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Ozneynopnas 6emoHHan NPOOYKYUA HAXOOUM C60€ NPUMEHEHUE 6 PA3IUYHbBIX cghepax
npou3800cmea, MaKux KaKk mMemauiypzus, KepamuKkd, CmeKoji1bHaAsl, UEMEHMHAA U 0axce amom-
Has npoMblIeHHOCMb. B 1100b1x Mecmax, z0e ucnoib3yemcs 8vicoKas memnepamypa, mpeoy-
encsa ce0ezo pooa «3auiUMHUKY O AZPecCUGHbBIX CPed, MAKUX KakK HCUOKOCmy, 2az, meepovie ma-
mepuansl. Kax paz makum mamepuanom gpicmynaem MOHOAUMHBLI 0ZHEYNOP, UAU Hce HO-RPOo-
cmomy ozneynopuutii 6emon. Takoii 6emon, mak rce KAk u 0ObIYHbBLI CIMPOUMETbHBLIL, COCHOUM
U3 paznuiHo20 pood 3anojiHumeneil, KOmopsle 001a0am Kax 6blCOKUMU MeMREPAMypamu niae-
JIeHUA, MaK U CUTIbHbIMU MEXAHUYECKUMU C8OIICMEAMU, KON OPble NPUOAIOM KOHEYHOMY KOMNO-
3umy Heobxoo0umwle ceolicmea. B oannoii cmamuve npugedensvt pe3yibmamot ucc1e006anus eaus-
HUA UOA U PAZMEPA MENIOULUX MeTl 6 BUOPOMETIbHUNE HA CEOIICHEA PEAKMUBHO20 2TIUHO3EMA 014
ozneynopnozo 6emona. Hccnedosanuna noxazanu, 4mo ucnoib308anue 8 Kauecnee Mealouux mes
wapoe O12-18 naubonee onmumanvrno. Mukpockonuueckuii ananu3 noKazai, ymo popma u pas-
Mep Menruux meJi 61usenm Ha pazmep u hopmy uacmuy peaKmusHozo 21IUH03eMa, MAK KaK no3-
eonsem cHU3UmMb epemsa nomoina c 30 mun (yex) 00 20 mun, umo c IKOHOMUYUECKOU MOYKU 3PEHUSA
YMeHbuLaem u30epiHcKU nPoU3800CMEa 3a cuem CHUMNCEHUS 3ampam HA INeKMpPOoIHEPIUIo U yee-
JUYeHUuA cpoka IKkcnayamayuu eudpomensvuuybl. Tax sce 3a cuem nosviuieHUA NO CPAGHEHUIO C
uexogwvim (8500 cm?/2) eenuuuns yoenvnou nogepxnocmu 0o 11838 cM%/2, 603MOIICHO D0OUMBCA
ayuuteil ynakoexu wacmuy, 8 oemone. Takum oopazom, nojiyuensl 6bICOKUE NOKA3AM ELU PEAKM UG-
HO020 21UHO03eMa, KOmopsle n03607Am Yayyiume CIpoUmenbHo-mexuuyecKue ceolicmea ozHe-
YRnopHo2o 6emoHna.
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Refractory concrete products are used in various fields of production, such as metallurgy,
ceramics, glass, cement and even nuclear industry. In any places where high temperature is used,
a kind of ""protector’ is required from aggressive media, such as liquid, gas, solid materials. Just
such a material is monolithic refractory, or simply refractory concrete. Such concrete, as well as
ordinary construction, consists of various kinds of aggregates that have both high melting temper-
atures and strong mechanical properties that give the final composite the necessary properties. This
article presents the results of a study of the effect of the type and size of grinding media in a vibrat-
ing mill on the properties of reactive alumina for refractory concrete. Studies have shown that the
use of 012-18 balls as grinding media is the most optimal. Microscopic analysis showed that the
shape and size of the grinding media affects the size and shape of the particles of reactive alumina.
Since it allows you to reduce the grinding time from 30 min (workshop) to 20 min, which from an
economic point of view reduces production costs by reducing energy costs and increasing the ser-
vice life of the vibrating mill. Also, by increasing the specific surface area to 11838 cm?/g compared
to the workshop (8500 cm?g), it is possible to achieve better packing of particles in concrete. Thus,
high indicators of reactive alumina were obtained, which will improve the construction and tech-

nical properties of refractory concrete.

Key words: refractory concrete, unshaped refractories, concrete, corundum, concrete modifi-

cation, aggregate
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INTRODUCTION

The use of monolithic refractories continues to
prove its advantage over molded ones, as concretes al-
low for higher performance and functionality. The ten-
dency to replace molded refractories with monolithic
ones is confirmed by an increase in the share of sales
of unmolded refractories in the refractory products
market. In this regard, at the moment, active develop-
ment is underway in the field of new compositions
of refractory concrete products and modification of
existing products in order to improve quality and
performance.

