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Norme per la richiesta
di ricerche, studi
-0 controlli 1.S.M.L.

)

Tutti i servixi tecnici e scientifici e tutte le apparecchiature
di cui dispone 1’ LS.M.L. sono disponibili per I'esecuzione
di ricerche, studi o controlli, nell'interesse di chiungue ne
faccia richiesta, anche se estraneo ai Gruppi fondatori.

L'Istituto Sperimentale dei Metalli Leggeri, per norma statu-
taria, non persegue scopi di lucro. Dato il costo elevato

N

del personale, delle apparecchiature e dei materiali che
concorrono allo svolgimento delle indagini, gli importi fat-
turati rappresentano di norma soltanto un parsiale concorso
alle. spese effettive sostenute dall'l. 8. M.L.

1l risultato di una indagine tecnica & quasi sempre funsione

w

diretta della chiarezsa e della precisione con le quali essa &
stata formulata. Nello stesso loro interesse, si raccomanda
pertanto a tutti coloro che intendono richiedere la consu-
lenza scientifica dell'l.S.M.L. di fornire una chiara e circon-
stanziata rappresentazione degli scopi ai quali si desidera
pervenire, anche se il particolare problema pnd sembrare
di limitato e contingente interesse.

4 Le richieste di prove e controlli debbono essere fatte per
iscritto, nel modo pid chiaro possibile, indicando per or-

. dine: lo scopo della richiesta, il genere di indagine richie-
sto, 'origine e le condizioni d'impiego del materiale inviato
in esame (se note), la sua storia termica e tecnologica, ed
in generale tutte le altre notixie che possano servire al mi-
gliore inquadramento del quesito proposto.

]

I risultati dei controlli si rifsriscono soltanto ai campioni

ricevuti e non alle partite che i campioni rappresentano,

a meno che il prelievo non sia. stato eseguito, con adatti

criteri, direttamente dal personale dello LS.M.L.

6 Ogni risultato di ricerche, studi o countrolli dell'I.S.M.L. &
di norma, descritto in una relazione tecnica (Rapporto). Qua-
lora il tipo di indagine lo comporti, detta relazione avra ca-
rattere critico, in maniera da consentire la immediata deri-
vazione dei concetti di pratica applicatione. In tal caso,
all'importo delle prove verrd aggiunta una quota di consu-
lenza, secondo le modalitd illustrate nel testo del tariffario
ILS.M.L., che viene inviato a richiesta.

7 B assicuratz la pid assoluta riservatezma circa i risultati

dei controlli, studi o ricerche eseguiti su incarico. Per la

reciproca protexione dei suoi clienti, dei tersi e dello stesso

Istituto, i Rapporti 1.S.M.L. s’intendono di natura stretta-

mente confidensziale e riservata: la diffusione, con qualun-

que mezzo, dei Rapporti stessi, o di loro parti o estratti, si
intende pertanto assolutamente vietata, senza preventiva
autorizzazione scritta della Direxicne dell'Istituto.

@

I campioni inviati in esame rimangono, salvo accordi spe-
ciali, di proprietd dell'.S.M.L., il quale si impegna a con-
sorvarli per 3 mesi dalla data di invio della relaxione
finale. Trascorso questo periodo, I'LS.M.L. nen risponde pin
della loro conservazione.
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RAPPORTO N.° cese:i0: ANODIC METHOD FOR THE STUDY OF STRESS
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1) Purpose cf the Report

4ds already mentioned in the preceding report
(No.11,777/6211.036), the second part of the program
me agreed with the Buropean Besearch Office on the
above subject, concerned the evaluation of the selec
tivity of the method in comparison with that of the
other traditional methods.

Such cémpartson was to be based on checking of
the possibilities offered by the method under exa
minction and by other methods, to show the influen
ce, already widely known, of some of the principcl
Jactors governing the stress corrosion of light al
loys.

A first sertes of tests carried out with the a-
nodic method on some matertcls of industrial produc
tion having varying conpositions and structural stg
tes, had alrecdy made it possible to establish that
the method resulted particularly sensitive to thevg
rious factors examined (technological conditions of
preparation of the mctericl, degree of work harden-
ing, sensitising treatment).

4 much wider series of tests has now been under-
taken on the tnjfuence of these factors, submittiing

to the anodic test cnd other types of tests, nume -
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rous materials in different structural states obtain
ed by suitable treatments, all from the same AG 5 al
loy rolled secticn, produced industrially.

In the present report are given the results of the

above series of tests.

2) Description of the Tests
The factors chosen jfor evaluation of the selecti-
vity of the anodic method compared to that of the o=

ther methods under examination were as follows:

a) conditions of annealing preceding the last roll

ing; ’

b) final degree of work hardening;

c) conditions of sensitising treatment.

In particular, as far as the influence of anneal-
ing is concerned, three types of treatment were expg
rinented. They were as follows:?

- industrtal type of annealing at 400°C for 2 hours
with furnace cooling to 200°C in about & hours;

= {ndustrial type of annealing set up in France by
some authors (1), consisting of heating to 400°C
Jor 2 hours, followed by air cooling then jurther
heating to 240°C for 24 hours and air cooling;

-~ annealing at 320°C for 4 hours, with slow cooling
by degrees for a total of 68 hours (step=crneal -
ing).

For simplicity, we will distingulsh the three types
of annealing by the signs I (industrial annealing), F
(French industricl annealing), G (step-annealing).

For the inyluence of the degree of work hardening,
the states H10 and H&5, both obtained by rolling af=-
ter annecliry, were experimented with each of the a-

bove three ani.ealing treatments.

