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ABSTRACT : !

A laboratory model anodising wnit has been setup and used in the study on the elfects of the
variables like time, temperature and conceniration of the electrolytic bath or weight gain, hardness, '
electrical resistance and structure of the anodized layers. The weight of the anodic coating on pure '
alumivium anodes i sulfwic acid electrolytes was found 0 increase with decreasing temperature
and concentration of Lhe elecirotytes while the weight decreased as the temperatwe aod
concentration of clecrolytes were raised. The weight gain due (o sealing in deionized water '
increased as the lemperature and immersion time were increased. Hardness and electiical resistance

was found 10 increase with decreased electolyte lemperanue and concentration.
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CHAFTER - ONE
1.0 INTRODUCTION

Anodizing is an electrolyfic process in which a metal is made the anode in 2 suitable electrolyte so
.that when an electric curment 9 passed through the electrolyte, the metal surface is converted to a
fom: of its oxide that has decorative, protective, or other desirable properties. The clectrolyte
provides onygen ions (hat react with metal ions W {onn the vxde, and hydeogen is released at i
metal or cabon cathode. Depending upon the sclvent action of the selected electlml}'te on the
anodic oxide, the uperating conditions employed, and volage/current relationships, the meta
anode conlinues to be consumed and converled to an oxide coating which progresses inward, The

tuet formed oxide is adjacent to e metal-coaling intedace.

Anodizing  differs from electroplating in wo sigmiicant respecis. In clecuuplminé; the wark is
made the calhode, and metallic coalings are deposited on the work. In aundizing, he work is made
the anode, and ifs sudace is converted to a form of ils oxide that is integral with the metal
subsirate. Anodizing processes have been developed for many metals. However, those nsed with
aluminun ae of the grealest conmnercial sighificance. Magnesium 18 anodized for unproved

resistance to corrosion and abrasion by procedures similar to those used with aluminum.

Other metals including copper, zine, cadmiwn, silver, and steel usually are anodized to achieve
decarative elfects which ollen are [ugitive unless they ase protected by an orgamc overcoating. The
basic reaction in all anodizing processes is the conversion of the metal suface to its oxide while the

part is made the anode m a electrolytic cell.



Reasons for anodizing are:

Increase corrosion resistance. Aluminivm oxide is corrosion resistant and impervious
1o almospheric and satt water attack. The anodic coaling protects Lhe underlying metal by
serying as a barricr o the comodents. The amorphous alumimium oxide produced by

anodizing is sealed by teating in acidificd hot water.

Increase paint adhesion The tightly adhering anodic coating offers a chemically active
surface for most paint systems. Anodic films produced in sulfuric acid baths are colorless
and offer a base for subseguent clear finishing systems. Aluminium-base materials that are

paitited for service in severe cormosive environments are anodized before being painted.

Permit subsequent plating. The inberent porosity of the anodic film enhances

eleciropiating. Usually, & phosphorc acid bath is used for anodizing prior to plating.

Improve decorative appearance. All anodic coatings are lustrous and have relatively
good abrasion reststance. Therefore, these coalings are used s the final finisbing treahnemnt
when (he matural appearance of e aluminium is desived or when a mechamnically induced
pultern is to be preserved. The degrer of iuster of anodic coating depends on the condidon
of the basis metal before anodizing. Dull elching decreases luster; bright ¢tching, chetnical
or electrolytic brightering, and bufling increase luster, ¢ither diffuse or specuiar. Most of

the alumininm wsed in architectural applications is anodized.

Provide electrical insulatlon. Alwninium oxide is a diclectnc. The breakdown
voltage of the anodic film varies from a few volts 10 several thousand volts, depending on

the alloy and on the nature and thickness of the (ilin,



1.2

Permit application of photographic and lithographic emulsions. The porosity

of the anodic [[m offers & mechanical means of holding the emulsion.

Increase emissivity. Arodic films more than 8 X 10°% mm thick increase the ETTHSSIVITY

of the aluminium. When dyed black, he [ilm has excellent heat absorpien up to 232_C.

Increase abrasion resistance. The hard anodizing processes produce coalings from 1
X 1073 10 more (han 4 its thick. Thewe coatings, with the mherent hardness of abrnmitm
oxide, are thick enough for use in applications ivolving rotating pans where abrasion
Teststance is requited. (Although all anodic filins are torder than the substrate malerial, the
coalings produced by chromic acid and some sulfunc acid baths are too thin or oo soft to

med the requarernents for abrasion resistance.

Permit detection of surface flaw, A chromic 2ad anodizing selution con be used as
an inspection medium for the detection of fine surface cracks. When a part conlaining a
surfact Naw s remeved {rom the anotizing batr, then  washed and dried guickly, cJhrome
acid entmpped 1n the faw seeps oul and swins the anodized coating in he arca adjacent to

the Moaw,

Theory of Anodic Onxide Formation

The mechanism of aodic oxidation is complex, and &4 today some aspeas are nol completely

undersiood. In accordance with Faraday's law, 1 pram equivalent of pure aluminium (3.9938g)

Teacts elecirochemically when 96,500 cotumb of electricity 15 passed throughk the ahomomum anode.

However, not all of this aluminium appears as aluminium oxide in the coating. A signilicant ratio

cm be caloulated between the woght of coating and the metalhe ahumimum or ahwrmoan alloy

removed. 1f all the ahuniniwm were converted to oxide, this " coafing raio” would be 1.89



(AlyOn/2A1. With the porous and  adsorbent type of coating this ratio is significantly lower,
seldom exceeding about 1.60. The coaling rilio is lowered significantly by an increase in the_
sulfuric acid content or the lempersture of the elecwrolyte. The ratio is also lower with ahiminium
allovs than wilh the pure metal. A lowering of the coating ratio indicates, in gencral, an increasse in
porosity and decrease in abrasion resistance. [t is known, moreover, that the coating is not all

alminium oside, but containg chenyeally bonded and adsorbed substances such as solfate and

water from the electrolvte.
Theores of the structure of the overali filin depend upor cenain expenmental cbservations:
a. Thick stable oxide lllms ¢un valy be formed in cedain electrolyles. No such films form in

acetic, nilric or hydrochlovic acid and it is probable that incorporsiion of the acid radical is

mporent o maittaining sability.

. The total film porosity represents aboul 43% of the superficial [thn volume,
. The imtial fim is dense but becomes less dense as the {ilm growth proceeds.
. Tnutially the film thickness increase by the theoretical amount, but falls off with time a5 the

currend efficiency dereases and the vollage increases,

Initially onidation consists of dissolution of aluminium, bwt when a criical curvent density is
attained the anoddc layer becomes salurated with AT Y jons and a thin film of basic hydrated oxide
forms. This rises the potential, whereupon evolved vxygen oxidizes Lhe whole surface and
dehydration may be attribuied 1o the beating efTects which causes cracking to occur. Onge cracks
form, internal oxidation can take place aond (lm growth takes place at the inemal inter{ace.
Toerefore al the thin film stage inlermal oxidaton lakes place with some extemal dissolution, but as

the film grows thicker pores develop and the external dissoloiion ceases.



The growing anodic film is therefore seen it two layers {lig. 1) Lhe inner barrer layer is a
corupact film of AlyO3 growing by diffusion of’ Al outwards and O inwards remaining relatively
constant in thickness { 0.025 pim), while the ouler porous hyidralcd oxide filin prows up to the

finished thickness of 1-200 jan:.

The barmier layer appears 1o form first and porosity develops as dissolution commences (the barmier
layer must be resistive and most generate heat as current 18 passed). Electron microscnpy‘:” has
shown ihat the lilm grows with an hexapgonal cellular pattem. each cell contimng 2 pore. As the
voltage of anodizing increases o the cell size jucreases and the overall pore density decreases. The
initiation of pores is s6l} a matier of debate but is believed 10 be related in some way W the

existence of barrier layer growih faulis,
1.3 Development of Proleclive Oxidation on Alumininm

In the metal bedusty today alunipium ocoupics an increasingly lwge and imporianl position.
Owing ils employment first and foremost (o s hehiness, systematic researches have shown this
mekal 1o have a remachable runge of propedics which make it soifable, and indecd Tender it
preterable. for o multinude ot applications. Although pure alummnium is soft, when altoyed with
suitable eletnents soch as copper, magnesiui, silicon, and manganese--if compeivs successiully in
respect of strength and hardoess with structural steel. For tlis reason aluninfum has in recent
decades been widely emploved a5 a ¢omstructional matenal for vehicle and aircraft, for chemical
plants and containers and ¢n e field of architecture. its elecirical conductivity and the remarkable
resistance ol inany of 1he alloy groups to atmospheric influences has enabied it to replace copper
for overhead (ransmussion lines in numerous areas of the globe. s nponmagnoetic propertics,
combined with good workability, have nrade the metal an cutstanding matenial for the construction
of an extremely wide mnge ol appacatus, plant components, structurdl part, and wseful objects of

many tvpes.
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Aluminium aid most of its alloys exhibit 2 high chemical resistance due to the fact Uxat, as a result
of it alfiniry for oxygen, .:.'.unmuum forms, when exposed to air, a Lhin prolective oxide film. This
reaction occurs imstantaneousiy and all over the swface and aluminium is in consequence always
covered by a natural oxide [im which, initially i3 very thm and steadily grows in ihickness unhil at
Lhe ¢nd of some months 11l reaches 13 nommal uldmate ihockoess which may reach 0.05 microns.
This thin natur) oside (im, which commist of some 20-30 molecudar fayer, is capable of protecting
the underfying metal against the widest imaginable range of external corrosive influence which
wonld otherwise attack and disimtegrate the ahaniroum, Ay mechmical damage to this oxde fitm

iz stlfhealing, because immediate re-oxidation oceurs.

