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Abstract: Magnesium oxychloride cement (MOC), a type of Sorel’s cement, has 7 
gained renewed attention as a sustainable building material due to its low carbon 8 
footprint and energy consumption. However, its application in construction rem-9 
ains limited, primarily due to its inadequate moisture resistance and reduced 10 
early-age strength under elevated temperature conditions. This research inves-11 
tigates the impact of silica gel G (SG) on the properties of MOC. SG was incor-12 
porated into MOC at varying proportions (0–20 wt. % MgO) to form MOC–SG 13 
composites. The study evaluated the physical and mechanical properties of these 14 
composites, including setting time, moisture ingress resistance and compressive 15 
strength. Additionally, FTIR, PXRD, SEM-EDX and TGA analyses were con-16 
ducted to examine the crystalline phases of the composites. SG acts as a binding 17 
agent, enhancing the strength and durability of the composite. This research 18 
demonstrates the potential of MOC–SG composites as promising sustainable 19 
building material. Results indicate that the addition of 5 % SG significantly 20 
improves the properties of MOC. 21 

Keywords: cement; silica gel G; setting time; water resistance; compressive 22 
strength. 23 

INTRODUCTION 24 

Cement, a foundational material in human civilization and infrastructure dev-25 
elopment, has been utilized for centuries.1 In recent years, there has been a growing 26 
interest in low-carbon cement alternatives, such as magnesium oxide-based cement. 27 
Magnesium oxychloride cement (MOC) was first developed in 1867 by Sorel.2 In 28 
recent years, MOC is gaining attention due to its low energy consumption and 29 
reduced CO2 emissions.3–7 30 

In comparison with ordinary Portland cement (OPC), MOC exhibits several 31 
noteworthy performance advantages, including high early and ultimate strength, 32 
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strong interfacial bonding, rapid setting, low thermal conductivity, enhanced wear 33 
resistance, favorable mechanical properties, dimensional stability and excellent 34 
cohesiveness in lightweight composite panels.8,9 Additionally, its inherent fire 35 
resistance and the absence of the requirement for humid curing further contribute 36 
to its applicability across diverse construction contexts.10 37 

MOC is frequently referred to as a green or eco-friendly cement due to its 38 
lower energy demand during synthesis, requiring neither high-temperature proc-39 
essing nor external heat or light. The CO2 emissions associated with MOC pro-40 
duction are typically 40–50 % lower than those associated with OPC. Moreover, 41 
MOC continues to sequester CO2 from the atmosphere after curing and does not 42 
release heat during curing, making it a viable and cost-effective substitute for 43 
energy-intensive OPC. 44 

MOC is produced through the direct reaction between lightly calcined MgO 45 
and a concentrated MgCl2 solution. This reaction is exothermic and the heat gen-46 
erated can induce microcracking during the setting and curing stages. Such thermal 47 
microcracks facilitate water ingress, ultimately compromising the compressive 48 
strength and durability of the cement. To mitigate this issue, an inert filler is incor-49 
porated into the MOC matrix. Acting through a collision-based heat absorption 50 
mechanism, this filler dissipates thermal energy without participating in the pri-51 
mary cementation reactions.11 In the present study, dolomite powder was used as 52 
an inert filler to decrease thermal shock and minimize crack development in MOC: 53 

 2 2MgO(s) MgCl 6H O(liq.) MOC Heat Cracking      (1) 54 

 
2 2MgO(s) MgCl 6H O(liq.) Inert filler

MOC Inert filler

   

 
(No cracking) (2) 55 

Temperature, along with the mole ratios and relative concentrations of MgO, 56 
MgCl2 and H2O, plays a critical role in governing the hydration and mineral com-57 
position of MOC. These parameters strongly influence the formation, stability and 58 
proportion of hydration products, typically represented as xMg(OH)2ꞏyMgCl2ꞏzH2O, 59 
which in turn exert a direct effect on the resulting compressive strength of the 60 
material.12,13 61 

Several distinct phase assemblages are known to form within the MgO– 62 
–MgCl2–H2O system, including phase-3 (3Mg(OH)2ꞏMgCl2ꞏ8H2O), phase-5 63 
(5Mg(OH)2ꞏMgCl2ꞏ8H2O), phase-9 (9Mg(OH)2ꞏMgCl2ꞏ8H2O) and phase-2 64 
(2Mg(OH)2ꞏMgCl2ꞏ8H2O), which are typically stable over temperatures ranging 65 
from approximately 30 to 120 °C. The specific hydrate phases present in the hard-66 
ened matrix are largely determined by the MgO/MgCl2 mole ratio, which controls 67 
the reaction pathways and ultimate phase composition. 68 

