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The paper is devoted to sowe progreassive kinds of re-
fractory materizls- i.o2. monolithic rerractories, namely:

- castables - recfractoriea containing s hydraulic binder,

- mouldatles snd ramming mixcs - refractories containing
8 clay type binder or chemicel bond,

= mortsrs - refractories used er joining refractory
bricks.

Varicus raw materinls necessary £or making the above
kinds of monolithic meterials, i.e. the granular aggregates,
bond clays, and the substances rorming hydraulic and chemiecal
bonds are descrioed.

The production proceas of the main kinda of monolithic
naterials is presented in the form of technelogical schemes.

The composition end genersl properties of typical castad-
les, mouldables, ramming mixes, and mortsrs are given in
tables,

It is typicel for monolithic materials that a part -of the
production proceas - forzing of monolith - is tranasferred
from producer to uzer. Therofcore the main procedures for the
installation of monolithic linings and their effect on the
vroperties of monolith arc deoscribed.

The technicel ~nd economical virtues of monolithie 1li-
nings are emphasized. These virtues ccneist in the sasy con-
struction of complex linings, speedy installation, better
isolating ability of mornolith, excellent resistance to ther-
mal shock, and increase of tha lining life.
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RESUMEN

La monograff{a estd dedicada a ciertous tipos de materiales refracvarios modernoss
concretamente, a los refractarios monol{fticos, que son lcs siguientes:
a) 1los materiales refractarios moldeables que contienen un aglomerante
hidrfulico (castables),

b) 1los materiales refractarios moldeables -inclusive las mezclas para apisonar-
que contienen un aglomerante arcilloso o un aglotinante quimico (mouliables), y

o) los morteros, o sea, los materiales refractarios utilizados para unir ladrillos
refractarios.

Se describen diversas materias primas necesarias para lia cluboracidin de los mencie-

nedos nateriales monolfticos; as decir, los éridos granulares, 1as arcillas de cohesién

y las sustancias que constituyen aglomerantes hidrdulicos y qufmicos.

x Instituto de Investigaciones sobre Productos Refractarios, Bratislava
(Checoslovaquia).

am Termostav, Bratislava (Checoslovaquiz).
_1_/ Las opiniones que los autores expresan en este documento no reflejan necesa~

riamente las de la Secretarfa de la ONUDI. La presente versién espaiiola es t1aduccién
de un texto no revisado.

14.74-2789




21 procses de droduccisdn o e prd

mros it T () TR e
i ARV S VA b P AN F _-J-‘ RO R TY I

L cenmonicifdn

]

Por LooLnonnre v loo mortor o

avoeevreionts cue, cunndo

nroducto.s 1 wewnrd oo warto

.. . o
mouolition,  Jor conoloul ot

1

intal i S move st il ontos

entructie e lftio

Soorunroya Lo virtwdoe

Sura virtudes oonsioten o 1o

la ropides du suoinci-~lacidy,

e

-9

fu‘?\

s oprantund.

.t

Crcilided

1~

1

”, '
volAra

Sapc ey
[ A

su creelente resictencin oi chocus térries v

1 -4
Y

Lrd

doperiion Loo

asoeaaatruccl

Tonei

ol vize o notericles nmonclfticoas so

ce oo aenacstor maldeables, los ncselas

dioauLaroan,

LA oL .
doe nenelftic s, s troasfiern del
b

con e nrocuenifa 1 nadulod de 1o estructurs
rineionlos oreccedinrentos poarn 1n

Jfleter wbr les propiodades de 1o

e As loo rovestiniontios monoliticus.
., 5

e revestitientos complejos,

Asloate e 1o Letructura aonolftica,

l-. rayor duracidn del revestimiento.




We regret that some of the pages in the microfiche
copy of this report may not be up to the proper
legibility standards even though the best possible

copy was used for preparing the master fiche




CONTENTS

Chapter Page

Introduction « o« ¢ ¢ ¢ ¢ ¢ ¢ o 0 ¢ ¢ 0 ¢ ¢ 1
I. Materials for monolithic 1linings « ¢« o« ¢« o 2

A. Granular aggregetes for monolithic
refractories ¢« o« o o ¢ o ¢ ¢ ¢ 0o ¢ o ¢ 3

B. Castables s o 6 o 0 0 06 0 06 0 00 0 b

Ce. Mouldnble refractories and ramming
MiX@S o o o s 6 ¢ ¢ ¢ o ¢ o o e o o ¢ 19

II. Refractory mortaffmerast.e o ¢ o ¢ o o o o 29

Iil, Technical and economical virtues of
monolithic refractories e o o o o o o o @ 32

