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Studies are performed with the aim of developing scientific bas
on local raw material resources for a new generation of S

fractory formation, required for effective cont
preparing new grades of refractories.
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Stimulation of production processes and provision of in-
novative ways of developing metallurgical, chemi
processing industry, power generation, cement,
products is unthinkable without creating new
improved operating properties, for example
jects for lining high-temperature units. A s
refractories in internal and external m.
growth in their requirement in met
dustries, give rise to increasing i
high-quality refractory objectsgwith presc

or preparing

ed properties. In

uction of resource

clean technology, pro-

aterial production based
zakhstan is important.

on raw material reso

One of th arch areas in the field of creating
new refiacto r fmetallurgical units is preparation of
hig an als related to multicomponent chro-
m aining oxide systems. The high refractoriness and
che I'inertness of chromium oxide has served as a basis
for creating sintered chromium oxide refractories containing
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0 95% Cr,05 and having extremely high corrosion resis-

nce; with respect to the same index chromium oxide

ractories markedly surpass all known refractory materials
used in practice.

We have proposed prescriptions for refractory composi-
tions [1—16] for preparation of refractory materials by
SHS-technology based on aluminum and chromium oxides.
An advantage of the compositions developed is use of pro-
duction waste, for example those of no ecological impor-
tance, such as dump slag from copper production, and cheap
local natural raw material that considerably cheapen prepara-
tion of refractory object with good operating properties.

Composition 1 for preparation of refractory objects in-
cludes aluminum-chromium phosphate binder, sulfide-yeast
mash, and magnesite chromite material. In order to prepare a
self-sintering composition the existence of exothermic reac-
tions is necessary:

Cr,0; + 2A1 - ALO; + 2Cr, (1)
Ca0 + ALO, — CaAl0,, )
MgO + ALO; - MgALO,. 3)

Active aluminum oxide reacts with calcium oxide of
ferrochromium slag with formation of aluminum-calcium
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spinel. Simultaneously magnesium oxide of magnesite-chro-
mite material reacts with aluminum oxide of ferrochromium
slag and Al,O;with preparation of aluminum-magnesia
spinel.

Thus, as a result of chemical reaction of components of
self-sintering composition there is formation of highly re-
fractory crystalline phases: calcium aluminate (7}, 1960°C),
and aluminum-magnesia spinel (7, 2030 —2050°C), which
increase refractoriness of the proposed self-sintering compo-
sition and provides high strength. Refractory objects of the
proposed composition have refractoriness of 1950 — 2000°C
and ultimate strength in compression before self-sintering of
110 — 120 MPa, and after self-sintering 170 — 172 MPa, and
at 1400°C 40 — 45 MPa. The content of filler in the form of
magnesite-chromite material is controlled within the compo-
sition taking account of maintaining the optimum tempera-
ture of the process, and consequently occurrence of exother-
mic reactions leading to preparation of high quality refrac-
tory.

Composition 2 contains magnesium sulphate (16 — 18%),
aluminum (10 — 15%), iron oxide (21 —24%), chromite ore
(35-39%), and water (10— 13%), and it is recommended
for preparing joints of refractory linings. In this case the
SHS-process is caused by occurrence of reaction (1) and the
following reactions:

2MgSO, + 4Al —> 2MgO-ALO; + S,, (
3MgSO, + 2Al - 3MgO + ALO, + 350
Fe,0, + 2Al — AL O, + 2Fe,

3FeO +2A1 - AlL,O, +@Fe )

The content of magnesium su oposed within the
composition not only increases_the amount|of aluminum ox-
ide in a refractory joint, but he required initial
porosity of a joint duri on solidification, which
in turn has a favorabl onolithic nature and re-
fractoriness of a joi
Xx-ray structura
content in a
Al ent re

joint reaches 45%. An increase in
ctory joint will promote retention of
f the latter, and in particular refractori-

um oxide, within composition 3 in the form of ad-
ditionally introduced refractory clay and chromite ore, there
are exothermic self-sintering reactions, i.e., reaction (1) and
the following:

