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In  recent years there  has been a  m arked  increase in  the operating  pressure and 
tem perature  o f the boilers used in m arine installations. T he single boiler concept is also now 
quite com m on. These developm ents have required  new thinking on the subject o f m arine 
boiler w ater treatm ent. The w ork on which this paper is based was aim ed at evolving a total 
system o f boiler and  feed w ater treatm en t fo r a  fleet o f  large tankers, so the paper covers 
no t only the chem ical aspects o f the subject bu t also the engineering features which are 
desirable w ithin the feed system. T he m ain trace contam inants likely to  be present in a 
m arine feed system are silica, iron  and  copper. C are m ust be taken to  ensure th a t the level 
o f con tam ination  is w ithin the limits detailed in the appendix. Silica can cause severe deposits 
on tu rb ine blades, w hereas copper and iron  can initiate corrosion w ithin the boiler. Successful 
boiler w ater treatm ent can only be the sequel to  successful boiler com m issioning, bo th  boiler 
w ater treatm ent and  com m issioning m ethods are detailed in this paper.

INTRODUCTION
In  recent years there have been considerable advances in 

the design o f m arine steam  tu rb ine propulsion systems. Perhaps 
the biggest changes have been those affecting th e  boiler plant. 
The single boiler concept is now  quite com m on; m em brane 
furnace walls are  being used and  the m ajority  o f  boiler designs 
employ an all welded construction  m ethod. T he operating  
conditions o f  the boilers have risen ; pressures in  th e  region o f 
65 kg /cm 2 and  tem peratures in  excess o f  500°C are now  regarded 
as the ru le ra ther than  the exception.

These advances have requ ired  a  revision o f  the m ethods o f 
boiler w ater treatm ent used on b oard  ships fitted w ith such 
boilers. C ontam ination  which can be to lerated  in the boiler and 
feed systems o f ships operating  a t low er pressures can  give rise 
to serious problem s when the operating  conditions o f the boilers 
are increased.

T he object o f  the w ork on  which this paper is based was to  
evolve a  to ta l system o f boiler and  feed w ater treatm ent for a 
fleet o f large tankers w ith single boiler installations. The 
operating  conditions o f  the boilers are  a t a  pressure o f  63 kg/cm 2 
and  a  tem perature  o f 500°C a t the boiler stop valve.

T he experim ental w ork m entioned in  the paper was carried 
ou t a t sea on  b oard  one o f  these ships. Full details o f  the 
analytical techniques used are  given in the appendix.

COMMISSIONING OF NEW MARINE BOILERS
Effective boiler w ater treatm en t can  only be achieved if 

sufficient a tten tion  has been paid  to  boiler com m issioning.
T he follow ing practices and  routines will aid  the early 

establishm ent o f  correct boiler w ater conditions.
O nly de-m ineralized w ater should  be used fo r pressure 

testing the boiler. As such w ater m ay be sa turated  w ith oxygen 
and  carbon  dioxide, it is essential th a t 20 ppm  o f hydrazine should 
be present a t a  p H  o f 10 to  10-5. This w ater will give am ple 
p ro tection  against corrosion during hydraulic testing and  can be 
left in the  boiler p rio r to  com m issioning.

Before raising steam , this w ater should  be dum ped and  the 
boiler refilled w ith de-ionized w ater contain ing only five ppm  of 
hydrazine.

* Engineer Superintendent in the Repair and M aintenance D ivi
sion, Shell Tankers (U.K.) Ltd.

The successful com m issioning o f a m arine boiler is dependent 
on the contro lled  fo rm ation  o f a  perfect m agnetite layer on  the 
iron  surfaces o f  the boiler. Iro n  o f  course tends to  oxidize when 
exposed to  a ir and  w ater. F ortunate ly  one o f  the oxides is 
m agnetite (F e 3 0 4) w hich will, if  conditions are  correct, form  a 
protective oxide layer on the m etal, so preventing to  a  large 
extent any fu rther oxidation. T he problem  is to  establish the 
conditions under w hich such a  protective film m ay be generated 
and  m aintained during practical operation  o f th e  boiler. These 
conditions are  achieved by the contro lled  injection o f  hydrazine 
during the first steam ing hou rs o f  the boiler. T he hydrazine 
should be injected in to  the feed system in carefully contro lled  
am ounts and  a t a  contro lled  pH  in order to  encourage tw o 
reactions.

F irst it is assum ed th a t after the cleaning o f  the boiler and 
its subsequent exam ination  and  hydraulic testing certain  am ounts 
o f  F e203 (rust) w ould form  on  th e  bare m etal structure  o f  the 
boiler. The in troduction  o f  hydrazine encourages the following 
reac tio n :

6F e2O j +  N 2H 4 =  4 F e 30 4 +  2H 20  +  N 2
So any loose rust on the boiler surface will be chemically 

rem oved. H ow ever, during this phase the  boiler w ater tem perature  
m ust be raised  to  250°C as soon  as possible to  prevent the 
fo rm ation  o f  fu rther F e 20 3  on the boiler.

D uring  these early steam ing stages o f the boiler the hydrazine 
should be injected to  m aintain  a  hydrazine reserve in the boiler, 
the  pH  during this phase should no t be allowed to  rise above 8-7.

Once the hydrazine reserve has been established, it is 
assum ed th a t the first reaction  is com plete. T he pH  o f  the boiler 
should now  be raised to  a t least n ine by the injection o f  small 
am ounts o f  caustic soda.

T he conditions in the boiler should now  encourage the 
following reaction:

3Fe +  4 H 20  =  F e 30 4 +  2H 2
There will have been a tendency for this to  occur a t the 

low er pH , bu t the reaction  will proceed vigorously once the pH  
has been raised. T he hydrazine reserve should be m ain tained  to  
ensure th a t the boiler w ater is oxygen free.

T he crystallites which form  the m agnetite  deposit a re  o f 
colloidal dim ensions and  the volum e o f  m agnetite form ed is 
ab o u t twice th a t o f the metal consum ed. T he result is tha t vast
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am ounts o f m agnetite will be swept into the boiler w ater and  held 
in  colloidal suspension. T he appearance o f  these colloidal 
particles is a  sure indication th a t the reaction is proceeding as 
planned. T he solu tion  will be easily recognizable as it has a 
cloudy black appearance, and  norm al filtration should fail to  
separate the particles from  solution.

The bulk o f the m agnetite will, however, adhere tightly to  
the base m etal progressively isolating it from  the boiler w ater 
until the corrosion ra te  is practically zero. The course o f  this 
reaction  can be recorded by m easuring the hydrogen content o f 
the steam  generated.

Once the reaction  has run  its course, the boiler w ater should 
be dum ped as quickly as possible. In  this fashion the colloidal 
particles o f  m agnetite will be flushed ou t o f the system.

Ideally, these first chemical com m issioning techniques should 
be perform ed during the trials o f the alternators o r sim ilar 
auxiliary plant. T he boiler should then be shut down, the colloidal 
boiler w ater dum ped and the boiler refilled w ith de-ionized water. 
T he boiler can now be pu t on line again and  norm al boiler w ater 
treatm ent comm enced.

If teething troubles cause an  excessive num ber o f boiler 
starts, the boiler w ater should be brought up to  250°C as rapidly 
as possible to  protect the m agnetite film. If  the boiler has to  be 
pu t in wet storage the hydrazine content o f the w ater should be 
kept a t 30 ppm  w ith a  pH  o f 10-5. A fter having achieved 
apparently  clear boiler w ater a reappearance o f  suspended solids 
m ay occur— particularly  after reductions in load. I f  these deposits 
a re  dense and  can be filtered ou t o f suspension it is m ost probable 
tha t they are  aglom erated particles o f colloidal m atter w hich have 
rem ained in the boiler from the com m issioning period. If, 
however, they are  in colloidal form , tha t is they cannot be 
filtered out, they are  undoubtedly  caused by fresh corrosion. 
This is m ost likely due to  the fact th a t m arginal boiler w ater 
conditions existed under full load ; on load reduction the am ount 
o f w ater in the boiler w ould increase and  inadequate boiler 
conditions occur. These off specification conditions result in 
breakdow n o f the m agnetite film which has then to  be restored, 
hence the appearance o f  colloidal m agnetite in the water.

T o prevent this happening care should be taken to  ensure 
th a t adequate chemical reserves are available in the boiler prior 
to  load fluctuations occurring.

It goes w ithout saying tha t the m aintenance o f the protective 
m agnetite film during shutdow ns is very im portan t. I f  the 
m agnetite film is exposed to  a ir and  w ater, the following reaction 
m ay occur:

4 F e 3 0 4 +  0 2 +  6H 20  =  12 Fe O O H

This F e O O H  (a light brow n hydroxide) form s as a  non
adheren t pow der. I t  follows th a t during shutdow n periods the 
boiler should be blow n ou t w hilst still hot, subsequent exam ina
tion o f the boiler should be kep t to  a m inim um , great care being 
taken to  avoid physical dam age to  the m agnetite layer (by hobnail 
boots, etc.).

If  these precautions are observed, the establishm ent o f 
correct subsequent boiler w ater conditions will be aided and  this 
in its tu rn  can only result in a  longer boiler life w ith m uch reduced 
possibilities fo r serious internal corrosion.

BOILER AND FEED WATER TREATMENT
U nfortunately  the prevention o f  internal boiler corrosion is 

no t exclusively a  chemical problem . The best standards o f 
chemical contro l will only assist in m inim izing the possibility o f 
corrosion. The design and  layout o f  the p lan t are  ju s t as im portan t 
as the chemical conditioning, if corrosion problem s are  to  be 
to tally  avoided.

T he chemical tolerances required  for boilers operating  at 
pressures in the region o f  63 kg/cm 2 are exacting and  experience 
has show n th a t there will be occasions when they cannot be 
strictly m aintained. Such occasions are the im m ediate period 
after the initial com m issioning o f the p lan t and  periods during 
m anoeuvring o r cargo handling operations.

So, effective corrosion contro l results from  tw o factors. 
F irst, the design o f the feed system m ust be tailored  to  avoid 
excessive corrosion occurring in  the system and  care should be

taken to  avoid transporting  to  the boiler the products o f  the sm all 
am ounts o f  corrosion th a t will inevitably take place.

Second, a  schedule o f  desired chem ical criteria w ithin the 
boiler and  feed system m ust be draw n up, and  procedures laid 
dow n to  enable these values to be easily m ain tained  by the ship’s 
staff. On board  ship, such a chem ical con tro l specification m ust 
inevitably be a  com prom ise betw een th e  standards which are 
theoretically desirable and  the standards w hich the ship’s staff 
can  reasonably m aintain  w ith the lim ited analytical facilities 
available.

BOILER WATER CHEMICAL SCHEDULE
T he basic aim s o f boiler w ater chem ical condition ing  are :
1) to  provide an environm ent th a t will encourage the con

trolled form ation o f  the protective m agnetic film ;
2) to  prevent any further corrosion occurring after the 

m agnetite film has fo rm ed ;
3) to  prevent deposits form ing on the heat transfer surfaces;
4) all the above to  be atta ined  whilst m aintain ing  a  high 

degree o f  steam  purity.
The above objectives are  achieved by contro lling  the 

following chemical criteria.

A lka lin ity
The best environm ent in w hich to  develop and  m aintain  the 

stable m agnetite film on the boiler steel is obtained  by keeping 
the boiler w ater alkaline. T he choice o f a suitable alkali is 
governed by the following factors. C austic soda is the m ost 
aggressive alkali and  offers the best guarantee o f  m aintain ing  an 
alkali film a t the heat transfer surfaces. H ow ever, it is possible 
th a t h ideout o f  caustic soda could occur, and  th e  localized 
concentration  could be sufficient to  cause a  rap id  co rrosion  rate. 
Sodium  carbonate  is often included as the alkalizing agent in 
proprietary  boiler w ater com pounds. I t has the advantage o f  being 
easy to  handle, bu t in the boiler it decom poses according to  the 
following reac tio n :

N a 2 C 0 3 +  H 20  ^  2 N a  O H  +  C 0 2

T he exact equilibrium  o f the reaction  will depend on the 
operating  conditions o f the boiler. B ut in all cases its use will 
result in carbon  dioxide being released in to  the feed system.

In  high pressure shore installations it is no t uncom m on to 
use only volatile alkalizing agents such as am m onia and  hydra
zine. However, such treatm en t m ethods are  no t norm ally  used at 
sea because they require careful supervision and  it is uncertain  to 
w hat extent the volatile alkalies can neutralize the acidic salts 
which result from  slight condenser leakage.

F rom  the above considerations it is apparen t th a t each o f  the 
alkalizing agents has its own particu lar disadvantages. H ow ever, 
the best advice at the present tim e, fo r m arine drum  type boilers 
operating  from  a pressure o f  63 kg/cm 2 upw ards is to  use caustic 
soda, provided o f course th a t operating  experience reveals tha t 
caustic h ideout is no t occurring.

Phosphate Reserve
T he sole purpose o f m aintaining a phosphate  reserve in the 

boiler w ater is to  precipitate any hardness salts which m ay enter 
the boiler due to  condenser leakage. I f  the condenser could be 
guaranteed no t to  leak there w ould be no need to  use any 
phosphate  treatm ent. In  fact in shore based installations using 
closed circuit cooling systems this is frequently  the case, bu t at 
sea it is no t usual to  take such risks. T here are  several com 
mercially available phosphates:

Sodium  m etaphosphate  . .  N a  PO3 
Trisodium  phosphate  . .  N a 3 PO4 
D isodium  phosphate  . .  N a 2H P 0 4  
M onosodium  phosphate . .  N a  H  PO4

U sually  the m etaphosphate  is used, being readily available, 
easy to  handle and  stable. Its basic reaction  in the boiler is 
show n below :

2 N a  PO 3 +  3 C a C O 3 =  C a 3(P0 4)2 +  N a 2C 0 3 +  2 C 0 2

T hus any  scale form ing constituents are precip itated  as a 
harm less phosphate  sludge.
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All the boiler w ater chemicals a re  injected directly in to  the 
boiler, e ither by themselves o r as a  p roprie ta ry  boiler w ater 
trea tm en t com pound. They should  be injected in sufficient 
quantities to  m aintain  the chem ical reserves in the boiler a t the 
values detailed in the appendix. Ideally they should  be injected 
independently  as only in  this w ay can there be any  guarantee of 
keeping the boiler w ater exactly on  specification. M any ship
ow ners use a  p roprietary  boiler w ater com pound  w hich will 
contain  a  balance o f  chemicals to  give very approxim ately  the 
correct alkalinity and  phosphate  reserve in  the boiler. O ne o f the 
advantages o f these com pounds is th a t they contain  the fringe 
additives such as anti-foam ing agents and  sludge conditioners 
th a t w ould otherwise have to  be added  separately. T heir big 
disadvantage is th a t when using them  it is virtually  im possible to  
keep the boiler w ater exactly on specification a t  all times. The 
ideal com prom ise is to  use caustic soda to  give the correct 
alkalinity and  then use a p roprie ta ry  phosphate  com pound, 
w hich will contain  the anti-foam ing additives, to  get the correct 
phosphate  reserve.

FEED WATER CHEMICAL SCHEDULE

O xygen Scavenging— The Use o f  H ydrazine
T he sole purpose o f continuous hydrazine injection is to  

scavenge excess oxygen from  the feed system. The ra te  o f 
hydrazine injection is generally contro lled  to  m aintain  a slight 
reserve o f  hydrazine in the boiler, the presence o f this reserve 
being taken  as a sign tha t no oxygen is present. The am oun t o f 
hydrazine th a t will have to  be injected depends very clearly upon 
the efficiency o f  the de-aerator.

O n m odern  ships the de-aerator should  w ork very efficiently 
when the p lan t is a t full load. H ow ever, w hen m anoeuvring o r in 
port there m ay be significant am ounts o f  oxygen in the feed 
system. It is a t these tim es th a t particu lar a tten tion  will have to  be 
given to  the ra te  o f  hydrazine injection. If free oxygen is allowed 
to  rem ain dissolved in the feed w ater, it will cause severe corrosion 
o f  the pre-boiler systems. T he oxygen is forced ou t o f  solution as 
the tem perature  increases so econom izers are  particularly  prone 
to  oxygen corrosion. In  cases o f  severe oxygen contam ination , 
then  even th e  boiler drum s an d  tubes m ay be attacked. The basic 
reaction o f hydrazine is:

N 2H 4 +  0 2 =  2 H 20  +  N 2

This reaction  rem oves the oxygen bu t does n o t increase the 
dissolved solids con ten t o f the boiler w ater. The big draw back to  
the use o f  hydrazine is tha t the excess w hich is allowed to  exist in 
the boiler decom poses to  form  am m onia.

The reaction be in g :
3 N 2 H 4 =  4 N H j  +  N 2

Som e o f the feed w ater treatm en t specialists w ho supply 
hydrazine infer th a t this is an advantage because it tends to  raise 
the pH  value o f  the feed w ater. H owever, as can  be show n, it is a  
ra th e r dubious advantage.

Experim ents were perform ed on  board  a ship a t sea in order 
to  trace the effects o f this am m onia. I t was found  th a t the 
am m onia  reached every com er o f  the feed system.

T able I shows typical am m onia concentrations a t various 
points in  the feed system w hich resulted from  m aintain ing a 
hydrazine reserve o f 0 1 ppm  in the boiler.