References* © 06 0 0 6 0 6 68 0 o0 0 e ¢ 34

%/ Numbers in psrentheses refer to the corresponding
numbers in the reference list at the end of the
paper,




INTRODUCTION

Costables, mouldables snd mortars which are generally
called monolithic refractories represent the progressive
kinds of refractory materisls nnd are gradumlly substituted
for the classical linings consiesting of fired bricks in
various furnaces,

''he development of the production and the use of mo-
nolithic refractories is characterized best by these datua:
in & five-year period in which the totnl production of re-
fractory materials incressed in USA by 14 %, the production
of monolithic refractories incrensed by more than 75 %
while castables and mouldables showed the highest increuce-
ment3s /1/. According to the Japanese statistic book the
production ot castables in Japan grew 394 % during the last
10 years and the production of mouldables grew even higher,
i.es 727 %.

The rapid propagation of monolithic refractories is
due to their technicel snd economical virtues.

The production process of monolithic refractories con-
sists essentially of equal stogecs like the production pro-
cesses of fired shaped refractories with the only differen-
ce that a part of this urocess passes from producer to con-
sumer. The grinding of raw materisls and preparation of
mass rests with the producer while the moulding of monolith
end its firing in lining is with the consumer., Due to this
fact the production process of monolithic mass and the for-
mation process of monolith right in the furnace cannot be
separated. If the producer of monolithic refractories wants
to be successful with his products, he must provide service
for the consumer. This service provides the preparation of
first-rate monolith, its drying and firing at the first
heating of the furnace.




The individual sorts of monolithic materials will be
dealt with

/a/ materials for the formation of monolithic linings,

/b/ materials for Joining shaped bricks.

I. MATERIALS FOR MONOLITHIC LININGS

The ma jority of refractory materiels for monolithic
lining fall into two categories:

/a/ those containing hydraulic cement

/b/ those containing a heat setting binder such as
clay or an air setting binder, i.e. chemical bond.

The refractories containing a hydraulic binder are
usually culled castables or refractory concretes whilst
those containing a clay type binder are referred to as
mouldables or plastic refractories, Ramming materiels are
usually very similar to mouldables, but are less plastic
and require much higher energy in order to form a monolith.
Those products especially developed for apolication by
gunning can be similer to either castables or mouldables,
or similar in some respect to each,

lhe following basic requirements must be fulfilled by
nll kinds of monolithic refraclories:

/a/ They must provide a formation of sufficiently
strong monolith

/b/ The monolith made of them must keep volume

stability at drying and in heat up to the temperature of
use,

All kinds of monolithic refractories are composed of

/a/ granular refractory aggregate which is the basic
substance with reference to the heat properties and volume
stability of monolith,




/b/ bonding components which make possible to instali
a monolithic lining 2nd determine the strength characte-
ristics of this lining. As stated before, these bonding
substances are represented by the hydraulic binders in
cestables, the clay binders in heat setting mouldables and
ramming materials, and the chemical binders in cold setting
mouldables and ramming materiale.

As Granular aggregates for monolithic refractories

The grenulsr aggregates form the basic skeleton of
monolithic refractories. There are different kinds of gre.-
nulsr aggregates in use and the selection of a correct kind
is determined by the temperature and other conditions to
which the monolith will be subjected under operation, Ac
a8 rule, these are the equel kinds of refractory aggregates
which ere used in the mixtures for the production of fired
refractory bricks. For heavy monoliths various dense aggre-
gates are used while for thermal insulating monoliths va-
rious lightweight aggregates are used.

The basic kinds of granuler aggregates used for mono-
lithic refractories as well as their charactarieticze are
given in Teble 1 and Table 2. The maximum temperature of
use is defined as a tempersture at which the eggregates
themselves, i.,e. without binding agent remain still volume
stable. The formation of monolithic materials by mixing the
aggregates with binders usually brings about a decreese in
the maximum tempereture of use.

Before processing the granular refractory aggregates
are ground and sieved. Thus 2 - 4 fractions of different
granularity are obtained snd these frections may be used
for the preparation of the massea which £ill up densely the
space. The correct size distribution of the refractory




Table 1.

