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{Origin of Materiel and Iurpose of Investigation, cont'd) -

fa}

"The ensclosed specimen of copper was left with.

me by Lieubt., Millard, Naval Service. It is from a dvaft

tube on one of the corvebttes. The draft tube takes wator
outaelide the ghip near the billgs section for condensing and
conling purposes. The tubes are 14 inches In dismeter

by 8 foot long. These tubes are Falling by pltting and the

speclimen encloged has one such pit which has penetrated.’

3

It was aleo stated that s memorandum had been
written on thils Ltem to the offect that “this was a pitting
type of corrvoalon snd evcsion, enhanced by the presence of
fuel oll in the herbouwr vhich resulte in a ballding wup
of sulphete-reducing bacteria and these glve Hod and
acidity. There is conglicerable turbulence in the tubes
with resultant cavitatlon ox fapingement effocts. - Also
dirt, l.e., sand in the harbour water, may be a fecbor.m

Mie sugiested brass (arsenic bearing) op
aluninium bronze, or cupronickel. Yhese are tougher and
in such sltuations sre more rogigtant than copper. One
basic factor is deaign to avold turbulence of flow, now
out of the gueation.®
It was mentioned, further, that Lieubt. Millard
is considering the possibility of linlng the tubes with
rubber, thus avolding replacement.

It was stated that the Naval Service would 1like
an expresgglon frow the Burcau of Mines oif its opinion asg
to the censes of the failure, aa well aa any remodial

guggestiong,
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Discuseion of Resulias

gorvosion of copper and copper alloys in sea
vater is accelerated by esoration and the rapld flow of
water. A pecullarity of copper alloys under such condie
tlons is that a single specimen ray bhave a high _enceral
resistance yebt in a localized spot or twe bhe very
rapidly attacked. Copper alloys corroding even slightly
in gea water develop abt th2ir surfaces liquid and solid
films of corrosion product that have a suppressive effect
on further corrosion, Trhe .oveuent of sea water, parti-
culsrly when carrying entrained air bubbles and when
turbulent, often upsgets the JTull protective effect of
these filmg. Uhore leocally upset, conditions are
extrenely favourabie for the comuencement of an attack,

<3

a complex group of factors, both chemical and physical,

that will witisately lead to failure,.

In agrecment with the observations made Dy

the Uational Research Council, it is apparent that the

B

o
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cause of iallurc ol this copper draft tube was a pitting

type ol erosion-gorrosion, due in all probability to
whiat 18 bBnown as impingereant attack or destructive

cavitation. Pracslcalily all the condibtions that cause

Y

sueil types of failure are present in thig cage. With

the intaoke of waeter there is Certa'n to be congiderable
turbulence in the dralt tube with entrapped air-budbles
also belng taken in at the outboard end, This conditlon

would e a, ravated considerably at sea in storny weather

Lo

by a churning action in the dralt tube when the ship is

rolling, end pitching. hea the alr-bHubbles leave bthe

]
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(Discussion of Results, contfd) -

wabter and impinge on the metal, the layers of corrosicon
products which way have becn deposited previously on

the suriace, and which served as a partial protcetive
coating, would be removed. This removal would allow
corrogioa to continue wnchegized at these polints. The
spocimen submitted showed that the »it was freoe Irom any
corrosion product and also that it wes undercub, both

2]

ol thesce conditliona being gjenerally considered gjood

indications of Yallure due to impingeuent attack. The
anderculting may “e obscrvad in Pioure 1.

Tue origzinal pitting condition co-ld be initiatod
also by the entrey of forel n materisl carried in the ses
water, aniwal and vepetabls organlsms, sea shells, slag
and ashos from the ships in couvoy, and flotsgsam and jet=am
pvregent in the cea water everywaore.

Ancther very possible initial cause of attack
may be due to the fact thatbt sea waters, both in harbours
and off~shore at sca, contaln at times aporeciable amounts
off fuel cil. Since the outboard or inlet end of the draft
tube is well below the wator line, any taking in ol oil
with the water would probably occur only during heavy
vieatner or in areas where enswy action hag taken place.
01l might also e taken in when used in rescue work in
neavy weather, escecially as the ship is "laying to! and
probably rolling heavily. However, the concentration of

0il would not neod vo be bigh, as Instances are on record

LY

vihore oil dreps have buen ln contact with the nietal for
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(Discussion of Results, coat'd) -

a period long enoush to set wp differential seration;
the oll would later be cavried away, but on the originally
attacked area the »itting would continue, with uvltimate
perforation ol the motal. The apgearance oi a Jailure
due to tidleg cause would be somewhat si.ilar to that caused
by impincement attack, except poasibly that corroded annular
rings or "horseshocs!" would be apparent aboubt the cavity.
In port, tunere would Dbe some possibility of oil
pollution in the intake water and also strong possibvilities
that the water, varying Ifrom fresh, brackish, to typical
gea water, might be contaminated with sewage and various
corrosive effluvia of all kinds from industrial establish-
monts on shorc, in addition to 8ilt, sand, etec., which

s oA

could initiate or aggravaite the condition

o0

Leading to
failure.