Under ambient conditions, phase-5 and phase-3 are the predominant and most 69 
thermodynamically stable hydration products in MOC systems, as represented in 70 
reactions (3) and (4): 71 
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 2 2 2 2 25MgO MgCl 13H O 5Mg(OH) MgCl 8H O (Phase-5)      (3) 72 

 2 2 2 2 23MgO MgCl 11H O 3Mg(OH) MgCl 8H O (Phase-3)      (4) 73 

These phases contribute significantly to strength development, durability and 74 
overall performance of MOC. 75 

Although MOC exhibits a wide range of favorable mechanical and engineer-76 
ing properties, its large-scale industrial application remains significantly con-77 
strained. The primary limitations arise from its poor resistance to moisture and its 78 
susceptibility to reduced early-age strength when exposed to elevated temperatures. 79 
These drawbacks lead to excessive moisture uptake, dimensional instability and 80 
structural deformability under humid or high-temperature conditions. Consequently, 81 
despite its promising performance attributes, the broader commercial adoption of 82 
MOC has been limited. Owing to its many advantageous characteristics, extensive 83 
research has been devoted to magnesium oxychloride cement, with numerous stu-84 
dies aiming to further enhance its performance and broaden its applicability. A 85 
wide range of inorganic, organic, and hybrid additives have been incorporated into 86 
MOC systems with the aim of enhancing properties such as moisture resistance, 87 
mechanical strength, dimensional stability and overall durability.14–25  88 

Numerous studies have demonstrated that incorporating silica-based materials 89 
such as silica fume, nano-silica and others, either individually or in combination 90 
with supplementary additives like fly ash and phosphoric acid, significantly 91 
enhances the water resistance and overall performance of MOC. Silica fume, 92 
owing to its ultrafine particle size and high amorphous SiO2 content, improves 93 
MOC mainly by filling micropores, microstructure densification and promoting 94 
the formation of magnesium–silicate–hydrate or Mg–Cl–Si–H type gels, which 95 
have superior stability in moist environments compared with conventional MOC 96 
hydration phases.26 Hybrid systems incorporating silica fume and fly ash often 97 
demonstrate synergistic effects, with improved long-term retention of strength 98 
after water immersion while maintaining adequate mechanical properties.27,28 99 
Nano-silica, owing to its high reactivity and surface area, further accelerates hyd-100 
ration, promotes secondary reactions of unreacted MgO, refines the pore structure 101 
and markedly reduces permeability. These effects translate into notable improve-102 
ments in compressive strength and durability under wet conditions.29 When nano- 103 
-silica is combined with fly ash or phosphate-based modifiers, additional improv-104 
ements arise owing to the formation and stabilization of water-resistant binding 105 
gels.30 Collectively, the literature indicates that silica-based additives play a cru-106 
cial role in mitigating the inherent water sensitivity of MOC by altering its hyd-107 
ration chemistry and microstructure. 108 

Silica gel G (SG) is an amorphous form of SiO2 containing approximately 13 % 109 
gypsum, which contributes to its binding capability. This research study aims to 110 
introduce SG as a novel additive for MOC and evaluate its effect on the material’s 111 
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physicochemical and mechanical properties. The investigation also examines dolo-112 
mite as an inert filler alongside SG, considering its role in improving particle pack-113 
ing, dimensional stability and resistance to shrinking-induced microcracking. The 114 
key objective is to determine whether the combined use of SG and dolomite can 115 
refine the MOC microstructure, lower capillary porosity, stabilize hydration pro-116 
ducts, and promote water-resistant binding phases, thereby improving durability 117 
and reducing the well-known susceptibility of MOC to strength loss under water 118 
exposure. 119 

EXPERIMENTAL 120 
Materials 121 

In this study, magnesium oxide (MgO), magnesium chloride (MgCl26H2O), dolomite and 122 
silica gel G (SG) were used as the raw materials.  123 

