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The theoretical principles behind the self-propagating high-temperature synthesis,of réefractory materials are
established. The physico-chemical characteristics of these matenials afe studied andithe technology for their
production is optimized. The thermochemical and kinetic parameters'of the solid-phase combustion of sys-
tems based on fireclay, chromite, magnesium sulfate, and aluminum are examiied; the phase composition and
thermodynamic and physico-mechanical characteristics of the,combustion products are determined and for-
mulations are devel oped for refractory concretes and gunites.

Keywords: self-propagating high-temperaturesSynthesis, SHS-technology; refractory materials; chro-
mium-oxide materials; chromium-corundum refractories;, aluminothermy; heat resistance; mechanical

strength at high temperatures.

Successful completion of the “Federal Program for
Making Kazakhstan one of the Fifty Most Competitive Nas
tions in the World” entails the introduction of innovative
technologies to foster the growth of its industries. Spéeding
up production processes and finding innovative wayste pro-
mote growth of the metallurgical, chemical, pefrochemicalf
and cement industries will be impossible without thelereation
of new materials with excellent service propeésties. Among
these materials are the refractories used tQ)line high-tempera-
ture process units such as furnacesginCreasing interest is be-
ing shown in the production of high-quality refractories with
specified properties. In conneétion, withdhis, exhaustive re-
search should be undertaken to develop and introduce envi-
ronmentally clean technologies that save energy and other
resources while helpifg to improve the production of refrac-
tories based on the ravimaterials available in Kazakhstan.

The Republic of Kazakhstan currently imports alumo-
silicate’and,magnesi an refractories from Russia, the Ukraine,
Chifa, Austria,“and other countries. To supply its own
refragtories, the Republic needs to develop its own
refractaries industry to the point where it can offer a compet-
itive product both to the internal market and to customers
abroad. Such a development will in turn require the estab-
lishment of a scientific foundation for the industry, creation
of the necessary technologies, and, in particular, realization
of the production of unshaped and shaped refractories that
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caniwithstand substantial mechanical and thermal loads at
high temperatures while providing the longest possible ser-
viee for the linings of metallurgical equipment.

We analyzed general and specific issues that surround
the subject of self-propagating high-temperature synthesis
(SHS) as a method of producing aloys and composites. The
theoretical principles of SHS and the laws and mechanisms
of combustion in SHS systems were laid out and the
thermochemical and kinetic aspects of the interactions be-
tween the components during the synthesis of new materials
in the combustion regime were examined [1 —4].

The rate of combustion was measured by the thermocou-
ple method. The shear strength of the refractory products was
determined along with the resistance of the refractory materi-
alsto the corrosive action of melts. The intermediate and end
products of pyrolysis were identified through chemical and
x-ray-phase analysis. Refractory specimens were tested for
compressive strength on a specia laboratory press and the
breaking load was automatically recorded. Refractoriness
was determined at 1100 —1750°C in increments of 50°C,
with the increments also being reduced to 20°C for a more
accurate determination of this characteristic. The measure-
ments were made with tungsten-rhenium thermocouples. The
porosity of the specimens was determined on the basis of wa-
ter absorption.

One of the main directions being taken in research on
new refractories for metallurgical equipment is the creation
of new high-durability materials that can be classified as
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Fig. 1. Dependence of combustion rate v on the dispersity and

amount of aluminum in the system Cr,O;—nAl. Particle size, um: 1)
10-15; 2) 20—30; 3) 30—50; 4) 80— 120; 5) 150 — 250.

Ty, °C

2900

27004

2500

23004

2100

1900 T T T r T - .

0 2 4 6 8 10 12 14 16 pn

Fig. 2. Dependence of combustion temperature 7, on the amount of
aluminum in the system Cr,O5—nAl.

multi-component oxide systems which contain chromium.
The high refractoriness and chemical inertness of chromium
oxide has served as the starting point for the creationgef
sintered chromium-oxide refractories which have a
Cr,05 content of up to 95% and possess extremelyhigh, cor-
rosion resistance: when evaluated on the basis @f this charac-
teristic, chromium-oxide refractories are farfisuperiomnto any
well-known refractory currently in use.

