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Magnesium oxychloride cement (MOC) is a kind of pneumatic and hard cementitious material made by mixing magnesium 
oxide, magnesium chloride and water in certain proportions. The mixture proportion of the magnesium oxychloride cement 
materials is relatively complicated in a practical application. In this paper, through a physical property experiment on 
industrial bischofite in tap water, the constant difference of the mass percentage concentration and the Baumé degree of 
MgCl2 were studied. The traditional design method was modified and a new simplified method of magnesium oxychloride 
cement material mixture was established. In order to verify the applicability of the new method, two kinds of MOC foam 
concretes have been prepared according to the proportions of the raw materials calculated by the traditional and new 
method, respectively. The performances of the two were analysed carefully, and the results exhibit that the two kinds of 
samples have similar mechanical properties and microstructures. It is indicated that the simplified process can be applied to 
the magnesium oxychloride cement material mixture and has important practical significance for the industrial production 
of magnesium oxychloride cement materials.

INTRODUCTION

 Magnesium oxychloride cement (MOC) is formed 
by the addition of a magnesium chloride solution 
(MgCl2–H2O) to a fine powder of magnesite or dolomi-
te with a major component being caustic MgOa [1, 2]. 
Compared to Portland cement, it possesses many advan-
tages, including a lighter weight, a higher strength, no need 
for humidity curing, antifreeze and resistance to halogen 
[3, 4]. This makes it a very popular construction and 
building material [5]. Recently, the development of MOC 
has undergone rapid changes. For example, many new 
industrial applications have been discovered, such as door 
frames, fireproof materials, floor tiles, foamed material, 
thermal insulation materials, road material in high saline 
and high cold area, etc. [6-11]. Generally, the hydration 
products of mixing magnesium oxide, magnesium chlo-
ride and water are phase 3 (3Mg(OH)2∙MgCl2∙8H2O) 
and phase 5 (5Mg(OH)2∙MgCl2∙8H2O)[1, 3-6], and the 
composition of the hydration products depends on the 
molar ratios of MgOa/MgCl2 and H2O/MgCl2 [12, 27]. 
The research results demonstrate that the performance 
of MOC approaches the optimal when the value of n 
(MgO/MgCl2) reaches 4-6 [13]. When the molar ratio 

of MgO/MgCl2 is less than 6, the MgO content in the 
hydration products increases with an increase in the 
molar ratio of MgO/MgCl2, which makes the raw solution 
more alkaline and successively ensures the stability of 
the phases of MOC [14]. However, through long-term 
performance monitoring and research, it was found that 
a reasonable molar ratio of MgO/MgCl2 ranges from 
5 to 10, and when it was close to 7, the mechanical 
performance of MOC was the best [15, 16].
 Consequently, most producers fix the molar ratio 
of MgO/MgCl2 to 7 in the current MOC applications. 
If the molar ratio of MgO/MgCl2 is fixed to a constant, 
the relationship between the brine and MgO dosage 
can be deduced, as shown in Equation 1. Therefore, the 
proportion relationship between MgO, MgCl2 and H2O 
was calculated in industrial applications to stabilise 
the properties of the MOC products according to the 
mix proportions derived from Equations 1, 2 and 3.
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where, mBr, mMO, mMC and mHO represent the weight of the 
brine, the light-burnt magnesia, the bischofite and H2O, 
respectively; a is the activity content of the light-burnt 
magnesia (MgOa); n is the molar ratio of MgOa/MgCl2; 
C is the mass concentration of MgCl2 in the brine; V, ρ 
and γ represent the volume, density and specific gravity 
of the brine, respectively; Ba is the Baumé degree.
 In the previous research, since the same magnesium 
oxide was used, the observed variations in the standard 
consistencies and setting times of the MOC are related 
to the concentration of the brine [17]. The mass con-
centration of the MgCl2 solution determines the phase 
composition and the stability of MOC [14, 15, 18], and 
can be measured with a glass hydrometer with a unit-
scale of 0.01. The Baumé degree was first introduced by 
the French chemist, Antoine Baumé, and was one way 
to represent the concentration of the saline solution. A 
high Baumé degree was adopted as the standard in this 
paper, and the salt solution with a mass concentration 
of 15 % is assigned to 15, and the pure water to zero 
and the entire amount was divided into 15 graduated 
scales. The scales were extended to 15 and above to 
measure the high concentration, the unit is 1 graduated 
scale. Because the Baumé degree is larger and easy to 
read, in order to accurately control the proportion of 
MOC raw materials, the mass concentration of the 
solution is usually calculated by the Baumé degree 
in industrial production. When the Baumé degree is 
measured, the density of solution was deduced by the 
Baumé degree-solution density formula (Equation 3), 
the mass concentration of the solution is discovered from 
the comparison table of the chemistry manual. Finally, 
the dosage of the raw materials during the production 
was calculated by the mass concentration. For example, 
in order to ascertain the dosage of the brine, firstly, the 
Baumé degree (Ba) of the solution was measured. Then 
ρ was calculated by Equation 3 and the value of C was 
determined according to Handbook of Chemistry [19]. 
As mentioned above, the value of n was fixed, the value 
of a was measured through the hydration experiment of 
the magnesium oxide [20], when the demanded quantity 
of MgO was known. Finally, the dosage of the brine 

