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If this were not the case the bricks would crack or

e

Lt an undesirable process called spalling. 4,

o

After the bricks are prer

kel
i)
)
Lt

red and are in place as the

]
st
D
O]
i
1]

lining of a furnace their volume should remair

Ly congstant. 5. It should be chemically inert so as
to withstand the chemical action of slage, metals and

furnace gases. 6, It should be hard encughn to with-

-

stand the abrasion of circulating metals and densge

enough to resist penetration of slags. 7. It should

have low heat conductivity in order to minimize radi-

atlon losgses and low electrical conductivity in order

e
s

Lo min: Uiting.

f

mize power losses by short ci:

1
et

&
]

ATION OF ARTIFICIAL SILLIMNANITE

vet been found in quanities toc be used to be used on

electric furnace was used (Fig.l). Thisg furnace

has a capacity of 300 pounds of fused material. As
china c¢lay and aluminag have low electrical conducti-
vities, the material must he heated almost to it's

melting point before it becomes apnreciably conductive,

£y

s & layver from 4 to

of the china clay-alumina mixture to




brain ig bullt up bhetween the electrodes.

The g¢nell 1s then filled up with charge and the power

turned onl. Power inpul variesz between 40 and 60 K.W.
during the course of the melt. A low E.M.F. of from

3¢ to 50 volts is first used which must be incressed ag
th o carbon train burns oub. At timeg the potential
difference must be raised as high as 150 te 175 volts.

However the conductivity of the charge increases with

the temperature and the melt ends with an E.M.F. of

approximately 80 to 20 voltis. The electrodes are then
withdrawn and the melt allowed to cool. After cooling
the fused clay is taken from the furnace and the unfused
material broken from arcund it. These materiales are
then crushed and mpled for testing. (Fig. 2, shows
chart for typlcal melt).
METHODS OF TESTING
Methods of testing are as follows: 1. Chemical

Analysis of the melts are made in the laboratory of the

Bureau of x The scheme of analysis was developed
by Mr, and Mr., J.L, Sullivan, fellowship men
in the ines. 2. Cone Fusicn Teste., Mat-
erial made into cones by grinding it and binding with
gum arabic. These prepared cones from the melts are
then compared with standard Orton Cones. 3. Load Test
The objJect of this test 1s to determine the temperature

at which a standard 9 inch brick will fail when subject-

ed to a compressive load of 25 pounds to the square inch.

4, Spalling Tests. The bricks are heated and then
immersed in cold water. The zmount of cracking ig then



noted.

MINERALOGY OF SILLIMAWITE ASBOCTIATE WINERALS

Sillimanite belons to the andalusite group of

minerals, It was named alter Prociess

mn

Silliman of New Haven (1779 - 1864).

graphnically Sillimanite crystalliizes in the ortho-

)

rhombic system, Iormg prismatic faces, striated and

e
1

Tormg which

=
[44]

is developed, of the ahove ¢
ticn Siilimanite crystals in
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Another test which makes the separation easy under the

microscope is the determination of the interference
figure. Sillimanite is Dblaxial positive and Corun-
dum is uniaxial negative. In &z Billimanite matrix
corundum stands out in a rough high relief. In crystal
hablt the o minerals differ markedly, the fibrous
structure of Sillimanite is readily distingulshed from

the granular texturs of corundum.

The binary eutectic for alumina and silica ig re-

presented by (Fig.3). The curve is gelf explanatory
showing the temperatures of formation of the different

minerals. Any quartz that is formed in these melts

is of the amorvhous variety

oy
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ok
iml
Q

S

close to trydimite and isg termed glass.,

PETROGRAPHY OF THE DIFFERENT MELTS

The numbers assigned Lo the various melts are those

used Dby the Bureau of Mines. They arec not in numericsal
order but are arranged in the order that they were pre-
pared and itreated. The first group of melts, were at-

o

tempts to get the true Sillimanite proportions by mixing
charges of theoretical Sillimanite proportions, (Alz0; =
63 percent. 3510, = 37 percent). Ag these melts did
not give the calculated results, another

were started. Thnis time the firet melil conitalnsd in-

ER—— — A
e type of structurse
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O

smelt of Melt 27 wasmade in corder to slim-

LCON. During the procesgs of re-
P T T e 7 S I | wrrle g S o
silicon was volatilized which 1s

