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ABSTRACT

Anodic aluminum oxide (AAO) is well known for its nanoscopic structures and
its applications in surface modification, microfluidics, sensors and nanoelectronics. The
pore density, the pore diameter, and the interpore distance of an AAO substrate can
be controlled by varying anodization process conditions. In this research, the self-
organized two-step anodization is carried out with a low-grade (Al6061) aluminium
substrate at the temperature of 2 to 5 °C and pore widening process. The analysis
using scanning electron microscope shows that the AAO thin films made by using the
voltages of 40 V constant have the average pore diameter which increases with the
anodization time, and that the Al6061 aluminium substrate can be used to fabricate a

nanoporous alumina film with an average pore diameter bigger than 70 nanometers.
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2.7 MuIWNNEIVB (Literature Review)
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2A1* + 3H,0 = Al,O, +6H*

2A1+30%> Al,0, +6e

aaa

d a = oo
Al 2.1 nssuumaiieuisenveselufinegitueenles



=1
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1% Anodized Chemical Etching

Wit 2.6 nMstadeatsiadl (Chemical Etching)
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Anodized
Al layer
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' Barrier Layer
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alulnd luvusiszezvinaseninagniuduaanuasdndli iy drugungiiuay

° P I | 1 ' ' '
szuzialunmsvieluladidsunuaddaslidmasdassesvaseninagnsu

as

mnanAdeitelddenldusiuagiideuwesdauuiavigeds 99.99950% finmmun
YBAHUYINAY 0.25 HadwnT vuinvedukuegiiidonneaviniu 0.5x2.5 mMI1ugudunAT
JInmsneaeslsdiuiueaiiilisunsenluviauaseameesdlauuazieniueanug1ay
nntuhusuegfidsunesdlushnisininlansdre3sInihaddensaiafrasinaaiy
Wy 60% wamevuealudasndiu 1:4 [Hgamafinei 10 sswwadaauazldiaan 1 und
Tunszurumsiimnumuuduresnszudlniasivindu 500 fadueuudidomsumns
nuhuduegiifleunesdiiniseluladimunasadilasldideulvfonisudsuraiiy
snefndlnidaus 20 Taadauia 60 Taad Tneldansdidninsladdensneansndnaududy

P < ' a a o 1 o w
0.3M llﬂ'ﬁl.ﬂﬁﬂuﬂqqmﬂﬂnﬂﬁiﬂiﬂﬂﬂﬂ‘ﬁqaﬂmqum 3540 35 waz 50 E]ﬁﬁ'lL‘éaL"ﬁUﬁﬂ’mmﬂU

v oo
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Matlunisiieluladiud 30 uit 60 wit uae 120 wifimwddu uenaniitaniina
denldiduwiuuwanitunaznsneenrdnazinmslsuriauivd niluniuaisegaasaiia
wdnduganavineluladaiad 1 ifeldinsademaaidensaneansinmmunduiy
6% wannsalasin 1.8% gamail 60 svmigaidea delaaAunssurunsiniusuegiides

o e ndl a a al W A7
osaluvinaluladasan 2 medauludeduiunseluladasen 1

n1svRaBINTEUIUNIITRR I Taneseislniiafivasuided ansazaredidninglad
denldasduminaunsaoanainaimuduiu 58% asedawinanndudu 14% waznsn
Thsiinaududiu 8% Ghirusimndsyananagse) wiusgiifieuiidenldiiuuun 3xo
mreuiung luiuneusmiwuegiideimvasendielasaaslsiofiiu audonn

lalasigeain (HF) AUty 40% Uasnsalunan (HNO,) AMENTY 60% A1NNTEUIUNTS

9
as 7

afalanyimiedsiniuall cwideilivaassgnmgiarsazaredidninsladaud 80 auds

100 pamngalliod svevia1duATIsMINAG 2 3ude 15 wiiinudidu wazladiainy
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wianszurunsinhwiuegiidenlunmiainaudinieansaindiendesyanssaluuudas
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35N15a U1l
3.1 gswaiiilelunsvnass

3.1.1 92@1au (Acetone; CH;COCH,)

0231nY (CH,COCH,) iadaniussuu 1U-PAC 3undn Tnswiluy (Propanone) 1y

L) (=

1] at L3 -l EI 1
neglundilsduningudlay (R-CO-R) faoruzluvaanalnliila

a13ivinavatedunsd
suvgladneg Tuaaluanawitiu 58.08 niusslua ANuMUILLUWNAY 0.79 niudegnuian
lufluas yAvasuiaIlazYRRenliiiu -94.9 ssrealdeduas 56.53 aeAivalded
gy exdlauiimnadesmaldansiung AnlWldine wavazanefudlad Wuansi
Liwandunsalusda (HNOs,) nsafmeau (H,50,) Aaslsvesy aseendlad ersduasizn

aan

819555u1R nanadn Wusu Waaufizenaarednsiiaieaiiveulaeenled (CO,) uay

o ¢ ¢ o o o o ' v
fingArsuauneusanles (CO) uanantiesdlauduiuansndmadunsignaguninvaieniu

1y ssuumaAunels seuuRavds seuuduiug usiu

pe@lnuiivszlonilunshlldnunanavansdudy apgnamnssudenldidum
viavarelunszurunisndnliun ndned adnduiinfiud Uhduiaw nuaanas iudy
dwiuluiesliintstouldordlauduiviarelunswivnasazaend warlddmives

= lJ = ot 1
aasdunIdninEAnauTansinag

512 ﬁ'ﬂl'ﬂﬂmnﬂi:q (Deionized Water)