The effect o f  this am m onia is m entioned in the section on 
copper contam ination , w here it is show n th a t there is a  definite 
link between the am m onia content o f  the feed w ater and  the 
degree o f  copper corrosion in  the system.

In  view o f  th is fact it is essential th a t the injection o f 
hydrazine is strictly controlled, and  there is a very strong  case for 
injecting the hydrazine in to  the tu rb ine  cross over pipe ra th er than  
in to  the de-aerator outlet as is norm ally  the case. Injecting the 
hydrazine in to  the cross over pipe o f  the tu rb ine  will dram atically  
reduce the am oun t o f copper corrosion products reaching the 
boiler.

T his p ractice should  n o t involve injecting significantly 
different am oun ts o f  hydrazine to  m ain tain  the sam e hydrazine 
reserve in the boiler. The oxygen scavenging properties o f 
hydrazine are  affected by th e  tem perature. W hilst the reaction

T a b l e  I — A m m o n ia  c o n c e n t r a t i o n s  i n  t h e  f e e d  s y s t e m

RESULTING FROM 0 1  PPM  HYDRAZINE RESERVE IN THE BOILER

Sam ple Point N H 3 ppm

M ain  condensate 0-5

D ra in  tan k  outlet 0-6

A ir heater drains 0-55

L .P. heater drains 0-5

D e-aera to r outlet 0-5

M ain  boiler w ater 0-2

D istilled w ater tank 0 1 8

D istiller ou tpu t nil

will proceed slowly a t condensate tem peratures, it will no t proceed 
w ith vigour until after the tem perature  has been raised  in  the 
de-aerator. Because o f this, the oxygen scavenging reaction  is n o t 
significantly affected even though  the position  o f th e  hydrazine 
injection has been altered. O f overriding im portance is the need 
to  inject no m ore hydrazine th an  is necessary to  m ain ta in  the 
lowest detectable reserve in the boiler.

N o  useful purpose is served by m aintain ing a  hydrazine 
reserve in th e  boiler above this detectable m inim um .

T he use o f o ther chemical oxygen scavengers such as 
sulphites, etc., is no t recom m ended due to  th e  increase in to tal 
dissolved solids in  the boiler w ater caused by their use, and  the 
fact th a t they do  no t pro tect the econom izers w hich are 
particularly  p rone  to  oxygen corrosion.

The Use o f  Volatile Amines
C orrosion  in boiler feed systems is often th e  result o f 

carbonic acid attack . So it is m odern  practice to  take precautions 
w hich ensure the chemical rem oval o f  any residual ca rbon  dioxide 
w hich m ay be present in  the condensate. T his in  effect m eans tha t 
the pH  value o f  the feed w ater m ust be raised  to  a t least 9-0 to  
ensure th a t no  free carbon  dioxide is present. A t one tim e 
am m onia was recom m ended fo r this purpose bu t large quantities 
are  required  to  raise the pH  significantly above 8-5. In  any  case 
the am m oniacal com pounds so form ed tend  to  be unstable and  
can break dow n to  re-release the carbon  dioxide. A  fu rther 
disadvantage is th a t m odern  feed systems con ta in  a  high per
centage o f  copper alloys, w hich tend  to  be corroded  by high 
concentrations o f  am m onia.

The neutralization  o f carbonic  acid can be safely ac
com plished by certain  volatile am ines such as m onocyclohexyla- 
mine C 6H n N H 2.

W hen this am ine is injected in to  the boiler it volatilizes w ith 
the steam  and  com bines w ith any carbon  dioxide in  th e  condensate 
to  neutralize its acidity.

I t  is difficult to  get any firm  evidence as to  how  effective 
the am ines are, m ainly because no  accurate suitable analytical 
techniques are  available for use on b o a rd  ship to  detect carbon  
dioxide in concentrations below  one p p m ; n o r is tak ing  sam ples 
fo r shore analysis a suitable alternative, due to  th e  trace level o f  
the contam ination  being sought and  the ever present possibility 
o f  contam ination  o f  such a  sam ple during transport.

H ow ever, as a  result o f  trials on b o a rd  ship a t sea, there is 
evidence, m ainly from  the pH /conductiv ity /am m onia values o f  
the condensate, th a t sm all am ounts o f  free carbon  dioxide will be 
present if  am ine injection is n o t used. So the use o f  volatile 
am ines m ust be regarded as an  essential com ponent o f  the feed 
w ater treatm ent schedule. In  o rder to  simplify the  app lica tion  o f  
th e  treatm ent it is advisable to  inject the am ine via its ow n 
independent injection system.
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De-ionization P lants in M arine Feed System s
In  high pressure boiler feed systems every effort m ust be 

m ade to  ensure th a t no con tam ination  enters the system in the 
m ake up  feed w ater. G enerally, all this w ater will have been 
produced on b oard  ship in vacuum  type sea w ater distillers. I t  is 
now  usual to  pass this raw  distilled w ater th rough  an  ion exchange 
colum n before it  enters the feed system.

D e-ionization is a  process whereby m ineral salts and  o ther 
such contam inants can be rem oved from  w ater. Only those 
substances which ionize in  w ater can be rem oved by this process. 
T otal de-ionization involves tw o ion exchange reactions, the 
cations, such as calcium , sodium , m agnesium , am m onia are 
rem oved by a  hydrogen cation  exchanger. The anions such as 
chloride, sulphate, silicate, carbon  dioxide are  rem oved by an 
anion exchanger. F o r effective silica rem oval a  highly basic anion 
m aterial is required. The exchange m aterials used in m odern  
plants are  usually organic exchange resins. The cation exchange 
resin used a t sea is usually o f the sulphonic acid group, the trade 
nam es o f  such resins are A m berlite 120 and  Z eo-carb 225. The 
anion resin used a t sea is generally a  strongly basic type such as 
A m berlite 400 o r D eacidite F F .

The conventional m ethod  o f de-ionization used to  be, first to  
pass the w ater to  be treated  th rough  a  colum n o f cation  exchanger 
and  then th rough  a  colum n o f anion exchanger. The cation 
m aterial exchanges hydrogen fo r all m etallic ions and the resultant 
acids and  any carbon  dioxide o r silica are rem oved by the anion 
m aterial.

It has always been realized th a t by passing the w ater to  be 
treated  th rough  a  m ixture o f cation and  anion resins a  m uch 
purer w ater could  be ob tained. This is explained by the fact tha t 
during such m ixed bed treatm en t the w ater comes repeatedly into 
contact w ith grains o f cation  and  anion resin and  is thus subjected 
to  a  series o f treatm ents. T he draw back to  such mixed bed systems 
was tha t the resins m ust be separated  from  each o ther for 
regeneration. Only fairly recently have cation and anion resins o f 
different specific gravity been produced, thus enabling them  to  be 
easily separated  by differential flotation.

These mixed bed ion exchange units are now  considered 
standard  com ponents in a m arine feed system. But it is im portant 
tha t the design o f  the unit, and  the balance o f cation and  anion 
resin should be exactly tailored to  the ionic load o f the w ater 
th a t the unit will have to  treat. I f  this is no t done then the unit 
will be depleted before it has treated  its theoretical th roughput.

U nfortunate ly  there is a  tendency for m arine engineers to 
assum e tha t the m ain contam inant in the distilled w ater produced 
by the evaporators is sodium  chloride. As a  result ion exchange 
colum ns are  often installed w hich are designed to  treat a  balanced 
ionic load, th a t is the exchange capacity o f the cation resin is the 
sam e as the an ion  resin. Experience a t sea has shown th a t salt is 
in fact not the m ain contam inant o f the distilled w ater produced 
by evaporators once they are  steadily on line. Table II shows the 
analyses o f typical distilled w ater produced in a vacuum  type 
sea w ater evaporator.

T a b l e  I I — A n a l y s e s  o f  t y p i c a l  d i s t i l l e d  w a t e r  s a m p l e s

Sam ple N o. 1 2 3

C O 2 ppm  as such 12 14 18

Fe ppm 0 0 1 0 0 1 0 0 1

C ubic ppm 0-2 0-2 0-25

T ota l Si 0 2 ppm 0 04 0 0 4 0 0 4

N a  ppm 0-38 0-40 0-30

pH 6 6 5-4

C onductivity  [x n 6 6-5 7-0

The sodium  content o f  the distilled w ater stays fairly con
stant, bu t there are  big changes in th e  carb o n  dioxide content 
according to  the operating conditions o f  the p lan t. The im portan t 
po in t is tha t the m ain containm ent in  the w ater produced by the 
evaporators is, in fact, carbon dioxide, so the balance o f the resins 
in the ion exchange unit m ust be tailored  to  m eet the heavy anion 
load  th a t will be im posed upon  it by this carbon  dioxide. Ideally, 
the ion exchange p lan t should consist o f  a  co lum n o f  anion resin, 
to  rem ove carbon  dioxide and  silica, follow ed by a  mixed bed 
colum n to  rem ove the traces o f m etallic salts. A lternatively the 
w ater could be passed th rough  a  de-gassing colum n p rio r to  
treatm ent in a mixed bed ion exchange co lum n ; how ever, the 
efficiency o f a  de-gassing colum n a t the low  carbon  dioxide 
concentrations involved has yet to  be proved.

Feed System  Contamination D etection
I t is obviously im portan t to  have an  effective detection 

system to  give w arning when feed system con tam ination  is 
occurring. The principal source o f  such con tam ination  is the 
m ain  condenser, bu t o ther potential sources such as evapora to r 
coil drains should no t be forgotten. The conventional m ethod  o f 
detecting such leaks is to  use conductivity  cells fitted a t strategic 
points in the feed system. W hilst the m eters o f  such cells m ay be 
calibrated in parts per million o r grains per gallon o f  salt, the 
m eter is actually m easuring the conductivity o f the  w ater. To 
understand the lim itations and  draw backs o f  such system s a 
w orking know ledge o f the theory  o f  the conductivity  o f  dilute 
solutions is essential.

The conductivity o f a so lu tion  depends basically upon  the 
concentration  o f  the free ions in  the sam ple. M ost substances 
ionize when they are  in solution— th a t is to  say th a t salt, sodium  
chloride, N a  Cl, becomes in  solu tion  N a  +  ions and  Cl — ions. 
The conductivity o f  a so lu tion  will then depend upon  th e  degree 
o f  ionization th a t has occurred. The percentage o f  dissociation o f 
a  salt in solution in to  ions varies w ith the d ilution, in very dilute 
solutions nearly all the salt will be ionized, bu t stronger solutions 
will n o t ionize to  the sam e degree. I t follows then  th a t the 
relationship conductivity/concentration is no t a  straigh t line law, 
bu t a curve w hich tends to  flatten ou t a t high concentrations. 
N um erous m easurem ents have been m ade o f  the conductances o f  
salt, acid and  alkaline solutions, the values o f  the equivalent 
conductances at various dilutions o f  the solutions which interest 
the m arine engineer are show n in Table III.

T a b l e  III— E q u i v a l e n t  c o n d u c t a n c e  o f  v a r io u s  s o l u t i o n s

N um ber o f litres 
containing one 

gram  equivalent
1 10 20 500 2000 a

H  Cl 300 350 358 375 378 380

N a Cl 74 92 96 105 107 109

N a  O H 164 193 198 213 215 218

n h 4 O H 0-89 3-3 4-6 21 38 238

N ote: C onductances are in reciprocal ohm s a t 18°C

T able III shows tha t the equivalent conductance increases 
w ith d ilution until it approaches a  constan t value in very dilute 
solutions. This is due to  the fact th a t in dilute solutions, a  greater 
degree o f  ionization occurs and  it is this ionization which 
ultim ately influences the conductivity o f  the solution. A nother 
im portan t factor is th a t the equivalent conductances a t various 
dilutions o f  different salts have values very close to  each other. 
S trong acids and  alkalis, how ever, a re  always better conductors 
than  salts.

As has been said, on conventional ships the salinity cells do 
in fact m easure the conductivity o f  the w ater, the meter, however,
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is often calib rated  no t in  conductance units but directly in salt 
concentration  in parts per m illion. It has been calibrated  on the 
assum ption tha t any conductivity in the w ater will be due to  salts 
in solution. F o r o lder ships this is a  fair assum ption because all 
salts have a  very sim ilar conductivity.

H ow ever, on m odern ships w ith high pressure boilers, pH  
im provem ent o f  the feed w ater is practised to  prevent feed system 
corrosion  products reaching the boiler. T o achieve this chemicals 
are deliberately injected in to  the feed system. As a result the 
following contam inants m ay be present in the feed w ater a t the 
m ain condenser o u tle t:

A m m onia as N H 4O H  

H ydrazine as N 2H 4 

Am ine as C 6H 11N H 2

due to  therm al breakdow n o f 
the hydrazine in the boiler; 
depending upon the position o f 
the hydrazine injection; 
injected to  chemically scavenge 
carbon  dioxide.

The to ta l conductivity  o f a dilute solution contain ing several 
con tam inan ts is now  approxim ately  equal to  the sum  o f  the 
conductivities o f the individual contam inants. I f  the feed w ater 
chemicals are  being injected in to  the system  in their prescribed 
am oun ts the follow ing concentration  o f  contam inants could be 
expected in the condensate a t the condenser o u tle t:

A m m onia 0-5 ppm  conductivity  . .  4 0 m  m ho
H ydrazine 0 05 ppm  conductivity . .  0-5 m  m ho
A m ine 0 1  ppm  conductivity  . .  1 0 m  m ho
Base distilled w ater conductivity  . .  2 0 m  m ho

T otal conductivity  . .  7-5 m  m ho
There is a  to ta l conductivity  o f ab o u t 7-5 m  m ho, the 

concentration  o f  salt so lu tion  to  give this conductivity  is ab o u t 
4 0 ppm. T hus, if the condensate w ith the above specification were 
being m onitored  by a  conventional salinity cell, it w ould be well 
in to  the alarm  condition . I t  is norm al to  assum e tw o ppm  as the 
m axim um  N a  Cl in the condensate before giving an  a la rm ; this 
w ould have a conductivity  o f  ab o u t 4 0 m  m ho a t 20°C.

It can  be seen th a t conductivity  alone does no t give any 
indication o f  feed system  salt con tam ination  if the feed w ater is 
being treated  fo r pH  im provem ent by the use o f  am ines and 
am m onia.

Clearly this situation  m ust be appreciated  and  som e m ethod 
adop ted  to  overcom e the problem  o f how  to  give an  accurate 
w arning o f condenser leakage. There are several ways o f doing 
this. I f  all pH  im provem ent and  hydrazine injection were to  be 
stopped, the conductivity  o f  the condensate a t various poin ts in 
the feed system w ould be basically as follow s: condenser outlet 
2-5 m m ho, drains tank  outlet 3 0 m  m ho, low pressure heater 
drains 2-5 m m ho, condensate drains from  the steam  air heater 
4 0 m  m ho, de-aerator outlet 3 0 m  m ho. The base conductivity 
o f  the p lant w ould be 2-5 m  m ho  a t the condenser outlet. This 
conductivity w ould be due to  contam inants in the steam  and  
w ould represent a  zero condenser leakage condition. So one 
m ethod often suggested is to  m erely assum e the base conductivity 
o f  the p lan t when feed w ater treatm en t is being practised a t a 
higher level than  the 2-5 m  m ho  which is a reasonable base 
conductivity  fo r a  system  w ith no  feed chemical dosing. This 
m ethod finds little favour because there could be no  guarantee 
th a t the level o f  am m onia and  am ine in the system w ould always be 
exactly the sam e. A lso, fo r the sam e concentration  in p a rts  per 
million am m onia solutions have higher conductivities than  salt 
solutions, so a  salt leakage in to  the system could be m asked by 
the am m onia.

A m ore reliable m ethod  is to  fit an ion exchange colum n 
ju s t in fron t o f  the salinity cell. This is in the form  o f  a 
colum n o f  cation  exchange resin. This resin has tw o actions: 
firstly, it rem oves the am ines and  am m onia to tally  from  so lu tion ;

R -H  +  N H 4O H  =  R  -  N H 3 +  H 20 ;  
and  secondly it converts any salts in so lu tion  in to  the acid form .

R -H  +  N a  Cl =  R  -  N a  +  H  Cl.
T hus, the resin has rem oved the am m onia contam ination  com 
pletely and  converted  the salt con ten t to  hydrochloric acid. The 
table  o f conductances shows th a t the effect o f this resin on  the

conductivity  o f  the w ater before and  after the ion exchanger will 
be as follow s: th a t po rtion  o f the conductivity  caused by the 
am m onia will be rem oved and  th a t po rtion  o f  the conductivity 
caused by the salt will be increased by a  factor o f  approxim ately 
three (this is because equivalent dilute solutions o f  H Cl are 
assum ed to  be approxim ately  three times m ore conductive than  
equivalent dilute solutions o f  N a  Cl). This fact m eans tha t the 
indicator o f  any salinity cell fitted w ith such an  ion exchange 
colum n has to  be recalibrated , i.e. if a  full scale deflexion before 
fitting a  colum n were equal to  30 ppm  o f  N a  Cl, a fter fitting the 
colum n it will be 10 ppm .

Such colum ns w ork well bu t they do require atten tion  at the 
p lan t design stage and  subsequently require m aintenance. The 
flow o f  w ater th rough  the cell m ust be lim ited to  ab o u t tw o 
gallons per hour— this is to  avoid p rem ature exhaustion o f  the 
resin. The exchange colum n m ust also be positioned so th a t it is 
easy to  change the resin w hich should be pro tected  by an  inlet 
filter o f co tton  w ool. Ideally a  small ro tam eter should  be fitted to 
allow  the w ater flow to  be adjusted  by m eans o f  a  needle valve.

