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CORROSIONEW3RITTLE1~NTOF DURALUKCN.

IV,THEUSEOi?PROTECTIVECOATINGS.

By HenryS. Rawdon. “

Lightaluminumalloyso,ftheduralumintype,thatis,hi.~h-

s$rengthwroughtalloystiosepropertiescanbe improveddecid-. . --
edly‘oyheattreatmentareof“verygreatimportance,especially—

in thefernof sheetandtubes,foraircr’af”t‘construct~~n:The .==.-

permanenceof

tionssuchas*
however,~~iih

suchm.terialswhenexposedto cQrrosivecondi- -..—

may obt~lniri”aircr~aftserviceShouldbe known~

a highde~reeof certzintyaridprecautionary -—
+ measuzzestakento guard~~tiinstmy ~ossibleseriousdeteriora-

tionin serv,ice.To obtainrelia,bleinfor%t”i.on”alon~this =—=

linean investigation,theresultsof whichfora“thebnsisof .-

thisseriesof reports(Ref$renc’e1),hasbeenczmriedoutat ._

theBurem of St,mdzcds-in cooperationwiththeNationalAdvi- .=;.

soryCom~~itteeforAeronautics,Bureauof Aeronauticsof the

NavyDep?ztnent’,andAYnyAirCorps. Theleadingmanufacturers.-

havealsoparticipatedin theinvestigationby furnishing’prac- . ‘

ticallyd.1oftheaaterid.sneeded.Theinvestigation,?~hich---:

Wn.sstated in thelatter:>~tof 1925,isstillinprogressand —

finalcndconpleteanswershave notbeenreachedon allpoints -.~

concerni.n:theperm~enceof duraluninin service.Theinfornm
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tionwhichhasbeenobtained,hGwcver,is ofveryconsider?.ble

valuetobothmanufacturersandusersof aircraft?.nditspu31i- ..

cationatthistinewouldseentobe warrantedalthoughpossibly

someof thestatementsmadenaybe nodifiedslightlyintheli@t

of futureresults. .

I. Introduction

Ithasbeenshownin a previousreport.(Reference1 - N.A.C.A.

TechnicclNoteNo.284)thattheresistanceofduraluminsheetto

corrosion,especiallyofthe intercrystallinetype,canbevery

greatlyin-provedby propertreatmentof the alloy. It doesnot

follow,however,thattheuse ofprotectivecor.tingscanbe ent-

irely dispensedwith. Corrosionof themorefmili~vtnc,

the.tis,by surfacero~~heningorpitting,a.pp~xently~m.yocc~”

regardlessoftheprevioustreatnentwhichthealloyrflayhave

received.So,forthisreason,ifforn,oother,surfaceprotec-

tionof durc2uminpartswillalwaysbe considereddesirs.blein

orderto ensurelonglifetothematerial.Themethodsusedfor

protectin~thesurfacewill,of course,differaccordingto the

conditionswhichnaybe expectedto occurin service,thus,for

example,thetypeof cozti~~requiredforprotectingpartsfre-

quently,ifnotconstantly,in contactwithseaw~ter,as in

seaplanefloats,nustofnecessitybe quitedifferentfroaone

whichwouldbe foundsatisfactoryforairplanepartssubjected

onlyto alaosphericconditionsfm reaovedfrontheocean. The

*

.

.-

..
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physicalnztureof a coating,asidefroaitsimperviousnessto

corrosiveagencies,isalsoof importance,espec’i~lly

ityto,withst~d”aconsiderableamountof deformation

thecoatingcrackingor flakingfromthebase.

itsabil-

without
.

‘Noattenptwasmadein thisinvestigationto studytherel-

ativeaeritsof themultitudinouscoatingswhich-havebeenpro-

posedforuse on aircraft:Since.theinvesti~crtionwaspri.ma.r-

ilyconcernedwiththe subjectof theirite.rcrystalli.ne“corrosion

of sheetduralunin,t“he.coati~-.methodsand otherprotective

treatmentsstudied~~ere’cotiinedl.~gdlyto thosewhichhaverl- .
readyconeintoratherwide.coanerciclus~e’Ud thetestswere

madewiththeaimof sho~tii~~theeffect.ivencssof theseprotect-
! ivemeasures~ainst corrosiveattackof thistype. In addition, ..

a fewprotectivemethodswhichseemedto offer‘verydistinctad--
vantagesaversomeof .thasealready:,.inusewereincluded.The

realvalueof anyprotectivemeansusedto“.coabatcorrosioncan

be determinedfullyonlyby service.Theresultsof accelerated

corrosion“laboratory’tests.are“of:vaue to theextenttowhich

theyindicatewhatthebehavi~r.in servicemaybe expectedto

be like. Theresults~ivenin thisreportmustbe consideredin —
thislightandthefinalandc~npleteans~fercanonlybe given

whentheresultsof theweathere~osuretests,

of thecompleteinvestigationandwhicharenow*
available.Theseresultswillformthesubject

l-l report.

whichformpart

underway,are

of ‘asubsequent
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11. Typesof CoatingsandTestMethods —

1. Classesof Coatings —

Thedifferenttypesofprotectivecoatingsusedon duro,lu-

ninmaybe convenientlygroupedintothefollowingclasses:

a]Vcmish typeofcoatings.Thesecoatingsarenon-

metallicin theirnatureandareappliedbybrushing,dippi~-

or spraying.Sparvarnish,whichisusedinboththeplainc,nd

thealui,llnumpigmentedconditionisundoubtedlythebestkno~m

coatinqof thistype. Coatingsof a bitumasticnatureandof

sodiuasilicateaswellas thosehavin~a rubberb,asemayalso

be placedinthiscategory.Thebehaviorof a goodmanycotitin~s-

of thistypewhenusedon sheetduralufiininweztherexposure

testsina seaatmosphere,the testsbeingcaxriedout incoop-

—

. .

.

erationwiththeBureauof Aeronwtics,hasbeenreportedby

Gardner(Reference2). Theobservationswereconfinedd.nest

entirelyto ~n inspectionof“thechan~ein thezppe?.ranceand . ___
—

characterof thecoatin~saftersixmonths!exposureto the

weather.No determinationsof thechangein thestrengthchar-

acteristicsof theunderlyingmetalweremade. .—

b) Oxidefilms.-Thecorrosionresist,nnceof an aluninwm

alloymaybe greatlyire-provedby thefornationof an oxidefilm

overthesurface~Thisis doneby chenicaltrecdment,usually ‘--:

of thefinished~article,andthemethodof treatmentis often ?l
electrochenic~in itsnzture.Theprotectionaffordedby such
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oxidecoatings,whichatthebestareonlyverythin,.canbe

greatlyiz~provedby theuse of a supplementwygreaseor oilfilm~

c) Metalliccoati~s.- Of thevariousmetallicco~.tings

whichnightbe usedondur~urnin,thoseof al~winumwouldseem

fromtheoreticalconsiderations,tobe mostsuitable.A consid-

erableZGIOUntof workhasbeendoneby otherinvestigatorson

theuseof zincandcadmiu~lcoatingsdepositedby electroplating.

