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The mechanical properties of composite ceramic materials obtained based on oxygen-
free silicon compounds are largely determined by the properties of the glass binder. This
paper presents the results of studies aimed at determining the most fusible glass in the
pseudo-binary system 2MgO⋅2Al2O3⋅5SiO2–2MnO⋅2Al2O3⋅5SiO2 with a high tendency to
crystallize as a glass-ceramic binder for low-temperature sintering of high-strength ceramic
materials based on oxygen-free silicon compounds. The crystallization tendency of the
experimental melts decreases with an increase in in the content of manganese cordierite,
as confirmed by X-ray and infrared spectroscopic studies. Based on experimental studies,
a melting diagram was constructed, which was used to determine the ratio between
magnesium cordierite and manganese cordierite (50:50 wt.%), ensuring a minimum
melt temperature of 12750C. The melting point of the glass of the specified composition
is 14500C. The synthesized glass is characterized by a softening point of 8000C and
crystallizes intensively at 10300C. The The thermal coefficient of linear expansion of the
crystallized glass samples is 20.8⋅10–7 0C–1. X-ray diffraction and electron microscopic
studies have shown that the developed glass is almost completely crystallized during heat
treatment for 2 hours, forming a cordierite solid solution 2(Mg,Mn)O⋅2Al2O3⋅5SiO2. The
size of the cordierite phase crystals ranges from 0.5 to 3.0 µm. Due to its fusibility and
high crystallization tendency, the developed glass, can be proposed as a promising glass-
ceramic binder for the production of high-strength ceramic materials (wear and impact
resistant) based on SiC and Si3N4 with reduced sintering temperatures.
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Introduction
Among the high-strength materials based on

oxygen-free silicon compounds (SiC and Si3N4), glass-
ceramic dispersion-strengthened compositions occupy
a special niche among low-cost wear-resistant
materials. This is because classical ceramic technology
is used for their manufacture, and the sintering
temperature does not exceed 12500C. The main
disadvantage of such materials is their relatively low
compressive strength (no more than 700 MPa), limited
primarily by the properties of the glass binder that
forms the matrix of the glass-ceramic composite [1,2].

One of the most obvious solutions to increase
the strength of glass-ceramic composites is to use a
glass binder that is prone to crystallization and capable
of forming a synthesized structure as a matrix. Glass-
ceramic materials have significantly higher mechanical
strength than basic glasses [3,4]. At the same time,
an important requirement is compatibility in terms
of the temperature coefficients of linear expansion
(TLCE) of the filler (SiC, Si3N4), glass crystallization
products, and the residual glass phase [5,6]. This
excludes from consideration most glass-forming
systems containing alkali metal oxides. In fact,
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aluminosilicate systems with the participation of
alkaline earth metal oxides remain promising for the
synthesis of glass binders that crystallize efficiently,
in particular, the MgO–Al2O3–SiO2 (MAS) system,
which produces glass crystalline materials of cordierite
composition [7–9]. An obvious disadvantage of glasses
of cordierite composition of the MAS system is their
high refractoriness [10–12]. According to the phase
diagram of the MAS system, eutectic compositions
are quite far removed from the composition of
stoichiometric cordierite [13]. This leads to the fact
that in the process of heat treatment of glass ceramics,
either a significant amount of glass phase will be
remained or accompanying crystalline phases will be
released. Both cases can lead to weakening material
structure and decreasing mechanical strength. In our
opinion, glass binders prone to the most complete
crystallization with the formation of crystalline phases
that are close to the TLCE values of crystalline fillers
are more promising. It is possible to reduce the melting
point and viscosity of magnesium-aluminum-silicate
glass melts of the cordierite composition system by
introducing manganese(II) oxide, which acts as a
melting agent in silicate glass systems. In addition,
Mg2+ and Mn2+ ions exhibit rather close values of
ionic radii of 0.74 Å  and 0.91 Å , respectively [14],
which allows forming a wide range of isomorphic
solid solutions between magnesium cordierite and
manganese cordierite. Therefore, the search for
effective glass binders involves investigations in the
pseudo-binary system of magnesium Mg2Al4Si5O18

(MgAS) and manganese Mn2Al4Si5O18 (MnAS)
cordierites, as compounds close in their crystal
structure.