Typical dense granular aggregates
for heavy monolithic refractories

Content of Bulk Max, service
Aggregote mein comoonents density temperature

/gecn™/ | /°C/

fused alumina 98% A1203 3.9 1900
tabular slumina | 98% A1203 3.8 - 3.9 1900
fused mullite 72% A1203 26% 5i0,( 3.1 = 3.2 1700
sintered mullite 72% A1203 26% 5i0,| 3.0 - 3.2 1700
sillimanite 63% A1203 35% 5i0,| 2.8 - 3.1 1600
I fireclay grog 40% A1203 56% 5102 2.2 - 2.4 1500
quartz sand 98% 510, 246 1700
silicon carbide | 95% SiC 3ol - 3.2 1600
dead burned 86 - 88% MgO 3.2 =~ 3.4 1800
magnesite } 95 - 98% Mg0 3.2 =~ 3.4 2000
chrome ore 36% Cr203 26%A1203 4,1 1800
zircon 66% Zr0, 33% Si0, 4.6 1700

;
5
i
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Table 2. Typical lightweight aggregates for
insulating monolithic refractories
Content of Bulk Max.service
Aggregate main components density |temperature
/gecm™3/ /°c/
bubble alumina 96% A1203 0s6 = 0,7 1800
lightweight high
alumina grog 65% A1203 32% SiO2 09 = 1.1 1500
lightweight
fireclay grog 38% Al203 57% 5102 0.5 = 0.7 1300
vermiculite 45% Sio2 14% A1203
27% Mg0 0.15-0.25 1050
expanded
perlite 62% SiO2 18% Al5051 0.1 - 042 900

3




aggregates in monolithic refractories is decisive for &
good density and volume stability of monolithiec linings at
drying end firing,

B, Castables

Castables consist of a granular refractory aggregate
and a suitable hydraulic binding sgent. The kind of granu-
lar aggregate and hydraulic binder is chosen according to
the use and temperatures to which the monolith is subjec-
ted,

The cements spplied to the production of castables
are valued according to the content of ma jor component
which affect their hest resistsnce and are divided into
two main groups:

/a/ Cements of the celcium aluminate type called
high alumine cements with the content of A1203 over 40 %
/Table 3/,

/b/ Cements of calcium silicate type called Portland
cements /Table 4/,

The cements of the calcium aluminate type are divided
according to the content of majcr component into current
high aluminae cements with the content of 40 - 60 % of
A1203 snd white high alumina cements with the content of
68 - 80 % of A1203./2/. The latter cements are of the best
aquslity end are used for the castables exposed to tempera-
tures up to 1900°cC,

The Portland cements are suitablefor the castables ex-
posed to the temperature of 1150°C et noat.‘Aa to their
utilization, it is important to stabilize free Cs0 formed
by hydratation by means of a fine admixture - microfiller.
A material of equal composition es the granular aggregate
in cestable is used as a microfiller. The grenulerity of the




Tedle 3. Typicel high alumina cements
tor castables

-
High alumina cement 2
a b c d e ,’
|
Chemical composition /%/
A1,0, 82.5 | 73.4| 66,9, 50.0| 41.9
Ca0 1605 26.1 25.7 40,0 3801
Fe,0, 0.1 | 0.1 2,2] 2.5! 16.4
3102 0.1 0.1 5.0, 7.0 3.0
Specific gravity /g.ca™/| 3.3 | 2.9] 2.7] 2.7| 3.1

max, service
temperature /°C/ 1900 | 1800 | 1550 | 1500 | 1400




Table 4. Typical celcium silicate cements

for castables

Calcium silicate cement

350 450
Chemical composition /%/
A1203 6.5 5¢5
Cal 62.0 62.0
F0203 2.4 2.1
Si02 20.5 19.0
Specific gravity /g.cm-3/ 2.9 1.0
Max, service temperature /°c/ 1150 1150




microfiller must be under 0.09 mm. The amount of microfiller
is governed by the content of slag in the Portlend cement
and varies within the range from 20 % to 100 % of cement
weight,

The production process and processing of blends into
castables is illustrated in Figure I. The productivu.. o
bieads is not complicated. ‘ihe groand granular refractory
aggregates sorted into individual fractions of different
particle sizes are stowed into storage bins. By means of an
eutomatic balance the individual fractions of granular aggre-
gate and cement are weighed and subsequently homogenized in
a periodically operating homogenization device. The process
of homogenization takes usuzlly 5 minutes. The homogenized
blends are usually weighed by 50 kg into moistureproof
bags.

The composition of typical blends and properties of
castables are given in Table 5 and Table 6. Besides the opti-
mum granularity of granular aggregate it is necessary to keep
the optimum amount of hydraulic binder. At a low content of
hydraulic binder the necessary strength of monolith is not
achieved wnile an excess smount of cement reduces the maxi-
mum temperature for the use of castables.