3Si0, + 4Al — 2A1,0, + 3Si. ®)
Simultaneously aluminum-chromium components of

slag of ferrochromium and chromite ores react with magne-
sium oxide of ferrochrome with formation of highly refrac-
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tory spinelids (7}, 2100°C) of the composition Mg(AlCr),0y,.
presence of spinelids promotes a reduction in thermal
stresses, arising in refractories at high temperature, and pre-
vents loosening of the structure, thereby improving its refrac-
tory and strength properties. Refractoriness of the objects ob-
tained is 1790 — 1800°C, and the ultimate stren, i

chromium spinelid MgO-Cr,05 (in
Al,O3). Periclase-chromite refractorie

fied as chromite-pe
mixture of periclas
ing 40 —60%
(40% MgO and 5 —
spinel O ALO;
and,40% .

,03); spinel, consisting mainly of
chromite refractory (>30% Cr,04

ix composition 4 is occurrence of exothermic
nd (4). In order to prepare final products in a
it is necessary to reduce the temperature of the
ic reaction mixture (1000 —1950°C), occurring
considerable heat liberation. For this purpose filler is in-
duced in the form of magnesite. Here within the
f-sintering reaction there is chromium oxide phase with
magnesium oxide of magnesite with formation of spinelid:

Cr,0; + MgO — MgCr,0,. )

The content of components adopted in the proposed
self-sintering refractory mix makes it possible to increase
chemical resistance of the objects obtained from it at high
temperature, since during self-sintering within a mix there is
formation of the greatest amount of strong spinelids of
compoound composition. Here within the spinelids formed
there is an increase in strength and chemical resistance of
components (in particular oxides of chromium and magne-
sium) within their combination compared with these proper-
ties of each component individually, which promotes a re-
duction in spalling, chemical corrosion, and erosion of re-
fractory objects, and as result of this an increase in their ulti-
mate strength in compression to 46 MPa. The ratio of ingre-
dients in a self-sintering mix is determined by experiment
and corresponds to preparation of high quality refractory ob-
jects.

Composition 5. In order to increase ultimate strength in
compression and improve the number of thermal cycles, i.e.,
refractory service life, self-sintering composition 5 is pro-
posed for lining or coating refractories, including aluminum,
chromite ore, and witherite concentrate. CO, forming in the
course of reaction interacts with SiO,, which is within the
filler:



Development of New Refractory Materials by SHS-Technology

CO, + Si0, - SiC + 20,. (10)

Within the composition proposed SiC forms in an exo-
thermic mix during self-sintering at 850°C. Witherite con-
centrate of the following composition is used as barium car-
bonate, wt.%: BaCO; 90.5, Fe,05 4.5, SiO, 3.7, impurities
the rest. Concentrate fineness is 0 — 20 pm.

Use of witherite concentrate makes it possible to prepare
self-sintering refractory compositions from Kazakhstan raw
material. The amount of witherite concentrate in the compo-
sition of 5 —45% gives rise to its capacity to provide in an
exothermic mix a self-sintering regime and prepare material
with good final properties with respect to strength in com-
pression and refractory service life. The filler is one of the
traditionally used refractory oxides, but chromite ore of the
following composition, wt.%: Cr,0; 54.5, Fe,05 8.5, Al,0;
9, Si0, 4.8, MgO 16, CaO 0.17; grain size composition
0—100 um. Refractory composition, prepared in a
self-sintering regime, exhibits ultimate strength in compres-
sion from 35 to 40 MPa, thermal shock resistance of 25 — 30
thermal cycles of 1300°C —water, refractoriness of
1850 — 1870°C, and is used in lining in the form of a joint or
a coating applied to an object.

