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Chairman : We have m et to -n igh t to  hear a paper on a very 
im portan t subject, “ The Causes of D eterioration  in Boilers,” 
by  Mr. C. C. Nelson, who is in China. The H onorary  Secretary 
will read  th e  paper on his behalf.

B oilers were once considered of only secondary im portance 
to  the m ajority  of M arine Engineers, b u t lately  it lias become 
the practice to  stu d y  the  boiler more, and  th ey  now rank  
in the first place of im portance, so th a t  it is essential th a t  
they  be kep t in good order. To do this requires the  knowledge 
of the  causes of deterioration, of which causes the  principal 
is corrosion. W ater a t  ord inary  tem perature (G0° F .) and
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under norm al pressure (14-7 lb.) dissolves its own vol. of 
C 0 2, b u t a change either in tem perature of w ater or pressure 
of atm osphere will be accom panied by a change in the q u an tity  
of gas dissolved ; so th a t  if tem perature of w ater is increased 
the w ater gives off gas, bu t should the pressure be increased 
the w ater will absorb more gas. This is the  reason th a t 
heating the feed w ater tends to  preserve the boilers. And 
it also shows the advantage of heating the feed w ater (up 
to  abou t 200° F. under atm ospheric pressure) before pu tting  
it  under pressure. The carbon dioxide th a t gets into the 
boilers can be completely absorbed by  the addition  of sodic 
or potassic hydrate. The C 0 2 unites w ith  alkaline hydrate 
forming a carbonate and  liberating water.

Sodic h y d ra te+ C arb o n  dioxide = S odic  carbonate -fW ater 
2NaHO + C 0 2 = N a 2C 0 3 + H ,0 .
Corrosion m ay be caused by the oxidization of the steel 

by  accidulated boiler w ater, and  by  electro-galvanic and 
therm o-galvanic action. The m ost fru itfu l of these is rusting, 
which is directly caused by the carbonic gas (C 02). This 
is present bo th  in the  air and w ater and  enters into com bina
tion w ith the iron or steel and forms carbonate of iron, which 
in tu rn  absorbs oxygen, and  the final p roduct is oxide of iron 
(Fe20 3). This th in  coating would preserve the  iron, only 
unfortunate ly  in this last change the original particles of the 
C 0 2 are hberated  and  in tu rn  a ttack  the p late  and  so the 
cycle continues. D ry  pure oxygen alone will no t exert any 
action on n o n  or steel, neither will C 0 2 while dry, b u t the 
two together in the presence of m oisture set up rap id  corrosion.

W hile rusting  m ay take place anyw here inside a boiler 
it is often in evidence a t  the  w ater level on the shell plates, 
as a t this place the washing abou t of the w ater a lternate ly  
wets and  dries the plate, which is the  exact s ta te  iron and 
steel need to  be in to  facilitate heavy rusting. The excessive 
difference of tem perature a t  the line of fire bars tends to  set 
up therm o-galvanic action, to  which is assigned the  p itting  
found here, bu t some authorities s ta te  th a t  this p itting  is 
caused by small air bubbles which cling to  the sides of vertical 
heating surfaces ; the period th a t these small bubbles rest 
on a p late  is long enough for the oxygen th ey  contain to  act 
on the iron or steel and cause sm all irregularities, on which 
subsequent bubbles find a still be tter lodgm ent, and  speedily
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effect the form ation of p itting . The strain ing of the plates, 
as a t  the  line of fire bars, loosens the ru st and  the p itting  
gradually  gets deeper. Mr. M acfarlane G ray’s idea of p itting  
was th a t  it was caused by m inute particles of copper, bu t 
this was questioned by  another au th o rity , who sta ted  th a t 
he had  found p ittin g  in land boilers, in which there could be 
no question of copper a t  all.

Acidulated B oiler Water.—It seems to  be generally 
accepted th a t  boiler w ater, when using a  surface condenser, 
afte r a tim e becomes acidulated , even if the  supplem entary 
feed is obtained by m eans of an  evaporato r ; there are m any 
theories advanced to  account for it, b u t none seem to be 
universally  accepted, though I  th ink  the idea th a t  ho t w ater 
is in  itself a solvent, carries some weight ; b u t having the 
acid in the w ater, th e  best th ing to  do is to  rem edy it  by  
using an alkali, preferably carbonate of soda, or caustic lime, 
in fact it is advisable to  keep the boiler w ater slightly alkaline. 
The use of only hydrocarbon oils for in terna l lubrication of 
the  engines prevents acids from  oil form ing in  the boiler, as 
i t  takes a tem peratu re  of abou t 700° F . to  decompose these 
oils, while anim al an d  vegetable oils decompose a t  abou t 
270° F ., and  form  stearic and  oleic acids respectively, besides 
their own p articu lar acid due to  th e  base th ey  come from.

Sea w ater contains m any salts injurious to  iron and  steel, 
b u t we m ust take into consideration the different behaviour 
of salts a t  the  conditions present in boilers w ith  steam  up. 
Sea w ater p u t into a boiler will, when heated , deposit Calcic 
sulphate, a t  a tem perature of abou t 300° F .,.w h ich  forms an 
insoluble skin and  prevents the  injurious action  of the  o ther 
salts. B u t continual feeding w ith  salt w ater would increase 
the thickness of this skin, and  in tim e cause overheating  of 
the plates, etc., owing to  its non-conductive properties. Sea 
w ater fed into boilers previously containing fresh w ater will 
probably, o ther conditions being favourable, cause corrosion 
on the same principle th a t  d ilu te n itric acid will ea t righ t 
through a leaden vessel, while strong nitric acid will n o t 
affect it fu rther th an  form ing a coating of n itra te  of lead 
which prevents the fu rther action of th e  acid. Cl loride of 
m agnesia is always present in sea w ater, and  is exceedingly 
injurious, it  will a ttac k  iron or steel w ith  or w ithou t the presence 
of air a t  ab o u t 212° F ., while the  following chlorides only 
a ttac k  in the presence of air. They are here arranged in
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the order of their corrosive power :—Ammonium, Sodium, 
Potassium , Barium  and  Calcium. Chloride of m agnesia will, 
under certain conditions, decompose and  form hydro-chloric 
acid, which is also highly injurious to  iron and  steel, bu t 
although some authorities quote this as being one of the 
causes of corrosion in boilers it is a fallacy, as to  cause decom 
position of magnesium  chloride it has to  be heated  to  dryness 
a t  n o t less th an  abou t 300° F ., and  th is dryness cannot be 
obtained when in  contact w ith  sa tu ra ted  steam  : the  only 
w ay it  could happen would be by the salt w ater being carried 
into the super-heater by  prim ing.

Copper salts seem to  be a constituent of nearly  all feed 
w ater; its effects m ay be seen as green scale on or near the 
zinc plates. F o r some unaccountable reason, it does no t 
deposit itself uniform ly over the boiler, b u t only in spots —  
chiefly non-heating surfaces. The origin of copper salts hr 
boiler w ater is supposed to  be from particles carried in w ith  
the feed water, and  also th a t  the distilled w ater acts on copper 
as a solvent.

Zinc salts ac t as a preservative in  boilers, and  the pain ting  
of the whole of the  interior of a boiler w ith  zinc oxide, and 
the addition of some zinc salts (the chlorides excepted) to 
the boiler w ater, has been proved to  be beneficial.

M ercury salts are know n to be an  efficient p ro tector against 
rust, and  the only reason against their use I  can find is ex
cessive cost.

Alkalies.— In some ships slaked lime, caustic potash, 
soda, or their carbonates, is sometimes added to  neutralize 
any  free acid in the w ater. If added in excess it m ay do 
harm , the lime forming as a sedim ent on the heating surfaces, 
and  the  soda eroding the spigots, etc., of the brass valves, 
and if copper pipes are used in the boiler, galvanic action 
m ay be set up. W hen an  alkaline or basic com pound is 
brought into contact w ith  an  acid com pound the H  of the 
acid and  the m etal of the base exchange positions and  form 
a sa lt as :

Sulphuric acid (H 2S 0 4) +  Caustic soda (2NaOH)
=  Sulphate of soda (N aS 04) +  W ater (2H ,0)

An alkali also has the power of absorbing and neutralizing 
Carbon dioxide (C 02).

Anti-Incrtjstators. -Of these Sodic carbonate, in one
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form  or another, generally plays the principal p a r t ; its action 
is to  convert the  calcic su lphate and  magnesic chloride into 
carbonates.

Calcic Sodic Calcic Sodic
Sulphate Carbonate v Carbonate Sulphate
CaSO, +  N a2C 0 3 =  CaC03 +  N a2S 0 4

The hardening effect of the calcic su lphate being done 
aw ay w ith  and  the  calcic carbonate precip ita ted  in a soft 
condition, when it can be blown out. Ammonic chloride is 
also sometimes used, and  when boiled in  presence of calcic 
carbonate decomposes it, form ing soluble calcic chloride 
w hilst the  ammonic carbonate volatilizes.

W henever there is an y  doub t as to  the harm lessness of 
fluids or salts in tended to  be p u t in to  a boiler, i t  is be tte r 
to  tes t them  as follows Boil them  and  then  p u t a clean 
knife blade into the licpiid : should ru st be formed, should 
the w ater be discoloured or should copper deposit itself on 
the blade, then  the substance should no t be used. If certain  
free acids are present, the  above te s t will give no w arning, 
b u t a few drops of prussiate of po tash  should be added, when, 
if steel is being dissolved a hght bluish p recip itate is a t  once 
form ed which slowly tu rn s  dark  blue, or if tannic acid be 
added, a substance hke ink  will be formed. Salt in  the  w ater 
can be found by  p u ttin g  a few drops of n itra te  of silver in 
a glass of boiler w ater, when the  contents will become cloudy.