A lternatively, adequate  indication o f  condenser leakage can 
be obtained  by using conventional salinity cells and  fitting one 
additional cell to  the low pressure heater drains. So long as no 
condenser leakage occurs the conductivity  o f  the d rains from  the 
low pressure heater is very close to  th a t o f the m ain condenser 
outlet, am m onia and  am ines effect each sam ple equally. I f  the 
conductivity  o f the m ain condenser outlet increased significantly 
then it w ould be a  sure indication th a t the condenser was leaking.

There is one fu rther system o f  detecting condenser leakage 
th a t should be m entioned fo r the sake o f  com pleteness. T his 
system uses a  pH  type m eter, bu t fitted w ith  a  special electrode 
sensitive only to  sodium  ions. It w orks on the sam e principle and  
is, in fact, identical to  a conventional pH  m eter w here o f course 
the electrode is sensitive to  hydrogen ions.

However, it w ould seem wiser to  keep to  a  sim pler system 
for the all im portan t task  o f condenser leak detection. It is 
ironical bu t true  th a t in the long term , the only sure way to  detect 
slight condenser leakage is to  keep a  regular check on  the 
chloride con ten t o f  the boiler water.

TRACE CONTAMINATION IN  MARINE FEED SYSTEMS
Silica

T urb ine blade deposits a re  noth ing  new to  m arine engineers, 
the factors which influence their fo rm ation  are  varied, bu t in all 
cases the final result will be the same. They cause a d istortion  
o f  the original shape o f  the blade o r nozzle surface and , having a 
rough  textured surface, also cause increased steam  friction. T he 
final result will be a  loss o f  efficiency in the turbine. Such non- 
selective carry-over o f  boiler w ater solids generally occurs in 
turbines operating  a t low pressures.

H owever, there is one type o f tu rb ine  blade fouling w hich is 
different from  all others, this is the selective carry-over o f  silica. 
T urb ine  deposits in w hich silica is a  p redom inant constituent 
rarely occur a t low  pressures. T he problem  becom es increasingly 
severe w ith increases in boiler pressure and , a t pressures above 
60 kg/cm 2, the tu rb ine blade deposit, w hich contains a high 
p ropo rtion  o f silica, is the rule ra th e r th an  the exception.

The exact na tu re  o f the phenom enon by w hich silica present 
in boiler w ater can  be deposited on tu rb ine blades is n o t fully 
unders tood ; suffice to  say th a t the silica can  go in to  solu tion  in 
th e  steam  and  tends to  do this m ore readily w ith increases in 
pressure. T he pH  value o f  the boiler w ater is a  fu rther factor 
which appears to  influence the ra te  a t w hich silica will go into 
solu tion  in the steam ; increases in p H  give a decrease in silica 
carry-over.

O perational experience in shore installations has resulted in 
the publication  o f  certain  recom m endations fo r the perm issible 
level o f silica in  boiler w ater a t different pressures. Pressure alone 
is th e  real determ ining factor when deciding on the upper limits 
o f this perm issible silica contam ination .

T he boilers on the ships in question operate  a t 63 kg /cm 2 
and  a t this pressure the generally accepted figure for the m axim um  
level o f  silica perm itted in shore boilers is ten parts  per m illion.

In  o rder to  establish the level o f  silica likely to  be found  
in a m arine boiler, tests were perform ed a t sea during the
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com m issioning trials o f a ship and  during a  subsequent voyage 
after the feed system  had  settled down.

D uring  the trials, the  silica contam ination  found  in  the 
boiler w ater and  a t various points in the feed system were as 
show n in Table IV.

T a b l e  IV— F e e d  s y s t e m  s il i c a  c o n t a m in a t i o n

DURIN G  SHIP TRIALS

D ay no. 1 2 3 4 5 6 7

M ain boiler 2-2 4-5 8 0 16-4 28 0 34 0 3 8 0

M ain condensate 0-3 0-3 0-3 0-3 0-3 0-3 0-3

D rains tank  
outlet 0-2 0-2 0-2 0-2 0-2 0-2 0-2

D e-aerator outlet 0-25 0-25 0-25 0-25 0-25 0-25 0-25

It was felt th a t the sharp  increase in the boiler w ater silica 
level during the trials could n o t have resulted from  the trace 
contam ination  detected in the feed system.

Subsequent exam ination  o f  the boiler internals revealed that 
the main contam ination  had resulted from  debris left in the boiler 
during its erection. O n analysis, the sludge found in the boiler 
after the trials proved to  be 20 per cent silicous m atter— th a t is, 
refractory  m aterials and  silicate dust.

Between com m issioning and  acceptance trials th e  boiler 
was repeatedly w ashed ou t in an  attem pt to  com pletely purge 
any silicate m aterials. However, even when the ship sailed on her 
m aiden voyage the silica con ten t o f  the boiler w ater was still fairly 
high a t eight parts  per m illion. Som e contam ination  was possibly 
being picked up from  various com ponents o f the feed system.

W hilst the contam ination  stayed steady a t this level, in fact 
it proved mysteriously difficult to  lower it by routine blowing of 
the boiler. However, as the contam ination  was below the generally 
accepted shore standards, it was a t th a t tim e considered tha t 
sil;ca fouling o f  the tu rb ine  w ould no t occur. There was no silica 
in m e m ake up feed w ater produced by the ship’s evaporators, 
and  as sufficient a tten tion  had  been paid to  lowering the base 
silica level during com m issioning to  below ten ppm  no re
contam ination  should occur.

F ig . 1— T urbine ro tor fo u led  w ith silica deposit

U nfortunately  silicate fouling o f the turb ine ro to rs did occur 
on  several ships, Fig. 1 shows such a ro to r. The deposit started  
a t the th ird  stage o f  the H .P. ro to r and extended th rough  the 
rest o f the turbine. As predicted, the deposit proved particularly  
difficult to  rem ove. A nalysis o f  the deposit showed th a t it was a 
com plex silicate salt, sodium  alum inium  silicate, 2 Na^O, AI2O3,

6 Si0 2 . I t  m ust clearly have been form ed by the reaction o f  the 
sodium  salts in the boiler w ater trea tm en t com pounds w ith the 
refractory  debris originally left in  the boiler.

I t  appears th a t carryover o f  silica is influenced n o t only by 
the degree o f  con tam ination  in the boiler, b u t also  by the physical 
design o f the boiler p lant. As a  result o f  these experiences, it is 
felt th a t the standards acceptable fo r shore boilers are  no t 
autom atically  applicable to  m arine installations. I t  seems wise to  
establish an upper lim it fo r silica con tam ination  a t abou t four 
parts  per m illion. A t this low er level ro to r  fouling  is unlikely to  
occur. M oreover, it is n o t particu larly  difficult to  establish this 
low level provided sufficient atten tion  is pa id  to  the com m issioning 
procedures during the initial com m issioning period  and  sub
sequently after any boiler shutdow ns fo r refitting purposes.

Iron
Iro n  contam ination  in the feed system  usually  consists o f 

fine particles o f  iron  oxides or hydroxides suspended in  the feed 
water. These result from  th e  corrosion o f  various iron  parts  o f the 
feed system by the chem ical action  o f  oxygen and  w ater.

T he degree o f contam ination  depends to  a  large extent on  the 
layout o f  the feed system and  its associated steam  ranges.

The corrosion p roducts o f  iron  w hich m ay  possibly be found 
in  a  m arine feed system are show n in T able V.

T a b l e  V — C o r r o s io n  p r o d u c t s  o f  i r o n

M ineral
nam e

Chemical
nam e

Form ulae C olour B ehaviour

M agnetite triiron
tetroxide

Fe3 04 Black M elts a t 1600°C

--- iron
hydroxide

F e (O H ) 2 W hite D ecom poses at 
— 100°C to  form  
F e 304 an d  H 2

W ustite iron
m onoxide

FeO Black D ecom poses to  
Fe304

H aem atite iron oxide F e203 Brick
R ed

C an form  F e304 if 
tem perature  and  
pressure are correct

G oth ite hydrated  
iron oxide

F e O O H Yellow D ehydrates to 
F e 2 O3

The initial corrosion  p roduc t m ost likely to  be found  is the 
iron  hydroxide, Fe (O H )2, which is generated by the action  o f 
w ater on  steel below a tem peratu re  o f 50 C. The reaction is, 
F e +  2 H 2O =  F e  (O H h  +  H 2. This p roduct has a  fairly high 
solubility bu t above 50°C it is converted to  m agnetite, F e 304, 
according to  the reaction, 3Fe(O H )2 =  F e 304 +  H 2 +  2H 2O.

T hus, it can  be seen th a t regardless o f  th e  initial corrosion 
product, in a m arine feed system all the p roducts o f iron corrosion 
will enter the boiler as m agnetite, F e304 .

W hen the m agnetite particles are  sw ept back to  the boiler, 
they have the following effects: first their presence m ay be 
incorrectly diagnosed as being caused by a  b reakdow n o f  the 
protective m agnetite film in the boiler. Secondly, the particles 
will tend  to  aglom erate and  form  pockets o f  loose deposit in the 
headers o f the boiler, o r  becom e deposited as a  film o f  scale in 
the steam /w ater phase section o f  th e  generating tubes. Such 
deposits in the headers and  w ater phase sections o f  the boiler are 
one o f  the con tribu tory  factors required  for the in itiation o f  ho t 
w ater oxidation. T he deposits in the steam  phase section o f the 
generating tubes will result in an  alteration  in the heat flux in tha t 
area, which m ay result in a  failure o f the basic protective 
m agnetite layer. So, the presence o f  any  iron  com pounds in the 
feed system n o t only indicates th a t corrosion is occurring in 
the system, w hich fact is itself d isturbing, bu t requires tha t
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positive m easures be taken to  ensure th a t none o f  the corrosion 
p roducts reach  the boiler, where their indirect effects m ay be far 
m ore serious.

In  o rder to  assess the extent o f  iron  corrosion occurring in a 
m arine feed system, chemical analyses an d  particle size 
determ inations were carried o u t on  b o a rd  a  ship a t sea. The 
results a re  show n in Tables V I an d  V II. T he chemical analyses 
were according to  the m ethod  detailed in the appendix, and  the 
particle size determ inations w ere perform ed using a M illepore 
filter fitted w ith a 0-8 m icron m em brane.

deposits on  boiler tubes have on  the corrosion  p a tte rn  in the 
boiler.

In  the opinion o f  the au th o r there a re  tw o com pletely 
separate copper in itiated  corrosion  failure m echanism s w hich can 
occur in  boiler tubes. They are  to tally  distinct, the only com m on 
fac to r is the required  presence o f  copper to  initiate the reaction.

T a b l e  V I— F e e d  s y s t e m  i r o n  c o n t a m in a t i o n

Sam ple point T o ta l Iron /ppm

Before F itting  F ilter A fter F itting  F ilter

M ain condensate nil nil
D rain  tank  outlet 0 02 0 0025
A ir heater drain 0 005 0 005
L.P. heater drain 0 005 0 005
D e-aera to r outlet 0 005 0 0025
E vapo ra to r distillate 0 003 0 0025
D istilled w ater tank 0 003 0 003

T a b l e  V II— P a r t i c l e  s iz e s  o f  i r o n  c o n t a m in a t i o n

Class Size in  M icrons
Per cent less th an  S tated Class Size

Sam ple F rom

D e-aera to r A tm ospheric 
d ra in  tank

30
20
15
10
7
5
3

100
80
56
38
18

100
82
60
43
29
18
9

A pproxim ate m edian size 6 m icron 1 1 0  m icron

J__ 1__L
' ■ CM ...

F ig . 2— B oiler generating tube fa iled  in service

A  practical exam ple will help to  illustrate these failure 
m echanism s. Fig. 2 show s a  boiler generating tube  w hich failed 
in  service; num erous pits, cracks an d  rup tu res a re  evident. The 
inner surface o f  the tube was covered by a brow n pow dery deposit 
w hich covered a darker m ore adheren t scale. T he results o f an 
X -ray diffraction analysis o f  the deposits a re  show n in T able V III.

T a b l e  V III—X - r a y  d i f f r a c t i o n  a n a l y s is

D eposit o r Scale

The chemical analyses indicated  th a t w hilst the degree o f 
corrosion w as n o t high, it was persistent. I t  w as m ainly occurring 
in the cargo pum ping steam  systems, deck steam  lines and  sim ilar 
systems and  was entering  the m ain  feed system via the  a tm ospheric 
d rain  tank . In  fact the corrosion  products often settled to  the 
b o ttom  o f  this tan k  and  were only sw ept in to  the m ain feed system 
w hen the w ater in the tan k  was ag ita ted  by any  drains re tu rn ing  in 
bulk  due, fo r instance, to  the  starting  o f  a  cargo pum p.

T he particle size determ inations show ed th a t the bulk  o f  the 
particles was larger th an  five m icron. Because o f  these tw o facts 
it was decided th a t the problem s o f  iron  corrosion  could  best be 
avoided by fitting a  full flow filter, size five m icron, to  the 
outlets from  the atm ospheric d rain  tank  discharge pum p.

T he effects o f  fitting this filter a re  show n in T able VI. W ith 
this filter in  use, the levels o f  iron  found  w ere well below the 
generally accepted industrial s tandards fo r boilers operating  at 
68 kg/cm 2; such standards usually  have 0 05 ppm  as the upper 
lim it o f  acceptable iron  con tam ination  in the feed water.

Copper
M uch has been w ritten  and  said in th e  past ab o u t the 

presence o f  copper in high pressure boiler feed systems. N o  two 
au thorities seem  ab le  to  agree as to  the con tribu tion  copper

B row n pow dery 
deposit on w ater 
side o f tube

Brown deposit 
on crack surface

D ark  adherent 
scale

C oppery deposit 
(associated w ith 
d ark  scale)

C om pounds Present

Fe3C>4 4- aFe203 +  iFe2C>3. H 2O +  Feo.930 
-f  very weak unidentified lines

Fe3C>4 + aFe2C>3 + fFe203. H20 + Feo.930 
+  aF e

Feo .930 +  copper +  F e 3 0 4

copper

W hen the ou ter pow dery scale was rem oved, particles o f 
copper were found  em bedded in the darker m ore adheren t scale. 
I t seem ed fair to  assum e th a t this pow dery scale had  becom e 
deposited on  the surface as a result o f th e  failure and  w as no t 
present p rio r to  the failure. A t the higher resolu tion  show n in 
Fig. 3, the deposits o f copper are  show n to  be standing p roud  on 
the scale. Typical cracks w hich have only partia lly  penetrated  the 
tube wall are show n in Fig. 4. I t  was noticeable th a t copper 
deposits were present on  the w alls o f  these cracks an d  in  the grain 
boundaries a t the surface o f the rup tu red  tube. T he presence o f 
these copper deposits was confirm ed by electron p robe analysis;

Trans.l.M ar.E ., 1971, Vol. S3 8 7



T a b l e  IX — A n a l y s is  o f  b o i l e r  t u b e  m a t e r ia l

Some Aspects o f  Modem Marine Boiler Water Treatment

E lem ent D eterm ined Per cent W eight Present o f Element

C arbon 0 1 2
Silicon 0 07
Sulphur 0 040
Phosphorus 0 024
M anganese 0-53
Nickel 0 1 6
Chrom ium 0 06
M olybdenum 0 07
C opper 0-30
Tin 0 0 1

F ig . 3— F our tim es m agnification o f  tube show n in Fig. 2

the actual d istribu tion  o f  the copper and  iron  at the grain 
boundaries and  on the walls ol the cracks are show n in Fig. 5.

In  add ition  to  these copper deposits, m icroscopic exam ina
tion indicated the presence o f  pits and  further associated copper 
deposits on the w ater side o f the tube. A section th rough  one o f 
these deposits is show n in Fig. 6 , which reveals tha t the deposit 
is in fact copper in zones A and  B em bedded in the iron oxide 
scale.

Sam ples o f the tube m aterial were rem oved from  the outer 
surface o f  the tube on the side opposite to  the ruptures. These 
m etal sam ples were spectrochem ically and  chemically analysed, 
w ith the results shown in Table IX.

F ig . 4— T ypica l cracks partially penetrating  the fa iled  tube— 
cracks in itia ted  fro m  the inner w all— m agnification  X 50

8 8

The boiler tube m aterial has a  basic copper con ten t which is 
higher than  norm al. In  fact, specifications for boiler tubes do 
n o t generally cover the copper conten t and  even if  a  figure were 
specified, it w ould possibly be higher th an  0-30 per cent. H ow ever, 
it is thought th a t this relatively high copper con ten t can  m ake a 
tube  susceptible to  em brittlem ent, particularly  if exposed to  
excessive tem perature. Such a  type o f  failure is often referred  to  
as ‘ho t shortness’.