The processing of castables is carried out right on the
place of use. The blend in & concrete mixer with forced cir-
culation is moistened with a definite amount of water. The
amount of water is chosen according to the kind of fFrocessing
of the castable into monolith which may consist in casting,
vibrating, ramming or gunring. The kind of processing is de-
termined by the demends on the quality of monolith.

Castables processed by ramming achieve the highest
density and strength. For this procedure the lowest possible
content‘of water is used. Tne water - cement ratio is equal
to Oe4 or 0,6 . The mass is rammed by electric or pneumatic
rams and in some ceses by hand, too.
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Figure I. Scheme of the line for the production
and processing uof castables

Granular refractory aggregates Microfiller Cement
0O-2m|2-4mm | 4-8mn - 0,09 mm
| - =7 | : J
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{
Storage Expedition
{ |
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S PRODUCER
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Water | Air Water
6 at g
— —7 | l
i ey
Gunning dovico‘J Concrete mixer
r e P 1
Gunning Ramming Vibration Casting
W =0,4 - 0,8 W= 0.4-0,6 W=z 005"00 W= 0.7-1.0
Ready Ready Ready Ready
monolith monolith monolith monolith
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Table 5, Composition of typical blends and
properties of heavy castables

Granular *|Cement Max, Recom. |Cold Bulk

aggregate |[Kind [Recom. [service |water crushing|density
/Tab. |content tempera-| content strength /g.cm'B/
3~4/ /%/ |ture/°C/| /%, /kp.cm ¥

fused

alumina a 17-20 | 1900 9-10 600 2.9

fused !

alumina b 17-20 | 1800 10-12 | 600 2.8

8illima- |

nite ¢ 18-20 | 1550 10-13 500 2.5

fireclay d 17-19 | 1450 12-14 400 2.1

fireclay . 20-22 | 1350 13-14 350 2.1

fireclay | 350 |20-25 | 1150 14-16 | 250 1.9 |

Lfiroclay 450 |20-25 | 1150 14-16 | 300 1.9




Table 6. Composition of typical blends and
properties of lightweight castables

T [ ,

Granuler Cementy Max., Recom, |Cold Bulk

aggregete Kind Recom. |service |water |crushing|den-
/Tab,. jcontent| tempera-| content strength|sity
3-4/ /%/ |ture/°C/i /%/ /kp.cuﬁ% Apci%'

bubble ’

alumina b 39 11700 17 150 1.3

lightweight |

high-alumina :

grog b | 40 1400 30 100 1,7

i .

vermiculite e ' 34 1050 65 30 0.7

expanded ! i

perlite e . 59 900 60 10 . Oed

expanded |

perlite 450 57 800 60 10 O.4
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The width of one rammed layer ought not exceed 10 cm. In or-
der to bind perfectly individual layers it is necessary to
roughen the surfsce of a raumed layer before supplying futher
waterial,

The blend processed by vibration must show a higher
moisture content than the ramped mass. The wster - cement
ratio varies within the range from 0.5 to 0.7. The cement
mortar is licuified by vibration and the zranular eggregntes
take the position nroviding = dense filling of space. The
resulting strength of cnustables is lower than in the cnse
of processing the material by ramming.

Castable refractories can be slso installed by casting
in the same way as structursl concreter, However, the casting
is used only if the demands on the density and strength of
castables are not too grest and the monolith is not subjected
to very high temperstures. Perfect packing of monolith cannot
be achieved by casting snd an undesirable shrinkege of mono-
lithie lining can occur at high temperatures. This method
of monolith formation is used especially for frocessing

insuleting castables. At casting the water - cement r=tio
varies in the range from 0.7 to 1.0, The effect of the
water - cement ratio on the sirength of castables is presen-
ted in Figure 11,

Recently, the installation of castables by gunning has
spread considerably. Using this technique the material is
thrown agsinst a wall by compressed air. The gun application
began to be used first for patching and later for complete
linings. With improved guns and better application techniques
it was found possible to achieve equal or as much as by 5 %
higher densities than the densities of cast material. The
sirength, too, was higher by 50 % or even 100 % than the
strength of cast material.

The gun used may be of the dry or wet type, as shown




Pigure II. Dependence of cold erushing streagth
0® castabdles at different water-cement
ratios /¥W/ on firing temperaturs

coLD
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diagremmaticelly in Figure II1I and Figure IV, The use of dry
gun requires moistening of the mix prior to adding it to the
gun chamber. Water in the amount equal to as much as one-
fifth of the batch weight may be added and the mix still re-
mains flowable. The remainder water is added st the nozzle
and is controlled by the operator. The dry gun gives a very
dense concrete with low water - cement ratio. At the sAme
time, it is possible to put a layer of a 5 to 8 em width.