[

g % & < o dl s a a
y1Us1AInUseq (Deionized Water) finvnfisiiun1insedlossu lneldisduidud
nsee lmildeanulifivszanasmdseguasfuihndinuuiavingansizsluanad

wasudesgiiiawdlianaveail (H,0) winliu nszvaumsnamiiusanuszguuaenis

u

[
1 L P Y

o o g wa a &£ = |
vhuliliauuiansunn Tneunisuaniudeulessu (lon Exchange) Weduvisleaauuin
waraveeanand drulvguiusimannyszyasldlunisudnaunsaldiannselindwio

el v v 5 w R ) - dv o
geamnssuiifinislaviieleunninudiuga (High pressure boiler) viagnamnssuiinesil

5

astdinlunssuaunisudaniinaruazeingeuin uenaindduduinnlglu

B R B . &R ; . ¥ xia . %
waqﬂgumn'ﬁwmﬂ'lilmwé warvoIU)uRAnITANN B8 NUINUIY YIUNLSENTT UIUSIARIN
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Uszuudnune Electric Conductivity (EC) viamauitlituasiiainmn (lidiu 1
Tulas@wud) agtuiusiaanuszylagminldusslonildvatenadu M dudiumanly
nsuanglugaamnIsundunssy dunadlunsnineiesdion Wununneiagun 14lu

gmamnsILemMs wazaugulave [Jusiu
3.1.3 nsawlasmaasn (Perchloric Acid; HCLlO,)

nsawasaanin (HCLO,) Wuansusznaveiiunid wunnegsuresansazanelulfid i
audunsausandinsaiiuzdiu (H,S0,) waznsalun3n (HNO,) fiwnaluianafie 100.46 nu
falua ANUVUILUUAD 1.768 nTuAagNUIANYUALLAT JANasuMaLazaliionAD -17
pernwalTea uay 203 ssrnvaldea mudiy Wuasasareiiliniwdeudlefinisuandy
annsoazaneildifs 70% luannizamuuniivies fauautRtansougaaslifantimlunis
Aneandlad nsawaipasingmirlUlduszloviluvaleauigu nsemnieivasaanlin

warluflvuosnaalsn Wanwasdmsuasia (usu

3.1.4 v@nuea (Ethanol; C,H,OH)

o o o a

wnuea (CHsOH) satagutyfa \ofialoanssed (Ethyl-alcohol) Juasusenau

duvideglunyisdurilonsenda (R-OH) funalulanade 46.07 niusalua A uvuILLuAL

Jouny
0.789 ﬂ%’uﬁiagnmﬂﬁmuﬁmmﬁqquﬁ 20 gymLgaITYE IAViaBNAILaYIALREARE -114
serwalied waz 78.37 asmiaided suaiy daunnwusgluguvesasazaigveuvan
Lifd Wusviasaneiifannsnssmewazaalidaldig nisununiasiemeniuealutiagiu
aunsaduasiedle 2 5laun arsduasiziviaail (Chemical Synthesis) Feildenay
(Ethylene) lurandavnassldantlnsidomuingiu lenueafildanisdezbiaunse
wlnals Snwilsidenmaviinlasliidaqauvas (Yeast Fermentation) Sailazlihmanglaa

Ve &, =l dl' lﬂl ) - .
Wusmmslinudeiadfiewasuduenusalagriunssuiunisinalalada (Glycolysis) Tu

anzil¥ondiau

wwmusagniluliuszlenilutiagiuegmainvane W WWudvhazane (Solvent)
Tugnamnssugrataduiaiadien ey Wudunanluiniodnuneanesed wazilu

Wowmwdsdmsusnueunegtuty wialveaed E20 way £85 \uy
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3.1.5 nimeanaan (Oxalic Acid; C,H,0,)

=l 6

nsnoangndn (CH,0,) Wuansuszneuduvsd fieg 2 wuufe wuu anhydrous gns
wnlifie CH,0, Hunalutanaindu 90.03 niusslua AuUMUILIULIIAY 1.90 nTuse
anUIANLIURALLAT UAUUU dehydrate gnsialiAa CH,0,. 2H,0 fiuialuiana 126.07 niy
selua ALMUILLULIAY 1.653 niusegnuiriiwuduns nsnseneidndnvasiundun
fiyavaauraiuazaianviiiu 101.5 asmigaidoauas 160 asriwaldeanua1au daau
Hunsaunniinsatindy (Acetic Acid; CH,COOH) 1uansilalwdnlwlaine awmisaiin

sandladunseiuaisussneudanesundla

madnldusylevivesnseeanerdniiogvateiudu M dudiunaniiesnie
rgvianuasain uenaninineenyrdndsauinnldiduasdninsladlunisiely

lagiulanzme
3.1.6 n3alasiin (Chromic Acid; H,CrO,)

nsnlasiin (H,Cro,) Wuarsuszneveiluvid wunnagjuvedndndunuduaensios
fluralulanafie 118.01 nfuselua AMUMUIMLLAS 1.201 nTudegnuIARLEURLUAT A
wasumalLavanianfie 197 ssrnralded Uz 250 admiwaliivanudidu nInlasiingn

° 9 v ' P o | v )
ilUldusslovdlunanesuigunisiriaunsean Madasenansadnn? Wusu
3.1.7 nsawaawain (Phosphoric Acid; H5PO,)

nsavlaanain (HsPO,) Wuaisusznaveilunid wuegsUeavaila Lifidvnievesuds
fluralutanafie 98 ndusslua AIUNUINYY 1.685 nTuseiladdng (85 % luaniug
a1sazany) Lay 2.030 niurefiaddnT IvasumaILAzIAWEnAD 42.35 BarYaldud was
158 ssrwaideaniudinu Ianuamisnazatelunguuaueanagadla nsavieanaingn
il auvanedutu gnamnssulssguuaslany gaanunssuireiiauazenn