Studies were made of the system Cr,Oz~Al with different
proportions of the reactants. To ificrease, the concentration
limits for combustion, the original ‘specimens were heated to
750 — 800°C. The cylindrical” specimens had a diameter of
2cm and a height of 4.5-+5.0 mm and were obtained by
pressing at 10 MPa. Before thescharge was pressed, it was
moistened with waten, to a“moisture content of 10%. The
specimens weresdried inja drying cabinet at 200°C and then
were placed inla furnace with a temperature of 750°C. After
the témperature of the specimens was equalized inside the
fufnace (which took roughly 10 min), combustion was initi-
ated with a tablet of iron-aluminum thermite.

Figure1 shows the dependence of the rate of combustion
v on the coarseness of the Al powder. It is apparent that the
effect of the dispersity of Al on the value of v is very small
when the particles of the powder are smaller than
10— 15 pum. This indicates that the kinetic mechanism is the
operative mechanism of interaction under the given condi-
tions. Powdered aluminum with a particle size of 10— 15 um
was used in subsequent studies. The curve of T, (Fig. 2) has
three distinct maxima— at values of n equal to 2, 4, and 6. A
thermodynamic calculation of the adiabatic combustion tem-
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peratures 7, was performed for different intervals with the
assumption that one-stage reactions (1)-(3) take place and
that one of the initial components undergoes compl ete trans-
formation. When the proportions of the initial components
Al:Cr,0; are 70:30, 80:20, and 85:15, the adiabatic combus-
tion temperatures are 2400, 2200, and 2100 K, respectively.

In other words, the relation T(r) can be conditionally di-
vided into three characteristic intervals and the follQwing net
reactions can be written for these intervalsion thebasis of the
results obtained from x-ray phase analysis:

1. [AI)/[Cr05] = 0,8 — 2,75; composition: Als@;g, Cr, Cr,0s;
elementary reaction Cr,03 + 2Al — AlgO3%,2Cr; (0]

2. [A)/[Cr,05] = 2,75 —4,75; composition: Al,Oz, AICr,, AlLCr;
eementary reection Cr,Og + 4Al— AlG; +2[8AICr, + 2/3AI.Cr; 2

3. [A)/[Cr,05] =4,75 ‘= 14; compasition: Al,Os, Al,Cr;
elementary reactionCrs056AlL— Al,O3 + 2Al1,Cr. (©)]

Themaximum value of v corresponds to n = 3, which is
wholly inconsistent with the positions of the peaks on the
curve OfyT (). Thus, there is no unambiguous relation be-
tweenZ . and v for the combustion of the system AlI-Cr,0O5 in
the Kihetic regime. The results obtained here make it possible
to\propose that a multi-stage mechanism is responsible for
the reactions of the components in Al-Cr,O3. The reduction
oft chromium proceeds by the reaction

Cr¥* - Cr¥* - Cro (4)
The oxidation of aluminum also occursin stages:
Al - Al* > AlIZY - AI3 (5)

If we represent the chemical formula for an element of
the crystalline lattice of a particle of CrO in the form
(Cr,03), then the elementary stages of the oxidation-reduc-
tion reaction being examined here can be written in the form:

(Cr,0,) + 2(Aly - (Al,O) + 2(CrO), (6)
(CrOy + 2(Aly — (ALO) +(Cr), 0
(CrO) + (AL,O) — (A1,02) + (Cr). 8)

The elementary stages are stimulated by the reaction
(Cr,0y + 3Al) - 2(Cr) + LXAI0,). 9)

Fast reactions (1) — (3) are followed by secondary com-
bustion, which proceeds at alower rate:

(Cr,0) + (ALO, — 2(CrOy + (Al,0,),  (10)

(CrO) + (A1,0,) — (Cry + (Al,O3), (11)
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(AL,O,) - (Al) + (AL,O,). (12)

The experimental data shows that the combustion of
chromium-aluminum thermite takes place by a more com-
plex mechanism and that the final product isformed as are-
sult of the occurrence of several successive transformations.

