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Magnesium oxysulfate (MOS) cement exhibits excellent adhesion and binding properties. It is lightweight, cheap
and easy to use as well as has very good cementing properties compared to ordinary Portland cement. It is used
in many types of aesthetic applications due to its white color, moreover, can be easily prepared by simply
combining magnesia and a concentrated solution of Epsom salt. Gum arabic and silica gel G were used as
additives with MOS to enhance water resistance and strength. The results showed that the incorporation of
different amounts of gum arabic and silica gel G in MOS enhances the compressive strength of the modified
product and lengthens setting times.The results showed that among all the compositions, MOS cement containing
5% additives (2.5% gum arabic and 2.5% silica gel G) significantly enhanced the long-term strength and water

resistance of MOS cement.
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1. Introduction

French scientist Stanislas Sorel discovered magnesium
oxychloride cement (MOC) in 1867 [1]. Magnesium
oxysulfate (MOS) cements are similar to MOC cements,
except that MgSOy is used instead of MgCl,. MOS
cements have gained popularity since the hygroscopicity
of magnesium sulfate is lower compared to magnesium
chloride, therefore, is purported to be more resistant to
weathering. MOS has many more excellent properties
than Portland cement, e.g. a 1.5 times higher abrasion
resistance than Portland cement [2],[3]. This material
exhibits excellent characteristics like rapid setting, high
initial ~ strength, strong cohesion, low thermal
conductivity, superior wear resistance as well as
excellent resistance to fire and corrosion [4],[5]. It is
suitable for producing lightweight insulation boards,
refractory materials, decorative materials, oil well
plugging, etc. This is a type of air-dried magnesia-based
cementitious material formed through a exothermic
reaction between lightly calcined MgO and MgSO4
solution [6]-[10].

The cementing effect of MOS is dependent on its
ternary cementing system of Mg(OH),-MgSOs-H,O.
Demediuk et al. identified four primary phases in MOS
([111,[12]):

- 3Mg(OH)>-MgSO4-8H>0 (3-1-8 phase),
- 5Mg(OH)>-MgSO4-8H>0 (5-1-8 phase),
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- Mg(OH),-MgS0O4-5H,0 (1-1-5 phase) and
- Mg(OH),-2MgSO4-3H,0 (1-2-3 phase).

Among these, the phases 5-1:8 and 3-1-8 are mainly
responsible for promoting the strength of MOS cement.
They also claimed that the 3-1-8 phase is only the main
phase at ambient temperature, resulting in the strength of
MOS cement often being poor. According to Dinnebier
et al., the 3-1'8 phase is unstable within the
Mg(OH),-MgS0O4—H,0O ternary cementing system,
which can lead to reduced long-term strength and
cracking in magnesium oxysulfate cement [13].

Beaudoin and Ramachandran discovered that the
excessive porosity of MOS cement is primarily
responsible for its low water resistance. As a result, an
abundance of Mg(OH); tends to form during the early
stages of magnesium oxysulfate cement hydration
because of the reaction of MgO with water alone, which
contributes to its unreliable strength [14].

In order to improve the mechanical properties of
magnesium oxysulfate cement, some additives are
employed to enhance the formation of stable magnesium
subsulfate phases while suppressing the generation of the
Mg(OH), phase [15].

Mathur et al. reported that incorporating
formaldehyde into magnesium oxysulfate cement
prolongs the setting time and enhances its compressive
strength [16].
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Wu et al. [17],[18] observed that by altering the
hydration process, the addition of phosphoric and citric
acid as well as phosphate could boost the compressive
strength of magnesium oxysulfate cement.

Zheng et al. observed that citric acid significantly
enhances the compressive strength of magnesium
oxysulfate cement [19].

Wu et al. found that 5Mg(OH),-MgSO4-7H,O
(5-1-7 phase) can act as a seed crystal modifier, serving
as a nucleation site that accelerates the hydration process
of magnesium oxysulfate cement in both the presence
and absence of citric acid [20].

Li et al. studied that compared to phosphoric acid,
citric acid is more conducive to the formation of the 5-1-7
phases and the microstructure of the sample containing
citric acid becomes denser than the one containing
phosphoric acid [21].

Chen et al. reported that the incorporation of
Portland cement into magnesium oxysulfate cement
significantly deteriorates its mechanical properties [22].