Suchcoatiq~methods,however,havenotprovednearlysouseful

in serviceas someof thoseof theprecedingtypesandarenot .-

usedconnercia.llyto anyappreciableextentatpresent.Inthis

investigation,theuseof aluninumas a coatinghasbeen~iven
,.

specialconsideration.Sucha coa.tin~cannotbe depositedby

r electrolyticdeposition,however.
:.

. 2. TestMethod

Inthetestsrelatingto coatings,thesamegeneralmethod —
as hasbeendescribedin theprecedingreports(Reference1 -

N.A.C.A.TechnicalNotesNos.283and284)wasfollowed,thatis,

full-sizetensionspeciaensof thesheetaaterial,afterbein~

coatedas desired,werecorrodedandthetensilepropertiesof

thecorrodedbars

methodoftesting

doesnot,,insome
e

potentincausi~~

* particulmlytrue

thendetermined.Oneshortcominginthe

used-is thattheacceleratedcorrosiontest

cases,includethosefactorswhicharemost

deteriorationof sonecoatings.Thisis

.ofvarnishes.On theotherhand,themethod

usuallye~q~loyedforthetestingof coa~ingsof thepaint
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and

the

for

The
,“

varnishtypewouldinducevery
.

little,if any,corrosioncf —

‘imderlyi~duralwwinbaseunlessthetestswerocontinued

a verylon~periodafterthecoatin~hasbeenbrokendown. —

intermittentiimaersionmethodwhichwasuseddoes,however,
——.

Binulateinmanywaysthemst severeserviceconditionswhich

aircraftnatcrialsarecalledupontowithstand,forexanple,
—

theconditionstowhichseaplanefloatsaresubjected.

At thetimethefirsttestson coatedspecimenswerenade,

theentireinvestigationhadnotprogressedfarenoughto show

how thesusceptibilityofduraluminto“intercrystallineattack
.—

can ialzcgemeasurebe controlledby themethodof heattrcat-

aent. Thetestresultsof the A andB materials,coatedin
.-

thesax nanner,differedconsiderablyas is showninFif:We1. ~--

Theresultsobtainedwiththe ~Blr.la.terialwhich,in the‘iae
.-
—

received!!condition,wasmuchmoresusceptibleto attackthan
● ..

the lkt,arcxoreindicativeof therelativevalueof the.applied —
coatin~;s,thatis,inshowing

ing-isbeforethe‘lbreakdown~~

metalis seriouslyattacked.

‘ivl-iatthe~sefullifeof thecoat-
—.

is soseriousthattheunderlyln~
,,.

-=

Fortheltiteitests,especiallytheweather-exposuretcs%s, - =

sheetmterialwh~chhaddeliberatelybeenmde susceptibleto . ._i:—
attackbyquenchinginhotwaterwas‘used.Withsuchspecincns,

a corrosiveattackof tdhe;mtd canbe “expectedto occurwithin
--

a relativelyshorttinefollo~?ingthebreakdownof thecoating >-=

andthusshortenveryiiia.teriallytheperiodnecessaryfora posi- h:

tivetestofthecoating.
-.—
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111. Coati~?sof theVarnishType

7

Mostofthetestson coatingsof thiskindwerecarriedout

upontensionbaxscoatedin accordancevithcurrentpracticein

aircraftconstruction.Specinensrepresentativeof thethree -.

coatin~sin conmonusage, (a)plainsparvarnish,(b)thescae .—
varnishpigmentedwithaluninumpowder,md (c)a cmti~of a

bituzmsticbase,werecoatedrtit..theNaval

Testin~of the-threekindsof coated

in the‘~saltspray,,‘1bothsodiurlchlbride
. .

AircraftFactory.

specimensfor+0dajjs

andcalciumchloride

beiii:~used,

tiesofthe

. conditions,

f~.iledto si~owanyrmrlceddifferencein theproper-

threccoatin~s.As is showninFi~ureli forthese

eachofthecoatings&areperfectprotectionto the .+
duraluminbeneathforthislengthof tine. Wnentestedfor40 —-+

daysby theintermittentimrrersionnethodin~ CaC12 solutim —

(approximately1.5percentby weight)theresults,especially

forthezmterial’hayingthelowercorrosionresistance,showed

thatsoaecorrosiveattackof themetalhadoccuxrcd.There- —

sulisforthethreedifferentcoatin2s,however,didnotdiffer

eno~h axm~ themselvesto w~r~t my conclusionsas to their

relativenerits.Whenoxidizingsolutionswereused,thebreak-

downof thecoating,as indicatedby thecorrosiveattackupon

theunderlyin~metal,wasunmistakable.Thede~reeof protection
* .,—

affordedby thebitumsticcoatin~~~assomewhatbetterthanthatt
.- of theothertwo. Theal.uminum--pi~aentedsparvarnishwasfound

to be sonerha-tinferior,in itsprotection,undertheconditions
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used,totheplainvarnish,?:;hichis in oppositiontousualex-

perienceinserviceunderatmo~phericexposure.ThuS , a recom-

mendationfortheused anyoneofthesethreetypesof coating

inpreferenceto theotherson thebasisof theseresults,i?o~ld

notbewc+xranted.‘lFailure”of thecoatin~,resultinginthe

corrosiveattackof theunderlyingmet”al,usuallywasrevealed

by thefor;mtionof IIblisterg!!asthecoatingwasloosenedfrOZI

thebase. Theblistersvmied in size,someofthelargest

onesbein~approximately~ inchindiameter.Theal.uminum-

,%reate6tpropensityto fora’thesepigmentedvaxnishsho~=dthe_

“blisters”,thisbeingespeciallytrueforthehydro~enperoxide

andthehydxo~enperoxide-sodiunchloridesolutions.

Theblistersbeneaththecoatingx{erefilledwithgas~

Theresultsof analysisof theflascollectedfrointheblisters

whichfor~iedunderanaluminun.-pibgmentedcoatingindicatedthat

it containedapproximately20 percentof oxy~en,9 percent

of hydro~en,~mdthere~~~inder,nitro,gen,withtracesof crxbon

dioxideandcexbonmonoxide.

