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Fabrication of Highly Adherent Aluminum Surface by Anodizing®*

Daiki Nakajima **, Sohei Saito *** and Yoshihiko Kyo **

The relation between the nanostructure and adhesion of the porous oxide formed by anodizing of

aluminum was investigated. Porous anodic oxide with large pore was found to have higher adhesion

for the aluminum surface. However, much lower adhesion was found when excess chemical dissolution

formed fibrous and irregularly shaped oxides on aluminum. Moreover, the adhesive force was low for

oxide with shallow pore depth, even for large pore diameters. However, the aluminum surface adhesion

was high when the anodic oxide pore depth was approximately 300 nm or more. By controlling the
electrolyte temperature and the Joule heat generation appropriately using high current density anodizing,
the aluminum surface adhesion was improved considerably by one-step constant current anodizing

treatment. The surface-treated aluminum also showed good adhesion to paint.
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Fig. 1 SEM images of the highly ordered porous type anodic oxide fabricated by two-step anodizing and
pore-widening for a) 0 min, b) 40 min, ¢) 80 min and d) 120 min. e) An SEM image of the fracture surface of

anodic oxide shown in Fig. 1 (d).
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Fig. 2 Surface appearance of the electropolished and
anodized specimens after tape peel test.
Adhesive layer of a tape remained on the
anodized aluminum surface with long-term
pore-widening treatment (yellow arrow).
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Fig. 3 The relationship between peel strength of tape
and pore diameter of anodic oxide.
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Fig. 4 SEM images of the aluminum specimens anodized in oxalic acid solution (293 K) at 50 V for (a) 30 s, (b) 1 min,
(c) 5 min and (d) 10 min. (e)-(h) SEM images of the fracture surface shown in Fig. 4(a)-(d).
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Fig. 5 The relationship between peel strength of tape
and thickness of anodic oxide.
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Fig. 6 Changes in the anodizing voltage, V, as a function of anodizing time, during anodizing in 0,3 M oxalic acid at
(a) 293 K, (b) 313 K, (c) 333 K and (d) 353 K and constant current densities of 10-50 mA/cm’.

EPHENnG,
CZETORPEETLEDLE, TVIZT DT/
— FRRILIZ & 2 RO AR F12id, OLEOKE
7, @P7%EDH200nmBEL LOMILREEEFT S
WAL % 7V I = AR S DL Z EHFEET
HHrLOLTFHEINL, KETIELEMILIIHS
NLEBKT / — FIL7at2i2ky, 7TLvI=y
LRI DA E %2R RIS OV TR,

32 TER7/—FBEICKZ7II =7 LKEAD
=EAE{t

Fig. 6 (XEMIIEXHE L 727V 3 =7 A3k & g
DIMFEIRFF L7203 M L w ) BRKBHAFICRIEL, &
BT / — FEEAEZ 10 min {7 - 72BHICHE S 72 B -
WA 2 R L Cw b, Fig. 6 (a) (B RIRE %
293K & L7 BIE - MM EZ R LTEBY, 2hE
NERFEEZ 10mA/cm? 30 mA/cm? 50 mA/cm? &
L7:BROBIEORMZELZ R L7ze WTFNOERKE
WCBWTH, BERZT / — FEALOMICERISHK
L, #FTOY =2 2R7-OLICEFHMER LI, 2O
£ 9 B EIE ORI ZALIZHBIN 72 R — T A BB ©
EHRICBIR SN BEERTHY, Thzh, nNY
Y =D, R—F AEBEOR, F—F AR
DEFW LRI T 27, BFEREEZRHTS
& (Fig. 6 (b)), HBIREESRMICBT 2 EIEOEFHM
P L7z 2hid, BRHERED R %5 2 & TE

