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NATIOTJAL ADVISORY COAlvlrr'l'E3 FOR AERONfl.TJI'ICS 

JI.DVI\NC:::; RESnnC'.l.1i;l) REPORT 

PROC::ZDURE USED AT ALUMllfLTM RESEARCH L 'l.:BORATORIES FOR 

DETERMINING TYPE O? ATTACK IN SO 1E ALlJEINUN AIJLOYS 

By C. J . Walton and F. Keller 

Representat~.ve sanrplns e,f 17S- T fl.nd 2'.I:,S - T aluminum alloys 
'vere subjected t,(, accelerated. corr)si.:n tests in ,.,hich tl e cO .... ~l'O ­
si:)n Ik;l'iod \TaS ost&.blishe:d at G hcnr.J fur samples t~mt had been 
etc'1ed to produce a u'1.ifo::CIil sur,'aGG . The results Sh0'" the tY.Jes 
of cor~'osion at';.ae c, T'Thieh ore described 1n C'tandard te.1.'T'.inoloc;y ) 
and may form a l'o.sis for es-;;i1r.:1tin~ tho resistance of tho IDD.te::' ial 
to corrcsion by a comparison of the relative delJth and frequency 
of the corros ' ve attacks . 

IN'5iO UCTION 

The l 'es istance to cO"'rosion and -type of OlTosion A.ttack for 
some alumin:.un all~ys , eSllecial :.' 17S- T and ~4S,-T materb.ls, are 
cl:ecked ordinar'Lly 1 Y conc'u~t .lnG '1,ceJerated C')lT / sion tes~s on 
repY'UsCI1tat i vo 8amples . ':'he mel hods , f "es~J ing and the terminolorY 
emplojp.d in l'Clrl',:lg th; rCG ~~lts .f sucL. 'E, sts lave n')1:; :18:"'CCO­

fore been en-:: 11'131, C.J.1S1stent. .;ec':1.,ISO (1) t11e sema c('1'.:.'oo.ion period 
,;as nCJ ahra/s '·ID.plC'icd , (".) SlJ.r'ac3 c cndit ·l.Ons of tl:e 83mples 
v8.~ie(1_, alld (3) L,c nomo"'1clature fl:;" dcscriting corrcsive attock 
\fes D2" S t,anLl.ardized . '1',1(. llT ... ccdure that is l'eccr.mwnde'l in i.~10 
present paper ~ak s into ['.ccount tl.es(; fnctcrs . The corrosion 
pCl'icd has )8en (;sta'i)l j.shed. at u hcurs for sa'!lples IV11icll have re ­
c0i ved a treatment. to prOdl}Ce a unifOl'm surl'ace . Resu.lts obtained 
\ i.th tl, is proced lU'8 a· .... d rep·- rted 'in accordanco vTi th tl:o standm'd 
termin -lOGY Sh2 Ul rl be compaJ:able. 

Aclmov1ed~c.nt, is clne G. W. 1-Hlccx for his sl:illfuJ.. l1llOto­
micrographi c v'ork ire cOlme:;'L: n '{iLl the develcpm(.;nt of th':'s 
procerl 1'ro . 



TI~CTIEG P~()C7DURE 

Samples sel e cted foy tGstlns sh J.J.d be etcbed to prcduce a 
'lUi ~orr.l s ll.r fac e c~md i :lcn, imm:;rsod in the s tandard sodiwn chloride ­
rJdrogon peroxi e sclut"i.on .:01' 6 1101..\.::s and sutsequently examined 
microR~opica1ly . Details 0; the various s teps in tho procedure 
are as f o1LlIvs : 

f.1et11od c-f s9lllp1 '1§ . - For shee t mater:al, s'Uup:!.es about 1 by 
~. inches are s uita11e ; for rolled and extruded se ctlons , pieces 
s ever a l inches l ong sho' ,ld ue cut . 'JIbe ends of the rolled. and ex­
tr'~ded spe cimens should '. 0 ccate 1 with a m"i.xtlu'e c f beeSi-la.,"'{ and 
r esin (approx imately SO- SO ) in o .. .'der to avoid possible protection 
of the surface l)y the m')re nnodic c entr0.1 Dortion of the specimen 
that is exposed at tho e::ccls . 