For the SHS of chromium-corundum refractories, we
chose the region of the ternary system Cr,05-Al-SiO, that is
bounded by the following concentrations, mass %: Cr,0;
5-85; Al 50-90; SIO, 5—15. A glassy phase is obtained
by adding small amounts of Na,O to the refractories, the
amount added being based on obtaining a value of 12:1 for
the theoretical ratio SiO,:Na&,O. A single crystalline corun-
dum-like phase was found in the structure of synthesized
chromium-corundum refractories subjected to x-ray diffrac-
tion analysis on a URS-50 IM unit in Cu K -radiation. The
diffraction maxima of the reflections of the corundum-like
phase were systematically shifted in the direction of larger
interplanar spacings as the content of chromium oxide in the
specimens increased, which is indicative of the formation of
(Cr,Al),05 solid solutions in the structure of the materials.
Eskolaite, mullite, and corundum were not detected in the
form of separate phases.

Petrographic study of the specimens in reflected light on
an MBI-6 microscope and in transmitted light on a POLAM
R-112 microscope established that the structure of the
refractories consists of one crystalline phase — a (Cr, Al),O3
solid solution — and a glassy phase. The texture ofsthe
refractories is porous. Porosity ranges within 10 — 18%, de-
pending on the composition of the material. The parosity,
typically decreases with an increase in the contents of the
glassy phase and chromium oxide. The compositiomof the
chromium-corundum refractory was optimizedibased on the
results from a comprehensive investigation of“’the main
physicomechanical and service properties of the materials
that were synthesized.

The thermal expansion ©f these materias is quite uni-
form within the range 20 — 1500°C. [Their heat resistance was
determined by the method ofythermal cycling: heating of
16-mm-diam., 50<4mm-highy, cylindrical specimens to
1300°C - cooling,of the specimensin air. It was found that
the heat resistance of, the synthesized materials decreases
with af‘inereasefin their content of chromium oxide. All of
thefsystems that“were studied contain aluminum as part of
thelrieomposition.

Aluminothermy is one of the most long-standing and
widely used processes for obtaining pure metals. One
by-product of this process is aluminum oxide, which is one
of the most important components of refractory materias. It
is known that magnesium sulfate can play adual rolein bulk
refractories: it can serve as a hinder that provides good adhe-
sive ability, and it can act as an oxidizing agent. Magnesium
sulfate crystallizes from hot water in the form MgSO,-H,O
and from cold water in the form MgSO,-7H,0. An agqueous
solution of magnesium sulfate has a slightly acidic reaction
(pH = 4 — 6, the exact value depending on the concentration).

It should be pointed out that magnesium sulfate is a strong
oxidizing agent and can therefore have a significant effect on
the thermochemical and thermophysical properties of the
charge. Analytically pure magnesium sulfate MgSO, was
used for our experiments. The following reactions can occur
when magnesium sulfate interacts with aluminum:

4Al + 2MgSO, — 2MgO-2A1,05 + S,, (13)
2Al + 3MgSO, — 3MgO-Al40, + 350%, |\ (14)
8Al +3MgSO, + 3H,0 — 3MgO-4ALO, + 3H,S.  (15)

The thermal effects from these reactions are equal to
—996.8, -531.4, and —400.2ikJmole, sespectively. All of
these reactions are gppreci@blyexethermic, which can ensure
that the process being discussed tekes place in the combus-
tion regime. Réagetion (13) isthe reaction that is most likely
to occur. An analysiS of the'@mbustion products shows that
elemental sulfur isformed in the course of the process. Thus,
furthers€al cubations were performed with alowance for the
occurrence 'of ‘reaction (13). Table 1 shows results obtained
fromycalculation of the adiabatic combustion temperatures T,
and theyieldief magnesium oxide ny, 4o in relation to the pro-
partions ofthe initial components. The parameters indicated
above are determined from the relation

n= Qk/Qini ) (16)

where Q, is the content of the reductive target element in the
combustion products when they are in the condensed state ;
0O, isthe content of the reductive element in the initial com-
pounds.

