
FURNACE BRICKWORK. 

The development of refractory materials suitable to withstand 
the intense heat generatied in the furnacc~s of oil-fired boilers 
has been dealt with in " Papers on Xnginrcring Subjects," 
30. I, p. 8, where an account is given of the various tests to 
which the materials arc subjected. The prohlenls to be faced arc 
somewhat different from $hose e~icountercd in industrial furnaces 
where the refractories are not only exposed t o  t h ~  erosive action of 
molten metal and slag, but. arc also required to bear considcrablc 
loads due to  the height of the structure involved, while in rriany 
unscs their chemical con~position requires special consideration in 
the light of possible rcnctions which may affect the purity of 
the product of the furnace. 

The life of the furnace brickwork in oil-fired boilers is 
influenced by :--- 

( l  ) The high sustained furnace temperature. 
(2) Rapid changes in t c m p r a t ~ ~ r e .  
(3) Vibration caused by 

(i) Pulsation ; 
(ii) Gunfire, &c. 

(4) Incorrect or careless construction. 

Gradual progress has evolved refractory briclm which will 
meet Naval requirements and under normal circumstances 
rnodern brickwork should last for rseveral years without renewal, 
assuming that it has been properly built, has rcccived propcr 
care and that pul~atiou has been avoided. 

The latest specification for the refractory bricks u ~ d  in 
Xaval boilers states that thew must be made of the bed fire- 
resisting insulating mn;terial, of good, sound quality and of the 
best ciescription and capable of withstanding a temperature 
of 3,000" P. Fnrther specified requirements are :- 

" Corners of bricks and tiles required square are to 
corlform to this condition. No brick or tile will be acccpted 
if buckled. No bricks which exceed specscd dimensions 
by 1 per cent. or falls below the ~pecificd dimension8 by 
14 per cent. mill be accepted. 

" Names of the makers of the bricks proposed to be fitted 
arc to  be submitted for approval and samples of the bricks 
are t,o be scrlt to Haslar Oil Fuel DepAt for examination 
and test if required. 

"Brickwork is t o  be comtructed in an approved 
manner . . . the joints botween the bricks arc to be 
kept as thin as possible; the bonding material is not to 
exceed & in. in thickness. 

'' Sides of furnaces arc to be bricked to a thickness of 
not less than 24 in. and for a distance of 6 feet from the 
front bricks 4 in. thick are to  be urnd. 
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" FI-o~I~ and back casings are to bc li~iecl with bricks 
not less than 4 in. thick to the hcigl~t of the higliebt 
combustion tubes and abovc this riot Icss than B in. 

" Rriclr pans are to have t u o  layers of brick in the 
bottom, the top layer not less than 2$ in. thick ancl thc 
bottom 1ztyc.r not less than B in. thick." 

The weight of the bricksvork in a modern boiler is very 
considerable, nnio~lntillg to some 7 tons iri a11 average case. 
JIuch attention has tlieveforc been directed towards the reduction 
of this item, but it has been found that the rnininl~~m weight 
per cubic foot of brickb that xvill satisfactorily nithstand the 
necessary tests ib about 115 lbs. 

With rrgtlrtl to the general treatme116 given to fire bricks, it 
may be observcd that as a rule insufiicierlt care is taken in tlic 
stowing and handling of these articles and as a consequence a 
largc number have edges i ~ n d  corncrs chipped, being then qlritc 
unsuitxhle for thc.ir intcutled use. These defects may be 
temporarily covered by pointing the finished brickwork, but 
service nt scn quiclrly exposes them, and only undamaged bricks 
h a ~ n g  sharp .clean edges and corners shorilcl bc selected for 
building new brickwork if a satisfactory life is to be obtained. 

No description is required of the Service method of attaching 
the brickl~ork to the plating of the boiler casings other than to 
state that as far as possible each brick (except those laid on the 
horizontal floor or ljrickpan) is provided with a bolt recessed into 
the body of the material, t he  head of the bolt being protected 
by a plug of refractory material, uhile suitable material is 
i~ltrodrlcoti into the hpaces botween adjaeel~t bricks. 

The followiilg tcrms, which are believed to bc generally 
accepted, have bcen employed in this article jt i  referring to the 
materials used for building u p  the furnace brickwork, ~ i z .  :- 

"Bonding " is the makrial used as mortar between the 
bricks whilc " stopping " refers to that employed for filling 
the hole provided in the brick for the head of the securing 
bolt. 

Thc nature and the method of application of the materials 
nsed for stopping and bonding merit some brief description in 
view of the nnsatisfactory results which may obtain in thc 
absence of the few necessary preca~t~ions, and these it is proposetl 
to discrrss in what follows. 

