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ABSTRACT

This report concludes that most of the corrosion problems experienced
by the steel components of a ship may be attributed to design short-
comings. These problems have arisen because satisfactory protective
coatings could not be applied over inadequately prepared surfaces due to
their lack of accessibility. Corrosion problems involving metals other
than steel are also attributed to design faults. Thus most of the
corrosion problems encountered result from a lack of application of
existing technology .

Research of a basic nature is still needed in areas such as hot
corrosion in gas turbines , inhibitors for cooling systems, coatings for
magazine decks, and materials for sea water systems.
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SU~4MAR’i

Prom a review of the corrosion problems experienced in both surface
ships and submarines it is concluded that most of the corrosion problems
experienced by the steel components of a ship in areas such as the hull ,
ballast tanks, and machinery spaces may be attributed to design shortcomings.
In general , these problems have arisen because satisfactory protective coat-
ings could not be applied over inadequately prepared surfaces due to the
lack of accessibility of the particular areas. Corrosion problems involving
metals other than steel are also attributed to design faults.

Thus most of the corrosion problems encountered do not result through
inadequate existing technology but from a lack of application of that
technology .

Corrosion research of a basic nature is still needed to reach a
practical solution in areas such as hot corrosion in gas turbines , inhibitors
for cooling systems , coatings for magazine decks, and materials for sea water
systems.

The paper was presented at a meeting of TTCP—P—TP1 in New Zealand in
May 1979 as part of the Australian contribution to Assignment Number 6
“Corrosion Detection , Monitoring and Assessment”.
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CORROSION IN THE AUSTRAL IAN DEF [NC E SCENE

2. THE_ NAVY

1. INTRODUcTION

Corrosion problems experienced by the Army and the Air Force were dis-
cussed in a previous report [1]. CorrosIon problems in the Navy are dis-
t inguished f r o m  those of the  o ther  Serv i ces  because  Nav y corros ion problems
are much more severe due to  the  ex t r eme  aggress iveness  of the  marine environ-
ment exper ienced by Navy equipment . No other  n a t u r a l  envi ronment  could be
more h a r m f u l  to the  steel  of a ship than salt  wa te r , e spec i a l ly  in the warmer
c l ima te s .

Consider a surface ship; externally the hull has to be able to with-
stand either complete immersion in salt water or frequent splashing by It ,
while the externa l surfaces of the superstructure are cont inually coated
with salt crystals. Internally, h igh humidity air is drawn Into the ship for
v e n t i l a t i o n , b r i n g i n g  w i t h  i t  s al t y  dampness.  Thus steel surfaces , such as
decks under  v i n y l t i l e s , arc  exposed to t h i s  mar ine  environment . Fur the r ,
inaccess ib le  areas are exposed to t h i s  environment ; these areas include the
in te rna l s u r f a c e s  of the  hu l l  and mach ine ry  spaces ( Inaccess ib le  spaces under
the machinery foo t ings  and boi ler  m o u n t i n g s ) .  Wet spaces have t h e i r  own
specific problems ; these areas include bathrooms , laundries  and tanks f i l l ed
with diesel fuel , salt water (for ballast), or fresh water.

Steel is at present the most cost—effective material which can be con-
sidered as a major construc t ional material for larger ships, hence for its
survival ft requires to be protected from this environment. Because the
marine environment rap idly corrodes bare steel , the most practical and
realistic method of preventing this steel from corroding is by the use of
suitable coatings that separate the s’eel from the corrosive environment.

This paper sununarises corrosion pr oblems in the Australian Navy as
experienced by staff of Electrochemistry Group , Materials Research
Laborator ies  (MRL) ,  e i t he r  by direct association with the problem or through
p a r t i c i p a t i o n  in the Royal  A u s t r a l i a n  Navy Corrosion Committee (RANCC).  The
paper was presented to TTCP Sub—Group P, Technical Panel P1 (Metals) at a
meeting in New Zealand in May 1979. It formed part of the Australian con-
tribution to Assignment Number 6, “Corrosion Detection , Monitoring and
Assessment”.
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2 .  ~oRRt i SI ,lN KOUI FN’ !~~ ‘~ ~- (  K I  .\~~I ~; U I h ~
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~~~~~~~ ol I , ,  ~ ut i m p l o v e u i e nt  s I i i  t l it ’ i . \  t i  I L i a 1 hu l l  ~
‘
~~ ‘ ,i I 0! ~ .i I

shi ps , ant t t O u t  t u g  .lltd pr otect lye I tins now ha y , ,i e., ’iial~Ie’ i i !, I l u i s
I I:: i t t  tug d o ,- 

~ I ug 1 U t ,  tv _ el t o  t o  ex t  ended . ft~~ ~~~~ t h~~ ~a r e l  u U s , - oh
o t t ~~ t ~ e t i I n~s • t o~’ot her with t lie u s e  ~~~~ ~~~ hod I c  pr otect ton , t 1i

.i t  e a s o! t i ’ h u l l  h~’ l o w  wa tcrl t u e  do not  pose ma ~or - r - ,~i . t o t :  probleuu.

