IOP Conference Series: Materials
Science and Engineering

PAPER « OPEN ACCESS You may also like

I'insky diatomite in building ceramics production eatie disiomie composte materals

Shiyu Dai, Lin Zhang, Chunlai Hao et al.

To cite this article: A E Glyzina et al 2018 IOP Conf. Ser.: Mater. Sci. Eng. 451 012030 - Recent advances of silicate materials for
wastewater treatment: a review

Meng Xu, Jinshu Wang and Junshu Wu

- Visible-light-driven photocatalytic removal

of Cr(VI) and rhodamine B by monoclinic

View the article online for updates and enhancements. BiVO ,-diatomite composite
Liguang Xiao, Genzhuang Li, Xuefeng

Chu et al.

M
PACIFIC RIM MEETING
in e Oct6-11, 2024

':TI'A HONOLULU, HI ¥, : I Joint Meeting of

The Electrochemical Society

Abstract submission deadline: .| The Electrochemical Society of Japan
April 12,2024 .

Korea Electrochemical Society

Learn more and submit!

This content was downloaded from IP address 212.193.94.179 on 15/03/2024 at 09:30


https://doi.org/10.1088/1757-899X/451/1/012030
https://iopscience.iop.org/article/10.1088/2053-1591/ab5759
https://iopscience.iop.org/article/10.1088/2053-1591/ab5759
https://iopscience.iop.org/article/10.1088/2053-1591/ad2c63
https://iopscience.iop.org/article/10.1088/2053-1591/ad2c63
https://iopscience.iop.org/article/10.1088/2053-1591/ab4618
https://iopscience.iop.org/article/10.1088/2053-1591/ab4618
https://iopscience.iop.org/article/10.1088/2053-1591/ab4618
https://iopscience.iop.org/article/10.1088/2053-1591/ab4618
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsvHbR7u_nPTUmOVxG2CS93J1-ipURg7CBpIRNjXJaAbBZFvP4RnzTBHzXM4FXP7V6Xl-EiibUcmf7DCNz9vt9ODweXsNEN_SBFzwESFVznqjaZ2xDV8u9ETAJHhOh4IhFxemadDF__euO9E4P6fC5II-XIfGw-s7KKIUUQhkLFaHqMxG1ecZlk56XaVA1nvJkoUlLF4QmXA7nwfESsDYDIoZfznfp_PFSRjYK7M9FFgpNRcvijYldKYkawAC68tITWyR_WiYMDEWBcvbeTWT56_HPs4Ie-PXz_qHdGO_BcjeMxU8FjOKjWXXRRCoc3NhwcBD_H5SXCN_mO9z11noGU&sig=Cg0ArKJSzBkVx85Mvd7Q&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://ecs.confex.com/ecs/prime2024/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3Dprime_abstract_submission

ICCATS 2018 I0P Publishing

IOP Conf. Series: Materials Science and Engineering451 (2018) 012030  doi:10.1088/1757-899X/451/1/012030

II’insky diatomite in building ceramics production

A E Glyzina, | A Pavlova and E P Farafontova

Institute of new materials and technologies, Ural Federal University named after the
First President of Russia B. N. Yeltsin, 19, Mira Str., Ekaterinburg 620002, Russia

E-mail: i.a.pavlova@urfu.ru

Abstract. The possibility of using diatomite rocks of the II’insky deposit in the ceramic brick
production has been considered. The chemical and mineral composition of diatomite was
determined, and its molding properties were studied. The effect of temperature on the degree of
sintering of diatomite was established. The technology of brick production was developed. The
main stages of brick production by the method of semi-dry molding are determined. The
recommended molding parameters (moisture content and specific pressure of pressing) are
proposed. The diatomite properties have been studied and the technology of producing bricks
by the method of semi-dry forming has been developed. The samples of ceramic bricks of the
grade M100 up to M400 with the medium density class — 1.2 have thermal characteristics,
relating to the group of effective products with the coefficient of thermal conductivity of the
masonry in the dry state in the range of 0.24 to 0.36 W/(m-°C).

1. Introduction

The aim of this work is to study the complex properties of the II’insky diatomite for the production of
building ceramics. Diatomite building brick in comparison with clay has a number of advantages,
namely, this brick is a lighter, less sound and heat conductive. Accordingly, buildings and structures
made of such materials will sustain a lower structural load and will be more efficient in thermal
conductivity.