The B ehaviour of H ydro-Carbon Oils in B oilers.— 
F ilters should be used for feed w ater to  a rrest sohds and  
oils, principally  oils, for once the  oil gets in to  the boiler the  
globules, if in  sufficient quan tity , coalesce, form ing an  oily 
scum  on the  surface of the  w ater, b u t if p resent in sm aller 
quantities rem ain  as separate drops ; these drops show no 
tendency to  sink as their specific g rav ity  is abou t -889, b u t 
they  gradually  come in contact w ith  the  m inute partic les of 
calcic sulphate and  other sohds separating them  from  the  
w ater and in tim e covering them  w ith  oil, which enables them  
to stick to  an y  surface th ey  come in contact w ith. The S.G. 
of the particles will increase as th ey  become more and  more 
loaded w ith  the sohds, till a po in t is reached, a t  which th ey  
have the  same specific g rav ity  as the  w ater, and  th ey  now 
rise and  fall w ith  the  convection currents of the w ater, a ttach ing  
them selves to  the surfaces th ey  come in contact w ith, the
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position on the surfaces depending on w hether th ey  come 
in contact w hilst descending or ascending. This deposit is 
a non-conductor of heat, and also from  its oily na tu re  it  tends 
to  p reven t in tim ate contact between itself and  the water. 
On heating surfaces this leads to  overheating of the plates, 
and  the deposit begins to  decompose by  the heat, the  lower 
layer in contact w ith the p late  giving off gases which blow 
the greasy layer, ordinarily  about ,.'4 in. thick, up to  a 
spongy leathery  mass often in. thick, which, owing to  its 
porosity, is now even a better non-conductor th an  before ; 
the p late  becomes heated to  redness and  being unable to  
w ithstand  the pressure of steam  collapses.

D uring the last stages of this overheating, however, the 
tem perature has risen to  such a point th a t  the organic m atter, 
oil, etc., present in the deposit, burns aw ay, or more properly  
speaking is distilled off, leaving behind as an  apparen tly  
harmless deposit the solid particles round which the  oil had  
originally formed.

Impurities in  the Metal.—The composition of boiler 
plates often has a great deal to  do w ith corrosion in boilers. 
In  a ship built in the n o rth  of England, her boilers lasted only 
m onths, when, no tw ithstanding  th a t  all p reventatives and  
preservatives were tried  the boilers were condemned by the 
B.O.T., and  new ones had  to  be p u t in. I  should th ink  th a t 
is a  case where there were some injurious im purities in  the 
steel. The steel used for boiler plates is generally th a t p ro 
duced by the acid Siemen M artin’s regenerative furnace 
process, as its com position can be regulated  b etter th an  by 
any  other m ethod for the same cost. The hea t in this furnace 
is produced by a gas, m ixed w ith air, generally coal or w ater 
gas, and  i t  is assum ed th a t  the  m etal occludes some of the 
com ponents of the gas, such as carbonic gas, hydrogen, etc., 
and  th a t  in cooling it gives m ost of them  off again, b u t should 
an y  injurious substance rem ain it is often the cause of rapid 
corrosion, and  th is m ay have been the cause of the trouble in  the 
above-m entioned boilers. Pickling the plates has been tried 
w ith p artia l success, though i t  is said to  reduce th e  elongation 
abou t 15 per cent., and  the ductility  abou t 40 per c e n t. ; 
th is can be rectified by  annealing, b u t it  is a question w hether 
the plates will no t re tu rn  to  their form er s ta te  afte r being 
in the annealing furnace. I t  was found on analysing steel 
th a t  had  been galvanized, th a t  it  had  occluded from  -002
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per cent, to  -005 per cent, of hydrogen, and  taking in to  con
sideration the  low atom ic weight of hydrogen, these percen
tages should be m ultiplied by 32 and  31 respectively to  m ake 
them  com parable w ith  the volumes of sulphur or phosphorus. 
This goes to  prove th a t  under certain  conditions the occlusion 
of gases by m etals does take place.

Galvanic Action.—I  th ink  th a t  there is room  for a great 
deal m ore knowledge of th is ; even a t  the present tim e it 
is often the  practice to  blam e it  for certain  peculiarities of 
corrosion, when nothing else will explain it. The theo ry  of 
galvanic action is most lucidly explained as follows :— When 
two m etals of dissim ilar n a tu re  are im m ersed in a liquid 
capable of chemically acting on both  of them , and  are con
nected, or are in m etalhc contact, then  th a t which is the 
more easily corroded becomes the  positive elem ent or anode, 
while the o ther m etal becomes the negative elem ent or cathode.”

The im purities in steel w ith  an  electrolyte in contact will 
cause galvanic action. The electrohte in the case of a boiler 
is ac idu la ted  or alkaline boiler w ater. A nother form  of 
electro-galvanic action is th a t  between different m aterials, 
as in the  steel shells and  iron tubes (steel tubes are used in 
the B ritish  N avy, b u t iron are still m ostly used in the M erchant 
Service). Zinc is p u t into boilers to  p reven t corrosion, and  
does it, b u t zinc p u t in to  boilers to absorb galvanic action 
is a fallacy and  the pohshing of the contacts as is often insisted 
on, is a  w aste of time. Supposing th a t  the  boiler is just 
new ly closed up, and  the zinc plates are in  perfect m etalhc 
contact w ith  the  m etal of the  boiler, howr long is i t  likely 
th a t  th e  surfaces will rem ain perfectly b right ?— possibly 
half an  h o u r—when a th in  skin forms, and  taking in to  con
sideration the weakness of the  electrolyte (boiler w 'ater is 
never a strong electrolyte in practice), all curren t stops ;

F i g . 1
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though I  am  afraid th a t afte r the years it  has been accepted, 
th a t  all discussion on this poin t will no t stop here. A nother 
reason th a t  causes me to  th in k  th a t zinc plates do no t continue 
to  ac t as the positive elem ent in a boiler, is th a t  you never 
find zinc deposits on the steel of the boiler, which should 
happen if zinc was the anode and  steel the cathode. I  expect 
some of the Members are wondering how I  account for the 
w asting aw ay of the zinc ; well I  th ink  this can be explained 
as follows : H o t w ater acts as a solvent on zinc and  the 
oxygen in the w ater chemically combines w ith the zinc form 
ing zinc-oxide.

Zinc Oxygen Zinc-oxide
Zk  +  O =  ZnO.

I t  is w orth noticing th a t when two dissim ilar m etals are 
im mersed in a liquid capable of chemically acting on them  
both, bu t no t connected, th ey  both  corrode ; connect them  
as shown in diagram , and  as soon as curren t flows, one is 
eaten aw ay while the o ther is preserved. I  have an  idea th a t 
galvanic action m ight be m ade to  preserve the  boilers, for 
we know th a t  if tw o plates of sim ilar na tu re  be im mersed in 
two separate vessels, and  a current m ade to  pass from  one 
plate to  the o ther through the liquid, then  the one the  curren t 
leaves becomes corroded, while the  o ther is preserved.

In  the nex t diagram — See Proceedings of the I .  M ar. E. 
Vol. X X .—let A and B be two vessels each containing the 
same kind of electrolyte, and  let C and  D be tw o p lates of 
steel and  E  and F  two plates of carbon, which is non-corrodible, 
then  the  curren t leaving the b a tte ry  passes through C into 
and through the  electrolyte into E , then  into F , through 
the electrolyte in B and  into D, thence back to  the term inal 
of b a tte ry  ; here the plate C will become corroded. Surely 
this is a  field which would am ply repay  investigation by 
those in terested  in galvanic action in boilers.

There is ano ther action set up in boilers called therm o-
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galvanic action : this is caused by unequal h ea t in the plates, 
even though it  is the  same plate, and  of the same m a te r ia l; 
one of the  principal places where this takes place is on the 
sides of the furnace tubes abou t the hne of fire bars ; b u t 
I  do n o t th ink  this action exerts m uch influence in  the corrosion 
of boilers. The action of s tray  electric currents is blam ed 
for a great deal more th an  i t  deserves, and  personally, the 
only defect I  can see this will cause, is the eroding of copper 
feed pipes.

A nother and  im portan t factor in  deterioration of boilers 
is fau lty  construction, and  bad  w orkm anship in  working 
plates, etc. W hen a boiler s tructu re  is so com bined th a t 
certain  p arts  are kep t in  a s ta te  of restlessness, either differ
ence of expansion and  contraction, or any  m ovem ent causing 
alternate  strains, then , all such restlessness tends to  wear 
ou t the p arts  thus exposed, n o t so m uch by  the mere friction 
as by  the  process of disintegration, w hereby the  incipient 
oxide is p rem aturely  scaled from  the surface of the  plates, 
and  causes w hat is known as grooving. This restlessness 
also causes fatigue and  shows as brittleness in the  plate. If 
a boiler is so constructed as to  have a tendency to  restric t 
circulation, i t  m ay give trouble. This has been known in 
a  boiler th a t  had  too little  space over the  furnaces, to  so 
overheat the crowns as to  cause them  to  collapse ; such was 
the  ca&e in an  A tlantic steam er, where the crowns came down 
nearly  every trip . A t first the  owners tried  to  rem edy this 
by  discharging the  engineers, b u t finally rem edied it  by  drawing 
the  row of tubes above the furnace. R estricted  circulation 
causes the heating surfaces to  become h o tte r th an  th ey  o ther
wise would, an d  it  is a recognized fact th a t  acids will a ttac k  
the h o ttes t p a r t of the plates. M ethods of working the  p lates 
such as local heating, flanging and  working a t  a blue heat, 
often cause cracks, etc. I t  has been found by  experience 
th a t  between 450° and 550° F. (known as blue heat) steel appears 
to  become ro tten , though above or below this tem perature 
it  m ay stand  bending or o ther tests. I  th ink  the usual m ethods 
of annealing plates leave m uch to  be desired.

