE——I(C
3 dm’ ZEim L., (HIRAKMP CHAMREE CTINR L, Bl L TEAT LA
SUS304 /& & 200 mm, & 50 mm, JEX 0.5 mm O 2 Ft& £ —H —FIZ 130 mm
ORIFFCTREE LT, FHE2H 150 mm % FEMATF R T2 A - TRBECRE A L7z,
BERIEIE RS 6 mm ORLTF ¥ L HbEE TV 2 =7 AR O _EE A E T 1A TRk A Te 2
ENTED LT UFHRUCH T TEAIAA, TV =7 LR 2 M DREfROH
EOALE CEMFEIRO FICAD L 5 ICFE L Cilii 2 8 Le, EHRICITE
MEI (HKEFLTEHRXSHR PAD 110200 BLOY L vk #
SGI160X63C-0AAA) Z JHWTHEIRZ HilH L7z, BRFEOSRMIMT LI =0 4
DR 357 1 & 72 0 OEIRED & < 72 2 BOGIEE 60°CTiE 0. 113 A/cem?
& 0.189 A/em®, SUGEEE 80°C Tl 0.226 A/cm® & 0.302 A/em* & L., 1 BJEHIT
50 mm R T R MEE Z S35 180 BT 72,

TRALVERE U Cid, SEMEAIEE L72tKTEZ 3 [TV, £ DRICHR AR ICIRTE

28



L. SBICKEZ 3EITVW., =7 —7 a0 —|C T L7~ B L LT, 55%
7 AbKEWE K ERELTLTOHERETPPELT ¢ 2 v 1205 dm’ & L7,

R OIRFEIX 10°C & 30°C, HBAERRICIRTE L7-RERIE 15 BT - 72,

3. 2. 2 REHLZLIOBEMEOHE

H7 VX =0 DR OFR EARIE (TSR R E A SRS (FE-SEM, H AT F#R
DAEE JSM-6330F) & JHV TR L 72, SEARTEELERIC K 57V I =7 LR
BILHT R (RSt B E R ERT R AUW320) 2 FV T, ALBRTE ORER

DEEANDRE L,

3. 2. 3 MXREOHE

SEUREE OIE NI NG O E 23 FTRE AR I E RS 3 mm D4 EHIEAE (=7
LN E T RS ON-700d) CHIE L7c, Z O85HELIRERIEE T
E ASDE, REDEE B8 THIE L., IR 2RI D7 > THITRR
—EME 1.567 THHH T ARMEOFEIGREZLLREL L, ZOEE 100% & LT
£7,

ESRAEIIBE D A2 6 mm, JEFE 3 mm, FRBFMASE 27 | JEJR D65, Ot - 5206 8°

TIT-o 77,

29



3. 2. 4 BRFEICL > CTAKRLIEBILEKEOES OHE

Z 2 TITEMRM IR X o THER LB L EIEDIE ST OW TR D72
2, KB L DR IBIC L BT v =0 & BRI LIE O E T OBFZEIC
eV, LLF Tl 2O E AR P, ZoFEIE T — U 2B HBATRS
gt (FT-IR) Z MW T 950 em fFiEIC A BN HERILT VI =0 LDOWSEEIZ LD
GREHROBLEIEDOE S Z2HET D LD TH D, WHEITMBILEKEDE S
A7 L THERT 5720 WOEEE @ ME T HIVUTIRAL SR < | BOEE DMK
WETHIUTILR RSN - L2 ERT 5 & LT 5,

7= 2 EBRAXRN G HFE AN F o — Uy RO S
SpectrumOne Z FAVWTHIE L7z, HESIHISTRINE (RAS) T Spectra-Tech
BIFT-80 DT & v F A bz A, ASHOE 807 | PIRGT, MIE B BiPH 2 4000

~400 cm', SyMERE 8 em ', FER[EIH 32 [ TIT o7,

3. 3 MRLEE

3. 3. 1 FMTAI=UVLOEMITEIZE SR BICEEDOES &IERE
DR

FEFEDLOMT VI =0 A A1050 OEMAFEELILOAITIZINT, FiT /LI =

U LR TTICRE D < 72 5 58:1H% ROSIREED 60° C LA ED & & T, 7Fl

=111}

30



FUTOERBY THLZ ExWmELTWD, M7 VI =0 LOEMRFELE

BT, FOSIREEN 60° C L 80° CDOL XDERERELIIRELORIZEZE9

IR LTWD,
X Untreated
2000 F O 60°C
)

