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ABSTRACf

A labordtory mood anodising unit has been set,up and l.lSedin the study on thc dfed,6 (If the

,'mables like time, lemperalure and concentr ••tivn of the electrolytic bath on wcight gain, hardness,

eIedricn! resL~tanceand stfllclure of the anodized layers. The weight of the anodic coating on pure '

alluninium anodes in sulf\Ulc acid electrolytes was found to increase wi.\h decre<\f\ingtem?C£:rtIIre

and concentration of the elcl1rolytes while the weight dC{Tcased a6 the temperature and

COllcClltrationof c1cctrolytes wo:re raised, Tbe weight gain doc to sealing in deionized water'

incrcased as the temperature and immersion time were in~Tt"Jsed Hardness and e!eclllcaJ resistance

w"-~fOOI]dto increase with decreased ekdrolyte tcmpt'mnu-e and concentration,
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CHAPTER. ONE

1.0 INTRODUCTION

Anodizing is an electrolytic process in which a metal is made the anode in a suitable electrolyte so

.that \\-'hen an elet1ric clllTeIll is passed lhrough the electrolyte, the metal surface is eonverll'd to a

fOl1n of its oxioJe that has decorative, protective, or other desirable properties. The electrolyte

pm,'ides oxygen ions that react with metal ilJllSto [Ollll the ollide, and I\ydrogen is released at \tI\:

metal or carbon caOwde. Depending upon the solvent action of the selecteJ eleorol)1e all the

alJ(xJic oxioJe, lhe operating conditions employeoJ, anoJ voltage/current relationships, the uretal

allOoJCcontinues to be COJISUIlIOOand convertoo 10 an oxide coating which progresses inward. The

last fonucd oxide is aoJja;;entto \he metal.ooating interface.

Anndi1.ing differs frnm eleruoplating in two signifi<:ant respects. In electroplating: the work is

mal1c the calhode, and metalliC coatings are deposited on the wolk. 1n anodizing, the wolk is made

the anode, and ils smface is couverted to a fOffil of its oxide that is iutegral with the metal

subslmte. Anodizing processes have been developed for many metals. However, those used with

a!um.imull are of lhe greatest commercial siguificance. lvlagnesilUll is anodized for improved

resistance to corrosion ami abrasion by pro(."dums sinular to those used with aluminum.

Other mel,ds inchlding copper, zim:, cadmium, siher, and site! lL~uaJlyare anodized 10 achieve

dCl:Or~th'ecffedB whieh of\e[l are fugitive uniel>Sthey are protedoo by an orga.nic overooating. The

basic reaction in all anodizing processes is lhe conversiolJ of !he metal sUJfaooto its oxide while {he

part i~ made the anode in a electrolytic cell.
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1.1 RellSQus for anodizing are;

1. Increase currosion resistance. Aluminium o:\ide is corrosion resistant and impervious

to atmospheric and salt water attack. The anodic coating prolocts the underlying mctal by

serving as a barrier \0 the cOTrodenls. The amorphous aluminium o:ude produced by

anodizing is bealed by treating ill acidified hot water.

2. Increase paint adhesion. The tightly adhering anomc coating offell; a chemically active

sUlface for mast paint systems. Anodic /iJrns produced in sulfwic acid baths are colorless

and a/fer a base for subsequent dear fInishing systcrru;, Aluminium-base materials that Me

painted for servicc in severe corrosive environments are anodized before being painted.

3, Permit subsequent plating. The inherent porosity of the anodic film enhances

electroplating. Usually, a phosphoric add bath is used for anodiling prior to plating.

IlllJ,ron' decorath'e aplJellranl:c. All anodic coatings ano lustrous and hal'e relativcly

good abrasion J\~sistance. There/I)re, these coali~gs are used as the fmal fmisrung !reatmenl

when thc natural appearance of the aluminium is desired or when a nwchanicaUy mduced

paHem is to be prescrved. The degret' of 11ISlerof anodic coaling depcnd~ on the condition

of lhe basis metal before anodizinE. Dull etching decreases Juster; bright eldling, cheulicaJ

or electrolytic brightening, aud buffing increase lU8ter. either diffuse or specular. Most of

thc aimninium uscd in architt'ctura1 applications is allodiled.

5. Provide electrical insulation. Aluminium o:tidc is a dielectric, The breakdown

~oltage of lhe anodic film ~aries from a few ~olls \0 se~eraithousand ~olls, depending on

the .uloy and on the nature and thickness of the filln,

2



6. Permit applkation of photographk IUld lithographic emnLsions. The porosity

of the anodic mm olfers a meo::hanicalmeans of holding the emulsion.

7, Increase enwsh-ity. Anodic filins more than 8 X Hl-9 nnn thick increase the emisSIvity

of the aluminium. When dyed black, the film has excellent heat absorption up to 232_C.

8. Increase abrasion resistance. The hard anodizing processes prodw:e coatings from 1

X 10-3 \0 more than 4mils thick. These coatings, with the inherent hardnlJSSof aimniniuni

oxide, are thick ellough for use ill applications invohing rotating parts where abrasion

Tel>;Slanceis Tl'quin:d. (Although ilIl anodic mms we harder than the suwtrolte material, the

coatings produced by chromic acid and some sulfuric acid baths are (00 thin or too soft to

meet the reqlliromonts for abrasion rcsistanu:.

9, Permit detection of surface naw. A chromic acid anodizing solution ellll be used as

an inspoction mcdiwn for the dctL'Ctionof line sunace LTJcils, When a part containing a

surface flaw is reml,,-ed from the anodizing bath, then washed anol olried quick\)', chnmnc

acid entrnppeol in the fiaw seeps out and stains the anodized coating in llle area adjacelltto

Iht flaw_

1.2 Theory of Anodic <-h:ide Formation

The mechanism of anodic oxidation is complex, and till today some Mpects are not completely

IUlderslood. In acconlance wilh Farada)"s law, I gr.un equivalenl of pure aluminium (8.9938gl

rC'actselectrochemically when %,500 columb of eleetricil)' is passed through the aluminium anode.

However, not all of this alumilliwn appears a1>aluminiwn oxide in Ihe coating. A significant ratio

c,m be calculatcd bctwecu the weigtrt of coating and the metallic ilIuminium or almninhnn alloy

removed, If all the aluminium were com-erted to oxide, this " coating r~tio"would be 1.89

3



(.'\120:3/2;\1). With the porous alld adsorbent type of coating this ratio is significantly lower,

sd<lom exceeding llJout 1.60. The coating ratio is lowen~d sigllificantl~' by an incre(l~e in the,

sulfuric aci<l content or the temp"rdture of the electrolyte, The r~lio is also lower with aJllminilUn

alloys than with the plIre metal. A lowering of the coating ratio indicates, in general, an illcreasse in

porosity lUll!deueaoo in abrasion resistance. It ill known, 1lI0l"OO\'er,\hat the coating is lIot all

allUuilliulll oxi<le, but l:ontains dlenucally bonded and adsorbed suootam,'es such as sulfate and

wakr lmm Ihe ell'Ctrolyte.

Theories of the sfmcture of the ovcrall film Jcpt:ml upon cel1aJlIexperimental ooscn'alions:

a. Thick slable o,\iJc lilIllS can only be formed in certain clcctrol~1es. No slIch filnt~ fonn in

acetic, lJi(ril:or hy<.lrochl011cacid and it is probable that incorpomlioll of the acid radical is

important in maintaining stability.

h. TIle total film porosity rl'Prt'Scnts ab()l1(45% of the ~pelficial mm volume.

c. Tile initi,,1Jilm is dCl"e but becomes less dense as tnc film gmwth proceeds.

d. Initially the film thickness inC1'ea<Jeby (he theoretical amolUlt, but falls off with time a<Jtile

cnmmt cffkiellcy <.1c<.:rea.<;<'Hand the voltage increases,

Initially o~id"ti\ln C<lIl.~iHL'"of dissolution of aJUlIIinium, b\ll when a critical Um-crIt density i;;

attained the anode layer bcn>mes saturated with A13~ ions aud a thin film of basic hydrated oxide

fomls. This nuses ,he potential, whel'eupon evolved oxygen oxidizes the whole surface and

dehydration may be attribuled to the heating effects which GlIlSCScracking 10 occur. Once cracks

f<)ffil, internal Ill',idation can take pia"", alld mnl gl'Owtb talrns place at the internal interface.

Therefore at the thin fill11stage intcmal ox.idalionlakes place with some extemal dissolution, but as

the film grows thicker pores de~'eJop and the exlernal ws..'olutiol\ ceases,
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The growing anodic mm is therefore seen in two layers (Pig. I): the iuner barrier layer is a

compact film of Al2O:3 growing by dilfusion of Al outwards and 0 inwards remaining relatively

con~t:mt in th;(kl)e~s ( 0.025 f'lD), while the outer porous hydrated oxide film grows up to thc

fInished thickness of 1.200 l'lll.

The barrier layer appears 10 101m lirst amI poroStty develops as di~olution commences (the barrier

layer must be I'l:sistive and mlJSt gener.lte heat as current is passed), Electron microscopy(J) has

shown thm the lilm grows with an hexagonal cellular pattern, each cell containing a pore. As the

voltage of anowing ;ncreil5es so the cell size increases and the overall pore density decreases. The

initiation of pores is 8till a mailer of debate boAis believed to be related in some way to the

existence of barrier layer growth faults,

1.3 DevelopJl1('ntofProtectil'C Oxidation on Aluminium

In the metal im!usll)' today a!tuninium occupies an increasingl .••., large and important position.

Owmg its employment tirsl ,md roremost 10 lIs lighlness. systematic researches have shown this

md,d 10 lul\'c a rem,u-l...lblc range of properties which make il suilablc. am) indeed render il

pre/erable, lor a mU]lirudc 01 applications. Allhough pure aluminium is soft, when alloyed with

suilable eh,1nelils such as copper, mllgnesiulll, silicon, and /lla.llgaucse--it compeles successfully in

I-.:specl of stnongliJ.and 1lanlncss with slnlctulaJ steel. ror this reason aluminium has in I«-.:nt

decades been widely employed as a constructional material for yehicJe and aircrnfl, for chemical

plants and containers and in /be field of architeduI'C, Its electrical conduclivity and the remarkable

resistance of lIlany of the alloy groups to atmospheric infhwllces has el~'l.bledit to replace copper

for overhead !r<lllSnllssion lines in numerous areas of the globe. Its nonmagnetic properties,

combined with good Workability, hJ\'C made the metal an oul.';tanding material for the cOIlStruction

of all e~lremdy Wide rauge 0/ apparatus, planl components. s~-u"llJ[al pan. and IlsefuJ objecls or

mall)' types,
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Aluminium and most of its allo~'~exhibit a high chemicall'esistance due to the fact thai, as a result

of its affinity for oxygen, aluminium lonns, when exposed to air, a thin protective oxide film. This

fcoactionoccurs iwltantaneously and allover the Sil/face and aluminium i~ in consequence always

covered by a natural oxide film which, initially is very thin and steadily grows in lbickness unbl at

the cud of some mouths it reaches ilS !lOnna! ultimate thickness which may reach 0,05 microus,

This thin natuml oxide film, which consist of SOllle20-30 mole~1.!larlayer, is capable of prolecting

the underlyiug metal against Ihe widc~t imaginable range of e.\femal corrosive influencc which

would otherwise attack and disintegrate the a1U1rmuum.Any mechmiral damage to Ibis oxide lihn

is scllhcaling, because immediate fe-oxidation occun;.

