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Abstract
In this paper magnesium oxychloride cement (MOC) is prepared from dolomite by calcinations
process. The effect of different ratios of additive prepared from magnesite MOC (0.5, 1 and
1.5%) on the mechanical properties of dolomite MOC is recorded at 7, 14 and 28 days. Infrared
spectroscopy (IR-spectra) is used to characterize the effect of magnesite MOC additive on the
mineralogy of dolomite MOC mixes air cured at 28 days. The results indicated that one-part MOC
additive posted the mechanical compressive strength of dolomite MOC mix at addition rate of
0.5 and 1% and was declined at 1.5%. The water resistance of MOC increased with increase of
additive in mix. The micro structural investigation revealed that the mechanical performance of
MOC was predominantly dependent on abundance and crystals size of phase 5.
Keywords: dolomite, magnesite, magnesium oxychloride cement, compressive strength, microstructure
Kulcsszavak: dolomit, magnezit, magnézium-oxiklorid cement, nyomószilárdság, mikroszerkezet

1. Introduction
The problem of scarcity of quality raw materials to produce
magnesium oxychloride cement (MOC) in Egyptian market
can be solved by replacing the caustic magnesite by caustic
dolomite [1]. The presence of vast amount of dolomite deposits
in different regions in Egypt ranging in grades from low to high,
which can be used to produce MOC by calcinations at lower
temperature. Magnesite and dolomite MOC is considered as
advantage over ordinary Portland cement binder due to their
high strength, and remarkable bonding ability and their ability
to be mixed with broad inorganic and organic fillers [2-5].
MOC is based on the reaction between MgO and MgCl2
forming a variety of phases that are highly dependent on
molar ratios, temperature and magnesium reactivity. MOC is
formed from hardened paste is in form of hydroxide, chloride
pentahydroxide (Phase 5) and chloride trihydroxide (Phase 3)
of magnesium, their content in the paste influence the material
properties [6-9]. Though MOC posses superior properties
than ordinary Portland cement but it have poor water
resistant. Different additive are added to increase its water
resistant [10-12]. Several patents and research work claimed
that dolomite could be used to produce MOC binders if the
dolomite was carefully calcined by firing at ~750 °C to produce
MgO and CaCO3. The thermal decomposition of dolomite is
reported to take place on two stages, yielding MgO and CaCO3,
followed by CaCO3 decomposition at higher temperature [13].
The suitability of dolomite as a raw material for producing
MOC has been evaluated thermally and petrographicaly
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[14]. Meanwhile, own to the small content of MgO of caustic
dolomite some researcher proposed mixing with different
ratios of caustic magnesite to increase the mechanical and
physical properties of the resultant MOC.
The current work aims to study the effect of using one-part
magnesite MOC additive added in different ratios to dolomite
MOC wet mix on the mineralogy, mechanical properties water
resistance, and micro structure of resultant hardened MOC.

2. Experimental procedures
2.1 Materials
In this research two main raw materials were used mainly;
calcined dolomite and light-burned magnesite in order to
produce magnesium oxychloride cement (MOC). The dolomite
used in making calcined dolomite (Size 6 mm) is sourced
from Ataqa district, Suez Egypt and was heated to 750 °C for
about 2 hrs with a rate of 10 °C /min in a muffle furnace in
order to obtain calcined dolomite with high percent of reactive
Magnesium oxide. Afterwards, it is subjected to dry milling using
laboratory ball mill (Herzog) to the consistency of Ordinary
Portland cement. The light-burned magnesite used to produce
the one-part MOC was produced from local magnesite sourced
from upper Egypt by heating raw magnesite (Size 6 mm) to
about 2 hrs with a rate of 10 °C /min. The magnesium chloride
hexahydrate (MgCl2. 6H2O) used in activating the calcined
dolomite and magnesite is of analytical reagent grade of purity
99.9%, and was sourced from ThermoFisher. The chemical
compositions of starting raw materials analyzed by XRF are
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SiO2

Al2O3

Fe2O3

CaO

MgO

Na2O

K2O

P2O5

TiO2

SO3

Cl-

L.O.I

TOTAL

Calcined dolomite

Oxides, %

1.03

0.38

0.12

38.20

22.8

0.20

-

0.22

-

0.21

0.14

36.67

99.97

light-burned magnesite

1.2

0.07

1.29

2.36

79.5

0.01

0.01

0.01

0.01

0.42

-

15.01

99.80

Table 1 Chemical composition of calcined dolomite and light-burned magnesite heated to 750 °C
1. táblázat A 750 °C-ra hevített égetett dolomit és magnezit kémiai összetétele

listed in Table 1, where the mineralogical compositions of these
materials analyzed by XRD are given in Fig. 1. The XRD analysis
revealed that the main component of the dolomite calcined at
750 °C (Fig.1a) is calcite (CaCO3) and periclase (MgO) with
minor amount of lime (CaO). This calcinations temperature for
dolomite is chosen on the basis of earlier previous research work
of different authors, which recommended this temperature,
as below this temperature low amount of MgO is formed and
above this temperature more lime is formed, which is not
recommended in MOC [15-20]. The mineralogical analysis of
light-burned raw magnesite shown Fig. 1b, revealed that the
main components are MgO with minor amount of calcite and
portlandite which is attributed to hydration of lime component
from air moisture. In addition, the mineralogical analysis of onepart magnesite MOC shown in Fig. 1c revealed that it is mainly
composed of periclase, calcite, bruchite (MgOH2), and phase 5.