./.
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The influence of sensitisiny was evclucted using
two commonly adopted types of treaiment, one of vhich
conststed tn hecting to 150Cfor 16 hours (415/16) and
the other, in heating to 100°C yor 3 deys (A10/72).

As nentioned, the influence ojf the above factors
on the stress corrosion of Al=kg alloys is already
known in a general wry.

For excmple, 1t is known that the rate of coolilng
after the last annealiny determines the effects of
the susceptibility to stress corrosion of such alloys
after sensttistng and that the degree of susceptibili-
ty induced by sensttising in a matertal rot properly
annealed (with insuffictently slow cooling) is tied
to the final degree of work harderning of the matertal.

The influence of the above factiors, widely studied
by us (g 3and by others (4) was, however, shown for
the most part with the help of tradltional lecboratory
tests based elther on the determination of the breck-
tng time or on the evcluction of the loss of welght
or decrgase in thickness.

Since, in most of the cases, comparative tests we
re not carried out in the same matertal without mechg
nical stress, it waes not possidble to evelucte sercra-
tely the behcviocur under corrosion and stress corrosion
of the matertal in relation to the above factors,

However, it seemed Ilnteresting to check if the ano-
dic method and the rclative vclues of the susceptidi -
lity indices used in it would permi? the carrying out
of a more agcurate evagluction of the influence of thg
se factors,

FPor reasons of time, as methods to De setl up in

comprrison with the anodic met.od, ;ere chosen two

o/
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sufficiently rapid methods both using a saline acid
solution for HC1 butl with different means of applt-
cation of'the stress.
One was a Brenner type of test (fig.l1) and made

ugse of specimens under bending stress at constaent
load, while for the other were used specimens of the .
seme type as those used for the anodic test, under
tensille stress with the same appaeratus at constant
load used for the above test.

Further particulars about the carrying out of the

verious tests will be described heretn.

3) Preparation of Scmples

The materiol used for the preparation of the enti
re series of scmples was a rolled section, industrial
ly produced, of alloy AG 5§ UNI 3576 in H10 state,
1000 X 1500 X 2.5 mm in siaze.

The composttion and mechanical charccteristics of
this matertal in the state as supplied cre rerorted
in teble I and I,

To guarantee the complete recrystallisation of the
material in the three annealing treatments planred,
1t was previously dbrought by rolling to stcte H2S.

From this rolled section were cut three crop ends
of 500 X 1000 mm which, suitcbly divided, were given
the three annealing trectments previously describded.
Each of the three treaiments was effected contemporg
rily on all parts of each crop end.

The cooling curues.relating to the industrtial ty=-
pe anneallng and to the step—-annealing, are illustra

ted respectively in the diagrams of Filgs. &=3.
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One half of sach of the three crop ends divided in
to verfous parts, was brought, after anrnealing, to stg
te H10 and the other half to state HE25.

Each of the various paris cut from each crop end in
the two different states was then further divided into
three parts and on two of these were effected the two
sensitising treatments planred (415/16 and A410/72).

The sensitising treatment was also carried out conten

it e et e A g

porartly on all the parts out from the same cropr end
or with the same annealing, in the two.dtjyertng sta=-
tes.

In total, 18 types of material were odbtained. From
each was then cut on the transverse, two proporiioncl-
ly short samples with width of the gauge length equal
to 10 mm, for the check of the mechanical characteri -
stics (cfr.Tab.III).

From each of the materials submitted to the two sen
sitising treatments were then cut 14 samples of the
kind {llustrated in Fig. 4, jfor the anodic test and
for the test in saline acld - -solution, and 3 samples
of 280 X 20 mm for the Brenner type test,

From each of the materials not given the sensitis-
ing treatment, were cut only & samples for the anodic
test. In fact, the other tests were carried out only
on the various sensitised materials, this for reasons
herein descridbed. ' .

All the samples for the anodic test and the test
in saline acid solution were partially protected with
a mixture of parajfin and fertene, as indicated in
Jige 4.

Also the samples for the Brenner test were protag

ted by the same type of product, in correspondance

./‘
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with thc‘..nn of separation of the atr and liguid,

4) gtructural Bromfngtion

on a test sptcim’cu cut from each of the 18 mcterials
used in our tests, the metallogrephic eximtnation vas
carried out corrcspoadtué to a transverse section as
compared to the finmal direction of rolling.

It was found that, without sensitising, the micro=-
structural characteristics of the samples which had
been given the two annealings I (Figs. Sa-6a) and F
(Figs. 7a=8a), resulted fully comparable with those
tn the corresponding work kardened states, whether for
the distribution of the inter-metallic compounds or
Jor the entity and jorm of the reprecipitate of &’g2113 ‘
present in all four samples in very limited guantittes
and tn a discontinuous form, localised mainly at the
grain boundaries.

For the material submitted to step~amnealing (G),
the metallographic eramination maede it posstdle to
ascertain that this was considerably different from
the previous ones, as far as gquanitity and the moda-
1tty of distridutton of Mg Al, compound within the
ratrix of solid solution was concerned.

This matertal in fact, whether in state H10 or HES
(Figs. Sa=10a) is noticeable for a more marked anf ge
neral puntiform reprecipiiate compared io the other
matertals. This is due to the fact that step-anneal-
ing enéails a prolonged st&y of the material at tem~
peratures very close to 200°C; in fact these tempera
tures pcrttcularly favour the expulsion of lgglla COR
pound which reprecipitates at the boundaries and tnsi
de the gretin tn the form of larger staed glodules.