H o t shortness is norm ally  defined as a  brittleness in m etal 
a t certain ranges above norm al room  tem perature . I t is m anifested 
by a loss o f  ductility and  a  liability to  crack a t the particu lar 
tem perature. I t is usually associated w ith the segregation a t high 
tem peratures o f  a  m olten o r sem i-m olten phase in  the grain 
boundaries. In  steels, ho t shortness in susceptible alloys generally 
occurs follow ing exposure to  tem peratures in  the range 1000- 
1300°C. T he m ost com m on cause o f  ho t shortness in steels is the 
presence o f  a certain am oun t o f  residual copper as a ‘tram p ’ 
elem ent. I t appears th a t copper bearing steels m ay develop ho t 
shortness in tw o ways. A t high copper concentrations the 
solubility o f  the copper in  the steel m ay be exceeded, an d  the 
copper segregates in the grain boundaries causing the brittleness. 
A t low er copper concentrations h o t shortness can develop by the 
follow ing m ore com plicated m echanism .

W hen the surface layers o f  a  copper bearing steel are 
oxidized, the iron  is oxidized m ore readily than  elem ents such as 
copper o r nickel, w hich will accum ulate in the m etallic state in 
th in  layers adjacent to  the steel. A  layer o f copper form ed in this 
way can be seen in Fig. 7. O xidation by steam  and  w ater favours 
the form ation  o f copper enriched layers, and  this is probably  why 
such layers are only apparen t on the inside o f  th e  tube. I f  a t any 
tim e after the form ation o f  this layer the steel is exposed to  stress 
a t very high tem peratures then  the m olten  copper will penetrate 
the grain boundaries leading to  an in terg ranu lar fracture. It 
w ould also be possible for failure to  occur by first exposing the 
steel to  a high tem perature so th a t copper penetration  occurs so 
em brittling  the steel, and  then  to  a  high stress a t a  lower 
tem perature.

The pitting which is apparen t on th e  w ater side appears due 
to  deposited copper and  n o t oxygen. M ost o f the pits, Fig. 7 is 
typical, contained deposits and  corrosion p roducts, and  on top  
o f these were particles o f  m etallic copper. I t is unlikely th a t this 
copper is residual copper from  the steel, it is fa r m ore likely to  
be copper deposited from  elsewhere in th e  feed system.

I t  m ay seem a rem arkable  coincidence th a t copper corrosion 
and  deposition should occur in  a boiler system  in w hich the 
boiler tubes also have a high copper content, bu t the fact th a t the 
copper is on top  o f the scale in  the p its m eans th a t this is the 
m ore likely explanation  fo r the pitting. In  o ther w ords pitting 
and  em brittlem ent are really tw o separate phenom ena, the only 
com m on feature being th a t bo th  require th e  presence o f  copper.

So, there is a  very strong  case, n o t only to  lim it th e  copper 
con ten t o f the boiler tube  to  avoid possible em brittlem ent o f  the 
m etal, bu t also to  keep the copper corrosion p roducts o f  the feed 
system ou t o f  the boiler w here they could  cause p itting o f  the 
boiler tubes.
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(d )

a) Electron image of wall of typical c) Iron distribution at wall of typical 
rupture rupture

b) Copper distribution at wall of d) Copper distribution at grain boun- 
typical rupture daries

F ig . 5— D istribu tion  o f  iron and copper in cracks 
o f  fa iled  tube

F ig . 6— C opper deposits in the scale— typica l section  o f  F ig . 7— C opper layer on inner tube  surface— caused by  
corrosion p it— m agnification  X 75  oxida tion  o f  paren t m eta l
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Som e analytical w ork was undertaken on a ship a t sea to  see 
w hat quantities o f copper corrosion products were present in the 
feed system  and  to  trace the source o f this contam ination . 
T able X  shows the copper content detected a t various points in 
the feed system  under steady full load  steam ing conditions, when 
hydrazine was being injected into the de-aerator outlet.

T a b l e  X — F e e d  s y s t e m  c o p p e r  c o n t a m in a t i o n

Sam ple Point C opper ppm
T ransported  to  
Boiler per Y ear 

K ilogram

Boiler 0-043 _
M ain condensate 0-018 9-7
D rain  tan k  outlet 0 04 3-7
A ir heater drain 0-035 0-87
L .P. H eater drain 0-04 1-89
D e-aerator 0-02 13-95
E vaporato r ou tpu t 0-20 —
D istilled w ater tank 0-19 ---

U sing the flow figures from  the p lan t heat balance, the 
am oun t o f  copper transported  to  the boiler per year (360 opera
tional days) was estim ated and  is show n in Table X. The figures 
tallied to  a  rem arkable degree o f accuracy. T he to tal o f the main 
condensate and  the drain  tank  comes to  13-4 kg/year, whereas 
the de-aerator outlet gives 13-96 kg/year; such figures are  well 
w ithin the lim its o f reasonable experim ental accuracy. The 
difference between the figures for the air heater and  the L.P. 
heater drains and  the final drain  tank  figure was assum ed to  be 
due to  drains from  the fuel oil and  dom estic heating circuits 
w hich were no t m easured. The nett conclusion was th a t approxi
m ately 14 kg o f  copper were being transported  to  the boiler per 
360 days o f  full ahead  steam ing. D uring the tan k  cleaning 
operation  no  radical a lteration  in the basic pattern  o f copper 
contam ination  was detected. The only o ther possible source of 
copper con tam ination  was the deck steam  lines. Samples of 
w ater drains were taken from  the deck steam  line whilst the line 
was shu t dow n; they contained up to  0-34 ppm  o f  copper. 
H owever, it is doubtful w hether any significant quantities o f 
drains w ith such high copper contents w ould be returned  to  the 
feed system when steam  was pu t on the line. I t  was concluded 
tha t the am ount o f copper contam ination  returning from  the 
deck line was certainly no m ore and  probably  far less than  the 
quantities return ing  from  the feed system whilst at sea.

O ne o f the basic causes o f the copper corrosion occurring 
in the m ain feed system appeared to  be the am m onia content 
o f the steam . This am m onia resulted from  the chemical break
dow n o f  the hydrazine reserve w hich was being m aintained in 
the boiler.

A t one stage in the investigation, the hydrazine treatm ent 
was stopped and  the hydrazine reserve in the boiler allowed to 
disappear.

Table X I shows the effect this had on the copper content at 
key points in the feed system.

A fter the hydrazine injection had  been stopped tw o days 
were allowed to  elapse, bu t as can  be seen there were strong 
traces o f  am m onia a round  the system. As the am m onia levels 
fell so did the levels o f copper contam ination .

It was though t th a t the am m onia/copper corrosion 
m echanism  was som ehow dependent upon  the trace quantities o f 
oxygen and  carbon  dioxide which could exist in the condenser 
atm osphere. In  o rder to  try  to  upset th is com plex corrosion 
m echanism , it was decided to  try  injecting the hydrazine into the 
tu rb ine cross-over pipe ra th er than  in to  th e  de-aerator outlet. 
T he am oun t o f hydrazine injected was ad justed  to  keep as near 
as possible the sam e level o f  hydrazine reserve in the boiler as had 
been m aintained when the injection was being pu t in to  the 
de-aerator outlet. W ith the hydrazine being injected in to  the

T a b l e  X I— E f f e c t  o f  h y d r a z i n e  o n  c o p p e r  c o r r o s i o n

AND AMMONIA CONTENT OF THE FEED SYSTEM

Sam ple Point H ydrazine Injection

A fter de-aerator Stopped

C u ppm N H 3 ppm C u ppm N H 3 ppm

M ain boiler 0-0425 0-2 0-040 0-15
M ain condensate 0-0175 0-5 0-010 0-3
D rain  tank  outlet 0-040 0-6 0-034 0-3
D e-aerator outlet 0-020 0-5 0-013 0-3

cross-over pipe, tw o days were allow ed to  elapse before taking 
a further set o f copper analysis a round  the feed system. The 
results o f  this analysis are  show n in T able X II, w hich shows the 
pertinent com parisons fo r the condensate.

T a b l e  X II— C o p p e r  c o n t a m in a t i o n  r e s u l t i n g  f r o m

DIFFERENT POSITIONS OF HYDRAZINE INJECTION

Injection Position 
o f H ydrazine

M ain C ondensate

pH NH3 ppm N2H4 ppm C u ppm

A fter de-aerator 8-5 0-5 0 0-018

Injection stopped 7-9 0-3 0 0-01

T urb ine cross-over 9-1 0-5 0-1 <0-005

The results show ed th a t the am oun t o f  copper in the 
condensate could be dram atically  reduced when the hydrazine 
was injected into the tu rb ine cross-over pipe. I t seems tha t the 
corrosive effect o f the am m onia on the copper com ponents o f  the 
feed system is influenced by the presence o f  sm all concentrations 
o f  oxygen or carbon dioxide in th e  condenser. The presence o f 
hydrazine as such in the condenser seems to  inhibit this corrosive 
mechanism .
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Appendix I

BOILER AND FEED WATER TREATMENT SCHEDULE FOR 
MARINE BOILERS OPERATING AT 63 ATA AND 510°C

Feed W ater Boiler W ater

A lkalinity approxim ately 5 ppm
+ 2 0

40 _ o  ppm  as C aC 03

Phosphate —
+ 5

15 _q ppm  as P O 4

H ydrazine —
+ 0 -5

0-05 _q ppm  as N 2H 4

p H  value
9 0  + 0  

- 0 - 5
0-5 

10-5 I 0

C hlorides — m axim um  50 ppm  as C a C O 3

Dissolved
oxygen

0 007 m l/litre —

T otal
dissolved
solids

— m axim um  400 ppm

C opper m axim um  0 02 ppm  
as Cu

—

Iron m axim um  0 05 ppm  
as Fe

—

Silica — m axim um  4 ppm  as Si0 2

The above values are  obtained  by the application  o f  a  simple 
“ fou r po in t p lan ” , th a t is, fou r desired values in  the feed system 
each value m ain tained  by the application  o f a  single treatm ent. 
These w ould  be as fo llow s:
Boiler W ater: A lkalinity— contro lled  by injection o f  caustic so d a ;

P hosphate— controlled by injection o f  a phosphate 
com pound ;

H ydrazine— controlled  by the individual injection 
o f hyd raz ine ;

Feed W ater: p H —  controlled  by individual injection of 
am ine.

N ote: the  hydrazine should  be injected in to  the tu rb ine cross
over pipe a t sea, and  in to  th e  de-aerator outlet in p o rt; 
the am ine should  be injected in to  the de-aerator ou tle t; 
a  5 m icron filter should  be fitted in to  the discharge line o f 
any drain  tan k  in  the feed system ; 
m ake up feed w ater to  pass th rough  an  ion exchange plan t 
before entering  the feed system.

Appendix II

THE DETERMINATION OF IRON IN  FEED WATER

N ote:
A t the sam pling stage sufficient hydrochloric acid should be 

added  to render the so lu tion  O TN  w ith respect to  the acid (i.e. 
10 m l o f  concen trated  hydrochloric acid /litre o f  sam ple) and  the 
sam ple allow ed to  stand  24 hours before testing.

Procedure:
M easure 200 ml o f  feed w ater by m eans o f a  m easuring 

cylinder in to  a  500 ml separating  funnel. A djust the acidity o f the

w ater to  0-25N  by adding 5 m l o f 6N  hydrochloric acid. Mix 
contents. U sing a  m easuring cylinder add  10 m l o f  iron  re-agent 1 
(see notes), mix and  allow  to  stand  fo r a  few seconds. A dd 25 ml 
o f  iron  re-agent 2 by m eans o f  a  m easuring cylinder, mix, and  
allow  to  stand  again fo r a  few seconds. P ipette 10 m l o f iron  re
agent 3 in to  solu tion  m ix and  stand  for 1 m inute. P ipette 10 ml 
o f chloroform  in to  the solution, shake vigorously fo r  2 minutes 
and  allow  to  stand. F ilter a  po rtion  o f  the low er layer th rough  a  
W hatm an phase-separating  paper in to  the instrum ent cell. 
M easure the optical density against pure chloroform  on an Eel 
C olorim eter equipped w ith a 624 filter. R un  a  b lank determ ination 
on  200 ml o f  de-ionized w ater and  determ ine the optical density 
against pure chloroform  on the Eel C olorim eter. Subtract the 
b lank  optical density from  the sam ple optical density and  relate 
the corrected optical density to  iron  con ten t from  a  calibration  
graph, p repared  by perform ing this analysis on standard  iron  
solu tions o f  know n concentration .

Iron  content in [ig/litre =  [Ag o f  iron  found  x  5

Iron Re-agent: (hydroxylam ine hydrochloride 10 per cent W/ V)  
P repare by dissolving 100 g o f  hydroxylam ine hydrochloride 

(A .R .) in 1 litre  o f  de-ionized w ater. T he iron  present in the 
re-agent is rem oved by adding 20 ml o f ba thophenan th ro line  
solu tion  and  extracting  the ferro in  bathophenan th ro line  com plex 
w ith successive 50 m l chloroform  washings. F o u r w ashings are 
norm ally adequate  to  rem ove all the co loured  com plex. This 
re-agent is stable fo r 3 m onths.

Iron Re-agent 2: (satu rated  sodium  acetate)
D issolve 500 g o f sodium  acetate (hydrated  A .R .) in  1 litre 

o f de-ionized w ater. R em ove iron  present in  the re-agent by 
adding 20 ml o f iron-free hydroxylam ine hydrochloride solution, 
then  adding 20 m l o f ba thophenan th ro line  so lu tion  an d  extracting 
the ferro in  ba thophenan th ro line  com plex w ith successive 50 m l 
ch loroform  w ashings. F o u r washings are  norm ally  adequate  to 
rem ove all the co loured  complex.

Iron Re-agent 3: (bathophenan th ro line solution)
D issolve 33 m g o f ba thophenan th ro line  (4, 7-diphenyl 1-10 

phenanthroline) in 50 m l o f  industrial m ethylated spirit and  m ake 
up to  the m ark  w ith de-ionized w ater in a  100 m l g raduated  flask.

Appendix III
THE DETERMINATION OF COPPER IN FEED WATER

N ote:
W hen sam pling sufficient hydrochloric acid should  be added 

to  render the solution 0 1 N  w ith respect to  the acid (i.e. 10 ml o f 
concentrated  hydrochloric acid /litre o f  sam ple) an d  the sam ple 
allowed to  stand fo r 24 hou rs before testing.

Procedure:
M easure 200 m l o f  feed w ater by m eans o f a  m easuring 

cylinder in to  a 500 ml separating  funnel. A djust the acidity o f the 
w ater in the separating  funnel to  0-25N  by adding 5 m l o f  6N  
hydrochloric acid. M ix contents an d  allow  to  stand  for approxi- 
m arely 1 m inute.

P ipette 10 ml o f  the copper re-agent 1 (see notes) in to  the 
contents o f the separating  funnel and  shake contents vigorously 
fo r  2 minutes. A llow the layers to  separate  and  filter the organic 
extract th rough  a W hatm an phase-separating paper in to  the 
instrum ent cell. M easure the optical density against pure 
ch loroform  on an  Eel C olorim eter equipped w ith OB 10 filter. 
A b lank determ ination  should  be m ade using 200 m l o f  de-ionized 
w ater and the optical density com pared to  th a t o f pure chloroform . 
Subtract the optical density o f  the b lank from  th a t o f the sam ple 
and  relate the corrected  optical density to  copper con ten t from  
a  calib ration  graph, p repared  by perform ing this analysis on 
stan d ard  copper so lu tions o f  know n concentration .

copper conten t in ptg/litre =  ;j-g o f  copper found X 5
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N ote:
(zinc dibenzyldithiocarbam ate, 0-2 per cent W / V in C H C I3)

Copper Re-agent 1:
P repare  a  0-2 per cent W /V  so lu tion  o f zinc dibenzyl

d ith iocarbam ate in chloroform . The re-agent should be prepared 
freshly every week.

Appendix IV

THE DETERMINATION OF REACTIVE SILICA IN BOILER WATER 

Procedure:
1) M easure 100 ml o f sam ple into a m easuring cylinder and  

po u r in to  a  4  oz polythene bottle;
2) A dd 2-5 m l o f  silica re-agent 1 (see notes) to  the bottle, 

mix contents and  stand  fo r 10 minutes;
3) A dd  2-5 ml o f silica re-agent 2 and  again mix contents 

and  allow  to  stand  for 5 minutes;
4) A dd 2 ml o f silica re-agent 3, mix contents and  stand  for 

20 minntes p rio r to  m easuring the optical density on the 
Eel C olorim eter using red filter O .R .l. C arry  ou t a 
b lank on the re-agents +  100 m l de-ionized w ater and  
sub trac t th e  optical density obtained  against pure 
chloroform  from  th a t obtained  for the sam ple against 
pure chloroform . R ead off the silica content o f the 
sam ple from  the calibration  graph, p repared  by per
form ing this analysis on standard  silica solutions of 
know n concentration .

N otes:

Silica Re-agent 1: (am m onium  m olybdate/sulphuric acid solution)
Dissolve 89 g o f  am m onium  m olybdate (N H ^ sM o  O 244H 2O 

(A .R .) in 800 m l o f  de-ionized w ater a t room  tem perature 
(solution a).

A dd cautiously 62 ml o f  concentrated  sulphuric acid (A .R .) 
to  100 ml o f de-ionized w ater in a beaker and  allow  to  cool 
(solution b).

A dd solution  b) to  solution a) w ith stirring, cool, transfer to  
a  1 litre g raduated  flask and m ake up to  the m ark. S tore the 
solution in a polythene bottle. I t  is stable fo r a t least three m onths, 
and  if a  blue co lour does appear in the solu tion  it need n o t be 
rejected until the re-agent b lank becomes relatively large, i.e.
0-2 reading on the Eel C olorim eter.

