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COMPOSITE CERAMICS FOR SPECIAL PURPOSE

YOOCKOHAAEHHA

As a result of the research carried out, the search for the optimal compositions
of composite ceramics was carried out by the method of planning the experiment using
the FFD2"! as an experiment plan. The influence of modified additives of eutectic compo-
sitions on the physical and technical properties of composite ceramics for special pur-
poses, with a low sintering temperature, used for the manufacture of grinding bodies, has
been determined.

Keywords: composite ceramics, additives, modification, grinding media, micro-
structure.

Background. In many industries, it is necessary to obtain substances
with a small particle size. For grinding various substances, grinding equip-
ment is used, which includes grinding bodies [1; 2].

One of the ways to increase the efficiency of grinding equipment
1s the use of alumina grinding bodies [3; 4], as the most wear-resistant under
conditions of increased static and dynamic loads. But the synthesis of such
composite ceramics is associated with the use of high temperatures, which
1s associated with significant energy and material consumption of production.

It is known [5—7] that for reducing the temperature of sintering of the
ceramic material, there are three basic ways: increasing fineness of powder,
introduction of defects in the crystal lattice and the introduction of modi-
fying additives.

The use of modifiers of eutectic compositions due to the formation of
liquid during firing makes it possible to reduce the sintering temperature [3; 5].
This ensures the crystallization of the melt during the cooling process,
which contributes to the production of dense fine-crystalline materials by
reducing the firing temperature. The greatest positive effect in this direction
1s achieved with the use of complex additives, which ultimately affect the
properties of the product [6; 7].

Insufficient knowledge about the mechanism of their action in the
composition of ceramics, which is far from additivity, has led to the need to
use the method of planning an experiment when obtaining composite cera-
mics for grinding bodies.

Analysis of recent research and publications. The issue of directed
regulation of the microstructure and properties of composite ceramics for
special purposes by chemical modification with additives has been the
subject of the work of many scientists.
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In [7-9], it is noted that ceramics based on Al,Os3, which do not
contain modifying additives (modifiers), are characterized by a low level of
physical and technical properties, difficult to control structure, low density
and high sintering temperature. The main task of using such ceramics is to
reduce its sintering temperature to the level of 1250-1300 °C.

To reduce the sintering temperature, improve the properties of alu-
mina ceramics, various additives are used, which can be classified accor-
ding to several criteria: according to the number of added additives (micro
and macro additives), according to the number of additive components
(single and multicomponent), according to the sintering mechanism (liquid
and solid-phase sintering), on the effect on the base substance, etc. [10].

Summarizing the work on sintering ceramics based on pure oxide
and oxygen-free compounds with additives, all modifiers by the nature of
their interaction with Al,Os are divided into 4 groups [8]:

1) completely soluble in the crystal lattice of the oxide (HfO: in Y203,
Y203 in ZrO»);

2) insoluble in the crystal lattice of the basic oxide, forming a liquid
phase due to melting or interaction with the basic oxide with the formation
of a eutectic melt (RO-AL03—S102, MnO—Cr,03-Si10,, etc.);

3) insoluble in the crystal lattice of the basic oxide and not interacting
with it (eutectics in the systems Al,O3—ZrO,, BeO-ZrO,, etc.);

4) entering into chemical interaction with the basic oxide with the
formation of a compound (Al,O3 in Y203, etc.).

In the technology of modern ceramic materials, modifiers of the first
and second groups are more often used.

Noteworthy is the study of issues related to forecasting fluxing
ability of both traditional (system K;O-Al,O3—Si0;, NaxO-Al,03-SiO»,
MgO-Al;03-Si102) and new, including the combined intensifiers sintering
containing Li,0, CaO, B>0O3;, MnO,, etc., which will make it possible to
reasonably choose the composition of ceramic masses and the firing tem-
perature of products [11].

When choosing sintering additives, it is necessary to take into account
the structure, nature and temperature of the appearance of the liquid phase;
the size of the ionic radius of the modifier; the binding energy of the
modifier cation — oxygen in the multicomponent melt; the geometry of the
powder grains, the electrostatic state of the solid-liquid interface; surface
tension at the solid-liquid interface, etc. [12; 13].

Investigations into the regularities of sintering ceramics based on
AlOs3 containing eutectic modifiers are still ongoing.

