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INTRODUCTION

Magnesia, dolomia, and the materials produced from
the mixtures of magnesia with chrome ore fall into the
group of basic refractories. Thay are marked by a high
slogs resistance at high temperatwre.

They are used mostly for lining the furnaces and
vessels for relining and processing liquid steel. Their
production and evolution connected with this industrial
branch. |

The deep changes in the processes and devices uced
for steel relining which took place within 15 years ago
resulted in a substantial decreacce in the specific con-
sumption of basic refracteries as well as a rearrangemant
of the kinds used and 2nforced rapid progress concernin,
the properties of the kinds in use.

Basic refractories linings are streased in the
intensified metallurgical processes / high temperaturcs,
veriation of temperature, corrosive slags/ to the 1limit
of their abilities given by the physico-chemical charac-
ter of these substances.

Therefore the development tends to the improvement
of mechanical propertics at high temperatures, the increase
in their density, and the decrease in their porogity.




I. MAGNESIA
A Miperal c tion sinter-magnes

The fundamental material for the preduc tion of
baeic mognesia materials is sinter-magne-~ia, Fer estimating
the quelity of sinter-magnesis, particuler emphasis is 1laid
upon its mineral compesition and density.
In spitc of the froct that periclcse is the |
cerstituent substance of sinter-magnisia, the accessory
mirerals are responsible fer its preperties. The ameunt
and compcsition of esccessery mincrols 2ffect e foorsilen
Al L0 melion suhotance, the omeurt, viscesity, and
temperature of Tormatien of this cv-ztiti-c2.
T2 malp Tacter influensli, the minersl compo=
sition ie the meclar ratio CaO:SiCz. Rigby pointed out that
according tc this ratie /C20:S10,/ two fundamental types
of sinter-magnesia could be distinguished, i.e. cne with
CaC:S10, % 2 and ancther with Ca0:S10,> 2,
The minerel,composition of these fundamental
types is in principle presented in Teble 1 and Table 2.

Note to Tahle 1.

M MgC - Periclase - meliing point 2800°C
Mr N@D.Fozo3 - Megnesium ferrite - melting point 1750°C
MA }g0.A1,0; - spinel - melting point 2135°C

K,S 21g0.S10, - forsterite - melting point 1890°C

cKS Ca0.Mg0.Si0, - monticellite - melting point 1490°C
CyMS,  3Ca0.Mg0.2810,- merwinite - melting point 1575°C

C,8 2Ca0.810, - dicelcium silicete - melting point 2130°C




Hinerel eomposition of siatered magnesia at the

aelar retio e-osno,-:z

Tble 1 :
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Provided it is valid cao:31oz=-2, the formation
of minerals in sinter-magnesia depends on various factors,
especially with raspect to the presence of A1203 and 13203
the content of Ca0, A1203 or F0203 is in mininum and in
which molar ratic the contents of Ca0 and F9203 or Aly04
ere present. Table 2 gives such mineral composition in a

simplified form.

Note to Table 2,

C(F  4Ca0.A1,0y.Fe,0y = brovnmillerite - m.p. 1415°C
o7 2Ca0.Pe 0, = dicalcium ferrite - m.p. 1435°C

63A = CA the series of minersls from 30a0.A1203 to
CoO.A1203
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B. Types of stertins poteriels.

The sinter-mogncsia 1s obtained from natural
magnesites, sea water or MgCl, liquors.

The natural magnesites occur in two forms, i.e,
crystalline and amorphous. The deposits in 8SSR, Austria-
the so-called breuneritic mégnesites as well as the de-
posits in Scviet Union end China belong among the cristal-
line magnesites.

The deposite in Balkan, Near Asia, India, Ural,
Australia, and South Africa belong among the amorphous
magnesites.

Some less important sources are based on drucite
the depcsits of which occur in Canada and USA. Typicsal
compositions of somc naturel magnesites are presented in
Table 3 in which only the fundsmental componente of megnc-
sites are listed.
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In sea water megnesium is present in the form of
¥zCl, and MgSO,. The content of magnesium is 0,13% on the
averafe, i.e. 1 m” of see water conteins 1.3 kg of magne-
sium. Table 4 gives the mean content of Mg in the water
of various world seas.

The concentration of Mg in small or elosed seas is
not constant. It varies with the time of day and year,
tempersture, the depth of sea, etc. In general, the pro-
duction of megnesium from sea water with a content of Mg
lese then 0.13% is considered to be improper from the eco-
nomical point of view,

Another source of MgO are the waste liquors from
MgCl, chemicel industry or desalting processes which con-
cerns especially the production of potash from carnallite
/RC1.MgC1, .6H,0/, or kieserite processing.

C. Raw megnesite proceseing

Before the eintering, the nstural rew megnesites
are enriched by vsrious dsessing methnds-among which the
dresaing in heayy asuspensions snd flotation sre the most
iaportant.

The dreasing of raw materisls in hesvy suspensions
is one of the oldest methods for obtsining the concentrates
and seperating theam accessory heraful minersls. It is besed
oh different specific densities of the components which can
be thus seperated froam one snother. For instance, the pro-
perties of following minerels which may be separsted in
heavy suspension can serve for comperisons
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Calcite 00003 2,72 g.c:m"3
Dolomite CQWCOJIZ 2,85 g.cn'3
Magnesite I¢C03 3,02 g.cm'3

4 heavy suspension is prepared by means of various
substances, e.g. ferrosilicon, and is edjusted to the demanded
and precisely defined value. For instance, if calcite and
dolomite ehould be removed, the density of aqueous suspension
of ferrosilicon is adjusted to the value of 2,9 -~ 3,0, The
minerals with lower specific weight remoin on the surface of
the heavy suspension while magnesite and breunnerite fall
into the heavy suspension and thus separate.

The efficiency of this dressing proceass depends
on the size of the entering into dressing. The initial
grading used is mostly between 10 to 90 mm. The effect de-
pends on the charecter of mutuel infiltration of the se-
parated minerals. The substances forming heavy suspension
are recovered and brought back into the process. The con-
centrate obteined is processed then into sintered magnesia
in sintering furnaces at temperatures over 1700°C.