was calculated by Equation 1. In practical engineering 
applications, however, technicians would like to get the 
amount of brine directly and effortlessly. This method 
may become more complicated for acquiring the amount 
of each ingredient in the initial MOC batching.
 Additionally, the current raw bischofite for the 
MOC product is generally obtained from the by-product 
of a potash fertiliser or sea salt, where the impurity mass 
content can be 2 % or more, see Table 1. Because the 
MgCl2 mass concentration standard of the chemistry 
handbook was defined by a high purity raw material, 
some errors may be involved in the practical industrial 
application when we use an impure raw material and 
consulting the standard. This may finally lead to bischofite 
usage variance in practice. There are very few studies 
directly focusing on the Baumé degree for calculating 
the mixture proportions. The present paper seeks to fill 
this fundamental knowledge gap, revise and simplify 
the calculation method of the MOC raw material mix 
ratio, and improves the exactness in an impure bischofie 
industrial application. The practicability of this method 
is experimentally proved.

EXPERIMENTAL

Materials

 The raw materials for preparing MOC include 
light-burnt magnesia, bischofite, fly ash and a foam. The 
light-burnt magnesia (Haicheng Magnesium Cement 
Mining, China) with a content of active magnesium 
oxide of 63.73 % by weight, which was tested at 105 °C 
and 101.3 kPa by the hydration method and citric acid 
method [21], was used in this study. The chemical 
composition of the light-burnt magnesia, as determined 
by X-ray fluorescence (Axios PW4400), is summarised 
in Table 1.
 The bischofite used in this paper was a by-product 
of the extraction of potassium in the Salt Lake (Qing-
hai Province, China), the content of MgCl2·6H2O was 
98.5 wt. %. The chemical composition of the bischofite 
are given in Table 1. The Salt Lake bischofite (SLB) 
occupies majority of the commercial applications of 
MOC, so it was selected as the research object in this 
paper.

Table 1.  The chemical composition of the light-burnt magnesia and bischofite.

                              Light-burnt Magnesia                                               Bischofite
Component Content (wt. %) Component Content (wt. %)
Magnesium oxide (MgO) 85.24 Magnesium chloride (MgCl2) 46.43
Calcium oxide (CaO)   1.64 Potassium chloride (KCl)   0.21
Aluminium oxide (Al2O3)   0.21 Sodium chloride (NaCl)   0.36
Silicon dioxide (SiO2)   4.70 Calcium chloride (CaCl2)   0.01
Ferric oxide (Fe2O3)   0.29 Magnesium sulfate (MgSO4)   0.02
Loss on ignition   7.92 Water insolubles   0.07
  Crystal water 52.90

γBa = [144.3 – (           )] = [144.3 – (              )]144.3
ρ/1000
144.3
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Brine experiments

 The brine was prepared by dissolving bischofite in 
tap water. In order to accurately reflect the correspondence 
between the mass percentage concentration, density and 
Baumé degree of the brine, the test was carried out three 
times (T-1, T-2 and T-3) while the ambient temperatu-
re (20 °C) was kept unchanged. In every experiment, 
a measured weight of solid bischofite was first placed 
in a measuring cylinder. Tap water was then slowly 
added into the measuring cylinder until the threshold 
point when bischofite was just completely dissolved. It 
can be deduced from this point that the brine reached its 
saturation point. After that, 100 g of water was added to 
the saturated solution and stirred for 1 minute with the 
aid of a glass rod forming a mixture solution. After that, 
the mixture solution was tested for the Baumé degree 
(Bas) and density (ρS). Such a process was repeated ten 
times, which is summarised in Table 2.