This natur.il m..ide is lllkgntlly attached to tllCahumnium and is dfcctively lree from pores, As a

r~ult. the oxide film is very hard and strong medlanicall>' md is resistant botb to water and nonnal

atmo,phere, but the proll'Ctioll it offers is inadequate if other agcndcs are present to start corrosive

attack on the metal, For this reason precesses were sought to reinrol'''' the natural oxide fJlm on

aluminium and thereby endow the metal with an e~'fIl gremer r~~istatlCCto cofIo~ion.

II has 101l~been known?! that alumiuilun IlseJ as an anode combll,es with the elearolytically

produced mygcll to fOim aluminium o~ide on the swface of the metal, nus phenomenon is

utilized in rcctifk]'s siuc<;the ()~ide film po~sesses tht: so-called" valve actioll ", that j~to say that it

allows all dedri<; cunent to P"-~'only 'n one direction. In the carly part of fhis century' and morc

p.ll'ticmady bet\\'~"Cllthe two world warn, processes were developed for the artilidalthkkening or

creation 01 the oxide film on aluminiwn and alwniruwll aJloys- P"x.,,~se~ as sigllllicant (or the

,'onunerdal de"elopmem of a1umituum as was the diSWI-el)' of Dur;uumin, the !lmt age-hardenable

aJuminilltJl alloy. It is possible ill this way to build up much thjcker layers which offer greatly

llJlprol'eJ protection titan can be derived from simple oxidation ill air. The processes for the

art, fic,al production of o~jde films fall into two main groups:

•



0) the pw'lly chcmical processes, which do nOI depend upon lhc use of dectric CWTenl;and

(2) the electrolytic o;udation or anodizing proccsses, which dc:pc'1ldupon the use of deCIDe

current,

The purely chemical proccssc'S depcnd upon !he adion of hot aqlleous solutions Otl the llIctal. By

reason of !heir simplicity they have deservedly attained some imporlarK'C, hut in general, they only

allow the fOl'lnalioll of fJlher thin, wfl fl1ms,whilst the processcs of the second group, the 80-

called anodk oxidation pm(."Csses(.M be made to prOOlIcehanl films 20 micnms ()r more !hick. III

pf~eticc, tlwr<:forc, ;lppJjC~tiUIlof thc chemical proccsse~ is restridcd to such spccial cases JS the

oxidation of illlclior ~wfaces of rubes or plant of large conlaiHers and "f ~urface~ which are

e~p<)scdto only mild chemic'l1 attack, and to applications wJwrc they ale u~ed for the preparation

of tllCsurEKe 01 aluminiwll a.' ~ b~si~ for subsequcnt (TMntitlgOf lac')uenng.

The most important prolccti,'" surf~(:e-trt::ltmcnt processes fall into the Clltegory of anodic

oxidation, since the films produced by atlodi~ing nol onJ>"gj\'~ e,~(.'dlClJtcoml.~ion-resistance to

alllluinlllllJ and to the majority of aluminium alloys, hut they al~o enhance me appearance of the

metal and Iwh it possible to give aluminium lUI)'\lcsiuJd COIOf.Thcs~ fads hal'e opened up a ncw

and imporlant r;\nge "t applications fOfaluminium as a material and have added to the possjbilitie~

of clllp!uying the met'l1ill ccrt;un technical applimtions.

i\Lmy pwn'1;s(.>5hal'e bet;n commcrcially devclopcll and are in lise Oil a large scale. A brief

d~'Scriptionof !h~se PJOc"ess<:sand of the plant reqnired for their operation is gh"en in the following

chapters, since it is known !hat many aiwnlniwn.fabricatiug works reyuirc their 01'.'11 anodizing

planl and abo thatihos" plants which opcrJ.le llidependentl>' play an important and lliteresling pari

in (he tcchnological de\'do]Jlllcnt of the metal and arc steadily incn:Jsing in IlIJllIDer.



1.4 Fieldof Apillicatiou

Thc surface lr~.ilIllellt of aluminium ITprescnls the I1nal phase of its fabricalion. 11 is the process

whirh gi~"" \he mtlal ils finished appearance. -"pmt frrnn considmlioIlS of inneasrng the

corrosioll-resistance of the malerial, the fmal appearance nlUSl also be taken inlo consiJer.ilion

whtm selecting Ihe method oj surface treatment. If Ihe aluminium is reqllired for constructional

componcnls or -planl and appar.11I1Sin!o which IlO special aesthetic considcration:; enler, then the

l'TOCesS10 be l'lllployed will be uedded purely upon Ihe relt'lalll properties required from the

plDledi,c film ~uch as its densily, lhicknl'SS, hardness or abrasion-rcsislance--bul if, OIl the

cuntrary, the almninimn is required for i'lrtic\es or cOInfXJllunlswhose llppe-<lTanceis importanl it

will be nl'\:css;u:' 10 lake tius faclor into accounl and (0 seiect approprialely both the anodizing

process 10be emplO)'ed and \he material to be Irealed.

The chemical o;ridalioll proco;,;~ts aJ'e u.<tu now-a-days in cases where the ~'t)rrosion-reffiS1anceis

not requircu 10meel e.~actillg daiJlL~and whcrc lhc aesthetic appearance is of limilcd importance.

Sudl proc<:sso::Sare ~ui1ahle, as bas been mentioned, partieulml)' for lbe treatment of the interim

slllface of tllc cube ,md piping s)'stem, ele. and also in conj\Uldion wilh suitable additional

PlDCt"SSeS,SIKh"" p'l;nnng or h,cqller\ng or coaling Wilh resTM.

M,,",~"-prnducedLhellp arIldcs :lIe often chemically oxidiI,ed lxca\\~e lms is an inc:\pensi~e melhou

of depositing an artificial wlorcd oxide filllL

The proct'Sses in use al the prC$cmtime can bc applicd 10lhe o:l.id~tj(}noj largc sUlfaccs, c.g, roof

smt accs ur cOf'clings of bf'~e containers or 11Oklen;of [lO( 'try COJTOsjl'csubstances and, again in

thcse cases. as a basis for tlw later application of paint and bcyucr or artilicia1ltsin coalings,
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In gen~ral, it Ill;l)' b~ said that chemical prolectiye oxidation is used wh~'fe barr alwninium is not

slulable and where- the cost, the requirem~'Ills, or the nature of the objoxt would prohibit anodic

oxidation. Anodic oxidation, with its thick film, must, however. be used where a high degree of

corrosion-resistance is called for, 1£ the appearance is not of intcrhi-- as for namp\e, in the

anodizing 01 iuduslIial compollenls--Ihe relatively cheap and ecollomic sulfuric acid processes are

use\!.

1.5 ScopeofThi~WOI'k

Enginccring applicahollS of anodized components are increasing day by day e,g. in military,

aifcr,lf"!,door filtings. window frames, >ehide. chemical planl amI in shipbuilding. The films

pn>duec>uby anoring enhance the appearance or the melal ami make il possible 10 giye aluminium

any (ksiJed <:010111'.ror llut J'e.ISOllS,systemalie research hal'e beell c.uned oul to have a

J~Ill:u-k:ableI1in~e or pJ'OI'0l1iC"8such as cOITosion resimanee. elect,;c,l! iTl'lJ!alion, abrasioll

Icsisl:mc.;.

Nonnally, ,1Iiodk o,~ld.ltiull is e.\knsil'dy used for the jlrodudion of protedi,.; ~nd decorJti\'l~

films Oil aluminium and a!Ullllnjlml alloys using l aliou~ Iypes of balh e.g. sulhmc acid bath

,'hrolilic acid b~lh, Thi~ inv,;sligaliol) aims to study the erkd of iliJTerml par.undeJs such a.~

1001l!,~rJIU1C,lim.;, concentralion of e!ecln,lyle on anodizing and to understand the effect or th~se

p,u<un.;kr:" 011 the strudlJIT and properties of the anodised layctb weight gain, hardness,

l1ucroslrllc1urc corrosion ITSl~fanCe,eledricaJ resisl'llIce, abrasion resistance or anodized layer has

heen siudied, Th.; mkJ'ostTu.;tlll'e cuuld not be thnmghJy studied dlle tv the lack of an electron

microscope. Sincc 110eqlJipment<: for anmliling was a>aiJablc ,onsiderabl~ period of lim~ was

SJlen! ill the desigll and fabricalion of ~ labomtof}' model anodising uILit. Cunsider.lb!c lillle w~s

also rlJqlured for Ih~ trial opel-~tiOTl.
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CHAPrER - TWO

2.0 SURl,'AQ~I'REl'ARATION

2.1 Introduction

A chemically clean surface is a basic re<.juirement for sUCCesSfldanodizing. In selecting a metal

cleanIng pr<xcss, the f(ll1m"lllg lactoffi <lI\lOng{)tIlC[8,must he <-oo>.idcrcd.

the idelltiFi(;<ltionand cnamcteriUllion of tlJe soil 10be I"Cllloved,

iocntilicatioll of the s\lbBlrnte to be deanoo al,ld the importal,lcc of the com.!itioo. of the

sorf'lCCand stJucture to the ultimate use of tlJepart

degree of dcalllless reqwn:d

capabilities of the available facilities,

impaCl of the process Oil the environment.

overall cost of the process and

(a)

(b)

(c)

(d)

('J
(0
(g) ~ubwq\lent operatiuns tu he applied.

l"onnally !lIe following sleps are utilized ill surfa(;e preparation.

2.2 Polishing and Hamng.

Both polishillg and butTing arc carried out b~' brillging the work into contact with wheds revolving

at fairly rngh BpeOOs.The main diflerCllC<lbetWet'll the two opel'atimlS li"B in tlle con.~tructioo of the

wheels and the abrasil'es lJSed in conneclion with 111Clll,Polishing may ,~so be carried ou1 on

emlleS!; belli; coated with ahrasives; the choice betweell hell~ and wheds is ddemuncd by the

configumlioll of the parts .md Ihe degree of automation appropriate to the 0p<1'a1ion••in effect am.!

