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The Development of & New Process For the Manufacture

of Insuleating Refrcctorics

Because of tne importance of economy
in fuel consumption, insuleting refruct-
orles h&ve been receliving serious consider-
&tion 1in the heat trezting field. The
insulating brieck 1s a recent develovment
end is still in the neophyte stage. In-
sulators sucn &s infusorizl earth have
been used beck of refrectories for a
nuuber of yesrs, but only within the last
five years has 1lnsulation on tue inside
of the furnace been consicdered and this
has given rise to many new problems in
the production of insulators.

Some good insulzting brick have been
made for use at low and medlum temper-
atures.l Up to the present time these
bricks have been replacing firebrick
with 1little change in furnace deslign
but at pré¢sent there 1s e tendency to
adapt furnaces to take full adventage of

the properties of thesebrick.

I, Rueckel W. C. "ppysical Pro -
Some 5. ck," Jour. Amer. Cer.

Soc. V18, 18, 1935
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The cheif limitstion of iasuleting
brick used in modern furnsces, ie thelr
leck of resistunce to slags at high
temperatures. Other dlsadvanteges are low
resiastance to ebrasion, low apelling
resistance, and poor mecheanicel strength.

The use of refractory insulating
brick in furnaces produces savings in
fuel end hesating time us much as 60 to 70
percent. These economies are e result
of the low thermsal conductivity of the
brick end its 1light weight which 1s re-
sponsible for 1its low heut capscity.

None of the porous typea of brick
can be used wnere they will be exposed
to abrasion, slagging action or flame
impingement, But where an abrasive
combustion cannot be avoided, a facing
material can be applied that will stand
the direct force of the flamse.

One of the most importaent pheses of
insulating brick menufacture is the
machining to size. When this type of brick
te fired it deforms considerably end there-
fore must be ground to size. The grinding
is esccomplished by meens of emery end

carborundum wheels,
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A nine inch wall of average insuleting
brick has about the seme heet resistance as
222 inches of firebrieck. This fact makes a
much smaller grate area possible and at the
spme time production 1is speedad-up.2

The charucteristics deslired in en insulet-
ing refractory are, in order of their import-
ance:

l. Uniformity of pore structure.

2 Minimum shrinkege.

3. Spalling resiatance.,

4, Physical strength.

5. Insulating value,

6, Thermal capaoity.3

Four genersal methods have been used to
produce insulating refractories:

1, Pormation of bubbles in the soft mix.

2. Addition of porous material to the

cleay body.

3. Burning out particles of organic

matter.

4, Sublimation of aolld perticles in the

mix,
2. Wood, T. E,, "Light Weight Cellulor Brisk
Made for Purneace InaQ%IIation', Cersmic ige,
» - s 4LJO0

3, Hepburn, W. M., "Insulsting Refrectories",
Jour. Amer. Cer. Soc. ViG, I, 5535.
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The method used to produce bubbleasa ars
varied: in one method 1lime is used, it is
udded to the mix and then. 1s acidified form-
ing COp, enother method is the use of
aluminum and an slkalis to form hydrogen
bubbles %,

Je R. Parsons has Just patented a new
process for making light weight brick by the
bubble method. In his method an slkulie re-
acting substence such aa black liguor 1a uadd-
ed to a mixture of clay and water to effect
deflocculetion of the clay, & tenaclous foam
is edded and a reagent such es gypsum ia
incorporeted to produce a delsyed floceulat-
ion with entrapment of foem bubbles, the mix-
ture is then shaped, dried and fired 5,

The most common method of producing
insulation brick is method number three above.
By this procedure some orgenic material
(wool, cork, dust, peat or coal) is mixed with
the clay and then burned out leaving open
epaces in the body. This method tends to make
the resulting brick less refractory because of

the fluxing of the esh of the organic material 2.

2. Wood, T, B., "L;e%t Weight Cellulor Brick
Madé for Furnace Ins ation", Ceramic Age,
- epl. O e

4, iorton, P. H., "The Msnufgcture end Uss of
Insulating FPirebrick In Ihe United Statesy
Trams. Cor. 808, Bog,, VBT ToaT. -

8, Parsona, J. R., "New Plaatic Insulating

"™ Brick and Clay Record, VBD,

Refractories
(203-7) Dec. 1934,
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PURPOSE

In as much as the grinding of inasulating
brick to alze after the firing operation is
one of the most importent and at the same time
one of the most expensive operations inwolved
in their manufacture, it was felt that the
development of a method for manufacture of
insuleating brick which would do away with the
necessity of grinding after firing would be
a very worth while project.