Scale.—Always keep scale from  accum ulating on tubes, 
especially round the necks, as ap a rt from  the  loss of economy, 
i t  causes leaky tubes, and  I  suppose nearly  all Members here 
rem em ber the pleasant task  th a t a t  some tim e or o ther has 
been theirs in the back ends. B u t it  is seldom explained



570 CAUSES OF DETERIORATION IN BOILERS AND

why thick scale round the necks of the tubes causes the  tube 
ends to  leak ; i t  has been told me th a t  they  overheat, and 
the expansion and  contraction causes it, bu t it  always seemed 
to  me th a t  it was ra th e r vague, till on furthering considering 
it  I  have come to the  following conclusion : before tubes 
are p u t into a boiler they  are annealed, then  on expanding 
a  certain action takes place in the metal, resem bhng, if no t, 
tem pering it, which gives it  elasticity. Supposing the  tube 
ends are overheated through the  hea t no t passing aw ay to 
the w ater rap id ly  enough, caused by th ick  scale, then  the 
ends become annealed again, and  it  m ay be no ted  th a t  often 
the tubes do no t leak till a change of tem perature takes place, 
as from  a lower to  a higher, such as hghting up fires again ; 
this leaking is caused by the tube ends no t now possessing 
th a t  requisite elasticity to  follow up  the longitudinal and  
compressive strains in the tube and the strains in  the tube 
holes. This is rem edied by  re-expanding, and thus giving 
the m etal elasticity  again.

I  would like to  m ention before I  finish this paper, a  case 
in which corrosion resisted the efforts of the  engineers, u n til 
th ey  boiled the boiler out for tw enty-four hours w ith  caustic 
soda. This would generally be thought to  be a ra th e r drastic 
trea tm ent, bu t it was so effective th a t  th ey  were n o t troubled 
w ith corrosion again, though even after several “ washings 
ou t ” w ith fresh w ater before closing up, the boilers were 
inchned to  prim e when they  first “ got aw ay.” A nother 
case th a t  happened was this : the boilers when opened 
were found in excellent condition, th ey  were brushed down 
and  then  washed ou t w ith  sea w ater. A delay occurred so 
th a t  the  fresh w ater was no t p u t in un til two days la ter ; 
then, when the engineer went to  have a final look round, he 
found th a t  the backs of the combustion chambers were bleed
ing : this was rem edied by painting  w ith  w hite zinc and 
kerosene.

If you are in charge of boilers in good condition, I  would 
recom m end the following :—See th a t steam  is raised slowly, 
and  th a t the w ater is kep t circulating when raising steam , 
keep boiler w ater slightly alkaline, scum and blow frequently  
—by scumming you get rid  of grease, etc., and  acid, though 
a t  the expense of the freshest w ater in the boiler ; by  blowing 
you get rid  of sedim ent and  denser w ater. W hen blowing 
do no t let v ibration take place any  more th an  is possible, and



MEASURES TO PREVENT OK REMEDY THEM 571

do no t blow a t  less th an  53 lb. gauge pressure or 300° F., 
since w ater as it  cools will resum e the sedim ent to  its full 
carrying capacity. And always avoid shock action in a 
boiler.

After trespassing so long on your patience, I  will n o t fu rther 
enum erate the  m any other things relative to  boilers. I  am  
leaving them  for the  o ther M embers to  bring forw ard a t  the 
discussion to  follow, which is the  reason of m y a ttem p tin g  
this paper, as I  th in k  this an  excellent o p portun ity  to  get 
the opinions of experienced Engineers.

DISCUSSION.

Chairman : We have listened to  an  excellent paper, and one 
w orthy of a good discussion. There are several points th a t  
were touched upon in Mr. R uck-K eene’s paper enlarged upon 
with advan tage by Mr. Nelson. The subject m atte r should 
appeal to  all engineers. The subject of th e  boiler has been 
before us in one form  or another for years, and I hope we shall 
have a good discussion on it  th is evening.

Mr. W m. McLaren  : I  m ight say in starting , th a t  whoever 
is looking after the  papers is to  be congratu lated  on getting  
perm ission for th is paper to  be read  here th is evening. E ven 
although  the  paper has already been read  a t  th e  In s titu te  in 
H ong-K ong such inform ation and  ideas as Mr. Nelson seems to  
have cannot be too widely spread. I  will n o t com m it myself 
on th e  chem ical side of th e  question, as I  am  not in a position 
to  discuss it. Taking the  first paragraph , however, where the  
au th o r says : “ Boilers were once considered of only secondary 
im portance to  th e  m ajo rity  of m arine engineers,” I  would 
like to  know w hat d a ta  he has for s ta rtin g  w ith  th a t  assum p
tion, as I  have always thought, during m y tim e a t any  ra te , 
th a t  th e  boiler was considered to  be of th e  first im portance. 
If  he had  a good boiler the  engineer was no t so m uch concerned 
about the  engine, as he could p a tch  th a t  up  if any th ing  w ent 
wrong. B u t perhaps th e  au th o r’s observations have been 
m ade in  ano ther sphere th an  th a t  which I  have been used to . 
In  th a t  same paragraph  he refers to  th e  question of heating 
th e  feed w ater, and says it preserves th e  life of th e  boiler. Does
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he m ean it  preserves the  surface of the  plates, or is i t  th e  jo in ts 
of th e  boiler he refers to  ? because th a t  is im portan t. Is  i t  the  
boiler as a  structu re  th a t  it  preserves ? I  do n o t suppose he 
means the  p la te  surfaces, b u t i t  is ju st as well to  know. F u rth e r 
on he refers to  rusting. I  cannot say  th a t  I  have come across 
rusting  in  the  w ater and  steam  spaces, it  has been w hat m ight 
be called a  corroding action. Again he says: “ Sea w ater con
tains m any salts injurious to  iron and  steel.” In  m y own 
experience, in one ship I  was in, we found a great difference in 
th e  effects of the  w ater in th e  E astern  and  W estern oceans. 
In  th e  east side of the  R ed Sea and coming across to  westw ard, 
we h ad  g reat trouble w ith  corrosion, and  a scum came from  the 
boilers which was nearly  equal in appearance to  red  pain t. 
W e were about twelve m onths on th a t trade , and  were th en  set 
on th e  w estern ocean trad e  and  had  no trouble w h a te v e r; the 
boilers looked to ta lly  quite different. W hat p articu lar cause 
effected th a t I  could no t say, bu t in  any  case it was due to  the 
change of water. Mr. Nelson goes on to  s a y : “ Sea w ater fed 
in to  boilers previously containing fresh w ater will probably, 
o ther conditions being favourable, cause corrosion.” I  though t i t  
was the  o ther way ab o u t. We always advocated  rm m ing ra th e r 
salt, and  we could no t do th a t  unless we had  th e  sea w ater to  
do i t  with. B ut then  i t  caused such an  am ount of labour, and 
added a scale to  the  boilers, which m eant a heavier consum ption 
of fuel. He goes on  to  rem ark abou t the  behaviour of the  
boilers if oil should get in. I  th in k  we are all prepared  to  
accept his opinion th a t the  w ater should go th rough some form 
of purification if there is any doub t of it  being free from  oil. 
We have had  th is question discussed before, and  I  had  the  
privilege of describing an  arrangem ent whereby the  exhaust 
steam , when i t  enters the  condenser, instead of coming in to  
contact w ith  the  condenser tubes, was expanded in to  a vessel 
in to  which the  oil was precipitated . In  th e  last p a r t of th a t  
paragraph  he refers to  a  spongy layer. I  should th in k  the  
ebullition of the w ater will ten d  to  prevent this. As fa r as m y 
experience goes, i t  forms when the oil does no t blow up like a 
balloon, i t  gets so “ fried ” th a t  i t  resists th is action. I  th ink , 
from experim ents conducted by  Sir Jo h n  D urston  and  others, 
th a t  i t  has been shown th a t  th e  oil rem ains on th e  p la te  in  a 
fluid condition, acting as a non-conductor, and  th a t  a layer of 
paper thickness has often been th e  cause of a collapse. I  th ink  
the  au thor has struck  a very  im p o rtan t no te in his rem arks on
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th e  im purities in  th e  m etal. W e can judge of th a t  by  th e  
p ittin g  of tubes, where one set of tubes are p u t in to  a  boiler 
in a new ship, and  have h ad  to  be renew ed w ith in  a few m onths. 
T h a t is a  m a tte r in  w hich th e  m etallu rg ist can help th e  engineer. 
I  am  convinced, from  an  observation of th e  different stages of 
the  p ittin g  we get, th a t  th e  fau lt lies in  th e  m ix tu re  of th e  m etal, 
th a t  th e  m etal is n o t th e  sam e th roughout. L a te r on th e  
au th o r refers to  pickling, and  I  w ould like to  ask him  : W hy would 
he pickle th e  p lates a t  all ? I  do n o t know  w hat form  th e  
pickling would take , b u t i t  seems to  me to  be detrim ental to  
d istu rb  th e  elongation of th e  p la te  afte r it has been tested . 1 
do n o t th in k  we hear tes ts  m ade before pickling and  afte r 
pickling. I t  is given ou t th a t  th e  boiler p la te  is of a  certain  
elongation, and  th ere  is no question of pickling involved. 
C ertainly all p lates should be annealed— th a t  is, afte r th ey  have 
been worked, or rolled. W ith  regard  to  th e  zinc p lates getting  
a m etallic contact, th e  p lates are polished, b u t a sure con tac t 
is m ade w ith  studs. F u rth e r on he observes : “ A nother 
and  im p o rtan t factor in  deterioration  of boilers is fau lty  con
struction , and  b ad  w orkm anship in  working plates, e tc .” I  
do n o t agree w ith  him  in  th is parag raph  a t  all in  reference to  
th e  resiliency of construction  of th e  boiler. I  th in k  th a t  when 
the  boiler is alive there  is certain ly  no harm  in allowing it  
sufficient “ b reath ing  ” space. More often harm  is done in 
getting  th e  boiler tigh tened  up. The boiler m ust have b re a th 
ing space, and m ust n o t be tied  up  w ith in  too narrow  a l im it. 
T h a t is a very  im p o rtan t th ing  for engineers to  look in to . The 
grooving is due very  often to  th e  boiler being tigh tened  up  in 
narrow  spaces, or where i t  is getting  th e  h ea t, th a t  is th e  
heating surfaces ; grooving ''again  will tak e  place owing to  
accum ulation  of scale, etc. As to  th e  space betw een th e  
crowns and  th e  tubes, i t  will certain ly’ obv iate  t ro u b le 'b y  
giving a free space above th e  heating  surfaces, as otherw ise there  
is bound to  be local heating. I  quite agree w ith  regard  to  th e  
back ends and  leaky tu b e s ; we have all had  trouble w ith  them  
a t  one tim e or ano ther. Then w ith  regard  to  th e  expansion 
and  contraction  of the’ tube-] ) I a te  and  th e  tubes. We m ust 
consider th e  am ount of [heat localised. The w ater is rap id ly  
driven off by  th e  h ea t, and  therefore a greater q u an tity  of 
w ater passes along in  course of tim e, and  if there  is any  sedim ent 
a t all there  is bound to  be a greater accum ulation of scale a t 
th a t  p a rt, hence th e  scale th a t  form s round th e  tu b e  necks. I
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have seen a donkey boiler where there was § in. of scale on the  
end of the  tube-p la te  ; th ey  found th e  best th ing  to  do was to  
let i t  scale up to  a lim it, cu t th e  tubes ou t and  re tube, as it 
paid to  do so. I t  was a small m ultitubu lar boiler, and  it was 
the  best thing th a t could be done w ith  a boiler constructed  like 
it. The tu b e  ends had  to  be rolled a few tim es, and  were no t 
becoming any  more elastic by rolling, b u t otherw ise. The 
au tho r says near the  end of the  paper : “ I  would like to  m ention 
a case in which corrosion resisted th e  efforts of th e  engineers, 
un til th ey  boiled the  boiler out for tw enty-four hours w ith 
caustic soda.” T hat m ight have been brought abou t by  the  
change of water, in  a sim ilar m anner to  th a t  I  described a t  the 
beginning of m y rem arks. I would like to  know w hat class of 
w ater they  were using, sea, fresh or river w ater ?