A contributory cause of initiating attacks that

o

wmay lead to uvltimate lallure might be stray electrical
currents. These mi ht arise from faulty electrical instal-
lations or lay~out on board ship, or possibly froxn a recently
developed proetective device against magnetic mines known s
a Degaussing Girdle. The girdle consists of ordinary
Insulated cable which, wiwen energlzed in a special way by
an electric current, neutralizes the natural megnetic field
cf a stecl ship.

Further interesting information also hag been given
by Ingineer Commander J. I's Bell, R.W., to the efiect that
condenser tubes which previously had given good service

with a long expectancy of 1ife began giving trouble shorily




(Discussion of Results, cont'd) -

af'ter the introduction of wireless telegraphy aboard the

ghip. This necessitated a chanie in specification for

the tubes., Later, with the increase in power for wireless
telegraphy sending apparatus, condenser-btube trouble reappeared,
malking it necessary again to revise the specificatlions.

It is didficult to say waether or not the trouble experienced
wvith the tubes was related to the installation and to the

later igorease in power of wireless telegraphy. I[However,

it would appear that some relationship exists.

The material vsasd in this particular tube was
copper of very higﬁ purity, as shown by both chemical and
spectropraphic examination. Some difference of opinion
exists rvogarding the advisability of the'addition ol very
mall amounts of arsenic. It appears that arsenical copper

may be slightly more resistant to sea acvion than pure
copwer, out this advantage 1s neutralized by a srester fall
in tensile strength under suchi conditiocns, For this

reagon, 1t 1s not considered advisable to use arsenical cop-

per in salt or brackish waters.

Suscestions for Remedial Jeasures:

There are scoveral problems in considering tue
most suitable material for draft tubes and there is no one
gingle metal or alloy that could be recomaended as best
for all conditions of sgervice. Important factors to be

considered arce the chemical composlition oi the water; the

4
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(Sugiestions for Remedlal [leasuves, conl'd) -

conditions incidental to the design and operation, such

as the velocity of the intake weter in the tube; possibility
ol air entrainment; and presence o abgence of suspended
golids. All of these ractors affect the 1life of the tubo
and bLave an important bearing in determining which alloy

wili pive longsest life andg best performance.
[ &) D

Alloys that might be usod for this purpose
include red brass, aduiralty Lrasgs, sluminium brass, and
cupro-nickel.

ost of the information availlable concerns
cuordenser tuvbes wuere the service ig considerably more
sovere than in draft tubes. fowever, the conditions that
nay cause raillure in whatever paterial is used are similar
in voth cases.

RID BRASS (copper 85 per cent. zinc 15 per cent)

than copper. Its low zinc content makes it Llittle liable
to dezincification and it is not as susceptible to stresg-

corrosion or season cracking

g ag are the yellow brasses,
Nezincification is a forn of corrosion of bragses in wahich
under corrosive conditions the metal dissolves as an alloy
and the copoer rveplates in o spongy metallic form. Brasses
containing a relatively hish zince content have the property
or lorming protective films which are resistant to inmpinge-
rment attack, vut suc.: brassos often show the dezincification
ﬁype ol corrosion. Copper-zinc tubes containing ore than
15 per cent zinc arve occasionally subject to dezincification,

The use of red brass is not recomnended where water velocity



Pase 9 -
estions for Remedial leasures, cont!'d) -

would De over 8 feot per sscond.

ADLIRALTY BRASS {(copper 70 per cent, zinc 29 per

cent, tin 1 per cent) has hetter resistance than red brass

and is very comsonly used, egpecially on fregh watewr,
glow-gpeed ocsan-going freighters, and for btugs, harbour
craft and slower vessels wlth reciprocating engines. Uhere
thiere is a tendency to dezincify, the presence of 0.0L to
0.02 per cent arsenic favours the resistance, but its use
wmay lead to intercrystalliae corrosion. The mechanism
dezincification is

ol the action of arsenic in inhibiting

<

°

not ifully understood. It is belicved that it nelps the
LTormation ol a tduth adnerent, protectlve £ilm on the

=
=y

surrace ol the metal. Vith regart to tubing, the British

practice of using hard drawn tubes glves better resistance
to the mechanical forms of attack, air impingement, and
erosion, whereas the soft Amecrican tubes better reslsth
chemical and electrochemical forms of corrvosion. Bach type
has its ovm particular merits., Tin.ing of the surface sube
Jeet to attock is Lfrequently of wvalve in improving; surface
life under adverse conditions. However, in some fresh waters
this is not always true; the tin-coat will delay the settinge
in of the attack; but once the +in has blen removed, the
attack is accelerated,

The cnemical composgsition and physical propertlies
of admiralty orass are  iven in the specifications of

AcSe.Tolle B=111-40T.

(Continued on noext pa.e)
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(Suggzestions for Remedial. Neasures, conblid) =

ALUGINIUM BDASS (copper 76 per ceant, zinc 22 per

cent, aluminium 2 por cent).