I i i  1 ,’, ~
. i t ~’ he ,- ,i ~~, . h~’~ ev er  • i i i  t i t ,  ~~‘ i ii~~I and wa I e 1 u a t a  . !h 1 ~

is not pr~’t ,‘e i ’~ ! ~‘v lie , , it  t,o, i Ic protee t lot: Sv s t  Oil tin .1 ~.h ip

~~t t hi’ p ot  cc t ly e  pa n t  coat i s  ,i j  t en  danuged ,‘i eiu, ’v d l v : ’ - , ,  h a t :  1, a 1
.15 Lou ,tui  tug  d e ,~~. tu g ,  ~ or i os ion  oh t l i t ’  u n der  i v  111t~ St  ,~~1 h u l l  do t ’s t ~~~

p 1 . i~ e

I h e p i  t~~.,’iit so lil t t o n  t o  his problem is  t o u s,  . t i i  e p o x y  11:, — t~ Ii

p r i m ’ t  ; t h i s  I s  .4 t o u g er  i’.tt nt svste ’n: hence ~- i 1 l  testst mt’,’ltan i ,’ ,ll damage ,
and h , ’,’ , iu se  o t  the pr,’senet’ ot  t h e  ,~ i n c  w i l l  p r ov i d e  some g a l v a n i c  p r o t t ’~’t ion
t o .il ’ r .id i’,l j r

—
. 

, -‘ ~ ‘ :.., 
~
‘ ,.;“‘ r-. .-~~.‘ 

-
~

I l i e  ma in ~‘or t . ’s lon problems in this area a r e  ass~’~ t .t t  ed w i t  Ii r adar  and
rad to .in t e t ’ l l , I e ’ . I h ~~se ’ a re  con st  rue te d  ot a lii gli St retigt h a t u t u  lii inn—c opper
. i l l  ov , and be I n t~ cx po~ e~! t o  ~~~~ soot v unne  i ~~ .i Se S con t a m l  i tg a t ’ id to  ~‘otnbus—

toil produ cts , rain .itud salt water sp lay , thi s .il 1ev is in .1 part l c u l a r l v
t ,‘~.s 1 ye t’IIV i r onl::, ’u

1 r tal s .1 tO he tug c on,tuc I ed t o  compare  v.14 I~~t t s  pa j u t  s V S t  en’s ~‘vt ’ r
‘‘ Al e lad ’’ 

~a e~~.tt h u g  o t pure a Inn in j un over  t l ie  abo~’e a 1 1 e v)

2. :: r !:.i ‘ . ‘S ‘F l  ‘ f l  a I

l’ht’ R i v e r  11.455 destroyer escorts oh t h e  R~\N  we x ~ d e s i g u i d I or a h u l l
l it c ot 1 ~ yea r s .  At p r t ’se nt  some hav e  been In st’rv ice t or l’~ y e a t s  and i t
t t n t  ended t h a t  they continue in ser~’ ice  I or a iuo t  her 10 ~ ‘ , , i t  s , i t  t o t
n:ode tn t  s.tt ion [ 2 . l’hi is ho 11 itt c is do I cnn i nod by d imons ion  ing  t ho sI rengt h
0! p l a t o  and I tame r equ i r ed  to  w i t h s t a n d  t h e  rigors o~ the sea and t h e  ri gors
0 wa t’ • and t hen adding ,tn a 11 owanc o 1 or t tie c o r ro s ion  exp ec t  e’d over  t h ’
d e s i g n  h f , ’ .

Th e j h o v t’ c or r o s i o n  is p red ominan t  lv  t h a t  t a k i n g  p l a c e  I rom th e  inside
o u t w a r d s .  I ’l ,is co r ros  Ion is ext  remely hard o con t  r o t  because the ins ide
oh a ship is .t indi’ i’ ot  b u l k h e a d s , long i t u d i n a l s , pi pel i l t es , t’able— trav s ,
tr.ui:os, t auks , and these cr e a t e  many small  i n a cc e ss i b l e  a re a s .  Cor ro s ion  In
these areas results t rom inadequate  s u r f a c e  p r e s e r v a t i o n  as a r e su l t  oh
inaceess ibl 1 l t v

Where’ t h e  above corrosion is s u I t  i e f e n t l v  had t J . e .  t he  s t r e n g t h  ot
t l~e’ p l a t e  has been weakened ) then it is necessary to remove these plates and