This watural oxide is integrally aftached to the pluminium and is effectively free from pores, As a
result, the oxide film is very hard and stroug mechanically and is resistant bolh to water and nonnal
atmosphere, bul the protection it offers is inadequate if olher agencies are present to start corrosive
allack on the metal. For this reason precesses were sought (o reinforce the natural oxide film ou

aluiminium and thereby endow the metal with an even greater restsiance o comosion.

1t has Jong been known that aluminiwn used as an anode combines with the elecrolytically

poduced oxvegen to form alumininm oxide on the surface of the meml. This phenomenon is

allows an electac ewrrent 1o pass only 1o one direction. In the carly part of this century' and mare
particularly between the 1wo world wars, processes were developed for the artificial thickerang or
creation of the oxide film on aluminiun and alwniniwn alloys- processes as sigmhicant for Lhe
conunercial development of alumitnium as was the discovery of bilﬂllllﬂliﬂ, the first age-hardenable
alumintuny alley. It is possible m this way to build up much thicker layers whicti offer gieatly
mnproved protection tan can be derived from simple oxidation in air. The processes for the

artificial production of oxide films fadl into two main groups:



(1) the purely chemical processes, which do not depend upon the use of ¢lecinc current; and
(2} the dectrolytic oxidation or amodidng processes, whch depend upon the use of decic

Curtenl,

The purely chemical processes depend upon the action of hot agueous solutions on the metal. By
reason of their simplicity they have deservedly attained some importance, but in general, they only
allow the formation of rather thin, soft films,whilst the processes of the second group, the so-
called anodic oxidation processes can be made to produce hard [iims 20 microns or more thick. In
practice, Mherefore, applicaton of the chemical processes 1s restoicled to such special cases as the
oxidation of interor sarfaces of wbhes or plant. of large confainers and of surfaces which are
exposcd to only mild chemical altack, and to applicattons where they ae used for the prepanation

of the surface of almpinium is a basiy for subsequent painting or lacquenng.

The most imporanl profective surface-treatment processes fall inlo the category of unodic
oxidation, since the Nilms produced by anodizing not only give escellent corrosion-resistance 10
alumimum and to the majority of aluminium alloys, but they alse enhance Uhe appearance of the
metal awel imake it possible 10 give Wwminivm any desired color. These facts fiwe opened up a now
and important range of applications for alnminium as a material and have added to the pogsibilities

ol etploying the metal in cetin technical applications,

Many processes have been commercially developed and are inouse on a Jarge scale. A brief
description of these processes and of the plant required far their operation is given in the following
clrapters, since it is known that many aluminium-fabricating works require thelr own anodizing
plant and wso that those plants which operate independently play an important and interesting part

in the technological development of the metal and are steadily increasing in number.



1.4 Field of Application

‘The swlace treatment of alwnininm represents the fiual phase of its fabrication. It is the process
which gives the mefal its firished apprarmmee. Apart from consideratioms of mereasing the
commosion-resistece of the material, the final appearance pwst also be taken into consideration
when selecting the method of surface treatment. If the aluminium s  Tegured for comstructiona
components or plant and apparatus into which no special aesthefic considerations enter, then the
process to be employed will be decided parely upon the refevam properiies required from the
profective fitm -- such as s densily, thickness, harduess or abrasion-resistance--but if, on the
cuntriry, the ahwrmmom is requared for arficles or compoments whose appearance is imporiamt it
will be nevessary fo take s factor info account and to select appropriately both the anodizing

process to be emmployed and the matenial 1o be treated.

The chermcal omdation processes are weed now-a-days in cases where the cormosion-resistance is
not required 10 neel exacting ¢laims and where the aesthetic appeurace s of limited importance.
Such processes are snifable, as has been mentioned, particulaly for the rreatment of the interior
suface of the cube and piping system, et¢. and also in conjunclion with suitable additional

Tocesses, such as punting or lacquenng or coating with resms.

Muss-preduced cheup arucles we often chemically oxidized becange this is an inexpensive method

of depositing an artificial colored oxide film,

The processes it use at e present fime can be applicd (o the oxidatien of large suefaces, e.g. rool
sur aces or coverings of large containers or holders of not very cormosive suhstances and, agam in

these cases, as a basts for the later application of paint and lucquer or artificial resin coatings.



In general, it may be said that chemical protective oxidaton is used where bare alwninium is not
swiable and where the cost, the requirements, or the nature of the object would prohibat anodic
oxidation. Anodic oxidation, with it thick [ilm, must, however, be used where a high depree of
corosion-resisiance is called for, I the appearance is nol of interesi-- as for example, m the
anodizing of ydusmal componems--the relatively cheap and economic sulfuric acid processes are

used.

1.5 Scope of This Work

Engiteenng applicaons of anodized components are increasing day by day e.g. in nrlilary,
aircraft, door [ittings, window frames, vehicle, chemical plant and in shipbuiiding, The filins
produced by anozing enhance the appearance of the metal and nake it possible to give aluminium
aty desited volour. For that reasons, gystematic research have been curied oul 1o have 2
temrivkable rimge of properties such as corrosion resistance. electrical insulation, abrasion

LESLELUC,

Nomnally, anodic osidiation is extensively used for the production of proteciive and decorative
films on alumirdum and alupunium alloys osing vadous types of bath e.g. sulfunc acid bath
chromic acid bath. This investigation auns to study the eficet of different pacuncters such as
lemiperatiue, tine, concentration of electrolyte on anodizing and to understand the effect of these
paranicters on the structure and properties of the anodised luyers weight gain, bardness,
mucrostructure vorrosion resistance, elecinical resistice, abrasion resistance of anodized layer has
been studied. The microstructore could not be throughly studied due tw the lack of an cleciron
mICTOSCOpe. Since Do cguipments for anadizing was available considerable perod of time was
spent in the design and fabrication of a labotory model anodising unit. Considerible Gme was

also required for the tridd operation.



CHAPTER - TWO

2.0 SURFACE PREPARATION

Z.1 TInlroducton

A chemically cfean suriace is a basic requirement for successful anodizing, In selecting a metal

cleaming process, the foliowing (actors among others. must be connidered.

{a) (he identificiiion and charucterization of the sci) fe be removed,

(b} i;;.k:nﬁﬁc:\liml of the subsrate 10 be cleanod and the importance of the condition of the
surface and  structure o the ultimate use of the part

(c}  degree of cleanness required

£y capabilifies of the avallable [acilifies,

{e) impact of the process on the environment,

(T} overall cost of the process and

(8}  subsequent operations 1o be apphied.

Nomnally the foltowing steps are utilized In surlace preparation.
2.2 Polishing and BuiTing.

Both polishing and buffing are earried out by bringing the work info contact with wheels revolving
al tairly high gpeeds, Lhe main difference between the (wo opesations live i the construction of the
wheels and the abmsives used in connection with them. Polishing may also be camied out on
oncllese bells coatedd with sbvasives; the choice between hells and wheels in determined by the
confrguration of the parts and the degree of utonation appropriate to the operation--in effect and
the total costs. Both polishing wnd bulTing, sre relatively lubor intensive, and skilled pilishers are

becoming scarce, Belt polishing is somewhat Jess demanding of skilled labor than wheel polishing.

10



2.2.1 Polishing

Polishing wheels are usually of muslin, canvas, felt, or leather, Construction of the wheels can be
vamed 1o make avalable wheels of varying Dezibility, best adupted 10 the shape and surface
couditiqn of the object 1o be finished. The hardest wheels are made of Wdividual disks of canvas
cemenied together. Un the other hand, the softest are compused of muslin disks sewn together.
Intermediate grade consist of wheels formed from sewed section on muslin disks cither glued or

cemented together.

The abmsives required for poiishing are fostened to the surface of the wheel by an adhesive,
usually hide glue or silicate cements, The glue must be of high grade, and strict precautions are
required to prevent bactedal depradation of the adhesive Wheels are "Set up "in series of
individual operations inclucing meliing the glue, adding the abrasive, coating the wheel, and
selling the glue, Siiicate cements have the advantage of requining (ewer precantions and of being

upplicable at room lemperatire, withowt he need Cor spedal eguipnient,

2.2.2 Bulling

Butfing may be used for the production of several types of (inishes: stain, preliminary stmoothing,
cut-and-celor for smoothness and some luster, and color buffing for producing high gloss or

mirror fndshes.

