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FNTERNATIONAL STANDARD

1S 9400:1990(E)

Nickel-based alloys — Determination of resistance to

intergranular corrosion

Section 1:

11 Scope

This Inleraational Standard specifies four methods
for determinallon of lthe suscoptibility of nickel-
based alloys to Inlergranular corrosion.

Thesa methoels are [or [Abaratory 1esting of suscep-
tiblilty only, and a direct correlation with Inlgr
granular cortosian in actual service may nol occur
nrrlagg the zervlen madlim s the same a2 the test
myediom,

The methods covarad are a5 [ollows:

— Meathod A ironilll) =uifate — sullerle acid test
{section 2},

-- Method H: copper — copper-sulfala - 16 %
sulfuric acid fest {(section 33;

— Methed C: hydrochloric acid test {seclon 4}

+ Mathod D; nitric acid tast {sectlon T},

The appropriate malhod [or use with a glven alloy,
the selection of sensilfzing {reatment, and the ac-
ceptance criteria to be usod In any evaluation have
to be agreed between tha buyer and seller of the
elloy. As a gulde, the mothods specified [n Lhis In-
ternaficnal Standard shoudd be applicable 1o thosze
nickel-based allpys usad for corroslon service and
listed in 150 B207(1].

1.2 Definition

For the purposcs of this Inlernational Standard, the
following definltion applics.

nickel-based alloy: An afloy whicl Incledes nickel as
the prodominant element.
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General

NGTE 1 Thi‘s dafinitlon Fs conslslanl with that givan in
150 83721021,

13 Apparalus

The recommended apparatus is shown In figure 1.
The cold-finger type of condenser with standard
Erienmeyer Nazks should nol bo usod except for
method D.

The following lems are required,

1.31 Four-builr Allihn or Soxhlet condenser will)
4550 ground glass |oint.

1.3.2 Erlenmeyer flask, capacily 1dm3, with
43/50 ground glass joint.

MOTEZ2 Thao use of round Masks with a healing jacket is
alsa anceptabbe,

133 Class cradle oF other agojvalant means of
specimen support, sech as glass hooks or stivrups.
The cradic should have three or Faur holes [n L 1o
increase clicuiailon of the tesl solution around lhe
spechmean {sae Gguro 1),

1.3.4 Boiling chips to promale uniform boiling and
1o prevent bumping.

For method A, Lhese boiling chips should be inade
of pure alundum,

1.5 Sificone grease for appllealion ta the grount
glaas |obil of lhe condonser and flask,

A FTFE sleave for the joint is alse acceplable.

1.3.6 Heafing device such as an cleclrcally heated
hotl-plate, for continuous boiling of the Llest solution.
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1.3.7 Analytlcal balance capable of weighing to al
laazl the nearest 1 mg (IFf mass loss b o be deter-
minear),

1.3.8 Stereascople mlcroscope capable of magni-
Acation of Bx to 20x, with & good Aghl source, for
gxamination of the lesled specimean (for methad BE).

1.4 Preparation of test specimens

The following requirements for tho preparalion of
lest spacimans are common Lo all four test methods,
Additonal regulremonls are glven, where necess-
ary, in the sectlon dascribing the parlicular metihod.

A specimen having a total surface area of 20 nm? to
Nem? la recommonded. As-welded  apecimens

|
Caolng water cut‘—g I
I

N -
1 -

[ i

— —_ e —_—

- L

Uss sifcone stoprock greass 1 K
ar & PTFE algava on the —_ o
geound glass |alnt

Glazs eradle.

al Assembled apparatus

__Edenmeysr flack |1 dm?)
wolth 46/ 53 joint

Baolliny ehips

should be cut so that no mare than a 43 mm width
of unafacded] base metal Is included on either side
of the weld and heat-sfected zone,

it Is intended to tesl o specinen representing as
nearly as possilie lhe surface of the material used
in service. Bu-face flnishing should be performed

‘only as required lo romove forelgn matesial apd ob-

lafn a standard, uniorm flalsh 1o represant the ap-
prupriale surface, while malnlalnlng reasonable
spocimen size for convenience in losting. Naormally,
removal of moere material than rocéssary wili have
Ittle influence on the lesl resulls. Flowever, in the
special case of surface carburization (somclimos
encounlared,  for  instance, in lublng  when
carbonoceous lubirlcants are employad), B may only
be postible to remove the carburized layer com-
pletely hy heawy grindlng or machining, 2uch Lroat

Dimatslons [y mHlmetres

__Alllhn condsnser
4 bulba, 45/50 jolht

Coopllng watar in

125

b} Glaez cradle

Flgqura 1 — Recommended appamtus
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menl ot bon-carburizod test spocimens is  not
perrissible, excenl In lesls undertaken to demop-
strate specific surface offects. When samples are cut
by shearing, the deformed metal shall be removed
by grinding or machining pricr to tasting.