~‘ ,• ld  in  flew ones. In .i recent example it was estimated [ 3 1  t h a t  the  cost  ot
roN I I’S I ii the mach ine ry  space intl 1 p t a t  i ng a lone  dur ing  IIMA S PARRAMATTA ’ s
cu r r en t  m o t% e ’ r n i s, i l  ion was in OXCOSS oh $100 000.
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- 1

S m et ’ Lii , pi m ary , I L I S L  oh many oh t a -  problems t reated by Inboard
corrosion are titi t’ t o  d i i  I i~ - u I t v  ,isst c I , i t i d  ~.it ii t t~ app l ication and

~~~intenancc oh p ro t ec t ivt ’ co . t t  l ugs , u s u a l  I v  ite au s e of lack of access ib il i ty ,
it is suggested that lv n o t ,  c a r e f u l  a t t e n t i o n  at t he  design stage , adequate
access ib i l i t  might it ’ at It i ev ed.

I t  is contended t h a t  the I l r s t  I ink. oh d e f e n c e  agains t  hul l  and
structural ( ‘OI’  ros ion  is  ii: , 1s t elIot’ on good d0 sign to ensure that corrosion—
prone areas  are t a t built int t ’ t he ’ structure. Cood design should

(a)  ~h inimi. ’~ wat e r t e t i i i ing .Ire.Io , t i tus thit .’ aim should be to
provide nux I ::: u:. d i  a I Ilage’ , and

(b)  prov ide’ at 1 - ,i~~t reasonable access b r  s u rface  preparat ion
and coat ing , and I ae j i l t  a t e  coat In g  ma in tenance .

Thus good des ign  concepts should r e s u l t  in

(a)  Lower corrosion i n t e n s i t y  and less l o c a l isat i o n  of corrosion ,

( b) more sat  i st  a ct  or~’ [nit liii p r ep ar a t  ion and app l ica t ion  of
coat  ings , and

( c ) l ess , and more sat i s t  i c t o r y ,  m a i n t e n a n c e  of coat ings alread y
in s e r v ice .

In practice thue ’  pertorniance ot protective coatings is frequently
determined not by the intrinsic prop erties of the coating itself but by the
prac t ical inadequacies in

(a) Sur t  ace’ pr epa rat Ion oh the base met .tl  ,

( h )  coat hug app  I Ic it ion and ma tnt e’n.Ince , and

(c)  the local  intcns if teat ion ot corrosion I actors due to bad design.

Because oh t he above , i t  sitou Id h e  tuiandat or v  t h a t  ant icorrosion
s t r u c t u r a l  des ign  h e ’ given very e a r ly  p r i o r i t y  in the ship design schedule.
In the p r a c t i c a l  s i t u a t i o n , however , it Is rea l i sed  tha t  most of the RAN
acquisitions are oh overseas design and construction , and therefore for a
new ship the RAN has littl e control over factors affecting corrosion in the
design and construction phase’s. 1his i s  not the cas t ’, however , for a refi t ,
modernisation or ~~‘n :cz - - ci: i ll t i~;’t ’a or nat’al ships and it is to these
situations ttut this :u:’~’z i ,s pi :::aril

Concerning c o r r o s i o n  in m a c h i n e r y  and ancillary equipment , the purchase
of much commercial  equ ipment precludes s i g n i f i c a n t  design control . Such
problems , therefore , have to be treated on t h e i r  merits. Corrosion preven-
tion method s such as material se1t~ction , environmental control , inhibition,
and operational control may be app licable in these cases.

L -~~~~ ~~~~~~~ 
- —
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-
~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
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2. .J ~
‘
~~‘: r~~ ’~ . ~ . L~ ’ .~ ‘ ‘4..’A :‘;

I he I’ ! Inc ipa I c d U s e ’  oh t it is  cor ros  ion b: is Is-on the p r e ’s e ’ iuc - e ’ oh w a t e r
ron rop~’~tt  ,ci s huh , ings ( t ’vei :  w i t h  f r e s h  w a t e r )  and In g re s s  oh salt and

tno i s t u r e .  l, is ll’ ‘h si l i r e  has r eached t h e  St e’el deck t h l r o u g i l  c r a c k s  between
the t t b ,  or thr ug l cracks ~ie’ re’ t h e  t i l t ’s ab ut hulk hi,’,ids and t I t t i n g s .
~‘hiss t V t ’ c-~’rro~,ion damage bias resulted , and t i t i , ;  has nt ’~~t ’s s i ta t e d  t h e  r ep l ace—
i l : e t i t  ot  e x t  e t i s iv e  deck a r e a s .  I t lals .lre’ being conducted by the RAN to
d e t , ’r m i n e  t he’ b e st t:e’atts oh cop in g  w i t h  t h i s  p r o b l e m .

5 F l - - c ’ : :  . :, - ‘ ,‘..:,~~‘! ~j *i~ ‘ — -

Duri n g con~ tru e t totu , a r e a s  un der p e d e s t a l s  m u s t  be’ coa ted  a f t e r  a l l
. ibr  i c a t  ion (,~~ ‘ld lug ) is comp leted . Design (ia, k oh ac ces s i b il  i t y )  o f t e n

p r e v e n t s  I L i t .  I c  i~ig dot:,’ sat istactori lv. l~
’urt lter , m a i n t e n a n c e  ot these

p r o te c t  ive C o l t  hugs is ~b i t t  icu it not onl be ’c ’ i us t ’  t h ey  are’ in awkward
[nac’ce’ss [hit ’ p lac e’s , b u t  .i i s~ b’e’c,tuse’ tht ’~’ are ot  ten l oca t ed  in a hot and
d i t  I Icu l  t w c ’ t k  ing c -nv i r , ’t: u: :ent  . l!owe’~’e’r , st rue  I nr a  1 m t  e ’gr I t  v is I m p o r t a n t
and inaccess ib le  areas such as t h e se’ have’ to  be surveyed at f r e q u e n t
i n t e r v a l s , and c o r r o s i o n  damage ’ ree l  it  it ’d whe r e  p o s s i b l e .  T y p i c a l  ~ h these
art ’as .l r e’ mach in e ’r v  loot in gs  and b o i l e r  m o u n t i n g s .

:~~ r jug a ret it when ln.tobl ille rv is lifted it Is most e s s e n t i a l  tha t
tht’se’ inaccess ihit ,’ space’s be c leaned , z i n c  or a l u m i n i u m  sprayed , and then
well coa ted.

