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T h e  investigation described in  this paper was undertaken  by the B ritish Shipbuild ing 
Research Association and  the B ritish  Ceram ic Research Association w ith  the follow ing 
objects: to  determ ine the extent of deterioration of refractory  m aterials in  w atertube boilers 
in  the m erchant service; to  form ulate the m ain  causes of w astage; to  consider ways of 
im proving the life of furnace brickw ork; and  to  provide a background fo r any  experim ental 
w ork th a t m ay be desirable.

Follow ing an  in troducto ry  section w hich gives brief details o f furnace linings 
com m only used, the in form ation  gained from  the exam ination o f over fo rty  boilers of 
eight different types is sum m arized.

I t  was found  th a t therm al spalling or fracture is undoubted ly  the m ost com m on and  
serious type of damage. C racking of bolted blocks and  oxidation of the bolts is probably 
the second m ost serious form  of failure. D am age directly attribu tab le  to  slag action  is 
negligible b u t it  is possible th a t slag penetration  of the firebrick m ay play some p a rt in 
p rom oting  spalling. M ore severe damage of all types occurs where the lin ing  is swept 
by flame.

T h e  alum inous firebricks now generally used have adequate refractoriness b u t it 
appears th a t ram m ed plastic refractory  m aterials could be substitu ted  w ith  advantage in 
certain positions, notably in  those sections con tain ing  the bu rner openings.

T h e  influence of service conditions on  the life of refractories is exam ined in  a fu rther 
section and  it  is concluded th a t the forcing rate (lb. o il /h r ./sq . ft. projected rad ian t heating 
surface) m ay be taken as a general indication  of the severity of the operating  conditions 
and  also the extent of slag deposition.

In form ation  relating  to the useful life o f sections of the linings of various types of 
boilers is given and  in  a conclud ing  section suggestions are p u t forw ard fo r im proving 
the perform ance of boiler brickwork.

INTRODUCTION
T h e  deterioration of the furnace linings o f m arine w ater

tube boilers is a problem  of serious concern to  m any shipowners 
and  repairs to  the refractories often  accoun t fo r a large pro
portion  of the m aintenance costs o f boiler installations. 
A lthough  the trend  of recent boiler designs is to  reduce the 
am oun t of brickw ork directly exposed to  the furnace, fu rther 
advances in  reducing the size and  w eight of boilers will probably 
tend  to  make the operating  conditions of the necessary refrac
to ry  m aterials m ore arduous. F urtherm ore, the necessity o f 
ensuring  a reasonable perform ance from  the brickw ork probably 
rem ains one of the m ain  factors w hich place a  lim itation  on  
the furnace tem perature an d  hence the o u tp u t for a given size 
of boiler. T h e  question therefore arises w hether any  steps can 
be taken to  increase the life o f the refractories either by im prove
m ents in  the operating  conditions or by m odifications of the 
materials used, the m ethod o f construction  and  the design of 
the furnace lining.

I t  was decided th a t a jo in t research in to  the subject should 
be institu ted  by the B ritish  Shipbuild ing  Research Association 
in  conjunction  w ith  the B ritish C eram ic Research Association 
b u t, before em barking on any laboratory w ork, the extent of 
the problem should  be investigated by exam ining typical boilers 
of different types in  various classes o f vessels. T h is  paper is 
devoted prim arily  to  the findings of th is survey w hich included 
all the different types o f w atertube boilers m ore com m only used 
in  the m erchant service w ith the exception of forced circulation

boilers. W ith  the co-operation  of the ow ners visits were m ade 
to a to tal o f nineteen vessels w hich included m ost of the types 
of ships generally fitted w ith  w atertube boilers; for purposes of 
com parison boilers o f older design were included as well as 
those of the m ost advanced designs a t present in  service.

In  view of the fact th a t refractory  technology is n o t a 
subject th a t norm ally comes w ith in  th e  scope of the m arine 
engineer it is perhaps as well a t the outset to  define briefly the 
m ain causes of failure of boiler refractories. T h is  subject was 
dealt w ith  fully in  a paper* presented before th is In s titu te  less 
than  tw o years ago and  for fu rth er in form ation  the reader is 
referred to  this work.

T h e  types of failures m ost com m only m et w ith  in  boiler 
furnaces m ay be classified as fo llow s: spalling, slag action, 
failure of the securing devices and  perm anent volum e changes.

T he  term  “spalling” is defined by the A m erican Society 
for T esting  M aterials as the breaking o r  crush ing  o f a  refractory  
un it due to  therm al, m echanical o r struc tu ra l causes presenting 
newly exposed surfaces of the residual mass. In  th is coun try , 
the expression “therm al spalling” is generally used to  denote 
cracking caused by fluctuations in  tem perature. Spalling is 
dependent o n  a num ber of factors in  ad d ition  to  the rap id ity  
and  range of tem perature fluctuations; these include properties 
of the refractory  m aterial, the degree of contam ination  by slags

* Clews, F . H. 1951. “Refractory Materials for M arine Boilers”, 
Trans,I.M ar.E., Vol. 63, p. 271.

165



Service Performance o f  Boiler Brickwork— The Causes and Extent o f  Wastage

and  fluxes, m echanical damage and  lack of provision for 
expansion. In  this paper the term  “ spalling” is used to  indicate 
loss from  the ho t surface by fracture and  also cracking w hich 
causes subdivision of the refractory unit.

Slag attack  results from  the chemical reaction between the 
refractory m aterial and  the ash from  the fuel. T he im portant 
factors w hich influence the degree of slag attack  are the slag 
com position and  the w orking tem perature. Probably the m ost 
im portan t constituents o f oil fuel ash in  this respect are sodium  
salts and  iron  oxide, w hich both  ac t as severe fluxes. Sodium  
chloride m ay also be in troduced into the com bustion cham ber 
by sea w ater contained in  the fuel. T he effect of increase of 
tem perature is to  reduce the viscosity of the slag and  so render 
it the m ore potent.

T he  action  of slag m ay take the form  of erosion of the 
surface o r it m ay lead indirectly to  increased spalling. A 
reactive flu id  slag, such as tha t from  a fuel ash w ith  a high 
alkaline content, drains away and  being continually  renewed 
rapidly  erodes aw ay the lining. A viscous slag, on  the o ther 
hand, m ay form  a thick coating w ithout rem oving the fire
brick surface. W hen  th is occurs, however, there is some con
tam ination  of the surface w ith  m ore fusible com pounds w hich 
tends to  increase the degree of vitrification and  consequently 
the liability for spalling to  occur. I t  w ill be seen th a t the 
resistance to slag attack  is greatest when the refractory m aterial 
is dense and  of close texture. O n the o ther hand, however, a 
ra ther coarse open tex ture  w ith  a  fairly  h igh porosity  gives 
m axim um  spalling resistance; spalling resistance is, therefore, 
no t com patible w ith  slag resistance.

T he brickw ork in  m ost m arine boilers is secured to the 
casing by bolts o r keys o f various types. These form  a source 
of weakness, since failure of the securing devices can lead to  
collapse o f the refractory  lining.

If  the refractory m aterial is no t fired originally above the 
tem perature a t w hich shrinkage ceases and  the w orking tem 
perature exceeds th is value, fu rther shrinkage will occur in 
service. T h is  m ay result in  cracks in the w orking face, o r the 
joints m ay open and  the jo inting m aterial be lost. Unfilled 
joints tend  to  increase the severity of slag action and  also 
prom ote spalling.

CONSTRUCTION OF FURNACE LIN IN G S
T he various types o f m arine boilers com m only in  use in 

the m erchant service can be divided broadly in to  tw o groups, 
namely the single d rum  header type or the m u lti-d rum  type. 
T hose having two, three o r more drum s have m any variations; 
the shape o f the furnace and  the proportion  o f brickwork 
ejposed directly to the furnace can, therefore, differ widely in 
different designs. Space does no t perm it detailed descriptions 
being given of all the different types o f boilers examined bu t 
typical boiler designs, w hich have been chosen to  illustrate the 
various types of lin ing  construction  com m only employed, are 
show n in  Figs. 1 to  4.

W alls m ade u p  of standard  9 x 4}  x  2J-inch  firebricks 
are often used in all-refractory furnaces or for the exposed walls 
in  boilers w hich have w ater walls. Such bricks m ay be laid  in 
header courses, w hich construction  has been found to  give the 
best service perform ance, to  form  9-inch walls as show n in Figs. 
1, 2 and  3. T hey  are sometimes used in  stretcher courses form 
ing a lin ing 4J-inches thick where the walls are no t very high. 
I t  is usual for walls m ade up  of standard  brick to  be backed by 
a layer o f insulating  m aterial such as diatom ite block o r asbestos 
m illboard.

I t  will be noted tha t, in  the 5 -d rum  boiler illustrated in 
Fig. 3, tw o alternative m ethods of construction  are shown. In  
boilers o f recent construction  of th is type it  is usual for 9-inch 
walls m ade u p  of standard  firebricks to  be used for the lower 
part o f the furnace, w hich is subjected to  the m ost arduous 
conditions, and  bolted tiles fo r the upper sections. I t  was 
form erly the practice to  fit two layers of 4-inch bolted blocks 
in  the lower p a rt of the furnace, as show n in Fig. 3, and a 
considerable num ber of boilers so fitted are in  service,

In  boilers where w ater walls are fitted the details of con
struction  of the lin ing  adopted  by various m anufacturers differ 
considerably. In  the integral furnace boiler show n in Fig. 2 
it w ill be noted th a t stud-tube construction  is used for the side 
wall and  roof w ith  a plastic chrom e ore refractory  filling. T h is  
m aterial is held in  place by studs welded to  the tubes and  m ay 
completely or only partly  cover the tubes. A sim ilar type of 
construction  is often  used in  single-pass header boilers w hich 
m ay be fitted w ith  w ater walls a t the sides and  som etimes at 
the back of the furnace.

In  boilers where there is a space between the w ater wall 
tubes and  the brickwork, it  is usual to  em ploy bolted tiles 
backed by one o r m ore layers of insulating  m aterial, as show n in 
Fig. 4. T he  thickness of the firebrick does n o t usually  exceed
2 to  2£-inches. T h e  insulating  m aterial m ay consist o f 
insulating blocks of the diatom ite type, backed by asbestos m ill
board, or, where the tem perature is lower, calcined magnesia 
blocks m ay be used behind the firebrick w ith  an  ou ter layer 
of magnesia-asbestos com position. In  such boilers the furnace 
lin ing  m ay be attached to  a casing o f ligh t plate construction , 
bu t it is m ore com m on fo r the refractory  an d  insulating  blocks 
to  be bolted to  vertical channel bars spaced to  suit the size 
of blocks used, the whole being enclosed in a gas tig h t casing. 
A ir casings are n o t usually  fitted fo r conveying the com bustion  
a ir around  the back and  side w alls; unlike the boilers previously 
m entioned, a ir is norm ally discharged directly in to  the fro n t 
casing.

T h e  floors of com bustion cham bers are alm ost invariably 
m ade up  of tw o o r  m ore layers o f blocks o r  standard  bricks. 
W here the design of the boiler incorporates floor tubes, however, 
details o f the construction  of the floor m ay vary  considerably. 
A typical boiler o f th is type is show n in Fig. 4.

In  some boilers bolted blocks are also used fo r the fro n t 
walls, the firebrick usually  being 3 o r  4 inches th ick  in  such 
positions. T h is  construction  involves the use o f special shaped 
blocks to  fit a round  the bu rner quarls an d , where the burners 
are angled, the construction  is m ade even m ore com plicated. 
In  such applications increasing use is being m ade of plastic 
refractory m aterials since m ore freedom of shape and  variation  
of lin ing thickness is possible than  w ith  orthodox  construction .

T he  construction  of a m onolithic plastic refractory  lin ing  
is illustrated in  Fig. 5, w hich gives details of a  fro n t wall for 
a single pass header boiler. I t  w ill be noted th a t the wall is 
divided up  in to  relatively small areas by surface cuts made 
w ith  a trowel to  a depth  of about 1 inch. These are provided 
w ith  the object of contro lling  cracking due to  contraction  of 
the hot face and  also arresting  any  o ther cracks th a t m ay be 
formed.

A num ber of patent devices are available fo r securing 
m onolith ic walls to  the boiler casing o r  framework. These 
holders are buried in  the plastic m aterial du ring  construction  
and  m ay provide freedom of lateral m ovem ent for the m onolith  
relative to  the casing. O ther supports m ay be used, as show n 
in Fig. 5, to  avoid the whole w eight of the wall being trans
ferred to the lowest section.

Plastic ram m ing  m aterials m ay be either heat setting or 
air setting, the form er being the m ore com m only used. A ir 
setting is obtained by the add ition  of sodium  silicate w hich 
produces a strong  bond in  the unfired m aterial bu t reduces the 
refractoriness. W ater only  is used in  heat setting materials to  
give a consistency such th a t it is coherent w ithou t either 
crum bling o r slum ping; the m oisture con ten t should  no t exceed 
about 10 per cent.

T h e  tw o constituents of the m ix are the bond clay w hich 
provides the necessary w orkability  and  the base. T he  base, 
w hich constitu tes some 70 per cent o f the whole, should be 
prefired m aterial such as fireclay. A lum inous m inerals m ay 
be added to increase the refractoriness. Since a m onolithic 
lin ing  is fired hard  only  on the ho t face there will be a plane 
parallel to  th is where the m aterial is relatively weak.

T he  chrom e base plastics, previously referred to, w hich 
are used w ith  stud -tube  wall construction , are usually  m ade u p
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F ig . 1— Babcock and W ilcox header boiler
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of raw o r calcined chrom e ore w ith  some bond clay and  sodium  
silicate, the chrom e ore usually  com prising  about 80 per cent 
of the total. T h is  m aterial is neu tral in  its chem ical reaction 
to  acid or basic slags and  is highly refractory.

Burner Brick Tubes
T he burner openings in  the com bustion  cham ber lin ing  

may be form ed by specially shaped blocks o r  quarls o r by 
plastic refractory ram m ed around  a form er in  place. F rom  
fou r to  eight blocks m ay be used to  form  the c ircu lar throat, 
each one com m only being secured by a separate bolt. Such 
bolts usually pass th rough  the quarl block from  the fron t, the 
head being recessed below the face of the block and  the hole 
filled w ith  refractory  cement. A lternatively, W ildish bolts of 
the type illustrated  in  the follow ing section m ay be used. W hen 
the burner th ro a t is form ed of six blocks of the type illustrated 
in Fig. 4 it is sometimes the practice to  have only one bolted 
quarl block w hich locks the o ther five in  place. O ther makers 
dispense w ith  the use o f securing bolts altogether, in  w hich 
case the quarls are held in place by the su rround ing  brickwork 
or a retaining ring  of the type show n in  F ig . 2.

T he  shape and  dim ensions o f the brick tubes used w ith 
burners of different types differ widely. T h e  bu rner opening 
may be of p lain  cylindrical fo rm  as show n in  Fig. 5, it  m ay be 
shaped to  form  a ven turi th roat as in Fig. 3, o r the quarl blocks 
m ay only be about 4 inches thick, w ith  the inside edge slightly 
bevelled.

M ethods o f Securing B rickw ork
In  alm ost all boilers o f B ritish m anufacture  the lin ing 

blocks o r bricks are secured to  the casing by bolts o r keys of 
various designs.

Bolts are of tw o types: the W ildish, in  w hich the face of the 
brick is no t penetrated, and  the th rough  bo lt w hich is inserted 
from  the inner face of the brick, a recessed hold being p ro 
vided for the head, w hich, after fitting the bolt, is filled w ith 
a plastic refractory material.

In  Fig. 6(a) (b) and  (c) details are given o f various types 
of th rough  bolts com m only used, the designs show n in  (b) and  
(c) often being adopted for securing relatively th in  tiles. H eat 
resisting alloy steel is now often  used for those bolts securing

the brickw ork in  the lower p a r t o f the com bustion  cham ber up  
to  the height of the topm ost bu rner; bolts in  o ther sections of 
the furnace lin ing  are of m ild  steel. T h e  conical headed bolt 
show n in  Fig. 6(d) is n o t used to  any great extent and  only one 
boiler included in  the survey had such bolts fitted. .

D etails o f the W ild ish  bolt are show n in  Fig. 6(e). T he 
head of th is bolt is inserted in to  a specially shaped recess in the

DETACHABLE HEAD ij’so

<8 (<0

( « ) 'w i ld is h "  b o l t  

F i g . 6 — Types of brick bolts

HEAD FORMED BY 
SPLITTING BOLT END 
AND FLANGING

PLASTIC
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back of the block and  by tu rn in g  th rough  90 degrees is locked 
in  position. T h is  design has the advantage tha t the source of 
weakness a t the plugged hole in the brick face is elim inated 
bu t it  has draw backs such as the tendency for cracks to 
originate from  the centre of the blocks so held. T here is 
also the possibility th a t a bolt m ay no t be tu rned  completely 
“hom e” in  the recess. In  such a case it is no t long before the 
block falls forw ard  o r becomes loosened to  such an  extent th a t 
the ho t gases can  penetrate behind the firebrick.

M ild  steel is n o t suitable for prolonged service a t tem pera
tures m uch above 500 deg. C. (930 deg. F .) so th a t bolts of 
this m aterial can  only be employed satisfactorily in  the coolest 
parts of the furnace lining.

W hen th in  firebrick tiles backed by a considerable thick
ness of insulating  m aterial are used, there is only a very small 
d rop  in  tem perature th rough  the thickness of the refractory. 
Consequently the bolt head is subjected to  a tem perature alm ost 
as great as th a t o f the ho t face of the firebrick tile in w hich it 
is buried. W here the ho t face tem perature is m uch above 500 
deg. C. there is, therefore, a great danger of the bolt head 
oxidizing. A typical example of such a failure is show n in 
Fig. 7 (Plate 1).

D ifferent m ethods of securing walls bu ilt up  m ainly of 
9-inch  standard  firebrick are illustrated in  Fig. 8. C ast iron 
keys of the type show n in Fig. 8(a), w hich were widely used 
in  boilers o f Babcock and  W ilcox design, have been largely 
superseded by the hook type show n in  Fig. 8(b). These are 
m anufactured  from  heat resisting alloy steel an d  it will be 
noted th a t the casing is no t pierced, thus reducing the possi
bility of a ir leakage. B oth types allow for some m ovem ent of 
the lin ing  relative to  the casing b u t type (b) w ould appear to 
be m ore suitable fo r accom m odating expansion of the brickwork.

