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THE CORROSION OF STAINLESS STEELS AND RELATED ALLOYS
T I UARDE pomowsNts

PART II, RESULTS FOR FURTHER ALIOYS

SYNOPSIS

The corrosion behaviour of a number of
stainless steels and high niclel alloys,
additional to those given in C,D,I., Report GCP
(ACC/N 196/59 (H 405)) are reported, The
precipitation hardenable stainless steel
FV,520, of particular intercst duc to its high
strength, had only slightly improved corrosion
resistance compared to the martensitic
stainless steel BEn,57, Thc austenitic alloy
Langalloy 11K bchaved similarly to a normal
ferritic steel with respect to thc form of
attack but with a reduced corrosion ratc,

No stainless alloy tested can be rccommended
to withstand full immersion crevice corrosion
conditions,

INTRODUCTION

Since reporting the corrosion behaviour of commonly uscd stainless steels
and high nickel alloys (1) a numbor of similar alloys, including a propristary
precipitation hardenablc stainless stecl, have been tested for their corrosion
behaviour, The previous report concluded that such alloys had good intrinsic
corrosion rosistancc in well morated sea water but they werc liable to severe
local corrosion under crevice conditions, In the prescnt series of tests it
was the resistance to creviee corrosion which was principally investigatod,

II, EXPENIMENTAL

The testing mothods uscd involvcd an accclerated laboratory tost for
crevice corrosion, crovice corrosion tests in Langston Harbour, and plain
corrosion tests in rospect of one alloy, Accolerated tests were confincd to
specimens in bar form and conprined martensitic stainless stecls, including
a proprietary procipitation hardenablc stcel, austunitic steinlcss steols,
chromium platod stainless ateel, Nimonic 80, and Stcllites, Tho lungston
Harbour tests comprised similar stainless stccls and r number of high nick:l
alloys. Plain corrosion tests were made on the proprictary mangancso-
aluninium austenitic steel Langalloy 11K,
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In the accclerated test specimens, in bar form, were locally dopassivated
electrolytically and crevices quickly formcd using tight polythene slceves
before exposure in a tank of sea water for 3 iecks, With this mothod, the
time intervel between depassivation and forming thc crevice must be extromcly
short, otherwisc the oxide film will re-heal,

The crevice corrosion tests in Langston Herbour werc made under full
immersion conditions, the exposure period being onec yecor, The crevice wes
nade by sandwiching hal 3 in, x 1 in, spccimen botireen two pieces of porspex
as described previouslyflﬁ,

The plain corrosion specimens of the proprictary alloy Langalloy 11K wcre
tested in the cold worked, annealed, and oxidised conditions (1 hour at 600°C
in oxygen). 1In addition, the steady corrosion potenticls of this alloy in
sea water were moasured with refcrence to a saturated calomel electrodo,

I, RESULIS

Using the acceluratcd crevice corrosion test it was apparent that the
nertensitic stainless steel En,57 and the precipitation hardenable stainless
steel FV,520 wecre readily suscoptible to crevice corrosion regardless of tho
heat-treatnint, Chromium plate up to a thickness of 4 thou, failed to pruvent
crevice corrosion as shown in Fig, 1, The results of this test for a number
of alloys are shovm in Table 1,

The extent of crevico corrosion or specimens cxposed for one year in
Langston Harbour arc given in Teble 2, It will be scen that all the nartensitic
stainlcss stecls end monel were sovorcly attacked, Austenitic stainless steols
and high nickel alloys, other then moncl, were only slightly attacked -rith the
molybdenum containing alloys En.58J, FV,25L and Hastelloy 'C'giving the best
results,

The plain corrosion rates of the Langalloy 11K after one ycars cxposurc
and thc neasured corrosion potentials arc showm in Table 3, It vill be
Weorved that the corrosion potential of Langelloy 11X is similar to that of
mild steel (- 0,65 volts) rather than a stainless stcel (~0.,1 to 0,2 volts)
and conscquently it is unlikely that the Lengalloy 11K would be susceptiblc
to crovice corrosion,

In the crevice corrosion tests the Langalloy 11K and the Corroncl 'B!
(66 Ni/28 Mo/6 Fe) corroded ocutside thc croviced area.,

IV. DISCUSSION AND CONCLUSIOMS

The results given for further martcnsitic and zustcnitic steinless stecls
and high nickel alloys should be considered ns an Addendum to C,D.L. Report GCP
(ACC/N 196/59, ACC/H 405/59). The conclusions given in the earlier report are
supported and in particular it may be notcd that the precipitation hardenablo
steinless steel FV,520 behaved similarly to the martensitic stool En,57.

Apart from this gcneral conclusion it mey be noted that thu crevicc
corrosion resistance of the herdenable stainless steels (En.57, and FV,520)
veried significantly sccording to structurc as well as chemical composition
and that chromium plating had no beneficicl cffect.