In view of the above, the aim of the work was to
construct a melting diagram in the pseudo-binary
system MgAS–MnAS and search for the most fusible
glass composition, with its further investigations as a
promising glass binder for low-temperature sintering
of high-strength ceramic materials based on oxygen-
free silicon compounds.

Materials and methods
To obtain the prototypes, we used SiO2, Al2O3,

MgO, and MnO oxides of chemically pure qualification
as raw materials. Raw material mixtures corresponding
to the chemical composition of MgAS and MnAS
were prepared by joint grinding of the components in
porcelain drum mills to a residue on the mesh
No.0063 of no more than 1%. According to the
experimental plan, the raw material mixtures were
investigated in the range of MgAS:MnAS ratios from
10:90 to 90:10 in increments of 10 wt.%. The final
mixing of the components of the raw material mixtures
was carried out by grinding in a planetary mill until

passing through the mesh No.0045. Chalcedony drums
were used. The coding of the experimental raw material
mixtures was made in accordance with the conditional
content of MnAS in their composition. The
composition No. 1 corresponded to the MnAS content
of 10 wt.%, No. 2 corresponded to 20 wt.%, ...,
No. 9 corresponded to 90 wt.%.

The heat treatment of the experimental raw
material mixtures was carried out in an electric
resistance furnace with silicon carbide heaters in the
temperature range of 1250–14500C in air. The
experimental charges were placed in 5 cm3 corundum
crucibles, heated to the maximum temperature, and
held for 2 hours. The conclusion of melting of the
raw material mixture was based on visual observation.
The heat-treated samples were cooled together with
the furnace. The cooling rate to a temperature of
7000C was 600C/h, which allowed us to qualitatively
assess the ability of the test melts to crystallize.

The glass was melted in an electric resistance
furnace with carbide-silicon heaters in air at a
temperature of 14000C with a homogenization time
of 1 hour. Corundum crucibles were used for melting.

Standard experimental methods were used to
determine the properties of glasses and glass crystalline
materials. The TLCE in the range of 20–4000C was
measured on a quartz vertical dilatometer at a heating
rate of 4–50C/min. Thermal effects related to the
glass softening point (TSP) and its crystallization were
determined by differential thermal analysis on a
Q-1500 D derivatograph in the temperature range of
20–11000C when a heating rate was 100C/min. The
mineralogical composition of the crystallized samples
was determined by X-ray diffraction (XRD) using a
Philips APD-15 diffractometer in Co-Kα radiation.
The infrared (IR) absorption spectra of the test glasses
were determined using a Thermo-Nicolet Avatar
370 FT-IR Spectrometer. Electron microscopic studies
of the samples in the fracture were performed on a
TESCAN Mira 3 LMU scanning electron microscope.

Results and discussion
One of the basic principles for choosing a specific

glass composition as a glass-ceramic binder for glass-
ceramic materials is the minimum temperature of its
melting, which ensures efficient sintering of materials
at low temperatures. In this regard, the most low-
melting compositions in the pseudo-binary system
MgAS:MnAS were searched  in the temperature range
of 1250–14500C. All the samples obtained were divided
into groups, in particular, those that form or do not
form melts at the temperature of the study. Based on
the results of the research, a melting diagram was
constructed (Fig. 1), which shows a single, clearly
pronounced temperature minimum at a ratio of



81

Glass-ceramic binder of cordierite composition for low-temperature sintering of high-strength ceramic
materials based on oxygen-free silicon compounds

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2024, No. 5, pp. 79-84

MgAS:MnAS≈50:50 wt.% corresponding to the
temperature of 12750C.

Most of the melted samples visually show a
tendency to crystallize to a greater or lesser extent. At
the same time, the crystallization ability is decreased
when moving from compositions with a higher MgO
content to compositions with a higher MnO content.

Mg–O and Al–O [15]. The presence of these
absorption bands is also characteristic of the cordierite
structure.

The XRD patterns of the experimental samples
(Fig. 3) fully confirms the conclusion of decreasing
tendency to crystallization of glass melts when
increasing the content of manganese (II) oxide in
them. While intensive crystallization is observed for
composition No. 1 with a MnAS content of 10 wt.%,
the content of the crystalline phase is decreased
significantly for compositions No. 5 and No. 9.

