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RESEARCH OF WASTE OF ALUMINUM PRODUCTION
AS THE RAW COMPONENTS IN TECHNOLOGY
OF COMPOSITE CEMENTING MATERIALS

Abstract. This article is devoted to the research of features of chemical-mineralogical composition and phy-
sical-chemical properties of a bauxite slag — waste of aluminous production of Pavlodar aluminum plant of JSC
“Aluminum of Kazakhstan”. Analytical research of effective aluminous production of bauxite slag reuse directions in
the production of binding materials has been carried out. The bauxite slag is a fine material in the form of sand.
According to the chemical composition, the main components of the bauxite slag are oxides of calcium, silica, iron
and aluminum. Research of the bauxite slag mineralogical composition by petrographic and X-ray diffraction
methods showed significant content (45-55%) of p-2Ca0-SiO, mineral. Iron compounds are presented by hematite.
The results of physical-chemical studies draw conclusions on the prospects of using the bauxite slag as a technogenic
mineral raw material for the production of composite binding materials.
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Introduction. Analysis of the published scientific literature of the last decade suggests that accumu-
lation of aluminum production waste in huge volumes is the worldwide problem. Leading scientists from
different countries, focusing primarily on the mineral resources base of their countries, offer various
options for developing technologies for the aluminum production waste processing and reuse.

Due to the peculiarities of the chemical-mineralogical composition and physical-chemical properties
of a bauxite slag — waste of aluminious production, various methods for production of various silicate
materials, pigments on its base, use as mineral raw materials in the road construction and in production of
Portland cement, as well as in various types of concretes are offered [3, 9, 12, 16, 20, 21]. The principal
possibility and ways of various use of the bauxite slag as large-tonnage mineral raw materials of
technogenic origin are described in the work [5] and shown in Picture 1.

One of the promising directions for efficient processing of the bauxite slag is its use in the con-
struction industry, in particular, in the Portland cement technology and in the composition of composite
binding materials [4, 10, 13, 17, 19]. The use of the bauxite slag as a raw component of Portland cement
and other mixed binding materials practically does not change the basic technology of their production
and does not involve significant capital costs. This enables efficient use of the bauxite slag as a component
of a complex additive in the cement production. During the use of bauxites from one deposit, the bauxite
slag chemical composition varies slightly. This distinguishes it from other materials used in the production
of Portland cement and other binding materials.

The conducted analytical researches in the field of cement industry give grounds to consider as
perspective the development of the following directions of effective aluminous production bauxite slag
reuse in the production of binding materials:

- as a complex aluminate and ferrous additive in the composition of raw mixes when producing
Portland cement;
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- as a mineral additive in mixed cements and dry building mixes;

- as an aluminosilicate component for production of new types of low energy-intensive composite
binding materials;

- when producing concretes for various purposes in the construction industry.

The bauxite slag is a multi-tonnage waste in the production of aluminum by calcination (sintering) of
a mixture of bauxite ore with limestone and soda at a temperature of 1200-1300°C and subsequent
leaching (removal) of aluminates from the calcined (sintered) mixture. To produce 1 ton of alumina, 2.8 —
3.1 tons of bauxites, about 1.7 tons of limestone and 0.17 tons of soda are consumed. Dicalcium silicate
dominates (40-45%) in the bauxite sludge mineralogical composition, there are also calcium and iron
hydroaluminosilicates.

In Kazakhstan, the bauxite slag is a large-scale waste of aluminous production of Pavlodar aluminum
plant, included into the structure of JSC “Aluminum of Kazakhstan”. The yield of the bauxite slag consists
of 5-6 tons per ton of products. Dumps of only Pavlodar aluminum plant have accumulated more than 90
million tons of the bauxite slag.

Research methods. Modern methods of physical-chemical research — X-ray, differential-thermal,
petrographic, chemical, as well as standard methods of physical-mechanical tests have been used when
carrying out the work [1,2,6, 7,8, 11, 14, 15].

Research results. The bauxite slag is a fine material in the form of sand. The bauxite slag
granulometric composition determined by sieving through the nest of sieves KSI is shown in table 1.

Table 1 — Average granulometric composition of the bauxite slag

Particulate sieve residuals, mass percent

Fineness modulus Mg,

5 2.5 1.25 0.63 0.315 0.14 Passed though the sieve 0.14

- 18.1 20.4 26.7 28.5 54 0.9 3.146

The bauxite slag chemical composition is shown in table 2. The main components of the bauxite slag
are oxides of calcium, silica, iron and aluminum. Tests of the bauxite slag mineralogical composition by
petrographic and X-ray methods showed (45-55%) content of B-2CaQ-Si0,. Iron compounds are presented
by hematite.