MOC foam concrete experiment
and analyses

 The dosages of the recipes are presented in Table 4. 
All the kinds of powders were mixed thoroughly, and then 
the brine was added to the blended mixture. The foam, 
made by the foaming mechanism (the foaming machine 
and foaming agent was produced by Ketai, Ltd. Shan-
dong Province, China), was added. It was then mixed 
for a few minutes to produce the MOC foam concrete. 
The well-mixed MOC foam concrete paste was poured 
into the prefabricated mould (a mould of size of 3 × 0.6 
× 0.09 m).
 The raw materials of the MOC with a certain 
proportion were mixed completely into the pastes, 
introducing the foam which was made by the foaming 
mechanism, entering the mould (the size of 3 × 0.6 × 
0.09 m) for solidification under the conditions of room 
temperature (> 15 °C). The samples should be cultivated 
in the air after being drawn off the mould. The samples 
were cut into standard test blocks (l = 100 mm), and they 

were used to conduct the compressive strength analysis 
of the test by the material testing system (SANYU, SYE-
3000D) with the maximum load of 3000 KN at a loading 
rate of 0.05 ± 0.1 MPa/s. The compositions of the MOC 
foam concrete were measured by XRD (PANalytical 
X’pert Pro; Cu Kα radiation at 40 kV/30 mA; scan 
rate of 0.02°∙s-1). The particles prepared for XRD were 
less than 75 µm. The quantitative compositions of the 
specimens were carried out by the Rietveld method with 
Topas 4.2 software according to the XRD pattern [22]. 
The micro-morphology on the fractured surface of the 
MOC foam concrete pastes were characterised by SEM 
(JSM-5610LV) with a gold coating.

RESULTS AND DISCUSSION

The derived equations

 In Table 2, CS is the mass concentration of the SLB 
in tap water. Furthermore, both CS and BaS have a linear 
growth trend and the average difference is 0.9. Therefore, 
the relationship between the Baumé degree and the mass 
concentration can be determined as follows: 

Avg. (BaS–CS) = 0.9                   (4)

 The standard data was derived from the chemical 
manual (Table 3) [19]. The average value of (Bai–Ci) was 
0.7, the difference value, compared with the value, was 
calculated by Equation 4, the difference value was 0.2. 
This situation was attributed to the ions and impurities 
(Table 1) of the SLB, which is unavoidable. However, in 
practical engineering applications, especially for MOC 
applications, the impact is quite small.
 According to Equation 4 and Ba, the modified 
Baumé degree (Ba’i = Ci + 0.9) was obtained. As shown 
in Figure 1, Ba’ is very close to Ba. The Baumé degree 
usually involved in the practical application of MOC is 
between 20 and 30 °Be’ [11, 15, 23]. Although there are 
large fluctuations below C = 6 % (for example, |Δ4| = 1.6), 
the two curves above 6 % have a very high coincidence 

Table 2.  The test data of the brine.

  mHO/mBi*   Bas (°Be')   ρS (kg∙m-3)   CS * (%)
 T-1 T-2 T-3 T-1 T-2 T-3 T-1 T-2 T-3 T-1 T-2 T-3
 0.554 0.526 0.523 31.0 31.5 31.3 1276 1282 1282 29.7 30.2 30.3
 0.654 0.632 0.623 28.0 30.0 29.5 1256 1260 1264 27.9 28.3 28.4
 0.754 0.737 0.723 26.5 27.5 27.5 1239 1243 1243 26.3 26.5 26.8
 0.854 0.842 0.823 25.5 26.0 27.0 1224 1227 1239 24.9 25.0 25.3
 0.954 0.947 0.922 24.2 23.5 25.0 1212 1212 1215 23.6 23.7 24.0
 1.054 1.053 1.022 23.0 23.0 24.0 1201 1201 1204 22.4 22.5 22.8
 1.154 1.158 1.122 22.0 22.0 23.0 1191 1192 1194 21.4 21.4 21.7
 1.254 1.263 1.221 21.0 21.5 22.0 1182 1181 1183 20.5 20.4 20.8
 1.354 1.368 1.321 20.0 20.5 21.0 1167 1173 1176 19.6 19.5 19.9
 1.454 1.474 1.421 19.5 20.0 20.0 1165 1166 1168 18.8 18.6 19.0
 1.554 1.579 1.520 19.0 19.0 19.5 1158 1159 1161 18.0 17.9 18.3
mBi*: the quality of the bischofite; CS* = (mMC × 46.10 %)/[mHO + mMC × (100 – 46.10) %] ×100 %
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degree (for example, |Δ6~30| ≤ 0.3). It can be concluded 
that when the SLB is dissolved in tap water, the modified 
Equation 4 can accurately reflect the relationship between 
C and Ba of MgCl2. Based on the above experiments and 
derivations, the derived Equations 1 and 2 can be finally 
determined as the modified Equations 5 and 6 which are 
more suitable for the raw material ratio calculation of 
MOC.