The aim of the work is to study the effect of additives on the physical
and technical properties of composite ceramics for the manufacture of grin-
ding bodies and the search for its optimal compositions.

Materials and methods. The main component for the manufacture
of ceramic composite material is alumina grade Alumina SC-0, containing
up to 95 % a-ALO:;.
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Aluminum oxide in the form of a-Al>Os3 is stable when heated up to
the melting point and does not have modified transformations. As accessory
impurities in the bound state, there are oxides of iron, silicon, calcium and
alkaline earth metals in an amount of 1-2 %.

In accordance with the technology of obtaining grinding bodies, the
composition of the masses included clay from the Veselovsky deposit of the
VGO, kaolin from the Nemilnyansky deposit, and bentonite from the
Dashukovsky deposit.

According to the general concepts of the physicochemical nature of
the modifying additives used in the preparation of composite ceramics, in
order to reduce the sintering temperature and increase the operational pro-
perties, additives of a complex composition were used, including eutectic mix-
tures and monoxides [12]. The choice of fluxing materials was carried out
based on the presence in nature and the practical positive results of their use.

To intensify the sintering processes and modify the structure of the
ceramics, the following additives were used: dolomite, colemanite, lepido-
lite, pyrolusite.

Dolomite — CaMg(CO3), — after decomposition at a temperature of
800—-1000 °C, is able to interact with other components of the ceramic mass, in
the formation of fusible compounds that perform the functions of flux, which
leads to a decrease in the sintering temperature and refractoriness [6; 14].

Colemanite — Ca;B6O11 - SH2O — creates favorable conditions for the
intensification of physicochemical processes, the earlier appearance of low-
melting eutectics and, accordingly, contributes to the formation of the
required amount of the primary low-melting glassy phase and the sub-
sequent dissolution of quartz grains in it at relatively low temperatures. The
synthesized ceramics of colemanite are characterized by high strength
characteristics and a wide range of values of the coefficient of thermal
expansion, which is a consequence of the influence of boron and calcium
oxides, which are part of colemanite.

Lepidolite — K(Li, Al)3(Si, Al)4O10(F, OH), — makes it possible to
obtain high-quality products at lower firing temperatures. The decrease in
the firing temperature is explained by the presence of Li" in the lepidolite
concentrate, which has a smaller radius than Na" and

K" and is more active, contributing to better sintering. Lepidolite is
one of the rare micas, characterized by a low coefficient of thermal expan-
sion, which gives products a low shrinkage with high physical and
mechanical properties.

Pyrolusite — MnO; - H,0O, — additive provides a significant decrease
in the sintering temperature of the charge and leads to an improvement
in such parameters of ceramics as strength and hardness.

To prepare the additives of the eutectic composition for use in the
composition of the masses, the loss on ignition of each of the components
was preliminarily determined. The amount of starting materials was calcu-
lated in accordance with the loss on ignition and the chemical composition
of the eutectics selected for the study.
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To prepare the additives, the initial mixtures of the calculated
composition were loaded into a ball mill, dissolved with distilled water, and
ground for 8 h with corundum balls. The grinding media/water/material
ratio was 3 : 1 : 1. The resulting suspensions were dried at a temperature of
80—100 °C, then the materials were rubbed through a N 01 sieve.

The powders were loaded into corundum crucibles and calcined with
short holding times. Temperature regimes were selected according to petro-
graphic studies. After calcination, the material was ground under the same
conditions as before synthesis. The finished powders were used to formu-
late the compositions.

The compositions were prepared by joint wet grinding of the com-
ponents to a final residue of 0.08-0.11 % on a sieve N 0063. The resulting
suspension was dehydrated in plaster molds. After curing and processing,
the masses were molded into cylindrical grinding bodies on a manual labo-
ratory press, after drying at ambient temperature and drying in an oven at
a temperature of 100—150 °C, the products were fired in an electric furnace
at temperatures of 1250 and 1280 °C.

The evaluation of the sintering process of the studied compositions
was carried out according to the presence of the values of shrinkage, water
absorption, bulk density, abrasion, ultimate strength in compression, ulti-
mate strength in bending according to DSTU B V.2.7-283:2011 [15].

The mathematical processing of the results was carried out using the
software package Apache Open Office.