Iilbrief,it r.laybe saidthaton thebasisof theresults

obtziaedwiththesethreetypesofcoatin~s,itwouldseesthat

neitherofthesparvarnishcoa.ti~;s,plainor;~ignented,is

satisfactoryforduraluninpartswhich.areindirectcontact

withseawaterfora greatdealof the.time. -.

Thedifferenceinthebehaviorinat~osphericserviceof-

sparvarnishcoat.in~s,bothplainandpigmentedwithpowdered

.—

.-

—

—

—
,.

—..—

.—

—

*
--

.-

.- 3

.

—

— *=

—
.
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aluninum,is indicatedby

(Reference3) carriedout

. . . .

theresultsof a seri~softests

to showtheper;ieabilityof suchcoat-

ingsto

30,cmd

of tun~

vr.tervcpor. Varnishfilm ofthreecompositions8, —

50.gallonvarnish,(8,30,Gr 50 ~dlons,respectively,

oilto 100poundsr’osin)tith”intheplainandthe ““

alunin~pibmented.condition{2:pound-S~tiuminumperCalIon]
●

w“nichtieleforned”on a supporting”net~:ortiof100-neshs“ievemize

cloth,weree~osed:tothe at:io~phere.Thes~ecinenswhichwere

erL30sedon oneof theBureau”of”S~aixlexds.buildingsrereinclined .-

45 dc.greesto thehorizontalandfaced-south.

Thepermeabilityof~fhefilmstontcr vaporwas determined

int’hefollowingmanner:.The.v~nish fili’,~,on itssupportin~

network,W2Sfastenedovera saallGlassPetriedishcGntainin~.
calciunchloride,,the’in.it.ialtre.i~htdetermined,andalsothe

*
weightafter20 hourslc~+~osuxein airsaturatedwithmoisture

and1 hourts..conditio~.in~.in an’atmosphereof 32percentrel~

tivehumidity,3.0°C.Thiswas doriea% theendofeachsuccessive

exposureperiod. The‘initial]ermea.bility’ofthecoatin~,that —

is,before,”snyexposuretothetieathcr,was‘alsodetermined.

Thezcsultsobtcinedfor43 weekste~osuresxegiveninFi~’Ure2. -7
The !!30-gallonl~vaxnish~laybe consideredasrepresentativeof a

sparvarnishofverfgoodcor~~erciagrade;a IIshortoillrvarnish

representedby“the118-~d”10n1’vaxnishIs”no%intendedforout-of-
.

doorsservice.Thisisborneoutby the’veryshortlifeshown .

. .bythisnaterialinthepermeabilitytests. Thegr6atlyincreased

lifeof coatin~sof thiss~negradeof”varnishby pi@nenti&Mit
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with~uninunpowderservesas a stziki~-illustrationofthe

relativev.tiueof thesetwotypesofvarnishesforatmospheric

s,ervice.The

indicatethat

approximately

the ‘18-g.allon

remits obtainedfortheplain‘130-gallon”varnish

thebreakdownof thiscoatingwasunderwayafter

40 weekstex~osure.As judgedby thebehaviorof

varnish!’films,thealuminum-pignentedlf30-~sllon

varnish”films,aswellas thoseofthe ‘flongoil’!

be expectedto showhighresistanceto.penetration

formanymcnthsto come.

varnish,:xLy.

ofaoisturc

Bitunasticcoati~~s,pibaentedwithaluminumpowder,c.re

usedto someextentin actualservice.A numberof specimens

represent~tiveofthepig?nentedandof theplainbitumastic

coa.tin,zs~erepreparedby theNavalAircraftFactoryforthe

testsre;j~tedhe.ye.Theresults obtainedby mews of r.severely

corrosivesolution(sodiuiichlorideandhydrogenperoxidesolu-

tion)aresummarizedinFi;ure”3. Theserequltsindicateno

pronounceddifferenceinthede~reeGfprotectiongivenby these

twoco.r.tingswhencorrodedundertheconditionsused. Blister-

in~ andsoneflakingof bothtypesof coatin~occurredafter
—.

prolongedattack.A preli~inaryoxidizingtreatmentof the

metalsur”face, ,eitherby theanodictreatmentorby Mmersi.on

in a dilutenitricacidsolution,beforethebitumasticcoatim;

is appliedis,onthebasis”of thesetestresults,nottobe :

recommended.Especiallyisthistrueforthenjt~~cacidtreat-

ment. ,VerygoodprotectionwasshQwnby thepi~zlentedbit~rastic
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cotatin.gson specimenswhichhadpreviouslyreceivedanodicoxida-

tionbutnotwiththeplainbituaasticcoatinf:susedunderthe

saneconditions.Theadvmts+~etobe gainedby pigmenti%=bitu-

rnasticcoa,tin~sisprobablyof thesamegeneralnatureas that

shocmby thetestsonplainandpi=gentedvarnish(Fig*2),thr.t

is,theretardationof thedeleteriousactionof sunlightand

otheratmosphericagencies.

Sodium-silicatecoati~shavebeenfoundverysatisfactory

foraluminumalloycoatinpjs<orsonetypesof service(Reference

4),butsuchco.atin~shavenotbeenusedtc anyextenton sheet

zuateri~.Corrosiontestsl~erecarriedouton a numberof ten-

sionbzuswhichwerecoatmedfortheinvesti~ationin thelaborw
.

toriesoftheArmyAirCorpsatldcCookField,Dayton,Ohio,

. wherethis~,ethodof coatinghas receivedmostattention.The

specinensaftercleanin~r{ereirxaerse,din a sodiumsilicateso-

lution(1.1sp.~r.)for30 minute-s,airdriedfor10 :ainutes,

then‘Ibaked,[lthetemperaturebein~heldat 230°F(llO°C)for —
10 minutes,,“thenraisedto 280-300°F(140-150°C)andmaintained

for30 ninutcs.Theresultsobtainedin thetensiontestsof

corrodedspecimens,whichayesummarized.inFig~e 3, indicated

thatforaildcorrosiveconditions,suchas a solution‘ofhydro-

genperoxideinwa$er,thesodiunsilicatecoatin~gavevery .-
. goodprotection.Underseverecorrosiveconditions,suchas,a

solution~f sodiumchlorideandhydrogenperox$de,thecoatin~
.

wasquicklybrokendown.



