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Special rapere have poen devoted to the Lody composition and
praocescing of 3ilicn and Uirebricts, mammeaite and other basjc
refractories, castarles, movigables and mortars because thege
products mav be counted cmong the principal and leajing products
ir the refractorieq Indusir,es, Thig paper covers the majority
of the remaining preducts st ars connted und=r the rsroup of
refractorionr,

However, graphite products, incuiation trirks, zircon and
zirconia bricks, an we;l e high alwnina tri kg, ape nlso very
irportant refractory produgts.

Other types or speciial refractories are aiso Known, such
aa forsterites, nitrides, torides, ete., but these are not so
important Tor the Zeveioping countrier since their productinn
i8 rather intricate anu difficalt. Tuerefeore it jg not
recommended to stort vith aush a production in the first
etiage of developing o veirantory industry.

This paper covers tnhe hody comgosition ang proceasing
of graphite products, insulation products, zircon and zirconia
bricks and high alumina bricks ang 13 divided into four chapters,
Each chapter covers ~ne separate problem,

Becausa the production process - namely the production
processa including body preparation for producing hich alumina
bricks or zireon and zirconiz bricks - is gimilar to that of
rilica or firebricks, the detailed description of body mixing,
presaing or hand moulding, drying and firing vas not included,
Only in sush cases where the production prucens is different
are detai.s given ts undersiand the production flaw,

Varicur developmental ateps in the technology and the
advantages and dieadvantages of various types of fuels are
the same for these products ar for silica or firevricks,
’X‘hel‘ore #pecial attontinon ig not devoted tn thig vroblem,

ep

exe in the chapter “Graphite Products", where the kiln
atmosphere plays an important role,
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RESUMEN
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Se han dedicado monograffas especiales a 1a composicidn y elaboracién de 1a pasta
para ladrillos de arcilla refractaria y =flice, para productos de nagnesita Y otros
materiales refractarios bisicos, compuestos moldesgbles Y mortercs, porque se les puede
incluir a todos ellos entre los productos principales y de mayor utilizacién en 1 g
industrias de materiales refractarics. La monograffa que aquf se resume se refiere 3

1> mayorfa de los restantes productos que forman parte del €rupo de materialer
refractarios.

Debe seflalarse, no obstante, que los productos de grafito, los ladrillos aislantes,
los ladrillos de zircén y zirconia, asf como los ladrillos con elevado oontenide d:2
aldmina, eon tambidn productos refractarios muy importantes.

Se conocen otros tipos de materiales refractarics especiales, como son lasg
forsteritas, los nitruros, los boruros, etc., pero no scn tan importantes para los
pafses en desarrollo, ya que su elaboracién es m&s bien compleja y diffcil. Por congi-
8uiente, no se recomienda abordar su fabricacién en 1a primera fase del desarrollo de
una industria de Productos refractarios.

.l/ Las opiniones que el autor expresa en aste documento no reflejan necesariamente
las de la Secretarfa de la ONUDI. La presente versién espafiola es traduccidn de un
texto no revisado.

Instituto de Cerémica, Productos Refractarios ¥ Materias Primas, Hornf Briza
(Choooslovaquia).

1d.74-2824




Lo monorraff. nbarca 1o composicidn 7 el-boracidn ‘le pasta para productos e
grafito, ladrillo; ~icl-ntes, lidrillos de riredn » rirconin v ladrillos con elevado
conteni-lo le aldein~, y cutd lividida en cu-tre crnpftulos, crie uno de los cuales se

refiere - un~ cuentidn difarente.

Dehile o que ¢l procenso e produccidn -vs decir, el proceso de produccién,
inclusive 1o prenaracifdn de la pacta, par~ fabricer ladrillos con elevado contenido de
aldnin~ o leirillos e oiredn 7 zirconia~ er oimilar al cue .2 sipue con ladrillos de
arcill- refproctariy 2 de oflice, no se incluye en =1 cstudic 1o lescripeidn pormenori-

zad~ de 1w wezely, el preni-do o el moldes - mono, el twcurio y 11 coccién de ia pasta.

3810 se dir detzlles poro comprender el procesc e produccidn cuendoe éste es diferente.

Lo diversws stapns del desorrollo de 1 lecnologfa, asi como lnz ventzjas y
desveniagas de loo diversos tipor de conbuctiinle, con los ainmos en el caso de ectos
product . que 2n el dec los ladrilics: de sflice o de arcill= refractaria. Por consi-
guiente, no e dedict atencifn especinl -~ este prohlem:, excepto en el capftulo sohre

"Productas de Grafitor, yo rue en su caso lz atmdafer. del horno desemperia un

papel importonte.,

N




We regret that some of the pages in the microfiche
copy of this report may nat be up to the proper
legibuinty standards even though the best possible
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CHAPTER No, 1.

uUraphite and fireclay - £raphite products,

The name refractories covers also special products pro=-
duced from graphite, clays, silicon carbide, ferrosilicon and
Other different components such as silica sand,#rog etce The
best known products from this field are stopper-heads in dife
ferent qualities and crucibless Both of them gre used im steel
and metalurgical industry,

Before coming to the body compositions of stopper-heads
and crucibles it will be necessary 1o say a few words about
the rew materials used for their production,

Uraphite and carbon: Carbon ig 4 material with a high re-
sistance to theragl shock, 4 low coefficient of thermyl ex-—
pansion and its strength increasesg with tempergture, It is chee
mically inactive, is not wet by most molten me tals, and is re-
sistant to abrasion and erosione uraphite, in addition has ve-

ry high thermg? conductivity, high slectrical conductivity,
and is a high strengtn materiale This unique combination of
physical end chewmical properties has resultasd in countless if=
dustrial applications for carbon and gruphite whers no other
materials would do the job.

These applications include lighting carbonsj carbon, grap-
hite and metal-grapriite brushes for Rotores and generators; e-
lectrodes used in electrometallurgical and electrochemicul ine
dustries; carbon, graphite and impervious carbon and grephite
pipes, fittings, valves, puamp towers, heat exchanges, rashig
rings, tubes and svecial structural shapes for handling and
processing corrosive materials; highly porous carbon and grap-
hite products for filtration and gas dispersion, Activgted car-
bon is used for solvent recovery and for the desorption of ow
dore and vaporse

In addition carbom and &raphite products hgve many impor-
tant metallurgical applications, These include carbon linings




for hearth and wall sections of blast furnaces and ferro-alloy
furnaces, aluminium pot linings, graphite crucibles for induc-
tion and resistance melting, graphite stopper-heads and nozzles
as well as static east rods and other simple castings, etce

Nuclear grades of graphite are used as moderators, ther-
mal columns, reflectors and shields in nuclear reactors.