. 8 80°C "o o
#1500 }

(=]

o

)

=

%1000 |

g 3

[=11]

= q

=

2 500 F

(=9

v

0 i ) :
0.000 0.100 0.200 0.300

Current density j / (A/em?)
Fig.9 The Specular glosses at angle of 8 ° of pure aluminum electropolished on several

current densities.
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Fig.10 The absorbances of oxide film on aluminum surface electropolished on several

current densities.
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Fig.11 FE-SEM images of pure aluminum electropolished on several conditions.
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Electropolishing conditions

Fig.12 The Specular glosses at angle of 8 © of pure aluminum electropolished and

posttreated on several conditions.
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Electropolishing conditions
Fig.13 The absorbances of oxide film on aluminum surface electropolished and

posttreated on several conditions.
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3. 3. 5 ERIFBIZBITABAEMIZE GRS KINEE EREE L DO
%
R 21IHT VI =7 A AL050 ZAR A 725 CREMMIELEZ L C, £DH% T

BB AT > 7= D | BRI L BB O T LI = AR RO+ L

Amount of aluminum Amount of aluminum
Electropolishing dissolution of dissolution of posttreatment
condition electropolishing and in electropolishing and
posttreatment (g) posttreatment (g)

T ) Temperature | Temperature | Temperature | Temperature
empe;a Y€1 Current of of of of
electiol te density | posttreatment | posttreatment | posttreatment | posttreatment

Y 10°C 30°C 10°C 30°C
0.113
Alem> 0.0499 0.0523 0.0012 0.0036
60°C
/g/ifngz 0.0833 0.0853 0.0060 0.0080
X/ifn% 0.0956 0.0985 0.0005 0.0034
80°C
% 01208 0.1358 0.0027 0.0087

Table 2 Comparison between the amount of aluminum dissolved by both

electropolishing and posttreatment and by only posttreatment under

electropolishing conditions.
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Electropolishing Condition 60°C 0.1 13A/cm’ Electropolishing Condition 60°C 0.113A/cm’ Electropolishing Condition 60°C 0.1 13A/cm®
Posttreatment Condition Untreated Posttreatment Condition 10°C Posttreatment Condition 30°C

Electropolishing Condition 60°C 0.189A/cm® Electropolishing Condition 60°C 0.189A/cm® Electrapolishing Condition 60°C 0.189A/cm’
Posttreatment Condition  Untreated Posttreatment Condition 10°C Posttreatment Condition 30°C

Electropolishing Condition 80°C 0.226A/cm’ Electropolishing Condition 80°C 0.226A/cm’ Electropolishing Condition 80°C 0.226A/cm’
Posttreatment Condition  Untreated Posttreatment Condition 10°C Posttreatment Condition  30°C

Electropolishing Condition 80°C 0.302A/cm’ Electropolishing Condition 80°C 0.302A/cm® Electropolishing Condition 80°C 0.302A/cm®
Posttreatment Condition Untreated Posttreatment Condition 10°C Posttreatment Condition 30°C

Fig.14 FE-SEM images of pure aluminum both electropolished and posttreated on

several conditions.
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56 DD, 30 CHOBRLHD EREROBEE TIELIER T ERICRES
Tz,
INETOREMBLBEMEELRIICE LD,
Ele((::téggﬁliloslllnng Surface state after posttreatment
posttreatment condition
Untreated Temperature of Temperature of
Temperature | Current nireate electrolyte 10°C electrolyte 30°C
of electrolyte | density .
Specular A;r:ggéc Specular | Anodic | Specular | Anodic
gloss film gloss | oxide film | gloss oxide film
. Thin Thin
Wil 11636 | Mok | 1849 | Tracesof | 1738 | Notrace
60°C pores of pores
0.189 Thick Thin Thin
A./cmz 1748 Porous 1932 Traces of 1921 No trace
pores of pores
. Thin Thin
g/iifg 1869 };FO 1;1(;:111(5 1986 Traces of 1948 No trace
R0°C pores of pores
0.302 Thick Thin Thin
A'/cmz 1884 Porous 2000 Traces of 1970 No trace
pores of pores

Table 3 Summary of surface states of pure aluminum A1050 after posttreatment at

several conditions.