H olders m ade from  T  section bar show n in  Fig. 8(c) are 
com m only used in  Y arrow boilers for securing the 9-inch  walls 
in  the lower p art of the com bustion cham ber. Spacing of 
these bars is show n in  Fig. 3. All these securing m ethods 
require special bricks b u t the greater p art of the wall is con
structed  from  standard  bricks.

T he  use o f attachm ents n o t m ade from  heat resisting 
material in  brickwork directly exposed to  the furnace m ay result 
in  failure after prolonged service. F ig. 9 (P late 1) shows the 
extent o f oxidation of a cast iron  key rem oved from  the lin ing 
of a header type boiler after about fou r years’ service.

One of the boilers included in  the survey had a sectionally 
supported  fron t wall, the construction  of w hich is illustrated  
in Fig. 8(d). I t  will be noted th a t special blocks are used, each 
one being independently supported  by a bracket cast in  heat 
resisting alloy w hich hooks on  to  con tinuous bars welded to  the 
inside of the boiler casing.

D ETAILS OF DAMAGE TO FURNACE LIN IN G S
In  all, m ore than  fo rty  boilers of eight different types were 

examined during  the course of the survey; brief particulars of 
these are given in T able I (page 16). A lthough  the overall 
condition  of the furnace linings differed widely, and  in m ost 
types o f boilers there was some un ique feature, the damage was 
fo r the m ost p art lim ited to  the principal types of failure o u t
lined in the opening section of this paper. A ccordingly, i t  is 
considered m ost convenient to  describe the conditions in  w hich 
the linings were found  under the follow ing headings: spalling, 
slagging, failure o f securing bolts, shrinkage, and  flaking.

Spoiling
T herm al spalling is undoubtedly  one of the m ajor causes

(a) C A ST  IRON  KEY FOR 9  BRICKWORK

F ig . 8 — Brick supports of various types (d) D E T R IC K  S E C T IO N A L L Y  SU PPO RTED  
W A L L

_________ W E L D E D

T O  C A S IN G

(b) H EA T -R ES IST IN G  STEEL B R IC K  H OO K
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Plate 1

F ig . 11— Spalling damage to  side wall of header type boiler
I.M ar.E .1953]

F ig . 12— Spalling  damage to bolted blocks: end wall o f 
end-fired Yarrow  boiler
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Plate 2

F ig . 13— Spalling  damage to  ram m ed plastic refractory 
m onolith ic  wall: tw in  furnace controlled superheat boiler

F ig . 14— Damage to plastic refractory side wall o f single
pass header boiler

F ig . 15— Spoiling damage to quarl blocks: header type  
boiler ( six m on ths’ service)

I.Mar.E.1953]

F ig . 1 6 — Cracking of quarl blocks: header type boiler
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Plate 3

F ig . 1 7  ( le ft )— C om m encem ent o f spalling damage to quarl 
blocks, D -typ e  boiler (three weeks' service)

F ig . 19  (bo ttom  le f t)— R am m ed plastic m onolith ic fro n t wall: 
tw in  furnace controlled superheat boiler (eighteen m o n th s’ 
service)

F ig . 20  (bo ttom  r ig h t)— B urner throat o f plastic refractory 
m onolith ic  construction: header type boiler ( twelve months'' 
service)

I.M ar.E .1953]
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Plate 4

F ig . 2 1  (to p  le f t)— Spalling  and slag erosion damage to plastic 
refractory m onolith ic wall: tw in  furnace controlled super
heat boiler

F ig . 2 2  ( to p  r ig h t)— Slag erosion a t jo in ts o f bolted blocks: 
back wall o f Babcock-Johnson boiler

F ig . 2 3  ( le ft )— Slag erosion o f bolt hole stopping  material: 
D -type  boiler

I.M ar.E .1953]
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Plate 5

F ig . 24 ( to p  le f t)— Damage due to  failure o f brick bolts: end  
wall o f side-fired Yarrow  boiler

F ig . 25 ( to p  r ig h t)— C racking o f bolted blocks and failure of 
brick bolts: tw in  furnace controlled superheat boiler

F ig. 26 ( le ft )— Displaced firebrick tiles in back wall o f D -type  
boiler

I.M ar.E .1953]
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Plate 6

F ig . 27 (above)— Damage to back wall o f superheater-side 
furnace: tw in-furnace controlled superheat boiler

F ig . 28 ( top  r ig h t)— Flaking o f cem ent coating from  fron t 
wall o f header type boiler

F ig. 29 (bo ttom  r ig h t)— C oating o f sintered ash: fro n t wall of 
integral furnace boiler
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of failure of com bustion-cham ber linings in  oil fired boilers. 
Such dam age was always found on exposed surfaces that were 
swept by the flame, even when the lin ing  was com paratively 
new. T h e  dam age frequently found  around  the burner openings 
was alm ost always due to  spalling.

T h e  linings of boilers having all-refractory  furnaces, such 
as those show n in  Figs. 1 an d  3, were found  to  be p a r
ticularly  susceptible to spalling, the areas m ost severely affected 
being the m iddle th ird  of the end walls and  a sim ilar zone across 
the back wall. N o  very appreciable m itigation  of the damage 
to  end walls was found  to  result from  the practice, sometimes 
found , o f inclining the w ing burners tow ards the centre of 
the furnace.

In  general the spalling dam age to  back walls o f 9-inch 
header construction  brickw ork was due to  the loss of corners 
and  edges by cracks entering a t approxim ately 45 degrees, 
giving the walls a “cobblestone” appearance as illustrated in 
Fig. 10 (P late 1). T h is  condition  is typical of spalling caused 
by sudden heating an d  m ost likely occurs during  manoeuvring 
when rap id  tem perature fluctuations cannot be avoided.

F irebrick refractories are particularly  sensitive to  rapid  
tem perature changes below 800 deg. C. (1,470 deg. F .) w hich 
are m ost likely to  occur in  all-refractory  furnaces w hen raising 
steam  o r w hen steam ing a t reduced power. U nfortunately , it 
is under just such low tem perature conditions th a t it  is m ost 
difficult to  avoid long flames from  the burners and  consequent 
im pingem ent o n  the lining.

O ver the end walls of header boilers there was a m uch 
greater tendency fo r rectangular pieces of brick to  be spalled off 
by cracks entering  a t 90 degrees. O ften the entire ends of bricks,
i  inch  o r m ore thick, were detached an d  the debris a t the foot 
of the walls was largely com posed of such pieces. F ig. 11 
(Plate 1) illustrates th is type of spalling, w hich is m ore char
acteristic o f th a t caused by sudden cooling. In  boilers of this 
type i t  appears to  be the general practice to  shu t off the w ing 
burners first when manoeuvring, the end-w all brickwork there
fore being subjected to  m ore frequent tem perature fluctuations 
than  if the centre burners were cu t o u t to  reduce ou tpu t. 
C ooling of these sections m ay be accelerated by cool a ir enter
ing the furnace th rough  the registers, w hich m ay no t be closed 
sim ultaneously w ith  the oil supp ly ; even w hen closed, however, 
they are no t com pletely a ir tight.

In  those boilers having all-refractory furnaces lined w ith 
bolted blocks, the m ost com m on cause of failure was by crack
ing  of the blocks parallel to  the edges an d  th rough  the central 
bolt hole. T h is  type of dam age is referred to  in  greater detail 
later. F o r  the m ost p art there was little  loss o f surface from  
such blocks by spalling although  in  a few instances one or 
m ore of the quarters form ed by the cracks had spalled off. 
A n example is illustrated  in  Fig. 12 (Plate 1) where the face 
has spalled off to  a depth  of about l j  inches leaving the head 
of the securing bolt exposed.

Spalling  damage to  the m ain  walls of tw o-d rum  and  
m u lti-d ru m  boilers, w ith  the exception of those having all
refractory furnaces, was m uch  less severe than  th a t w hich 
occurred in  three-pass header boilers. T h is  was largely because 
a considerable p roportion  of the lin ing  in  m ost boilers of these 
types was protected by w ater tubes. I t  should be noted, how
ever, th a t little  spalling of exposed back walls was seen in 
furnaces where the distance from  the burners to  the back wall 
exceeded about 10 feet. In  furnaces o f less th an  10 feet some 
spalling of the back wall usually  occurred unless closely p itched 
water-w all tubes were fitted.

Som e boilers, particu larly  those o f the tw in-furnace con
trolled superheat type, have low vertical o r inclined side walls 
exposed to  the furnace. These were com m only found  to  suffer 
extensive damage by spalling caused by direct flame im pinge
m ent w ith in  a few feet o f the burner, and  in  tw o o f the ships 
visited it was reported  th a t com plete penetration of the lin ing 
and  casing plates had  occurred. In  this connexion it was noted 
th a t in  some boilers the clearance between such walls and the 
centre line of the adjacent bu rner was less than  2 feet.

In  some boilers of this type the original 4-j-inch brickw ork 
of the side walls had been replaced by ram m ed plastic refractory. 
T h is  was said to  give rather better service bu t it was noted tha t 
in  three voyages (about six weeks’ steam ing time) some spalling 
had occurred  and  the section affected m ost severely, where the 
wastage had extended to  a  dep th  of 4 to  5 inches, is illustrated 
in  Fig. 13 (P late 2).

O ne o r  tw o com plete m onolith ic  back walls in  header 
boilers were seen b u t none had been in  service long enough to  
indicate w hether th is m aterial show ed any advantage over 
norm al brickw ork construction  in  large sections. T he  condi
tion  o f walls th a t had seen about twelve m on ths’ service 
suggested th a t those of plastic refractory  were less liable to  
spalling th an  those constructed  of firebrick. I t  was noted, 
however, tha t there was a general tendency fo r fairly  wide deep 
cracks to be form ed.

R am m ed plastic refractory  had also been used to  replace 
the back wall lin ing  of one of the contro lled-superheat boilers 
inspected, where considerable trouble had been experienced w ith 
the norm al bolted block construction . T here was no evidence 
of spalling after twelve m onths’ service (about six m on ths’ steam 
ing  time) and  the only cracking of any depth  had occurred in 
exposed sections where protection  of the tubes was absent.

T he  plastic chrom e refractory  used in  w ater walls of stud - 
tube construction  was found  to  give little trouble on  the whole 
bu t some replacem ent had  been necessary ow ing to  the difficulty 
of pa tch ing  up  th is m aterial satisfactorily after being in  service 
for any length  of time. In  one boiler where this m aterial was 
used the refractory  had fallen away in  m any places; th is could 
be attribu ted  largely to  the fac t th a t the ra ther unorthodox  
arrangem ent of the securing lugs practically  separated the plastic 
refractory tow ards the fro n t of the tubes from  th a t a t the back, 
as show n in  Fig. 14 (Plate 2).

M ost of the dam age to  firebrick quarl blocks, w hich 
form ed the bu rner openings in  about tw o-th irds of the com 
bustion  cham bers exam ined, was due to  therm al spalling and  
varied from  a few surface cracks to  alm ost com plete disintegra
tion. F ig . 15 (Plate 2) shows a particu larly  severe example of 
such dam age; this bu rner th roat, in  a three-pass header boiler, 
had only been in  service for approxim ately six m on ths (about 
3J m on ths’ steam ing time).

Spalling dam age to  quarl blocks was of three types w hich 
were found  both  singly and  in  com bination. F irstly , the sharp 
edge between the fro n t face an d  the curved p art was often 
spalled off. T h is  type of damage varied in  extent from  one 
quarl block to  the entire circum ference b u t was ra ther m ore fre
quen t over the lower half. Fig. 17 (Plate 3) clearly illustrates 
th is type of failure. In  th is particu lar boiler several cracks 
across the corners of the quarl blocks were found  and  one piece 
had become dislodged after only  three weeks in  service. T he 
second effect was general spalling off of the surface of the type 
show n in  Fig. 15 (Plate 2) to  a dep th  of 1 to  11 inches or 
m ore; often half the circum ference was dam aged in th is way. 
W ith  closely spaced burners the section between adjacent open
ings was found  to  be particu larly  p rone to  th is type of damage. 
T he  th ird  type of failure was caused by cracks parallel to  the 
fro n t face extending rig h t th rough  the quarl so as to  sp lit it 
in to  tw o parts, as show n in  Fig. 16 (Plate 2). Loss of the 
fro n t p a rt of the block often  resulted from  this type of cracking. 
In  some cases therm al spalling was augm ented by m echanical 
damage caused by the rem oval of carbon deposits bu t it was 
no t always possible to d istinguish  between dam age o f th is k ind  
and  th a t caused by therm al stresses.

Spalling dam age to  quarl blocks appears to  be caused by 
direct flame im pingem ent because of an  unsym m etrical o r too 
wide a cone of flame o r because the bu rner is located too far 
back in  the th roat. In  this connexion it is notew orthy th a t 
relatively few burners are capable of being ad justed  in  an  axial 
direction. F lam e im pingem ent on  the quarl blocks is difficult 
to  avoid completely, however, since for in tim ate m ixing of the 
a ir and  fuel, to  obtain efficient com bustion, the flame should 
fill the bu rner throat.

R apid tem perature fluctuations in  the bu rner th roat are
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unavoidable du ring  manoeuvring so it seems tha t any im prove
m ent in  the life of the refractories in  the vicinity of the burners 
can  only be effected by im provem ents in  the design of the quarl 
blocks o r the use of m aterials having a greater resistance to 
spalling.

In  a num ber of boilers, ram m ed plastic m onoliths had been 
substituted fo r orthodox  prefired quarl blocks and  th is type 
of construction  showed prom ise of a longer life. Some of the 
im provem ent is probably due to  the somewhat greater spalling 
resistance of the plastic refractory bu t a slight m odification in 
the shape of the th roat, w hich was usually noted, w ould appear 
to  be m ore significant. T h is  alteration, illustrated in  Fig. 18,
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F ig. 18— M odification  to  burner throat form  for m onolithic  
construction

consisted of a w idening of the angle of the th roat and  rounding  
of the inner edge. W ith  th is m odification the thickness o f the 
section form ing  the division between adjacent burners is 
reduced, particularly  w hen the burners are angled tow ards a 
focal point. M ore frequent patching appeared to  be necessary 
a t these positions than  elsewhere, as will be seen from  the view 
of one of the fron t walls o f a large Foster W heeler controlled- 
superheat boiler show n in  Fig. 19 (Plate 3). N o direct com 
parison between the perform ance of the two m ethods of con
struction  was possible in  boilers of th is type bu t the general 
opin ion of the owners was th a t the m onolithic construction  
gave longer life and  reduced the am oun t o f m aintenance work 
necessary.

In  ano ther vessel w hich had fou r header boilers of the 
same size, each having six burners in  a horizontal row, one front 
wall had been rebuilt as a m onolith. T h is  wall had been in 
service for one year a t the date of inspection. As will be seen 
from  Fig. 20 (Plate 3), damage was relatively slight; there was 
some disintegration of the surface to  a depth of about 1 inch 
in the low er p a rt o f the burner th roa t in  several openings and  
a few deep cracks had form ed in  the face o f the lining. T he 
condition  of this wall should , however, be com pared w ith  th a t 
show n in Fig. 15 (Plate 2), w hich was typical of the damage 
to quarl blocks in  another boiler of the same ship after only 
six m onths’ service.

In  linings w hich embodied re-en tran t square corners these 
positions were found  to  be particu larly  liable to  spalling damage. 
Such details o f construction  are difficult to  avoid in some 
designs, an  example being the projecting corner a t the inboard 
side of the saturated furnace back wall in the Foster Wheeler 
controlled-superheat boiler show n in Fig. 4. T h is  was a com 
m on source of trouble. O ther examples were seen where p ro 
jecting corners, w hich suffered considerable damage th rough  
spalling, could have been avoided in  the design.

Slagging
In  addition  to the constituents of fuel-oil ashes th a t have 

a deleterious action on refractories, the w ork of G ray and 
Killner* has draw n a tten tion  to  th e  serious consequences of 
sea water contam ination  of the fuel. T hey  concluded th a t this 
was the p rim ary cause of slag erosion in  naval boilers.

In  the boilers examined, however, dam age to  the refrac
tories th a t could be directly  a ttribu ted  to slag erosion was
* Gray, C. J., and Killner, W. 1948. “ Sea Water Contamination 
of Boiler Fuel Oil and its Effects” . Trans.I.M ar.E., Vol. 60, p. 43.

negligible. Oil fuel tanks in  m erchant ships are no t often used 
for ballasting purposes so th a t the possibility of sodium -chloride 
contam ination  is som ewhat reduced. Nevertheless, there is 
little doubt tha t some sea w ater is o ften  contained in  the fuel 
bu t it is evident tha t th is does no t lead to  serious results in  
m erchant ships, m ost probably ow ing to  the fact th a t furnace 
tem peratures, and  consequently the reactivity o f the slag, are 
m uch lower than  in  naval practice.

I t  is no t suggested th a t slagging is uncom m on in  the types 
of boilers examined. O n the con trary , particu larly  in  those 
having all-refractory furnaces, a  coating  of slag u p  to  an  inch 
th ick  was often found  tow ards the bo ttom  of the walls and 
the layer of glass-like slag over the floors was often  several 
inches thick. In  general, the thickness an d  character of the 
slag coating varied w ith  the distance from  the bottom  of the 
walls. O n the upper sections o f Y arrow  boiler end walls, for 
example, the coating was th in  and  glassy b u t tow ards the low er 
part of these sections vertical slag trails became m ore num erous 
and  there were patches of thicker slag; these can be seen quite 
clearly in  Fig. 24 (Plate 5).

W here there was a com paratively th ick  layer of slag over 
the brickwork it was evident th a t a t the operating  tem perature 
it  was so viscous as to  flow dow n the walls only  very slowly. 
W herever the slag on  the floor was m ore than  a fraction  of 
an  inch thick the surface was sm ooth an d  level, b u t no evidence 
was found  to  indicate th a t the slag had  ever been fluid enough 
to  flow w ith  the rolling or p itch ing  of the ship. A lthough  the 
surface layer had  obviously been m olten  it  w ould  seem th a t 
the tem perature gradient th rough  the floor was so steep th a t 
the viscosity increased rapidly.