P




As yor the micrographic characteristics of the mate~
rials after the two different sensitising treaiments,
it {8 observed that after the two different sensitlsing
treatments, the samples I and F, in state H10 (Figs.§
and ?) and tn state HS5 (Figs. 6 and &) present a re-
precipitetion wore or less continuous at the grain boun

dortes, fthe difference between them 18 essentlizlly one
of quaentity of reprecipitate, which results more noti~
ceable in the samples given sersitising treatment accord
ing to 415/16 compared té those with sensitising treci-
ment according to 4210/72 (Fig. 11).

This difference, obvious enough in state K10, tends
to be less evident in the material at H25, by reason of
the effect of the greater degree of hardening in the rol
led sections. o

The samples relative to material ¢ (step—annealing).
already noted for the rother marked reprecipitation be-
Jore sensitising treatment, are clearly dif/ferent in all
the states of work hardening from the rolled sections I
and F.

In fact, all the samples G sensitlized A15/16 (Figs.
9b, 20b), 410/72 (Flgs.9c=10c) are noticeable for their
considerable reprecipitation, most evident in‘state Hes,
of K92A13 in globular form cnd discontinuous at the doun
dartes cnd inside of the grcins.

The two different sensitising treatments hcve not ap~-
parently determined substantial differences as far as
the guantity of reprecipitate is concerned in the HES

states (Fig.10).
Instead, in stote K10, the sensitising A15/16 has

brought adout the expulsion of Hg2113 witech s slightly
grecter compared to state A210/72 (Fig.9).

o/o
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5) Stress corrosion tests

The strass corrosion tests were, definitively, as

Jollowse .

a) test with anodic current tﬁ a neutral solutiony

b) test in saline acid solution without current and
with the same apparatus as used in the anodic test;

c) Brenner type test in saline acid soluttion.

As already mentioned, the anodic test was carried
out on all the materials, while for the other two ity
pes of test,'only the matertials sensitised wifh the two
trectments A15/16 and A10/72 were used in the experi -
ments. The satlisfactory behacviour of all the unsenstti-
sed materials in the arodic test, il.e. their nearly com
plete absence of susceptibility to siress corrosion, mg
de it superfluons to these materials with the other two
types of test.

a). 4nodic_test

For thls test eight test samples, ISKL model PDC 37
(fig. 4) were used for each type of matertal., Two test
samples were used for the check of the initial mechani
cal charccteristics (cfr. Tecble IV). Six samples were
given the cnodic test, three with mechcnical stress and
three without mechanical siress.

The test was carried out with the apparatus and in
the condittions previously used and fully described in
a preceeding report (cfr.11.535/6207.104). The mechc=
nical stress induced in the samples was equal to 75%
of the yteld strength. The electrolyte was a solution
of ¥aCl 5,75% with a pH between 5,6-5,8 and was cont}
nually reneved.

The density of current used was 6 ml/cng.

On breaking of one or more of the mechanically 8tiresg

./.
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ed samples, a corresponding number of unstressed sam—
ples was taken out, and these were given a check for
residual tensile strength (Rc).

On the ba;ts of this check, the suceptibility to
stress corrosion index (ﬁ#) was calculated by the

Jones method, according to the formula:

:
1
H
i
i
i
i
;

A ¢ Be = 0.75 5, 5

R " 0.75 80.2‘

The breaking times and susceptibility indices for

each type of matertal are reported in tad.V.

b) Test in saline acid solution .

Ac mentioned, the test was carried out with the same

apparatus used for the anodic test but without current

and in- ¢ saline ccid solution, In this test also, mechg
nically stressed and unstressed test samples were used;
80 that the susceptibillity to stiress corrosion indices

could be calculated. , ' _

Silx test samples of the same type as used in the a-
nodic test (Fig.4) were utilized; three with mechant =
cal stress and three without, o

The elctrolyte was a solution of NaCl 3% + HC1 13
with pH# = 1.5. The method of carrying out the test, a-
part from the application of current, was the same as
used for the anodic test. The mechanical siress indu-
ced in the samples was equal to 75% of the yield strength
and the calculation of the trndices was made according
to Jones formula, already given.

The breaking times cnd indexr values obtained for
each type of material in the sensitised state are il-
lustrated tn tab. VI.

o/o



c/) Brenner_ type test

The best carried out by us has been descrided as the
Brenner type because, although it made use of the same
type of test samples (stressed to bendimg) and of the
same agpporatus utilized in the actual Brerner tcgt (8)
it was substantially difrerent tn the mecns of applicg
tions of the stress.

The ortgirnnl conception of the Brenner test, which !
appears in specijication DIN 5098 (g/), ts in effect, a
test at constant strain which prescribed e determined

deformation of the material for a determined thickness.
Stnce, in our tests, we had to compare matertals of

different thickness and with varying yteld strength,

and since, for comparison with the other two kinde of
test, we had to sfrcss bli the materials up to 75% of
the yleld strength, the above test could not be used

in the original aond was thus transformed irto a test

at corgant load that would guarantee that the same stress
would be irnduced tn the vartous materials.

This was obtained by determining for each material of
dtjﬁwrent thickness and having different yteld strength,
the bending moment which will induce an tnittal stress
equal to 7?5% of the yteld strength in an area of the sag
ple tncluded in the part exposed to the action of the 1}
quid.

FPor simplicity, the load applicatior was made dy suit
adly varying the angle of the lever arm 80 as to obtain
the inittal horiikontdMiyosf the arm for all the materials.