FOTRLE DM < 0970y 60°C TDE

BRI

CI2 S

X, I0COBMFENE L TW\WD, 5T

i WG IR EE D3 L B 7R IR

IZBWT, L0 EWIRIREDR

RAFFEE D RONEE 2 L 0 5 < U 80O°C THEMMIEZ it L., Z D%I1Z 10°C OB ULEE

P LTWD, FTo, ZAVERMLERZ i O BRI X BT IE %

230 LTV A,

40

30°C DO



CHETITHRANTRERICE D & FEMITERMIC TRIIEIC X 5 %R A %
23 Z LI K OMT NI =0 DI AVERCEE DR & 22D IR
FEBIZEL Role, 2O L XV EMIEIZ X0 ZAERRAEED R S 7
HZEICEVHREZ TR TWDLI Enghrote, -2 EMRLEEE 7
VALIKSZER DB RANISME L TN D T ENpnoic,

PLEIC XY | SRR SIS 5 BIREE 2 —I27 2 2 &N EE L WEMEIR
b OGS EIL, BIE E O R/INT DL E R/ NEREEU EThiuXT v =
U LAREIEMEERIC LV FETEWVIEREDORE & 725708, £ OXRMIZ
T LB EDN ER S VD, L L, 7 vfbKBRBIC L D BRI LD %
LEBLEIEARET 2 2 N TE ., BOIRE CEAERLEED T L

=V LDOEMELHENTE L ZERHLNE ST,

3. 4 £&9
TV =0 AOEIRES I SOSIRE 10C £ 721X 30 COBAF 2 iEd = &1
v, TVBEWHRIRENMEON., 8B EREICEILERLEFEOHENT L

=V LERASNMLTTE L Z MWLM ERoT,

41



FAE BE

EHEFEEN WL T L X =7 & AL050 DIEIREEIZ KT T RENZ DO\ T, B E
DOEFEE ., LBNEE ., R 26 L. FoRmiEE & e Fa ket o B

PEERRET U T2 BOSEEE 60° C TIXEMEE A 0. 113 A/cn* L EE 35 Z & T,

FOGTREE 80° CICBWTIXEMREE % 0.151 A/em’LL &4 25 2 L CEMRITE

IZED ., BORELRAREFT LT VI = ARELIREITH) 2 &N TE

77 S DICKRSIREE 80° CIZBUWTIL 0. 151 A/cm® 130 O B85 BE C B i i P&

THZLT, MVORIRE LK REZA L, »OZLERILEEOENT LI =

U LR TE 7,

%

BRI RS OBAFRIZ RV TIR, BAHERSHI T L =7 A A1050 DYEIRE I

FAE TR OWT, ABRREE, ABRRF 2 HIE55 2 & TV L =7 A KK

DS & ERYRAME O BN 2 s L7z,

B Z FOSEE 100CTTA5Z LIck Y, ERIIEORIZL > TEHEOLNLDN

RELDLEWHRREZGT L, BILEEOERISH D O, 1T T L

SEULRMMALEZT) ZENTELZ b ole, £, B ZFUSR

FE30CTT A LIk, WREIIKGEE 1I0CLY ETFELI DD, %41

BEIALBIEDIENT VI =0 DERA~SINTTE 5 2 EBHLMNE RS T,

COEIIT NI =0 NIEMRELZ T Z 2L 0., SUVOGIRE & RER



EATORMPEOI, S DICEMITIESITZ2 Z OBFFEIC X D RE D RMFICK

ET DD, FIILBMIER IR L Z ORI L 5868 ThidZ &2k,

F U BV & ZAVER LR RO B e B R 23 H AL, s EZE ]

R

paisy

B 7 EICmin B R REFEEZ M ETE LN TH L Z AW BNERoT,

43



BEER
1) O. Suzuki, M. Inoue; PDA Journal of GMP and Validation in Japan, 2, 34 (2000).
2) T. Mathiesen, J. E. Frantsen; Proceeding of NACE Corrosion 2007, Paper no.
07193.
3) Y. Kato, K. Tsukamoto, E. Isoyama, T. Uchiyama; Shinku, 28, 785 (1985).
4) Y. Kawase, M. Kitano, M. Saeki, F. Mizutani, Y. Shirai, T. Ohmi; Technical report
of IEICE. SDM, 106(277), 81 (2006).
5) K. Ishizawa, T. Nomura, N. Murashige; Shinku, 50, 47 (2007).
6) T. Ohi, Y. Muroo, O. Konno; Shinku, 33, 514 (1990).
7) S. Inayoshi, K. Saito, S. Tsukahara, K. Ishizawa, T. Nomura, M. Kanazawa; Shinku,
41, 574 (1998).
8) S. Tsukahara, S. Inayoshi, Y. Ootsuka, S. Misawa, A. Tanaka; Shinku, 43, 209
(2000).
9) M. Yonehara, K. Suzuki, K. Kihara, A. Kijima, H. Isono, T. Sugibayashi; J. Jpn.
Inst. Light Met., 53, 163 (2003).
10) M. Yonehara, K. Kihara, H. Isono, A. Kijima, T. Sugibayashi; J. Jpn. Inst. Light
Met., 54, 45 (2004).