Less used is the wet-type gun where o slurry is formed
by mixing & controlled amount of water with the dry material
and then forcing it through the nozzle. The castable placed
with a wet gun is less dense than that placed with g dry gun,
The applied layer of castable must be thinner than it is in
the case of dry gunning.

The green monolith made of castable has to be protected
against heat and desiccation during setting and hardening. In
this period of time it must not to be expoced neither to
chemical influences nor mechanical shocks. The most conve-
nient temperature of setting and herdening of the monolith
is between +15% ang +25°, During setting the ready monolith
has to be moistened, Castables with Portland cement are moi-
stened for 4 - 6 days, castables with high alumina cement for
1l - 3 days. Instead of moistening the monolith another kind
of protection ageinst desiccution is used. This protection
consist in soraying the surface of the completed monolith
immediately with an impermeable membrane of resin solution
or special asphalt. The formwork is usually removed 2 - §
deys after making the monolith and in the case of statically
stressed construction it is left until the final strengths
have been achieved.

During drying and tempering the monolithic lining of
castable requires a greater attention than a lining of bricks.
The drying and tempering of ready monolith starts when the
demanded strengths of castables have been reached.




Pigure III.

WATER

Figure 1V.
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Dry sun - schematic chart

COMPRESSED AIR

Wet-mix gun - schematic ehart
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For castebles with Portland cement it is in about 14 days
while for castables with alumine cement it is in about 6
dayso

The proper drying and tempering tekes place in following
stages:

/a/ Beginning of drying - heating to 110° - 1209 at the
rate of 5°C per hour,

/b/ Drying et 110° - 1209, The evaporation of the sub-
stantial amount of water takes place., The maintenence at this
temperature depends on the width of lining and varies appro-
ximately between 24 and 72 hours.,

/c/ Heating from 120° to 600°C - expulsion of the last
residues of water - the rate of heating sbout 50°C per hour,
The drying and heating to 600°C is carried out only by means
of combustion gases and no direct flame is used. A good ex-~
haust of waste gases must be provided for,

/d/ Heating to the working temperature at the rate of
about 50° - 100°C per hour,

On heating, castable refractories lose some strength
with the loss of water of hydratation until all combinated
water is expelled. As the temperature increases, some
degree of vitrification takes plece forming & ceramic bond
which gives increasing strength to the castables, Figure V
shows the variation of the cold crushing strengths of diffe-
rent monolithic materials with the firing temperature. If
the working temperature of®monolith of castable ic in the
region of its decreased strength, it is convenient to heat
the monolith at tempering up to the temperature of ceramic
bond formation, i. e, about 1200°C and keep it for four

hours, Thus the surface of monolithic lining gets hardened.

The conditions of drying and tempering must be deter~
mined separately for every furnace with respect to the casta-
ble used, width of lining, maximum operating temperature and
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Pigure V. Dependence of cold crushing strength
of various monolithic refractoriea
on firing temperature
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----- caatable with high-alumina cement
-———e—e castadble with portland cement
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local conditions /air temperature, humidity, ete./.

The manipulation and drying of the monoljith of castable
requires much time and brings about a considerable prolonga-
tion of furnace building or reparation, This shortcoming is
removed by assembling the furnace lining from prefabricated
refractory concrete blocks. These blocks of castables weigh-
ing often even a few tons are made in advance by the produ-~
cer of monolithic refractories, From these blocks the linings
are completed in a very short time by using assembly cranes.

As to the mass production of refractory orefabs, there
is a chance of achieving a better quality of monolitn right
at the producers than processing castables on the site of
furnace construction, The prefabricated blocks are often made
in the fcrm of products consisting of two or several layers
which have been manufactured by using the castables of gra-
duated quality or by combining heavy castables with insu-
lating castables.

C. Mouldable refractories and remming mixes

Mouldable and reamming refractories consist of granulap
refractory 3ggregate together with a suitable clay type bin-
der. Mouldables are furnished in the form of 80l1id plastic
whereas ramming mixes are loose because of lower moisture
content. Both sorts of meterials are, however, supplied with
such moisture content to be processed into monolithic lining
without further modification or moistening. The sorts of the
granular aggregates used are presented in Table 3.

Mouldables end renming mixes which contain only granu-
lar aggregate and bond clay but no other substances forming
chemical bonds sre heet-eetting which means that they obtain
the strength at firing by aintering of the bond clay,




The volume stebility at drying and firing as well as
good workability of mouldables is echieved if the granular
aggregate shows the optimum granularity providing a dense
filling of space and if the mouldesble contsins the optimum
emount of the right sort of bond clay. A refractory clay with
a high plasticity has to be used. Very fine-grained kaolini-
tic clays are most frequently used. Typicel oroperties of a
bond clay ere presented in Figure 7.