While the addition of Portland cement to
magnesium oxysulfate cement in large amounts
significantly reduces its mechanical properties,
incorporating a small amount can effectively shorten the
setting time while retaining most of its compressive
strength. Miao et al. reported that incorporating 0.33%
phosphoric acid as an admixture in MOS cement
composite plates led to the most notable improvements
in both compressive and flexural strength, indicating that
an optimal dosage of this admixture can significantly
enhance the mechanical performance of MOS
composites [23].

Zhang et al. studied that combining mineral
admixtures like low-calcium fly ash (L-FA), granulated
blast-furnace slag (G-BS) and silica fume (SF) enhances
the water resistance and compressive strength of
magnesium oxysulfate cement by optimizing hydration
products and pore structure, while H-FA and SF increase
the hydration rate but do not improve water resistance
due to the lack of further optimization of the micropore
structure [24].

A study on alkali-activated ground granulated blast
furnace slag (GGBS) mortar found that increasing the
NaOH molarity improved the 28-day compressive
strength (up to 67.5 MPa at 10 M) but reduced the
workability and setting time, while introducing 5% SF
instead of GGBS lowered the compressive strength and
flowability without affecting the setting time [25].

A study by Yu et al. demonstrates that roasted boron
mud can be effectively used to produce high-
performance magnesium oxysulfate plates, achieving
optimal flexural strength (15.1 MPa) and meeting
F-grade requirements of industry standard T/CMMA
8-2020, thus offering a sustainable application of boron
mud [26].

Brzyski [27] observed that gum arabic (3—5%) as a
partial replacement for the binder in lime—metakaolin
paste enhanced both the flexural and compressive
strength significantly despite increased porosity. In hemp
concrete, it improved its compressive strength by up to
92% and reduced water absorption by over 10%.

Mouanda et al. [28] found that incorporating up to
20% calcined kaolin (CK) and 0.6-0.8% gum arabic
improves the mechanical strength and durability of
concrete, while higher CK levels negatively affect
performance. Gum arabic-enhanced cement composites
exhibit improved adsorption, flexural strength, shear
bond strength and microstructural densification,
rendering them highly suitable in durable building-repair
applications [29].

Although numerous additives have been
investigated to improve the strength of MOS cement,
comparatively little attention has been paid to improving
its water resistance and long-term stability. This study
aims to evaluate the impact of a combined mixture of
gum arabic and silica gel G on the setting time, moisture
resistance and the compressive strength of magnesium
oxysulfate cement.

2. Experimental

2.1. Materials

The raw components used in this study for the
preparation of MOS cement include industrial-grade
magnesium oxide, technical-grade magnesium sulfate
and dolomite as an inert filler.

e Magnesium oxide [30]: In this study, lightly calcined
magnesia of industrial grade - obtained from Sukhsa
Exports in Jaipur, Rajasthan - was utilized. The
composition of the magnesite powder used was:
Si0y:  4.51%, CaO: 2.80%, MgO: 89.70%,
Fe,03: 0.12%, AlLO;s: 0.96%, Loss on ignition
(LOI): 3.42%.

Magnesium sulfate (Epsom salt) [31]: Technical grade
magnesium sulfate was used in the synthesis of MOS
cement. The chemical composition of Epsom salt is:
MgSOs: 96.80%, Fe 03 0.02%, ALOs: 0.07%,
CaO: 1.40% and acid-insoluble content: 0.11%.
Dolomite [32]: Dolomite served as an inert filler,
absorbing the excess heat generated during the reaction
between MgO and MgSOa. To prepare MOS, locally
available commercial-grade dolomite powder was
utilized as an inert filler, passing through a 150-micron
sieve while 50% was retained on a 75-micron sieve.

The chemical composition of dolomite is:
SiOz:  8.45%, CaO: 36.68%, MgO: 11.80%,
Fe;0;5.  0.73%, ALOs: 0.13%, LOI: 41.80%,

CaCO0s: 65.50%, MgCOs: 24.78%, brightness: 89.20%,
whiteness: 92.60%.

e Gum arabic was purchased from a local shop in Jaipur,
Rajasthan, India.

o Silica gel G was obtained from the store of Department
of Chemistry, University of Rajasthan, Jaipur.

