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Abstract—the research is devoted to composites based
on magnesium binders, which is very perspective building
material in the modern construction industry. Magnesium
based binders have better compatibility with organic fillers
comparing to traditionally lime binder cement [1]. In this
investigation two magnesium-based binders are used, such
as magnesium chloride and magnesium sulphate. The aim
of this study is to investigate the physical, mechanical and
durability properties of composites based on magnesium
binders, such as density, compressive strength, thermal
conductivity and capillary water absorption, and to obtain
magnesium binder that could be used to produce foamed
concrete. This can be done by improving the composition
of the mixture. In this framework properties of magnesium
binders are analysed and how these binders can affect to the
properties of magnesium based composites.

Keywords—magnesium binders, magnesium oxychloride
and sulphate cement.

1. INTRODUCTION

Since the building domain has obsessed a significant
role of the energy consumption in recent years, the
demand for efficient construction has become more
important. Nowadays the building sector in regular
covers up to 40 % of all energy. A lot of industrial
activities, factories and also building cause environmental
pollution and CO, emission. High level of these emissions
caused by manufacturing of building materials and low
energy of buildings are the main reasons for promoting
the greenhouse gas. On this account increasingly is
paid attention to environmentally friendly construction
materials that accomplish requirements of high-level
energy efficiency [2].

The European Union has announced several public
documents and guidance for the purpose of reducing
pollution and CO2 emissions, for example the Paris
Agreement in 2016 [3]. The main objective of the directive
EU2010/31/EU is to limit the amount of emissions by 20
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% till 2020 [4] and of the Energy and Climate framework
2030 by 40 % till 2030 [5].

In addition, besides the most significant environmental
inflecting factor the Global Warming Potential, there
are other factors that should be considered — toxicity,
acidulation etc. Manufacturing of building materials
affects the environmental a lot because of multitude
amount use of raw materials and energy intensity [3]
[5] [4]. Therefore there is a need for additional efforts to
reach all objectives. So even more all new buildings are
required to become as nearly zero-energy [6]. Thereby
buildings have high energy performance and use of
renewable energy sources. [7]

It is also important to note that one of more widely used
building materials all over the world is cement. Despite
the good qualities of it, there are a lot of undesirable
consequences. It must be understood that cement accounts
up to 94% of CO, emissions and the main of energy
consuming processes is directly the production. [8]

Thereby there is consumed a lot of raw materials and
there is a need to find a way to reduce energy consumption.
One of the solutions could be the use of magnesium
binding materials. [9]

Due to the low calcination temperature the magnesium
based cements can bring environmental benefits. So there
are different types of MgO based cements and the most
typical are — Magnesium Phosphate cements, Magnesium
Silicate cements, Magnesium Oxychloride cements
and Magnesium Oxysulphate cements. Magnesium
based cements are suited for prefabricated construction,
roadwork and other fields. These cements would rather
use MgO then CaO (involves more than 60 % of Portland
cement). Whereas the chemical compositions of these two
are very different, it is not so simply to change the raw
material for Ca-based cements. [10][11]
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A.  Magnesium Oxy-Chloride cement

Magnesium Oxy-Chloride cements is indicated by
MOC and relies on water reaction between MgO and
MgCI2. So the chemical formula of raw materials is
MgO + MgCI2 [12]. It is also known as Sorel cement, as
it was first announced by Sorel in 1866. Sorel cement is
characterized by high strength, bonding and quick setting,
also it is hard, fire proof so it could be used for heavy
floorings because of relatively light weight [13] [11].

Despite that MOC binders have been used less
for flooring in the last decade because of doubt about
sensitivity to water damage and also high costs. But the
topic about fire resistance is getting more actual, as there
is another interest about uses. That’s way there is another
application nowadays — production of boards containing
wood fibres and perlite, overlayed by glass cloth. These
boards have look of chipboard and ability to withstand
nails and screws. Since there are used MgO and a low
temperature during production, almost always they are
indicated as “eco” products or carbon-neutral. [11] [14]

The compressive strength is about 120 — 140 MPa.
The coefficient of thermal expansion is low and chemical
formulas for compounds are 3Mg(OH),-MgCl,-8H,0
(phase three) and SMg(OH),-MgCl,-8H,0 (phase five)
[12]. Normally it is assumed for cements to calcinate
magnesium at 800 — 1000 °C, but the temperature of
calcination is about 700 °C [11]. At higher temperatures of
calcination releases a less reactive MgO or dead burned.
Whereas MgO reacts with MgCl, so it is unable for CO, to
be absorbed through carbonation and because of this the
less CO, is created [15].