Results. To obtain reliable and objective data on the effect of
modifying additives of colemanite, dolomite, lepidolite, pyrolusite on the
structure and properties of a ceramic material of the following composition:
alumina grade Alumina SC-0 — 40 %, clay from the Veselovsky deposit
VGO - 20 %, kaolin from the Nemil’nyansky deposit — 20 %, bentonite of
the Dashukovskoe deposit — 5 %, the method of mathematical planning of
the two-factor experiment FFD2%! was applied [16; 17].

The conducted criterion-factor experiment made it possible to
determine the optimal compositions of the masses containing the above-
mentioned modifying additives for grinding bodies.

The efficiency of the process of obtaining the composition of the
mass for grinding bodies was determined by the following optimization
parameters: shrinkage (V1), water absorption (V2), bulk density (V3),
abrasion (V¥4), ultimate strength in compression (¥s), ultimate strength in
bending (Vs).

The choice of these optimization parameters is based on their
significant effect on the performance properties that ensure the durability of
products. Each of the selected parameters varied at two levels.

A priori, dolomite (X1), colemanite (X2), lepidolite (X3), pyrolusite
(X4), and firing temperature (Xs) were identified as factors. These factors
have a greater impact on the presented optimization parameters.

The implemented experiment plan is shown in table 1. The values of
the factors are given in coded and natural form.
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To optimize the parameters obtained regression equation:
shrinkage Y1:

Y1=28.882+ 1.167X1 + 1.134X>+ 1.017X3 + 1.096X3— 0.752.X1 X4,
water absorption Y7:

Y>=2.702 — 2.126X1 — 1.548X>— 0.895X3— 1.83X4— 1.4X5+ 1.024X1.X> +
0.37X1.X: + + 1.29X1. X5 + 0.884X1.X5 + 0.77X2Xs + 0.452X0X5 —
0.252X3X5+0.642X4.X5,

bulk density Y3:
Y3=2.862 + 0.091.X; + 0.095X> + 0.088X3+ 0.095X5— 0.086.X,.X>
abrasion: Ya:
Ya=10.143 - 0.049X: - 0.061Xs,
ultimate strength in compression Ys:
¥5=1955.187 + 457.666.X,
ultimate strength in bending Ys:

Yo=944.48 + 96.146.X>+ 102.562X4 + 98.104X5 — 89.604.X1.X> —
65.563X1.X3— 62.437X2X4—78.979X2X5 + 54.021.X3Xa.

The adequacy of the models was checked according to the Fisher
criterion [16]. The hypothesis of an adequate model for all optimization
parameters is not rejected at a significance level o = 0.05.

Checking the uniformity of dispersions according to the Cochran
criterion [16] showed that the values of the optimization parameters for
shrinkage (Y1), bulk density (Y3), abrasion (Y4), ultimate strength in com-
pression (Ys) are uniform for a = 0.05, and water absorption (Y2) and ulti-
mate strength in bending (¥s) — at a = 0.01.

It was also tested the hypothesis about the importance of estimates
of regression coefficients [16; 17].

Checking the uniformity of dispersions according to the Cochran
criterion [15] showed that the values of the optimization parameters for
shrinkage (Y1), bulk density (Y3), abrasion (Y4), ultimate strength in com-
pression (Ys) are uniform for a = 0.05, and water absorption (}2) and ulti-
mate strength in bending (Ys) —at o = 0.01.

It was also tested the hypothesis about the importance of estimates of
regression coefficients [16; 17].

Comparative analysis of changes in shrinkage, water absorption,
bulk density, abrasion, ultimate strength in compression, ultimate strength
in bending of the studied compositions on the firing temperature showed
that almost all studied mineralizers affect the sintering process of the stu-
died ceramics of the compositions at given firing temperatures.

Taking into account the analysis of the regression equations, the
following mass compositions were selected, with the optimal additive
content (table 2).
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Table 2
Optimal compositions of the masses for composite ceramics

" Modifying additives, % Physical and mechanical properties

g o 2 Q Qo Firing . . ultimate ultimate
| = = = % |tempe- | shrin- water bulk |abrasion, - -

1) g s ) E . . o strength in | strength in

o ) = 3 = |rature, | kage, | absorption, | density,| % per . .