!he tot1dcosts. Both puJishil1,!;,l11dbutfing, are rdatil'dy labor inlensive, and skilled polishers are

!Jnvming scarct'. Bdt polishing is somewhat less dCllumding of skilled hlbor 1h.111wheel polishing,



2.2.1 Polishing

Polishing wheds are usually of muslin, cam'as, felt, or leather, Co!\stnKtion of the wheels call be

vaned to 111"k.~available wheels of varying fie;o;ibility, beHI adupted 10 the shap~ and surface

(.'omlitiCllof rhe object to be finished, The hardest wheels are made of indhidual disks of canvas

cemented logelbcr. Un the other hand, !he sofrest are composed of muslin disks sewn together.

In!ellllediale grade consist of wheels fonned from sewed senion Oilmuslin disks cilhcr glued or

cemented together.

The abrasil'es requil1;d for polishing are fastened to the sMa(.'e of !he wbeel by an adhesive,

usually hide glue or &ilicak ccmems, The glue must lx, of high grade, ,md strict pJCCautioIls arc

reqlliI"l'u to prel'enl baelcJiaJ degradation of !he adhesive 'Vhcels an; "Set up "m ~Iics of

il\(~I'i(]tluI operations illc!u(]mg melting the glue, adlling the abrasive, cuallng !he wlwe!. and

sellirlg uw gille, Silicate Cl'ltlCutsh,wc th" advantage of '''quiling fewer prucalltions and 01 being

applicable ,II rOOlIltempel-atlu-c,lI'itll<Jlllhe neeu for spc'd,tl (.\]UipIllenL

2.2.2 BuIHng

Bulllllg m~y be used for the productioll of se~'eral \>'pcs of finishes: stain, prclimiuary smo<Jtrung,

CUl',Uld.coior lor smoothnes~ and sOllie Iusler, anll color buffing for produdng high gloss or

mirror hllishes.

BufJiug wheels are usually of muslin, of various c'Jnstructious: seweu, pockeled, or foldcd, etc,

R"ffing wheels in geneT"JIarc more t1e,\ible th:m polishing wheels. Grades of muslin are specified

by rhread emlll!: the dellS\:r the thread the less JIe;ubJc the wheel ami the harlkr dlC surface to be

buffed.
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AbrJsives for bulling are commonly applied in the form of a greaseless compound formed inlo a

lYJrwhich commnes the binder (glue) and the abrasive, Many grades are a"llilable, depending on

lhe metal to be buffed the anlOllutof lllelallO be removed, and the finish desired. Wheel sp'-",ds in

gt:m:ral are sOlTIt"whallowerthan for polishing, in the range ,)j 25 to 30 mls.

2.3 Alkaline Cleaning.

It is lhe most widely ll~ed method for ckaning aluminium and alum/niwn alloys. n,is method l~

easy to apply ill pnxluctiou, and l'tjuipnwnt costs arc low,

Alllluillium is readily atta(;ked by alkaline solutions. Nlo:;t solutions arc mainlained al a pH betWCt"ll

9 and 11 and they art: oflim inhibited to some degree, to rninimile or prel'ent alla(;k on the mctal.

The most frequellily nsed deaner is tbe mildly inhibited lype,

ClealJers of either the elchillg or tbe nondchitlg type have some abiJil,Yto emulsify' vegetable and

animal oils or grem;es, but no minerai OIlsor greases. Therefore, they can sometimcs remove fresh

bllffing compounds.

'Ille nonclching type~ of cJC:Ull'f~may be classified as sili~~led And llOllSilic:lted c1eaner~. Too

silicated cleaners are ba~t"d on aqueous sollJtion~ or sodium carbonate, trisodium phosphate, or

other alkalis, to which sllJall amoU-llls of sodium silicate arc added to inilibil cleaning,



Compositions and Qperating conditions of common alkaline de;uwl's are given in Table-l

Table-\

Elcruug Clc;UlCJS

L Sodimlm hydroxide 18.1111to 63 gill

SodilUn phosphate 0.6 to 3 gm

water 1 litre

Tempataturc of bath 601o 820e
Immersion time 30 Sec to 10 min.

2 Sodium hydw'\lde J..'i(, 10 4.67 gIll

Sodium phospll<ltc' (J,n to SO gill

Sodium carhonak 6.22 to 50 gm

watn I litre

TempenllllTe of balh (,0 \(J 8'2°("

11l11IlCJsiolltime 2 10 5 mill,

n



Nonete("hing Cleaners

1. SOdiWllVywphosphok + Sodium

mel~S1bbi<:~jetotal. of 12.47 to 62 gill.

walor 1 litre

Temperalure of bath 60 to 710C

Immersion lime 2 to:; min,

2. Trisodillffi phosphme + s"ilium

metasilicale 12.471062.3 gillw.~ 1 litre

Temperature of bath 60 to 710C

Immersion lillie 2105 min.

3. Sodium carbonate 51015gm

trisodium phosphate Sgm

water 1 litre

Temper4lure of bath 7') 10 'J60C

Imlllersion lime 2 to 5 min.

4. ""ilium nnbon;rte 101040 gm

SOdiWllsilicate 5tolOgm.

water Hire

Temperatufo of balh GOto 710C

Immersion lime 2 to 5 min.

5. soruwn carbonate 3 106 gill

SodimTI mt1asilic3tc 3to6gm

waler I litre

'I'emperanu'c of balh (,0 lo 7jOC

Jmmer:;iolll)lne 2 to 5 min.



2.4 AcidCleaning

Add cleaners may be used alone or ill ~olljwl~tion wilh other acid, alkaline, or solvent clcauillg

systems. Vapor dc~asillg amI alkalinc cleaning ma~. be required for ~le removal of heavy oils and

grease from workpieces before thq are inunersed in an acid bath. One of the main fWI~tions of an

acid cleaner is the removal of swface oxides prior to ilI1odiring,

A mixhll"€of chromic and sulfuric acids is commonly used 10 rcmol.e smfacc mides, bum.in oil,

01' Otller films. such a~ the iridescetll or colored films fOJllled during heat treating. Ibis acid

mixtUl'Ccleans and imparts a slightly etched appearance to the swface. preparing it [or anodizing.

AIlJ.ll1inumpaJ1~~h{)uJdbe In~lJlatedJrum k'TOIJI<metal baskets <JrSUl'port~when Immersed In acid

cleaning solutions, b<;cwse contact of thcse two mdaJs GUIpJOducc a gahanic action that causes

wrms;on. NJateri,tls such al<vmyl pi'L~tis(Jls,epoxy, polyethylene 'uld p"iypmpylene lIlay be used

lor insniati(I!I, "lml pnKIK,II, b;,~hl.', ur rods should be ul Ihe sallie n~lterial ,ISthe workpiece:;,

2.5. Chemi~.•IIBriglill'uing

II smootlls alld blightcns aJuJllirnulTIproducts by makillg use of TIll' solution potential of fhe

alWllillum swfaw in the "aJious baths employ~xl and of the local differences in potential on the

alwninUllJ sUl'f~ee.

In gelltr,ll, chemical bligll1cning baThsarc concentrated or dilute aCIdsolutions containing o,\idizing

;lgell~. The acids common!y used are sulfuric, hydmchlori(, nitric, phoHphonc. acehc and, 10 a

Icsscl' nltllT, eh[()miL' ,lJId hydHlj](loric. Ammonium binuoride is used whell it is d~'SirJbk to

amid the hazaJ'd, thal ~t1el1dthe use or hydrofluoriv acid. Oxahc and cilric acids may be used as

alternatCb fOJ'acetic acid. Tluoborit ,md flllosilk adds may be llsed as iUlcmates for hydrofluoric



acid. NilJk and chromic add.> and, less ofteu, feni, sulfale and hydrogcn pt:ro.\.idc arc used whcn

o:\idizing conditions arc reqtriTed,The folluwing type'Sof bath is utiliJ.ed ill chemical brighkning.

2.5.1 Phosphoric-Nitric Acid Baths

Among the varioos Iypes of conc('Jltral;ed haths, tire phosphoric-nitric acid haths are the mosl

widely used in the united Slates, Compositions and opemting conditions fOf m..o commcrcial barns

of 1hi~Iype itl"Cgiven in Tllblc.2.



Tublc-2

1 Cmomic aL,d 37.421074.83 gm

SWfuric acid (66_ Be) 1.2 to 1.5 pI

Willer 1 litre

TernperalllrC of balh 43.33 to 82,22 °c
Inmlcrnion timc (Trto20min

2 Nitric acid (42_ Be) 41061'1

Hvdrofluoric aae (48%) 8R751071Occ

waler 1 litIl:'

TempL'falure ot hath Room temperature

Imlllelliion tiJnc 1 105 min.

3 Slufuric acid (M_ Be) 0.8 pI.

Hyrlrolluori. acid (48°,.',) 81:1,75 CC

Chromic acid 31,Jll gm

watcr 1 Iitn~

T~'mpel':llureof bath 65.55 tu 710C

Inlinef'3ion 2 to 5 min.

4. Nitric acid (42J' Be) 0.3101pt

SOWlilllsulfale(hydrate) 50 10 i 00 gill

walcr J litre

TClllpclalure 0(' baul 771079.44 °c
imlUCllilOlllimc 4 to 8 min.

S Phosphoric acid 2(,(, CC

chromIc awl 17,15gm

waler llilre

TernpITJturc of bath 43 to 65°C

ImmClsiOIltimc i to 5 min.
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2.5.2 Phosphoric Jlud PllOsphoric-Sulfuric Add Baths.

Concentrated solutions of phosphoric acid at operating temperatures abot'e 175 °c were the first

baths employed for brightening aluminum. A mOTe elfel:tiv", b<llh. which combines some

smoothill~ or "polishing" with brightening action, is one containing (by I'olwne) 75% phosphoric

acid and 25% suHuric acili Thi~ bath, which lS operaled at 9{) 10 1300C. produces a diffu.~e bUI

bright finish,

A white jiJrn of phoophalc s.ub remains Oil the metal alter bcatrncTIt in Lither of these bath und",r

some conditions of Lumpositioll and bath temper<l!W't',Th", mOl must be rem{)ved, and this can be

accomplished with a hot (60 tu 70°C) aqueous solution of chromic and sulfuric acids, The

composition of this acid solution is nOI critical, and may nlllge, by weight, from 2 to 4% CrOg and

101015% H2S04,

2.6 Electro.brighteningProcesscs

There exists no agrocd definition of the te/11\ .'eloctroblightening.', bul il can be definc't! as: "a

plOcess in whiciI an increase in ~f1cctivity of a melal object is produced, by passage of a ClU1"ent,

when that object is made the anode in a bath containing a suitable elC('trulylc and hat'ing conditions

adjusled to the range in which brighlening is produced. II does nut produce any appreciable degree

uf smoothing, as can be obtained from processes usually known as " electropolishing". An

obt'iollS oorollaI)' is that the object mU$1 be highly finished by mechanical polishing before

Ircatmeli\.
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2.6 . .1 The Br.,..lal Process

This was deveJoped8 by N.D. Plllleu, of the British Alumiuiwn Co. Ltd. and patented in 1934

(Table -3). The metal is allowed to etch for 1.S.30 seconds prior to switching on the cW1"enl,the

dllr~tion being largely dependent upon 1he purity of the melaJ and incre~sing with it After this

tJ"ea!llll'lIla thin "smudge" film is present on the surface of the bJightelled article, A sulJuri(.' acid

soliltioo or a nitric acid solution wiU remove 1his smudge.

