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ABSTRACT

The results of investigations of magnesia compmsiticontaining various additives. Factors which aotp
activity of magnesium oxide in compositions of di#nt structure are investigatéthe effect of semi-aquatic calcium
sulfate on a hardening of the mixed magnesia birdefined effect of concentration calcium sulfaentihydrate to the
hardening of caustic magnesite. Here are propdsedsres of sulphomagnesium compositions contgitdéehno genetic
components. It revealed a beneficial effect onntwelening of ferrous component of the mixed magnleisider. Influence

of the method of preparation on properties of magme compositions of iron ore wastes is investidatering study.
KEYWORDS: Caustic Magnesite, Magnesiutiompositions, Hydration, Hardening
INTRODUCTION

Production of cement is large user of material @nergetic recourses. It requires development miessent less
binding substances. Technology of mixed bindersirass the maximum involvement in the production rafuistrial

wastes.

Magnesium binders reveal activate capacity in i@tatto numerous number of materials. This became
background for getting mixed binders from caustegmesite and mineral component [1 — 7]. The contioinaf caustic
magnesite of natural and techno genetic materigimreds the range and increased the volume of magbéaxers.
Magnesium compositions characterized by low enénggnsity of production, intensive hardening andhhstrength.
Containing of magnesium component in the compasitibmixed binders is 50 — 70 %. Recourses of msigne rocks
are limited. It is necessary to reduce deficit tiaumagnesite in the composition with mixed bindéree advantages of
mixed binders are to improve the physical and meiché properties while saving caustic magnesite mtidnal use of

natural and technogenic raw materials.
Purpose of the Work: Is synthesis and investigation magnesium compaositad different structures.
For achieving purpose were identified following edtjves:
1. Investigation hydration activity of magnesium oxidanagnesium compositions;
2. Development structure of sulphomagnesium compasitio
3. Research of mixed magnesium binder with variousfé&ous components;
4. Study the effect of preparation method on the prttgseof magnesia-based composition.

Objective of research to study of the influence of technological factans the hydration and hardening of

magnesia compositions
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METHODOLOGY

For experiments were used: caustic magnesite misik P 75, building plaster mark G —A8l, technogenic

materials (wastes of concentration magnetite aréetc concrete crow, limestone and silica santingjy.

Binding compositions were prepared by thoroughlying fine components. Strength properties wererdeteed
on samples with size 20x20x20 mm, made with doufjimosmal density. Phase composition of hardenederizds
evaluated by X — ray method of analysis. Stonectire of the materials was investigated by the meznelectronic

microscopy.

RESULTS AND DISCUSSIONS
Activity of Magnesium Oxide in Magnesium Compositims

Structure of magnesium binders is unique by pres@fianagnesium oxide, which in comparison with iceic
oxide is slightly soluble and slowly reacts withtem This is [8] due to skinning effect Mg(Ofiwhich is prevent from
water penetration into deep into the grain bintfardenings of magnesia materials, mixing with wadernot have much

practical value.

With the introduction of salt (chloride or magnesisulfate), into hardener significantly increasetuiility of
magnesium oxide, increases degree of super saturatid accelerates the crystallization of brudiiens hydro oxide
salt.

Magnesium binders, mixing a solution of magnesiumorgde hardens rapidly, are highly durable. Cawusti
magnesite, coupled with a solution of magnesiunoridié activates siliceous, aluminosilicate and pthéstances. This
capability is implemented in the magnesium bindempositions using natural and anthropogenic maserictivity of

MgO in compositions depends on many factors. Theraeaf these factors requires clarification.

Increasing density of solution Mggh the limits1150 — 1400 kg/fhfor caustic magnesite (Figure 1) limits or
fully exclude formation of Mg(OH) provides growth of containing magnesium pentaatgr oxychloride
5Mg(OH),- MgCh-8H,0 («5 — form»), which is prevail in the compositiof aystalline hydrate using solution with
density 1250 —1400 kgfin

A large proportion of the «5 — form» is formed e tearly stages, providing a high rate of hardestoge. In the
structure of binder

As part of a binder, mixing solutions of high dengi1350 and 1400 kg/f identified hydrated complex 3Mg
(OH) - MgCl- 8H,0 («3 — form») — magnesium trihydrate oxychloride.