- « a
RANTTUNAATUATULIUBUR BAAIMNIINDTMITUATLATEINN
3.2 gUnIainIMAaeY
321 LLBJ'uE]QﬁLﬂEJJJ inSA Al6061 WU 0.4 TaalUnT YU 5.6x7 AT NLGURLUAT

322 uﬁuagﬁt.ﬁau UUI 3 TABUAT TUIA 2x2 AT NGURLLAT
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3.2.3 @ANadUANENd 20 LURLUAT

3.2.4 WHUAZMITUIA 6.9x4.3 ANTIPUALLIAT
3.2.5 Uninesuua 250 uay 500 ladans
3.2.6 iAsasdansladin

3.2.7 gaflenalifiudle

3.2.8 A3eadeansanden 3 Muvu

3.2.9 uvasdnglvngzuanse (DC Power Supply) 31 RXN 605D
3.2.10 anglWuuuiiimiu

3.2.11 Wnaumdmiuldans

3.2.12 GiflumuaNanmund

3.2.13 Walaiman (Magnetic Bar)

3.2.14 p3zAwnsiegiaveruiues 100

3.2.15 NS¥AENSIesinazdeaues 1000
3.3 |asasilefldlumsiasies

3.3.1 ndesgansiAudIannIauwuudaIns1n (Field Emission Scanning Electron

Microscope; FE-SEM)
3,3.2 NdaIganIsAiLUuLIsesmay (Atomic Force Microscope; AFM)
3.4 YUABUWAZITNITHAATIZU

3.4.1 AIAIEUTUIU (Preparation of Sample)

3.4.1.1 W3suuNuegliidonuunn 5.6x6.3 MINBUALAT VU1 0.4 TadiunT wasuwH

a o a a a = v Y
BQJJLUE]U'UU'M 2x2 ANTIYUALLAT BUT 3 UAALUAT LU INUAILE18AIANDILAY ﬁ‘l_l
b

Ushnsena iy
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A 3.1 (N A) WHUATHEUYUIN 5.6%6.3 AT NLEURLLAT

u

(A B) usiuegiiiflonuunn 2x2 MINLURLIAT

3.4.1.2 [dnmdnendnavludadiu 1:1 wvavaulmduillefedu antuiwuang

Uihnusessisvaswiuaaiiiienuavaiamameunaliilaga Mntuseliuiain

] ] =3 < a n < 1/ a o 19 ?{ v
3.4.1.3 WILHUB qmﬁanwm AMTANDNYIULWIAUVHINIATINALDIANTLUILIRITUY

\led AT uanUsnuURITUNY
3.4.2 NM5UARlavieA2e35 el (Electro-polishing)

3.4.2.1 vindans lwlinagaxdlau (CH,COCH,) wartindshaainysey (Deionized

Water) 88198y 2 Ui LﬁaﬁﬁmmasmmLl.s.iuagﬁl,ﬁﬂu

3.4.2.2 ddusgiifisulyvinszuarunisdafalanedie3ludwadl (Electro-
- - IJ at d‘l’ - v 1 - v = (7]
polishing) maﬂ‘suamwwumwmunuaqmﬁaumaﬂimLﬂaafﬂaa'm (HCLO,) waunuLenIuaa

(C,HsOH) Tudndunayusuins 1:4 10V 5 i

o a v a 2
AR 3.2 asazaedldninslaslunszuiunsderilaveselWiail

3.4.23 ydansilelindnasesinteas@lau (CH,COCH,) wavi1Us1AaInUsey

(Deionized Water) a8y 2 Uil LiaviAuazenawsuegiliilyx
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3.4.3 nszuaunseluladnsed 1 (1*t Anodization)

3.4.3.1 Wukuegiiflsnuun 5.6x6.3 MIIUYUALAT MU 0.4 TaGuAsuaLIUIA

a a = o a a v & o
2x2 a9 udiuns wu 3 fadwasiiiudansiledadigniseluladasen 1
Anodization) #8nsaeane1an (C,H,04,) ANTNTW 0.3M Aausednglada 40 Taan 4

LRI T

o ' ad ¢ o d &
2NN 3.3 LLNUE]Q!JLUUMWN’]Uﬂ']'iE]IUIWUﬂiGVWUG

3.4.3.2 dhiunudndhedusmnusyuasiaudeulsiuisad
3.4.4 nsnan28a1sall (Chemical Etching)

3.4.4.1 vdenimelulagasan 1 UBusuaivin Chemical Etching sonsaweans
30 (HsPO,) 6% raufunTALASIN (H,CrO,) 2% MuALaMMY 70 sarisalduansil um 2

Gl

AN 3.4 nstemeansiailleeldnsavieanadn 6% waudunsalasin 2%

3.4.4.2 unuhaareameihumannUssuasiliaufouliuieain
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3.4.5 nszuaunisaluladasadi 2 (2™ Anodization)

° ¢ o o A
3.4.5.1 vinszurunisaluladasan 2 Tnswvadaulunisveaseanitu 2 n1svnass

De
=De

5/ 1 o/ & d‘ ﬂ‘ 1 at nI)
(1) MWauaredngluia 40 Thanpsiuazilasuiailunisnaaeawinnyu 24 9219 48

ey 72 aluamudinuy

anuaadnglni (han) e (@hlua)
2nd Anodization &
40 48
12

= =) y 1 as - -
A15199 3.1 ansniseluladasan 2 Wanudedndlniaaei 40 Taad wazwasuia

Flaus 24 H7lua 48 Faluduas 72 $alue anuanu

H a a o oo v & U 4 - '
Al 3.5 eludnegiitueenlenfidunasizideniseluladaian 2 lnedeulvaiiusiig
o o o o o
fndluinaan 40 Thad (naw A) 24 $2laa (aw B) 48 F7lua (aw ©) 72 dalua
AUAINU
1% o ¢ M) - -l ' "
2) Wnarlunrsvineluled 24 Trluspsinasildsuninusiadndiiiilunisvaass

wiriu 40 Thasuay 50 Taannuanu

nan (@) Ausadnginia (qad)
2nd Anodization 40
48
50

A15799 3.2 A3 19n1Telulagasan 2 Tnained 48 47lue wazdsunaiaas 35 lan

40 Thas 45 Thasuas 50 Lianmudny
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o ' w o ] o o
wudeulvaruddndlnia 40 Taad 11a1 48 FalusAadaulvivanzauigaly