In order to prevent the shrinkage of monolith, the con-
tent of clay in mass must be relatively low. Therefore, ramming
mixes usually contein less then 15 % of clay while the content
of clay in mouldables does not excead 20 - 25 %.

Some of the mouldables and ramming mixes are cold-setting
i. e. they develop strength on drying., The setting during
drying is achieved by the addition of various chemical sub-
stances which react at incresced temperature snd form the
so-called chemical bonds in the mess. Some typical substances
which are used for the formation of chemical bond in mono-
lithic refractory moaterials are given in Table 8.

The bond which are most frequently effective in moul-
dables are phosphate bonds which give a monolith of relative- i
ly high strength, the main reaction product being a high tem-
perature resistent aluminium orthophosphate with the melting
point of 2050°C /3, 4/, The arising aluminium orthophosphate
also contributes to the volume stability of monoliths at high
temperatures. By combining the substances, it is possible to
sffect the temperature at which the chemical bond occurs.

By the use of orthophosphoric acid and aluminium hydrate the
reaction between these substances sets in already at room
temperature. On the other hand, orthophosphoric acid reacts
with aluminium oxide only at incressed temperature. The mono-
lith with phosphate bond still hardens at ordinery drying, but
it ie desiderable to dry it at about 400°C because the inter-
mediates of the reaction of orthophosphoric acid
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Table 7. Typical properties of a bond ¢lay for
the production of mouldables and mortars

Chemical composition /%/
Loss by ignition 13.6
5102 49.6
A1203 + TiO2 32.8
F0203 1.8
Cal 0.6
Mg0 O.4
Na,0 + K,0 1.2

Greding /%/

+ 20 um 8
l«20,m 27
-1 um 65
Refractoriness /°¢c/ 1720
Sintering temperature /°c/ 1250
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Table 8. Compounds most frequently used for the
formation of chemical bond in cold-setting
mouldsbles and ramming mixes

Compounds Recommended | Hardening Product
amount responsible
for setting
H3PO4 + 2=5 % P205 at room
+ Al/OH/3 5=-10 % temperature /A1P04/x
H3P04 + 2=5 % P205 .
+ A1203 5-10 % by drying /AlPO‘/x
solution =5 % P205 by drying /AlPO‘/x
Aluminium
oxichloride 10 % by drying o(-A1203
Na25103 solution 2 -20% by drying /Si/OH/4/x
N5281F6 + 1-2% at room
+ Na,Si0 2 -20% temperature | /Si/OH/,/
2773 4" x
Al/OH/3 + 10 % alkeline
+ N028103 15-20 % by drying aluminates
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with aluminium component are hygroscopic, Some furnishers of
the mouldables with phosphate bond encountered difficulties
since the chemical reaction took place already at the trans-
port and storing of the mass which got hard ang inapplicable.
The premature hardening may be prevented by introducing an
inhibitor with the Phosphoric acid, for instance acetyl nce-
ton or sulphosalicylic acid /57«

The so-called inorganic polymers /8luminium oxychloride/
are epplied to the bond formation‘especially if very pure
granular aggregates are used, The strengths of monoliths
attained are not so high as they are in the case of phosphate
bonds,

The majority of other compounds forming a chemicnl bond
conthins melting agents the presence of which decreases the
temperature of the use of monoliths,

The production of mouldables is illustrated in Figure
VIi. The crushed granular refractory aggregate of convenient
granularity is fed into s batch mixing pan together with the
necessary amount of bond clay, eventually with the sdmixtu-
res for the forming of chemical bonds, In the batch mixing
pan the homogenization and plastification of the mix takes
place, The time of the mixing is about 20 minutes., From the
batch mixing pen the plastified meaterial is discharged into
8 feeder from where it is continuously fed into s de-eiring
screw extruder. The solid pPlestic which is discharged from
the extruder in the form of @ continuous band is cut in sa
reel cutter in plates of the width of 5 - 10 cm. These pla-
tes are wrapped 8utomatically into plastic foils and put
into csrdbords in which they are delivered t0 the uger.

In the production of remming mixes the mess is also
homogenized and plastified in bateh nixing mills, These
Mmasses contain a lower moisture content and therefore they
80 out of mixing mills in a loose form, Subsequently they
ére wrapped into moistureproof bags.