Hydrate «3 — form» is formed by recrystallizatiohaosmall part of «5 — form». There is no cleaatiehship
between the concentration of Mg@olution, and the degree of hydration of MgO. Timdicates the dependence of

activity MgO from content and structure of hydrates

Along with salt solutions, magnesium binders areonemended to temper with acids solution HCI [7, B).
obtain comparative characteristics was used Mg@lution with density of 1250 kgfand complex solution (solution of
MgCI : HCI : H,O — 2:1:1, volumetric parts).
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Figure 1: Influence of Sealer Density on Phase Coropition and Strength of Caustic Magnesite
Stone (7 Days)

When tempering caustic magnesite with complex gmiubydration level of MgO is increased on 6%. ke t
cured binder is formed Mg (OH) A content of magnium pentahydrate oxychlorideuces$ on 28%, which is lead to
decreasing strength of the stone. Staying in themsamples twice reduces the proportion of thigaliilgO; provides a
significant increase quantity of Mg (Of)There is a part of hydrate 5Mg (GHYIgCl,- 8H,0 in the water. According to

the X — ray analysis, in the stone, which was haede28 days, save up to 30% uncombined MgO.

Hardening sulfomagnesium binders is occur in ihitigdration of magnesium oxide, which activity gsith
increasing portion of building plaster (Table 1heThighest degree of hydration of MgO is typicaltfee first 7 days, later
reactive ability of phase reduced. Effect of tempencentration on the activity of MgO sulfo maguesibinders is
inexpressively. In the structure of new formatiasgrevail 5Mg (OH),- MgCl:8H,0. In the low magnesia binders id
formed also magnesium hydrate oxychloride carbordte (OH) ,- MgCh-2MgCG;-6H,0. Intensive formation of

magnesium hydrate complexes provides high stroagacheristics of sulfomagnesium binder.

The tendency of growth activity of MgO and increasthe degree of its transformation into hydratgctioride
complexes safes when added to the caustic magnesiteral component. Character of hydrate formatieith
participation MgO also depends on the compositibthe mineral component. These approve resultsiedstigations
binders of caustic magnesite (35%) and mineralgicates (65%), tempered with solution of magnesicimoride with
density 1220 kg/th(Table 2). The highest degree of conversion of meaiym oxide is characteristic for compositions
containing silicates insular structure (andraditel @&pidote), which are more prone to hydrolytic ateposition in a

solution of magnesium chloride.

Another indication of the influence of material qoosition on hydration activity of magnesium oxidedahe
composition of hydrates is the nature of phasesgtmmin mixtures MgO with AD; and SiQ (additive content 45%).
Ratio of diffraction intensity reflections of magriem oxide for binders consisting of MgO, «MgO +@d», «MgO +
SiOy», |, respectively, equal to 1 : 0,5 : 0,3;, thdrddtion reflections of magnesium pentahydrate bkyide — 1 : 3,6 :
4,3.
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Table 1: Containing Phases in the Hardened Sulfomagsium Binder

Content Density of The Intensity of the Reflection Phase
Semi-Aquatic Solution Age, in the Diffraction Pattern, Relation of Units
Calcium Sulfate, MgCl,, Days MgO 5Mg(OH),- MgCl,- 8H,O
% kg/m® (0,148 nm) (0,196 nm)

0 100 100
20 1240 o8 94 140
40 92 225
60 83 250
40 1 102 190
40 1240 7 96 210
40 28 92 225
40 90 90 185
40 1200 98 165
40 1240 7 94 210
40 1280 97 260

Table 2: Influence of Minerals Structure on Phase @ntent in Hardened Mixed Magnesium Binders