Magnesium oxide. Lightly calcined commercial grade MgO was procured from Suksha 124 
Exports, Jaipur, Rajasthan, India. The chemical composition of MgO was: MgO = 89.90 %, 125 
SiO2 = 4.19 %, CaO = 1.40 %, Fe2O3 = 0.12 % and Al2O3 = 0.88 %. The loss of ignition, 126 
brightness and whiteness of MgO were 3.08, 88.20 and 91.60 %, respectively.31 127 

Magnesium chloride (as MgCl2.6H2O). Technical grade magnesium chloride was pro-128 
cured from Alum Scientific Suppliers, Jaipur, Rajasthan, India. It is a colorless crystalline and 129 
hygroscopic compound, which has a purity of 96.60 %.32 130 

Dolomite. In this study, commercial grade dolomite was used as an inert filler and procured 131 
from Ases Chemical Works, Jodhpur, Rajasthan, India. The chemical composition of dolomite 132 
was: CaO = 28.00 %, MgO = 18.00 %, SiO2 = 10.98 %, Fe2O3 = 0.71 % and Al2O3 = 0.10 %. 133 
The LOI, brightness and whiteness of dolomite were 41.80, 89.40 and 92.70 %, respectively.33 134 

Silica Gel G. In this study, SG was employed as a chemical admixture and procured from 135 
CDH Fine Chemicals, New Delhi, India. 136 
Methods 137 

The methods for the preparation of the dry-mix composition, the gauging solution and the 138 
wet-mix composition with the incorporation of SG are as fllows. 139 

Preparation of dry-mix composition and incorporation of silica gel G. To prepare the dry- 140 
-mix, MgO and dolomite were gently mixed together in an equal weight ratio. Powdered SG 141 
was also mixed into this dry-mix composition in varying weight proportions of 5, 10, 15 and 20 142 
% with respect to MgO. A control dry-mix was also prepared with no addition of SG. 143 

Preparation of gauging solution. To prepare the gauging solution, a sufficient amount of 144 
MgCl26H2O powder was added to lukewarm water (37 C) with continuous agitation until 145 
saturation point was reached. This saturated solution of MgCl2 is referred to as the gauging 146 
solution for MOC. The concentration of saturated gauging solution was obtained approx. 31 147 
°Be on Baume Scale. A solution of MgCl26H2O of 25 °Be concentration was used as the 148 
gauging solution in the present research work. 149 

Preparation of wet-mix. To form the wet-mix, the gauging solution was blended into the 150 
dry-mix to get a workable wet-mix consistency. The incorporation of SG into the optimal cem-151 
enting composition of MOC was investigated with this wet-mix composition. To obtain a uni-152 
form and workable paste, the solid-to-solution ratio was optimized experimentally for each mix. 153 
For the compressive‑strength specimens, the total solid mass (MgO + dolomite) was fixed at 154 
540 g (MgO:Dolomite = 1:1) for compressive strength analysis (Table S-1 of the Supplementary 155 
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material to this paper) and at 200 g (MgO:dolomite = 1:1) for setting time analysis, and the 156 
volume of MgCl2 solution required for workable consistency varied with the SG content (Table 157 
S-II of the Supplementary material).  158 

In this study, each experimental procedure was repeated five times and the average value 159 
was taken into account to get accurate readings. All experiments were performed under con-160 
trolled environmental conditions, maintaining a constant temperature of 30 °C and a relative 161 
humidity of approximately 90 % throughout the testing period. 162 

Following procedures were conducted to investigate the effect of SG in MOC. 163 
Setting time investigation 164 

To evaluate the effect of SG on setting characteristics of MOC, different percentages (5, 10, 165 
15 and 20 %) of SG were mixed with dry-mix composition (MgO:dolomite = 1:1) in varying 166 
proportions. This mixture was then gauged with gauging solution to form a workable wet-mix. 167 
A standard procedure was adopted according to the Indian Standard (IS 10132-1982) specific-168 
ation to determine standard consistency. A Vicat needle apparatus was used to determine the 169 
initial and final setting times.33 Setting time blocks of simple MOC (M0, only MgO and gauging 170 
solution) and control MOC (M1, MgO:dolomite = 1:1 with gauging solution) were also pre-171 
pared for comparative analysis. Results are reported in Fig. 1. 172 
Water ingress investigation 173 