Mr. W. Watson : In feren tially  the  prim ing was caused by 
the  rem ains of th e  caustic soda.

Mr. W. McLaren : W ith  regard  to  “ blowing dow n,” he 
gives us precautions to  blow down a t 53 lb. pressure, and  n o t 
to  get any  vibration. I should th ink  it would be impossible 
to  blow down at such a pressure. I  will bring m y criticism  to  a 
close, bu t before doing so I  would like to  express m y indeb ted
ness to  the  au tho r for giving such a valuable paper.

Mr. F. M. Timpson : W ith  regard  to  th e  last paragraph  in 
the  paper, I  feel inclined to  th in k  th a t “ blowing down ” is n o t 
m arine practice at all. I  though t th e  practice was to  scum a t  
20 lb. pressure, and then , if there was tim e, to  allow the  boiler to  
cool down and pum p out . In  high-pressure boilers, the  practice 
of blowing down is p re tty  well done aw ay w ith. In  reference to 
the  use of sea w ater, I  do not th ink  this is common and  general. 
The practice is to  use th e  evaporato r all the  tim e and  supply 
w ith  fresh w ater. As Mr. M cLaren has said, the  au tho r has 
brought up a great deal of m atter, which leaves p len ty  of room 
for discussion. On one point he m akes a very brief note, and 
th a t  is circulation. I  th in k  a great deal of boiler troubles are 
due to  bad circulation. One steam ship com pany, w ith  ships 
sailing from  th is  p o rt, adop ted  a system  of assisted circulation, 
which shows considerable all-round economy, besides keeping 
free air out of th e  boilers. I  th in k  the  m a tte r  of circula
tion  deserves, and  now has more a tten tio n  th an  it  had.



MEASURES TO PREVENT OR REMEDY THEM 575

There are m any  other points in  th e  paper open for discussion, 
b u t there  are several gentlem en here who are a g reat deal more 
experienced th an  I  am  on th is subject.

Mr. P . S. D oherty : Mr. M cLaren raised th e  question of 
tak ing  th e  oil ou t of th e  w ater ; I  presum e he was referring to  
tak ing  th e  oil ou t of the  exhaust steam .

Mr. McLaren : Yes.

Mr. D oherty : F rom  land  experience I  m ay say th a t  100 
tim es th e  volum e of the  low-pressure cylinder is allowed, and 
there  is '3 grains per gallon left in  the  feed w ater. I t  m ay 
seem a  sm all am ount, b u t it  m ounts up  in  th e  end. W ith  
regard  to  heating  the  w ater, I  understand  th a t  in th e  N avy a t  
th e  present tim e th e  exhaust steam  from  the  auxiliaries lead 
in to  the  low-pressure tu rb ine casings, and  th e  drainage only is 
ru n  into th e  feed tanks, which is in  opposition to  w hat th e  au tho r 
has said in the  paper. There is ju s t one other po in t I  would 
like to  m ention th a t  m ay be of in terest to  the  m em bers, 
a lthough really  it  is n o t in reference to  boilers. I t  came under 
m y notice la tely  in  connexion w ith  a  feed w ater hea ter w ith  a 
steel shell and  o rd inary  bronze tubes an d  A dm iralty  bronze 
tu b e  plates. There was trouble w ith  electrolytic action, th e  
p ittin g  tak ing  place on the  tubes, yet when ano ther m ix ture 
was p u t in th e  p ittin g  took place entirely  on th e  tube-plates. 
I  raise th a t  question en tirely  in  connexion w ith  the  subject 
of galvanic action.

Mr. W. McLaren : If it would help any  of th e  m em bers, I  
m ight m ention a case in  point, in  connexion w ith  a w ater 
softener. W e have th e  g reatest trouble w ith  p ittin g  and th e  
p itting  does n o t a tta c k  the  same place a t  different tim es. These 
boilers are being exam ined abou t once every th ree  m onths to  
see if th is can be rem edied, and our chem ist is investigating the  
m atte r. T h a t is in  regard  to  a boiler which is working on the  
south  side of th e  river. W e are having trouble also w ith  a 
boiler on th e  n o rth  side of the  river w ith still w a te r ; and  w ith  
th e  w ater still and  cold, if th e  boiler were allowed to  settle  
down for six m onths w ith th a t  w ater in  it, there  would be 
holes righ t th rough  the  plates. On th e  south  side of the  river 
th e  w ater is 30 to  35 degrees of hardness, th a t  on th e  n o rth  
side is abou t 5 degrees.



576 CAUSES OF DETERIORATION IN BOILERS AND

Mr. Timpson : In  one case I  know  of on th e  south  side, the  
gauge glasses w asted aw ay in abou t a fortn igh t, by  corrosive 
action going on righ t round  th e  glass.

Mr. G. W. N ewall : I t  occurred to  me th a t  th e  greater 
in terest tak en  in  boilers a t  the  present day  is due to  th e  differ
ence of pressure em ployed as m uch as anyth ing  else. S ixty 
years ago i t  was considered uncom m on to  have a  boiler w ith 
40 lb. of steam , while since th en  we have gone up to  250 lb. 
per sq. inch, and  I  th in k  th is discussion tu rn s  principally  on 
the  pressures we have to  w ork w ith  ra th e r th an  on th e  differ
ence of the  construction of the  boiler. W ith  th e  high pressures 
of course we have their correspondingly high tem peratu res. 
I  saw a little  experim ent some tim e ago regarding th e  effects 
of oil in  boilers. Take a beaker and  boil w ater in  i t  un til 
th e  therm om eter records boiling p o in t ; th en  if you sm ear 
the  bo ttom  of th e  beaker w ith  a little  oil, and  place th e  th e r
m om eter in  contact w ith  th a t  p a rt, th e  flame being directed 
upon it, you will get nearly  tw ice th e  tem perature, which is 
a very interesting and peculiar fact. A lthough th e  oil is so 
th in—the au tho r m entions ,,'4 in. b u t a sm ear of oil would no t be 
anything like th a t  thickness— yet I  have seen th e  tem peratu re  
rise to  abou t 400° F ., which is ra th e r rem arkable. I t  is very 
interesting, because it  shows th a t  if you have a small am ount 
of oil on th e  plates of the  boiler you m ust have th a t  local heating 
high tem peratu re which often brings down our furnace crowns. 
Another peculiar feature w ith  regard  to  boiling w ater we have 
had dem onstrated  in th is room. B y using a glass boiler 
standing a t a pressure of 5 lb. per sq. inch, as th e  w ater boils 
you will notice in  various local places along the furnace top  
th a t  little  tree-like forms of gases are seen coming aw ay, and 
these seem to  stick to  local places all th e  tim e. I t  would seem 
as though the  p art th e  gas is coming from is th inner, and  th a t  
m ay explain the  m atter, bu t it is a very in teresting experim ent.