The Intensity of the Diffraction Reflections of Phaes, Rel. Units
(0,148 nm) (0,157 nm) (0,196 nm)

7 Days | 80 Days | 7 Days | 80 Days 7 Days 80 Days

No 100 87 100 93 100 96
Andradite 43 35 29 30 93 100
Epidote 53 44 33 33 116 114
Albite 66 47 no no 139 161
Diopside 64 52 23 25 91 99

Important indicator of phase activity is hydratisith prolong hardening. Here are investigated mikatlers,
tempered with solution Mg@ivith density1250 kg/ni and which were hardened in various mediums duiygars. By
the data of X — ray analysis, stone crystal fouiodadf air hardening are form hydrate oxychloridenplexes, formed on
initial stages of hydration. Presence of 20 % fgO indicates on not full realization binding profes of component.
This can serve as recourse for further hydro foionatin the stone of water hardening saves up t01® % of initial
MgO; contains Mg (OH,) formed by the decay of a significant amount addayes.

Replacement of magnesium chloride by complex tertgmution MgC}: HCI: H,O — 2:1:1, volumetric parts) for
the mixed binder is accompanied by a slight slovafhthe hydration MgO in the initial period of haring; formation of
Mg (OH), in the stone of binder; formation hydrate oxycldercomplexes in amounts comparable with the canién
these phases in the composition, tempered with Megllition. Staying samples of hardened binder irewatcelerates
the hydration of MgO and helps to complete the essdo 28 days of hardening. As part of the stooeeases number of
Mg (OH), and reduced the proportion of 5SMg(QHJIgChL: 8H,0.

With complete elimination of magnesium chloridenfrahe structure of temper and use of hydrochlodid a
solution with density 1050 kgfydration activity of magnesium oxide is changkghsly. In this case MgO in the mixed
binders also differs by high speed of hydratiorreggth values of samples based on HCI solutionredeced nearly
threefold compared with salt temper. However, sigygamples in water within 60 days provided thedase of strength
on 40% compared with similar samples of air handgnHardening of the stone in the water promotedpiete hydration

and participation of MgO in the formation of hydmagnesium. This confirms the reduction intensitythef diffraction
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reflections of minerals and invariability of reflex Mg (OH) on diffraction patterns of binder with various degs of
hydration of MgO.

Therefore, hydration activity of magnesium oxide mmégnesium binders in varying degrees depends ®n th

temper composition, conditions of hardening, typed content of mineral addition.
Investigation of Sulfomagnesium Compositions

The advantage of adding calcium sulfate to magnbesider is mentioned in work [9]. For optimizatidie
concentration of gypsum component investigatedesedf compositions «caustic magnesite — semi-agjuaicium

sulfate», tempered by solution of MgCl

With the introduction semi-aquatic calcium sulfatsluced water demand, prolonged time of settingldyin
Replacement to 60% of caustic magnesite semi-galsuifate does not reduce the strength of the casitipos, which in
some cases exceed the benchmark on 25% (Figurda2jlening of sulfomagnesium binder takes placehatinitial
hydration of MgO. Activity MgO rises with increagjrof gypsum component. In the structure of hydrdtmsinated 5Mg
(OH),- MgCly- 8H,O. In low magnesium binders also formed Mg (@M)gCL:- 2MgCG;- 6H,0.

High values of hydration activity and strength affsmagnesium binder let use it as an activatohardening.
Were investigated compositions based on sulfomagmesinder and anthropogenic materials in the camepb
ratio 50: 50%. As temper were used magnesium a@ognd sulphate solutions with density 1250 Rg/@austic

magnesite was a control composition.

The introduction of technogenic component redutesvolume of solution on 32 — 37% compared with the
caustic magnesite. The test results (Figure 3)icunthe possibility of synthesis of ternary bindethe strength

characteristics of majority compositions are corap#g to caustic magnesite indicators.