Moisture ingress tests were conducted on all previously prepared setting-time specimens 174 
to assess the effect of SG on the soundness of MOC. After a curing period of 60 days, the 175 
specimens (M0, M1 and various MOC–SG formulations) were subjected to boiling-water expo-176 
sure, a procedure essential for evaluating their comparative moisture-sealing performance. A 177 
time-dependent assessment was then performed to determine the relative moisture resistance of 178 
each composition at successive intervals across a total duration of 30 h. The measurements were 179 
recorded at the time intervals of 0–5, 5–10, 10–15, 15–20, 20–25 and 25–30 h, to systematically 180 
monitor the progressive changes in the system. The comparative results of moisture-resistance 181 
performance for all specimens are summarized in Table S-III of the Supplementary material. 182 
Compressive strength 183 

To evaluate the influence of SG on the compressive strength of MOC, standard cube spe-184 
cimens of dimensions of 70.6 mm×70.6 mm×70.6 mm with a surface area of 50 cm2 were 185 
fabricated using various compositions (M0, M1 and MOC–SG formulations containing 5, 10, 186 
15 and 20 % of SG).33 The dry mixtures were homogenized and subsequently gauged with the 187 
prepared gauging solution before being cast into molds. After remaining in the molds for 24 h, 188 
the specimens were demolded and subjected to a 28-day curing period under controlled envi-189 
ronmental conditions (temperature around 30 C, and relative humidity above 90 %). Compres-190 
sive strength testing was performed using a universal testing machine in accordance with stan-191 
dard procedures (Fig. S-3 of the Supplementary material). The results of the compressive 192 
strength measurements are presented in Fig. 2. 193 
Spectroscopic analysis 194 

The effect of SG on the MOC block was also investigated through the following spectro-195 
scopic techniques using the best modified MOC–SG composite. 196 

Fourier transform-infrared spectroscopy (FT-IR). FT-IR spectra of MOC and SG-incor-197 
porated MOC–SG composite cement were recorded using an MRC-28 FT-IR analyzer in the 198 
range from 400 to 4000 cm-1. For FT-IR analysis, the MOC cement samples were prepared in 199 
dehydrated potassium bromide. 200 
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Powder X-ray diffraction (PXRD). PXRD diffraction patterns of MOC and SG-incor-201 
porated MOC–SG composite cement were recorded using a Panalytical X Pert Pro Diffracto-202 
meter (conditions for diffraction pattern: 2θ 5–70°, CuKα radiation, λ = 0.15406 Å). 203 
Microscopic analysis 204 

Field emission-scanning electron microscopy (FE-SEM) images of MOC and SG-205 
incorporated MOC–SG composite were recorded using a Jeol JSM- 7610F Plus FE-SEM 206 
Instrument. An EDS was also performed for elemental analysis of MOC and MOC– 207 
–SG composite samples. 208 
Thermogravimetric analysis 209 

Thermogravimetric analysis (TGA) of MOC and SG-incorporated MOC–SG composite 210 
cement was performed using a Perkin Elmer STA 6000 to evaluate the thermal stability. MOC 211 
and MOC–SG composite samples were heated under a nitrogen environment from room tempe-212 
rature to 800 °C at a rate of 10 °C per min to obtain the results.  213 

RESULTS AND DISCUSSION 214 

Setting time analysis 215 

Fig. 1 illustrates the influence of varying SG concentrations (0–20 %) on the 216 
initial and final setting times of the resulting composites. The exothermic reaction 217 
between MgO and the MgCl2 solution is responsible for the rapid setting of MOC. 218 
Hence the shortest initial and final setting times were observed for M0 without 219 
dolomite and additive. 220 

 221 
Fig. 1. Setting times of M0, M1, and different types of MOC-SG samples; M0 = MgO + 222 

gauging solution; M1 = (MgO:dolomite = 1:1) + gauging solution; SG-1 = (MgO:dolomite 223 
= 1:1) + 5% SG + gauging solution; SG-2 = (MgO:dolomite = 1:1) + 10 % SG + gauging 224 

solution; SG-3= (MgO:dolomite = 1:1) + 15% SG + gauging solution; SG-4 = 225 
(MgO:dolomite = 1:1) + 20 % SG + gauging solution. 226 

In contrast, the control sample (M1) with 50 % dolomite replacement exhibit-227 
ed relatively longer setting time than M0 due to the reduced exothermic reaction. 228 
Dolomite works as an inert filler, being responsible for absorption of thermal 229 
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shocks in situ in MOC by the three-body collision mechanism, as represented in 230 
reactions (1) and (2).  231 

