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Magnesium-based binders are widely used worldwide. Magnesia cements are employed
in the production of xylolite, fibrolite, various structural elements, artificial marble,
bases for finished floors, plasters, heat-insulating foamed and gas concretes, refractory
ramming masses, grindstones, and more. They are characterized by several advantageous
properties, including high mechanical strength at the initial stages of hardening; increased
flexural strength compared to other types of binders; a compact structure of the hardened
cement combined with low true density; low thermal conductivity; high adhesion strength
to aggregates in magnesia concretes and mortars; and relatively high resistance to corrosive
media. Furthermore, the relatively low energy costs for firing (unlike lime and Portland
cement production) make the use of magnesite and dolomite particularly appealing. A
distinguishing feature of magnesia binders compared to traditional ones is the use of
magnesium chloride solutions (instead of water) in combination with caustic magnesite
or dolomite. This study investigates inorganic additives capable of stabilizing the phase
composition of hardening magnesium cements through the incorporation of mineral
bischofite brine into the magnesium mixture. The research identifies specific inorganic
additives that enhance frost and water resistance, thereby broadening the application
range of magnesium-based binders formulated with bischofite mineral brine.
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Introduction

Magnesia binders are used for the production of
xylolite, fiberboard, various structural elements,
artificial marble, bases for finished floors, plasters,
thermal insulating foam and aerated concrete, fire-
resistant ramming masses, grindstones, etc. [1]. They
are characterized by the following useful properties:
high mechanical strength during the initial period of
hardening; increased bending strength as compared
with other types of binders; compact structure of
hardened cement combined with low true density;
low thermal conductivity; high adhesion strength to
aggregates in magnesium concrete and mortars; and
fairly high resistance to aggressive environments [2].
In addition, the obvious advantage of using magnesite
and dolomite is the relatively low firing costs (in
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contrast to the production of lime and Portland cement)
[3]. A characteristic property of magnesium binders,
in contrast to traditional ones, is the addition of
magnesium chloride solutions (rather than water) to
caustic magnesite or dolomite.

Unavailability of magnesite deposits as well as
high cost of imported magnesite limit possibility of
its application as raw material for magnesia binders
obtaining in Ukraine. But dolomite, an inexpensive
and wide-spread mineral, can be used as an alternative
magnesite [4]. In Ukraine, there are dolomite deposits
within the boundaries of Donetsk folded region,
Ukrainian crystalline board and Carpathian folded
region. Ukrainian Reserves Balance takes into account
5 dolomite deposits and 2 explored and blocked-out
reserves [5]. Four deposits and two reserves of them
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are in Donetsk region (including largest in Europe
deposit «Olenivske») which is about 69.4% of total
reserves. In addition, there is a deposit is in
Dnipropetrovsk region containing 30.6% of total
reserves. Total reserves of dolomite deposits in Ukraine
include 670 million tons. It should be emphasized
that Ukrainian Reserves Balance takes into account
the deposits of metallurgical dolomite only, which
are less than 60% of total Ukrainian dolomite reserves.

Magnesium chloride solution is used for mixing
magnesia binders. In our opinion, the brine of mineral
bischofite MgCl,-6H,0 can be applied for its preparing
[6]. Due to hygroscopicity of bischofite, the
underground solution method is used for mineral
mining. Mentioned above process is the easiest way
to extract the salt from depth. Water solution being
obtained has the same properties as a crystalline
bischofite has. A rather strong brine has the density
of 1.30—1.38 g/cm?. Thus, substitution of crystalline
magnesium chloride by brine of natural bischofite
will allow reducing the binder cost. In Ukraine,
bischofite deposits are placed in north-west part of
Dniprovsko-Donetsk region [5]. There are promising
resources of bischofite raw ore in Chernihiv region
(deposit «Novopodilske») containing about 1171.7
million tons.

Despite availability of great raw reserves, the
magnesia binders are not applied widely in Ukraine
yet. It is known that high strength of air hardening
magnesia cements is the result of magnesium
oxychloride formation [7]. However, it should be noted
that magnesium oxychloride materials are high-
hygroscopic. Oxychlorides are decomposed under
moist curing to form loose low-bonded structure. This
leads to a considerable decrease of mechanical strength
and limits a possibility of magnesia cements application
by air conditions with relative humidity less than
60%. To expand the fields of application of magnesia
binders, first of all, it is necessary to give them water-
resistance. Taking into account all of the above, our
study examines inorganic agents capable of stabilizing
the phase composition of hardening magnesia cements.
In addition, in this work, a brine of the mineral
bischofite MgCl,-6H,0 is used to add to the magnesium
mixture.