'Ihis process is the most widdy UStd ele\:lro- brightening lrcatlnent ill 1his Wlllll/y, having the

merit that rdati,'ely simple equipment is required and tbe tank need only be of mild s1eeL Its

disadnUltage is that it reqlu"<,,,,a rdatively high opcr~ting temperature, which eml present djffjeulty

in a large tank, due 10local temperature dilkreutes. Further, care has to be taken ill positioning the

article in relation to lJlCcathodes and the surface of the ckctrul,)''lc, owing to the danger of sta:akillg

of the met;d Slmacc from gas bubbles. Au;o;iliill)'cathode's and rotation of the wmk in the bath may

also be nccessaIJ' with r01md re(.'essed artlc!es. A high stmldard of prepar~tiOIl is nc(;cs&ary, and

",llite pall:hes due \0 onrheallng of the mew surface in po1i~hing may be T<:'/e"Jledafter

brightening, Compositions .\3ldopel3ting <;IJudilionsof this bath is gj,'ell in Table.3,
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2.6.2 Tile Auuk P.rocc~s

This was devclopcd8 by R. B. Masson, of the Aluminiwn Company of American, almost

simultancously wilh BJ)'lai.

Owing to the corrosive nature of the solulion, it is necessaJY lo lISCa stain1css- sled or ru.bber-lllled

t.1l1k.Thc add is r,Hhcr lllorC c.'pcnsivc than the chtap alkaline mattrials UStd fOJ B1)1al, Its

limitations art similar to lhose of Brylal, e~eept lhat il op~rat~~at a lower temjJ\'ratllre which i~not

difficult to maintain. The fad dml it has not been widdy used in (Treal Britain is probably <llle10

lh~ a.~sociabon of BraylaJ Wilh lhe British Alwninium Co, Ltd. \Vho for some years was the sole

producer of anodizing quality material, COlllpositions and opcr~(i[\g conditions of this bath is gi\,tn

Table.4,
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Table_3

Sodium carbonale

Sodium phosphate
Water
L'urrent

Voltage
Temperature
iImnen;ion lime

Sulfuric acid
or nitric add
Tempel1lllu'Cof bath
Immersion time

Table.4

Fhloboric acid

TmllpemMc of bath
Omenl dCIL~ily
Yoltage
jmmCJs;olllimc

Agilation

lSOgm
SOgm
1 litre
27.32 mA/sq em.
\0-14 "oil
7S.8SoC

5-8 min.

10%(~ol)
101015% (vol)
21 10 270C

151030 Sl."C.

2.5% (by weight)
300e
10.7610 21 _~3m.\/oq,cm
15to30V
5 to 10 min.
NOlie

Plwsphoric J£W

Cln'omic acid
Tl'lllpCrahlre of badl
lmmen;ion time

1.0% (11'1)

0.5% (w!)

8810990C
30 Sec,
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3.0 THE :rHREE PRINCIPAL TYPESOF ANODIZING PROCESSES

(n) chromic, in which the adl\'e agent is cluumic add

(b) sulfuric, in which the active agmt is sulfuric and

(cl hard patclllcdprocesses that use sulfuric and malic adds as the active agents. Other

processes, IlMd less frequtTllly 1l1ldfor spe6al PlJTposes. wnploy slllfuric-u,alic,

phusphoric oxalic, boric solutions.

3.1 ChromicAdd Process

The sequenceof operations employed in tbis process depends on the type of sample, composition

of sample and the prindp-J.!obje.-:tivefor anodizing,

Chromic acid anodizing solutions contain from 3 to 10% cilfOJlllCacid (Ca03) by weight A

solution is mnde up by filling the tank about h<dffull of water, dissuh'ing the ncid in the tank,

wnter is added to adjust to the desired op<:rdtinglevel. T<:ml~rdtureof the ba~l is normally

maintainedat 40°C.

A chromic acid anodizing solution should not be used unless:

1. The pH is between 0.5 and 1,0

2, Thc cuncentnltiotl of choJorides(as Nae!) is less !han0,02%,

J. The concentrationof sulfates (as H2S04) is less th.m 0,05%

..J., The IOtOllchromic acid content, as derennined b,YpH and I3alllne reading. is less than

10%.



When the anodizing process is starred, the voltage is controlled so lhal it will increase from 0 to 40

volts within 5 to 8 min. The voltage i~ regulated to produce a current density of not less lIlen 1

mA/sq Clll,and anodizing is coll1inucd fOl"the specified time plTIod (usually, 30 to 40 min). At the

end oj the cyde lIlc current is gradually rednced to leT!), and lIle part is removed from lIle bath

within 15 sec and rinsed.

3.2 Sult'oricAcidProcess

The basic operations for this process are the same as for the chromic acid process, Parts or

assemblie>;thaI conlain joints or recesses that could entrap the electrolyte should nO! be anodized in

lhe sulfUl1Cacid bath. The concentration of sulfuric acid (sp gr. 1.84) in the <luodizillg solution is

12 to 20% by weight.

A sulfuric acid anodizing solntion ffilllUI\lnot be used unless:

1. 11Je (.1)Jlceuhntionof cbolorides (as NaCI) is less than 0.02%.

2, Aluminum concenl:ralinll is hJSs t\1;ml0 g per liter.

3, SulfUlic acid conlenl is belWten165 and 200 g peI lilcr.

Al the slart of the anodizing operation, the voltage is adjusted to produce a current density of

12.91 mAi~q em. The voltage will increaJle snghtly as the a1ummum content of the balb mcreaBes.

\Vhen a l:Urrclltdensit)' of 12,91m.ll. per sq cm, is attained, the spcdfied process is coll1inned until

the spedficd weight of coating is l'foduced, after which the flow 0\ l'UJIcntis stopped and lIle parts

Me WithdraWIlimmediately from the solution and riusel!,
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3.3 HardAnodizing

The prim'll)' difference~ between die sulfuric add and hard anodiLing processes are the operating

tempcralUre and lhe nlfrenl ••homily at which anodizing is accomplished. Han\ anodizing produces

a culJ~idcrably hem'icr coating than conventional anodizing for a gin:n length of time. The hard

anodiziJ.lg proeess employs 11sulfuric acid bath containing JO 10 15% acid by wight, with or

without additions. The operating temperature of the bath ranges from 5 to lOOC ,and current

de1l:>11yis betwoon 2\.53 and 38,74 mAisq em. Higher lempcratllre>\ ~-,l\c!ethe forma\iOll of soft

and mOle porous oliler laycl'S01 the anodic coating. Tllis change in coating characteristics reduces

wear resistance sigrrificantly and lenUs to limit coaling Ihiclrncss, E:-.cessive operating temperatmes

result in dissoluuon of coating and can bum and d'llnage the work,

Pruprictmy processes also are wnunon of these processes uses a solutlOn wntailling 99.78 to

lO3.96 gtn of sulfuric acid and 9.9ll to 17...\6 gm of oulic acid ~H2C2(4)per liter of water. This

solution is operated at lOoe and a CUll'Clltdensity of :7 to 39 mAi~1Il2 (vol1agc is increased

gradually from zero to between 40 and 60 volls); treatmcnt lime is 25 min per mil of coating

thickness.

3.4 SpecialAnodizingProcesses

Table- 5 givcs Ihc operating conditions for thret: anodizing b:lths that are used 10 produce an anodic

cO"ling with a hal'wll:ss 4Ild l'orosily suitable for declluplating, Ol' 10 produce anudi<; coatings uf

h'lfdllCSSor lhickness inkrmediate to those obtainable from chromic acid sulfuric acid and hard

anodizing baths,



Table-5. Compositions and Operating Conditions of Solution for Special
Anodizingprocesses.

Type 01 solulloll ComposlllOU LummI densIty, Solullon 'Irealmenl
(by weight) mA/sq.cm. temperature time,

'c minules
Sllllwlc- HZS04.

30-35 30lli~lic 15toZO%+ 13
HZCZ04,5%

dXQJ1C ZCZ04,3% 13 22-30 b.60

PhosphUli(.'
11)I'U4'

3.ZZ.13 2,5-35 5-15ZOr~o60%
vol. )

3.5 Prol'essLimitations

Composition of the alwninwn alloy, smface finish, prior processing, temper or heal lrealment, and

the use of i.lloortsi.lli1uence Ihe quality of iUlodi.C~"\)atings.The linllt"IiOTlSimpooed by each of

these \uriables on Ihe various 'Ulodiling pwcesses arc indicaled below.

3.5.1 Allo:yCOllllOsition

TIle duumic acid process should nol be I.Isedto ano(he aluminum L'a~lmgalloys containing more

tllllt 5% ell or more than 7.5% total alloying element..~becarne of HCel;sive pitting. commonly

refen'ed to as bllflling, may result. The sulfurk a<.id process can be used for any of the

commercially available aJloys, whereas the hard <lnodi71ngPfOCl'SSi_~ usually limilt'd 10 alloys

containing less ilian 3% eu and 7% Si.

Two or more (Uffefe)l1a11()y~can be anodized al the same time in the samc balh if the ano(]izing

voltage l"eq\\ir~mcntsare identical. TlJiBconililio.ll if,mor~ critical fOI the sulfuric lKld prOCeMthall

fOf Ihc chromic acid process.
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3.5.2 Surface Finisll.

Anodic rums accentuale any irregularities present in the original surface. However, surface

irregularitit'S are =phasized more by the chromic acid bath than by the sulfuric add bath _

_Sheet maJeriais should ~ rolled from homogenized ingots horn whIch ~urface o"id~'S arc removed

\)l1or10wiling. Clad sheet should be handled 10 prel'ent mecllaltical abrasion or exposure of the

<we matmal. Anodizing magJtifies scratches and if the core malmal is e"posed it ",ill anodi]""

wiib a color difJerCllt from that of the cladding.