However, the addition of SG, a hydrophilic material, delays the setting pro-232 
cess. SG’s strong hydrogen bonding capacity leads to increased water retention, 233 
hindering the hydration reaction and extending both the initial and final setting 234 
times. As the SG concentration rises, the water retention capacity increases, further 235 
delaying the setting process and leading to a more controlled setting profile.  236 

Analysis of water resistance 237 

The water resistance characteristics of the MOC specimens are presented in 238 
Table S-III. Owing to the highly exothermic reaction between magnesium oxide 239 
and the magnesium chloride solution, visible cracks developed in the M0 sample 240 
during the curing stage (Fig. S-1). During the subsequent water-resistance test, 241 
these cracks facilitated rapid water penetration, leading to their further widening 242 
and propagation. The increased permeability significantly accelerated water abs-243 
orption and consequently diminished the overall water resistance of the M0 com-244 
position, rendering it unsuitable for structural applications. 245 

In contrast, neither the M1 sample nor the SG-modified MOC specimens exhi-246 
bited cracking during curing (Fig. S-2). The improved resistance to crack form-247 
ation and water absorption can be attributed to the presence of dolomite, which 248 
effectively absorbs a portion of the heat generated during the exothermic reaction 249 
of the reactive components. By moderating the temperature rise, dolomite limits 250 
internal stress development and prevents crack initiation. The absence of cracks 251 
significantly restricts water ingress, thereby enhancing the overall durability of the 252 
cement matrix. Furthermore, dolomite contributes to improved water resistance by 253 
occupying internal voids and micropores within the hardened matrix. This pore-254 
filling effect reduces the permeability of the cement, impeding water migration 255 
through the material and promoting the formation of a denser and more structurally 256 
sound matrix. 257 

Compressive strength analysis. Fig. 2 illustrates the compressive strength of 258 
MOC–SG composite blocks after a 28-day air curing period. The M0 sample, 259 
exhibited significant cracking during curing due to the exothermic reaction 260 
between MgO and MgCl2, rendering it unsuitable for construction applications 261 
(Fig. S-1). The M1 sample and different types of SG samples were free from cracks 262 
due to the presence of dolomite (Fig. S-2). The addition of SG resulted in a notable 263 
enhancement in the compressive strength of the composite blocks. Specifically, 264 
the SG-1 sample demonstrated the highest compressive strength, surpassing both 265 
the control sample (M1) and samples with higher SG concentrations. The strong 266 
hydrogen bonding between the hydroxyl groups of SG and the MOC matrix likely 267 
contributed to the formation of interlocking crystals, leading to improved mechan-268 
ical properties. However, excessive SG incorporation was found to be detrimental 269 
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to the compressive strength. Therefore, the optimal SG concentration for enhan-270 
cing the mechanical properties of MOC–SG composites was determined to be 5 % 271 
by weight of MgO. Building upon the physical analysis results, M1 and SG-1 272 
composite blocks were subjected to in-depth characterization using FT-IR and 273 
PXRD spectroscopic analyses. 274 

 275 
Fig. 2. Effect of silica gel G on compressive strength characteristics of MOC–SG composite 276 

blocks. 277 

FT-IR analysis. FT-IR spectra of both M1 and SG-1 composite samples were 278 
recorded using KBr pellets in the range of 400–4000 cm–1 at ambient conditions. 279 
Fig. 3 illustrates the FT-IR spectra of M1 and SG-1. Both M1 and SG-1 exhibited 280 
sharp, intense peaks in the 3600–3800 cm–1 region, characteristic of the stretching 281 
vibrations of water molecules.34,35 However, the incorporation of SG resulted in 282 
broader, less intense peaks in this range, indicating a decrease in water content. 283 
This suggests that SG enhances the water resistance of the MO–SG composite. The 284 
stretching vibrations of crystalline hydroxyl groups were observed at 3695 (M1) and 285 
3698 cm–1 (SG-1), which are attributed to the stretching vibrations of the –OH 286 
group in brucite (Mg(OH)2) and suggest a low presence of Mg(OH)2 in both 287 
samples. This is beneficial for the mechanical strength and moisture resistance of 288 
the SG-1 composite sample. 289 