Experimental

For obtaining caustic binder, the natural
dolomite (deposit «Olenivske», Donetsk region,
Ukraine) fired in an electric furnace at 700°C for 2 h
was used. Besides, caustic magnesite (deposit «Satka»,
South Ural) was applied in our research. Chemical
composition of dolomite and magnesite being used is
presented in Table 1.

As an additive to caustic dolomite or magnesite,
the brine of mineral bischofite (deposit
«Novopodilske», Chernihiv region, Ukraine) was used
with the density of 1.20 g/cm?. The content of basic
components in bischofite was as follows (wt.%): MgCl,
36.20; CaSO, 0.05; KCI1 0.31; and NaCl 0.59.

The materials listed below were applied as
admixtures:

1) dehydrated and condensed superphosphate
(PLC «Sumychimprom», Sumy, Ukraine), a product
of thermal treatment of simple or double
superphosphate at 225—280°C for 3—4 h;

2) fine ground electrothermophosphoric slag, a
waste of electrothermal phosphorus production
containing (wt.%): CaO 46.02; MgO 3.20; Al,0, 4.42;
SiO, 41.08; Fe,0; 0.32; SO; 0.52; P,05 2.21;
F 2.28; and MnO 0.30. Slag is present in the
amorphous form and consists of 98% wollastonite
glass and the little pseudowollastonite;

3) aluminophosphate binder (Al,O,/H;PO,=1:4)
prepared by thermal treatment of aluminium hydrate
and orthophosphoric acid mix at 180—200°C;

4) aluminochromphosphate binder, a water
solution of mixed aluminum and chromium phosphates
with total formula Al,O;-xCr,0,-xCrO;-yP,05nH,0
(research-production company «SVK», Dnipro,
Ukraine).

The dimensions of the samples were 2x2x2 cm.
The samples based on caustic dolomite were placed
in the water after 7 days of air hardening and were
examined after 28 days of moist curing. The samples
in terms of caustic magnesite after 28 days of air
curing were saturated by water for 48 h, and then
were subjected to the cyclic freezing and thawing
(—15; +20°C). To determine phases present in the
samples, the hydration products were tested by X-ray
powder diffraction and differential thermal analysis.

Table 1
Chemical composition of dolomite and magnesite being used
Raw material Content, Wt'% —
CaO MgO Al,O; Si0, Fe,04 ignition loss
dolomite 34.40 17.60 0.50 0.77 0.29 44.9-45.7
magnesite 0.28-1.60 45.42-46.44 | 0.40-0.77 | 0.25-1.78 0.80-1.45 | 50.80-51.90
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Results and discussion

Water-resistant binders based on caustic dolomite

There are a few data [8,9] concerning the fact
that the properties of magnesia cement are improved
in the presence of alkali metals and magnesium water-
soluble phosphates. In addition, it is known that
hydrolysis process of polyphosphates is accelerated
via the catalytic action of some metal ions. In this
case, final products of polyphosphates hydrolysis are
not different from hydrolysis products in water. Based
on mentioned above facts, it was assumed that under
conditions of rehydration and hydrolysis process of
condensed phosphates, the products of their hydrolysis
would interact with caustic dolomite forming water-
insoluble compounds. New compounds being formed
will not destroy cement structure owing to described
process proceeds rather slowly. Moreover, it is known
that magnesia cement water-resistance can be increased
by addition of reactive silica as silicagel, rottenstone,
opoka, ground quartz sand, tobermorite and others.

Considering all mentioned above, heat-treated
superphosphate (as phosphate-containing agent) and
electrothermophosphoric slag (as reactive silica
containing agent) were selected to increase magnesia
binder water-resistance in this study. It should be
noted that under normal conditions, finely ground
electrothermophosphoric slag has no binding
properties, but can be activated by additives of chloride,
sulfate or carbonic acid salts of alkali- and alkaline-
earth metals. Calcite and magnesium chloride can be
such activating agents in caustic dolomite-based
magnesia binder. The results of investigations of
influence superphosphate and electrothermophosphoric
slag on magnesia cement properties are given in
Table 2.

It is concluded arom the obtained results that
superphosphate and electrothermophosphoric slag can
be applicable for the preparation of water-resistant
magnesia binders. Under moist curing conditions,

the additive-free cements samples are destroyed.
However, admixture-containing samples demonstrated
highly good results: superphosphate-containing cements
have a softening ratio of 0.70—0.94 and water-resistance
coefficient of 0.9—1.5 (depending on agent content),
while cements containing electrothermophosphoric
slag exhibited softening ratio of 0.74—0.80 and water-
resistance coefficient of 1—1.2.