Pireclay.-This nlaterial forins the essential basis of a11 
honding materials and no clap having a fusing point below 
1,500" C. should be classed as fireclay. The best fireclays are 
obtained from the toad measures and after suitable treatment, 
inclrtding lengthy "weathering " or oxposure to the air, arc 
admirably silitcd for their purpose. 

When uset1 alone &eclay is subject to  considerable ehrknkage 
on being fired, and in order to rcdrrce this effect ground bricks 



or potslicrds (sometimc~s cnlletl " grog '.) are often rnixecl with the 
clay t o  the extent of ;*bollt one-thirtl it- \\c,i,rrllt. 

1Tireclny miscd n i th  fresh or salt water sand has bcen used 
for bonding material ill the past, but it has bccli ciecided that, 
no saild of nny description is to be used in fntnrc for. " bosidiiig " 
and " stopping." -4 snl:~ll proportion of the right 1;ind of sand 
m:ty bc nd~arlttngcous ~vhen ~irixcd with fireclay. b7d as sand is 
obtaiiicd from different smzrces, often \\ithout any form of 
inspection, it is n safer practice t o  nx-oid entirely the use of sand 
in nriy mixture required to  nithstand high furnace tcmperatrires. 

The effect of high tempcrat~lrcs on mixtures of fireclay nnd 
s:md (the latter obtained locally a t  l ls l ta)  is shown in the 
pl~otograplls. 

-1 special bonding and stopping mixt~zrc. consisting of 
firccley, crusbctl bricli and to~xgli xhite cl:ty, has been rlndor 
trial for sorue time-sec -1.P.O. 122!),'26. This mixlure, h o w n  
ur the " klaslnr nlidure,' '  ~vlien propr ly  prepared and applied 
has given excellent resrdts, hut its success depends up011 the 
cercful drying ibrid thorough mniAxing of the ingredieutts to a degree 
-ahiclt has proved somen-hat impracticable mider service 
conditions. 

liesults. scr~rccly less stttisf;~ctory, h s ~ e ,  llo\+e-oer, been 
ohtailled fronr the usr of a n~i\ tnrc consisting of cqntbl parts of 
iirecLty and crushed firebuieli. The fichricli to  be crushed Inay 
be scllectcd from any rtscd fr~rn;~ce bricli~~orl; pro1 idcd nei the~ 
gl:~ecd 1)ricl;s nor those sho\+ing disco1onr:etiorl arc used. Thc 
selected bricks sllolild hc critsl~ed t o  tlie consistency of file sarid 
if required for " bonding " material and to that of coarse sand 
when to  be used as " stoppirlg " makrial. 

I t  has bee11 founci that  although nlix+-tureu of fieclay and 
tr.iluhcd 1)rjck irr the prnpc>rtic)i~s 1 : 1 to 2 : 1 make tt 

gooci " Tmntling " material, tlie proportion of 1 : 1 is preferable ; 
i t  shoultl, hovr-cwr, lw noted that  rigid :tdlicrc~nce to these pro- 
portions is riot a t~ohl ic ly  pnmidcd that tlie propAion 
of crusl~cd brick is slightly less tlitt~r that of the tireclay. The 
fireclay sllo~lld 11e ns dry as possible and should be intimately 
mixed \\it11 the crusilecl brick before water is added. The 
cnlehed brick sho~llcl, if possible, be of sirnilnr ruttter.i:xl t o  that  
of the brichnorli t o  be built up, preferably being m:~nufactured 
by the sa~ne  mn1it.r as thc latter. 

Bolt fTolt' S(o~1~1i7zg.-Tl~)ien 1,ricl;s arc held in plncc by bolts, 
the rc~sltlt of any displnceme~it of the stopping, ilint protects 
the 1lc:~d of the bolt from the fitt~ne, is serious, since if the bolt 
hencl becorries exposed, i t  may fuse, for~il i~lg with the material 
of tlic brick n conlpor~rtd of comparati\.ely low rllelti~lg point, 
I\ hich n ill cut charlnrls it1 the l)ricll\~~orl;, so exposing the casing 
to  the heat of ihe fnrn:~cc,. 

Iir order t o  a\ oid this. it is c s ~ ~ ~ l t i a l  th1-t) the " stopping " 
shonlcl hc of the right tnixture and carefully applied, the following 



procedure having proved effective. The coarse crushed firebrick 
should be mixed with the heclay, sufficient water being then 
added to make a thick paste. The bolt holes should tlhen be 
dsmped or washed with a thin wash of fireclay. Stopping should 
then be well rammed home, preferably by means of a suitable 
dished circular tool, and left 11-ith the '"topping " proud like 3 
flush rivet. 

It will be readily realised that if an air space is left the 
" stopping " will be forced out of place by the esp,ansion of 
the air before n suMicicntly high temperature to bake it has been 
reached, while if the " stopping " is too vet  when applied, or of 
incorrect ingredients, thc plug may shrink when fired to such 
an extc~iti that it will drop out. 