Figure VI. Scheme of a line for the production

of mouldables
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The évé‘mposition and properties of some typical moulda-
blec and ramming mixes are presented in Table 9,

Previously the use of mouldables was limited only to
the repairs of refractory linings. lhe manufacturing ot who-
le monolithic linings was ensbled by the development of linin,
construction, especially by the anchoring system, For the
monolithic linings subjected to the temperatures over 800°C
only the ceramic anchor bricks from a refractory material
of corresponding quslity are used at present. The anchor
system in a monolithic lining is obvious from Figure ViI,
The distances among individual anchor bricks are equal to
about 400 mm, The installation of mouldables in the anchoring
system is carried out by pounding with pneumstic rammers or
hend hemmers. The ramming is performed in layer of about
50 mm width. The ramming finished, the ready monolith is
perforated in regular distances of 100 - 150 mm and the
perforations serve for carrying eway vapour during the
drying of lining. The finishing of green monolithic lining
consists in making dilatation Joints in the form of cuts
which are about 50 mm deep and distant approximately 1 m
from each other,

A special method of the formation of monolith is
slinging which is used for the making the linings of steel-
plant ladles. The principle ot 3linging is obvious from Fi-
gure VIII, By means of a belt conveyor the slinging mass is
transported into a slinger unit where it falls onto a short
high speed conveyor. This belt conveyor transports the ma-
terial to the slinger head which follows the periphery of
the ladle and revolves about a central point throwing the
material down between the former and the ladle shell. The
slinging material is thrown with the speed up to 30 m/s
and when it falls down, it is compacted and a monolithic
lining is formed. Various acid slinging materials on the
base of quartz sand with e granularity from O to 2 mm are
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Table 9, Composition and typical properties
of mouldables and ramming mixes

Material|Components Recom- | Mois~ | Hardening | Mex.
mended | ture service
content | /%/ tempera-

/%/ ture/°c/

Remming |Fused alumina 80 3 by drying { 1900

mix alumina power 10

aluminium oxy-

chloride 10
Ramming Tabular alumina 76 6 by drying | 1800
mix ‘alumina power 6

i

(bond clay 10

lAl/H2P04/3 8

T I
Moul- -Sintered mullite| 70 10 by drying - 1600
dable i alumina power 5 |

‘bond clay 20

\

NG 7 I A

|olmg1ng Quartz sand 85 8 by firing | 1600

mix xbond clny 15

‘Moul- |F1raclay grog 80 1—2‘ ' ~by f—iring 1400

‘dable Jwbond clay 20

- 1

~Ramming | Fireclay grog 65 8 by drying | 1200

mix ;Al/OH/3 10 \

| ‘bond clay 10

Na28103 15
Ramming |Fireclay grog 80 10 at roorm 1100
mix bond clay 10 tempera-

u.zsio3 9 ture

Nai,Sil‘6 1




- 27 -

Figure VII. Detail of wall and roof construction

of the continuous reheating-furnace

lined completely with monolithic
refractories
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used. An exemple of the composition of such material is pre-
sented in Table 9,

A monolithic lining made of mouldables or remming mixes
mey be dried and heated immediately after its prepecration,
At first the lining is heated approximately to 200°C. Provi-
ded this tempersture is kept some time, all mechanically
bound water is removed. According to the size of lining this
period of drying usually takes 6 - 24 hours., Then the tempe-
rature of the working side of lining is raised to 600°C at
the rate of about 50°C per hour. In the period of about 6 hours
the chemically bonded water is removed. This water escapes
from the bond clay present in the mass, Subsequently the tem-
perature is raised agsin up to the meximum working temperatu-
re at the rate of about 50°C per hour. The exact conditions
of drying and tempering 2 monolithic lining must be fixed
individually for every furnace with respect to the kind of
material used, size of the furnace, size end complicacy of
lining and conditions of operation,

II. REFRACTORY MORTARS

The refractory mortars are fine grained mixes of raw
materials which are used for joining refractory bricks and
thus for making linings, They are generally composed of =
grog end bond clay. Some of the dense and fine grained re-
fractory aggregates listed in Table 1 are used as grog. The
properties of a typical bond clay are presented in Table 7.

They are heat-setting mortarswhich set at heat and
air-setting or cold-setting mortars which set at room tempe-
rature or on drying. The setting of heat-setting mortars is
due to the sintering of the bond clay while various substan-
ces forming hydraulic bonds listed in Teble 3 and Table 4 or
substances forming chemical bonds listed in Table 8 must be

added for the setting of air-eetting and cold-setting mortars.
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From this point of view, the air-setting mortars are simi-
ler to castables by their composition while the cold-setting
mortars are similar to mouldsbles., Mortars are very fine
greined materials which cennot be used for the construction
of monolithic linings while castables angd mouldables are

not suited for joining the bricks in lining because they are
coarse grained,

The ordinary mortars are furnished in the granularity
up to about 1 mm while the granularity of special mortars is
predominately under 0.2 mm.