Anodi7ing grade lUust be specified for e.ltruded products so that mill operation arc coutrolhx] w

minimize longitudinal die lUarb and other ~urlace ble-mishcs.

Surface irregularities must be removed from forging, amI Ihe smfact'S oj \he forging musl be

cleaned by a process that removes trapped and bw'ned.in die lubricants. Special attention is

required when po\i~hing 'he fh~h line, if this area is 10 appC<1!~imi\ar t" llIher areas of lhe forging

after anodizing,

Caslings can bc anudi~d provided their compos.itioll is ",itlLin the proc~'Ss limits described above

lllld~'l""Alloy Composition", rrom the standpoint of uniform appearance, however, anodizing

usually is undesirable for castings, because of their nouunifolm composition and their porosity,

Improved r~slJlts ofi~n can be obb.iDed by soaking C"olSlingsin boiling water after cleaning and

before a.llodi?ing, This treatment, however. merely attempts to fill surlace voids with water, so that

'"oids do nof entrap anodizing solution.
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Usually, permanent mold ~astings have the best appearance after anodizings, then die ~astings, and

fmally sand ~-",~tings.Permanent mold castings should be specified if an anodic coating of unifonn

appearance is required, Anodizing usually reveals the melal nowllin~"Sinhen~nt in the die. casting

procC'Ss,and this condition is objectionable if unifonn appt:'"olIaIlceis desired. In general, Solution

heallrtatment prior to anodizing is benjfkiaJ for producing the most uniform and brighl anodi~ed

finish obtainable un castings Regardless of the product fann, rough finishing should be avrJided

when maximum corrosion reSIstance or unifomulj' of appeaJancc of the anodic coating is desired.

Rough surfaces, such as those produced by sawing, sand blasting amI shC"Jring. are difficult to

anodize and shonld be strong,ly eteheli prior 10anodizill{; to assure CIen Jnillilna1results.

The ma~hined areas of caslings or forging may have an appearance different from that of the

unrnachined surfaces.

3.5.3 PriorProcessin~

B~'CallSeof their effect on smlace /iuish, lI'e1ding, brazing and soldeling affIKt the appearance of

the ,modic wating, [or the re,1Slm~ahoIe, In addition, the compositions of soldt"fS uslJall,Yare nol

amenabk to anodizing.

Spot, ultrasonic pressure or other types of welding processes where there i~ no introduction of

foreign metal. f1uJlcsor othcr contaminants do /lot affect the appearance of the anodic coating.

3.5.4 TcltlJler or Hellt Treatmeut

Diff crcnc~"Sin temper of non.lleat-treatable alloys havt' no mm-hxJ cJr~'C1on the llnllorm appcarance ,
of the anodic coating. The microstm<:tural !(K'Iltionof lht" alloying elements in hC"dtIreatabk alloys ~_" ..•.'

ill ecls the ~ppcarancc of anodic coatings, Alloying elcments in solution hal't" little efTeel.. but the



effect is greater when the cleillents are precipitated from solid solulion. The <Ul\lealedcondition

~hould be avoidlld when ma:o.imum dmity of the anodic film is desired.

~\.5.5 In~erL~or AUad"llent~.

Inserts or aUadllllellls made of metal~ olher than aluminum rnll.'llbe masked on; bolh eleclrically

amI chcnuL'ally, to PITH1l1 burning and corrosion in surrou[J(Jin,g ar<:as. The masking must

completely seal the flaying surface belween dle inserl and parent metal, to prevent adsorption of

soluli'-JIl, which may rL"Suhill corrosioll aml staining. Therefore, it i~dcsir.Jbk to install inserts

alter anodizing.



4.0 ANODIZING EQUlPJ\1Er...'TANDPROCESS CONTROL

4.1 Cbromic Add Anodizing.

tvlild ske\ i,mks Me satisfactllry for chromic a~id \mlhs. II is common practice to line up to half of

the tank with an insulating materia!, such as glass. to limit the cathode area with respect to the

expected allode urea (a 1 10.1 ratio is normal). In mmermducting t,mlls, suitable cathode mea is

pro.'ided by the immersion of iJldi~'idllallead cathodes: howe\cr, IlleSt' n:quiw lhe installation of

additional busbarn to the 1anks for suspension of individual. ca1hodes.

Provision mus1 be made for heating the anodizing solution from :n to 35 "c. Electric or s1\lll1ll

lITunersion heaters are satisfactory for this purpose, Electric healers are prcflTIcd, because they are

e;e;y 10 'lpl'J'ate and do nnt contaminate the \mlh.

The an(),li?ing process gem:-r~tesheat: therefore, agitation is required to pr",venl overheating of the

bath aIld especially of the cJecl1\ll~'leimmediately adjacent to tile alulllillwll parts being anodized,

1:::\h'lUS\I';n;ililiesmust k 'ldequale tn trap Ihe d'tlm:-n\ j \Imes of clmnnk a~id mld steam.

4.2 Sulfuric Acid Anodizing

Tanks for sulfUric acid anodizing may be made of mild sk"Cl lined lhmughout witli p/llsticir,e

polyvinyl chloride and coated on lb.eoutside with COllUSionresistant syntlwtic-rubber paint. (Other

suilabk materials for lank linings are lead, rubber and acidproof brick). Tanks made of special

slllfUJic-acid-rcsistant stainless slcd {wnlainirtg copper aJld Illol~.bdellum), or Illildc entirely of an

organic material alw may he llSl'Ci,The tank should have contJ"{)/sfor maintaining lemperature at

bclween 20 and 3UoC. Requirements for agiTation alld ventilation <lIethe same as for cliromic acid

solutions.
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The sUlfare of the floor under the tank should be acid r~sista.nt. The bottom of the lank should be

about 6 inch above 1he Hoor on acid- resisti'lllland moistllIe- repelleut snpports.

A separ:lle he'dt e,changet and acid make-up tank should be providt>d for sullurie al-id iUlodizing

inslallalioll5, This t:mk .>lIouldbe mad~ of lead-lined steeL Lead is prefCll'ed over plastic for the

lining be"lUse kad withstands the ht"al gener'\led when >m\flnie atid i.~added. Poly\'inyi chloride

pipes are recommended for air agitation of the solution and for the acid-rctlU1) lines betwecn the

two tank~. Cooling coils should be maue of chemical lead or autimonial lead pipe.

4.3 Hard Allodit.ing

Mosl of ~le hard amxJizing fOlIllW:lliollSarc ~aJialiom of Ihe swlunc aCld nath. The requirements

for hard anodizing tanks afC ~Ubslil/ltial[y thc same as tho~c for ~ll[fllri.: acid ,ulodilillg lanks.

nccpt th~t cooling, ralber than he~ling. maintain~ lhe operating tclllper~tun: al 5 !o 10 0c.

4.4 TemjleralllJ"l'-c,()IIlJ'ol equipment

For all auodil.ing, proce~~es must regulate !be over all operating temperature of the bath and

maintain the pmper tempeml\u'C of the bath and the propel' lempcraluro at 1hc inlcrface of !be work

~lufac" and dectrol)'le,

The operating temperature for most anodizing baths is cOtJtrolied within IOC This degree of

. control makes it nuccssary for the tcmperalure-sensing mechanism and heat lag of the heating units

\0 be bal1lllc'td.

When eledlic inilllersiou he-..Irersare used. il is common practice to ha~e high and low hea!

selection so that the bath can be heated rapidly to the operdling temperature and thou mutrolkd



,

more accurately on tilt low heat setting. Stalldar\l thcnnislor lhcllllOslats are uscd for scjg the

temperature within the bath and aC1i~Mingthe heating "kmenls.

III steam heated systems, it is alhanlageous \0 ha\'C a.throttling vahe \0 pre\'ent O\'erheati.ng. An

intennediatc heal cwhangcl' is employed in sane installations to prevent conlamination

electrol)1e and \be steam system by 11broKen steam line wilmn the anodizing balb.

4.5 Agitation

"I,,
I

Agitation may be accomplished by stirring wilh electrically driven impdlers, by recirculation

through e.~temally located pumps. or by air. In some installations the anode busban; are oscillated

hOlizontaJly, thus imparting a stirring aCli()[1 10 lhe WOJK.

I
The two primary rl'(jwrenreuls of an agitation system arc lhal i( is adequate anJ that it docs not

introduce foreign lllillcrials into the solution. With air agitation, flllcl'S musl be used in the line 10

keep oil and dirt OUlor the solution.

4.6 Power re(luu'emellt.~[or the principal anodil;JlIgprocesses

,
Direct cwrent i~reqoired for all processes, Some hard anodizmg procedures ab"O required a,
sllperimposed alternating curren\. At present, most POw~'f sources for anodizing employ sclclliwn

Ul'silicon l'ectifiers. Compared to nwtor gCllerdtors, the seleniwn rectifiers have greater rdiability,

arc lower in initial cosl .md m;utllenance wst, and have satisfactory sel..•.icc life.

Voltage dl'Opbe/ween the rectifier and the work must be held to a minimum. 'lhis is accomplished

Ill' using ~dcqllate busllars or power. transmission cables.

I



ALIlomalic equipment 10 program Iile cwreut dwing the entire cycle is preferred. Manual controls

can be uscd, but neccssitatcfreque:nt adjustments of voltage. The pn.~ence of rel1lTdlug vol'tmeter

in lhe circuil insures that the time-I'oltage program spocified for the particular installation is being

adhered to by operating pl-1:sotnlel.Orrre:nt recording devices also are advantageous.

4.7 Ma-.king

When seleclil'e anooiLing is required, masking is necessary for are.lS fo be kept free of the anodic

coating Idasking during anodizing may bc rcquircJ also for posl';j,nodizing operalious such as

wdding, for miling an dedrkal (x)llnection 10~lCha.,js mclal, or for prooJucing mullin,l"r cffccls

with dye coloring techniques.

M(\sking maleli(,ls usually coilliisl of pre",ure-sensitiyc I.lpes anJ slop-off lacy uen;, The lapes may

1Ia"c a melal on I'illyl (or other plastic) backing. Slop-off lacquers proVide' salisfactory masking,

but some I)'pes iU'. diffiCll1tto remove. For cffeclil'e masking when either type 01 IlliltlTIilis is

employed, work ~urfaces should have a high degree of cleanness.

4.8 Ra~'ksfor Anodiling

Anodizing racks or fi;o;tures should be designed for cfficiency in loading and unloading of

\\'orkpirces. Importanl fealures that must be induJeJ in CYC!)'pro~rl.y designcd r..lCk are as

follo\\'s:

32



4.8.1 Current carrying capacity

The rack must be large enough 10 carry the correcl amOWllof CWTentto each part attached 10 the

rack. If the rack is too slender for the nwnber of p1lrts that are attached to the r.tck, the anodic

coating will be of inadequate thickness, or it will be burned or soft as a result of overheating.