T he  m elting po in t of a num ber of samples of slag taken 
from  the floors of several boilers was obtained in  the laboratory. 
In  all cases the slag started to  soften and  flow u nder its ow n 
w eight a t about 1,100 deg. C. (2,012 deg. F .) b u t complete 
m elting did no t take place u n til the tem perature reached 1,300 
to 1,350 deg. C. (2,372 to 2,462 deg. F.).

In  one or two instances there was evidence o f some erosion 
by fluid slag where there had been direct flame im pingem ent on 
the brickwork w ith in  three o r fou r feet o f the burner. Such an 
example is show n in Fig. 21 (P late 4) w hich illustrates a 
section of the low side wall in a controlled superheat boiler. 
T here is a possibility th a t local reducing conditions could 
exist a t points where the lin ing  is swept by the flame and  since 
under reducing conditions, the reactivity of slags contain ing 
iron  oxide is greatly increased, this m ay account fo r such 
damage.

Even in  boilers where the conditions were such th a t the 
slag was m ore fluid, there was little  evidence of slag erosion 
except a t the edges o f bolted blocks. S ligh t damage o f this 
nature is illustrated in  Fig. 22 (Plate 4) w hich gives a view 
of the back wall of a B abcock-Johnson boiler after being in 
service for about six m onths (approxim ately twelve weeks’ actual 
steam ing time).

Fig. 23 (Plate 4) is included to  show  the effect o f an  u n su it
able com bination of m aterials. In  th is boiler the fro n t wall 
had been coated w ith  a p roprietary  sealing com pound w hich 
had produced a glazed surface. T here was, however, a marked 
tendency for the cement in  the bolt holes to  be attacked and 
eroded away, ow ing to  the effect of the fluxing m aterial on an 
air-setting  cement con tain ing  sodium  silicate. T he  products 
of the reaction w hich ran  dow n from  the bolt holes had attacked 
the firebrick blocks b u t elsewhere the face o f the lin ing  was no t 
damaged, a lthough there was a tendency fo r the joints to be 
eroded.

In  general, the am oun t o f slag on w alls protected  by water 
tubes was relatively slight, as w ould be expected. W here the 
spacing o f the tubes was such th a t m ore th an  half the wall 
area was exposed there was often a th icker coating, particularly  
where the tubes were placed farther away from  the lin ing  and 
where flame im pingem ent had occurred (see Fig. 27 (P late 6) ).

A lthough, on the whole, the deposition of slag on the 
linings does no t appear to be particu larly  detrim ental to  the 
refractories in a direct way, it m ay be a con tribu to ry  factor in
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prom oting  spalling, w hich is by far the m ore serious trouble. 
T h is  arises from  the fact th a t the surface of the firebrick 
becomes contam inated  w ith  more fusible com pounds w hich 
increases the degree of vitrification and  consequently the sus
ceptibility to  spalling. W here there was a th ick  coating  of slag 
of relatively h igh  viscosity a t the w orking tem perature, the 
depth  of penetration of the slag d id  no t appear norm ally to  
exceed about J  inch. O n the o ther hand where the slag had 
been fluid, as in  the cavity show n in Fig. 21 (Plate 4) there 
was a  layer o f vitrified refractory  l i  to  2 inches thick below 
the surface.

I t  is difficult to  say a t the m om ent w hether th is secondary 
result o f slag deposition is o f any  great significance b u t it is 
a possibility th a t has to  be borne in  m ind. F u rth e r w ork w hich 
is in  progress m ay th row  fu rth e r light on  the m atter.

Failure o f Securing D evices
By fa r the m ost com m on trouble in  boilers having linings 

m ade up  of bolted blocks o r  tiles, ap a rt from  spalli'ng of the 
quarl blocks, is failure o f the securing arrangem ents, either by 
bu rn ing  aw ay o f the bo lt heads o r by displacem ent o r fracture 
of the tiles caused by vibration.

O w ing  to  the presence of the central bo lt hole there is a 
tendency fo r cracks to  form  across such blocks; these were 
usually  found  to  ru n  parallel w ith  the sides of the tiles and  
often  divided the block in to  fou r quarters, as will be seen from  
Fig. 12 (Plate 1). Very often  u p  to  25 per cent of the tiles 
in  the lower parts  o f com bustion  cham bers were found  to  be 
cracked after little  m ore th an  a year in  service, in  bo th  all- 
refractory furnaces and  those w hich had w idely spaced tubes 
over the walls.

Such cracks allow  penetration  of the ho t gases and  so lead 
to  rap id  deterioration of the securing bolts; in  some of the 
boilers examined, partial collapse of the lin ing  had resulted 
before any serious loss o f thickness by spalling had occurred. 
A n example is show n in Fig. 24 (Plate 5), w hich gives a close- 
u p  view of p art o f a lin ing  m ade up  of tw o layers o f 4-inch 
thick blocks secured by W ildish  bolts anchored in  the inner 
blocks. As will be seen from  Fig. 24 (Plate 5) a num ber of 
blocks from  the top  tw o courses of the inner layer had fallen 
away, leaving about 1 inch  of the bolt, tapering  to  a po in t, p ro 
tru d in g  from  the rem aining blocks. O ther blocks could  be 
pulled away leaving sim ilar bu rned  off bolts; such blocks fell 
in to  fo u r parts, revealing the rem ains of the bolt heads.

W hen th rough  bolts were used to  secure the firebrick tiles 
the bo lt hole stopping  was usually found  to  be in tac t in  the 
u pper o r  cooler sections o f the furnace. In  a num ber of 
instances, however, the cem ent used to  p lug the bo lt holes in 
those sections subjected to  the m ost severe w orking conditions 
was loose o r  had fallen out. W hen the tiles were cracked it 
was found  th a t b u rn ing  of the bolt heads was liable to  occur 
even w hen the stopping  m aterial was intact. In  the furnace 
lin ing  show n in Fig. 25 (Plate 5), fo r example, the bolt hole 
stopping, a lthough  ra ther loose, had no t been lost from  m ost 
of the tiles b u t several o f the bolt heads were b u rn t away.

D am age was usually  found  to be m ore severe in  the super- 
heater-side furnaces o f controlled superheat boilers of the type 
show n in  Fig. 4. In  the back walls this was usually  due to 
failure of the securing bolts and , as m entioned previously, in 
one of the boilers inspected the bolted block construction  had 
been replaced by ram m ed plastic refractory. A  section of the 
back wall of such a boiler is show n in Fig. 27 (Plate 6). Several 
cracked tiles had fallen forw ard and  rested on  the tubes and  
one of these can be seen in  the top  left hand  corner o f the 
photograph. T he  adjo in ing  section had been replaced by bricks 
on an earlier occasion.

Q uarl blocks are usually  secured by th rough  bolts and  in 
some boilers the plastic refractory in  the bolt holes was found  
to  have contracted  and  to  be loose, o r even m issing altogether. 
In  such cases the bolt heads had b u rn t away bu t th is was no t 
found  to  be a cause o f failure as the blocks were held in  place by 
the su rround ing  brickwork.

In  the D -type boilers o f one ship, overheating of the casing

had been experienced and  some damage to  the lin ing  was sus
pected. T he  tubes over the section of the wall affected were so 
closely pitched as to  prevent the lin ing  being seen from  inside 
the com bustion  cham ber bu t on rem oval of the casing and 
magnesia-asbestos insulation  it was found  th a t practically  all 
the tiles had been displaced to  some extent, as show n in  Fig. 
26 (Plate 5). A lthough  only one o r tw o boilers were seen where 
the blocks form ing the lin ing  had  become displaced by the effect 
o f v ibration  in  th is way, it  is understood  to  be n o t uncom m on.

I t  was also reported  in  several cases th a t the firebrick 
a round  the bolt holes had  fractured , ow ing to  the same cause, 
allow ing the tiles to  fall forw ard, o r in  the case of roof tiles 
dow nw ard, o n  to  the tubes. Such  dam age can only result from  
loosening o f the securing bolts due to  d isin tegration  o r con
trac tion  of the insu lating  m aterial between the firebrick tiles and  
the casing.

A lthough no t a serious source of trouble, the replacem ent 
of isolated tiles behind w ater tubes involves a considerable 
am oun t of work. T he  use of insu lating  m aterials w hich can 
be easily compressed should , therefore, be avoided w hen the 
bolts pass th rough  the insulation.

N o  d irect evidence of the failure of o ther securing devices 
was seen b u t it was reported  th a t trouble had  been experienced 
w ith  fasteners used for 4 i- in c h  walls o f standard  firebrick.

Because of the irregular surface and  wastage due to  spalling 
of m ost of the exposed walls o f 9-inch  header construction  th a t 
had been in  service for a considerable tim e, it was difficult to 
detect signs of bulg ing o r m ovem ent aw ay from  the casing. 
W hile instances of com plete or partial failure o f walls were 
reported, no  details could  be obtained and  it appears th a t the 
securing o f such walls is, on  the whole, reasonably satisfactory. 
T h e  success o f such devices as the I  section keys, hook bolts 
and  T  bars illustrated  in  F ig . 8 depends, o f course, on  the 
specially shaped bricks. A t the present tim e these are difficult 
to  obtain and  one or tw o instances were seen where the fron t 
walls o f header boilers had bowed forw ard several inches away 
from  the casing ow ing to the lack of special bricks o r poor 
w orkm anship  rendering the securing devices useless.

C ast-iron  I section keys used to  secure 9-inch  walls in  the 
highest tem perature parts  o f header boilers were found  to  have 
suffered damage as show n in  Fig. 9 (Plate 1), a fter being in 
service fo r three to  fou r years. I t  is possible th a t the heat 
resisting alloy hook bolts now  com m only used in  place of 
cast-iron  keys m ay give better service.

Shrinkage
As m entioned briefly in  the in troduction , shrinkage of 

refractory m aterials is liable to  occur in  service w ith  conse
quent cracking or opening o f joints. Such contraction  was 
found  to be fairly com m on in floors and  walls m ade u p  of 
standard  brick. W hether all such dam age could be a ttribu ted  
to  shrinkage of the firebrick is doub tfu l; long open cracks were 
m ore probably caused by restriction on  the contrac tion  of the 
wall du ring  cooling.

O pen cracks were found  in  the walls of about half the 
header boilers exam ined b u t they did no t appear to  have any 
serious consequences. These cracks usually  ran  zig-zag th rough  
the joints extending farthest in  a vertical direction and  often 
being continuous from  the top  to  the bottom  of the wall. M ore 
than  tw o cracks longer than  a few feet were rarely found  in 
any one wall, a lthough  signs of previous cracks w hich were 
filled w ith  slag could  often be detected.

Cracks in  the floors were a feature o f those furnaces w hich 
were relatively free from  slag but, in general, trouble experienced 
by way o f failure o f the floor refractories was negligible. A 
few cases of lifting  of the floor blocks were reported  b u t this 
could usually be a ttribu ted  to  poor w orkm anship  an d  an  insuffi
cient expansion allowance.

C ontraction  of ram m ed plastic m onolith ic  w alls was more 
serious and  cracking caused by shrinkage was the m ost com m on 
type of damage to such walls. I t  was often  found  th a t such 
cracks form ed close by the surface cu ts m ade w hen installing 
the lin ing  and  it seems th a t these are n o t particu larly  effective
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in  contro lling  cracking. I t  is no t know n, however, to  w hat 
extent such shrinkage cracks lead to  m ore serious damage as 
none of the walls exam ined had seen m ore th an  about a year’s 
service.

T h is  tendency fo r cracks to develop in  plastic refractory 
m aterials is difficult to  avoid. In  order to  obtain an  adequate 
degree of w orkability the bond clay w hich is necessary to  bind 
together the prefired base m aterial requires high plasticity. 
U nfortunately  such a requirem ent in  a clay usually also implies 
high drying shrinkage and , therefore, the greatest care in  drying 
ou t and  as slow a rate o f heating as possible are necessary to 
obtain the best results.

Flaking
All the m ajor causes of wastage encountered are covered 

by the preceding sections bu t a  fu rther type of damage due to 
blistering and  flaking of the surface of the brickwork was seen 
occasionally. A lthough of a m inor character th is is largely 
avoidable. I t  was noted  tha t it is a fairly com m on practice to  
wash over the surface of the walls w ith  a coating of air-setting 
cement, sometimes as a  routine, bu t m ore usually after m aking 
repairs to  the lining. I t  appears th a t such coating m aterials 
are largely responsible for flaking ow ing to  a difference in 
therm al expansion between the coating and  the firebrick. T he 
cement often adheres to  the brickwork, however, and  when 
such flaking occurs the surface of the lin ing is also removed, 
leaving a fresh surface exposed, as show n in Fig. 28 (Plate 6).

W hen applied to  cracked and  slagged surfaces coating 
materials can serve no useful purpose and  when used on  new 
brickwork the m aterial should be chosen so tha t its therm al 
expansion is closely m atched w ith  th a t of the refractory lining. 
W hen the m ajor cause of damage is therm al spalling, as is 
usually the case, coating  m aterials are ineffective and  those tha t 
cause vitrification of the brick surface probably increase the 
tendency for spalling to  occur.

L IF E  OF FURNACE LIN IN G S 
C om parison between D ifferent Types o f C onstruction

T he life of a wall, o r section of a wall, expressed as the 
tim e from  the date of installation  to the tim e when complete 
renewal is made m ay n o t give a reliable indication  of the service 
perform ance, since the am ount o f patch ing  and  partial replace
m ent m ay vary quite widely from  one boiler to another. I t  was 
found  th a t the allowable wastage before replacem ent was con
sidered necessary, also varied considerably, depending on  the 
service of the vessel. In fo rm ation  relating to  the useful life of 
brickwork supplied by the shore m aintenance staff and  the 
sh ip’s engineers often  indicated com parable perform ance in 
sim ilar types of boilers, however, and  although such figures m ay 
be subject to  some considerable variation depending on the 
design details and  service conditions, they give some guide to 
the prevalence of dam age and  the sections m ostly affected.

B urner quarl blocks were the items requiring  by far the 
m ost frequent replacem ent. O nly in  one o r tw o cases was the 
average life stated to exceed eighteen m onths and  in  the m ajority  
of boilers dam age to  the blocks was too great to patch-up  
after only eight to  eighteen m onths’ service. Isolated examples 
were reported where replacem ent was necessary after three to 
six m on ths’ service bu t such sho rt life could usually be 
a ttribu ted  to  rough  treatm ent in  rem oving accum ulated carbon 
deposits o r faulty  setting of the burners.

T he tendency to  discontinue the use of quarl blocks and  to 
substitu te a ram m ed plastic m onolith  was to  some extent due 
to the difficulty of obtain ing  replacem ent blocks bu t in  some 
cases th is type of construction  was adopted because of the 
rapid  wastage of prefired refractory blocks. N one of the m ono
lith ic fron t walls seen had  been fitted m ore than  eighteen 
m onths previously bu t, for the m ost part, the general condition  
was good and  a reasonable service life seemed probable. T he 
one th a t had been in  service the longest tim e is illustrated in 
Fig. 19 (Plate 3); some patch ing  had been found  necessary but 
it was said th a t the perform ance o f the m onolith ic construction  
com pared very favourably w ith tha t of the bolted block con

struction  originally fitted (as show n in  F ig . 4), the life of the 
quarl blocks often being only about three m onths.

P lain  exposed walls of 9-inch  header construction  were, 
in  m ost cases, found  to  have a life of tw o to  fou r years bu t, 
as pointed ou t above, it should be borne in  m ind  th a t very often 
no t all of the wall w ould have been in  service fo r the whole 
time. T he  back walls of both  Y arrow  side-fired boilers and  
header type boilers were said to  last longer th an  the end walls 
and  usually required complete renewal after three to  fou r years, 
by w hich tim e the thickness had  been reduced by 3 to  4 inches. 
T he end walls sometimes lasted as long as the back, b u t on  the 
other hand , replacem ent was sometimes necessary after about 
tw o years. I t  was frequently stated th a t rap id  wastage occurred 
in  the first few m onths of service b u t there was a tendency for 
the rate of spalling dam age to  be retarded thereafter.

O f the few plain walls of ram m ed plastic m onolith ic con
struction  seen, none had been in  service long enough to  obtain  
an estim ate of its probable life.

Exposed walls of bolted block construction , except in  posi
tions where operating tem peratures were evidently com paratively 
low, d id  n o t give such good service as walls bu ilt u p  of standard  
firebricks. In  com bustion cham bers having a large area of 
water cooled surface, however, exposed walls usually gave better 
service th an  those in  all-refractory furnaces. F o r  example, the 
back wall of the Babcock-Johnson boiler in  S h ip  S* w hich was 
constructed  of 4-inch  th ick  bolted blocks, was stated to  have a 
life of nearly four years. I t  should be noted, however, th a t the 
distance between the back and  fron t walls of th is furnace was 
rather greater than  usual.

D am age to  the fro n t walls of boilers of various types 
having w ater cooled furnace walls was usually  confined to  the 
sections adjacent to  the bu rner openings. A t such positions 
bolted blocks were com m only renewed after twelve to eighteen 
m onths’ service, particularly  in  the superheater side furnaces of 
tw in-fum ace boilers.

M ost o f the boilers having walls of bolted tile construc
tion  screened by w ater tubes had been in  service fo r only two 
o r three years w hen examined. T h e  refractories protected by 
closely p itched w ater tubes were found  to  suffer little damage 
bu t, where the tube spacing was increased to  5 o r  6 inches 
partial renewal of the bolted tiles was som etimes necessary 
after little m ore than  a year in  service. These m ore trouble
some zones represented only a sm all p roportion  of the total 
lin ing  area, however, and  the life of refractories fitted behind 
w ater tubes, as a whole, probably exceeds th a t of the brick
work in  all-refractory furnaces.