Uraphite is known as & natural and synthetic mineral. Mel-
ting point is above 3700°%, softening temperatures are 2500
260G °C, Natural graphite is widely distributed throughout
the world with the best sources being Sri Lanka, Canada and
Mexico. Graphites have a specific gravity of 2,1 - 2,5 as mie
ned, but purified material is close to the theoretical value
of 2,26,

Tdeally, graphite should behave as a metalloid in two di-
rections and as ceramic in tha thirde Thus for flake graphite
or other polycristalline graphites in which the crystals are
well oriented, the thermal and electrical conductivities are
high in two directions and low in the third. Material such as
Sri Lanka chunk graphite consists of disordered crystals and
has properties which are mearly isotropice Natural graphites
are unctuous und soft /Mohs hardness of 1/2 - 11/2/, burn slo
wly, are chemically inert, and have a sublimation temperature
greater than 3500°C, It is used in clay bonded refractory ap-
plications and in some cases is glazed to prevent oxidation.
Tnermal conductivity for normal commercial graphite at rooms
temperature is about 0,3 cal.c-/sec.cnz/oc. The tensile stre-
ngth of commercial graphite increases with temperature from
maxisum values of about 120 kp/c-‘? /170Upsi/ at room tempera=
ture to 240 kp/c-2 /3400psi/ at 2450°C,

Because of its outstanding high temperature properties,
graphite is used as a good refractory material,

Silicon carbide: Silicom carbide, SiC, is produced in the
electric resistance furnace from a mixture of silica samd, co-
ke, sawdust,and salt, An electric current passes between per-
manent electrodes located at both ends of the furnace and th-




rough a graphite core produces a temperature of approximatei
220C°C where crystals of silicon carbide form from the sand
and coke in the eharge. The sawdust bums out keeping the mass
porous and the salt assist in the removal of impuriries thr-
ough the formation of volatile chlorides. ‘T'he duration of the
furnace run is about 36 hours. lenge recrystalized body has
excellent thermal conductivity and it is electrically semicon-
ductive, It does not melt at moruwal pressures but dissociates
at over 2800°C, Oxidises very slowly in air and it is servie
ceable to 1550 = 1650° for many uses. Silicon carbide is un-
attacked by aeidsj; reacts readily witk fused caustic, halo -
gens and eertain metal oxides at high temperatures. Tk is
5,2 x 16-% °%¢ from 25 to 150u°C.

Manufactured in many complex bonded shapes utilized for super
refractory uses such as setter tiles and kiln furniture, msufe-
fles, retorts, hot cyclone liners, rocket nozzles and skid
rails; alse for erosion or corrogsion-resistant uses such as
check valves, erifices, slag blocks, as additive to the body
mixture in the produetion of graphite crucibles and stopper
heads, etc,

rerrogilicom: Silicon dissolves in iron in different ra-
tios and build gilicides. The diagram Fe - S5i /see picture
¥o 1/ shows, that three chemical eompounds are known: l‘e3812
with 25,1% Si; FeSi with 33,4% Si; and re,Si; with 559 T% Sie
Also ¥e = 3i alloys are knowa, The following table shows spe~-
eific gravity ef re « Si alloys in different ratios:

Si content in» 40 50 60 70 80 85 90

3{0‘1‘. of e
llby &/C 5,61 4,75 4,00 3,51 3,03 2,78 2,55

The industrial productiom of ferrosilicon is actually a
reduction of high silicious samd with caareocal in presence of
iron sawdust. Some producers of silicon carbide or graphite-
silieom earbide stopper-heads and crucibles use ferrosilicom
imstead of ready silicon carbide. ror such purpose is suitab-
le ferrosilieom alloy with a comtent of Si above 90% and grain-
sise up to 0,30 mm,
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Plastic clays: ror the production of graphite respectively
fireclay graphite goods are used plastic clays as bonding ma-
terial supporting the plasticity of the body and after firing
increasing the mechanical strangth of the products. very sui-
table are plastic clays which are very fine because usually

the finesse ensures a good plasticity and a high strength af-
ter firing,

L% has been said all about the clays which are used in the

refractories production in previous lectures and therefore




it is not necessary to repeat it once again. all information
about plastic clays given in these lectures is also valid for
the production of fireclay graphite goods.

Uther raw saterials: under this group of raw waterials
may be counted most raw materials wnich play the role of
mon plastic in the body composition as silica sand, fireclay
grog, feldspar etc,

Al30 raw materials which are used for the trit or glaze
preparation in the production of crucibles as dolomite,lime-
stone, caustic soda, iron oxide etc, may fall under this group.
nowever, it is not necessary to discuss these materials dee-
per because it is not recommendable to produce the glaze on
the spot but use it from an establizhed producer,

Ao Stopper-heads

Stopper-heads are used in the steel industry and it By be
said tnat they are the most important iteme in the process
of steel pouring. The quality of casted products depends on
the quality and perfect montage of a stopper-head. ricture
«0 24 shows a schematic view how is a stopper-head exposed
in the steel production in the period of pouring.

she stopper-head covers a nozzle and the pouring of the
metal starts when the opening of the nozzle is free. when the
mould is filled with poured metal tne opening of the nozzle
should be clogsed again perfectly with the stopper-heade ihe
most important thing is to avoid leakage of melted metal du-
ring the time when the ladle is transported to another sand-
moulde .his operation repeats several times and number of o-
penings and closings depends on the capacity of the ladle and
of course on the sizes of the moulds, .he following pictures
#0 3eand 4, show few different shapes and designs of stopper-
beads including their sizes which are used through the whole
world,

In the productiom process the raw materials are charged
by volume according to the body composition and mixed to -
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Picture wo. 2,

gether in a mixer. Table ao. 2. shows examples of body mix-
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Eigture No 4,
2akle Fo 2,
Exampls No ) Example so 2
graphite ] 12 - 20 20 « 30
grog $ 30 - 50 20 « 40
pPlastic clay £ 20 - 30 20 -« 30
feldspar % 0 =25 -
silicoa carbides - 10 = 30

The mixed bdody is pugged in a puggmill with the round mo-
uth. The diameter of the mouth should be slightly smaller than
the diameter of the prassed stopper head, The pugged body is
eut to pieces which should correspond in their weight to the
veight of a greea stopper-head or it may de slightly higner.
In any ease it 1s not allowed the weight of the pugged piece
to be lower tham the weight of a green stopper-head because
the product presssd froa two pieces will be definitelly rejec-
ted. Priction prasses are ussd for pressing of the goods. Si-
multanecusly with the pressing the spindls is poked into the
body €0 shape the tread ina the stopper haad.

After pressing two different production methods are used. The
first one leaves the spindls in the pressed stopper-head du-
ring tas period of drying up to ths stifre body, it means ap-
proximately up to ths bdody moisture 12%, Then the stopper-head
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is repressed in order to decrease the porosity of the pro-
ducts,increase its cold crushing strength and to give the sto-
prer-head as perfect shape as possible, After represring the
spindle is unscrewed and the products dryed and fired in the
reduction atmosphera,

The second method does mot leave the spindle in the pressed
stopper-nead, it means that the spindle is unscrewed immedig-
tely after pressing when the upper die goes up, The pregsed
stopper-head is then tgken out from the aould, dryed up to
the moisture below 2% and fired in the reduction atmosphere,.
The firing temperature for both ways of production is about 130U-
140W°C and depends on the body composition,

The advantages and disadvantages of both ways mentioned
above is that for the repressing process are necessary many
spindles and their number depends on thedaily production. On
the other nand the fingl shape and sizes are exactly what is
necessary for a good closing of the nozzle in the ladle, How-
ever, both ways are used in the existing productionas

B, Crucibilecsg

1rephite crucibles are uced 1: the metalurgical industry
for meiting of different metal: und wailcyss In ‘he crucibles
metals or alloys are melted, mixed, retined wurd finally pou-
red in moulds,

e el

Crucibles are produced in different shapes and designs, ]
as 1s visible in picture MO 5, Special shapes according to
eustomers order may be also produced,