A more effective enrichment of raw magnesites
may be achieved by flotation. This method of enrichment con-
sists in a different surface activity - we ttability - of
the minerals contained in utilizable component and gangue .
The complicated physico-chemical forces effectiwe in the
interfaces of three phases, i.e. gaseocus /air/ - aqueous -
8clid /a mixture of separated minerals/ are employed.

The higher selectivity of the dressing by flotation
in contrast to the dressing in heavy suspensions - is due
to the fact that the particles entering into the flotation
process are separsted, their grading being in the range




from 0,0% mm to 0,02 mm. A greater amount of fine sludge
particlaes which are smaller than 0,02 mm bonds the flot-
ation agents and impairs the effect of flotation process.
Conversely, a greater amount of coarser particles reduces
the selectivity of dressing.

In the flotation process different kinds of
flotation a_ents are used; These agents affect the surface
properties of the minerals which are to be separated.

The flotation of magnesitcs is usually carried
out in two sta_es. The flotation concentrates which have
been deprived of flotation agents and water are processed
into Sintered magnesia by the precess described delews

Another method convenient for dressing magne-
sites after their sintering is the eX.:ctronagnetic separ-
ation. It ic used &nly for erystalline breunneritic magne-
sites. This methcd 1s based on the magnetic properties of
magnesium ferrite which arises during firing the isomorphic
mixture ugC03 - reco3. Magnesium ferrite forms ¢ solid 80~
lution in prriclase which assumes thereby magnetic proper-
ties. Other mineral impurities of breunnerite such as dolo-
mite snd silicates come into wastes because they are not
attracted by magnetic forces.

D. Eroduction of mazpesia from ees-weter

fhe sea-water rich in the salte of magnesium is
treated firstly with some sulphuric acid, which makes hydro-
carbonates decompose. The liberated carbon dioxide 1is de-
sorbed in towers. By using specially prepared highly pure
lime milk, llg/OH/2 1s precipitated. from the treated water
accerding to the reaction
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The Mg/OH/, suspension settles-down 1ip several stcges
in large sedimentation basins and is washed with sweet water.
The washed Mg/OH/, sludge is filtrated on vacuum filters,

The moist filter cake is calcinated at 900 - 1000°C
in story furnaces nf the HERRESHOFF type. In this way an
active MgO is obtained. This product is briquetted and sin-
tered, The principle of this technology is schematicelly re-
presented in Figure I,

By an analogous process MgO can be obtained from
wastes salt brines. Calcium sulphate is precipitated and se-
parated by means of celcium chloride. The solution of MgCIZ
is precipitated agein with lime milk and the precipitate of
Mg/OH/y obtained is further treatcd as described befors.

The solution of lgClz may be also processed by thor-
mal decomposition in reactors at about 650°C. Mg0 and HC1
ere formed. The light ¥Mg0 hydrates in several steps and
subsequently it is washed with treated sweet weter., Thus
8 filtration cake of lg/OH/é 1s obtained. This cake is proces-
sed into sintered magnesia in an equal process like Mg/0H/,
obtained from sea-water,

l-mmtmmmmm_m

The concentrates remaining after the flotation of
natural magnesites are grinded before shaping. In order to
achieve higher densities it is advisable before grinding to
activate the flotation concentrates by calcination at tempe -
ratures from 500° &0 800°C. The most convenient calcination
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FIGURE 1  SEA WATER MAGNESIA PROCESS
FLOW DIAGRAM
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device is @ multiple-hearth furnace. Using a dry briquetting
withcut any binder the briquets are formed in briguetting
rollpresses. The higher the dengity of briquets, the higher
density is echieved by sintering.

“hole briquets as well as their fragnents exceed-
ing 7 to 10 mm are entered into eintering equipment. The
briquets of flotation concentrate sinter in rotary or shaft
kilns. The medern shaft kilns make possible a sintering at
2000° - 21c0°¢,

The sinter-magnesia is processed by crushing,
sieving, and milling on various to differont grading in-
cluding a finely milled matrix.

The processing of the light active Mg0 prepared
from sea-vater or drines by the caleination of Mg/0H/, is
in principle enalogous te the flotation concentrate process-
ing. T

The briquets of cslcinated flotation concentrate
or Mg0 have to be sintercd immediately after shaping.

F. Ixpicel oroperties of desd-burned magnesia

Typical propertics of deed-burncd magnesiag are
given in Table 5.

The content of 8203 in magnesiu from sea-water
reaches 0,25%. Por the production of first-quality dead-
burned various preocesses recoving boron are used., Using
these processes the content of that harmful component nay
be redused under 0,02% of B,0,4.

Futher development of the quality of desd-durned
magnesia is determined the demand to reduce to the ma-
ximum degree the content of accessory oxides, in particular,
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szoz and 10203 at ths ratio 00018102 = 2 and to increase
the bulk density to the values bstween 3,40 to 3,50 g.cn'3.

II. CHROME ORE

Chrome ore is another raw material component ne-
cessary for ths production of basic refractoriss materials
from the bdlends containing sintered magnesia.

Chrome ores originated from basic apnd ultrabasic
rocks. Their deposits occur mostly in ths form of:lenti-
cular messss or veins, According to the origin of transfor-
mation and conditions of formation there sre thres funda-
mentel types of chrome ores differing in the composition
of spinelic substance and accompanying waste rock

a/ Chrome ores with a high content of Cr203 and
low content of iron oxides. The deposits in Gresce, Jugo-
slavia, Albania, Turkey, Iran and Soviet Union belong to
this group.

b/ Orcs with & high contsnt of iron oxides and 1low
ratio CrsPe. Ths deposits in Africe, especially Transvaal,
India ond Vietnaam belong to this group.

c/ Ores with a low content of Cro0; a high con-
tent of 61203. This type of ores oceurs in the deposite
in Cube and Philippinss.