11) M. Yonehara, K. Kihara, Y. Kagawa, H. Isono, T. Sugibayashi; J. Jpn. Inst. Light

44



Met., 55, 15 (2005).

12) M. Yonehara, S.Kumai, H. Isono, T. Sugibayashi, N. Igata; J. Jpn. Inst. Light Met.,

56, 429 (2006).

13) M. Ohara, Y. Takigawa, K. Higashi; J. Jpn. Inst. Light Met., 60, 259 (2010).

14) T. Asahina, H. Ishihara, H. Asoh, S. Ono; J.Jpn.Inst.Light Met., 58, 375 (2008).

15) T. Ohwaki; J. Jpn. Inst. Light Met., 54, 31 (2004).

16)Y.Tanaka; Handbook of Advanced Aluminum Surface Finishing Technology, p. 98

(KALLOS Publishing Co.,Ltd., 2008).

17) H.Akahori: Kinzoku Hyomen Gijyutsu, 12, 358(1961)

45



e
ARG SLOVERKIC H 720 | BB R AN RSO LA B R B KL ORI
LR R AR LA SER M (LB R ZEDOMED 7, T — 2 D L O )7,
XOWHV2 EFx DBIER° X mA WIS, THRELTWEEEE LK,
o, AMEAEICE LTI, BRI SR O K HFEARE L O
[ SRR W2 E . LS OMEEZ RS G E 2T TIIZEVE L,

LAED TG 2 (\ZTRS BEHHB L BT £,

46



pl§
e
il §
e
W
2
E:[)
<
4

1. 2FiwX

(1) N.Nakano, T.Nishiyama, T.Yamauchi, N.Tsubokawa: J.Surf.Finish.Soc.Jpn.,
65,318(2014).

(2) N.Nakano, T.Nishiyama, T.Yamauchi, N.Tsubokawa: J.Mater.Test.Res.Assoc.Jpn.,

59,117(2014).

2. WrHE
(1) BHOLFR : TV =0 WM OBMFETIERL T VI =7 N
FraFHIE 2011-285069
feHE P2 341 2H27H
(2) FEHDATR : TV I =0 LEM OBRACHIERRE 715 K ORIEERIE D R E S h
=TV = LK
FraFHIRA 2014-150818
et A P2 64 TH24H
(3) FHOLFR : TV =0 WM OBMFETIERL T VI =7 N
FraFHIE 2014-160129

EHA ¥k 264 8H 6H

47



. EHYE
L BoFEi
HIRAE  FIAE
EZH A B R4 %
YR ARIEER KWK S4 2
F i R4 % ks
HE LTS HUR BB RS %
LT B AR
PRI B RS RS
Ak 5L HUR SR 4 %
PN : 142 REOHHELAD ERLTE  p677~679

FATH  BAERRI

4. HHFFEEHE
(1) (—th) FTmEAHS
30 B4 BOT ) — FRLEEOBEELETS a7 7 L2 A

REEA LTV X =T D OBIRITEEIZ T D BRI SOGIRE &R

48



I I E T
PifEH : P2 54F1 1 H7H~8H
&% LRI R— 2 ATV FAREGLATTT T 126
(2) AARMBIERBRET
55260 [\l MPEREREREAN BB AR Y T L
PR MV = U AOBEMATEEC T D 7 v KRR A
U 7o PR ARG PR DS SR & SR A | BT R

BEfEEH : k264 7H25H

i#p

YL e SR E R 2 —  HRIR ESRZAE 1 T H 17 B/

5. EERATHE
(1) 251 8 [l e S H i
FEE V- Ry ar YUy oo fkett
& ey YA b
2201449 6H25H~27H
Q) HFHA3E Ao F—RT T Ty
FEE V- R Vv ar Yy oo fkett

E2 7 SN A

49



#2014 1H15H~17H

(3) 251 6] BI7E M R L i
FEE V- R Vv ar Yy o fkett
2 AT v 7 AKK

=M 201341084 2H~ 4H

50