Two different types of graphite crucibles as far as their
quality is concermed are now available on the world market,
The first type is bonded with plastic clays, the second one
with pyrolithic graphite,

Plastic clay bonded crucibles are mctually well known gra-
phite or graphite-fireclay crucidbles whieh, in addition to
graphite and good plastic clay, sometimes also contain a little silicon
eardbide and of course other refractory rav materials such as
silica sand, grog, ete,
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Examplee for the body compositione are as follows:
Table No 3,

graphite
plastie clay/s/
siliea sand
£rog

dressed kaolin
silieon earbide

The addition of siliciumeardide supports the resis  aee
againgt the mechanical wearing and such crucidles therefore
have & longer life.Some producers use glase in order to pro=
teet the outside surfase of the crucible from the oxidation
of graphite.However, the glase does mot hold oa the erweidle
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perfectly becauge graphite does not react with its components,
Therefore it happens very often that the glaze falle down na~
mely when a cold crucible ig put into a hot furnace. In such
& case when the CTE /coefficient of thermal expansion/ of the
€laze and the body, which actually happens very often, differs
too much the glaze cracks or crazes, builds eggshells or falls
down, Then of gourse the graphite which is present in the body
mix is exposec to the oxidising flame and will slowly burn out,

Graphite or pyrolitic graphite bonded crucibles contain
graphite and a relatively high content of silicon carbide and
are also knowa for a longer time, The first products with the
graphite bond were too breakable and their edges crumbled ve-
Ty easily.

However, the development in last few years overcame thege
isperfections and nowadays the modern graphite bonded crueib-
les give excellent results and long life services. They are
®Ore resistant against the thermal shocks in comparison with
plastic clays bonded crucibles and the glaze held perfectly
On the body and does not flake off, Therefore it is possible
to heat them quicker,

The following body compositions may be used as examples
for graphite bonded crucibles:

Table No 3,
Expmple No 1, Emmple io 2,
graphite % 40 50
silieon carbide % 40 35
ferrosilicon < 5 -
silicon % 5 5
resin or tar %< 10 10

Because the body has a high eontent of silicon carbide,
usually between 30 and 50%, the ¢rucibles are very resistant
against wearing. It may be said that these crucibles have at
least twice a long life of service, Also thermsl eonductivity
of such a erucible ig better and therefore melting of the me-




-11=

tals and different allcys geoes quicker and consumption of the
heat is lower,

In the production process the raw materials should be charged

according to the body composition and mixed tcgether to a
plastic body on a mixer and further pugged on the puxgnmill,
Bloeks of the weight of approximetely 5,U-7,C kg should be cut
from the pugged body., These blocks will be g€iven on a jigger-
head and shuped to a sake one after another 80 long as the
Reap which has the shape of a cone is high and heavy enough
for shaping of a cruciblee.

Plaster of Paris mould and a profile is used for shaping,
The body prepared as mentioned above is thrown in the sould
which is fixed on a jigger-head, During the rotation the pro-
file is pushed down intc the mould and tke crucible is sta -
peds After partly drying the green crucible may be taken out
from the mould and perfectly cryed,

The green crucible may be covered with the glaze and fi-
Ted in ine reduction atmosphere or straight fired without
glazing. The firing temperature varies from 110U°C to 14..9¢C
according to the body composition and produced quality,

For the production of graphite bonded crucibles also 150-
static pressing or other kind of pressing way be used,

From this ordinary way of the production of crucibles dif-
ferent producers are using slight variations in the produc-
tion process in order to improve the quality of final products.
These variations depend usually on the used raw materials or
requested structure of the body. Uf course it is not pessible
to discuss al) these possibilities in this paper but a skile
led expert will definitely be able to find the best production
way in the production process,

Besides graphite crucibles and stopper-heads, graphite fireclay
blocks are also produced. Thesme are used for linings of
hearth and wall sections of blast furnaces and ferro-alloy
furnaces, and aluminium pot linings. For this production gru-
phite,grog and tar are used. Because tar is used as bond,mi-
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xing and pressing of the body mixture should be done in steam
heated machiines and presses to avoid sticking of the body. The
green products should be fired in g reduction atmosphere or
covered with coke or graphite,

Comming to the conclusions in whis chapter concerning gra-
phite products it may be said that the main raw materials are
€raphite, silicon carbide and plastic clayse The production
ls rather highly specialized and the price of the goods is al-
80 Very high. Therefore some of the Recessary raw materials
Biy be imported from other countries and still the production
aight be econoaic and profitables, The price of the goods allows
the products to be exported to the whole world.

CKAPTER No. 2.

Insulation refractory products,

In the very beginning it is hecessary 1o say a few words
about the importance of the production of insulation bricks,

Ordinary refractories,let us say, high duty firebricks
with approximately 40% of A12O3 show the thermal conductivie
ty C,9 to 1,2 kcal.-.h.OC"l. It means thet approximately one
kiloealorie will pass through a wall which is ln thick during
one hour when the difference in temperatures beiween the ine
side and outside surface of the wall is one degree centigrade,
This one kilocalorie is actually totally loet because the
wall is from outside cooled by the air,

An insulation refractory product with the bulk density of
Q,8 g/cl3 kas the thermal conductivity only 0,2 to 0,3 kcal,
n.h, %c-1 what is actually four to five times less,

The following picture No 6. shows the differences in teme
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Picture No 6,

peratures for three various refractory materials, nasely high
alumina bricks with 80% A1203. high duty firebricks with 40%
M.2O3 and high alumina light weight refractories with a bulk
density of 1,0 g/ce’ and content of 60% A1,050 On the rignt
sides of the walls on the picture is mentioned temperature
1480°C and 1350°C respectively for all three tested refracto-
riese 1ln our cass, when the thickness of the wall is 230 mss
will be the teaperature on the other side of the wall for den-
se high alumina bricks 1205°C, for firebricks 1012°C and for
high alumina insulation bricks only 180°C or 905°C,1062°C end
160°C for the second exmmple.

It is evident that the insulatiom products have the fol-
lowing advantages:
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l. Decrease of thermal losses on the conductivity and hegt
accumulation and therefore saving of 30 «~ 50% of energy.
2. Decrease of the th ickness of the refractory masonry two
to three times and therefore saving of investment costs,
3¢ Atintermittent kilns shortening of firing cycles up to
HU% and therefore increase of the output of 40-50% more,

Five main methods of producing refractory insulating mge
terials are known in the world:

ae The firgst method consists of abrupt heating of certain
pre=ground materials to 700 = 1ooo°c,sueh as vermiculite
which expands at thege temperatures, or perlite which is ex=
panded also in this wWaye As a rTesult the volume of the ma-
terials isg considerably increased, These materials of low bulk
density are used as grog and mixed with sodium silicate,So~
rels cement, Portland cement to produce insulating refracto-
ries suituble for temperatures up to 600°¢c, When the light
ETop is mixed with clay or bentonite and fired, the products
«re cuitable in exceptional cases for temperutures up to
120C%C, The former one using Soreld or Portland cement ag
the bond is produced in the ordinary concrete technology,
which megns thut 60L-8U% of grog is mixed with cement in & ple
Xer and the mixed body is stamped or hand moulded on the
8pOte The latter one using clay for bonding is produced in the same
way &S firebricks,with the only exception that light grog
is used and the final firing temperature should be accomoda-
ted to the refractoriness of the used groge

be Another nethod is to add combustible matter to a refrace
tory body, This is the oldest method of all in the pro-
duction of ligh+ weight refractories, It is, however, used ;
&ls0 presently in the refractory industry and has been modernised in
such a way that new artificial combustitle additives were de~-
veloped, Such combustible substances as eoke, sawdust, coal,
peats etcs may de counted to the classical additives, As a
modern additive should be mentioned e.g, foamed polystyrene
beads,

