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possibility of obtaining a binder based on th distiller slurries
according to two technologic h : solid residue and
grinding together with quartz s of the solid residue and grinding
together with quartz sand, has our tests. The introduced

concept of "Eco-friead id_ kabiients" (Eco-friendly hybrid binders

mineral raw mg3
by-products €

ile to create eco-friendly hybrid cements
are sealed only with water, which contributes to the
ders by industry and the rational use of secondary

ials provide an opportunity to intensify the construction industry, reduce its labor
intensity and cost, and reduce the own weight of buildings under construction.

The expansion of the production of wall and finishing products based on local natural raw
erials is an important issue of increasing the efficiency of this industry. Cement, lime,
quartz sand, crushed stone and gravel-sand mixture are the traditional raw materials for them.
The experience of replacing Portland cement with other binders has been accumulated in
many countries. The use of binders from man-made raw materials changes the technological
cycle, for example, excludes roasting. This leads to a significant reduction in the cost of
production.
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The relevance of the chosen topic lies in the fact that the recycling of waste and by-
products of industry, including metallurgical, chemical and mining, is acute in Russia

Active research is currently underway to develop new formulations of low-clinker binders
based on secondary resources that meet the requirements of the EN 197-1 standard [1-4].
Research is also underway to develop new CEM III/C cement formulations. These
compositions may contain blast furnace (converter) or electric steelmaking slags in the
amount of 81-95%, Portland cement clinker 5-19%, and an auxiliary inorganic compong
0-5%. An organic component can also be used.

The compositions of these cements have not been sufficiently develope
durability of concrete from them has been poorly studied in Russia. Su
produced in limited quantities.

A large volume of man-made raw materials is not disposed of prop
This applies to granular, dump slag from the metallurgical industry a;
thermal power plants, waste from chemical industries.

The experience of foreign partners and the results of Russi
us to develop new binders for durable cement composit
properties of these composites are being improved in a
stone. The study of the properties of stone in the aspe ili ill expand the scope
of application of binders based on industrial wast
construction [13,14].

Waste from the production of clinker, pozz
limestone, calcium sulfate (natural and second

. [ mprehensi\/e reSGarCh on the use Of

these components [15].

with improved properties.
hardening of environmentally friendly hybrid
or electrothermophosphoric slags requires
sccondary resources and their combinations as an
s technological additives — organic or inorganic components

ilica, fly ash, burnt shale,
as an auxiliary inorganic

d at the bottom of the so-called "white sea".

Bashkir Soda Company JSC. They can be widely used as the main
ent for the production of cement-free binders and various wall and
. The works of many scientists in the field of building materials science are

ssue [6,9].
already experience in the use of ash and slag and waste from mining for land
reclamation and liming of acidic soils, as well as backfilling of mine workings and ravines,
onstruction of road foundations and sports facilities. Pilot batches were also obtained for a
ber of items of the nomenclature of construction products made with binders from
production waste. Today, such waste is not used properly, although in Bashkiria alone, their
amount is several tens of millions of tons.

The possibility of using, first of all, lime-containing waste, for example, in hybrid binders,
will improve the environmental situation in the region. The concept of "hybrid binders" was
introduced in the XXI century, and it is the development of the theory and practice of such
materials that the authors plan to pay further attention to, taking into account the multi-
tonnage waste of various industries in their compositions.
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A common industrial method for the production of soda ash is currently ammonia, based
on liquid—gas chemisorption processes. Limestone, table salt (in the form of saturated brine)
and ammonia are the raw materials for the production of soda.

The principle of obtaining soda by the ammonia method is described below. A solution
of table salt or a natural brine is purified from impurities of calcium and magnesium salts by
precipitation. The brine passes through absorption columns, where it is saturated with
ammonia and carbon dioxide and sodium bicarbonate is formed as a precipitate.

The total reaction of this process has the following form:

NaCl + NH; + CO;+ H,0O = NaHCO3 + NH4Cl

Sodium bicarbonate precipitated undergoes filtration and calcination.
after.
The sludge is clarified in the "white seas" by sedimentation.

oil reservoirs to maintain reservoir pressure.

The conducted research on the use of industrial waste
near future organizing the closed technological ¢
production in the production of a certain range of
air and water basins of the republic.

The solid residue of distiller slurries is a — mass of light gray color. It is used for the
manufacture of building materlals It con g mainly (70-80%) of particles with
a size of 0.1- 0.2 mm, bulk 9 y —2.22 g/cm3.

bonate (on average 63%), calcium hydroxide

ogical techniques that cause the formation of calcium hydrosilicates in the

hardening products. The content of silicon oxide in the solid residue is small. Quartz sand

s used with a silicon oxide content of 86.3 — 88.2% (Table. 1), It was used as a silica
ponent.