This enabled valuatior to be made, in the case of non-
brecking of the test sample, of the yield of the material
by determintng the time corresponding to that of the ar-
rival of the sample at the 8dge of the recipient,

s
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The glectrolyte was a solution of NaCl 3% + HC1 1% at
pH 1.6, duly controlled and corrected for the entire du
ration of the test.

The breaking time values or the values of times set

as limits jfor the test for eamples that did not break,
are reported in table VII.

6) Results

Let us exanine sepcrately the results obtained from
the three tests described above,.

It is seen, above all (cjr. teble V) that without
sensitlsing, no difference in behaviour is found between
- the matertlels given the three different annealing treat-
ments, whether in state H10 or in state HES5.

The breaking times relating to each are, in fact, ve-
ry nearly tdentical and the index values indicate, in
all cases, a complete lack of susceptibility to siress
corrosion. _

There ts found only a certaln influence of the degree
of work hardening on the life of the mctertal. In fact,
all the test samples in state H26 underwent breaking in
a shorter period of time than did those at stcte H10.

4 clear influence of the cnnealing trectment was found

instead, in the above materials after heat senstiising
treatment.

Thile the matericls with annealings I cnd F presen-
ted, in all crses, a more or less high susceptibility
to stress corrosion, that with step-annealing (G) show
ed practically no susceptibility to siress corrosion.
4lso the brecking times relating to the first two mate

rials (I ard F) were, in all cases, notably shorter than
those of matertal G.

7
/
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A8 for the comparison between the two annealing treat
ment I and F, 1t ts seen that, jfor equal degree of work
hardening cnd heat sensttising treaiment, both the break
ing times and the index values indicate that the behaviour
of material F is slightly better compared to matertal I.

Satisfactory accordance betwesn the dreaking time va-
lues and those of the indices 38 found also as far as the
influence of the degree of work hardering is concerned. -

At the same annealing treatment and sensitising, all
the materials in H25 state undergo breaking after a re- .
Jatively short time and show a correspondly higher suscep
tibiltty index.

A4 slight difference between the two criteria of eva-
luation (breaking times and indices) ts found as reg;rds
the influence of the sensitising treatment.

Fhile for the same kind of material, the breaking ti-
mes relative to the two different sensitising treatments
are nearly tdenitcal, the tndex values result higher,e -~
ven though only slightly, for the 410/12 treatment, as
compared to 415/16 treatment.

b) Test in saline acid solutiom
It is seen, above all, (cfr. tcble VI) as already en

countered in the anodic tesi, a clear difference between
the two materiaols I and F and the material G.

dlso in this case, it ls observed that the first two
matérials show a more or less high succcptibiltty to
stress corrosion, while material G shows clmost no su-
sceptidlitty.

It ts noted that also in this test, the material F,
at equal degree of work hardening and sensittsing treal
ment, shows, in most cases, a slightly better behaviour
of the matertal I, doth on the basis of breaking times

o/

B #W I




and indexr values.

{

A part from the Influence of the annealing treaiment i
Jor which, as clready mentioned, ts fourd a good agree- ;
ment between the two above mentioned criteria of evalug
tion, the influence of the other factors under examina-
tion, 1s notadly dijfferent,depending on whether It is
evaluated on the basis of brecking times or of index vg :
lues. ' {

In fact, it is seen thaet the indexr values do not re-=
veal o noticeable injluence of sensitising treatment for
material at the same state and that for both sensitising
treatanents, the influence of the degree of work hcrden=-
ing was comparable.

In particular, the susceptibility indices are gven
greater for the moterials in state H25 than for the ma-
tertals at state H1C and the two respective vclues are, g
part from some erxrceptions, almost exactly the Same jfor
the two different sensitising trectrents,

Cn the basils of brecking times, however, is jfound a
clear influenze of the sensitising treatment, ‘this in
turn bound up with the degree of work hcrdening of the
material.

In perticular, for example, while at state HE5, the
breaking times of the matericls sensitised 410/72 are
only slightly more than the corresponding values jor
treatnent 415/16, at state H10 this difference is ve~-
ry noticeable. In such case, the breaking times are 8=9
hours for treatment A15/16, and 30~40 hours for trect-
ment A410/72.

4s a éonsequence, also the injfluence of. the degree
of hardening maniyests itsels in a noticeably different

o/
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measure for the two sensitising treatment and is especial
ly strong in the materials sensitised 410/78.

Thus, the breacking times are even less for the same
sensitising for the matericls at H25 than for the mate ?
riels at H10, .

The clear difference in dehaviour between the two mg
tertals in state H10 sensttised 415/18 and 410/72 oe - :
curs, however, only with the two materials that are su- )
sceptible to strass corrosion, i.e. with annealing I and
F. For material G the influence of sensitisirg on the
breaking times is very small even jfor state H10, for which
algso the influence of degree of work hardening results
completely analogous for the two sensitising treatments.

In this case also, however, all the materials in state
H25 undergo breaking in a relatively shorter time than
do the corresponding matertals in state H10.

¢) Brenner type test

This test also, like the two preceding tests, has
revealed above all, a considerable differaence tn behaviour
between the two matericls I and F and material G.

Fhile no breaking of the test samples occurred with
material G in stctes H10 cnd H25 and for both sensitis
tng trectments, with materials I and F, there was break
irng of the samples im most cases.

Contrary to what was fownd in the preceding tests,
no dtffcrehce in behaviour wes shown between the two
anrealing treatments I and F.

4 clear influence of sernsitising treatment, dbound in
turn to the degree of work ﬁardentng was found also for
this test, as for the tests in the saline acid solution.