The main crystalline phase for the prototypes is 
cordierite. For sample No. 1, it is magnesium 
cordierite. Within the admissible error of experiments, 
the main reflexes on the diffractogram in Fig. 3, 
No. 1 (d⋅1010=8.42; 4.87; 4.09; 3.371; 3.133; 3.027; 
2.636; 2.098; and 1.689) correspond to the 
PDF No. 82-1884 Mg2(Al4Si5O18). The small reflexes 
observed in the diffractogram of Fig. 3, 
No. 9 (d⋅1010=8.64; 4.09; 3.403; and 2.675) correspond 
to the PDF No. 29-0882 Mn2Al4Si5O18. In a 
diffractogram of the intermediate composition, 
Fig. 3, No. 5, the reflexes (d⋅1010=8.35; 4.06; 3.371; 
3.133; 3.018; 2.526; and 1.684) are shifted relative to 
both manganese and magnesium cordierite. This 
indicates the formation of a single solid solution 
between MgAS and MnAS, given the proximity of 
the ionic radii of Mg2+ (0.74 Å) and Mn2+ (0.91 Å)
[14] and, as a result, isomorphic substitution of each 
other in the cordierite crystal lattice. In samples 
No. 5 and No. 9, in addition to the cordierite solid 
solution, a small amount of manganese garnet, 
spessartine 3MnO⋅Al2O3⋅3SiO2, is detected.

Fig. 1. Melting diagram in the pseudo-binary system

 MgAS–MnAS

For samples No. 1 and No. 5 (with a
MgAS:MnAS ratio being 90:10 and 50:50, respectively)
synthesized at 14500C, compared to sample No. 9
(with a MgAS:MnAS ratio of 10:90), clearer absorption
maxima in the infrared range are observed (Fig. 2).
This is due to the structural heterogeneity of the samples
due to distribution of the microcrystalline phase in
the amorphous component and is consistent with the
data of the XRD analysis (Fig. 3).

For the experimental samples, the main broad
double absorption band in the frequency range of
830–1250 cm–1, as well as a band of about 500 cm–1,
is characteristic of all silicates. These bands can be
attributed to the valence vibrations of Si–O–Si bonds
in [SiO4] tetrahedra. When moving from sample No.
1 to sample No. 9, the main absorption band becomes
smoothed, indicating the dominance of the amorphous
phase. The intense absorption band with a maximum
in the range of 770–800 cm–1 is typical of six-
membered ring silicates, and in our case corresponds
to aluminosilicate rings [AlSi5O18]. In the case of
sample No. 9, the absorption band at 770 cm–1,
characteristic of six-membered ring structures
[AlSi5O18], is manifested only by a weak inflection in
the IR spectrum. The valence vibrations of Si–O–Si
in six-membered cycles are responsible for the weak
intensity absorption bands at 600 and 670 cm–1

(spectra of samples No. 1 and No. 5).
Al–O bonds are appeared as absorption bands

at 950 cm–1, which is typical of tetrahedra [AlO4].
The absorption band at 570 cm–1 can be attributed to
the valence vibrations of Me–O bonds, in particular

Fig. 2. Infrared spectra of experimental glass crystalline

materials synthesized at 14500C
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To determine the main properties of the glasses,
we chose sample composition No. 5, as it exhibited
the minimum temperature of homogeneous melt
formation and high crystallization ability under
conditions of fairly rapid cooling. The glass
corresponding to the composition with the ratio
MgAS:MnAS≈50:50 (wt.%) was melted at a
temperature of 14500C with a homogenization time

of 2 hours. Samples were cast from the glass mass to
determine the glass properties. For the sample of
composition No. 5, the TLCE in the range of
20–4000C is 31.7⋅10–7 0C–1. According to the data of
differential thermal analysis, the temperature when
glass softening begins is 8000C, and intense
crystallization starts at 10300C.

In accordance with the results of the differential
thermal analysis, additional heat treatment of samples
of composition No. 5 was carried out at a temperature
of 1030±50C for 2 hours. The TLCE of the crystallized
glass samples was determined to be 20.8⋅10–7 0C–1.

The shift of reflexes on the XRD patterns relative
to the reflexes of pure manganese and magnesium
cordierites (Fig. 4,a) and SEM image (Fig. 4,b) indicate
almost complete crystallization of the experimental
glass with the formation of a cordierite solid solution
2(Mg,Mn)O⋅2Al2O3⋅5SiO2. The size of the crystals is
ranged from 0.5 to 3.0 µm.