1 3

o af o ol =y a o d‘ 1 o a n!
msdnAnwnmsdaassifuwiuiiduuilunedaegiviegiifloy e nuiuegiiileud

1 a §

svndnwinisdaassiuduiiduunlunedasgiunlunuuinandi da11uun
~ a o v 1 a 1 Y v} a a o
spznaunniuazyihliiuegiilenliawisasesiuanunuvestusgituesnledd
a & vw v W o w a o q w a a ' a
induld lunnenduiuszesnafdssiivlussilirnuvuivesegivues nlendeesiiuly

lwlianunsaasnssniduwsiuunlunedaegiiunle

o o o o ' ) - ¢ v '
nNd 3.6 mIsluladrsiniassmeaiuanadngliiingg 40 Tian 48 F7lusvauny

pafiilun Yun 5.6x6.3 A1TULUALLAT

U

2. ihunuviharuazainsmisiirainuseuasithauseuliuneain

3.4.6 nsaanagiitueanlynatnususgiivion

3.4.6.1 vinnsasnduiisusaiitnsenlednisnsaieinaein (HCLO,) Hauiule
muea (C,HsOH) ludadausiou3unng 1:4 Uuatauasdng iihligeudigduimiusueg

o

tusenlasnasnaanu ntuUsuANANdAndlWihanas

3.4.6.2 wuusuegiifieenledazasnosnuinuiuegiiion Tivesiwuasnduiy
wsuegiidueenledeaninainuiuegiiienladuuiufianulunesasgiiun

" I = i
T :-*-.'.L.;.-..,.:p £ ‘g"
S ——

il 3.7 wiuilauuluwe$aegiuivuin 5.6x6.3 MINUALAT Mmensaaaaein

nauAueMUealudndIu 1:4
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3.4.7 M3venezwiuegiitneanles (Pore Widening)

a

3.4.7.1 Ynmsvenegngumensanaanain (H;PO,) Aadudu 5% muauguugil

i

o a
AT 40 BeALTALRed 1181 10 U

3.4.7.2 \hiunwihauazaiasmeuirnyszauazsidanfouliuisadin

3.4.8 as7aATIzAlATIATAIENABIganTIAULUUdaInTIA (Field Emission

Scanning Electron Microscope; FESEM)

o e et

= 2 ¢a '
NN 3.8 ﬂaaaqawi'iﬁual.énmammuamn'm (FESEM) FESEM v3a01uu138
Tavzuazian poainIaluving1die (1w A) uay FESEM vesqudidouay
Uin1snassganssAuAanidianaseu Anziveimans avnivenduidedl

(nw B)
2
w1 (A A) www.strec.chula.ac.th/
(AW B) emr.science.cmu.ac.th/measurement

anvinzilassaiisveselufinegiiueenledimelusunsu Image)

3.4.9 A37971AMIATIASNAENAD AN TTAULUULTIaEABY (Atomic Force

Microscope; AFM)

Awil 3.9 ndpsqansIMiLuuLsIDERaY (AFM) Hitachi §u 5500M

psRdlATIvlAstaswveteluAnegitieanlenmelusunsy Gwyddion (64bit)
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Han1snNaaodkazanusiena

a gy & a a o ¢ X o a =
4.1 nan1sanTziiauelufnaglivueanluduuinuiiavasagiiiioy

ot

=% s v a a et o
namsAnwdnenzlasiaiveseluinegitueenlediduasizilagnszuiunise

i s L v L3

« & i a4 o d a
Tuladananss (2" Anodization) wasnszuaunsduiiertesiiaTizimendesganssm

SdnmsauluvdaInsIa (FE-SEM) lananisimseiiassadinasanalul

4.1.1. navaanidelulad

«

HamTIATIsilassasveselufnagiidueenlyn

s

a P ¢

AFuAsITRIINNTEUILNToLUled
o o o 1 as P o ) o ar

ASH 2 meAuAAng WA 40 ThaduasiUdeulial 24 9714 48 4alie uay 72 4alud

R TG RIS

AW 4.1 1 FESEM elufnagiifueenlesidansisilnensyuiuniselilad 2 ass
mansnaeny1an (CH,0.) 0.3M aaumgil 5 asrwaldisa AuAANdLW
asit 40 Taadt (nw A) 24 Falus (i B) 48 4l waw (nw ©) 72 4l

AU



33

IINHANTTNAGBIINAMNT 4.1 Geliisiunszuiunisvenezwiu (Pore widening) lne
P ) o v '3 - |
A A fieusnedndlui 40 Taad 1ian 24 lusdivunadudugudnatadewindu 16.7
dl ] ar q.) = v 1 L3 4
wiluans 2 B Arnuadndlui 40 Taad 1a1 48 Hrluslivnaduriugudnaruade
W PN "W ¢ 1Y) = v
Wity 27.4 wiluies wazaw C Aanusedndlnin 40 Taad a1 72 Falusfivunadueiig
¢ = "o o ' @ <
AudnaaadBYiiy 35.7 UIlUUAT KANITNAABININT 4.1 wuiruiadunugudnaneg

wyu (Pore Diameter) auiinfiumuszeziiatlunisaluladasins

4.1.2 HaY9IANUAINANg WA

- v o a s d af
nan1TiATIwlasEivraseludnegitueenledndunsisiainnszuiunmselulad

& al i o o - ' o
AN 2 saeLa1Aed 48 aluanavwasunudradnglwi 40 Thanuas 50 Taadnudau