Many works of the authors are aimed at study-
ing the selection of raw materials with specified phys-
ical and chemical characteristics [1-9]. So, they pay
great attention to the study of corundum aggregates in
the body of concrete. One of the most common aggre-
gates used is reactive alumina with different fineness
of grinding. One of the stages in the production of re-
active alumina is grinding in vibratory mills [10-19].
Both balls of various sizes and cylinders can act as
grinding media. Actually, more attention is riveted to
grinding bodies, the study of grinding bodies is an ur-
gent problem, since there is no understanding that it is
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better to use balls of various sizes or cylinders as grind-
ing bodies for grinding a-corundum [19-29].

In this regard, the topic of this article is to iden-
tify the influence of the type and size of grinding media
on the properties of the aggregate for refractory con-
crete. Our task is to test balls @14, cylinders and balls
?¥12-18 mm as grinding media and compare how they
affect the quality characteristics of reactive alumina.

EXPERIMENTAL TECHNIQUE

To determine the chemical composition of re-
active alumina, we used a multichannel X-ray spec-
trometer of the SRM-25 brand, designed to analyze
discrete samples of materials by the fluorescence X-ray
spectral method simultaneously for any 12 samples.

The specific surface index was determined on
a PSKh 12sp instrument. The device calculates the spe-
cific surface area (S, cm2/g) and mass-average particle
size (d, um) of the studied dispersed materials and vis-
ualizes them on the NOTEBOOK display.

The distribution of particles in the powder was
analyzed using a laser particle analyzer Microsizer
201A, which is designed to quickly and accurately
measure the distribution of particle sizes in the range
of 0.2-300 pum.
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Photographs of the particle shape were taken
with a NIKON optical microscope. with Nikon digital
photo-video documentation system, NikonView photo
image processing and Video Test photo image analysis
software. The system for measuring the microhardness
of materials PMT-"LOMO" (Vickers diamond pyra-
mid method).

RESULTS AND DISCUSSION

According to Table, it can be said that, regard-
less of the grinding media, the Dso and Dy indicators de-
crease with increasing grinding time. But ¥12-18 mm
balls and cylinders provide the best post-grinding per-
formance compared to @14mm balls, and can also re-
duce grinding time by 10 min, which leads to a reduc-
tion in reactive alumina production costs by reducing
energy costs and increasing service life equipment.

The use of balls @12-18 mm led to the high-
est specific surface area at 20 min of grinding
(11838 cm?/g), which in theory can lead to the most
dense packing of particles in the refractory concrete
matrix and, accordingly, to an improvement in quality
characteristics.

Grinding using @14 mm balls showed the
worst result, therefore it is most expedient to use cyl-
inders and balls ¥12-18 mm as grinding media for a
vibrating mill, but the operation of the cylinders leads
to strong iron oxide grinding, which, in theory, can ad-
versely affect the quality characteristics of the refrac-
tory concrete.

Based on Fig. 1,2,3, it can be noted that the
particle distribution curve, regardless of the type of
grinding media, is bimodal.

In Fig. 4, under the letter A, the minimum par-
ticle size was 0.5-0.7 pm, the maximum was 3.0-5.0 um,
the main one was 1.0-1.5 pum.

Table
Experimental summary
Tabauya. CBOAHDbIE JAHHBIE IKCIIEPUMEHTA

Name | 20 min [ 30 min | 40 min [50 min
Balls @14
D50, um 291 | 213 | 2.07 | 2.04
D90, um 11.5 7.00 4.01 4.55
Specific surface, cm?/g | 7693 | 7881 | 7888 | 7697
Cont. Fe;03,% 0.14 0.17 0.18 0.21
Cylinders
D50, pm 150 | 140 | 124 | 1.26
D90, um 6.76 | 3.73 | 2.89 | 2.97
Specific surface, cm?/g | 10441 | 10792 | 11034 | 11042
Cont. Fe;03,% 0.15 | 022 | 0.23 | 0.25
Balls ¥12-18
D50, pm 135 | 119 | 117 | 113
D90, um 390 | 349 | 346 | 271
Specific surface, cm?/g | 11838 | 11830 | 12142 | 12516
Cont. Fe;03,% 012 | 0.13 | 0.15 | 0.15
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Fig.1. Distribution of particles after grinding on balls @14 de-
pending on the grinding time, min: 1) 20; 2) 30; 3) 40; 4) 50
Puc.1. Pacnpenenenue uactull mocie nomosna Ha mapax @14 B 3a-
BHUCHMOCTH OT BpeMeHH nomodia, MuH: 1) 20; 2) 30; 3) 40; 4) 50
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Fig.2. Distribution of particles after grinding on balls @12-18 de-
pending on the grinding time, min: 1) 20; 2) 30; 3) 40; 4) 50
Puc.2. Pacpenenenne yactur mocie noMoia Ha mapax ¥12-18 B
3aBUCUMOCTHU OT BpeMeHHu nomouia, muH: 1) 20; 2) 30; 3) 40; 4) 50