The greatest influence on the hardening mixed bfdes composition of salt solution. The useMiCl,
solution provides increased hydration activity MgOntributes to the intense stone hardening aneases its strength on
12 - 70%.

The high strength characteristics of three-compbberders — is the result of a joint magnesium lertie and
sulfate activation of hardening anthropogenic niakeActivity of anthropogenic component dependstlom structure and

chemical properties of minerals.

Gypsum and magnesium binders harden only in th&#iength of material decreases when long stdradamp

conditions and after immersion in water.
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Figure 3: Influence of Material Composition on theStrength Characteristics of Binders
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Investigated influence conditions of hardening be stone strength of binders with different comimss. For
this experiment used methods: after preliminarglaaing in the air for 3 days, the samples wereddidiinto three groups,
which were placed in different conditions (watdr, -a humid environment with humidity 80 — 85%; aifhe samples
were stored in the selected media for differenesirt2 — 60 days) to study characteristic of changése composition and
structure of stone. Material testing was performedthe age of 10, 28 and 60 days. Was measuredtarse

coefficient - the ratio of stone strength aftemigein water (air — humid) environment to the stetrength of air hardening.

Analysis of results revealed increased resistahselfomagnesium binder to the action of environmeith high
humidity. Caustic magnesite samples cracked aftdays of storage in water. Samples sulfomagnesiompositions

saved structural integrity.

It is noteworthy that tempering by solutionMfjSQ, promoted increasing stability of caustic magnesitd stone
sulfomagnesium binder to the impact of a wet emritent. All binders based on magnesium chloride glabstability of
strength in the air — humid environment during f@stiod. The highest strength values of most tlegaponent binders
subjected to the action of air — humid environmemdrked in temperinytgCl,. Slow hydration of CaS£0,5H,0 is due
to increased concentration of MgO and Mgdlhis provides a smooth character of crystalleatof CaSQ@ 2H,0 and
promotes compaction and increasing durability o tstone. Three-hardening binders of oxychloridedéwaing
dramatically reduce the strength to 28 days beirthé water. Subsequently, these compositionsgitien the structure in
terms of high humidity. This indicates the involvemh of anthropogenic component, activated magneshioride, in the
formation of additional hydrates. Improved durdbilof sulfomagnesium compositions is specified lpal®g stone
structure as a result of the continued hydratiod amengthening the cohesion of hydrates. As pathe hardened
sulfomagnesium binders fixed phases, typical fairhtion of each component. It is possible formatibmydrates in the
form of double or triple salts. The greatest rolesirengthening and moisture resistance of sulforesigm stone belongs

to the processes of structure formation.
Hardening of Magnesia Compositions Containing Ferras Component

The range of the magnesia cement extends at thensemf compositions from the caustic magnesitefidad

Preference of ferriferous by-product additiveshe magnesia cement is noted [7, 10].

For receiving the binding materials used the ¢ausagnesite, chemical reactants, and natural misieBinding
materials added water to a mix of magnesium chéorfthase structure of the hardened compositionsestamated by
X — ray and differential thermal methods. Stoneicitire of the binding materials was investigatedtioy means of

electronic microscopy.

Nature of curing of binding materials depends anrtiaintenance of MgO (Figure 4). The analysis fifatition
patterns revealed that with increase in a shar&eg®; MgO hydration is accelerated. In comparison withding
materials, which containing Si@nd AbOs, in composition the E®; hyperactivity of MgO. The extent of transformation
of FeOs in hydrates 5 — 18%. Basis of the hardened bindiatgrials forms 5Mg (OHMgCl,-8H,0.
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Figure 4: Influence of the Content of Ferric Oxideon Curing of the Binding Materials

Pyrites Fe [g — the widespread sulfide of crust. Possibilityirdfoduction 70% of pyrites in magnesium knitting
[7] is proved. As a part crystalline hydrates pisvAMg(OH),-MgCl,-8H,0. 40 — 60% of pyrites are involved in hydrate
formation of the binding materials. Processes afrblysis and the oxidations of pyrites accelerategCl, solution are

presented by the scheme:
(FE"+S2) + 3(H + OH) + 40, — Fe(OH) + 2(SQ%) + 3H". (1)

Exothermic effect at 55C characterizes oxidation of pyrites (Figure 5)ntBRydroxichloride of magnesium
remains in composition of long-term curing. The mdonglomerate structure of a stone from partiofegrious morphology

promotes consolidation and increase of stabilitytnfcture to destructive processes.