The addition of aluminium to copper-alloy tubes
makes them superior to the brasses mentioned preﬁiaualyg
They +tlhen possess the property of forming a tenacious,
gelf-healing Tilm which renders the tube highly resistant to
impingement attack. These are the most durable tubes
available at wmoderate cost for turbine-driven shipsa They
have been found superior to admiralty brass avoard vessels
where the latter are subjsct to carly deteriorgvion by
impingement . They show remarkable ability to resist the
corrosive and erosive effects of entrance end burbulence and
air-hbubble attaclk. This resistance is attributed to the
rapid formation of a strdxg continuous film of aluminium
oxide. In somec instances tubes of this alloy have resisted
tho attacks ol brackish and polluted harbour waters better
than the copper-nickel alloys.

The chemical composition and physical propertiaes
of aluminium brass are given in the specifications of
AeSeTalle B=1l1-40T,

COPPR~NIGKEL (zopper 70 per cent, nickel 30 per

centy and copper Y5 bto B0 per cent, nickel 19 to 23 pew

centt, mning 1 Lw 6 per venb).

These are the hipghest-quality condenser=tube
alloys commereially avellabls. They have reliabiilty,
Jong 1life, snd reslstance o corrosive attack In eolther

2

flowing or standing water. They eve not sublect to
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(Sugpestions for Rewedial lleasures, conttd) -

dezincifioatiog and are of particular value where
registance to impinpgement attack is reguired. It is
believed that the merit of copper-nickel alloys lor these
conditions 1is due %o the fact that the protective layors
of corrcosion product both resist breakdown in high degree
and are self-healing.

AThe chemical composition and physical proper-
tles of this material are piven in A.S.T.l. specification

Bell1l=407,

Probective Treatment of Tubes -

One method for protecting tubes Iron attack

hag been to coat the interior of the tubes with an

3

asphalt composition. Appavently this material is satis-

factory when the ship is in relatively ccld waters but
not equally so in warm wabers where the coating tends to
move, leaving bare patches,

2

The sugpestlon of lining the tubea with rubber

would secem to possess considerable merit. Rubber~lined

o]

s

pipesg are used to guite an extent in the mining industry
uncer very adverse conditlions. After several ycars of
oxperimental worl the U. 3. Pureau of Ships has now
developed a plastic condenser-tube-end protector to combatb
the effects of inlet-end impingement attack. Tube-end
protectors undsr trial were fabricated from bakelite,
neoprene, and combinabions of bakelite and neoprene. It is
. n

stated that these inserts have a long service life and

ideally protect the inlet ends of these tubes. For
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(Sugiestions for Remodial Yeasures, contid) -

(Protective Treatment ol Tubes, contid) -

condenger-tube conditions, it has been definitely
established that bakelite was not adversely affected by
high temperatures and by the corrosive erfects of sea wat or
since it is chemically and physically inert wlth respect
to the surrounding metals in close proximity.

FPor draft tubes, where temperature is not a
factor, it would secem that the use of all the above-

mentioned plastics would merit further investigation.

Possibility of Substitution of Steel for Non-perrous
Tubos -

[T

Another possibility for considewration is the
corpparatively recent development of silicon impregnation,
or siliconizing, commevcially known as "Ihrigizing'. This
process, which 1s patented, consists of impregnating iren
and steel with a silicon-rich casge, containing sbout 14 per
cent gilicon, and is reporbted Lo have greatly improved the
resistance of the steel to correosion, heat, and wear.
Porged, rolled or cast low-carbon steel, with as low a
sulphur content asg posgible, is pariticularly suited for
the opsration. -Briefly, the steel articles ars subjocted
to the action of silicon carbide and chlorine at tewpera-
tures of 1700 to 1850 degrees ghr. Instead of silicon
carbide, ferrosilicon, or mizxtures of the two, may be used.
Partg may be processed in s rotary- or a pot~type furnace;
and the chlorine is added when the parts are ab treabing

temperature. The case may be made almost any desired depth
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(Posgibility of Substitution of ‘

ateel for Mon-lerrous Tubes, cont'd) =
from @,005 o 0,100 inch. The object of silicon impreg-
nation is to produce an article cheaply that is resistant
to corvosion. Because the alloy 1g only in the surface
layers which are exposcd to the corrosion; the core or
major portion ol the plece is inexpensive common ateel.
Parts#can also be fabricated Irom common stcel ..ore
econvmically tihan from nost cosrosione-resistant alloys, and
as the last operation givon the silicon impregnation treatment.
One pariticular opllication where steel treatod by this
process has been uvsed very successfully i3 on water-punp
snafte in hesvy~duty intornal combustion engines. Silicon
impregnation is alse reported to be quite serviceable on
valves; Titbing s and tubing in the chemical, paper and oil
industrics. It would appecar that the possibilities of
this process of steel bLtubling treatment might be worthy of
further investigation, for such applications as in draflt

tubss.

[T IO PPy

Conc¥uSLﬂn°

The above report outlines the various methods that
might be used in @his gervice., 'ith the sxcoption of the
last two listed, which may be regarded as experimental, the
materials are given in their order of merit. In seloecting a

material this should be kept in mind.
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