A - - el “."
Wi 4.2 A FESEM sludinealitueenlendunizilagnszuiunselulad 2 a3y
fenIneany1an (C;H,04) 0.3M gaunnil 5 asruvalded Lnaaail 48 Falus

(a1 A) 40 Taan (aaw B) 50 Taan
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FINHANITNAGBIAINANA 4.2 Salaiiunszuiun1sveIagngu (Pore widening) lag

o " ¢ - ) = v ¢ & | o
A A fimuaedndliia 40 Taad Liaasi 48 Falusdivunadusitugudnansadewiniu
43 uluwms waznIw B Anusedndlvia 50 Thad viatasi 48 Falaedvunniduriu

¢ < "W I ' v ¢
ﬂuaﬂa"l\‘ltﬂﬁULw'}ﬂU 60.5 u’]I‘ULﬂJW'ﬁ AINHANITNARDIVNEADI WU’JW‘LJ'W]L?{umquEJﬂaNg

a

. a & ' ¥ P o “
#3u (Pore Diameter) 3zifisdumuanuandnglvihnldluniseluladasiais (18] lesn

AuARAngiHundudanasinlielufneaitueanledlasudniwavesaurulwiivuuin

U

¥ W w1 ¢ o o ' s ) al
Ju dewavilivunaidurnuaudnansgwuaas naauardndlui 50 Taadian 48 Falusdl

v ¢ o | ) )
yuaduriugudnansgnsuedsinnitfeulvanuiedndlni 40 Taad 48 Falus

a ¢ & ' o - w v o
nan15IlATIzRAINATEUIUNSelulegfe lutisusnidinsliauyliwidgueu

safilsudwmalitinnissiunisveinssuiumselulad Fadwariliiintuegiiuesnle

U

v
=

Y = o ' u’j a s L3 ; ! o Yo o
vuiuiegiiiiey Weanarhulutuegliduesnlentimumninniiu Jsdmavilivinaves

auinvanasnazvinlvansnavesauryluidenanonszuiuniseluladtiesun vinlv

o

a d ¢ o P ) cda v ) a
ﬂ']ia:ia"lﬁlalaaﬂi'ﬂi\lﬂfﬂI.aﬂﬂ'V]'ﬂ%ﬂﬂﬂﬁ”uuaﬂﬂl‘dﬂ'ﬂﬂ')ﬂu’]tl,ﬂuﬂ'ﬁﬂﬂﬁ']llﬂﬂﬂ']{lﬁuqﬂlwﬁ']

u

dawavilinamunduegiitueenlediovatuasiionnamuiegiiueenladtosasasvinli

niwavasauwlwihiiunntudnasiaduAullaniluiging Sewemduiiugudnansgngu

. D

'
o

Adutudunamnnmsiafviegitueenleneinaisazaty Sdninslasainnszuiumse
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4.1.3 HareINsnanIneaE1sadl (Chemical Etching)
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4.1.4 Hav2IN15UARIA83S INHIAT (Electro-polishing)
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wnnineunstaialanemelviiad Wasminnsdnilangamglwiuaiilinsalesrasin
naufulenuealudnstdIu 1:4 WENIUBATTTILAIUANAINLTIBINTTARRITINNIA BT

a L A‘ - 1 a =
rao3nllliiniuirvewunuegiidenusaauiuly



37

o ' a v o o a v P o " w o
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4.2 wansaTeivauiuiauunlunaidegiiun (Nanoporous Alumina)
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asnegivusanlereanvinuiuegiifisulmduuilunesasgiiun gniluasiaiiasies

Tnseasnsendoganssmididnaseuluudaansialananisiiassidmaluil

4.2.1 M3vgngiduruAugnaagwil (Pore Widening)
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Top Surface
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b

Bottom Surface
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4.2.1.1 wiuWauun luwaidagiiun (AaunTY8IEIWTL)
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4.2.1.2 uruduunTuwaidogiiun (unszurunTvenegngy)
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Joule’s heating Dissolution Electrolytic
generation of oxide breakdown
Electrolyte
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metal/oxide
interface
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SHTULAVMAINSTENEINTY Furuiiiunszuumsvenegnguaglavuadusiiugudnansg
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726 nm

795 nm

726 nm
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Abstract

The anodic aluminum oxide (AAO) can be controlled the morphology of pore
by varies anodization conditions. The many researchers study involve anodization
conditions such as temperature, solution, voltage and etc. It is mostly used for two step
anodization because it has high order pore. In this research we study effect of
anodization times in anodization process. This work used oxalic acid and mild anodized
for fabrication anodic aluminum oxide. Scanning Electron Microscopy were used to
identify morphology of AAO. It can be observed that increase anodization times the
morphology of AAO have high pore uniform. For more detail will be discussed.

1. Introduction

Anodic aluminum oxide is the oxide of aluminum, it can be fabricated by
anodization process. Anodization firstly use in the industry to prevent corrosion of the
aircraft, it can be protect aluminum components from corrosion and mechanical
damage.Latertime, the researcher apply anodic aluminum oxide used in
widelyapplications such as colorimetric sensor [1], photonic [2], filter[3], template [4]
and etc. They are study anodization conditions as temperature, solution, voltage, time
and times with finds appropriate conditions for applications.The two step anodization
used in anodization process by masuda [5]. High order porous of anodic aluminum
oxide can be fabricated by two step anodization. The anodization processcan be used to
a variety of examples such as titanium, magnesium, zinc, tantalum and etc.The
anodization makes up the solution such as sulfuric acid (H2S04) [6], phosphoric acid
(H3PO4) [7], nitric acid (HNOs) [8] oxalic acid (H2C204) [9] and etc.In this research,
we study effectof multi-step of anodizing processeson surface morphology of anodic
aluminum oxide. Field EmissionScanning Electron Microscope (FE-SEM) used to
identifysurface morphology of AAO.