Typical compositions of the chrome ores of various
deposits are presented in Table 6. Ths spinelic substance
of chrome ore is represented by a 80lid solution of the
goneral formula 1’20.3’303, shore 2*2 nay stend for ugo
and Fe0 whils R*0; denotes Cry0,, 43,0, or Pe 0;.
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Mainly the concentrates of chrome ores from which
the accompanying waste rock component has been remcved as
much as possible are used for the production of refractories
meterials. The enrichment is achieved by a number of dressing !
me thods. The most effectual are thcse in which fine graired |
particles are processed and os we say "the copening grain®
sets in. Most technologies of refractories production re-
quire greined ores, the size of particles ranging from 0,1
mm to 2,0 am or 0,5 mm up to 3,0 mm. In this respect the
possibilities of the technologies of dresscing proceases are
in opposition to the needs of the technologies of the pro-
duction of basic refractories materisls.

From the point of view of chemical and physical pro-
perties the claims on the quality of chrome ores may be cha-
racterized as follows:

Chemical properties: The S10, content of ores ought
to be as low as possidle. In no case it should be higher
than 4% and for bdetter kinds of refractories materials it
should be less than 3%. In the case of the ores poor in
01\203 the low content of this oxide may be compensated by.
an increased content in “2°3' The chrome ores with a high
content of iron oxides may be used merely in combination
with sintered megnesia conteining no r.zcz. They must not
be used in combination with breunnerite sintered magnesia.

Fhysical properties; The chrome ores for refrac tory
materisls must be hard. By processing thcse ores into use-
ful grading which is usually lower than 3 mm the portion
of fine grains /under 0,1 ma/ should be as low as pocaible.
8inil.urly, no additicnal desintegraticn oi %lie chrome ore
graine put into mixer should take place during the preps-
ration of the pressing mixes from siniered magnesie and




chrome ore.

The nced greding chrome ore with minimum content
of accesscry conteminating silicates will leed no doubt to
the processes concerned with the clodding of the fine
grained concentrates obtaincd by the dressing procedures
giving these concentrates in greding mostly lower than 0,2mm.

III. REFRACTORY MIXTURES AND GREEN BRICKS PREPARATION

There 18 a principle which is valid for all basic
refractories and demands that the fired bricks as well es
other shapes ought to have the lowest possible porosity.
This property may de obtained by using a useful grading
and adequate forming pressure. The simplest formula indicet-

ing the maximum packing of space with particles of Aifferent
eise 1s

¥ -/-f:/

where x 4is the sise of particles
X, is the maximum sise of particles
¥ stands for the cuamulative percentage correspodl-
ing to the greding chosen

The reletionship expressed graphicelly on o bdi-
logarithaic net gives s straight lins, the slope of which
yields the exponent A . For the definition of greding it
is sufficient to quote xol‘uxhu- grein/ snd ¢ , By using
this so-called continuous curve of greding the lowest poro-
oities of green bdricks may de achieved provided the value
of the exponent & varies between 0,4 and 0,5 MDiagrea 1/.
In practice the greding of masses with discoutinuous curves
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are used. Tho medium fractions are either missing or sup-
pressed. The grading between 0,2 and 0,5 or aven 1 mm are
usually regarded ss medium fractions. Bifrac tionel briclks
consist of two fractions, i.e. fine grounded powder and
cosrse grain portion /0,5 - 4 am, 0,8 - 4 mm or 1 - 4 mm/.
In trifractionel masses the first fraction /fine fraction/
is also fine grounded powder the second frac*ion is medium
grein /0,2 - 0,5 ma or 0,8 -1,0 mmn/, and the third fraction
is coarsa grain. The schenes 45/10/45 up to 35/15/50 are
usually used. For the forming processes by means of pres-
sure several suthors proposed the relationships which ex-
presa the dependence of the porosity of graen bdricks on
foraing presaure.

- Among theae relationships the most convenient
seoms to de that-one axpressed by the Bereiny equation

!.-n-b.log.r

/P, = green bricks porosity, P = pressing-power, a, b =
the constants characterietics of the process/

Providad the pressing-power is smell, the term b.log P 1o
equel to sero and r. = a. The constant a expresses appro-
ximately the mass porosity freely poured into e prese mould
and demonstrates the importance of grading in the basic re-
fractorges technology.

It should be mentioned that the value of constant
“a® dspends not only on greding dut slso on the porosity of
coérse particles. The demand that the conetituent material
for brick production muet be of a low poroaity is odvious
from this equation. The constant b is a function of material.
It depends mainly on the hsrdness and strength of particlos,
proportioncof matrix, aise, etc. In general, sxpresses tho
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internal resistance and friction walls of mould. It usually
depends on the constant a. It is a logarithmic function of
pressing-power. In practice this means that the deficiency
in the composition of mass cannot be comnpensated by a manipu-
lation of pressing-power.

The illustrative example in Diagram 2 shows,
that certain rational limits for the height of for'ming
pressure exist. It is obvious, that the application of pres-
sures up to 1000 - 1500 kp.cm'2 is effective for magnesia
dbricks. Above this limit geins in the density of green
bricks are not always proporticnal to the efforts made.

A considersble wear of the walls of moulds appear, heavier
constructions of presses are needed, the pressing cycle
usualy gets unduly longer, etc.

IV. REFRACTCRIES FROM MAGNEBSIA

Magnesia materials are used especielly for thoss
parts of steel furnaces which are in direct contact with
molten metal and slag. This concerns mainly the bottoms
of open hearth furnaces, electric arc furnaces, the mixers
of pig iron, etc. The special kinde of magnesia refrectoriss
with a highor resistance to teperature varlation are cen-
venisnt for the lininge of kinder walls of open hearth fur-
necas while the very denee materials sre convenisnt for
oxygen converters and steel-evacuating devices. Very dsnse
magnesia refractories material which are resistant to tempe-
rature veriations and additionally impregnated with tar sre
sspecially convenient for oxygen converters. The impregne -
tion of fired magnesia materials with tar sffect favoursbdly
the durebility provided these rsfractories are made of




DIAGRAM II. POROSITY |PS| OF GREEN BRICKS
IN DEPENDENCE OF FORMING
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sintered magnesia with a low content of iron.

The service 1life of magnesia refrnctories increases
with improving thermomechanical propertics and density. Thore-
fore the quality of dead-burned magnesia, its mineral purity
end density have influence on the properties of these mate-
rieals. The mineral composition of construction materials is
determined by the mineral compositions of the main kinds of
sinter magnesia used for their production.