0.20 0.50 1.26 3.1e 7.54 10.9 a0.0

D, pm
Fig.3. Distribution of particles after grinding on balls cylin-
dersdepending on the grinding time, min: 1) 20; 2) 30; 3) 40; 4) 50
Puc.3. Pacipenenenne yacTul mocie moMosia Ha IUIHHApax B 3a-
BHUCHMOCTH OT BpeMeHu nomoJia, mus: 1) 20; 2) 30; 3) 40; 4) 50

The shape of the particles is tabular and irregu-
lar, small rounded particles. Under the letter B, the mini-
mum particle size was 0.5-0.7 um, the maximum was
3.0-4.0 um, the main one was 1.0-1.5 um. The shape of
the particles is tabular and irregular, small rounded par-
ticles. Under the letter B, the minimum particle size was
0.4-0.6 pm, the maximum was 3.0-5.0 um, the main one
was 1.0-1.5 pm.

107



I'.D. JleBun u ap.

A
oy
i o
- e -
T4
Ay LT
S8 x7s 080 Wznn 45 ﬁ“‘a

Jo
>

Fig.4. Microscopic examination of finely ground a-corundum, grinding on: a - balls @14 - 20 min; b - balls @14 - 50 min; ¢ - cylinders - 20 min;
d - cylinders - 50 min; e - balls @12-18 -20 min; f - balls @12-18 - 50 min
Puc.4. MukpocKomnmaeckoe HeccleJoBaHie TOHKOMOJIOTOTO 0-KOpYH/Ia, TIOMOJI Ha: a - mapax @14 - 20 mum; 6 - mapax ¥14 - 50 mus; B - 1u-
muHapax — 20 MuH; T - muuHApax - 50 MuH; 1 - Ha mapax @12 - 18-20 muH; e - mapax @12 - 18-50 mun
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The shape of the particles is predominantly ir-
regular, there are small particles of a rounded shape.
Under the letter G, the minimum particle size was 0.4-
0.6 um, the maximum was 2.5-5.0 um, the main one
was 0.7-1.0. The shape of the particles is predomi-
nantly irregular, there are small particles of a rounded
shape. Under the letter D, the minimum particle size was
0.5-0.6 um, the maximum was 2.5-5.0 um, the main
one was 0.8-1.0. The shape of the particles is predomi-
nantly irregular. Under the letter E, the minimum particle
size was 0.4-0.6 um, the maximum was 2.0-4.0 pum, the
main one was 0.8-1.0. The shape of the particles is pre-
dominantly irregular.

The obtained data showed that depending on
the use of different types and sizes of grinding media
at different grinding times, the shape and size of parti-
cles in finely ground a-corundum change.

CONCLUSIONS

According to the results of the study, it can be
concluded that:

1. An increase in grinding time leads to an in-
crease in the specific surface area of reactive alumina.
The use of balls with @12-18 mm as grinding media
showed the best result, it was possible to obtain the
highest specific surface area of 11838 cm?g after 20 min
of grinding, which can positively affect the quality in-
dicators of refractory concrete due to denser particle
packing.

2. Increasing the grinding time leads to a de-
crease in Dsp and Dgo. The use of grinding media @12-
18 led to the best distribution of particles (D50 = 1.35
and Dgo = 3.90) meeting the requirements of TU 14-
194-280-07 with amendment 1.
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3. Chemical analysis revealed an increase in
the proportion of iron oxide with increasing grinding
time, in the case of using cylinders as grinding bodies,
the content of iron oxide is the highest. When using
balls @12-18, the amount of iron is the smallest.

4. Microscopic analysis showed that the shape
and size of the grinding media affects the size and
shape of the particles of reactive alumina.

5. Studies have shown that the use of @12-18 balls
as grinding media is the most optimal. Since it allows
reducing the grinding time from 30 min (workshop) to
20 min, which, from an economic point of view, re-
duces production costs by reducing energy costs and
increasing the life of the vibrating mill. Also, due to the
increase in the specific surface area up to 11838 cm?/g
compared to the workshop (8500 cm?/g), it is possible
to achieve better packing of particles in concrete.
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