Bulfing whecls are usually of muslin, of vatous constructions; sewed, pocketed, or folded, etc.
Aufling wheels in general are more flesible than polishing wheels. Grades of muslin are specified
by thread count ; the denser the thread the less flexible the wheel and the harder the surface 1o be
bulfed.

i1



Abrasives for bulling are commonly applied in the form of a greaseless compound formed into a
bar which combines the binder (glue) and the abrasive, Many grades are available, depeniding on
the et to be bulfed, the amouat of metal 1o be removed, and the finish desired. Wheel speeds in

general are somewhad lower than for polishing, in the nmge of 25 1o 30 mis.

2.3 Alkaline Cleaning.

it is the most widely used method for cleaning aluminium and aluminiwn alloys. This method 15

easy 10 apply in production, and eyuipment costs are low,

Alumitiune is readity artacked by afkaline sohutions. Most solutions ure maintzined at pli between
9 and 11 and they are often inhibited to some degree, to minimize or prevent attack on the metal,

The most frequently used cleaner is e mildiy inhibited type,

Cleaners of cither the etching or the nonctehing type have some ability to emulsily vegeuble and
animal oils or greases, bt no mineral ods or greases. Therefore, they can sometimes remove fresh

buffing compounds.
The nonetching rypes of cleaners may be classified as silicated and nonstlicated cleaners. The

silicated cleaners are bused on aqueous solutions of sodiun carbonale, frisodium phosphate, or

other alkilis, to which small amounts of sodium silicate age added to inhibit cleaning,

12



Compositions and operating conditions of conunon alkaliie cleaners are given in Table-1

Table-1
Fiching Cleaners

i. Sodinum hydroxide 1B.8E to 63 gm
Sodium phosphate L6 to 3 gm
waler ! litre
Tempatature of bath 60 to 82°0C
Immersion time 30 Sec to 10 min.

2 Sodium hydioyde 1.56 t0 4.67 gm
sodium phoesphate 6,22 to 3 zin
Sodipm cuwrbonale 6.22 1o 50 gm
wiler | litre
Temperatre of bath 60 1 $20C
Innnersion ime 210 5 mnin,

13



Sodium pyrophosphote + Sodiwm

metasibincaie toud of
waler
Teruperature of balh

Immersion time

‘I'risodium phosphate + sodum

metasilicale

waler

Tempéerature of bath
Immersion time
Sodium carbonate
unsodium phosphate
water

Temperature of bath
Immersion time
Sodium carbonade
sodimn silicate
water

Temperatre of bath
Inimersion tinie
sodiun carbonate
Sodivm matasilicate
waler

Temperanre of balh

Imimersion Lune

Noneteching Cleaners

12.47 to 62 gm,
1 litre
Gl 1o 7100

2to 5 min.

1247 0 62.3 pn
1 hire

6010 719C
2 to 5 mun.
Sto15am
S5am

! liue

Y to 96UC
210 5 min.
10 to 40 gm
510 10 gm.
1 bire

6010 710C
2 to 5 min.
Jtobgm
3i0 6 gm

1 liwe

60 to 710C

2 to 5 min.
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2.4 Acid Cleaning

Add cleaners may be used alone or in conjuiction with other acid, alkaline, or solvent cleaning
systemns. Yapor depgreasing and alkaline cleaning may be required for the removal of heavy oils and
grease from workpieces before they are imunersed in an acid bath, Cne of the main functions of

acid cleaner is the removal of surface oxides prior (o anodizing,

A mxture of chromic and suifuric acids is commonly used to remeye swface oxides, bum-in oil,
or other filins, such as the iridescent or colored [ilmrs formed during heat treabing. ihis acid

mixture cleans and impans a slightly etched appearance o the sudace, prepanng it for anodizing.

Alumenum parts should be insutited lrom fermous metad baskets or supporls when immersed 1n aad
cleaning solilions, becawse contact ol these two metals can produce a galvanic action that causes
conmosion. Matermals such as vinyl plastisols, epoxy, polyethyviene wnd polypropylene may e wsed

lor inswiation. When pracucal, baskets or rods should be of the sune nuieriad as the workpieces.
2.5, Chemndcal Brighlening

It smooths and beightens aluminum products by naking use of tle solution potential of the
aluminum sudace in the various baths emiployed and of the local dilferences in potential on the

alurmiauin surface.

In general, chemical brightening baths are concentrated or didute acid solwtions contilning oxidizing
agents. The acds commonty used are sulfune, h}*dﬁmhinﬁ(l, nitnc, phosphone, acetc and, 1o a
lesser extent, chromue and hydroflvene. Ammonivm bifluodde is  vsed when it is desirable to
avoid the hazards that attend the use of hydrofluoric acid (xahe and ciure acids may be used as

alternates for acetic ackd. Tluoboric and Muosiliv acids may  be wsed a5 alwmates for hydrofluoric
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acid. Nitnie and chromnic acids and, less often, fertic sulfate and hydrogen peroxide are used when

oxidizing condiions are requmed. The folluwing types of bath is vtitized in chemical brightening.

2.5.1 Phosphoric-Nitric Acid Baths

Among the various types of concentrafed baths, the phosphonic-nitic acid baths are the most

widely used in the Uniled States. Compositions and operating conditions for two corumercial baths

of this iype are given in Table-2.
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Tuble-2

Clromc and

Sulfuric acid (66_ He)

W ater

Temperature of bath
Immersion lime

Nitric acud {42_ Be)
Hydrofiuoric ade (48%)
Wiler

Ternperature of bath
Inanemsion tine

Suifuric acrd (G66_ Be)
Hydrotlvore acid (48%:)
Chromic acid

waler

Tempernture of bath
Imersion

Nitric acid (42_{! Be)
Sodium sullutehvdrate)

water

Temperature of bath

Immemsion time
Phosphoric acid
chromc acd

water

Temperahre of bath

Immersion time

17

374210 7443 gm

1.2t0 1.5 gt

1 htre

4333 10 82,22 PC

Up to 20 min
4i0 6
BR. 750 710 co

1 litre

Room temperanrre

1to 5 min.

(.8 pt.

38.75 CC
3118 gin

1 litre
63551 71 9C
2 1 3 min.
{3101 pt

50 10 100 gm

i hire

7716 79.44 °C
4 to 8 min.
266 CC

1715 gm

1 litre

43 10 65 0O

| to 5 min.



2.5.2 Phosphoric and Phosphoric-Sulfuric Acid Baths.

Concentrated solutions of phosphoric acid at operating temperatures above 175 °C ware the {irst
baihs cployed for brightening alumirom. A more eifecive bath, which combines  some
smoothing or * polishing" with brightening action, 15 oue containing (by volwne) 75% phosphone
acid and 25% sulfuric acd, This bath, which 1s operated at 90 10 230°C. produces 2 diffuse but
bright fumsh.

A while film of phosphate salls remains on the metal ailer hearment in etther of these bath under
sonre conditions of composition and bath wmperature. The fiim miust be removed, and this can be

accomplished with a hot (60 o 70°C) aqueous seludon of chromic and sulfurc acids, The

compositron ol s acid sclution is not enlical, and may range, by weight, from 2 to 4% Cr(y and

1010 15% Hy8Q,.

2.6 Electro-brightening Processes

Theme exists no agroed definition of the term "electrobrightening”, but it can be defined as: “a
process in which ap increase in reflectivity of a metal object is produced, by passage of a cumrent,
when that object is imade Lhe anode in a bath containing a suitable clectrolyte md having condilions
adjusted to the range in which boghtening is produced. It does not produce any appreviable degree
of smoothing, as can be obined from processes wsually known as * clectropolishing”. An
obvious coroilary is that the object must be highly fnished by mechanical polishing before

Ireaiment.
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2.6.1 The Brytal Process

This was deve]apeds by N.D. Pullen, of the Briish Aluminium Co. Lid. and patented in 1934
{ Tablc -3). The meial s allowed to etch for 1530 seconds pror to s;vitr:hjng o the current, the
duration being lurgely dependent upon the purity of the melal and increasing with it After this
(realinent a thin " smudge” film is present on the surface of the brightened unticle. A sulunc acid

solution or a mimc acd soluston will reinove ths smudge.

'This process is the most widely used electro- brightentng weaunent in this country, having the
merit that refatively simple equipment is required and Hre tank need only be of miid steel. Its
isadvantage is that it requires a relatively high operating temperature, whch can present difficulty
in a large tank. due to local temperature differences. Further, care has to be taken in positicrung the
article in relation to the cuhodes and the sudace of the dlectolvte, owing w the danger of streaking
of the metd surface from gas bubbles. Avsiliary cathodes and rotation of the work in the bath may
also be necessary with round recessed aricles. A high standard of preparation is necessary, and
winte pawches due 10 overhestmg of the mell surface in pobishing may be revealed after

briphlening, Compositions und operating conditions of Lhis bath is given in Table-3.
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2.6.2 The Alzak Process

This was developed® by R. B. Masson, of the Aluninium Company of Amnerican, almost

simultaneously with Brytal.