3 Results

The basic technological scheme for obtaining a binder is as follows. The solid residue of the
distiller sludge, selected from the sludge accumulator, is dried and then co-ground in a ball
mill with quartz sand. The technology for producing a distiller-silica binder based on an
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unburned solid residue differs from that described in that the firing and cooling stages are
excluded from the technological process, and gypsum stone is not added during grinding.
The resulting product is a clinker-free autoclave-hardening binder with a rather complex
chemical composition.

Table 1. Chemical composition (%) of raw materials used for the manufacture of binder

Materials Ca | SiO, | MgO [ ALOs | SOs- | CI- | CaOux |

Sand
Before drying 1.20 | 86.3 | 1.05 | 5.02 -
After drying | 1.40 | 88.16 | 1.16 | 5.76 -

Solid residue
Before drying | 520 | 569 | 178 | 064 | 170

Afterdrying | 4901 | 652 | 294 | 102 | 1.49

ICaO | CaO,y Others
Si0,
2 3
£ z
<
7
1 [0.60 | 25.15 9.33
2 [0.51 | 21.8 6.63 D%
o =
s o
&7
3 (0.46 9.18 2.98 44.04 5.41 2.53 1.89 1.05 9.58 <~
£z
24.85 2.68 41.35 4.62 1.96 7.57 | 2.00 14.77 = E g
= =
“E3
[SRR-IRS]

artz sand production is quite effective for technological and economic reasons.
But it is worth considering the following. The cement-free binder has two significant
wbacks. The binder has a relatively low strength due to the low activity of the initial solid
1due (12-14%); secondly, the instability of the mineralogical chemical composition of the
solid residue makes it difficult to optimize the composition of the binder, which does not
provide stable strength indicators.

These disadvantages can be eliminated by firing. The following has been established as
a result of experiments. The final strength of the hardened stone obtained from the calcined
(at a temperature of 800-1050 °C) solid residue and quartz sand reaches the order of 100MPa,
corresponding to the grade of binder 500.
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It is known that the marketable properties of binders (activity, strength, durability, etc.)
are determined by a variety of technological factors in their manufacture. These are the
activity of the initial components, their phase composition and their ratio in the raw material
mixture, autoclave hardening conditions, specific surface area, etc.

Changes in the activity and strength properties of experimental binder samples obtained
depending on the conditions of preliminary preparation of solid residue and quartz sand
(roasting, grinding, phase composition, ratio of initial components in the raw mixtur

Tables 3 and 4.

Table 3. Change in the activity and strength of the binder depending on the ratio (%
and sand in the raw material mass

Sample Solid residue | Ground residue Mass activity
1 20 80
2 30 70
3 35 65 14
4 40 60 15
5 45 55
6 50 50 .
7 60 40 30.0

ess using the solid residue
of distiller sludge were carried out i on equipment temporarily

adapted for this purpose.

e basis of the burnt solid residue

Ww/C Strength, MIla
Compressive Binding

0.44 34.1 6.55
109 0.448 34.7 6.64
106 0.443 32.7 5.90
0.5¢ 110 0.49 35.7 5.90
0.57 105 0.45 39.8 6.75
0.57 106 0.47 35.0 7.40
0.57 110 0.49 40.0 7.30
0.46 110 0.48 60.8 8.76
0.46 108 0.428 54.9 8.34
0.42 108 0.42 60.3 8.58
0.42 112 0.55 51.1 9.60
0.425 106 0.428 66.3 7.90
0.425 108 0.435 67.7 7.85
0.425 110 0.44 68.6 7.88

Quartz sand with a grain size of 2.2, a humidity of 5-6%, containing 86-91% silicon oxide
and a solid residue from the sludge accumulator of the "white sea" with a humidity of 25-
30% and an active calcium oxide content of 12-13% were used as a raw component.

Production tests were carried out according to two schemes: without firing and with
firing.

Sand and solid residue were loaded by a grab crane into a consumable hopper, from
which, using an autoclave dispenser and a belt conveyor system, materials were sent to a
rotating furnace designed for firing barite ore (length - 35 m, diameter — 8 m, tilt angle - 2),
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where, depending on the required conditions, a certain thermal regime was created. Heat
treatment (drying and roasting) of raw materials was carried out on the same production line.

Drying of sand and solid residue was carried out at a temperature of 400-600°C, and
roasting at a temperature of 800-950°C.

The dried or burnt solid residue was discharged from the furnace to the storage site using
a scraper conveyor.

The control over the technological process of drying and firing is carried out as fg
Materials were selected before and after heat treatment every hour. The indica
determined in the selected samples as follows. Humidity and granulometric comp
the sand; humidity and content of active calcium oxide — in the solid residue; c
calcium oxide, duration and quenching temperature - in the solid residue
average exchange samples were compiled from selected samples of m
to chemical analysis.

The solid residue used to produce the binder according

The binder obtained according to the first scheme me
binders according to the main indicators. It has a low
this binder barely reaches the 200 mark.