CaO present into CaCl2. The mix formed by mixing of 2nd
solution with light burned magnesite is casted in cubic shaped
silicon rubber mould and left in drier at 80 °C for 24 hrs to
harden. Then the hardened product is crushed and grinded
to the constancy of cement to form one-part magnesite MOC
additive with mix proportion listed in Table 2. Four mixtures of
MOC were prepared; A0, A1, A2 and A3 from calcined dolomite
and the 1st solution with the mix proportions listed in Table 2.
The water to solid ratio (w/s) in all the mixes was initially fixed
at 0.32 for all mixes. The proportions of substitution of dolomite
MOC with one-part MOC additive in specimens; A0, A1, A2
and A3 were 0, 0.5, 1 and 1.5% respectively. The MOC mixes
were then casted in oil lubricated cubic iron mould (25 mm).
The MOC specimens were left in the moulds for 24 hrs, then
cured after demoulding in air and water, and examined for their
mechanical properties and water resistant beside mineralogical
and micro structural investigation at 7, 14 and 28 days.
MOC

MgO/MgCl2

H2O/ MgCl2

Dolomite MOC

8

28

Magnesite MOC

14

14

Table 2 Mix design of dolomite MOC reference mix (A0) and one-part magnesite
MOC additive
2. táblázat Dolomit MOC referenciakeverék (A0) és az egykomponensű magnezit MOC
adalék keverékterve

Fig. 1 XRD analysis of a) calcined dolomite b) Light-burned raw magnesite c)
magnesite MOC dried at 80 °C (one-part MOC)
1. ábra a) kalcinált dolomit b) égetett nyers magnezit c) 80 °C-on szárított magnezit
MOC (egyrészes MOC) XRD vizsgálatának eredménye

2.2 Processing, mixing and moulding
Saturated magnesium chloride solution was prepared by
dissolving analytical reagent grade magnesium chloride
hexahydrate (MgCl2. 6H2O) of purity 99.9% in tap water as
mixing water before mixing with calcined dolomite and lightburned magnesite powder to make MOC paste. The mass
concentration of the 1st solution was 50 gm of MgCl2. 6H2O
dissolved in 100 ml of mixing water and for 2nd solution was
133.3 gm of MgCl2. 6H2O dissolved in 100 ml of mixing water
with the addition of 1% of concentrated hydrochloric acid to
each solution to ease the solubility process and turn any free

2.3 Methods
The chemical analysis was performed on the ground pressed
aggregate powder using Philips PW 1400 XRF in housing and
building national research center laboratory confirming to the
test methods described in the American Society for Testing
and Materials (ASTM). The mechanical properties of dolomite
MOC mixes were studied after 7, 14 and 28 days of air and water
curing. The compressive strength was determined according
to ASTM standards. Compressive strength test is performed
using five tones German Brüf pressing machine with a loading
rate of 100 MPa/s determined according to ASTM C109 [21].
Removing of the free water from specimens for examination
was accomplished by drying of the crushed specimens for
24 hrs at 105 °C.
To evaluate the water resistance of the MOC, the specimens
cured for 14 and 28 days in the air environment were dipped
in water at 20 ± 3 °C, and the compressive strength of the
specimens after the different immersion times was measured
and used to calculate the strength retention coefficient (Rf) as
follows [22, 23]:
Rf = R(W, n)/R(A, 28)
(1)
Where R(W, n) and R(A, 28) denote the compressive strength
of the specimens after immersion in the water for n days and
the compressive strength of the specimens cured in the air
environment for 14 and 28 days.
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Perkin Elmer FTIR Spectrum RX1 Spectrometer (Fourier
Transformation Infrared) was used to evaluate the functional
groups in the specimens. The dolomite MOC specimens cured
for 28 days with different ratios of additive in air are ground into
fine powder with a ceramic mortar. Then the ground specimen
was mixed with KBr at a mass ratio of 1/100 and the mixture
was pressed in a sample holder at about 295 MPa for 2 mins to
make a specimen for FTIR examination. The wave number of
Spectrometer was ranging from 400 to 4000 cm-1. Scanning
electron microscopy (SEM) investigation were done on dolomite
MOC cured for 28 days specimens, using Inspect S (FEI Company,
Holland), equipped with an energy dispersive X-ray analyzer
(EDXA). Each sample was covered by gold and the accelerated
voltage was set at 10 kV in order to enhance its conductivity.