Cwing to the corrosive nature of the scdution, it is necessary o use a stainless- steel or rubber-hned
tmik, The acid is rather more expensive than the cheap alkaline materials used for Drytal, Tis
limitations are similar to those of Brytal, except that il operates at a lower temperature which is not
dilficult to maintain, The fact that it has not been widely used in Greeal Britaip is probably due o
the asgoctaoon of Brayal with the Bngsh Aluminium Co. Ltd. Who for some years was Lhe sole
producer of anodizing quality materind. Compesitions and operating condiions of this balh 15 given
Table-<.
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Table-3

Sodivm carbonate
Sodium phosphate
Water

Current

Yoltage
Temperafre
Imnersien dme

Smutl removal

Sulluric acid
o nitric acid
Temperatuwe of bath

Irmmersion dipe

Table-a

Fuoboric acid
Tanperarure of bath
Cament density
Voltage

Immersion time

Awitatom

150 gin

50 pm

1 litre

27-32 mA/sq cm.
10-14 volt
75-85°C

5-8 min.

10% (vab

10 to 15% (vol)
2110 27°C

15 10 30 sec.

2.5%: (by weight)

30°C

10.76 10 21.53 mA/ag.cm
15w 30V

3 to 10 min,

WNome

smut Remaoval

IPhospheric acid
Chyomic acid
Temperahore of bath

Immunersion ihime

LO% (w1}
0.5% (wi)
B8 1099 vC
30 Sec.
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3.0

(a)

(o)
{c}

a1

THE THREE PRINCIPAL TYPES OF ANODIZING PROCESSES

chromic, in which the aclive agent is chromic acid
sulfumic, in which the active agent is suifuric and
hard patenled processes that use sulfuric and oxalic acids as (he active agents. Other
processes, used loss frequently md for special purposes. employ sulfunic-uyalic,

phosphoric, oxalic, boric solutions.

Chromic Acid Process

The sequence of operafions employed in this process depends on the fype of sample, composition

of sample and Lhe principal oljective for anodizing,

Clyomic add anedizing solutions contain from 3 to 10% chromic add {Cplz) by weight A

solution is made up by filling the tnk about half full of water, dissolving the acid in the tank,

water is added to adjust 1o the desired operating level Temperature of the bat i normally

mainmined at 40°C.

A chromie acid anodizing solution should not be used unless:

L.
.

The pH is between 0.5 and 1.0

The concentmation of cholonides {as NaCl) is less than 0.02%.

The concentration of sulfates (as HyS0y) is less than (L05%

The wtad chromic acid content, as detenmived by pH and Baume reading, is less than
10%,
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When (he anodizing process is started, the voltage is controlled so that it will increase from 0 to 40
volls within 5 10 8 min. The voltage is regulated to produce a curremt density of not Jess then 1
mAfsq om, and anodizing is continued for the specified time period (usvally, 30 to 40 min). At the

end of the cyde the current 18 gradually reduced fo zero, and the parl is removed from the bath

willin 15 sec and rinsed.

3.2 Sulfuric Acid Process

The basic operations for this process are the same as for the chromic acid process, Parts or
assembites that contain foints or recesses that could entrap the electrolyte should not be anodized in
the sulfuric acid bath. The concentration of sulfuric acid {sp gr, 1.84) in the anodizing solution is

12 to 20% by weight.

A sulfuric acid anodivng solvdon should not be nsed unless:

1. The voncentation of cholorides (as NaC is less thag 0.02%.
2. Alummnm comcentration #s Yess than 20 g per Jiter.
3 Sulfuric acid content is between 163 and 200 g per liter,

At the start of the anodizing operation, the voltage is adjusted to produce a current density of
12.9% mAtsq om. ‘Yhe voltage will increase shghtly as the alurmnum content of the bath increases.
When a current density of 12,91 mA per sq cm. is anained, the specified process is continned until
ihe specilicd weight of coating is produced, after which the flow of current is siopped and the parts

are withdrawn immediately (rom (he solution and rinsed,
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A3 Hard Anodizing

The primary differences butween the sulfuric acid and hard anodizing processes are the Operdling
temnperanre and the current dersity at which modizing is accomplished. Hard anodizing produces
a considerably heavier coating than conventional anodizing for a given length of time. The hard
anodizing process employs 2 sulfuric acid bath comaining 10 10 15% acid by wight, with or
withow additions. The operating emperature of the bath ranges from 5 to 10°C and current
denity is between 21.53 and 38.74 mAisq cm. Higher temporatares cause the formation of soft
and more porous outer layers of the anedie conting, This change in coating charmcteristics redngces
wear tesistnce sigmficanty and tends to fmit coating thickness. Fxcessive operating lerperahres

result in dissolulton of coafing and can burn and damage 1he work.

Proprietary processes also are conunon of these processes uses a selution containing 99.78 (o
103.96 gm of sulfuric acid und 9.98 o 17 46 pm of oxalic acid (HyCy(14) per liler of waler. Thig
solution is operated wt 10°C and a cument densily of 27 to 39 mAscme (vollage is increased
gradually from zero fo between 40 and 60 volts): trealment time is 25 min per mil of coaling

thickness.

3.4 Specinl Anodizing Processes

T'able-5 gives the operating -::crnditi{;ns for three anodizing baths that are used 1o produce an anodic
couiing with u hardoess and porosity suitable for electimplating, or to produce anodic coatings of

hurdness or thickness intermediate to those obtainable from chromic acid, sulfuric add and hard

anodzing baths,
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Table-5.

Anodizing processes,

Compositions and Operaling Conditions of Solution for Special

Type of solution Composition Current density, Soluton “Treatment
(by weighty mAS(.CIm. 1EImpeTanme time,
o mintes
Sulfuric- Ha30y.
Crealic 15 to 20% + 13 3035 a0
HyC04, 5%
Oxalic HaCoOy, 3% 13 22-30 — 13-60
Ho POy,
Phosphoric 20 1o 60% 3.22-13 25-35 515
vol.) ;

A5 Provess Limilations

Composition of the alwninumn alloy, smface finish, prior procesaing. temper or heat treatment, amxl
e use of nseris indluence the quality of anodic coatings. The  lpmations mposed by cach of
these varables on he vanous anodiang processes are indicated below.

351 Alloy Composition

The chiomiic acid process should not be used o wmodize aluminum casting alioys conlinig more
that 5% Cu of moe than 7.5% total alloying elementa becawse of excessive pitting. commonly
refenred to as burming, may result. The sulfude acid process can be used for any of (he

commercially available alloys, whercas the hard anodizing provess is usually limited {0 alloys

containing less than 3% Cu and 7% Si.
Two or more different alloys can be anodized at the sume time in the same bath il the awdizing
vollage requiremeis are identical. This condition is more critical for the sulfunc acul process than

for the chromic acid process.
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3.5.2 Surface Finish.

Anodic films accentuale wny irregularities present in the ompiml surface. Howcever, surface

imregulanties are emphasized more by the chromic acid bath tham by the sulfuric acid bath.

Sheet marerials should b rolled {rom homogenized ingots from winch surface oxides are removed
prior 10 rolling. Clad sheet should be handled to prevent mechanical abrasion or exposure of the
core material. Anodizing magrifies seratches and if the core madenal is cxposed it will anodize

wilh a color different from that of the ¢ladding,

Anodizing erade must be specified for extruded products so that mill operation are cortrolled w

mimmize iongitudinal die marks and other surface blemnshes.

Surface mregnlarities must be removed from forging, md the suffaces of the formmg must be
cleaned by a process that removes trapped and burned-in dic lubricants. Special atiention is
required when polishimg the flash hine, if this area is 10 appear siroilar 10 oiher areas of the foreing

after anodizing,

Castings can be anodized provided their composition is within the process limits described above
mder "Alloy Composition”. bFrom the standpoint of uniform appearance, however, anodiziag
usually is undesirable for caslings, because of their nommiform composition and their peresity.
Improved resuits often can be obtained by soaking castings in boiling water alter cleaning and
before anodizing, This treatnent, however, merely agempis o fill sudace voids with water, so that

voids do not eutrap anodizing solution.
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Usually, permanen! mold castings bave the best appearance alter anodizings, hen dic castings, and
fmally sand castings. Permament mold castings should be specified if an amodic coating of uniform
appearance is required. Anodizing usually reveals he mera {lowllines inherept in the die-casting
process, and thuis condition is objectionable if uniform appearance is desired. In general, Solution
heat trealment prior W anedizing is benificial for producing the most vniform and brght anodized
fumsh obtamable on castings Regardiess of the product form, rough firashing should be avoided
when maximum corresion resisiance or unifomity of appearance of the anodic ceating is desired.
Rough surfaces, such as those prodoced by sawing, simd blasting and shearing . are dilficalt 1o

anodize and should be strongly etched prior to anodizing to assure cven minimal results.

The machined areas of castings or forging may have an appearance different from that of the

unmactknmed soriaces.