Surface treatment . - Prior to the corroGion test , ench speci­

men SllOllld be :L!!1."lle:r's eo :c1' 1 !!lin~te .n an etching solution at ap­
l'rox ima-l:.e1 y 95° C. The soll·tic-n is made b~ addir.g t o dis-'-illod 
',;,'].ter ~') rr1llil;cers of concont .. a t.erl n·tl'lc a.~id (70 pc;rcent ) and 
5 roi II il iters ". J'yd.rofl u,-'r::' c ac' d (48 pey-.:ent ) yer 11 te 07 El olt.~­
tien. :\ °ter tr.i s trOlatr:len+ , -Ll:.e spoc1men siDHU. be l'ins8d n dis­
tilled ,·.rnter , ;J!lll10rsc d ~'..;r 1 mi.n .. te in GOl.centrated nitr 1c o.c H1 
('10 percent) a t ro "'ill t')!llPOl'o:': ur 8 to remcve any metall ic coppor 
that ma~' haye pb.ted ~ 1" on the sp 3ci::1en , rinsed in distilled ,vo.tel~ , 
a nd a1 L'~'led to dl',,: . 

The l1jdr8fluoric acid in t:'1e e ';ch'l ng s olution is gradually used 
up b,~l the spec i:nen and ty most containers; Horesitc- ccated alumj.num 
beakers sl10uld therefore i)O us ed to p::-evcnt reaGt i on L)ctveen t11e 
hyd:coflllori c a c i.d and the cocn,ainer . I f p,y:..'ex be9.kerfJ are uoed , 
the ac tion of the h v 'drof'l l.1.Ori c ac i.d. en tlw beaker can be minimized 
b~- careful ly add in3 the acid af ter the i·late . is up to tho desired 
tempera t ure . 1.[hen the ool ption does not ('ontain enouc;h hydro­
fluoric aCid , i'~ "rill prodnce a matte surface . It is advisa.ble , 
therefore, ali.,rays t,) use a fresh solution . A spent s olution, 
however, can he re j' ~venatcd by the addit .on of about 1 milliliter 
of hyd ofl llol'::' c acirl pOl' l iter . 

I f the srunp12s contain an anodic or a cbemical coating, such 
a coating muse, be removed Def'ol~e the s urfa.ce treatment is used . 
The r emov'll of -this coatLng can be accOlllpl1shed by ab:r-arline the 
surf9.ce wLtl! No . 12(l ,l.l.0xite Clot11 o:..~ by i.mr.J.ersing t ;le sample in 
aquoous s ol ut ion contain:l.ng 2 porcont chrom:1. c acid and '.~ porc0nt 
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p'10sphoric acid . This sol'",t i on is 1;.sed at a t emDerature of 850 C. 
The period of irJ:h'Tlerstcn reqyi.red depends on the thi c]mess of the 
coati ng Dut SQould !lot :)e ulmeceesarily prolonged . 

CorrosJve l'!led iums . - The sol1;.'t-ion that is used for the COi~ro­

sion test is made ',lp by add1ng t o distill ed ,,rater 57 grams of U. S .P. 
g~ ade s odi 'lID cLlori1e am1 10 milliliters of 30 percent hydrogen 
peroxide (the grade 8 of 11;,rdrogen peroJCide that have been found 
sat isfactor y are Merck ' s Superoxyl an;} Baker ' s c . p . grade) per 
liter of s ol utlon . If only type of a ttack is desired , 1 00 millili ­
ters of 3 percent hydroGen peroxide (the 3 percont -1YdroGen per­
oxide usually cont ains stab'i.lizer s ~ s ome of "lhich are lmov!n to 
accelerat e corrosion to various deBrees) per l i ter can be s ub­
sti~nted for the 30 percent l.ydrogen perox ide . 

Metl1"d 0:1.' exposure . - 1'he specimens should be totally im­

mersed in a freshlJ prepared corrosive solution . If' qU9.ntitative 
results for depth of a ttack are desired , a s t andard quantity of 
s olution should be Heed. pOl' mit area of surfaco . T:lirty millili­
t ers of solution per square inc:l is t,he quantitJ rec'Jmmend.ed . 
Ord inarily , vThen only type of att ack is required. , the mini ml)m 
alllOlmt cf s ol ut ten s~1ould be 250 :nillili ters . 

1.[> mere than one speci:nen i.s exposed in the same container , 
the spo c i mens shruld :)e electrically insulated f rom each ether , 
pre:i,'erabl;/ s uspe::lJer1 'ron glass r :--ds 1,!it.:: porcelain separators er 
s uspenned fr8m glass : ooks . 

The t.;ype OF a t.t.ack is s tlostant iall.;' independent of the t em­
perature of t.~e s ol'ltion but the exter:t of corrosion is no-J:, . More 
consis t ent r e s ul t s with regard t.o depth of attach: will be obta.ined 
i 1- t118 corrosion tes t s are conducted at a constant temperature ; 
for example , a t 30 0 C. It is permissib1e , 1 Q1.,rever , to conduct 
tes t s a t room t eml)eratlU' e p.~cvi.ded that a record is kept of tem­
peratures a t v~ltch the t(' s ts are maue . 