The peaks at 1622 (M1), 1611 (SG-1), 3435 (M1) and 3428 cm–1 (SG-1) ori-290 
ginate from the crystalline phases, specifically phase-5 (5Mg(OH)2ꞏMgCl2ꞏ8H2O) 291 
and phase-3 (3Mg(OH)2ꞏMgCl2ꞏ8H2O), of the MOC matrix. The peak at 1385 cm–1 292 
corresponds to the linear C–O bond vibration in carbonates. The peak at 1445 (M1) 293 
and 1439cm–1 (SG-1) associated with asymmetric C=O stretching, becomes 294 
broader and more intense in SG-1, indicating an interaction between the polar C=O 295 
group and the functional groups of SG. The out-of-plane bending of CO32– is 296 
represented by peaks at 881 (SG-1) and 880 cm–1 (M1).3 The absorption bands at 297 
726 and 730 cm–1 (M1 and SG-1), 530 (SG-1) and 542 cm–1 (M1), are attributed 298 
to the stretching and bending vibrations of Si–O, Mg–O and Mg–Cl, respectively. 299 
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Peaks at 1611 (SG-1) and 1622 cm–1 (M1) can be attributed to O–H bending vib-300 
rations. The presence of dolomite is also shown by the carbonate absorption peak 301 
at 2530 (SG-1) and 2527 cm–1 (M1). The reduction in O–H peak intensity suggests 302 
the formation of hydrogen bonds between the hydroxyl groups of MOC phases and 303 
silica gel G. This hydrogen bonding, facilitated by SG, creates a protective coating 304 
that enhances the bonding strength of the MOC. 305 

 306 
Fig. 3. FT-IR spectra of M1 and silica gel G (SG) incorporated SG-1 composite samples. 307 

Powdered XRD analysis. PXRD spectra of M1 and SG-1 composite samples 308 
were recorded at ambient conditions and are presented in Fig. 4. As evidenced by 309 
the diffraction patterns, the primary components of the MOC cement are phase-5 310 
(5Mg(OH)2ꞏMgCl2ꞏ8H2O), unreacted MgO, brucite and minor carbonated MgO. 311 
The characteristic reflections of MgO are indicated by peaks at 2θ 43 and 62.5, 312 
indicating incomplete MgO hydration in both systems. The incorporation of 5 % 313 
SG does not significantly introduce any new crystalline phases into the MOC com-314 
posite matrix. The overall phase assemblage of SG-1 remains similar to that of M1, 315 
indicating that SG does not participate in crystallization as a distinct crystalline 316 
phase. However, a noticeable change in peak characteristics is observed. Com-317 
pared to M1, SG 1 pattern exhibits slightly reduced peak intensities accompanied 318 
by moderate peak broadening, which suggests refinement of the crystalline size 319 
and/or an increase in structural disorder. These changes are consistent with a modi-320 
fication of the hydration and crystallization process rather than a change in phase 321 
composition. 322 

A particularly prominent peak at 2θ 31, associated with the inert filler 323 
dolomite, is present in both samples with comparable intensity. This suggests that 324 
dolomite remains unreactive during hydration and functions as a heat-absorbing 325 
filler, without participating in the formation of hydration products. No distinct dif- 326 
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 327 
Fig. 4. PXRD spectra of M1 and SG-1 samples. 328 

fraction peaks attributable to SG are detected in SG-1. This observation is exp-329 
ected, as SG is predominantly amorphous in nature and therefore does not con-330 
tribute sharp crystalline reflections in PXRD. The absence of additional peaks also 331 
confirms that SG does not form new crystalline reaction products with the MOC 332 
phases within the detection limits of PXRD. Instead, its presence is suggested to 333 
influence the nucleation and growth kinetics of phase-5, which is also supported 334 
by the observed extension in setting time. The qualitative comparison of peak 335 
positions and relative intensities suggests that the incorporation of SG modifies the 336 
microstructural packing and crystallization behavior of the MOC matrix. This mic-337 
rostructural refinement is consistent with the experimentally observed 338 
improvements in water resistance and thermal stability of SG-1. The mechanical 339 
enhancement observed for SG-1 is therefore attributed to microstructural densific-340 
ation and improved phase interlocking, rather than an increase in the absolute 341 
amount of phase-5. 342 
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SEM-EDX analysis. SEM-EDX analyses of both M1 and SG-1 were recorded 343 
and are shown in Figs. 5 and 6. The incorporation of silica gel G helped the rod- 344 
-like phase-5 crystals (M1) convert into a gel-like amorphous phase-5 structure 345 
(SG-1), which could notably reinforce the mechanical properties. It is also clear 346 
that the needle-like shape of the crystals was clearer in the SG-1 composite mat-347 
erial than in M1. Due to the needle-like crystals, SG-1 exhibited more interlocking 348 

