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In reply, address not the signer of
© thia letter, but Bureau of Construc-
tion and Repair, N.\'vy Department,
V.V.nhinlton, D.C.

Refer to No.

" \_
Subjeot:

1.

e

BUREAU OF CONSTRUCTION AND REPAIR

3
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Corrosion Resisting Steel -~ Survey of

On my return from examination of the CHICAGO!'S

NAVY DEPARTMENT .

& &
WASHINGTON, D. C. .o

RE%EARGH MEMORANDUH
July 27, 1954.

“ the pituation a8 regards uss. -

. defective corrosion resisting steel piping, I relieved
Mr. Jeffries of all.ddtles except that of'condacting a
thorough and complete investigatioh "into ,the techniocal
considerations involved and gave him the directlvo to
gulde this investigation. His report is now nearing

.. oompletion, but. since I will be away for all of next
" week, it ia'adviaable to summarize the situation defore

my departure in order that theé facte and recommendation

b7

may be promptly considered and, in light of. our exten-

' - slve commitments, an early deciaion reached regarding
the action to be- taken.

A o,

T4

7 3..

attack-—examination of.the defective gasoline tanks and

The behavior of cofroaion resisting steel may
be reviewed under the following -heedingsi

R

3.
Se

4.
5.
6,

‘ Direoct

‘CGorrosion by oxidation
Intergranular corrosio

‘attack by chemlzfl reaction.

. - .;'
due to carbide

precipitates. ’

Corrosion by electrolysis in contact
‘with other metala. .

Corrosion by slesoctrolysis in contaot
with nonmetsallic substances.

Corroesion by electrolysis due to ‘oxygen
conosntration -oells",

(a)

(b)

Due to porosities and pits.
,Caused by organio depositl. ’

As regards heading No. 13 1.3.——direct chemiosl

of the defeotive salt water piping has shown the ‘metal

to be sound over the areas hetween the regions where al-
< tack has, occurred due to the other causes. It is to be

»
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e . . ..  RESEARCH MEMORANDUM (Continued): : Se

audged, therefore, that no seneral chemical attack on the
_‘metal. takee place in the medla to which it is exposed in
services under our oognlzanoe.

4. As regarda heading. No. 2; 1.0.-—oorroslon by
oxidationy this is the type of corrosion which the ‘mater-
1al 1a-particularly well adapted to withstand and the one
which it I8 conclueively known to resist very satisfactorily.

6. Ks regards heading No. 3; i.e.—intergranular attack-
due to cartide precipitates— the susceptibllity of - the ma~
terlal=to. tiis attack under certaln conditions is wel{ ¥nown
and the conditions leading to this attack, together w th ‘the " -
proper meang of avoiding the attack, are now better known than
in even the recent past. Consequently, although some of the
diffioulties encountered in the defective gasoline tanks can
almost unguestionably be laid to this typeof attack, tlere is
very good reason to believe that fallure due %o this chuse v
can ‘be avoided in theé -future under the specifications %3 now
revised, if particular peins are taken to follow any substan-
tial heatins for shaping by the proper ,anneal and quench. I
believe thet the revised speciflcationl will,." without further
heat treatment, protht us against 1ntensranular dbgintegra~
tion after welding/in the corrosive media with whi we are
concerned. This type of attack has béen a most important .
rone and I nowsl Aeve that 1t has been allowed, both by us
and by the Ain try, to overapadow the other types to which
,the material ¥ susceptible and to depri?e them of the emphaals
they shdnl§ ve reoeived° .

- 65} Eiﬁh regird. tq eaﬁing No.4' i,e.»—corrosion b&
electno&gaia in coéntact With other’metala-—l found no research
data-available upon my arrivel in the Bureau but several ideas
very definitely held, *Rmong which was® the opinion that corro- ‘
sion resisting steel stbod nead medium steel in the electro~
potential scale and would not cause qorrqsion of the latter
through galvanic action. Very ‘shortly® there were several ——
indications to my mind, that this opinion-was erroneous ‘
and I initiated tests both at Annapolis and at Munhall to
. try to get a more substantial basis for judgment on this.

matter, in so far as corrosion in sallt golutions was concerned.