Breaking of the test samples took place, in fact, for
all the materials sensitised A15/16, both in stote H10

3
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and In state H25, while for the matertals sensitised

;
!
i
i
!

410/72, breaking takes place only in the samples of
matericl in stule H2S. %
It should be noted that, while for state A15/16 no
influence of the degree of work hardening is found (the

o e o8 R e,

breaking times are almost identical for the two diffe-
rent states), for the moterial sensitised A10/72, the=-
re is a definite difference in the behaviour of the two
materials H10 and H25. Those in state H25 undergo breck
ing after 20-30 hours while those in state H10 do not
break after 60-70 hours.

.
A mmesavadl B

4s fuar as material G is concerned, although, as al-
ready seen, no breaking of the lest samples wee found, com
parison between the times corresponding to those at whickh
the ylelding of the material took place, indicates a slight
influence of the degree of work hardening and no influen-
ce of the sensitising treatment.

A1so0 in this case, however, the matericls in state
H25 undergo breaking in a shorter time than does that in
state H10.

?) Discussion of results

The results of the anodic test are in very close a-
greement with thuse obtcined in the preceding tests and
seem equally reproducible and selective.

In fact, it is furtherly confirmed how important lis,
regerding the behoviour under stress corrosion'oj the
alloy under examinction, the choise of technologlcol
conditions of preparation of the mcterial, and how it
i8 possible to obtcin, with the correct annealing trect
ment (with a sufficiently slow cooling ratel), a material

conpletely free from stress corrosion.



41s0 the influence of the degree of work hardenting
and the differing effect produced dy this factor on mg
tericls that are susceptible or non susceptible tc stress

{
!
1

corrosion has been further confirmed.

© e s s A s 2

48 for the sensitising treatment most sulted to re-~
vecl the eventual susceptibility induced in the mcterial
by a prolohged stay at high temperatﬁre. the anodlc test
does not show any subtantial difference Detween the two

treatment experimented, A 15/16 cnd 4 10/72, even through
the second treaiment seems to show more clearly the struc=—
tural instcbillty of the material.

The microstructural test results confirm completely
the results obtailned in tﬁe anodic test,

The clecr dtfference of behaviour between the two mg
tertags with annecling I and F and that with G annrnealilng
after the sensitising treatment are in good agreement
with the different structural characteristics of this
last material as compared to the first two.

" In fact, the structure of mcterial G, contrary to that
of the other two mcterlals, shows all the charactertsttcé
that, as ts well knwon, confer an excellent resistance
to stress corrosion (globular and discontinuous form ¢
the precipitate at the grain boundaries and presence of
this precipiteote also gt the grain center).

The slightly higher susceptibility induced by the sen
sitistng treatment 4 10/72 as compared to treatment A 15/16
Jor the matertials with annealings I and F in state ¥ 10,
is also justijied by the presence, in the mcterial 4 10/78,
of a film of reprecipitate slightly thinner at the grain
boundary.



As far as the slightly better behaviour of mcterial

F ls concerned, compared to material I, nothing is Ob=
served in the structural characteristics that result
completely comparable, for the two : cterials.
The fact that matericl F behaves itn only a slightly
better way than does material I, merits a brief comment.
According to what is held by some writes (1) in fact,

the treatment used for matericls F should hcve resulted

clearly better as compared tc a sterdard itrndustrial annéal

ing treatment of the type experimented by us (cfr. fig.2).

The purpose of the above treatment was to provoke,

with a prolonged stay at a temperature between 220°=250°C,
a good heterogeneisation of the material that would redu-

ce the amount and modlfy the form of the reprecipttate at

the grain boundary in the successive sensitising treatl -
ment, thus improving resistonce to stress corrosion.

In substance, this efject étd not take place, as shown
in the micrographs of ftgs. 7-=8 and as confirmed by the
results of the anodic test.

| It ts now known that the success of this treatment 1s
governed by an accurate choice of the condittons.qf the
trectment i1tself (temperature cnd length of time); which
vconditions cre in turn, bound by the composition and sta
te of the material cnd in particular by the kg content.

For the purpose of obtaining o proper treatment of
this type it would be necessary a previous set up of
the treatment conditions to be used for the alloys of
the type under examination (4l 5% ¥g) with different kg
content.

It is to be further noted that the results obtoined
Jrom the above-mentioned experimenterswere based solely
on the corrodibility tests in acid solution with HIC1
(pH = 1,5) ond were not further confirmed by the stress

o/c




corrosion tests.

It remcins how to compare the results of the anodic :
test with thosa'of the other two tests in saline acid
solution. i

It is observed above all that, gpart from the clear %
difference shown by all the tests between the materlals 3
I ard F and materials G, good agreement is found solely %
between the anodic test and the text in saline acld so- f
lution when is used also jfor this last, as valuction cri E
terion, the valué of the suceptidbility indices according
to Jones. ‘

In all other cases, there are noticeable differences.

In particular tﬁe greatest contrast between the re-
sults of the anodic test and those of the other two tests
exists for the irnfluence of the sensitising treatment. In
the two tests in acid solution, the treatment 4 10/72 car
ried out on the materials in state H 10 seéms, in fact,
to show a noticeably lower susceptidbility of the material
to stress corrogion, compared to treatment A4 15/16.