4.8.2. Positioning of parts

The rack should ell<loJcproper po:,iliornng of the pms to penn it good dr"J.inagc.minimum gassing

effect and air enlr"pmenl, and good current distribution.

4.8.3. Servke life

The rack must have adequalc strength and suHicient resistance to corrosion and heal, 10 witbstam!

Ihe cn\'irolllucnt of each plJase of lhe anodi7Jng cycle.

The usc of boh and screw contac1s, rather than spring Of tcnsion conlact<, is a feature of racks

designcd for anodizing with [he semiharU-coal color processes. Thcse processes require high

current densilies and accurate jXlsilioning of work pieces in lhe tank, Bolted contacts arc used also

on racks for conventional hard anodizing. However, holll!lg requires more loading aud llItloading

lime than tcnsion contacts.

4.9 Materials for Racks

Alnminum ami cOlllmcrdally purc titanium arc lhe malerials mOSI commonly \lsed for anodizing

racks. copper. brass, phosphor blOllze, and steel (including stainless sr~el) can be used f"r their

CUlTl'llI-CID)'ingability, spring-kllsion pj'opertie~. or strcnglh, bul th~se materials must be
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insulated fonn the electrolyte by !he application of a rack coating compound. Aluminum alloys

used for racks shO'uldconlrnn not more fuan 5% Cu and 7% 5i.

Racks made of a1uminlUTlhay,," the disadvan\age of being anod17,eu with the parts. The anodk

coating must be fl:Jnol'ed from the rack, or at least [rom wntKts. before me rack C'.mbe reused, A

5% 8011ltion of sodium hydroxide a\ 35 10 65°C. or an aq\leou~ su\unon of chromic and

phosphoric ,Kills (:\0 gm of Cl~ and 30 ml of 113PU" per litre of water) at 75 10 85°C, can be

used to strip the lilm lrom the rack. The chromic-phosphoric acid solution does nol continue 10

attack the a1mmnum rJck after the anodic fLlmj~removed.

On mID)' ,Jcks, aiwn;JI\utl is Wordfor splines, a.nd other large members, and titallium for the

conlad ill'S. The tips may be n:pla<:e-ableot' nonrcplacl>l\bk Although rel'lllcl"ablc titanium tips

offer H'fsaliJilj in racking, the a!um.inwn portions of the rack muSl be pmlocted with an insulating

coating. Howe\' er. it th~ anodizing electrolyte penct,a1es the coaling, the ahrrmmum portion of the

rack may become anOdiZl"d;md thus become decuicaJJy insu1awu fWIll Ihe lcplaceable titanium

eontacl. A Illore satisfactOl)' Tao;Kdesign employs nonrep\al"eable titanium contacts on aluminium

splincs that ure (;wWu \Vim a pro!CcliYecootin!!,-Tiuiniwn contacts thal are welded 10 ft.l'htceablc

til,unmn nm~bars offer a solution 10m<lllYraddng problems created by the variety of parts to be

anooizcd. These crossbar members can be lapidly connected lo the spline. Titanium should not be

used in so\uti,ms (.~mlaininghydrofluoric add.

Plastisol (unplasticized polyvinyl chloride) is used a-~11pro1.cctivecoating for atlOdiljng racks. This

malClial has good resistance to chemical attaek by Ihe solutions ill the nonnal anodiz.ing cycle;

however, it should not be used continuously in a VapOTdegreasing operation. Furthermore, if 1he

coating becomes loose and entraps pro(essing solution, tJx; solution may bleed out and drip on the

workpieces, causing staining OTspotting.



5.0 Coloringand SelllingofAnodizedCoating

5.1 ColoringAnodicCoating

In addition to so-called integral-color anodic coatings, where tlle color results from the

metallurgical characteristics of the aluminum alloy are specially developed anodizing procedures,

most almninum alloys can be anodized in general purpose electrolytes and subsequently colored.

Porous-type anodic coatings can be colored with organic dyes, certain inorganic pigments, and

electrolytically deposited metals.

5.1.1 Organicdyes

The actual process of dyeing the aluminum oxide fIlm is very simple. A water solution of 0.025 to

1.0% of organic dyestuff at a temperature of 65°C composes the dyebath. The almrrimlW,

previously anodized is simply irnmen;ed in this bath for a short period of time usually ten minutes.

The work is thrn seilled and is resistant to fUJ1herdyeing or stai.ning,

Rinsing after anodizing, followed by immediate dyeing, is of prime importance, Since some dyes

will not dye almninum in the presence of sulfate ion, poor rinsing can callSo streaks and

discolorations. Even ill the case of dycs not affected by sulfates, any carry over of acid causes a

lowering ofllie pH of the dyebath which means shade variations in succeeding batches of work. In

the design of parts to be color anodized, care must be taken to avoi.d the use of dosed heads or

seams whioh are impossible to rinse. In the case of parts containing rocesses which are difficult to

riuolc, a neutralizing bath of sodium bicarbonate is of value. In working with cOaled racks, care

must be taken 1h\ll the rack coating does not separate. thereby fonning pockets that can entrap

sulfuric acid, later allowing it to seep out into the dyebath. Work must not be allowed to stand in

the rinse tanks between anodizing and dyeing, but should be dyed innnediately, following a



thorough rinsing. For most effective rinsing three lmlks should be used. In this way the fInal tank

will remam relatively free of acid.

5.1.2 Electrolytic DepositiOll

After anodizing in sulfuric acid, metals can be eltctrolytically deposited in 'the oxide pores to

achieve shades of gray, bronze, gold, black, and red, Proprietary processes have been developed

based on coloring electrolytes containing nickel, cobalt, tin, selenium, tellurium, vanadium,

cadmium, copper. iron, magnesillLll, lead, and calcium although those employing nickel, tin or

cobalt are of greatest commercial significance. &sentiaIJ~', the technology of eJectrolyticaUy

depositing metal into the o,;ide coating can be likened to electroplating. Many colored anodic

coating of this lype have good resistance to hear and fading and have been e;o;pJoitedprimary for

architecmral applications

5.2.0 SeallngAnodk Coatings

The utility and performance of anodic coatings on aluminum often depend upon til<! type and

qualil}' of post anodizing treatment employed. The term sealing generally denotes a treatment which

renders 1he coating llOnabsotptive or introduces into the coating a material that enhances Of

modifies 1he characteristics of the anodic ooating. Sealing usually involves subjecting the anodic

coating to a hot aqueous envirownent which causes hydmtion of the coating. Wi1h certain aqueous

solutions, components of the sealant are absorbed by the coating. Other solutions permit

precipitation of materials into the coating by hydrolysis of speLiIie metal compound.

The process of sealing involves a dissolution of o;o;ideand repreciption of voluminous hydroxide

inside the pore. Prolonged sealing causes aging and densification of the precipitate.
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Some aqueous sealants contain metal salts, the oxide or hydroxide of which may be coprecipited

with the aluminum hydroxide, Wilh such sealants, benefits results from this reaction as weU as

from the hydration. Sodiwn dichromate sealants are useful because they combine the attributes of

hydration with the oorrooion inhibiting characteristil:l of cbromate ions.

The resistance of anodic coatings 10 staining and corrooion depends upon the absorpti~ity of the

coating. Therefore, sealing treatments usually are employed inunediately after anodizing.

Improperly sealed coatings can accounl for pitting attack, color change, and mottling. Highest

. dielel1ric ~a1ues also require sealing of the coating.

Choice of sealant depends upon the kind of environment to which the anodic coating will be

subjected and any special performance requirements. AI30 to be considered are any postsealing

sunace lreatments, e,g .. painting or adhesive objectives, and it is practical to employ a dual sealing

treatmenl in order 10capitalize on the peculiar ad~antages of each.

5.3 Water

The most widely used sealant employs waler, although only high-quality water is effective.

Distilled or deionized boiling water-.low in solid aud free of phosphates, silicates, fluorides, and

chlorides-.is required. Mixed. bed ion-exchange systems or a !lVo -column type charged with a

strong-base anion <Ulda strong acid cation exchange resin are satisfactory for furnishing sealing

water. In some finishing Jines, continuous ion exchange of !he sealing water is used to remove

deleterious iOllildragged in by IdCk or anodized items.

The presence of trdCC amounts of phosphates and silicates significantly retards hydration of thc

coating. Chlorides and fluorides also will prevent adequate sealing and even cause pi~ng attack of

the anodic coatmg.
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Sealing temperature is important and should he 98-l(ll)OC; lower temperatures require much longer

sealing times. The time required for formation of boehmite approaches infrnity at temperatw-es

below about 65°C.

To preclude undue allack of the coating and to permil proper hydration, the sealing water should 00

maintained at a pH of 5.5 to 6.5. Buffers, such as sodiwn acetate, are sometimes used w facilitate

pH conlrol.

Sealing lime should not be shorter lhan 10 minutes for thin (2.5 _m) o;o;ilefilm and can be as long

as &0min for thicket (25 _m) coating. Extension of sealing time ensures more complete hydration,

hut longer times do not entirely COlllpenEatefor poor OOIltroiof other sealing variable~ such all

temperature, pH, and water purity.

Suri"actanls and dispersing agents !lliIYbe added to the water to minimil.c the formation of a

powdery srnUllge OIl the work. Care must be exen;ised that they are of the type that ,does nol

adycrsely affect the adhesion of paints or other applied coatings used subsequently, Phosphates

also are effective lor minimizing smudge, but they retard hydration signifi=tly.

A \'ariation of water sealing is steam sealing. The prune advantage of this techniqm: is that

contaminant.free moisture is ensured. The major disadvantage is that equipment costs are much

higher than for tank sealing wing boiling water, Compared with conventional water- sealing

methods, equivalent sealing is claimed to be faster with steam, the sealing rate increasing willI

increasi.ng steam temperature.

38



•

5.3.3 VaporTechniqucs ,

Anodic ooatings IIlilY be impregnated with certain organic materials in the vapor phase. The sealing

materials is placed in a dosed containerwith 1heanodic coatingand heated to ~tures ranging

from 93 \0 260__ In lhe case of certain resin-fonning subst:lnces the monomer is vaporized.
Iadsorbed by the coating, and polymerized, thus fonning a solid resin in the pores.

Waxlike materials can also be applied by vapor phase treatments, Stearic acid baroowax and

paraffm are examples of materials which can be vaporized. '\\'1wn such materials condense, the
Ijmres of the anodic coating are plugged with the solid materials. Vapor sealing is 001 important

,
commercially, primarily beQuse of the ra1hcr cumbersome procedures involved. Its prime utility

,
would be for applications where aqueous sealing systems or hydrated anodic coati:iJgsmight be

undesirable.
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anodic coating on a!uminiIID1.