Conclusions
Based on the results of the experimental

investigations, a melting diagram in the pseudo-binary
system MgAS–MnAS was constructed. The ratio
between magnesium cordierite and manganese
cordierite (50:50 wt.%) was determined, which ensures
a minimum melt formation temperature of 12750C.
The melting point of the glass of the specified
composition is 14500C. The synthesized glass has a
softening point of 800°C and crystallizes intensively
at a temperature of 10300C. The TLCE of the
crystallized glass samples is 20.8⋅10–7 0C–1. X-ray
diffraction and electron microscopic researches have
shown that the developed glass almost completely
crystallizes during heat treatment for 2 hours to form
a cordierite solid solution 2(Mg,Mn)O⋅2Al2O3⋅5SiO2.

Fig. 3. XRD patterns of samples of experimental glass

crystalline materials synthesized at a temperature of 14500C

a b

Fig. 4. XRD pattern (a) and SEM image (b) of the crystallized sample of composition No. 5
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The size of crystals of the cordierite phase is ranged
from 0.5 to 3.0 µm. The developed glass, due to its
low-melting and high tendency to crystallization, can
be offered as a promising glass-crystal binder for
obtaining high-strength ceramic materials (wear and
impact resistant) based on SiC and Si3N4 with reduced
sintering temperatures.

REFERENCES

1. Polozhaj S.G., Shmatko T.Yu. Vliyanie soderzhaniya

steklosvyazki na spekanie karbidokremnievoi keramiki // Ogneupory

i tekhnicheskaya keramika. – 2006. – No. 11. – P.6-7.

2. Shchilnospechena karbidokremniyeva keramika na

sklokrystalichnii zv’yaztsi kordiyerytovogo skladu / Polozhaj S.,

Zaichuk O., Sukhyy Ê., Polozhaj A. // Voprosy Khimii i

Khimicheskoi Tekhnologii. – 2023. – No. 5. – P.98-105.

3. Zanotto E.D. A bright future for glass-ceramics //

Am. Ceram. Soc. Bull. – 2010. – Vol.89. – No. 8. – P.19-27.

4. Hordieiev Y.S., Karasik E.V., Zaichuk A.V. Glass

formation in the MgO–B2O3–SiO2 system // Silicon. – 2022. –

Vol.15. – No. 2. – P.1085-1091.

5. Pilate P., Delobel F. Low thermal expansion ceramic

and glass-ceramic materials // Encyclopedia of materials: technical

ceramics and glasses. – 2021. – Vol.2. – P.47-58.

6. Effect of B2O3 on the crystallization, structure and

properties of MgO–Al2O3–SiO2 glass-ceramics / Luo W.,

Bao Z., Jiang W., Liu J., Feng G., Xu Y., et al. // Ceram. Int.

– 2019. – Vol.45. – P.24750-24756.

7. Aspects of development and properties of densely sintered

of ultra-high-frequency radio-transparent ceramics of cordierite

composition / Zaichuk A., Amelina A., Kalishenko Y.,

Hordieiev Yu., Saltykov D., Sribniak N., Ivchenko V.,

Savchenko L. // J. Korean Ceram. Soc. – 2021. – Vol.58. –

P.483-494.

8. Characterisation of thermo-mechanical properties of

MgO–Al2O3–SiO2 glass ceramic with different heat treatment

temperatures / Shamsudin Z., Hodzic A., Soutis C., Hand R.J.,

Hayes S.A., Bond I.P. // J. Mater. Sci. – 2011. – Vol.46. –

No. 17. – P.5822-5829.

9. Banjuraizah J., Mohamad H., Ahmad Z.A. Effect of

impurities content from minerals on phase transformation,

densification and crystallization of α-cordierite glass-ceramic //

J. Alloys Compd. – 2011. – Vol.509. – No. 28. – P.7645-

7651.

10. Stoch L., Lelatko J. Mechanisms of crystal structure

organization in magnesium aluminosilicate glass: HREM and

analytical study // Glass Technol. Eur. J. Glass Sci. Technol.

Part A. – 2008. – Vol.49. – No. 4. – P.183-188.

11. Guignard M., Cormier L., Montouillout V. Environment

of titanium and aluminum in a magnesium alumino-silicate glass

// J. Phys. Condens. Matter. – 2009. – Vol.21. –

Art. No. 375107.