According to [1], the deposit is confined to the deposits of the Irbit Eocene formation. Estimation
of 1I’nsky diatomite stocks as raw material for construction materials production is given. The useful
thickness capacity of diatomite is 14.3-29.7 m (average value is 18.9 m), the thickness of uncovering
is 1.0-10.0 m. Diatomite is characterized as low-dispersed where clayey particles content less than
0.001 mm is 15-39.1%, as medium-plastic with low and medium content of coarse-grained inclusions
— 0.1-6.9% where small and medium inclusions are predominated. It is shown that diatomite can be
used as a mineral additive in the production of dry building mixtures [2-4]. The reserves are counted in
the amount of 107449000 m® in categories C1 + C2 for open-pit mining. Opal-cristobalite rocks
(triplet, diatomite) of the Urals can be considered as a multi-purpose raw material — to produce the
heat-insulating and construction materials (brick, shell, cellular glass) [5-23], various fillers, catalyst
carriers, and filters for purifying and discoloring sugar syrups, vegetable oils, clarification of various
petroleum products, drying liquids and gases etc. [24-26].

Hence, an actual problem is to study the possibility of using the diatomite of II’insky deposit with
respect to the production of ceramic bricks, as well as the its production technology development.
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2. Results and discussion
To assess the suitability of diatomite as a raw material to produce the ceramic brick according to [27],
its properties were investigated in accordance with [28].

The chemical composition of the diatomite of the II’insky deposit is presented in table 1. According
to the chemical analysis the diatomite refers to acidic raw materials with a high content of coloring
oxides.

Table 1. Chemical composition of diatomite of the 1I’insky deposit.

Weight content, %
LOI S|Oz A|203 F6203 CaO MgO Nazo Kzo T|02

Material

Drv matter 5.77- 72.67- 9.44- 401- 0.15- 115 0.30- 1.25- 0.55-
y 7.02 75.23  10.87 6.33 0.99 1.22 0.34 1.29 0.65
77.41- 10.21- 431- 0.16- 125~ 033- 135 0.61-

Calcined matter 8111 1158 674 111 132 035 139 071

The granulometric composition of diatomite is presented in table 2. Tis analysis was carried out in
accordance with [29]. Depending on the content of finely distributed fractions, the diatomite refers to
medium-dispersed raw with a particle content of less than 10 um of 81.63% by weight.

Table 2. Granulometric composition of diatomite of the II’insky deposit.

Fraction size, mm Particle content, %
0.25-0.06 8.26
0.06-0.01 10.11
0.01-0.005 4.08
0.005-0.002 57.14
less than 0.001 20.41

The mineral composition of the diatomite raw material was determined by differential thermal
analysis and X-ray test. It is found that the diatomite of the II’insky deposit is a polymineralic raw
material with a main component content — amorphous SiO2 of 70-77 wt. %, clay minerals
(montmorillonite glandular clay), 9-14 wt. % and quartz sand 3-4 wt. %. The quarry humidity of
diatomite is 41.1-42.7%.

The plasticity number of diatomite of 1I’insky deposit is 16 at relative humidity corresponding to a
yield strength of 46% and a rolling limit of 27%. Hence, diatomite refers to the midplastic raw
material.

To determine the parameters of brick forming, samples were prepared as follows: the diatomite raw
material was ground to a fraction of 3 mm and mixed with water to a moisture content of 10, 15, 20
and 25%. Samples were made with a height and diameter of 50 mm on a laboratory hydraulic press in
a metal mold at a specific pressing pressure of 50, 100, 150 and 200 kg/cm2. The compressed samples
were dried at room temperature (22 £ 5) °C for 5-6 hours and dried in a laboratory drying oven at (100
+ 5) °C to a constant weight. The dry strength of the dried samples was determined. The results are
shown in figure 1.

According to figure 1 at a forming humidity of 15, 20, 25% the maximum strength is obtained by
samples formed at a specific pressure of 100 kg/cm?. Increasing the pressing pressure from 100 to 200
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kg/cm? leads to a decrease in the strength of the raw material, respectively, the use of pressing pressure
above 100 kg/cm? is no expediency. The natural moisture content of diatomite is 40-47%.
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Figure 1. Strength of samples depending on humidity and specific pressing pressure.