compressive strength water cured mixes for 28 days; A0, A1, A2
and A3 were about 199, 195, 320 and 280 kg/cm2 respectively. The
decline in compressive strength of water cured mixes compared
to the air cured counterpart were about 36%, 29%, 22% and 21%.
This noticeable decline in strength could be explained than when
MOC specimens was immersed in water for a certain period,
needle-like phase five decomposed to Mg(OH)2, which led to a
noticeable decrease in the compressive strength of the MOC [24]
due to formation of a highly porous structure [25].

3. Results and discussions
3.1 Compressive strength
Generally, it is clear that the compressive strength of air cured
dolomite MOC with no MOC additive (Mix A0) increases with
air curing for 7, 14 and 28 days. The compressive strength of
mix A0 air cured for 7, 14 and 28 days was about 146, 238, and
309 kg/cm2 respectively and the rate of increase in compressive
strength was about 12%, 36% and 26% respectively for mix A1
with 0.5% MOC additive. However, for mixes A2 and A3 air
cured for 7 days, it was obvious that there is slight decrease in
compressive strength by about 9% and 23% when compared to
same curing time of A0 mix. This slight decrease in compressive
strength compared to the reasonable increase in compressive
strength noticed in A1 mix, suggests that with increase of MOC
additive above 0.5%, the amount of formed hydration product of
MOC phases are affected and thus the mechanical performance
is negatively affected. However, an increase in compressive
strength is noticed for MOC mixes A2 and A3 air cured for 14
and 28 days. The percentage of increase in compressive strength
of these mixes was about 33% and 24% for mix A2 air cured for 14
and 28 days. Moreover, the percentage of increase in compressive
strength was about 22% and 12% for mix A3 air cured for 14 and
28 days respectively. This result imply that MOC mixes A1 and
A2 achieved the best mechanical performance, but on increase
of MOC additive above 1%, the mechanical performance
of dolomite MOC cement declined noticeably. This can be
explained that on increase of MOC additive in mixes as mix
A3, the hydration phases that are responsible for compressive
strength decrease. This finding is confirmed by FTIR spectra
in Fig. 3 in which the bending vibration O-H (hydrogen bond)
formed at 1630 cm-1 as indicative of water of crystallization and
MOC phases bands which is very clear in MOC mixes A0, A1
and A2 and not distinctive in A3 mix. Moreover, the bands in
FTIR spectra band at about 1155-1160 cm-1 of the hydrogen
bonding between H2O and Cl- , which is indicative of hydration
phases of MOC is very distinctive and strong in mixes A0, A1
and A2 and decrease in mix A3.
Further, from Fig. 2 it is obvious that the water curing
negatively affects the dolomite MOC mechanical performance
and the compressive strength of water cured mixes dropped
significantly compared to the air cured counterparts. The clearest
effect of water on MOC was very clear after 28 days of curing. The
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Fig. 2 Compressive strength of air and water cured dolomite MOC mixes cured at 7,
14 and 28 days
2. ábra 7, 14 és 28 napot levegőn valamint víz alatt tárolt dolomit MOC keverékek
nyomószilárdsága

3.2 Strength retention coefficient
Unfortunately, the use of MOC in engineering applications
is restricted because of its poor performance in water. The
compressive strength retention coefficients of the MOC mixes
after complete immersion in the water for 14 and 28 days
are shown in Table 3. It is clear from the strength retention
coefficient values of MOC specimens after 14 and 28 days of
water curing, that there is a noticeable increase with increasing
of magnesite MOC additive in MOC mixes with curing time and
that the best water performance value was mix A3. The increase
of water resistance of MOC mixes with MOC additive may be
attributed to the water environment that provides sufficient
free water that facilitates the secondary hydration of the MOC,
which form more main crystal phases after the water immersion
[26, 27]. The higher strength retention coefficient (Rf) value of
MOC mix, the better water resistance it has. Which imply that
the strength of MOC still develops in immersion condition.
14 days

28 days

A0

Mix

0.48

0.64

A1

0.65

0.70

A2

0.61

0.77

A3

0.65

0.79

Table 3 The strength retention coefficients (Rf) of the MOC mixes cured for 14 and 28 days
3. táblázat A 14 és 28 napig kezelt MOC keverékek szilárdsági megtartási együtthatói (Rf)