These tests have not b running loﬂg enough to give definite
results, but the indic#§lons from preliminary repdrts from
both s&ations indicate thdt corrosion resisting steel is noble
&° all of the metals with which we are likely to use it, with
the possible exceptibon of ocopper, the preliminary findings at
Annapoilis and Munhall differing in regard to this metal.

., '.s
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Therefore, although the research background ies still too
meagre to give complete assurance on this point, it is
definitely indicated that corrosion resisting ateel will
.not surfer in contact with the ferrous or nonferroiis ma-
terlals with which it is likely to be-employed. It is
very definitely indicated that the presence of corrosion’
reslsting steel in contact with medium:-steel or wrought
iron invites corrosion of the\latter metals.

7. As regards heading No. 5; i.e.—corrosion by .
electrolyeis ifi contact with nonmetallic substancea—
the susceptibility of the material to this type of attack
has been definitely demonstrated. The nonmetallics con-
cerned are quite likely to be inclusions, such as oxides,
dirt, or any type of foreign matter, in.the steel or they
may be oxide accumulations carried into “the gorrosion re-
slsting steel piping from more corrosive materials exposed
with this material in the same piping system. Furthermore,
they may consist of particles of ‘scale left on the material’
due to ineffective plckling after annealing, or scale rolled
. in the surface of the material.in the mill. 'Wheh jhese sub-
stances are ‘present in the presenée of an electrolyte, it
1s definitely indicated that local galvanlc action results. -
This action may cease as Boon as the material has been eaten
away sufficlently to allow the inclusion to drop out and be
carried away. If the.material is thick enough, this condi-
tion may ovbtain, and local attack in any particular regigdh’
may ceasé, before an actual leak occurs., It is quite pos-
sible, however, that the type of attack to be mentioned
under the next paragraph may begin in the pit resulting
from the type of corrosion now under discussign, in which
case there 1s always the possibility that corrosion will
continue in this small:area until a leak has occurred. In
case of thin material, such as corrosion resisting steel
tubing, now employed 1n.bhe salt water systems, it is quite
likely that sufficient wastage to permit the inclusion to
drop out will not occur before the wall of the tube has

'been eaten through in the small area involved. I have been. *

. unable to_.obtain advice regarding, and have been unable to
devise, a method of test that will assure our purchasing !
material sufficiently free of inclusions of the nature de-
scribed to insure the avolidanocs of leaks,due to tnis type

of ‘corrosion. Despite the opposition of.a large’ proportion
of the manufacturers, we have greatly ‘strengthaned our nitric

_3
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RESEARCH MEMORANDUM (Continued)
“acid test in the hope that material clean enough to pass
the more rigorous tegst will be sultable in service. It
gseeme impossible to hope, however, that this test, when
conducted, as it must be, on a sample, will prevent the
‘purchase and installation of material that will show cors
rosion of this type at least in spots, and thls corrosion
48 quite likely to produce at least a few leaks. It 1s
quite true that the leaks are small and the tubing will
continue to carry by far the greater portion of the water
to the desired destingtion; but it must also be realized
these leaks will be, at beset, inconvenient and that they
may cause a substantial amount of damage before they are
discovered, and can be repalired. . :

8. As regards'headu;g No. 6} i.e.-~corrosion by

electrolysie due to the.format oxygen concentratiaon
-cells—(a) this type of corro be expected to start
immediately wherever there are ities, a8 in welds, or
pits of small cross sectional area in relation tgtheir
depth. Under such circumstances, the bottom orhiﬁk‘ s
crack, or pit is poorer in oxygen than the entrapcé:™ S§is: -
oxygen—-poor area becomes anodic to the other and(electros
lytic attack begins. The products of corrosion are céarried
to the cathods, Y.e., the entrance to the hole or pit—
where they are unable to proteot metal at the bottom of .
the pit from further attack, with the result that gorro-
sion continues until a leak occurs. .(b) Also, attack .
based on this same theory can ocour when organic material
is deposited on the surface of the corrosion resisting