Without a speecial preparation and treatment of the above
Rentioned classical combustible substances it is very diffie
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cult in production practice to obtain products with a specific
gravity such below 0,9 g/cn if the mechanical strength is
to be adequate, However, addition of foamed polystyrene beads
enables the production of light welght refractories with spe-
cific gravity (.5 g/(:n3 and a good cold crushing strength of
the bricks,

The production process is similar to that of the produc-
tion of ordinary firebricks, which was described in detail
in the previous lecture., It must only be added that firing of the
products with the addition of coke,sawdust,coal, peats etc.
in a tunnel kiln is not possible because in such & case the
firing zone will move to the entry of the tunnel kiln due to
@ low /approximately 300 « 6G0°C/ combustible teaperature of
this aditives,

This way of production is suitable for the production of
light weight insulation firebricks, silica bricks, high alu-
mina bricks as well as for the production of other special
kinds of insulating refractories,

¢+ The third method of adding chemicals and then allowing
them to volatilize during the drying or firing process from
the brick is no longer used in the world and is mentioned
briefly only im order to have a complete view of the problems
of production of light-weight refractories. Uf the volatili-
se matters the most common one and economically acceptable is
maphthalene which is added in amounts of 30-35%, Unfortuna—
tely, this substance forms an explosive mixture with air, so
that although the method leads to the products of a good
quality, the danger of explosion during the volatilization of
naphthalene is too high,

On the other hand this method is very cheap because naph-
thalene is regenerated from the green body and repeatedly
used in the production prosess. However, disadvantages extend
beyond advantages and therefore it is recomsendsble to use a~
nother process for the production of light weight refractories,

d, The fourth method of producing porous materials consists
in adding chemicals which evolve games, thus producing very
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Tine pores. This may be achieved in variouy wayse For instan-
ce, in an alkaline medium powdered aluminium produces hydro-
genj hydrogen peroxide breaks down to release oxygen; in an
acid medium carbonates give off Cbz.

Except addition of hydrogen peroxide which breaks down to
water and oxygen and which has economic disadvantages, all
Other mathods need addition of chemical components to the bo-
dy mixture /carbonates, soda ash, sodium hydroxide etcs/ which
necessarily decrease the refractoriness of fingl products,
However, in spite of these facts and in spite of their appea~
rent produetion simplicity all these ways show neither quali-
tative, nor economic advantages over other methods but they
Bay give refractories suitable for temperatures up to 1350°¢,

ee The last method is based on the use of foam produ-
ced by resin soap or albumen or other foamable organic CORDO=
nents, This method enables the production of light-weight ref-
ractories of very low densities, for instance down to O.4g/cn§
and the bricks may be used up to very high temperatures depen-
ding on the raw materials used for the production, Because
also other properties namely cold crushing strength, are exce=
lent these products ®mayv be used not only for the insulation
purposes up to certain temperature, but also gs construction
masonry for temperatures to 15009,

From technical point of view it seems that from the abo-
Ve mentioned five methods only that one using combustible sub-
stances and that one using foam are suitable for the mass
production; the former one for the production of lower quali-
ty, the latter one for the production of higher quality of
insulating 1ightewe ight refractories,

As mentioned above the production method using combusti-
ble substances as coke, sawdust, coal, peats, ricehusks,etc,
flows in the same order as the production of denge firebriclu.
where grog is partly replaced with combustible matters, Be -
cause the production of denge firebricks was described in se-
parate lecture I would not like to repeat it once ageain, How-
ever,the method using foam is of great significamce for modern
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production technology and therefore I would like :o describe
its basic principles in more detail.

The production process may be simply expressed by the fo-
llowing flow diagram No 1,

Diagram No 1,

water

plastis raw s L
materials —* Erinding

. mixing—s casting —p drying —a
preliminary grine r"
Erog—» 8% & fine grin-

foaming agents

firing —p finishing ——p packing

The grain size of the body mix, which is the grain size
of the grog and plastic raw materials is one of the most im-—
portant factors in the production of fommed firebricks, In
view of the fact that the fiper the grain size of the mix,
the less economical the process /because of the increased
power congumption on grinding/, this problem hus been exten-
sively investigated, It will be seen from picture NOo 7, that
the water absorption of the products increases with diminighe

beoprtipng

-» o

watere

leillﬂ‘ fraction ma

Rigiure No 7.: Relationship betweem water absorption and
maximum fraction
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ing maximum grain size to X, Ou2mme This maximum grain sise,
vhich is totally unsuitable for dense firebricks gives the
best results in light-weight products. This is illustrated in
pieture N0 8, showing the properties of one of the prepared

e u&&—J.a—

maximum fraction anm

Ricture Mo 85: Influence of grain size of mix oa proper-
ties of ligth-weight refractories.

materials plotted against the grain sise, Technically it
would be feasible to use finer material, but tnis would um =
duly increase the production costs.

The relationship between the ratio of foam to dody and

density (kg/1)

|
S ,'_.."-..:..,......L,.... .; -
1 5 2 20
parts of foam

Picture X0 95t Relationship between foam=body ratio and
the density of the finished products,
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the density of the finighed products is illustrated in pie=
ture No 9. The density or the products decreases with iicrea-
sing of the foam eontent up to a eritical point of 2.5 parts
by weight of foam to 1 part by weight of body mix. Beyond
this critical point the density increases again, This is par-
tly due to the gollapse of the pores ensuing at this stage
and partly to a certaii compaction of the bricks during dry-
ing, sinee the skeleton of the foamed material does not quie
te support its own weight even if "satiffeners" are added,
Picture Mo 10, shows how the weight of one litre of foamed

slurry decreases with the mixing time.

E;
;
£
i;
§
¥

3  geconds

ure 80 10,3 Relationship between mixing time and
liter weight of the slurry,

The correct proportioning of grog, bond and tempering wae
ter is also very important, because the amount of foaw which
may be added or developed in the body mix depends on the rlas-
ticity of the body and also on the amount of added water. The
ternary system shows in picture No 11, the results of a £reat
number of praetical tests carried out to demonstrate the Op=
timum proportions of the bond, grog and mixing water.