 
Fig. 5. SEM images of M1 (A–C) and SG-1 (D–F) MOC-SG composite samples at 

different magnifications. 
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phase-5, which can be explained by the smaller void gaps in SG-1 composite (Fig. 349 
5F) as compared to the larger void gaps in M1 (Fig. 5C). Therefore, SG-1 showed 350 
more interlocking phase-5 than M1, supporting enhanced strength and durability. 351 
In addition, the transformation of phase-5 resulted in smaller voids in SG-1, 352 
thereby increasing the water-resistance of MOC. 353 

The SEM–EDX analysis (Fig. 6) shows distinct differences in the elemental 354 
ratios of Mg, Cl and O between M1 and SG-1. The mole ratio in M1 is 355 
10.45:1.00:28.59, whereas SG-1 exhibits a ratio of 1.13:1.00:2.41. Rather than 356 
indicating the presence of amorphous phases, these differences reflect the relative 357 
proportions of magnesium-chloride-based hydration products formed in each mix. 358 
The higher Mg and Cl content in SG-1 suggests a greater formation of phase-5-type 359 
MOC hydration products, consistent with the known role of silica additives in pro-360 
moting phase-5 development. This interpretation is in agreement with literature 361 
reports, which demonstrate that silica gel enhances both the quantity and crystallite 362 
size of phase-5.35 In contrast, the higher oxygen proportion in M1 is attributed to 363 
the larger amount of carbonate minerals present in the mix, rather than to any 364 
amorphous hydration product. 365 

 366 
Fig. 6. SEM-EDX of M1 (A) and SG-1 (B) MOC–SG composite samples. 367 

Thermogravimetric analysis. The thermal decomposition of M1 and SG-1 can 368 
be seen from the TGA curves in Fig. 7. The decomposition takes place in three 369 
stages (Eqs. (5)–(7)). Both M1 and SG-1 samples exhibit mass loss as a result of 370 
the slow evaporation of moisture (free water molecules), crystalline water, 371 
structural water and hydrochloric acid content throughout the heating process.36,37 372 
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The weight loss in the first stage is nearly the same in both M1 and SG-1 samples, 373 
but slightly less weight loss was observed in SG-1. In the second stage, the weight 374 
loss increases in both M1 and SG-1 compared to the first stage weight loss and M1 375 
exhibits greater weight loss compared to SG-1. In the third stage, the weight loss 376 
decreases as compared to both the first and second stages in M1. SG-1 has compar-377 
atively more weight loss in third stage as compared to M1. It was indicated that 378 
SG-1 is more thermally stable in the lower temperature range (30 to 430 C), but 379 
undergoes rapid decomposition in the temperature range of 430–730 C and becomes 380 
constant after 730 C. The overall weight loss in M1 and SG-1 is 44.80 and 38.04 381 
%, respectively, and therefore, SG-1 sample is thermally more stable than M1: 382 

 2 2 2 2 2 25MgO(OH) MgCl 8H O 5Mg(OH) MgCl 8H O      (5) 383 

 2 2 2 25Mg(OH) MgCl MgCl H O 5MgO     (6) 384 

 2 2MgCl H O MgO 2HCl    (7) 385 

 386 
Fig. 7. TGA of M1 and SG-1 sample. 387 

CONCLUSION 388 

This research investigated the potential of silica gel G as an additive in mag-389 
nesium oxychloride cement to enhance its properties and sustainability. The incor-390 
poration of SG in varying proportions (0–20 % by weight of MgO) led to notable 391 
improvements in the physical and mechanical properties of the resulting MOC– 392 
–SG composites. The mixing of SG into MOC significantly enhanced its physical 393 
and mechanical properties. 394 

The key findings include: 395 
Accelerated setting time; the addition of SG reduced the initial and final set-396 

ting time of MOC, likely due to the decreased availability of MgO for the hydration 397 
reaction. 398 

Enhanced mechanical strength; SG contributed to an increase in the compres-399 
sive strength of MOC–SG composites, reaching an optimum value at around 5 % 400 
SG content. This improvement is attributed to the formation of additional hydration 401 
products and the filling of pores by SG particles. 402 
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Improved thermal stability; the incorporation of SG enhanced the thermal 403 
stability of MOC–SG composites. This is likely due to the formation of a more 404 
stable crystalline structure and the reduced porosity of the composite. 405 