3.3 FTIR spectroscopy
FTIR spectra of minerals display characteristic features,
usually absorption features, which can be related qualitatively
to variations in the constituent minerals. The FTIR spectra of
dolomite MOC cured at 28 days for mixes A0, A1, A2 and A3
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with different proportions of one-part MOC additive are shown
in Fig. 3. The characteristic bands for the MOC are represented
by three small absorption peaks at 3693, 3652 and 3612 cm-1
[28], and they are very distinctive at MOC mixes A0, A1 and A2.
The bands at 3400 to 3600 cm-1 are attributed to the O-H
bending vibrations of crystallization water. Moreover, the
bending vibration O-H (hydrogen bond) at about 1630 cm-1
is indicative of water of crystallization and increase of MOC
phases. These Function groups produced in MOC could enhance
compressive strength of the final mix. This is confirmed by the
stretching vibration OH (hydroxyl function group) appeared at
3420 cm-1, which is composition of phase 5 and phase 3 thus
contribute to increased strength of the products. A gradual
increase of intensity of peaks is noticed with increasing of MOC
additive up to mix A2, owing to increase of hydration products.
The FTIR spectrum of pure calcium carbonate formed from
calcinations of dolomite at 750 °C is confirmed by the presence
of a strong band centered around 1425 cm-1, characteristics of the
C–O stretching mode of carbonate together with a narrow band
around 875 cm-1 of the bending mode. In addition, it is clear from
the FTIR spectra that decrease of Carbonates band intensity may
interfere the phase formation of the MOC, since the results shifts
towards a higher mechanical strength with increasing of MOC
additive up to percentage of mix A2. The bands at about 1440 and
1155-1160 cm-1 indicate the hydrogen bonding between H2O
and Cl-, and vibrational signals in the range of 640-400 cm-1 can
be attributed to the stretching and bending of the Mg-O bonds in
the MgO6 octahedral coordination [29].

abundance of Mg(OH)2 crystals with some unconsumed
clusters of MgO in matrix. On the other hand, Fig. 4 b and c
showing SEM micrographs of MOC mixes A1 and A2 show the
formation of interlocked distinctive needle like crystals of phase
5 of size 300-500 nanometer in width and with fewer clusters of
MgO in matrix compared to MOC mix A0. This finding leaded
the structure of MOC to be more compact and denser [30, 31]
and thus influenced the mechanical performance of A1 and
A2 MOC mixes. Further, Fig. 4d shows the formation of larger
needle like Phase 5 of size 1000 nanometer (1 micrometer)
in width and abundance of bruchite and periclase crystals in
matrix of A3 MOC. It is obvious that the formation of these
larger P5 crystals in MOC A3 (Fig. 4d) compared to the other
mixes, results in increase in water resistance of A3 compared
to the other mixes, but it negatively affected its mechanical
performance compared to the other mixes, owing to formation
of larger pore spaces in matrix of A3 MOC as shown in SEM
image (Fig. 4d).

Fig. 4 SEM images of dolomite MOC mixes with different percentage of one-part
MOC additive
4. ábra MOC adalékot különböző százalékban tartalmazó dolomit MOC
keverékekről készült SEM felvételek

4. Conclusions
Fig. 3 FTIR spectra of dolomite MOC mixes (A0, A1, A2 and A3) air cured for 28 days
3. ábra 28 napig levegőn tárolt dolomit MOC keverékek (A0, A1, A2 és A3) FTIR
spektruma

3.4 Micro structural investigation
The SEM images of dolomite MOC mixes A0, A1, A2 and
A3 air cured for 28 days are shown in Fig. 4. It is clear from the
SEM that the abundance phases in all of the mixes are Phase
5 (P5), periclase (Per.) and bruchite (Br.). Generally across the
MOC matrix, spherical particles of MgO were observed in
form of clusters, Mg(OH)2 crystals appeared in form of plate
like crystals and phase 5, which is responsible for acquired
mechanical strength of MOC appeared in form of needle like
crystals of different sizes and orientation in matrix of MOC
mixes. Fig. 4a of MOC mix A0 shows the formation of small
interlocked needle like and plate like crystals of phase 5 and

This study disclose the effect of one-part MOC additive
prepared from light-burned magnesite on the mineralogy,
compressive strength, water resistance and micro structure of
dolomite MOC, the conclusions can be drawn as follows:
(1) The magnesite MOC additive increased the dry
compressive strength of all mixes at different curing ages
compared to the reference mix of MOC with no additive.
However, on curing of MOC in water the strength noticeably
declined due to dissolution of phases of MOC.
(2) The magnesite MOC additive increased the water
resistance of all mixes compared to the reference mix A0,
especially MOC mix A3 that showed the best water resistance.
(3) Micro structural investigation revealed formation of
phase 5 was responsible for mechanical performance and
structure compactness of dolomite MOC, and when the width
the width of theses formed crystals in MOC increases, the
mechanical performance of MOC is negatively affected.
Vol. 74, No. 3 § 2022/3 § építôanyag § JSBCM
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