In the original production method the body mixture and
the foam were prepared separately and then the foas was introe
duced into the mixture. Nowadays it s found that it is more




I Disintegration of mix
II  Region of poor strength
III Region of good mixes w f

IV Non-foaming region

Picture no ;;,: Diagran water=bond-grog,

advantageous to produce foanm directly in the mix by adding
foaming agents to it, This obviates the spoiling of pores of
the foam as often occured in the old method, and the foam is
in addition better distributed throughout the bricke This lee
ads to an improvement of tne quality, particularly with re
gard to the density and the cold crushing strengtih, The op-
timun mixing time should be determined on the basis of com=
parison with the properties of the products and varies iam ti-
Be according to the used foaming agent,

Foamed light weight bricks are produced by the casting
wetnod, The moulds may be of plaster or metal with the pree
ference to the metal moulds, The manufacture of standard pro-
ducts lends itself to a high degree of mechanization,

The purpose of drying is to obtain & consolidation of
the products without destroying the texture produced by the
unifora distribution of the pores, The lighter the product,
1.0 the lower its density, the greater the tesperature grea-
dient arising during drying betweea the surface and the 0o-
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re of the producte A rapid drying may easily damage the texe
ture of the product,

Under such conditions the humid « air drying is most ap=
plicable, This method ensures a uniforw drying over the who-
le eross=gection of the product without sealing the surface
pores. The only alternative to this would be drying in large
open spaces over long periods at low temperatures,

For firing the same kilns gre used as in the production
of fire clay bricks and high alumina bricks but the firing
curve differs as follows:

2« The cooling has to be slow, since the light-weight pro =
ducts have a very low thermal conductivity, thus giving rise
to a great temperature gradient between the surface and the
gore amting up stresses which can destroy the structure of
the products,

be In the firing zone +*he solid-state reactions must pro -
ceed unifornly from the surface to the centre. This is im =
portant for guaranteeing the customers a low shrinkgge in
service,

Hizh quality produects for special applications must have very
accurate dimensions, for which purpose they are calibrated
with the diamond or silicon carbide wheels,

Using different raw materiale i¢ ie possible to produ -
ce different types of products which may vary not only in
their A1203 content, bulk density and mechanical strengti:,but
also in their service teamperature, The following table gives
the properties of two different products produced by the foa-

ming methods
quality I quality IT

service temperature °c 1300 1500

P.C.E. Seger Cone 34 318

;luaina content 3 o 38—148 168

e content o8 =1,

ccd 3 kp/unz‘ s 60 ’rs

dulk don-it e/ cm o 0.8 1,0

RUL with ong . t (o 1350 1500

thersmal c uctivity

at 1000% xeal/a.he °C 0,%5 0.40

shrinkage ¢ henu/l}OO{ % 0e5 -
4 h“ ] - 0,6
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CHAPTGLR No. 3,

Zircon and zirconia products,

Shortening of +tne ®melting processes in the glass and
8terl factories leads +o a higher wearing of melting agg-
regates, Ineweasing of the production temperatures ang in-
creasing of the Ooutput par one cubie metre in melting agg-
regutes force the ceramic producers to improve their ref-
Tactory products. From this point of view needs a special
mttention the glaas industrys For the construction of the
tanks with melted glass are ueed in the last years cor -
rundumebadeyslite blocks, or zirconia, mullite blocks ete.
either casted or pressed, ;

Simillar attention should be given to the smelting
process of special «lloyse Zirconig refractories are used
in different forms for lining of ladlesg and for the pro =

duction of pouring refractory materigl namely for the prow
duction of nozzles,

It is to be Bentioned that this type of refractories
is,1in comparison with fireclsy bricks or with high alumine
bricks, rather expensive and therefore used for the most ex-
posed places of furnaces or kilns, for melting crucidles,
burners,aixing propellers etc,

When sircon is applied as a wash to refractories the lie
Te of the latter is considerably increased, It is now com=
BOn practice to apply zircon washes to the inside wallg and
roofs of tunnel kilns, as well a3 to he kiln trucks and fur-
niture. So applied to the roof of a tunnel kiln, the roof it-
self is protected from hot gases, while the formation of "glge
fe 4droppers” isg elimingted,

Netals which are exposed to elevated temperatures, such
as furnace and kiln fittinge, cra be protected by a guitab-
le zircon wash, The sircon is mede into & wash with appro -
ximately 3 per cent by weight of either sodium silieate or
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potassium silicate, and the wash is applied to the clean Re-
tal surface thinly, Thick layere can be built up by the appe
lication of a number of coats, each being dried before the
next one is applied,

For the production of this type of refractories zircon
and zireonia are used as basic raw materials.

A. Ziroon

'ITe-Tineral zircon, which is ZrSi(z4, is widely distribu=-
ted as an accessory amineral in acidic igneous rocks, Through
weathering of these rocks, the zircon appears in sediments
as small crystals or sand grains which,because of their high
specific gravity, are subject to concentration witn other heas-
Vy minerals om beaches, or similar wind and water-swept areas,
The coamerecial oresexploited at the present time consist en-
tirely of such beach deposits.

Beach sand zircon is generally associated with quartz,ile
menite and rutile accoapanied by ainor aaounts of gamet kya-
nite and monazite., The zircon is separated from the lighter
minerals by mechanical methods using gravity equipsent, Ilme~
nite is removed by treatment on magnetic separators and ruti-
le is reaoved by electrostatic separation, While tecnnically
suitable zircom is obtained in this fashion, a purer sircon
may be obtained by acid leaching,

Reduction to fine sizes is accomplished by the methods
usual in the cerarie industry, such as ball milling accompa-
mied by classification, Particle sizes in the ranges of 5 to
50 microns saximum are commercialiy available in the world,
A eommercial zireon aggregate carries the following typieal

ehemical analysis:
2 2 0.0000006‘.98‘ Cal .................0.12’
5102 000000003235“ llzo /HCl .O].Ublefl.o 00.10’
A12 03 seecee 1,42% K,“0 /HC1 soluble/...0,04%
,i 02 o000 00 0.16‘ r8203 ..000.0..0...0003052’
l‘() (AR X R LN Y] |16 P v .ooo-o----ooo.ou.
,16% 2 As (,26%

Zireoa of various types alone or in conjunction with other
sirconium compounds are used in the manufacture of refracto-

ries, in glase opacification, in the manufacture of electrical
porcelains, as additions to steatite and cordierite porcelains




in grinding wheel bhonds, in precision alloy casting, in chee
mical and electrical porcelains, electrical resisting cements,
in zircon base vitreous enamels etce

Zircon 1mparts unusual properties to some types of white-
ware bodies, In electrical and chemical porcelains, zireom is
used in proportions up to 80% by weight witn the advantage of
high mechanical strength in bodies maturing as high as Cone
16 and as low as Cone 8, Zircon has a low and regular thermal
expansion, making it suitable for ugse in ceramic bodies that
Bust withstand rapid changes in tesaperature, In addition, zir-
con bodies have high dielectric strength at ordinary and ele-
vated temperatures, low electrical loss at high frequencies
and are extremely resistant to most chemicals, Zircon is in-
soluble in all acids except hydrofluorice

Lircon also is an important constituent in some types of
spark plug porcelain. It Bay be used in compouding zircon -
clay ~ flux type bod:es maturing at Cone 12 to Cone 17, or
in high fired aluming typ» bodies, Zircon not only enhances
the mecharical and dielectric properties, but aids in lowe -
ring the firing temperaiture whan employed in proper propore
tions 'n an alumina coaposit .o,

B. glsconia

Zirconia melts at 2700°C and has a low thermal conducti-
vity. Pure zirconia is monoclinic at room temperature and
Changes to the denser tetragonmal fors at about IOOOOC. Coefw
ficient of expansion for the cubic or stabilized form is
10.5 x 10"6/0 for the monoclinic or pure form is 6.5 x 10'6/0
up to 12C0°%, Most manufacturers make a 70-80% cubic mate -
rial having an expansion of about 845 x 10-6 and showing no
inversion, However, some Zr02 plus stabilizer compositions
are being produced with coefficients of linear expangion of
5.1 x 10-%/¢,