It was ascertained that main hydration products
of air-hardened additive-free cements are magnesium
pentahydrooxychloride 5MgO-MgCl,-13H,0 (the most
stable phase which provides high strength of magnesia
oxychloride materials [10]) and magnesium hydroxide
Mg(OH),. The following endothermic effects are
presented on the thermogram of a given sample:

— at 180°C and 620°C corresponding to
decomposition of 5MgO-MgCl,-13H,0;

— at 420°C corresponding to dehydration of
Mg(OH),;

— at 910° corresponding to decomposition of
CaCo,.

As a result of the investigation of hydration
products derived from additive-free binder after 28
days of moist curing, we determined that the intensity
of diffraction peaks for magnesium oxyhydrochlorides
on the XRD-pattern considerably decreases. On the
thermogram of given samples, endothermic effects
corresponding to magnesium oxychlorides decrease
too. The results confirm water-solubility of magnesium
oxychlorides. This fact result in a strength decrease
and moist-nonresistance of caustic dolomite based
cement.

From the results of studies on agent-containing
magnesia binders, it is revealed that magnesium
oxychlorides are formed in the presence of admixtures
both at air curing and at moist one, i.e. these agents
stabilize phase composition of hardening caustic
dolomite. It should be noted that XRD-patterns of
agent-containing binders (Fig. 1) after 28 days of

Table 2

Physical and mechanical properties of caustic dolomite-based binders

Setting tim Compressive strength after 28 days of
Content of agent, wt.% etung fme, hardening, MPa
Water-cement hour-minute - -
Latio air moist curing
superphos- electrothermo- initial final . wet dried-out
. curing
phate phosphoric slag set set samples samples
— — 0.42 4-20 5-05 92.0 — —
3 — 0.41 3-50 4-24 81.6 57.2 73.3
5 — 0.40 4-00 4-30 77.5 69.8 85.7
7 — 0.38 4-04 4-36 61.2 58.0 91.8
— 10 0.38 2-53 3-40 61.3 45.0 52.0
— 20 0.34 3-00 3-55 75.5 58.9 81.5
— 30 0.33 3-23 4-00 51.0 40.8 60.7
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moist hardening do not differ from those of an additive-
free air-hardening binder. On the XRD-pattern of
binder containing 5 wt.% of superphosphate after 28
days of moist curing (Fig. 2a), the endothermic effects
corresponding to magnesium oxychlorides (at 220°C
and 640°C) as well as magnesium hydroxide (at 440°C)
are observed. However, the endothermic effect for
Mg(OH), decreases in comparison with the
thermogram of additive-free binder. Moreover, a new
endothermic effect at 280°C appears.

It is known that the hydrolysis of heat-treated
superphosphate is intensified in MgCl, solution: P,O4
and Ca™? concentrations are greater than those in
water. It can be concluded from our data that Mg(OH),
interacts with products of superphosphate hydrolysis
forming a new complex compound. Therefore,
protective colloids are formed and magnesium
oxychlorides have complicated composition. On the
thermogram of binder containing 20 wt.% of
electrothermophosphoric slag (Fig. 2b), not only
endothermic effects for magnesium oxychlorides (at
180°C and 580°C) and Mg(OH), (at 400°C) but also
a new endothermic effect at 240°C are observed. In
our opinion, this effect corresponds to dehydration of
calcium hydrosilicates which results from activated
electrothermophosphoric slag hardening.

Thus, X-ray amorphous water-insoluble complex
compounds are formed at hardening the agent-
containing binders. The presence of these compounds
provides high strength and water resistance of caustic
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Fig. 1. XRD-patterns of magnesia binders containing
superphosphate (a) and electrothermophosphoric slag (b) after
28 days of moist curing: ll - 5MgO-MgCl,-13H,0;

O - CaCO5; ¥ — CaMg(COs3),

dolomite-based cement. This phenomenon can be
described in the following way. Gel being formed
fills space between magnesium oxychlorides crystals.
In due time, gel «ages», crystallizes, and, consequently,
is compacted. This process leads to the structure
strengthening and in the phase composition stability
of hardening binder and high service properties under
moist curing conditions are provided.

Water-resistant binders based on caustic
magnesite

As a result of our investigations, the influence of
some admixtures on the properties of caustic magnesite
based binder has been established (Table 3). It is
ascertained that the addition of selected agents (not
only superphosphate and electrothermophosphoric slag,
but also aluminophosphate and
aluminochromphosphate binders) has a positive effect
on water resistance (softening ratio depending on the
kind of admixture is equal to 0.54—0.94) and gives
the hydraulic properties to magnesia binders.
Moreover, all samples with phosphate-containing
admixtures have withstood 50 freezing-thawing cycles
(freeze resistance factors after 50 cycles are equal to
0.55—1.29).