TESTS OF BONDING AND STOPPlNG MATERIALS. 

The relative merits of various mixtures for stopping and 
bonding materials are well illustrated by the rcsults of the tests 
here described. 

F3eclay as drawn from Naval Store. 
Sand obtained locally a t  Malta. 
Cnlshed brick prepared from old usod bricks from which 

glazing had been removcd. 

Experiment 1.-Photogmpii. 1. 
Pour pattern 25 bricks used. 
Figures 1, 2, 3 and 4 show bolt hole " stopping ". 
Figures B, 6, 7 and S-" bonding " between the bricks. 

The bricks were exposed to a temperature of about 2500" F. for 
44 hours in an oil fired furnace, then allowed to cool in the furnace. 

Resrzlts ns shown in photograph 1. 
ivo. Xtopying Hat~ial. 

1 Fireclay. 
2 6 Fircclay, l Sand. 
3 6 ,, 1 ,, 
4 1 , l Crushed. brick. 

No. Bonding Naterial. 
5 G Fireclay, 1 Sand. 
6 Fireclay. 
7 6 Fireclay, 1 Sand. 
8 1 ,, l Crushed brick. 

Experiment 2.-Results ~Jwwn in Pf~otograph 2. 

Same conditions as for 1. 

ATo . Slopping Material. 
1 Fireclay o~ily. 
2 Pireclay, sand and crushed brick. 
3 6 Fireclay, l sand. 
4 5 ,, 1 7, 











Xo. Bonding illuterial. 
6 6 Fireclay, 1 Sand. 
6 L ,, 1 Crushed brick. 
7 5 . 1Sand. 
8 Pireclay. 

Experiment 3.-Resu7t.s shown in Photograph 3.  
Bricb were pattern 25 and 31 and treated as in Experiment 1. 
Nos. 1, 2, 3, 4 & 9.-Bolt hole stopping. 
Nos. 5, 5a, 6, 7 & S.-Bonding between bricks. 

No. 19top ping Material. 
1 Fireclay. 
2 l Pireclay, 1 Crushed brick. 
3 L ,, 1 ,, 
4 Pireclay. 
9 B Fireclay, l Sand. 

Note.-Plug fused. 
Bolt burnt through shunk. 
Bolt head can be seen. 
Channel cut in brick. 

No. Rodiny iVaterial. 
5 & 5n B Fireclay, l Sand. 
6 Firecla y. 
7 & 8 8 I?ireclay, l Sand. 

Experiment 4. 
Same conditions as for Experiment 1. 
Bricks ay in Experiment 3. 
Results shown in Photograph 4. 

No. Stopping Materd .  
l & 4 E1ireclay. 
2 & 3  1 Rroclay, 1 Crushed brick. 
9 2 ., 1 Sand. 

No. Bonding ,Vaterial. 
j; & ju 2 %ireclay, 1 Sand. 
6 Fireclay. 
7 & 8 8 Fireclay, l Sand. 

Bonding.-For this thc Fine Rlixturc made up into a paste 
ia u ~ d .  The bricks are first damped, those on thc floor of the 
furnace being laid as close together as possible in order to minimhe 
the thickness of the jointing. Tn the case of bricks secured by 
bolts, care should be taken that thesc are not screwed up too 
tightly. The thickness of jointing for these bricks should be 
kept as s n l d  as ps ib l e  and in no case should exceed -& in. 
Thc jointing material should be proud of the brick face and 

A l 



should be smootl~ed down in such a nlallrier as to cover the 
edges of tho bricks. If the bonding is not finished off in this 
mdnncr tllc flamc will tend to burn away the exposed edges of 
t>he bricks and eat in behind the bonding material d i e h  thus 
bccornes looserled. 

Pat~/tirtg.-~!2his is done with the Alediurrl or Pinc Blixturc, 
made lip in the for111 of a still paste. Great carc should be 
taken that :tll fnsed or glazed portions of thc brick are chipped 
a%-ay, leaving oill? a good surface. while the bricks should be 
underclrt ~vhcre this is possible. The defective portion is then 
dampeci and the mixtnre rammed into place with a wooden 
wedge or other suitable tool. If after steaming slight cracks 
are observed it is advisable to fill them with a similar mixture 
made up into a slurry arld the ~d~lole washed over with a brush. 

Glass, Ganister and Iron,.--The use of these materials in the 
stopping appxrs  to cover the srxrfacc of the brickwork with 
a hard glazcd laycr; a t  the sarne time the glaze so formed 
penetrates the brick, this effect being most marked in the case 
of the iron and least in tho case of glass. with co~ltirll~ed steam- 
ing these s~tbstar~ccs. which have a lower fusing point than the 
brick, become molten, and tend t.o liux the brickwork : chbnnels 
are thus formed in the ~valls by the molten material, which 
may also crit its way through the brick floor. 

