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INTRODUCTIGON

In recent years the trend has bueen toward the

production of alloy steels, non corro=sive metals,

etc, This trend has necessitated the use of higher
firing temperatures which in turn has put a tremendous
load on the refractory manufacturera for better and
better products,

One of the more recent developements in the re-
fractory fiedld has been the insuvlating brick. The
general accredited advuantages of the refractory in-
sulating orick are (1) saving in haat storage, and
(2) reduced time in bringing the furnace +o tempera-
ture., These two pointgs lead to the same economic ad-
vantage namely, reducing the fuel consumption of the
furnace, To be sure there are other minor adveantages
such as reducing the size of the furnuce wglls which
is important in small portable furnaces and cutting

(1
down the inital construction coste Some estimates

1) *Insulating Refractories", W.M, Hepburn. Journal

American Ceramic Society, V18 , 1935 pp 1l3.
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. have been as high as 60 to 70% reduction of xeat losses
by radiation and conduction through furnace walls by
the use of insulating brick,

The chief limitations to the use of insulating
brick in modern furnaces is the lack of resistance to
slags at high temperatures, Qther disadvantages are
lJow resiatunc= to abrasion, low epalling resistance,
and opoor mechaniczl strength,

None of the porus urick now made can be used in
direct contact with slugs, or where they will be ex-
posed %o abrasion, or flame impingement, Wh%re abrag
sive comoustion cannot ve avoided the in=zuleting brick
may ve faced with a course of refractory brick whach
will stand the direct action of flage, slag or abrasion.

Due to the very low thermal conductivity of in-
sulatores a nine inch wall has the szme heat resiztaace
as a twenty-three inch wall of fire brick, Thie fact
nmHXKex a MUCh swller Sruave area possicvle and at the

same time production is spyeeded up.(z)

(2) “ Wood, T.BE., " Light Weight Cellulor Brick Made

For Furnace installation®. Ceramic nge, V26, Sept. 1935

Pp 96-98.
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listed in the order of *ueiyr irportance, the
characteriastics of brick we would desire are as followsg:
(1) Uniformity
(2) Shvrinkage
(3} Spalling
(4) Physical strength
(5) lnsukating values
(6) Thermal capacities
There have been four general methods used for the
production of insulating refractories:
(1) Formation of bubbleas in the soft mix.
(2) Addition of pomwous material to the clay

bodye.

(3) Burning out partiesles of organnic matter.

(3)

(4) Sublimation of s01id particles in the mass.
One othar method is used for the manufucture of

low temperature insulators, That is brick made opt of

diatomaceous earth. The material itself was formed by

the skeletons of tiny marine gnimals settling to the

bottom of the ocean over long periods of time and

(3) Tnesis: Tyrell, “Minufacture of Insulating Refract-

ories' = Niggouri School of Mines, 1937, p3.
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f~rming huge muasses of porous materiul which lat:r were
lifted out of the ocean, Due to their low refractorin&ss
no nore discusesion will be given about them,

The method used to produce buovbles con3ists
esszentially of adding some curbonate to tue bricx in
tne plastimx state and then adding an acid which causes
the evolution of carbon dioxide throughout the brick
to form a poroue structure. The difficultv with this
method is controlling the evolution of the carbon dioxide
in order to prevent the rupturing of the brick by the
carbon dioxide.(4)

M.B. Tyrell on work done in this lihbe produced a
froth of socap in & clay slip snd held the soap in a
frothy condition by the addition of molten paraffin,

The main difficulty in thia process was that the brick
cracked during the drying process. There was also some
difficultfsyith the brick sticking to the vottom of

toe mold.

- - < g

(3) Thesis: M.E, TYrell, "Manufacture of lnsulsting Re-

fractories,” Missouri School of NMines, 1937,

(4) Thesis: B,L. Dudley, " Developement of Refractory

Ingulating Brick." Missouri School of kines. 1935

(4)



The most ocorimon method used in this country
for pruvducing insulating trick is the introduct.ion
of some combustinle material such as sawdust, cori,
¢oa’, epnke or peal tno the o)la=tic masa of alay whieh
bpuma out Auring fTiring =3 Jeaies open suzt28 in the
tody. This method tende to make the brick leas re-
fractory due to *the fluxing sasction of ‘he ash left
behind,

In all the methods uescritved the oricke are
hand formed veing very soft plastir clay masses with
from 20 to 30% water. In the drying &nd firing
orocess the vrink vecomes mis-ghape and rieceagitutes
rrinding of the prick to *he vequired suape. The
machining to size of the brick is the most expengive
vart of the production and 2limination of this feature
is very desirable. |