WL 7-BAL oL RAE S N, XD IKWEET
AL IR DN ) X — B BT B BRALY) O A4 5% & IR
B otz EZOhb, BRRIRELY 3512
WRT DL, EHEEMIEHELIETL, BFERE
A353K & %% & (Fig. 6 (d), 10mA/cm?*DEEHR 7
J — FEALRFICIZEE 3D TRWlEZ /R Lz Sh
(&, ERRBREE O BRI X 0 R S - e o kA
BIRREEDS, 7/ — FIRALIC X 2 R bd o A4 ik 1 &
RS LAIZZNUEE oz, TLVI =LK
BRI P ETE hh otz b EZ b5,
Fig. T3 E®ERT / — FRRILICE D 7T I =T Ak
TS ZE B U 72 B AL W o $L R B 72 2210 SEMAR O — 1 % 71
LCTw5, Fig 7(a) 13313 K-10 mA/cm* D EEHK T /
— FELZ 10 minfis 2 & 12X ) 7V 3 =7 4 FKImiC
AR L 72 O K SEM 2 /R L CTWwWb, ZBRET
J = FBALIC X D MFLo B R & HlE L v v
W, WRMCIIKNERZ2BHOE Y F2EKLTE
D, ZO—HAMEBATIN, §habbRMEREMIC
R L THIFLE 2> TV AT IBIZE S /2, Fig. 7
(b) 12333 K-30 mA/cm*® 7 / — FEL#% 10 min {7 -
7B AR L 72 O £ SEM 3% /R LT\ b, &
WHEENEL 7 b L, RMEREERMIEICEMERE T
ET DY 2= VEOMED b REL L D720, BIF
HOMEE EFORF LA F - THER L 2B DL
BWMARE SN L, 2Dz, TIVI=w AEKEIZE
WL 72 R — 5 ALY o F 7 MIFLIEALABERIZ L D

UACJ Technical Reports, Vol.12 (1) (2025) 21



22

T/ — FRRALIC L 2 @% AT VI =7 A RO R

LEDSIEREN D, Bz, EREINLE & Bt
HEA WY RHWHICHHT 28T, K77 F=>
FWMHEE L/ DL EP L 7HEEEA G TR -5 A
RIBAL R % e B 7/ — I b —B RT3 5 2
LIRS, Fig. 7(c) IFBEMRIRIEZ S S5 12&imfb L,
BIRHED H < L7233 K-50 mA/cm? DEERT / —
&1L % 10 min jifi L 72 50RHRT A2 AR L 7R 1L
SEMBHEZRL TS, ALY O ME LA 5w &
DKR—F AMBLY O VHEEIZREL, MEVWT 7
A N —=ROBALY R B WILATZ2 N 72 2V BE D TR A A
SRS N2 AL 2 AL A3 A L T B R 98
BINTz, BERT / — FRALCEIDTVI=T A%
MR SN LD/ #EidkiE, EalL7zk 9
2, O/NSHMLEA T 2R —9 ARBILE K, @1t
PRI OMHAE X 0 SLEDPIER L7 R — 7 A BRAL B
Ji, OALFEHA S S I S A 2 BRI O
3HHUI KRB S N7z,

SO LRRDFINEELET LT ) — FEBRAILE
iz 7 I = ARMER L, fiET7T— 72 Mt L
72412150 mm/min O E TH| & FHS L 72 B o F Bk
JE % S0 L 7245 R % Fig, 812R3, Aillic T / — Fig
LR DB ESE, M7 — 7 oMEmELZRL, &
R B R B L7, ¥/, Fig 3T
Fig. 5 L [MAkIZ, 7 — THiAER ORIFE D 23384 L 72K
W~ — A E2RED TR L2, BFREIEE 293K D45
TR L 72308 360 o #EE S 1T VW3 b 4 N/em R
WCTHy, WEHOMKY bBDOLNLEPoT20 —T,
BIFRIREZ 313K &35 &, 10-30mA/cm? D&M
PECUESL L 72300 220 B2 3503 2 FEEFRE 12203 K

FHFLEHUECAN/cmBBETH 2D DD, 50mA/cm?
DEBIRT / — FHRALTIER L 75U 20 TR A
DFARBIESA L, FBERE DS 75N/cm &R L7z,
Fig. 8 H % TR L 72 /K#ETIX Fig. 3 X UFFig. 5 & Ak
— THAER OBREREN AL T BT 2 0b 5
¥, FIBESRE O Fig. 3%° Fig. 518 L7z & ki L

""_ A!Qu., :

| ‘100 nm |
= ;’ —_

Fig. 7 SEM images of anodic oxide formed on aluminum
specimens via anodizing in a 0.3 M oxalic acid
solution at (a) 313 K, 10 mA/ cm’, (b) 333 K, 30 mA/
cm’ and 353 K, 50 mA/cm”.
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Fig. 8 The relationship between peel strength of tape
and current density at each temperature.
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