(5)

(6)

 From the modified Equations 5 and 6, we can see 
that the quantity of the brine or MgCl2 and H2O can be 
calculated directly by the Baumé degree (Ba), not like 
the one mentioned in the introduction section: Firstly, 
the density (ρ) was calculated by Equation 3 after the 
measurement of Ba, and then the value of the mass 
concentration (C) was determined according to the 
Handbook of Chemistry, finally, the quantities of the 
raw materials were calculated by Equations 1 and 2. 
Because this new method does not need to calculate 

the density of the solution and search the chemistry 
handbooks, the whole process is simplified for MOC 
engineers, and it is favourable for MOC industrial manu-
facture. Additionally, as described in the Introduction, 
the bischofite used in MOC was a by-product of the 
extraction of potassium in the Salt Lake, the impurity 
mass content of it can be 2 % or more. Because the MgCl2 
mass concentration standard of the chemistry handbook 
was defined by high purity raw material, there may 
involve some errors in the practical industrial application 
when we use an impure raw material and consulting 
the standard. As the modified Equations omitted the 
calculation of the density and the mass concentration 
does not have reference standard parameters, it thus 
reduces the calculation error in many applications of non-
pure Magnesium chloride (MgCl2) and helps to control 
the SLB dosage accurately in the practical application.

The practical application of
the derived equations

 To verify the accuracy of the modified Equations 
5 and 6 in a practical application, the comparisons 
of both methods (derived and modified) and the final 
product performance was made. The derived equation 
experiment was code-labelled as E-1 and the modified 
equations experiment was denoted as E-2. As shown 
in Table 4, the dosage of the raw materials of E-1 and 
E-2 were identical. The molar ratio of the active MgO 
to MgCl2 (MgOa/MgCl2) was kept constant at n = 7 and 
the concentration of the brine was Ba = 26 °Bé in this 
experiment. The content of the fly ash additives was 
mFA = 50 kg and the foam output was VFO = 0.88 m3.
The largest difference between the two methods is that 
the measurement and calculation ρ = 1219.8 kg∙m-3 and 
C = 25 % in E-2 can be neglected. However, in E-1 
(as described in the introduction above), the information 
of ρ and C must be obtained through extrapolation. The 
calculation results show that the quality of the bischofite 
or the volume of the brine are very close, mBr = 248.4 kg 
and VBr = 203.6 l in E-1, mBr = 247.4 kg and VBr = 202.8 l 
in E-2.
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Figure 1.  The trend charts of the modified and standard Baumé 
degree, |Δi| = |Ba’i–Bai|.

Table 3.  The standard data of the brine.

 C (%) ρ (kg m-3) Ba (°Be') Ba’ (°Be') Bai–Ci

 2 1014.6   2.1   2.9 0.1
 4 1031.1   3.3   4.9 -0.7
 6 1047.8   6.6   6.9 0.6
 8 1064.6   8.8   8.9 0.8
 10 1081.6 10.9 10.9 0.9
 12 1098.9 13.0 12.9 1.0
 14 1116.4 15.0 14.9 1.0
 16 1132.4 16.8 16.9 0.8
 18 1152.3 19.0 18.9 1.0
 20 1170.6 21.1 20.9 1.1
 25 1218.4 25.8 25.9 0.8
 30 1268.8 30.6 30.9 0.6

Table 4.  The calculation of the mixture proportions.