Prior 1o testing, the test specimens shall be de-
greased with a chlorine-free salvent and tinsed.

1.5 Sensiflzation of test specimens

1.51 Specimens to be given a thermal {realinent
prior Iz losling shall be cloan of carbonaceous ma-
1gflal priet 1o tho thermal Wreatment. CGiherwise,
carburizallon may Invalldale the lesl resulls. A light
surface grinding or pickling follovwed by washing and
rinsing in a non-chlorinated sclvent should provirn
g clean surfaca. | ois recommended ihat the effesl
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of the pickling bath on the specimen be teated prior
to the environmeantat exposure,

152 Specimens of alloys 1o be pgiven a
sensilization treatmont prior to testing shatll be
placed in & Urhace at the requfred temperature and
lor the regured lime, and cshall then be water
quonched. The use of a sensitization treatment shalt
be agleed upon belween buyer and seller.

4.5,.3 Speclmens of allays that are not given a
asensilizalion trealment shall bo tested in a condition
sfmutating end-use condltbons, Spocimens rom ma-
lerial that iz intended o be woldoed ar heat treated
shall be welded or heal lrealed |n nearly tha samo
manner as the material will experlence In {abrl-
catlen oF sarvice. The specific treatment shabl ba
afleed upon bebweoh buyer and seller.
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Section 2:

21 Scope

This section dezcrles the procedure for conducting
the boiling iron{lll) sutfate — sulfuric acid test to de-
farmine the susceplibllty of nickel-bazed alloys to
intergranular attack.

2.2  Iron(lll} sulfate — sulfuric acid test
solution

Frepare 600 cm? of test solution as follows.

Measure 400 cm? of distilled water into & 500 cm3
graduated cylindar and pour inte the Frlenmeyar
flask (1.9.2}.

Measure 238 cm? of reagent grado 95 o
a8 o5 (mfa) eulfuric acld [nto 2 250 cm?® preduated
cytinder. Add lhe acld slowly to the water in the
Erlenmeyer Rask to svoid bolling by lhe haal
ovelynd, {Loss of vapour results in an increase In
lhe acld concontrakion.}

Welgh 25 g of reagent drade iron{lll} sulfate
nonahydrale [ Fe,(80,},.8H,0, containlng  abouk
78 %% Fea(30,), 1. and add it to the sulfurl; acld sal-
ution. A trlp balance may be usod.

Drop saveral bolling chips [1.3.4) inlo the Mask,

Lubrlcaie the ground glass Joint with sllicone grease
{1.3.5).

FIL the flask to the condenser {(1.3.1) and circulate
cooling wator,

Boil the solutlon untll all the iran{lil} sullale i5 dis-
salvad,

2.3 Preparation of test apacimens

See clavse 1.4.

2.4 Procedure

Measure the dimansions of the specimen {o the
neargst 0,5 mm, ircluding lhe Inner dimensions ol
any holes, and calculate the total exposed surface
area,

Gegrease lhe specimen using a non-chlarinaled
solvent, dry and then weigh to the noarest 1 myg.

Placs the specimen In a glass cradie (1.3.3) and Im-
mersa il in boilnyg last solition (clause 2.2),

Tesling of a single specimen In a flask |s preferred.
Howover, several specimans may he lesled simub-
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Meathed A — Iron{lll) sulfate — Sulfuric acid test

tancously, The number iz limited only by the numbor
of glass cradles that can he fitted into tho fask
{usually three ar four). In no caso shall different al-
loys be tested together. Each speciman shall he In
a separale c¢radle so that the specimens do nol
touch,

Matk ihe liguid level an the Rasle with a heal-
resislanl marker o provide a choek on vapour 1oss,
[Fihere |8 an apprecialle change in the lovel, repeal
the test wilh fresh solition and a new specimen,

Conlinuo irrmersion of the specimen for a period of
24 b el 120 Iy, then remaove the specimen, lnre [n
water and acetune, and dry. For alleys contafning
lzss than 18 % chromlum Lhe exposure time Is typi-
cally 24 h. For alfoys conlaining more than 18 %
chromium the exposure lime |s 120 k.