E XPOS ;1Y8 t 1me . - A pe:dod of 24 llOurs had previously been 
emplo:'ed 1ut tes t s have shmm that. , because of the consum'!tion 
of the hydrogel;' peroxide ) the corrosi.on rate decredses rather 
rapidly a fte r t,}1e fir s t G 'GO 8 hours of exposure . .II.. period of 
1 hour conserves time and is suff'~, cient if only the t ype of attack 
is to be determined but , i f both the type and the extent of cor­
rosion are tc be ob tained , a 6- hovr pe~iod is recommend.ed . 
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In tlle Cl16 0 of th"in BaJn!lles (0.020 in. or less) from slow'ly 
qyenc1 od mo.te-rial, 0. 6-hc'..U' exposu:c-e m1ght be too drast ic . In 
snch caGes , a 1··ho".: exposure in advisable . 

~.!?~.~.::....~aminnt j~ . - Representative crocs sec'::; i ons cut 
from 'kle corr cderl GOl'1lples s hould be P~:0!l'1l'ed for mi crosco'pic exnm­
i!lat i on in accorc.anc: () u"i.t~"'. reco:nIlle:1d.o 1 pract ices (rcfere:lces 1, 2 , 
and 3) . '1'1:..es0 examj.nacioj,lS s 110 l ~l t G r.:.ado at magl1 i.ficat i ons of 
L'O t o 500 d irune c,ers . In t he ca se of sheot) rod, I1nd tu1:> inC ) at 
l uas i t lU'Ge sect i ens should be exa.."l1ined. Fo~' r ollod. or extruded. 
oecti.c:lS or compl :L cat ed s ha11e s , at least; one section sho1)J.d 1:>e 
oxa::niY.Gd fre T! oa~11 t hickness of materi.al represented in t:' e shape. 

I n genero.l, af Ler an j.nitio.l eXC2Jlino.tion) it is advisable to 
etc11 tflO sPOC ·j.m'311S t o develop tho m:Lcr ostruc t ure In ordsX' tl"'.at the 
re1c..tion of corrosive att ack to r:.icrc s t ruct l, ral cho.racte:'istics 
is est':-..t::) l ishod , '1'110 etc~F.1nt that i s J:'E.corrnn811cled f or a uraluIllin-
t Tl a alloJ8 conta1no 1, C mill il 1. t or c"'ncentrttted hydrofluoric 
acid } 1.5 mil l H-:. t o:-C G concent ratod h'yd.~·ochlo:!:' ic aCi d) 2 . 5 ::nilli­
lit e:.'s Gonc;entra ted n'i t ric acid, 111'1(1 'iC . O rri .1Hit er8 0:::' dis-
t i lJ.od \·;a·!;er, T:!:lo etc~lino i.s accompl Lehed (;2- immorsing tile 
spOCi meYl , polis"ud s nrt'aco lP , fer a Iloriod C ~' 10 to 20 c"conds 
i.n a fres:ll ,v proparnd solut. ion at :;" 0011 te!<lpel'aturo. The ::rpoci­
men is t hen 1'Ja8horl .c'reo of tho aci.d in a s t roa.."l1 of '\o:arm (Eot 
:lOt) rtL.'C..'1[ ne '\ola(:.(,; r and blmm dr:; . 

Tho te:rminolog,;r for ex-p essinG t he vari.ous types of corrosive 
a tta c'1: 'is gi.vO'1. 'in t a ble 1. 'l'lli.s table also r efers to the photo­
microe; apLs tl'.a t .lore i. '3.kcn t o illus t :rato t he different type s of' 
o. l t uck :L:10.G m1ght be F.ll:c ·::unter<. cl in s tl.ld,,-ing corroded ivrouglot 
o.l :unLlll!L. 11110;,/ 8 , 

Tf~e t e r.::J.inoloG"v s e lected is 0.11 0 tg_ owth of much WOI k op 
mat eri.al S ll') J o c ~erl t o bott· o.ccelornted testa and na tural environ­
ments a r.d sho,: l rl S 1) :'fico t o descril;e n ost of tho type s of attack 
ord inarily onco :r-':.ol'ud i n wrouS:lt alurui :mr.l allo~T s . 