Calculate target E-1 E-2

a (wt. %) 61 61
n (Be') 7 7
Ba 26 26
mMO (kg) 300 300
mFA (kg) 50 50
VFO (m3) 0.88 0.88
ρ (kg m-3) 1219.8 –
C (%) 25 –
mBr (kg) 248.4 247.4
VBr (l) 203.6 202.8

n (Ba – 0.9)= 2.375
a

mMC

mBr

n (Ba – 0.9)= A                                     A = 1.646 ×10-5a (144.3 – Ba)
mMO

v
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Contrastive analysis

The compressive strength of
the MOC foam concrete

 The compressive strengths of the MOC foam con-
crete specimens from 7 days to 28 days curing time are 
shown in Figure 2. The compressive strengths of E-1 
and E-2 at the early age (the first 14 days) were growing 
quickly and the later age tended to reach stabilisation. 
The mechanical property tendency of the concretes is 
consistent and only slightly different at 21 days. The 
compressive strengths of E-1 and E-2 are 5.18 MPa 
and 5.31 MPa at 21 days, respectively. The small gap 
(Δ21 = 0.13 MPa) was not magnified at 28 days (Δ28 = 
= 0.07 MPa), Thus, the mechanical property of E-2 were 
relatively stable.  

The XRD and SEM of
the MOC foam concrete

 Figure 3 shows the XRD patterns of the MOC foam 
concrete at 28 days. It can be seen from Figure 3 that E-2 
has a similar hydration product to E-1. The mineralogical 
phases of both concretes were mostly made of Phase 5 

and a little MgO, MgCO3 and SiO2. Besides for Phase 5, 
other mineralogical phases may have originated from the 
light burnt magnesia or fly ash. The studies have shown 
that at room temperature and atmospheric pressure, the 
chemical reactions in the MgO–MgCl2–H2O system may 
happen per the following equations [24]: 

 5MgO + MgCl2 + 13H2O =
 = 5Mg(OH)2·MgCl2·8H2O   (Phase 5)                  (7)

 3MgO + MgCl2 + 11H2O =
 = 3Mg(OH)2·MgCl2·8H2O   (Phase 3)                    (8)

 MgO + H2O = Mg(OH)2                                          (9)

 The above equations indicate that the hydration pro-
duct of MOC depends on the ratio of the raw materials 
including the molar ratios of MgO/MgCl2 and H2O/MgCl2. 
In addition, the active MgO affects the hydration pro-
duct of MOC [25]. Hence, the hydration products in 
MOC could include Phase 5, Phase 3, Mg(OH)2, or two 
or three of them. It can be seen from the SEM images 
in Figure 4 that the microstructure of E-2 is similar 
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Figure 2.  The compressive strength of the MOC foam concrete 
specimens cured in the air.

Figure 3.  The XRD diffractograms and SEM images of E-1 and 
E-2 at 28days.

Figure 4.  The SEM images of E-1and E-2 at 28 days.
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to E-1. The reaction products in a needle shape are 
obviously seen in both E-2 and E-1. The Phase 5 crystal 
length and content in the pore wall structures (the area 
indicated by a red arrow) of the two MOC foam concrete 
samples are similar. The dense crystal and spidery Phase 
5 needle rod-like crystals interlacing with each other 
lead to the MOC obtaining a high strength [26, 27]. The 
samples E-1(89.43 %) and E-2(88.84 %) have similar 
performance because they have similar crystal ratios and 
quantities. Therefore, the results of the XRD and SEM 
are consistent.

CONCLUSION

 In this paper, through a physical property experiment 
on industrial bischofite in tap water and an improvement 
on the traditional design method, a much simpler method 
has been employed to design the mixture proportions of 
magnesium oxychloride cement (MOC) materials. A 
series of tests on the compressive strength, compositions 
and microstructures of the MOC foam concrete have 
been carried out. Based on the experimental results, the 
following conclusions can be drawn: 
● In the SLB dissolved brine, the constant difference of 

mass percentage concentration and Baumé degree of 
MgCl2 was 0.9.

● The establishment of the relationship has simplified 
the calculation process of the MOC material mixture 
proportions. Relative to the conventional methods, the 
modified equations obtained through the simplification 
have also demonstrated a stable performance when it 
is used in the actual production of MOC. 

● The sample, made by the simplified and traditional 
method, have similar mechanical properties and 
microstructures, which indicates that the simplified 
process can be applied to the MOC material mixture. 
This approach has important practical significance for 
the industrial production of MOC materials.
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