Weigh the speclinen and subtract the mass lrom Lhe
orlgfnal mass.

NOTES

3 Ho Imermediate waighings are usually necessary. The
{asta can bhe ron without intorrupt on; howewer, |f praliml-
nary resdlts ere desired, tha spacimen can be remeved
at any Hima lor weighing.

4 Mo changes |In Lhe les) solution are necessary during
thwa tost poriod.

5 Addilenal irentill} suifate iphlhitor may have to be
added durlng the lest if the corrosion rale iz Unusually
high, as svidenced by a change In the colouwr of the sal-
utlon. More Iran{lll] sulfate has to be added [ The tolal
mass [oss of all apecimeana gxeonds 2 g [durfng the test,
lronilll) sulfate iz corsvmead at o rale of approximately
10 ¢ For ezch 1 g of dssolvad meral].

B Durlng 1esling, thara is some deposition of iran axides
on tho upper part of the Erlenmeyer fBaslk, This can bo
readily removed, afles completion of tho tost, by boiling
a 10 % (mfm) soiution of drochlodo ackd in the flask,

2.5 Evaluation

2.51 Tho effect of the tesl salulion on the material
can be measured by determining the loss of mass
of the specimon, Calcubate the corrosion rale as fol-
lows:

corrosion rate = ff -!-‘-ﬂ"}—?i--
where
& is & congtant {see note 71
¢ Is the exposure tinte, in hours;
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A is the ewposed area, in square cenll- micromelres pet year (pmiy) 3.78 x 107

metres, of the specimen, picometras per second {pmis] 278 » f08

Am  is the mass [oss, in grams;
2.5, The presence of intergranular attack iz usu-

o lz the density, In grams per cublc centl- ally determined by comparing the calcutated corro-
metre, of the speclmen. sion rate to that tor properly anhealed maierial,

Even in the absence of intergranular attack, the rate

MNOTE 7 Using the above unite for £, A, Am and p, the of general or grain-face corresion of properly

cofroslon fale san be cafeulated in a vadely of unlts using

erlead te f e -
the appropriats valle of & annealed materlal will vary rom one alloy to an

odher. The corrozlon rale consldersd accoptahle
Carrosion rate units desired Value of & to ba usad shall be determined belween buyer and seller.

) ) .
mils [miifinches] per yaar {mpy) 3,45 x 10 2.50.3 As an alternative or in addition to calculating

inchar par year {ipy) 3,45 = f0% a corosion  rate  [rom  mass  lose  datm,

metaliogranhle axamination may be used to avalu-

aiz the degree of intorgranular alfack, The depth of

millimetres per year (mmiy) 8,76 w 104 atfack consldered acceptable shafl be determined
hetweon buyer and sclier.

inches par manlh [Ipm) 2,85 = 102
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Section 3:

31 Scope

311 Thiz section describes the procedure for
conducling the copper — copper sulfate — 16 %
sulfuric acld test to determine the suscefibillty of
certain nickel-based allovs o Intergranular altack,
This test detacte suscoptibility lo Intergranular al-
tack associated wilh the precipllation of chromium
carbldas or nlirides,

3.1.2 This tesl may be used lo evaluate the heat
treatment accorded o as-recelved materizl. It may
also be used to evaluate the effactivensss of stabl-
lizing element additions {Nb, T, etc.} and reduction
in interstitial content to aid in resistance to inter-
granular attack. 1 may he applled to all wrowpht
producks and weld metal.