A distinguishing feature of composition 5 refractory mix
is simultaneous entry into reaction of aluminum during
self-sintering both with BaSO, and with one of the dolomite
components, which is the silica phase. Reaction with alu
mina proceeds by Eq. (8). Here introduction of BaSO,
ing a high melting temperature, readily available ai
paratively cheap, in combination with aluminumfan
mite makes it possible to increase in addition engt
material due to forming the compounds B i
exhibiting high melting temperature makes

es is 17-19 (in
high-temperature
units.

Composition 6. S

(BaO-MgO-Ca0)-Al,05, which increases lining resistance,

prolonging an  oxygen converter campaign to
585 — 590 melts, and here refractory objects retain strength
during storage for 53 — 55 days from the instant of prepara-
tion (self-sintering) before use in a lining.

Composition 7 for lining or coating refractory objects in-
cludes magnesium sulphate, aluminum, and magnesite.
A self-sintering refractory composition is prepared as a result
of exothermic reaction (4). During self-sintering aluminum
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simultaneously also enters into reaction with one of the com-
ponents of a mortar NSh-39, which is a silica phase, and re-
action with aluminum proceeds by scheme (8). The same
mortar gives composition plasticity, easily and uniformly ap-
plied to the surface of a lining and after sintering a joint it ex-
hibits good adhesion with objects. As a result of gesting the
refractory composition it has been established that the ulti-
mate strength in shear is 3.2 — 3.5 MPa. Thg ratio
nents in the self-sintering composition isfde i

refractory object coating quality. Th
magnesium sulphate <100, aluminu

concentrate, refract
chromite-periclase
position for coa
thermic reaction o inum with magnesium sulphate, iron
oxide?d ilica, whichpare within the refractory clay com-
position, b tions (4), (6), and (8). The Si forming during
reactio
the

position of dextrin (C4H;(Os),:
Si+CO, = SiC +0O,, (12)

ose presence in the composition proposed sharply in-
eases ultimate strength in compression and refractoriness
e to the high melting temperature (>2000°C). In addition,
high-temperature compounds (spinel and oxides) forming in
the course of reaction, also promote an increase in refractori-
ness and lining mechanical strength. Chromite or chro-
mite-periclase broken material makes it possible not only to
vary the self-sintering composition temperature, but also to
provide a granular structure in the refractory obtained and
thereby increase its refractoriness and ultimate strength in
shear. Refractory clay, contained within the composition, is
cheap, and a readily accessible component, and also provides
strength in shear for coatings of a lining. The refractoriness
of a coating, manufactured from the composition provided, is
1730 — 1780°C, and ultimate strength in shear 23 — 30 MPa.
The ratio of component in the self-sintering refractory com-
position has been determined by experiment.

Composition 9 for preparing refractory objects includes
magnesium sulphate, magnesite, aluminum, dolomite, and
water as a binder. The reducing agent is aluminum (powder
grade PA-4 with particle fineness 0 — 100 um), which has
high reducing capacity during occurrence of an exothermic
reaction, and consequently affects object quality. Magnesium
sulphate MgSO,-7H,0 (particle size 0 —20 um) is used in
the exothermic mix during self-sintering as an oxidizing
agent. The magnesium sulphate content within the mix is less
than 7 wt.% and gives stable self-sintering of the exothermic
mix, and possibly diminution. With a magnesium sulphate
content of more than 10% the mixture burns, the mix is soft-
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ened and deformed, which also has an unfavorable effect on
object quality. The dolimite used is unfired magnesite-lime
containing objects with a content of the main components,
wt.%: magnesium carbonate 45 —50, calcium carbonate
45— 50, alumina 2 — 5; fineness 0 — 20 pum. filler within the
mix composition is magnesite of the following composition,
wt.%: MgO 85-92, CaO 0,2 -2,5, Al,0; 1-3, Si0, 2 -5,
Fe,0; 1 —4; fineness 0 —20 pm. the mix is recommended
for use in manufacture of refractory objects. Objects pre-
pared in a self-sintering regime are uniform with respect to
composition, and exhibit high refractoriness of 1950 — 2000°C.