Zirconia occurs in nature as the mineral "Baddeleyite"
which is mined e.g. in Brazil, However, sirconia is usually
produced from the mineral zircon which is available in large
quantities. Various grades of zirconia are sade from sircon;
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these grades range from 75% zirconia un to extremely pure
hafrium -« free material of over 99% purity,

To prepare useful products from zirconia, stabilizing
ugents such as lime or magnesia must be gdded to the zirco-
nia, preferably during fusion, to convert the zirconia to the
cubic formes Most commercial stabilized zirconia powders or
products contain calcium oxide ac +the stabilizing agent, The
"stabilized" cubic form of zirconia undergoes no inversion
during heating and coolinge

Zirconia is available in several distinc+ typess The
ucst widely used form is stabilized in cubic crystal form by
a small lime additive, This variety is essential to the fab-
rication of shapes since the so-called unstabilized monocli-
nie zirconia undergoes a crystaline inversion on heating which
is accompanied by & disruptive volume change,

Stabilized zircconia is used for example for the production
of refractories, So-called stabilized zirconia refractories
are used where exiremely high temperatures are required, The
lcw thermal conduc*ivity ensures low heat losses, and the
high melting point parmits stabilized zircoria refractories
to be used continuously or intermittently at temperatures
above 220.°C in neutral cor oxidizing atmosphers, Above 1650°C
in contact with carbon zirconia is converted to zircorium
carbide,

Zirconia is not wetted bty many metale gnd ig therefore
an excellent crucible material when slag is absent, It hag
been used very succesfully for me’ting stesl alloy and the
noble metals, Zirconia refractories are rapidly finding ape
plication as setter plates for ferrite and titanate manufac-
ture and as matrix elements and wind tunnel liners for the
aerospace industrye Zirconia is also a constituent in fused
£lass - tank blocks,

With the use of zircon two basic qualities are produced:
i. Zircon refractories with the clay bond
iie Zircon refractories without the clay bond which is rep-
laced with a very finely ground zircon raw material,
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ie Zircon refractories with the clay bond are produced
from the zircon sand which ie finely ground and APproximg -
tely 10%£ of plastic clay with @ high content of Sibe. For
the production is used an ordinary process which ig used in
the production of firebricks or high aluming bricks; it means
pressing or moulding of the hbody mix by uze of differant kinde
0of presses or slectric and pneumatic moulding equipment, The
products are tired +to a temperagture of 160000. During the
firing process in the temperature interval 1550 = 16UQOC
the porosity of the fired products sinks rapidly. Also the
possibility to rrepare first from zircon and clay » synthe-
tic grog is often ugeg in the industry, Further production
process is similar to that mentioned above, When fired to the
temperature of 1420 - 1450° only products with higher poe
rosity will result, Of course, these products will. have a lo=
WAT corrosion resistance but on the other hand they have g
higher resistance to +he spalling.

This type of products with the clay bond is suitable
for lower temperatures and 1s not suitable for the contact
with the melted gluss,

13s Zircon refractories without the clay bond are also
produced from the zircon sand where the bond ig actially ve-
ry finely ground 2ircone If the grinding or milling procaess
uses steel pabhlesg i+ s necescary to dress the finely mil-
1e4 zircon 4rog with the hydrcehtorie acid in order to re -
mOVe the par‘icles of irun from the raw mstasinl,

Shaping of <« o' | yivtyre i1s rather difficult and thea
refore i4% ig necessary, namely for hynd moulding, to usge
plastificers e,g, carboxymethyleelilose, tylose, dextrin,
sulprite lye, ate. Hand moulding has been restricted in recent
years  and replaced by casting to plaster of Parig moulds,
by isostatic pressing etc, These rroduction ways give extre
mely good results, especially good porosity, a high cold
crushing strength, Such products may wlso be further shaped
/ cut, bored, etce/ in the green stages The products are
fired to the temperature 1600°- 1760°C and the products are
not sensitive during the firing period to the kiln atmos -




phere,

Zirconia refractories are produced from Lru2 which should
be stabilized before use, It does not matter if it was produ=
ced by chemical process or by meltinge The stabilization may
be done by fine milling of Zr02 and stabilizer (nd firing of
. pressed briquets to the temperature 1700C o 175000.

Usually ball mill which inside surface is covered witn
rubber or nylon layer is used for fine milling of the body
mix in order to avoid increasing of impurities in the body
mix, namely iron, Artificial pebbles produced from ctabilie
zed zirconia or from metal zirconium are used for thig ope-
ration, The milled ctabilized zirconia should be plustified by:

ie addition of solution of ZrC12. M3012.2H2U
Or other very easy hydrolysed salts,

iie function of thin acids or lyes on high fie
red and finely milled Zr02

iii. addition of extra finely milled Lr/un/2

ive hot pressing

As the bond phosphorie acid, boric acid as well as s tarch
resin etc. may be used, Tue products are shaped by casting,
pressing or hot pressing and after drying should be fired to
the temperature 1700 = 2400°C aceording to the used bond,

CHAPTER No, 4,

High alumina refractories,

It has been known for long, in fact since the ancient
art of pottery, that kaolinite and Cclays containing kaoli-
nite undergo certain characteristic transformsations when




-28-

fired.

Some well-defined reactions take place when kaolin or kgo-
lin-bearing substances are heated, ''hese reactions can be ine
Yestigated most comfortably by differential thermal analysis,

The characteristics of the enthalpy - change versus tem -
pPerature plots ,DTA curves/ of kaolinite and generally of kao-
linite = type clay minerals are as follows:

1, A characteristic heat - absorbing endothermic reaction
due to the release of hydroxyl ions takes place bet =
ween 50 and 650°C,

2¢ A characteristic and sharp exothermic reaction takes
place between 90U and 10Ll% which can be utilized
also for the quantitative determination of kaolinite,

3. Kaolinite - bearing clays show another exothermic
effect between 1200 ang 13,09,

The stute between the endothermic reaction and the be -
g£inning of the first exothermic one ig called matastate; thus
kaclinite in thig state may be called me'd -~ kaolinite, kao-
lin, heated above the temperature of the first exothermic
Peuk, already contains crystalse In spite of this, we still
have no clear and exact idea of the brocesses taking place
during the first exothermic peak, According to many authors,
mullite nuclei are formed from Retakaolinite, when fired at
the temperature of the first exotherm and later these nuc
lei begin to &row, The formgtion ofa*-alunina is considered
by this theory only an Occasional occurrence, mno further re-
actions take place in kaolinite with temperature, because

mullite is the only stable erystalline compound in the A1203

SiO2 system; under normgl atmospheric pressure or at any
pressure exceeding it by a few hundreds only, this compound

is produced from every anhydrous or wnter-containing alumi-
RO -~ gilicate,

mullite, which hasg a chemical formula of 3A12O3 . 23102
]

crystalizes in the orthorhombic System, usually in the forms
of elongated needle-ghaped crystals; its density is 3,03 &/
ca”, its hardness /according to wons; 7.5, mullite is rare
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in nature; its most important place of occurance is the igle
of mull, west Scotland, where it has been formed under excep-~
tional conditions, very similar to those required for the pro-
duction of artificial mullite, Although rare in nature, mulli-
te is very common in artificial productss Porcelain, fireclay
products, stoneware etc. contain certain amount of mullite

as well as high alumina refractories where mullite is one of
their most valuable constituents,

raolin itself with its formula A12U3 . 2Sib2 . 2H2b builds
the base of refractory clays and has theoretically 39,5%
Al,Us, 46.5% SiC, and 14.0% H U or 45,9% AL,0y and 54,1% Sic
without chemical water, Kaolinitic refractory clays as well