2.2. Methods

Experiments were performed to explore how admixing
gum arabic with silica gel G influences the setting
characteristics, moisture resistance, compressive strength
and thermal properties of MOS. Each experimental
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Table 1: Compositions of each sample

Composition of each sample

Sample

e MgO:Dolomite gm:f) a(r)ibic silicof: ;1 G
MO 1:0 0 0

Mi 111 0 0

5% MOSGA 111 25 25
10% MOSGA 111 5.0 5.0
15% MOSGA 111 75 75
20% MOSGA 111 10.0 10.0

procedure was repeated five times and the average
calculated. The compositions of each sample (M0, M1,
5% MOSGA, 10% MOSGA, 15% MOSGA,
20% MOSGA) are displayed in Table 1.

The combined use of gum arabic and silica gel G
significantly enhances the properties of MOS cement.
Gum arabic improves interfacial adhesion, flexibility and
crack resistance through hydrogen bonding and
polymeric film formation, while silica gel G reacts with
Mg(OH), to generate M—S—H gel that densifies the
matrix and improves water resistance. Their combined
effect creates an organic—inorganic hybrid network,
balancing toughness and durability, thereby significantly
enhancing the performance of MOS cement.

2.2.1. Setting characteristics investigation

To determine the setting times of MOS in the presence
and absence of additives, different blocks in which it can
set were prepared. The prepared samples of the
experiments are shown in Figure 1.

Additives were used in the best composition of
MOS, namely a 1:1 ratio of MgO to dolomite and a
MgSO; solution with a concentration of 25°Be [33]. The
amounts of the powdered additive gum arabic (2.5, 5.0,
7.5 and 10.0%) and silica gel G (2.5, 5.0, 7.5 and 10.0%)
were calculated on the basis of MgO.

A Vicat needle apparatus was used to calculate the
initial and final setting times of various MOS samples
according to standard procedures [34].

2.2.2. Moisture resistance investigation

The MOS blocks without (MO and M1) and with
containing various amounts of additives (MOSGA) were
cured for 60 days under identical conditions of
temperature and humidity and then these MOS blocks
were heated in boiling water for 30 hours in a closed
steam bath. The relative water vapor transmission rate is
represented as a function of time.

2.2.3. Compressive strength investigation

To investigate the effect of gum arabic and silica gel G
on the compressive strength of MOS cement, identical
50 cm? cubes (70.6 x 70.6 x 70.6 mm) were cast using

Figure 1: Sample preparation for investigating the
setting time

CAPACITY -2000 kN

Figure 2: Compressive strength testing: (a) prepared
samples - molds and blocks (b) MOS block analyzed by
a universal testing machine

pastes of standard consistency containing varying
proportions of the gum arabic and silica gel G mixture
[35]. The prepared samples of each experiment and the
blocks being tested for their compressive strength are
shown in Figures 2a and 2b, respectively.

The different types of MOS blocks were subjected
to a 28-day curing period under identical conditions
before being compressed to the point of rupture using
compressive strength testing equipment as per standard
procedure [35].

2.2.4. Spectral analysis

Functional group and microscopic analyses as well as
thermal investigations were performed by FT-IR, SEM
and TGA analyses, respectively, on different types of
MOS samples.
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Table 2: Effect of gum arabic and silica gel G on MOS

Setting time (min)

Is\Iag.nple ofz(ggilt:ées MgO:Dolomite I :
Initial Final
MO 0 1:0 25 37
Ml 0 1:1 68 206
5% MOSGA 5 1:1 113 242
10% MOSGA 10 1:1 125 270
15% MOSGA 15 1:1 140 291
20% MOSGA 20 1:1 147 300

3. Results and discussion

3.1. Effect of gum arabic and silica gel G on
the setting time of MOS

The setting time is a vital property of cement that directly
influences its rate of hardening. The setting time of MOS
cement prepared in the presence and absence of different
amounts of gum arabic and silica gel G is shown in
Table 2.

The setting time of the MO sample was short
compared to that of the MOS samples containing gum
arabic and silica gel G. Since magnesium oxide (MgO)
and MgSO,4 solutions react exothermally, the heat
generated is responsible for the early setting of the MO
sample. In M1, as half of the magnesium oxide amount
is replaced by dolomite powder, just half the amount of
heat is generated by the exothermic reaction and the rest
is absorbed by the dolomite powder which behaves as an
inert filler through the three-body collision mechanism.
Therefore, the initial and final setting times of M1 are
longer than those of MO.