Molybdenun bearing stainless stcels were least cttacked in the austcnitic
grouy and of thesc Rex 78 and FV,254 eppiarcé to be slightly supcrior to
En, 58J. Tho hard facing alloys (Stellitcs 1, 6 and 12§ sure corparablu to
austcnitic stainless steels in their rcsistance to crevice corrosicn,

/In



e

-3

In tho high nickel alloys Ni-0-Ncl end Hastelloy 'C' had much superior
crevice corrosion resistance to Monel, Corronel 'B' was attacked outside the
crevice and suffered a highor plain corrosion rate than other nickel alloys,

tested under these conditions,

The austenitic alloy Langalloy 11K suffered general corrosion and behaved

similarly to o mild steel with a third of the corrosion rate. The corrosion
potential of this alloy (~0,79) is loss basic than mild steel (- 0,65 volts)
and the possibility of its use coupled to aluminium alloys is being investigated,

Refercnce

(1) The Corrosion Resistance of Stainless Stcels and Relative Alloys in
Marine Environments,
C.D.L. Roport GCF (ACC/N 196/59, ACC/H 405/59).
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JABLE 1

SUSCEPTIBILITY OF ALLOYS TO _CREVICE CORROSION
LABORATORY | TESTS

- et
% COMFOSITION NOMINAL, MAJOR
, HARDNESS ALLOYING ELEMENTS EXTENT OF
MATERTAL VPN, ATPACK
c cr | N Others
SR S .
MARTENSITIC
STAINLESS STEELS
En.57 258 0,16 116,5{ 2.4 Suvere
En,57 300 0.16 {16.5 ! 2.4 Scvere
FV,520 Soft 232 0,07116 ! 6 1% cu, 1% Mo. S vore
FV.520 Peak Hardness 392 0,07 § 16 3 1% Cu, 1% Mo, | Severe
FV,520 Overaged 310 0.7 § 16 6 13 Cu, 1 Mo, Severe
et e s m ¢ 4 mm e i
AUSTENITIC
STAINLESS STEELS
En,58 J - 0.07 | 18 | 10 3 Mo, Vory slight
En.58 F - 0,084 18 | 10 1% Cb, Slight
G. 18 B - 0,4 13 } 13 | 2 Mo, 2+ W, 10 Co, 3 Cb Slight
FV.254 - 0.07 ¢ 18 ; 18 3% Mo, 25 Cu, ¥ T4 None
Langalloy 20V - 0.04 1 20 | 30 3% Mo, 4 Cu, 1 Cb Slight
Rex 78 - 0.7 | 14 | 18 3% Mo, 3 Cu, $ T4 None
HIGH NICKEL ALLOY
Nimonic 80 - 0,041 21 | 75 25 T4, 3 AL, Severe
o o smmssmn . J}\-._.f-..,-i»- oo { et o msfle o Bee 4 - B o e e o > o @ Ge—ro
HARD FACING ALLOYS |
Stellitc 1 - - 3h - L3 Co, 14 7, 9 Fc, None
Stellite 6 - - 334 - 55 Co. 6 W, 7 Fe, Slight
Stellite 12 - - ) - 47 Co, 10 W, 9 Fo, Slight
g

/Table 2,



*Heat treatnents:

Soft

Overnged I

Overnged IX

THRLE 2
CREVICE CORROSION RATES OF STAINLESS STEELS
o AND HIGH NICKEL JILLOYS
TESTS _IN _LANGSTOM _HARBOUR
% COMPOSITION NOWMINAL, !AJOR CREVICE COXUSION
. ALLOYING BLOITITS AT
M.TERTAL Hﬁg”gs’“‘ e . e
c |er |m Otiwrs sﬁ%éﬁ?;EXQ hvorege
MARTENSITIC
STAINLESS STLILS
En,57 Soft 252 0,16 116,5 | 2.4 42,2, 47.6, 37 42,3
Bn,57 Heat treated 3,8 0,16 {116.5 | 2.4 41.8, 35.2, 35.2 | 37.4
FV,520 Soft” 232 0.06 114.4 | 5.3 1% Cu, 2 Mo, 16.4, 17.8, 7.8 | 14,0
FV,520 Peak 3
Herdncss 385 0.06 (144 | 5.3 12 Cu, 2 Mo, 11,2, 24.4, 13,81 16,5
FV.520 Overaged I | 301 0.06 |14.4 | 5.3 1% Cu, 2 Mo, 37.6, 17.0, 30.0 | 29,2
" FV.520 Overaged II'| 315 0,06 {144 | 5.3 12 Cu, 2 Mo, 27.4, 40,0 33.7
AUSTENITIC
STAI}NTSSS STEELS
En,587 As Reccived | 263 0.07| 18 | 10 3 lio. 0,02, 0,04, 0,461 0,2
En,587 Anncalcd 187 0,071 18 | 10 3 Mo, 0.6, 5.4, 5.4 3.8
FV,254 150 0,07| 18 | 18 | 3% Mo, 2% Cu, 3 Ti {0,02, 0,02, 0,08 0,04
Langelloy 20V 223 0.04 19,7 129.6} 3% Mo, 4 Cu, 1 Cb 5.4, 7.0 6.2
HIGH NICKEL ALLOYS
Moncl 130 01 | - 69 1 Fe, 30 Cu 16.6, 14,6, 16,6 15.9
Ni-0-Mcl o
As Rocoived 242 11.,75) 21 | 40 | 31 Fe, 3 Mo, 1F Cu| 0.4, 3.8, 0.6 1.6
M-l 19 175 22 | w0 | 31 Fe, Mo, 13 cul 0.2, 3.0,1.6 | 1.6
Hestelloy 'C! 210 - 15 58 | 17 Mo, 4 W, & Fc 0.03, 0.04 0.0

1050“C Air Cocled

Poak Hardness 1050°C Air Cooled + 2 hours 750°C + 24 hours 15°C «+
2 hours 450°C Air Coolcd,

1050°C Air Cooled + 2 hcurs 750°C Air Cocled + 24 hours
15°C + 2 hours 560°C Air Cooled,

1050°C Air Cooled + 2 hours 850°C Air Cooled + § hours
450°C Air Cooled,
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Crevice corrosion produced by accelorated method on specimena,
2 thou, Cr pleto on FV,520, 4 thou, Cr plate on FV,520,
FV.520 soft, FV,520 uvoraged, and ¥V ,.520 pcak hardneas,
respectivaly,
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