For example, the absence of breakages found in the

Brenner type test for material H 10 4 10/72 is seen, and
also a prolonged 1ife of the same material is noted iIn
the saline -acid solution,

These results cannot be clearly interpreted and do
not hove valld Justification from the microstructural
examination results., '

The fact of having used the index calculctions as
valuation criterion even for one of the two tests in
the actd solution, allows affermation that the diffs
rence of ichaviour shown in the two types of test for
the two sensitising trectiments is to de atiridbuted on
ly to the different corrodidility of the two mcterials.

o/ Ty



The susceptidility indices odtained in the saline a-

cid test do not in fact reveacl, in cccordance with the
anodic test, a diversiity of behaviour to stress corrosion,
at equal stcte, between the two sensitised materials

4 16/16 and 4 10/72.

Ore the other hcnd, the tdentical breaking tines in
the anodic tests jfor both the materials at state A 10
with different sensitising, indicctes that the different
corrodibility of the material A 10/72 is manifested on-
1y in the saline actd solution.

The differing corrodibility in the saline acld test
between the mcitericls A 15/16 ars "7/72 may be due to
the the fect that, cs ls known, In the presence of HCI,
the cathode reaction passes from reduction of oxygen to
evolution of hydrogern, for which the accelerating effect
produced by it on the effects of the intercrystalllne
corrosion Is closely connected to the hydrogen—overpoten
tial of the matertal.

Since the hydrogern=cverpotential is greatly influen-—
ced by many factors, connected with the intimate struc-
ture of the matertal, small variations in the microstruc
tural characteristics of the two materials that are not
shown up by the metallographic examination, may have clear
ly differentiated the relctive values of the hydrogen-o
verpotential. This may have thus modified considerably
the behaviour of the two materials to corrosion without
having necessarily changed the entity of the coniribu-
tion of the mechanical stress to brecking of the mater”’ 1
through stress corrostion.

The susceptibility to stress corrosion indices calcu-
laoted by us define, ir effasect, solely the entity of this
contribution.

In order to be able to explain in detall the differen

./.
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ce in beraviour between the two matertals, am accurate
exanination would be necessagry, from the structural ;otnt
of view by means of the help of an electronic microscope,
and from the elactrochemical point of view.

This ezaminmction would permit a fimal clarification
of the lack of agreement often found tn the results db—
tatned in the saline acid solution tests which cre very
Jregquently uscd.becausa of their greater speed, for the
check of the siress corrogion of the alloys under exami

nation.

8) Conclusions ,
The selctivity of the arodic method has been svalua—

ted and compared witk that oj‘othcr two methods in sali

ne acid solution, checking the influence of the follow-

ing factors on the resulis gtven by the three methods:
conditions of tho>annealthg treatmentz degree of work
hardenings sensgitising treatment;

The results obtained enadble us to conclude that:

a) The anodic method shows a clear influence of the con
ditions of the annealing trectment and of the degree
of work hardening, in effective agreement with the
structural characteristics of the mctertcls and also
pernits In some cases, difrerentiation between the
various types of trcaﬂuenf not show dy the metallogra
phic examination,

b) The two sensitising treatments experimented (4 15/16
and 4 20/72) are indicated by the anodic method as
equivalent to the effects of the valuation of the struc
tural instability of the material. ‘

¢) Comparison with the other two methods experimented,

_both tn a solutton of KNaCl 3% + HC1 1% but one dy me~
chantical bending stress (Brenner type'test) ﬁnﬂ the

./-
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e)

J)

g/

h)

i)

other with mechanical tensile stress, has revealed sub

stantial lack of accord whenever fhi breaking time of
the material is used as criterion of evaluattion.
These disaccords are due essentially to the differing

PN

mechanism of the corrosive phenomenon in the acld so-
lution (pH 1,5), which may make a clear difference in
the behkaviour of material whose corrodidbtliity in neu=-

tral solution 18 guite equivclent.

The use of control tests iln the absénce of mechanical

stress and the relative calculation of the susceptidt

1ity trdices according to Jones, may, however, permit

carrying out an evaluation of the behaviour under strese

corrosion of matertial for the most part equal to that

used tn the anodiec test; '

41s0o tn this ccse, the results obtailned are less selec '

tive than those obtained in the anodic test and need

a much longer duration of the test.

However the higher suitabllity of the anodic method

has been confirmed compared to the two methods expe-

rimented for the control adbove gquoted.

Finally, the above quoted results and the ones obtai

ned in the preceding tests show clearly the validity

of ancdic yethod Jor the study of stress corrosion

of cluminium-magnesiur alloys.

For the purpose of compliting the checking of such a

method, ¢ further series of testings is to be carried

out consisting of:

~ comporison testsbetween the anodic and traditional
methods in neuiral saline solutionyg X

- 8tress-corrosion testsin marine atmosphere on tho=- '
se matertials that presented various susceptidility
indexes during the anodic test. This will allow

o
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to estadlish the correlation existing between the
above quoted values and the effective resistance

to stress—=corroston of materials in ncturcle en-

vironment.

1) After the checking of the validity of the method,
it might be employed for compliting the research
with the extension to the study of other factors
yet uncompletely known or unsufftciently experi-
mented, . or instance the influence of small addi
tions of Cu or fhe effect induced dy means of an
tnterrupted arnealing treatment of the type al -
ready experimented (annealing F) or by a parttal
dnnealtny treatment of the type H 2 or H 3 used
by Alcoa.
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_ TABLE | = CHEMICAL ANALYSIS OF MATERIAL UNDER EXAKINATICN

~ Elements Katerial P-AGS UNI 3576
)
Cu 0.006 < 0,05
kg . 478 45 ¢ 5.6
Hn 0.29 0.2 ¢« 0.4
Fe 0.3 « 0.4
St G.08 « 0.3
In 0.014 <« 0.1
Ti 0.008 « 0.1