Fireclay IVash.-111 order to protect the face of the brickwork 
from surfacc cracking, it is desirable to apply a tlkn wash of 
fireclay, which should be thin enough for application with a 
brush, its purpose being merely to fill the surfacc pores of the 
brickwork. If it is applied in sufficient thickness to form a 
surface layer on the bricks, it will merely hardcii and tlieen crack 
off, removing portions of the brick face in the process. 

" Ml3TNOD OF TEST OF FIREBRICKS EMPLOYED AT 
THE LIQUID .FUEL EXPE~I~~ENTi lL  WORKS, HASLW." 

A brief description of the methods ornployed for testing fire 
bricks is appended as a matter of interest, being divided into 
three main sections, viz. :-- 

(l) Cold Test. 
( 2 )  Hot Test. 
(3) Conductivity Test. 

" Cor,u TEST." 
On receipt of sample of bricks for test they are carefully 

examined, the points requiriug particular atterltioil being :- 
(a)  General finish and manufacture. 
(b) Agreement ~vit~h standard dimensions as laid down 

in Lithograph book of drawings, pa;rticnlars etc., revised 
Janr~ary 1919. 



The bricks are dried over o slow fire till all the moisture has 
been driven out. 

Or~e sarnyle brick is then taken for test of porosity, the test 
bcing carried out as follows :- 

Tile brick when thoroughly dried is neighed, it is then soaked 
in a tub of water for 24 hours, so that it is completely saturated, 
and again weighed, the percentsgc of porosity is then taken as 
being : 

Weight wet minus weight dry X 100 --- 
Weight dry. 

The percentage should not as a rule rsceed 10. 
A cold dropping test is then carried out. The brick in tt 

thoroughly dry state is dropped on to  a flat concrete floor from 
a height regulated according to  the weight and structure of the 
brick. 

Three drops are made, should the brick break at the first 
drop, the largest portion is dropped a second time, and sinlilarly 
for the third drop. A brick, or part of a brick which breaks 
into eight or more pieces on any drop is considered " shattered," 
and its rejection is considered, further dropping tests being niade 
on a fresh sample to  confirm the results first obtained. Obser- 
vations made during the chopping test allow estimates to  be made 
of the general tol~glulesr a n d  strcngtli, and a11 inspection of the 
fracture is made for cxuaminution of the internal structure of thc 
brick. (A brick that  does not break dnsing the dropping test is 
broken by force). 

The bricks are then testcci for their property of being cut or 
shapjcd. 

This completes the cold test. 

'' HOT TEST." 
Samples of bricks which hare not been trcated in any way, 

except that  they have been dried over a slow firo on first receipt, 
are placed on the floor of a sprcinlly constructed, bricklined, oil 
f ied furnace. 

The oil spray from thc burners does not impinge on the 
bricks, but they arc subjected to the heat of the fnrnace on all 
sides. 

Procedure of burning Il'est. 

Time. Procedllre." 
- -- 

8 hours - Purnaco lit up and tcmperatures gradually raised 
to  "00" B. and there maintained. 

16 hours - Furnace died out. 
8 hours - Furnace lit up and temperature grt~dually raised to  

2'700°F. and thcre maintained. 
16 hours - Furnace! died out. 
P 5  hours - &'urnace lit up and temperature gradually raised to  

2s5o0B'. 
Completion of burning test. 



The bricks are under contirlual observation during the burning 
test, and are &st examined in place, special attention being paid 
to flaking, cracking, fusing, glazing and distortion. 

Seger cones arc placed in the furnace, and are so graded that 
the temperature can be noted. 

The bricks, after removal from the furnace. are subjected to 
a hot dropping test similar to that made when cold. Notes are 
made of the results and the bricks if not already fractured, arc 
broken for thc examination of the intrrior. Bricks after the hot 
test should be able to Le cut without bacomine friable. 

In addition to tlic above hot test, it is thg custom to test a 
sample of each consignment in t,Ile special oil fired crucible, in 
which a heat of over 3000°F. is qllickly raised. This test, known 
as the " Fusing Test," is always applied to the initial supplies of 
bricks from any new source, and is used also ass an occasional 
check on later consignments. 

A retest is practically always made of any brick which shows 
grave faults, and 110 bricks arc condemned unl(:ss tmo or more of 
the samples show similar defects. 

The brick to be tested is placcd in a lagged chamber. On the 
upper side of the brick a copper vessel ~onta i i~ i~ ig  water and a 
delicate thermometer is placed. A flame is applied to the under 
side of the brick and the rise of temperature of the water in the 
copper vessel noted at intervals for half an hour, care being taken 
to prevent heat reaching the upper side by leakage past the sides. 

This test has promd to bc very necessary in that some 
materials, which are pre-eminc-nt in their refractory qualities, are 
unfortunately comparatively poor insulators of boat. 
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