2

as kaolin itself are counted under the group of alumino « gi-
licates which are very common throvghout the whole world and
therefore the limit of 46% of alumina is used to divide fi -
reclay products and nhigh alumina productse Generally speaking,
all refractory products with the content of AI?O3 higher than
46% fall under the group of high aluming refractories, where
sullite and corrundum play the top role, The following dia -
gram shows the sphere of high alumina products very clearly,
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The recognition of the properties of Bullite and of their
role in fireclay refractories has led to the statement that
an alumino = silicate refractory of technical properties sur-
passing those of fireclay can be produced by reducing the
amount of the vitrecus phase and by simultaneously increasing
that of mullite,

These considerat ons have induced the production of high
aluminag refractories, For better explanation it should be
said that kaoliniteitself when heated changes theoretically
to 63492% of mullite and 36,U8% of free silica which is cal-
led in practice vitreous phase ,contains also all impurities
and is the weakest part of the body as far as refractorinees
under load and PCE /Pyrometric Cone Equivalent/ is concerned,
Figule no 12, also shows that mullite is the single stable
crystal phase in high - alumina products below 72 per cent
alumina content, Silica above 28% reacts with the accessory
minerals of the raw materials /usually called as impurities/
and gives a vitreous grog, softening at corresponding tempe-
rature, just as in fireclay products, Getting nearer to the
composition of mullite, the percentage of the vitreous pha-
se decreases, and the technical properties of the high alu-
mina product improve., With an alumina content above 72 per
cant o 11qu1d is formed /in the absence of fluxes/ only abo-
ve 1810°C, Below this temperature, only mullite and corundum
ars present, Mullite decomposed congruently into corundum and
into & high - silica vitreous phase,

The following substances are generally used as raw mate-
rials for high - alumina refractories:

l. Natural alumino - silicates:

Natural alumino - silicates such as andalusite, kyanite,
and sillimanite transform into mullite at 1380 - 1550°C ac—
sording to the following equation:

3 /Ml05 ¢ 510,/ = 3Al,0y o 2810, ¢ $i0,

Theoretically 88 per cent mullite and 12 per cent silica
ig formed by this equation, If, however, there are some acce-
8sory constituents /usually fluxes/ in the batch, the product
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contains a high silica glass besides mullite, witi the amount
of the vitreous phase considerably lower than in fireclay pro-
ducts, as can be seen from the above formula,

As minerais of the sillimanite group, unfortunately, always

contain contaminations from the original rock and its “C~
cessorial minerals, it is essential to concentrate the rocks.
OUnly a few world occurances do not needconcentration und are u-
sed without any dressing. Concentrated products generally ha-
ve an glumina content of 58 ~ €2 per caent,

Volume chunges due to the transformation of natural an -
hydrous aluminc - silicates into mullite are of high impor-
tunce from a technological point of view, All minerals of tra
"1 imnite group have g gpecific g£ravity above 3g/cn3, whi-
le that of the fired product /mullite and amorpnous metter/
is below 3g/cw3. The increuse in volume /expansion/ due to
«+ decrease in specific gravity being considerable, al! mine-
rals must be prefired before being manufactured into a ref -
ractory product. Exceptions are only some very pure sorts of

andalusite, Prefiring tempersture should be 138000 and 1540°C
in case of kyanite and sillimanite, respectively, In case

of unsatisfactory prefiring, the product will scale with a
simultaneous reduction in strengthe Mullite is formed from
kyanite as low as at 1200°C; when neated to 16CL%C a danse
network of mullite crystals appears, surrounded by a vitreous

BASS,

In order to ensure shaving, some good-quality fireclay
is added to the prefired semi-product ground to suitable par-
ticle size, The percentage of bondg clay is usually 5 - 10 per
cent, the minimum firing temperature 15C0°C., The properties
Of the product are determined by its mullite : vitreous pha-
se ratio which again depends on the alumina and flux content
0f tne raw material concentrate,

High alumina refractory products, munufactured fros mi -
nerals of the sillimanite group, are usually called "sillima-
nite refractories® even now, although it is wel) known that
they contain no sillimanite, but aullite.
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2e¢ Natural slumino hydrates:

Natural alumina hydrates such as hydrargillite, boehmite,
transform first into gamu, later into alpha-alumina when fi-
red, Artificial alumina hydrate transforms into alpha-alumi-
na as well, The volime of alumina hydrates ie greatly reduced
when fired. Sirinkage percentages are 60, 33 and 13 % for pu-~
re nydrargillite, pure boehmite and fgama-alumina, respective-
lye naturs) «lumina hydrates are the chief constituents of
baurite, the accessory minerals present are iron oxide, iron
hydroxide, quartz, calcite and sometimes also kaolinite and
Other mineralg,

Some low-iron bauxite sorts of suitable composition were
tried as raw materials for high alumina refractories, Bauxi-—
te was prefired because of the high degree of volume change,
shaped and fired after the addition of ahout 10% fireclay as
a bond, Bauxite refractories, however, nave not shown gocd
results 1n comparison with sillimanite refractories; the fi-
TIng shrinkuge being incogplete even gt hich tempetatures,
the (roducts are porous, their refractoriness = under - load
Frorertoes unsatistfactory 1n cpite of their high alumina
conten:e The reason ic to he 'aynd 1n the iron oxide content;
even s culled low - i1ron bauxite Contuins a nretty high

quantity of 1ron compounds / 5-1C% /, which make refractory

properties poor, Bauxite could not be de-ironed, because the
iron-bearing compounds are of very fine distribution and
would be removed either by sedimentation or by flotation, on-
ly by very expensive chemical methods which are used in in-
dustrial production of artificial alumina, In spite of these |
facts, the bauxite high-aluaina refractories are still pro- ;
duced,

Diaspore could be applied better, Diaspore refractories
are nanufactured from a batch containing about 60 parts of
prefired, 40U parts of unfired diaspore and about 10 parts of
refractory bond clay,

3¢ Technical aluming and corundum:

The fragments of electrocast mullite as well as technical
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alumina, made by the firing of technical alumina hydrate can
also be used as a raw material of high alumina refractories,
The latter material is mineralogically alpha-alumina; its
chemical composition being 99,0 - 99,.5% A1203, 0s25 - 0,1%
51025 U5 = 0u3% Na,0 and about O.1% other oxides. As can be
seen from these data, the purity of artificial aluminag is sue
perior to every natural substance and has a refractoriness

of PCE 42,

In lack of natural raw materials, it is most practical
to use technical alumina, which is produced usually from bau-
xite as a raw material for high alumina refractories and to
manufacture so-called synthetic mullite products.