In  nearly all the boilers exam ined, the section o f the lin ing 
requiring the least frequent replacem ent was the floor. One 
o r tw o cases were reported where lifting  of the floor had  neces
sitated renewal bu t, for the m ost part, floor blocks were only 
replaced w hen damaged during  rem oval of the slag coating, 
w hich often builds u p  to  an  excessive thickness after a  few 
years in service.

Influence o f Boiler D esign and O perating C onditions
A part from  the actual dim ensions o f the com bustion 

cham ber and  details o f the lin ing construction , the m ain  variable 
influencing the perform ance of the refractory  lin ing  affected 
by the furnace design is the furnace tem perature. F o r any  given 
percentage of excess a ir and  a fixed com bustion  a ir tem perature, 
the theoretical flame tem perature rem ains constan t for an  oil 
fuel o f given calorific value, bu t the tem perature o f the furnace 
gases m ay vary considerably from  one design of boiler to  
another o r in  the same boiler a t different rates of firing. T hus, 
the furnace rating , in  term s of the heat released o r the fuel 
b u rn t per cubic foot of furnace volum e per hour, is, in  itself, 
no indication  of the severity o f the operating  cond itions; boilers 
having identical furnace ratings b u t widely different p ropo r
tions o f heat absorbing surface exposed to the flames could 
have furnace tem peratures differing by several hundred  degrees. 
F o r sim ilar types of boilers, however, the furnace ratings m ay 
form  some basis fo r com parison.

* Particulars of the boilers examined are given in Table I, page 16.
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A nother design criterion, norm ally used as an  indication 
of the heat loading of the furnace tubes, w hich  gives a guide to 
the furnace tem perature and  hence the probable perform ance of 
the refractories, is the forcing rate. T h is  is usually  expressed 
in term s of the fuel b u rn t o r heat released in  the furnace per 
hou r per square foot o f projected rad ian t heating surface. In  
effect, the forcing rate can  be considered as the furnace ra ting  
modified to  take account o f the ratio  o f rad ian t heating surface 
to  furnace volume. F urnace ratings and  forcing  rates, together 
w ith  o ther relevant data, are given for the boilers of the n ine
teen ships included in  the survey in  T able I.

T h e  liability fo r spalling damage to  occur largely depends 
on  the frequency and  rate o f tem perature fluctuations in  the 
furnace. I t  w ould, therefore, be expected th a t the proportion  
of the steam ing tim e occupied in  manoeuvring and  the frequency 
w ith  w hich the boilers are sh u t dow n w ould  largely influence 
the extent o f spalling  of the brickwork. A ccordingly, details 
of operation  of the boilers are also given, as far as possible, 
in Table I. In  m any cases, however, it was no t possible to  
obtain  an  estim ate of the p ropo rtion  of the tim e the boilers 
were operated u nder varying load conditions and , in  larger 
ships, having a num ber of boilers, accurate figures were m ore 
difficult to  obtain  ow ing to  the fact th a t one o r tw o boilers were 
often  sh u t dow n fo r p art of the voyage.

T he  figures relating  to  boiler operation  in  T able I provide 
some useful inform ation, however. E xcluding the tw o cross- 
C hannel vessels (A  and  N ) and  the tanker (Ship  T ), it will be 
seen that, w ith  one exception, all the boilers exam ined were 
shu t dow n between fourteen and  tw enty-four times per annum , 
w ith  an  average of nineteen. L ittle  variation  was found  in  the 
tim e norm ally taken to  raise steam from  a cold boiler; in nearly 
all cases th is was accom plished in  fou r to  six hours although 
this tim e could  if necessary be reduced appreciably in  boilers 
having large w ater-w all areas. R apid  cooling after shu tting  
dow n was always avoided as far as possible by closing all the 
a ir registers.

Since in  all the ships o f the passenger and  cargo liner types 
only a small p roportion  of the steam ing tim e was spent under 
manoeuvring conditions, an d  the num ber of times the boilers 
were sh u t dow n did no t vary greatly, differences in the extent 
of spalling damage cannot be a ttribu ted  to the service of the 
vessel. T h e  examples of severe local spalling encountered in 
some boilers were undoubtedly  due to  flame im pingem ent on 
the brickw ork o r rap id  cooling caused by the ingress o f cold 
air. O nly in  one ship was it alm ost certain  th a t fluctuating  
load conditions con tribu ted  to  the breakdow n of the refractories. 
T h is  was in  Ship  A, a cross-C hannel vessel fitted w ith  four 
sm all end-fired Y arrow  boilers, w hich m ade four trip s every 
tw enty-four hours, each involving a period o f standing-by 
manoeuvring a t the term inal ports and  about 2 i  hours a t full 
power. T he  frequent and  rap id  tem perature fluctuations 
resulted in  such severe dam age th a t alm ost complete renewal of 
the lin ing  was necessary a fter about seven m on ths’ continuous 
service. I t  should  be noted, however, th a t the arduous operating 
conditions was n o t the only  factor involved; the boilers had 
been originally  designed to b u m  coal and  the furnace dim en
sions were such as to make the avoidance of flame im pingem ent 
alm ost impossible w hen b u rn ing  oil.

In  ano ther cross-C hannel vessel (S h ip  N ) the boilers were 
sh u t dow n after every trip . T he  boilers were of the Foster 
W heeler D  type and , a lthough  spalling of the quarl blocks m ay 
have been rather m ore severe than  in  o ther boilers of this type 
w hich were exam ined, it is evident th a t linings w hich are 
largely protected by w ater tubes are n o t greatly affected by 
fluctuating  load conditions.

T h e  tim e spent under norm al steam ing conditions, exclud
ing those ships m entioned above, varied from  40 to 67 per cent 
o f the to tal tim e in  service except for S h ip  R, in  w hich only 
tw o o u t of three boilers were norm ally  in  operation. A greater 
variation was found  in  the to tal steam ing tim e, however, m ainly 
due to  the fact th a t in  some vessels it  was necessary to keep 
steam  on  one boiler w hen in  p o rt; others had Diesel generators 
o r an  auxiliary boiler. T he  average tim e the boilers were shut

dow n was 40 per cent of the to tal service tim e so th a t in m ost 
cases the actual operational life of the refractories w ould  be 
of the order of 60 per cent of the times m entioned in  the previous 
section.

I t  is evident th a t from  the available data it is no t possible 
to  reach any definite conclusion o n  the influence of variations 
in  boiler operation  on  the life o f refractories; to  do so w ould 
necessitate a close check being kep t on a num ber of boilers of 
a sim ilar size and  type bu t engaged on widely differing services. 
T here was a tendency, however, for dam age to quarl blocks to 
be rather greater in the case of those burners used m ostly  for 
accom m odating changes in  o u tp u t w hen manoeuvring.

A gain referring  to  the data  given in  T able I, it  appears 
th a t there is some correlation between the forcing rate and 
wastage of the refractories. T h is  is particu larly  noticeable in 
boilers of the Foster W heeler controlled superheat type. I t  
will be noted th a t in  all the boilers o f th is type exam ined 
(Ships O. P  and  Q), the forcing rate in the superheater furnace 
greatly exceeded th a t in  the saturated  side furnace and  the rate 
and  extent o f dam age to  the refractories could be said to  occur 
in  roughly  the same proportions.

C om parison between different types of boilers on  th is basis 
is difficult ow ing to  the w idely different proportions o f the 
furnaces and  the varied construction  of the linings. I t  appears, 
however, th a t the forcing  rate m ay be taken as a general in d i
cation of the severity o f the operating  conditions affecting the 
perform ance o f the refractories.

F rom  T able I it  w ill be seen th a t forcing rates under actual 
service conditions varied between 2 9 and  18 7 fo r the com 
bustion  cham bers o f all the boilers examined. In  those in 
w hich th is value was below abou t 8, w ith  one exception (Ship  
P), i t  was evident th a t the furnace tem peratures a ttained were 
no t high enough to  cause liqu id  slag form ation . T he  super
heater furnaces o f the boilers in  S h ip  P  were exceptional insofar 
as severe slagging had  occurred  and  b u rn ing  of the brick bolts 
had caused partia l collapse of the back wall. T h is  could alm ost 
certainly be attribu ted  to  direct flame im pingem ent, however.

T he  influence of the forcing  rate on  slag form ation is 
clearly b rough t o u t w hen the three-pass header boilers o f Ship  
F  are com pared w ith  those of the same type in  Ships D  and E. 
T he  boilers o f the la tter vessels had  forcing rates of 16 7 and 
18-2 while the boilers of S h ip  F  had  a low forcing  rate  o f 7 '7 ; 
in  the higher rated boilers a th ick  slag coating  had form ed 
w hich was viscous a t  the w orking tem perature while the L iberty 
sh ip  boilers showed very little  sign o f slag form ation. A nother 
example is Ship  T  where the forcing rate was on ly  5 9; in the 
boilers of this ship there was a coating  of sintered ash, as shown 
in Fig. 29 (P late 6). I t  was evident th a t the furnace tem pera
tu re  was high enough for the particles of ash to  become tacky 
bu t no t sufficiently high fo r liqu id  slag to  form .

I t  w ould therefore appear th a t below a certain  furnace tem 
perature, w hich seems to  correspond to  a forcing rate o f about
5, the ash  particles do n o t adhere to  the surface of the lin ing  
and  pass ou t w ith  the funnel gases. Above th is tem perature a 
coating of sintered ash is form ed and  a t still h igher tem pera
tures, w hich occur for forcing rates above abou t 8, a viscous, 
glassy coating form s o n  exposed walls w hich slowly moves 
dow n the wall, finally fo rm ing  a thick layer over the floor. 
F rom  experim ents carried ou t in  the laboratory it  is probable 
th a t the coating  changes from  one of static sintered ash to  a 
slowly flowing viscous slag over the tem perature range o f 1,000 
deg. C. to  1,200 deg. C. (1,832 deg. F . to  2,192 deg. F.). A t 
higher tem peratures the slag is increasingly active.

As m entioned earlier, o ther variables th a t influence the 
furnace tem perature are the q u an tity  and  tem perature o f the 
com bustion  air. R ather m ore than  half the boilers examined 
were fitted w ith  a ir heaters. F o r those of the tu b u la r type 
com bustion air tem peratures varied between 200 and  360 deg. 
F .; where regenerative type air heaters were used, a ir  tem pera
tures o f 330 deg. F . and  over were reported  and  in  the single 
installation  where a bled-steam  a ir heater was used (S h ip  T ) 
the a ir tem perature a t the registers was said to  be 280 deg. F.
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A ccording to  Kessler* the use of heated com bustion air increases 
the furnace tem perature by an  am oun t equal to about one-th ird  
of the a ir tem perature rise in  the heater. I t  follows th a t even 
for an  increase in a ir tem perature of 350 F . deg. (195 C. deg.) 
the furnace tem perature w ould only be increased by about 65 
C. deg. (117 F . deg.). I t  is probable th a t furnace tem perature 
differences of th is o rder can be caused by a variation in  the 
quan tity  of excess a ir supplied to  the furnace, o ther factors 
rem aining constan t, and  it therefore appears th a t the com bus
tion  a ir tem perature is n o t of great significance in  the per
form ance of the refractories.

SU GGESTIONS FOR IN CREASIN G THE L IF E  OF COMBUSTION 
CHAM BER LIN IN G S

T he means of im proving the perform ance of refractories in 
m arine boilers m ay be considered from  three aspects: design, 
installation and  operation. Each of these is considered in 
tu rn .

D esign
T here appears to  be scope for some im provem ent in  the 

detailed design o f the lin ing  and  the design of the com bustion 
cham ber from  the p o in t o f view of refractory perform ance in 
m ost types of boilers.

C onsideration of the factors governing the size and  volume 
of the furnace and  p roportion  of the wall area covered by water 
tubes is outside the scope of th is paper bu t it seems th a t some 
com m ents on these points are relevant since they can have con
siderable influence on  the life of the lining. D esign details of 
the lin ing  m ay have equal o r even greater im portance since 
failure of a small section of the lin ing  m ay render a boiler 
unserviceable.

T he  m ain points under th is heading m ay be sum m arized 
as follow s: —

1. T he  distance from  the centre lines of burners to  
adjacent refractory  walls should certainly no t be less 
th an  2 feet and  if possible this dim ension should be 
a t least 2ft. 6in. T he  depth of the com bustion 
cham ber, i.e. from  the inside of the wall contain ing 
the burners to  the opposite wall, should no t be less 
than  8 feet and  should preferably be 10 feet o r more, 
unless closely pitched w ater tubes are fitted.

2. M uch  can be done to  reduce the effects o f rap id  local 
heating of sections of the lin ing by the use of burners 
th a t are capable of m aintain ing efficient com bustion 
conditions w ith  a relatively short flame. Such burners 
are available bu t large num bers o f boilers are equipped 
w ith  burners th a t fall far sho rt of the ideal.

3. W here bare-tube w ater walls are adopted  and  the 
tubes over part of the wall are m ore widely spaced, the 
thickness of the refractory should be correspondingly 
increased over such sections.

4. T he  use of bolted blocks in  high tem perature zones 
of the furnace is no t recom m ended and , wherever 
possible, an alternative form  of construction  should be 
employed. In  tiles fitted behind closely pitched water 
tubes, securing bolts are no t necessary and  their 
e lim ination w ould lead to  considerable simplification.

5. Exposed walls m ade u p  of standard  firebrick should 
be of header construction ; stretcher walls, 4 i-inches 
thick, are difficult to  secure satisfactorily.

6. Projecting com ers and  any o ther irregular features 
should be dispensed w ith  wherever possible. W here 
th is cannot be done, the use of plastic refractories, 
by w hich a sm ooth outline can be obtained, is recom 
m ended.

7. W here the construction  necessitates the use of special 
shapes o r the cu ttin g  of standard  blocks, plastic 
refractories should be substituted.

8. T he  use of a ram m ed plastic m onolithic section to  con

* Kessler, G. W . 1948. “Design of Marine Boilers” , Trans.Soc. 
Nav.Arch., N.Y., Vol. 56, p. 184.

ta in  the burner openings shows the greatest prom ise of 
increasing the life of th is p a rt of the lining.

9. T he  alum inous firebricks in  general use have adequate 
heat resistance fo r existing conditions w hen new, bu t 
contam ination  by slag m ay result in  a low ering of 
their properties. T o  coun ter such action  the use of 
special m aterials in  certain  situations m igh t be con
sidered b u t it is doubtfu l w hether such refractories 
w ould justify  their high initial cost.

Installation
W hen installing  a new lin ing o r d u rin g  subsequent m ain

tenance a h igh  standard  of w orkm anship  and  great care are 
necessary to  obtain the m axim um  service life from  the material. 
Details tha t require a tten tion  include the fo llow ing : —

10. T he  com position and  properties of all m aterials such 
as jo inting cem ent and  bo lt hole stopping  m ust be 
suitable for the purpose fo r w hich they are used. A ir- 
setting cements con ta in ing  a h igh percentage of 
sodium -silicate should be avoided.

A detailed specification of all m aterials used in 
the construction  of the lin ing  should be supplied by 
the boiler designers and  adhered to  by contractors and  
m aintenance staffs.

11. Jo in ts between bricks should be as th in  as possible 
and  the practice of using only a w ash of fireclay w hen 
laying the bricks is to  be recom m ended.

12. Care should be taken to  avoid breaking off the corners 
and  edges of bricks o r blocks as fa r as possible, as 
such dam age increases the liability  fo r spalling to 
occur.

13. W hen installing ram m ed plastic refractory  m aterials, 
the greatest care is necessary to ensure th a t the m aterial 
is properly consolidated and  th a t the m anufactu rer’s 
instructions are closely adhered to  in  regard to  venting 
and  firing.

14. Sections of the lin ing  requiring  repair should be 
properly prepared for patching. C are is necessary in  
fixing the extent o f repair w ork since, if the adjacent 
lin ing  is disturbed, pa tch ing  m ay defeat its ow n end.

15. C em ent washes applied to  walls th a t have been in 
service serve no  useful purpose. U nless carefully 
m atched to  su it the properties of the firebrick the 
application o f coating m aterials m ay do m ore harm  
th an  good.

Operation
Since the m ajor cause of the deterioration of oil-fired boiler 

furnace refractories is therm al spalling, any  m eans of m in i
m izing the severity of the operating  conditions is likely to  result 
in  considerably increased life of the refractories. Possible ways 
of im proving conditions include the fo llow ing : —

16. Careful m aintenance of bu rner tips an d  a ir directors 
to prevent the form ation of a n  unsym m etrical flame 
is essential since direct flame im pingem ent on the 
lin ing  alm ost invariably has disastrous results.

17. T he  size of burner tips and  the fuel tem perature and  
pressure should be chosen to  give the m ost efficient 
atom ization and  so prom ote rap id  com bustion and  a 
shorter flame.

I t  should be stressed th a t it is desirable fo r the 
fuel oil to be supplied to  the burners a t the highest 
possible pressure.

18. T he  axial position  of burners an d  the setting of a ir 
directors should be adjusted, where th is is possible, 
to avoid flame im pingem ent on the bu rner brick tubes 
an d  refractory surfaces.

19. T he  routine fo r operation  of the burners when m an
oeuvring should be chosen so as to  reduce tem perature 
fluctuations in  the brickwork as m uch  as possible. 
Particu lar care should be taken during  steam raising 
and w hen steam ing a t manoeuvring speeds to reduce 
the rap id ity  of tem perature changes in the brickwork.
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20. All attem pts should be m ade to reduce the flow of 
cool a ir in to  the furnace th rough  the burner brick 
tubes or any o ther openings.
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Discussion
M r . W . K il l n e r , in  opening the discussion, said the 

au thors had covered a  w ide an d  troublesom e field a n d  given to  
the m aker and  user o f refractories m uch  very useful inform ation.

T he  w hole of the shipping w orld w ould readily agree th a t the 
problem  o f the deterioration of furnace refractories was a serious 
one, their repair entailing  high m aintenance costs in  the case 
of all ships. Q uite apart, however, from  the high m aintenance 
costs w hich resulted from  such deterioration, there was the 
question of availability of the ships and  the tim e necessary to  
effect repairs w hich were vital factors in w artim e bo th  for w ar
ships and  m erchant ships.