~~~~~~ Z ! 0 5 ( ’ f l  or ~‘,-r :t :‘r ur : . ~ : r : ~: and ,.‘a~ I t ’

~\ c c e s s i h i l i t v  to  t h e  a i r  d u c t s  f o r  c o r r o s i on — m a i n t e n a n c e  purposes is
norral lv ver y di t i c u l t  because t h e~’ are’ q u i t e  oh t en  loca ted  benea th
f i t t i n g s .  ~ i r ’ i l a r l v , t h e r e  a r e  d i f f i c u l t ie s  of c l e a n i n g  and p a i n t i n g  behind
cabl e’ tr ays.

Again t h e s e  arose t h r o u g h a des ign  p rob lem , and t h i s  p r o b l e m  is not
easy to resolve while the procurement of ships is f rom o the r  c o u n t r i e s .

2. O Ff c ’ 5 : ( f l  i f :  Wt - I Spdc t  ‘s

Corrosion problems are encountered In bathrooms , galleys , and
l aundr i e s .  One means of reduc ing  these corrosion problems is to install
be t t e r  v e n t i l a t i o n  and me ta l  spray to f u l l  h e i g h t .  I t  has also been
suggested that stainless steel inserts be fitted in deck areas.  This is a ‘

continuing problem.

c Lr rc ’a : cr: s l  ti: :r : Fuel ‘jr:As

Corrosion problems have been experienced inside fuel oil tanks in
DDC’s. Normally it might be expected that the oily environmen t would
protect the steel surface , however the salt—laden air above the fuel oil
surface (probably abetted by condensed water vapour and sulphur from the
fuel oil) attacked the steel surface of the tank.

The m~u in problem w it h the preservat ion of tanks f o r  d i e se l  oi l  (D IESO)
and av ia t ion  f u e l  (AVCAT),  is the high cost of achieving a good tank coating ,
where the main Cost is in the initial surface preparation . However , such a

4
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c o a t i n g  can b e  e t t e ’ ~~ t 1 ’ ,’ c’ in preventing corrosion , and in the  end the cost
would be less th,iu; !. oe’ cleaning b,,ick , making  good , and r e c o a t i n g  of
i n a d e q u at e ly  p reserved  su r l , i c , ’s .

2. ~i C’o! r o s l o !, ~ : i, : , ,!  I a .-, I I

L~ c’k of a c ce ’s s l I - j l j t y  to t h e  internal surfaces of these  tanks hinders
both the prepar .ition of s u r f ac e s  of adequate ’  q u a l i t y  and the  successful
applicatio n c t  p r o t e c t i v e ’ c o a t i n g s .  At p resen t  an i nves t i ga t i on  Is being
c o n d u c t e d  on the liSt’ ;t seif—gelli ng oil as a protection coating for seawater
ballast tanks.

2 . l ~ ze ~~- z ’ .’ at ~ of: or u~ - ~~~~~~~~~~~ oF .‘Fa ;azine’s and Associated Areas

Because 4.5 inc h shells and 40 mm aircraft ammunItion are susceptible
to e1ectrostat i~ charges or stray radio frequency, areas where they are
likely to be located must have Conducting floors. For this reason these
areas Cannot be coated with conventional pa ints. In some of these areas the
deck plating can be’ metal sprayed , however if this is Impracticable the deck
plating i~ lef t as bare m etal — thus Is readil y available for corrosion
processes to occur. A suitable surface protective coating in these areas is
required .