In order to obtain good thermomechanical paremeters

a low content of 1iquid phase is necessary. Furthermore, its
viscosity given by its composition must be high. Thus this
phase forms an isolated intergranular filling among the peri-
clase grains. It does not wet and separate these grains from
one another.

The amount of molten silicate phase and its compo-
sition depend on the content of 8102. The nezative effect of
840, 18 to be observed e.g. in the decrease in tcnsile
strength at 1500°C exhibited by the mngnesia refractorics
made from the Balkanian sintered mugnesia with varying Si0,
conicnt.

63 kp . en™3 for the 0,92 ¥ S10, conici
15kp ocn™> * * 145¢ st0, "
5kpo.cn™> * * 1859810, ¢
Okp.om™ » = :4sgsiw, -~

It 48 worth noticing that the incrcase in the content of
310, 414 not only raise the content of 1iquid phase but
elso caused the composition to change from C»3 through CJBZ
to CMB. This means that the viscosity and meclting point dee
creased, periclase got more wetted and the separation of

|
i

|
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pericluse particlos by the effect of liquid phase manifestcd
itself.

The presence of 8203 in magnesia refractories hzs
a very unfavourable effect on treir thermomechanical proper-
ties. Boron oxide reacts with Ca0 and Mg0 and various loy -
melting Ca and Mg borates, especially 038 and MBB are formed,
According to the content of Bzoé the 11,juid phase appears
even at the tempercture of 1200 C, wets intensively poricluase
and aay ring Lbeol o full 1638 of strength at high tempe-
ratures.

The content of 8203 exceoling tie limit of 0,C5%
i-wS 0 negative effect. Provided tho sintered magnesia ob--
tained from sea water has not been deprived of boron by a
proper process, it contains from 0,2% to 0,3% of 8203. Davies
and Havranek expressed empirically the maximuim content of
8203 admissible without harmful consequences by the relation-

ship /2
% B.O. = Z’QQQ_!_’ﬁlgz
273 100

The negative effect of 8203 is not to bs observed
provided the ratio Can5102 is deeply bellow 1. However in
this case, the negative effect of the monticellitic liquid
phase manifests itself. As to the ratio CaO:SiOz, it is best
if this ratio equals two.

Of course, the thermomechanical properties are also
affected by the amount, character and pores sige distri-
bution. The less the number of the poree which are discouti-
nuous, closed, and do not separate the periclase particlas
from one another, the smaller their effect. The poree of
small sise, closed and present in s small content mitigate




the effsct of slags and molten metal. By using a convenient
technology involving the correct grading refractory mixture
and adding eventually some admixtures stimulating the sinter-
ing of dense grean bricks at the optimum temperature and
sintering mode, the magni:sia refractories material showing
the actual porosity under 10% may be produced.

The modulus of élasticity of magnesia refracto-
ries may be siquificantly affected by reguvlating the charac-
ter of grading of the forming mass for green bricks. Thus
the value of the criterion k = -f— expressing the thermal
ehock resistance may dbe raiged, This concerns mainly the re-
duction of the pertion of matrix, suppression of fine grein
portions /0,1 -1 man/ to be the mihimum, and increase in x .

The development in the field of burned magnesia
refractories tends to the materisls with these propertiess

Content of Si0, 0,2 -19%

Ratio Ca0 @ 8102 2

Content of h203 0,2-39%

Actual porosity 8 -14 %
Tensile strength

at 1500°C 80 - 100 kp.ca™>
at 1550°C 40 - 60 kp.ca™?
K-criterion 8 - 12

In principle, the burnid magnasiae refractories
are producedaccording to the following tachnological schame
involving these materiale: Bunker with the sinter magnesia
of different grading and fine grained matrix, bunker with
1iquid admixtures - feeding into mixers - preparation of
refrectory aixture in mixers - half-dry shaping of green
bricks in presses - drying of green bricks - firing in tun-
nel kilns - acreening and paletisation - storage of ready
products.
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V. REFRACTORY MATERIALS FRON DOLOMITES

Dolomite is the most accessible material for the
production of basic refractories. It occurs almost in every
country. In the calcinatsd form it served for several decades
@¢ lining materisl for Thomas convsrters, open hsarth fur-
nacee, electric furnaces, etc. Bven at present, its use for
steel furnaces is not without importance and prospect., Its
chemical composition is MgOO, .CuCO3. After the calcination
and loss of water it contsins theoretically 41,83% of MgO
and 58,17% of CaO. Really the sintsred product "DOLOMIA®
contains 94,5 - 59,5% of /Mg0+CaO/. The accompahying oxides,
especially !‘0203, Al203 and 510, facilitate sintering so
that an adequately dense clinker is obtained at relatively
low temperatures.

Cwing to the intensification of steelmaking pro-
cesses the demends on the properties of dolomia changed du-
ring last 14 years so much that many technologiss of the
produc tion of greined products and bricks became important
only from the historical point of view.

At present, these propertiss of dolomia are re-
quireds

The content of /gO+Ce0/ should be at least
97% and in the case of high-quality sorts more than 99%.

All eccompanying oxides impair the value of product, edpe-
cially as regards the thermomechanical properties.

The denands on the porosity of dolomie increased
subatantially. ¥hile the porosity of 15-20% was considered
to be sufficient for the Thomas converters and some authors
of the technologies of linings were of the opinion thst so
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high porosity was desiradble, at present the porosity of 8%
ie regarded as the highest limit. High-quality kinds of
dolomia show the porosity of 1,5% or at most 5%. Unfurtu-
nately, only a small part of the dolomites of d@bove proper-
ties can be sintered in the form of pieces under formation
of & product with low porosity and even the temperature of
2000° 1s not slways high enough. The sintering cspacity of
Golomites is connected with their structure, the aise of
orystals, porosity snd porea distribution. Very pure dolo-
aites /"low flux®/ are processed in the following menner at
first, they are calcinated at a low temperature and the cel-
cination product is ground finely and briquetted without any
binder. The briquets are sintered in rotating or shaft fur-
naces at 1700° - 1900°C. This process yields a dolomia with
1,58 - 3% porosity.