In  m erchant sh ipping, spalling appeared to  be the m ain 
trouble, and  where the securing device consisted of some form  
of bolt th a t was responsible for a considerable am oun t o f spal
ling. T he centra] bolt hole in  a  brick appeared to  be the centre 
from  w hich cracks radiated, and  examples of those cracks were 
found  even d u ring  the d rying of the green bricks. T here was 
no doubt th a t bolt holes in  a brick  were themselves a cause of 
weakness, and  tha t was accentuated by bolts w hich were ill- 
fitting  o r  too tightly  screwed up. In  his opinion, th a t form  
of cracking an d  the spalling w hich resulted could be elim inated 
by using a rectangular brick w ithou t bolt holes, sim ilar to  those 
enum erated in  B .S.I. 1758 :1951. S uch bricks could  be m achine 
m ade an d  it m igh t be th a t pressure m ould ing  w ould produce 
a homogeneous brick w hich m igh t be m ore resistant to therm al 
shock. T h e  use o f those bricks, if held by hook bolts, w ould 
avoid the danger o f iron  slagging due to  anchor bolts becom ing 
exposed.

T he  m erchant service was fo rtunate  in  no t having to  con
tend  w ith  serious slagging. I t  was true th a t fuel oil m igh t con
ta in  sodium  com pounds in  small am ounts, probably derived 
from  a little sea water. I t  had been stated tha t good atom iza
tion produced an  oil droplet of about 0 004 of an  inch diameter. 
Allow ing fo r a sea w ater con ten t of the order of 1 0  per cent in  
the oil, the ash con ten t m ight be about 0 07 per cent and  the 
m olten ash  particles rem aining after bu rn ing  w ould be of the 
order of 0 000002 inch  in  diam eter. I t  was probable th a t those 
w ould be airborne; they w ould no t be th row n  ou t of the air 
stream  b u t w ould pass o u t of the funnel. Slagging, therefore, 
w ould be m inim ized w hen such small particles were present.

W here, however, ow ing to  ballasting or displacem ent of 
fuel oil by sea w ater, the sea w ater contam ination  was heavier, 
slagging then  became the prim ary factor in  the deterioration of 
the furnace refractories. H e had seen as m uch  as 4jj inches 
thickness of slag on  the floor of a boiler w hich had ru n  dow n 
from  the walls.

W here a firebrick had an open texture and  slag was m olten, 
penetration  occurred, setting up  differences in  the coefficient of 
expansion th rough  the brick, w hich prom oted therm al spalling.

Spalling damage to  quarls was a very serious trouble, and 
the au tho rs had  referred to  three types. W here there was carbon 
bu ild -up  or oil d ripped on  to a  quarl there was a likelihood 
of carbon m onoxide penetration  and  a subsequent bu ild -u p  of 
carbon in  the texture of the refractory w hich caused d isruption  
of the quarl. I t  w ould be in teresting  to know  w hether altera
tion  of the shape of the bu rner th roat, referred to by the 
authors, proved to  be a success.

W hilst the au thors had  referred to  shrinkage they appeared 
to  have om itted  expansion, w hich in  some cases had given 
trouble, d is to rting  walls and  exerting sufficient pressure to  cause 
cracking.

M ention  had been m ade of the tendency to  make the opera
ting  conditions m ore arduous, b u t he was no t clear as to  w hat 
was m eant. T here was sufficient m argin  between the w orking 
tem perature o f firebricks and  the present furnace tem perature 
to  w ithstand  an  increase in  the furnace tem peratures. I t  was 
agreed th a t reduction  in  the size and  w eight of a boiler was 
desirable and  th a t m ight necessitate shortening the flame. C on
tro l of the flame size and  shape to  avoid im pingem ent was very 
necessary, and  while th a t m igh t be achieved u nder w hat m ight 
be called standard  conditions, i.e. u sing  the same equipm ent 
and the same fuel oil, it  m igh t be th a t a change in  the type of 
fuel oil m ight cause w hat had been a “ ta ilo r m ade” flame to  
show considerable alterations in size a n d /o r  shape. T h a t 
em phasized the suggestions o f the au thors regarding the im por
tance of m ain tain ing  efficient com bustion.

Reference had been m ade to  plastic ram m ing  m ixtures. 
Those m aterials were very useful fo r emergency repairs o r to 
apply where a whole brick could  no t be used, bu t he shared 
w ith the au thors a little doubt about using  such m aterials to 
replace the firebrick. T h e  firing tem peratures to  w hich fire
bricks were subm itted d u ring  m anufacture caused changes 
w hich produced a ceram ic bond and  gave streng th  and  cohesion 
th roughou t the fired body. T h e  “green streng th” o f a  plastic 
ram m ing  m ix ture  was n o t high, and  it  was in  som e cases 
lowered by a low firing tem perature. In  the furnace the ho t 
face of a  plastic ram m ing  m ixture m igh t reach a sufficiently 
high tem perature to  develop a ceram ic bond and  the cold face 
m igh t still retain  its “green bond”, b u t somewhere between 
there m ight be a weak area. T hose conditions m ade the satis
factory  anchoring  o f plastic ram m ing  m aterial som ew hat 
troublesome. T h e  tem perature in the zone w hich had a ceram ic 
bond was too high for a m etal anchor, and  the m iddle and  
cooler zone was too weak to  be of m uch  use. W hile a plastic 
ram m ing  m ixture m igh t give good wear u nder certain  condi
tions, where there was v ibration  o r  shock due to  gu n  fire the 
securing m ight be found  to  be inadequate.
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T he suggestions w hich the au thors had given for increasing 
the life o f com bustion  cham ber linings w ould no doubt prove 
to  be m ost useful to sh ipp ing  in  general. T here was, however, 
the problem w hich faced those w ho were called upon  to  assess 
the suitability  of furnace refractories for service use. I t  was a 
simple m atter to  draw  u p  a specification and  lay dow n m ethods 
of test to  be carried o u t in  a laboratory, b u t unless material 
w hich passed the specification proved to  give satisfactory ser
vice under operating  conditions the specification was of little 
use.

T here were features w hich caused the breakdow n of furnace 
refractories w hich were diam etrically opposed, such as spalling 
and  slag attack. I f  the sources of trouble could be reduced, 
some decided headway could be made. C o-operation between 
m anufacturer and  users was essential. I t  m igh t be th a t some 
changes in  m anufacture  w hich affected texture, and  so on, 
m ight be found  desirable, bu t un til the users of refractories got 
together w ith their problem s and  decided w hat they required 
to meet service conditions, progress in  th a t direction w ould not 
be made. T he  present tendency m ight be tow ards tests w hich 
sim ulated service conditions, bu t those tests were long and  
tedious; from  them , and  the actual behaviour of furnace refrac
tories in service, it m igh t be possible to  gain sufficient know 
ledge and  experience to  enable the laboratory to  give m ore help 
to  the shipp ing  industry  on  their refractory problems.

M r . W . R. H a r v e y  (M em ber of Council) said the paper 
set fo rth  in considerable detail the various troubles w hich had 
occurred in  the furnaces of m arine boilers over a considerable 
period of years b u t he was a little disappointed tha t the research 
bud not been carried a step fu rther, to the m anufacture  and 
the possible im provem ent w hich could be m ade in the bricks 
themselves so th a t they w ould stand u p  better to  the hard 
treatm ent and  high ratings w hich obtained in  m odern  m arine 
boilers. W hilst the details o f the possible causes o f failure were 
of great interest to  m arine engineers as a whole, the people 
concerned w ith  the m aintenance of m arine boiler furnaces, the 
boiler designers, engineers and  repair firms were already 
acquainted w ith  the extent of the failures and  despite con
siderable im provem ents in furnace design, severe spalling still 
obtained to  an  alarm ing  degree and  it was no longer satisfactory 
for a designer to  specify a percentage of alum ina in a fire
brick as th a t alone w ould no t ensure th a t a really first-class brick 
w ould be supplied.

In  his experience, bricks w ith  practically the same analysis 
could vary to  an  appalling  degree, from  a brick w hich was 
practically  useless a t any  furnace ra ting  to  one w hich w ould 
stand  up  to  severe conditions, and  in  his view sufficient stress 
had no t been laid  on  the troubles caused by poor quality  bricks, 
a lthough  he agreed th a t probably in all cases the m anufacturers 
could insist th a t the percentage of alum ina was correct. The 
tim e had come w hen m ore and  m ore a tten tion  w ould have to 
be paid  to  th a t m atter, even if it d id  mean th a t the end p roduct 
w ould be m ore expensive, because w ith  labour charges so high 
a t the present tim e a slightly m ore expensive article w ould m ore 
than  pay its w ay if m aintenance could thereby be reduced by 
about half.

Research in to  th a t side of furnace troubles w ould be of 
great use to  the Institu te . If, fo r instance, investigation could 
have been m ade in to  the m oulding and  firing of each particu lar 
b rand of brick in the furnaces examined, it m igh t have been 
possible to obtain valuable inform ation as to  the m ost suitable 
product.

W ith  regard to the question of slag attack, it was certainly 
the case th a t a dense and  close texture resisted slag attack, 
and  although  a brick of th a t type tended to  crack in  its length, 
tha t was to  be preferred as such cracks d id  no t as a rule mean 
greater m aintenance. O n the o ther hand  he could  no t agree 
w ith the au thors tha t a fairly high porosity gave m axim um  
spalling resistance, ra ther tha t if penetration could be avoided 
spalling w ould be prevented.

U ndoubted ly  the au thors were correct in  recom m ending

that bricks be laid  in  header courses g iv ing  a thickness of 9 
inches, b u t it  w ould  be appreciated th a t circum stances d id  no t 
always perm it of the designer arrang ing  bricks in  th a t w ay and  
th a t a t times stretcher courses m ust be used. However, w ith 
a w ell-constructed furnace w all o f very best quality  bricks, and  
keys m ade of heat-resisting steel, an  entirely satisfactory wall 
could be constructed. In  his view the day of bricks secured 
by a bolt w hich passed righ t th ro u g h  the brick and  covered 
by a p lug  of fireclay was over, and  th a t m ethod w ould no t 
stand u p  to  present conditions. T here were various satisfactory 
ways of keying bricks w ithou t using  th a t m ethod an d  his own 
preference was fo r the construction  indicated in  item  (b) of 
Fig. 8 of the paper. I t  was, however, im portan t, particularly  
in  high tem perature zones, th a t the keys should be m ade of 
heat-resisting steel, and  a possible cause of the trouble in  m any 
of the cases examined by the au thors where the holding bolts 
had failed was th a t they had  been supplied in treated m ild  
steel, w hich was no t sufficient.

T herm al spalling was certainly one of the m ajor causes of 
deterioration, bu t as the manoeuvring of a ship was in  the 
hands of the captain and the engineers had  to  follow his tele
graphed instructions, there was little th a t could  be done in 
practice to  reduce the wide variations in  tem perature in  the 
furnace during  manoeuvring, and  the real answ er was fo r the 
brick makers to  find a brick w hich w ould  s tan d  up  to  those 
conditions.

T he  au thors had stated th a t spalling  dam age to  the m ain 
walls o f tw o-d rum  and  m u lti-d rum  boilers, w ith  the exception 
of those having all-refractory furnaces, was m uch  less severe 
than  th a t w hich occurred in three-pass header boilers, b u t th a t 
statem ent was m isleading because the la tter had all-refractory 
furnaces and  were, therefore, on  a par w ith  the tw o-drum  and  
m u lti-d rum  boilers w ith  all-refractory furnaces. I t  was, of 
course, possible to  build  three-pass header boilers w ith  a com 
pletely w ater-cooled furnace, b u t the au thors w ould appreciate 
th a t m any circum stances had to  be taken in to  account when 
designing boilers for various ships, an d  from  the po in t of view 
of price consideration, o r  possibly the type of m achinery fitted, 
it was no t always desirable to  fit w ater-cooled furnaces.

T here was no  reason w hy a m onolith ic wall should  no t 
stand u p  to  furnace conditions as well as a brick wall, b u t it 
was difficult to  make com parisons unless fu ll details were know n 
of the respective qualities of the plastic refractory  and  the 
firebrick. Also the m onolithic wall depended even m ore than  
the brick wall on  the ability of the bricklayer; bu ilt by an  expert 
a m onolithic wall could be very good, b u t bu ilt by a novice it 
could be disastrous.

T h a t raised the general question o f the skill used in  build
ing furnaces, and  while agreeing w ith  all the au thors had  said 
on th a t subject, he w ished to  add  th a t in  his ow n experience 
there were fa r too m any instances of carefully tho u g h t-o u t 
instructions being com pletely ignored w hen bu ild ing  the fu r
naces. T he  au thors were absolutely correct w hen they stated 
th a t too m uch atten tion  could  no t be paid  to  o il-burn ing , but 
there again the designer was in the hands of the operator, and 
the tim e had passed in  m odern boiler design w hen o il-burning 
systems could  be installed and  left to take care of themselves. 
A utom atic contro l had gone a long w ay tow ards m ain tain ing  
good com bustion bu t it  d id  no t relieve the operator o f such 
duties as ad justing  burners to  su it the fuel and  keeping a con
stan t w atch  fo r d irty  o r  w orn  burners, an d  it  was m ost 
im portan t tha t, if the  th roats were to  be m ade from  plastic, 
great care should be exercised in m ain tain ing  the correct shape 
required by the makers o f the o il-burn ing  equipm ent.

T he au thors had  show n a slide o f a m onolith ic fron t wall 
and  had stated th a t conditions had been im proved because the 
burner openings had been m ade larger. T h a t was quite possibly 
true, b u t it was also possible th a t com bustion had been adversely 
affected because good bu rn ing  depended no t only on  pressure 
and tip  design bu t also on  turbulence, and alterations to  the 
quarl shape w ould definitely affect the burning.

W ith  regard to  sealing com pounds, the m ost usual cause 
of trouble was th a t the com pound was applied m uch  too
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thickly, presum ably on  the basis th a t one could  n o t have too 
m uch  of a  good th ing , bu t th a t was a fallacy and  such com 
pounds should never be applied at a greater thickness th an  the 
th innest practicable wash.

H e had  no hesitation in  confirm ing th a t plastic chrom e 
ore refractory  on  s tud -tube  w ater walls gave little trouble, and 
in his ow n experience, properly  applied, it m ade the m ost satis
factory  furnace lining. Also, using p roper m ethods, patch ing  
was no t a t all difficult, b u t in the case m entioned by the au thors 
as an  unorthodox  arrangem ent o f securing lugs, he w ould draw  
their a tten tion  to the fact th a t it was no t a studded wall. T he 
arrangem ent had been m ade by ano ther maker and  presum ably 
he had considered th a t it was better than  a studded wall.

H e also wished to  draw  the atten tion  of the au thors to 
the headings on  the table a t the back of the paper, where the 
colum ns “F ” , “G ” , “H ” and  “J ”  were said to  refer to  Babcock 
and  W ilcox boilers, b u t in  Am erica there were three makers 
of header boilers and , w hilst i t  was true  th a t Babcock and  
W ilcox were responsible fo r the basic design of boilers for 
those ships, o ther makers were perm itted to  fit their own design 
of w ater wall construction ; a lthough  from  the outside all the 
boilers looked like Babcock and  W ilcox boilers, in furnace 
details they were considerably different.

F inally , he did no t th ink  anyone could  disagree w ith  the 
au thors’ conclusions, a lthough  perhaps they had striven for 
perfection, w hich it  was no t always possible fo r the designer 
to obtain. However, th a t was as it should be when tendering 
advice.

M r . W. S a m p so n  said the au tho rs had obviously worked 
very hard  and  had sincerely tried  to  arrive a t some definite 
conclusions w hich w ould be helpful to both  designers and 
users. T he  trouble w ith an  investigation of th a t sort was tha t 
it was alm ost impossible to  correlate such variable factors as 
they had  to  deal w ith  and , while he appreciated the care w hich 
the au tho rs  had taken, he believed th a t some of the ir con
clusions could  n o t be stric tly  supported.

F o r example, one very im portan t conclusion appeared in 
the synopsis of their paper: “T he  influence of service condi
tions on the life of refractories is exam ined in  a fu rth er section 
and  it is concluded th a t the fo rcing  rate (lb. o il /h r ./sq . ft. p ro 
jected rad ian t heating surface) m ay be taken as a general ind i
cation of the severity o f the operating  conditions” . T h a t, as 
a  statem ent, m eant tha t one could  say th a t, if a  furnace were 
rated tw ice as high as another one, only half the life w ould be 
expected, b u t th a t should no t be taken literally a t all.

In  some o f the boilers, the forcing rate had no t been the 
true reason for the horrible examples w hich they had  seen on 
the screen. H e knew from  experience th a t in  m any of those 
cases the real reason was tha t the fuel was n o t burned  properly. 
T hey  m ight get very good com bustion  a t one particu lar ra ting  
and  then  have a m anoeuvring cond ition  where, a t low pow er the 
ratio  of a ir to  oil was affected; they m ight have m alad just
m ents and variations between long flames strik ing  the back 
wall and  wide flames strik ing  the side walls. In  his opinion, 
it was an  impossible requirem ent to ask any m aker of bricks 
to make a brick on  w hich they could  bu rn  the oil fuel o n  its 
face. Particles of oil b u rn ing  on the face of brickw ork were 
d isin tegrating  in  their nature. Even w ith  the very best of 
bricks, if there were flam ing on them  or small particles of oil 
slowly burn ing , it  w ould in  a short tim e lead to  the disintegra
tion o f the face. M ost of the troubles experienced had been 
due to  the fact th a t they had been b u rn ing  oil on the bricks.