4.1.3 This test does nol delect susceplibliity asso-
clalad with chi-phase, sigma-phase, or tNanfuim ear-
bides or nitrldes, For detecting suscoplibility [n
anvironmeants known to cause Inlargranular alkack
duc lo lhese phases use Inelhod D,

3.2 Acldified copper sulfate test solutlon

Dssolve 100g of copperll] sullaio penlabydrade
(CuS0,.5H,0) in 700 cm3 of distilled waler, add
00 em?® of sulfuric acld (H,80,, reagent grade
g 1,84 g/emd), and dioie to 1000 cm? wilh distiled
watar, The sofufion will contain approximately
B e (i of anhydrous copper(ll} aulfate (CuSOy)
and 6 % (mfa) of H,50,

3.3 Copper

Electrolytic grade copper shol or furmings may be
used. Shol 1z preferred for its ease of handling be-
foro and after the lest,

The copper shol or turnings may be rausad il
clzaned tn warm watar alter each fest,

3.4 Preparation of test specimens

Sce dlause 4.4

Since the eyaluation 1z done by bending, lhe shapo
of the lest specimen shall he such as o allow
bending to be aceomplished with the originaf sur-
face on the outside of the hend,
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Method B — Copper — Copper sulfate — 16 % sulfuric acid test

1.5 Procedure

The volume of test solution [clnuse 1.7} uzed shall
be sufficient io complelely immerse he spacimeani(s)
and provide a minimum ratio of soulion volume b
total =pacimen surface area of 8 cm3ocm.

As many as three specimens cah be {asted In tho
same flask, provided that all al tho speclmens are
of the sarme grade and thal lhe ralio of sohilkon vol-
uime to total spacimen surface area s malnlained,

The speclknen{s) shall be immersed in the tast sel-
utlon, A sufficient quantity of copper shet or lumings
(lausn 3.3} shall be used to cover alf surlaces of
the specimen, wholhor it Is In a venled cradle or
embedded in a layer of coppor shet or turnings on
the boliom of the flask, Tho amount of copper used,
provided that an ¢xcess of melatlic copper |8 pres-
ent, is net crileal,

Haat the solution to bolling and mainiain Beidling
lhroughoul the lest period. Begin liming the test pe-
ricd when the solution reaches the bolling polal
Mark the liguid level en the flask with a heat
rosistant marker to provlde a check on vapour Ioss.
Il there is an appreciable change in the fevel, repaal
the 1zat with Irash solution and a now specimen.

HCGTER  Moasures should be taken to minimize bumping
af tha salution whon glass cradles are used o support
gpecimens. A small amount of coppar shot (8 010 plecas)
an o bottom of the flask will convenlanily sarva thia
pUrpOSa.

The fest shall consist of 7 24 h perled. However,
lonper periods may he employed, In which case the
expoaure time shall be Incliuded In he test report.
Fresh lest solution is nol needed for lest perioda up
to 72 h. (If any adherenl copper remains on the
cpeciman, It may be rernoved by a brief immersion
in concenlraled nlitle acid at reom temperatore, The
sample Is then ringed in waler and driod.}

1.6 Evaluation

3.6.1 The speclnen shall be bent throwgh 180¢
over & radius cgual 1o iwlee he lhickness of the
gpacimen, In no case shall the specimen be bent
over a smaller radins o+ throngh & greater angle
than that specificd in the producl speciication. tn
cases of material having fow ductilily, such a5 se-
voraly cold-worked material, 3 180° hend may prove
impraclical. Determine the maximum angla of bend
without causing cracks In such material by bending
an untested specimen of the same conflguration as
the specimon to be testad,



Walded samplag shali ba bent in such a manner that
tho weld and heat-aflecled rone are stralned,

Sampltes machined from lkick sectlons shall have
tho aridinal surface on ibe outside of the band,

3.6,2 In lho cusa of {ubes up 1o A0 mm e outside
dlameler, the spacitnen shall be lallened, The dis-
tange between ihe platens sfer Mattening, measured
under oad, shall not be greater than the following
value, B, In millimetres:

PRE
T 00eb + 4
witere
d is the specified wall thickness, In mil}-
metres;
D la the outslde diameter of lho loba, |In
mifimetras,
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tn the case of welded tube, the weld shall be af the
point of mazimum flaticning.