B.  Magnesium Oxy-Sulfate cements

Magnesium Oxy-Sulphate cements are indicated by
MOS and in general are similar to MOC, but the main
difference is that MgSO, is used instead of MgCl, [11].
The chemical formula of raw materials MgO + MgSO,,
but for compounds — 3Mg(OH),-3MgSO, (phase three)
and 5SMg(OH),-MgSO,-2H,O (phase five) [12].

These types of cements obtained interest thanks to that
magnesium sulphate is less hygroscopic than magnesium
chloride. And it was proven to have better resistance to
atmospheric effects. However, magnesium oxysulphate
cements have fewer applications and available literature is
limited comparing to MOC cements. Owing to the limited
solubility of MgSO,-7H,0O (at room temperature), it is
more complicated to form MOS cements. [11][16] [17]

The main application of magnesium oxysulphate
cement is production of lightweight insulating panels that
contain impregnative wood shavings. There is an option
to produce several types of panels with different uses and
they are suitable for construction, public and residential
buildings etc. [10]

11. MATERIALS AND METHODS

A. Used materials

All magnesium — based binders were obtained
experimentally in a laboratory setting using the main

components as follows:

Magnesium oxide — in this research caustic magnesia
as main binding agent was used, being made by calcination
of magnesite (MgCO,). The used magnesium oxide is
produced by “RHI AG Ltd”, Austria. The properties of
the material are as follows: 73.0% MgO, 4.0% CaO, 4.0%
Si0,, 3.0% Fe O,, 1.0% AL O,, size distribution 90% < 30
um and calcination temperature 750°.

Magnesium chloride hexahydrate, produced in
Germany and containing 47% MgCl, was used as brine
solution (with proportions 1:1 salt: water by weight) and
also magnesium sulphate was used as brine solution (with
proportions 1:1 salt: water by weight) to produce mixtures.

Natural, washed sand was used as a filling component.
Sand with fraction size 0-1.0 mm and supplied by
“Sakret”, Latvia was used.

Pozzolanic additives — microsilica (MS) or silica fume
was used. MS with fine particles (1um — 15 nm) works as
the supplementary cementing material [18] and improves
the water resistance of binding material [19].

B. Mixtures

In this experimental study mixtures with MgO/sand
ratio 0.5 were produced, the amount of MgCl,, MgSO,,
metakaolin (MK) and MS was variable (see data in table
1). Experimental mixes 1-6 were produced using MgCl,
and three of these mixes (4-6) were produced adding MS
additive. Using MgSO,, the compositions A-F were made.
Three of these compositions (D-F) were also produced by
adding MS.

In this experimental study, foam concrete compositions
were also prepared without adding sand. These mixes
were made by pre-foaming technology where magnesium-
based binder was mixed with beforehand prepared foam
(synthetic foaming agent PB-Lux was used). The ratio of
monopotassium phosphate and MgO 0.8 and MgCl,/MgO
0.67 was used.

TABLE I. MIXES OF MAGNESIUM BINDER

Designations Ingredients (weight proportions of the MgO)

of mixes 540106 MgCl, | MS | Water| MgSO, | K PO, | PB-Lux
1 2 1 1067 0 0 0 0 0
2 2 I {05] 0 (017 0 0 0
3 2 1 1033] 0 033 0 0 0
4 2 1 |0.67 |0.07] 0O 0 0 0
5 2 1 | 05 ]0.07/017| 0 0 0
6 2 1 ]10.33]0.07/033| 0 0 0
A 2 1 0 0 0 | 067 0 0
B 2 1 0 0 |0.17] 05 0 0
C 2 1 0 0 10331033 | 0 0
D 2 1 0 (007 0 | 067 | O 0
E 2 1 0 10.07|0.17| 0.5 0 0
F 2 1 0 10.07/033] 033 | 0 0
1 0 1 0 0 10.55 0 0.80 | 0.80
I 0 1 1067 0 [010] 0 ]0.13| 0.80
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C. Testing methods