Conclusions

Thus, inorganic additives have been identified
that increase the water and frost resistance of
magnesium binders. Due to the use of additives that
improve performance properties, the limits of use of
magnesium chloride cement in wet conditions are
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Fig. 2. Thermograms of magnesia binders containing
superphosphate (a) and electrothermophosphoric slag (b)
after 28 days of moist curing
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significantly expanded. In addition, the possibility of
using a brine of the bischofite mineral MgCl,-6H,0
as an additive to the magnesium mixture has been
shown.

REFERENCES

1. Walling S.A., Provis J.L. Magnesia-based cements:
a journey of 150 years, and cements for the future? //
Chem. Rev. — 2016. — Vol.116. — No. 7. — P.4170-4204.

2. Ahmad F., Rawat S., Zhang Y. Magnesium oxychloride
cement: development, opportunities and challenges // Appl. Sci.
— 2024. — Vol.14. — Art. No. 3074.

3. Jin F. Magnesium oxychloride cement // Magnesia
cements: from formulation to application. — Saint Louis: Elsevier,
2020. — P.29-74.

4. Altiner M., Yildirim M. Study of using dolomite as
starting material resource to produce magnesium oxychloride
cement // J. Adv. Concr. Technol. — 2017. — Vol.15. — No. 6.
— P.269-277.

5. Shcherbak M.P., Hoshovskyi S.V. Metalichni i
nemetalichni korysni kopalyny Ukrainy. — T. I. Nemetalichni
korysni kopalyny. — Kyiv-Lviv: Tsentr Yevropy, 2006. — 552 p.

6. Influences of different bischofite on the properties of
magnesium oxychloride cement / Huang Q., Zheng W.,
Dong J., Wen J., Chang C., Xiao X. // J. Build. Eng. — 2022.
— Vol.57. — No. 6. — Art. No. 104923.

7. Simulation of the properties of MgO-MgCl,-H,O system
by thermodynamic method / Zhou Z., Chen H., Li Z., Li H.
// Cem. Concr. Res. — 2015. — Vol.68. — P.105-111.

8. Ved Ye.l., Bludov B.F., Piven N.I. Izuchenie produktov
tverdeniya magnezial’nogo tsementa s vvedeniem alyumofosfatnoyi
dobavki // Visnyk NTU «KhPI». Khimiya i khimichna
tekhnolohiya. — 1973. — No. 5. — P.72-74.

9. Deng D. The mechanism for soluble phosphates to
improve the water resistance of magnesium oxychloride cement

// Cem. Concr. Res. — 2003. — Vol.33. — No. 9. — P.1311-
1317.

10. The formation of magnesium oxychloride phases in
the systems MgO-MgCl,-H,O and NaOH-MgCl,-H,0 /
Bilinski H., Matkovic B., Mazuranic C., Zunic T.B. // J. Am.
Ceram. Soc. — 1984. — Vol.67. — No. 4. — P.266-269.