2.11 Etco l~~z Cor!o~~io r;

In t e r n a l  co r ros ion  has been experienced in the boi lers  of the DDG F~4AS
BR I SBANE , and t h i s  has been a t t r i b u t e d  to i n s u f f i c i e n t  con t ro l  of boiler
water  p~i and the possibility that the  c o n c e n t r a t i o n  of dissolved oxygen is
too high . To these end s morp hol ine  may be used to control  the p H and
h yd raz ine  may be used as an oxygen scavenger .

2.12 CvrrosloI, of Evaporator Shells

Corrosion damage has  been de tec ted  in the evaporator  shells of HMAS
PARRANATTA , [~1AS STUART and HNAS DERWENT (all destroyer escorts). It was
recommended tha t  in f u t u r e  these should be made from 90/10 copper nickel.
Scale con t ro l  in these d i s t i l l i n g  p lan ts  Is control led by “Ameroyal ” (pre-
dominan tl y poly(acry llc acid ) in an alkaline solution containing a surface—
active agent).

2 . 1 3  Corros ion in Diesel Eng ine Cooling Sg s te rn s

Because th is  is a recur ren t  problem , a Working Pa r ty  has been estab— 
-
‘

lished to investigate inhibitors for use in diesel engine cooling systems.
The objec t of the  Working Par ty  is to recommend a universal , safe , simple ,
s a t i s f a c t o r y ,  and c o s t — e f f e c t i v e  inh ib i tor .

Previous ly  sodium chrotnate had been used as a corrosion inhibitor in
diesel engines , however because of its toxic properties it is no longer used
in these eng ines connected to waste heat d is t i l l ing  p lants.

The requirement is now urgent as the Attack Class and the Fremantle
Class Patrol Boats, and the FFG ’s, are all to be fitted with waste heat fresh
water generators (evaporators).
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Be’calls.,’ t h i s  i s  .t r e c u r r en t corrosion prob lem area the  SWS Working
Party Is to h e  re —convened , its first task will be the investigation of
replacement s t or tile Carver Pumps on tile I)DC ‘s and the Worthington—Simpson
Pumps on t ii h ype ’ 12 DE ’s.

1. (‘ t ~~~~ iON l’RollI.EM~
; I N Sb IIMA R I NES

As subma t ine s und~’t go re’gu I , ; r  and ext e nsiv e ’ ref Its about every four
years , and in t l l I ’ S e ’ the boat is v i r t u a l l y  g u t t e d , a n t i — c o r r o s i o n  t r e a t m e n t s
can be app l ied  to ,ill the norma l lv in ;lc ,’ess Ii )  h e  areas within the hull at
more frequent intervals than can he done w i t h  s u r f a c e  ships.  Neve r the l e s s ,
because of the high humid it V and h i ghu salt content of the internal air ,
pers i s ten t  e f f o r t s  a re ’ necessary on corrosion p reven t ion  measures between
r e f i t s .  B a s i c a l ly ,  however , the  r e q u i r e m e n t s  of submarines and su r f ace
ships are similar .

The exterior hull is sandhlasted and re—coated during each refit , but
corrosion problems do persist in t h e  w i n d  and wat e ’ r a rea .  The main ex t e r io r
hul l  co r ros ion  problem , however , is near the exhaust outlets (mufflers).
Because t h i s  area of t h e hull is heated by t h e exhaust system it Is diffi-
cult to maintain a protective paint film on it. Also , this area is in the
splash zone when the submarine is on the surface and hence it is not pro-
tected by the cathod ic protection system of the submarine .

A trial is being conducted  on HMA S OXLEY wi th  th i s  area protected with
three coats of a coal tar epoxy . Another suggestion is to use an aluminium
spray. The i n v e s t i g a t i o n  is c o n t i n u i n g .

In t e r n a l l y ,  submar ines  have two p a r t i c u l a r ly  t roublesome areas , namely
propel ler  s h af t s  and m u f f l e r  t anks .  To the forme r end , a submarine t a i l s h a f t
corrosion Working l’a r t y  was e s t ab l i shed . Th is Working Party recommended that
nickel alloy cladding he carried out on the whole area of the shaft between
the  s tern  gland seal and s tern  g land tube b e a r i n g s .  W’IAS OXLEY will be the
first submarine to be so fitted .

W i t h  regard to the  submar ine  exhaust  m u f f l e r  tanks , new design steel
tanks  are being tes ted  and arc p er f o r m i n g  we l l .  An Incoloy t ank  has also
been tested , and although its performance was excellent , it may not be the
most cost—effective solution . Further , it could cause galvanic corrosion of
the  hul l  p la te  in contac t w i t h  i t .