Silica Re-agent 2: (ta rta ric  acid)
D issolve 280 g o f ta rtaric  acid ( (C H O H  . C O O H h  A .R .) 

in 800 ml o f de-ionized w ater and  dilute to  the 1 litre m ark  in a 
m easuring cylinder. S tore the solution in a  polythene bottle. I t  is 
stable fo r a t least three m onths.

Silica Re-agent 3: (A nsa reducing agent)
D issolve 2-4 g o f  sodium  sulphite (N a 2SC>37H 2C) (A .R .) )

Discussion_______________________________

M r. T . K a m e e n , M .I.M ar.E ., endorsed  the au th o r’s views 
regard ing  ind iv idual dosage o f specific chem icals according to 
the conditions o f th e  w ater a t the tim e o f testing bu t w as no t 
entirely  in favour o f m ixed or b lended dosing, a lthough this 
p robab ly  had  advantages w hen skilled staff w ere no t available.

H e  suggested th a t m ore  em phasis should have been given 
in the paper to  pre-com m issioning cleaning o f th e  w hole 
s te am /w a te r system , the im portance  o f w hich could no t, in 
his opinion, be over-stressed. M any problem s encountered  in 
the opera tion  o f boilers w ere associated w ith the p lan t in 
the shu tdow n cond ition ; had  th e  au th o r any  experience of 
sim m ering coils w here a head  of steam  could be re tained

in 10 ml o f de-ionized w ater. In  this so lu tion  dissolve 0-2 g o f
l-am ino-2-naphthol-4-sulphonic acid (N H 2CioH s(O H ) SO3H 
(B D H  extrapure grade) ). D ilu te to  approxim ately 90 ml and 
add  14 g o f potassium  m etabisulphite (K2S2O5 (A .R .)). W hen 
dissolved, dilute to  the 100 m l m ark  in a  100 m l m easuring 
cylinder. Store the solu tion  in a  poly thene bottle. It is necessary 
to  prepare this re-agent freshly each week.

Appendix V

THE DETERMINATION OF AMMONIA IN BOILER WATER

Procedure:
M easure 50 ml o f w ater in to  a 4 oz polythene bottle. Pipette 

1 m l o f re-agent 1 in to  solu tion  an d  m ix contents. Pipette exactly 
0-5 ml o f re-agent 2 in to  the  bottle, stopper, and  again mix 
contents. T hen pipette 10 m l o f  re-agent 3 in to  the sam ple 
solution, mix contents and  quickly add  5 ml o f re-agent 4. Shake 
contents and  stand  for 30 m inutes ± 1  m inute. M easure the 
optical density against de-ionized w ater on an Eel C olorim eter 
equipped w ith a 607 filter. R un  a b lank  determ ination  on 50 ml 
o f de-ionized w ater and  determ ine the optical density against de
ionized w ater on the Eel C olorim eter. S ubtract the blank optical 
density from  the sam ple optical density and  relate the corrected 
optical density to  am m onia con ten t from  a  calibration  graph, 
p repared by perform ing this analysis on standard  am m onia 
solutions o f know n concentration .

Re-agent 1: (ethylenediam inetetraacetic acid disodium  salt 6 per 
cent W/ V)

Dissolve 30 g in  approxim ately 400 m l o f  de-ionized w ater 
and  dilute to  500 ml. This so lu tion  is stable fo r three m onths. 
Re-agent 2: (acetone A .R .)
Re-agent 3: (sodium  phenate solution)

A dd 25 ml o f re-agent 5 (5N  sodium  hydroxide) to  12 -5 g of 
phenol in a  beaker. T ransfer to  a 100 ml graduated  flask and 
m ake up to  m ark  w ith de-ionized w ater. This so lu tion  should  be 
sealed tightly and  stored in  the dark . W e have found it to be 
stable for three days bu t it is advisable to  prepare freshly each day. 
Re-agent 4: (sodium  hypochlorite aqueous 1 per cent W /V  
available chlorine)
Re-agent 5: (sodium  hydroxide 5N)

D issolve 200 g o f sodium  hydroxide in  w ater (C A U T IO N ). 
C ool rapidly to  room  tem perature, transfer to  a  500 m l graduated 
flask and dilute to  the m ark  w ith de-ionized w ater. S tore in a 
tightly sealed polythene bottle. W hen stored in the dark  the 
solution is stable for one m onth .

N ote 1:
Sodium  hypochlorite so lu tion  is available com m ercially 

contain ing 10 to  14 per cent W /V  available chlorine. This 
concentration  o f available chlorine can vary considerably and 
m ust be checked by determ ination o f  the available chlorine (the 
iodom etric m ethod  is suitable).

in  th e  boiler and  so assist in  obviating  in  particu la r, oxygen 
a ttack?

T h e  au th o r had  suggested th e  use o f an ti-foam  and 
coagula ting  agents; as such m ateria ls  w ere o f qu ite  varied  
com position  w as i t  possib le th a t adverse side effects could 
occur w hen using those  agents? W ith  regard  to  oxygen in 
feed w ater, the au th o r had  suggested th a t excessive quantities 
o f hydrazine  w ere requ ired  to  p rov ide enough am m on ia  to  
raise the pH  to ab o u t 8 0— his com panies experience w as 
th a t w ith norm al hydrazine  trea tm en t little o r no difficulty 
was found  in m ain tain ing  the pH  betw een 8'5 and  9 0. H e 
was unfam iliar w ith the concept th a t hydrazine  should  be
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in jected  into the cross over pipe and  w ould  like to  know  
if the  au th o r  had  m uch experience of this. W ere there any 
dangers involved? H is com panies experience had  show n th a t 
th e  im p o rtan t fa c to r was to  ensure in jec tion  o f hydrazine  a t a 
p o in t in  th e  system  w hich w as h o t enough to ensure com plete 
dispersion; he  w ould have though t th a t the suggested m ethod  
m ight have  serious repercussions on  non -fe rrous parts  o f the 
L .P . tu rb in e  an d  condenser.

H e  thou gh t th a t conductiv ity  cells should  be used as 
an ind ica tion  of the  ra te  o f change and  no t so m uch  as an 
exact m easure  o f con tam ination .

W here did th e  au th o r th ink  silica con tam ina tion  was 
com ing fro m ? H e  h a d  alw ays been o f th e  opin ion  th a t copper 
in boiler deposits cam e fro m  the feed  system  and  w as in 
such relatively  sm all quan tities in  the steel as to be ignored. 
H is com pany  h ad  alw ays associated  am m onia  w ith the 
reaction .

T he  paper suggested th a t w hen  hydrazine  dosage was 
stopped  fo r a  sho rt period , a  reduction  in ppm  of am m onia  
in th e  feed system  w as no ted , together w ith a reduction  in 
th e  am o u n t o f copper w hich, in effect, confirm ed th a t the 
a ttack  on th e  copper in  th e  system  w as due to  am m onia 
being p resen t together w ith  oxygen a n d /o r  C O 2. A  to ta l 
T .D .S . figure of 400 w as quo ted  in th e  paper, yet if one 
to talled  the recom m ended  m ax im a fo r o ther chem icals the 
T .D .S . w as well below  400; w hich did the au th o r th ink  the 
m ost im p o rtan t?

F inally , from  th e  paper there w ould  appear to  be a 
tendancy  to  m ake  steam  p lan ts chem ical labo ra to ries— he 
knew  this was no t th e  in ten tion , b u t w as considering the 
situation  of a sh ip’s officer co n fron ted  w ith toxic chem icals 
and  such m ateria ls  as am ines, m onocyclohexylam ines and  
m orpholines.

C a p t a in  R . M . I n c h e s , R .N ., M .I.M ar.E ., endorsed  the 
idea behind the a u th o r’s paper. T h e  R oyal N avy  had  been 
using m arin e  boilers w ith operating  conditions as therein  
described fo r ab o u t ten years, and  h ad  confirm ed th a t, as 
com pared  w ith  prev ious requ irem ents, feed  w ater trea tm en t 
had  to  be re -though t bo th  quan tita tive ly  an d  qualitatively . 
Q ualita tively  th e  trea tm en t had  to  be re la ted  m uch m ore 
precisely to  the  disease; quan tita tive ly , the to ta l dosage m ust 
be kep t to  a  m in im um .

T h e  R oyal N avy  had  tran sfe rred  from  th e  use o f U .S. 
N avy  bo iler com pound  to  th e  type o f trea tm en t described 
in the p a p e r : the  fo rm er h ad  a  re latively  h igh alkaline 
con ten t w hich m igh t h ave  influenced the final decision of th e  
navy to  use the  phosphate  com pound , tri-sod ium  phosphate , 
ra th e r than  th a t m en tioned  by the au tho r. H ow  h ad  the 
au th o r’s com pany  m ad e  their selection?

O xygen scavenging w as only  applied  to  fossil fired 
boiler systems w orking a t even higher pressures th an  those 
m en tion ed : he did n o t disagree w ith th e  au th o r, fo r w hen they 
had  used hydrazine  they  h ad  been very  satisfied w ith its 
perfo rm ance. C ould  the au th o r confirm  a row  heading in  
T ab le  II— ppm — w hich he assum ed re fe rred  to  chlorine?

H e  u n d ers tood  th a t in T ab le  V I the con tam ination  was 
below  th e  accep tab le  lim it, even w ith o u t the filter. W ould  
the au th o r expand  on  w hat th is tab le  re fe rred  to  and  fu rth er 
explain th e  add ition  o f th e  filter to  the  system ?

T h e  in fo rm atio n  on copper co rrosion  w as o f g rea t 
in terest and  w hilst he  accepted  the con ten t o f this section, 
he though t it a  good idea to  inject the hydrazine  w here it was 
m ost efficient befo re  it w en t to  th a t p a r t  o f th e  system  
w here it w as liable to  be broken  dow n.

H e  recalled  read ing  som e tim e ago th a t there  w as a  k ind  
o f tem p era tu re  th resho ld  fo r copper co rrosion  a t a tem pera tu re  
of ab o u t 80°C . H e  deduced from  this th a t fo r parts  o f the 
feed system  norm ally  running above th a t tem pera tu re , copper 
bearing  m ateria ls  should  no t be used. T h is seem ed an 
effective m ethod  o f dealing w ith the problem .

C ou ld  th e  au th o r com m ent o n  this?
O n th e  w hole, naval experience confirm ed the values in

relation  to  the figures in A ppend ix  I. T hey  had  kep t a 
slightly higher phosphate  level, p erhaps because of the use 
o f tri-sodium  phosphate . T he  m axim um  fo r T .D .S . w as, in 
fact, h igher th an  th a t q uo ted , b u t once a feed system  had  
settled dow n, it was th o u g h t it should  be possible to  run 
a t a  substan tia lly  low er figure, ab o u t 250. H e  w as of the 
opin ion th a t unless the average T .D .S . in  a  system  could  be 
b rough t dow n to  som ew here n ear h a lf  the m ax im um  quo ted , 
there w as som e reason fo r concern .

M r . D . C o c h r a n e , M .I.M ar.E ., said  as th ere  w as a fairly  
w ide-spread tendency  to  add  h y d raz ine  to  the  condensate  to 
m ain ta in  p H  9, w ithou t giving due regard  to copper pick-up. 
he w elcom ed the au tho rs de ta iled  study  on  th e  necessity o f 
contro lling  the use o f  hydrazine  to  m inim ize co rrosion  of 
non-ferrous m etals.

A  recen t case h ad  concerned  bo iler tube failu res on a 
series o f sim ilar ships, in  w hich sam ples o f sludge and  scale 
on tubes show ed 50 to  70 per cent copper oxide. Investigation  
revealed  high oxygen and  re su ltan t high pH  in th e  feed w ater 
system , due to  the add ition  of hydrazine. T h is caused corrosion  
of non-ferrous heate r tubes, eventually  leading to  deposits on 
the bo iler tubes, p rom oting  electrolytic co rrosion , over-heating  
and  even tual failure .

A  chem ical cleaning p rog ram m e w as now  being in 
stitu ted  on  each o f the  shops to  include a copper rem oval 
process.

T h e  tran sp o rt o f copper to  boilers ap p eared  to  be 
g rad u a l an d  tak e  p lace over a num ber o f years b efo re  the 
effects becam e obvious: this tran sp o rta tio n  w as becom ing 
increasingly associated w ith  bo iler tube  co rrosion  and  failu re . 
O thers, including the  au th o r, h ad  d raw n  a tten tio n  to  high 
copper con ten t areas in  m ild  steel tubes w here p itting  had 
occured  in service.

U ntil recently , affects associated  w ith  th e  presence of 
copper w ere considered m ore  com m on w ith  th e  higher 
p ressure range o f boilers such as those  used  in  pow er stations, 
b u t over th e  last 12 m onths he  had  know n o f six large m arine 
boilers w hich had  requ ired  chem ical cleaning using a copper 
rem oval process. O ne n o tab le  side resu lt h ad  been the 
elim ination  o f phospha te  h ide-ou t w hich had  prev iously  been 
experienced.

R egard ing  the au tho rs  detec tion  o f re frac to ry  debris 
causing silica deposit on  tu rb ine  b lad ing , had  pre-com m ission 
cleaning been carried  o u t on  th a t p a rticu la r in sta lla tion?  
D uring  pre-com m ission cleaning problem s there  w ere o p p o r
tunities fo r inspection  w hen debris w as usually  detected. 
T his debris could  be rem oved b y :

a) a fte r alkali boil-out;
b) follow ing neutraliz ing  o f th e  acid  process.
T h e  au th o r h ad  s ta ted  th a t successful w ater trea tm en t 

could  only  be th e  sequel to  successful com m issioning; M r. 
C och rane  subm itted  th a t successful com m issioning was the 
sequel to effective pre-com m ission cleaning. Its purpose 
w as to  rem ove traces o f surface  ru s t and  loose m ill-scale and  
to  establish, in  th e  passivation  process, th e  first fine m agnetite  
p rotective film. It w as a  n a tu ra l p re lude  to  th e  boiler 
com m issioning p rog ram m e w hich should  follow  im m ediately .

T he au th o r had  n o t specifically m en tioned  chem ical p re 
com m ission cleaning. W hen p roperly  p lanned , pre-com m ission 
cleaning dovetailed  w ith  th e  com m issioning p rogram m e, and 
w ould  reduce th e  vast am ounts o f collo idal F e :,0 , in  suspen
sion w hich the  au th o r had  experienced. M r. C och rane  though t 
th a t this set a  high in itia l s tan d a rd  o f cleanliness and  w as well 
w orthw hile. T h e  hydrazine passivation  w hich w as p a r t o f the 
process, established th e  first F e 30 4 m agnetite  film to  p ro tect 
the boiler m etal.

I t was recom m ended  th a t pre-com m ission cleaning 
should  include boilers, feed system  p ipew ork and  steam  pipe
w ork.

In 12 years experience o f pre-com m ission cleaning of 
m arine  boilers he had  no ticed  an  im provem ent in construction  
cleanliness standards; bu t occasionally  w elding rods, m achine
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cuttings, w eld paper shields and  general debris w ere still 
found  in  a num ber o f boilers. T he  sludge w hich was found  
in the boiler bo ttom  headers a fter cleaning usually  contained  
ab o u t 10 per cent silica and 90 per cen t F e30 4.

T h e  au th o r h ad  em phasized care  in m ain tain ing  co n 
ta inm en t levels below  th e  specified lim its— obviously  this 
could  only  be carried  ou t by testing fo r silica, iron  and 
copper. Such tests took  ab o u t 30 m inutes each under 
lab o ra to ry  conditions. H ow  frequently  w ould  the au tho r 
recom m end  testing, considering the  incidence o f failures 
a ttrib u ted  to  con tam inan ts and  (probably  equally im portan t) 
the already  m u ltifa rious duties o f hard-pressed  ships’ 
engineers?

T h e  1968 revision o f BSI 1170 recom m ended these tests 
be taken  every th ree to  six m onths. W ould  the au tho r give 
his views on  th is?

In connexion w ith BSE 1170, the 1968 revision was m ade 
w hen d a ta  on  m arine  boilers in  the p ressure ran g e  covered 
by th e  au th o r w as com parative ly  scarce and  it  included  for 
the first tim e reference  to  hydrazine  and  am ines. I t w as noted 
th a t the figures in  A ppendix  I generally  coincided w ith the 
1968 revision o f BSI 1170— T ab le  V— w hich covered 
‘recom m ended boiler w ater characteristics’ 60 bar up  to  and  
including 8 |  ba r (850-1200 lb / in 2).

W ould  the au th o r com m ent on  any com parison?

M r . R . S u n d b y  said judging fro m  experience of high 
pressure sta tionary  steam  p lan ts it was to  be expected tha t 
sim ilar recom m endations w ould  becom e an  accepted standard  
by bo iler m anu fac tu re rs , boiler chem ical suppliers, ship 
ow ners and  builders an d  tu rb ine  m anufac tu re rs  as well as 
such organizations as T he  British S tandards Ins titu tion . A  
co -o rd ination  o f the  feed w ater trea tm en t recom m endations 
o f the  groups m en tioned  was o f u tm o st im portance  fo r the 
safety and  availab ility  o f high pressure steam  plants (50 bar 
and  higher) and  should  be b rough t ab o u t as soon as possible.