R egarding ra ting , if by th a t they referred to  forced rating , 
it m ust be rem embered tha t the speed of com bustion  w ent up  
w ith  the tem perature of com bustion. W ith  a  high ra ting  the 
first th ing  one saw was a shortening o f the flame, and  he did 
no t w ant the m eeting to  feel th a t the conclusion given in  the 
section of the paper dealing w ith  design, th a t a furnace should 
be no t less th a n  8 feet long, should always be rigidly adhered 
to. T here was a boiler at H aslar where they experim ented 
p u ttin g  in a false wall and  the flame got shorter and  shorter 
as the wall was advanced tow ards the front. T here were new

ships in  the m erchant navy today w ith  furnaces 6 feet long, 
and  the designer, to  su it his custom er, should  always aim  a t 
the shortest possible boiler an d  then  ask the oil bu rner maker, 
“C an you b u m  oil in  a 6-ft., 5-ft. o r 4-ft. fu rnace?” Some 
could  and  some could  no t. T here  were ships in  service now  
w ith  very h igh  ratings an d  the evidence so fa r was th a t they 
were even m ore satisfactory as regards their brickw ork th a n  at 
low  ratings. So, a lthough  the inference was no t to  be denied 
th a t ra ting  had an effect, it should  no t be taken as a rule 
that the pun ishm en t of brickw ork w ent up  proportionately  
w ith  the rating . I f  it d id , then  they w ould  be very badly off 
w ith  naval boilers, where ratings were five or six tim es as high 
as the m erchant service.

C onservatism  entered in to  the design o f boilers to  a very 
great extent. In  A m erican boilers they had a w ater wall and  
sim ply placed the tubes so th a t they  touched the brickwork, 
whereas there was a convention in  th is co un try  th a t there m ust 
be a space behind the tubes. I f  the bricks d id  no t touch  the 
tubes, the farther away they were the m ore likely the pun ish 
m ent, whereas if the bricks w ould lie against the tubes there 
was a greater likelihood of having a cool wall.

D r . H . E. C r o s s l e y  said that, in  the section of their 
paper concerned w ith  slagging, the au thors had m entioned a 
previous paper by G ray and  K illner, dealing w ith  the form a
tion o f deposits in  boilers arising  from  the presence of brine in 
fuel oil. D eposits o f  th is k ind were com m on in  pow er station 
boilers fired by m echanical stokers and  b u rn ing  coals o f high 
chlorine conten t (greater than  0 3 per cent chlorine). T hey  
were less com m on in boilers fired by pulverized fuel b u t were 
know n to  occur w ith  coals o f very h igh chlorine con ten t 
(greater than  0 7 per cent chlorine). These deposits became p a r
ticularly  vicious if the ratio  o f su lphu r to  alkali in  the fuel 
was such th a t acid sulphates were form ed, and  th is w ith  coal 
required a ra tio  o f su lp h u r to  chlorine greater than  5 :1 . A 
fu rther variety o f chemical deposit w hich had affected oil-fired 
boilers was principally  a m ixture of vanadates, particu larly  m eta
vanadates if sufficient sodium  were present. S uch deposits caused 
an appreciable am oun t o f trouble in  oil-fired boilers in  H olland  
during  the last war. I t  was well know n th a t the occurrence 
of significant am ounts of vanadium  was characteristic o f cer
ta in  fuel oils, o thers being relatively free. As a m atter fo r con
jecture it  w ould be interesting to  know  if fuel oils ever contained 
significant am oun ts o f fluorine, an d  in  th is respect a few parts 
of fluorine per 100,000 parts o f oil m igh t be im portan t. I t  
could be expected th a t the fluorine com pound present w ould 
be hydrogen fluoride d u ring  the com bustion  an d  th is could 
cause serious p itting  o f silicaceous refractories. I f  this hap
pened there w ould be no chemical evidence left on the refrac
to ry  to  indicate the cause of the damage. I f  fluorine occurred 
in fuel oil in significant quantities, it was likely th a t it w ould 
be accom panied by larger am ounts o f phosphorus and  th is could 
^Jso cause slagging trouble due to  the fo rm ation  of bonded 
masses o f the phosphates of the m etals in  th e  fuel ash.

I t  was appreciated th a t the m ost com m on cause of trouble 
on  the refractories o f boilers was slagged ash w ithou t any 
accum ulation  of particu lar chemical constituen ts o f the fuel. 
I t  was un fo rtunate  th a t the laboratory test fo r the determ ina
tion of ash fusion p o in t was no t w holly satisfactory. T h is  
was n o t the occasion to discuss the determ ination  o f fusion 
po in t in detail b u t it w ould be sufficient to  p o in t o u t th a t the 
laboratory test was usually  carried ou t on  ash prepared in  th a t 
laboratory and  th a t this m aterial com m only differed both  
physically and  chem ically from  the ash  present in  a boiler 
system. F u rther, trouble o f th is k ind inevitably began w ith  the 
sintering of the ash and  there was a t present no  recognized 
m ethod for the determ ination of the sinter p o in t o f fuel ash. 
T he B ritish  E lectricity  A uthority  had given m uch  atten tion  to  
th is problem  and  it was hoped th a t a m ethod w ould  be p u t 
forw ard in  the near future. T h e  m ethod w ould be intended 
prim arily  fo r coal ash and  w ould probably be applicable to 
oil ash. F o r  this purpose the m ost suitable m aterial for test
ing was clearly unsintered ash from  the boiler itself, if th a t
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could be obtained from  a region very close to  the com bustion 
chamber.

W ith  regard to  the m inim ization of slagging, considerable 
interest was aroused by a paper* published in  the T ransactions 
o f the A m erican Society o f M echanical Engineers, describing 
the benefits obtained a t D elray Power S tation  due to the in tro 
duction  o f steam in to  the com bustion air. T he hum idification 
o f com bustion air had been applied previously bu t no t specifi
cally for the reduction  of slagging in  power station boilers. 
T here  had  been, however, a previous statem ent in  p rin t in 
“M arine Engineering” fo r M ay 1949, w hich seemed to  have 
escaped attention . T h is  referred to the prevention of slagging 
in oil-fired boilers by the injection of superheated steam into 
the flame on six sides. In  the original paper the D elray slag 
was said to  be a bonded deposit due to  the presence of sodium  
com pounds bu t in private correspondence the au thors had since 
adm itted  th a t this was no t the case. T here appeared to  be a 
possibility th a t the deposits w hich were m inim ized were m ainly 
sintered ash. Several applications of hum idification of com 
bustion  air had taken place in  power stations of the British 
E lectricity A uthority . T he  investigation was no t yet complete 
bu t so far there had been no success where the deposits had 
been of the bonded type due to  alkalis; there had been m oderate 
success w ith  phosphate type deposits and very considerable 
success a t one pow er station— Llynfi— where the trouble was 
due to  the fusible character of the coal ash. In  th is case 
saturated steam was in troduced into the flame about 5 feet 
from  the burners. T h e  quan tity  of saturated steam used at 
D elray was eventually found  to  be approxim ately 201b. per 
thousand  pounds of com bustion air, b u t the am oun t used at 
L lynfi so far had  been considerably less. M oderate success had 
been obtained against sim ilar trouble at H am s H all “B” S tation, 
adm itting  steam in to  the pulverized fuel burners. T he m ech
anism  of the effect was no t know n; it  m ight be th a t it was due 
partly  to  increased turbulence in  the flame in some cases bu t 
it  was also possible th a t the effects were due to  fundam ental 
changes in the com bustion due to  the presence of the added 
m oisture.

M r . L. R. B a r r e t t  explained th a t he neither m anufactured 
nor used refractories on  an  industrial scale bu t he was inter
ested in both aspects; he believed it was correct to  say th a t des
pite w hat had been said tha t evening it was no use th ink ing  
they w ould ever get away from  refractories in  boilers. Refrac
tories w ould always be essential wherever they were going to  
b u rn  a fuel o f any  sort efficiently.

I t  was necessary to  have a refractory because to  m aintain 
com bustion one needed some sort of envelope su rrounding  the 
ho t zone w hich was reasonably insulated so tha t the walls of 
the com bustion zone could reach somewhere tow ards the flame 
tem perature; therefore it was no use expecting to be able to 
have com plete w ater walls. Fifteen to  tw enty years previously 
there had been some discussion as to  w hether refractories w oul3 
really be elim inated entirely from  boilers and  w ater walls take 
their place. T he refractory  envelope had to  be held in place 
in some way o r o th e r : the floor did no t present any difficulty, 
the walls no t very m uch, b u t the roof always did present some 
difficulty, and  it  was rather a p ity  to see th a t the envelope had 
been held in  place by those bolts w hich had given so m uch 
trouble. R efractory m aterials were very brittle  and  w ould no t 
stand m uch  uneven stress w ithout cracking. T hey  had no 
ductility  w orth  m entioning, so if any accidental stress were 
b rough t upon  them  exceeding about 1,0001b. per sq. in., they 
w ould inevitably break, and  a m ethod w hich involved some 
very strong  fastening, unless it were carried o u t w ith  one 
hundred  per cent certain ty  and  w ith  a certain am ount o f loose
ness, was bound  to  give trouble.

However, it m igh t be going too far to  say th a t p u ttin g  a 
hole th rough  the tile inevitably made it crack in to  fou r pieces.

*Murphy, P., Piper, J. D., and Schmansky, C. R. 1951. “Fireside 
Deposits on Steam Generators Minimized through Humidification 
of Combustion A ir” . Trans.A.S.M .E., Vol. 73, No. 6, p. 821.

Some tim e ago he had been try ing  the effect of therm al shock 
on  tiles of the same area w hich d id  no t have a hole 
th rough  them , and  w hen they did break it was nearly always 
into four pieces. H e had also found  th a t the th inner the tile 
the longer it lasted in  therm al shock testing. Tiles \  inch 
th ick  w ould last very m uch longer th an  those w hich were
2 inches thick, purely from  th a t p o in t of view. T here  was, 
of course, the possibility th a t such th in  tiles could  be used if 
they were attached to  insulating  m aterials behind, bu t th a t idea, 
w hich had  been pu t forw ard scores o f times, never seemed to 
come off in practice. T here were, however, possibilities— w hich 
he had seen adopted in  a small way— of a  type of refractory 
where the face was dense and  the backing porous, and  it m ight 
be th a t it could be applied to  boilersf.

T he type of bolt w hich appealed to  him , as an  outsider, 
was one w hich had already been given the prize th a t evening, 
namely, one w hich d id  no t penetrate the face, because quite 
obviously uncovered iron  in  any  form  w ould form  ferrous- 
oxide in the furnace, and  there was no m ore cu ttin g  slag than  
that. T he  m ethod used by the firm  described in  the illus
trations, w hich used plastic concrete, also seemed to fulfil the 
need where there was no penetration of the surface. Probably 
a useful field of investigation fo r the au thors of the paper 
w ould be to  consider better means of a ttach ing  the tiles. 
A pparently the m ethods show n in Fig. 8 were already in  use, 
and although he had no  particu lar interest in  them  personally, 
tha t in  Fig. 8(d) appeared to be quite a good m ethod  because 
it allowed each individual refractory tile to  move about w ithout 
being stressed in any particu lar way.

//) co m p re ss io n

F ig. 30— Effect o f sudden heating on one face on the d im en 
sions o f a plane slab (show n in section).

----------  O utline o f unconstrained slab.
----------Shape slab desires to reach after short period o f heating

on one face.
----------Shape adopted.

T he m anner in  w hich any sudden heating affected a refrac
tory  was rather as show n in  Fig. 30; the face w hich was heated 
w anted to expand and  w ould, if unrestricted , tend  to  stick ou t 
top  and  bottom . T h a t happened in the first few seconds bu t 
shortly  afterw ards the next fibre o r layer w anted to  expand, 
although no t quite so m uch, and  so on, and  one eventually 
got to  the position where the tile  w ished to  expand on  the 
face by quite a pronounced am oun t bu t was unable to  do so

+Barrett, L. R., Clements, J. F., and Green, A. T . 1940-41. 
Trans.Inst.Gas Eng., Vol. 90, p. 149.
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because the back of the tile was relatively cool. W hat actually  
happened was th a t the tile expanded a little  on the ho t face 
bu t to an  extent insufficient to  relieve the stress, w hich was 
transm itted  th rough  the thickness o f the tile to  produce a 
com pression on  the cold back. T he  face was in  com pression 
because it  could  n o t expand as far as it w anted; the in ter
mediate area of the tile was in  tension, and  stresses of the 
order o f about 5,000 to 10,0001b. per sq. in. could be set up 
in  th a t way in  a  1-ft. square tile an d  cause it  to break, because 
the tensile strength  was only about 1,0001b. per sq. in. and  the 
compressive streng th  perhaps 3,0001b. per sq. in. T he  larger 
the area o f the tile, the easier it  broke, and  th a t was w hy units 
rather than  large m onolith ic  areas were used. I f  the therm al 
expansion or the m odulus of elasticity could be reduced, then  
the stresses w ould  be proportionately  less*.

I t  was quite easy fo r academ ic people, of w hom  he was 
one, to  talk  as though  th a t were a possibility, bu t it was quite 
uneconom ic although  there were possibilities of another sort 
w hich the poor m anufactu rer was expected to  face. H e could 
lower the m odulus of elasticity of the m aterial by incorporating  
coarser particles and , by fu rth er experim ents in  his ow n works, 
grade those particles in  such a way as to  give flexibility to 
the bricks o r tiles. N o  doub t th a t had  been done and  m anu
facturers offered different classes of brick for different purposes, 
and  presum ably the designers of boilers took notice of those 
possibilities.

I t  was a fact th a t if a range of firebricks, taken from  a 
variety of m anufacturers, were tested, there was a wide differ
ence in  the therm al shock resistance, and  it m igh t be th a t some
times a  type of refractory was chosen by boiler users w hich 
was n o t altogether suitable. I f  one was obliged to open the 
texture, as the refractory m anufactu rer d id , one was liable to 
reduce the slag resistance, and  those tw o factors unfortunate ly  
could not be catered fo r sim ultaneously, bu t it m ight be tha t 
the washes w hich had been referred to  w ould help there.

I t  was possible to  use the washes, w hich were of a  different 
chem ical nature from  the firebrick, b u t it was always a little 
dangerous to do so w ithou t proper knowledge. However, 
du ring  the last w ar, the B ritish  Coal U tilization  Research 
Association had done quite a lo t of w ork on  mobile gas p ro 
ducers w hich were lined w ith  refractory  and  needed to be p ro 
tected in  some way from  slag attack. T hey  had adopted a 
lin ing  of zircon sand, w hich  was readily available a lthough 
no t as cheap as fireclay, and  apparently  it had m et w ith  con
siderable success. Z ircon  as a refractory had a  rather sim ilar 
coefficient of expansion to fireclay m aterials, a lthough  the 
latter varied in coefficient of expansion and  even a z ircon wash, 
if available, w ould no t necessarily always fit; it m igh t peel off. 
T he same type of w ash could be used to seal the refractory face 
and  joints. As such washes were used in  only very th in  layers 
the cost was no t prohibitive and  they enabled one to  try  to  
get the best of bo th  w orlds, i.e. brick and  tile, o r maybe m ono
lithic construction , of high therm al shock resistance w ith  a 
certain  am oun t o f slag resistance on  the face.

A lthough he had read the paper very carefully he felt a 
little o u t of his elem ent in  dealing w ith  headers and  the like, 
and  if he talked about them  he w ould probably drop too m any 
bricks— of one sort or a n o th e r!— but he did feel tha t when the 
au thors were appealing to  operators a t sea to be k ind to the 
refractories they were asking rather too m uch. I t  was really 
the designers w ho m ust be k ind  to them , the m anufacturers 
w ho m ust do their best to  com ply w ith  the designers’ require
m ents, and  the people actually  in  the boiler room  who m ight 
exercise a little m ore care. T he au thors had show n w hat a lot 
could be done by careful placing of the burners and  correction 
of any th a t were misplaced, and  cleaning, and  one speaker had 
pu t his finger on  the whole trouble, w hich was th a t so often 
fuel was b u rn t on the refractories. T he  paper itself did no t 
seem to bring  th a t po in t ou t very strongly, bu t m ost of the 
illustrations suggested th a t only w hen fuel was b u rn t on the

*Barrett, L. R., and Green, A. T . 1942-43. Trans.Inst.G as Eng., 
Vol. 92, p. 178.

refractories was there any real trouble, so th a t if the operators, 
who actually  saw w hat was happening from  hour to  hour, had 
a better appreciation  of the peculiar properties of refractories 
som ething m igh t be done to  safeguard them .

H e had  been fo rtunate  enough a week before to  be invited 
to  a  C ity  C om pany’s dinner, and  sitting  nex t to  him  had been 
a young m an  in  the tw enties w ho apparen tly  was taking a 
Stokers’ Course in  the N avy an d  was tra in ing  to  be an  officer. 
H aving just received the inv ita tion  to  a ttend  the reading of the 
paper under discussion he had taken the opp o rtu n ity  of get
ting  as m uch  in form ation  from  the lad as possible, and  it 
appeared th a t in  the course, w hich was given to  scores of 
ord inary  stokers as well, they were to ld  about slag attack, the 
constitu tion  of the slag, and  a  good deal of o ther technical 
m atter w hich his acquaintance had  absorbed because he happened 
to  be a P h .D . in  chem istry, b u t possibly no t all the others had 
quite grasped i t ! H e had no t heard any th ing  about in structions 
on preserving the brickw ork from  therm al shock, b u t possibly 
th a t came in to  the course at a later stage. H e wondered 
w hether the m erchan t service was doing any th ing  of the sort 
to  in s truc t their stokers in  w hat refractories were like. W as 
there any sort of educational course for them  ashore? Some 
people present m igh t have influence in  such m atters and  m ight 
consider the point.

M r . W. J. L. F oreman (M em ber) m ade some observations 
about the protection  of boiler brickwork. T h is  involved the 
practice of w ater w ashing, i.e. using  high pressure w ater jets 
fo r rem oving deposits o n  the furnace side of boiler tubes— a 
practice now  quite com m on in land  and  m arine boiler instal
lations.

I t  had been suggested th a t the sodium  salts and  sulphates 
in  the deposits b rough t dow n by the w ater could contribute 
to early failure of the brickwork. W hether th is were so o r not, 
it was obviously desirable to  find some m eans of preventing the 
w ash w ater finding its way in to  the brickw ork either through 
cracks o r the pores of the bricks.

As far as he knew, only tw o m ethods of protection  had 
been tried by shipp ing  com panies. O ne m ethod  was to  rig  
suitable canvases over the brickw ork p rio r to w ashing bu t this 
was laborious because it called fo r the “laundering” o f the 
canvases after use, in o rder to  p revent their deterioration in  
storage.