4. CORROSION PROBLEM S I N  NAVAL WORK BOATS

4.1 33 ft G.E.I’. Craft

This problem was concerned wi th the extremely rapid and severe “cutting
out ” of the n i c k e l/ a l u m i n i u m / b r o n z e  propel lers.  Because of It s  magni tude
this was considered a major problem .

6
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The subsequent Investigation concluded that the pattern of damage was
characteristic of that arising from cavitation erosion, that both the
material of construction and casting technique were satisfactory, and that

— the problem arose because the clearance of the propeller tips and hull was
too small and that the speed of the tips was too high.

It was recommended that cathod ic protection be applied to the pro-
peller (this  could work where the cavitation level was not too severe).
However , if propeller protection was not afforded by cathodic protection ,
then it could only be concluded that cavitation was of such a high intensity
as to require a redesign of the hull—shaft—propeller geometry as the only
alternative approach.

In terms of the classification of problems outlined In the previous
paper [l~ (reproduced in Appendix 1), this problem would be classified as
A3 , i.e. adequate technology but technology transfer to the designer
inadequate.

4.2 12 m Aluminium-Alloy Naval Work Boats

This problem was concerned with the very rapid corrosion (rusting) of
the stainless steel propellers of these workboats. The failure was mainly
attributed to the choice of the alloy . Type 410 cast “stainless steel”,
as originally specified for the propellers, does not have suf f ic ien t  inherent
resistance to corrosion by sea water for the intended application . This is
due to too low a chromium content , and it has the lowest general corrosion
resistance of any of the “stainless” iron/chromium alloys.

An alternative alloy CA—15 was also used , and again failure occurred
after about two months. As this alloy is identical wi th  Type 410 , the
result is not surprising .

The minimum qua l i ty  of stainless steel likely to give sat isfactory
long te rm service in sea water would be the austenitic 18/8/Mo Type 316
alloy . On strength considerations the casting alloy ASTM A296 CD 4M Cu
would be acceptable , and because of its high chromium content (24.5 to
26.5% Cr) and molybdenum content it would be expected to have a corrosion
resistance in sea wate r at least as good as Type 316. Therefore it would be
an acceptable alternative . Good foundry practice would be required to
ensur e the low carbon content specified (0.04%).

Also assoc iated w i th these workboats is a potential problem due to
corrosion of the Y—brackets. These are of cast aluminium alloy LM1O
(Al + 10% Mg), an alloy known to be suscep tible to intergranular corrosion
and st ress corr osion cracking , especially in corrosive environments such as
sea water.  It was recommended that this alloy not be used in an important
component such as a Y—bracket , especially as alt-ernative non—susceptible
alloys are available.

In the terminology of the previous paper [1], this  problem would fal l
in to category A3 (see Appendix 1).
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5~~~~~AS T U R B I N F S

I t  is q u i t e  wel l  known t h a t  the hot end of gas t u r b i n e s  are par t i -
c u l a r ly  su scept i h i e  to  corrosion , the  r a t e  of which is accelerated by the
salt—laden marine environment . l’hus problems would he antici pated with the
I~M 2500 engine  being f itted in the FFC ’s for the RAN. For example, the
t ir st  stage blading of LM 2500 turbines fitted in commercia l  a i r c r a f t  last
6000 hours , whereas the blades in the m ar i n e  ve r s ion  last onl y 3000 hours .

S i m i l a r l y h i g h — t e m p e r a t u r e  cor ros ion  problems are experienced in the
ga~ — t u r b l n e  e n g ines  of t he  RAN West land Sea K i n g  h e l i c o p t e r s .

Research in this field of “hot corros ion ” is v er y  a c t i ve , and MRL is
c o n t r i b u t i n g  some oh i t s  expe r t i s e  to  he lp  solve  th e  problems in t h i s  area .

— 6. NAVY NUNl’1’R)N~

6. 1  Ikara M i s s  h o :  Te ’l st ’ndor Vol tabl uc l~at t~~z-ioy

Major corrosion damage was detee’ted in these nickel—cadmium batteries
in store. It is thought that about 300 of these batteries were affected ,
each costing about $100. Corrosion damage was attributed to leakage of
a l k a l i n e  e l e c t r o l yte ’ f rom inadequatel y sealed hatte’ries. Incorrect design
was blamed for the damage.

This f a i l u r e  would f a l l  into category Al of A ppend ix 1.

0.  .~ but ra t!k 7 -J b,- e t ) Mount  2 no

Corrosion has been observed in these mountings and corrosion prevent ive
treatments recommended . It was suggested that the components should he hot
dip galvanised or sprayed with an aluminium metal coating as this would have
s i g n i f i c a n t ly be t t e r  corrosion res i s tance  than  an equal  t h i ckness  of zinc in
marine atmospheres and high humidity environments. Additional pro tec t ion
by the application of organic coatings was recommended also.