12. Hordieiev Y.S., Zaichuk A.V. Study of the influence of
R2O3 (R  = Al, La, Y) on the structure, thermal and some 

physical properties of magnesium borosilicate glasses //

J. Inorg. Organomet. Polym. – 2023. – Vol.33. – P.591-598.

13. Belyankin D.S., Lapin V.V., Toropov N.A. Fiziko-

khimicheskie sistemy silikatnoi tekhnologii. – M: Promstroiizdat,

1954. – 506 p.

14. Appen A.A. Khimiya stekla. – L.: Khimiya, 1974.

15. Cordierite-based refractory ceramics from natural

halloysite and peridotite: insights on technological properties /

Harrati A., Arkame Y., Manni A., El Haddar A., Achiou B.,

El Bouari A., et al. // J. Indian Chem. Soc. – 2022. – Vol.99.

– No. 6. – Art. No. 100496.

Received 19.06.2024

ÑÊËÎÊÐÈÑÒÀË²×ÍÀ ÇÂ’ßÇÊÀ ÊÎÐÄ²ªÐÈÒÎÂÎÃÎ
ÑÊËÀÄÓ ÄËß ÍÈÇÜÊÎÒÅÌÏÅÐÀÒÓÐÍÎÃÎ
ÑÏ²ÊÀÍÍß ÂÈÑÎÊÎÌ²ÖÍÈÕ ÊÅÐÀÌ²×ÍÈÕ
ÌÀÒÅÐ²ÀË²Â ÍÀ ÎÑÍÎÂ² ÁÅÇÊÈÑÍÅÂÈÕ ÑÏÎËÓÊ
ÊÐÅÌÍ²Þ
Ñ.Ã. Ïîëîæàé, Î.Â. Çàé÷óê, À.Ã. Ïîëîæàé, Î.À. Àìåë³íà,
Ë.Ë. Ðóäíºâà

Ìåõàí³÷í³ âëàñòèâîñò³ êîìïîçèö³éíèõ êåðàì³÷íèõ
ìàòåð³àëàõ, ùî îäåðæàí³ íà îñíîâ³ áåçêèñíåâèõ ñïîëóê
êðåìí³þ, çíà÷íîþ ì³ðîþ âèçíà÷àþòüñÿ âëàñòèâîñòÿìè
ñêëîçâ’ÿçêè. Ó ðîáîò³ íàâåäåí³ ðåçóëüòàòè äîñë³äæåíü ùîäî
âèçíà÷åííÿ íàéá³ëüø ëåãêîïëàâêîãî ñêëà â ïñåâäîá³íàðí³é
ñèñòåì³ MgAS–MnAS ç âèñîêîþ ñõèëüí³ñòþ äî êðèñòàë³çàö³¿
ÿê ñêëîêðèñòàë³÷íî¿ çâ’ÿçêè äëÿ íèçüêîòåìïåðàòóðíîãî
ñï³êàííÿ âèñîêîì³öíèõ êåðàì³÷íèõ ìàòåð³àë³â íà îñíîâ³
áåçêèñíåâèõ ñïîëóê êðåìí³þ. Ñõèëüí³ñòü äîñë³äíèõ
ðîçïëàâ³â äî êðèñòàë³çàö³¿ çìåíøóºòüñÿ ïðè çðîñòàíí³ âì³ñòó
ìàðãàíöåâîãî êîðä³ºðèòó, ùî ï³äòâåðäæóºòüñÿ äàíèìè
ðåíòãåíîôàçîâèõ ³ ²×-ñïåêòðîñêîï³÷íèõ äîñë³äæåíü. Íà áàç³
åêñïåðèìåíòàëüíèõ äîñë³äæåíü ïîáóäîâàíî ä³àãðàìó
ïëàâêîñò³, çà äîïîìîãîþ ÿêî¿ âèçíà÷åíî ñï³ââ³äíîøåííÿ
ì³æ ìàãí³ºâèì êîðä³ºðèòîì ³ ìàðãàíöåâèì êîðä³ºðèòîì
(50:50 ìàñ.%), ùî çàáåçïå÷óº ì³í³ìàëüíó òåìïåðàòóðó
óòâîðåííÿ ðîçïëàâó 12750Ñ. Òåìïåðàòóðà âàð³ííÿ ñêëà
âèçíà÷åíîãî ñêëàäó ñòàíîâèòü 14500Ñ. Ñèíòåçîâàíå ñêëî
õàðàêòåðèçóºòüñÿ òåìïåðàòóðîþ ðîçì’ÿêøåííÿ 8000Ñ ³
³íòåíñèâíî êðèñòàë³çóºòüñÿ ïðè òåìïåðàòóð³ 10300Ñ.
Òåìïåðàòóðíèé êîåô³ö³ºíò ë³í³éíîãî ðîçøèðåííÿ
çàêðèñòàë³çîâàíèõ çðàçê³â ñêëà ñêëàäàº 20,8⋅10–7 0Ñ–1.
Ðåíòãåíîôàçîâ³ ³ åëåêòðîííî-ì³êðîñêîï³÷í³ äîñë³äæåííÿ
ïîêàçàëè, ùî ðîçðîáëåíå ñêëî ïðàêòè÷íî ïîâí³ñòþ
êðèñòàë³çóºòüñÿ ïðè òåðì³÷í³é îáðîáö³ ïðîòÿãîì 2 ãîäèí ç
óòâîðåííÿì êîðä³ºðèòîâîãî òâåðäîãî ðîç÷èíó
2(Mg,Mn)O⋅2Al2O3⋅5SiO2. Ðîçì³ð êðèñòàë³â êîðä³ºðèòîâî¿
ôàçè êîëèâàºòüñÿ â ìåæàõ 0,5–3,0 ìêì. Ðîçðîáëåíå ñêëî,
çàâäÿêè ëåãêîïëàâêîñò³ òà âèñîê³é ñõèëüíîñò³ äî
êðèñòàë³çàö³¿, ìîæå áóòè çàïðîïîíîâàíî ÿê ïåðñïåêòèâíà
ñêëîêðèñòàë³÷íà çâ’ÿçêà äëÿ îäåðæàííÿ âèñîêîì³öíèõ
êåðàì³÷íèõ ìàòåð³àë³â (çíîñî- ³ óäàðîñò³éêèõ) íà îñíîâ³ SiC
³ Si3N4 ç³ çíèæåíèìè òåìïåðàòóðàìè ñï³êàííÿ.