With this object in mind it wes declded
that the loglcal method would be to incorporate
the pore structure in the mix while green
and at the ssme time to add some sgent which
would prevent losa of the pore structure
before the body was strong enough to support
it's own weight.

We decided to produce the pore structure
in the brick by means of a soep froth and to
add liquld paraeffine to the slip before it
was poured into the mold. The pareffine
would solidify quickly and permit the removal
of the green brick from the mold with no
danger of its slumping or losing its shape
before being fired.
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Materlisls used:

The cluy used 1n this study wes "Empire"
fire clay from A. P. Green Firebrick Company
in Mexico, Missourl,

The soep used for the froth was & grenu-
lated soup costing ten cents per pound, F, O.
B. the Proctor and Gamble wholesale house at
St. Louis, Missouri.

Paraffine menufactured by the 8tandsrd
011 Company and selling for nine and a helf
cents per pound in small lots was used as
the setting agent.

Method of procedure:

The first aset of test bodies was made up
to determine the proper amounts of each in-
gredient which should be used to give the best
green body,

The water, soap end electrolyte were
hested to 70°C on the hot plate, When the
mixture reached this temperature it was
whipped with an egg beater until a good
froth was obtained. The clay which wes
ground to pass 60 mesh was edded slowly and
the whipping continued until the mixture
was & homogeneous maess, After the clay had
been edded the pereffine was Introduced end
the slip poured into cold beeakers,

The ssries of bodles given in Teble 1

were used in this pert of the study.
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TABLE 1

Body 1 2 3 4 5 6
Cleay 75 75 75 75 75 75
Water 25 25 25 25 25 25
N8gCOg 1 1 1 1 1 1
Paraeffine 0 5 10 0 5 10
Soap 28 24 2% b5 5 5

The proportions in the above table are
given es parts,

DISCUS3ION OF RESULTS

After permitting the test pleces to dry
in the beskers they were taken out and
examined so that the best body might be deter-
mined.

The bodies which contelned only 24 perts
os- soap did not have a very uniform pore
structure, this indlcated thet e body with a
greuter precentege of soap must be used.

The bodies which contained 5 parts of
soap had & uniform pore structure and the
size of the pores seemed to be very good,
therefore it wes decided theat spproximetely
thia percentage of soap should be used 1n

later astudies,
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The bodiea which containsd no peruffine
did not retain their pore structure when
poured into the mold, this proved thet a
setting agent wus necessery in the production
of this type of brick. The bodies which
contaeined ten parts of psraffine showed an
excess which floated to the top of the mix
before it cooled. The bodies containing five
parts of parsffine kept their pore structure
very well and since there wes no noticabile
excess 1t was decided to use approxinmetely

this percentsge 1In the future studies.
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PROCEDURE 2

When an attempt was made to meke a full
81zed brick using the batch decided upon in the
first part of the study 1t was found thet the
proportions were not proper to give the best
results, so it was decided to make up seversal
full size brick and very the batch compoaltion
somewhat from that orginelly decided upon.

It wes also found that the egg beuter
was not large enough to thoroughly beat the
mixtures so & Kitchen Aid mixer wss obtained
for the mixing.

The water and sosp were heated as in
procedure 1 and then beaten into & good forth.
It was found that when the froth just filled
the kettle, the best results were obtelned.
After the sozp was well beaten, the clay end
the liquld paraffine were introduced and the
8lip poured into the mold.

It wes decided that for best results a
collepsible mold should be used, eo a wooden
mold with four folding aides wsas used.

The ssries of bodies used in this part of

the study ere given in Tseble 1l.