This disadvantage is eliminated by applying th&second scheme of binder production. The

second scheme includes the operation of increasi ivi the solid residue by firing.
Therefore, the second scheme is of the greatest 1 . ig wariant, the main attention
was paid to the study of the technologic iding a binder based on a burnt
solid residue.

Sand containing an average of 88% ¢
a solid residue with an average h
second scheme.
The optimal firing mg

components (firing product and dry sand) were previously ground in
e process in a predetermined ratio. The process of obtaining the binder

ds of CaOact in the initial raw materials. The average productivity of the mill
/hour with these indicators of fineness of grinding. The technical characteristics
of the distiller-silica binder are presented in Table 5.

Table 5. Technical characteristics of distiller-silica binder

Bulk weight 980 kg/m’
Density 2620 kg/m’?
Specific surface area 5130 cm%g
The remainder on the sieve No. 008 6.8 %
Vicat’s consistency of paste 32%
The beginning of the setting 12 min
The end of the setting 20 min
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4 Discussion

The distiller-silica binder meets the requirements for its basic parameters for autoclave
binders made from traditional raw materials. Strength indicators vary within relatively wide
limits. The maximum compressive strength of the binder in a sand solution of the
composition is 1:3 (binder: normal sand) is 68.6 MPa, and the minimum is 34.1 MPa (see
Table 4).

Obtaining a binder with the desired properties is to ensure stable activity of the b
residue by creating a constant firing mode. The latter indicator depends on the
the furnace load. This is achieved if the solid residue entering the furnace i
example, in a drying drum.

The setting time of the resulting binder is too short: the beginnin
minutes, the end is 16-25 minutes. This can cause difficulties wh
production conditions. The setting time can be extended if gyps
grinding, as well as when obtaining lime-silica binders.

The change in the setting time of the distiller-silica
content. The contact of moisture even from the air leads t
of calcium oxide and a lumping of the binder mass. Th

The technology for producing a distiller-silic
follows.

The initial solid residue (with a moistur
accumulators is extracted by an excav

-33%) from the sludge
, then transported to a raw
oes preliminary preparation in
a two-shaft mixer, in order to reduce hu : aixed with the dried solid residue. The
prepared raw material mass wi of about 20% is fed for granulation into
perforated rollers.

The finished granules
during the purification d

ered with solid residue dust, which is captured
sent to the drying drum. The dried granules are

asting takes place at a temperature of 800 — 900 °C.
perature are adjusted taking into account the activity of the
he residue should be at least 45-50%, duration — no more

t described in that the ﬁring and cooling stages are excluded from the
¢ imal process, and gypsum stone is not added during grinding.

The production of binder is more economical according to the "drying-grinding" scheme
an according to the "roasting — grinding" scheme. The dried solid residue with an activity
ot least 12% is used as a calcium-containing component. However, the resulting binder
has relatively low strength characteristics (corresponding to grades 200 — 230) in the first
case. The strength of the binder obtained by the firing scheme is 2.5 — 3 times higher. A solid
residue with any activity is suitable for the production of a binder using firing.

The solid residue of distillers in the dumps, due to its chemical composition, being finely
ground together with quartz sand, exhibits cementing properties during autoclave treatment.
This circumstance is the basis for the development of a technology for obtaining a binder
according to a "non-burning" scheme.
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The solid residue (content of at least 19% of active calcium and magnesium oxides) is
dried at a temperature of 200-300 °C to a residual humidity (W) of no more than 1%, followed
by grinding together with dry (W < 1%) quartz sand (at certain ratios) to a specific surface
area of the binder 3000 — 5000 cm2 /G.

An increase in the activity of the solid residue by 4-5 times occurs as a result of
decarbonization of calcium carbonate at a temperature of 800 — 900 °C. This fact
predetermined the development of a technology for obtaining a binder according

of the solid residue.
Thus, the already completed complex of laboratory and technological tes

with quartz sand; firing of the solid residue and grinding t
confirmed by our tests.

The main technological parameters for the prod
determined and a schematic diagram of its prod
made on the basis of the studied solid waste
characterized by different grades (from 200 to
manufacture.

eveloped. Binder samples
tion and quartz sand are
n the technology of their

The authors propose a concept for the production of environmentally friendly hybrid
ents for durable cement matrices. The concept consists in the directional control of the
reactivity of the binder and the structural uniformity of the solid phase during one-component
mixing of the binder with water. At the same time, it is necessary to scientifically substantiate
the choice of components in eco-friendly hybrid binders as a result of establishing
correlations between the composition, structure and physico-mechanical properties of the
cement matrix. The results of the study of hydration products of eco-friendly hybrid binders,
taking into account the influence of physico-chemical factors of influence on the phase and
structure formation of hardening compositions, will allow us to propose a technology for the
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manufacture of new building materials based on these binders. The new research results
obtained will contribute to the development of such binders by the industry and the rational
use of secondary mineral resources.
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