1f the orick could ve Ary pressed & much larger
production in a given time could be accomplished and
due to the smal” water content, (8%) perhaps the
grinding overation eliminated.s The dry pressing of *ne
brick is very difficult due to thne resilienocy of most
of the materials now used as comobustibles. Cork and
wood when out under ypressure will compress but nat

deform exqept at extremely high pressures, ‘“hen the

(8J



pregsure ig removed the msteriel will expand during
drying and crack the ware, Coke, coul and oeat have
this objection but not to as great an extent as the
former materials mentioned,

PURPOSE

The expenaive process of grinding the insulat.ng
orick and the =low production methods of hand forming
124 to the possibilities of dry pressing the brick. The
use of the dry press would increase production, give
greater uniformity to the brick and materially reduce
grinding if not elimanating it entirely.

Since present day combustives were either impracg
tical or elsé impossible tc use, some new material must
be found. Thrée materiais presented themselves, napth-
alene, sulfur and petroleum coke. The former for its
low mwlting temgerature and the latter two for their
complete volatility at high temperétures and low if not
negligibvle:resiliency.

Due to the high fire hazaerd of the napthalene in
the dryer it was dropped as a possibility after pre-

liminary investigations,

(e)



MaterialsAUsed

The material=s used Where clays.*Bmpire" fire clay
from A.P. Green Firebrick Gompany in lexico, ko.; #Dark
Barbee Sagger Clay" from the Kentucky-Tennessee clay
mining company, Marfield,Kentuecky; " Wyodate" beptonite
Trom Wyoming and grog made from A,P, Green high heat

duty firebrick,

The sulfur used was of the 7o)l sulfur type and
cost $2,85 per hundred pounds, The coxe was a petrol-
eum coke which is made by the Shell Petroleum Co,

No imformation on the rost was available as the materidl
vaed wasg sent s a gample *o the Missouri School of
Mines,

Sizing of Materials

The priﬁary crushing was performed in a jaw crusher
and the lumps reduc=4d to a wmeximum of one inchs Then
the secondary crushing was done by dry panning in a
three foot, nonvertible, wet and dry pan, running at
a sveed of 60 rprm, The ovenings in the screen plates
of *he dry pen were one-eigth inches in width and five
inches in length.e The milled material was s2reened
through the desired mesh on a freat Western Manufact-

uring Company Gyratory Riddle. The mixing and tempering

(7)



e the materials was done by harnd.
Yorming

A hydraulic dry vress made by the Hydraulic
Press kanufacturing Comvany of lount Gilead, Ohio,
was used for forming all the ULriok.

The operating specificgtions of this press are
ax follows: Total pressure obtsinable equivalent to
6000 psi: mold box dimensions, 20" x 93" x 4%":
lower ram travel, 22 inches: mold box travel, 14":

8 gawxe in the compression line vetween the nress
proper and the electrical plunger pump indiscated

the presgsure at 8ll times. By manipulating the
valves the desired pressure could be reached and held
for ang Jength of time.

A small scoop was used to fill fne mold vox
to prevent segregation. A weighed anount of the
tempered mix was used for each brick, Kerosene
was used to lubricate the mold. The prassure used
wag varied until the right pressure was obtained:

approXimsately 407 pei,.

(&)



Method of Investigation

Trial 7 J

The body ueed had the following composition:

5055 Fmpire thru # 10 on # 20

10% Empire thru

5 Grog thru

4

3G

n

% Sagger Clay

w
[S2N

Sagger Clay

4+ 20

20 on # 40
taru # 10 on # 20
thru # 20

The combustible to te used wss sulfur, the

amount and grain size being vuried in order to find

the correst prooortions,

Since sulphur melts at

120° C. it was helieved that the sulphur could

be melted out and recovered in the drier.

The grain sizes of sulohur used were thru i

It

thru *+ 40 on # 80 and thru # 10 on 40, 1¢Z, 157

and 20% of each grain size were added to the clay

bodyo

Tne sulphur was added to the clayv, 8% water

50,

added and the brick formed using 500 psi ureasure,

The formed obricks were placed in the dryer and the

terperature raised and held at 110° Cs

The sulphur in burning out cracked the Lrick

during drying. This ws= probably due to the fact

(9)



that the temperature of the dryer could not be con-
trolled close enough to allow the sulfur to melt
out but volatalized 1t inside the brick with an
sccompanying inarease in volume which due to the
inelasticity of the brick at this stage caused it
to cracxk,

Ancother objectional feature of sulphur is its
high anecific gravity, (2.6). In order to ootain
an insulating brick with the desired pore space as
high as 80% sulphur would have to be used. This
would materinlly increase the cost of the brieck if
it were possible to make one. Due to these facts
no farther investignutions uasing sulphur were made,

The body used d4id not have enough bond in the
state. Thie was due to two facts., First, there
was not encugh plastic clay present and second
the water did not wet the sulphur which caused a
lack of bond between the clay and sulphur. During
the drying of these bricks, those containing the
finer graiun gsizes of sulphur cracked the worst,
so the conclusion was drawn that the coarser grain

gizae Tor the combustible wa=a better.