The test of compressive strength was performed us-
ing semi-automatic testing machine “CONTROLS”. The
force was applied with a constant speed (0.05 MPa/s).
Samples (six pieces of each series) with dimensions
50x50x50 mm were subjected to the test and were stored
at the temperature 15-20°C and relative humidity level
~90-95%. The parameters of compressive strength were
determined both in dry and wet condition of the magne-
sium-based samples, so the softening coefficient was de-
termined (1):

R
K== w ere €))
Rdry
R, — compressive strength of specimen cured in

water during the hardening, MPa;

R, - compressive strength of dry specimen, MPa (RH
90-95%, temp. 15-20°C).

According to the methodology of the standard LVS
EN 722-11 the test of capillary water absorption was
performed. Specimens were immersed in water in the
depth of 5 mm. To keep the water level even across the
entire cross-section of the sample, the spacers under the
specimens were used (see Fig.1).

Fig. 1. Scheme of capillary water absorption test, where: 1 —
container, 2 — testing specimen, 3 — spacers, 4 — water level.

During the test masses of the samples were periodically
controlled and determined after 10, 15, 20, 30 minutes and
1, 24, hours (from the beginning of this test).

The coefficient of capillary water absorption C was
calculated by (2):
mg

——————,W ere
As

(2)

- mass of the specimen after the process of water soaking

(2);

- mass of the specimen after the process of drying (g);

— cross area of the specimen surface immersed in water

(dm?).

According to standard EN 12667 guidelines, test of
thermal conductivity was performed. For determination
of the coefficient of thermal conductivity, heat flow
measurement device ‘Laser Comp’s heat flow meter
instrument FOX 600°‘was used.

The Bio-Fourier law, where the heat flow, the

coefficient of thermal conductivity and temperature
gradient are combined (3), is the main operating principle
of the measuring equipment:

A (d—T), where:

9= dx

where:

€)

q - heat flow through the sample (W/m?);
A - the coefficient of thermal conductivity (W/mK);

ar
()
The thermal conductivity test was performed on
samples that were produced by pre-foaming mixing
technology. Magnesium-based specimens — plates with
dimensions of 315x320x31.30 mm and 305x305x43.80
mm (the thickness was determined by heat flow meter;
accuracy 0.01 mm) were used during the test. The settings
of the test were as follows: 0°C at the upper (cold part)

and 20°C at the lower metal plate (warm part), making
temperature difference of 20°C.

temperature gradient of flat surface (K/m) [20]

The water/binder ratio was calculated:

0.5MgCl+Hy0
MgO+MS+0.5MgCl

water /binder =
,where

4
MgCl - amount of magnesium chloride (kg);

MgO - amount of magnesium oxide (kg);

H,0 - amount of water (/);

MS - amount of microsilica (kg);

I1I. RESULTS AND DISCUSSION

A. Density and compressive strength

The data on the density and compressive strength
(7 days) from produced magnesium chloride (1-6) and
magnesium sulphate (A-F) binder mixes are summarized

in the graph (see Fig.2).
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Fig. 2. Results obtained from the density and compressive strength
(7 days).

Results show that using higher amount of magnesium
chloride increases compressive strength 1.9 times com-
paring to adequate amount of magnesium sulphate. The
opposite view are with data of 50% of magnesium chlo-
ride amount that shows 62% lower value of compressive
strength comparing results to adequate amount of magne-
sium sulphate.

It also can be concluded that decreasing ratio of mag-
nesium chloride decreases value of compressive strength
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from 27.8 MPa to 7 MPa. Similar tendency have mixes
with magnesium sulphate - decreasing ratio of magne-
sium sulphate decreases value of compressive strength
from 14 MPa to 11.3 MPa.

B. Capillary water absorption

The data on the capillary properties obtained from
produced magnesium chloride binder (see Fig. 3 A) and
magnesium sulphate binder (see Fig. 3 B) mixes are sum-
marized in the graphs.