The initial and final setting times steadily
lengthened as the additive dosage increased. Gum arabic
absorbs water and slows down the hydration of MgO and

densifying the matrix but also retains moisture. The
setting time lengthens as the additive concentration
increases, suggesting that gum arabic delays the start of
the setting process due to its organic nature, which can
slow down hydration reactions. The final setting time
also lengthens as the additive content increases,
demonstrating that it takes longer for the cement to
completely harden as more gum arabic and silica gel G
were added. Although the silica gel G, being inert or just
slightly reactive, may have a minor effect on the setting
time, the gum arabic plays a dominant role in retarding
setting due to the interaction of its functional groups with
MOS. This retardation can be favorable in terms of its
workability, however, excessive amounts (15-20%) may
delay setting beyond practical limits.

3.2. Effects of gum arabic and silica gel G on
the moisture resistance of MOS

Moisture resistance is the inverse of moisture ingress.
The effect of gum arabic and silica gel G on the moisture
ingress parameters of MOS is shown in Table 3. It can be
clearly seen that the addition of gum arabic and silica gel
G improves the water-tightness of MOS and makes the
product more durable.

MgSO4, while silica gel G contributes towards
Table 3: Effect of gum arabic & silica gel G on the moisture ingress characteristics of MOS
Sample Total % . ) Trial sample blocks kept in boiling water for
No. of additives MgO:Dolomite
0-5 hrs 5-10hrs  10-15hrs  15-20 hrs  20-25 hrs  25-30 hrs

MO 0 1:0 a
M1 0 1:1
5% MOSGA 5 1:1
10% MOSGA 10 1:1
15% MOSGA 15 1:1
20% MOSGA 20 1:1

a = Cracked;

....=No Effect
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Figure 3: Cracking in the setting time testing blocks of
MO during curing
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Figure 5: Compressive strength of blocks of MOS
cement with different additive contents

3.3. Effect of gum arabic and silica gel G on
the compressive strength of MOS

In MOS cement, cracks are observed in MO during
curing, which are noticeable in Figures 3 and 4.
Therefore, MO is not suitable for construction
applications. As a result, compressive strength tests were
only carried out on M1 as well as 5, 10, 15 and 20%
MOSGA samples.

The incorporation of gum arabic (GA) and silica gel
G (SG) in equal proportions significantly affects the
compressive strength of MOS (Figure 5). Optimum
performance was observed at an additive content of 5%
(48.1 MPa), likely due to enhanced particle packing and
improved bonding within the matrix. At 10%, the
strength slightly decreased but remained above that of the
control. However, further increases to 15 and 20%
resulted in a sharp decline in compressive strength,
suggesting that an excessive additive content disrupts the
hydration process or leads to poor structural integrity.
Therefore, controlled use (preferably at 5% or between
5 and 10%) is essential for maximizing mechanical
performance.

Figure 4: Crack formation in compressive strength
testing block of MO during curing
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Figure 6: FT-IR spectra of MOS and 5% MOSGA
samples

4. Spectral analysis

4.1. FT-IR analysis

The combined FT-IR spectrum of the MOS and 5%
MOSGA samples is shown in Figure 6. FT-IR spectral
analysis determined the formation of new bonds by
compound intermixing.

The FT-IR spectra exhibit both common structural
features and distinct additional bands arising from the
additives. In both samples, a broad absorption band
between 3400 and 3700 cm™ corresponds to O-H
stretching vibrations associated with structural hydroxyl
groups and physically adsorbed water in hydrated
magnesium phases such as Mg(OH), and magnesium
oxysulfate hydrates (e.g. the 5-1-8 phase). The H-O-H
bending mode of bound water is observed between
1600 and 1650 cm™. The characteristic asymmetric
stretching vibrations of sulfate groups (SO4%), arising
from MgSO4nH,O and MOS phases, appear
prominently between 1100 and 1150 cm™. Mg-O
stretching modes typically appear between 400 and
600 cm™. In the modified MOS system, additional
vibrational bands are observed due to the incorporation
of gum arabic and silica gel G. The C—O—-C glycosidic
bonds and C-O stretching modes of gum arabic
polysaccharide chains result in distinct peaks between

54(1) pp. 35-42 (2026)



40

JAT, CHOUDHARY AND MEENAKSHI

Figure 7: Microstructure of (a) MOS and (b) 5%
MOSGA

1020 and 1083 cm™. Weak but identifiable C-H
stretching bands attributed to gum arabic are noted near
2980 cm™'. The presence of silica gel G is confirmed by
Si—O-Si asymmetric stretching modes overlapping at
approximately 1100 c¢cm™. Furthermore, minor peaks
between 1400 and 1450 cm™ as well as at ~870
(868) cm ! correspond to v3 and v2 carbonate vibrations,
respectively, indicating partial carbonation of the matrix
upon exposure to atmospheric CO,.