3.5.3 Prior Processing

Because of therr effect an swiface finish, welding, bradng and soldering affect the appearance of

e anodic coating, for the reasons above, In addition, the compositions of solders uswaly are not

amenable to anodizing,

Spot, ultrasonic presstue or other types of welding processes where there 15 no intraduciion of

foreign metal, Mluxes or other contaminants do not affect he appearance of the anvdic cGaling.

3.5.4 Temper or Heatl Treatment

DifTerences in temper of non-heat-rreatable alloys have no mirked ¢ffect on the unifomm appearance
of the anodic coating. The microstructural location of the alioying efements in heat teatabie alloys

allects the appearance of anodic coatings, Alloving elements m solution have hitle effect., but the

27

o

*



effect is greater when the clewents are precipitated from solid solution. The wnnealed cendilion

should be avoided when maxivium clanity of the anodic film is desired.

f

3255 Inserls or Attachmenis.

Iiwerts or attachments mude of nretals other than aluminum st be masked off, both electncally
and chenucally, to provent burning amd corusion in surrounding areas. The masking tnust
completely seal the laying sudace between the insert and parent meml, 1o prevent adsorption of

solution, which may result in comosion and sining, Therefore, it is desiruble to pstall insers

alter anodizing.
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4.0 ANODIZING EQUIPAENT AND PROCESS CONTROL

4.1 Chromic Acid Ancdizing.

WL sted tmks are satisfactory for chromic acid baths. 1 is common practice to line up fo half of
the tank with an insulating material, such as glass, to Hmit the cathode area with respect o the
expected mode wrea {a 1 to-1 ratio is normal). In nonconducting tanks, suitable cathode area is
pruvided by the immersion of individual lead cathodes; however, these require the mstallation of

additional tusbars to the fanks for suspension of individued catbodes.

Provision must be made for heafing the anodizing solution from 32 to 35 9C. Electne or steam
ummersion heaters are salisfactory for this purpose, Flectric heaters are preferred, because they are

ey to operate and do ot contarmmite the bath.

The anodzing process generutes heat; therefore, amtabon is required 10 prevent overheating of the
bath and especidly of the clecirolyle immediately adjacent to the aluminum parts being anodized.

Fahoust Pciities most be adeguate to rep the offfvent fumes of chremice aad and steam

4.2 Sulfaxic Acid Anedizing

Tanks for sulfuric acid anodizng may be made of mild steel lived throughout with plasticize
polyviny! chloride and coated on the culside with corrosion resistant synthetic-rubber paint, (Other
suitable aterials for tank linings are lead, rubber and acidproof brick). Tanks made of special
sulfuic-acid-resistant stinless steel {conlaining copper and molybdenom), or madv cotirely of an
organic material also may be used. The tank should have contrels for mainfaining temperaiue at
between 20 and 30°C. Requirements for agitaton and ventilation are (he swne 5 for chromic acid

solulions.
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The sudace of the floor under the 1ank should be aeid resistant. The bottom of the Gnk showld be

about 6 inch above the flour o acid- resisiant 2nd meashore- repelient svpponts.

A separste heat exchanger and acid make-up tank should be provided for sulfune and modizmg
installations, This tank should be mude of lead-ined steel. Lead is preferred over plastic for the
lining becavse lead withstands the heal senerated when sulyne and 18 added. Polyvimyl chioride
pipes are recommended for air agitation of the solution and for the acid-return lines between the

Pwo tanks, C'ooling cotis showd be made of chemmcal lead or anumomal fead pipe.

43 Hard Anodizing

Most of the hard anodizing fonmmuiaions are varations of the sullunc aad bath. The regumements
For hawl ancdizing tanks  are substantially the same as those for sulfuric acid arodizing lanks,

except that cooling. rather than heating, maiutains the operating temperature at 5 to 10 °C
4.4 Temperature-control equipment

For all apodizing, processes must regwlate the over all operating temperature of the bath and
maintin the proper temperature of the bath and the proper temperatune at the inlerface of the work

swface and electrolyte,

The operating temperature for most anodizing baths is controlled within 1°C . This degree of
~control makes it necessary for the temperniure-sensing mechanism and heat lag of the heating units

10 be balanced.

When electric immersion hewters are used, il 18 common pracice to have bigh and low heat

selection so that the bath can be heated rapidly to the opersting teinpemture and then conlrolled
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more accuralely on the low heat setting, Smndard thennistor themostats are used for sensing Lthe

temperature within the bath and acnyating the heating elements.

In sleam heated systems, it 15 advaniageous 10 have a throfiting valve 1o prevent overheating. An
intermediate heal exchanger is employed in some installations to prevent contmination of the

electrolyte and the steam system by 2 broken steam line within the anodizing bath. |

4.5 Agitation

Agitation may be accomplished by stiming with electrically dniven impellers, by recirculation
through exrerally located pumps, or by air. In some installations the anode busbars are oscillared

horizontally, thus imparting a stirritg action to the work.

The two primary mequiremrents of an agilation system are thal it is adequale and that it docs not
infroduce foreign materials inio the solwtien. With air agitation, filters must be used in the line 10

keep oil and dimi out of the solution.

4.6 Power requirements for the principal anodizing processes
. . . - . L
Direct current 18 required for all processes, Some hard anodizing procedures also required a
|
superimposed alternating currenl. At present, most power sources for anodizing employ sclenimn
or silicon rectifiers. Compared (0 molor generators, the selenium rectifiers have greater reliability,

are lower in initial cost and maintenance cost, and have satisfactory service life.

Yoltage drop between the rectifier and the work must be held 10 u mivimum. This is accomplished

by using adequate bushars or power-transmission cables,
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Aulomatic equipment 0 program the current during the entire cycle is preferred. Manual controls
can be nzed. tut necessiate frequend adjustments of voltage. The presence of recordimy  voluneter
in the circuit insures that the Ume-velmge progran specified for the particular installation is being,

adhered 0 by operting persomel. Currerd recording devices also are advantageons.
4.7 Masking

When seleclive anodizing is required, masking is necessary for areas to be kept [ree of the anodic
ciaing Mlasking dunng wodizing may be reguired alse for post-unodizing operations such as
welding, for making an electnicl comrection to the hasis metl, or for producing multicelor effects

witl: dve coloring techniques. a

Masking malenals usoally consist of pressure-sensitive lapes and stop-off lacquers, The bipes may
lrave a metal oo vinyl {or other plastic) backing. Stop-off lacquers provide satistactory masking,
but some types wre difficult to rewove, For effective maskang when either type of materiuls is

employed, work surfaces should have a high degree of cleanness.
4.8 Racks tor Anodizing
Anodizing racks or fixtures should be designed for efficiency in loaditg and unloading of

workpieces. Important features that must be included in every properly designed rek are as

follows:
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4.8.1 Current carrying capuchy

The: rack must be larpe enough 1o carry the correct amount of current to cach part altached to the
rack. 1§ the tack is too slender Tor the mumber of parts that are attached 10 the rack, the anodic

coating will be of inadequate thickness, or it will be burned or soft as a result of overhcaling.
4.8.2. Positioning of parts

The rack should enable proper positioning of the parts 10 pennit geod drinage, minimum gassing

effect and air enteapinent, and good current distribution.
4.8.3. Service lite

The rack must have adequate strength and sulficient resistance to corrosion and heat, o withstand

the environment of each phase of the anodizing cycle.

The use of bolt and screw contacts, rather than spring or tension confacts is a feature of racks
designed for anodizing with the semihard-coat color processes. These piocesses require high
cuarent densities and accurate positioning of work pieces in the tank. Bolied contacts are used also
on racks for conventional hard anodizing. However, bolung requires more leading and wmiozding

Hme than fension contacts.
4.9 Materials for Racks

Aluminum and comunercially pure lanium are the makerials mest commonly used for anedizing
racks, copper, brass, phosphor bronze, and steel (including stainiess steel) can be vsed for their

current-carrying ability, spring-tension properties, or strength, but these 1naferials must be
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insulated form the electrolyie by the application of a rack coating compound  Aluninum alloys

nsed for racks showld comiain not more than 2% Co md 795 44,

Racks made of alermnum bave e disadvantage of bemg snodized with the panis. The modic
coating must be removed fron the rack, or at least from contcts, before the rack can be reused, A
5% solulion of sodium hydroxide m 35 10 65°C, or m aguecus svlubion of chroyme and
phosphoric acids (30 gm of C 0% and 30 mi of 113104 per lire of water ) at 75 10 85°C, can be
used to strip the f1im from the rack. The chromiic-phosphoric acid solution dees not continue to

attack the alwmnum rack alter the anodic [m s removed.