Mr. W m. Walker : I have listened w ith  g reat pleasure to  the 
paper, b u t m y own feeling is th a t  it  m ight have been a little  
be tte r arranged. I t  is very  difficult to  condense your points 
and bring them  into line, because you find th a t  on th e  first 
page the  w riter speaks about corrosion a t  the  line of th e  fire
bars, and then  takes it up again la ter on, where he seems to  
have repeated  himself to  some ex ten t. I  would like to  draw  
t  is a tten tio n  of the  members to  th a t  question of corrosion a t
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th e  line of fire-bars. U ndoubtedly, as all those of us who 
have been a t sea recognize, it does exist, bu t the  peculiarity  
is th a t  when we come to  land  boilers, very  seldom do we 
find it a t the fire-bar line. T hat is a m ystery  I  have tried  
to  solve, b u t I  cannot come to  any  satisfactory  solution. I t  
is only in  a  very  few instances where I  have know n deep corro
sion on the  line of fire-bars on th e  w ater side of Lancashire or 
Cornish boilers. I t  is as well for m embers to  realize this, be
cause it  is always the  am bition of sea-going m en to  find a land  
job, and  i t  is as well to  know th a t  corrosion and  deterio ration  
in land  boilers is different to  th a t  in  the  m arine type. The 
au th o r pu ts it down to  strain ing of th e  plates. T h at m ay be 
th e  cause, bu t, if so, it would be found in  land boilers also, as 
we have in  m any instances a  m uch higher furnace tem peratu re 
generated in  land  boilers th an  in  m arine, so consequently 
there should be greater strain ing of the  plates. Then in  the  
nex t paragraph  he deals w ith acidulated boiler water, and 
advises th a t  th e  w ater should be kep t alkaline. T h at is very  
sound advice. I t  is always best to  have an  excess of alkali 
ra th e r th an  a m inim um  ; bu t, as he points out, if you have an 
excessive am ount you are likely to  get w asting of the  brass and 
bronze m aterials in  the  boilers due to  th is cause. In  m y own 
experience I  know of two boilers, working under the  sam e con
ditions and  w ith th e  same w ater, only one was a t  60 lb. pressure 
and  the  o ther a t 120 lb. In  th e  la tte r  i t  was im possible to  get 
th e  bronze or gun-m etal blocks to  stand , while in  th e  boiler 
working a t  the  lower pressure there was no difficulty. I t  shows 
there  are certain  chemical changes take  place a t  th e  different 
tem peratu res which we are no t able to  account for a t  present. 
W e analysed the  w aters and  could n o t arrive a t  any  reason for 
it, b u t we changed th e  blocks, p u ttin g  in m alleable castings, 
and these stood all righ t. There m ust be some chemical change 
which occurs a t  the  higher tem peratures. The au tho r further 
on says: “ Sea water, p u t in to  a boiler will, when heated, de
posit calcic-sulphate a t a tem peratu re  of abou t 300° F ., which 
forms an insoluble skin and prevents th e  injurious action of th e  
o ther sa lts .” I  would like to  caution all concerned to  bew are 
of passing a boiler because i t  has some scale, in the  belief th a t  
there is no corrosion underneath . My own experience is th a t  
even if there is scale in the  boiler, on it  being chipped aw ay a 
considerable am ount of corrosion has been found existing under
neath  the scale. The scale, in m any instances, does not p ro tect
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the boiler, i t  does no t elim inate the  danger of corrosion en
tirely. Boilers have been passed as satisfactory  because there 
was a layer of scale, b u t often on this being knocked aw ay there 
was com paratively no streng th  of plate. In  fact m any B oard of 
Trade inquiries have revealed the  fact th a t  explosions have 
resulted, due to  this. The au tho r also trea ts  on the  question 
of zinc salts and zinc plates. I  do no t th in k  the  contact has 
very  m uch to  do w ith  it. I  was speaking quite recently  to  a 
zinc m anufacturer in London, and  his theory  is th a t  the  zinc 
p u t into the  boiler, on being dissolved forms a kind of m ilk of 
zinc, which acts in reducing corrosion because it  m ixes w ith 
th e  water. He has also a paragraph  on boiler fluids. Well, 
boiler fluids are like books, “ of the  m aking of them  there is no 
end ,” and i t  is a subject which is certainly w orthy of con
sideration a t the  present day. The only successful course w ith 
some is to  have one class of feed w ater w ith one class of fluid. 
Some m akers advertise th a t  their fluid, like p a ten t nostrum s, 
will cure anything, b u t unless the  fluid is m ade to  su it th e  feed 
w ater it  is only an  experim ent. In  certain  cases th ey  do 
a ttac k  th e  plates, in  o ther cases they  will a ttac k  nothing— 
not even the  scale. The question of oil has been dealt w ith, 
and Mr. M cLaren said, I  th ink, th a t  the  process would be satis
factory  to  expand into a cham ber of 50 to  1 ; Mr. D oherty  said 
100 times the  volume of the low-pressure cylinder, and even 
th en  he says th ey  get down to  -3 of a grain per gallon. Of 
course it  is th e  aim  to  elim inate the  oil as far as possible. I t  
is recognized th a t  oil is detrim ental as a non-conductor, and 
th a t  i t  has a tendency to  bring down the  furnaces. L and p lan ts 
are usually dealt w ith by  softening apparatus in  conjunction 
w ith oil coagulation, and the  principal solvent used is alum ina 
ferric. T hat brings me to  another point. Mr. M cLaren said 
th a t he finds p ittin g  in  addition  to  corrosion. My own experi
ence is this. In  certain  p lants, before pu ttin g  down softeners, 
there was no p itting , b u t afte r doing so p ittin g  began. I t  
shows th a t some of th e  chemical preparations p u t in to  th e  
softener p lants, lime, soda and  alum ina ferric or o ther such 
m aterials, have had  a bad effect on th e  boiler. In  some in
stances th a t  has been rem edied by  p u ttin g  a certain  proportion 
of oxide of iron in  the  feed water, b u t it  seems to  me th a t  in 
m any  instances th e  w ater has been purified to  such an  ex ten t 
th a t  we get i t  too pure. If you use ra in  water, even if filtered, 
for a boiler you will find there will be a great am ount of corrosion
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or p itting , which shows th a t  soft w ater is no t always beneficial. 
There m ust be a certain  am ount of hardness. W ith  regard  
to  th e  question of im purities in the m etal, th e  au tho r trea ts  
of th a t  very  gingerly. He speaks of pickling, and  Mr. M cLaren 
a s k e d : W hy should th e  p lates be pickled ? I  rem em ber in one 
instance th e  A dm iralty  stipu la ted  for a p la te  to  be pickled 
before rolling. The idea was n o t so m uch to  find out abou t 
th e  streng th  or ab o u t th e  phosphorus, b u t to  see if th e  p la te  
would resist th e  corrosive action. In  th a t particu lar p la te  
certain  corrosive tendencies were shown, and th e  p la te  was 
rejected. T h a t was the  sole in ten tion  of th e  pickling. F u rth er 
on th e  au th o r deals w ith  th e  question of d isin tegration by 
grooving. I  th in k  we find m ore grooving in  land boilers th an  
in m arine work, and  while it is elim inated in th e  m odern boilers 
to  a very  large degree, grooving occurs in  th e  la test construction, 
th a t  is, the  dish-ended boiler. In  old Lancashire boilers the  
breath ing  space betw een th e  gussets and  the  furnace tops was 
3", i t  is 10" in th e  m odern boilers. The grooving is thus greatly  
elim inated, b u t no t entirely  done aw ay with. The fron t end 
is where the  grooving m ost frequently  takes place, either in the  
roo t of th e  end p la te  if flanged to  shell, or a t  the  root of th e  angle 
iron or flanging of furnace to  end p late , or over th e  top  of the  
angle iron on the  end plate . B u t th e  peculiar th ing  in some 
boilers is th a t  instead  of the  end p la te  getting  this grooving, 
i t  is usually on tw o or th ree  flanged seams back in  th e  boilers, 
which shows th a t strains are set up in th e  boiler itself as the 
cause, and  no t corrosion. Some m odern land  boilers have in tro 
duced in to  them  instead of parallel tubes righ t th rough, rings 
a lte rna te ly  abou t 3" to  6" sm aller in  d iam eter th a n  the  o ther 
to  overcome th is grooving, and give b e tte r efficiency by b reak
ing up the  line of gases. Say it is 3' 3" a t the  end of th e  fu r
nace, the  nex t ring would be abou t 2' 9", th en  i t  is 3' 3" again, 
and  so on to  th e  back end. W ith  th e  new dish-ended L an
cashire boiler there are no gusset stays, th e  furnace tubes are 
flanged in the  ordinary  way, but, unfortunately , th ey  have no t 
been able to  elim inate th e  grooving. This is still found in  th e  
root of the  flange of the  fron t end plate. In  the  second last 
paragraph  th e  au th o r says : “ See th a t  steam  is raised slowly, 
and th a t  the w ater is kep t circulating when raising steam  ; keep 
boiler w ater slightly a lk a lin e ; scum  and blow frequen tly .”
I  am  quite surprised th a t  in  th e  year 1911 th a t  rem ark  should 
have been made. The more you blow down the  m ore scale
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you get. If  you blow down you are blowing out w ater which 
has already  deposited scale, to  in troduce other w ater which 
has scale-forming and  corrosive properties. The g reat principle 
in  land  practice is no t to  change th e  w ater more frequently  
th an  circum stances perm it, and  I  am  surprised th a t an  engineer 
should advise others to  blow down repeatedly. Still, th e  paper 
all th rough  contains a  g reat deal of good advice, and  is well 
w orthy  of th e  consideration of th is In stitu te . I  am  pleased 
I  have had  the  privilege of listening to  it.