T he  p rob lem  of com m issioning new  boilers needed 
fu rth e r investigation; the aim  o f this w ork should  be specific 
recom m endations fo r th e  com m issioning periods o f new  
boilers as well as s ta rte r periods o f o lder boilers a fter longer 
periods o f standstill.

H e  th o u g h t th a t the  a u th o r’s rem arks on boiler w ater 
trea tm en t m ethods should  be em phasized. S epara te  sim ple 
chem icals should be used preferably ; the use o f codes in the 
w ater analysis reports should  be avoided unless the code was 
clearly  explained in  the  in struc tion  m anual; the chem icals used 
should  be clearly  specified; the use of sodium  ca rb o n a te  should  
be avoided as the  C O j gas p roduced  gave co rrosion  risks in 
the tu rb ine  and  condensate  system .

A dditionally , em phasis should  be placed on external w ater 
trea tm en t, i.e. purifica tion  of m ake  u p  w ater and condensate, 
in o rd e r to  m inim ize th e  need fo r in ternal w ater treatm ent, 
i.e. bo iler chem ical addition .

T he  prob lem  o f silica con tam ination  was norm ally  as 
stated, solely a com m issioning problem . H ow ever, the risk of 
silica deposits in th e  tu rb in e  during norm al running should not 
be overlooked as this risk increased no t only  w ith pressure 
bu t also w ith decreasing alkalin ity  and  salt content. T h e  silica 
con ten t in  h igh pressure boilers should  therefo re  be checked 
regularly.

C ondensate  filtration  fo r  the rem oval o f iron  oxide 
particles should  be recom m ended  as a standard .

Som e m odern  recom m endations gave low er m axim um  
allow able iron  conten ts in th e  feed w ater th an  th e  50 ppb 
m en tioned  in th e  report. O ne bo iler chem ical m anufactu rer, 
fo r exam ple, gave a m axim um  value of 10 ppb.

T he  serious effects o f iron  oxides reaching the boiler 
had  been m en tioned  and  it  should  be added  tha t iron  oxide 
deposits in the tu rb ine  gave o th er negative effects and  being 
w ater insoluble w ere very  troublesom e to rem ove.

T he  investigation in to  the varia tion  in copper co n 
tam ina tion  w ith  the  am m onia  concen tra tion  in th e  system 
w as very  valuable. C opper, a lthough  being m ain ly  a  boiler

problem , m ight also, u nder certa in  c ircum stances, be tran s
po rted  to  the tu rb ine  and  cause co rrosion  attacks.

In  connexion w ith the effect o f high am m onia con 
centrations, the increase in copper co n tam ina tion  was not the 
only negative effect as am m onia  cou ld  cause stress corrosion 
cracking in  m echanically  stressed brass com ponents like the 
condenser tubes. T here  was a significant risk  o f stress corrosion  
crack ing  in the a ir  cooler p a rt o f th e  condenser w here 
am m onia  and  oxygen w ere presen t; even w hen th e  am m onia 
concen tra tion  in the condensate  w as below  1 ppm  N G 3. T he  
risk of stress co rrosion  cracking w ould  also decrease w hen 
hydrazine w as in jected  directly  in  th e  steam .

T h e  reported  results o f hydrazine  in jec tion  in  the steam  
w ere interesting. I t  was, how ever, doub tfu l w hether the 
recom m endation  to in jec t all the  hydrazine  in th e  steam  was 
the best solution. I t  w ould  p ro b ab ly  be easier to  balance the 
hydrazine  reserve an d  the am m onia  concen tra tions th roughou t 
th e  system  by injecting hydrazine in th e  steam  as well as in 
the feed w ater. O ne fac to r w hich w ould  affect the choice o f 
in jection  points w ould  be th e  degree o f chem ical filtra tion  of 
the condensate.

W hich type of hydrazine w as injected? H a d  the au th o r 
com pared  activated  an d  conventional hydrazine?

A ctivated  hydrazine  w ould  p ro b ab ly  be  beneficial w hen 
in jected  directly  in  the steam , since the  reac tion  ra te  of 
activated  hydrazine  w ould  be  significantly h igher than  th a t o f 
conventional hydrazine a t th e  low  tem peratures in th e  c o n 
denser.

M r. D . Sh o r t , though t th a t chem ical cleaning of m arine  
boilers was an  im p o rtan t ancillary  to  co rrec t boiler feed- 
w ater treatm ent; co rrec t pre-service cleaning o f boilers w ould 
certain ly  p reven t th e  type of silica deposits th a t w ere cu rren tly  
being observed on turb ines. N o rm al cleaning cycles involved 
trea tm en t with both  alkali and  acid  an d  th is com bined  w ith 
adequate  flushing betw een stages w ou ld  rem ove all the 
debris w hich w as th e  p rincipal cause of th e  tu rb in e  silica 
deposits.

R egular in-service chem ical cleaning w as also im p o rtan t 
fo r m arine  boilers. C opper rem oval could  be effected by well 
defined m ethods w hich involved  the  use o f an  oxidizing 
agent in  am m oniacal so lu tion . I t  w as to  be no ted  th a t the 
la tte r so lu tion  w as also presen t in th e  condenser and  feed 
system  o f a  boiler during its n o rm al opera tion , a lthough  in  
concentrations fa r low er th an  fo r cleaning; as such it was no t 
difficult to  understand  w hy copper w as slowly transferred  
to  the boiler.

I t  w as in teresting  to  n o te  th a t M r. Sunby  h ad  re fe rred  
to the possible use o f ac tivated  hydrazine. T h is chem ical 
w ould  be m o re  su itab le  in  idle boilers w here co rrosion  resu lt
ing from  th e  presence o f dissolved oxygen w as g rea ter th an  
w hen the  units w ere w orking norm ally . I t  w as fe lt th a t the 
im portance  o f m ain tain ing  non-corrosive w ater conditions 
a t all tim es in  the  life o f a boiler, p a rticu la rly  a single m arine 
boiler h ad  no t been stressed sufficiently. T he procedures to  
be adop ted  during  a boiler's dow ntim e w ere n o t well defined 
and  as such, investigation  in to  the use o f new er p roducts such 
as activated  hydrazine  w as w orthw hile.

By w hich m ethod  h ad  th e  tu rb in e  b lades been freed  o f 
silica deposits? It w ould be ideal if such deposits could  be 
rem oved  in-situ  by a chem ical m ethod , b u t it  w as p robab le  
th a t m echanical cleaning had  been undertaken .

M r . C. W . D u k e s , M .I.M ar.E . said in connexion w ith 
the  hydrazine  in jection  system  described, in  view  o f th e  ra te  
o f oxygen scavenging in  the feed system  being extrem ely 
slow— a t least p rio r to  th e  de-aera to r—  it w as do u b tfu l if in 
the  low  tem p era tu re  phase  of th e  condensate  system  any 
scavenging took  place. H a d  experim ents w ith hydrazine 
in jection  in to  the  tu rb in e  cross over p ipe  (w hich had  had  the 
effect o f reducing the copper con ten t in the feed) been carried  
o u t using an ac tivated  hydrazine  w hich could  scavenge oxygen 
a t m uch  low er tem pera tu res than  o rd in ary  hydrazine? I f  no t,
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it  seem ed reasonab le  to  reduce  feed  system  corrosion  even 
m o re  by th e  use o f activated  hydrazine.

W ith  reg ard  to th e  use o f a volatile  am ine in  conjunction  
w ith hydrazine  to  ra ise  th e  condensate  pH  value and  so 
p ro v id e  C O 2 scavenging, it w ould  appear from  n o rm al boiler 
and  feed  w ater tests th a t the p H  value  o f the feed ob ta ined  
w ould  be due to  am m onia an d  am ine, and  w ithou t e labora te  
testing it  w ould  no t be possib le to  de term ine th e  degree to 
w hich the  p H  w as being affected by each com ponent. W ould  
th e  au th o r com m ent on  th is?

In  view of the difficulties associated  w ith  am m onia  in 
th e  feed system  w hen using hydrazine , had  the au th o r con 
sidered a system  w here only  a  vo latile  am ine w as used to  the 
feed and  any excess oxygen w hich m ight pass to  th e  boiler 
was dealt w ith in  th e  boiler w ater by m ain ta in ing  a  sm all 
reserve o f tann ins know n fo r their oxygen scavenging 
properties.*  T h is system  w ould  elim inate  difficulties w ith 
am m onia b u t still p rovide fo r C O : scavenging and  raising  of 
the feed  w ater pH .

T h ere  w as also som e basis fo r believing th a t w ith  such 
a system  th e  silica p rob lem  w ould  be reduced  and  feed 
system  co n tam in a tio n  detec tion  som ew hat sim plified. C austic 
w ould  still b e  used fo r a lkalin ity  con tro l o f the boiler w ater.

T h e  use o f hyd raz ine  tended  to  give an  in itia l high pH  
to  the  condensate  as com pared  w ith  am ine w hich h ad  a 
m uch  better d is tribu tion  ra tio , and  there fo re  the use o f 
am ine on its ow n to  the feed system  w ould  ensure a m ore  
un ifo rm  and  stab le  pH  value th ro u g h o u t the feed system .

F inally , he  agreed w ith the a u th o r’s com m ents on  no t 
using a  single pow der trea tm en t fo r phospha te  and  alkalin ity  
con tro l in  th e  system  as th is invariab ly  m ean t th a t separa te  
com pounds h ad  still to  be added  from  tim e to  tim e to  adjust 
values, thus defeating  th e  orig ional idea  o f sim plicity pu t fo r
w ard  in  fav o u r of a single com pound  trea tm en t.

M r .  A . N . S. B u r n e t t , M .I.M ar.E ., asked the au th o r 
how his com pany  ensured cleanliness in the sh ipyard  during 
m achinery  insta lla tion . H ow  w ould  a  sm aller com pany  cope 
w ith this o pera tion?

R egard ing  th e  m ain tenance  o f those standards p u t fo r 
w ard  by the au th o r in connexion w ith  high pressure boilers, 
how  did his com pany  ensure th a t those standards w ere 
m ain ta ined  on every sh ip? In  his experience th e  w rong 
chem icals had  been used on  occasions because o f their 
sim ilarity  in  appearance .

M r. B urnett hoped  th e  au th o r could  give som e idea  of 
the tim e ou t o f service if any  o f th e  fau lts w hich he ind icated  
occurred , and if so, w hat w ere m ain tenance  cost lim its?

O n the question  o f pH  m eters, w ere these in  use by the 
au th o r and  his associates, and  if so o f w hat type  w ere they?

Probab ly  a  num ber o f shipow ners w an ted  to  change 
from  Diesel to steam  in the ir large ships, bu t w ere ham pered  
by the fac t th a t staff w ere fam iliar w ith D iesel operations. 
H ow  did th e  au th o r th in k  th a t conditions w ere going to  
change in a  sh o rt space o f tim e fo r this com plicated  
struc tu re , w hilst m ain ta in ing  a  high s tan d a rd  of service in 
ships?

W ould  th e  au th o r outline w hether he and  his com pany 
w ould consider a sim plification o f w hat appeared  in  the 
paper o r w ould  he  advocate  going ahead  w ith  the com plicated  
rou tines on b oard  ship? W ou ld  he p refer to  see sim pler 
in s talla tions w ith sim pler feed w ater trea tm en ts?

M r . R . E . K n o w l e s , M .B .E ., M .I.M ar.E ., asked if it 
was n o t im p o rtan t in  the case o f high pressure units to  select 
fo r exam ple the righ t k ind o f tube?  H ad  the au th o r, in the 
light o f his experience on  boiler w ater trea tm en t, any 
op in ion  on th e  use and  com parativeness o f co ld  finished 
seam less, h o t finished seam less o r electric resistence w elded

* Certain tannins were also known for their film forming properties and 
could form and m aintain a film in the water spaces of the boiler which 
was highly resistant to corrosion.

tubes? I t  w ould  appear th a t th e  co ld  d raw n  seam less tube, 
annealed  p roperly , such th a t a  strong  stable oxide film w as 
re ta ined  on  the w ater surfaces, w as m o re  su itab le  to  sustain  
the k ind  of trea tm en t re fe rred  to  in  th e  pap er th an  perhaps 
ho t finished seam less o r E R W  tubes.

T h e  a u th o r’s rem arks ab o u t keeping subsequent exam 
inations o f th e  boilers to  a m in im um , was, o f course, 
dependent on the s tan d a rd  o f trea tm en t ca rried  ou t, n o t
w ithstanding  o f course th a t w hilst ce rta in  inspections w ere 
m an d a to ry  it  was rea lly  a question  o f good  housekeeping as 
to  th e  degree o f in te rm ed ia te  inspections the  ow ner o f the 
ship considered  necessary.

T h e  argum en t in  favou r o f th e  p re fe ren tia l use o f caustic 
soda as opposed to  am m onia  based com pounds was in teresting . 
Investigation  in to  boiler explosions on lan d  b rough t to  light 
th e  phenom enon  know n as hydrogen  em brittlem en t w here, 
on  occasion, fu ll section tu b e  w all fa ilu re  h ad  occured , 
particu la rly  w hen am m on ia  had  fo rm ed  p a r t o f the  feed 
w ater trea tm en t.

P h ospha te  com pounds, w hilst inhibiting  hardness, could  
also be troub lesom e and , even though  an ti-foam ing  co m 
pounds w ere added , there  h ad  been evidence o f in terfe rence  
w ith w ater level and  ind icating  devices due to  the bu ild -up  of 
sludge.

T he  need fo r a  highly efficient de-ion ization  p lan t w ith 
a highly ra ted  w ater tu b e  bo iler in s ta lla tion  could  no t be 
overstated . If , and  w hen, nuclear ships becam e m o re  com m on
place, such p lan ts w ou ld  be an abso lu te  necessity.

H e  recalled  a p a rticu la r vessel, Savannah . T h is ship had  
a highly soph isticated  de-m ineralizing an d  de-ion ization  
system  d ic ta ted  by th e  need to  ensure th a t th e  w ate r in  the 
p rim ary  c ircu it w as n o t a t any  tim e co n tam in a ted  w ith sea 
w ater, stainless steel being susceptible to  ch lo ride  cracking 
w hen u nder stress.

T h e  section on  copper w as very in teresting  and  one 
w ondered  to  w hat ex ten t copper in fusion  h ad  a  bearing  on 
boiler fa ilu res in  th e  past, p articu la rly  w hen am m o n ia  w as 
presen t in  the  feed  w ater. T h a t copper based fittings w ere no t 
used  in am m on ia  re frig era to rs  w as ind icative o f th e  in co m p a ti
b ility o f those tw o substances.

F inally , w as there  a sim ilarity  in  w hat h a d  been know n to 
be hydrogen  em brittlem en t and  copper ind ica ted  em b rittle 
m ent?

M r . G . S. S o l t  com m ented  on  the increased  sophistication  
in  boiler p ressure techniques w hich w as bringing land-based  
and  m arine-based  problem s closer together. H e  though t 
closer co -opera tion  betw een th e  tw o industries desirable . T he 
p o in t o f the discussion h ad  been  th a t ab so lu te  purity  in  boiler 
feed w ater cou ld  be m a in ta ined  by clean  m an u fac tu re ; by 
chem ical cleaning befo re  com m issioning and  by c lean-up  in 
the circu it itself, in  p a rticu la r by th e  use o f a high class de
ae ra to r and  by the trea tm en t o f th e  d istilla te  and  o f the 
condensate . A ll th is cost m oney , bu t, w ith in  reason , p a id  off. 
O ne of the m ost ex trem e exam ples w as show n by a  gen tlem an 
in N o rth  G erm an y  w ho m ain ta ined  th a t he w ould  p u t 
no th ing  in  his once-th rough  boilers bu t w ater. H e  w ould  no t 
use any  chem icals, hyd raz ine  or pho sp h a te  o r anyth ing  else; 
how ever h e  h ad  a huge de-ion ization  p lan t and  the  p e r
fo rm an ce  o f his boilers w as rem ark ab ly  good. By im proving 
th e  q u a lity  o f th e  bo iler con ten ts it  w as generally  possible 
to  avoid  a g rea t deal o f troub le .

W as M r. O w en being sincere w hen he  said  th a t he  did 
no t fo resee m arin e  boilers going to  h igher pressures?

M r. S o lt suggested th a t th e  m a jo r im purities in  boilers 
arose  during  and  shortly  a fte r  com m issioning; th e  silica 
p rob lem  w as sho rt term  and  so  w as th a t o f iron  con tam ination  
and  th e re fo re  it w ould  be possible to  p rov ide  tem porary  c lean 
u p  p lan t w hich  m igh t be  used  only  during  p rim ary  co m 
m issioning an d  again  a fte r a  m ajo r shu tdow n w hen co rrosion  
p rob lem s h ad  taken  p lace during  th e  shutdow n.

F inally , on  the difficulty o f  analysing iron , it  w as possible 
to  m o n ito r iron  by a m em brane  filter— a  M illipo re  filter. A
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trad e  nam e w as the best know n, bu t there w ere o ther 
perfectly  good  m em brane filters w hich gave an  easy estim ation  
o f th e  am o u n t o f iron  in  a  boiler w ater.