2. Experimental

2.1 Prepare aluminum plate

Oxalic acid, absolute ethanol and chromium oxide were purchased from
CARLO ERBA Co. Ltd., perchloric acid purchased from Ajax Finechem Pty. Ltd.
Phosphoric acid purchased from Merck. The process of anodization is as followed.
Aluminium 6061 plate was mechanically polished by sandpapernumber 600, 1000 and
2000, respectively.Rinse sample by water, degreaser by detergent and rinse sample
again. Ultrasonically cleaned in acetone and deionized (DI) water for S5min. After that
the sample was electro-polished in 1:4 ratios of perchloric acid and ethanol for 5 min.
Temperature and voltage during electro-polishing was kept constant at room
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temperatureand 10V. After elecro-polishing the Al plate was again cleaned
ultrasonically with acetone and DI water for 5 min. Finally, dry aluminumsample with
heat gun.

2.2 Anodization process

The anodization process was carried in anodization experiment as shown in
Fig.1. It has strong cooling coil and magnetic stirrer to maintain electrolyte temperature,
concentration and flow. The Al sheet was attached to the anode and lead sheet was used
as cathode. The first-step anodization have condition show in Tablel. The electrolyte
used in anodization was 0.3 M oxalic acid. After anodization the alumina layer formed
at surface, the chemical etching used to remove alumina layer from first step
anodized.Etching process was carried in 6 wt% phosphoric acid (H3POs) and 2 wt%
chromic acid (H2CrOy) for 2 hr at 75°C. The second step of anodization have same
condition in first step anodized. Thesecond, third and fourth anodization used chemical
etching process before anodized.

>
HITRLY
/

Fig.1 Anodization experiment: A) power supply, B) lead sheet, C) aluminum, D)
magnetic bar, E) oxalic acid, F) magnetic stirrer, G) insulator, H) copper coil, I) digital
thermometer

Table 1 Anodization conditions.

Anodization condition

Time (hr) Temperature €C) Voltage (v)
First anodization step 4 T B 40
Second anodization step 4 5 40
Third anodization step 4 5 40
Fourth anodization step + 5 40
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Fig.2 Anodization process

3. Results and Discussion
Surface morphology of Anodic Aluminum Oxide on aluminum substrate were

observed by Field Emission Scanning Electron Microscope (FE-SEM, JEOL JSM-
6335F). In this research investigate the effect of the multi-step anodization, series of
samples were fabricated by one (A), two (B), three (C) and four (D) step anodizing
processes, respectively. No structure of a pore forming AAO from onestep anodizing
processbecause one step anodizing process haslow potential to pore formation. On the
other hand, two, three and four anodizing processes generate with the formation of the
nanopores in the anodizing process.Jt was found that the multi-step in the anodizing
processes significantly improvethe ordering of the pores structure.

Fig.3 FE-SEM of Anodization: A) 1 times, B) 2 times, C) 3 times, D) 4 times
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4. Conclusion

In this research, we investigate themulti-step of anodizing processeson
morphology of anodic aluminum oxide.It was also observed that increase anodization
times increased the ordered pore. Material fabrication of AAO is based on facile and
inexpensive electrochemical anodization and the outcome of the process are perfectly
ordered and size controlled nanopores.
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Abstract. Anodic aluminum oxide (AAQ) is well known for its nanoscopic structures
and its applications in microfluidics, sensors and nanoelectronics. The pore density, the
pore diameter, and the interpore distance of an AAO substrate can be controlled by
varying anodization process conditions. In this research, the self-organized two-step
anodization is carried out with a low-grade (A16061) aluminium substrate using a 40V
voltage at the temperature of 2 to 5 °C. Three experiments are done with the anodization
time of 24 hours, 48 hours and 72 hours. The structural features of AAO are
characterized by a field emission electron microscope (FE-SEM). The data from FE-
SEM show that the average pore diameter increases with the anodization time, and that
the A16061 aluminium substrate can be used to fabricate a nanoporous AAO film with
an average pore diameter smaller than 17 nanometers.

Introduction

Aluminum oxide has been widely used in the industry for more than 90 years
[1]. Aluminum oxide used in the industry are in the forms of solid, thin film and
particle. Special forms such as nanoporous aluminium oxide film can also be created
using anodization techniques [2]-[3]. The applications of anodic aluminum oxide in
nanotechnology include nano-filters, nanowire fabrication templates, biosensor
substrates and microfluidic components [4]-[5].

Anodization process is an electrochemical process that causes the formation of
an oxide layer on metal surface. In the case of anodic aluminum oxide, the anodization
can be done by various types of electrolytes, for examples oxalic acid (C2H204),
phosphoric acid (H3POa), sulfuric acid (H2SO4) and chromic acid (H2CrO4) [6]-[7].
Anodization is usually conducted at a low temperatures to maintain a low current
density and slow anodization rate. The physical properties of AAO substrates, (average
pore diameter, average interpore distance, porosity, thickness, etc.) are controlled by
the electrical potential, the electrolyte temperature and the anodization time. Anodic
aluminum oxide in the form of hexagonal structure was discovered by Masuda and his
colleagues in 1998. He used phosphoric acid as the electrolyte and a voltage of 195 V
for the anodization.

The grades of aluminium substrate can affect the anodization result. But, a study done
by using a two-step anodization in a mixture of sulfuric acid solution, water and glycol
at various voltages shows that an inexpensive (AA1050) aluminium can give a
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relatively good AAO layer [8]. So, in this work, we decide to use a lower-grade
(A16061) aluminium to study anodization process. The anodization process is done by
following the standard procedures [9]-[13]. The final AAO films made by different
anodization parameters are characterized using a field emission scanning electron
microscope (FE-SEM).