. Density !
. of mix water |
- 1250 kg/m® |

a) Thermo Gram b) Stone Microstructure After 10 Years Curing

Figure 5: Characteristics of Magnesium CompositiorStone With 70% of Pyrites

Andradite CgFe, [SiO4); — the widespread scans mineral, provides stabtengcof the binding materials.
Compositions from 30 — 60% of andradite are ingaséid. The main hydrate phase is 5Mg(&¥yCl,-8H,0.
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General Scheme of Probable Transformation of Andrade
CagFe,(SiOs)3 + NMg@?™ + (4x +1) H,0 —
g C33F62(8i04) 3=x (OH)4X + nMgO XS|Q Hzo (2)

Hydrate of Mg (OH)MgCl,2MgCO;6H,0 is formed after 1 days of curing. Intensive fotiora of
hydro-oxchloride carbonate magnesium is promotediticrease in a ratio of Mg€IMgO in the binding materials.

The extent of andradite transformation in the higlradefined by X — ray method, was made 20 — 2893 flays.
Effect of Preparation Method on the Properties of Mgnesia Composition of Iron Ore Wastes

Multicomponent structure of investigated materiatdudes various options for combining the compasém the

preparation of molding compounds, characterized bgquence of contacts.

The object of research — the composition of theeghimmagnesia binder and granular ore waste. Asgbdte
mixed magnesia astringent 30% is caustic magnasile70% is from fine iron ore wastes. The influeotthe method of
preparation was investigated at various levelsfahmation of the microstructure of the mixed binded the formation of a

macrostructure composition with granular ore wastes
In the first stage were studied three methodseggmation mixed magnesia binder:

Mixing a mixture of components (traditional techogy);
2. Mixing caustic magnesite with magnesium chloriddutson and subsequent addition of a mineral
component;

3. Mixing the mineral component with magnesium chlergblution and subsequent addition of magnesite.

Influence of the preparation on the propertieeftest results confirm the compositions of birdable 3). Increase
strength characteristics of the binder is achidwegre-treatment of wastes a mixing conducive Hydi® minerals. Primary
contact of caustic magnesite with a large volumatrfoutes to a mixing transformation of the MgO akigCl, in
magnesium pentagidrooksihlorid. As a result of vesalkg magnesia component activating effect on theeral
component. Proof of this can serve as the datherffect of partial treatment of caustic magnegitéimited number of
magnesite (15% of total consumption), introducethpreparation of salt solution without comprangsthe rheological

properties of a mixing enrich it with magnesiumson

Table 3: Effect of Preparation Method on the Strenth of the Binder

Compressive Strength with
Way Compression in %, Aged, Days

1 3 7 14 28

I 75 | 82 | 92 98 10C

Il 73 18 | 91 93 98
Il 87 | 92 | 97 | 10t 11C

Granular Component: The inert component of concrete mixtures, but tbke of primary contact of this
ingredient in the preparation of molding compouisdsften quite substantial. This is due to theuefice of the nature of
the granular preparation of concrete mixes on thenétion and the state contact layer between tgeeggte particles and
the binder stone. Structural features of the canéger determine the strength properties of corntpasaterials and affect

the durability of items.
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In the second phase investigated the following owdHor the preparation of magnesium-based coniposibf

granular aggregates:

1. Joint mixing all components of the mixture;
2. Initial contact with a mixing aggregate for 2 ton8nutes, stirring and the subsequent introductibthe

mixed binder.