'I 1'O !'~rpO fl of co:.. :.'08'1\'0 o. ·:~-::ac\: that 0.1'0 SO)11Gtimcs obsorved in 
forced 01' ox ',r11ded r.:;a~orio.ls Fl.:::'C . nclu.dod i n t his t erminology _ 
nanlOL:. } ;nt e r·Jcndrl:.j c a :.:.d 'in t erf'J.'o{~i:'K; :;-ltn.ry , Int el'ctendritic at­
t ack is enco :utor o.] i n wrcuGht rr.a tcr l::, l in vhich tho or ic;ina.l 
cleT'lrit ic s t l ' lctnre hc.c: net been t J. ,orouGl:ll,v broliOn up by t~ le 
y;o:!, ldnG oJ:c'~al, i ons . Undor thoso c ~ . .!. c l.1ll3tances , t l o corroslve 
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a"t·\"ack mal fOUOH t~e arrts of the dendrHeo . In+.erfracmentary 
a :'task is enc.)untered in vT.t'cugtt :mater i.a1 jn l.'hi eh the fro.@llO?to. ­
t,lc'n at' the g-.L~ains pr(.d '~ced b,r tho ,-lorkinG oporattons had. not 
' ,ec'J. el.ir!.inate I)v' r oer:'stal l izat:lon d'.u.'ing subsequent thormal 
treatnen·'Js. 

DISC"JiJ8ION 01:' RESULTS 

'J'hoee meLhcds have beon d('~vcloped in oro.er to obtain an ap­
proximate leea oi:' ~ho rusio -L,a:1CG to eCi:"roGion of d LfI'ore:1t samples 
'ii t:1C"'.t resu't ~:1.~ to tho mGcilanica1 testing of cor.!.'od8d Erunp1es, 
r V1C; mct1 ,uas doscribed 0.].'0 elosol;y follmv'3d J the COlnllarative 
r03;ot.Ja ':lcc tc CC':TC310:l o~' did'eront 1078 of material may be 
e(3ti:~J.O:C ed -,)~, cC'::"u.par ins +:.110 ro 1a"- ;.ve de!.' :.Jh and the frequency of the 
eorro8'iro attack , '.:'1 e fact 'chat some 8a,11':,)108 m'ly shmv a:::ee.8 of 
81 4 g ,.+ intergro.n1)1a:c' at",::::.c;: does no':':' mean necessarIly th..n.t the 
reo1stance to e J}'l'08 ion vill be L.d versoly affected . 

TLo rcc01,rr'lc:1de'l p'"oe:')dl;'x'O :'01' dotelTli'li;)G tho J'pe of cor­
rOJ'ion a t nc:-: 1"1 r'lu:c'al .'mln- tJPo allo; . ..., ,", Ll.l t3 ve only a rouGh 
meaS'l.re of t'le rGf>ista.lc:.e c: tl,e ,u';(;r;al to cOrl'osion . 'l'h18 
Pl 'OCCC pre i.8 'le:' C, .; nte'1'.:.cd 4 0 r~u.pplo .. y_t -;;:',e e.ccelora :ed 0.1 ternate-
i.nlIDc.rr1 i cn t l.S G ( e.l'ere1'lGc 4) ann the F.rl';o.nc.ai'r} B~l t - Slll'I1Y test 
(refel'G:'1ce 5) . t~ 1'01 i.r 1 10 e-,;aluatiol" of tre resi.sLa:1.ce of 
d ;1.ralum'.n - 4·,?pO 0.1' o:s t.o corrosion requi.res the mcci18.nica.l test­
i ng of cC'r:!.~od "d [3D.'<:.l~l.eB 3.'1c1 ~·.he de ;;or:ni:nation of c1 ttnGes in 
:moc};,anLca1. PI' ''[le .:.:'t i.l3s in comp~rison "~ith lmcorroded snr::tples of 
t}le sane "'lo.1.01'10.1 . 

AlLuinU:-il RfJsearc;, La,. c:~atQrj,'1s J 

,"- l llm i:::um Co!:tpany of 'Jllo:-d co. , 
~;e',.' Ke''lsi:1gton J Fa . 
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TABLE I 

TERMINOLOGY FOR EXPRESSING RESULTS OF A MICROSCOPIC EXAMINATION OF CORRODED SPECIMENS 

Type of attack 

Pitting 

Undermining 
pitting 

Pitting with 
slight inter­
granular 

Separate areas 
of pitting 
and definite 
intergranular, 
wi th predomi­
nating type 
named first 

Definite inter­
granular 

Exfoliation 

Symbol 

P 

UP 

P + 5I 

P + r) 
I + p) 

Figure 
showing 
typical 
at tack 

1,2 

3 

4 

I 15,6, 
7,8 

Eri.1 9 

Remarks 

The attack progresses irrespective of grains and grain boundaries . 