In the process of diatomite products production by a semi-dry method of forming, it is necessary to
provide drying of the material. It should be taken into account that with further processing of dried
diatomite, a large amount of dust will occur, and also the lower the humidity after drying, the higher
the drying costs.

Based on these considerations in the technology of diatomite brick production, it is necessary to dry
the diatomite to humidity, which will ensure high strength of the raw material and at the same time
with the lowest costs for drying. Products forming is recommended to carry out at a pressure providing
high strength. Thus, the recommended pressing pressure is 100 kg/cm2 and the humidity is 20%.

Then the dried samples were fired at 800 °C. The properties of the samples after firing are
presented in table 3.

Table 3. Effect of forming and firing conditions on the samples properties.

Forming conditions Properties after heat treatment
pressing
humidity, pressure, water open porosity, average compressive
% kg/cm® absorption, % % density, g/lem®  strength, kg/cm®
20 50 34 48 1.14 138
15 100 31 52 1.33 177
20 100 27 43 1.34 264

It can be seen from the table 3 that the maximum strength after firing is also exhibited by samples
formed at a humidity of 20% and a pressing pressure of 100 kg/cm?,

To determine the firing temperature of products from diatomite the brick samples were made at a
humidity of 20% and a specific pressing pressure of 100 kg/cm?. Samples were fired in the
temperature range 900-1200 °C in 50°. The samples properties after firing are given in table 4.
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Table 4. Samples properties as a function of the firing temperature.

Water absorption,
%

Compressing Coefficient of

H 3
Average density, g/em strength, kg/cm?  frost resistance

Temperature, °C

900 39.3 1.17 156 0.98

950 36.7 1.20 229 0.93
1000 35.1 1.09 211 0.93
1050 29.0 1.10 372 0.96
1100 22.6 111 469 0.97
1150 12.8 1.12 523 0.83
1200 11.0 1.12 492 0.80

The strength of the samples increases with an increase in the firing temperature from 156 to
492 kglcm?, the water absorption decreases from 39 to 11%, the average density at firing in the
temperature range 900-950 °C increases from 1.17 to 1.20 g/cm®, with further increase the
temperature of firing up to 1000 °C is reduced to 1.09 g/cm®. This behavior is typical for diatomite
rocks. This is due to the removal of water from the diatomite structure by differential thermal analysis
it was found that water from the diatomite structure is removed up to 950 °C. A further increase in the
firing temperature to 1200 °C leads to an increase in the density of the samples to 1.12 kg/cm?®,

Thus, in laboratory conditions, the diatomite brick samples of grade M150-M400 were obtained,
medium density class — 1.2, in terms of thermal characteristics relating to the group of effective
products with a thermal conductivity coefficient of masonry in the dry state above 0.24 to
0.36 W/(m-°C) in accordance with [27].

The frost resistance of the samples was determined by an indirect method. It was established that
samples of bricks fired in the temperature range of 1150-1200 °C will have a high frost resistance,
since a frost resistance coefficient of less than 0.85 was obtained only from these samples.

A technical scheme for producing brick based on II’insky deposit diatomite was developed. It
includes the following sectors: diatomite extraction — transport to the raw material store — drying to
moisture content 20-25% (drying drums) — crushing and grinding to a size of less than 3 mm (roller
crushers and runners) — semi-dry forming at a specific pressing pressure of 100 kg/cm? and a
humidity of 20-25% — drying of products to a moisture content of not more than 5% — products
firing at 1150-1200 °C.

3. Conclusion

The diatomite mineral composition of the II’insky deposit was studied using X-ray diffraction and
differential thermal analysis. In addition to the main amorphous phase in an amount up to 77%, the
presence of ferruginous montmorillonite clay in an amount of up to 10% and quartz sand up to 4% has
been established. The chemical composition of diatomite refers to acidic aluminosilicate raw materials
with a high content of coloring oxides. The ceramic properties of diatomite are investigated. It was
found that the diatomite refers to the medium-dispersed, a medium-plastic, nonbaking up to 1200 °C
raw material. Samples of ceramic building bricks grade of M150-M400 have been obtained by semi-
dry forming method. A technical scheme for producing bricks based on Il'insky diatomite is proposed.
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