12
N.A.C.A.TechnicalNoteNo.285 “’

. . .
—

-.-:.
,

A recentcoating.nethodwhichhcs sho~mpromiseof bein~
—.-.veryusefulfordulaxuminconsistsin theuseof a speci,fldual

inua-pi~nentedrubbercenent,appliedto the‘surfacein thefora
— —

—

of a solution.Thistypeofrubberc@ent, ltVulcalock,tlwhich
.

is s~~dto consistlar~elyof a rubberisomer,producedby an

acidtr6r.tizentfromordinaryrubberinhydrocarbonsol~ents,‘

has thepropertyof clin:~ingti@tly“tiveato a ~oiished~ctil —

.
“=-.-surfacc,sothatverygoodadhesioncanbe securedwithout~re-

limin.uyrou~heningofthesurface.Thepresenceof tracesof

oilon the’metalsurf~.cetobe coateddoesnota~peaxtoprc~“

venta,dhcsimas wouldbc thecasewit-hvarnishes.As-r&eeivcd,

—

.—.—
.-

thccc~~entcont&s no aluminuapowder.Thisnayeitherbc in-
...

cor-,>orr.t~d’intoth~ceflent,beforeit“isapplied--tot.h6tirfacc

by.brushin:{,or iti~aYbe dustedcn tothe “tacky‘1rubbersur-

refaceamdthenbrusheddovin.Duraluninsheetpanelscoatedvith

thistypeof rubbercoatin~,bothint-hepl~n Ad thealuxinua-

—

—

piynentedcondition,wereerposedtothe accelerated}?eatherinq

testeqloyedin thetcstin~ofpaintsandvcvnishes~(The

numberofZ&hour cycles,eachcycleincludingsuccessiveex-

posureto ozonized

andrcfri~eration,
,.

takenasa r,letisure

air,!Irain’tspray>ultravioletradiation,

requiredforbreakdownof th~coati~~,is

ofthelifeof thecoatin~.)Specitienscoat- ‘~

ed withthe’plain(t’non-aluminizedi!)rubberceimktcoatin~l~ere

reuovedat thecfidofthreedaysas ‘ffailed,tffitspeci;lensr;ith
.

thealuminum-ptgnentedrubbercoatin~tiestillin very good
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conditionsftcrapprGxiaatelysevenmonths!exposuretG theac-

celeratedFeatheringtest.

Becausecf themarkedeffectof thealuninun

tectin~thecoati~ frm deterioration,it should

po’+?derin~ro-

be pGinted

outthatpoorserviceremits .obtaiaedin thepastwithplain

rubbercGctin~sshouldnotbe takenas evidenceagainsttheuse- .—,
fulness~f thecombinationofspecialceaent~~d.aluninunpow- ..
derheresug~ested,..!.

Thistypeof cor.ting~perxs tobe especi~llyapplicr.ble .

forthosepartswhere~~?~irigof theordinarytypeof varnish

coatin~swouldoccurin ~-relativelyshorttimeas a,resultof

Vibration,flexureor.siuilarconditions,?.sh~.sbeenshovraby.

theres~ts of testsnowingrGgressinwhichspeciaensare
.

COrrGdedvhilebein~subjectedtorepeatedflexure.

able

Iv● Oxida%ionandOtherSuxfhceTTetitnents

ThecGnditiGnGf thesurfaceisa factorofveryconsider-

inport~ncein dcterniningtherateat whicha corrosive ..
attackof sheetduraluainproceeds,particulcxlydurin~its

earlystages.Specinens,whichare;~olished,as a rule,showa

greaterccrrosion-resistrmcethm do specimensof thesamemater-

ialin the“asrGlledltconditio;,Whenmildcorrosiverem~ents .—
.

areusedtheadv~.t~-eofpolishimgis~orepronouncedthan

whensever-eonesareused. Froaa comparisonof theresults _-

obtainedGn specimenspolishedby buffi~~withthosepolished
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., s.- .

by handin a mnner similartothatusedinthepreparationof
._
..—

fietallo~raphicsections,it~ppe~~~that~,tleastVartof the -.

superiorcGrrosionresistanceshownby polishedsurfr.cesshould —.

be attributedto thegreasewhichispresentin Grdinarybuffing ‘::

comp~unds. .

2. SurfaceOxidation
——

IthaslonSbeenknownthatan oxidizedaluminumsurface

resistscorrosionbetterthana ‘lfr~shllsurfacedoee. Thesme

istrueof a numberof othernetfis.

theprotectionof duraluminandother

uponthisfactisthatCo-amonlyknown

& COi2iLlercid- na’thodfcr
—

KLtUli-nuin alloysbased
..

&S the‘tanGdictreatfilentll

(Reference5,).Thenethodconsistsinusingthenaterialtobe .._-~

treatedastheanodeof a suitableelectrolyticcell. A solution “ :

of chromicacidisgenerallyusedastheelectrolyte.Inpre- :.
p~i~ thespecinensforthetestsdcscribcd“DC1OW,thesheet

steelcontainerfunctionedas thecathode.By meansof a second “--

or outerccntainerthroughwhicheitherhotorcoldwatercould

be :~.zssed.r.s‘desired,thetemperatureof theentireunitwas_. . .:

naint,ainedat approxifim,tely40°C,andthet“redmentwas dlor;cd
>-.—

to continueforone hour. Thevolt~e applied,whichinitizlly

Wasquite10IY, was increasedto approximately40vbltsin15 min-

utesandfinallyto 50voltbj~~stbeforeiheend’of the“r’run.n
—-.

Thistzeatnentis essentially‘thatdescribedin thereference -+
citedabove. In orderto avoi’dI’contact’!difficulties,the

junctionbetweentheduraluminspecinentobe treatedandthe .–—
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connectingwiremustbe exceptionallywellDrot.ectedfromthe

solution,or,preferably,thejunctiGnshouldbe abovethesolu-

tion. Inthetreat~lentof thetensionbarsthiswas”doneby aJ_-

lo~in~onecomer of the

in othercases,by using

abovethesolutionlevel

bartoprojectabove-thesolution,and

“tail!’of metalwhichprGjecteda narrow .

andwhich~7assheaxedoffafterthe

treatmenthadbeenfinished.

A slightlossof~veightordin~ilyoccursas a resultof

theanodicoxidation treatment.Thisvariessli~htlyin differ-

entfilaterials,perhapsdependin~u~onthepreviousheattreat- ---
ment,andwas foundto rangefrom.001to .oo4.oz./sq,ft.(ap-

proxica,tcly).ThetensilepropertiesareaffectedonlytG a.
sli.@~tdecreeby thetreatnent;so;~etimestheelongationis

. foundtobe loweredsli~htlybutno&enerp.1conclusionin this

respectisw~”ranted.Ther~sultsinFi[yre4 illustratethe

magnitudeofthechangein thetensileproperties.In.thecoz~-

nercialuseof theanodicoxidationprocessas a ner.nsforpro-

tectin~duraluminagainstcorrosion,a supplementarytreatment

wherebyp.thingreasefilmisfornedovertheentires.urf.aceis

reco~aended.Lanolinehasgenerallybeenusedforthispur~osc.