The appearance of these additional bands in the
modified samples is indicative of successful chemical
incorporation as well as the interaction between gum
arabic and silica gel G within the MOS matrix,
potentially  altering  its  hydration  behavior,
microstructural development and mechanical properties.

4.2. SEM analysis

The SEM images of simple MOS and the microstructure
of MOS containing 5% additives (2.5% gum arabic +
2.5% silica gel G) are presented in Figures 7a and 7b,
respectively. Compared to simple MOS, the
microstructure of the MOSGA mixture appears more
homogeneous and compact, featuring interwoven needle-
like crystals. This interlacing of needle-shaped crystals
likely contributes to enhanced mechanical interlocking,
which is considered a determining factor in increasing the
strength of MOS cement. The addition of gum arabic
significantly enhanced the microstructure of the cement,
indicating the effectiveness of the curing procedure in
improving the structural cohesion of the cement.

4.3. TGA analysis

The TGA curves of the MOS (or M1) and 5% MOSGA
cement samples are presented in Figures 8a and 8b,
respectively. The TGA curves show that the thermal
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Figure 8: TGA curves of (a) MOS and (b) 5% MOSGA

decomposition of the MOS and MOSGA samples takes
place over three stages. At temperatures between 25 and
300 °C, dehydration of the magnesium oxysulfate hydrate
phases such as 5-phase (5Mg(OH);-MgSO4-8H,0) or
3-phase (3Mg(OH),-MgS04-8H,0) takes place. Over a
three-stage process, magnesium hydroxide (Mg(OH)>)
transforms into magnesium oxide (MgO) and water
(vapor), which is shown in the following equations:

Mg(OH), - MgSO, - x H,0 —» Mg(OH), - MgS0, +

+x H,0 (vapor) (1),

Mg(OH), — MgO + H,0 (vapor) ),
MgS0, = MgO +S0; (g) 3).

The first stage of decomposition, namely

dehydration of MOS 5-phase or 3-phase, is presented in
Equation 1, while the second and third stages of
decomposition are shown in FEquations 2 and 3,
respectively.

By comparing MOS and MOSGA, the weight loss
that occurs in the first stage of MOS is slightly higher
than that of the MOSGA sample. In the second stage of
decomposition, a major weight loss in unmodified MOS
is observed compared to modified MOS cement between
300 and 400 °C. However, above 400 °C, a small weight
loss in unmodified MOS and modified MOSGA is seen.
The overall weight loss in MOS and MOSGA was
20.32 and 16.49%, respectively, which specifies that
modified MOSGA is more thermally stable than
unmodified MOS cement.

The presence of silica gel G enhances the overall
thermal stability of the system, leading to a greater
amount of final residue compared to the unmodified
MOS, while the addition of gum arabic introduces
additional decomposition steps linked to its organic
nature.
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5. Conclusions

MO is not suitable for construction purposes because of
the formation of cracks. Due to its high strength, moisture
resistance and the absence of cracks, M1 is more suitable
than MO.

The MOS cement containing 5% additives (2.5%
gum arabic and 2.5% silica gel G) prolongs the setting
time, enhances water resistance and compressive strength
as well as increases the thermal stability of the MOS
cement matrix. Both additives contribute to improved
moisture resistance. Gum arabic acts as a moisture
barrier, while silica gel G absorbs free water and reduces
porosity, improving the durability of the cement matrix.
Gum arabic and silica gel G enhance the compressive
strength of MOS cement containing 5% additives,
achieving a compressive strength of over 48.1 MPa after
28 days, which is 48% higher than that of a simple MOS
sample. At higher additive dosages (up to 20%), the
strength of the cement sample may decrease due to
possible agglomeration or interference with hydration.

The FT-IR and SEM analyses suggest improved gel
formation and fewer microcracks in the MOS cement
containing an appropriate proportion of additives. The
additives promote the formation of dense phase-5
(5.1.8 phase) and reduce the number of voids. The
presence of gum arabic and silica gel G enhances the
overall thermal stability of the system.
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