TABLE |} - MECHANICAL PROPERTIES DETERLINED ON MATERIAL UNDER
EXARIRATICH

Hatertal Tensile 0.2 Proef- Elongation BHN
Strength stress \ (2.5/62.5/10%)
%.2 s (ko/me2)

(kg/m?) {ko/em’) i

P-AG5

2.5 mm thick 3.2 2.6 15.7 95

P-ABS W10

w1 3576 043 2028 12018 85 ¢ 95

L



TABLE §11 - MECHAKICAL PROPERTIES DETERRINED ON KATERIALS UNDER EXAMINATION

Annealing Tempers Sengitising Tenstle 0.2 Proof- BHN
Treatment Strength Stress flongation (25/62.5/30%)
R(kg/na2) $0.2 Ay 2
k
(kg/on)) 1 (ko/an')

| H10 --- na %.8 -- 9
H 10 aged 150°C/16 h 20.3 16,7 244 79
H10, aged 100°C/72 h 29.8 17.9 22.8 82
| H 25 .- 34,5 21.2 12.0 102
H 25 aged 150°C/16 h 3.1 19.0 20.4 85
K25 aged 1009C/72 h 31.8 20.9 18.6 91
F K10 .- 30.8 23.3 16,6 92
H10 aged 1509C/16 h 28.9 16.9 26.2 79
H10 aged 100°C/72 h 29.4 s 119 22.4 82
F H25 --- 31 213 1.6 103
H25 aged 150°C/16 h 30.3 4.9 20.4 82
H25 aged 1009C/72 h .3 21,6 18.6 87
G H10 --- 30.8 22,8 18.6 92
H 10 aged 1509C/16 h 28.1 15.8 24,4 78
K10 aged 100°C/72 h 29.9 17.9 22.4 83
G H 25 .- 35.4 28,0 10.8 103
K25 aged 1509C/16 h 30.8 10.6 .2 85
H5 aged 1009C/72 h .8 21.6 18.7 88

P-AGS H 10 UNI 3576 30435 20428 12418 85495

P-AGS K 25 UNI 3586 35¢40 30435 8413 954110

N . preswt
A




TABLE IV - TENSILE STRENGTH AND 0.2 PROOF-STRESS DETERYINED ON THE SPECINENS ADOPTED

IN THE ANODIG TEST

Anngaling Tempers Sensitising Tensile 0.2 Proof-
Treatment Strength Stress
R(kg/mn2) $0.2
{ko/mm2)
| K10 - M4 26.8
H 10 ' aged 150°C/16 h 28.9 17.8
K10 aged 100°C/72 h 29.8 18,7
1 H2 -“-- 35,2 32.2
H 25 aged 150°C/16 h 30.4 22.8
H 2 aged 100°C/72 h 7 23.8
F H10 .- 30,6 5.4
H10 uged 150°C/16 h 26,8 1.2
H10 aged 1009C/72 h 29,2 19.3
F 5 --- 3.6 29.6
H 25 aged 150°C/16 h 30.0 18.2
H25 aged 100°C/72 h 30.8 20.9
6 H 10 .- N 2.0
H 10 sged 150°C/18 h 28,8 16,9
H10 aged 100°C/72 h 28.1 19.3
6 H% -~ 34,8 2.0
H% sged 150°C/16 h 30.8 21.0
H 25 aged 100°C/72 h 3.8 22,5




TABLE V - RESULTS OF ANODIC STRESS-CORROSION TEST

Anngaling Teaper Non aged Aged 150°C/16 h Aged 100°C/72 h
Bresk - uscop-| Bresk- Suscep{ Break - Suscep-
ingti | Re iitgli- ing ti| Re $5011  1ng ti] R tib11-
he (kg/un?) de " he (kg/ns?) tt!zx fn-f  me (kg/nnz) g“"'
| H10 2h12Y | 11.6 + 0,221 3h 48 2.5 0.66 5 h 6! 24,3 0.712
32h12' | 17.6 « 0,221 3n18! 2.2 0.64 b h24! 26.2 0.%8
2128 17.6 + 0,221 dh B 23.7 0.67 & h24t 26.1 0.17
Average 2h12t 1 17.6 + 0,221 3h bt 23.4 0.65 4 h38! 25.5 0.75
essssesusfassssunansrovssannsapus sevsccchencnnuserguicessssasepssnncsasfesnasuvacs
H25 22h 42! 22.2 +0.17) thae 21.8 0.82 1 hZa? 20.8 0.87
22h 42! 22.9 «0.114 1h 28.4 0.86 . 2 M2y 29.0 0.9
22h 427 22.8 « 0,14 ) 1h 30! 21,5 0.79 1ha2' 29.7 0.86
Average 22h 42! 22.5 « 014 thigY 21.6 0.82 1h 4617 29.5 J 0.34
F H 10 30h 48! 1.7 + 0111 3h &2 23.5 0.60 6h12? 2.6 0.62
30h 48! 18.5 + 0.04 § Sh12! 0.7 0.46 dh 12! 25.7 0.77
30h 48! 18.4 + 0.05 | 5h 30t 2.3 0.57 4h 12! 25.5 0.7
Average 30h 48¢ 18.2 +0.06 | Mh 48! 2.4 0.54 h 52! 24.9 0.7
H25 260 30Y { 219 +0.08 { 3h12! 25,3 0.72 2h 42! 7.9 . 0.8
200 30" § 1.3 «0.07 | 3n 30" 25.0 0.70 Inft 27.4 0.1
24h 300 21.2 « 0,08} 3n12! 25. 0.72 2h 12! 27.¢ 0.81
Average | 24h 30! 2i.2 +0.08} In18! 25.2 0.1 2h 40! 21.7 0.81
[esanssvnnss 1 - I
G H10 34h 54 16.4 « 0,26 38535' 12.9 0.02 31h 54! 16.6 0.15
34h 54! 16.3 +0.27 ] BRI 12.9 0.02 31h54' | 16.1 0.15
J4h 58 | 16,6 + 0,25 | 38h 36! 13.0 0.03 gh 6'{ 13.2 + 0.08
Average 34h 54! 16.4 + 0.28 | 32h 36! 12.9 0.02 - 36h 18! 15.3 0.07
jeescsoncngen ses=savdy
H 25 24h 361 22,0 + 0,18 1 26h 42! 173 0.11 19h 6? 1.7 0.33
"2hh 36 21.7 + 0,21} 26h A2¢ 17.2 0.10 22h 54 | 19,2 0.16
24h 36! 2.7 + 0,21} 26h 82! 17.0 0.09 2h 28 19.3 0.17
Aveﬁ‘nqo n36T Y 21,8 + 0,20 | 26h 42! 17.1 A 0.10 21h 8¢t 20.0 0.22