In theresultsreportedherethel~oline,whenused,wasusual-

ly appliedas a solutioninbenzene,themnountof the.vease
. usedin thefilnbeingveryszmll(approximately.05to .10oz./

Sq.ft.)o In adtiitionto theveryuqiforndistributionof thev
Greasefilxforfi]edin thisr,~~r,er,theuseof sucha solution
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hasanotherverydistinctadvantagein thatitpenetratesinto

allcrevicesin rivetedpartsandthelike,inwhich”corrosion,

if it occurredat al, wouldbe expectedto ~ccursoonerthan

elsewhereon thespecimen.Thesolutioncm be appliedby dip-

pin~,brushi~~,or sprp.yin~.Spr7.yingwithm atoaizingnozzle

thatvillproducea veryfineaistwouldappeara pro~~ising

methodfor theinitialapplicationandVeriodicre-greasingof

thefrmeworkof an ciirship,forexample.

,Theresultsof tensiontestsof duraiuninspticimensi~hi”~

hadbeei~giventheanodicoxidationtreatmentpreviousto being

usedin-acceleratedcorrosion“testsof thekindalrer.dyde-

scribedshcredthattheoxidefiln,evenvithout‘greasing,af–

fordeda veryconsiderabledegreeofpibtectionagr.instint~r-

crystallinecorrosionwhena nildlycorrosivesolutionsuchas

dilutehydrogenperoxidesolutionwasused. Thisis ~own in

Figure4. With.a severelycorrosivereagent,suchas thesolu-

tioncontainingbothsodiumchlorideandhydrogenperoxide,the

—

..-

.-

resultsshowedthatthe

althoughtherewasso~e

protective

indication

-+
oxidefilnwasbrokendown,

.
-.

thattheattackhadbeenze”-
—

tardedqnpreciablyintheearlypartof theexposureperiod. —

Theoxidefilahasa smoothsurfaceandsay,indeed,be
:

— .
for;ledso smooththatit is ali~ost@a6s-likeinappearance.

Severebendingor otherdeformationcausesno flakingof the
—..

filmbutdoesresultinmicroscopicfiss-iesthroughwhich corb ,“
rosivesgenciesgainreadyaccess.Thi-sis shor,mby theresults ~
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of thecorrosiontestszwiecn treatedspeci:~e’nswhichwereper-

manently8tretchedpriorto corrosion(Fig.4).

TheuseGf greaseoh specimenswhichLavereceivedthe .

anodicoxidationtreatmentincreasesthecorrosion–resistance

of such72aterialmany-fold. As alreadymentioned,lanolineis

genercllyusedforthispur~ose.Othergreasesor oilsmaybe

used,’honver,apparentlywithequally~ocdresultsas is shovrn
“.

by thedatasu”timarizedin”Fi3~re4. “Theoxidecoatingisneces-

sary,horever,to serveas a IIbodyllforholdin~the,grease.fila.

Speciaenstowhicha filmof greasewas applieddirectlyonthe

untreatedsurfacewere foundto be al.aostasreadily.attacked

by thesodiimchloride-hydrogen~eroxidesolutionas wereco=.
panionungreased’specimensandaswereRlsosinilar

.
whichhadbeengiventhe a.nodicoxidationtreatment

inU. Thecombinationofthe anodicoxidationanda

treatment,hovever,gavealaostcomplete”protection

saneseverecorrosiveconditions.As cofiiaredwith

commercialslushi~*grease,castoroilandl~d oil

specimens

butno greas-

greasin~

underthe

Ianoline,

werefound

to giveessentiallythesamedegreeof protection(Fig.‘4).

Hotiever,if a relativelythickgreasecor.tin~,e.g.,slushin~

grease,isusedandpmticul~ly if ~uninunpowderisusedwith

it so as to giveit “body”andalsoa rarezesistantsurface
. (asin‘theaethodWhichhasbeenu,sedinpracticeby C. W. Hall

even

high

uponduraluainsurfacesnotanodicallytreated),a very

degreeof protectionofdurcluminsheetagainstcorrosion

.—

.—

.-

..

.-
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canbe secured.Informationon thefurtherbehaviorof this

typeof coating.isbeingsoughtthroughtheweather-expotiure .—

testsnovunderway,theresultsofwhichwillformthebasis

of motherreport.
..——

Theexaminationofthemicxost.ructureof thecorrodedspec- :

imens,theresultsof whicharesunnarizedinFi.~re5, serves “ -
.

alsoto der:onstratethedegreeandthenatureof thecorrosive

attackwhichoccurredin s~iteof the ‘fprotective’fcoatin~on
..:

r
, thesurface.

.=

A sii~lermethodfortheproductionof an oxidefilmon’

duraluminor otheraluminumzilloyscotisistsin immersionin

dilutenitricacid. Presumably,c&q~.arableresultsmaybe oh- -.
“tainedby :~eansof otheroxidizingsolutions.Thesurfacefiln““--~

—
producedby dilutenitricacidisclorelropentlin itsappcar- .

anteth.aiiis thatproducedby anodicoxidation.Underseyerely–

corrosiveconditions,it affordsnoprotectionwhatsoeverbut “ -

against;~ildcorrosionattackitdoespxotectto someextent, ‘

as is indicatedby theresultsinFibwre6.
-+

Anothermethodforthesurfacetrea,tnentof alufiinunand

itsalloyswhichisusuallyreferredto by themme of Itsoz.ip

inator(Reference6),consistsini.:.l.fiersionina hotsolution,

theco~~;>ositionof whichmaybevsxiedconsiderablyaccording

to the,;mblisheddescriptionof thenethod.Theprocessisde- ‘“~

cidcdlyempiricalinitsnaturebutthesolutionsusuallycon- .
taina chromiumssl,tanda bichromatetogetherwithsomeo~bon- J
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ate (sodiumorpotassium).Othersubstances,thepurposeof

whichisnotatallclear,may

entsolutions.Theappearance

treatmentvariessomewhatwith

be presentin

of thefinish

thealloyand

some of the differ-

producedby this

especiallywiththe

initialcharacterof the surfacetreated,thatis,thedegree

otpolish,free~omfromoxidefilmsandthe like. Thecoating

is of‘apleasingiridescentgraycolorandoftenhasa smooth

glasslikefinish.Thetensilepropertiesof heat-treatedsheet

duraluminarenotaffectedto any extentby heatingfor30min-

utesor so at 100°0but,as eqlainedina previousreport,such

a heattreataent,in itself,would“oeexpectedto resultina

sonewlx=.tloweroo.rrosionresistance.Theresultssummarizedin
●

Figure7, cle$zlyshowthat
. agr.instmildcorrosioq,for

tions(approximately.5per

thistreatmentgivessomeprotection

example,N/10scdiumchloridesolu-

centby weight).Whencorrodedwith

a moreconcentratedsolutionof sodiumchloride,a normalsolu-

tion(approximately5.8percentby weight;seawatercontains

about3.3percentNaCl), thetreatedspecimenswereattacked

to ap~oxirmtelythes“amedegreeas untreatedspecimens,except --—
that,in theearlystagesof theatteck,thecoatingretarded

thecorrosionsomewhat.Thelfgrease-holding~~prop~rtiesof thisu
typeof coatingexenotnearlysogoodas theoxidecoatings