Overall, the results of this study demonstrate the potential of silica gel G as a 406 
valuable additive for improving the performance of magnesium oxychloride cem-407 
ent. Further research is recommended to optimize the dosage of silica gel G and 408 
explore its impact on other properties, such as durability and fire resistance. 409 

SUPPLEMENTARY MATERIAL 410 

Additional data and information are available electronically at the pages of journal web-411 
site: https://www.shd-pub.org.rs/index.php/JSCS/article/view/13681, or from the correspond-412 
ing author on request. 413 
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и звод 418 
УТИЦАЈ СИЛИКА-ГЕЛА G НА М ЕХАНИЧКА И М ИКРОСТРУКТУРНА СВОЈСТВА 419 

М АГНЕЗИЈУМ -ОКСИХЛОРИДА 420 

NISHA YADAV1, BHUPENDRA PAL2 и M EENAKSHI1 421 
1Departm ent of Chem istry, University of Rajasthan, Jaipur, Rajasthan,302004, India и 2Governm ent 422 

Polytechnic College, Karauli, Rajasthan, 322241, India 423 
М агнезијум-оксихлоридни цемент (М ОC), врста Сорел цемента, поново је добио на 424 

значају као одрживи грађевински материјал због малог угљеничног отиска и мале потро-425 
ш ње енергије. М еђутим, примена овог цемента у грађевинарству остаје ограничена, 426 
првенствено због неадекватне отпорности на влагу и мале почетне чврстоће на пови-427 
ш еним температурама. У овом раду је испитиван утицај различитих количина силика гела 428 
G (0–20 мас. %  SG) на својства добијених композита М ОC–SG. Анализирана су физичка и 429 
механичка својства ових композита, укључујући време везивања, отпорност на влагу и 430 
чврстоћу на притисак. Поред тога, спроведене су и FTIR, XRD, SEM -EDX и TGA анализе 431 
како би се испитале кристалне фазе композита и структурне карактеристике. SG делује 432 
као везивно средство, повећавајући чврстоћу и издржљивост композита. Ово истражи-433 
вање показује потенцијал композита М ОC–SG као обећавајућег одрживог грађевинског 434 
материјала. Резултати показују да додавање 5 %  SG значајно побољш ава својства M OC. 435 

(Примљено 17. децембра 2025, ревидирано 19. јануара, прихваћено 21. априла 2026) 436 
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 518 
(a) 519 

 520 
(b) 521 

Fig. S-1. Cracking in setting time blocks (a), and in compressive strength blocks (b). 522 
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 523 

 524 
Fig. S-2. Compressive and setting time blocks without cracking. 525 

 526 
Fig. S-3. Compressive strength testing of MOC block by UTM machine. 527 



 SUPPLEMENTARY MATERIAL S3 

 

Table S-I: Compressive strength sample preparation. 528 

Sample no. 
Silica Gel G (SG)

MgO (g) Dolomite (g) Gauging solution (mL) 
(%) (g)

M0 0% 0 540 0 209.3 
M1 0% 0 270 270 169.5 
SG1 5% 13.50 270 270 207.50 
SG2 10% 27.00 270 270 220.00 
SG3 15% 40.50 270 270 239.90 
SG4 20% 54.00 270 270 248.10 

 529 

Table S-II: Setting time sample preparation. 530 

Sample no. 
Silica Gel G (SG) 

MgO (g) Dolomite (g) Gauging solution (mL) 
(%) (g) 

M0 0% 0 200 0 78.9 
M1 0% 0 100 100 72.2 
SG1 5% 5.00 100 100 76.00 
SG2 10% 10.00 100 100 79.60 
SG3 15% 15.00 100 100 84.20 
SG4 20% 20.00 100 100 100.60 

Table S-III: Water resistance of M0, M1, and different types of MOC-SG samples. 531 

Composition 
Different types of MOC blocks immersed in boiling water for 

0-5 
hours 

5-10 
hours 

10-15 
hours 

15-20 
hours 

20-25 
hours 

25-30 
hours 

M0 During curing M0 was cracked 
M1 N N N N N N 

SG -1 N N N N N N 
SG- 2 N N N N N N 
SG- 3 N N N N N N 
SG- 4 N N N N N N 

N = Not affected 532 