The essential points in manufacture of sintered gynthe-
tic mullite refractories can be summarized in the following:
briguets, pressed from a mixture of technical alumina hydra-
te, refractory clay and sand in ratio 72% alumina : 28% si-
lica are fired at 1500 = 1600°¢, crughed, ground to a suit-
able particle size, mixed with 1U-15% of refractory bond clay,
the body gained is shaped into bricks and refired at 1400 to
1500%%;,

Another method recommends the following production pro-
cess: The raw materials of the briquet which are similar to the
above are ground to extreme finesse, whioh means that maximum
and average particle sizes should be 2,5 and 1.5 microns,
respectively, hixes in which the particle sizes are quite
uniform, give a mixture easily pressed to a briquet and cline
kerised as low as at 1500 - 1600°%, o doubt the dry process
offers a simplified form of technology.

hatural alumino - silicates, as mentioned, have a maxie
mum alumina content of 60 - 62%, For the manufacture of a ref-
ractory, containing only mullite, it is essential that a’u -
mina should de added in order to increase the A1203 content
to approximately 728, Ko higher enrichment of alumina is
necessary since the adding of alumina increases the refracto-
riness=under-load only until the composition of mullite is
reached, Beyond this it becomes uneffective, as it is the par-
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tial melting of the mullite phase itself that will soften
the rroduet,

4, Corundum:

For the production of high~aluming refractories with the
alumina eontent above 95% corundum may de used. Pure gorun
dum appears in the nature Very seldom and therefore it s
produced from technigal alumina by electro-elting. Corundum
high-aluming refractories may be algo produced froa
technical aluming by sintering, Additiom of 1-2% or '1‘102 to
the technical aluming supports better sintering, and the
Erowth of corundum crystals, In this technology the very
important moment is the fine grinding of technical alumina,
Good results are obtained when technical aluming ig ground
or milled below 10 micronsg as g maxisum,

Electromelted corundum is uged as &rog in similar way as
&rog in the production of ordinary fireclay products, Only the
firing temperatures are different and in ROst cases higher,

Three different production methods are used in the indus-
try of high-aluming refractories: They are:

i. semi-dry procesgs using grog

ii, process of sintering

111, process ot electronelting

le Semi-dry process was perfectly described in lecture
"Body eomposition and processing of firebricks" using fired
refractory clays as Erog and plastic refractory clays as the
bonde The same process is alse used in the production of high
alumina refractories, The only difference is that grog is in-
stead of fired ¢lay prefired kyanite, sillimanite or andalu-
site or artificial mullite or electromelted corundum, Also

it seems not to be Recessary to discuss thig production mete
hod further,
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ii. Process of sintering is used for the productiom of
high-alumina refractories with the alumina content above 95%,
The principle of this production process is in prefiring of
technical alumina to the temperature 145C=1600°C and its fi-
Be nilling, The prefiring of technical alumina should be do-
Re with a view to change gama-modification to alpha-modifica=
tion and to odbtain crystals of corundum of size 3 to 10 mice
rons, When is 30 prefired alumina finely milled the surface
of particles increases and therefore &rows also number of
reaction points,

Por shaping of recrystaliszed corundum refractories all
®odern methods are used: easting of the slip to the plaster
of Paris moulds, pressing of the body where pastes or adhe -
sives were added, tisostatie pressing or thermoplastic pressing,

The firing temperature for a pertect sintering of fired
body depends on the finease of milling as well as on the Pu=
rity of technical alumina and also on the size of corundum
crystals, When technical alumina is milled to 2-3 microns,
the firing temperature is about 1700°C. However, when additie
ves such as Ti0, 1in the amount of 1-5% are used,the firing
temperature, which 1ig necessary to the sintering of corundun,
goes down to 1500°C,

The advantages of the sintering process in comparison
with electromelting process are as follows: The consumption
of electrie power is lower and the consumption of fuel is
also lower, It may be said that the consumption of calories
is three to six times favouradble for the sintering process,
Unfortunately not 11 products are possible to be produced
with sintering process,

lile Process of electromelting.: Mullite refractories

are manufuctured also by fusion in an electrically heated
kiln and by casting into a suitable form. A batch of 728 a=
lumina content is melted in an electric furnace and the melt
is cast into a sand form; a well-defined cooling schedule
results {in a refractory block of closely interlacing mulli-
te crystals and of very dense texture, The outstanding pro-
pertiec of such refractory blocks are as “cllows: bulk demsity
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2,0 = 3,1 g/cm3, porosity 5-7%, water absorption capacity
Ce5 = 2%, heat condnctivity UWU1U1 cal/cmehour.°C /measured
at 1200°C/, PCE 38, RUL above 180C°C, temperature of melting
2200°C, The chemicul comnosition of these refractories comes
near 1o that of wullite,

Arcording to thic process mullite is melted in an elect
ric arc furnace, The gross process tuking place in the fur -
nace can be summarized by the following aquation;

3A12<:3 +35102 'F'2L:3 +95C w 3A1263 .251@2 0-Fe28i+ 5CU

Bauxita is also freanently used as a raw material because he-
re “he iron oxide content of bauxite, unlike in the casze of
sinta -ad high-gluming bodies, has no disturbing effec+, for
at the hiph temperuture of the kiln it gets converted with
the coke, added to the bater, into ferrosilicon which, owing
to 1ts high density, flows into the hottom of the kiln and may
be drawn off separately., However, as can be seen from the e=-
qation, the iron oride content of bauxite is limited, Bauxi=
tes of Fe,U; content higher than 10-15% must not be used for
the produntion of slectrocast mullite refractories,

The contaminations of bauxite, as titatia, calcium oxide,
wa/nesia and alkaline oxides form, togethar with g slight
contant of 1ron oxide, a melt and after the crystallization
of mullite remain in a vitreous phase,

klectrocast mullite products can be manufactured from ot-
her highsalumina raw materigls too,e.gs from a miv of alumina
and kaoline The technological process is ulways the same: mel-
ting in an electrie arc furnace, casting into a suitable form
and econtrolled coolinge

The refractory properties of electrocast mullite blocks
are favourable even if they have a relatively high silica cone
tent, these products have also another precious property: that
of high corrosion resistance., It is to be mentioned that the
only crystalline component of such high-silica electrocast
mullite refractories, which contain the excess of silica in
an amourphous or vitreous form, is mullite,

)
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CUNCLUSIGOUN

New production ways in steel and metalurgical industry
as well as atomic and aerospace research and industry need
refractories with a high chemical ourity, extremely dense
and resistent to the temperature changes,with high refrac-
toriness under load and high cold crushing strength,

These properties are more or less fulfilled with ref -
ractory products based on pure oxides such as BaC, Ceuz, Cauy,
Mgl, ThO2 etce Uxides before being used us the raw material
for the production of refractories should be calcined in or-
der to remove volatile matters as for example chemically
bonded water, Cbz, organic impurities ate

Fine particles will be reached by milling in ball or
vibration millse I+ may be milled in dry stage or with water
or with a suitable organic liquid which does not react with
the particular oxide. Ball mills should have rubber or nylon
layer and pebbles should be maie from the same material in
order to avoid increasing of impurities namely of iron oxie
des,

Products composed from more than one oxide should be pre~
pared in a ball mill by miiling of all componente together
and in such a way ensure a good homogenizations

Uxide products are produced by the following processes:
ie casting to plaster of Paris moulds
iis casting in paraphin suspension to steel moulds
iii. pugging when plastifisr is added
ive pressing in steel moulds
Y. hot pressing
Vie 1isostatic pressing

Firing of the products from oxide ceramic differs aceore
ding to the quality, size of the product etce Very often dou-
ble firing is used. The first one to0 the temperature 1200 -
1400°C; the second one to the temperatures 2000-2200°C,

However, these types are mentioned only to complete the view of
the refractory products and their production needs highly qualified

and skilled experts. éw