Experimental Method

An Al6061 aluminium plate with the thickness of 3 mm was cut into square-
shape (2 cm x 2 cm) samples. The samples were then cleaned with acetone (2 min) and
deionized water (2 min) using sonification process. Next, the samples were
electropolished in a 1:4 mixture of perchloric acid 70% (HCIO4) and ethanol 99.99%
(C2HsOH). The temperature of the electropolishing was room temperature and the
duration time was 5 min. Then, nanoporous AAOQ thin films were fabricated by the two-
step anodization process using a voltage of 40V, in a 0.3M oxalic acid solution at 2 °C
to 5 °C. Here, Lead (Pb) was used as the cathode. After the first anodization, the sample
was etched with a mixture of 6 wt.% H3PO4 and 1.8 wt.% H2CrO4 at 70 °C for 2 hours.
The samples were then re-anodized at the same conditions as presented in the first-step
anodization. Three samples were made by varying the time duration for the second
anodization: 24 hour, 48 hour and 72 hour. After the two-step anodization, the AAO
was further processed with phosphoric acid 6% (H3PO4) at 40 °C for 10 min. Finally,
the AAO thin film was peeled off from the aluminium substrate by using a 1:4 mixture
of perchloric acid 70% (HCIOs) and ethanol 99.99% (C2HsOH).

Aluminum

JI Lead (Pb)
E Magnetic bar

Figure 2 Anodic aluminum oxide samples made by using 0.3M oxalic acid at 5 °C.
(A) 40V 24 hour, (B) 40V 48 hour, (C) 40V 72 hour
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Results and discussions

The structural characterization of the obtained nanoporous AAO film was
performed by using a JSM-633 5F field emission scanning electron microscope (FE-

Figure 3 The FE-SEM images of anodic aluminum oxide made by the two-step
anodization at 5 °C. (A) 40V 24 hr, (B) 40V 48 hr, (C) 40V 72 hr
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Figure 4 The FE-SEM image of anodic aluminum oxide after one-step anodization
(chemical etching in a mixture of H3PO4 6% and H2CrO4 1.8% at 70 °C for 2
hours).

The FE-SEM images show that the pore diameters increase with the anodization
time. At 72 hours, we obtain the largest average pore diameter of 35.7 nm. While the
anodization times of 48 hours and 24 hours give the average pore diameters of 27.4 nm
and 16.7 nm, respectively. Although the pore diameter can be made smaller than 20
nanometers, the shorter anodization will also result in the reduction of the average
thickness of the film. When AAO films are too thin, it is more difficult to peel off the
aluminum oxide layer from the aluminium substrate.

Summary

A self-organized AAO film can be produced using a A16061 aluminium in 0.3
M oxalic acid electrolyte by a two-step anodization technique. Experiments with
varying anodization times show that a nanoporous AAQ thin film with the average pore
diameter smaller than 17 nanometers can be fabricated.
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Abstract

In this study, forming of Anodic Titanium Oxide (ATO) that has a nanoporous
and nanotube morphology was studied for waste water treatment application.
Nanoporous anodic titanium oxide was obtained by anodization, using ethylene
glycol merging with ammonium fluoride at room temp as electrolyte. The variables of
the process were anodization time (5, 10, 15 and 20 min) and anodization voltages
(20, 40 and 60 V). Field emission scanning electron microscopy revealed that
separated nanotubes became obvious when the voltage is high. The samples with
different ATO conditions were investigated by the degradation of methylene blue
under UV light irradiation. It was found that the activity of the photocatalytic of ATO
was significantly enhancement of the degradation of methylene blue. These results
suggest that ATO/UV photocatalysis as a method for treatment of diluted waste
waters in textile industries.

© 2016 Elsevier Ltd. All rights reserved.
Selection and Peer-review under responsibility of International Conference on
Science and Technology of the Emerging Materials.

Keywords: Anodic Titanium Oxide; Waste water treatment; Degradation; Methylene
blue

1. Introduction

In the recent years, the rising demand for clean water, purified from harmful
chemicals with health effects even at low concentrations [1]. Therefore, waste water
treatment is currently a field of research, with various application potential answering
the needs of society. Many methods were used to treat the waste water such as filtration
[2], photocatalysis [3.,4]. Photocatalysis has attracted attention as a promising technique
for solving environmental problems especially in the degradation of organic pollutants
in water treatment [5]. Photocatalysis is a process that occurs when a semiconductor
absorbs a photon of energy greater than its band gap (the region between the electron-
fill valance band and the empty conduction band of a semiconductor), and an electron
is excited to the conduction band thereby creating a hole in the valence band. The
generation of the electrons could lead to oxidation and reduction reactions on thesurface
of the semiconductor. In both reactions, hydroxyl radicals are produced and these
radicals react with the molecules of the organic pollutants repeatedly to degrade and
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possibly mineralize them into less toxic and simpler substances such as N2, COz and
H20 [6].

Titanium dioxide (TiO2) is the most used photocatalyst due to low cost,
chemical and thermal stability, low toxicity and relative high catalytic activity,
especially of its crystalline anatase phase. Several papers report reactions mechanisms,
chemical kinetics and details on the photocatalytic efficiency of this oxide for removal
of pollutants [7].

The aim of this study was to obtain porous TiO: coatings by anodization
process, with the purpose of their application in photocatalytic processes for
degradation methylene blue as waste water. Anodizing voltage and time were used to
study the morphology of porous structure affecting with the performance in water
treatment.