Ou many racks, alwnimuen 15 wed for splines, and other large members, and titanjwn for the
contact Ups. The tps may be replaceable or nonreplaceabte. Ahough replaceable fitamium tps
offer versatitiy 1h rackang, the aluminum portions of the rack must be protected with an insulating
coating, However, 3f the anodizing  electrolyte penerates the coating, the ahmmmum portion of the
rack may become anedized and thus becoine electically insulated fron: the replaceable Giranium
contact. A more siisfactory Tack desmign employs nomreplaceable flamum confecis on alumimium
splines thar are couted with a protective coating, Titanium contacts thar are welded (o replaccable
fitmivm ¢rossbars offer a sohmion to many racking problums created by the variety of paris 1o be
anodized. These crossbar members can be mpidly connecied to the spline. Titanium should not be

used in solutions containing hydroliuonc acd,

Piastisol (unplasticized polyvinyl chioride) 1s used as a proteciive coatmg for anodizing racks. This
matenial has good resistance w chemical attack by (he solutions in the normal anodizing cycle;
however, it should not be used continuously in a vapor degreasing operation. Furthermore, if the
coating becomes loose and cutraps processiing solution, the solution may bleed out and drip op the

workpieces, causing staining or spotting.
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5.0 Coloring and Sealing of Anodized Coating
5.1 Coloring Anodic Coating

In addition to so-called imegral-color aodic coatings, where the color resufis from the
metallurgical characteristics of the aluminum alloy are specially developed anodizing procedures,
mest ahomimim alloys can be anodized in general purpose electrolytes and subsequently colored.
Porous-type anodic coatings can be colored with organic dyes, certain inorganic pigments, snd
electrolytically deposited metals.

5.1.1 Organic dyes

The actual process of dyeing the aluminum oxide film is very simple. A water solution of 0.025 to
L.0F% of organic dyesndl at a wemperature of 65°C composes the dyebath, The alumimm,
previoualy anodized is simply immersed in this bath for a short period of time nsualty ten minutes.

The work is (hen sealed and is resistant to further dyeing or stining,

Rinsing aflter anodizing, followed by immediate dyeing, is of prime impartance, Since some dyes
will not dye alummum in the presence of sulfale jon, poor rinsing can cause streaks and
discolorations. Even in Lhe case of dyes not affected by sullates, any camry over of acid canses a
lowering of he pi 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 m avoid the use of closed heads or
seams which are impossible to rinse. In (he case of parts containing recesses which are Gifficuft to
rinse, a neutralizing bath of sodium bicarbonate is of value, In working wilh coated racks, care
must be laken fhal the rack coating docs not sepurate, Lhereby forming pockets that can entrap
sulluric acid, later allowing it to seep out inlo the dyebath. Work must not be allowed 1o stand in
the rinse tanks between anodizing and dyeing, tut should be dyed immedialely, following a

a5



thorough rinsing. For most effective rinsing three tanks should be used. In this way the fina] ank

will remamn relatively free of acid
51.2 Electrolytic Deposilion

Afler anodizing in sulfuric acid, merals can be electrolytically deposited in the oxide pores ©
achieve shades of gray, bronze, goid, black, and red, Proprietary processes h:;ve been developed
based on coloring electrolyles containing nickel, ¢obalt, lin, selemum, tellunum, vanadium,
cadmium, copper, iron, magoesium, lead, and calcium although those cmploying nicke, tin or
cobalt are of greartest commercial significance. Fasenlially, the teckmology of electrolytically
depositing metal into the oxide coaring can be likened to electroplating. Many colored anodic
coating of this type have good resistance 1w hear and fading and have been exploited primary for
architecrural applications

5.2.0 Sealing Anodic Coalings

The utility @nd performance of anodic ¢patings on aluminum often depend upon the type and
quality of post anodizing treatment employed, The term sealing generally denotes 2 treatment which
renders the coating nonabsorplive or mtroduces inlo the coaling a material that enhances of
modifies the characleristics of the anodic coating. Sealing usually mvolves subjecting the apodic
coating to a hot agneous environment which causes hydmtion of the coating, Wilth certain aqﬁmus
solutions, components of the sealant are absorbed by the coating. Other solutions permit

precipitation of materials inte the couting by hydrolysis of specilic metal compound.

The prucess of sealing involves a dissolution of oxide and repreciption of voluminous hydroxide

inside the pore. Prolonged sealing causes aging and densification of the precipitate.
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Some aqueous sealants contain melal salts, the oaide or hydroxide of which may be coprecipited
with the alwmimum hydroxide. With such sealamts, benefits results from Uns reaction as wetl as
from the hydration. Sodium dichromate sealants are useful because they combine the attributes of
hydration with the corrosion inhibfting characteristics of chromaie ious.

The resistince of anodic coatings 10 steiming md corrosion depends upon the absorptivity of the
coaling. Therefore, sealing treamnents usually are employed immediakly after ancdizing,
Improperly sealed coatings can account for pitting attack, color change, and motding. Highest
- dieleciric values also require sealing of the coating,

Choice of sealant depends upon the kind of environmeat w which the anodic coating will be
subjected amd amy special performance requirements. Also 1o be considered are my posisealing
surface reaunents, ¢.g.. painting or adhesive objectives, and it is practical to employ a dual sealing
treatment in order fo capitalize on the peculiar advantages of each.

5.3 Water

The most widely wsed sealant employs water, although only high-quality water is effei:tive.
Distilled or deionized boiling water--low in sofid and free of phosphates, sificates, fluorides, and
chlorides--1s required. Mixed-bed ion-exchange systems or a two -column type charged with a
strong-base anion and a strong acid cation exchange resin are satisfactory for furnishing sealing
water. In some finishing lines, continuous ion exchange of the sealiug water is used fo remove

deleterious ions dragged in by rack or anodized jrems,

The presence of truce amounts of phosphates and silicates significanily retards hydration of the
coating. Chlorides and (lucrides also will prevent adequate sealing and even cause pifting artack of
the anodic coatng. . l

37 |



|
Sealing lemperature is important and should be 98-100°C; lower lemperatures require much longer
sealing tmes. The tme required for formation of boehmile approaches infinity at temperatures
below about 652,

4

I
To preclude undue sltack of the coating and to permil proper hydralion, the sealing water should be

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

pH control.

Sealing ime should not be shorter than 10 minutes for thie (2.5 _m) oxite [lm and can be as long
as 60 min for thicker (25 _in) coating. Extensiou of sealing time ensures more complete hydration,
but longer times do not entirely compensate fos poor control of other sealing variables, such as
temperature, pH, and water purity. |

'
Surfactants and dispersing agents may be added o (he water to minimize the formation of a
powdery smudge on the work. Care must be exewcised thal they are of the type thal does not
adversely afTect the adhesion of paints or other applied coatings used subsequenlly. Phosphates
also are effective {or minimizing smudge, but they retard hydsation sigmficantly. .,

A varialion of water sealing is swam sealing. The prime advantage of this lechnique is thal
contarninant-free moisture is ensured, The major disadvantage is that equipinent costs are much
higher (han for tank sealing using boiling warer. Compared with conventional waler- sealing
metbods, equivalent sealing is claimed w be faster with sleam, the sealing rale increasing with

ncreasing slearn lemperature.
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5.3.3 Vapor Technigques

Anodic coatings may be impregnated with certain organic waterials in the vapor phase. The sealing
matefials is placed in a dosed comamer with the modic coating and heated 1o lﬂ.‘ﬂpﬁ['ah.trﬁ Tanging
from 93 to 260_ In the casc of cerfam resin-fonning substnces the monomer is yaporized,

adsorbed by the coatimg, and polymerized, thus forming a solid resin in the pores.

Wax like materials can also be applied by vapor phase weatmemts, Stemic acid tfm'buwu and
parallin are exampies of materials which can be vaporized. When such malerials ;.I:mdense, the
pores of lhe anedic coaling are plupged with the solid materials. Vapor sealing is E:ul::t iMportam
commercially, primarily becawse of the rather cumbersome procedures involved. Its prime dti]ity

]
would be for applications where aqueons sealing systems or bydrated modic coatings tmght be
undesirable.




EXPERIMENTAL

6.0 Iniroduction

Two general rypes of anodic coatings on aluminium and aluminium alfoys are produced, decorative
andl hardcoaling. The present study has been carried out on hard anodic coating wl:u':lzh are specified
for engineening parposes. They are produced with lower solvent action of the electrolyte on the

sample. The following is a general descriptian of the processing =leps utilised for producing hard
I

|
6.1 Raw Materials !

Commerciaily pure aluminium collected from the local market was used in this investigation. |
|

6.2 Preparntion of Specimen for Anodizing |

The specimens uscd in these experiment were sheared from sheets (o dimensions 3'011"1111 % 20mm x

anodic coating on aluminivmi.