3.6.3 The bont or flatiened specimen shall be ex-
amired using a sleteoscopic microscope (1.3.8), The
appearance of fissures or cracks indicates fhe
presence of intergranglar attack. Cracking that arlg-
inates af the edge of the specimen shaonld be dlsra-
garded. The appearance of deformation withaut
accompanying cracks or fissures should zalso be
dizregarded,

364 wWhen an evaluation is quastionable ar as an
allerralive to 5.6.3, lhe praosehce oF absance of in-
lergranular  aflack  sthall  be  delermined by
metallographic examination of the apecimen,

HOTE 9 Cracks suspected of arlsing through poor
ductillty may e lrwestigaled by bending a sltallar spaci-
ren which was not ckposcd 1o the baoiling test solullon,
A vigusd cornparison belwean lhe axptesd and Unexposed
spocimens should asslsl in interpratation.
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Section 4:

4.1 Scope

This saction desctibos the procedure for condacting
ihe hydrochloric acid test to determine the suscep-
libility of certaln high molybdenum nicket-hased al-
loys te Intergranular attack.

4.2 Hydrochloric acid test solution
Prepare BU0 cm? of test solution ar follows.

Meastre 308 cm3 of distliled water inle a 500 cm?
graduated cyllnder and pour into the Erlchmever
flaslc (1.3.2}

Measure 300 om3 of reagent grade 37 o
38 94 {m/r) hydrochloric acld into a 500 cm? gracdu-
ated cylinder. Add the acld slowly to the waterin the
Erlenmeyer lask.

Drop several balling chips (1.3.4] Inlo tho fask.

Lubrleato the ground glass joinl with siiicone grease
{1.3.5).

Fit tha Hask to the condonser {1.2.1) and circulale
cocling water,

HOTE 10 Far nickol-chromlum-malybdonum alloys, he

satme  lost procedurs can be used eweopt thal o
10 %% () aolution of hydrochlorie acld should be used.

4,3 Preparation of tesl specimens

Sae cluyse 1.4,

4.4 Procedure

Measure the dimensicns of the specimen to tho
nearesl 0.5 mm, including the inner dimensions of
any holez, and calculate the total expnsed surface
area.
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Method € — Hydrochloric acid test

Degrease the specimen using a non-chiorinated
solvenl, dry and then welgh It to the nearest 1 myg.

Plare the spaciman in a glass cradle (1.5.3) and [m-
terse itin tho boillng lest solution {clause 4.2).

Tastng of a single spechnen In a flask is preferred.
Hewrever, several epecfimens may be leslcd slnul-
tanennsly. The number is linlted enly by the number
of glass cradlae that can be fined Into the flask
fusually threo or four). In no case shall different al-
loys ko iosted togetler, Each specimen ahall bo in
a ceparalo cradie so that the specimens do nol
louch.

Mark the liguid level on the flask wilh a heat-
registant marker to provide a check an vapour 1oss,
If thare iz an sppraciable change In e level, repeat
the 1241 with fresh solution and & new specimen,

Contlnno immersion of the gpecimen for a period of
168 b, then remove tha spociman, ringe in walar and
then Ina nen-chlerinaled solvent and dry.,

Weigh the speclmen and subtrant the mass from the
criginal mass,

NOTES

11 Ny Intermadiata weighlngs are usaoally necessary.
The tasts can be run wilkoul interruptlon: howaver, if
preliminary resulls are desired, the rpaclmon can be re-
rmcwved at any lima for welghing.

12 Mo charges in tha tost sohation are necessary durlng
U tost perfod.

4.5 FEvaluation

fvaluale the resulls of the test in acoordance
with clause 2.5




Section 5:

51 Scope

This sectlon describes the procadure for conduct|ng
the nitric acid test to determine the susceptibility of
certain nickel-baaed alloys to [nlergranular attack,

5.2 HNilric acid test solution

The fosl solutlon shall be (65 4-0.2) %% {rafml nitric
acid deiermined by analyziz, This sclution may be
prepared by adding distilled waler 1o concentrated
nitric acid {reagent grade HNQ,, p 1,42 gfom) in the
proportion of 108 tm? of distlllcd water per cublc
decimelre of concentrated nilrlc aeld,

The acld used shall e of analytical reagant grada,
wilh Ihe following maximoem residoal conlenls;

Flxed residun 50 mgfla

Fb 7 mpfky

Fe 2 m e

hn napalive tast
Lt 0.05 kg
L 1 mgikg

80, 10 mpg! kg
POy, 2 mg/fky

F 1 mpflg

Care ahall be laken lo provant contaminallen of tha
tost solution, espechaliy by Nuoriges, cither belure
af during the lesl. Experierce hag shown thal lhe
prersendca of even small atmounts of hydrofuaric acid
wllt [ncrease the corrasion rate. It Is nol permissible,
for example, o conduct nifric-hydroflugric acid tests
under the sames hood as hittic acld teats,

5.3 Apparatus

When evaluating stainless sleels using this test, a
1dm?® wide mouth Erlenmeoyer flask with a cold-
finper type of condenser ($ou figure 2} is cammonly
used. Tha vse of this apparalus is acceptable If
agractd upan hatween buyer and seller.