Composition 10. In order to increase adhesive strength in
shear of composition 10 for laying or coating a lining, in-
cluding magnesium sulphate, aluminum, iron oxide, and wa-
ter, it additionally contains aluminochromium phosphate
binder and chromite concentrate. During reaction of magne-
sium sulphate and iron oxide with aluminum there is exo-
thermic reaction of self-sintering by Eqgs. (4) and (6).

High-temperature oxides Al,0O3, AIPO, and CrPO,, that
are products of exothermic reaction, form a monolithic re-
fractory that the aluminochromium phosphate binder gives
an initial strength before sintering due to occurrence of reac-
tion of aluminum with free orthophosphoric acid, present
within the binder, with formation of mono- and disubstituted
aluminum phosphates. The refractory in the from of a joint or
coating has an ultimate strength in shear of 5—7 MPa!
Self-sintering mix of composition 10 is recommen
use as a refractory object lining.

Composition 11 of refractory mix of maguesiu
phate, aluminum, magnesite, chromite, an r (sul-
fite-yeast mash) is an exothermic mix ca
during heat treatment up to 1000°C, wihich

ture of a refractory object with i
ces. Within the mix composition
creasing object mechanicalfproperties. In particular, an in-
crease in lining strengt due to an oxidation-reduction

i ed reacts with magne-

action (3) with formation of

sium oxide and mag
highly refrac

finely-bended ufe of aluminum-magnesia spinel, which
promio e n the intensity of penetration of melt
rea 0 a lining, for example molten slag, and increases

proposed{self-sintering composition of refractory mix of
high-temperature oxide and finely porous high-temperature
compound promotes an increase in refractory strength and
thermal shock resistance. The thermal shock resistance
(1300°C — water) is 9 — 10 thermal cycles. The composition
of magnesite used in the refractory is, wt.%: MgO 85— 92,
Ca00.2-2.5, Al,05 1 -3, SiO, 2 — 6, Fe,O4 1 — 4; fineness
0 —20 um. the filler used is chromite ore of the following
composition, wt.%: Cr,05 54, Fe,05 5, FeO 8.5, Al,O;3 9,
Si0, 4.8, MgO 16, CaO 0.17, particle fineness 0 — 100 um.
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Composition 12. In order to increase ultimate strength in
compression and increase the density of self-sintering refrac-
tory of composition 12 for manufacturing refractory objects,
including magnesium sulphate, an argillaceous component,
chamotte, and water, it contains in addition aluminum, iron
(IT) oxide, and chromite concentrate, and bentonit¢ as the ar-
gillaceous component. During reaction of magni
phate and iron oxide with aluminum thege i
self-sintering reaction (5) and (7).

Simultaneously active oxides Al
within the composition by entering in
promote formation of crystalline pha

bentonite as a plasti
filler particle mobil
creating conditi
object porosity.

SiO, ge
binder*bet

properties, the ultimate strength in compres-
a with an apparent density of 2.7 —2.9 g/cm33.
oice of filler in the from of chromite concentrate and
te is due to their capacity to reduce the self-sintering

tion temperature for the exothermic mix to that required.

Composition 13. Self-sintering refractory composition

for lining or coating refractory objects includes magne-
sium sulphate, aluminum, chromite ore, water, and mortar
MS-39. Introduction into the self-sintering composition of
mortar MSh-39 increases its refractory properties and ther-
mal shock resistance. Forsterite spinels exhibit increased
thermal shock resistance (5 — 7 thermal cycles 1300°C — wa-
ter), the finely porous structure of MgAl,O, promotes a re-
duction in the intensity of melt penetration into joints, which
also increases its thermal shock resistance, and plastifying
properties of mortar MS-39 make it possible to apply the
composition to a lining with a uniform smooth layer as a re-
sult of which there is an improvement in joint and coating
strength properties during self-sintering, and an increase in
their thermal shock resistance.