The theoretical combustion temperatures are fairly high
for the system being examined. Thus, it can be proposed that
it is possible for synthesis to take place in the combustion re-
gime. Judging from the results of thermomechanical calcula-
tions, it can also be suggested that the specific system being
discussed can undergo combustion and that the conditions
for SHS can be optimized. One method that iswidely used to
study heterogeneous processes in condensed media is ther-
mal analysis. Simultaneous recording of thermogravimetric
(TG), derivative thermogravimetric (DTG), and differential
thermoanalytical (DTA) curves with identification of the in-

TABLE 1. Adiabatic Combustion Temperature 7 and Yield of
Magnesium Oxide nyqo for the AI-MgSO, System with Different
Proportions of the Initial Components

Proportions of the initial °

(:orr1)10ponentsAl:MgSO4 Ty™C Mgor %
0.50:0.50 1700 63.7
0.55:0.45 1677 70.2
0.60:0.40 1727 814
0.70:0.30 1627 97.3
0.80:0.20 1387 100.0
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termediate and end products makes it possible to completely
describe the processes that take place. Severa processes that
are accompanied by thermal effects and a change in the mass
of the specimen can be seen on the thermogram of the system
Al-MgSO,.

The first endothermic effects to take place within the
range 117 — 207°C are accompanied by a decrease in mass,
this occurrence corresponding to the process of the removal
of water of crystallization. The exothermic effect seen at
227°C may be dueto the interaction of aluminum with chem-
ically bound water in an acid medium:

4Al + 3H,S0, + 3H,0 — ALO, + Al,(SO,); + 6H,. (17)

An increase in the content of aluminum reinforces the
exothermic effect. In addition, the specimen is seen to ex-
pand as aresult of the release of hydrogen.

An endothermic effect caused by melting of the alumi-
num is seen at 680°C. As it melts, the aluminum is oxidized
by oxygen and forms a secondary oxide film that delaysigni-
tion of the charge. A large amount of energy is needed to de-
stroy this strong film. Accordingly, the charge ignites at a
higher temperature, as confirmed by the effect seen at 817°C.
Magnesium sulfate melts at 1137°C. According to calcula-
tions, the combustion temperature of the AI-MgSO, system
iswithin therange 1627 — 1727°C. It can be assumed that the
reaction is homogeneous and takes place in the kinetic re-
gime and that its rate is independent of the rate of diffusion.
The statement that the reaction occursin thekinetic regimeis
substantiated by the fact that the combustion rate isiinde;
pendent of the dispersity of the particles of Af"and,MgSO,.
Diffusion mixes the components ahead of the reactioh,zone.
The MgO and Al,O; formed as agresult~ef reactions
(13) — (15) may interact to form a noble'spinel, as was con-
firmed by the results from x-ray phase analysis: These results
show that the combustion products are MgAI,O, and ele-
mental sulfur.