2.5mn. The specimens were then palished and bufTed by bringing 1he work in conlact with wheels
of different size revolving at 1400 and 2800 rpm. Duning polishing and buﬂ'm|g proprictory
chemical compound catled lusture and hyfin were used successively to biing bnghmess uPcln the
specimens. Polishing and buffing wheel were bonded with abrassive of differem rgesh number
(S0, 180, 270) by glue. For each sample, three to four polishing wheels baving different mesh
number abrassive and one to two ¢loth buffing wheels were nsed. At the beg;'njng| of polishing
operatiou, course grain abrassive bonded wheels were used and wwards the end of polishing
gperatiop fine grain abrassive bonded wheels were used. During buffing soft -:Ic-tii wheel was
used. After bulling the sampics were electro-polisbed in a solution whose GI‘II.'IFill.iGDS and

operating conditions have been piven in Table 3. Then the sampies were washed Ii:;urmghl}' in

HO | “




b
ruming waler and (inal washing was done in distilled water from where the spocimens were

dipped in comeentraied nitne acid o remove smut and rinsed m distlted water and WTS dried by

using a hot air blowr,

6.3 Anodizing Sct-up

I
Anodizing was camied ow in a laborawory type anodizing sct-up congisting of a breaker, a LC
power supply, a lhermometer, 3 magnetic stirrer, a contaiper made of plastic sheet covered with

pelistyrene foam, a buretie stand and perspex hoider.

y
The breaker was placed within the polistyrene container which was filled with 1ce and waler to
reduce the temperature of the electrolyte. To maintain constant temperature the quantity of ice in the
container was vaned manually, The cornfainer was placed upon a magnetic slirrer 5o as to.rbe able to
agilate the electrolyte automaticaily. Anode and cathode were connected to D.C, power sujppl}' viaa

miliiunmeler through a perspex holder, The X-section of the set-up has been shown in ﬁgl. 1.
6.4 Anodking Operation IF

To prepare e anodizing solution the beaker was filled to approximately two-thirds of its marking
point with clean dejonized water and the necessary volume of sulfuric acid was added very slowly
while the solution was agitaled. After the addition of acid, the solution was diluted wilh water to

the working level.

1
All the accessories were then set-up and the power supply of magnetic stirer was switched on to
homogenise the temperature of the bath, Required amount of 1ce was supplied into contuner to get
the desired temperature. The prepared samples were then weighted carefully in a digital balance

(precision _ 0, lmg) and connected as the anode side and a stinless steel block as the calpudu. A
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milizmeterio measure specified current was also placed in the circuit. The power|supp]y was then
swilched on and the voltape was gradwally increased to get the required current. At the end of
anodizing for a predetermined time period e.g. 20, 40, 60 min etc. at desired femperature, the:
power supply was switthed off and the workpicce was faken out. The same procedure wa
followed for anodizing at different tme, temperarure and electrolyte concentration. "

6.4.1 Rinsing

After anodizing the specimens were thoroughly swilled in clean cold water to remove surplus:
clectrolyte. After swilling the specimens were dried and stored in a desicafor for further

investiganomn.

$.4.2 Sealing

!
After swilling some of the samples were transfemed without delay o deionized water heated 1o 2
comstant temperarure of 98YC. The specimens were kept immersed in the hot water bath for two

hours, At the end of this time period the specimen was withdrawe, dricd and sroredl in & desicator

lor further investigation.
6.4.3 Dying and Sealing

Aller anodizing and thorough cold-water rinsing some of the Specimens were immersed in 2 heared
(65°C) aqueous sclution containing 2 g per litre of proprictory pigment to perform dying.
Immersion tume was 10 mins. After dying, parts were rinsed in cold water and sealed by
immerving the sumple in heated (98°C) dejonized water for 2 hours. At the end of ﬂlis periud- lhe
samples were withdrawn and stored in a desiccator, [t is to be noted that in the present study anly

two specimens were dyed and sealed only to exhibit the colour of anodizing.
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6.4.4 Operating Conditions

The applied volrage was adjusted w produce a current density of 12.91 mA/sq ¢m. Same cumen
dermity was used for al} the samples anodized, The electroivie concentration was set 2l 5%, 10,
15%, 20% and 25% sulfuric acid (by wt), Tewmperature of the bath was 5°C, 10°C, 15C, 20°C
- and 257C. Anodizing time was 20, 40, 60 and B0 rmmmes. The soludon was agitated 1o
homopenous ternperature by using nxagnetic stirer and © maintin the temperauﬁ of the bath ic¢

was supphed 1 the water outside of the beaker. L

6.5 Methods of Investigation
6.5.1 Introdocton
[

For the determination of chemical, physical or nechanicad properties of anodized Layer several iesi
like magnetic method, eddy cumeut, weight gain measurements, X-ray dilfrction, hardpes:
measiurement, resistance measurement, mel.allugm;;hy, Beta Back scatter, salt sproy ete, are made
in the course of fundamental research 10 or for conirol purposes in development or production. Bur:
in the present study only e following testing methods have been invesligated (I:rct:lausu only thesu

facilitrtes were avaiiable).

6.5.2  Yeight Gain Measurement

After apodizing the increasing weight of the samples was deternnined by weighing the samples in a

digitul balance (precision  0.1mg).
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6.5.3. Microhardness Measurement

Microhardness values were determined by using Shimudzu Microhardness Tester  (Model 80380)
Microhardness measuremems were camied owt using a 50 g load for 5 s. on polished pure
alwninium specimen. Microhardness of different anodized samples were also ineasured by using

S0 g load jur 55
6.5.4 Resptlance Measorement

Resistance developed in anodized samples were determined in the High Voltage Laboratory, in the
Department of Flectrical & Electronic Engincering, BUET with the help of a voltmeter placed
parallel and an ammeter placed in geries in the creut. A 2-kiloohm resistmce was also pla::ed in
serjes in the drcuit. {Fig. 2) Resistance developed in (he anodized samples were cal-:ulauled by

using Obm's law.

6.5.5 Meuwlography

The anedized specimens were then cut-off at right angles 1o the anodized sirface and one piece was
then mounted in thermoseting resin in such a way that only (e Transvase seclion was revealed,

The specinens were then prepared for microscopic examination by using slandard fechmiques to

observe Lhe inicrostructure of anodized layer.
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7. RESULTS AND DISCUSSIONS

T-1. Introduction

Inn the present investigation of anodizing of aluminium has been camied out in suluric acid
clectrolyte at different concentrations, for different tune and at different lemperatures. The resubs
of thesc experiments have been analyzed in terms of werght gan. micrustruciure, surfuce handness

and resistance developed.
7.2 Weight Gain

In weight gain delermination theee parameters were studied keeping two parameters constant and

changing one parameter. Three parameters are as follows.

7.2.1 Effect of Time

In each of the foliowing cases the pieces were anodized for 26, 40, 60 and B0 minutes and the

wergh! gain was determined.

1. Al a constant temperature of 25°C and a consunt electrolyle concentration of 10<%
H4 50, (by weight}).

2. At constant temperarure 20°C and a constant electroiyte concentration of 10% H,S50y
(by weight).

3. At constant temperarure 20°C and a constant electrolyte concentration of 15%, HaSO,
(by weight),
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Figs. 4. 5 and 6 arc the graphical representation of the resulls of weight pain measured with respect
10 time in the cases of 1, 2 and 3 {mentioned above) successively. From these figures w mmay be
observed that the weight of the anodized layer increases with respect to lime. It ils also observed
\hat initial weight gain 33 more ard at the end of 2 cenam period Tale of weight gain' decreases. s
is because al the starting period the whole surface of the aluminium sarple is available far
anodizing. As 2 result the rate of formation of ahmmimum oaide 18 more then af ti:e: end of cerlar
period when the formation of anodized layer takes place by diffusion of alumimum and oxygen
putwards and inward respectively. '

1
Fig. 7 shows that Lhe weight gain at 20°C is more than the weight pain at 25Y9C, at a constant
electrolyle concentration of 10% sulluric acid (by wi). This is because at higher lemperatures the
ratc of dissolution of anodized layer 18 more as compared fo the rate at lower lemperatare. As i

result at higher temperatutes rate of fonmation of anodized layer is reduced

{
The weight gain with respect to time is more al 10% sullude acd electrolyte concentration than

weight gain at 15% sulfuric acid electrotyte concentrations (Fig. 8). This is because irke higher
temperafarcs, the rae of dissolufion of he anodized layer is higher at higher electrylyte

concenhations. ’

7.2.2  Effect of Temperature

I
The specimens anodized at femperatures of 59C, 10°C, 159C, 209C and 25°C were studied to

determine weight gain ol a constant ime of 40 min and a clecirolyte concentration of 10% Hp 304

(by weight). Ve Tesults are given i Fig. 9. From Fig. 9 it may be observed thnt before sealmy,
weight gain decreases with an increase in temperature and the weight gradually become s
approsimately constant DBut afiter sealing weight mcreases contnuously with mereasing

temperature. This is because anodized layer formed at higher temperature goes inlo solution)
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quickly at higher temperatare than at Jower temperature. So the trend of the curve is down-ward.
On the other hand, the size of the pores formed in the modized Jayer mereases with increasing
temperature. During the sealing operation pores formed in the anodized layer is precipitated with
passive bohunit: (Aly(Oq.Ha() in the pores and effectively seals and passivals them. For his
rciason 1o the case of Sfaaling, wilh increasing temmperature weight gain increases. But al Jower
temperalure the size of pores are small. So after seahng weight gam is less compared to hogher

temperature anodizing,

7.2.3 Effect of Electrolytle Concentratlion

Kffect of anodizing at electrolyle concenirations of $%, 10%, 15%, 20% and 25% Hy50, (by

weight) were investigated at a constamt temperamire of 20°C and for 2 time of 40 mmnutes o
determine the weight gain Results obtained are graphically represented in Fig, 10, From Fig. 10 it
may be pbserved that al lower electrolyie concenration the weight gain is more and at mgher
temperaire weight gain is less. This is because the rate of dissolution of the anodized Layer

increases with increasing electrolyte concentration and vise vers.