" steel, where it serwes locally-‘as a reducing agent, with
the result that the material under it 'becomes anodic and
electrolytic attack starts. The thicker the material, the
more chance there is that the deposit will become displaced
and that attack will stop before a leak occurs; but, on the
other hand, there is always a possibility that a concentra-
tion cell will result from the formation of the initial pit
and that attack under 6(a) will result and will continue
until the leak}is present. It 1s further to be noted -that
corrosion of type b may change into that of type 6(a), and
continue through the metal. T \

s 9. Although laboratory’results.show definitely that
“}this mate: is unique .in it 8 ability to withstand ocon-.
Kcen&Eatqﬂ' utione, as well aé other corrosive media,

o~

. Withbut appreciable loss of weight, and without gathering
corromive products, 1t has been definitely indicated, both’
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t RESEARCH MEMORANDUM (cgntinugd) |  sc

N \ .
“%-3fn the laborgtory and in service, that corrosion of the:
" “pitting type doesigccur and that it may continue until
l4aks result., Despite the general, excellence of corro-
sibn resisting steel against corrosion of typés 1, 2-.and
_ 4,.andrthe confidence that we can now avoid harmful at-
_ tapok of type 3, I feel that the susceptibility of the ma-
tanlal to corrosion under headings & and 6 ils 8o pronounced .
;e b0 fpake 1t unwise to contiue to use it, at the very high
pricé wé have to pay for it, for purposes where it will be
exposed tq salt water, perticilerly in locations where small
5\; leaks, .Af and when they occulr, can do appreciable damage and
*  will be difficult or expensive to repair. Although there 1s '’
resson. to\ hype .that, onceé leaks due to types $ and 6(a) have.
_+ been dxacoﬁsggdnand repaired, there will.be no further fallure
.. v of the artifle concerned, ‘the coryection of a few or several
-;*s, eaks can, glve. no assurance that more due to the same causes
B 11 not shortly,occur; and particularly, there les no assur-
.2 % ance that leaks due to organic deposits, type 6(b), will not-
© " reeur from time to .time throughout the life of the installa~
«‘ . ‘tlon, as new erosiﬁi.oocgf; .
10. There are ;\gﬁbat many among the steel industrfy's
teclinical personnel who g:i that the difficulties thus far.

Pos
L

encountered are due:to coritions which should have been °
avoided in making the inst@latlions and whd belleve that
corrogion resisting steel is.able to gilve and will give

. satisfactory service in a majority of the salt water in-
.stallations for which we have adopted it., .It must be ac-
knowledged that the material was pld4ced under a disadven- -
tage when installed in systems from.which lese noble ferroug
metals had not been entirely removed. : It musi - also be ao- <’
knowledged that a great deal of the pltting-observed in. !
the CHICAGO tubing.is quite probably due to.idsuft¥oient .
pickling after the heat treatment.whish fo}jlgwed' the shaplng¥
of the tubing. To get the maxlmum benefit ¥Pom the material,
it should be installed in a.system entirely\pX.corroslon re-
sisting.steel and the processes of shaping, Padricatlion and
asﬁemb}y shculd, be followed by the proper haaté;v atmentey

by thorough removal of the scale resulting fromsthe heat
ments; but pitting occurs even on laboratory salplies, whicHy=
have not been subjicte to these hazards, and Iic find no ¥ -
basis for any confidence that, under the best of txaatments,
.this material will not ehow leaks in service, pdsslibly in '
a very short time after installation. If the materieliwers .1i
not 8o expensive, Iywould feel inclined to continug’our ~ -j%f
present policy of installing 1t, and would awalt furﬁherxgmf"x
Y - 8ervice experience before attempting tov judge regarding the .-
advisability of our, continuing its use. \However, in view,
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- “tione and the step to

‘of tae -large amounts of.moaey in¥o’ -not onIy 1n the con-
gtruction already underway, but also in the program for whioh
~bids will be asked néxt month, I feel that the cpntinued us®
“of corrosion resisting steel. for galt water purposes should
reoolve immédiate consideration and aecision. PN

L
11% ‘Certaln lamprovements in this meterial are
in the Industry and it 1s guite likely that its valu
much enhanceéd by the developments now in prospect.

no means certain, however, that suéh improyements o8 m ﬁb

made will suffice to avold entirely all the types of co osion .