~

N

ghown by a comparison of the analysig.
HELT 21 MELT 27 {4)

310@ &1:67 Si@a 55675
Alg,05  54.20 Ala05  6l.54
Fey0q 2,11 Fey04 2.36

Cal 1.76 cao 0.87

0.2 ife) 0.21

A brick from Melt 27 (A) was tested and shown

to fail due to it's bond. The difference in bonds
between the interior and exterior of of the bricks from

the furnace 1s due to a recrystallization of the 5illi-

P

{A) shows that the

melt is made up of long rather thick fibsrs of Silliman-

The material used to

ture of regidues taken from all previous mells. Fight

bricks were made from this melt varying in size of grog,

A

amount of bond added, and the heat treatmsnt was varied.
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EMICAL ANALYSIS
810, 32,18

A}.EOS 6§a(3)

Two thin sectionsg were made of this melt, one
on the rim or exterior of the melt which proved to be

a mixture of Sillinmanite and Covundum, in some pla

L]
)
423

the vim showed as much asg 20 percent of Corundum,.

0
n

The thin section taken from the center of Lthe melt wa

IS

compose of Sillimanite and an isgotronlic substance which

Sillimanite 1s apparently different than that in Melt

oy

(27 A) as the individual crystals crystals show an inter-

ray

locking contrasted fo the parallel nature of them in

the first melt, A vhotomlcrograph of Melt 33 ig shown

Helt 283 wasg ercent alunming and 28
percent silica. A Dbrick made fron this mell was sub-

o

jected Lo three load tests without causing

for the relfractory regquirements.

CHEMICAT, AWALYSIS
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closge. It 1s cryptocrystalline

bk

that the crystallization of the
a number of centers and may have

lization of the Sillimanite,

ghould end at a corundum center, In
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Lexture of the melt, A photomicrogranh of Melt 28

is shown in {Fig.7). This photo

showsg the mix-

P o En ey et g e e e e . ey A -
Aniother melt was attempted to try and reproduce

i = H [a
5104 33,54 5105 3070
Alo0, 62,66 Alo0a 66,14
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a0t have the texture that 11t assuned in the
melte but resembles the struciture in the
elt compoged of pure alumnins {(Melt 0. A vhotomlcro-
graph of Melt B4 ig shown in {Fig. 12).

810, 13.2
Al:04 706
FeO 2.2

s thie material.

A thin section of this melt shows a ztructure that
closely apnroaches that of Melt 23, The section is com-
hosed of Sillimanite and Corundum. Most of the slide
ghows a mixed J?ySt&l effect that is well brought out in
the photomicrograph {Fig. 13). Thig section also shows

a segregation of the
undum occurg in this

into bunches. i

sgumes the atruc

in Melt 52 and Melt B83. From the anpearance of this
gection and comnarl thin section of Melt 28
it appears that this melt would make a very good brick.
WMELT 56
In Melt 26 the silica content has been increasged

;1L percent acco

the cheunical

3
ra

ing to analysis.

CUEMTGAL ANALYSIS
910, 2%,1

Th D
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tion excent 2

fgigure

T A
NO Les

ts were nmade on the material from this melt.

The thin section of thig:melt shows corundum Lo

&
Y o 1
FLeg . L

it 57 tre sillca content wag increasged until

i

tes were mads of this materiszl.

A

thnin sectlon, Melt 57 isg seen to be composel

of Siliimanite which shows a parallel fibrous

gomewnat interwoven, In the photemlcro-

of the melt 1s very well

g to tne arrangement of tne Sillimanite

7

Photomicrographs of Melts 50 and 60 are ghown in

s 17,

18 and 19).



1. The

to be as 1
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tne congtituents of & melt,
avenuseg of study which can
aid of 1thin sgections.

worth of the
refractory
Lne gtudy o

The

polarizing microscope in

materials nas proved
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the gtructure

and

~1
hed

accompllis

2s - As there 1s undoubtedly & segrega-
tion within the procesg ol crystalli
zation, 1is sghown hy the concentration of alumina in one

vart of The melt and the
another part.
3. That the nmost

cryvatallization of a
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are found concentrated in
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produce & favorable structur
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concentrations

struciture may
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imanite cryst
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different

corundum does
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good brick examined

or may not be elffect-

o within the melt.
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