T he  o ther m ore successful suggestion was to  use a b itu 
m inous protective solution applied by brush ing  o r spraying 
the brickwork, th is so lu tion  being b u rn t off im m ediately on 
ligh ting  up  the boiler. T h is  m ethod  had  been used in H .M . 
ships w ith  some success, a lthough  a certain  am oun t of extra 
work was involved where the brickw ork was badly broken and 
cracked.

M r. C. A. S i n c l a i r  (M em ber) said th a t as a  practical 
sea going engineer there were three questions he wished to p u t 
to the authors. T he first was in  connexion w ith the W ildish 
brick bolt illustrated  in  Fig. 7 an d  referred to  in  connexion 
w ith  bricks on  pages 173-175. D id  the au thors consider tha t 
the cracking of the bricks in to  four portions m ig h t have been 
due very largely to  the ferrous oxide form ed w ith in  the core 
of the brick? In  his experience, w hen walls were dism antled 
in  the ho tter realms of the furnace, such  oxide was found  to 
be fairly  highly com pressed, and  it led one to  believe th a t an 
internal pressure was probably set up  w ith in  the brick.

Secondly, the au thors had referred briefly to the rem oving 
of slag from  the floor, an d  he w ondered w hether they recom 
m ended th a t practice o r w hether it was best left alone, unless 
there were flame im pingem ent on the floor th rough  an  excess 
of bu ild -up?

T h ird ly , a po in t had  been raised by the last speaker in 
connexion w ith  w ater w ashing or steam soaking of the boiler. 
As w ith  m odern  w atertube boilers m any of the surfaces were 
difficult, if no t impossible, to  clean properly, ap a rt from  such 
m ethods, he w ould  seek guidance as to  w hat could  be done 
to  pro tect the brickwork, o r in fo rm ation  as to  w hether the
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effects were in  fact as serious as one was sometimes led to  
believe?

Finally , supposing the effects were no t m atters to  be lighdy  
dismissed, could  the au thors give any  indication of the possible 
economics involved, bearing in  m ind  the considerable retarda
tion  of heat tranference to  be expected if the heating surfaces 
were n o t properly cleaned? O r did the conclusion of the 
m atter appear to  be that, after installing highly efficient boilers, 
they had to  be prepared to  operate them  a t  less than  designed 
efficiency, and  was it n o t even possible th a t failure to  clean 
these surfaces properly (because of considerations of refractory 
maintenance) m igh t have been contribu tory  to , or even res
ponsible for, certain  serious soot fires and  even b u rn t out 
boilers?

M r. G . V iv ia n  D a v ies said he believed he had been of 
some assistance to  the au thors in  the preparation  of their paper 
by supplying them  w ith  a  few sketches. H e was no t a m arine 
engineer and  although  he had had a good deal of experience 
of boiler firing he ra ther hesitated to  follow such distinguished 
predecessors, particu larly  D r. Crossley, w ho was an  acknow 
ledged au tho rity  on  the subject o f slagging, bu t he felt com 
pelled to take up  a po in t raised by one speaker, w ho had rather 
em phatically inferred th a t in  every case it  was necessary to 
have a refractory envelope. Of course, th a t was no t so. M odern  
pow er station  boilers were often  bu ilt a t the present tim e w ith 
practically  no refractories a t all bu t complete w atertube walls.

O ne p o in t o n  w hich he wished to  support an  earlier

speaker was the emphasis on  the correct operation  of the oil- 
firing equipm ent, particularly  as regards the sprayer and  orifice 
plates. T oo  often these were allowed to deteriorate, w ith  the 
result th a t the flame lost its shape an d  the troubles followed 
w hich had been described in the paper.

A nother very im portan t factor was the need for a better 
contro l of com bustion air, particu larly  w ith  the m odern  type 
of balanced d raugh t boiler such as the Foster VC'heeler boiler, 
in  w hich it was im portan t to  be able to  con tro l the com bus
tion  a ir to  individual furnaces.

W ith  regard to the question of refractories, he believed 
a good deal could be done because the clay-m aking industry  of 
th is country  was one of the old c raft industries w hich pos
sibly had n o t adopted some of the m odern  m ethods in  use in  
more exact industries like engineering. In  his opin ion  there 
was a great need for closer con tro l of quality  and also for 
research in to  refractories, w hich should  be m ade to  suit p a r
ticular needs such  as were outlined in  the paper.

T he m atter of water jets interested h im  a great deal because 
when he was a t  the M in istry  of F uel and  Pow er du ring  the 
war, he had m ade the suggestion th a t w ater jets m igh t be tried 
in certain  cases to  clear furnaces th a t were badly fouled, and  
such jets had proved very successful.

H e wondered if recent changes in  oil refining processes, 
some of w hich were the result of the increasing dem and for 
jet and  gas turbine fuels, had had any  effect on  the character 
of residual oils, w hich m igh t account fo r some of the troubles 
described in  the paper. O nly the fuel an d  refining experts could 
give the answer to  that.

Correspondence

M r . F . J. C o lv ill  (M ember) w rote tha t the paper, based 
on  the results of observations m ade on  the conditions of the 
refractory surface linings of a representative num ber of m er
chan t steam ships in  service and  on present knowledge of the 
refractories com m only in use on  such boilers, confirm ed that 
the m ain  causes of deterioration of the refractory  linings in 
use in  m erchant m arine w atertube boilers were now  fairly well 
understood.

T he  investigation carried o u t by the B.S.R.A. was charac
teristic of the very sensible and practical approach  to  research 
problem s associated w ith  their work. T he paper, to  his m ind, 
was an  excellent one and  he w ould offer no  criticism . Both 
in  its analysis an d  suggestions it provided valuable inform ation 
and  guidance for superin tendent engineers and  boiler designers.

H e suggested th a t this paper and  o ther existing literature 
on the subject, includ ing  the very interesting paper presented in 
1951 by M r. Clews, now  provided m aterial on  w hich it  could be 
decided w hat fu rther research, if any, was desirable on this subject.

I t  was well to  bear in  m ind , however, th a t the behaviour 
of refractory linings depended on  m any factors w hich were 
more or less outside the contro l o f superin tendent engineers and  
ships’ engineers, such as furnace design w hich included shape, 
relative size, etc., and the absence or otherwise of cooling tubes 
in the walls. T here was, of course, some choice in  the case of 
a new ship, bu t the superin tendent w ould be guided by his 
experience as m uch  as by the advice tendered by the boiler 
makers, and conditions m ight, w ith the progress in  design, be 
very different to  any he had actually  experienced. Oil fuel 
varied considerably and  the best m ethod of b u rn ing  one sample 
in  a particu lar furnace w ould n o t necessarily apply  to  another. 
T h is  variation had to  be accepted as inevitable and  any fu rther 
solution to  this problem  w ould have to  be in  spite o f tha t 
variation.

M r. J. W. E. Stanley considered th a t the au thors’ state
m ent th a t “air setting is obtained by the add ition  of sodium  
silicate” was no t generally applicable. T h e  com pany w ith 
w hich he was associated, for example, made one o r two special 
m aterials con tain ing  sodium  silicate, b u t their standard  range 
of a ir-setting  castable materials contained no  sodium  silicate.

W hilst the au thors were correct in  saying “ since the m ono
lith ic lin ing  is fired hard  only  on  the ho t face, there w ill be a 
plane parallel to  th is where the m aterial is relatively weak” , 
in  practice th is weakness could be overcom e by the use of 
specially designed securing devices w hich anchored the lin ing 
from  the hard-fired p art righ t back to  the steel casing; they 
prevented bulging of the lin ing w hilst perm itting  it to  expand 
and contract relatively to  the steel casing.

W hilst he agreed substantially  w ith  the suggestions for 
increasing the life of com bustion  cham ber linings p u t forw ard 
by the au thors in  the ligh t of their investigations, he believed 
th a t they had no t investigated any vessel in  w hich the boilers 
were provided w ith fu ll-m onolith ic  linings. Such vessels were 
operating and  he understood th a t a t least one of them  had 
com pleted three years o f service w ith  practically  negligible 
m aintenance cost to  date.

T he use of fu ll-m onolith ic linings was gaining w ider 
acceptance and  several notable vessels now  under construction  
w ould have boilers so fitted. A lthough boilers fo r these ships 
w ould have full m onolithic linings, they were designed for 
jointed brick linings and , in  his opinion, this was a restriction 
im posed on  design w hich was no longer necessary or desirable. 
Boilers designed for fu ll-m onolith ic  linings w ould, it  was his 
belief, be a w orthw hile advance. H e w ould welcome the oppor
tu n ity  of discussing this w ith  the au tho rs o f the paper and  any 
boilermakers who m ight be interested.
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Authors’ Reply
Since several con tribu tors to  the discussion had referred 

to the possible developm ent of m ore suitable refractory 
m aterials o r the im provem ent of their m ethod of m anufacture 
in order to  increase the life of boiler brickwork, the authors 
though t it as well to  make some general com m ents on these 
points before m aking indiv idual replies.

W hilst it was agreed th a t the properties of the materials 
used were of prim ary  im portance, it was the au thors’ opinion 
th a t less spectacular im provem ents were likely to result from  
the use of im proved, and  possibly m uch  m ore expensive, 
m aterials th an  from  im provem ents in  design of the furnace 
lin ing  and  oil bu rn ing  equipm ent. A great deal of w ork had 
been carried ou t over m any years on  the properties required 
of refractories to  meet various operating  conditions bu t un til 
m ore was know n of the actual service conditions w hich had  to 
be w ithstood by the brickw ork in  m arine boilers, little progress 
could  be made. I t  was along these lines th a t fu rth er w ork on 
th is subject was progressing and  it was hoped to  obtain in form a
tion  on the effect of various factors on such variables as the 
operating  tem peratures of furnace linings, rate of change of 
tem perature, etc. W ith  such knowledge it m ight be possible 
to  carry  ou t sim ulative tests on  a laboratory scale. Such w ork 
w ould necessarily be a long term  project and , as poin ted  ou t 
by M r. K illner, the only way of determ ining the true value 
of any alternative m aterials w ould be to  investigate their 
behaviour in  service.

T he  authors thanked M r. K illner for d raw ing attention  
to  the im portance of correct atom ization  of the fuel in  regard 
to  slag deposition. T h is  em phasized the desirability of using 
burners w hich  were capable of p roducing  a short flame, w hether 
spalling or slagging of the brickw ork was the m ajor problem.

F u rth e r  to  M r. K illner’s rem arks on the effect of carbon 
m onoxide penetration  of quarl blocks, it was noted th a t in a 
num ber of the boilers exam ined oil had  dropped on  to  the 
lower blocks from  the burner tips. N o  evidence of carbon 
m onoxide attack  was found , however, a lthough  in  some cases 
there was some erosion due to  a concentration  of fuel ash. 
W ith  regard  to  the m odification to  the shape of the burner 
th roats illustrated  in  Fig. 18, the evidence undoubtedly  
indicated a considerable im provem ent in  life; the p a rt played 
by the different m aterial o r w hether th is im provem ent was 
obtained at the expense of reduced efficiency could no t be 
established.

M r. K illner referred to  th e  dam age w hich m igh t result 
from  expansion b u t in  none of the boilers seen was there any 
evidence of perm anent after-expansion. In  this connexion it 
was noted th a t the expansion joints provided in  m any linings 
were found  to  be rather unsatisfactory; instead of opening up  
w hen the brickw ork cooled, it was no t unusual to  find tha t 
fresh cracks were formed.

T h e  au thors agreed that, from  the po in t of view of 
laboratory tests, the norm al firebricks used had an adequate 
m argin  of safety to  allow for increased operating  tem peratures. 
I t  was a different m atter, however, w hen such m aterials were 
bu ilt in to  a furnace lin ing  where the m ethod of construction  
often became of param ount im portance. R eduction in the size 
of boilers w ith  consequent increase in  the forcing rate 
undoubtedly  led to  m ore arduous operating  conditions.

Increased operating  tem peratures m igh t no t affect the per
form ance of the refractories directly b u t they led to  difficulties 
in  securing; they also increased the likelihood of slag penetra
tion  and  therefore the liability to  spalling.

M r. H arvey raised a num ber of po in ts  th a t called for 
com m ent on  the p a rt of the authors. F irs t of all they wished 
it  to  be m ade clear th a t the scope of the paper covered only 
one phase of the w ork on this subject and , as m entioned above, 
it was hoped to  deal w ith  the question  of refractory  m aterials 
at a later date.

A lthough the people concerned m igh t be well acquainted 
w ith  the extent of brickw ork failures, as poin ted  o u t by M r. 
H arvey, there had  been found  to  be w idespread ignorance of the 
causes of such failures. I t  was hoped th a t the present paper 
m igh t go some way to  rem edying this.

I t  was agreed th a t the specification of only the alum ina 
content was of little use in  determ ining the quality  of a fire
brick; the p ropo rtion  of im purities present was probably of 
greater consequence. T he  au thors also agreed th a t there was 
probably considerable room  fo r im provem ent in  the contro l of 
m anufacture  and  firing. I t  m ust no t be fo rgotten , however, 
th a t the basic raw  m aterial from  w hich firebricks were made 
was liable to  vary considerably in  com position and  properties.

W ith  regard  to  the effect of tex ture  of the brick on  its 
spalling resistance it should  be pointed  ou t th a t one of fairly 
h igh  porosity  gave good results only w hen free from  slag. 
Increase in  porosity  obviously allowed slag penetration  to  occur 
m ore readily and  the increase in  v itrification  m igh t result in 
a surface th a t was m ore sensitive to  changes in  tem perature 
th a n  a denser and  m ore im perm eable brick.

T h e  au thors joined issue w ith  M r. H arvey on the question 
of the degree of contro l th a t could be exercised by the engineers 
over the tem perature fluctuations in  the furnace lining. 
A lthough  the o u tp u t requirem ents d u rin g  m anoeuvring were 
governed by the orders from  the bridge, a lo t could  be done 
to  reduce the rate and  m agnitude of tem perature fluctuations 
by the suitable choice of bu rner tip  sizes and  the choice of 
w hich burners were to  be kept in  and  w hich were to  be shu t 
off as necessity arose. I t  was probably d u rin g  m anoeuvring 
th a t m ost of the dam age was done and  this m atte r w as there
fore of the greatest im portance.

M r. H arvey’s in terpre tation  o f the statem ent on page 173 
regarding the relative severity of spalling dam age in  different 
types of boilers was correct, i.e. the  extent o f such damage 
in  three-pass header boilers and  m u lti-d ru m  boilers w ith  all
refractory  furnaces w as comparable. T h e  statem ent was only 
m isleading if it were no t appreciated th a t the three-pass header 
boiler did no t norm ally have wall tubes.

T h e  au thors agreed w ith  M r. Sam pson and  o ther con
tribu tors to  the discussion th a t m any o f the m ore severe 
examples o f dam age were due to  flame im pingem ent on the 
lin ing ; the im portance of bu rner design and  correct operation 
could no t be overstressed in  this connexion. By no m eans all 
the dam age encountered could be attribu ted  to  b u rn in g  of oil 
on  the face of the brickw ork, however (see Fig. 25 fo r example), 
and  the au thors still m aintained th a t the ir conclusion regarding 
forcing rate being a general indication  of the severity of operat
ing conditions was justified over the range exam ined. I t  should
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perhaps be m entioned here tha t, for the m ost part, the boilers 
examined were no t fitted w ith  the im proved short flame burners 
th a t had been developed in  recent years.

I t  was no t suggested fo r a m om ent th a t the life of a 
lin ing o r the extent of dam age was, in  general, directly p ropor
tional to  the forcing rate. Indeed, the au thors had tried  to 
make it clear th a t only in the boilers of one particu lar type 
th a t were exam ined was there a rough relationship between 
the wastage of refractories and  forcing rate. W ith  regard to 
M r. Sam pson’s statem ent th a t the perform ance of brickwork 
in  boilers having a very high forcing rate was better than  in 
boilers having a low rating , it was suggested th a t th is very 
satisfactory result could probably be attributed  to  the use of 
im proved burners; w hether the details o f construction  were the 
same in  each case was no t stated.

T he curve show n in  Fig. 31, w hich was reproduced from  
a paper* by M r. Sam pson, showed the relationship between

F ig . 31— Relationship between furnace-gas exit temperature and 
farcing  rate (15 per cent excess air).

the calculated furnace gas tem perature and  forcing rate. I t 
was possible th a t the curve of furnace lin ing tem perature plotted 
against forcing rate w ould be of a sim ilar form  and this 
suggested th a t there w ould be a falling off in  the rate of 
increase in  tem perature as the forcing  rate was increased. 
H ence it w ould be seen th a t for forcing rates above about 20,
i.e. in  the range of naval practice, increase in  forcing rate did 
no t have a very great effect on tem perature, whereas in  the 
m erchant ship range (indicated by the dotted lines) a small 
increase in  forcing rate resulted in  a com paratively large rise 
in  tem perature. A lthough  the operating  tem perature alone 
could no t be taken as a m easure of the severity of service con
ditions, the curve in  Fig. 31 m ight go some way tow ards 
explaining w hy considerable increases in the forcing rate in  the 
higher range m igh t no t influence greatly the relative perform 
ance of the refractories. I t  was also w orthy of note tha t at 
higher tem peratures (above about 1,000 deg. C.) firebrick 
refractories were less susceptible to  spalling ow ing to  the 
developm ent of a partially  plastic state.

T he au thors’ suggestion th a t the depth  of the furnace 
should n o t be less th an  8 feet, if troubles w ith  the back wall 
refractories were to  be avoided, was qualified by the statem ent 
“unless closely p itched w ater tubes are fitted” . In  both the 
boilers m entioned by M r. Sam pson, where the depth  of the 
furnace d id  no t exceed 6 feet, the back walls were covered w ith  
closely p itched tubes. Even though  burners were available 
w hich were capable of m aintain ing efficient com bustion w ith in  a

* Sampson, W. 1943-44. “Notes on Water Tube Boilers for 
Cargo Steamers” . Trans.N .E.C.Inst.E. and S., Vol. 60, p. 77.

furnace as short as 6 feet, in  a boiler w ith  an  exposed back wall 
there was the possibility of flame im pingem ent when 
manoeuvring or steam ing at reduced load.