Body # 1

Body # 2

Body # 3
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TABLE 2

Constituent

Cluy
Soup
Poraffine

Na2003
Water

Clay
Soap
Paraffine

N82003

Water

Clay
Soeap
Paraffine
Ha2003

Water

Weight 1n grams

1800
60
60

1.5

450

1500
70
60

1.5
480

1300
70
60

1.6
450

%
92.5
3.7
3.7

ol

92.0
4,3
3.6

ol

3l1.0
4,7
4.2

.1
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TABLE 2 (cont)

Body # 4
Constituent Weight in grems %
Clay 2000 91.0
S8o0up 105 4,8
Paraffine 90 4.1
Na, GO0z 4 .1
Water 675

Body # 5
Clay 1800 90.0
Soap 106 5.25
Parsffine 30 4,5
Na2003 4 «25
Water 675

These bodies were left in the mold for one
hour, after which they were taken from tre mold
end alr dryed for two weeks, When thoroughly
air drtcd the test brick wes dried at 110°
for one week and then fired to 1300°C, in a

high temperature, o0il fired furnece,
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DISCUSSION OF RESULTS

In Body # 1 the paraffine solidified
before belng poured into the mold. This re-
sulted in e dense body whose pores were un-
even end much too fine.

This body hed & good pore structure even
though percentage of soep was not grest enough
end the test piece collepsed sfter sbout 5
minutes in the mold.

Body # 3 was stirred rapidly just before
pourling, resulting in a very good pore astruct-
ure. Thia body wss less dense than either of
the first two but the amcunt of soap froth
was 8tlll not great enough and the brick
collapsed.

Body # 4 conteined too much clay in
proportion to the other constituents, This
resulted in a dense body with poor pore
structure.

Body # 5 was whipped «t an 1lntermediste
spaeed end had e very good pore structure.
This body set well and Just filled the mold.

It was decided that Body # 5 was the
body which would give the best insulating
brick so several teat pleces were prepared

uaing thils composition,
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They were dried end fired as stated in the
procedure,

These test plecesa were b:sdly cracked in
the firlng process and therefore were of no
velue for test purposes. The pieces were
elso covered with a brown scum and herd scale
which would meke them useless with out first
grinding the six surfecea. The fired pleces
had e good pore structure so 1t was decided
to keep the seme body ss a base in future
study.

PROCEDURE 3

In this study the composition of Body
# 5 in Table 2 was used as the base.

The formation of the scale on the test
plece= which were fired in the preceding
study hed to be eliminated if the purpose
of the investigation was not to be defeated,
It was decided to add boric acid to the
mix to raporize the slkaill in the sosap
during the firing process.

The soap and water were heated to 70°C
a8 in the previous studies and frothed in the
mixer, Then the clay which had also been
preheated to prevent the solidificstion of

the psraffine before the slip was poured,
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was udded, the paraffine introduced end the
2lip poured into the mold a&& in Procedure 2.
It wus estimated thet 10% of Borilc acid
would be required to neutrslize the sctlon of
the soup so this amount was added to the mix
when the cluay wsa Introduced into the mixer.
After air drying for 2 weeks snd drying
In the electric drier for 1 week the test
pleces were fired to cone 10 in the high

temperature furnsce.

Since the above mixture is the one which
wus used for the bricks on which the tests
were urn, the following cost account will Dbe
the only one rendered,

Cost of ruaw maeterlals per thousand bricks

3334 pounds of flint cley @ .3/ = $10.00

200 pounds of pareffine @ .9%¢ - 19.00
100 pounds of sosap @ .10 = 10,00
Total cost per thousend = $39.00
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RESULTS OF PROCEDURE 3

The test pilececs which were prepared and
fired using thls procedure were guite badly
cracked but it was possible to get several
pleces of the fired brick which were lsrge
enough to meke the necessary tests for
physical properties,

The addltion of the borie ecid accomp-
lished 1ts purpose since there was no scum
or scale on the fired specimens, The edd-
fition of the boric acid also seemed to ald
in holding the pore structure while the
brick was in the green steate.

The tests run on the fired brick were:

1. Pired modulus of rupture.

2. Pired crushing strength.

3. Insulating vsalue,

4, P. C. E.

5, Bulk specifiec gravity.

The above tests were also run on 8 diff-
erent samples teken from the 1lnsuleting re-
fractory bricks manufactured by three of the
largest producera in the Unlted States. The
purpose of running these tests were to obtein
e comperison between standard bricks and the

new brick.
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TEST METHODS

Modulus of Rupture,

The croas breaking strength of the fired
brick waes obtained by sawing pleces 6" x 1" x
1" from the brick and breaking them on the
leboratory cross breuking mechine,

Pired Crushing Strength.