Comparative characteristics of the properties @ngtar compositions obtained in different ways (iFég 6)
shows a tendency sealing and hardening of the csitigoo while maintaining the primary contact of tharticles ore
wastes with a solution of magnesium chloride. Tieiconfirmed by the results of studies granular gositions by
electron microscopy (Figure 7), showing a decredisiefects in the contact zones in the microstmactf the composites,

increasing the proportion of crystalline hydrateshe border area.

The role of primary contact of the granular comptneith a solution of magnesium chloride is deterad to the
process the surface of the particles of crusheeénahtand to free it from dust fractions, prevagtcontact with the stone
binder. When crushed rock and ore wastes, alonh thi¢ desired fraction by fine dust-like particlesntent in the

concrete mix are trying to limit.

To confirm this hypothesis, was prepared concret¢une on technogenic aggregate of initial statd an the
basis of ore wastes, washed from dust particlesshilg were subjected to separate fractions of wastedressing.

Separation of dust particles from the aggregatmgi@an improve the strength of concrete (Table 4).

I I
= 25 1 Oway 1 = way 2 ! ﬂ
= 20 I =
B — —
E 15 1
= —
2 10
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1 2 3 4
Type of aggregate

1- Fraction «0, 63 — 0,315» mm; 2 — fraction «1, 25 — 0, 63» mm;
3 — Fraction «2, 5-0,315» mm; 4 — fraction «2, 5 -0, 63» mm

Figure 6: Effect of Preparation Method on the Propeties of Granular Compositions

X500. .-50m

Figure 7: The Structure of the Composition by Diffeent Preparation Method
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Table 4: The Effect of Treatment on the Strength ofhe Filler Composition

Aggregate Containing Fraction (mm), % The Propor_tion of &epnas’ Ilzcset(frl?atcls
State | 014- | 0315-| 063~ | 125 | 25- | gueadnerin s o5
0,315 0,63 1,25 2,5 5,0
Washed - - - - 100 0,33 13,5 37,3
Original - - - - 100 0,33 11,3 34,7
Washed 50 50 - - - 0,60 3,2 10,4
Original 50 50 - - — 0,64 1,5 6,5
Washed — - 50 50 — 0,40 7,6 215
Original - - 50 50 — 0,40 7,8 21,2

The results show that with decreasing grain siaetifon increases the proportion of fines. This learexplained
by the fact that smaller grains have greater farfcattraction of the surface, so these grains rdestsely covered with
fines. For a fraction of «0,140 — 0,315» mm mass laccount for nearly half, it may be due to the/ wmall grain size
fractions: small grain fractions can be carried with water with the dust. In addition, during tbkassification in this
fraction could concentrate a large amount of dastigles. The nature of the influence on aggreta@ment depends on
the proportion of fines.

CONCLUSIONS

Maximum speed of hydration magnesium oxide is @pfor the initial period. In the stone of long daning
remains unconnected magnesium oxide, which paaticip in the hydrate is able to provide hardenifighe material

structure. Staying binder stone in water environnefoster to more complete hydration of magnesaxide.

Most activity of magnesium oxide is obtained ire tmixed binders. In magnesium compositions formed a

significant amount of hydrate oxychloride compleXesmed hydrates based on other components.

In the article was established activating influemdesulfomagnesium binder on the hardening anthgep

materials of different composition.

It is revealed that intensive hardening in air aidhumidity environment, preferably-tempering thexed
binders with solution of magnesium chloride. Torease the resistance of stone to long-term actiomater should be
used as temper solution of magnesium sulfate.

Efficiency of sulfo magnesium compositions detereairby the possibility of replacing part of caustiagnesite

by plasters binder and technogenic component, seittng high technical characteristics of material.

Reactionary ability of a ferriferous component pdes high activity of magnesium composition of oxlgride

curing, variety of crystal and gel hydrates.
Pretreatment of technogenic component can imphoygtoperties of magnesia compositions.
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