T he  au thors agreed w ith  D r. Crossley th a t the presence of 
vanadium  in  sigm hcant am ounts in  the fuel oil m igh t play 
an  im portan t p a rt in  slag form ation bu t, ow ing to  the variable 
nature of the fuels bunkered at different p o rts , it  w as difficult 
to  arrive at any conclusion on th is m atter from  service data. 
T hey  had no in form ation  as to  the occurrence of fluorine in  
residual fuel oils.

F u rth e r to  D r. Crossley’s com m ents on  the m inim ization  
of slagging by the injection of steam  in to  the furnace, th is 
suggested tha t the use of steam atom izing burners m igh t be 
beneficial in  this respect. I t  w ould  appear, however, th a t this 
procedure was effective only w hen the deposits were of sintered 
ash. Such deposits only occurred  in  m arine boilers at com 
paratively low forcing rates and  d id  n o t appear to  have any 
deleterious effect on  the refractories.

I t  was of interest to  note from  M r. B arrett’s tests tha t 
even tiles w ithout bolt holes tended to  break in to  fou r pieces 
and  th a t th inner tiles proved to  be superior w hen subjected to  
therm al shock. T here appeared to  be no  reason why th inner 
tiles should n o t be used in  practice behind w ater tubes. As 
M r. Sam pson had m entioned, there was some prejudice in  this 
country  against having the furnace lin ing  in  contac t w ith  the 
tubes bu t it  w ould  seem tha t, if th a t prejudice could  be over
come, the use of quite th in  tiles w ithou t securing bolts 
and  backed w ith  fairly h igh tem perature insu lating  m aterial 
m igh t lead to  im provem ents in  perform ance.

In  reply to  M r. B arrett’s final rem arks, the au thors pointed 
ou t tha t the standard  of tra in ing  of the boiler room  personnel 
in  the m erchant service was no t com parable w ith  th a t of naval 
stokers and it was hardly  practicable to adopt a sim ilar system. 
B oth in  ships trad ing  w ith  the eastern hem isphere, where the 
firemen were usually Asiatics, and  in  vessels where E uropean 
firemen were employed, the m en  were no t expected to  have 
any technical knowledge. T h e  operation  of the boilers was 
supervised, of course, by the engineer on  w atch, w ho m ade any 
necessary adjustm ents to  the fans o r oil b u rn ing  equipm ent. 
T he au thors d id  n o t consider it necessary fo r an  engineer 
officer to  have a detailed knowledge of the constituen ts of 
slags, etc., bu t i t  was essential th a t he should  be aware of 
the m ain  causes of failure of boiler refractories so th a t he 
could take all steps w ith in  his pow er to  im prove operating 
conditions.

M r. Forem an had referred to  the possible dam age to  brick
w ork from  w ater w ashing and  the au thors agreed th a t this 
called for the m ost efficient protection  of the brickw ork th a t 
was possible. T he penetration  to  the insu lation  behind the 
firebrick of w ater and  deposits from  the tubes of th e  types 
m entioned by M r. Forem an could  have serious consequences; 
effective sealing of deep cracks in  the lin ing  w as therefore 
im portan t and  for th is purpose the use of a b itum inous p ro 
tective m aterial appeared to  offer the best solution.

In  reply to  M r. S inclair’s question regarding the oxidation 
of bolts, it was though t th a t this m igh t con tribu te  to  the 
cracking of bolted blocks. I t  w ould  appear th a t severe oxida
tion  d id  no t occur un til after the failure of the bolted tile, 
however, and  usually there was adequate clearance in  the bolt 
hole.

Slag w hich built u p  on  the floor was best left undisturbed 
unless it reached such a thickness th a t it in terfered w ith 
efficient com bustion. In  this connexion the au thors under
stood th a t it was sometimes the practice to  remove slag from  
the floor at the junction  w ith  the walls, so form ing a channel 
to  prevent the fu rther bu ild ing  up  of the thickness of the layer 
of slag.

T he  question  of the effect of w ater w ashing, w hich was 
also raised by M r. Sinclair, had  been referred to  in  the reply 
to  M r. Forem an. O n the whole it  appeared th a t th is practice 
d id  no t lead to  any serious consequences if reasonable pre
cautions were taken. T he  w ashing should no t be carried out 
w hilst the brickw ork was h o t; all steps should  be taken to  
prevent the seepage of w ater in to  open joints and  cracks, and
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slow drying ou t was necessary. I t  was understood th a t some 
boiler makers m ade provision fo r the d ra in ing  away of super
fluous w ater, w hich should im prove m atters. T h e  authors did 
no t th ink  th a t any engineers purposely allowed deposits o n  the 
furnace side of boiler tubes to  accum ulate in  order to  avoid 
the possibility of increased brickw ork m aintenance arising from  
w ater w ashing. I t  was noted in  this connexion th a t recent 
trends in  boiler design allowed easier m anual cleaning.

M r. Davies’s rem arks called fo r little com m ent bu t the 
au thors w ished to  po in t ou t th a t in  m arine boilers it was 
essential for there to  be some refractory  surface; otherwise, 
w hen steam ing a t reduced pow er there w ould be overcooling 
of the flame and  incom plete com bustion w ould result. O n  the 
question of the quality  of residual fuels used fo r boiler firing, 
it appeared th a t certain  grades, as well as contain ing a higher 
percentage of ash, proved m ore difficult to  b u rn  w ith  a short 
flame. In  th is  w ay their use m ight contribu te  to  brickwork 
wastage.

T h e  au thors thanked M r. Colvill fo r his rem arks, w hich 
d id  n o t call fo r any reply o ther th an  to  express general agree
ment.

In  reply to  M r. Stanley’s first po in t regarding the com 

position  of a ir setting m aterials, the au thors poin ted  ou t tha t 
the statem ent th a t this p roperty  was obtained by the addition  
of sodium  silicate d id  no t refer specifically to  castable refrac
tories. T h e  bond in  such m aterials was form ed by hydraulic 
setting. T h e  add ition  of sodium  silicate to  a m ix  contain ing 
a small am ount of raw  clay produced an  a ir set as the m aterial 
dried out. O rganic m aterials such as gum , dextrin , etc., p ro 
vided an  unfired bond w ithou t the need fo r an  addition  of 
raw  clay bu t such a m ix had  little o r no  plasticity.

T he  question of securing m ethods fo r ram m ed plastic 
refractory linings had been referred to  by M r. K illner. T he 
au thors agreed w ith  h im  th a t m etal anchors could n o t w ith 
stand  the tem perature required  to  form  a ceram ic bond , w hich 
w ould  be necessary to avoid the danger of a plane of relative 
weakness rem aining in  the m onolith . T hey  added, however, 
th a t they had seen no evidence of such weakness leading to  
failure o f the lin ing  in  the few examples of such construction  
th a t they had  examined.

I t  was noted th a t satisfactory results over a reasonably 
long period had  been obtained from  a fu ll-m onolith ic  lin ing ; 
fu rther perform ance data relating  to  th is m ethod of construc
tion  w ould be awaited w ith  interest.

INSTITUTE ACTIVITIES
M in u te s  of Proceedings of the O rd inary  M e e t in g  H e ld  at the 

In stitu te  on Tuesday, 12th  M a y  1 9 5 3

A n O rdinary  M eeting was held at the In s titu te  on 
T uesday, 12th M ay 1953, at 5.30 p.m ., w hen a paper entitled 
“Service Perform ance of Boiler Brickw ork— T h e  Causes and 
E xten t o f W astage” , by B ryan T ay lo r, B .Sc.(Eng.), (M ember) 
and H . Booth, was presented and  discussed. M r. S tew art H ogg 
(C hairm an  of Council) was in  the C hair. F ifty -six  members 
and visitors were present and  eight speakers took p art in  the 
discussion. A vote of thanks to the authors, proposed by the 
C hairm an, was accorded by acclam ation. T h e  m eeting ended 
at 7.45 p.m.

Local Sections
K ingston  upon H u ll and East M id lands Section

A m eeting was held a t Selby on  F riday, 26th  June  1953, 
at w hich it was form ally agreed to  extend the activities of 
the K ingston  upon  H ull Local Section to  include the East 
M idlands. M r. Stew art H ogg (C hairm an of Council) was in 
the C hair, supported  by M r. F. C. M . H eath  (Vice-President 
for H ull) and  M r. G. H . M . H u tch inson  (C hairm an of the 
local Com m ittee), and  the Secretary.

M r. A. A. E. Wise (G rim sby), M r. T . M . G reen (Leeds) 
and  M r. A. C. G ooder (H arrogate) were co-opted to  serve on 
the local Com m ittee un til the next A nnual G eneral M eeting.

All members residing in the area are invited to  enrol upon 
the Register and, fo r the tim e being, all enquiries should be 
addressed to  the local C hairm an, M r. G. H . M . H u tch inson , 
at 27, Park  Avenue, H ull, East Yorkshire.

Sydney
O n M onday, 29th June 1953, a t 8.0 p .m ., the annual 

m eeting for students and apprentices was held by the Sydney

Local Section at Science H ouse, Sydney. M r. W . G. C. B utcher 
(M em ber) was in  the C hair and  welcomed the sixty-six students 
and  apprentices w ho, w ith  fourteen mem bers, com prised the 
audience.

M r. H . P. W eym outh  (M em ber), D irector of Shipbuild ing 
fo r the A ustralian  Shipbuild ing  B oard, exhibited an excellent 
set of lan tern  slides, show ing the various types of m arine 
engines w hich had been bu ilt in  A ustralia in  recent years, and 
gave a brief description of each type. These included reciprocat
ing steam engines w ith  and  w ithou t exhaust turbines, D oxford  
Diesel engines and  sm aller h igh  speed Diesel engines.

Follow ing th is, M r. C . M cL ach lan  (M em ber) gave a talk 
on  problem s w hich m igh t be experienced in  the operation  of 
steam engines; M r. W. G . C. B utcher (M em ber) then  discussed 
the operation of Diesel engines at sea and, finally, M r. D . N. 
F ind lay  gave some very good advice on  electrical w ork as it 
affected the m arine engineer.

A good discussion followed and  num erous questions were 
asked by the students and  answered by the various senior 
members.

A vote of thanks was proposed by M r. J. M u n ro , w ho 
is in  charge of the m arine engineering departm ent at the Sydney 
T echnical College; he expressed no t only  the thanks of the 
students b u t also o f the college authorities to  the In s titu te  
for arrang ing  the m eeting, w hich was eagerly anticipated  by 
bo th  the students and the staff.

S upper was served after the m eeting and  an  opportun ity  
was given for those present to  m eet and  ta lk  inform ally. 
G roups of young m en su rrounded  the various senior members 
and  questioned them  about the operation of various m arine 
engines and  o ther problem s connected w ith  the p ropulsion  of 
ships fo r a considerable tim e after the form al business was 
finished.
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OBITUARY

W il l ia m  H e n r y  B ooth (M em ber 8835) was born  in 1886. 
H e served an  apprenticeship w ith  R ichardsons, W estgarth  and 
Co., L td ., of H artlepool, before joining the A nglo-Saxon 
Petroleum  Co., L td ., in  1911, being appointed fou rth  engineer 
in  the s.s. Clam. H e served in various vessels as fou rth , th ird  
and  second engineer un til, in  December 1914, he was prom oted 
chief engineer. D u rin g  the first w orld w ar he was chief 
engineer of the s.s. M urex  when th is vessel was torpedoed and 
sunk in  the M editerranean in  December 1916 and , as a result 
o f w ounds he received, M r. Booth spent a short tim e in  hospital 
at Alexandria. In  January  1919 he was a survivor from  the 
s.s. Gapershell w hen th is ship was wrecked off M afam ede 
Island, Portuguese E ast Africa.

In  1934 he served tem porarily  as superin tendent engineer 
a t the Shellhaven Installa tion  of the Shell Refining and 
M arketing  Co., L td ., and, after re tu rn ing  to  the A nglo-Saxon 
fleet for a few m onths in  1935, he was appointed an  assistant 
superin tendent engineer in  Septem ber of th a t year. H e super- 
vized repairs to  A nglo-Saxon vessels in various U nited  K ing
dom  ports u n til June 1936, w hen he became the C om pany’s 
resident superin tendent engineer at Suez; he rem ained in  tha t 
position un til O ctober 1938, w hen he returned to  the U nited  
K ingdom  and  joined the m arine technical departm ent in  the 
com pany’s L ondon  office as engineer superintendent, un til he 
retired in  D ecember 1946 after having com pleted m ore than  
thirty-five years w ith  the Shell G roup . H e died, after a short 
illness, on  2nd  Ju ly  1953.

M r. B ooth had been a M em ber of the In s titu te  since 1939.

W a l t e r  D e a n s  C a r so n  (M em ber 9015) was born  in  1876. 
H e served an  appprenticeship w ith  Earles Shipbuild ing and 
Engineering Co., L td ., of H u ll, and attended H u ll Technical 
College. F o r about seven years he was at sea, m ostly in 
vessels owned by the E llerm an and W ilson L ine of H ull, serving 
as fou rth  and th ird  engineer and, after obtain ing a F irst Class 
B oard of T rad e  Certificate, as second and then  chief engineer. 
H e came ashore to  act as assistant to  his father, the late M r. 
Robert C arson of H ull, w ho conducted his ow n business as 
consulting  engineer and  acted as superin tendent engineer to  
various sh ipp ing  companies. L ater he was employed for 
fourteen years by the B ritish C orporation  Registry of Shipping, 
for eighteen m onths as principal surveyor in  Sunderland.

In  1920, M r. C arson set him self up  as a consulting  engineer 
and  m arine surveyor in H am burg, where he acted as superinten
dent engineer for the U nited  States Shipp ing  B oard and 
surveyor for L loyd’s agents; in 1939, in view of the political 
situation  and the inevitability of war, he returned to  this 
country  and established a business in L ondon  as consulting 
engineer bu t w ent to  Glasgow in  1941 to  take a position w ith 
the B ritish Iron  and  Steel C orporation  (Salvage), L td ., leaving 
them  in 1947 to  resume business on  his ow n account in 
L ondon. As a result of ill health, he was unable to  carry 
on his business and, after a long illness, he died on  5th 
N ovem ber 1952.

M r. C arson was a mem ber of the Society of C onsulting  
M arine Engineers and  Ship  Surveyors, his father having been 
a founder mem ber of the society, and was elected to  m em ber
sh ip  of the In stitu te  in  1939.

R o ber t  T h o m  F y f e  (M em ber 11582) was bo rn  on  8th 
M arch  1904. H is apprenticeship was served w ith  Flem ing 
and  Ferguson, L td ., of Paisley, from  1918-23 and  d u ring  this 
period he attended evening classes at Paisley T echnical College. 
F rom  1924-26 he was a jun io r engineer at sea w ith  the B ritish 
Ind ia  Steam  N avigation  Co., L td ., d u ring  1927 he was th ird  
engineer w ith  D aw son B rothers and  Row an, followed by a few 
m onths in  a sim ilar position w ith  D onaldson  B rothers and  the 
“D ” steamers respectively. H e obtained a F irs t Class B oard 
of T rad e  Certificate in  1929. F rom  1929-35 he was second 
engineer of the River Clyde dredging plant. H e was employed 
from  1935 un til his death on  10th June  1953 by the Clyde 
N avigation  T ru s t of Renfrew, as assistant forem an engineer 
outside from  1939-46, as head forem an engineer outside from  
1946-48, and  then  as assistant to  the m echanical engineer.

M r. Fyfe was elected a M em ber of the In s titue  in  1947 
and  was appointed  to  m em bership of the com m ittee of the 
newly form ed Scottish Local Section at the ir inaugural m eeting 
on 27th M arch  1953.

E n g in e e r  R e a r  A d m ira l  J. W . M i ln e r ,  C .B.E., M .V .O . 
(M ember) was born  in 1875. F rom  1890-95 he was an  engineer 
apprentice at the Royal Arsenal, W oolw ich, and  then  w ent to  
sea as assistant engineer in  H .M .S . V ictory. H e later served 
in  H .M . Ships Revenge, M elpom one  and  W eym o u th  and  d u ring  
his service w ith  the last of these he was in  action  w ith  a G erm an 
cruiser in  the Refugi River action. H e was appointed  to  H .M .S . 
R enow n  du ring  the period in  w hich she carried H .R .H . T he 
Prince of W ales on tours to  C anada, Am erica, Australia, 
New Zealand and Japan , and  for th is service he was honoured 
by mem bership of the Royal V ictorian  O rder. F rom  1923-27 
A dm iral M ilner was chief engineer of the shore station  at 
G ibraltar, and fo r tw o years thereafter he was A dm iralty  over
seer in  N orth -E ast England. H e retired from  the active list 
in 1930. D u rin g  the second w orld  w ar, however, he was 
recalled as chief engineer o f H .M .S . Belfast, from  1942-45, and 
at the end of th is service he was appointed  a C om m ander of 
the O rder o f the B ritish Em pire. A dm iral M ilner died on 
5th M ay 1953. H e had been a M em ber o f th e  In s titu te  since 
1928.

A l e x a n d e r  J a m e s  G ib s o n  S t e p  (M em ber 7178), w ho was 
b o m  in  1899, died on  7 th  N ovem ber 1951. H e served an 
apprenticeship w ith  M o rt’s D ock and  Engineering C om pany, 
Sydney, N .S .W ., from  1916-21, and attended Sydney T ech 
nical College during  th is period also. F o r  six m onths he 
sailed as jun ior sixth engineer in  s.s. Persic and s.s. Gallic, 
ow ned by the W hite S tar L ine, and  then  joined the U n ion  
S team ship C om pany of N ew  Zealand, L td ., as th ird  engineer 
of the s.s. K ittaw a  in  M arch  1923. F o r the next ten  years 
he served as th ird  or second engineer in  m any of the com pany’s 
ships, ob tain ing  a F irs t Class A ustralian Steam Certificate, w ith 
F irs t Class M o to r Endorsem ent. In  1936 M r. S tep obtained 
an E xtra  F irs t Class Board of T rade  Certificate, w ith  M otor 
Endorsem ent. H e was a m em ber of the In s titu te  of M arine 
and Pow er Engineers o f A ustralia, and was elected to  m em ber
ship of the In s titu te  of M arine Engineers in  1933.
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