The attack spreads out to a marked extent beneath the surface of 
the metal. On certain cross ~ections, therefore, the channel 
leading from the surface to the body of the pit might not be vis­
ible. This type of attack is frequently associated with simple 
pitting. 

Specimens with this type of attack sho\" only very shallow inter 
granular attack, usually in the form of short stringers. There 
should be no well-devel oped intergranular network. 

Although many specimens exhibiting these types of attack have 
been studied, separate a reas of distinct pitting and inter­
granular attack are seldom sufficiently close to each other to 
be shown in one photomicrograph. 

Occasional areas of definite pitting attack are disregarded if 
the intergranular attack is by far the predominant type. 

This t~pe of attack refers to the condition in which there has 
developed definite scaling or lifting of surface layers of 
metal . Exfoliation can result from different types of attack 
intergranular, undermining pitting, or attack along certain 
planes, especially in oold-worked material. The corrosion 
products have a greater volume than the metal from which they 
are formed, and therefore lift the overlying layer. 

-P£-M 

-.:1 



Type of attack I Symbol 

Int erdendri tic I ID 

Interfragmen­
tary 

IF 

'vi -31-j 

TABLE I (Continued) 

Figure 
shO\ving I Remarks 
typical 
a ttack 

10 This type results from ~ttack that progresses around the 

11 

dendrite arms. Certain portions of l a r ge forged or ex­
truded s ections still exhibit a definite dendritic 
structure, and are sometimes susceptible to interden­
dri t ic attack (fig . 10). In other cases , such zones 
mi ght be susceptible to only an int er granular (I) type 
of a t tack (fig . S). 

Interf r agmentary attack refers to the typ€ of attack ob­
tained ",hen corrosi on extends along fragment boundaries 
in unrecrystalliz ed a reas usually found in certain re­
gions of large forged or extruded sections . 

Not e .- Asterisks are to be employed with symbol s to i ndicat e any unusual d-egree of 
attack that reQuires a more detailed description in a footnote . 

()) 
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Figs. la,lb,2 
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( a) Magnification, 

100 diameters. 
.... (b) Magnification, 

500 diameters. 

Figure la,b.- Pit-
ting attack in 

24S-T aluminum-
alloy sheet, speci-
men 43870-6. 
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Figure 2.- Pitting 
type of edge at­

tack in 24S-T alu­
miuum-alloy tubing, 
speoimen 45974. 
Magnification, 100 
diameters. 
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( a) 

(b) 

Magnification, 
100 diameters. 

Magnification, 
500 diameters. 

Figure 4a,b,- Pit-
ting with slight 

intergranular a.t­
tack in 24S-T alu­
minum-alloy sheet, 
specimen 43872-5. 
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Figs. 3,4a,4b 

Figure 3.- Under-
mining pitting 

attack in 24S-T 
alumipum-alloy 
tubing, specimen 
45974. Magnifica­
tion,lOO diameters. 
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Figure 6.- Inter-
granular attack, 

which may in cer­
tain environments 
oause exfoliation, 
in 24S-T aluminum­
alloy tubing, spec­
imen 45973. Magni­
fioation, 100 
d.iameters. ... 
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( a) 

(b) 

Figs. 5a,5b,6 

Magnification, 
100 diameters. 

Magnification, 
500 diameters. 

Figure 5a,b.- Inter-
granular attack in 

248-T aluminum-alloy 
sheet, specimen 
43879-5. 
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Figure 8.- Inter-
granular attack in a 

zone still exhibiting 
a dendritic structure 
in extruded 248-T alu­
minum alloy, specimen 
36990-4 . Magnification, 
100 diameters. 
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Figs. 7,8,9 

Figure 7.- Inter-
granular type of 

edge attack in 
248-T aluminum­
alloy tubing, spec­
imen 45973. Magni­
fication, 100 
diameters • 

.. - .. ~....;;;;a.~~ --".!!: . - -. , 
2..L.......· . -- - --

Figure 9.- Exfoliation attack in extruded 248-T aluminum 
alloy, speoimen 32027. Magnification, 10 

diameters. 



NACA Figs. 10,11 

Figure 10.- Interdendritic attack in extruded 
24S-T aluminum alloy, specimen 

36989-1 . Magnification,lOO diameters. 

Figure 11.- Interfragmentary attack in extruded 
24S-T aluminum alloy, specimen 

26076. Magn1flcation,lOO diameters. 