The technology of mortar production is very simple and
consists in feeding the individual raw meterials, milling
them to a required granularity, weighing and wrapping them
into moisture proof bags. The blenda of raw materials for
ordinary mortars are usually milled in dry pan mills while
the special mortars are milled in ball mills, The mortars
are usually furnished in the form of dry mixes which are
watered either with pure water or & certain solution until
a pasty consistency is attained. Merely some special mortars
are furnished in barrels right in the consistency suited for
use. Typical compositions and properties of mortars are gi-
ven in Table 10,

The chemical and mineralogical composition of the mor-
tars used for making wells is similar to that of joined
bricks. If the lining is not exposed to the corrosion by
melts, the main function eof mortar is to form a uniform
lining. Ifthe brick lining is subjected to the corrosion by
melts, the mortar is usually a "bottleneck" which means that
the lining gets more worn in joints. The higher wear of mor-
tar in joints with respect to the neighbouring bricks is due
to its higher porosity and lower strength. In order to level
the corrosion of bricks snd mortar in Joints, it is necessary
tc construct brick walls with close Joints /under 1 mm/ which
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Table 10. Typical composition and properties
of mortars
Mortar for| Bond Components Grading | Max,

% /mm/ service
tempera-
ture/°c/

Fireclay | Heat- Fireclay grog 80 -1 1500
bricks setting|bond clay 20
Fireclay | Cold- Fireclay grog 70 -0.5 1400
bricks setting|bond clay 10

Al/OH/3 10

NaZSiO3 10 »
High Heat- High alumina grog 90 -0.2 1600
alumina setting|bond clay 9,8
bricks N92C03 0.1

sulphite lye 0.1
High Colad High alumina grog 80 -0,2 1700
alumina setting|bond clay 10
| bricks alumina power 5
Silica Heat- (Silica grog 95 -1 1600
bricks setting bond clay 5
Zircon Heat- |Zircon sand 85 -0,2 1600
bricks setting bond clay 15
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reaquires the use of bricks with exact dimensions and fine
grained mortar, Furthermore, the density of mortar has to be
reised which is achieved especially by the addition of sur-
face active substances which enable ur to water the mortar
with 2 =mall amount of water. Such mortars are called plasti-
fied ones. A decrease in corrosion of the mortar in joints
with respect to the corrosion of bricks may be also achieved
by using a morter which is chemically more resistent than

the bricks. For instance, high alumina mortar may be used

for lesying firecley bricks.

For mnking a wall the expected consumption of mortar
corresponds to 3 - 5 % of the weight of bricks.

III. TECHNICAL AND ECONOMICAL VIRTUES
OF MONOLITHIC REFRACTORIES

l'ne rapid incresse in the production of monolithic
refractories ensues from the technical and economical pre-
ference due to the introduction of monolithic linings in
various industrisl lines. These virtues may be characterized
as follows /6/:

/a/ Easy construction especially of complex linings and
the possibility of excluding expensive and complicated fired
shapes.

/b/ Speedy installation of monolithic linings by ueing
various moulding methods or prefabricated blocke., For in-
stence, by ucsing the slinging technique it is possible to
make a monolithic lining in a steelplant ladle within 25 mi-
nutes while the use of shaped bricke demands the working time
of several shifts /7/. Another illustrative example is the
complete instellation of a 75 ton soaking pit lining made of
orefabricated refractory concrete blocks within 17 minutes
/8/. Instead of whole days only minutes were necessary.
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/c/ The installation of monolithic linings requires
less skilled work. According to Nekrasov /9/ by the use of
monoliths the productivity of work increases twice on the
average, the price of lining decreases by 20 - 30 % and the
period of time necessary for the construction of lining gets
shorter by 50 % or even 75 %.

/d4/ Excellent resistence of monolithic linings to ther-
mal shocke. It should be noted that the monolithic material
in a lining fires herd only on the hot face and has a weaker
and more flexible zone on the cooler side.

/e/ Lower thermal conductivity of monolithic lining in
comparison with a brick lining improves thermal efficiency
or permits thinner lining.,

/f/ The use of monolithic lining frequently brings
about an increased service life of linings or a reduced and
simplified furnace maintenance.

It may be stated that the monolithic refractories have
opened up new tields for technique and economy in the con-
struction and maintenance of furnaces.
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