7. SU~~’IARY OF CORROSION PREVENT ION_MEASURES

7.1 loi Good Desi gn

If it is accepted t h a t  many of the In t e rna l corrosion problems of a
ship arise because protective coatings cannot be adequately applied due to
lack of accessibility, then it will he apprec iated that the design phase in
the life of a ship is of paramount importance in the  f i g h t  against  corrosion .
It Is at this stage that materials are selected , maintenance accessibility
is determined and preservation schemes arc specified .

Unfor tuna te ly the RAN has, or has had , l i t t l e  control  over the design
of its major ship acqu i s i t i ons, fo r  a l l  are of overseas design using

8
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conventional displacement hulls constructed from conventional structural
steels. Thus the RAN has little control over factors affecting corrosion
in the design and construction phases of a new ship .

Howeve r , this is not the case for a re f i t , modernisation or conversion ,
and here we should not repeat past errors. The expertise available within
MRL could assist the RAN in overcoming many of their corrosion problems.

7.2 By the USC of the Correct Materials

Although this is part of “Good Design” its importance warrants greater
attention , particularly when the aggressive nature of the marine environment
is taken into consideration. Metals for components such as propellers, pip-
ing and valves in sea water systems cannot be protected from the aggressive
environment by organic coatings and are, therefore , in direct contact with
sea water. Accordingly these metals must be chosen carefully .

It is also important to ensure that galvanic corrosion is prevented .
Thus, for example , an aluminium bronze propeller will become badly pitted
if used on a Monel propeller shaft in sea water .

7.3 By Organic Coatings

The corrosion of steel is typically prevented by the application of
protective organic coatings, and fo r this the importance of adequate surface
preparation cannot be over—emphasised . The main problem is the difficulty
of achieving the high standard of surface preparation required in areas
where accessibility is difficult. Because the outside of a ship is reason-
ably smooth and accessible (at least from the waterline upwards), the main
problem areas are inside the hull.

The main advancement in th is  area would arise from the development of
a good protective , long—life paint system that could be satisfactorily
applied over areas where it is not possible to achieve a high quality in the
sur f ace preparation.

7.4 By Inorganic Coatings

The use of metallic coatings for the protection of other metals from
corrosion is based on the fundamental principle that a metal will not
corrode unless it is in contact with the corrosive environment. Thus, any
form of continuous barrier which is interposed between the metal surface
and the corrodent will have anti—corrosive properties even if the corrosion
is only transferred from the massive constructional metal to the thin
covering of the protective coating. Metallic coats may be applied as coats
alone or in conjunction with paint coats.

A number of factors needs to be considered In the selection of the
best protective metallic coating. For example, the coating must resist the
environment to a greater degree than does the basis metal, it must in no
way encourage local corrosion of the underlying material — in some cases

(e.g. zinc or iron) it may also confer cathodic protection on it, it needs
the elasticity, hardness and wearing qualities suitable for the operational
requirements, and it should be as free from pores as possible.
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Zinc , cadmium , and aluminium coats may be used for the protection of
areas such as s t r u c t u r a l  steel components , deck areas , machinery equi pment ,
navigation systems , ship p ipelines , and electric systems . The choice of
coating and the method of application depends on sizes, shapes and mater ial
of the structure to be protected , corrosion influences , and other technical—
economic reasons. The methods of application include hot—dipping , electro-
ly t i c  method s , metal  spraying and cladding .

7 . 5  By Ca t hodic Protection

Pro tec t ion  of the external metal surfaces (hull, rudder , propellers)
by cathodic protection (C.P.) works extremely well in areas continuously
Immersed in the sea. Nevertheless there are still problems that require
elucidation. For example, we have found some anodes used for the C.P. of
ships to be passive , while others which were nominally identical In all
ways were effective in afford ing protection .

7.6 The Role of Management

Many corrosion defects can be traced back to management decisions.
For example , f inanc ial restraints dictated a reduction in the preservation
treatment for the oceanographic ship HMA S COOK, and it is estimated [3 1
tha t  t h i s  may reduce the  shi p ’s l i f e  by f ive  years.

The role of management in corrosion control is of prime importance.
Management has the f inal responsibi l i ty  for decisions concerning the
app lication of adequate ant i—corrosion measures. Therefore management must
be convinced of the long term economic advantages of these approaches.

8. CORROSION MONITORING

Corrosion monitoring in Naval ships, particularly in sea water
sys tems , is a technique with a considerable amount of potential. There are,
however , two main problems associated with this technique. These are,
f i r s tly,  the need to iden tif y the specific areas where it is necessary to
monitor the corrosion , and second ly, the need to devise a method of measur-
ing (and Interpreting the measurement of ) the corrosion in the closely
def ined localised area .

The state—of—the—art of corrosion monitoring is such that there is
need to improve techniques for detecting the onset of corrosion and for
measuring its subsequent growth.