Table 2 — Chemical composition of the bauxite slag

Sio,

F6203

CaO

MgO

R,0

SO,

LOI

1943

8.12

21.05

3822

0.76

4.89

0.42

4.98

Besides lines, pertaining to dicalcium silicate (d = 2.87; 2.76; 2.60; 2.27; 2.18; 1.97; 1.62 A), there
are diffraction maximas with d = 2.57; 2.10 A, are indicative of the presence of hematite and d = 2.69;
2.51 A — sodium aluminate, on the bauxite slag diffractogram (figure 1).
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Figure 1 — The bauxite slag diffractogram
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Data of the differential-thermal analysis indicates (figure 2) the bauxite slag partial hydration and
carbonization. Endothermic effect at temperatures of 100-220°C conforms to the adsorption water removal
from calcium hydrosilicates, endothermic effect at temperatures of 550-680°C conforms to the calcium
hydroxide decomposition, as well as to the thermal dissociation of secondary origin calcium carbonate.
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Figure 2 — The bauxite slag derivatogram

The bauxite slag is a multicomponent system, which composition depends on the convertible bauxite
properties and is determined by chemical processes occurring during leaching, washing and thickening of
the slag.

Thus, the bauxite slag is a multi-tonnage waste of aluminum production, consisting mainly of silicate
and aluminate minerals. These minerals, together with other iron and alkali-containing minerals, deter-
mine the bauxite slag properties.

In order to study the bauxite slag effect on the strength properties of composite cements, compo-
sitions containing 1-10% bauxite slag introduced into the cements instead of a corresponding amount of
Portland cement clinker were prepared. The composite cements were prepared by mixed grinding of the
components in a laboratory ball mill to the fineness of grinding, characterized by 7-8% residue on a sieve
No. 008 and specific surface of 31010 m*/kg. The strength properties of the composite cements were
determined in accordance with the requirements of the interstate standard [ 18], by physical-mechanical
tests of 4x4x16 cm samples from 1:3 solution with standard sand.

Research results of physical-mechanical properties of the composite cements consisting of Portland
cement clinker, natural gypsum stone, granulated phosphoric slag and bauxite slag are given in table 3.

Analysis of the data in Table 3 shows that there is substantial reduction of setting time with increase
of the bauxite slag content in the composite cement. At the same time, the beginning of the cement setting
is reduced by more than 2 times, and the end of the setting begins 1 hour earlier.

It follows from the results of the physical-mechanical tests that samples of the composite cement with
5% content of the bauxite slag have the best strength indicators. Further increase in the bauxite slag
dosage leads to reduction in the composite cement strength, however the strength of the binding material
containing 7% bauxite slag, despite the smaller amount of Portland cement clinker in it, is equal to the

strength of the control cement.
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Table 3 — The physical-mechanical properties of the composite cements

Composition of the composite cement, Strength of the samples, MPa
mass percent flexural compressing
Portlcaﬁ;lkc;ment phf)}srgﬁgi?ctes(}ag Gg)s;{lm 3 days 7 days 28 days 3 days 7 days | 28 days
65 30 - 2.74 3.86 5.68 13.7 23.2 43.6
64 30 1 2.81 4.09 5.76 15.6 254 45.9
62 30 3 2.99 4.10 5.87 17.8 29.1 46.6
60 30 5 3.11 4.16 6.14 16.4 28.6 49.2
58 30 7 2.76 3.99 5.86 13.8 252 43.7
55 30 10 2.69 3.81 5.67 12.8 23.1 41.5
Notice: in all cement compositions gypsum content was 5%.

Change in the granulated phosphoric slag content in the composite cement significantly affects the
bauxite slag optimal dosage. As can be seen from the data in table 4, with decrease in the granulated slag
content in the cement to 15%, the bauxite slag dosage should be reduced compared to the cement
containing 50% of the granulated phosphoric slag.

Table 4 — The physical-mechanical properties of the composite cements
with various content of the granulated phosphoric slag

Composition of the composite cement, mass percent Compressing strength of the samples, MPa
e | phophoriesie | sk | s | s | Tdws | 28
80 15 5 - 21.1 344 48.1
79 15 5 1 227 351 48.8
77 15 5 3 26.6 37.8 52.9
75 15 5 5 26.1 36.9 51.7
73 15 5 7 22.3 36.2 49.5
70 15 5 10 20.7 343 477
45 50 5 - 10.2 17.1 282
44 50 5 1 10.7 17.9 29.8
42 50 5 3 11.2 18.3 30.8
40 50 5 5 11.3 19.6 31.9
38 50 5 7 10.4 17.4 29.3
35 50 5 10 9.6 16.8 27.7

The bauxite slag use effectiveness increases with its substitution of the granulated phosphoric slag in
the composite binding materials, as well as during steam curing. The activity coefficient when steaming
the composite cements samples is much higher when using the bauxite slag in comparison with the control
cement.

Thus the composite binding materials of physical-mechanical properties research results analysis
indicates that the bauxite slag introduction in the cement composition, containing the granulated phos-
phoric slag can significantly improve the branded strength and, at the same time, reduce the content of
expensive Portland cement clinker in these binding materials.

Conclusions. The results of the conducted physical-chemical and experimental studies and tests
indicate the perspectiveness of the bauxite slag as technogenic mineral raw material for production of the
composite binding materials.