Dolomia bricks

Because of an insufficient resistance of do-
lomia to the effect of water, tar functioning as a binder is
uged for the preparation of the forming mixes with a grading i
to 6 mm or even up to 8 mm. The coarse grained part is usual-
1y heated at loast to the temperaturs of 120°C, homcgenized
in hot steel mixers with the fine grained part and the tar
the addition of which amounts to 5% or even 8%. The molding
is carried out under pressure from 700 to 1500 kp.cm"z. The
groen bricke ought to show a 17% - 20% porosity ond the pores
should be filled with tar.

In this form tha green bricks are usually ap-
plied to lining the furnaces and containers for steel making.
Sometimea, they are tempered in the absence of air at about

(3
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300°. During this operation the volatile partg of tar are
removed and the carben skeleten remains cs o binder.

Ceramically burned declomia bricks are 21 used,
T lirdng torsrotures cerres.~al Lo 14C0% - 1500%¢ accord-
irg to the content of sccessory oxides. As to the process of
ceramic firing, the heating to the temperoture of Ca/CH/,
deccmposition should be rapid for Cal not to hydrate and moke
the sreen bricks break. The bhurnii solunts ava ot cnce in-
pregnated with tar or givea hydrophcbe pacliings or coatings.
Th~ bricks bond with tar and tempcred nre storable merely
for a 1limited period of time. They are transported in closed
pallets with a filling of calcinated fine dolomite 8o that
the content of water vapour in the space of pallet may be
reduced to minimum,

The developmunt in the technology of dolomia re-
fracteries tends to the clinkers and bricks writh tha content
of /Mg0+Ca0/ over 99,5% as well us the lowest porcsity. The
tctal velune of producticn or concupmtion in the future will
depend con the ecccmoric. I L3 rag alerill acendliicers in every
cerrery andl i1l he wlvays fully cennected with ateol nro-

A, R
“acticnie

VI, MAQITISIA - CIMOME ORE REFRACTORIES

The bricks of magncsla resist the effect of basic
iron slugs obd melts, but thay do not rosist to rapid changes
of temperature. By introducing “he brick pro@uction from the
mixtures of magnesia with chrome ore, this shortcoming ‘as
to a great extent removed. The products of this group became
a basic material generally used for lining several kinds of
me tallurgical furnaces and vessels in thoge places, where
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the dricks of magnesia failed.

The world practice in technology is varied. The
proportion of chrome ore is between 10% to 50% in magnesids-
chrome bricks and bdetween 51% to £0% 1in chromé-magnesit bric
Sometimes it 1s used in the grading up to 4 mm, the fractior
going throug the sieve C,2 /0,5/ bdeing excluded, another tin
it is used as a matrix with specific surface 0,2 - 1 m /g.
Bach of the authors of techriologiss found reason for hls pre
tice in the results of the operation of metallurgical furnac
aonme conventionally estimated properties or economic utilit)
eventually in oll these three factors.

In order to throw light on the wide prodlems of
the bdbricks falling in the series magnesit-chrome ore which
play en important role in technology, developmant, and re-
ssorch we may use the well-known simplifiud relationship
which serves as a critarion for the thermal stress resistan!
at sn unilateral heating, cooling and thus for the thermal
shock resistances

K= -_s.'-_l—l
' ] u

t' is tho strength of drick up to the temperatures at vhich
the refractories naterial is ltrumd mechanically /kp.cn'2/
a 1s heat conducting power /n 271/ culculated from the
formula <

I W

Op.'

A 1s thermal conductivity /kcel.m 1.603"1/
G, 18 specific heat /kcal.kg 10571/
18 bulk density /kg.dm~3/

2 498 nodulus of elasticity /kp.cl'al
d/ 1s the coefficient of thermal dilatation /dog"]'/
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It follows from the above relationship that for the
refroctory meterial of equal mincrel compesition and current
porosities /15-20%/ tha thermal shock resistance desends on
the value of ¢g~, because the other properties involved #n
relationship /1/ may be considered to be constant.

If the chrome ore into the mcdium of pericluse intro-
duced has bdbrought on intensive change in thermomechanicel
properties, some of these involved in relationship /1/ must
have changed substantially.

The comparison of the criterial values calculated from
known end measured properties of the bodies with different
ratio of the above-mentioned basic components enables us to
estimate exactly the relative stress strains resistance ari-
8ing in refractory materials at a unilateral heating, cool-
ing and rapid change of tamperaeture. Thus it will be possible
to find out the conditions under which the stroins are the
smallest snd dotermine the optimum mineralogical composition
snd texture of the refractories produced from sinter magnesis
and chrome ore.

The proparties as criteria used are summarised in a
few diagrams.

Disgrem III. shows the relationship between therral dilatinn
énd the ratio of both constituent components. It is evident
that this relationship is not linesr. The high thermel d4i-
lation of magnesia dricks is reduced significantly even by
& relatively small sddition of chrome ore.

It 1s known that the thermal conductivity of magnesia
bricks is high and decreases significantly with temperature.
By introducing chrome ore into periclase, the thermel con-
Quctivity as well as the heat conduc timgpower of all the
bricks conteining less than 50% of chrome ore decreases con-
8ideradly at the temperature of 1400°C and more there are no
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i
{
 {
!
1
|
.E:
§ .0
i
‘} s
j  /
; "o.
; -
’
b
a |
s I
o |
9 |
\
1,0
00
1
L
i
1‘)




-35 -

essential differences in this property for the whole series
of basic bricks /Dicgram IV./.

The character of bending load and tensile strength
at the temperature of 1500° which can be rcgerded as ade-
quate for the evaluatiod of these propertices is shown in
Diagram V. The maximum for the materials burned at 1600°C
and 1700°C occurs in the region of chrome-magnesit bricks
containing 80% of ore.

The strengths at high temperatures are certainly
importent parameters for appreciating the behaviour of re-
fractories e.g. in the roofs and parts of furnaces which are
subjected to thermal stress. They ought, hovever to be con-
fronted with the moduls of elasticity. Bven the values at
20°C show that the effect of chrome ore introduced into pe-
riclase is important the most significant being in the compo-
sition vhich contains 20% of ore. Its modulus of elasticity
equals one eighth or even one tenth of the value established
for magnesia bricks /Diegram VI./. The temperature change is
illustrated in Diagram VII. It is worth noticing that the
rise of mudulus to higher values indicates ths strains while
the decrease in modulus indicctes the relaxation. The bricks
with a successively increased portion of ore show an increase
in the moduly of elasticity.