(10)
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Trial # 2

Due to the need for more bond in *the brieck
the body waa changed to the following composition:

407% Empire =lay thru # 10 on ¥ 20 mesh

10% Empire cluy thru J 20 mesh

20% Grog thru 5+ 20 mesh

107 Sagger clay thru # 10 on # 20

10% Sageer clay thru # 20

The combustible used was vetroleum coke which
ie cne of the by products of petroleum refinseries,
This coke as reneived was very moist, being satura-
ted with the heavier oils. By placing the coke
in a drier the oils could be volatilized off leaving
a dry, coke body. The grain size of the coke used
was thru # 10 and thru # 20 mesh screens. The
percentages of grain sizea tried were 49, 50, 60,
and 70% coke. The body was mixed and tempered
with 8% water with little if any increase in the
plas*ticity of the body. At this ocint in order
to provide sufficient bond in the dry state, 2%
Wyoming Bentonite was added. This is an extremely
plastic clay and small samounts will impart consi-
derable plasticity to a clay body. The bricks were
formed nuesing 400 psi pressure,

(11)



The bricks were air dried and then dried for two
days at 110° C in an electric dryer. After drying
the prickas were fired to cone 12 in ten hours and
Tifteen minutes in an electric glo-har furnace.

The results obtained were rather encouraging
as nune of *ne bricks cracked, Due to the speed of
firing and the lack of prooer oxidizing conditions
in the x3iln, however, the =arbun did not entirely
burn out but remained in the center portion of the
brick as a black core.

Those oricks containing tle 40 and 30% carvon
were €ood on the outside, they showed negligiole
shrinkage and were fairly strong. The uvricks
containing the 6G and 70% coke had 10 mechanical
strength and crumbled betwesn tlie fingers when
picked up.

The oren pores of the brick containing the
coke thru #f 10 mesh ssemed to be too large. The
brick containing the coke thru # 20 resh =eemed
about right.

Trial # 2

After careful study it was decided thav in
order to euccesafully remove the cxzrbon vne of
two thinga nuasg be provided, Eithef a very long

firing period with a long oxidation period of

(12)



supply air to the kiln for oxidizing the carvon. At
that partizuiar time the former idea was impractical
as we could not run 8 three or four day firing
srhedule and attend our classes. The latter method
‘was adopted. A silica tubp= 1" in déameter wasg
placad upright in one end of the kXiln in suvch a
manner &s to direect a stream of air on to the floor
of the xiln. ©One end was attached to 4 line con-
taining cémpreeﬁed airs A mercury manomster wss
need to measure the preeaure of the air coming into
the »iln,

The body used was:

50% Fmpire nlay thru # 20

20% Sagrer clay thru " 20

30% Grog clay thru # 20

20% Bentonite elay thru # 100

™wo bricka were made using coke thru ¥ 20 mesh
and containing 40 and 507 coke. Tre bricke wers
rixed using 84 water and formed under & 5Cupsi
oreaaure., The bricks were air dried and then
Aried in an elec“ric drier for 48 hours &t 11C° C.

The bricks were set in the xiln, the aar
\ atarted and the kida fired at a rather rapid rate.

(139



At svout 700° C, crarks were noted running Jongi-
tudinally down the 9% x 2}" fuce., Thes xiln was shul
down and the following observstions made, The
forced draft caused *he formaticrn of COp whicli due
to the smal) grain =ize of the 2uyrbon could not
be zarriszd awvay Aas fast mg it was being formed.
The result se3 an expansion of the brick from the
inaide which caused & long crack down the longi-
tudinal axis of the brick. The brick was ualso
fired two fust which 2aused a more rapid evolution
of the 002.
Trial # 4
Thie time it was decided to open up éhe Lody

vaing grog thru # 10 and o use 2oxe thru {* 10
mesh, The asame method of forced draft wus used in
the xiln wita a lowexr druft and a slower firing
annedule, The body used hat e following composi-
“ion:

45 Fmpire elev *mw1 %10 on # 20 mesh

107 Empire ~lay *thru # 20 mesh

3C% Grog thru # 10 maah

107 Susger clay thru # 10 an#20 mesh

0% Sageer clay thru f# 20 mesh

27 Bentonite ~lay,
The bricks were foxmed using 40 and 50%,00ke,

8% water-and & pressure of 400 psi. They weore

(24)



drﬁed in the =ame manner an thé otherleamples
and then planed in the xin, 'The fire wsg started
using n véry amull amount of fo¥red draft, At
aboﬁt 6000 o, cracka again appeared running down
the Jongitu&inal a;ia. At this point the idea of
forced draft woa soandoned. 1t was also thought
that perkeps some of the srecking was due to presc
nracking fréam fdrming the brick under too nigh a
preasure, Due to the difficul*y in keeping the
£)0-bar furnace hewting at a slow rats of speed
under 600° C, it was declded to fire the next
tria) in an o0il fired kin,
Trial # 5
In this trial the following body ~ompositicn

waa uaed,

50% Empire Clay *twru # 20 mesh

30% Sapger sTay thru # 20 mesh

? 10 me=h

30% Grag-~ - ‘thru
L seutonite thru * 100 mesh
The coke used was gereened thru 7 14 mesh and
on # 6C mesh, Only one orics w~us made which con-

tained 50% coke which was thought to be the L:et

(15)



mixture. The bricik &g formed in “he 9szme manner
25C

with the exception that on'y a _rezsure of psi
sus ueed, sfter drying in the usual manner the
ricx wag firved in a four buraner o0il «iln to cone
12 1n 15 noura,

The ‘'rick &fmin ~ruzked sat this time in
fine rra~ka vhich csurizcted too rapid firing,
Tha ~arbon a* thia sclhiedu’e was stil?] not aomp--
lately burned out and the brink hed no mechaninnsl
ntrencsth a* =21, crumbling under touch,

Trial 6

At this time the school pmr-hased a G.E.
contrnl using a ILeeds & Noxrthrup indica*ing notentio-
reter which wee calibrutzd %o reasd temperature
directly vaich could 2 connected to a wire wound
furnace and the temperature held conostant at any
nheat for the desaired length of time, 1t was Aecided
to form a bricx and fire it at a very e¢l.: »nceduld
in o wire wourid furnace uy to J0UU° C. After tLis
the briock could ve cooled and fired at the ruther
repid schedule of the g o-bar furnace,.

1t was also though*t that a better bond could
be had by forming & sligp with the tentonite andg

tempering water. The theory dbeing “hat the bventonite

(16)



wou]d.aoat ewch individua) clay grain and trus
produce 1 géhtgr,Lcnd. Tue wudy Lsed fox this
Lrial wse; |
5C% DBnipire e¢lay thru # 20
25<'Saéger ¢lay thru + 2¢
255 Groeg tﬁru 4 40
27 Bentonite thru # 100

The trick vas tempered oy udding the Lentonite
and % wuter in the form of &« slip., & pressure
of 250 psi was used for forming the briok and it
wae drjad in the ususal manner,

The oprick was firsd in the electric furnace
up to 1600° Cs 2n € duys using She G.E. controller,
after cooling the brick wua placed in the glo-bur
furnace svwd fired to 2one 12 in ? hours.

The results were very Rood. The brick showed
no creacxing or black-noring and weas strong enough
to be handled with a reasonsble amoun® of caution.
The brick had‘the following physical properties:

RPlaatic Jength = @J75"

Plastic width = 4,75"

£lua3atino veigh®t - 2000 gruams

Yired length = $.45 ¢

Fired width - 4,60 "

Pired Tepth = 1.75"

Fired Wt.  z- 2f



% total linaar shrirkege - dry length - fired Jength x 200
dry length

G = 8,45 % 100- 425 x 3100 = 3,87 totul ehirinkage

.75 Q,78 -

Bulk density = weight = 9,45 x 1726

= 45.3%/ou.tt,

i

volume 448 x 1.60 x 1,757

The shrinkage was very low which would probanly
eliminate the EBrinding orocess., The bulk density
compares very favorable with other cemmercial brands

which have bulkx densities as high as 51.3 #/ cu, ft.



CUNCTUSION

From the material obtained during the exper-
amentation it woula seeﬁ very evident that insulating
brick 2mun e suncceaafully Ary sressed with the use
of petroleum coke aa the mombusticle, The data
ahowad that the tota) shrinkage waa Jow enocugh to
probably eliminate or else materially reduce the
grinding %o eize the Dorick,

it is the writers firm belief that within “he
next faw months that a commercial dry pre=s method

for *he manufacture of insu)lating briecks may boe

developed,
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