, producedby theanodictreatmentaildingeneralthecontings
.

wouldbe recommended;.on thebr.sisof thelaboratorytests,only
.

forverynildservice.
.
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v. Metallic?Coatings

Fromtheoreticalconsiderations,suchas thatof solution

potential,itwouldbe concludedthataluminumis themost

suitablemetal

basealloysif

pointedoutin

to useforcoatingdurnluminqr othernluminu&

a me”talliccoatingisdesired.
—

As hasbeen .. —

earlierreportsin thisseriesof technicalnotesz

unalloyedalumifiumisnot subjectto theintercrysto.llinetype

of corrosion.An aluminumooati.ngin suchintimatecontaot

withtheduraluminthatitbecomesa part:ofthesheetitself,

addsstruotumlstrengthto compens~,tefort’headdedweight,

whereasothertypesof coatingsdo not. Thisistheonlycoat- -

ingrfie@lwhichwasusedinthisinvestigation.
.

Electro-

depositionas a coatingmethodis notat allpracticablein the ,

easeofaluminumcoatings.Themostconvenientanddependable

meansfortheapplicationof aluminumcor.tingsto specimens

foruse inthelriborntorystudyof theproblemisthemetnl

s~nyingmethod.It isnottobe inferred,however,thatthis

methodis goodonlyfor thelaboratory.Far certcinphaseso.f

theproblemof theprotectionof duraluminagainstcorrosion,

thenetcdsprayingprocessisparticularlywelladnpted,RI-

thoughin thecaseof sheetsandtheproductsfabric~.tedfrom

sheets,n specialcor.tedsheetreferredtobelowas llAlcladl’

(al~inum-clad)iS nowusedcommercially.Thisproductmy be

regardedas thelogicalcommercialdevelopment
●

whichembodies
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theprincipleswhichwereestablished’a.’sa resultof thetests.
.:

carriedouton“Spec”imen’sc’bate’d“bysprayingthenwithaluminum.

A’spr~yed-metalcoatingadheresto thebaseinh mechanical

way only,as a pe.intdoes;thereisno alloyingof thebr.se...
metalwiththe-cdntingmetal. It isnecessarytherefore,in ,

orderto secure‘goodadhesion,thatthe surfacetobe coatedbe
,.

givena “pre”lininarytreatmentof somesort. Usually”thiscon-

sistsiti~“slightroughening,sand-blastingbeingusedfor the

purpose.Thisis oneobstacleto therendy-applicationof tlk’

metalsprayingmethodfdrthecoatingof duralumi~sheet. The

mechanicalpropertiesof the s3eetareaffecteddecidedlyby””

, thes&d blcistingai~d.inthec~,se.ofverythin’mat’e~ial,the

methodwouldprobably-not”be feasibleat all.
.

Inthecase of

sheetof the’thicknessusedformostof thetestsnf this”inves-
,,

tigation(l&g9mge],‘nowever,althouglithe&cusdblast’inghada

pronoiincedhardeninge~fect.upontherw.teriali~.sis shownby

Figure80 “’Thiseffect”couldbe entirely~emovedby heattreating -

thena’terial‘afterwr.rds.Thiswasdoneafterthealuminuncoat-
,“

ingl~”dbee-n”Bprayed”onto thetestspecimens.
..

A verydistinctadtiantngeof ~hemetmlsprayingprocessas

a coating”metliodIs“therangeof coatingthicknessthctcm be
. .

readily’~ndeas”ily“obtained.Forthetestsreportedhere,the
●

averageWeightof c’or.tingappliedwas .0042oz.per sq.ft-.of

. surfnce(~0028““to.0C56].

Inpreparingthemetal-sprayedspecimensfortheearly
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tests,aluminumwireof twodifferentcompositionswasused;

oneof goodcommercialgrade,(OU,.lO~; Fe, .20~; Si,.13*;

Sn,Ni,Mn,Zn,Cr,Ca,Mg,notdetected)andtheotherof high “

purity(Cu.08, Fe .05, Si .03, otherelementslistedabove,

notdetected).No essentialdifferenceinthebehaviorof the

cor.tedspecimenswas shownby thecorrosiontestscarriedout

nndin thelatertests.,thecoatingwasdonewithonlythecom-

mercialgrcdeofwire. Experimentswiththemetal,spro.ying

process,madein connectionwithotherinvestigations,havein-

dico.ted,theadvantagetobe gainedinusingan inertgasfor

sprayinginsteadofcompressedair,thecoatingbeingdenser

andapparentlymoreimpervious.Inthetestswhichweremade —
.

onduralumintestbarssprayedaccordingto thesetwomethods,

however,no mu?keddifferencewns notedinthebehaviorof the
,Q

twosetsof specimenscoatedin thesetwowayswhensubjectedto

veryseverecorrosion(NaUl+H202). Hence,thecommercial

typeof gas-heatedmetalspraygunusingcompressedairfshould

be suitableforsprayingaluminumforthepurposeunderdiscus-

sion. In onecase.only,andthenonlyaftera

(21daYS), wns any sure indiontionobtainedof

thealuminumcor.tingduringcorrosion.Inall

prolongedattaok

a ‘Jbreakdownltof

othercr.ses,as

shownby theresultsin Figure8, coBpleteprotectionwas ob-

tained,thedifferencesM thetensilepropertiesof theco?.ted - * -

specimens~.ftercorrosionbeingofthesameorderofmagnitude
.

as thosewhichwouldbe shownby e seriesofunoorrodedspecimens.
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Sprayed-aluminumcor.tin@arenotdamagedveryer.silybydeforma-

tionsuchas coldrollingor stretching.“Sprayedspecimens

whichwere.corrodedafterbeingcold-rolledor stretched(4per

cent)showedm res.istai~ceto,corro:si,onwhichin allessential

respectsWRSno lowerthanthat@sprayedaspe,c,inenswhich,had.-

notbeendefoimedpriorto testing(Fig.@Y ,~~e..a’’ility:of

-thealw~invaaccw.ting,whethersprr,yedor as ‘J&lcladlt.to,be

scratched”or:den.iedwithoutbaringthe:d~alumingivessuch,

. ., Sprayedspe:oimenswhichweregivena greasefil~.(lanol~~)
*

wi-thstb-od.pe~fectly veryseverecorrosionattackfor40@ays. .