Obtained results show that decreasing magnesium
chloride up to two times increases capillary water absorp-
tion from 30 g/dm? in average to 75 g/dm? during the time
of three hours.
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It also can be concluded that role of using microsilica
fume depends on used magnesium type - decreases capil-
lary water absorption up to 2.3 times in magnesium chlo-
ride case (comparing to results of higher amount of MgCl,
and 75% of amount of MgCl,), while using magnesium
sulphate doesn’t affect such an important difference. Mi-
crosilica has fine particles (1um — 15 nm) and it ensures
compact packing of used ingredients. It helps to increase
water resistance of the specimens.

Results show that significant is used ratio (used
weight) of magnesium chloride. For example, higher
amount of magnesium chloride decreases capillary water
absorption up to 6 times comparing to 50% of amount of
magnesium chloride.

-_——— ===

Capillary water absorption, g/dm2

1,5 2 2,5 3
Time, h

——A B —&«C-+D-¢E-xF

Fig. 3. Results obtained from the capillary absorption test (first 3 hours, designations of mixes 1-6 and mixes A-F see in table I).

Coefficient of thermal conductivity

The data on the thermal conductivity obtained from
produced magnesium phosphate mixes (mixes with phos-
phate, magnesium oxide and foaming agent; mixes with
phosphate, magnesium oxide, magnesium chloride and
foaming agent (PB Lux), see Table 1).

Results show that decreasing amount of water and mo-
nopotassium phosphate decreases value of coefficient of
thermal conductivity from 0.101 W/mK to 0.093 W/mK
(mixes I and II).

C. Ttalso can be concluded that use of magne-
sium chloride decreases value of coefficient
of thermal conductivity.

Water/binder-compressive strength

The data about water/binder ratio (4) and compressive
strengthof7days,agraphicrelationshipiscreated(seeFig.4).
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Fig. 4. Corelation between water/binder ratio and compressive strength.

Obtained results show that use of magnesium chloride
obtains higher values of compressive strength from 38%
up to 49% comparing to use of magnesium sulphate.

It also can be concluded that compressive strength
depends on used water/binder ratio. Mixes with higher
amount of magnesium binder are with lower values
of water/binder ratio than mixes with 50% amount of
magnesium binder.

In summarizing the data about magnesium
binder amount and compressive strength of 7
days, a graphic relationship is created (see Fig.5).
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Fig. 5. Corelation between magnesium binder (g) and compressive
strength.

Obtained results show that graphic of compressive
strength is ascending by using higher amount of magne-
sium chloride comparing to use of magnesium sulphate.

It also can be concluded that effectiveness of magne-
sium chloride decreases when MgCl :MgO ratio is lower
than 0.5. Results show that use of 50% magnesium sul-
phate increases compressive strength from 6.9 MPa to
12.7 MPa.

D.

Softening coefficient-compressive strength

In summarizing the data about softening coefficient
and compressive strength of 7 days, a graphic relationship
is created (see Fig.6).
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Fig. 6. Corelation between softening coefficient and compressive
strength.

Obtained results show that compressive strength is
ascending by using higher amount of magnesium binder
type (chloride or sulphate).

Iv. IT ALSO CAN BE CONCLUDED THAT VALUE OF SOFT-
ENING COEFFICIENT IS HIGHER BY USING MAGNESIUM CHLORIDE
(IN RANGE 1.53 TO 1.56) COMPARING BY USING MAGNESIUM
SULPHATE (IN RANGE 0.85 10 1.01).

Conclusions

1. The use of MgCl, allows achieving higher values
of compression strength, comparing to the use of MgSO,
(approximately from 38% to 49%).

2. The use of MgCl, ensures about 56% lower values
of capillary water absorption (comparing data of compo-
sitions with100g and 50g of MgCl,).

3. Adding MS to mixes with MgCl, reduces water ab-
sorption values, but for the compositions with MgSO, it
almost did not affected values of water absorption. The
values of water absorption of MgSO, mixes are 18%-68%
lower comparing to compositions where MgCl, was add-
ed.

4. The values of compressive strength of compositions
with MgSO, are not affected by water/binder ratio, but for
the mixes where MgCl, is added, the values of compres-
sive strength decrease with increasing the water/binder
ratio.

5. Decreasing amount of water and monopotassium
phosphate ensures lower value of coefficient of thermal
conductivity from 0.101 W/mK to 0.093 W/mK (mixes I
and II).
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