As an allermalive fo the apparatus specified |n
claugo 1.3, It is permisaible to use a multi-speciman
testing apparatual? deslgned to pormit the lesting
of a large numbeor of specimens simulanecusly, by
providing for replacement of the acid in contact with
tha specimens several times per hour  with
redistilled acid. Because of the lesser accumutallen
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Method D — Nitric acid fest

ol ¢corrosion products in fhe test solution, the corng-
slon rates obtained with the multl-specimen testing
apparatus are consistently lower lhan those ob-
tainod with the conventionel apparatus; the differ-
encos ale small on properly annealed or stahilized
material, which will show low rates in bolh lypes of
last, bul can bo vely large for senzitlzed specimens.
For research purposns or where results are io ho
compared directly, il |5 essenlial that the same [ype
of apparatus be used [or afl tesls.

54 Preparation of test specimens

See clause 1.4,

545 Procedure

tdeasure the dimenzfons of the specimen to tha
rearest 65 mm, fncluding the Inner dimensions of
any holes, and calculale the lotal cxposed surface
area.

Degraase he speclmen using a non-chlorinatad
solvent, dry and than welgh lo the nearest 1 mg.

The volume of test selvtion {clavse 5.23) used shall
be sulficient ta tompletely Immerse the specimanis)
and provide a minlinum ratic of solution volume Io
totel  specimen  suarface  area ot 20 emPontd,
Normatly, a volume of abooi GO0 cm? is used.

The besl practice is to use a separate conlainer for
each specimen. For rountine evaluations, it s ac-
ceptable to test as many as threoa spacimens in the
same ocontainer provided thal ey all are of the
came grade and all show sallsfactary resistance to
corrosion. However, if more than one of the speci-
mens lested in e same container fall to pass the
leal, it is necessaly to retest all specimans i sep-
arate confalners since cxcessive corroalen of ong
specimen may resull In acceleraled corrosion of the
athar specimans tasted wilh it. Excessive cotrosion
may oflen be detected by changes in lhe colouwr of
the test sclutfon, and I8 may be appropriale la pro-
vide saparaie cortainers for such spacimans without
waitking until the ond of the fest perfod. A recortd
should be made showing which specimens were
tested togelher,

MUTE 13 ¥ & rmultl-specimen  lesfing  apparatus
{clausa §.3) is emploved, a large number of apecimens
may be tosted in tha farge sonlalner provided.

Placo lhe specimens in the tost solution in The con-
lainer, pass cooling water through the condenzar,
heat the solulion to boiling and nalnlain boiling
throughout Lthe lost poriod,
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After each igsl period, ringe tha speclmens wilh
water, scrub wilh & nylen or paliral Bristle brush
under running waler 1o remove any adhering corro-
slon products, vinse In acelone, diy and welgh,

To obtain the most consislen! rsulls, the esl should
cemeist of liva balfing pariods of 48 h cach, Wwith a
fresh test soluthon belng vszed in sach parlod. By
mttuat agreement, a combination of cne 48 h parlod

179

Candencer

L 206
1B Tubing

and {wo 96 h periods {not necessarily In that order)
tnstead af five 48 h pericds may he accoplable for
routine evaluations.

" 6.8 Evaluation

Evaluale the resuils of tho tast in accordanca with
clauge 25,

Cimensions In millimatras

Wida mauath
Erl enmeyer
Mlosk [ dn’)

Flask with candenser In ploce

WOTE - The condenser [& mode ol Pyres or equivalent hecl-resisting gloss.

Flgure 2 — Alternative flask and condenser for pitric acid test
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UDC 620.493:669.245

Descriplors: nlckel, nicked alloys, carrosion,

Prca iwigad an 11 peges

Lesls, oorroflon besta, intergranuier cotresion toots,
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