4 Excep*foive”rysevereprolongedattack,thei’gre~singtreatnent

wouldnot Seem‘to”be‘necess~,ry,however,for coatingsof this
●

type...: “.:.... . .. .. .. , ., ,

,, .’ “Hi1 c 1 .adll
.., . ,.-,. .... . .’,. . ..

Thistiaterial;whichis.nom comme~ciallyavailablein sheet

fora,hasojlren.dybeendescribed(Reference‘?).Itsdevelopment

~resulted-froti”thesazlecogsider.ztionsthc,tpr.~qptedtheuse of

sprayed-altimintmicoatingsintne:labomtorycoxrosimtestss-

narizedabove. Detailsofthemethodofmanufnctue’-havenot

beenpublished’”asyet,but thisinformationis not’needed,fora
+

fullappreciationof thesuperior~ropertiesof this,t~e of

. sheetrfi~.terial.

methodcommonly

Itprobably

usedforthe

differs.littleinprinciplefrom

productionof suchmaterialsas
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‘copper-clad”steel. In itsfinishedoondition,lfAlclad!lcon-

sistsof o.sheetof duralumin(orotherhigh-strengthaluminum

.

.

—

alloysheetmaybe used),eachsurfaceofwhichis coveredby a

coatingof aluminumwhich,as a resultof therollingof the

coatedslabtogetherwiththe,annealingsintermediatebetween

rollings,hasbecomefirnlyalloyedtotheunderlyingdurnlumin —

andformsan integral.partof thefinishedsheet.Nobuckling,or

separationof tl~ec,oatingandbase,occursuponbendingthesheet,

evenif thedeformationisverysevere. Therelativethickness -

ofthealuminumcoatingas showninFigure9, whichdepictsa.
crosssectionofa sheetofthismaterial,isquiterepresentav

tiveof materialof thethicknessusedinthetests(14-gauge).

Whiletb initialstrengthof thetriplexsheetis,of .

course, slightlylessthanoneof the samethicknessconsisting .

of duraluminalone,the comw.risenshouldnotbe madeon the
4.

basisof initialstrengthonly. A comparisonmadebetweenan

unprotectedduraluninsheetandan ‘Ialcladlfsheet,inwhichthe

unprotectedonehadbeguntcsufferappreciablyfromintercrys-

tallinecorrosionaftersay,a yemls exposurein service,would

showlittledifferencecn thescoreof strengthbuta greatsuper-

iorityfortheprotectedsheeton thesccreofductilityandfree-

domfroubrittleness.

FromtheresultssummarizedinFigure9, itwillbe seen

thatthismaterialshowsan exceptionallyhighdegreeof resist- “

anteevento prolongedcorrosionunderseverecorrosivecondi- ,
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tionsi Ordinarily,-no precaution

25

needbe takento guardagainst

corrosionof thecutedgesof liAlcl.adltsheet.However,if the

materialhasbeenheat-treatedby quenchinginhotwater,it ap-

pearsthatthecutedgesaustbe protected.Testsof specimens

of ‘tAlcladttsheetwhichhad

suitsverymuchinferiorto

ialwhichhadbeenquenched

beenquenchedin hotwatergavere-

thoseobtainedwiththesame”mater-

in

tionshowedthatcorrosionhad

basewas exposedalongthecut

coldwater. Microscopicexamina-

occurredwherethed~alumin

edgesof the specimen.Without

question,thelowertensilepropertiesobtainedundersuchcon-

ditionsaretobe attributedto this,sinceno failurewhatever

, of thecoatingitselfwasdetectedinanycase.

●

● VI. Summary
.

1.“Althought“hecorrosionresistanceof sheetduralumin

canbe greatlyimprovedby suitableheattreatment,protection

ofthe surfaceisstillnecessaryif longlifeundervaried

service:conditicms”i.stobe ensured.Onmqy pointsconcerning

theservicebehavtorof thecoatings,informationwhichcanbe

gainedonlyfromtheweather-exposure,testsnowunderwayis

necessmrybeforefinalconclusionscanbe drawn.

2. Thecoatingsusedforthispurposemay.

groupedi~tothreeck~.sses;thevarnishtypeof
,

arenonmetallicin theirnatuce md me npplied

be conveniently

coatings,which

by brushing,
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sprayingor dipping;theoxidetypeproducedby a chemical

treatmentof themetalwherebythesurfncemetalis converted

intoa filmof oxideor Somesimilarcompound;andmetalliccoat- --

ings,ofwhichaluninumappearstobe themostpromising.

3. Thetestmethodusedwns similnrto thatdesoribedin
—

previousreoortsandconsistedin thecorrosionoffull-size
—

tensionbarswhichhadbeenco~.tedinthedesiredmanner,the

effectivenessof thecontingbeingshownby theresultsobtnined

whenthebarsweretestedin tensionafterbeingcorroded.In

orderto obtninby thismethodthemostdefiniteandrapidindi-
— --+

cationsas to therelr.tivemeritsof anygivencoatingforuse

on duralumin,thedura.luminsheetused‘shouldbe insucha con- ““=

ditionas tobe,
—

in theuncontedstnte,readilysusceptibleto ● .
.

interorystnllinecorrosiveattackby thesolutionused.

4. Specimenswerepreparedat tk NavalAircraftFactor~ – –

represento.tiveof thethreeHostooxrmonlyusedcoatingsof the

varnishtype,viz., plninsparvnrnish,sparvnrnishpigmented —

withalumint?.ril powdernndbitumnsticcontings.Testsby the

‘Isprayi’corrosiontestandby intermittentimmersionfailedto

showanypronounceddifferencesinthe”lihreecoatings.All
.—

showedhighresist?,nce.Oxidizingsolutionscnuseda breakdown —

of thecontings,thebitumasticbeingmostresistant.F~ilure ● -

of allthecoatingsof

curredby ‘Iblisteringt!

thistypein immersiontestsusuallyOC- ,-

ofthecoating.By determinationof the
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.....
progressivechmges in therelativepermeabilitytomoistw”eof

coatingsofplaii~andof aluminum-pigmentedspnrvarnishcoat-

ings,as a resultofweatherexposure,thepronouncedadvantage

tobe gainedby theuse of aluminumpowderin suchcoatingsfor

atmosphericservicewas clearlyindicnted.