If the velues of bending strength are correlated
with the values of the moduly of elasticity we obtain the
view about this criterion which is characteristic of the
series of magnesia-chrome ore bricks /Diagram VIII./

For the region of msgnesia-chrome bricks the maximum
of the criterion values corresponds to the 20% - 30% content
of chrome ore while for chrome-magnesit bricks it corresponds
to the 70% content of chrome ore.




-3 -

Dingren IV. Thormel cenductivity //\/‘
series magnesia /W/ - chreme ore bricks
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Mrdulus of rupturs / “to/
ond tencile atrength ot 1500°C

series magnesic /3/ - chreme cre hricks
burncd at 160C¢ ond 17007C

1300 °C
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Disgrom VI. Modulus of elasticity /B/ at 20° ond 1500°¢
oeries magnecsia /M/ - chrome ore bricks




Di~grem VII,
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Medulue of nlasticity /Er/

eeries ragnesia-chrene ~p- “Spic:
Lerprr tnpn 1562°C

/eurves runbers mean the cirenr oo
cent2nte in “wriclse/
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It romains tec reply te the questien which form (3 4
chrome ore should be used as a component of mixtures, The
rply to this questieon ia interecting with respccet to the
magnecit-chrome hricks centaining lccs than 505 of core.

Lo Tlagiw. Tle the ieduly of Alacticity of betelo
with 204 ore arc presented. The owc 'as used go o ratods,
It appeurs thut ..pincl as a furdamanial component of ore
dces not produce the deciradble decrecsé in the moduly of
elasticity with respect to the bricks of magnesia because
it predominately disrolves in pcricluse., Therefore the ap-
plication of coarse grain ore is more advantagecus.

At concluaicn it is worth noticing that the pre-
sented exauples hold good for magnesia or at low tamperature
burned magnesite and chrome ore of a certain kind. In techno-
logy the optimum conditions have to be set in conformity
with e described procedure for every constituent matorial
used,

There 1is no doudbt that the strengths at high tempe-
ratures vill de always a basic indicator of the technical
value of burned magnesit-chrome boicks. They depend in the
first place on the content of accessory minerals ailicates -
ooc as 1t is valid fop the bricks of mognesia. In the second
place they depend on the kind how the coarse grains of spi-
nel /chrome ore/ are bound to the poriclase medium, 1.e.
the grain of periclase. Direct-bond ccn be obtained only
by firing at high tomperaturea, namely 1700° - 1780°C.
These direct-bonded bricks are characteriged mainly by a
high firing temperature and represent the last stage of
develcpmont.,

At conclusion it should be montionod that the
maximum of the direct-bonde spincl-periclase is achieved
by briquetting and sintering a magnosia-chrome ore mix at
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Disgrom IX. Meduly of elusticity /B,/ to temperature 1500°C
seriea magnesia-chrome bricks /80/20/
that x chrome cre as matrix
s bricks with chrome cre as coorse groins

°
Cr rada 20%
¢
1700°c
?
Y 1600°c
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temperatures up to 2200°C in shaft kilns. This epinel clinker
which elrcedy containe direct-bondc 4s then used as bdusic
mctorial for the production dricks of high quality. The green
bricks are eithcr ceramically bdemded cr chemically bonded
and motal-cased thoy are used in metallurgicel furnaces.

The above considerations established the principles
for the tcchnology of bricks of the series magnesia-chrome
ore. It should be pointed out that the portion of matrix in
mixtures is 25-40%, the medium grading /0,2 - 0,8 mm/ is
usually missing, or its pertion dces not exceed 20% vhile
the coarse grading femction 0,8 - 3/4/ mm forms thd busic
skeleton of the batch cof green dricks or bdbricks,

The trends for the future are charecterized by
the use of megnesia with ninimum content of 310, /less than
0,2%/ and chrome ores as concentrates containing 2% of 810,
at the most or even lese than 1,5%.

Some typicel propertice of bricks are summarised
in Table 7.

VII. FUSED BASIC REFRACTCRIES

High density end volume =tability at high tempe-
ratures are the main reasons for the production of fusged
basic refrocteries. According to the production method there
are two main kinds of products.

Basic rebonded refractories with fuged grain.

These materials are produced so that sintered magnesia or
its mixture with chromo ore is molten in the arc of electric
furnece at 2850° - 2350°C. The melt is allowed to cocl in
the furnace. The set block of 2-10 tons weight is fragmented,
crushed end finished to the gr¥ding up to adout 5 mm. The
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fracticns obtained and the fine grained matericl prepared by
milling in ball tube or other mills is used for the pre -
peration of the mixture which is presced 4in an usual nonner
and burned at 1650° - 1750°C.

These products distinguich themselves by a high
dersity, strength at high tempercturcs, voluume stubility as
well as a low value of creeping. In spinelic bricks the con-
tent of chrome ore is usually cither 20-4Cx or 50-70%. The
bricks are used eepeciully for lining the containers for
vacuum degassing of cteel, for the linings of the stressed
parts of electriccl furnaces etc.

The ramming mixture ccnsisting of fused grain 1s
successfully used fer the electrode centres in the roofs of
eloctric furnaces, induction furraces, conteiners for stcel
evacuation, and other pluces of matallurgical furnaces “here
the shaped bricks cre te be replaced in the places stressed
thernelly.

Fused and cast busic refract-ries. lhgncsia or a
mixture of mognesia and chrome ore 48 molten in an elcetric
arc furnace and cast into the ingot form and subsequently
ollowed to ccol there at a controllable rate. The cold ingote
ere then cut with dilumend churged sews into the perts with
noeded dimensions. As the melting process as well as ‘working
is expemsive, thase materiols represent the most expensive,
busic refractories. Their open effective porosity is practi-
cally equal to zsro, Therefore they exhibit the highest
resistance to corrcasirn. On account of the high modulus of
elasticity they show & relatively low spalling resistance.
They may be, therefrre, used in those parts of furnuaces
where the tempareture variations are neither frequent nor
great. The bricks with a 20-30% pertion of chrome ore prove
their worth especislly in electric furnuces in the places
most expcsed to the effect of slugs. Anyway, their high price
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prevents the extension of their use in to-days technolegy.
Their composition depcnds on the chemical composition of mag-
ncsia and chrome ore as well as the ratic of the amounts of
these subdbstances in the mixture.