Êëþ÷îâ³ ñëîâà: ñêëîçâ’ÿçêà, êîðä³ºðèò ìàãí³ºâèé,
êîðä³ºðèò ìàðãàíöåâèé, ä³àãðàìà ïëàâêîñò³, êðèñòàë³çàö³ÿ,
ôàçîâèé ñêëàä, ì³êðîñòðóêòóðà.
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The mechanical properties of composite ceramic materials
obtained based on oxygen-free silicon compounds are largely
determined by the properties of the glass binder. This paper presents
the results of studies aimed at determining the most fusible glass
in the pseudo-binary system 2MgO ⋅2Al2O3⋅5SiO2–
2MnO⋅2Al2O3⋅5SiO2 with a high tendency to crystallize as a glass-
ceramic binder for low-temperature sintering of high-strength
ceramic materials based on oxygen-free silicon compounds. The
crystallization tendency of the experimental melts decreases with
an increase in in the content of manganese cordierite, as confirmed
by X-ray and infrared spectroscopic studies. Based on experimental
studies, a melting diagram was constructed, which was used to
determine the ratio between magnesium cordierite and manganese
cordierite (50:50 wt.%), ensuring a minimum melt temperature
of 12750C. The melting point of the glass of the specified
composition is 14500C. The synthesized glass is characterized by
a softening point of 8000C and crystallizes intensively at 10300C.
The The thermal coefficient of linear expansion of the crystallized
glass samples is 20.8⋅10–7 0C–1. X-ray diffraction and electron
microscopic studies have shown that the developed glass is almost
completely crystallized during heat treatment for 2 hours, forming
a cordierite solid solution 2(Mg,Mn)O⋅2Al2O3⋅5SiO2. The size of
the cordierite phase crystals ranges from 0.5 to 3.0 µm. Due to
its fusibility and high crystallization tendency, the developed glass,
can be proposed as a promising glass-ceramic binder for the
production of high-strength ceramic materials (wear and impact
resistant) based on SiC and Si3N4 with reduced sintering
temperatures.

Keywords: glass binder; magnesium cordierite; manganese
cordierite; phase diagram; crystallization; phase composition;
microstructure.
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