TABLE V1 - RESULTS OF STRESS-CORROSION TEST IN 31 NaC) + 11 KO

Anrealing Temper Aged 150°C/16 b Aged 100°C/72 b
Breaking | - ge Sugceptt Breaking Suscept!-
Tine (kg/as2) DI | Tine Re bi1 ity
Index (ko/wn2)]  {ngex
l H 10 9 h 18! 22.5 0.59 37 h 12! 2.0 0.57
8 h 48! 22.6 0.60 33 h 300 22.3 0.53
~(x) - -- Bh 2.8 0.68
Average | S h 22,5 0.59 31 h 54! 23.3 0.59
s wessse -u.u.n-..-..ﬂ
H - hh W 28.2 0.92 £ h 2! 26.6 0.85
A h 12! 28.8 0.89 7h120 30.6 0.93
~=(») -- - 6 h 12! 30.4 0.91
Average 4 h 18! 20,0 0.90 6 h 42! 30.2 0.8¢
oo [ ] - wlox ame =
F H 10 7 h 48! 23.5 0.68 M h 82t 2.8 0.50
) 9 h 36! 22.1 0.59 43 h 36! 21.8 0.50
8 h 42! 23.1 0.57 8 h 20.9 0.54
Average 8 h 42! 22.9 0.61 A h 6 2.5 0.51
wesasass sassnsagdasesssssascnfiscsesvesnunsssahbavasssanndanancorsnacven]
K25 8h12! 23.9 0.63 15 h 6.4 0.1
fh 247 25.8 0.75 9 h 54! 20.0 0.89
7h18! 24,0 0.64 8 h 43! 29.0 0.89
Average 7h 18! 24,5 0.67 11 h 14 28.1 0.83
§ovesssannen sQusssnpessPan
G H10 a9 h 36! 16.5 0.24 138 h 11.8 + 0.18
128 h 30! 12.6 0 215 h 18! 5.9 + 0,58
128 h 48! 143 0.11 19 h 14,0 0.03
Aversge ] 119 h 18' 14,4 0.11 157 h 26! 10,7 « 0.24
K25 68 h 42! 17.1 0.09 90 h 12 17.1 0.02
67 h 18! 18. 4 0.18 91 h 30! 16.8 « 0.07
61 h 18.9 0.28 81 h A8 | 17.5 0.08
Average f5 h 0! 18.4 0.18 87 h 50! N 0

() Results not avallable swing to a failure of heur-computer



TABLE VI - RESULTS OF BRENNER TYPE STRESS-CORROSION TEST

Aged 150°C/16 h

Aged 100°C/72 h

Annealing Tenper
Breaking End Time Break ing End Tine
Tine (unbrocken Tine {unbirocken
specimgns) spac Inens)
| H10 13 h 18 -- - .- 62 h 12!
12 h --- .- 8 h
12 h 12! .- .- 67 h 30!
Average 12 k30! --- -a - 63 h 14!
M2 1 h 22 b A8 .-
13 h 54 --- 21 b 30¢ .-
12 h 36 . .- 17 h 48! .- -
Average 12 h 30! .- 20 h 42! - -
F H 10 10 h 48* --aT - - 62 h
12 h 12! .- - --- g h 12!
12 h 18! --- - - 85 h 15!
Average 1 h 6 --- .- 61 h 49!
H 25 9 h .- 17-h-182 « -
9 h 42t --- 28 h 36! -
9 h 30! --- 21 h 30! - -
hverage g h R 22 h 38" ---
G H 10 --- 124 h - - 140 h
-~ .- 85 h - .- 107 h
--- 102 h .- 12 h
Average --- 107 h --- 17 b
H 25 - .- 7 h .- - 18 h
- .- 8 h .- 73 h 300
.- 84 h --- 72 h 30!
Average “e- 7 h 20 --- 7% h A0




dis. N. 78-63

Fig.! = Scheme of apparatus emplayed for the
I' S‘ M' L Bremner type test.




.LS.M.L.

Fig.2 = Cooling ourve relating to the inlus~
trial anuealing performed on the ma~
terial under exanination

dis. N. 717-63

4———-—_;] ;
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Mg.l =~ Cooling curve relating to the step-
amwaling performed on the material
under examination.

dis. N. T6-63
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Flg, 4 - Type of specimen adopited in the anodic
test:

4 = was covering
R = exposed gauge length
(Plate n. 31096/6)
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