7.3 Hardness Measnrement

Hardness values obmined on samples anodized at 10% [,50y (by weight) dectrolyle

concentration for a perod of 40 minutes at different lenmperature has been represented graphically
in Fig. 1. From Fig. 11 it may be observed that hardiess on saumpies anodized at lower
temperature is more than on those anodized at higher temperidures. At lower temperalure griin size
of the anodized layer is small. As z result grain compactness is more and nonporous oxide layer is
produged and due (o this the hardness increases, But at hjghclr lemperalires grain size of anodized

layer is more and more porous layers are produced. After sealing, these layers are converted into

passive boehmite (Aly03.1150) which is less hard than nonporous layers. So the hardness of the
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i
anodized layer formed by anodizing at higher wemperatures is less as compared to the !tmudized

fayer formed 2t Jower tenrperatures. “
T.4 Reststance Measurement . h
. ‘

The results of resistance measurements co samples anodized at 39, 10° 152 and 20°C at @

electrolyte concentration of 10% H480,4 (by weight) and for a period of 40 minutes h:!:ve been
graphically represented in Fig. 12, From this figure 3t may be observed that resistance developed.
on samples ancdized at lower lemperature is more and the resistance developed ar higher
femperature 15 less. Thos is because at lower ternperature the rate of atrack of the oxide fayer by dw
electrolyte is less leading to Lhe formation of a nonporous oxide layer whosc resistance is more, On
the olher hand, the rate of atack of the oxide layer moreases with increasing lempn-amrlt!—: and 3
porous oxide layer is produced whose resistance is less. 1t is known (hat aluminium Dlii.!.llﬂ layer
acls as an msulator. Hence the nonporous oxde layer produced at lower terperanure is Ha good
isularor and tus formanon of nonporous films have led w a wide application in the indusu-}al field

of elecirolytic capacitors and rectifiers

7.5 Micristructore

Microstructure of anodized layers formed during mnodizing at 5°C in 10% H,80, (by iu:veight}
clectrolyte for a perod of 40 minutes has been shown in Yig. 13(a). From this figure it le_',' be
observed Lhat the anodized layer is very thin and nonporous and size of the grain is also very fine.
Al lower lemperatres dissolution mte of alominium oxide is very slow and diffusion Il'g.'[ﬂ ol
alumurium and oxygen is also slow. As a result, the anodized layer produced during an-:E:hnng

under these conditions is nonporous and thin.
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Mictostructwre of anodized layers formed during anodizing at 159C using in 10% HpSO4 (by

d
weighl) electrolyte for a period of 40 minntes has been shown in Fig. 13(b). From tdus fgure it
b

may be observed that the anodized layer is thin and it conwins a norporous oxide layer adjlacem 10
!
the sample surface and a porous oxide layer at the ouler parl of (he sample. Becanse al this

I,
mentioned temperature ai the end of cerfain interval dissolution takes place due to heat developed

between oxide. !

|
Microstructure obtained after anodizing at 20%C in 10% H580y (by weight) electrolyte for a period
of 40 minutes has been shown in Fig. 13(c). Tt may be observed that it contains nonporous oXide
layer adjacent of the sample surface and porous oxide layer al the outer part of the sample. Here the
size of the porous grain is coarse. At higher wmpermure the diffusion rate increases and reason [
sume mentioned in 13(0) and ke dissohuion rae wso increases due (o heal generalion between

|
oxide layers. As a resull the size of the pores produced increase which are hydrated to produce
hydrated alurmninium oxide (AlyO3.H,O) during sealing.
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Flg. 13{c)

Microstructure of Anodized Layer ot

13(a) temperature 5°C, Electrolyte Concentration
10% HISDQ (by wt), time 80 minutes.
13(b} "temperature 15°C, Electrolyte Concentration
10% H SDq (by wt), tlme &0 minutes.
13{c) %emp-eraturu 20°C, Electrolyte Concantratlon
108 H150u (by wt], time 40 minutes.



CONCLUSIOND

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

1. Coating thickmess increases with the ime of anodic oxidation npto a certain limir.
2. Coaling thickness increases with decrvasing temperaure and concentration of the
electralyte.

(Y

Mare porous coaling is produced with high temperafure and concentrated electrol vte,

4. Mare abrasive layer is produced with dilute electiolyte and lower tempersture and longer

nme of regment.

A Sealing ime decrense with increase sealant temperature.

6. Impervious layer 15 produced with sealing ai longer time.



£8/3-

SRUGGEESTION FOR [FUTURE $FORIES

Electrolytes most commenly used in applying anodic coatings inctude sulfuric acid, chromic acid,
oxalic acid and mixtures of sulluric and oxalic acids, These elecirolytes are most commonly used
for aluminium and magnesium and their alloys. There are many factors which include solubon
concentration, solution temperatwe, time, applied mirre;ﬁ density, matemal compositions aflect
anodizing. Anodic coating on aluminium in sulfuric acid electropyte at varying temperature, Lime
and acid concentrations have unly been sludicd in this case. Studies on aluminium and magensium
alloys can be undertaken to investigae the effects of factors mentioned above. Effect of alloying
clements and coalings on properties such as fafipue, comosion Tesistance, electrical vesietance,
abrasion resistance and subscquent plating can be studied. Finally, an overall comparative study

among the processos and factors can be studied.
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APPENDTCES

Table+6: Wt. gain as a fuctiog of bime at tperalure 25°C and electrolyte coocentration 10% sglfuric acdid
by weigitt. '
Sample wk of saple Wi of Faple Ilfference wt gain/sq. o Time, min.
NG befare anodizing after anadizing in wt. mg my % A0t
qgm g

1 12,5241 12.55311 g.40 .70 X

2 11,9456 11,4963 14,00 11.16 10

3 12,45861 12.47161 15.00 15.15 &l

4 12, 45769 12,4815 20.50 16.35 80
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Tahle~T:

W, Gain as a Puwtion of Time at Tamperatire 20°C and Electralyte (incentration 10% Sul furic Ac|d

{by volmne},
Samole VL of samle wt of sample Nifference Wt guin/sg, om Time min.
Mo, before anodizing after anolizing in wt mg m % At
am g
1 12,6337 12.64217% 5.50 6.78 Yol
2 12.63967 12.65187 17.20 1.7 40
3 1258346 12.6(9686 26,40 21.05 &0
4 1271125 1274754 16.30 28.95 B0
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Table~-&: Wt. Gain is a Function of Time 4T temperaiurs 20°C and Eiectroiyte
Concentration 15% Sulfuric Acid {wi.)

Sample | wt of sample | wt of sample | Difference Wt Time
No. before after in wt gatin,fcm1 min.
ancdizing ancdizing mg mg % 107

g &m
1 1z. 74842 12.80562 T.2 5.758 Z0
A 12.35472 12.90872 12 .56 40
3 15.6839758 12, 70898 19 2 12.2 &0
4 1269875 1272425 25.9 13,16 50
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Table—%:

Pt. Gainfnes is a Fction of Topperature at Tire 49 Mimnes and Flectrolyte CGooeeptration 1(%
Sulbauic Aoid (by wi} at Time 40 Mimres.

Banple vt of " vt of i fference Wt of Wt. of Wt at W, Topxante
Mo, saple sample wt in gainfar sanple sanple gain/af 5
Lestore atter batore my x 1! after afler mg % 1O

anodizing | anodizing senling sealing sealing
Gn but bedore i1} qm
sealing
mn
1 1289421 12.91521 21 16 12.51721 23 16 o
2 12.M724 12.767H 20 1% 12,7234 250 20 10
3 13,70912 1577812 19 135 13.Tamz2 a4 22 15
! 12,6367 12,0587 17 12.4 12,66467 30 23 23
5 11,9562 12, 954962 14 16.20 11,99062 35 2 2%
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Table-11: Hardoes: is a Inverse Function of Tomperature at Electmolyte Conceptratian 10% 80, (by wt) md
Time 40 Mimtes,
Sample Mo. | IMagmal distance on Diagonal Hardness of Hardness of Temperatiy:e
imanodized aluwnindom distance on unanodi zed anodized alhwninium *
surface ancdizing aluminium surface
m surface surtace HY
m HY

1 49 12,3 613,0 5

2 49 12,8 77,23 566.0 10

3 49 14.5 1.0 15

68



Table-1t2: Reslstamcs is & Inverse Function of Temper&turs at Elesctrolyte concentraktion (10%

H,50,) and Time (4D min. ]

Szmple No. Temperature “C Resistance M@ ]
1 ) hh
2 ig LE0
2 15 150
& 20 1G04
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