2| 5 B g g “C Y % glom’ hour | cOMpression, bending,
ol °| 8| = a MPa MPa
A | 0 32 | 29 7 1280 | 10.06 0.03 3.10 0.055 233.09 120.15
A | 5 20 | 1.75 5 1250 | 9.58 0.03 3.07 0.048 270.12 118.16
A3 | 0 33 ] 3.1 4 1280 | 10.18 0.02 3.11 0.050 250.64 121.16
As | 3 28 | 3.2 6 1250 | 9.97 0.04 3.06 0.060 280.14 120.70

To obtain data on the phase composition and structural parameters
material, the fired samples of composite ceramics were studied using
a scanning electron microscope with an X-ray microscope attachment,
which allows semi-quantitative determination of the elemental composition
of the material by a local method.

For the study, a mass of composition 44 was used containing, %:
alumina grade Alumina SC-0 — 40, clay from the Veselovsky deposit
VGO -20, kaolin from the Nemilnyansky deposit 20, bentonite from the
Dashukovsky deposit — 5, dolomite — 3, colemanite — 2.8, lepedolite — 3.2,
pyrolusite — 6. The physical and mechanical properties of A4 mass at a firing
temperature of 1250 °C were obtained and presented above (see table 2).

Figure shows a snapshot of the A4 composition matrix of the

e ceramics for grinding bodies.

N Analyzing the image, we can
conclude that the material under study
is composed of corundum grains, the
shape of which varies from isometric
to short-prismatic, the predominant
grain size is 3 + 5 um. The introduc-
tion of modifying additives leads to
the formation of a network structure
along the periphery of the corundum
crystals. The volumetric content of
the binder cementing corundum grains
is 7-8 %. The phase composition of
the cementing bond is represented
il by crystalline and amorphous glassy

A A" !
PR TTRS  phases. The content of the glassy phase

SENCIENNIEER  §S 1+1.7 %. The binder phases crys-

LCTN

Microstructure matrix of optimal

" ) , tallize with a grain size of 1-2 mic-
composition 44 of composite ceramics

rons, in a cubic system. The amorp-
hous glassy phase is homogeneous in composition, the refractive index
n=1.540 — 1.545. The material has a closed inter crystalline porosity,

.
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distributed in the volume of the material in the form of rounded clusters
with a size of 8 + 10 microns. The number of pores does not exceed 2.3 %
by volume.

The use as modifiers of additives of eutectic compositions dolomite,
colemanite, lepidolite, and pyrolusite due to the formation liquid during
firing made it possible to reduce the sintering temperature to the level
of 1250-1280 °C.

In the process of cooling, crystallization of the melt occurred due
to the "genetic" memory of the eutectic about crystalline phases, which con-
tributed to the production of fine-crystalline materials of high density.

Conclusion. The studies carried out allowed us to draw conclusions
about the effect of each component of the mass on the physical and mecha-
nical properties of composite ceramics, as well as to reveal the mechanism
of formation of the composition and microstructure of composite ceramics
based on the main components of the mass and modifying additives, which
makes it possible to predict the production of products with the required
properties.
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IHanienxo 0. Komno3umna Kepamika cneyianibHozo npU3Hauents.

I[MocranoBka mpo6Jjemu. KoMro3uTHa kKepaMika BUKOPUCTOBYETHCS K 1HIPe-
TEHT MENOYUX TiI, IO 3aCTOCOBYIOTHCS TMOMOJBHUM OOJNaTHAHHSM T Yac MmoAapio-
HEHHS PI3HUX PEYOBHH. AJIe CHHTE3yBaHHS TaKOi KOMIIO3WTHOI KEpaMiKH TOB’S3aHE
3 BUKOPUCTAHHSM BHCOKUX TeMmIeparyp. Bigomo, mo ans 3HIKEHHS TeMIIeparypH
CIiKaHHS KepaMidHOTO MaTepiany iCHye JeKijbKa CIoco0iB, OJUH i3 HUX — BBEACHHS
MOaH(IKyIOUnX T00aBOK.

3actocyBaHHS MOAW(IKATOPIB E€BTEKTHYHUX CKJIAIIB BHACTIOK YTBOPEHHS
PIIVHE B XOJI1 BUITATY Ja€ 3MOTY 3HU3UTH TEMIEPaTypy CIiKaHHS.