Mr. A. R obertson : I t  seems to  me there are one or tw o 
points which have no t been brought in to  this paper and  which 
it m ight be of value to  bring forward. F rom  m y com paratively 
short experience w ith  boilers, I  th in k  i t  is very  often a case of 
allowing the  m inor details of th e  engine room  and boiler room  
to  be neglected, and  th a t  a g reat deal of th e  trouble on board 
ship a t  th e  present tim e, and  in  the  past, has been due to  no t 
tak ing  notice of little  details which are ap t to  escape one’s a tte n 
tion. These m inor defects gradually  develop and  create serious 
trouble, whereas if th ey  had  been tak en  notice of a t  th e  begin
ning th ey  would no t have been allowed to  develop. One th ing 
th a t  no t infrequently  happens on board  ship, especially when 
the  junior engineer is a  little  careless, is neglect in  looking 
after the  evaporator supplying feed w ater. The evaporato r is 
allowed to  prim e, and  you get sa lt w ater as feed. There is no 
m ention in th e  paper of the  ex ternal care of boilers, and  I  th in k  
this a very  essential po int to  which to  draw  a tten tion . For 
instance, corrosion is occasionally found tak ing  place on the  
fron t end plate, underneath  the  furnace fronts, owing to  the  
w ant of som ething to  pro tect th e  front of th e  boiler, the  action 
of the  gases from  the  ashes gradually  causes deterioration and  
m ust be guarded against. The position of the  feed w ater inlet 
also is, I  th ink, very  often responsible for deterioration. In  
one ship I  was on we had  to  alter th e  position of th e  feed inlet, 
and  we stopped to  a very  considerable ex ten t th e  corrosion 
th a t  had  been tak ing  place. The back stays were continually  
going a t  th e  necks and  th e  position of th e  check valve was 
altered  from being tow ards the  centre of one of the com bustion 
cham bers to  a position in  between the  two com bustion cham bers, 
so as to  allow th e  feed w ater a  clear ru n  in to  th e  boiler, and 
th a t  reduced th e  corrosive effect. We used to  p u t in abou t 
fifty or l ix ty  new stays after a trip  of six m onths, so th a t'



MEASURES TO PREVENT OR REMEDY THEM 581

you can tell there was very  serious corrosion^‘going on con
tinually .

Mr. Alfred Cooke : The paper to  which we have listened 
th is evening contains a g reat deal of sound common sense, 
an d  th e  au tho r has poin ted  to  m ost of the  principal causes of 
deterioration inside th e  boiler. I  th in k  there  is little  doub t 
th a t  a  great deal of trouble is caused by  oil or o ther im purities 
going in w ith  the  feed w ater. I  have seen some cases of p ittin g  
an d  corrosion in the  vicin ity  of the  feed inlet, and, as m entioned 
by  the  las t speaker, th e  position of th e  feed in let has been 
altered  w ith  beneficial results. In  m y opinion im purities in 
th e  m etal, alluded to  by  the  au thor, have m uch to  do w ith  the  
trouble in  some cases. I  have seen new boilers where i t  was 
found alm ost impossible to  stop th e  corrosion, and  the  rem edy 
was used th a t  the  au tho r refers to , of boiling th e  boilers o u t 
w ith  a strong solution of soda, and  th is had  the  effect, even tu 
ally, of stopping the  rusting . There was a slight tendency  to  
prim e a t  first, b u t th a t  was soon got over. Then again th e  
au tho r speaks of fau lty  construction. No doubt in  m any cases 
th a t  has been a bad  po in t abou t th e  boilers, b u t I  do n o t th in k  
i t  has been so m uch in  evidence recently. I  have been w ith  
boilers where it  was absolutely impossible to  get to  th e  scale in  
certa in  portions of them . The stays of th e  com bustion cham 
ber and  the  shell were so close th a t  you could n o t get a too l 
of any  k ind  to  work betw een them . I  m ight m ention one instance 
of fau lty  construction  th a t  came under m y notice. I t  was a 
set of boilers, tw o double-ended and  tw o single-ended. In  a 
very  short tim e, w ith  th e  tw o double-ended boilers there was 
considerable trouble w ith  the  tubes leaking. There was no 
scale around the  necks to  account for it, and  eventually  the  
tubes were so worn aw ay th a t  some of them  had  to  be renewed. 
W hen the  new tubes were p u t in  th ey  were found to  be an  inch 
too long, and  in  cu tting  th is off, on ham m ering upon i t  we broke 
i t  in to  fragm ents ; there was no elasticity  in  th e  m etal a t  all. 
E ven tua lly  these double-ended boilers had  to  be re-tubed  en
tirely . In  the single-endecl boilers there was little  or no trouble. 
F u rth e r on th e  au tho r s a y s : “ If a boiler is so constructed  as to  
have a tendency to  restric t circulation, i t  m ay give trouble. 
This has been know n in a boiler th a t  h ad  too little  space over 
the  furnaces, to  so overheat th e  crowns as to  cause them  to  col
lapse.” I  have also seen th a t  sam e th ing rem edied by tak ing  
th e  bo ttom  row  of tubes out.
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Mr. Timpson : Mr. M cLaren m ade reference to  the  difficulty 
of scaling boiler tubes. I was on board a boat some tim e ago 
where a p a ten t tu b e  scaler was used for running th rough  the  
tubes, and I understood from  the  chief engineer th a t  it  cleaned 
them  effectually. They opened up th e  boilers afte r th e  first 
short run , and  found large deposits of scale on the  top  of the  
furnaces which had  been loosened during the  scaling. This 
tool was on the  pneum atic principle, and  lifted th e  scale off 
w ith a ham m ering action. I t  cleans from the  fire side.

Mr. W. Walker : They use it w ith  the  Babcock boilers also. 
I t  has a ham m ering action, b u t th ey  get the  same troub le  as 
w ith th e  old style of cracking scale off by  heat. I t  causes the  
tube to  lengthen, and  th ey  have leaky ends afte r using it.

Chairman : A good deal has been said about filtering the 
water to prevent oil getting into the boilers. In  m y opinion 
the filters are always on the wrong side ; they are on the pres
sure side instead of on the suction side.

Mr. W. McLaren : Mr. W alker referred to  the  fact th a t  
when the boiler was covered w ith  scale th is should n o t be 
taken  as m eaning th a t  the  boiler was safe. I t  takes years of 
experience for one to  be able to  detect the  various peculiarities 
in connexion w ith  the  scale in  boilers, and  once he has gone 
through th a t experience he is ra th e r on the  safe side. The 
same th ing  applies to  bleeding. I  have never seen bleeding 
s ta r t in the  m anner described by the au thor, a t  th e  end of the  
paper. Bleeding is a very  dangerous th ing  when no t a ttended  to, 
and  the  first cause of p itting . If  you scrape off the scale and  it 
gives th e  sem blance of bleeding, you will find there is som ething 
wrong going on there.