VIII. CHBMICALLY - BONDED REFRACTORIES

An important pesition in the produc tion and uge
of basic refractories belongs to the chemically bended - non
fired dasic refroctories. In principle, they may be used for
steel-, cement-, and other furnaces like fired busic refracte-

price magnesite, magnesite-chrome, chrome-magnasite, and che-
mically bonded chrome moterials. The technology of thuir pro-
duction does not Aiffer substantially from the prcduction of
fired materials. Since their firing does not take place at the
produccr'a, but this process is accomplishcd on the place of
their seivice in lining, it is necessary to respect this cir-
cumstance. Attention must be given to the fact that the pro-
perties of the chemically bonded bdasic refractories ought to
reseablc the properties of fired refractories, in particular,
ss regards the cold strength, small changes in dimensions at
high tempersture, and sufficient density of green bdbricls.

ries.
The chemically bond24 refroctories prceduced, com-

These properties arc achieved by a convenient chois
20 of greding of forming mixture and use of the binders form-
ing chemical bonds which provide a strong binding of individual
components of the materisl without any use of ceramic firing.
Sulfite waste liquor, magnesium sulfate and chloride, boric
scid, and slcnline polyphosphete serve as bonding agents. The
origination of chemical bends in green dricks takes place
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during the drying process. Thereforetthe deninds on the drying
of the green bdbricks of the chemic: lly dbonded refracteries are
higher than the demands on the 4drying of the green bricks for
firing. Semetimes, the hurdening process continucs in a CO,
atmoaphere.

In most cases, the chemicslly bonded refractories
are precsed into metal-cased, wrapping thce shaped bricka from
four or twvo sides. The chamically bonded refracteries are
else to a lrsser extent preduced without any metal-case for
some places nf use, For instonce feor the use in the places
vhere the linings are exposed to higher demands cn the spol-
ling reaistance a reinfecrcement-metal is pressed in and
divides the inside of green bhricks mostly in three parts.

The refractories, vhich hung during the installation of lin-
ing, e.g. for main arches of cpen heerth furnaces, etc. are
produced already with e suspender mostly of fireproof steel.

The metal-cases of chemicslly bonded refractorias
show severol merits. They protect the shaped bricks ogainst
dangpe Auring transport and mantpulction, fucilitate the as-
semblage of lining and neo cther metal inserts are to be put
emong the shape bricks. licreover, they are equipped with
suspenders. This merit manifests itself especially in the
case of panel linings. At werking temperature the metal -
coses oxidize, reoct with Mg0 of the material under formation
of megnesia ferrite and the complex magnesiaferrite-magnetite
ond thus make the lining monélithic and fulfil the function
of mortar,

The chamicel donds obtained by the majority of
dinders vanish in the region of so-celled tronsition tempe-
ratures, i.e. 600°-1200°C where ceremic bonds have not arisen,
yet. Then the refrsctories locose mechenical strength st these
temperatures and are not sble eny more to resist to the me-
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chanical stress exerted on the lining. Therefore, if chemnical-
1y donded refractories are used for those places of lining
which are exposed to & mechanical stress at these temperatures,
it is necessary to raise the so-called "transition strength”
by using some binding agentis such as alcaline polyphosphates
or powdered metal admixtures, €.g. FeCr or Fe. Simultoneously
the presence of these admixtures raices the volume stabililty
of refractories at high temperatures. Appropriate "transition
strength® of chemically bonded refrectories are necessary es-
specially for the products used for the construction of roof
1inings.In thie case the temperature acting on the refractory
materiel decreases with the distance from the working aree

of 1ining. The refractory material therefore exhibits the
character of fired maoterial in the working, i.e. hot part and
the character of chemically bonded material in the cool part
of furnace. In the region of above-mentioned "transition
temperatures” a spalling and immoderate obrasion would ocaur
becsuse of the lose of strength and mechanical stress.

If a high volume stability of chamically bonded
prefroctories is to be attained sintered mugnesia with a low
content of acceasory contominating oxides, in particulpr S10;
and high density must be used for their production. Equally
the lowest pessible content of 510, 1is required for the chrome
ore used which should not contuin any particles smaller thun
0’2 RRe

The use of spinelic clinkers produced from a
pagnesia-chrome ore mixture, in the form of the briquete
sintered at about 2000°C reprecsents a new trend in the pro-
duction of chemically bonded magnesia-chrome ond chrome -
pagnesia moterials. These chemicelly bonded refractories shov
the best performance.

In principle, the chemically bonded basic refracto-
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ries ought to fulfil the demands on these proporticos

cold crucshing strength min. 400 }:p.cm"2

tenaile strength at 20°C min. 80 kp.cm'2

at 950°C mine 30 kp.cnfz

f at 1260° min. 20 kp.cm'z
! at 1%500°C min. 10 l;p.cm"2

Cpen apperent porosity after annealing

at 1100°c/2 h mex. 19%
Linoer shrinkoge at 1700°C/5 h os a

choracteristic of the volume stability

ot high temperatures mox. 1%

IX. MONOLITHIC MATERIALS

Unshaped basic materials fornm a wide ronge of refrac-
terirs, from vhich some nro suining still mere importonce.

an 4n24.1%ual Jluce ceceupy racming and eocting o
turiols for making and repairing battems, rs well as oblique
ports of walls of CH=-furnucés 2nd electric srehkilno. Thoy
are made from mogneeia, dolomognosia or dolomia. Are present
their conoumption smounts tc 6-25 kg per ton of =tcal node
| in CH-furnaces, tandem furnaces, electric arc kilno respec-
i tively. They ere supplied in regulated grading usuelly up

to 8 mm. Their busic requirencnts are easy sintering due to
proparly chesen minerological compesition and & sufficiont
high port of fine fracticns emounting to 40-43%.