Hemocratae 3HanHs Mpo MeXaHI3M IXHBOI Jii y CKJIai KepaMiKu, MTaleKui Bill
aJMTUBHOCTI, MPU3BEJIO 10 HEOOXITHOCTI BUKOPUCTAHHS METOJY IUIAaHYBaHHS €KCIICPH-
MEHTY TIPYA OTPUMAaHHI KOMIIO3UTHOI KEpaMiKHU.

Mema cmammi — NOCIIPKEHHS BILTUBY H00aBOK Ha (hi3WKO-TEXHIYHI BIIACTH-
BOCTI KOMITO3UTHOI KEpamiK{ JUIsi BUTOTOBJICHHS MEJIOYMX TUI Ta TIOMIYK 1i ONTH-
MAaJIbHHUX CKJIAJIIB.

Marepiaau Tta Metoan. OCHOBHUM KOMIIOHEHTOM JUIsl BUTOTOBJIICHHS Kepa-
MIYHOTO KOMIIO3UTHOTO MaTepiaiy € riuHo3eM Mapku Alumina SC-0, mo Mictuth 10 95 %
0-Al,O;. BignoBigHo 10 TEXHOJIOTIi OTpUMaHHSA KEepaMiKd O CKJIaay MacH BKJIIO-
yeHo TiuHY BecenoBckkoro pogosumia BI'O, kaonin HeMuIbHSHCHKOTO, OCSHTOHIT
JamykiBcbkoro poposutia. s iHTeHcn(ikamii mporeciB crikanHsa 1 MoaudiKyBaHHS
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CTPYKTYpU KepaMiKu BHKOpHCTaHO no0aBku: oonomim — CaMg(COs3), — 1-5%,
xonemanim — CaxBeO11 - SH20 — 5-10 %, nenioonim — K(Li, Al)s(Si, Al)4O,0(F, OH), —
0-10 %, nipontozum — MnQO, - HyO, — 1-3 %.

MeTo0oM perpeciiiHoro aHamizy eKcrepuMeHTaIbHNUX nanux 3a JJOE2’! oTpu-
MaHI MaTeMaTU4Hi OTIMCH 3aJIC)KHOCTI BJACTUBOCTEH KOMIIO3UTHOI KEPaMiKH Bill BMICTY
MOIUQIKyIOUMX OOMIIIOK. MaremarndHa oOpoOKa pe3ysbTaTiB EKCHEpHUMEHTY 3ild-
CHEHa 3 BUKOPUCTAHHSM TakeTy nporpam Apache Open Office.

Pe3yabTaTu gociimkenHs. OOpaHo ONTHMAIBHUN CKITAT MacH As, 10 MICTHTB, %o:
rmHOo3eM Mapku Alumina SC-0 — 40, riuay BecenoBcrkoro pomosuiia BI'O — 20, kao-
nin HemunpHsHCBKOTO pogoBuiia — 20, 0eHTOHIT [lanrykiBCcbKOTo poAoOBHUIIa — 5, 10JI0-
MIT — 3, KoJIeMaHiT — 2.8, JemigomiT — 3.2, mipomro3uT — 6.

di3uko-MexaHiuHI BIACTHBOCTI Macu A4 3a Temnepatypu Bunaiy 1250 °C
CTaHOBIATH: ycaaka — 9.97 %, sogonornuaanns — 0.04 %, 06’emHa maca — 3.065 r/em’,
ctupanicts — 0.060 % 3a ron, mexxa MinHOCTI pu ctucky — 280.14 MIla, npu 3ruHi —
120.7 Mma.

BucnoBku. /IoBeJcHO BIUIMB KOKHOTO KOMIIOHEHTA, IIO BXOIMTH JIO CKIIATY
MacH KOMITO3UTHOI KepaMikH, Ha 11 Pi3UKO-MeXaHi4Hi BIaCTUBOCTI.

BcranoBmeno MexaHisM (OpMyBaHHS CKIATy i MIKPOCTPYKTYPH KOMITO3WTHOI
KepaMiKd Ha OCHOBI KOMITOHCHTIB MacH 1 MOIM(IKYHOYHX 100aBOK, IO Ja€ 3MOTY
MIPOTHO3yBaTH OTPUMaHHs BHPOOIB i3 HEOOX1THUMU BIACTUBOCTSMU.

Knwyosi crosea: KOMIIO3UTHA Kepamika, MOTU]IKYIOUi JOOaBKH, MiKPOCTPYKTYpa.
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