Composition 14 for manufacturing refractory objects in-
cludes magnesium sulphate, a refractory clay, aluminum, and
carbon-free ferrochrome production slag. With use of refrac-
tory clay as a binder, one of the main components of which is
silica, reaction with CaO and MgO, contained in ferro-
chrome, proceeds by the following scheme:

SiO, +2Ca0 — Ca,SiO,, (13)
SiO, +2MgO — Mg,SiO,,. (14)
Refractory structure formation commences with appear-

ance of molten SiO,, which reacts with CaO and MgO, there
is formation of highly dense (2.8 —3.0 g/cm3) and high-
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TABLE 1. Composition of Self-Sintering Refractory Mix 15
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Content, wt.%

Ultimate strength in compression, MPa,

Composition at temperature, °C
number
barite concentrate aluminum copper production dump slag ~ chamotte water 500 1100
1 17.5 7.5 25 40 10 75 70
2 20 10 20 42 8 70 7
3 15 8 30 40 7 67
4 25 5 22 38 10 60
5 23 7 20 37 13 45

strength silicate compounds, leading to cementation and
compaction of raw material mix particles, and consequently
an increase in strength properties. Presence of calcium-mag-
nesia silicate compounds, the mineralizers of high-tempera-
ture processes during refractory structure formation, provide
a good sintering mix, strength, absence of cracks, and suc-
cessful use for manufacture in linings in the form of
high-strength refractory objects. The ultimate strength in
compression of objects after firing is 165 — 170 MPa, and at
900°C it is 29 — 30 MPa. During occurrence of exothermic
reactions there is liberation of a considerable amount of heat,
and reaction products are melted. Therefore within the mix-
ture there is filler in the form of production slag of car-
bon-free ferrochrome slag in an amount reducing th
self-sintering temperature to the optimum (1100 — 1856
and simultaneously the slag participates in self-sinter
formation of silicate compounds.
Composition 15. Self-sintering refracto

manufacture of refractory objects includes¢@hamot arite
concentrate, aluminum, dump slag fro roduction,
and water as a binder (Table 1). The se reaction

proceeds with reaction of oxidizing agent, i.
trate with reducing agent, i.e., aluniin

@ ALO, +8S,.

of the exothermic mix pro-

' i 1 the form of copper production dump
@ “The self-sintering temperature of the exo-
x varies within the limits of 850 — 1850°C.

A ay structural and phase analyses have shown, the
luminum oxide in refractory objects of this mix
increase by more than a factor of two compared with its orig-
inal content in a mix. Consequently, their refractory proper-
ties will increase. In particular, the ultimate strength in com-
pression of objects at 500°C is 45 — 75 MPa, and at 1100°C it
is 40 — 70 MPa.

It is important to note that use within the proposed re-
fractory mix of dump slag from copper production, of no
economic importance, and cheap Kazakhstan natural raw
material in the barite concentrate of the Karagailin deposit,

2BaSO, + 4Al (15)

@ ory objects. Barite

position was used, wt.%:
oncentrate fineness

cheapens the process for prepart
concentrate of the followi

esence within it of chromite ore and water in the
a binder reduces object open porosity.
water content of less than 4 wt.% in the refractory
makes it friable. Consequently there are no conditions
or development of binder properties for components within
refractory mix. With a water content above 7 wt.% the
exothermic mixture on heating cracks and there is an in-
crease object open porosity. The content of filler in a mix
was dictated by a requirement for obtaining a stable
self-sintering exothermic mixture for preparing objects with-
out pores and cavities. The composition is recommended for
use in manufacturing refractory objects and plates of normal
dimensions.