The results obtained from the above analysis and the ex-
periences of foreign résearchetssshow that materials of the

TABLE 2. Intefplanar’Spacings d/n of the Crystalline Lattice and
Intensitymof, Radiation I of the Initial Powders of MgAIl,O, and
Mg@r,O, and the'Standards*

Ihdices of the standards Indices of the experimental

specimens
MgAI,Oy MgCr,0O, MgAl,O, MgCr,0O,
din 1 din 1 din 1 din 1

4660 35 4813 65 3.807 10 3622 30
2.858 40 2945 25 3174 15 2940 25
2437 100 2512 100 2811 15 2548 30
2020 65 2406 25 2210 30 2505 60
1650 45 2083 55 1708 10 2097 20
1555 55 1603 40 1525 15 2041 25

* Based on ASTM standards.
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system MgO-Al,05—Cr,0O5 are promising materials for the
production of high-durability refractories. Their use ensures
stable service properties for the refractory products, and they
are distinguished by their good heat resistance and their
strength at high temperatures. Studies were performed by us-
ing magnesium aluminate and magnesium chromite obtained
by chemical synthesis. The studies entailed investigation of
the materials' crystallographic, structural, and phase charac-
teristics. The roentgenographic characteristicStthat \are the
most important for diagnosing competinds are the parame-
ters of the unit cell: the principal interplanar spacingsd/n and
their crystalline indices, as well as the relative values of the
diffraction maxima/ (Table 2).

Magnesium aluminate can“turn out)to be roentgeno-
graphically amorphous whengthe “synthesis process is not
completed and the@rystalling structure of the given sub-
stance is not sufficiently formed. In this case, the materia
may be composed of such“eéompounds as hydro-spinels
MgAl,O,-nH,0, Mg(OH),-Al,0;, and Mg(OH),-Al(OH),, as
well as MgAl,0,nH,Ohydrargillite AI(OH) 5, MgAlL,O,-#H,0
+ diaspére| JAIO(OH), and MgAl,O,nH,0 + boehmite
Al,O5-4H,0. Toyrefine the results, we determined the phase
composition\of the powders that were studied. It was deter-
mined“that “the main phase in magnesium chromite is
MgCr,0,In addition to MgAl,O,, magnesium aluminate
also“contains the hydro-spinel MgAl,O,nH,0. After heat
treatment and x-ray phase analysis, the following main
phases were identified in the specimens: MgAI,O, in magne-
sium aluminate and MgCr,O, in magnesium chromite.

Thermodynamic analysis of MgCr,O, reveded two en-
dothermic effects on its DTA curve. The first such effect (at
110°C) isrelated to the loss of 4 wt.% of the adsorbed water,
while the second effect (at 420°C) may be due to the decom-
position of Mg(OH), into MgO and H,O. A thorough ther-
mal analysis showed that, in addition to MgCr,0,, the sam-
ples of magnesium chromite contain Mg(OH), and magne-
sium aluminate; the content of Mg(OH), is very small. The
hydro-spinel MgAIl,O,-nH,0 has avalue of n equal to 3. The
occurrence of endothermic effects due to dehydration and the
fact that the exothermic effects usually associated with the
solid-phase synthesis of compounds do not occur shows that
the synthesis process is almost complete. However, the end
products of chemical synthesis (especialy MgAl,O,) arein-
sufficiently calcined.

The completed studies made it possible to determine the
phase composition of the initial magnesium aluminate and
magnesium chromite. However, in order to be able to find ef-
ficient regimes for refractories production, it is also neces-
sary to determine the calcination temperature that is needed
for the material to acquire a crystalline structure while pre-
serving acertain level of activity for sintering. To do this, we
followed the thermal analysis with an x-ray phase analysis.
The phase analysis revealed the presence of MgAl,O, and
MgO in the magnesium aluminate specimen and MgCr,0O,
and MgO in the magnesium chromite specimen. Thus, the
processes of synthesis and crystallization are completed after
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heating to 1500°C. In order to be able to more accurately de-
scribe the structural features of the powders and determine
the temperature at which a crystalline lattice is formed, a
high-temperature x-ray phase analysis was performed on
diffractometer URS-50 IM with heating of the specimens at a
rate of 5°C/min.