M r . G . V ic t o r y , M em ber o f C ouncil, I .M ar.E ., and  the 
ch a irm an  o f th e  m eeting, asked  if enough w as being done 

to  obv ia te  th e  need fo r trea tm en t to  rem ove boiler deposits? 
F o r  exam ple, on  the  question  o f iron  con ten t resulting 
from  cargo pum ping steam  system s entering  the system at 
th e  a tm ospheric  d ra in  tanks, was th a t reasonable  in present

tim es? C onsidering th e  difficulties o f assessing condenser 
leakage, should  condensers be m ade  in  th e  w ay  they w ere a t 
present? Should  i t  b e  possib le to  have a  leakage in  a  con
denser, o r should  the  o u tle t tu b e  be su p p o rted  in  such a w ay 
th a t the su p p o rt perm itted  an inspection? T h e  first tim e he 
h ad  com e across m igra tion  w ith iro n  an d  copper w as 
in  1950, so this p rob lem  had  been p resen t fo r  20 years and  
his com pany  h ad  found  th a t the C .E .G .B . w as ab le  to  show 
th a t their trea tm en t did p roduce  m uch  b e tte r resu lts th an  the 
previous type of purely  chem ical trea tm en t.

Correspondence

M r. B. T o d d , M .I.M ar.E ., in  a  w ritten  con tribu tion  said 
he w as in terested  in  th e  com m ents m ade by M r. O w en regard
ing th e  p resence of copper in in terg ranu lar cracks in boiler 
tubes, as he had  investigated sim ilar failures in high pressure 
m arine  boilers and  found  sim ilar copper-filled cracks.*

In itia lly , he  had  favou red  th e  theory  of in terg ranu lar 
crack ing  due to  the concen tra tion  of copper in the sub-scale 
during h o t w orking bu t rejected this fo r the follow ing reasons :

a) such cracking w ould  be re la ted  to  the high tem pera tu re  
austenitic  g ra in  size and  no t th e  ferrite  and pearlite  
stru c tu re  p roduced  w hen the steel w as cooled  after 
w orking. F ro m  Fig. 4 the cracks appeared  to follow  
th e  fe rrite  an d  pearlite  g rain  boundaries;

b) copper-filled cracks should  be present in o ther parts 
o f th e  tu b e  ap a rt from  the a rea  o f failure . In the 
case o f the tubes he had  exam ined no such cracks 
could  be found . D id  M r. O wen find such cracks in  
the cooler, less heavily  stressed parts  o f the tube?

c) there  w ere m any  cracks in  the region o f the fa ilu re  
b u t only a few  o f these con tained  copper.

F u rth e r investigation  show ed th a t cracks only  occurred  
in  regions o f high heat flux and  it seem ed m ore  likely th a t 
the cracks w ere caused by stress corrosion  due to  co n 
cen trations o f sodium  hydroxide on the tube  surface  p roduced  
by overheating . C arefu l a tten tion  to  com bustion  conditions 
reduced the frequency o f failures.

H ad  the failures the  au th o r m en tioned  occurred  in areas 
o f high hea t flux?

W hilst copper-contain ing  steels w ere prone to cracking 
during ho t w orking this tendency  could be coun terac ted  by 
adding sm all am oun ts o f nickel and  a  n ick e l/co p p er ra tio

o f 1 :2  w as norm ally  sufficient. T h e  analysis o f the tube 
given in T ab le  IX  show ed th a t a  nickel co n ten t o f ab o u t this 
am oun t and  this steel w ould n o t be particu la rly  p rone  to 
h o t cracking.

In  discussing copper pick-up in condensers no distinction 
was m ad e  betw een th e  alloys no rm ally  used in  m arin e  co n 
densers in  their tendency to  co rro d e  in am m oniacal co n 
densate  bu t it w as likely th a t rea l differences did exist even 
though  d a ta  on this w as sparse. T ests ca rried  ou t by T ice  and  
V enizelosf show ed average co rrosion  ra tes (mils per year 
penetration) o f 19 , TO, an d  0-35 fo r a lum in ium  brass, 9 0 /1 0  
cupro-nickel and  7 0 /3 0  cupro-nickel respectively, in  a so lu tion  
con tain ing  500 ppm  o f am m onia . T hese co rro sion  rates 
increased w hen carb o n a te  was added  to  th e  so lu tion . A lthough  
this so lu tion  was m uch higher in  am m on ia  th an  the feed-w ater, 
it m ight approx im ate  to  the com position  o f am m o n ia  in 
condensate  in th e  a ir ex trac tion  section o f th e  condenser 
w here incondensable  gases accum ulated  and  w here use o f 
alloys o f higher resistance to  condensate  a ttack  w as w arran ted . 
In  th is connexion, w hilst agreeing w ith th e  rem arks o f M r. 
Sunby on stress corrosion  cracking o f tubes in  am m onia  he 
w ould  em phasise th a t these re fe rred  to  brass alloys. T h e  
cupro-nickels w ere n o t susceptib le to  stress-corrosion in  
am m oniacal environm ents and  this w as one  fac to r w hich 
o ften  lead  to  their selection fo r condenser tubes in  ships 
w ith hydrazine  biler w ater trea tm en t.

* B. Todd. “ The M etallurgist in the Shipping Industry” The Metallurgist.
December. Vol. 3, No. 12. 

f  E. A. Tice and C. P. Venizelos. “ Corrosion Behaviour of Condenser Tube 
Alloy materials” . Power, November 1963.

Author's Reply
M r. O wen said  he  agreed to  a certa in  extent w ith M r. 

K am een 's  rem arks concerning boiler w ater chem istry. I t 
w as tru e  th a t sh ip’s engineers did n o t need to  have a detailed 
know ledge of boiler w ater chem istry  in o rder to apply the 
daily  trea tm en t. H ow ever, he  believed th a t it was w ise to  
m ake th e  detailed  chem istry  availab le  to those engineers 
w ho w ere in terested  enough to  study it. T here  was little  
d o u b t th a t in  th e  even t o f an em ergency, the engineer w ith 
som e chem ical know ledge w ould  be in  the best position  to 
take  corrective action.

H e  agreed th a t pre-com m ission cleaning w as all im portan t 
if  co rrec t boiler w ater conditions w ere to  be easily established 
and  possibly he  had  n o t em phasized this as m uch  as he 
should have done. As fa r as possible, the pre-com m ission 
cleaning should  include no t only the boiler, bu t all the feed 
system  pipew ork and  th e  distilled w ater sto rage tanks. T he  
objectives o f  th e  cleaning should  be to  purge the system of 
all loose iron  oxides, re frac to ry  m ateria l and  so on. T he

com m issioning m ust be carefu lly  p lanned  and  it w as logical 
th a t th e  final sequences should  involve raising  steam  on the 
boiler and  th e  con tro lled  estab lishm ent o f the protective 
m agnetite  oxide film. M r. K am een  h ad  m en tioned  the 
subject o f the preservation  of the aux iliary  o r reserve boiler 
w hen it w as shu t dow n. T his prob lem  w as particu la rly  
applicab le  to  m any  o f to d ay ’s very large tankers fitted w ith 
only  one m ain  boiler; on  such ships it w as to  be  hoped  tha t 
th e  reserve boiler w ould  spend m uch  o f  its life in th e  sh u t
dow n condition .

T h e  au th o r h ad  n o t h ad  any experience o f th e  sim m ering 
coils m en tioned  by M r. K am een , n o r d id  he suspect th a t 
they  w ould  be particu larly  effective fo r long periods. Instead  
he proposed a  “circu lating  w et lay-up  system ” . T h is involved 
taking a  supply o f h o t de-aerated  w ater from  the de-aera to r 
ou tle t and  passing it via su itab le  lines to  a special connexion 
on th e  superheater o f th e  shutdow n boiler. T his w ater 
should  be allow ed to  fill th e  superheater and  flow in to  the

9 6 Trans.l.Mar.E., 1971, Vol. S3



Author's Reply

steam  drum ; a  fu r th e r special connexion  on the w ater d rum  
re tu rn ing  th e  w ater to  th e  feed  system , usually  via the 
a tm ospheric  d rains tank . O bviously, p recau tions should  be 
taken  to  ensure th a t the superheater and  the steam  drum  
w ere fu ll o f w ater and  no t air-locked . T h is system  had  
several advantages over o ther non-circu lating  system s. I t 
requ ired  no a tten tion  from  th e  sh ip ’s engineers, p rov ided  th a t 
th e  no rm al feed  w ater trea tm en ts w ere being observed, then  the 
d e-aera ted  h o t w ater w ith a slight hyd raz ine  reserve, w hich 
w as available at the de-aera to r ou tle t, effectively pro tected  
th e  la id -up  boiler, w hich in fa c t becam e an  in tegral p a rt o f 
th e  feed system . T he  boiler w as also read y  fo r in s tan t use, 
if  required , the c ircu lating  w ater flow m igh t be  increased 
from  its no rm al ra te  o f ab o u t 100 g a llo n s /h  in o rder to  w arm  
th rough  the  boiler ready  fo r raising  steam . T h e  au th o r was 
o f  the firm  opin ion  th a t a  “c ircu lating  w et lay-up  system ” , as 
described, w as fa r  superio r to  any  d ry  o r static  w et lay-up 
system .

M r. K am een  h ad  m en tioned , as had  o ther con tribu to rs, 
th a t he  had  fo u n d  no difficulty in raising the feed system  pH  
to  betw een 8'5 and  9'0 w hen using hydrazine. T h e  au th o r 
agreed w ith this, b u t th o u g h t th a t w hilst this w as possible, 
it w as n o t a ltogether wise. In  view  o f th e  dangers o f using 
excessive am oun ts o f hydrazine, it  seem ed w iser in his 
op in ion , to  reg ard  hydraz ine  only  as an oxygen scavenger and 
to  use am ines as p H  im provers. C oncern ing  th e  in jection  o f 
hydrazine  in to  the  tu rb in e  crossover, the  au th o r could only 
claim  ab o u t one y e a r’s experience w ith  this practice , bu t 
du ring  this tim e it  had  never given rise to  any  problem s and 
none w ere antic ipated .

Several con tribu to rs, h ad  questioned  th e  source o f the 
silica con tam ina tion  found  in m arine  boilers. T he m ain  
source of this co n tam ina tion  w as from  the insulating  
m ateria ls used  a ro u n d  the engine-room . S ince th e  use o f 
asbestos w as now  restric ted , silicate m ateria ls  w ere being 
increasingly used, an d  inev itab ly  these m ateria ls  found  their 
w ay in to  th e  feed  system  during  th e  construction  period; 
silicate m ateria ls  w ere also used to  fo rm  th e  cores, etc. during 
the casting  o f th e  valve bodies in the  feed  system . T his 
was a fu r th e r source o f silica. A ll these p roducts tended  to  be 
sw ept back to  th e  bo iler du ring  th e  first few  days o f  steam ing.

C ap ta in  Inches h ad  ra ised  several issues, including the 
question  o f w hich phospha te  com pound  to  use. T h is subject 
o f phosphate  selection w as ra th e r com plex and  w as u n 
fo rtuna te ly  o ften  influenced by econom ic as well as scientific 
issues. Basically, how ever, it depended  on w hat was requ ired  
from  th e  phosphate . In  the a u th o r’s view, it  should  only  be 
used to  com bat hardness salts w hich en tered  th e  feed  system 
due to  condenser leakage, and  in this case the  m onosodium  
phosphate  was adequate . I f  a lka lin ity  w as also requ ired , then  
trisod ium  phosphate  w ould  be a b e tte r choice.

C ap ta in  Inches, in com m on w ith o ther con tribu to rs , had 
raised  the subject o f T ab le  IV . I t  w as tru e  th a t even before 
fitting the  filter, the  degree o f iron  con tam ina tion  was 
nom inally  below  the  generally  accepted  industria l standards. 
T h e  po in t here , w as th a t w hilst th is w as true , it  had  been 
fo u n d  th a t the level o f iron  co n tam ina tion  fluctuated  violently  
and  could  rise suddenly  if  som e m ach inery  w ere sta rted  up, 
thus causing a  sudden  increase in  the q u an tity  o f drains 
re tu rn ing  to  th e  atm ospheric  d rains tank . T h is increase was 
caused in p a r t by th e  ag ita tion  o f iron  co rrosion  com pounds 
w hich tended  to  settle  to  th e  bo ttom  o f th is tan k  w hen only 
nom inal am ounts o f d rains w ere  re tu rn ing . So, the  real 
purpose o f fitting th e  filter w as to  p reven t these larger 
quan tities o f iro n  co rrosion  products being carried  in to  the 
feed system  as a  resu lt o f any  feed system  d is tu rbance . O f 
course, th e re  w as also th e  advan tage  th a t they  low ered the 
norm al level o f feed system  iron  con tam ina tion .

C ap ta in  Inches h ad  questioned  A ppendix  I, particu larly  
the reference  to  the to ta l dissolved solids level in  th e  boiler. 
T he  au th o r had  only  in tended th a t those param eters m arked  
w ith a to le rance  should  be used as con tro l values. T he 
rem ain ing  param eters , such as ch lorides, T .D .S ., w ere m arked

w ith m ax im um  values, w hich should  no t be exceeded under 
any  circum stances. C learly , u nder n o rm al circum stances, the 
level o f chlorides should  be  well below  the m axim um  
perm itted  value, and  likew ise fo r T .D .S .

M r. C och rane  had  ra ised  the subject o f phosphate  h ide 
ou t. T he  a u th o r’s op in ion  was th a t phospha te  h ide ou t w ould 
n o t occur in  a healthy  boiler, b u t w ould  very likely occur 
in  a  boiler in  w hich copper co rrosion  cells existed. In  fact, 
th e  appearance  o f pho sp h a te  h id e  o u t cou ld  be regarded  as a 
sure  sign th a t co rrosion  w as occurring . C oncerning the 
frequency  o f testing fo r silica, iron  and  copper, th e  au th o r 
ag reed  th a t these tests should  be regarded  as lab o ra to ry  
tests and  w ould  suggest th a t ships should  land  su itab ly  packed 
sam ples fo r testing a t approx im ate ly  fou r-m on th ly  in tervals.

T h e  com m ents by  M r. S undby  w ere  p articu la rly  w elcom e, 
as they  rep resen ted  the thoughts o f a m a jo r tu rb in e  builder 
on th e  subject o f boiler w ater trea tm en t, w hich perhaps 
w ould  serve to  em phasize th a t boiler w ater trea tm en t w as a 
subject w hich influenced n o t only  the boiler bu t also the 
tu rb ine . T he au th o r agreed th a t th e  m an u fac tu re rs  o f boiler 
w ater trea tm en t com pounds should  give m ore  th o u g h t to  
nam ing  their p roducts. M ysterious nam es and  codes d id  no t 
help  the superin tenden t o r sh ip ’s engineers to  unders tand  
exactly  w hat a p ro d u c t w as supposed to  do. N o r w ere 
frequen t changes o f nam e very  helpful; one m an u fac tu re r 
had , fo r instance, changed  th e  nam es o f his p roduc ts a t 
least tw o  tim es in as nearly  as m any  m onths. M r. S undby had  
also m en tioned  the  subject o f am m o n ia  stress crack ing  in 
condenser tubes. I t  was qu ite  true  th a t this cou ld  occur, 
particu la rly  in the  a ir cooler sections o f the  condenser w here 
h igh concen tra tions o f  am m onia  w ould  exist, even w hen the 
am m onia  level in the condensate  w as below  1 ppm . H ow ever, 
i t  m ust be po in ted  o u t th a t only  brass based tubes w ere liable 
to  such cracking; cupro-n ickel tubes w ere no t. T h e  au th o r 
app recia ted  M r. S undby ’s com m ent on th e  position  of the 
hydraz ine  in jection  and  agreed th a t his suggestion to  inject 
the hydraz ine  in tw o positions, so enabling  a  ba lance  to be 
k ep t th ro u g h o u t th e  feed system  betw een th e  hyd raz ine  and 
am m on ia  concen tra tions, w as technically  sound. H ow ever, 
fro m  the  po in t o f view  o f  sim plicity th e  au th o r still fe lt his 
recom m endation  w as co rrec t. T h a t w as, hydrazine  should  be 
in jected in to  the tu rb in e  crossover p ipe  w hilst a t sea and  in to  
the de-aera to r ou tle t w hilst in  po rt.

B oth  M r. S undby  an d  M r. S h o rt h ad  m en tioned  ac tivated  
hydrazine. T his was hydrazine  to  w hich a  ca ta ly st h ad  been 
added  so low ering the tem p era tu re  a t w hich the hydrazine 
w ould  actively scavenge oxygen. T h e  a u th o r’s op in ion  was 
th a t such ac tivated  hyd raz ine  could  be o f use fo r th e  p ro 
tection  of la id -up  boilers, b u t even fo r these boilers a 
c ircu lating  w et lay-up  system , as a lready  described was 
p referab le . F o r  no rm al use p lain  hydrazine  w as n o t only 
accep tab le  b u t p referab le , because w hen in jected  in to  the 
tu rb in e  crossover p ipe  th e  hydrazine  rem ained  sem i-dorm ant 
in the feed system  and  only  reac ted  v igorously  a fte r the 
tem p era tu re  h ad  been ra ised  in th e  de-aera to r. In  this 
fash ion , th e  bulk  o f th e  oxygen w as rem oved  by th e  d e 
ae ra to r, and  the hydraz ine  only h ad  to  rem ove th e  traces 
th a t rem ained . C onsequently , th e  am o u n t o f hydrazine 
requ ired  w as kep t as low  as possible. T his w as surely a good 
thing.