The purpose of our study is to examine available techniques, and
devise feasible new automated techniques, to enable efficient monitoring of
the more costly types of corrosion damage in Naval ships, or of corrosion
in critical areas where rapid and/or catastrophic failure could occur . Of
particular interest are the areas where the failure would be unpredictable
from available design data.

In Electrochemistry Group, Metallurgy Division , MRL , considerable
progress has been made towards the development of an au tomated corrosion
monitoring system . 

-
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APPEND IX 1

CLA SS IFICATION OF CORROSION PROBLF}IS ACCORD ING TO TECHNOLOGY

AND ITS TRANSFER, AND USAGE HISTORY

Usage 
- 

Adequate Technology
H i s t o r y  -

or Technology transfer
Technology transfer InadequateIntended inadequate to the
inadequate to the TechnologyL sagt designer and/or to -

- userot the manufacturer
I qu ipment (A) (B) (C)

in Long Term (Al) (Bl) (Cl)
St orage

(1)

Seldom Used (A2) (B2) (C2)

(n

Frequent l~ (A3) (63) (C3)
Used

(3)  
.—

12

_ —---

~

- -

~

----—--- - -

~

--

~



‘1’

(MRL—R— 753)

DISTRIBUTION LIST

MATERIALS RESEARCH LABORATORIES

Chief Super in tendent
Superin tenden t , Me tallurgy D ivision
Dr .  J .J .  Batten
Lib ra ry
Lib rar ian , Mate rials Test ing Laboratories , N . S .W.  Branch

(Through O f f i c e r — i n — C h a r g e )
Officer— in—Charge , Join t Tropical Trials & Resaarch

Establ i shment

DEPAR ThENT OF DEFENCE

Chief Defence Scient ist
Deputy Chief Defence Sc ien t ist
Control ler  Pro jec t s  and Anal y t ica l  Studies
Sc i e n t i f i c  Adviser — Army
Air Force Sc ien t i f i c  Adviser
Naval Scien ti f i c  Adviser
Ch ief Super in tenden t , Aeronautical Research Laboratories
Direc tor , Defence Research Cen tre
Senior Librarian , Defence Research Centre
Librar ian , R . A . N .  Research Laboratory
Off icer—in—Charge , Document Exchange Centre (16 copies)
Techn ical Repor ts Cen tre , Defence Central Library
Central Office , Directorate of Quality Assurance — Air Force
Deputy Director Scientific and Technical Intelligence,

Joint Intelligence Organisation
Head , Engineering Development Establishment
Librarian , Brid ges Library,  Royal Mil i tary  College

DEPARTMENT OF PRODUCTIVITY

NASA Canberra Office
Head , B.D.R.S.S. (Aust.)

OTHER FEDERAL AND STATE DEPARTMENTS AND INSTRUMENTALITIES -

The Chief Librarian, Central Library, C.S.I.R.O.
Aus tralian Atomic Energy CommIssion Research Establishment



-

(MRL—R—7 53)

D I S T R I BUTION L I S T

(Continued )

M I SCEL LA NEOUS — OVERSEA S

Defence  Sc ient  I f  Ic & Techn ica l  R e p r e s e n t a t i v e , A u s t r a l i a n  High
Commission , London , England

Assistant Director/Armour and Materials , M ili tary Vehicles  and
Engineering Establishment , Surrey , England

Reports Centre , Directorate of Materials Aviation , Ken t , England
Library  — Exchange Desk , Nat iona l Bureau of Standards , Wash ing ton ,

U .  S. A.
U.S. Army Standardization Representative , d o  DGAD (NSO) ,

Canberra , A .C.I’.
The D i r e c t o r , 1)efenc, S c i e n t i f i c  i n f o r m a t ion and Documenta t ion

Cen t r e , D e l h i , ind ia
Colonel B . C .  Joshi , M i l i t a r y , Nava l  and Ai r  Adviser , High

Commission of I n d i a , Red H i l l , A .C . T .
D i r e c t o r , D e f e n c e  Research Cen t r e , Kuala  Lumpur , Malaysia
Exchange S e c t i o n , B r i t i s h  L i b r a r y ,  Lending Divis ion , Yorkshi re ,

England
Per iod ica l s  R e c o r d i n g  Sect ion , Science Refe rence  L ib ra ry ,

B r i t i s h  Library, Hoihorn  Branch , London , England
L i b r a r y ,  Chemical  A b s t r a c t s  Service , Ohio , U . S . A.
1NSPEC : A c q u i s i t i o n  Sec t ion , in s t i t u t i o n  of E l e c t r i c a l

Engineers , H e r t s . , England
t~~erseas Repor t s  Sect ion , Defence  Research informa t ion Centre ,

Kent , England
Engineering Societies Library, New York , U.S.A .

_ _ _ _ _ _ _ _ _ _