No pronounceddifferencein thebehaviorofplainbiturflas-

ticandaluminum-pigmentedbitumasticcoatingsfor,severecorro-

siveconditionswns shownby thetestscnrriedout. Sodiumsil-

icntecoatingswhenusedon sheetduraluminare suitableonly

formildcorrosiveconditions.Thebakingtreatmentwhichthis

coatingmethodnecessitateswouldbe expectedto lowersomewhat.
thegeneralcorrosion-resistanceoftheuncoatedmaterial.Rub-

‘ ber coatingswhenpigmentedwithaluminumpowdergaveresults

in laboratorytestsindicatingtheirdecided~usefulnessas a
*

meansof protectingsheetduxalumi.n.

5. Thecharacterofthe surface,especially-thedegreeof

polish,km a noticeableeffectupontherateof corrosiveat-

tackprovidedtheattackisa mildone. Muchof thiseffect

shouldevidentlybe attributedto thegreaseincorporatedinto

thepolishedsurf?,cefromthebuffingcompoundused.

6. Oxideco?,tlngscanreadilybe producedon du.mluminand

otheralminum alloysby the ‘tanodicl~method,thematerialtobe
8

treatedbeingmadetheanodeof an electrolyticcellwith

● lutionof chromicacidas theelectrolyte.Suchcoatings
. .

.d

EIJso-

when
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,.,

grensedshowedverysuperiorprotectiveproperties,evenunder

veryseverecorrosiveconditions.Forthisprotectionto con-

tinuein actualservice,thegreasefilmmustrent.inintact.

Re-gre?.singwillbe necessaryfromtimeto time. Exposuret,ests

withdifferentre-grensingschedulesme underway. Theoxide

filnisnecessnryinorde~to ~lholdl)thegrease;simpleGrcnsing

of the surface,exceptinthecaseof a veryheavycoatingused

togc-bherwithaluminumpowder,failedtoprotectduraluiiinunder

thesameconditionsforwhichthe.‘IanodioltoxidecoatingspluEI

a greasefilmgc.veperfectprotection.Contingsproducedby “-

o.nodicoxidationfilessgrea~edcanfiotbe relieduponexceptfor

verymildcorrosiveattack.Oxidecontingsproduoedby prolonged

immersionin dilutenitricacidr,redecidedlyinferiorto those

producedby aaodicoxidation.Likewise,thecoo.tingsproduoed

theJirotkazlethodof imr,lersionin r.hotsolutionof a chromiun

lmlt, ~nd-adichronnteto~etherwithotheradditions,fniledto

proteotdurnlumins~eetexceptundermildcorrosiv~conditions.““

7. Aluainumcoatingscm be rendilyaypliedto sheetduia-

luminby metr.1spr~.ying.Inorderto o“~tr,ingoodndhesion,the

surfacemustbe roughenedbeforebeing~prayed,whichis usunlly

Thechs.ngesinducedby thistre~.tmentdoneby ~aildblr.sting..

wouldprohi’oittheuseof thismethodonverythinsheet: On

sheet-ofthethicknessusedforthetests,14-gnuge,theill

.

. .

—

-
—

.-
—

—

.<

,

%–

—

M

4

:

. .

.

--

%

effectsof sandblnstingwerereadilyre~.ovedby ‘heattrtiating
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afterspraying.Aluminum-sprayedcontingsshoweda veryhigh

degreeof protectionagainstveryseverelycorrosiveconditions

evenwhenthecoatedsheet,beforecorrosion,hadbeensubjected

to deformationby coldrollingorby stretching,

8. Theadvantagesof aluminumccm.tingsas a meansof,pro-

tectingduraluminagaainstseverecorrosion,“shown”bytheresults

of thetestswithmetalspr~.yedcoatings,havebeenembodiedin

-thedevelopmentof ‘iAlclad,~lan aluminum-coatedduralminsheet

noncommerciallyavailable.In orderto obtainthehighestde-

greeofprotection,however,thismaterialshouldbe hent-

treatedby quenchingin coldwater. Ifhotwaterquenchingia

used‘inheattreatingit,corrosionof the~derlyingduralumin

alongthe cutedgesmaybe expectedto occur.
.

9. Itwillbe notedthatthenewercoatingmethodswhich

ap~ar aostpromisingon thebasisof t-neevidenceso farobtain-

able, (a)netallicaluminum,(b)oilor greaseovertheanodic

cor,ting(withfrequentre-oilingforthinoilcoatsorwith

aluminumpowderoverheavycoats),(c)tight-clingingmibber

cementcarrying,or coveredby, aluminumpowder,.- do not readily .—
crack,flakenorhazethedualtuninbeneath,on weatheringand

vibration,whichis inm.rkedcontrastto the ordinaryllalumi-

. nized”varnishorbitumasticcoc.tings.Thosecor.tings,whose.

behaviorisknownfronserviceexperiencewill,of course,con-
*

time to finduse. Thenewerco~.tings,exceptthe Ife.luuinizedn
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rubberwhichis,as yet,usedonlyto n linited

beginningtocomeintocommercialuseandtheir

shouldsoonbe betterunderstood.Themetnllic

.

.

—-.
exten”t,mm nlso

suitability

aluminumcontings”

willstandquitesevereabuse,suchas scratchingor denting

withoutbaringthe dnralumin. Tho flexibleoilor rubbercoat-

ingscan,of oourae,be scratchedthrough,butwill?ith~t~.nd

farMoreabuse”thana weathcrodvarnish-typecoating. .

Anyoftheflexiblecor.tingsmaybe appliedoverthealuni-

nur~conting,to giveriddedprotectionforsevereservice.It

withaluminizediubbbrcenentdeserveservicetests.

Thechoiceanongthe~evnriou~coatingsor conbinntionsof,,
cm.tingswill’havetobe mndeon thebnds of theparticular

.
conditionstobe net in serviceandontheweightthzntcr.nbo

allowedin orderto secureprotection.Exposuretestsnndserv-

..

,

. .—

icetestswillbe requiredtotelljust~{hntcombinationgives

thebestresultsforanyparticularcase.

As soonas theexposuretestshaveprogressedsufficiently~

to giveenoughdefiniteinforrm.tionto wc.rromtit,thereqults

willbe reportedinanothertechnicalnotein thisseries.

. .
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