M r. D ukes questioned  how  it w ould  be possible w ithout 
e lab o ra te  testing to  determ ine how  th e  pH  o f the  feed 
system  w as being influenced by th e  am ine  and  th e  am m onia  
(w hich resu lted  from  th e  hydraz ine  injection). T h e  sim ple 
answ er w as th a t it w as im possible to  determ ine. H ow ever, 
the  au th o r’s con ten tion  w as th a t hydrazine  should  only be 
used to  scavenge oxygen, so if th e  m in im um  detec tab le  
reserve w as m ain ta ined  in th e  boiler, th en  th e  feed system  
pH  w ould  be influenced very little  by any  am m onia , so the 
bulk  o f the  feed system  pH  co rrec tion  w ould  then  be achieved 
by am ine injection.

T h e  use o f tann ins w ould , th e  au th o r though t, alw ays be 
regarded  in  these m odern  tim es w ith som e scepticism ; their
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m ode o f action  w as no t clearly  understood , and  it seem ed 
w iser to  stick to  conventional chem icals w hose function  
cou ld  be clearly  defined.

M r. B urnett had  raised  the question  of pH  m eters. I t  was 
a fac t th a t if feed w ater trea tm en t techniques as described 
by the  au th o r w ere to be follow ed then  an  accurate , reliable 
p H  m eter w as essential. T h e  ships to  w hich the au th o r 
re fe rred  in  his p ap er w ere fitted w ith con tinuous in-line 
reco rd ing  p H  m eters o f varied  m anufac tu re . W hilst they 
generally  pe rfo rm ed  satisfactorily  they d id  need repeated  
servicing, no one  type o f  m eter being better th an  ano ther 
in  th is respect. In  view  o f this, i t  m igh t be w iser to  consider 
using a lab o ra to ry  ty p e  pH  m eter w hich w ould  be used fo r 
m aking  spo t checks on  the feed system a t th e  sam e tim e th a t 
th e  n o rm al boiler w ater tests w ere m ade.

M r. T o d d ’s w ritten  con tribu tion  w as exceptionally  
in teresting  an d  th e  au th o r valued his com m ents. W hen 
exam ining fa iled  boiler tubes, it was a  m a tte r  o f ob tain ing 
as m uch  chem ical evidence as possible, and  then  finding a

theory  w hich fitted  all th e  facts. O n read ing  M r. T o d d ’s 
con tribu tion  th e  au th o r h ad  to  adm it th a t stress corrosion 
cracking was certa in ly  a possibility , bu t on balance the au tho r 
still favoured  his ow n theo ry  fo r th e  fo llow ing reasons. In  
general, th e  failures o f the  type  show n in  the  paper had  
occurred  in  overheated  tubes, b u t the overheating  in  all cases 
had  been so quick th a t stress co rro sio n  cou ld  hard ly  have 
been the cause o f fa ilu re . W hilst th e  au th o r  h a d  no t exam ined 
every crack  in every failed  tube , in  fa c t every crack  p robed  
h ad  con ta ined  som e copper. T h e  au th o r  still m ain ta in ed  th a t 
w hilst the prim e cause o f fa ilu re  w as overheating , a n d /o r  
over-stressing, th e  tru e  reason  fo r th e  fa ilu re  w as th e  in ter- 
g ran u la r copper struc tu re . Surely, if a  n o rm a l bo iler tu b e  was 
subjected  to  a nom inal degree o f  overheating  fo r a  brief 
period  then  fa ilu re  should  n o t occur; if  it  d id  occur then 
there  w as a defin ite reason  fo r th e  failu re , an d  in the au th o r 's  
op in ion  from  th e  evidence show n in  th e  paper, in te rg ran u la r 
cracking due to  th e  copper concen tra tion  w as a p rim e cause 
o f such failures.

Related Abstracts
Westinghouse Simplified Steam Plant

In  the past, the  responsibility  fo r steam  p lan t design has 
p rim arily  resided  w ith  design agents and  shipyards. S tan d ard  
industry  p rac tice  has been to  m an u fac tu re  w hat w as asked 
fo r. O ver the last decade, how ever, m ajo r changes have over
taken  the m arine  pow er industry . T his is the age o f co m 
peting  p ropulsion  p lan ts and  it has becom e clear th a t the 
m ajo r bu rden  of the com petition  now  rests w ith the m achinery  
designers. W estinghouse has recognized this challenge and  is 
taking positive steps to  m eet it.

T h e  article rep resen ts a b rief synopsis o f the  highlights 
o f a recently-com pleted  study concerned  w ith sim plifying 
m arine  steam  propu lsion  p lan ts to  achieve m in im um  life cycle 
costs w hile providing m ax im um  reliab ility  an d  m ain tainab ility .

T w o basic pow er p lan ts have been stud ied :
1) A  single-shaft pow er p lan t ra ted  a t 50 000 shp. W ith 

sm all m odifications, any pow er in the range 40 000 to 
70 000 shp can  be provided. T he  single-shaft p lan t is 
su ited  to  large tankers, and  large con ta iner ships in 
th e  25-knot speed range. F o r  this p lan t, the reduction  
gear is specially ta ilo red  to  the  requirem ents o f the 
application .

2) A  tw o-shaft pow er p lan t ra ted  a t 120 000 shp. Low er 
ratings to  80 000 shp and  h igher ra tings to  140 000 shp 
are  possible. T his p lan t is su ited  to  large container 
ships in  the 30-kn and  upw ards speed range.

B oth p lan t designs in co rp o ra te  a  num ber o f features 
w hich, though  stan d ard  in o ther applications, a re  new  to the 
m arine industry . W estinghouse believes these fea tu res will 
significantly enhance th e  reliab ility  and  perfo rm ance  o f steam  
propulsion  p lants.— D avis, A . W M a r i n e  E ngineer and  N ava l 
A rch itec t, N o vem b er  1970, V ol. 93, pp . 538-540.

255 000 d w t Tanker

T he first o f th ree supertankers to  be built fo r T exaco  
O verseas T anksh ip  L td . by  the O dense Steel S h ipyard  L td ., is 
nearing  her com pletion  and  was christened Texaco  D enm ark  
a t the L indo  D ep artm en t o f the builders.

W ith  a deadw eight o f ab o u t 255 000 tons, the vessel is

the biggest so fa r  from  any S candinav ian  sh ipyard  and  is built 
as a single-screw tanksh ip  u nder the supervision o f A m erican 
Bureau o f Shipping to  C lass A1 (E) "O il T a n k e r” Pt. H igher 
T ensile— A .M .S.

T he  vessel has one con tinuous deck an d  all accom m oda
tion  and  m achinery  is a rranged  aft. T h e  cargo  section is 
divided in to  five cen tre  tanks and  five w ing tanks each side, 
by tw o longitud inal and  six transverse  o il-tigh t bulkheads. 
T he a ftm ost wing tanks have sludge tanks and  N o . 2 po rt 
and  s ta rb o a rd  wing tanks a re  used exclusively fo r w ater 
ballast. W ater ba llast is also carried  in the fo repeak .

In  addition  to  the m achinery  space, th e  m ain  p um p  room , 
wing tanks fo r w ater ballast and  fuel oil, lubricating  oil tanks 
and  fresh  w ater tanks a re  also a rran g ed  a f t together w ith 
a fte rpeak  fo r ballast w ater, steering gear co m p artm en t and 
storeroom s.

O f all-w elded steel construction , the vessel is long itud in 
ally fram ed  w ith all long itud inal streng th  elem ents being co n 
tinuous. Special h igh tensile steel p lates a re  used, allow ing a 
reduction  o f p la te  thickness.

T he  superstructures and  casings a re  o f all-w elded, well 
stiffened construction  w ith built-in  w eb bu lkheads as an 
extension o f casing sides and  strong  girders to  preven t 
v ibration .

T h e  cargo oil tanks a re  p rov ided  w ith  o il-tigh t hatches 
w ith coam ings of 32 in height, w hile b reakw aters afford p ro 
tection  to  the cargo oil m an ifo lds and  the a ft deckhouse.

P ropu lsion  is by a S ta l-L aval steam  tu rb in e  developing 
32 000 shp a t a p ropeller sh a ft speed o f 86 re v /m in . T he 
astern  tu rb ine  is inco rpo ra ted  in the low  pressure tu rb in e  and  
develops 15 600 shp a t 52 re v /m in  o f th e  p ropeller shaft. T he 
turb ines a re  coupled to  the  propeller shaft th rough  double 
reduction  gears.

In  no rm al service the steam  is led fro m  the nine-stage 
high pressure tu rb ine  to  the eight-stage low pressure tu rb ine 
and  on to  the condenser. T he  p ipe arran g em en t, how ever, 
enables each tu rb ine  to  be opera ted  separately  w ith th e  o ther 
d isconnected  in  case o f failure .

T he steam  fo r the tu rb ines is genera ted  in a C om bustion  
Engineering w atertube  type V 2M 9 boiler w hich has an 
evapora tion  ra te  o f 120 to n s /h . T h e  boiler has a superheater 
and  regenerative a ir-p reheater and  is a rranged  fo r oil-firing 
w ith forced  d raugh t. A  C om bustion  E ngineering type V2M 8
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aux iliary  boiler w ith an hourly  o u tp u t o f 32-5 tons w hich is 
likewise a rranged  fo r oil-firing w tih forced  d raugh t is in 
stalled  as a  s tandby  unit.

P rincipal partic lars :
L eng th  o.a.
L eng th  b.p.
B read th  m oulded 
D ep th  m oulded 
Sum m er d raught 
C apacity  o f cargo oil tanks 
P ropulsive pow er 
Speed on loaded  tria ls ...

1131 f t  2 in 
1085 ft O in 

170 ft 0 in 
84 f t  0 in 
65 ft 10 in 

11 121 235 f t3 
32 000 shp 

15-75 kn

— Shipbuild ing  In terna tional, N o vem b er  1970, V o l. 13, p . 16.

High Capacity Combined Steam Reducing and 
Desuperheating Valves

T he large tankers now  in general use are  generally  fitted 
w ith tu rb ine-d riven  cargo  pum ps o f high capacity . A lthough  
there  is a tendency to  use steam  at fu ll m ain  bo iler conditions 
fo r th e  cargo pum ps now  th a t these a re  o f such great pow er,

1) Packing
2) Cooling fins
3) Flange jointing
4) Top-valve guide bush

5) Plug
6) Seat
7) W ater control plug

A rrangem en t o f  A 40  reducing and  desuperheating valve

it  is m ore  usual to use steam  o f low er q ua lity  calling fo r 
reduction  in pressure and  in  tem pera tu re . S im ilar low -grade 
dem ands a re  m ad e  by  the needs fo r cargo heating  systems

w here these are  no t supplied  th rough  a  s te am /s team  generator. 
T he  E u ro co n tro l steam  refo rm ing  valve A 40 is able to  p e r
fo rm  pressure an d  tem p era tu re  reductions sim ultaneously. 
E xam ination  o f the draw ing show s th a t th is consists o f a 
double seated  valve w ith  cen tre  steam  adm ission having plug, 
spindle an d  seats o f m a te ria l equ ivalen t to  BS En56 C  and  A 
respectively. T he  spindle is hollow  an d  extended  dow nw ards 
to  fo rm  a connexion w ith  p o rts  above th e  upper seat and  
below  the low er one, th rough  w hich w ater fo r desuperheating  
can be delivered. T h e  valve characteristics a re  logarithm ic as 
stan d ard  and  the  m ak e r’s N u m o to r pneum atic  ac tu a to r o r a 
K alle  hydrau lic  a c tu a to r can  be used. T hese valves a re  m ade  
w ith nom inal p ipe d iam eters fro m  50 to  350 m m  fo r th ro u g h 
pu ts (ra ted  cubic m etres per hour) o f w ater from  125 to 
2200.— M arine E ngineer and  N a va l A rch itec t, N o vem b er  
1970, V ol. 93, p . 557.

Electronic Speed Control of Steam Turbines

E lectron ic  con tro l system s have been in  use fo r m any 
years in  the a irc ra ft industry  and  a re  now  finding app lications 
in the  m arine  gas and  steam  tu rb in e  field. U ltra  E lectronics 
L td . have recen tly  p rov ided  U E L  system s fo r a num ber o f 
new  ships including the Esso N o rth u m b ria  class 253 000 dw t 
B ritish-built tankers and  C u n a rd ’s A tla n tic  C ausew ay  class 
con ta iner ships.

O ne o f the first app lications in  m arine  tu rb in e  con tro l 
has been the in troduction  o f elec tronic overspeed p ro tection  
system s. E lec tron ic  system s offer m any  advantages over 
m echanical p ro tec tion  system s. A ccuracies are usually  better 
than  one per cent o f tu rb in e  ra te d  speed an d  very rap id  
response is possible, enabling  an  overspeeding tu rb in e  to  be 
p ro tected  fa r  faster than  m echan ica l system s allow .

E lectron ic  overspeed sw itches can be fitted  very easily 
to  new  or existing installa tions. A ll th a t is req u ired  is a  pulse 
p robe  m agnetic tran sducer fitted  in close p rox im ity  to  a su it
ab le  gear w heel driven from  th e  tu rb in e  shaft. A ny  existing 
gear can  be used prov ided  it is m ade  o f a  ferrous m ateria l 
and  th a t the  passing frequency  o f the gear teeth  a t 100 per 
cent ra ted  speed lies betw een 1 K H z  and  20 K H z .

T he  pulse p robe  signal is fed  to  the elec tronic con tro l 
box w hich m ay be m oun ted  in any convenient position . T he 
con tro l box con tinuously  m on ito rs th e  tu rb in e  speed and  if 
the p re-determ ined  tr ip  level is reached  a re lay  is opera ted , 
the con tac ts o f w hich can  be used to  o p e ra te  steam  shut-off 
valves o r in itia te  any  o ther requ ired  action . F u rth e r  con tac t 
sets can  be m ade availab le  fo r a cen tra l w arn ing  system  and  
hence fau lts in one p a r t o f  a m ultip lex  equ ipm ent can be 
iso lated  w ith m in im um  risk  o r d istu rbance .

T he  tw in-duplex  overspeed sw itch has been designed to 
preven t overspeeding o f bo iler feed  p um p  tu rb ines. T he  system  
consists o f tw o pulse p robe  signal sources sensing shaft speed 
from  the sam e ferrous to o th ed  w heel, th e  tw in-duplex  o v er
speed sw itch and  th e  requ ired  o u tp u t facilities.

T he  tw in-duplex  overspeed sw itch com prises tw o identical 
duplex channels. E ach  channel is separa te ly  housed  and  has 
an  independen t pulse p robe  signal inpu t, so lenoid  valve o u t
puts an d  signalling ou tpu ts. A  36-0-36 V d.c. pow er supply is 
used, energizing each channel w ith  36 V  taken  fro m  opposite 
sides o f the supply. A  50 V  d.c. pow er supply  is used to  
energize each solenoid  con tinuously  th ro u g h  its respective 
duplex  channel. W ith in  each channel th e  elec tronic overspeed 
detection  c ircu itry  is dup licated , and  com prises tw o lanes, A  
and  B.

T he pulse p robe  in p u t signal is shared  betw een th e  tw o 
lanes and  the relay  o u tp u t from  each lane  is supplied  direct 
th rough  separa te  connecto rs and  cables to  the solenoid valve.

If  tw o lanes o f one channel agree th a t an  overspeed 
exists, then a tr ip  is caused  by th e  action  o f the solenoid 
driven by th a t channel. T h is occurs w ith o u t reference to  the 
o ther channel and  its solenoid.
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TEST WUMING WABMIN6

FAC ILITY SISNAL SI6MALS

TEST WARNIN6 WAANINC

FACILITY SI6NAL SI6HALS

Schem atic  diagram  o f  tw in-duplex overspeed sw itch

T he logic o f the tw in-duplex  system  i s :
T rip  I f  either L anes A and  B of C hannel 1 com m and, 

o r L anes A  and B o f C hannel 2 com m and.
R elay con tac ts are  available to  opera te  lam ps or flags to 
indicate the state  o f each lane. A  fu rth er set o f contac ts are 
available fo r a  com puter m on ito r.

T he  tr ip  point o f the u n it is set a t 110 per cent tu rb ine 
running  speed, and  can be in ternally  ad justed  betw een 100 per 
cen t and  120 per cent tu rb ine  running  speed. T he  accuracy 
of th e  tr ip  po in t is ± 1  per cent o f the trip  frequency.—  
B ecraft, D . and  H arrison, S . L .: M arine E ngineer and N ava l 
A rchitect, N o vem b er  1970, V o l. 93, pp . 546-548.

On-Load Cleaning of Steam Turbine Blading

T he paper describes how, by program m ed  reduction  of 
steam  pressures and  tem pera tu res, th e  sa tu ra tion  po in t in the 
blade system  o f a steam  tu rb ine  m ay be m oved tow ards the 
inlet end, thus progressively w ashing off so luble b lade  deposits.

T he  condition  o f steam  w etness, p roduced  in th e  b lades, 
results from  the heat d rop  and  it is po in ted  o u t th a t having 
the m achine on load  is an essential p a rt o f the process. T he  
effects o f pressure and  tem pera tu re  varia tions on tu rb in e  ex
pansion and  v ibrations are  also considered.— Paper by K eogh, 
F. G ., presented at an ordinary m eeting  o f  the In s titu tion  o f  
M echanical Engineers, 6 January 1971, V ol. 185 15 /71 .
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