2. Experiment
2.1 Preparing the Ti sample, Anodization

Prior to anodizing, Ti samples were prepared by cutting Ti plate to size 2.5 cm
* 1.0 cm. Electric wire was attached to the end of Ti sample. For the anodization system,
the electrolyte was based on an ethylene glycol solution containing NH4F (0.3 wt%)
and deionized water (2 % volume). The Ti substrate was used as the positive electrode
and a lead plate as the negative electrode. The electrolyte was stirred with magnetic
stirrer at all times during anodization process at room temperature. The first experiment
was studied for the impact of anodizing voltage on the surface of Ti sample. The
anodizing voltage was varied at 20 V, 40 V and 60 V respectively, while the anodizing
time was fixed at 5 min. The second experiment was studied for the impact of anodizing
time on the sufface of Ti sample. The anodizing time was varied at 5 m, 10 m, 15 m
and 20 m respectively, while the anodizing voltage was fixed at 40 V. Schematic
diagrams of the anodization system are shown in Fig. 1. The obtained ATO samples
were characterized on a field emission scanning electron microscope (FESEM, Hitachi
S-4700) to investigate the morphology of the Ti sample, the morphology of the
nanoporous ATO .

| Power L=
Supply

Fig. 1. Schematic diagram of the anodization system.
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2.2 Degradation

Before the degradation, ATO was annealed in a furnace tube at a temperature
400 oC for 2 hours in nitrogen gas. Using methylene blue solution as waste water, The
methylene blue solution used was 5 mg/L. The methylene blue solution was poured
into erlenmeyer flask 50 ml. Ti sample was cut to size 1.0 cm * 1.0 cm and put it in to
the solution. Erlenmeyer flask was set on shaker that shaked solution about 150 rpm
for 1 hour under UV light irradiation. The ATO samples with annealed and without
annealed were characterized on a X-ray powder diffractometer (XRD) to compare the
crystal structure. The optical absorption spectra of the degraded methylene blue were
recorded by using a UV—vis spectrophotometer.

3. Result and Discussion

Fig. 2 shows the XRD patterns of ATO 60 V, 5 min sample (representative of
all sample) that compares crystal structure of TiO2 on the surface of ATO between
before annealing and after annealing. The main point of annealing ATO before using
ATO to degrade methylene blue is to change the crystal structure of TiOz from rutile to
anatase, because rutile phase cannot have the photocatalysis that cannot use to degrade
the methylene blue [3]. The patterns of TiO2 before annealing show diffraction peaks
that can be indexed to the rutile phase of TiO; and the patterns of TiO> after annealing
show some diffraction peaks difference from before annealing consisting of (101),
(200) directions that mean some part of rutile phase change to be the anatase phase.
The sharp and intense peaks showed good crystallinity.

before annealing
——— after annealing
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Degree (26)

Fig. 2. XRD patterns of TiO2 on the surface of ATO

FESEM examination of Ti and ATO surface morphology is shown in Fig. 3.
Fig. 3(n1w A) shows surface of Ti without anodization. The nanoporous ATO with

different anodizing voltages while the anodizing time was fixed at 5 min were shown
in Fig. 3(b,c,d) that the 20 V, 5min condition is the roughest surface so it has the most
surface area in these anodizing voltages conditions. The 60 V, 5 min condition started



70

to form nanoporous structure that it is the second largest surface area next to the 20 V,
5 min condition. According to FESEM examination of anodizing voltages conditions,
The UV-vis absorption spectrum of methylene blue which degraded by varied
anodizing voltage showing in Fig. 4(n1w A) is found to be in the region of 663 nm at
room temperature, the higher of absorption peak indicates that less degrades from TiO:
so the 20 V, 5 min condition is the most effective for degradation due to the large
surface area.

Fig. 3. FESEM images showing the surface morphology of the nanoporous ATO with
different anodizing voltages and time
(A) Ti without anodization; (B) ATO 20 V, 5 min; (C) ATO 40 V, 5 min;
(d) ATO 60 V, 5 min; () ATO 40 V, 5 min; (f) ATO 40 V, 10 min;
(g) ATO 40 V, 15 min; (h) ATO 40 V, 20 min.

The nanoporous ATO with different anodizing times while the anodizing
voltage was fixed at 40 V were shown in Fig. 3(e,f,g,h). When the anodizing time is
increased, the nanoporous is forming gradually that means surface area for reaction
increases. At the 40 V,5 min and 40 V, 10 min, surface of ATO still has a wall structure
that is not split to form the nanoporous structure. The nanoporous is beginning to form
at 15 min onwards. From Fig. 3(e.f,g,h), the nanoporous structure of the 40 V, 20 min
condition is more complete than the 40 V, 15 min condition so surface for degradation
is the largest in 40 V, 20 min condition. The 15 min, 5 min, 10 min condition have less
surface area, respectively. The 10 min condition is less surface area than 5 min
condition because both 5 min and 10 min condition is not porosity but 5 min condition
is rougher and higher surface area than 10 min. The UV—vis absorption spectrum of
methylene blue which degraded by varied anodizing time is showing in Fig. 4(n1n B)

that the optimal condition for degradation methylene blue is 40 V, 20 min which
matches the results from FESEM examination.
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Fig. 4. UV-vis spectra of methylene blue that degraded by varied condition of ATO
(A) varied anodizing voltage; (B) varied anodizing time.

4. Conclusion

TiO2 which forms by anodizing Ti substrate have to anneal to change the crystal
structure of TiO- from rutile to anatase because rutile phase cannot use to degrade the
methylene blue. The effect of voltage on the anodization cannot estimate the tendency.
The effect of time on the anodization is when the anodizing time is increased, the
nanoporous is forming gradually that means surface area for reaction increases that can
improve property of degradation of ATO. The optimal condition for waste water
treatment application is 40 V, 20 min which has the best porosity and the highest surface

area in this research.
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