The use of an extension piece to conduct the high-tem-
perature x-ray phase analysis made it possible to track the
change in the phase composition of the specimen from room
temperature to 1500°C. The diffractogram of the magnesium
aluminate specimen does not contain any of the lines charac-
teristic of crystalline phases. Diffuse lines of MgAl,O, and
MgO appear on the diffractogram when the specimen is
heated to 500 — 600°C. The appearance of the diffractogram
changes sharply when the specimen is heated to temperatures
within the range from 900 to 1200°C. The lines become dis-
tinct and increase in intensity, and a 1500°C the
diffractogram clearly shows the presence of two phases:
MgAl,O, and MgO, both of which are present in small
amounts. Thus, the completed studies have made it possible
to determine that the transition of magnesium aluminate
from the roentgenographically amorphous state to crystalline
forms occurs within the range 900 — 1200°C.

Magnesium chromite was not subjected to high-tempera-
ture x-ray phase analysis because the temperature at which
the same transition takes place can easily be determined from
data obtained by high-temperature thermal analysis. That
temperature is within the range 500 — 600°C.

To ascertain that solid solutions are formed in the sys-
tems MgAl,0,~MgO and MgCr,0,~MgO and tofdetermine
the temperature thresholds at which this takesgplage, studies
were performed in the high-temperature (20— 20002C) re-
gion in a medium of argon. No abrupt, thermal, effects are
seen during the heating of specimensqef\ MgAl,O, and
MgCr,0O, that were previously caléined at 700°C. However,
a smooth exothermic effect Is “seen) in the range
970 —1700°C for MgAl,O, and iajtherange 1270 — 1735°C
for MgCr,0,. To determing, the phase composition of the
powders, an x-ray phase analysis was performed after
high-temperature (2000°C) thermography. The diffractogram
of MgAl,O, shows thejpresence of an MgAIl,O,~MgO solid
solution based on” the“tattice of MgAI,O,4 while the
diffractogram \ef  MgCr,O, shows the presence of an
MgCr,O0,~MgO™salid solution based on the lattice of
MgCr0Of

Thus, a group of accurate instrument-based methods has
been usedito study synthesized magnesium aluminate and
magnesium chromite and has established that these com-
pounds are roentgenographically amorphous powders whose
crystallochemical features cannot be determined by x-ray
structural or x-ray phase analysis. High-temperature
thermographic analysis of the initial powders revealed the
presence of hydroxides: Mg(OH), in magnesium chromite,
Mg(OH), in magnesium aluminate, and MgAl,0-3H,0 in
hydro-spinel. Phase transformations involving the formation
of solid solutions MgAIl,O,~MgO and MgCr,0,~MgO were

observed in the initial materials within the range
20 —2000°C. Here, the degree of perfection of the crystalline
structure began to improve beginning at 900 — 1000°C in
MgAl,O, and at 500 — 600°C in MgCr,O,. The phase trans-
formations just alluded to are irreversible. The completed
studies make it possible to determine the heat-treatment re-
gime for the initial powders that is optimum from the stand-
point of preserving a certain level of actiyity for\sintering
during the formation of the crystalline strdeture®Ehe thermo-
dynamic and kinetic parameters reported here for combus-
tion processes in the system Al-MgSQ, show thatthis sys-
tem is a promising starting point for thé'ereation of new re-
fractory materials by SHS technol @gy-

Experiments were conductediusing analytically pure alu-
minum of grade PA-4. Thissaluminum has the following
characteristics. partiele size 80%,120um; content of the
main component n@\lower than/98%; moaisture content no
higher than 0.5%janalytically“pure barium sulfate no coarser
than 100 um. This'system is close to the aluminum-magne-
sium-sulfiate system studied earlier in terms of its properties.
The man 'difference is that the melting point of BaSO,,
which i§,1680°C;, is 500°C higher than the melting point of
Mg$@,. Imyconnection with this, depending on the tempera-
ture in‘the molten state, only aluminum may be participating
inthe combustion process and the reaction may take place in
the "diffusion regime. The following reactions can occur
when aluminum interacts with barium sulfate:

4Al + 2BasSO, — 2Ba0-2Al,0, + 35, (18)
AH = -603,3 kJJmole;

BAI + 3BaSO, — 3Ba0-3A1,0, + 3S,, (19)
AH = -415,6 kJ/mole;

8AI + 3BaSO, + 3H,0 — 3Ba0-4AL,0, + 3H,S, (20)
AH =-332,5 kJmole.