I have mentioned, and it is quite likely that the improvements .:

may be aceompanied by increased charges for the slready expen-

sive material. I do not feel that we should remsin committed

to large exoenditures for the material, whiléd we walt to see

whether or not our present conclusions are t@o pessimistiec. ,

I"do hot feel that we ehould Jump precipitately to some equally

eRpengive, or negrly asg expenwiv.e, substitute material. 1 do-

recommepd as a policy #hkat we go back to one of the cheap fer-
rous materisals, galvanized, either steel or wrought iron, and
preferebly the I'atter, for our piping systems, avolding the

i evof ‘composition or corrosion resisting steel valves in con~

tdet with the piping, by adopting oast st®el or even cast iron

valves and fittings;.this to apply to tke bulk ¢f our installa-
be taken with the realization that re- :

pairs and, evehtually, replacements will be necesasry but that

the much lower fost of the material will largely compensate for

the correciive measures .. . .

. 1~. Meanwhile, I would propose thet 1nd1v1dual ehipe be
chosen in each of which to install a complete system of one of
the several materisls, wnilch, on the basis of laboratory ex-

rway
wi 1;be

! periments, offer promise of being satisfactory substitutes

-t

for corrosion resicting steel. In this way, we oen get service
experience on proaising materials at the mlnimum of expense,sand
can avold Jumping whole—heartedly to an ‘expensive substitute .

. until we are convinced that actual service does not uncover
"bugs" which the laboratory-experiments have -not disclosed.

‘I would propose instellations, for service test, of the fol-
1owin5 materials:

(a) uolybdenum bearing 18~8 CRS.

\ (b) Manganese bzaring 18-8 CRS. .
ot (o) Monel metal .
bk (d) Copper-nickel alloy (70% copper 30% nlckel)
RS ™ ‘
. o) . .
—1",& ¥ | B — -
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. --RESEARCH MEHORANDUM (Continued) ' Se

13. T have been flirtingiwith the idea of proposing rub-
Yerlined piping but have refrained -from recommending a_ trial
instellation’due to the fadt that each section of piping, after
being shaped and tried in place, would have to be shipred to a
rubber magnufacturing plant for lining and then returned for in-

' etallation on the ship. Except for this practlcal drewback, a
scheme of taking thin-walled medium steel tubing and Iining 1t _
with rubber is attractive, ase comparing favorably in weight’
with corrosion resisting steel; -avolding electrolytilc troubles;

“ giving sole saving in cost under corrosion resisting steel; and
promising long life, with theé posslible discouragement of fouling. .
It i1s worth conesldering. . . o

14: As concerns gasoline stowage tanks, I think 4t pro-
bable that we will contlriue to have some attock 80 long as water;.
,and perticularly salt water, is used in ascoclation with gaso~

. 1line. Our difficulties,.should be much decreased, and they may
be avdlded entlrely, in the cases of tanks built in the future -

. -to our new specifications. There is always the possiblility, .

.

nowever, that our protectiveé measures will not entirely suffice
and I propose that the Bureau giscard the hydraulic displace-
ment system for an inert gas displacement eystem. If this is
not done, I believe a consldsrable mezsure of improvement would
< result from adoptlon of the New York Shipbuiléing Company's
proposal that fresh water, instead of salt water, be used in
the hydraulio system. If this is done, and the water is dis-’
tilled water, as 1t presumsbly will be, we would certainly .
- minimize, and probably even avold, the .deposit of orgenit mat~ - °
ter on the corrosion resisting steel, and would thus remove
.one of the causes of corrosion of this material. Although
supposedly expert opinion differs on tne subjeot, it would
appear that,.even with fresh water, there would still remain
the hydrolizatlon of ethylene dibromide to change the fresh
‘water into st least a weak electrolyte. Congecuently, attack
‘under headinge 3, 5, and 6(e), might be.expected to continue’
+in areas where condltions condugive -to these types of corro~
slon exist, but it 1s quite 1ikely thet it will -be lees gevere’
tHaq with salt water. The ethyl gasoline penple ingist that
only minute quantities of hydrobromio ecidé are formeé by the
interaction of water, elther salt or fresh, with the tetra~ _
ethyl lead--ethylene dibromide. They also insist thet there
18 no disintegrstlon of the anti-knock ingredient with the
weter to precipitats_lead, except when exoosed to light.. We
baye indlcations, at lepst, -that they are wrong’ on both counts
and*“1t seems safer, while awaltdng proof and deftnits convio-
* tion, to adopt a procedure thet promises the greater protection

regardless of the later developments on these points.
. ! =
* . ' . r3e
W

. R.N.S.BAXER