Mr. J as . A damson (Hon. Secretary) : I  should have prefaced 
th e  reading of th is paper by saying th a t it  was read  originally 
a t Hong-K ong, in  connexion w ith  the  In s titu tio n  there. 
I  read one or two ex tracts when Mr. R uck-K eene read  his 
paper on boilers. The desire was expressed th a t  the  paper 
m ight be reprin ted  in full ; w ith  the  perm ission of th e  k indred 
Society and  th e  au tho r th is proposal has now been carried 
in to  effect. M any of our old m em bers will rem em ber th e  days 
when the  engine-room ra th e r th an  th e  stoke-hold received the  
first care, b u t while Mr. N elson’s rem arks m ight have been
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justified some tw enty-five to  th ir ty  years ago, I  believe it  is 
n o t so to-day, as the  boilers receive the  best a tten tio n  from 
engineers as a rule. I t  is so certainly in m y experience, and  m y 
practice has been alm ost invariab ly  for th e  last tw enty-eight 
years to  exam ine the  inside of every boiler under m y supervision 
every  voyage, when em ptied. I  should say th a t  troubles 
w ith  boilers now adays, for w ant of a tten tio n  and  m anagem ent 
on the  p a r t of th e  engineers, are rare. The recom m endation of 
an  independent feed pum p m ight be added  to  those given 
by the  au thor, to  lessen the  am ount of air, an  excess of which 
is detrim ental to  th e  boiler. I  have exam ined a set of boilers 
into which th e  feed w ater was pum ped by th e  ord inary  plunger 
pum ps ; th e  corrosion was visible over a considerable area 
inside and  apparen tly  a ttrib u tab le  to  excess of air. An in 
dependent feed pum p was subsequently  fitted  w ith  beneficial 
results. I  do no t th in k  th a t  corrosion along the  line of fire-bars 
is now found to  any  ex ten t, due to  the  im proved m ethods of 
trea tm en t in raising steam , in b e tte r circulation and  in cooling 
off on arrival in  port. The corrosion and p ittin g  have generally 
been found a t the  line of the furnace where the great hea t of the  
crown merges in to  th e  cooler bo ttom  of th e  p la te— the area 
covered by  the  conflict which takes place betw een th e  upper 
and  lower tem peratures. Some boilers have been found p itted  
a t  the  back ends of the  furnaces and  fire-boxes, and  others quite 
free from  such, a lthough apparen tly  working under th e  same 
co n d itio n s; these differing experiences p robably  indicate 
differences in  the  m aterial of construction or in th e  feed w aters 
used, or to  leaky valves keeping th e  bottom s wet when the  
boiler was em pty . W hen steel for boilers was com paratively 
new defects were no t uncom m on, due p a rtly  to  the m ateria l 
no t being up to  th e  high s tan d ard  of the  present day, and  p artly  
to  the  same trea tm en t being m eted ou t to  th e  higher pressed 
steel boilers as to  those th ey  were gradually  superseding. 
As experience and  knowledge increased, by m eans of th e  Board 
of T rade publications, rules and  m em oranda, by discussions 
an d  interchange of thought am ong engineers, and  by experi
m ental tests and  research on th e  p a r t of m anufacturers to  
understand  and  im prove th e  m aterial for th e  various purposes, 
th e  defects and  troubles were gradually  lessened and have 
become com paratively rare. One case was brought to  m y 
notice about tw o years ago, which rem inded me of some of the  
earlier experiences w ith steel p lates and  furnaces sp litting
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w ithou t ap p a ren t adequate cause. Two single-ended boilers 
in  a  rgroup of five gave trouble in th ree of th e  six fire-boxes. 
T h e 'h ead s  of the  rivets  binding the  w rapper to  th e  bo ttom  
p la te  began to  drop off : closer investigation showed very 
fine cracks between the  rivets on the  p itch  lin e ; these were only 
visible when the  rivets were out, as th ey  s ta rted  from  the  
jo in t side of the  p late  and had  not extended th rough  the 
thickness. An a ttem p t to  weld th e  p late  failed, as th e  cracks 
extended before the flame je t and  opened o u t ; th e  p lates had  
to  be cu t out and patches f i t te d ; the  plates seemed to  be hard. 
This m ight arise from  one of several causes : Original m aterial 
no t being up to  the m ark, undue ham m ering or punching in 
building the  boiler, or bad  usage a t sea or in port. These causes 
were carefully considered, and  on investigation i t  was proved 
th a t  the  trea tm en t of th e  boilers had  been alike to  one and  all 
of the  group, and  on th e  best lines of m odern practice. The 
m ateria l was approved tested  steel, th e  rivet holes had  all been 
bored, an  analysis of the  m aterial showed nothing abnorm al, 
and  the mechanical tests  were satisfactory. The portions cu t 
ou t were tested  w ithout revealing adequate causes of the  defects 
which had  developed ; and  the  plates, i t  was s ta ted  in  rep ly  to  
inquiry, had  no t been rolled to  th e  bare b read th  a t  the  mills. 
A nother peculiar case a tten d ed  w ith  serious results was th a t  
of th e  boiler of the  Pahud, the  shell p la te  cracked and  bu rs t 
under steam , and  the  boiler of th e  sister ship was said to  have 
developed sim ilar cracks, such having been found on exam i
nation. Referring to  the  process of pickling p lates com m ented 
upon, I  have in a form er discussion s ta ted  th e  case of new 
boilers I  exam ined after a voyage, where the  shell plates in  th e  
steam  space were found to  be severely p itted  under th e  mill 
scale, which was abnorm ally heavy. The scale was thoroughly  
rem oved and  the  bared plates coated w ith  b itum astic solution. 
This course entirely  stopped the  action and the  solution formed 
a fine protective skin, which afte r abou t eighteen m onths’ service 
was found to  be quite fresh and  clean. The object of the  
pickling is to  rem ove the  mill scale before th e  p lates are built 
in to  the  structure , as it is adm itted ly  detrim ental and  a cause 
of deterioration.

W hen a  ship is laid up, the  boilers especially ought to  receive 
special a tten tion . I  have on occasions exam ined boilers which 
had  been left to  look afte r them selves for a  season, aw aiting 
a custom er, and  the  results were far from  p leasing ; ru st, scale,
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and  p ittin g  being severe on th e  surfaces of th e  p lating , due to  
th e  w ater or m oisture allowed to  rem ain  inside. A thorough 
course of scaling, cleaning and  drying has usually  stopped  the 
bleeding action, then  a coating of solution applied to  the  plates, 
and, before refilling, a q u an tity  of zinc plates fitted, have proved 
efficacious in  preventing fu rth e r wasting. M any years ago, 
by  friendly inv ita tion  of th e  owner, T exam ined a set of boilers 
which had  been running w ithout zinc for abou t nine m onths. 
They were am ong th e  first of th e  high-pressure class abou t 
tw enty-eigh t years ago ; th e  furnaces were badly  p itted , and  
th e  insides coated heavily w ith  ru s t sedim ent, showing severe 
oxidation. From  these observations i t  was m anifest th a t  zinc 
should have been used, and  it  would probably  have p revented  
th e  deterioration. My experience is th a t  zinc p lates carefully 
a ttach ed  are productive of good and  preserve th e  boiler from 
corrosive actions. W hen electrogens were in troduced  abou t 
1882, g reat care was tak en  to  see th a t  th e  contacts to  th e  boiler 
and  furnace plates were clean and  good. How ever I  found 
th a t  in th e  boilers th en  fitted  th ey  were n o t efficien t; indeed 
in  two cases th ey  were quite the  reverse and  on sawing the 
zinc balls th ro u g h  to  expose the  copper bar, as I  expected, there 
was a layer of oxide betw een th e  bar and  th e  zinc, which des
troyed  th e  contact when casting th e  zinc ball round th e  bar. 
They fell ou t of use for m any years, b u t were again placed on 
th e  m arket w ith  im proved m ethods of m anufacture, to  ensure 
clean contact between th e  copper bar and  the zinc. The results 
have been certain ly  b e tte r in  several boilers I  have exam ined 
fitted  during th e  last four years, due to  th e  im proved m ethods. 
The donkey boiler has had  a m uch b e tte r life during the  p re
sent th a n  p as t g enerations; and  while form erly it did n o t serve 
half the  tim e of th e  m ain boilers, i t  now rem ains co-existent 
w ith them , tw en ty  years of work still leaving m any of th em  
alm ost unim paired in  health . E very  p a rt of a boiler should be 
accessible as far as possible, and  th e  fittings, and  in terna l pipes 
and  connexions certainly, should be easy of access for jo in ting 
up and  overhauling. W hile feed w ater filters are valuable 
auxiliaries, the  use of oil for in terna l lubrication  is avoided as a 
general rule, save w hat en ters by  swabbing th e  rods and  when 
changing speeds on entering  ports. The addition  of soda when 
filling the  boilers is good. W ith  fu rth e r reference to  th e  quality  
of steel, several peculiar cases have come under observation 
and  investigation. Germ an steels give high results in tests,
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b u t it .h a s  been considered inadvisable to  allow these tes ts  to 
be a basis to  work up to  in practice. An instance of th is m ay be 
cited  in connexion w ith  gas cylinders, th e  C 02 m akers dem ur 
as to  recharging those of Germ an m a k e ; a question arises 
w hether the  steel in  certain  processes of m anufactu re is p er
fectly  homogeneous, and  w hether the  scraps placed in  th e  fu r
nace to  produce th e  billet m ay not have contained certain  
pieces w ith a greater affinity th an  the  others for some of the 
ingredients which combine w ith  the  steel, thus rendering th e  
rolled p la te  of varying hardness over its  surface. The per
centage of phosphorus and  nitrogen are re la tively  very  small 
in approved plates, b u t these percentages m ight vary  in 
different parts of the  same billet, or again the  com bined per
centages of phosphorus and  nitrogen m ay be in  excess of the  
recognized lim it which experim ental tests have established. 
I t  was recently  s ta ted  th a t  some p lates cracked w ithou t ap 
paren t adequate cause, and  on investigation it was found 
th a t  a num ber of plates had  been placed one above ano ther 
on leaving the  rolls, and the  ou ter edges of th e  p lates were thus 
exposed to  the  cold w eather, while th e  insides were k ep t ho t 
by  the  pile ; hence the  inequality  in  the  plates, and  when work 
was p u t upon them  there were failures. I  have endeavoured 
to  add  these rem arks as th e  reader of the  paper on behalf of Mr. 
Nelson, w ith whom I  agree on m any points, b u t differ from  
on others, including those bearing on th e  blowing down, as 
referred to  by o ther members.