The flred crushing strengths were deter-
mined by use of a modificetion of the cross
bresking machine. Pleces 1" x 1" x 1" were
sawed from the test pileces and plsced
between 2 heavy metel pletes. The botiom
plaete was placed on the knife edges and the
bresgking edge of the machine was rested on
the top place., Welight was then aepplied st
e uniform rate until the test plece gave way.
Insulation Value,

Pieces of the brick 6" x 1" x 1" were
sawed from the tesat specimens, and & hole
2" deep was bored into the plece the long
way, to teke care of @ thermometer., The
test plece was placad im a 1" x 1" opening
in the furnace door and the furnece fired
for 24 hours at 1800°F. At the end of the
24 hour perliod the temperature indicated by
the thermometer was noted and the loss of
heat through the brick caelculeted in B.T.U!s,

in the ususal way.
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Softening Point.

The softening point of the brick was
found using the regular A. 8. T. M. stand-
ard test, C 24 - 33,

Bulk Specific Greavity.

The bulk specific gravity of the test
pleces were found by using the welght end
volume of a 2" cube of the peraffine couted

test brick 1n kerosene.
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SUMMARY OF DATA

Brick Plred BTU Loss Fired P.C.E. Bulk Color
M of R per sq. ft. Crushing Sp. Gr,
#/3q.in. per xour Strength

#/sq.1in.
EF-22 133 1400 300 27 .690 fthite
Ef-21 250 1458 293 28 .698 White
A-25 141 1511 273 25 . 698 White
G=25 28 1700 262 304 724 Cream

Non-per, 81 1170 134 54 «459 Red

HW~111 155 1173 384 14 .815 Brown

HW-111-A 7 1400 231 13 721 Red

HW-"777 36 1017 123 7 . 589 Red

Average 113 1354 250 16 .671

Re=segarch 210 1506 412 32 .931 Cream

Brick

The dry crushing strength of the rc¢search brick is 40 pounds per
squure 1nch,

The total shrinkage 1s 25,52%,

Bricks EF-22, EF-21, £-25 and Non-par, were semples of insulating
refractory brick manufactured by the Armstrong Cork Brick Compeny.
Brick @-25 was menufectured by the A. P. Green Flrebrick Compeny.
Brick HW-11ll, HW-11l1l-A end HW-777 were manufuctured by the

Harblson - Welker Refractories Compsany.
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DISCUSSION OF DATA

In comparing the average of the datsa
tuken on the bricks of other companies and
the brick mede by Procedure 3 1t mav be seen
thet this brick equels and even surpasses
the best brick on the market in every one of
its important physical properties,

A brick with much gre:«ter mechaniceul
strength than the dbrick munufectured todsy
would be a greet help to industry. The new
brick is much stronger then eny of the others
which were tested. This fact 1s probably due
to the very fine end regular pore structure
which mede up the dbrick.

The heat loss of the brick compeared
favoraebly with the loss through other brick
and elthough it seeme to be quite high the
insulating value of the brick 1s as good as
1s needed.

The brick 1s somewhat heavier then the
other bricks tested but this is to be expect-
ed with the greetly incressed strength,

The totel drying and firing shrinkage of
the brick ie 26.52%. This shows that there is
very little loss of pore structure in the dry-
ing end firing operstions end it should not
be difficult to produce a uniform brick which

would require no grinding.
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CONCLUSIONS

l. The proportions of the clay, sosp end
pereffine used 1n the brick ure sn import-
ant factor in determining the structure of
the fired brick.

2. The physical properties of the brick
compere very favorably with the physicsl
properties of all the bricks tested.

3. The cost of the brick would not be so
great so to make 1t un~economicul to man-
ufacture.

4, Considering the cost and the phyeicel
properties the manufacture of the brick
would be simple, practical and profiteble.
5. The brick can be made by Procedure 3
end will require no grinding to shepe after

firing.
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RECOMMENDATIONS FOR FURTHER RESEARCH

The main problem which 1sa sti1ll unsolwved
In the production of this brick is its tend-
ency to crack in the drying process.

The cracking 1s very likely due to the
manner in which the brick is dried since no
strains are set up in the moldlng which
would tend to cause cracking. Because of this
I would suggest that seversal drylng behavior
teat be run on the green brick, in this way
the correct temperature and drying rate could
be determined, I might also suggest that a
procedure of dryling be used which would permit
turning the brick over at regular end short
intervals,

The brick had a tendency to stick to the
bottom of the mold and I would suggeet that
several lubricents be tried until one 1is
found which will relesse the brick with no

tearing.
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