Composition 17. With the aim of giving mix 17 binder
properties initially barite-containing component (barite or
witherite concentrate) was mixed with silica and
65 — 70 wt.% water of its total volume, and the mixture was
stirred for 80 — 90 sec (Table 3). Aluminum was added to the
binder mix obtained giving it plasticity and uniformity,

TABLE 2. Composition of Self-Sintering Mix 16, wt.%

Com- Barite . . Chrq- Chro-  Component
. Alumi- mite-periclase . .
posite concen- . Water mite  open porosity,
num fraction
number trate ore %
0—-15 mm
1 14 7 50 7 22 8
2 12 6 50 6 26 8
3 8 5 49 5 33 9
4 5 3 49 7 36 10
5 3 2 48 4 43 10
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TABLE 3. Composition of Self-Sintering Mix 17

A. A. Zharmenov et al.

Content, %

Composition . ..
P barite-containing concentrate

. Brick refracto-
chamotte fraction, mm

number silica aluminum water riness, °C
barite witherite 0-10 10-20
1 17 — 27 7 17 17 15 1870
2 — 24 27 8 13 13 15 70
3 8 — 42 5 13 13 1 70
4 24 — 25 2 17 17 1840
5 14 — 29 5 17 17 1850
6 21 — 29 8 13 14 1870
7 8 — 39 12 13 13 1870
8 30 — 25 3 13 14 1840
9 — 17 25 7 18 1 1870

thereby creating production conditions for introducing
chamotte grains of 0 — 10 mm. The binding mix absorbs and
envelops chamotte grains during mixing, which lasts 80 — 90
sec. This excludes subsequent formation of cracks during
heat treatment, promotes increased refractoriness, and conse-
quently refractory wear resistance. Then the next fraction of
chamotte of

10 — 20 mm with the remaining part of water was add
with stirring for 80 — 90 sec in order to increase mix strength
before heat treatment, providing easier molding and al§o
viding it with a ready-mix (facing) surface duringdaymg
mold and subsequent heat treatment at 85
15 — 20 min.

This sequence of operation in manufac refractory
objects, use additionally of a barite-co g component,
silica, and aluminum, and also c otte fractions
0 — 10 mm and 10 — 20 mm, makes 1t p@ssible at 850 — 900°C,
and sintering duration of 15 i mix with a certain
weight ratio of reagents, to jects with increased re-

process of manufac
ation of compacti

and heat treat , 1.e., to reduce the duration of the

pro T as a whole. The self-sintering refractory
mj ufa g objects self ignites at 850 — 900°C.
Se ng of the mix proceeds as a result of exothermic
reactions, between oxidizing agents, i.e., barite-containing

s and silica, and reducing agents, i.e., aluminum,
during 15 — 20 min. The filler is chamotte and silica. Com-
bustion products are obtained in a molten condition. The
chamotte gives a mix strength in molding before heat treat-
ment, and makes it possible to obtain a ready-mix surface,
reduces the temperature of the mix for solid product
sintering. Strong refractory objects are prepared.

Thus, on the basis of results of previous studies for de-
veloping scientific and theoretical bases for controlled syn-
thesis of refractory materials and establishing physico-

chemical, phase equilibria, a number of new compositions

have been osed for self-sintering refractory mixes, ob-
jects ofw ve high technical and economic indices.
Nonétras 1 technology has been created for preparing

ol re
-tem

ctories based on occurrence of self-sintering
ature synthesis.
the whole creation of technology for preparing re-
tory materials local mineral raw material by SHS-tech-
ogy is a contribution to science in solution of the problem
supplementing currency resources of the country as a re-
sult of organizing import substitution high-tech products.
Use of cheap local raw material resources (barite and wither-
ite concentrates of the Karagailin deposit, Arkalyk clay,
chromite-periclase broken material, dump slag from copper
production, chromite ore, etc.) make it possible to create new
import substitution refractory materials, whose testing under
laboratory and semi-industrial conditions points to an in-
crease in the service life of Waelz kiln linings on average by
60%. As a result of research non-traditional technology has
been created for preparing moldable import substitution re-
fractory materials from cheap local raw material resources
with the aim of replacing expensive imported refractories.
An advantage of the compositions developed in use of pro-
duction wastes, for example dump slag from copper produc-
tion of no ecological importance, and cheap local natural raw
materials, which markedly cheapens the process for prepar-
ing refractory objects with good operating properties.
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