EXPERIMENTAL

6.0 Introduction

Two genemltypes of anodic coatings on aluminium and aluminium alloys are produced, decorative

ilIld hankoating. The present study bas been canied om Ollhard anodic coating which are specified
I

for engineering purposes. They are produced with lower solvent action of the electrolyte 00. the
I

sample. 11Je following is a general description of the processing sleps utilised for producing hard
I

6.1 RawMaterials

Commercially pure al,nninilUll coUected from the local market was used in this invesiigaliolL I

i
6.2 Preparation ofSpecimenforAnodizing I

i
The specimens used in these c)[perirnent were sheared froIDsheets to dimension~ 30lr

1
ill1)[ 20mm x

2.5/Illn. The specimens were then poJished and buffed by bringing the work in contact with wheels
I

of differenl size revolving al 1400 and 2800 'Pm. During polishing and butrmg proprietol)'
I ,

chemical compound called IllSture and hyfm were used successively to bllng brigbllless upon 1he

specimens. Polishing and buffmg wheel were bonded with abrassh'e of different ~esh numoor
, '

(90, 180, 270) by glue. For each sample, three to four polishing wheels having different mesh

number abrassive and one to fWOcloth buffing wheels were used, At the begininglof polishing

operation, course grain almtssive bonded wheels were used and towards the end of polishing
"operation fine grJin abr<lSsive bonded wheels were used. During buffUlg soft cloth wheel was

used. After butrmg the samples were electro-polished in a solution whose COOlplDSitioO'land

operJting conditioO'l have been given in Table 3. Then me sanlJ'les were washed ~loroughly in

I

""
I,
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,I
running water and fmal washing was done in distilled water from where !he specimens were

dipped in concentrated nitric acid to remove smut and rimed in distilled water and was dried by
I

using a hot air blower.

6.3 AnodizingSet-up

'IAnodiring was earned out in a iaboraroI)' type anodizing set-up consisting of a breaker, a DC

power supply, a thermometer, a magnetic stirrer, a container made of plastic sheet o';overed with

polistyrcne foam, a burette stand md perspex: holder. II

II
The breahr W.iS placed within the polistyrene container which was ftlled with ice and water to

reduce the lemper.tture of the electrolyte. To majnbin constanttemperature the quantity of ice in the

container was vaned manually. The container ,,:as placed upon a magnetic stirrer so as IO'~beable to

agitate the electrolyte automatically. Anode and cathode were connected to D.C. power suppJ>' via a

miliamme1cr through a pcrsPC:l.holder. The X-section of the set-up has been shown in fi~.L

6,4 Anodizing Operation 'I

To prepare the anodizing solution the beaker was fIlkd to approximate!>' two-t:hirds of itS marking

point with clean deionized water and the necessary volume oj' sulfuric acid was added veiy slowly

while the solution was agilated. After the addition of acid, the solution was diluted with water 10

Ihe working level.

AU the accessories were then set-up and !he power supply of magnetic stirrer was switched on to

homogenise the temperature of dw bath, Reqwroo amount of ice was supplied into container to get

the desired lempernlure. The prepared samples were then weighted carefully in a digitd balance

(precision _ O.ling) and (Ounectcd as the anode side and a stainless sled block as the calflode. A
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I. D.C, Power Supply
I
,3. Cathode,
5. Stand
7- Plasticized foam
9. Stainless steel cathode
11. Beaker
13.Magnetic 5tirTE'r
15. Mag net

FIG,2 ANODIZING UNIT
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miliameterto measure spedfied current was also placed in the cireuil. The powerlsuppJy was then

switched on and the voltage was gradually increased to get the required current. At 1be end of

anodizing for a predetermined time period e.g. 20, 40, 60 min etc. at desired temperature, the,
power supply was switched off and 1be workpiece was taken out The same procedure wa"

followed for anodizing at different time, temperanrre and electrol)1e ~"OllccutratiOn."
j

6.4.1 Rinsing

'I
After anodizing the specimens were thoroughly swilled in clean cold water to remove stuplll.':

electrolyte. After swilling the specimens were dried and stored in a

investigation.

desicator
I

for further

6.4.2 Sealing I

"After swilling ~OJlll)of the samples were transferred without delay to deionized water he-ated to a

constant temperature of 9SOC. The specimen~ were kept immersed in the hot water bath for two

hours. At the ~'lldof this time period the sp~'Cilllenwas withdrawn, dried aud stored in a desicator,
for further invesligation.

6.4.3 Dying and Sealing

After anodizing and thorough cold-water rinsing some of the specimcns were immersed in a heated

(65°C) aqueous solution containing 2 g per lilre of proprietory pigment to perform dying.

Immersion lime was 10 millS. After dying, parts were rinsed in cold water and scaled by
I

irnmell>ingthe sample in heated (9SOC) deionizcd water for 2 hours, At the end of this period thc

samples were withdrawn and stored in a desiccator. II is to be noted that in thc prescnt study only

two specirncllS were dyed and sealed ouly 10 exhibit the colour of anodizing.
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6.4.4 Operating Conditions

"
The applied voltage was adjusted to produce a current density of 12.91 mA/sq em, Same currenl

density was used for all the samples anodized, The electrolyte CODCcntraticmwas, set at 5%, lW"

15%,20% and 25% sulfuric acid (by wI), Temperature of the bath was SoC, lo°C, IScC, 20°('

and zSOC. Anodizing time Will! 20. 40, 60 and 80 minutes. The soluticm was agitated tIP

homogenous lemperdlure by u.<;ingmagnetic stirrer and 10maintain the lemperarure of the bath iet,

was supplied to Iht water oulside of \he btaker,

6.5 Method..;;of Investigation

6.5.1 hitrodnction

.,

For the determination of chcmical, phYsical or mechanical properties of anudized layer several te!:!

like magnetic method, eddy cummt, weight gain measurements, X.rny diffrdclion, hillUnes,;

measlU'CIllcnt,l'csislil1wemeasurement, rnetallogr"phy, Bcla Back scatter, salt spray etc, are mad"

in the ,ulJ1'Seof fundamental reseanoh10 or for oontrol purposes in development or production. Bm
,

in the present study only the folluwing testing methods hal'e been investigated (becausc only thcs"

facilities were available),

'I

6.5.2 WeightGainMeasurement

After anodizing the increasing weight oflhe samples was dekmuned by weighing the samples in a

digital balilllCl)(precision O.lmg).
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6.5.3. Microhaniness Measurement

Microhardncss "aiues were determined by using Shimudzu Microhardness Tester (Model 80380)

Microhardnt'Sll measlJ!emenL~ were carried out using a 50 g load for 5 s. on polished pure

almninium specimen Ivficrohardncss of different anodized samples were also measured by using

50 g load hIT 5 S.

6.5.4 ResistanceMeasllTement

Re:sisbm:e developed in anodiZ€d samples were determined ill the Higll Voltage Laboratory, in the

Department of Elcdrical & Electronic Engineering, BUET with the hclp of a yollme1er placed

parallel and an ammeter placed in series in the ciTl';uit. A 2-kiJoohm resistance was also placed in

series in the circuit. (Fig. 2) Resistance developed in the anodized samples were calculated by

using Ohm's law.

6.5.5 Metallograpby

The anodized ~VeClmenswcre then cut-off al right angles to the anodized surface and olle piere was

then muunted iu lhermosetting resin in such a way that only the tralls~'crse section was revealed.

The specimens were then prepared for mi~TOscopic e;o;;amination by wing standard techniques to

obser...e t1w llliLTIlslrUCture of anodized layer.
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7. RESULTSANDDISCUSSIONS

7.1. Introduction

In tht pre~"en{inveslig,llion of anodizing of aluminium has been carried out in sulfuric acid

electrolyte at different concentrations, for different time ami at difl'erent kmpt'llltw-es. The rcsu!':;

i of these c~pcriments have bem analyzed in tenns of weight gain. micn:l!<tructure, sur/act hardne..,,;

and resistance developed.

7.2 WeightGain

In weight gain determination three parameters were studied keeping two parameters constant anti

changing one parameter. Three parameters are as follows.

7.2.1 Effect of Time

]11each of the following cases the preces were anodiztd for 20, 40, 60 and 80 minutes and the

weight gain was determined.

1. At a oonslanltempelature of ZSoC and a constant electrolyte concentration of 10%

H2S04 (by weight).

2. At constant temperamre 200c and a constant electrolyte concentration of 10% H2S04

(by weight).

3. A.tconstant temperature 20°C and a constant electrolyte concentration of 15%, I-lZSO.(

(by weight).



,

Figs. 4. 5 and 6 an: the graphical representation of 1I1eresullS of weight gain measured with respect

to time in the cases of 1, 2 and 3 (mentioned ab<we) successivel)', From these flgml:S it may be

observed thai the weight of the anodize'" layer illCrca1>CSwith rc~pecl to time. It is also ob~erved

\hat initial wei~ht gain is rome and althe end of a renaill period rate of weight gain' decreases. Tbi~

is because al the starting VeIiod the whole sunace of the aluminium sample is available fOl
•

anodizing. A."a result the rate of formation of aluminium o:ude is more \han 1ll:the end of certair,

period when the fonnatioll of :modized layer takes place by diffusion of aiUlUinium and o"ygell

outwards and inward r~ectively. ,
Fig. 7 shows that the weight gain at 20ue is more than the weight gain al 2S°e, al a COl1Stan'

electrolyte concentration of 10% sulfuric acid (b>' wI), This is be,'auso at hi,gher tclnper~tures th,~

rate 01 dissolution of anodized Ja)'cr is more as compared to the mle at !uwer lemper<ttllre. As a,

[(:suI!at higher lcmperatul'Cs r.lle of fonnation of anodized la.ver is [('ducod
,,

The "'-eIght gain with [('spect to time is lUore at 10% sulfuric acid electrolyte eOnCl'Iltrauoll th,m

weight gain al I.'i% sulfuric acid electroly!e concentratiolJs (Fig, I:l), This is becau.'" like highe!'

temperatures, the rale of dissolution of the anodized layer is higher at higher eloctI)'I.yt:,

nmcentrariolls. ,
I

7.2.2 Effect of Temperature

I
The specimen~ anodized allemperatures oj' 5°C, wOe, 15°(', 200e and 25°C were studied tl'

determine weight gain at a constant time of 40 min and a electrolyte concentration of 10% H2S0~.