Received 08.08.2024

BIINIMB HEOPTAHIYHUX JTOBABOK HA
BOOJOCTIUKICTb MATHE3IAJIBHOTO B’S2KY4YO0I'O

B.B. Tapanenxosa, I1.1O. Kopexan

Y BCbOMY CBIiTi 3aCTOCOBYIOTH B’SIXydUi PEYOBMHU Ha
OCHOBI MarHiio. MarHe3iajqbHi LIEMEHTH BUKOPHUCTOBYIOTbH TSI
BUTOTOBJIEHHSI KCUJIOJIITY, (hiOpOiTy, pi3HUX KOHCTPYKLIMHUX
€JIEMEHTIB, LUTYYHOTO MapMypy, OCHOBM ISl TOTOBUX IiJIOT,
IWTYKATYypPOK, TEMJ0i30/sUiiHUX MiHO- Ta ra3o0eTOHiB,
BOTHETPUBKMX HAOMBHUX MAcC, TOUYMJIbHUX KaMEHIB TO110. BoHU
XapakTepusyloTbCcsl TAKUMU KOPUCHUMU BJIACTUBOCTSIMU: BU-
CcOKa MeXaHiyHa Mil[HiCTh Ha TOYATKOBOMY €Talli TBEpPHiHHS;
nigBuuieHa (y MOPiBHAHHI 3 IHWKMMU BUAAMU B’ SIXKYUUX)
MILHICTb Ha BUTMH; KOMIIAKTHA CTPYKTypa 3aTBEpAiJIOro Le-
MEHTY B MO€EIHAHHI 3 HU3bKOIO iCTUHHOIO WIUIbHICTIO; HU3bKA
TeIUIONPOBIIHICTh; BUCOKA ajare3is 11010 HAMOBHIOBAYiB B
MarHe3iaJIbHUX OeTOHax i po3uMHax; JOCUTh BHCOKA CTIHKIiCTh
0 BIUIMBY KOposiiiHux cepenosuil. KpiM TOro, oueBuaHOIO
NepeBarol0 BUKOPUCTAHHSI MarHe3uTy i JOJIOMITY € BiIlHOCHO
HU3bKi BUTPATH Ha BUNAJ (Ha BiIMiHY BiJ BUPOOHULTBA BarHa
i mopmIaHALEeMeHTy). XapakTepHOIO BJIACTUMBICTIO MarHesiajb-
HUX B’SDKYYMX Ha BiZIMiHY BiJl TpaauMUiiHUX € 3amilllyBaHHS
KayCTUYHOIO MarHe3uty abo JOJIOMITY PO3YMHAMU XJIOPUJiB
MarHilo, a He BOAOI0. Y LIbOMY JOCIHIKEHHI PO3MIsIaoThCs
HeOpraHiuHi areHTH, 31aTHi cTabijai3yBaTh (a3oBMil CKiam
MarHe3iaJIbHUX LIeMEHTIB, 110 TBEPAil0Tb, 3 BUKOPUCTAHHSIM
N00aBKM 10 MarHi€BOi CyMillli po3cojly MiHepajabHOro Oillo-
¢ity. BHacnigok mociimKeHHsT 00paHO HeOpraHiyHi J100aBKH,
SIKi MiIBMILYIOTh MOPO30- i BOMOCTIMKICTh, 110 PO3IIMPIOE MEXi
3aCTOCYBAaHHSI B’SKYUMX HA OCHOBI MarHilo, 3 BUKOPUCTAHHSIM
po3coily MiHepaabHOTO OillodiTy.

KarovoBi cnoBa: marHesiajibHe B’sXyuye, PO3UUH
MiHepaJbHOTO OilodiTy, MPOAYKTH Tiapartailii, HeopraHiyHi
00aBKM, BOJOCTIMKICTb.

Table 3
Physical and mechanical properties of caustic magnesite based binders
Content of agent, wt.% Compressive strength,
MPa Amount of .

Q .5 o - beine with- Compressive
£ EZ| S e g strength after 50 Freeze
& e8| = g% after stood . .
&5l 2° & | 5.2 after 28 . . freezing- resistance
S5 | 0w & | 28 . saturation freezing- .
S|l 2= | = < S | daysofair . thawing cycles, factor
S = | 82| &| 28€ . by water for thawing
E° | Ea| & | 5§ & | hardening MPa
=) 5 8 Q. S © 48 h cycles
=] =g 2| &
= a,

— — — 54.0 50.8 24 — —

— — — 63.6 343 50 30.1 0.87

— — — 52.8 48.9 50 27.3 0.55

— 5 — 36.9 28.0 50 36.0 1.29

— — — 20 66.7 61.0 38 — —
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Magnesium-based binders are widely used worldwide.
Magnesia cements are employed in the production of xylolite,
fibrolite, various structural elements, artificial marble, bases for
finished floors, plasters, heat-insulating foamed and gas concretes,
refractory ramming masses, grindstones, and more. They are
characterized by several advantageous properties, including high
mechanical strength at the initial stages of hardening; increased
flexural strength compared to other types of binders; a compact
structure of the hardened cement combined with low true density;
low thermal conductivity; high adhesion strength to aggregates in
magnesia concretes and mortars; and relatively high resistance to
corrosive media. Furthermore, the relatively low energy costs for
firing (unlike lime and Portland cement production) make the
use of magnesite and dolomite particularly appealing. A
distinguishing feature of magnesia binders compared to traditional
ones is the use of magnesium chloride solutions (instead of water)
in combination with caustic magnesite or dolomite. This study
investigates inorganic additives capable of stabilizing the phase
composition of hardening magnesium cements through the
incorporation of mineral bischofite brine into the magnesium
mixture. The research identifies specific inorganic additives that
enhance frost and water resistance, thereby broadening the
application range of magnesium-based binders formulated with
bischofite mineral brine.

Keywords: magnesium-based binder; mineral bischofite
brine; hydration products; inorganic additive; water resistance.
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