Reaction (18) isthe reaction that is most likely to occur.
Table 3 shows results from calculations of the adiabatic
combustion temperatures 7, and the yield of barium oxide

TABLE 3. Adiabatic Combustion Temperature and Barium Oxide
Yield for the Al-BaSO, System with Different Proportions of the
Initial Components

Proportions of theinitial °

coEnO;:)onentsAI:BaSO4 Ty C Neaor %0
0.40:0.60 1600 50.0
0.50:0.50 1650 57.2
0.60:0.40 1680 60.8
0.70:0.30 1700 98.4
0.80:0.20 1550 100.0
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Fig. 3. Dependence of combustion rate v, on average particle size d
in the system Al-BaS0O,.

Neao IN relation to the proportioning of the initial compo-
nents. The calculations showed that the reaction nearly pro-
ceeds to completion under the given conditions when the alu-
minum content of the charge >70%. The maximum combus-
tion temperature is 1700°C, which is 200°C higher than for
the system Al-MgS0O,. Asis known, the existence of values
of T, within the range 1500 — 2500°C does not unambigu-
ously prove that synthesis can take place in the combustion
regime. The occurrence of self-propagating high-temperature
processes will depend on the specific thermophysical condi-
tions under which the experiment is conducted. An experi-
mental study of the combustion parameters as a function of
the molar ratio of the initial components showed that the
maximum of 7 is 200°C lower than the calculated value.
Thus, in the given case T < Ty gaso- A heterogeneous reac;
tion takes place in the system, the rate of this reaction being
determined by the rate of diffusion of liquid aluminumdothe
surface of solid particles of barium sulfate. Further proof of
thisisthe nature of the dependence of combustion'rate ohithe
dispersity of Al and BaSO,. Therate of the reattionjis nearly
independent of the size of the aluminum particles (Fig)3).
An increase in the size of the BaSQy, particles from 100
to 300 um decreases the rate of cembustion from 5.2 to
3.8 mm/sec, which is probably anfindication‘that within the
combustion front the components interact as a result of dis-
solution in liquid aluminum. The activation energy of the
overal reaction between, aluminum and barium sulfate was
found graphically and"1s'96 kJlmole, which is appreciably
lower than the activation energy for the system AI-MgSO,.
This is obviously*relatedito the diffusional nature of the pro-
cess by whichia umingim and barium sulfate interact with one

S. Sh. Kazhikenova, O. A. Nurkenov, and B. N. Satbaev

another. Their reaction results in the formation of two ox-
ides with high melting points (7, ALO, = 2050°C,
T Bao = 2020°C), which can serve as a fouridation for the
creation of new refractory products [5].

The results obtained here have made it possible to opti-
mize the processes used to produce refractory materials, opti-
mize their physicomechanical characteristics, determine the
main laws that govern their production, and establish the
main elements of the scientific-technol ogical“apprdach that
should be used to make refractory praducts with the speci-
fied properties. The completion of fulltscale commercial tri-
als and the introduction of refractories‘made by the given
technology (for use as lining solutiéns,‘eoatings, gunites, and
ramming mixes) at metallurgicaliplants has made it possible
to increase the service life oflining$bydncreasing their me-
chanical strength (thebricks acenow welded into monoliths),
their refractoriness,\and theif resistance to slag, metal, and
hesat.

Use of the new refractories at factoriesin the Republic of
Kazakhstan has signifieantly increased the service life of the
liningsof metallurgical equipment that operates at high tem-
peratures, and“this improved durability has been accompa-
nieddy asubstantial monetary savings as well.
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