(by w.,;ght).The Tt'lldtsare given in Fig. 9. Frum Eg. 9 it may be o\r;er~oo that bd"m-esealing,

weight gain de=ases \\ith all incre'.tSe ill kmperaturc and the weight gradu;illy oocom(';

appro~imatcly con~"tant But after sealing weight lllC!e:lSe9continllousiy wiih increasin~~

temperature. This is beca\lSC anodized lay'Cf fonlled at higher temperature goes into solution

••
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quickly at higher temperature than at lower temperature. So the trend of the curve is down-ward.

On the other hand, Iht ~'iJ.eof the pores formed in the anodized layer inere"<lseswith inC1'easing

temper~ture. During the sealing operation pores fOl1llooin the anodized layer is precipitated with

passive bolunilc (Al2~.H20) in ~ pores :uld effeeti.vc1y seals and p=ivatcs them. For this

reason in the case of sealing, with increasing lemperature weight gain increases. But at lower

Itmpenllure the size of pores are smal.I..So after !\t:"aliogweighl gain is less compareol to higher

temperature anodizing.

7.2.3 Effect of Electrolyte Concentration

Effect of anodizing at e1ec.rrolyteconcentrations of 5%, 10%, 15%, 20% and 25% H2S04 (by

weJghl) were investigated at a constant temperamre of 20°C and for a lime of «l minutes to

detewne the weight gain Results obtained are graphkall)' represented in Fig, 10, From Fig. 10 it

may be obser,'e<l that at lower electrolyte coneentra\ilm the weight gain is more and a\ higher

temperature weight gain ill less, This is bocause the rate of \fu;solution of the anodized layer

inC1'e1lseswith increasing electrolyte concentration and vise versa.

7.3 HardnessMeasurement

Hardne$s values obmined on samples anodized at 10"'& H2S04 (by weight) clecuolyte

concentration for a period of 40 minulcs al diJferent temperature has becn represented graphically

in Fig, 11. Fwm Fig. J I it may be observed that hardness OIl s"mpl~ anodized at lower

tl'lllpcralure i~more than on those anodized at highcr temperatures, At lower IClllpcrJture gr.tin size

of tile anodi~ed layer i~smaiL As a resl~t grain cOlllpacIIlCs.~is more and nOllporolll' o"ide layer is

produced and due 101h.islhe hardness increases, But at higher tempemtures grain size of anodized

layer is more and more porous !a,rers are produced, After sealing. lhese layers are runvcJted into

-passil'e boehmile (...\J2(3.1120) which is less hard than nonporous layers, $0 the hardness of the
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layer formed at lower temperatures.

RelSistance Measurement

anodized layer fonned by anodizing at higher Iemperatures is less as compared to the !/anodiZed

II

II, !
The results of resistance measuremenfs OIl samples anodized at 5°, 10°, 15° and 200C at a

electrolyte corn::enlJ"dtionof 10% H2S04 (by weight) and for a period of 40 minutes ,ve been

graphically represented in Fig. 12. From \his figure it may be oDstTVedthat resistance developed.

7.4

on samples anodized at lower temperature is mOfe and the resistance ~velopcd at higher

temperatwc is less. This is because at lower ti:mperature the rale of attack of the o:\ide layer by tbt.

of electrolytic capacitors and rectifiers.

electrolyte is less leading 10the formation of a nonporoU8 oxide layer whose resistaoce is more. On

"the other band, the rate of attack of the o:\ide layer increases wi\h increa.'ling temperature and 3

"porous oxide layer is pwduced whose resistance is less. It is known that aluminium oxide layer

acls a.~an insulator, HCllC~the nonporous oxide layer pTDduced at lower temperature i)~good
II

insulator and this fOl1J);ltioilof nonporous fIlms have led to a wide application in the indU'llriai field

lil
7.5 Mk,~tru<'",. ~

!Vlkrostrucrure of anodized layers fOJIlled dWlllg anodiZIng al SoC in 10% H2S04 (by Weight}

electrolyte for a period of 40 minules has becn shown in Fig. 13(a), From this figure it ly be

observed !hat the anodized layer is vel)' thin ami nonporous and size of the grain is also vJ fine.

AI lower tempcraluIcs disso!tnion rate of aluminium oxide is very slow and diffusion Ate of

alwninium and o.\Yllen is also slow. As a result, !be anodized layer produced during an~zing

under thcse conditions is nonporous and thin. I
58
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betweeuoxide.

". II
Microstroctm-e of anodized layers fanned during anodizing at 15°C using in 10% H2S04 (by

,I
weight) electroLyte [or a pedod of 40 minutes has been slwwll in Fig. 13(b). From this tj.gure it

"may be observed malme anodized layer ISthin and it contains a nonporous o;r;idelayer adjacent to

"t~ sample surface and a porous oxide layer at the outer pari of the sample. Because at this
II.

mentioned IcmpcrJUlfe at the end of certain interval. dissolution t;lkes place due to heat de'*eloped

'I
Ii

Microstructure obtained after anodizing at 20De in 10% H2S04 (by weight) electrolyte for a period
of 40 minutes has been shown in Fig. 13(0). It may be observed that it contains nonporous oxide

layer adjacent of the sample surface and porous oxide layer at the ouler part of the sample. Here the

size of.the porous grain is coarse. At higher Mnpemturc the diffusion Jato increases and reason is

SIDle mentioned ill l3(b) and the dissolution rale also iucreascs due to Ileal gt:llcralion between
,

oxide layers. As a resl~1the Rize of the pores produced increase which are hydrated to produce

hydrntoo aluminium oxide (A12C3.H20) during sealing.

II
"
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The following conclusions can be drawn fron the results of this study.

1. Coating thickness increases with the time of anodic oxidationupto a certain limit.

2. Coating thickness increases wim decreasing tempera!llre and concentration of the

eLect.rolyte.

3, More porous coating is producedwim high lempernllJIeand concenlrntedelectrolyte.

4. ,Moreabrasivebyer is produced ",'ilbdilute electrolyteand lower tcmper.ltureand longer

lime of trentment.

5. Sealing time decreasewith increase sealanl temperature.

6. lmpen'io\ls layer is producedwith sealing al longer time,



Electrolytes most commonly used in applying anodic coatings include sulfuric add, chromic acid,

oxalic acid and mixtures of snlfwic and o;.;alic acid!;, These eleclrol>,tes are most commonly used

for aluminiulll and magnesiwn and their alloys, There are many factors which include solution

concentration, oolution temperature, time, applied curreol deru>ity, material oompositioos afIect

anodizing. Anodic coating on aluminium in sulfuric acid electropyte at varying temperature, time
,

and acid cOIlcenlTatiollsIJaV"only beL'11studied in this case, Studies on aluminium and magensil/Ill

alloys can he undertaken to investigate th" effects of factors mentioned above. Effect of alloying

dcmenlf. and coatings on properties sudl all fatigue, OOIroslQUresislance, electrical lwiBtance,

abrasion resistance and subsequent plating can be studied, Finally, an overall comparalh'e study

among the processes and factors can be studied,

"



Table-ti:

l\PPENDICES

\it. gain as a tl\!K.'ti1tt of t.ilD?at taJper"ature 25"Cam electrolyte a::o:mtratim lCJ'o .sulful"k acid

by lciglrt.

.
"""I, ."t of lXlIl\lle >it of 5iiJIllle lJifterence .'t gain/sq. 011 Tirre, min.

"". before illDdizing "fter dlXldizing in .'t. fIl;I fIl;I x 10-'

'" '"I 12.52471 12.53311 8.40 6.70 40
.

2 1l.9Wi2 11.%%2 14.00 1],16 40
.

J 12.45861 12.47761 19.00 15.15 "' .
4 12.45769 12.4c1819 20.50 16.35 80

.



!¥t. Gainas a FlJJrtilll of TiIJJ'at ~dru.re 2l1Cand Illectrolytc n..u.nlrat:illl 10'1;SUlfurickl(j
(by Valwe).

S<ilr{Jle ,t ot "amle .t of saIlPle lJifferenct' \o't gain/sq. on TiJre min.

"'. before amlizing after aJlO(liWlg in wt Ill)' Ill)'x l(fL

'" '"
1 12.63367 12.64217 8.50 6.78 m
, 12.6346'/ 12.65187 17.20 13.71 50

J 12.583.16 12.60986 %.40 21.05 60
, 12.71125 12.74755 36.30 28.95 80
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Table-8; Wt, Gain l~ a Function of TlIne a, temperature 20QC and Electrolyte

Concentratiou 15% Sulfuric Add (wU

Sample wt of sample wt of sample Difference W, Time

No. before after in "' gain/cml min,

anodizing anodizing m, m~ x 10.)

"" '", 12.79842 12.80562 U 5.75 '", 12,89472 12.90672 " 9.56 ", 12.68978 12,70898 ," 12.2 00

, 12.69875 12,72425 25.5 13,16 '"
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'l\ll>1e-9: wt. Gail'lll.= is a fu:Jctiw of ~tllre at T:ilre40 !'Iirntesand Electrolyte ctu:=tratim WI;
SUUw:ic Acid (by lit) at Tille 40 M:iImtes.

~
san\Jle ~" " of DiffereJlC'€ lit, ot lil. ot "ill "t. "-,
"'. sample silf11l1e wt in g'l.ilv",1 5ilJlple silJl(lle _ad . 'c

MOle atwr betOte IfY X l<J I ilftRr ofter IfY X Hr'

aoolizing iIIlC<lizing se"iing ""'lling sealing

'" but be10re "" '"r.ealing

'", 12.89~21 12.91521 2' f6 12.91'121 23 16 3

2 12.71734 12.76734 20 f5 12.77234 " 1IJ 10

3 13.75912 13.77812 " 13.5 13.78712 28 22 "~
4 12.63167 12.65187 n 12.4 12.66467 )0 2) "~
3 11.94562 11.95962 14 10.20 11.99062 33 21 2')

.
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'Mlle-l1: furdlless i5 a lovc!"'..eFuJrtim of 'Imperatllrc at Electrolyte C<:n"IltratiQlIOli I~ro. (by lit) ;md

TiIJl'! 40 l'li1JUt.P.s.

S~le No. Dlaqalill distance UI Diagonal Hardness of Hardness of """'co"
1lll1lflC>ij,,ed~luminill'fl distane<> 00 unanodlzed anodized aluni.D.ill'fl "

ollrf~C(' awdizlllg ~I\11lini\ll1 surface

'" surf~ce surtace '"
'" '" ,, 49 12.3 613.0 5

4 '" 12.8 77,23 566,0 10

3 '" IU '",0 "
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Tabie-1Z: Re.htonce is e inver •• function of Temperature al Electrolyte concentration (lOt

H,so,l and Time [40 -In. I

Ss~~i,00. T.~~ef'alure 'C Resistance "
C 0 '", " C"
, ;; c;o

, " COO
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