In .order to prevent the roise of dust during moni-
pulation they usually eodd o small omount of mincrel oil to
the fine fractions.
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It is necessary to state that the 1life of 1l.e.
OR-furnace bettoms depends mninly on the MgC content in the
volume unit of the bottom. Juct therefore consupmilon dzpern
sodnly on the gl content in the supplicd pooduct.

Consumption develeprant ol thie ubevementicned @ lc-
riols will depend on the steel producticn trend in OH-and
electric arc furnaces.

In another group belong ramming and casting matcriols
for more kinds of steelmaking furnaces and vessels as induc-
tion kilns, parts of electric furnace roofs, vcarels for
vacuum degassing and others.

Por induction kiln prove to be suitable mugnasia nc-
terials with corundum or chrome ore additicn, for vacuum
vessels materials made from a mixture of electrically fused
magnesia and chrome ore, for elcctric furnaces chrome-migne-
site and magnesite-chrome meterials.

As bonding agent for materials which are rammcd
wetted or are cast, they use mainly magnesia sulphate, chro-
mic acid, alcaline condensed phosphates, water gluss ond
othaors,

At present the use of gunning materials 1s strongly
growing. The uce of materiasls gunned onto place, which have
to be repaired, in form of woter suspensions decrease. A
progress mean grading materials vhich are moistened at the
nossle of the lance by which they are gunned.

They are gunned cold and also hot and form a com-
pact snd stadile layer, not only on horizontal surfaces, but
on oblique and vertical areas too, as well as on roefs. It
is necessary that the materials have an adequate adhesion to
the walls and & occhesion between themselves.

The density of the layer is attained by an adequate
grading and the density of ccarse graina. The question of
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the bYond is remarkadly important. Respactive dbonds hove to
be mede in accerdence with the charactar cf compesitioen,
temperature of lining cn vhich they are applied 29 well ns
its composition. In the last time different :inds cf phos-
phates, rater glass, chroen-tes in ccombination with plustify-
ing agents es i.,e. bentcnito, deriwetes cof cellulese, sulpho-
natas and many cthers arc used.

It 18 expected that the precese of repairing
BOP with grading matorials from magnasia, dcolomagnasia and
doleomie 7411 develop and extond and the consumed quantitiaes
of these materials 7ill be very interesting to the producers
of refragtory mat:rials.
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.12 3eurces, prepoaratien ara dressing ol unco-
aental rass fer precessin: b oele refractordis includin: e
wrinciplee of precuseirg, tyges wnd .rogirtics of thero are
desgeridbed,

she types and cropartics ef sintered magn:nite,
sinterad leleizita <nd ehresee~epes are ontien~d, Jopae
~f ch-nical cemprsition, <irnaity and ;rading of fund:.i.c:ial
roterinls sre defircd., Attention ic -ivern te the influacnce
of lupurltics as 51C., Fe 0., 8593 and te the CuC/3i0  rutic
in fundaiental miterisls snd 4tc mixtures en the pre rti:s
of b.sic refracteries.

Burned and chexicul bended mugneait: and ch.price
ragncsite bricka, busic rabenied fuscd grain bricks, fuscd=
cast bricks and delonite bricks are dcacrid d. The churuce
teriatic preportice snd the dependence sene of thess pren e
ties on the proportion of the funda.oental constitucnts cone
tont, taaper.ture, and sere ure zontiende Ire: the peint
of view of aessuring phycicul and thi:racu:chanical pro;mrilcode

_are the bricks sunlitics Jjudoed,

The suter s cbacrvatiens or the further Jdeveleop=
iwent und relsing of busic refracteries . uulity are discucscaG.
Jerards en quality and cervice life of bL.sic refr:ctery
iinin.s riso> in lejerlence with new t chuielegicul steediiuling
processes,

I the last chipter of present puper the nonc =
iithiec busic wmuterials ure discu.sed.
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n 1a monografiz mue agqui se resume se descriven las fuentes »r la preperacién
mecdnica de lag moteri~s rrimes fundementales par~ 1~ elaweracién de productos refrac-

tories bésicos, inclusive leos rrincipios de elaheracidn, los *iposg y sue proniedndes.

w

e serinlar los tincs ¥ mwreoniedndes de 1o mognesite sirterizaia, de 1o delemitn
sinterizadn y de lon rincr-ieg ac cromo. e definen lag exigenci~s relatives o 1a
composicién qufimica, 1+ iensiind ;- 1a compesicién granulométric: de l-s moteri-s primas
fundament~les. 3¢ dedic~ -~tencién ~ 1~ influenci> que cjercen sotre l-e provied-ades
de los nreductos refract -rios bisices 1> precenciz de impurez-is como el Siu? el
Fe?O3 y el 3203, ~sf como i~ r-zén CtO/inq, en. 1~ mrtering primns fundoment-rles

y sus mezclas.

LA AP A B L]

j/ Las oniniones qus el ~utor expres~ en este documonto ro reflej~n necesarin-
mente }as de la Secrotarfa do 1a ONUDI. L:- presente versidn ospafiol~ es traducciébn
do un toxto no revisado.

# Instituto de Investigaciones sobre Productos Refract-~rios, Bratisl-vn
(Checoslovaquir).
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Se describen los ladrillos de mngnesitn c-leinnd~ y ligndn quimicomente, as{ como
los dc cromo-magnesitn, los ladrillos bfsicos de grano fundido y religrdos, los ladrillos
colados por fusidén y los ladrillos de dolomitn. OS¢ enumeron 1ns propizdndes cnracte-
risticns v ol grado de dependencin de algurns de os8”s pronicdndes respecto de la
proporcién, temperatur:s, etc., de los constituyentes fundamentcles.  Se juzgan nsimismo
18 cualidedes de los ladrillos desde ol puitoeds vist~ do sus nropicdndes fisicas ¥y =

termomecénicas.

Sc analizan l2s obscrvaciones del autor sobre fuburas imnovaciones y cl mejoramiento
de 1o calidad de los materiales refractarios bisicos, teniendo cn cuenta que las oxi-
goncias sobru calided y Aursccién dc los revestimiontos con materinles refractarios

bAsicos numentan a la par de los nucvos procesos tecnolégicos de lo siderurgle.

2n ol dltimo capftulo de 1o monograffa sc estudian los motoriales b&sicos monolfticos.
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