Mr. D oherty : I  m ight m ention a m atte r which occurred 
to  me while Mr. Adamson was speaking abou t plates. I  was 
privileged a short tim e ago to  see plates produced by an  electric 
process tak en  up by a  Germ an firm. Ingots can be produced 
w ith any  degree of phosphorus or nitrogen desired, as owing 
to  th e ir use of the  electric arc any  degree of chemical p u rity  
m ay be obtained.

Mr. W. McLaren  : I  have g reat pleasure in  proposing a 
vote of thanks to  th e  au tho r for bringing th is paper forw ard. I t  
is very in teresting both  on the  m echanical and  on the  chemical 
side, and he deserves our heartiest th an k s.—Mr. F . M. Timpson 
seconded the  m otion, which was carried w ith applause.

The m eeting closed w ith  a vo te of thanks to  the  Chairm an.
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MR. N E L SO N ’S COMMENTS ON T H E  DISCUSSION.

R eceived from H ong K ong.

The heating of th e  feed w ater, I  th ink , tends to  preserve the 
boiler as a  structu re , especially the  in terna l surfaces, as hot 
w ater cannot carry  as m uch air as c o ld ; th is po in t was em 
phasized in th e  paper, on page 5. My experience w ith regard 
to  oil is th a t  when found in boilers it  has lost all its  fluidity  and  
has changed to  a gum m y consistency. Of course, I  adm it this 
has special reference to  w hat is seen a t  the  w ater line, b u t I  
th in k  i t  would be in  a sim ilar s ta te  on the  crowns a t  first, till 
th e  h ea t again changed i t  to  a spongy m ass, afte r which the  
h ea t would be so great on the  p la te  th a t  th e  furnace would 
come down tow ards the  bars and  the  spongy mass change to  a 
k ind  of sedim ent.

Mr. M cLaren asks : W hy pickle p lates ? I  have seen p lates 
th a t  seemed to  have a  good surface before p u ttin g  in to  the  
pickle, b u t when th ey  were tak en  out, th e  surface showed up 
quite differently ; if th e  surface was no t too bad  it was faced 
up w ith  a  ham m er. I  understand  all p lates for th e  A dm iralty  
m ust be pickled ; th is is rem arked  upon also by  Mr. W atson, and 
is m ore fully referred  to  by the  H on. Secretary. I  quite agree 
w ith  Mr. M cLaren in  regard  to  a live boiler, and  I  m eant to  
convey m y idea as such—when I  com m ented upon restlessness 
in  a  boiler I  m ean t th a t  restlessness of certain  p arts  of a boiler 
relatively  to  o ther p a rts  was bad, such as too rigid staying 
in  certain  p arts , etc. The evil of such was dealt w ith  in th e  
discussion on a previous paper some tim e ago. R egarding 
th e  boiler th a t  was boiled ou t w ith caustic soda, it  was one of a 
set of boilers in  a ship of abou t 3,000 H .P. The w ater was 
tow n reservoir w ater ; very  pure and  soft.

E very  engineer considers it  bad  practice to  blow down a 
boiler, b u t you do n o t always have the  tim e to  w ait till i t  has 
cooled and  then  pum p it out. I was try ing  to  express the  best 
w ay of dealing w ith  a bad  p ra c tic e ; b u t I  contend th a t  if you 
wish to  freshen your boiler slightly when you have a chance, say 
w ith th e  evaporator, i t  is far b e tte r to  blow a little  out a t  53° F ., 
for the  reason I  m entioned in m y paper. Mr. Tim pson says th a t 
“ in reference to  the  use of sea w ater, the  home-going vessels 
never use i t .” I  am  ra th e r surprised some of th e  m em bers did 
n o t question th is sta tem en t, as it is a  common tiling for steam ers
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to  use only the  sa lt “ m ake-up ” ; for instance, I  m ight m ention 
tw o A tlantic liners I  know of—th e  M ajestic and  th e  Teutonic ; 
and  I  would point ou t also th a t one of our m em bers read  a 
paper some tim e ago, sta ting  th ey  filled up w ith  sea-w ater and 
used salt ex tra  feed on the  ship he was on— a trip le expansion 
job. Engineers have re la ted  hair-raising experiences w ith 
densities, of steam ers using sea m ake-up and often afte r filling 
up w ith  sea-water, on trips such as from  B ritish  po rts  to  South 
America. Again Mr. Tim pson sa y s : “ Use the  evaporator all 
the  tim e and  supply w ith  fresh w ater, and  there  will be no 
corrosion or scale, as long as there is no leaky condenser.” Well, 
I  would n o t like to  risk  it, w ithou t testing  w ith  l itm u s ; or if I  
had  none of th a t  I  would certainly p u t in some alkali on the  
off-chance, as otherwise you have everything favourable for 
p ittin g  and  corrosion.

I  th in k  Mr. W alker’s sta tem en t : “ E ven  if there is scale in 
the  boiler, on it  being chipped aw ay a considerable am ount of 
corrosion has been found existing underneath  the  scale,” is far- 
reaching. I  have seen th e  plates perfect under th e  s c a le ; 
also I  have seen them  bad, b u t I  do no t th in k  any  inspector or 
superin tendent would pass a boiler w ithout seeing under the  
scale, b u t where you find a w hitish floury scale th a t  will brush 
off easily, you invariably  find a perfect condition of th e  plates.
I  take i t  th a t  i t  is the  “ scum and  blow frequently  ” th a t  has 
surprised Mr. W alker, b u t I  thought the  previous p a r t  of m y 
paper would have explained w hat I  m eant. I  m il t ry  and 
m ake myself clearer : Boiler w ater gets a certain  am ount of 
sedim ent in  it, also a certain  q u an tity  of oil, so th a t  when rap id  
circulation stops, as occurs when engines are stopped, w ith 
banked fires or fires dying out, i t  is an  excellent p lan  to  scum 
a little  and  blow off say m easured in the  glass. The form er 
clears the  m a tte r floating on top  and  th e  la tte r  th e  sedim ent 
a t  th e  bo ttom  of boiler. My experience has proved it  very  
beneficial to  the  boilers, and  I  still recom m end it  to  engineers. 
F u rther, Mr. W alker says : “ The more you blow down the  
m ore scale you g e t.” 1 would like him  to  explain how he 
would get m ore scale if th e  m ake-up was from  th e  evapor
ato r, which is the  m ost usual in  good practice. Also I  do 
no t agree w ith th e  sta tem en t : “ The great principle in  land  
practice is n o t to  change th e  w ater,” as I  certain ly  believe in 
em ptying th e  boiler, say every th ree m onths, exam ining and  
cleaning, bo th  in  land  and  m arine boilers, where possible.
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Mr. R obertson states th a t  I  have left out th e  ex ternal p arts  of 
the  boiler— well, the  reason was I  w anted  to  shorten  the  paper, 
and  you can generally see w hat is going on on th e  outside. Be
sides th e  p arts  Mr. R obertson m entions, th a t  portion of th e  shell 
round  the valves on tops of boilers, should come in for some 
a tten tion , owing to  leaky glands. A good m ethod, I  th ink , 
would be to  have an  angle round them , and  th e  lagging to  stop 
a t angles, so th a t  the  condition of th e  plates can readily  be seen 
in their im m ediate vicinity. H e touches on a very  im portan t 
point where he m entions the  inlet of th e  feed pipes on the 
boiler. I  have seen boilers w ith  tw o an d  three different patches 
on th e  boiler end, where check valves had  been and  th e  p la te  
h ad  corroded aw ay. I t  is m ost im p o rtan t to  have the  brass 
spigot of valve chest righ t through the  shell, and the  in ternal 
pipe jo in ted  on to  it. There are several o ther th ings I  
would like to  m ention, b u t owing to  shortness of tim e to  get 
these answers back I  m ust leave them , In  conclusion, I  wish 
to  th an k  the  Chairm an and Members for th e ir discussion of m y 
paper, and  hope when I  can get th e  tim e to  prepare another 
paper.

Y Y
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The following were elected a t  the  m eeting of Council of 
th e  In s titu te  held on T hursday, May 26, 1!)11 :—

As M e m b e r s .
Em il Aitken-Quack, B irkenhead.
George Frederick Amor, Antwerp.
R eginald Bruce Baseley, Falk land  Islands.
A. B. Clements, Shanghai.
Joseph  Conner, W est Hartlepool.
D. K. D adachanji, Bom bay.
W illiam D. Farm er, Thornton, Fifeshire.
Charles M. Ferguson, London.
W illiam B arton  K ay, Gillingham. A rt. Engr. R.N . 
Alexander Macrae, London.
Engr. L ieut. W illiam E dm und M arshall, R.N .
R obert M orton, Liverpool.
Jo h n  M urray, Frem antle, W est A ustralia.
D avid Myles, W allsend-on-Tyne.
Thom as Neave, Hong-Kong.
A rthu r E dw ard Philp, Liscard, Cheshire.
F . H . Roberts, Southport.
W illiam Sampson, Liverpool.
Charles N orm an Skipper, London.
D. Turnbull, Shanghai.
Thom as W illiam Wilson, London.

As A s s o c i a t e  M e m b e r .
A. John  Lebeda, Leeds.

As G r a d u a t e s .
B enjam in Charles Carter, London.
Ian  Garvie, Gourock.
Joseph  M artin Heesem, P lym outh.
H arold B u rt Locke, London.

T r a n s f e r r e d  f r o m  A s s o c i a t e  t o  M e m b e r .
W illiam B ritton , Aden.
D hunijishaw  Jem setji M aster, K arachi.


